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I. About this Quality Review

In December 2012, the Office for National Statistics (ONS) re-established its programme of National
Statistics Quality Reviews (NSQRs). This is the fourth NSQR in the re-established series, and assesses
Foreign Direct Investment (FDI) outputs and their compilation by the UK Office for National Statistics (ONS).

NSQRs are regulated by ONS’s Quality Centre, which has oversight of quality in official statistics across the
Government Statistical Service. Each NSQR has its own Review Board, consisting of senior methodologists
from ONS, senior managers from the relevant statistical output area (FDI and National Accounts at ONS in
this case), and independent, external expertise. The role of the Review Board is to ensure that the quality
and methodology underpinning ONS outputs have kept pace with changing methods and users' needs, and
that the review has been sufficiently inquiring and challenging in its approach and assessments.

Principles set for the NSQR programme broadly determine the shape of the review, and steer it towards
taking a risk-based, tailored and efficient approach. Proportionate views are sought, which balance the
potential benefits of investment against the associated costs.

This NSQR on FDI follows other recent reviews that have covered economic statistics more generally. In
particular, the second NSQR in this series, on National Accounts and Balance of Payments (ONS, 2014a),
and Professor Sir Charles Bean’s Independent Review of UK Economic Statistics (Bean, 2015 and 2016)
provide good context when considering FDI statistics.

This review considers, in particular, the fundamental methodologies and systems used to produce FDI
statistical outputs. The focus is on current practices, but consideration is given to changes in approach that
have occurred since 2008. That year marked the last in-depth and comprehensive review of FDI
methodology, which led to a programme of improvements to FDI statistics, which is broadly reflected in the
approach to the compilation of these statistics presently used.

As well as considering the more recent method and system changes, many interviews have been conducted
with staff and teams who currently, or previously, have been involved in the compilation of FDI statistics.
International organisations that produce FDI estimates for their own countries have also been contacted, and
asked to provide information about their approach and methods of compilation.

This review has been undertaken throughout 2015, during which time further developments and changes

took place on FDI. The aim has been to provide information in this review that relates to FDI as at the end of
2015.

Ii. Review objectives

The objectives of this Quality Review on Foreign Direct Investment are to:

e assess the current methods and systems used to produce FDI outputs, forming judgements about
their fitness-for-purpose

e highlight areas that do not comply with best practice or meet quality standards, or otherwise require
improvement or correction

e make recommendations and suggestions for work that could bring short-term improvements, and
identify areas that require further investigation for possible future implementation

e carry out, where applicable, international comparisons
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ii. Review team

The review team for this NSQR comprised:

Gareth James (lead reviewer) — Gareth is the current head of the Sample Design and Estimation
Centre within the Methodology Group at ONS. Gareth joined ONS in 2001, and has spent most of
his time in Methodology, leading teams in Sample Design and Estimation on business and social
surveys, as well as Statistical Computing.

Stuart Brown (external reviewer) — Stuart retired from ONS in 2009 after many years as Head of
Balance of Payments compilation, analysis and publication. Since then he has carried out many
short-term contracts for various organisations on all aspects of BoP methodology and compilation,
especially Foreign Direct Investment and International Trade in Services.

Cheryl Blake — Cheryl is an experienced member of the International Transactions Development
Team. Cheryl has worked at ONS for 15 years, gaining experience and developing expertise in a
wide range of areas, including Methodology, National Accounts, statistical training and Social
Surveys.
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v. Overall judgement

Annual outputs: The FDI outputs published and produced from ONS’s annual FDI surveys and
should be regarded as the principal FDI outputs and be seen as fit-for-purpose in most regards. At
a high level of aggregation, at least, the estimates can be regarded as authoritative, and produced
on recently improved systems using sound methods that have been thoroughly reviewed and
improved in recent years. Their compilation meets international standards and the overall UK
approaches are comparable with other countries’. It is also pleasing to be able to note that various
ad hoc analyses that make further use of FDI data have been produced recently.

The new production systems, brought into use in 2015, together with recent changes in FDI team
structure are noteworthy, and should be applauded. These improvements mean that users of the
annual FDI outputs can, justifiably, have confidence in their quality.

That there are areas noted for improvement should be borne in mind too. These affect the detail of
various FDI compilation methods, and ONS should seek to rectify these issues, in order to improve
the quality further. In particular, it will be useful to have standard errors produced again for FDI
estimates, so as to provide a quantitative measure of the quality.

Quarterly outputs: The quarterly FDI outputs form part of the Balance of Payments, and any
judgements about their quality should consider both the production process itself and the intended
purpose of these outputs. On the latter, the quarterly outputs provide an early indication of short-
term movements of FDI, whereas it is the annual outputs that provide the more authoritative and
comprehensive estimates of FDI.

In terms of methods and quality, the current quarterly surveys are much improved on versions that
existed only a few years ago. They now mirror the annual surveys in their design and methods
(albeit with smaller sample sizes), and these improvements are to be commended. Likewise, the
guarterly surveys also now benefit from the same new processing systems and improved team
structures as the annual outputs.

However, the data collected on the quarterly survey are more subject to statistical error, caused
mainly by the timely and tight processing timetables. Companies’ responses are received
throughout and beyond the processing period, which means the initial survey estimates can be
guite volatile. Steps could be taken here to try to improve the quality of the responses received,
though there is unlikely to be an easy solution. Companies’ quarterly survey responses are also
often based on unaudited accounts data, and later revisions to ensure coherence with annual FDI
outputs seem inevitable. A revised approach to benchmarking will be used next in June 2016, and
will bring benefits, though further work is recommended to consider also linking the most recent
guarterly estimates to the benchmarked level.

The challenges of quarterly production are clearly not unique to the UK, with other countries
reporting similar issues in their compilation of quarterly FDI outputs. However, it is clear that the
use of surveys for the measurement of short-term FDI movements is essential in fulfilling user
need, and judgements about fitness-for-purpose of these outputs should include consideration of
the intended use of the statistics.
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vi. Executive summary

Introduction

This is the fourth publication in the second series of NSQRs, and examines the Foreign Direct
Investment (FDI) outputs produced by the Office for National Statistics (ONS). The broad aims of
this review are to examine the methods and systems used in the production of those outputs, and
to make recommendations and suggestions to improve their quality and fithess-for-purpose.

FDI statistics are published by ONS in a stand-alone statistical bulletin on an annual basis, and
those estimates are also transmitted to Eurostat. The principal variables published are earnings,
flows and positions, but the publication contains many other, more detailed breakdowns, and
estimates are produced for aggregated and low-level domains. Estimates are also produced on a
guarterly basis, and provide an early view of short-term movements of FDI; these outputs form part
of the Balance of Payments (BoP) in National Accounts. There are many users of FDI statistics,
and it is clear that the importance of statistics on such cross-border investments is growing.

Various sources of information exist about FDI. The official statistics compiled by ONS use some of
this information, but the primary FDI outputs are based upon detailed financial information that has
been collected from UK-based companies in sample surveys, with separate surveys measuring
inward and outward investments. International frameworks — the OECD Benchmark Definition,
European System of Accounts and BoP Regulation, and IMF’s Balance of Payments Manual —
provide definitive principles for that measurement, although precise details of compilation methods
are not always prescribed, and are left for the organisation compiling the statistics to implement.

The measurement of FDI in the UK has a long history, and this review considers the period since
2008, at which time a methodological review was instigated following large quarterly-to-annual
coherence revisions. Since then, the FDI surveys have been the subject of thorough reviews and
development. The quarterly surveys have been enhanced and now mirror the annual ones in terms
of methodological principles, and further improvements have been applied to both, though the
annual FDI outputs remain regarded as being of better quality.

Target populations

The target populations for both the Inward and Outward surveys comprise UK companies (or
groups of companies). Those UK companies in-scope of the Outward survey must hold at least a
10% shareholding in their foreign affiliates (or other foreign entities), and those in-scope of the
Inward survey must have foreign parent companies that hold at least a 10% shareholding in the UK
company.

Two sampling frames for each of the Inward and Outward surveys are used. The first is a bespoke
frame, which consists of known FDI ‘big players’; these have all been sampled previously and the
frame developed over time. The second comes from Dun & Bradstreet’s Worldbase database of
company linkages, and thorough matching and cleaning operations take place annually to ensure
there is no duplication between the frames. Potential sources of under- and over-coverage are
explored in this review, and suggestions made on alternative sources of information that could be
used to supplement the existing arrangements.
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Sampling

Consideration of the sample design includes the stratification, sample allocation, sample-selection
procedures, sample rotation, overlap between the quarterly and annual samples and sample sizes.
In most respects, the principles applied for FDI align with many other ONS business surveys and
follow good practice. However, the main recommendations on sample design are to review and
update the details of the sample design (out of scope of this NSQR, and in any case due for
review), and improve the implementation of methods, as some aspects are not functioning quite as
intended. The sample sizes will need to be re-assessed once standard errors become available
again.

Other recommendations and suggestions are to keep the quarterly sample as a subset of the
annual sample, but to (re-)introduce sample rotation on the annual survey, something that has
been lacking in recent years and was previously recommended. Arguably, the lack of rotation is
currently over-burdening smaller companies selected in the sample. Re-introducing sample
rotation will require new functionality to be written in the sample selection code, though this should
not present any particular difficulties.

Data collection

Data collection presently takes place via a mix of paper questionnaires and spreadsheets
transmitted via a secure portal. The questionnaires themselves have been the subject of a
relatively recent review by the appropriate Methodology team at ONS, and saw some big changes
for the introduction of ESA 2010 and BPM6. The topic expert engaged for this review has identified
some areas for improvement in the questionnaires, and a number of typographical errors have also
been identified and already provided to the FDI team for correction.

Electronic data collection (EDC) is scheduled for introduction on FDI in 2017, as part of ONS'’s
wider programme. This should bring many benefits, both for respondents and ONS. However,
because of the differences in data collection needs for FDI, the ‘standard’ electronic-questionnaire
solution may not be that effective for FDI; the survey’s specific nature requires each company to
report on potentially many affiliates in a consistent manner. Careful thought will be required when
introducing EDC to FDI to ensure companies can easily and accurately achieve this.

Data processing (capture, validation and cleaning or survey responses) works reasonably well,
though there is room for improvement. The systems — new in 2013 — do not function quite as
intended, but work-arounds have been built and provide a practical solution. There is ongoing
discussion about the best solution for the processing system code; that in use is older (and non-
generic) and contains functionality that is required for FDI (and not many other surveys) and that is
not present in the most recent version.

Data cleaning, which sees the re-contact of many responding companies, is a big, and necessary
operation. FDI data are particularly complex, and a large majority of responses fail validation
checks when first processed. Clearance rate targets are in place, but these appear low. Although
there are some explanations for this (such as some error warnings being triggered incorrectly and
insufficient time to process the data), targets should be raised and extra resource put into the
process. The validation rules themselves have been recently reviewed, and the resulting changes
are being implemented.
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The industry codes used for FDI are based around the Standard Industrial Classification, but
deviate from it in some circumstances, without clear reason being given for doing so. There are
opportunities here to improve the coding, add explanations, and possibly improve the quality of the
coding itself by adopting good practice from other surveys.

Imputation (for non-responding companies) has been reviewed and new rules implemented during
2015. The new rules follow best practice, and see a small set of approaches adopted on variable-
by-variable basis. The same approach and rules are now used on the quarterly and annual
surveys, though the imputation classes are defined more broadly on the quarterly surveys because
of the smaller sample sizes.

The Chancellor’s Initiative Data file was introduced to FDI over 15 years ago because of the
potential instability in imputation links, something that should no longer be a risk. The continued
and unchanged use of this file, which appears to be artificial or modelled data, cannot be justified
and should be stopped. Some brief analysis of its impact has been conducted, and shows it has
little effect on most variables at the top level (a maximum of 0.4% change on the headline FDI
measures), but, as would be expected, there is a much larger impact on specific variables that
relate to branch data in a few particular, low-level domains (change of 65% noted in one instance).

Estimation

The approach used for estimation on FDI is certainly not common on business surveys in ONS,
though it is also not unique, and has a sound, academic basis. The principle is to predict a
response for all companies on the sampling frame that were not sampled, and then to derive all
estimates by simply summing over the domains of interest. This approach works for FDI, and
ensures consistency and simplicity. Other approaches have been considered previously, and may
prove reasonable, but there’s no evidence to suggest they would be appreciably better and would
introduce complexity. As such, the current approach may be regarded as fit-for-purpose and no
recommendations are made to change it. In detail, the recommended method has yet to be
implemented in full (a default, particular-case version is currently applied). This review
recommends carrying out the additional work required to allow implementation of the full version, if
the investigations conclude it worthwhile.

Outlier detection in FDI currently uses a distance-from-the-mean method, and treatment is via
trimming. This is not best practice, and the method of Winsorisation, used as standard on most
other business surveys, has been previously recommended for FDI, but not implemented. This
review recommends a change to Winsorisation, but acknowledges that work will need to be done
first to calculate appropriate parameter settings, and to assess the effect the switch will have on
outputs.

Standard errors have not been published for FDI since the 2010 annual release, and this must be
rectified without delay. A method for their estimation, aligning with that of the change in the
estimator itself, was specified some time ago but not implemented as priorities were rightly focused
elsewhere, including on the development of a new estimation system. However, some priority must
now be given to the re-introduction of these quality measures, and extended in scope to include
lower-level domains, and the quarterly estimates.
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With the last-calculated estimates of standard errors pertaining to a survey and methods that were
somewhat different from the current ones, it is difficult to make sound judgments about whether the
sample sizes are sufficient to produce estimates with an acceptable degree of precision. Using the
previous estimates as a guide only, it is reasonable to conclude that the annual survey’s sample
size is probably sufficient to give acceptable precision in the top-level estimates. The sample sizes
within particular domains, however, and for the quarterly surveys, are smaller again, leading to the
potential for greater sampling error in these estimates. Once standard errors are available again, a
further assessment of the survey sample sizes will be required.

Statistical disclosure control

Statistical disclosure control was reviewed in early 2015 by the specialist Methodology team in that
area, and found a number of areas that could be improved. The conclusions suggested that the
level of suppression on FDI outputs is currently higher than necessary (limiting utility of the data),
and that the process itself could be made more efficient with the introduction of specialist software.
This review recommends that the findings of the previous Methodology report be implemented.

Though the list of recommendations and areas for improvement in the survey design is relatively
long, all issues noted have solutions that are technically fairly straightforward. Indeed, some of the
work required is already planned or underway, and the rest will need to be resourced. The more
difficult issue to solve probably lies in the coherence of the quarterly and annual estimates.

Coherence of quarterly and annual outputs

For consistency, the quarterly estimates are benchmarked to the (better quality) annual estimates
once the latter become available, creating retrospective revisions that are sometimes large. The
reasons lie mainly in the inherent quality of the data collected, and in the benchmarking procedure,
but the lack of coherence itself is not a problem unique to the UK.

The mechanics of the benchmarking procedure were reviewed quickly in 2015, and a revised
procedure is to be used in the 2016 benchmarking exercise, which should see a reduction of less
desirable outcomes such as step changes between years. This review also suggests linking the
un-benchmarked, tail of recent quarterly estimates onto the level set by the preceding benchmark,
as this should minimise revisions later. A more comprehensive review of benchmarking is required
that will consider this, alongside other related issues, and the practical implications of doing so.

However, benchmarking itself does not address the root causes of the incoherence, which is a
more difficult problem to solve. Non-sampling error can be large, and results from a lack of
timeliness in companies’ survey responses (for many, the time allowed is simply too short), and by
companies responding in-year with estimated or management accounts data rather than end-year
audited accounts. Nonetheless, it seems quarterly surveys are a necessity, allowing short-term
movements to be estimated, including the capture of those big and very public changes in foreign
direct investment that can occur during the year.
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International comparisons

Internationally, ONS’s approach to measurement of FDI does not seem out of place. As already
mentioned, there are tight, international definitions that are followed, and other countries’
approaches and experiences in implementing these are similar to the UK’s. Use of surveys is
probably universal, and a common problem seems to be the reconciliation of quarterly and annual
data.

Systems and processing arrangements

FDI has changed processing systems a number of times in recent years. The current arrangement,
a bespoke system introduced at the start of 2015, seems well-suited for the purposes of FDI.
However, it is stand-alone, so does not enjoy the benefits that come from use of a standardised
platform. A platform-based approach was used for the current system’s immediate predecessor,
but experience showed it as being difficult to operate. That is probably a reflection of the various,
but justified, non-standard approaches that are necessary and required for FDI, which is a
particularly complicated survey operation, and one that cannot be satisfactorily aligned with more
standard business survey operations in a number of respects. This review also notes the extensive
assessment and overhaul of ONS’s technology estate that is currently underway.

Onward processing of FDI estimates, ultimately for the Balance of Payments, is via a quite
fragmented system that employs various software and systems. There should be an aim here to
simplify and unify the systems where possible. Likewise, the current arrangements mean that,
while most data come to BoP via the FDI team, some (data concerning banks) also come to BoP
directly, and then need to be fed back to the FDI team to allow full compilation of the outputs. This
process could probably be simplified, and it may be worth looking further at team structures,
processes and responsibilities, though this review makes no specific recommendations about what
that should look like.

Staffing arrangements

The FDI team itself, responsible for the majority of FDI outputs, has been restructured during 2015
by changing its skills-mix to include a greater number of statistical staff, with the aim of giving it
greater resilience and capacity to fulfil its roles. Although budgets are limited, some extra resource
to expand further the capability and capacity for research would be beneficial.

Conclusions

The conclusions to this review draw together the various aspects of quality examined to give an
overall assessment. This states that FDI outputs are now in a better shape than they have been for
many years, and that the developments that have occurred, and are planned, are to be
commended. However, there is still some way to go. There is a long list of recommendations for
improvement, some of which include the implementation of previously recommended approaches.
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vii. Summary of recommendations, suggestions and issues

The recommendations (categorised as high, medium or lower priority) and suggestions made in this review,
and the issues noted in it, are listed here in summary form. They are repeated from the text of the main
report; the accompanying text in the main report provides the context and motivation.

Target populations

Recommendation R1 (lower priority): The procedure of adding to the FDI/(Non-Worldbase) NWB
frame companies sampled in the previous year's Worldbase sample and found to be large (in terms of
FDI) should be discussed with ONS’s Methodology Group and changed as necessary to optimise the
process.

Suggestion S1: Consider further the coverage of the sampling frames used in FDI, and potential
additional sources of information.

Sampling
Main recommendations:

Recommendation R2 (high priority): Commission methodological analysis to review in detail the
specification of the sample design of the FDI surveys.

Recommendation R3 (high priority): Improve the implementation of the sample selection
mechanisms, so as to bring them in line with good practice and intended specifications.

the work for which would include:

Suggestion S2: The sampling stratum definitions should be reviewed and updated at least every 5
years.

Suggestion S3: In the next review of stratum boundaries, consider whether the use of a simpler and
more consistent set of stratum boundaries would be beneficial.

Recommendation R4 (high priority): Review the sample size allocation implementation procedures,
paying particular regard to the merits of keeping sample sizes or keeping sampling fractions constant
over time.

Suggestion S4: Review the total sample sizes used in each of the FDI surveys and frames to
establish if a re-balance would be beneficial.

Suggestion S5: Review and re-write the sample selection program to make it less exposed to the
risk of error, and reduce the amount of manual intervention required.

Issue I1: There is currently no functionality in the SAS® selection program code to implement
rotation automatically in the FDI sample. The Inter-Departmental Business Register (IDBR) has this
functionality, which is used for business surveys selected from it, and its approach should be
replicated for use by FDI on its own frames.

Issue 12: The part of the sample selection program that creates permanent random numbers (PRNs)
where necessary does not function as it needs to, and should be corrected.
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Suggestion S6: Assuming the practice of not rotating the quarterly sample within calendar years is
continued, consider introducing a top-up sample to compensate for the reducing sample size over
the course of the year.

Recommendation R5 (high priority): Re-introduce sample rotation on the annual FDI surveys, co-
ordinating the quarterly sample selection via correct use of PRNs.

Data collection

Suggestions S7 on guidance in the questionnaires from the topic expert consulted in this review are
to:

(i) combine the guidance notes on FDI concepts, definitions and relationships into one section at the
front of the questionnaires

(i) explain immediate investment and indirect investment in terms of chains of control and significant
influence, and then

(iif) explain the concepts of ultimate controlling parent, fellow relationships, reverse investment and
special purpose entities

Recommendations R6 (medium priority) on coverage and scope:

(i) emphasise on the questionnaires that data on transactions and positions with indirect investors or
investment enterprises are also requested,

(ii) specify on the questionnaires how and where these data with indirect investors or investment
enterprises and with fellow enterprises should be recorded,

(i) identify the questions on the questionnaires where data on reverse investment are requested
Issue I3: Typographical errors are present on the questionnaires, and need to be corrected.

Recommendation R7 (high priority): Consider carefully the use of electronic questionnaires for FDI,
and do this only once ONS’s Electronic Data Collection (EDC) programme has delivered and embedded
a proven, reliable and flexible tool. Do not simply transition the same questionnaire from paper to
electronic form, without first researching whether this would prove effective for FDI, given its differences
from most other business surveys.

Data processing

Recommendation R8 (high priority): Introduce measures with regard to data processing aimed at
improving the quality of data collected on the quarterly surveys. Such initiatives might include the
introduction of targets for higher clearance rates to be reached one quarter later.

Recommendation R9 (medium priority): Continue the work underway to evaluate the benefits and
drawbacks of moving the FDI data take-on system to the latest, current version of CORA. If a suitable
arrangement can be obtained, migrate FDI to the current version, or otherwise update the FDI CORA
code, as soon as possible.

! Common Open-Road Architecture
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Suggestion S8: Identify and evaluate benefits of the functionality lost in the migration from OpenRoad
to CORA version 3.1. If retention of any of such pieces of functionality is justified (some may not be),
considered its re-introduction on the CORA FDI system.

Suggestion S9: Ask respondents to provide a description of the principal economic activity, the
approach used on ONS’s Business Register and Employment Survey (rather than asking for a self-
coded industry), and code afterwards from that description using an automated coding tool.

Recommendation R10 (lower priority): The Official Statistics Code of Practice states that common
classifications and coding standards (among others) should be adopted to promote comparability, and
the reasons for any deviations made publicly available. ONS should seek to improve the coding used on
FDI, and its presentation for respondents and users, on this basis.

Recommendation R11 (high priority): Assuming no reason is found to retain use of the file, nor an
updated version of it, ONS should discontinue use of the Chancellor’s Initiative Data in FDI processing,
and report fully on the impact of its removal on historical estimates.

Estimation

Recommendation R12 (medium priority): To be fully compliant with the method specified in the
literature, and as intended when specified for FDI, the full formula for prediction estimation would be
used, and p estimated from the data rather than being assumed to be zero. Investigate the practical
need for an adjustment for clustering, and the best approach for robustly estimating p if required on an
ongoing basis.

Recommendation R13 (medium priority): Complete investigations and report on the effect of switching
outlier identification and treatment to Winsorisation. Once appropriate parameters have been
established through analysis of recent data, effect the switch to Winsorisation as soon as possible.
Recommendation R14 (high priority): Implement the proposed standard error calculation without delay,
carrying out the necessary quality assurance of results. Then resume the calculation and publication of

measures of precision for the FDI output’s principal annual estimates as soon as possible.

Recommendation R15 (medium priority): Once standard errors have been calculated for annual
surveys at the top level, extend the analysis to estimate measures of precision for:

o lower-level domains
e the FDI quarterly surveys
Recommendation R16 (medium priority) on sample size: Commission an investigation to determine
appropriate sample sizes to meet precision requirements for principal FDI output when all the relevant
information required has been established.
Statistical disclosure control
Recommendation R17 (medium priority): Commission the further work suggested by the report, as a

way to improve FDI’s disclosure-control processes and transparency. This should realise time savings
in processing, and afford better utility of outputs.
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Coherence of quarterly and annual outputs

Recommendation R18 (high priority): Conduct a more detailed review of benchmarking methods and
approaches, exploring the various methodological options for benchmarking. This should include an
assessment of:

o techniques that include quarters for which there is no annual data yet available, and the
practicalities of how these can be incorporated

e areview of the most appropriate level for benchmarking and any associated consequences

Note: although the process of seasonal adjustment has not been considered in this review, it would be
prudent to carry out a seasonal adjustment review (a standard and regular process at ONS) at the same
time as the more detailed review of benchmarking.

Systems and processing arrangements

Suggestion S10: Notwithstanding the ongoing changes to ONS'’s technology estate, review the process
flow of data and work required in the latter stages of FDI processing to determine if efficiencies could be
made, and a more integrated system developed for the final stages of FDI data processing.

Suggestion S11: There appears to be some duplication of effort and process in the production of

quarterly FDI estimates. Conduct a review of this to establish if more efficient ways of working might be
obtained.

Staffing arrangements
Recommendation R19 (high priority): Increase the size of the FDI and International Transactions
teams, to reduce the time pressure on regular production and allow more time to develop the survey
and better understand the data.
Suggestion S12: Seek to improve the training offered about the FDI survey and processes for staff who

are involved in the production of its outputs to increase knowledge about the survey, its limitations, and
areas for development.

General

Recommendation R20 (medium priority) Review and increase the range of documentation available
about the FDI surveys and outputs, making this available both internally and externally.
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1. Introduction

1.1 Introduction to foreign direct investment statistics

1.01  The essence of the definition of foreign direct investment (FDI) lies in cross-border (international)
investments. These are made by investors from one country into another with the aim of a establishing a
lasting interest (and defined as at least 10% of the voting power) in the company receiving the investment.
Such transactions are sometimes classified as greenfield investments (usually new projects or notable
expansions) or brownfield investments (acquisitions of existing foreign companies or changes to existing
investments), though the UK’s official statistics on FDI do not make that distinction. The official statistics
published about FDI are grouped into earnings, positions and flows variables, and form a major component
of a country’s Balance of Payments (BoP) within its national accounts. Users of these FDI statistics keenly
monitor the levels, movements and patterns observed.

1.02  The importance of FDI has grown rapidly in recent decades because of ever-increasing
globalisation. As such, the role FDI plays in establishing lasting links between economies, promoting
technological transfer and innovation, and in providing investors with access to previously inaccessible
markets has resulted in FDI statistics becoming a focus for many governments, financial analysts and
academics.

1.03 International organisations that use FDI statistics include the United Nations, the International
Monetary Fund (IMF), the Organisation for Economic Co-operation and Development (OECD), and Eurostat
(the statistical office of the European Union). In the UK, the Bank of England monitors FDI as part of its
assessment of financial stability, and UK Trade and Investment (a government department) has ambitions*
to increase the value of inward UK FDI stock to £1.5 trillion by 2020. Other government departments (for
example, HM Revenue and Customs, HM Treasury), as well as other organisations such as the Institute for
Fiscal Studies from across the public, private and voluntary sectors, national and international media
organisations, councils, academia and charities also make much use of FDI statistics. Further details of
users and known uses of FDI statistics are presented in Table 1.1.

1.04 A measurement framework for FDI statistics is provided by OECD’s Benchmark Definition of Foreign
Direct Investment (fourth edition). This stipulates international standards and provides a detailed, operational
manual for the measurement of FDI.

1.05 The Benchmark Definition is also fully consistent with IMF’s Balance of Payments Manual (BPM,
sixth edition). This details the transactions to be included within the accounts and how they are to be shown:
FDI earnings statistics appear in the overall current account, FDI positions statistics are included within the
international investment positions (1IP), and FDI flows form part of the financial account.

1.06 A country’s official FDI statistics are usually compiled either by its National Statistical Institution (NSI)
or its central bank. In the UK, the Office for National Statistics (ONS, the UK’s NSI) has responsibility for the
compilation of official statistics relating to FDI. Its outputs include:

e annual FDI statistics — the most recent publication® of annual FDI statistics was in December 2015
and reported that, for example, “the UK international investment position (outward investment) [was]
£1,015.4 billion in 2014"; a table of some principal estimates from that publication is included here in

! https://www.gov.uk/government/organisations/uk-trade-investment/about
? http://www.ons.gov.uk/ons/rel/fdi/foreign-direct-investment/2014/stb-fdi-2014.html|
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Appendix 1.1A. The annual FDI statistics also appear in the National Accounts Pink Book, and are
supplied to Eurostat under regulation

e quarterly FDI estimates, which appear in the Balance of Payments; there is no stand-alone
publication of FDI statistics on a quarterly basis

e various other reports and analyses produced on an ad hoc basis; some recent FDI publications from
ONS are listed in Appendix 1.1B

Other areas of ONS also make use of FDI statistics and data, and a list is provided as Appendix 1.1C.

User Use of FDI statistics
Eurostat European Commission policy directorates, embassies, students, journalists
Organisation for Economic OECD uses the estimates for regular trends analyses, for calculating OECD

Cooperation and Development aggregates, OECD investments in or from various regions, and bilateral
(OECD) analyses

United Nations Conference on Estimates are used to revise and update UNCTAD's FDI/TNC (transnational

Trade and Development corporations) database, which is the basis for the analysis and the statistics

(UNCTAD) reported in the World Investment Report and the World Investment Directory
series

Department for Business, Providing briefing for ministers and UK Trade and Investment for speeches and

Innovation and Skills (BIS) policy documents. Answering Parliamentary Questions. Also some analyses for

Foreign and Commonwealth Office

Foreign and Commonwealth Providing briefing for ministers

Office (FCO)

Cabinet Office Providing briefing for ministers

HM Revenue and Customs Tax policy analysis (for example, taxation of UK companies’ foreign profits and
(HMRC) foreign subsidiaries) to support HM Treasury’s corporate tax team and HMRC

policy colleagues (Business International and Corporation Tax and Value
Added Tax (CT and VAT) Directorates).

Bank of England Analysis of current account sustainability

Analysis of yields at home and abroad and the implications for UK balance
sheets

Interest in global de-leveraging — sharp moves in BoP (winding down positions
abroad) — affects exchange rates

Monetary analysis feeds up to the Monetary Policy Committee

HM Treasury Briefings — the UK is one of the largest contributors of FDI in the world
As a core series in the forecast for the current account

To provide in-depth analysis to inform the forecast of the current account

ABI (Association of British Regional and industry analysis for policy development

Insurers)

International Monetary Fund Estimates are used in preparing country-level, regional, and global aggregates
(IMF) in IMF statistical publications. They also are used for analyses, and in the IMF’s

surveillance work. ONS delivers FDI statistics to the IMF in accordance with the
global Coordinated Direct Investment Survey (CDIS) initiative.

Table 1.1: Known users and uses of FDI statistics
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1.2 The use of surveys (and other data sources) to measure FDI

ONS surveys

1.07  ONS collects the data upon which the UK's official FDI statistics are based by means of surveys, an
approach taken for many years. The surveys collect from UK companies a wide range of financial
information (up to 50 detailed questions are asked) regarding FDI, and cover various topics about assets and
liabilities, which form the components used in the derivation of the principal variables:

e earnings: income from investments, for example, profits, interest and tax

o flows: changes within investments, for example re-invested earnings, acquisitions, disposals and
loan movements

e positions: these data represent an enterprise’s total investment value of equity capital and other
capital at a given time; positions data are used to calculate the international investment position

1.08  Separate surveys are used to collect FDI data about inward and outward investment. With respect to
the UK, the Inward FDI survey collects data about the investment between foreign parent companies and
their UK-based affiliate companies, and the Outward FDI survey collects data about the investment between
the UK companies as parents, and their foreign affiliates. Each survey also has annual and quarterly
varieties, and it can be useful to consider the following as separate surveys: Quarterly Inward FDI, Quarterly
Outward FDI, Annual Inward FDI and Annual Outward FDI.

1.09  All the surveys are conducted on a statutory basis under the Statistics of Trade Act (1947), which
means that sampled companies have a legal obligation to comply with ONS’s request for data. Further
details of the various regulations, frameworks and policies that relate to FDI statistics and their production by
ONS are provided in Appendix 1.2.

1.10 Interms of scope, the annual and quarterly surveys are comparable: the same questions are asked
to companies selected from the same target population. In essence, the principal difference between the
quarterly and annual surveys lies only in the reference period about which the questions are asked. All
surveys refer to calendar periods: ‘Q1’ in the quarterly surveys refers to Quarter 1, the January to March
reference period, and the 2015 annual survey refers to the January 2015 to December 2015 calendar year.

1.11  Although the methodology behind the surveys is explored in detail in subsequent chapters of this
review, a brief summary of some key differences between the quarterly and annual surveys is provided here
by way of introduction. The methodological approaches of both the annual and quarterly surveys are
comparable, and have been standardised in recent years. However, it should be noted that the annual
surveys have a larger sample size and benefit from better response rates. That alone means the estimates
from the annual survey should have the greater accuracy.

1.12  However, a more fundamental difference lies in the data that respondents provide. Whereas for the
annual survey, companies will usually provide data extracted directly from their statutory, audited annual
accounts, the information provided on a quarterly basis is often based on their in-year management
accounts, which can differ markedly from the final accounts for a variety of reasons. With annual data and
estimates regarded as being of higher quality, the quarterly estimates are adjusted in due course to align
with the annual estimates via a benchmarking process, which can give rise to notable revisions in the
quarterly path.
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Other sources of information about FDI

1.13  Although the use of surveys is current practice for collecting information about FDI in the UK, and
similarly by the different institutions that compile official FDI statistics in many other countries (see Chapter
9), it is useful to consider other information that is available. Various sources of other data about FDI exist,
though the information available is usually more limited than that available through a survey, which can be a
very rich, timely and detailed source. That is not to say that such sources are not useful, however.

1.14  Private-sector data providers such as Dun & Bradstreet (D&B) and Bureau van Dijk (BvD) offer
databases that include company linkages (identifying FDI relationships) and some information on flows and
investments. Company accounts also provide some FDI-related information. The D&B database is used by
ONS for identifying the target population and creating the sampling frame for the FDI survey (see Chapter 2);
the auxiliary variables present, such as number of affiliates, are not used to produce FDI estimates directly,
but are used by ONS to stratify the survey sample. Eurostat is also developing its Eurogroups Register, and
further consideration is given to this within Section 2.1.

1.15 Project announcements in the media can provide a useful source of information about forthcoming
(or potential) international transactions, which may impact upon FDI estimates. However, announcements
are not necessarily a reliable indication of when transactions will occur, how they will be financed, nor
provide details of changes in company structures. In time, completed transactions are included in ONS’s
Mergers and Acquisitions Survey, which collects detailed information and provides a feed into FDI statistics.

1.16  Real-time monitoring of FDI-related information is provided by some data sources, and may provide
information about the value and number of projects, and the employment numbers generated. Examples
include the Financial Times’ fDi Markets database and Ernst & Young’s European Investment Monitor
database. These alternative sources focus on greenfield (new) investments, and are useful for the timely
gauging of investor sentiment and may provide additional data series such as regional breakdowns.

1.17  Such sources may lack other information, however, that the current official statistics offer. Examples
include data on brownfield investments (changes to existing investments), some mergers and acquisitions
results, the earnings performance of underlying investments over time, and other detailed information that
needs to be obtained. A further difference is the inclusion of projects at the time of announcement, in
contrast to official statistics, which report only on completed transactions.

1.18 Itis worth noting that UK FDI statistics produced by international organisations, such as the IMF and
OECD, are themselves based heavily on the statistics compiled by ONS, although differences can be
caused by timing issues, and whether the statistics are presented on an asset/liability or directional basis.
UK government departments that publish economic analyses that include FDI base their work on FDI
statistics sourced from ONS, and are not known to make extensive use of alternative sources of FDI-related
data.

1.19  Therefore, it seems reasonable to conclude that the FDI survey will remain as the primary source of
information about foreign direct investment for the foreseeable future, as it seems the only source of data
that can currently meet the requirements in terms of detail, coverage and timeliness. However, alternative
data sources may be able to provide additional information, and it would be prudent for ONS to remain
mindful of these, and to explore opportunities arising from future changes in data-sharing legislation.

1.20  This Quality Review has as its focus the quality of the outputs that arise from the current, survey-
based approach that is used by ONS in its production of statistics about FDI. It includes consideration of
other sources of data that are used in the production of the official statistics where they arise, but otherwise
doesn’t consider direct replacement of survey data further, as the scope for doing this seems currently
limited.
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1.3 History and development of UK estimates of FDI

1.21  Though this Quality Review is interested primarily in the quality of the current FDI estimates, this
section provides a brief history of the FDI survey and developments undertaken.

1.22  The first annual FDI estimates were collected by the Department of Trade and Industry (DTI) in
1958, with the survey expanding to collect quarterly data in 1962. A forerunner of ONS inherited the survey
in 1987 and, by 1990, FDI statistics were statutory according to European Parliament legislation. By 1997,
FDI statistics were required to be produced in adherence with the standards and definitions outlined in the
IMF BPM version 5 (BPM5) and the European System of Accounts manual 1995 (ESA 1995). A bespoke list
of companies known to be involved with FDI was (and still is) maintained, but in 2002, the sample was
enlarged to include enterprises identified by Dun & Bradstreet.

1.23  Alarge benchmark revision to the quarterly FDI outputs occurred in late 2007 — the aggregate
position for 2006 derived from the 4 quarters was quite different from that subsequently estimated directly
from the 2006 annual survey — and this prompted the commissioning of a review by ONS’s Methodology
Group (ONS (2008)). The review examined most aspects of the methodology and made a number of
recommendations, in particular for the quarterly surveys. As a response, the Division in ONS responsible for
the FDI outputs assembled a development team in 2009, who proposed a programme of survey
improvements (ONS (2009a)), and work began.

1.24  Around that same time, it was also identified that the FDI surveys would be required to deliver an
expanded set of outputs to meet new requirements in the forthcoming revisions to the manuals, BPM6 and
ESA 2010. It was acknowledged that the current systems (OpenRoad) would be unable to cope with the
required changes, and thus a programme of development was started to review and revise FDI methods,
and to provide a new FDI processing system, operating on a new platform that was to be developed for use
by many of ONS’s business surveys.

1.25 That new platform, known as Common Open-Road Architecture (CORA), was first made available to
business surveys in 2013, and FDI was one of the first surveys to be migrated onto it. There would be
distinct parts to the FDI CORA system: Data Take-on, and Analysis (Results), and the former was delivered
to schedule. That Data Take-on system, comprising the loading and cleaning of survey responses, remains
in use today, albeit with some quirks in the code that require workarounds; the version of CORA used for FDI
is not the most recent up-to-date, however.

1.26  The delivery of the CORA FDI Analysis system was delayed, requiring that an interim SAS®
program be written quickly by ONS Methodology’s Statistical Computing Branch (SCB) in early 2013 in order
to process the data for the initial quarters before the CORA FDI system became available. That CORA
system has itself subsequently been taken out of use as not working as intended, its replacement being a
new SAS® system built by Methodology in collaboration with the FDI team. This analysis system, the fourth
for FDI in as many years, developed further the interim SAS® program written in 2013, and was introduced
for the 2015 Q1 quarterly and 2014 annual survey processing rounds. Evidence to date suggests that the
new FDI SAS® results system is more practical, workable and fit for purpose than its CORA predecessor.
The current system is stand-alone, in that it does not run on a platform.

1.27  Since the methodological review in 2008, most aspects of FDI's methodology have been reviewed
further by expert teams in Methodology in ONS, and many changes have been implemented following
analysis, considerations of options, and recommendations. Thus it seems fair to summarise the current FDI
surveys and systems are much improved on those that existed in 2007. In particular, the quarterly surveys
now use methods that are consistent with the annual surveys, even though the samples are notably smaller
in size, and the system developments that have been implemented over the past year seem particularly
successful.
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1.4 Overview of ONS FDI teams and their roles

1.28 This section contains a brief overview of the ONS teams involved in the production of FDI outputs,
and gives an overview of their roles in the FDI production process. All aspects of that process are considered
in greater detail in following chapters. For the purpose of this review, individual branches are grouped into
broad teams that carry out groups of activities.

1.29 Three teams are heavily involved in the direct production of each FDI survey round:

1. The Editing and Validation (E&V) team are responsible for most aspects of FDI data collection and
initial processing. This includes: contacting each sampled company to verify details and confirm
whether it is still in scope of FDI in terms of meeting set criteria to be in the target population;
response-chasing; handling respondent communications; and validating the data, querying returns
with respondents where necessary. After cleaning, the data files are passed to the FDI team for the
analysis and production of outputs.

2. The FDI team is part of the International Transactions Branch, which also runs a number of other
surveys beside FDI. The team comprises several branches, including the Results, Analysis and
Publication Branch, the Development Branch and the Systems Development Branch. The main
responsibility of the FDI team is the running of the remaining survey processes (imputation,
estimation and aggregation), and the analysis and publication of the survey results. The team is also
responsible for maintenance of the FDI sampling frames, and the selection of the samples from
these.

3. The Balance of Payments (BoP) team incorporate the quarterly FDI survey outputs into the National
Accounts. The current process means that further processing is undertaken by the BoP team, and
there is some iteration of work and data transfers between the FDI and BoP teams to complete the
FDI outputs each quarter.

Further teams support various surveys (including FDI), through regular and ad hoc activities. These
include:

4. The Business Registers team, which provides the FDI team with an annual extract of FDI-relevant
companies from the Inter-Departmental Business Register (IDBR), from which the FDI team update
and create the FDI sampling frames.

5. Methodology, which consists of specialist branches that broadly align with statistical methods or
processes (branches include: Data Collection Methodology, Sample Design and Estimation, Editing
and Imputation, Time Series Analysis, Statistical Disclosure Control, and Statistical Computing).
Methodology provides general support for FDI, as well as undertaking development projects such as
sample reviews.

1.5 Structure of this report

1.30  This report considers in Chapters 2 to 7 the quality of the current FDI surveys and their
methodologies, looking at each stage of the survey process (similar to the Generic Statistical Business
Survey Model) in turn. This includes consideration of the target population and sampling frames, the sample
design and sample selection mechanism, the data collection methods, various aspects of data processing,
estimation, and statistical disclosure control. For each aspect, the intended method is briefly described, other
options are considered and an evaluation is provided of the implementation of the method and how well it
works in practice.
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1.31  Where appropriate:
e issues are highlighted, and indicate specific or technical aspects in error and need of correction

e suggestions are made for consideration. These are usually not urgent, and concern design options
for inclusion in future methodological work that are likely to bring about incremental improvement.
These should be investigated when resources allow

¢ recommendations are made for areas considered in need of improvement, some of which require
further analytical investigation to determine the best technical solution. A relative priority assessment
(high, medium or lower priority) has been made for each, which may serve as a guide to the urgency
of the matter, rather than the importance

1.32  With each aspect of the survey processing considered, the report then considers in Chapter 8 the
benchmarking process, and the coherence between estimates derived from the quarterly and annual
surveys, and the problems caused by trying to ensure coherence. Though there is no immediately obvious
solution to the current challenges, some options are presented for further consideration.

1.33  In Chapter 9, some comparisons are drawn with other, international organisations in the way in
which they collect and compile estimates of foreign direct investment.

1.34  Chapter 10 considers further the processing systems in use on FDI. Considerations are restricted to
those that directly affect FDI processing, rather than more generic systems at ONS, which are currently

undergoing large-scale transformations. Finally, Chapter 11 considers staffing arrangements further.

1.35  The conclusion (Chapter 12) brings together considerations made of the various processes to
present an overall assessment of the quality of FDI.
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2. Target populations

2.01  As setoutin the OECD Benchmark Definition of FDI, a foreign direct investor is defined as ‘an entity
resident in one economy that has acquired ... at least 10% of the voting power of a corporation ... resident in
another country’, and recommends a strict application of the 10% rule to achieve global consistency of FDI
statistics. As such, the target population is clearly defined.

2.02 Infact, there are 2 target populations for the UK FDI surveys:

That for Inward FDI (investment by foreign parent businesses in UK businesses), comprises UK
companies that have one or more foreign parents holding at least 10% of the voting power.

That for Outward FDI (investment by UK parent businesses in foreign businesses), comprises UK parent
companies that hold at least 10% of the voting power of one or more foreign affiliates or branches.

2.1 Sampling frames

2.03  Separate sampling frames are compiled for the Inward and Outward surveys, and some companies
feature on both. The quarterly and annual versions of the Inward FDI surveys are both drawn from the same
frame, albeit at different times, and likewise for the quarterly and annual Outward surveys.

Principal sources of information
2.04  Two main sources are used to compile the Inward and Outward FDI frames:

The first is known as the ‘FDI frame’ or ‘Non-Worldbase (NWB) frame’ and is referenced as the
FDI/NWB frame in this report. The frame, which is maintained by the FDI team in ONS, contains only a
small fraction of all companies that meet the 10% ownership criterion, but is considered to list the known
“major players” in terms of FDI.

The second, known simply as the ‘Worldbase (WB) frame’, is sourced from Dun & Bradstreet (D&B)’s
Who-owns-Whom database of world linkages of companies. An annual data extract is procured at the
start of the calendar year, and a thorough and established operation is run by the Business Registers
team to clean the dataset and match it against the IDBR.

2.05 Naturally, some of the companies on D&B'’s register already appear on the FDI/NWB frame. Prior to
any sample selections in the year, an operation takes place that ensures there is no duplication, and any
companies appearing on both will be removed from the WB frame before sampling occurs.

2.06  An additional process has been implemented by the FDI team from 2015, in which units sampled
previously from the WB frame and found to be large in terms of net book value (with thresholds defined by
industry) are moved to the FDI/NWB frame, on which sampling fractions are greater, for the coming year.
The rationale of this process is reasonable: for populations with variables that have highly skewed
distributions, selecting the biggest units with high probability (or with certainty) is essential to ensure
sampling error is reduced. (The information/variables available on the sampling frames cannot be relied
upon to identify which units are the most important in terms of FDI). It is important to note, however, that
using a survey to update its own sampling frame can introduce some bias, known as ‘feedback’ bias. In the
case of FDI, the reduction in variance caused by ensuring ‘important’ companies are sampled with high
probability arguably outweighs this additional bias, but discussion with ONS’s Methodology Group may help
clarify this trade-off.
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Recommendation R1 (lower priority): The procedure of adding to the FDI/NWB frame companies
sampled in the previous year's WB sample and found to be large (in terms of FDI) should be
discussed with ONS'’s Methodology Group and changed as necessary to optimise the process.

2.07  Updating the sampling frames immediately prior to sample selection is the responsibility of the FDI
team. This process has been refined and made more robust through development of programs in SAS®
Enterprise Guide, an initiative that is continuing. The process includes many checks, and the new programs
seem logically structured, and adhere to good programming practice. Praise for this particular development
is merited.

2.08  The overall population sizes on the various frames, once cleaning and processing had taken place in
early 2015, were:

Inward Outward
FDI/NWB frame 1,664 571
WB frame 21,891 6,834

2.09 The WB frames are over 12 times larger than the NWB/FDI frames in terms of number of companies
listed, though their overall contribution to FDI estimates is smaller. In recent years and quarters, the WB
frames have contributed between 25% and 45% of the estimates of Inward total FDI, and between 3% and
10% of the estimates of Outward total FDI. Further details of the contribution from each frame can be found
in Appendix 2.1 (Section A2.1A), along with other analysis. The Inward survey populations are about 3 times
larger than those of the Outward surveys.

2.10 A third source of information is ONS'’s established Mergers and Acquisitions Survey, which records
details of all such transactions that have been identified; such transactions also update the FDI/NWB frame.
This source of information is particularly important for FDI, as large transactions that take place during the
course of the year would, naturally, have an effect on foreign direct investment, and users expect to see
those changes reflected in FDI outputs as they occur. Without including them, these transactions would not
be reflected in the outputs as the frame updates and main sample selections take place only annually.
Including these transactions means that some companies are then subsequently included in the sample after
the main selection has taken place, and care is needed to ensure this is correctly captured in the estimation.

Potential over- and under-coverage

2.11  Once the samples have been selected, a proving exercise is undertaken by the Editing and
Validation (E&V) team. This involves contacting all the companies selected in the sample and before the
dispatch of questionnaires, to check that they both still exist, and still meet the FDI 10%-ownership criterion;
those that don’t are removed from the frame and the sample as being out-of-scope.

2.12  The removal of dead (or otherwise out-of-scope) companies after sampling leads to a question of
over-coverage, as it would be reasonable to expect a similar proportion of out-of-scope companies to exist in
that part of the population not selected for the sample, and so not contacted for proving. These remain in the
population, and are estimated for using data from the sampled companies. In other ONS business surveys,
an adjustment is made in the calculation of weights to account for predicted deaths in the un-sampled part of
the population, and likewise for births that are as-yet unidentified on the frame. That adjustment relies on
assumptions that are difficult to verify, but no such adjustment is made on FDI, although the estimation
approach used wouldn't easily lend itself to such adjustments anyway.

2.13  Documentation suggests that the number of entries listed on the frames has increased notably in
recent years (ONS (2010)). Until about 2005, 13 to 14,000 companies were listed on the Inward frame,
before increasing to 18 to 22,000 by 2015, and likewise the Outward population has increased from 3 to
4,000 before 2009 to over 7,000 by 2015. One possibility is that those companies existed before and were
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in-scope, but were simply not being identified, which would be a case of under-coverage. However, there are
other possible explanations. Of course, one is that this increase is real, and there has been a rise in the
number of companies in-scope of FDI. It should be noted however, that an increase in the population, will not
necessarily result in a proportional increase in FDI stock, earnings, and flows of investment. Companies now
included in the population as a result of the increase are likely to be smaller, with the larger companies
having been previously and consistently sampled, ensuring as full a coverage as possible. ONS has
produced some analysis of the contribution made by newly identified FDI companies to UK assets and
liabilities (see ONS (2015a)). Another explanation is that the reporting structure of listed companies (mainly
Enterprise Groups) has changed, with more reporting now taking place via separate companies at lower
levels within the group; the Business Registers team has noted an increase in this way of reporting. This
latter explanation isn’'t under-coverage, as such, but it does increase the scope for duplication, although
efforts are made to prevent that through careful matching and de-duplication of entries by the Business
Registers team.

2.14  Afurther aspect of under-coverage relates to the percentage-ownership threshold for inclusion in
FDI. Whereas FDI aims to include all relationships where ownership is more than 10%, only those cases of
greater than 50% ownership are included on the D&B file. It is not known how much FDI is missed by not
including those companies with between 10% and 50% ownership.

2.15  There are a number of factors which may cause under- or over-coverage in the FDI sampling
frames, including out-of-scope companies in the non-sampled part of the population, and the percentage-
ownership threshold for inclusion. The changing size of the frames over time does increase the risk that
changes in coverage may have an impact on estimates, but there is no clear evidence that this is what's
happening.

Other sources of information

2.16  Additional sources of information could be considered, probably to supplement rather than replace,
the current frames. Such sources could act as a check on potential under-coverage of companies not
identified on the current frames but in-scope of FDI , and include:

e the EuroGroups Register (EGR) (Eurostat (2015))

Eurostat is developing a register of businesses that would be in-scope of FDI, which is available for
use by every member state. Conversations with experts in ONS who have used the EGR suggest it
could not yet be used for sampling for various reasons (such as more-recent ONS data on the EGR
being over-written with older data provided subsequently by other countries). However, it might be
worth investigating to what ends this source of information could be used, probably once it has
developed further.

e the Inter-Departmental Business Register itself

There could be benefit in surveying, even if only rarely, the largest businesses on the IDBR (say with
employment of 1,000 or more) that don’t otherwise have matches to the FDI/NWB or WB frames to
establish if they would be in-scope of FDI. A variation would be to include questions that determine
eligibility for FDI on existing, large surveys, such as the Annual Business Survey or the Business
Register and Employment Survey. That approach is already used for some other topics (such as
international trade in services). Of course, there would be cost implications both for ONS and in
terms of respondent burden, but the balance of these costs and the statistical benefits is integral to
designing all business surveys in ONS so is not a reason in itself.

Suggestion S1: Consider further the coverage of the sampling frames used in FDI, and potential
additional sources of information.
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2.2 Statistical units

2.17  ONS aims to collect information about what are called Truncated Enterprise Groups (TEGSs) for FDI.
TEGs have one UK-based company as the apex of the group of enterprises below it and which it controls; it
may, or may not, be the ultimate owning company. The preference is to select such TEGs and to ask them,
as the parent of the UK operation, to report on the companies (enterprises) within their group (that is, to
provide a consolidated report).

2.18 However, the actual units that appear on the FDI frames, and thus can be sampled, are a mix of
Enterprise Groups (including single Enterprises), and separate enterprises that are part of an Enterprise
Group and, occasionally, parts of separate Enterprises that have requested the ability to report separately.
Various, but thorough, exercises take place to ensure there is no duplication between, for example, an
Enterprise Group and its separate Enterprises on the FDI frames.
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3. Sampling and sample design considerations

3.01 The sample design for any official survey is naturally complex, and requires attention to detail both in
its specification and implementation. Aspects for consideration include the overall design (details of
stratification, for example), as well as sample-size specifications, and sample-selection procedures.

This chapter considers many of the technical aspects of sampling, and notes several areas where
improvement should prove possible. Specification of the precise details of any such improvements would
require thorough and detailed investigations that are beyond the resource available for this review. As such,
the following recommendations encompass all others made in this chapter:

Recommendation R2 (high priority): Commission methodological analysis to review in detail the
specification of the sample design of the FDI surveys.

Recommendation R3 (high priority): Improve the implementation of the sample selection mechanisms,
S0 as to bring them in line with good practice and intended specifications.

The rest of this chapter serves as a guide to the scope of this recommended work.

3.1 Sample design

3.02 Each of the FDI/Non-Worldbase (FDI/NWB) and Worldbase (WB) sampling frames is stratified by
combinations of industry and a banded size measure, the definition of which is dependent on frame and
investment direction. Since any company will feature on only one of those frames in each direction, it may be
useful to regard the FDI/NWB and WB frames simply as separate sampling strata within each of the Inward
and Outward surveys.

3.03  Summary of the FDI survey stratification:

Industry: All of the surveys and frames use the same industrial stratification of 7 broad industry sectors,
defined in FDI as: Oil; Finance; Manufacturing; Retail; Information and Communication;
Professional, Scientific and Cultural; and Other. Each UK company on the sampling frames is
assigned to precisely one industry sector, which are based on the UK’s Standard Industrial
Classification (2007). Further discussion of the industry codes used and the coding process is
given in Section 5.2.

Size measure: Each of the 7 industry strata is sub-divided into a maximum of 3 size bands, where the
size measure used differs by frame and survey direction:

Inward Outward

FDI/NWB frame Net book value Net book value

WB frame Turnover Number of
subsidiaries

The size measure variables used depend upon availability on the frame (net book value is not
available on the D&B extracts used to create the WB frame).

Stratum numbering: Though only for internal use, the numbering convention adopted is potentially
confusing, as the same numbers (1 to 17, 18 or 19 depending on frame) are re-used, but
inconsistently, on the different frames. For example, Stratum Number 15 refers to the smallest
companies in the Professional, Scientific and Technical industry on the Outward WB frame, while
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also meaning the largest companies in the ‘Other’ industry on the FDI/NWB frames. The numbering
convention should be made more consistent, reducing the risk of human error occurring.

3.04  The detail of the current definitions of the sampling strata are given in Appendix 3.1A (Industry
Definitions) and in Appendix 3.1B (Industry-by-sizeband Stratum Definitions). As already noted, the same
sampling-stratum definitions (though not sample sizes) apply to the quarterly and annual versions of each of
the Inward and Outward surveys.

Review of the sample design:

3.05 Keeping the FDI/NWB and WB frames separate seems sensible, and allows for the FDI/NWB frame,
which contains the most important companies in terms of FDI, to be sampled more heavily.

3.06  Stratification by a cross-classification of industry and company size is standard, good practice in
business surveys, as it allows control of the sample in all domains of interest, and can help improve precision
in estimates. In this respect there is no reason to recommend a different approach in principle for FDI,
though improvements may be gained by further consideration of the detail.

3.07  FDI estimates (outputs) are calculated at a more detailed level of industry that the 7 sectors used for
stratification; the statistical bulletin datasets provide estimates on an 18-industry by country basis. However,
the output classifications are based on the details of the foreign affiliates and parents rather than that of the
sampled UK companies. Nonetheless, a review of stratification should include the detail of the industry strata
used. In addition, there are a few cases where the output industry codes are spuriously excluded from the
sampling strata of the same name (see Section 5.2), and these should be investigated.

3.08  For the size measure used in stratification to improve precision, there would ideally be a strong
correlation between it and survey outcomes (variables). Previous analysis (for example, ONS (2011, 2008,
2005)) have suggested that only relatively weak correlations exist with the obvious candidate variables for
stratification. As such, there is probably little to be gained by changing from the variables currently used for
stratification.

3.09 The number of sizebands, and the boundaries that define them, were last reviewed in 2011 by
Methodology. It's common practice to leave these details in place for a few years before reviewing the details
again. Standard techniques were applied in determining the sizeband boundaries (such as the ‘cumulative
root-f’ rule, see Cochran (1977)), which should lead to better precision in estimates.

3.10  There are small variations from industry to industry in the stratum boundaries used (for example, a
mix of 0-7, 0-10, 0-14 and ‘0-10 with 10-15’ (£ million, turnover) for the smallest bands on the Inward WB
frame. Although these boundaries were recommended as best based on the historical data used in the
analysis, there is no guarantee that these very specific configurations remain optimal for subsequent years of
the survey given changes in the survey population and the major changes made to the survey methodology
around 2013. As such, this set of stratum boundaries seems overly complicated, and could be simplified.
More consistent boundaries might prove easier to manage for the teams who work with them, and reduce
any risk of errors occurring, while not noticeably affecting the quality of the estimates. Given the time since
the last review of stratification, it would be prudent to review the stratum boundaries again now.

Suggestion S2: The sampling stratum definitions should be reviewed and updated at least every 5
years.

Suggestion S3: In the next review of stratum boundaries, consider whether the use of a simpler and
more consistent set of stratum boundaries would be beneficial.
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3.2 Sample sizes (dispatch and response)

3.11  The number of questionnaires dispatched remained relatively constant on all surveys until a notable
boost was applied from 2013 (that is, with respect to the 2013 quarterly and 2012 annual surveys onward).
Since then, the quarterly sample sizes have again remained relatively constant, whereas that for the annual
Inward survey has grown each year since, and that for the annual Outward survey decreased for one year
before growing again. The overall sample sizes (from the FDI/NWB and WB frames combined) have
increased between the 2009 and 2015 dispatches by 27% for the Quarterly Inward, 66% for the Quarterly
Outward, 34% for the Annual Inward and by 32% for the Annual Outward surveys.

3.12  The numbers of questionnaires dispatched and the numbers returned by the time of the main
(second and final) delivery to the FDI team in each survey round are shown in Figures 3.2A and 3.2B, (and
also in the table in Appendix 3.2). The time between dispatch and the main delivery can vary from quarter-to-
quarter. The delivery usually takes places around 10 weeks after the questionnaires have been dispatched,
but can be as early as 8 weeks or as late as 12, and this variation can account for much of the difference
seen in response, so caution is advised when interpreting variations. It should be noted that variation in
response rates between periods is probably detrimental to the quality of the estimates, and it would be useful
to explore ways to reduce variability in the time between dispatch of questionnaires and the main delivery of
data to the FDI team.
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Figure 3.2A: Sample sizes (number of questionnaires dispatched and received in response by time of final delivery) for
the quarterly FDI surveys. Any companies found not in scope have been removed from these numbers. Dispatch sample
sizes for all quarters in the same calendar year are set for Q1, and then held constant except for the removal of deaths;
the saw-tooth pattern this creates is evident.
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Figure 3.2B: Sample sizes (number of questionnaires dispatched and received in response by time of final delivery) for
the annual FDI surveys. Any companies found not in scope have been removed from these numbers.

3.13  Response rate targets are used by the Editing and Validation (E&V) teams to help guide response-
chasing procedures. They are stated in terms of both number of questionnaires and amount of net book
value (where available). In terms of net book value (which has the higher of the targets, and is not shown in
Figures 3.2A and 3.2B), the targets are 85% and 75% for the Annual Inward and Outward surveys
respectively, and 75% and 50% for the Quarterly Inward and Outward surveys. The targets themselves are
probably guided by the practicality of available resource and time available for data collection, rather than
derived as any kind of optimum measure, but regular achievement helps provide consistency from period to
period.

3.14  Naturally, responses arrive at ONS over a period of time. As an example, response rates (based on
numbers of questionnaires received) are shown against time for one particular quarter’s surveys in Figure
3.2C. Even after close down for final delivery, responses will continue to arrive and be processed at ONS,
sometimes in quite substantial numbers (the requested response time on the quarterly surveys is quite
short). Such late returns will be included in any future re-deliveries of data and can lead to revisions in
estimates.
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Figure 3.2C. Response profiles over time for the 2014 Q1 Inward and Outward surveys. The apparent decreases in
response rate (for example, around the time of the second delivery) can be explained by the count of the number of
dispatched questionnaires being decreased when deaths (or otherwise out-of-scope reasons) are notified for selected
companies, and are thus removed from the denominator of the response rate calculation. Of note for this particular
period is that another re-run was unusually conducted some months later, on 9 January 2015, by which time response
was recorded as being in excess of 88% for Inward and 87% for Outward.

3.15  Sample sizes and the precision of estimates are inextricably linked, with larger sample sizes
affording greater precision. As such, recommendations about sample sizes are made after consideration of
precision, in Section 6.3.

3.3 Sample allocation

3.16  Sample allocation is the process of distributing the total sample size between the sampling strata,
and is a task carried out by Methodology. The usual practice for ONS business surveys is to review a
survey’s sample allocation every few years, keeping the current allocation fixed in the intervening time by
continuing to completely enumerate (that is, sample 100 per cent) the largest businesses in each industry
(and maybe in some other strata too), while holding constant the number of businesses selected in other
strata.

3.17  Although the allocation will tend to drift away from being optimal over the years between
Methodology's reviews, that deviation tends to lead only to small decreases in optimality (in terms of
precision of estimators), in the same way as already noted for the sample stratum definitions. The allocation
of the sample, other things being equal, would not usually affect bias, only precision.

3.18 The usual approach of keeping sample sizes in each stratum constant means that sampling fractions
(the ratio of sample size to population size in a stratum) vary over time if changes occur in the population
size. The principal advantage of this approach is that the overall sample size remains approximately
constant (varying only because of changes in the relatively small number of businesses in completely
enumerated strata). Thus it proves a practical approach for controlling survey costs and planning resource
allocations for survey processing.
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3.19  The implementation of the allocated FDI sample(s) has taken different approaches at times. Sample
sizes for each stratum have been specified by Methodology, as is usual practice, but what seems to have
been intended for (some) subsequent years was keeping the sampling fractions constant. The rationale was
reasonable: the WB population was increasing, and therefore the standard errors of estimates of totals would
also increase unless sample sizes increased too. However, this approach created a conflict, in that the
overall sample size has, as a consequence, become larger than that afforded by the available resource. In
the most recent year, further adjustments were made to the sample allocation with the aims of:

e keeping the overall sample size to a manageable size, while
¢ not affecting the sample selection from the arguably more important FDI frame

and thus samples from the WB frame were reduced in most strata by a factor of 0.7. The application of this
factor was a time-pressed, practical intervention, and done with the reasonable principles in mind. However,
it was applied without consultation with Methodology, and without analysis of what would be optimal in terms
of the sample balance between the frames.

3.20  FDI, with its population size fluctuating more than is seen in most business survey populations
selected from the IDBR, may require an approach to sample allocation that differs a little from standard. The
allocation used seems to have varied across years, sometimes on a somewhat ad hoc basis, and although
this shouldn’t bias estimates, procedures should be formalised. At the very least, any changes to the
allocation on an annual basis should be implemented with Methodology’s advice, but the FDI sample
allocation might need a more frequent review than the allocations of other business surveys.

Recommendation R4 (high priority): Review the sample size allocation implementation procedures,
paying particular regard to the merits of keeping sample sizes or keeping sampling fractions constant
over time.

3.21  The most recent FDI sample re-allocation by Methodology took place for the selections in 2014. As
such, another re-allocation would not normally be recommended for another couple of years. The
implementation of the 0.7 factor in early 2015, as noted above, had not been foreseen, and in the next re-
allocation exercise it would be useful to ensure a check is made on the relative sample sizes from each
frame.

Suggestion S4: Review the total sample sizes used in each of the FDI surveys and frames to establish
if a re-balance would be beneficial.

3.22  Some further observations on the sample allocation currently used for FDI (details of sampling
fractions are given in Appendix 3.3) are given below, and include some comparisons with the general
principles used on most other ONS business surveys.

In any given industry and survey, smaller businesses should not be sampled with higher probability than
larger ones. For FDI, that is currently true within each frame, with a few exceptions (all on the annual
Inward sample from the WB frame, and these should be amended). It is difficult to compare directly
between the FDI/NWB and WB frames because different size measures are used. However, the
generally smaller sampling fractions on the WB frame mean that some ‘small company’ strata on the
FDI/NWB frame have greater sampling fractions than the ‘large company’ strata for the same industry on
the WB frame.

Companies on the FDI/NWB frame are sampled more heavily than those on the WB frame, which, as
already noted, seems reasonable given the relatively rare and highly skewed nature of FDI variables.
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The FDI/NWB frame is treated much like most other business surveys, with the largest sizeband in each
industry being completely enumerated (for both the smaller, quarterly and larger, annual surveys),
whereas the WB frame is clearly regarded much more as a supplementary data source, with no stratum
being completely enumerated in any survey. That the largest sizebands on the WB frame are not
completely enumerated, with some even having really quite small sampling fractions (especially on the
quarterly surveys) may appear somewhat inconsistent when compared with good practice on other
business surveys. However, as part of the frame cleaning process that takes place before selection, all
companies on the WB frame identified as being large in terms of FDI are transferred to the FDI/NWB
before selection takes place, a principle adopted for good reason.

3.4 Sample selection, rotation and overlap

3.23  This section considers 3 areas that relate to sampling, and in particular the way in which the
quarterly and annual samples relate to each other, and between consecutive periods. The first part, on
sample selection, provides context, by discussing the timing of the quarterly and annual selections and
outlines the approaches used for making the sample selections. The part on sample rotation considers how
samples in successive periods relate to one another, contrasting the benefits of a common sample with the
burden placed on respondents, and, finally, sample overlap considers issues relating to commonality
between the quarterly and annual samples.

3.24  Sample selection — the drawing of a survey sample — takes place for FDI once the sampling frames
have been updated and cleaned, as described previously. That process is annual, and likewise so is sample
selection. The following pattern of timing is used for the FDI surveys, the example given relates to 2015
reference periods.

Reference period Date sample is selected Date of questionnaire
(drawn) dispatch to companies
selected in sample

2015 Q1 January 2015 March 2015

2015 Q2 January 2015 June 2015

2015 Q3 January 2015 September 2015
2015 Q4 January 2015 December 2015
2015 (annual) January 2016 (expected) April 2016 (expected)

3.25 The quarterly samples are all selected at the start of the reference year, once the frames have been
updated and cleaned. The annual sample for the same reference year is selected at the end of that year, in
common with most other annual business surveys, but uses the next year's frames. Thus the quarterly
samples with respect to year y =t are selected at the same time as the annual sample with respect to year y
=t— 1. This approach ensures the most up-to-date frames are used in each sample selection.

3.26  Samples are drawn using a bespoke program written in SAS®, and the selection mechanism is
based around permanent random numbers (PRNSs) (see Ohlsson (1995), Smith et al (2003)), which is the
approach used on the IDBR for selection of random samples in most other business surveys. The SAS®
selection program is maintained and run by the FDI team. The program has a number of aspects that don’t
conform to principles of good programming practice (an example is much use of repeated sections of hard-
coded parameters), which make maintenance of the code more difficult and increase the risk of human error.

Suggestion S5: Review and re-write the sample selection program to make it less exposed to the risk
of error, and reduce the amount of manual intervention required.
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3.27  Sample rotation is defined here as the replacement of part of the sample period-on-period in a
controlled way. This is desirable in business surveys as it both gives a prescribed sample overlap between
different time periods (resulting in more precise estimates of change, as the positive covariance induced by
having samples with a common component is deducted in estimates of the variance of change), and it
controls and spreads the respondent burden placed on businesses in complying with surveys (proportionate
burden is a principle in the Code of Practice for Official Statistics (2009)).

3.28  Also, when compared with drawing a completely fresh random sample each period, use of sample
rotation reduces the effort required to get responses, as many of the selected units in the sample will already
have responded on previous occasions.

3.29  Surveys that select directly from the IDBR benefit from its automated, rotation-control functionality.
However, FDI samples from its own frames using its own bespoke SAS® program. Although this attempts to
replicate the IDBR selection processes, that part related to sample rotation doesn’t function automatically.
Some additional functionality is also required:

(a) The ‘PRN start’, which controls period-on-period sample rotation, is hard coded in the program and
needs manual intervention. To be implemented correctly, a PRN start is required for each stratum
(currently there is only one per frame), and the functionality to calculate the next start point automatically
needs to be added to the program.

Issue I1: There is currently no functionality in the SAS® selection program code to implement
rotation automatically in the FDI sample. The IDBR has this functionality, which is used for
business surveys selected from it, and its approach should be replicated for use by FDI on its
own frames.

In recent years, the PRN starts in the FDI sample selection program were not updated at all from the
previous year’'s samples, meaning there was no rotation of the sample, other than that caused by births
or deaths (etc.). This is imposing some disproportionate burden on the sampled companies.
Methodology’s previous recommendation was to rotate half of the annual sample in non-completely
enumerated strata each year, and this review considers sample rotation further later in this chapter.

(b) A “permanent” random number is created in the SAS® program for each company on the frame
without one, which seems a reasonable thing to do (some companies may not have a PRN, as would be
the case if there is no current (live) UK reporting unit, for example). However, the current implementation
is not sufficient to create a PRN that actually is permanent: the program assigns a fresh random number
to each such company on each occasion the program is run. Therefore a PRN assigned in this way is
not permanent, and would change every year, causing rotation not to be correctly applied.

Issue I2: The part of the sample selection program that creates PRNs where necessary does not
function as it needs to, and should be corrected.
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From the population files in 2015, the proportions of missing PRNs were:

Inward Outward
FDI/NWB frame 33% 43%
WB frame 21% 25%

These numbers seem relatively large, especially for the FDI/NWB frame, the companies listed on which
should have been sampled before. The reason(s) for the lack of PRNs for some companies on the
sampling frames should be investigated to confirm that all such cases refer to companies without live UK
reporting units.

3.30 The quarterly sample selection takes place only once per year, for Q1, with the samples in Q2, Q3
and Q4 being formed of the same set of companies except, of course, for those companies that become out
of scope during the year, which are then removed, or a very limited number of subsequent manual additions
(for example, large transactions identified by the Mergers and Acquisitions Survey). This means each
subsequent quarterly sample within the same calendar year will (usually) be a subset of the previous one.
The size of the loss from Q1 through to Q4 has varied from year-to-year, with a reduction of between 2% and
7% on the Inward survey and between 7% and 10% on the Outward survey in recent years (from data in
Appendix 3.2).

3.31  Most other business surveys select a new (rotated) sample in each period from the IDBR, so one
should ask whether the FDI quarterly sample should be selected in a similar way. The arguments for and
against are presented below.

Arguments for quarterly rotation:
(a) A better spread of respondent burden on sampled companies
(b) The sample size remaining constant from quarter to quarter

Arguments against quarterly rotation:

(a) The FDI frames are only updated once a year (whereas the IDBR is continuously updated with
births and deaths), therefore selecting a sample in each quarter would be no more representative
than the current arrangement of selecting all samples at the same time early in the year. A top-up
sample could be introduced to replace any companies that become out-of-scope during the year,

which would maintain the quarterly sample size throughout the year.

(b) Controlling the overlap between the annual sample and its quarterly sub-samples (see Sample
Overlap section, below) might prove quite complicated in some scenarios if the quarterly sample
were rotated every quarter. If not controlled well, some companies could be in the sample for only
one quarter, whereas others could be in for 2, 3 or all 4 quarters in the same calendar year.

(c) Reconciliation (benchmarking) between quarterly and annual estimates would be made more
difficult if a rotating quarterly sample were introduced. As an example, there could be no companies
in common between the Q1 and Q4 samples, so reconciliation between the annual opening and
closing balances would be particularly difficult.

(d) Additional resource would be required for sample proving, as a greater number of different

companies would be sampled during the course of the year than is the case with a static quarterly
panel.
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(e) Response rates may suffer; anecdotal evidence from the response-chasing teams at ONS
suggests it is easier to get responses from companies that have responded before, than from those
newly selected for a survey.

On balance, selecting the FDI quarterly sample just once per year and then sending quarterly
guestionnaires to that fixed panel of companies each quarter seems the best approach.

Suggestion S6: Assuming the practice of not rotating the quarterly sample within calendar years is
continued, consider introducing a top-up sample to compensate for the reducing sample size over
the course of the year.

3.32  Sample rotation in the annual survey is discussed below, alongside sample overlap.

3.33  Sample overlap is considered here in the context of commonality between the annual and quarterly
samples that relate to the same reference year. As already noted, the quarterly samples are selected first (in
January of year y = t, the questionnaires for each quarter's sample then being dispatched towards the end of
the reference quarter), and the annual samples that refer to year y =t are then selected and dispatched
towards the start of yeary =t + 1.

3.34  The quarterly sample sizes are intended to be no greater than the corresponding annual ones
(though one exception is currently noted), and the preference is for the quarterly samples with respect to
quarters in year y =t to form, in each stratum, a subset of the annual sample for year y = t. The opposing
arguments for having the quarterly sample as a subset of the annual sample follow:

Additional burden is placed on those companies selected in the quarterly survey; each is asked to
complete 4 questionnaires during the year, and is then asked for the same information again on an
annual basis. As well as the total burden of 5 questionnaires during the year, much of the information
asked annually is theoretically the same as that already asked quarterly (the end-year position would be
the same as the end-Q4 position, for example). However, and as already noted, the information supplied
by the same company on a quarterly basis can be quite different from that supplied annually (the former
often being estimates from management accounts, and the latter from the audited, statutory accounts).

The quarterly-to-annual benchmarking process (see Chapter 8) can, and has, resulted in large revisions
to the quarterly estimates, but having as great an overlap as possible between the quarterly and annual
samples is the best that can be done to mitigate this. In this regard, having companies in the quarterly
sample that are not in the annual sample would not be helpful, and having as many of the companies
selected quarterly answering for all periods in the year is beneficial (equivalent to having no quarterly
rotation within the year). The only improvement would be to increase the size of the quarterly sample to
be a greater proportion, and from a coherence point-of-view, ideally equal to that of the annual sample.

3.35 Insummary, for FDI outputs, keeping the quarterly sample as a subset of the annual sample is best.
However, the additional burden on these companies is unwelcome, and any other options to reduce that
burden should be considered; these might include considerations around the timing of the questionnaire
dispatch and return-by dates, the possibility of dependent interviewing (the playing back of previous
responses to respondents), and the use of electronic data collection.

3.36  The mechanics of sample rotation are now considered further. This is made complicated by
considering the rotation within the annual sample, the rotation from year-to-year of the quarterly sample, and
constraining the quarterly sample to being a subset of the annual sample. As already noted, in recent years,
no rotation has been applied, so a nhew process is sought for FDI.

3.37  Making the quarterly sample a sub-sample of the annual sample is best achieved through the co-
ordination of PRN start points. The same start point should be used in the same stratum for selection of both
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samples, the start points used on the quarterly surveys will need to be retained for use one year later for the
annual surveys.

3.38

survey has been selected at the start of the year (with respect to the one just passed), the PRN start points

The first scenario is to let the annual sample rotation take precedence. Immediately after the annual

will be calculated for the following year’s annual survey (with rotation as prescribed), and these updated PRN

start-points will be also used shortly to select the quarterly samples for the coming year. An example is

shown in Figure 3.4A. Such an approach presents no problems for implementation, but a managed process
for it doesn’t currently exist and would be required.

Figure 3.4A: lllustrative process diagram showing annual cycle of survey selection and PRN start-point calculations

3.39

January 2016

January 2017

Select
Annual (2015)

Select
Annual (2016)

January 2018

Y

Select
Annual (2017)

Calculate new
PRN starts

Calculate new
PRN starts

A

Y

Calculate new
PRN starts

Select
Q1-Q4(2016)

Select
Q1-Q4(2017)

I

Overlap between the Q4 (year t) and Q1 (year t + 1) quarterly samples is not guaranteed by this

Select
Q1-Q4(2018)

approach. The amount of overlap achieved would depend upon the rotation period of the annual survey, and

the size of the quarterly sample relative to that of the annual sample in a given stratum (as well as any
additional changes caused by births, deaths or other movements between strata). Different overlap
scenarios are illustrated in Figure 3.4B.
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Permanent Random Number (PRN) line
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Figure 3.4B. Schematic diagram of samples selected via use of permanent random numbers. A prescribed year-on-year
overlap of 50% in the annual sample means any overlap in the quarterly sample between Q4 and Q1 is dependent on
whether or not the quarterly sample size is greater than 50% of the annual sample. The diagram shows theoretical
samples drawn left-to-right from a start point on the PRN line. Hatching denotes overlap between samples.

3.40  Of the current strata on the FDI/NWB frame, the median ratio of quarterly-to-annual sample sizes is
0.88 for Inward, and 0.88 for Outward, though the lower tail extends further. For the WB frame, however,
those ratios are much smaller; for Inward, the median is 0.25, and for Outward, 0.17.

3.41  As such, rotating the annual sample by 50% would lead to quite substantial overlap between the Q4
to Q1 quarterly samples on the FDI/NWB frame, but often none on the WB frame. However, to achieve a
reasonable overlap on the samples from the WB frame, where the quarterly-to-annual ratios are often small
(for example, only around 0.10), would require a rotation period on the annual surveys of around 10 years,
which seems unjustifiably long from a respondent-burden perspective. Even making the annual rotation
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period, say, 4 years (equivalent to 25% rotation each year) would fail to give any overlap in over half the
strata.

3.42  The second scenario would be to give precedence to a prescribed level of overlap in the quarterly
samples, and to draw the annual samples from the same start point as the corresponding quarterly samples.
However, with most WB quarterly samples being much smaller than annual ones, this, similarly, would lead
to excessively long periods for companies in the annual sample, and doesn’t seem practicable.

3.43  In conclusion, the various desired constraints on quarterly and annual sample sizes, sample co-
ordination and sample overlap cannot all be met simultaneously. If the previously recommended rotation of
the annual sample by 50% were implemented, there would still be reasonable overlap from Q4 to Q1 on the
guarterly survey on the FDI/NWB frame, which is the more important, but not on the WB frame. This seems a
reasonable compromise, and continues to prioritise the (arguably better) annual surveys ahead of the
quarterly surveys.

3.44  In terms of the rotation period itself for the annual survey, there is no single optimum number, but the
50% recommended, which would lead to companies being selected for 2 consecutive years before being
dropped from the sample, seems reasonable. The balance is between reducing the variance of change, and
increasing respondent burden on the sampled companies. There is currently no rotation in practice, and
although introducing a 50% rotation rate in the sampled strata may seem operationally challenging in the first
year it is applied, sample rotation should be (re-)introduced on FDI as a matter of priority.

Recommendation R5 (high priority): Re-introduce sample rotation on the annual FDI surveys, co-
ordinating the quarterly sample selection via correct use of PRNs.
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4. Data collection

4.01 Data from the sampled companies in the FDI surveys are collected either via paper questionnaires,
which are posted to respondents and returned by post (or fax) to ONS for scanning using optical character
recognition software, or via the Secure Electronic File Transfer (SEFT) system. SEFT provides a secure
portal for the exchange of files and communication between respondents and ONS, and for which FDI
supplies a spreadsheet equivalent of the paper questionnaire for respondents to complete and return via the
same portal. Use of SEFT for FDI has many benefits for ONS, not least because data are captured
automatically, and respondents are encouraged to use it.

4.02  The questionnaires for the quarterly and annual FDI surveys are identical in terms of questions
asked, and differ only in respect of the reference period dates and durations. Each questionnaire has two
parts: Part One asks about the (sampled) UK company’s details, and Part Two asks about details of its
Immediate Foreign Affiliates or Branches for Outward FDI, or Immediate Foreign Parent Companies, Head
Offices and Fellow Enterprises for Inward FDI. A separate Part Two questionnaire must be completed for
each such Affiliate or Parent, so a sampled UK company may have to complete many of these. If using
SEFT, the details for each extra Part Two questionnaire are entered as separate columns on the
spreadsheet, which allows for easier completion and comparisons by the respondent.

4.03  This chapter reviews the questionnaires currently in use for FDI, considering recent developments,
the scope of the questions asked (topic coverage), for which a topic expert has been engaged in this review,
and considers some operational issues encountered with data collection as well as the future use of
electronic data collection.

4.1 Short questionnaires, questionnaire development and respondent
guidance

4.04  All sampled companies were formerly sent the same questionnaire. However, some now receive a
reduced-length version, or so-called “short” questionnaire. This asks only about half the number of questions
in Part Two as are asked in the standard questionnaire, but is otherwise the same.

4.05  Analysis (ONS(2011a)) showed that the questions now omitted on the short questionnaire were
found to be predominantly answered as zero, or with only small amounts, by the smallest companies in
some industries. Companies in those sampling strata now receive the short questionnaire (details of which
strata are affected are included in the sampling-stratum figure in Appendix 3.1B).

4.06  Two benefits were realised by introduction of the short questionnaire.

The first was a reduction in the respondent burden placed on each sampled small company, by not
asking questions of it that are largely irrelevant.

The second was a reduction in the total compliance cost (overall respondent burden) of the survey, a
quantity that is monitored and capped at ONS. That compliance saving was then used to offset an
increase in overall sample size for FDI, resulting in better precision in estimates. The trade-off in doing
S0 was to accept a little bias — as not all of the smaller companies would have provided a zero response
— but the analysis showed this to be sufficiently small as to be negligible

4.07  The short version of the questionnaire was introduced in 2013 following a period of testing and

development. Only the paper questionnaire has a short version; any company responding via SEFT
completes the electronic version of the standard length questionnaire.
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4.08  All substantial questionnaire developments in recent years on FDI, including the short questionnaire
and the introduction of new questions required to meet the revised ESA' and BPM? regulations, have been
conducted by Methodology. The approach has included cognitive interviewing of respondents, and results
have included improvements to the questionnaire layout, question wording and guidance notes; those notes
describe FDI concepts, make use of diagrams, and give instructions to the respondent on how to complete
the questionnaires.

Suggestions S7 on guidance in the questionnaires from the topic expert consulted in this review are
to:

(i) combine the guidance notes on FDI concepts, definitions and relationships into one section at the
front of the questionnaires

(i) explain immediate investment and indirect investment in terms of chains of control and significant
influence, and then

(iii) explain the concepts of ultimate controlling parent, fellow relationships, reverse investment and
special purpose entities

4.2 Scope of questionnaires

4.09  Questions are asked on a variety of topics at a fine level of detail. From these, estimates are
produced, and the principal outputs — estimates of (total) flows, investments and investment positions — are
derived as sums and differences of the component parts that are collected directly on the questionnaires.

4.10 The questionnaires used to collect the data from companies for the Inward and Outward FDI surveys
have been reviewed as part of this Quality Review for consistency with the EU Balance of Payments
Regulation and the international guidelines. The requested data on income, transactions, positions and other
changes (for example those caused by exchange rate variations) seem comprehensive and well-defined,
and meet the international requirements in coverage and specification.

411  Collection of data on reverse investment in equity is included in the international specifications. ONS
conducted some research 4 years ago that showed zero or minimal values of such investment, inward or
outward. Therefore the questionnaires do not attempt to collect these data. If time and resources allow it
would be useful to repeat the research to check that the results are still valid.

4.12  Data are collected on reverse investment in debt, but the statistics are not systematically identified
as such and are not shown separately in the FDI statistics delivered to the Eurostat, OECD and IMF
international organisations.

4.13 Increasing user interest in FDI analyses of inward FDI statistics by country of ultimate controlling
parent is likely. At present no such analyses are prepared from the data collected on the FDI questionnaire.
The data collected on the revised inward FDI questionnaire should be sufficient to prepare regular analyses
by country of ultimate controlling parent. The OECD BMD4 manual includes table specifications for these
analyses.

! European System of Accounts
? Balance of Payments and International Investment Position Manual
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Recommendations R6 (medium priority) on coverage and scope:

(i) emphasise on the questionnaires that data on transactions and positions with indirect investors or
investment enterprises are also requested,

(ii) specify on the questionnaires how and where these data with indirect investors or investment
enterprises and with fellow enterprises should be recorded,

(i) identify the questions on the questionnaires where data on reverse investment are requested

4.3 Issues of detail in data collection

4.14  In addition to the suggestions on guidance and recommendations on scope, a number of further
issues have been identified where corrections are needed or improvements could be made.

(a) There are typographical errors in the questionnaires, and a list of these has been supplied to the FDI
team already. These include typing errors, inconsistencies in the text and duplications, and a couple of
incorrect references to Inward or Outward FDI, which probably resulted from the copy-over of one
questionnaire during its creation, but was missed in the quality assurance.

Issue I3: Typographical errors are present on the questionnaires, and need to be corrected.

(b) Anecdotal evidence from the Editing and Validation teams who liaise with respondents suggests that
some questions are still not that well understood by respondents, including companies’ accountants who
often complete the questionnaires. The suggestions about improving the guidance, should help improve
this, but there may be value in carrying out further research with respondents about particular issues.

(c) SEFT, while invaluable, also seems a source of frustration for both respondents and the teams at
ONS who look after it and its users for a number of technical reasons. Particular issues reported include
the system not working in all browsers, and the spreadsheet not being sufficiently well locked down
allowing respondents to change formats and layouts (which causes problems in data uploading at ONS).

4.4 Electronic data collection

4.15  This final section on data collection relates more generally to electronic data collection for FDI, that is
beyond the specific use of SEFT. ONS is currently investing heavily in this development and has its own
Electronic Data Collection (EDC) programme. There is still much work to complete, but developments are
happening quickly. A number of surveys are currently being trialled on EDC, but the programme has aims of
moving most data collection in business surveys to this means in the coming years, and FDI should not be
an exception to this. Indeed, a provisional date in 2017 has been assigned for FDI.

4.16  In considering this, it is important to recapitulate 2 particularly salient points about data collection on
FDI, and these are ones by which FDI differs from most other business surveys. The first lies in the length
and complexity of the questionnaire, and the need to ensure that the details provided by respondents are
correct and consistent. By this measure, FDI exceeds the complexity of most other business surveys by
some margin and also asks about topics not covered elsewhere. The second is that each sampled UK
company may have to report, with the similar set of complex data, for multiple foreign affiliates or parents. It
is this latter aspect where the use of spreadsheets is particularly practical, as it allows respondents to
compare visually and easily the data for all its affiliates or parents on a question-by-question basis; the same
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effect could be achieved by having the same page of each Part Two paper question open on the desk at the
same time.

4.17  The EDC programme at ONS will make heavy use of electronic questionnaires, which may or may
not be direct translations of the current paper versions. The use of such an approach for FDI, even if each
guestionnaire section (topic) is displayed on one page, might notably increase respondent burden, as
respondents would need to navigate from page-to-page to compare data entries, whether for the same
affiliate or parent, or between them. It is also possible that, with the current paper-questionnaire
arrangement, that the UK company sends on each Part Two to its various affiliates or parents for them to
complete, before co-ordinating the return to ONS. To accommodate this with EDC would require multiple
user log-ons, and it is not yet known whether or when that functionality would be included. If these aspects
cannot be accommodated practicably, there must be some risk to the quality of response (response rates,
response timeliness and data quality) to FDI by using electronic questionnaires, and these will have to be
well-considered at the appropriate time. In that respect, expanding the use of spreadsheets for data
collection via a SEFT-like interface might be worth considering further for FDI.

Recommendation R7 (high priority): Consider carefully the use of electronic questionnaires for FDI,
and do this only once ONS’s EDC programme has delivered and embedded a proven, reliable and
flexible tool. Do not simply transition the same questionnaire from paper to electronic form, without
first researching whether this would prove effective for FDI, given its differences from most other
business surveys.

4.18  Of course, electronic data collection should bring many benefits for FDI, and more generally. In-built
validation checks (especially if these can be linked with respondents’ previous returns), automated routing,
much improved scope for making guidance and help readily available, and instantaneous data capture
should bring benefits for respondents and ONS alike, and help to improve the quality of FDI.
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5. Data processing

5.1 Data take-on, validation and cleaning

5.01 FDI survey responses received at ONS are uploaded to the FDI data take-on system, which is built
on the ONS platform known as CORA (Common Open-Road Architecture). Once on the system, the data are
checked (validated), queries made by re-contacting respondents, and corrections made with the aim of
‘clearing’ the data before further processing and analysis takes place.

5.02  The complex nature of FDI data, the number of variables collected and the relationships between
variables, company-subsidiary structures, and period-on-period congruences mean there is great scope for
any one returned questionnaire to contain data that appear to be in error in some way. As such, the first
time’ clearance rates can be extremely low on FDI, though by end-2015 these are reported to average
around 10% though there is fluctuation from quarter-to-quarter.

5.03 Aot of resource is dedicated to the cleaning of data, a process which involves much re-contact with
responding companies. Clearance targets are set, of between 30% and 60% of the dispatched sample, for
the 4 FDI surveys, and these targets are usually met. The targets themselves appear quite low, but they
reflect:

e non-response (hon-responding companies are still included in the denominator)

o the difficulties respondents have in providing the data, given the complexity and short timescale they
have in which to respond initially to the quarterly survey in particular

o the set of validation rules used, which have contained various logical inconsistencies or other errors

- those validation rules, last reviewed in 2012, were not all initially implemented correctly, meaning
that some error flags trigger incorrectly, suggesting errors are present when in fact there are not.
Most cases have been corrected during 2015, with the rest reported to be in hand.

5.04 It would be useful to review the clearance targets again once the validation rules have been fully and
correctly implemented in order to try to improve the quality of the collected data. This is particularly important
for the quarterly surveys.

Recommendation R8 (high priority): Introduce measures with regard to data processing aimed at
improving the quality of data collected on the quarterly surveys. Such initiatives might include the
introduction of targets for higher clearance rates to be reached one quarter later.

5.05 CORA was first used for FDI data take-on under the new ESA' 2010 requirements for the 2013 Q1
round, and has been used ever since. FDI was one of the first surveys to migrate on to CORA, and others
have followed. In interviews, staff from the Editing and Validation (E&V) team have reported mixed opinions
on the functionality and practicality of the FDI CORA data take-on system. In many respects, it seems a big
improvement on its predecessor FDI system (built on an OpenRoad platform) in terms of user-friendliness
and some enhanced functionality. Staff on the E&V team have reported that some functionality that was
available and widely used in FDI on OpenRoad is now unavailable. Reasons for a reduction in functionality
include some processes being withdrawn as non-standard, and others because the scope of the first version
of CORA was reduced in order to still deliver the essential functions on time and within budget. Since that

! European System of Account
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first delivery, very little resource has been available to improve the FDI CORA data take-on system, and FDI
E&V staff have developed a number of work-arounds. With those in place, they seem in a position that
enables them to meet data clearance targets consistently.

5.06  Further development has taken place with CORA generally, but not for the FDI system. Data take-on
for FDI remains on version 3.1 of CORA, whereas the current version is 3.4. It has been reported that a non-
trivial amount of resource would be required to migrate the FDI system to the current version, which uses a
much more generic version of the code. It is not clear that that would be suitable for FDI, however, as
version 3.1 contains a number of FDI-specific (or otherwise limited-use) processes that would not be used by
many other business surveys; discussion on that matter are ongoing. If FDI can be accommodated on the
latest version of CORA, its adoption should resolve many of the issues currently reported as problematic for
FDI data take-on.

Recommendation R9 (medium priority): Continue the work underway to evaluate the benefits and
drawbacks of moving the FDI data take-on system to the latest, current version of CORA. If a
suitable arrangement can be obtained, migrate FDI to the current version, or otherwise update the
FDI CORA code, as soon as possible.

Suggestion S8: Identify and evaluate benefits of the functionality lost in the migration from OpenRoad

to CORA version 3.1. If retention of any of such pieces of functionality is justified (some may not be),
considered its re-introduction on the CORA FDI system.
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5.2 Coding and classification

5.07 Companies selected are asked to code the ‘country of residence’ and ‘primary industry sector’ of
each of their foreign affiliates or foreign parents according to lists of codes provided at the end of the
guestionnaire.

5.08  Whereas the list for countries seems self-explanatory and unlikely to lead to confusion, that for
industry sectors is not presented in a wholly logical format. It is not possible to assess the quality of self-
coded classification of economic activity, but this approach gives scope for measurement error.

Suggestion S9: Ask respondents to provide a description of the principal economic activity, the
approach used on ONS’s Business Register and Employment Survey (rather than asking for a self-
coded industry), and code afterwards from that description using an automated coding tool.

5.09 The industry code list supplied on the questionnaire is said to be an abbreviated form of the UK'’s
Standard Industrial Classification 2007 (SIC(2007)) — a 5-digit hierarchical classification of economic activity
that is equivalent at the 4-digit level to the standardised NACE Rev. 2 in the EU (Eurostat). However this
seems only to be partly the case. A number of the 3-digit FDI codes (which broadly align with SIC(2007) 3-
digit codes) and descriptions deviate from that of SIC(2007), with some new codes created, and the SIC
hierarchy of aggregation not always followed.

5.10 There seem to be different lists of FDI industry codes in publication: one supplied on the
guestionnaire for respondents to use, and one given in the FDI statistical bulletin. Both seems consistent,
though are presented in very different ways, with that in the bulletin being more logical and providing extra
detail (for example adding clarity on which SIC 5-digit codes map into which FDI 3-digit industry codes).
Coding issues noted include:

the re-use of some particular code numbers by FDI could cause confusion; examples include:
0 SIC code 64.192, which maps into FDI code 642, whereas

0 SIC code 64.201 maps into FDI code 644 (a code that doesn't exist as part of SIC(2007),
and doesn’t map into FDI code 642)

¢ the list on the questionnaire does not state which SIC codes map into the FDI codes
¢ the list on the questionnaire is not presented in a logical order

e the list in the statistical bulletin contains some duplication (for example FDI code 260 contains 261 to
268, so need not be listed separately)

Recommendation R10 (lower priority): The Official Statistics Code of Practice states that common
classifications and coding standards (among others) should be adopted to promote comparability,
and the reasons for any deviations made publicly available. ONS should seek to improve the coding
used on FDI, and its presentation for respondents and users, on this basis.

5.11  Afull list of FDI industry definitions, with some comparisons against the SIC structure, is given in
Appendix 3.1A.
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5.3 Imputation

5.12 Imputation — the prediction of unit-level data in cases of non-response in sampled units — takes place
in FDI after data cleaning and as one of the first stages in the Analysis part of the FDI system. The FDI team
runs this process. The aim of imputation is to reduce the potential for non-response bias, which could be
caused by companies with different characteristics having different propensities to respond. Imputation is
generally favoured in business surveys to non-response weighting because of the wealth of other information
available about the non-responding businesses. Such information may come from the sampling frame, from
respondents’ data from previous periods, or (in the case of non-response in particular variables only) from
other information on the returned questionnaire.

5.13  Until the 2015 Q1 survey round, imputation and estimation had taken place on the FDI Analysis
system built on CORA. As already noted, that CORA system was replaced with a new SAS® system, as the
former wasn’t working as intended. Imputation was one particular aspect that was proving difficult to operate,
and those problems are probably attributable to insufficiently detailed specifications being provided at the
time, and not corrected afterwards. The new system has incorporated various improvements and corrections
that allow the FDI methods to function as intended. Revised imputation methods have been included, which
were reviewed again by Methodology for inclusion in the new system (ONS (2015b)). The methods specified
and implemented now follow ONS best practice.

5.14 A small set of imputation approaches is employed, and different variables each use the approach
assessed as being most appropriate. Examples include the rolling forward of responses from previous
periods, imputation of zero as the most likely value, and the use of imputation links (the application of
average growth rates calculated from similar and responding companies to responses in previous periods).

5.15 Also included in that most recent review was an analysis of imputation-class definitions (those
classes define ‘similar companies’). The classes used now have been designed to be broad enough to
contain sufficient responders to allow robust calculations of imputation links.

5.16  The quarterly and annual surveys now have imputation methods and practices that are consistent,
though the imputation classes are defined more broadly on the quarterly surveys than the annual surveys,
reflecting their smaller sample sizes. In general, since the new imputation regime seems to align with best
practice, has been reviewed recently, and receives positive feedback from the FDI team on its performance
during 2015, it seems reasonable to conclude that the current approach is fit-for-purpose.

Chancellor’s Initiative Data

5.17 One data input to FDI is a file termed the ‘Chancellor’s Initiative Data’ (CID), and its continued
inclusion (on the Annual Inward FDI survey only) is questionable. There is little detailed information now
available about the history of the file or the data it contains, but it seems to have originated in about 1997,
and has not been updated since.

5.18 Itis reported the file was developed to ensure that imputation classes had sufficient cases to allow
the calculation of robust imputation links. However, with the broader imputation classes now defined, that
justification for such an approach is now much weaker, and the use of data that have been neither reviewed
nor updated in almost 2 decades cannot be justified.

5.19  The file contains what appear to be artificial or modelled microdata comprising 7 companies with 3
branches each. Each company is assigned classification details, such as industry (all fall into the ‘Other’
sector) and country (those on the file include Netherlands, USA and France). Three of the branch-data
variables on the file have non-zero values, and the value of all other variables (including other ones that
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relate to branches) is zero. The data are fed into the production process with the cases treated alongside all
others as though they were real returns.

5.20  Some preliminary analysis has been conducted for this review to help assess the impact the
inclusion of this file is having on FDI outputs. To effect this, the CID file was simply removed from the
production process, the system re-run, and outputs compared. The reference tables that accompanied the
2014 FDI statistical bulletin (published 7 December 2015) have been reproduced with no other adjustments
or quality assurance applied, and the data lines from statistical bulletin Reference Tables 1.1 (Flows), 1.2
(Positions) and 1.3 (Earnings) where there is most impact are reproduced in Appendix 5.3 in this report.

5.21 It seems there is no or negligible impact on most FDI outputs, and such rows are not included in
Appendix 5.3. On the principal outputs of total positions, earnings and flows, the maximum change in
estimates is 0.4%. On variables that relate to branch data, the effect on high-level aggregates is also small
for estimates of earnings and flows, but is notable for estimates of positions. The aggregate estimates in FDI
statistical bulletin Reference Table 1.2 (which shows world totals) is split into country-level estimates in
Reference Table 3.2, and some of these (in particular those for Netherlands, USA and France) are likely to
change considerably as a result of stopping inclusion of the Chancellor’s Initiative Data file; the change in
those estimates has not been calculated for this review.

5.22 A full quality assurance of the revised results should be undertaken, and a check made that the
imputation function performs properly without the inclusion of this file, though that is expected to be the case.

Recommendation R11 (high priority): Assuming no reason is found to retain use of the file, nor an

updated version of it, ONS should discontinue use of the Chancellor’s Initiative Data in FDI
processing, and report fully on the impact of its removal on historical estimates.
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6. Estimation

6.01  As with any sample survey, other than censuses, not all units in the target population are surveyed,
and there is therefore a need for inference about the population from the realised sample. For FDI, the
overall size of the estimated component (not including imputations) of Total FDI (that is, the International
Investment Position) is about 40% on the Inward quarterly survey and 20% on the annual survey, and under
3% on the Outward quarterly survey and 1% on the annual. Those proportions also vary by frame, with the
estimated proportion of the Worldbase (WB) frame being greater than the corresponding proportion of the
FDI/Non-Worldbase (FDI/NWB) frame, reflecting smaller sampling fractions. Further details can be found in
Appendix 2.1.

6.02  The following sections examine the approaches to estimation used in the FDI surveys.

6.1 Outline of current estimation principles

6.03  FDI employs a prediction-estimation approach, which is well-established with accepted academic
foundations, as described in, for example, Valiant et al (2000). In outline, response values are predicted for
all affiliates of companies on the frame that were not sampled. (Information about affiliates is available for all
companies on the frame, either from the WB source data, or from information supplied as FDI survey
responses, and includes countries and industry groups). Estimates of totals that relate to the population are
then derived simply by summing both the sampled responses (both real and imputed) and the predicted
responses across the population within the domains of interest. Use of this approach ensures consistency
across outputs, which might not otherwise be present if alternative weighting and estimation schemes are
used. This approach also allows the effect of clustering of affiliates within parent companies to be taken into
account, and is discussed in more detail later.

6.04  Prediction estimation is hot common for business surveys administered by ONS (most other surveys
produce estimates via weighting), but neither is it unique to FDI. Although these approaches may appear to
differ fundamentally, they can be equivalent if particular conditions are satisfied (for example, about outlier
treatment approaches, and the setting of particular parameter values).

6.05 Alternative estimation methods could be employed, and alternatives have been considered by
Methodology (for example, ONS (2011a)). No obviously better alternatives have been found for FDI, and
hence none were recommended for implementation. Different methods considered have included ratio
estimation (standard for most ONS business surveys), but no auxiliary variables have been found that are
strongly correlated with FDI outcomes; small-area estimation and parameter estimation via multi-level
modelling (ONS (2011b) have also been considered and have potential, but could add much complexity to
the currently simple-to-apply and understand process. There may be some merit in investigating the latter
approaches further if resources allow.

6.06 In conclusion, it is noted that although predication estimation is somewhat non-standard in ONS,
there appears to be good reason for its continued use on FDI. Given its theoretical justification, previous
investigations, and the lack of clearly better alternative approaches, there is no reason to assume this
approach is not fit-for-purpose for continued use on the current FDI surveys, in principle at least.

6.07 Itis also worth noting that the estimation approach now used for the quarterly FDI surveys is
consistent with that used on the annual FDI surveys, whereas the approach used previously differed quite
markedly, and was regarded by some as not being fit for purpose. The estimation methods were aligned
around 2009, with further improvements to the methodology being introduced at the same time, and these
initiatives have clearly improved the quality of FDI estimates since the last substantial review of FDI (2008).
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6.08 Having outlined the prediction estimation method above, attention is now paid to the detail of the
approach. A description of the method is provided below, and a technical specification is provided in
Appendix 6.1 for the interested reader.

Recall, first, that each company listed on the frame can have more than one foreign affiliate for outward
FDI (and likewise foreign parent for Inward), and that it is the total of those affiliates’ (parents’) data
within each company that is the primary variable of interest in estimation.

The prediction part of the estimation process takes place separately within each sampling stratum. Each
affiliate of a non-sampled company within the same stratum is assigned a (weighted) mean value
calculated from the units that were sampled (using actual, cleaned responses or imputed values where
appropriate).

The calculation of that weighted mean is such that the potential clustering of affiliates (the similarity of
affiliates of the same company to one another) is taken into account. The degree of clustering is
represented by the parameter p (rho), which is the intra-cluster correlation coefficient, and this features in
the prediction formula.

A value of p of 0 can be regarded as showing no clustering, whereas a value of 1 shows complete
clustering. Setting p = 0 is also equivalent to the prediction being the mean of all affiliates’ data in the
stratum, whereas a value of p = 1 is equivalent to the prediction being the mean of the company-level
means. Intuitively, this makes sense: no clustering means all affiliates are different, and complete
clustering means all affiliates within the same company are regarded as the same.

In practice, however, the calculation of estimates of p (a separate estimate is required per stratum) has
not taken place, reportedly because of concerns about stability of estimates and a lack of available data
when the new methods were specified. This seemed reasonable when the new methods were
introduced, and since then priority has instead focused on other issues.

Instead, a default and unchanging value of p was applied when prediction took place in the CORA
Analysis system (the specification for which was subsequently found to contain an error, though a
correction was issued), and the equivalent default (that of no effect of clustering) has been built in the
first version of the new SAS® system. To implement p in the SAS® system will require the writing of an
additional module of code, but this should present no real difficulty. Indeed, the new code has been
written in such a way that any such change can be accommodated fairly easily should the estimation of p
be desired.

Recommendation R12 (medium priority): to be fully compliant with the method specified in the
literature, and as intended when specified for FDI, the full formula for prediction estimation would be
used, and p estimated from the data rather than being assumed to be zero. Investigate the practical
need for an adjustment for clustering, and the best approach for robustly estimating p if required on
an ongoing basis.

6.09  The coherence adjustments applied retrospectively to the quarterly estimates, as explored further in
Chapter 8, may also be considered as part of the estimation procedure.

6.2 Outlier detection and treatment

6.10  In common with other business surveys, and for variables that tend to have a highly skewed
distribution, outlier detection and treatment methods are used in FDI. Outliers are values returned by
respondents that are regarded as correct, but atypical and unrepresentative of others. Since the sampled
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unit would represent others in the estimation process, if the outlier is not treated, it can have a
disproportionate, and undesirable, effect on the estimates. The outcome can be implausible estimates, with
large estimated standard errors associated with them. Usual practice, therefore, is to treat such an outlier,
either by changing the value itself, or making changes so that the sampled outlier represents only itself in
estimation. In making such adjustments, the trade-off is the introduction of a little bias into the estimator
while making much bigger gains in terms of precision, resulting in more reliable estimates.

6.11  The current FDI approach uses a distance-from-the-mean calculation to identify outliers. These are
then trimmed, which means they are excluded from the prediction-estimation calculation. (It is the use of
trimming that would prevent prediction estimation from being equivalent to expansion estimation, assuming
unweighted mean prediction is used). Although trimming is an objective approach, it is not the recommended
method of outlier treatment at ONS; the preferred approach is Winsorisation (Kokic and Bell, 1994), at least
for positive values, a method which reduces the value of outliers in such a way as to minimise the mean
square error (MSE = variance + the square of the bias) of estimates. Previous investigations by Methodology
(for example, ONS (2015c, 2014b, 2012a) have recommended that Winsorisation be used in FDI, at least for
positive values. The code for this has been programmed, but not yet implemented.

Recommendation R13 (medium priority): Complete investigations and report on the effect of switching
outlier identification and treatment to Winsorisation. Once appropriate parameters have been
established through analysis of recent data, effect the switch to Winsorisation as soon as possible.

6.3 Precision, and the estimation of standard errors

6.12  Standard errors (and, likewise, coefficients of variation) are a measure of precision of estimates.
They give an indication of the variability in estimates that would be seen if it were possible to achieve many
different sample realisations from the same population and under the same survey design.
Recommendations about the calculation of estimates of standard errors are made towards the end of this
section, and are followed by a recommendation about sample sizes in light of consideration of the standard
errors.

Published standard errors

6.13  Estimates of standard errors have been published, at times, for annual FDI, though the most recent
occurrence was for the 2010 reference year. Table 6.3 shows those published (as relative standard errors or
coefficients of variation (CVs)) in the MA4 Business Monitor publication (the name for the FDI statistical
bulletin at the time) with respect to 2008 and 2010. A note in an earlier 2009 publication suggested they
would be made available in the MA4 Business Monitor, but that doesn’t seem to be the case. Estimates for
2011 were not included in the annual publication, but have been included in Table 6.3 from an internal report
which also contains the 2010 estimates as published, so these can be considered as consistent. For 2012,
the publication stated the standard error estimation methods were under review and that estimates would be
made available, and the 2013 FDI statistical bulletin, published 20 January 2015, stated:

“Due to a change in the estimation methodology for 2012, the standard error calculations are
currently under review. Standard errors for the FDI 2012 annual data will be available in a
supplementary paper, to be published in spring.”

That paper didn’t materialise, and the 2014 statistical bulletin (published 3 December 2015) also stated the

calculations are currently under review). The reasons for the lack of published standard errors are discussed
later.
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2008 2010 2011
Estimate (®4Y) Estimate cv Estimate cv
(£ billion) (%) (£ billion) (%) (£ billion) (%)
Inward
Earnings 5.8 20.7 37.5 1.9 43.6 2.2
Flows 49.8 9.6 32.8 10.4 31.9 225
Position 672.9 1.1 731.6 1.0 766.2 1.7
Outward
Earnings 71.3 2.7 79.1 3.8 101.6 1.2
Flows 85.8 8.6 23.4 25.7 68.2 5.3
Position 1039.5 1.7 1048.7 1.5 1098.1 1.0

Table 6.3: estimates and their coefficient of variation (CVs) from the 2008, 2010 (MA4 Business Monitors) and 2011
(internal document, but consistent with 2010) annual surveys, the most recent FDI surveys for which estimates of
precision have been published. (Note: the estimates themselves will have been subject to revision since; these are the
estimates as reported at the time the standard errors were estimated.)

6.14  The 2008 ONS review noted that the then standard error calculations failed to take into account
covariances between the component variables used in the derivation of earnings, flows and positions (the
main outputs, derived as sums and differences of variables collected directly). An internal Methodology
report (ONS (2009b)) shows that changes were made in calculations for standard errors of these derived
variables so that covariances would be taken into account. Therefore it is reasonable to have confidence that
the published measures of precision with respect to 2010 survey at least (and perhaps also those from 2008)
would be on that basis.

6.15 A new method for estimating standard errors — aligning with the change in estimation to the more
formal use of prediction estimation from the 2012 reference year was specified (ONS (2012b)), but is yet to
be implemented, which accounts for the lack of published standard errors in recent years. The writing of that
code has, for some time now, been seen as a lower priority when compared with writing or amending the
main analysis systems. The use of the new SAS® system in 2015 is an ideal opportunity to re-commence
the calculation and publication of standard errors on the annual survey, and plans exist to write the required
code during 2016.

6.16  In addition, given that the quarterly survey now uses the same methodology (stratification and
estimators) as the annual survey, consideration should be given to extending the estimation of standard
errors to the quarterly surveys. All other aspects being constant, estimates from the quarterly surveys will be
subject to greater sampling error because of the smaller sample sizes, and the publication of standard errors
would allow users to make an informed judgment about the likely sampling error. However, and as already
noted, the non-sampling error in the quarterly surveys — especially that caused by companies responding
with management-accounts information instead of audited annual accounts data, and the lower levels of
response — may be considerable, but is also something that is not easily measured. There are also the large
benchmarking revisions to be considered. As such, presenting measures of quality that relate only to the
sampling error, though useful, would need suitable caveats to be added and the limitations explained well to
users.

6.17  Although mitigated by a lack of resources and other priorities, that estimates of standard errors are

not currently being calculated, and haven't been since the 2010 reference year is unacceptable. Given the
specification for their estimation exists, this situation needs to be rectified with urgency.

Office for National Statistics 53



NSQR: Foreign Direct Investment

Recommendation R14 (high priority): Implement the proposed standard error calculation without delay,
carrying out the necessary quality assurance of results. Then resume the calculation and publication
of measures of precision for the FDI output’s principal annual estimates as soon as possible.

Recommendation R15 (medium priority): Once standard errors have been calculated for annual
surveys at the top level, extend the analysis to estimate measures of precision for:

e |ower-level domains

e the FDI quarterly surveys

It may be useful to implement these recommendations initially as a separate report on the accuracy
of FDI outputs in recent periods, including in that report a discussion of sources of possible non-
sampling error.

Precision implied by the estimated standard errors

6.18 In the time since the most recent estimates of standard errors were published (Table 6.3), a number
of factors have changed:

e sample sizes have increased
e population sizes have increased
e FDI estimation methods have changed

e standard error estimation methods have changed

6.19 ltis, therefore, difficult to predict standard error estimates for the current FDI surveys. The
implementation of the appropriate methods would be necessary in order to carry out a full evaluation.
However, the magnitude of standard errors where estimated under previous FDI designs may still serve as a
useful guide.

6.20  Those figures in Table 6.3 suggest reasonable precision in most annual outputs for which they have
been calculated. However, even where these are acceptable (for example, as shown by CVs of under 20%,
say) these CVs relate to the overall, top-level estimates. At this level, estimates would be expected to have
especially good precision (CVs under 5%, for example), but not all do. Estimation of flows seems particularly
susceptible to sampling error, and the current sample size may not be supporting sufficiently precise
estimation, even at this aggregate level. It would be expected that estimates for domains (such as by country
or industry), and those from the quarterly surveys (which have smaller samples) will be less precise again. Of
course, care in interpretation is required as the estimated CV (defined as the ratio of the standard error of the
estimate to estimate itself) becomes less applicable if that estimate is near zero or negative, as is possible
for some FDI outputs; it is probably better that CVs are not used as a measure of precision for estimates of
flows.

6.21  While the review team acknowledges that ONS faces tough budgetary restrictions, there is a strong
case for increasing the sample size of FDI, and an even stronger one for resisting any proposals to reduce
the FDI sample size in any way. The extent of any proposed increase would follow an evaluation of all FDI
outputs, to establish which estimates should be targeted in terms of minimum precision requirements, and
decisions made as to what those targets should be. This would need to happen in light of the estimation of
standard errors when that process is implemented in the system.

Recommendation R16 (medium priority) on sample size: Commission an investigation to determine

appropriate sample sizes to meet precision requirements for principal FDI output when all the
relevant information required has been established.
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7. Statistical disclosure control

7.01  Statistical disclosure control (SDC) is the application of methods to reduce the risk of individual units
(companies, for FDI) or their data being publicly identified from survey outputs. The application of such
methods is particularly important for FDI because of: the sensitive nature of the data collected; the statutory
requirements on ONS of the Statistics of Trade Act (1947), Statistics and Registration Service Act (2007) and
the Code of Practice for Official Statistics (2009); and the moral and ethical obligation of ONS to protect its
respondents’ data. For FDI, the only data published publicly are the aggregate estimates, and it is these that
are considered in this chapter.

7.02  Areview of disclosure control in FDI was carried out by Methodology (ONS (2015d)), and the
summarised findings from the initial review are presented below.

e A number of disclosure-control methods are used, though the parameters used do not always align
with guidance given; it is recommended that further work takes place to establish if the current
methods and settings should be changed.

e The overall level of suppression in table cells is relatively high, which could be indicative of over-
suppression and may be limiting the utility of the outputs for users.

e The risk of disclosure is considered to be small, given the rules and procedures in place, that
publications are at UK level, and that samples are used with estimation to create outputs.

e There is a lack of clear documentation available about the methods used.
e The process, and particularly that for secondary suppression, is long and labour-intensive; this could
be reduced if specialist software were implemented, though further work is required to determine the

best approach.

7.03  Work continues in ONS now to apply a range of SDC methods to data from many business surveys,
including FDI.

Recommendation R17 (medium priority): Commission the further work suggested by the report, as a

way to improve FDI’s disclosure-control processes and transparency. This should realise time
savings in processing, and afford better utility of outputs.
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8. Coherence of quarterly and annual outputs

8.01  This chapter considers the quarterly and annual estimates, and approaches for making these
coherent. The desire to have estimates that are consistent (Positions estimates for Q4, and for earnings and
flows estimates the sum of Q1 to Q4, equal to the annual estimates) is obvious, but the approach for
ensuring this deserves further attention. The current approach is to benchmark the quarterly series to the
better quality annual series, a process that can only take place after the annual estimates have been
compiled, and so results in historical revisions to the quarterly series.

8.02  Attimes, those revisions have been large, and indeed prompted the internal review of FDI methods
(ONS, (2008)). Subsequent development and standardisation of the quarterly and annual FDI surveys
followed, resulting in much greater consistency in methods and systems. However, notable differences
between the quarterly and annual estimates still exist, and the benchmarking process continues to produce,
at times, large revisions.

8.1 lllustrative example of benchmarking

8.03  Anillustrative example of the effect of benchmarking revisions is provided in Figures 8A(i), 8A(ii) and
8A(ii). These show the development of quarterly time series estimates through the most recent 3 vintages
(those published in June, September and December 2015). The example is of net direct investment (a
principal functional category of the international investment position), and has been chosen simply because
it illustrates well the benchmarking process and its revisions, rather than for any particular intrinsic reason.
The data have been sourced from publicly available Balance of Payments (BoP) quarterly releases (for
example, ONS (2015f)).
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Figure 8A(i): Time series of June-2015 vintage shown, with most recent estimate for 2015 Q1. All estimates are on a
BPM6-basis, and are already benchmarked in 2012, but not beyond. Note: the possible step-change from 2014 Q4 to
2015 Q1 is not as any result of benchmarking.
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Figure 8A(ii): September-2015 vintage, and the first estimates for Q2 2015 are included. Revised benchmarks are
applied in 2012, decreasing estimates, and, separately, new benchmarks are applied in 2013 (for the first time) revising
estimates up; note the step change introduced from 2012 Q4 to 2013 Q1. Estimates for 2014 Q1 (and onwards) are not
benchmarked or otherwise linked-on, but have been subject to other (smaller) revisions from the usual annual process; a
potential step change shows between the benchmarked 2013 Q4 and the un-benchmarked 2014 Q1 estimates.
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Figure 8A(iii): December-2015 vintage, and first estimate for Q3 2015 included . Series still benchmarked to 2012 and
2013; the revisions to 2015 Q1 and Q2 are all small, and caused by usual survey processes (for example, inclusion of
late responses).

8.04 It should be noted that a number of reasons other than benchmarking — the inclusion of late

responses, for example — also cause revisions in estimates. These have not been excluded from Figures
8A(i), 8A(ii) and 8A(iii), and it would be impossible to disentangle the reasons for revisions in this way. A plot
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showing revisions between the first and most recent estimates over the same period is provided in Appendix
8.1.

8.2 Benchmarking methods

8.05  The benchmarking procedure itself is now considered in more detail.

8.06  Since it is the quarterly series that is benchmarked to the annual series, only the former series is
revised. This approach is equivalent to regarding the annual series as being ‘right’ and the quarterly series
not. Given both are the result of a sample survey, some compromise could be considered, with more weight
paid to the annual survey because of its larger sample size. However, there are 2 reasons for the principle
of the quarterly series taking all the revisions being preferable: (i) the quarterly sample is (or should be) a
sub-set of the annual sample, and (ii) the greater non-sampling errors likely on the quarterly survey (for
example as a result of company returns being estimated rather than audited accounts).

8.07  The essence of the benchmarking procedures used to date, and for recent years, has been to
preserve the growth rates from Q1 to Q2, Q2 to Q3 and Q3 to Q4 within the same calendar year, treating
different calendar years independently. This approach has meant the growth seen in survey estimates from
Q4 to Q1 is not preserved, and large and unrealistic step changes can occur as a result, as illustrated in
Figure 8A(ii). The method, which involves the use of multiplicative ratio adjustments, is not well suited when
zero, close-to-zero or negative values are included in ratio calculations, as can be the case with some FDI
variables.

8.08 The Time Series Branch of Methodology recently conducted a quick review of benchmarking (ONS
(2015e), and recommended use of the regression-based method of Cholette and Dagum (Dagum and
Cholette (2006)), application of which is standard in much of National Accounts. This new method will be
used when the next benchmark revisions are taken on in FDI outputs in BoP in June 2016, with each time
series being reviewed on a case-by-case basis and the additive or multiplicative version of Cholette and
Dagum being applied as appropriate, and depending on the characteristics of the series. The quality of the
adjustments made should improve further over time, as the length of the time series data available in the
system expands (currently this is limited, see also Chapter 10).

8.09  The new benchmarking method should bring benefits, which will be seen first later in 2016. However,
as implemented, it will still only benchmark quarterly estimates where the corresponding annual estimates
exist. This means the most recent quarterly estimates (that is, those for quarters in years beyond the
benchmark) remain as the survey estimates themselves and are not linked to the level set by the previous
benchmark. Intuitively, there would be sense in linking the most recent quarters onto the level set by the
benchmark as a matter of course to minimise future revisions. This could be achieved simply via the Cholette
and Dagum method, but needs further investigation, and the practicalities of combining estimates
benchmarked annually in this way with subsequent survey revisions on a quarterly basis needs to be
determined.

8.10  Benchmarking would, ideally, take place on the lowest level FDI series with subsequent aggregation
to higher levels. However, the lowest-level series have proved too volatile for the process to work
satisfactorily. Therefore benchmarking is currently applied at a higher level, with a process of apportionment
and re-aggregation taking place to produce all the outputs.

Recommendation R18 (high priority): Conduct a more detailed review of benchmarking methods and

approaches, exploring the various methodological options for benchmarking. This should include an
assessment of:
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e techniques that include quarters for which there is no annual data yet available, and the
practicalities of how these can be incorporated

e areview of the most appropriate level for benchmarking and any associated consequences

Note: although the process of seasonal adjustment has not been considered in this review, it would
be prudent to carry out a seasonal adjustment review (a standard and regular process at ONS) at the
same time as the more detailed review of benchmarking.

8.3 Other options for improvement

8.11  The revised methods for the 2016 benchmarking, together with the results of a more detailed review,
should bring about improvements to the quality of the benchmarked part and recent tail of the quarterly
series. However, although benchmarking provides a remedy, it doesn’t address the root causes of the
differences between the quarterly and annual survey estimates. Therefore, this review now explores further
some other options that could improve the situation. All of these assume it is still necessary for the quarterly
and annual estimates to be made coherent.

i. Changes to the sample design:

8.12  The main sample design considerations for the quarterly and annual surveys have been discussed
already in Section 3.4 (Sample selection, rotation and overlap), and also in Section 6.3 (Precision and the
estimation of standard errors) in the context of sample sizes. Beyond increasing the size of the quarterly
survey, with it remaining a sub-sample of the annual survey, there is little else that could be done to improve
the accuracy of the quarterly estimates.

8.13  However, an improved sample design may not be sufficient because of the non-sampling error that
is likely present in the quarterly surveys. Also discussed previously, this is mainly attributable to a mix of
respondent-estimated data and greater non-response caused by the tight response deadlines. Some
improvements to survey processes may be possible though, for example setting higher targets for response
and clearance to be achieved by the following quarter.

8.14  Naturally, it is preferable to use good practice in survey design. However, the inherent shortcomings
of the situation might mean there are alternative designs that could produce a less expensive, but still
acceptable quarterly output. Cut-off sampling designs would be one such example, and there may be some
merit in exploring these further should the need arise, although the use of such an approach could not be
recommended as a way of improving quality.

ii. Modelling the quarterly path

8.15  The current survey approach to estimating FDI on a quarterly basis contains inherent difficulties. A
number of factors combine to make the process difficult, and include the relatively small sample size; short
timescale for response (a single, additional response can lead to big changes in estimates), and the
measurement error induced by companies responding with estimates rather than audited accounts data.

8.16  The quarterly process of compilation also seems fraught (discussed further in Chapters 10 and 11),
and the whole process is expensive, both in terms of ONS staff time and respondent burden. One should
ask, therefore, whether a survey approach for the production of quarterly estimates is value for money, and
whether any alternative would be less expensive but still acceptable.

8.17  The modelling of quarterly estimates would be ideal, but probably not practical. The data series from
the current survey, many of which are produced at a detailed level, are simply too volatile to be modelled or

Office for National Statistics 59



NSQR: Foreign Direct Investment

forecast reliably using any of the standard time-series based techniques. That volatility is not just a result of
sampling variation, but often includes the measurement of large and real changes in FDI. Many of these
reflect individual transactions that would never be predicted by a model, but need to be reflected in the
outputs, and a quarterly survey that includes the biggest contributors is the only timely way to ensure this.
Thus it seems that, despite concerns about the quality of the data, that a quarterly survey of some kind is
essential.

iii. Annual data compiled by aggregation of quarterly data, with removal of the annual survey:

8.18  Afinal idea for (brief) consideration is removal of the annual survey, with the annual estimates being
compiled through aggregation of (probably enhanced) quarterly surveys. Such an approach has some
immediate attractions:

No benchmarking exercise would be necessary, and there would be no associated revisions; the
quarterly surveys would be used to derive the annual position, all estimates would be consistent by
design, and production of the annual estimates could be much more timely.

A disbandment of the annual survey would give savings (in terms of budget and respondent compliance
burden), which could then be used to increase the size of the quarterly survey. That would improve
precision in the quarterly surveys, though those savings on an annual basis would not cover an increase
in the quarterly sample size to that of the current annual survey.

8.19  The main drawback, as already noted, is the inherent measurement error present in the quarterly
survey returns from companies, which may result in large non-sampling error, and possibly bias, in the
estimates, and this is not easily resolved.

8.20 Limited consideration was previously given to this approach at ONS as part of the FDI development
around 2009, though the idea was never developed into an acceptable proposal, probably because of the
non-sampling error issue. However, there may be ways this approach could be developed further. The
United States’ Bureau of Economic Analysis, along with other organisations, also encounters similar
problems with differences between quarterly and annual data. Its approach (see also Chapter 9) is:

e no annual survey is conducted, but there is a 5-yearly census, to which the quarterly series are
benchmarked; the quarterly survey estimates are based upon large survey sample sizes

o the quarterly estimates are subsequently adjusted after reconciliation with audited accounts data

8.21  If such an approach were ever adopted by ONS, new operations would be required, including
running a large, regular (but maybe less frequent than annual) benchmark survey, and a new process
introduced by which quarterly returns could be adjusted once audited, annual data become available. (It may
be possible to ask companies retrospectively about their quarterly positions in a later survey). Such a
process would be complicated (and likely expensive), and would lead to revisions, which somewhat negates
its very purpose. However, there may be some merit to considering this further, should resources allow.
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9. International comparisons

9.01 Every country attempts to compile its FDI statistics in accordance with the international guidelines
set out in IMF BPM6 and OECD BMD4 manuals. Every country runs its own FDI survey, although the survey
materials and methodologies can be very different. The definitions and coverage of the data collected on the
FDI survey should be consistent across all countries, especially for the more developed economies.
However, factors such as construction and maintenance of the sampling frame, sample size and design,
survey questionnaire, receipt, input and validation of survey data will be largely determined by the
circumstances and survey practices within each country.

9.02 Inthe UK, the FDI survey is one of a wide range of economic, business and social surveys run by
ONS, and is subject to the usual ONS survey practices, systems, budget constraints and prioritisations. ONS
knows what data need to be collected and what statistics need to be compiled, and has set up the FDI
survey to meet these needs. Refinements and improvements can always be identified and a number are
suggested in this Quality Review.

9.03 Itis interesting to research how other countries run their FDI surveys and to look at their survey
materials, as time and resources allow. But generally this is unlikely to result in significant changes to the
ONS FDI survey. For example the diagrams used in the notes of the USA FDI questionnaires run by the
Bureau of Economic Analysis (BEA) may be helpful in re-designing the guidance notes of the ONS
questionnaire, but it is unlikely that the very detailed questions would be consistent with the ONS corporate
house style.

9.04 The EU Balance of Payments (BoP) Regulation requires EU countries to meet these guidelines, but
does not specify the methodology that a country should use. However, the Regulation on Quality of BoP
Statistics requires each country to submit and monitor quality indicators of its FDI estimates. The regular and
ad hoc meetings at Eurostat concerning FDI statistics should give adequate opportunities to compare UK
practices with other EU countries if there is any specific aspect under review. Eurostat itself keeps a
watching brief over the methodologies used in each EU country, but probably not in great detail. The network
of EU FDI compilers is a potential resource that can be used to compare detailed aspects of FDI survey
methodologies.

Methodological comparisons

9.05 FDI compilers in a number of countries regarded as international leaders in BoP concepts were
contacted and asked how their systems handled various, specific aspects of the methodology. Helpful and
full replies were received from BEA and Statistics Canada. The specific questions asked and summary
replies are shown below, together with the current ONS approach.
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Question Bureau of Economic Statistics Canada ONS

Analysis
(i) What are the Local enterprise groups Enterprises Truncated (local)
sampled units — enterprise groups
enterprises or local
enterprise groups?
(i) Are data collected Separate enterprises Separate Group reporting where

with respect to separate
enterprises or with
respect to whole local
enterprise groups?

enterprises

possible

(See Section 2.2)

(iii) What are the Asset size of affiliates and Asset size Asset size measure
stratification variables industry measure, (NBV), where available, or
for the sample design? geography and other size measures and
industry industry
(See Section 3.1)
(iv) How are outliers “Deemed” outliers (after Hidiroglou- Trimming (“distance from

identified, and how are
they treated in the
compilation process?

verification) are excluded from
imputation and grossing up,
but included in final estimates

Berthelot method *
used; outliers only
represent
themselves

mean” used in each
stratum): excluded from
imputation and prediction-
estimation calculations,
but remain in dataset

(v) How are imputations
made for non-
respondents?

Increases for matched
samples applied to previous
data from non-respondent

Carry forward
previous data, and
re-weight for
remaining total
non-response by
strata

Various methods used
depending on variable, but
include application of
factors from

matched respondents and
carry-forward methods

(vi) How are the survey

Ratios for sample/non-sample

Asset size weight

Mass prediction estimation

results weighted up to from 5-year benchmark data of sample to using stratum sample
population estimates? applied to sample data (for population by means

flows): increases for matched  strata

sample applied to benchmark

data for non-sample (for

levels)
(vii) Is any account No No Method is specified (but

taken of clustering
effects of enterprises,
either resident or
foreign? If so, how?

particular case of no
clustering is currently
applied)

* Hidiroglou and Berthelot (1986)
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9.06 ONS seems to adopt different approaches from BEA and Statistics Canada in a number of areas,
including on identification of outliers and estimation. Only the ONS system seems to have considered the
potential effect of clustering of affiliates within a parent, though at present does not use this. This may be a
good opportunity to take a leading role internationally in FDI estimation, as it seems unlikely that many or
any other FDI compiling organisations employ such an approach. A research project in ONS evaluating
whether there is a strong clustering would be received with interest by all FDI compilers and all stakeholder
international organisations.

Benchmarking

9.07  Another issue raised by ONS compilers is the potential to compile statistics on FDI levels showing
implausible shifts between the end-Q4 levels in one year and the start-Q1 levels in the following year, as
explored in Chapter 8. This effect can be caused by the reconciliation of Q4 quarterly data and end-year
annual data, and corresponding adjustments to the quarterly path throughout the year. Annual data are
generally gleaned from the audited accounts of a company whereas quarterly data are usually provisional
estimates by the respondent.

9.08 BEA and Statistics Canada were asked whether they had similar potential compilation problems.
BEA explained that it has the same issue with reconciling provisional quarterly data with audited data, but it
runs quarterly surveys in between a 5f-year census benchmark survey. The sample sizes of the quarterly
surveys are much larger than the quarterly ONS surveys (around 4,000 enterprises for inward FDI and
around 1,900 US parent enterprises for outward FDI), and BEA does not conduct a separate annual survey.
Quarterly paths are adjusted after reconciliation with audited data, but the BEA approach should avoid the
Q4-t0-Q1 level shift problem sometimes encountered by ONS.

9.09  Statistics Canada has similar problems to ONS with potentially implausible Q4-to-Q1llevel shifts
when quarterly estimates are reconciled with annual results. It checks the extent to which the shifts may be
caused by volume changes such as write-downs and reclassifications. Appropriate manual adjustments are
made to the estimates following validation of the data at enterprise level and analyses of time series of the
statistics. The necessary revision of quarterly estimates when audited annual data are received is an issue
for all FDI compilers.
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10. Further thoughts on systems and processing arrangements

10.01 This chapter draws together in summary and expands upon information about systems reported
variously in other chapters of this review.

Survey processing

10.02 As mentioned in Section 1.3, a variety of systems have been used in recent years to produce the
estimates from the main FDI surveys. It was realised at the time that a new system was required to cope with
the expanded ESA' and BPM? requirements, and the generic CORA® platform was developed for this
purpose with distinct parts: data take-on, and analysis.

10.03 The early development of CORA, however, suffered delays, with only the data take-on part being
ready on time, and thus an interim SAS® program was hurriedly written to fill the gap until the CORA
analysis system became available for FDI, after which a period of reconciliation was required to ensure both
the CORA and SAS® systems were producing the same results.

10.04 A number of problems with the FDI CORA build became evident, however, and these were not just
teething problems. Although the systems appeared to be working according to specifications that had been
signed-off, they weren’t working as required in practice, and were causing many operational problems for the
teams that operated them. No doubt there are wider lessons that could be learnt here about the specification
and build of new systems, but those are outside the scope of this NSQR.

10.05 Although one solution to these issues would have been to change and correct the FDI CORA
systems and their specifications, the substantial resource required to do so had already been diverted to
ensuring a more generic version of CORA would be ready to accept other surveys. In any case, some less
generic processes would still be required for FDI, and these have, to date, not been included in the more
generic version. As a result, the following has approach has been adopted.

10.06 The code lines for data take-on have been split. FDI, with its many specific intricacies, remains on
version 3.1, as already noted in Section 5.1. The Editing and Validation teams who operate it work with
various incorrect error messages and other irritants in the system, but the work-arounds they have
developed, together with more recent improvements, make the system operable, though not ideal.
Meanwhile, the more generic CORA development for Data Take-on continues, the current version being
number 3.4. A recommendation on the data take-on system is made in Section 5.1.

10.07 The CORA analysis module was taken out of use in 2015 by the FDI team as impractical to operate,
and replaced with an improved SAS® system, which, with a year’s experience now gained, seems much
more suited to the task being quicker to operate, more flexible and gives much more confidence in its
outputs. However, there are a number of factors that should be borne in mind regarding this arrangement;

(a) The SAS system, being stand-alone, is at greater risk of error (for example corruption of files,
inadvertent changes to code) than using a more corporate platform approach.

(b) The SAS system also needs updating, maintenance, support and version control. Though this is
currently in place via the FDI and Methodology teams, there are some aspects that would be better
served via a dedicated information technology team.

! European System of Accounts
? Balance of Payments and International Investment Position Manual
*> Common Open-Road Architecture
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(c) A platform-based system has greater security, but, naturally, is also much more locked-down. FDI
seems a survey that requires, and likely always will, a high degree of manual intervention, which is
easier to achieve on a stand-alone system

(d) Although the new arrangement seems much improved for current survey rounds, the number of
systems used in recent periods has presented problems in accessing data for past periods, with only the
most recent years now easily available. If possible, this should be improved

10.08 Given the above, and that ONS is currently reviewing its entire technology estate, there seems little
point in recommending a change to the FDI analysis system at this time. That said, the risks of running a
stand-alone system should be acknowledged and reduced as far as possible via good management,
documentation, training, and use of appropriate expertise.

Balance of Payments and National Accounts

10.09 Though the focus of this review lies mainly in the FDI surveys and their implementation, the onward
processing and publication of the quarterly estimates that takes place by the Balance of Payments (BoP)
team in National Accounts should also be considered in the context of their systems.

10.10 Further processing takes place, with data for banks being supplied directly to BoP from the Bank of
England (a new supply of bank holding data is also expected from 2016), and an aggregated dataset is then
returned to the FDI team.

10.11 Further operations benchmark quarterly estimates to annual estimates (see Chapter 8), as well as
trying to achieve consistency across various domains. Many hundreds of series have to be processed, and
several proprietary and bespoke systems are used in the operation, with datasets being passed variously
between them. It is reported that in the final 10 days of a quarterly round, datasets are passed through
systems in CORA to SAS to CSDB (an ONS system), back to CORA (with some additional work in
spreadsheets), then to SAS and finally to CORD (another ONS system) for inclusion in the National
Accounts.

Suggestion S10: Notwithstanding the ongoing changes to ONS'’s technology estate, review the process
flow of data and work required in the latter stages of FDI processing to determine if efficiencies could
be made, and a more integrated system developed for the final stages of FDI data processing.

Suggestion S11: There appears to be some duplication of effort and process in the production of

quarterly FDI estimates. Conduct a review of this to establish if more efficient ways of working might
be obtained.
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11. Further thoughts on staffing arrangements

11.01 In this review, various staff from the various Editing and Validation, FDI, Balance of Payments,
Business Registers and Methodology teams (see Section 1.4 for roles) have been interviewed and the
review team has worked closely with the FDI team in particular to gain access to much of the information
used to compile this report.

11.02 The FDI team is part of the wider International Transactions team, and so has commitments to other
outputs too. This has made for a very pressing workload, which is not helped by having systems that have
been difficult to use, though the situation seems to have improved for FDI through 2015. However, in order to
achieve consistent delivery of outputs, including appropriate quality assurance and answering of queries,
long hours sometimes need to be worked and overtime is by no means uncommon. As such the team
appears under-resourced for the task in hand.

11.03 The pressing workload also precludes there being much scope for development work to be
undertaken. This has resulted in a number of short-term solutions being used to ensure that FDI statistics
are delivered to meet the various internal, domestic and international data requirements. The combination of
complex processes and a demanding schedule result in the team being unable to fully investigate and
implement change. It would be beneficial for there to be more curiosity about FDI methodology, data and
processes, but the high work demands seem to mean that compiling and publishing the statistics (for
whichever survey is most pressing at the time) is prioritised ahead of other developments. It would be good
to see the FDI team in the future in a position to have more scope to be more inquiring about the design of
the survey, and bringing about improvements of the sort suggested in this review. The FDI team has recently
found scope to publish a range of analysis on FDI and the UK Current Account, which received positive
feedback from a range of stakeholders across government and the private sector.

11.04 There is clearly a lot of goodwill and enthusiasm for FDI work among the team members. Several,
including those on the E&V team, said they thoroughly enjoy the challenge and complexity of working on
FDI, and wouldn’t be content with working on simpler surveys. There are some team members who have
dedicated many years of their time at ONS to FDI. However, there is also a notable turnover of staff in some
areas of the FDI and E&V teams, which represents a notable loss of expertise. Many staff on the teams are
relatively new to FDI, and FDI is clearly a survey on which it takes some considerable time to build
knowledge and expertise because of its complexity and differences in approach from most other surveys.

11.05 The FDI team structure has been changed over the past 12 months, and now comprises more
technical posts, and a greater number of posts at a higher grade, which is helping to increase the capability
to deliver. The new SAS® system seems to be performing well, giving more reliable results, more control,
and faster delivery times, which in turns is creating more time for further analysis. It seems the FDI team is
now in much better position than it once was, and likewise so is FDI. But there is an acknowledgement there
is more to be done.

Recommendation R19 (high priority): Increase the size of the FDI and International Transactions
teams, to reduce the time pressure on regular production and allow more time to develop the survey
and better understand the data.

Suggestion S12: Seek to improve the training offered about the FDI survey and processes for staff who

are involved in the production of its outputs to increase knowledge about the survey, its limitations,
and areas for development.
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12. Conclusions

12.01 When evaluating the overall quality of the FDI outputs, there are many diverse, contributing factors
that must be considered. This review has found some of these are better than others, and there is some
room for improvement.

12.02 Overall, the annual survey is clearly of better quality than the quarterly survey. Data quality is
intrinsic to this evaluation, and is an important element when comparing the two, as the methods and
systems are all-but-identical, except in respect of sample size.

12.03 The FDI survey methods are not all in common use, and some differ quite notably from those
employed on other business surveys, but they are also not unique. They have come about as a result of
good research and development, and appear justified and the differences from other surveys’ approaches
justifiable given the complicated nature of FDI data. Most areas of methodology have been reviewed in detail
in recent years, and seem reasonable, at least in principle. It's good to be able to report that many of the
recommendations made in the last full review of FDI (ONS (2008)) have been implemented.

12.04 There are some issues that need to be resolved. Of particular note, and needing urgent attention are
the continued use of the Chancellor’s Initiative Data file, an oddity that should not be present; the lack of
published standard-error estimates for a number of years; and the recent lack of rotation in the samples of
smaller companies. There are a few other instances of implementation of methods that are not complete, or
not functioning as intended, and some other aspects that would benefit from further review. However, there
is nothing on the list of methodological recommendations that cannot be easily rectified, with further work
being needed in some cases to determine the detail of the application required.

12.05 The new, bespoke analysis system in use since the start of 2015 seems a huge improvement on its
more corporate predecessor. The success of this, beyond the dedication and expertise of the teams that
have created it, probably lies in the necessarily non-standard aspects of FDI it accommodates. However, it
would be good to see some of the benefit of a platform-based approach brought to the new FDI system, if
these can be accommodated. The FDI processing system, when viewed in its entirety, is somewhat
fragmented, and entails data transfer between various pieces of software in the latter stages of processing. It
would be good to see a more integrated system for doing this, and there may be benefits in looking more
widely at processes and the associated team responsibilities here too.

12.06 All things considered, and on balance, the annual FDI outputs should probably be regarded as fit-for-
purpose, and users can have confidence in their quality. The sample size is probably sufficient to give
acceptable precision in top-level estimates (though that is difficult to objectively judge without the availability
of standard-error estimates). However, it is possibly small when considering the quality of estimates in lower-
level domains, though the review team appreciates that reducing budgets make an increase in sample size
quite unlikely in the short term. Any attempts to reduce sample size on FDI should be resisted.

12.07 The measurement of FDI on a quarterly basis presents more of a challenge. Though the survey
methods have been improved greatly since 2008 to now correspond with those of the annual survey, and
likewise the analysis system brought into use in 2015, there remain some fundamental challenges. These lie
mainly with the problems of getting sufficiently timely responses from sampled companies on a quarterly
basis, and of those companies simply not having all the required data available until their annual, audited
accounts are compiled, and having to supply estimates instead. The smaller sample size does not help, and
it seems that this combination of factors means that the quarterly outputs can be quite volatile (an extra, late
response can have a large effect on estimates), and the estimated quarterly path will always be subject to
coherence adjustments applied through the benchmarking process. Though the quality of the estimates may
therefore be questioned, the value of having a quarterly survey is not in doubt, as there is no obvious
alternative source of information or approach.
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12.08 Changes are already planned to the mechanics of the benchmarking process, which should see
improvements, and more as the length of the data series available expands. This review has suggested
investigating the application of standard benchmarking techniques that deal with the full quarterly and
available annual time series and not to continue the current approach of making no adjustment to the
quarterly path in periods after the most recent annual benchmark.

12.09 ONS'’s overall approach to measuring FDI seems in-line with practice observed internationally, and it
is not surprising to see that other countries face similar challenges, especially around the issues of quarterly-
annual coherence.

12.10 Credit must be given to the teams who produce, and support production of FDI outputs at ONS.
Their job is not an easy one, given the complexity of the data and processes. They have implemented many
changes to improve FDI, with more planned, and taken initiatives to improve the surveys and broaden the
scope of the outputs.

12.11 There is something of a backlog of work to be completed, as evidenced by the list of
recommendations, suggestions and issues made in this review, and more resource will be needed to make
these happen in a timely way. It would seem that more resource for FDI is probably required in any case, as
the teams often seem especially over-stretched in the usual work that they do, and that situation is
something that should be addressed.

12.12 Looking to the future, the introduction of electronic data collection is the next big change likely to
affect the quality of FDI. It is an initiative that offers big gains for both survey respondents and ONS, though
the nature of its application to FDI will need to be considered carefully given the intricacies and requirements
of the survey. However, this, and other developments and the continued building of experience and
capability on the team, should see the quality FDI improve further.

12.13 A final Recommendation (R20, medium priority) comes from the experience of conducting this
review, and that relates to documentation. While there is some documentation already available, it would be
useful to review and increase the range of documentation available about the FDI surveys, making this
available both internally and externally. Given the number of changes that have, and are taking place, having
up-to-date and comprehensive information available would be hugely beneficial for all.

Office for National Statistics 68



NSQR: Foreign Direct Investment

Appendix 1.1A: Summary table of recent principal FDI outputs

£ billion

2013

2014

first estimate revised estimate

first estimate

FDI flows into the UK by foreign companies 43.7 33.0 27.8
(inward)

FDI international investment position in the 975.4 910.3 1,034.3
UK held by foreign companies (inward)

Foreign companies' earnings from foreign 54.3 50.8 52.3
direct investment in the UK (inward)

FDI flows abroad by UK companies 17.2 28.4 -79.9
(outward)

UK companies' FDI international 1,035.0 1,024.6 1,015.4
investment position abroad (outward)

UK companies' earnings from foreign direct 68.7 78.7 65.6

investment abroad (outward)
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Appendix 1.1B: Recent FDI publications

An analysis of the drivers behind
the fall in direct investment
earnings and their impact on the
UK's current account deficit

An analysis of Foreign Direct
Investment, the main driver of the
recent deterioration of the UK’s
Current Account — January 2016

Coherence between Balance of
Payments Quarter 3 (July to Sept)
2015 and the FDI bulletin for 2014

Foreign Direct Investment involving
UK companies, 2014

The UK's trade and investment
relationship with India

An analysis of Foreign Direct
Investment, the key driver of the
recent deterioration in the UK’s
Current Account

How important is the European
Union to UK trade and investment?

How important is China to the UK
economy?

Recent deterioration in the current
account has been partly driven by a
weaker primary income balance, of
which Foreign Direct Investment is
a key component

Foreign Direct Investment Involving
UK Companies, 2013

Investment by the UK overseas has
increased by 76% since 2002

31 Mar 2016

19 Jan 2016

23 Dec 2015

3 Dec 2015

18 Nov 2015

30 Oct 2015

26 Jun 2015

9 Jun 2015

23 Jan 2015

20 Jan 2015

19 Jun 2014

https://www.ons.gov.uk/economy/nationalaccounts/balance
ofpayments/articles/ananalysisofthedriversbehindthefallindir
ectinvestmentearningsandtheirimpactontheukscurrentaccou
ntdeficit/2016-03-31

https://www.ons.gov.uk/economy/nationalaccounts/balance
ofpayments/articles/ananalysisofforeigndirectinvestmentthe
maindriveroftherecentdeteriorationintheukscurrentaccount/j

anuary2016

https://www.ons.gov.uk/economy/nationalaccounts/balance
ofpayments/articles/foreigndirectinvestment/coherencebetw
eenbalanceofpaymentsquarter3julytosept2015andfdibulletin
for2014

https://www.ons.gov.uk/economy/nationalaccounts/balance
ofpayments/bulletins/foreigndirectinvestmentinvolvingukco

mpanies/2014

http://webarchive.nationalarchives.gov.uk/20160105160709
/http://www.ons.gov.uk/ons/rel/international-
transactions/outward-foreign-affiliates-statistics/the-uk-s-
trade-and-investment-relationship-with-india/sty-india.htmi

https://www.ons.gov.uk/economy/nationalaccounts/balance
ofpayments/articles/ananalysisofforeigndirectinvestment/20
15-10-30

http://webarchive.nationalarchives.gov.uk/20160105160709
[http://www.ons.gov.uk/ons/rel/international-
transactions/outward-foreign-affiliates-statistics/how-
important-is-the-european-union-to-uk-trade-and-
investment-/sty-eu.html

http://webarchive.nationalarchives.gov.uk/20160105160709
[http://www.ons.gov.uk/ons/rel/international-
transactions/outward-foreign-affiliates-statistics/how-
important-is-china-to-the-uk-economy-/sty-china.html

http://webarchive.nationalarchives.gov.uk/20160105160709
/http://www.ons.gov.uk/ons/rel/fdi/foreign-direct-
investment/2013/sty-recent-trends-in-foreign-direct-
investment.html

https://www.ons.gov.uk/economy/nationalaccounts/balance
ofpayments/bulletins/foreigndirectinvestmentinvolvingukco
mpanies/2015-01-20

http://webarchive.nationalarchives.gov.uk/20160105160709
[http://www.ons.gov.uk/ons/rel/fdi/foreign-direct-
investment/2012-ma4/sty-fdi.html
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Appendix 1.1C: ONS-internal users and uses of FDI estimates and data

User

Use of FDI data and outputs

ONS Press Office
(London)

For briefings

ONS Private Office

For briefings

ONS Balance of
Payments

Sector accounts

BoP publications (quarterly statistical bulletins and annual Pink Book)
Regulatory international submissions (Eurostat, IMF, ECB)

UK Economic Accounts quarterly publication — geography and sector estimates

Published WinCSDB (an ONS processing system) series to Bank of England

ONS Mergers and
Acquisitions (M&A)

Quarterly and annual FDI datasets used as a primary source for M&A data

ONS International Trade
in Services (ITIS)

To assist the selection panel for the International Trade in Services (ITIS)
survey reference list, where new share and loan companies could potentially
have ITIS data

ONS Financial Statistics

Statistical Bulletin — annual data

ONS Inter-Departmental
Business Register

Uses Worldbase data to update business register information
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Appendix 1.2: Regulations, frameworks, policies and acts relating to FDI

1. Statistics of Trade Act 1947
http://www.legislation.gov.uk/ukpga/Geo6/10-11/39/contents

2. Code of Practice for Official Statistics
http://www.statisticsauthority.gov.uk/assessment/code-of-practice/index.html|

3. International Monetary Funds’ Balance of Payments Manual 6
http://www.imf.org/external/pubs/ft/bop/2007/bopman6.htm

4. International Monetary Funds’ Balance of Payments Manual 5
http://www.imf.org/external/np/sta/bop/bopman5.htm

5. The European System of Accounts (ESA95)
http://ec.europa.eu/eurostat/en/web/products-manuals-and-guidelines/-/CA-15-96-001

6. The European System of Accounts (ESA 2010))
http://ec.europa.eu/eurostat/web/products-manuals-and-guidelines/-/KS-02-13-269

7. Organisation for Economic Co-Operation and Development (OECD) Benchmark Definition of Foreign
Direct Investment (4th edition)
http://www.oecd.org/investment/fdibenchmarkdefinition.htm

8. Standard Industrial Classification 2007 (SIC 2007)
https://www.ons.gov.uk/methodology/classificationsandstandards/ukstandardindustrialclassificationofeconom
icactivities/uksic2007

9. FDI Statistics: explanatory notes
https://www.oecd.org/daf/inv/FDI-statistics-explanatory-notes.pdf

10. Principles on Confidentiality
for example: http://www.ons.gov.uk/census/2011census/confidentiality

11. Statistical Disclosure Control Methodology page on the ONS website
http://www.ons.gov.uk/methodology/methodologytopicsandstatisticalconcepts/disclosurecontrol

12. Copyright and reuse of published data
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3/

13. Pre-release access (including conditions of access)
https://www.statisticsauthority.gov.uk/about-the-authority/uk-statistical-system/leqgislation/pre-release-access/

14. National Statistician’s Guidance: Confidentiality of Official Statistics
http://www.statisticsauthority.gov.uk/national-statistician/ns-reports--reviews-and-quidance/national-
statistician-s-guidance/index.html
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Appendix 2.1 Contributions to estimates of FDI

This appendix reports on the contribution to estimates of total FDI positions by units with different types of
response, and from different sources (sampling frames).

In this circumstance, the units are the foreign parents or foreign affiliates linked to the UK companies found
on the sampling frames. The datasets at this level are complete, in the sense that they comprise all such
units known in the population from both frames, and each unit has a value for total FDI positions. Those
values will be one of a survey response (noting that the positions variable is derived from other variables
collected directly), an imputed value (in cases on non-response), or a value predicted through the estimation
process. Values of all types of response are then summed to provide FDI estimates.

Notes:
0 Statistics are shown for the 2 most recent datasets available at the time of writing for both the
quarterly surveys (Q2 and Q3 2015) and the annual surveys (2013 and 2014).
0 Rounding mean figures do not always add up.
0 The percentages reported show the contribution relative to the total estimate of FDI positions. For
individual units, the value of FDI positions can be negative, zero or positive. Further analysis of the
contribution of each of these to the Total FDI positions estimate is presented in Section A2.1D.

Table A2.1A: Contribution to estimates of Total FDI Positions by units linked to companies sampled
from the different frames

Quarterly surveys Inward Outward

Q22015 Q32015 Q22015 Q32015

FDI/NWB frame 64.1% 64.1% 96.2% 95.5%
WB frame 35.9% 35.9% 3.8% 4.5%
Total FDI 100.0% 100.0% 100.0% 100.0%
positions
Annual surveys Inward Outward

2013 2014 2013 2014
FDI/NWB frame 55.1% 73.3% 90.2% 93.0%
WB frame 44.9% 26.7% 9.8% 7.0%
Total FDI 100.0% 100.0% 100.0% 100.0%
positions

Observations:

o For both Inward and Outward FDI, the bigger contribution comes from the FDI/Non-
Worldbase(NWB) frame.

0 The contribution from the FDI/NWB frame is larger (at least 90%) on the Outward surveys (both
guarterly and annual) than on the Inward survey (between 55% and 74%).

o0 The contribution to the Inward FDI IIP estimate from the FDI/NWB frame notably increased from the
2013 survey to the 2014 survey. This may be a reflection of the new practice of moving WB
companies found to be large in the previous sample to the FDI/NWB frame.
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Table A2.1B: Contributions to estimates of Total FDI Positions by units linked with UK companies on
the sampling frame from those that were sampled (split by responded and imputed) and those
predicted (and were not sampled)

Quarterly surveys Inward Outward

Q22015 Q32015 Q22015 Q32015

Sampled 59.8% 60.2% 97.5% 97.2%
... of which:

Imputed 3.7pp 6.5pp 6.3pp 42.1pp

Responded 56.1pp 53.7pp 91.2pp 55.1pp
Predicted 40.1% 39.7% 2.6% 2.8%
Total FDI 100.0% 100.0% 100.0% 100.0%
positions
Annual surveys Inward Outward

2013 2014 2013 2014

Sampled 80.9% 79.0% 99.3% 99.1%
... of which:

Imputed 6.3pp 5.6pp 6.0pp 4.4pp

Responded 74.6pp 73.4pp 93.3pp 94.7pp
Predicted 19.1% 21.0% 0.7% 1.0%
Total FDI 100.0% 100.0% 100.0% 100.0%
positions

pp = percentage points
Observations:

o For Inward, sampled units provide about 60% of Total FDI positions on the quarterly surveys, and
about 80% on the annual surveys.

o For Outward, sampled units provide about 97% of Total FDI positions on the quarterly surveys, and
about 99% on the annual surveys.

0 The contribution of imputed responses (in cases of non-response from sampled units) varies
between 3% and 7% of FDI positions, except for the most recent quarter for Outward, in which the
much higher contribution (42%) is largely a reflection of outstanding (late) returns, something
particularly prevalent on the Quarterly Outward survey.
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Table A2.1C: Contributions to estimates of Total FDI Positions by units linked with companies

sampled and those predicted, by frame

Quarterly
surveys Inward Outward
Q2 2015 Q3 2015 Q2 2015 Q32015
FDI/ WB FDI/ WB FDI/ wB FDI/ wB
NWB NWB NWB NWB
Sampled 53.7% 6.1% 53.7% 6.6% 95.2% 2.2% 94.7% 2.5%
Predicted 10.4%  29.8% 10.4%  29.3% 1.0% 1.6% 0.9% 2.0%
Total FDI 100.0% 100.0% 100.0% 100.0%
positions
Annual
surveys Inward Outward
2013 2014 2013 2014
FDI/ WB FDI/ wWB FDI/ wB FDI/ wB
NWB NWB NWB NWB
Sampled 50.8% 30.1% 65.9% 13.1% 90.0% 9.3% 92.6% 6.5%
Predicted 4.3% 14.8% 7.4%  13.6% 0.1% 0.6% 0.4% 0.5%
Total FDI 100.0% 100.0% 100.0% 100.0%
positions

Observation:

0 The much smaller sampling fractions applied on the WB frame are reflected in much greater

proportions being Predicted than Sampled when compared with those on the FDI/NWB frame.

Office for National Statistics

75



Table A2.1D: Analysis of positive and negative contributions to estimates of Total FDI Positions

Quarterly surveys

Inward (£ billion)

NSQR: Foreign Direct Investment

Outward (£ billion)

Q22015 Q32015 Q2 2015 Q3 2015
Negative FDI -13 -13 -59 -78
positions
Positive FDI 940 964 768 754
positions
Total FDI 927 950 710 676
positions
...of which:
Contribution 18.6% 19.4% 22.7% 24.3%

from top 10

Note: the Total FDI Positions estimate reported here is consistent with the Balance of Payments (BoP)
publication, in that the base data set is the same; however, the figures reported in the BoP publication are on an
asset-and-liability basis, whereas that reported here is on a direction basis.

Annual surveys

Inward (£ billion)

Outward (£ billion)

2013 2014 2013 2014
Negative FDI -27 -18 -50 -61
positions
Positive FDI 937 1052 1074 1077
positions
Total FDI 910 1034 1025 1015
positions
...of which:
Contribution 22.0% 21.3% 24.1% 22.4%

from top 10

Note: the Total FDI Positions (‘International Investment Position’) estimate reported here on an annual basis is
consistent with the 2014 FDI statistical bulletin

Observations:

(0}

The aggregate negative contribution to IIP is presently much smaller in absolute size than the

aggregate positive contribution, and the number of units (not shown) having negative IIP values is

similarly small.

That the 10 largest unit-level IIP values (out of a population size of over 30,000 Inward units and
over 20,000 Outward units) contribute about 20% of the total estimate is a reflection of the very
skewed distribution of FDI. This illustrates the need to ensure the biggest companies are sampled,

respond and that their responses are validated (cleaned).
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Appendix 3.1A: Industry definitions in FDI sampling strata and outputs

The following table compares industry sampling strata (UK companies) and the output industry group (for
foreign affiliates and parents) using the FDI industry classification. This is based around the SIC(2007) 3-

digit level codes. Deviations from SIC(2007) codes in the Finance industry are noted.

FDI industry codes used to form
sampling strata (of UK
companies)

The names given are those used
internally.

Comparable FDI industry codes (of foreign affiliates and
parents) used in output domains

The names given are those in the FDI statistical bulletin and
datasets

‘Oil' = {060, 090}

Part of ‘Mining & quarrying’ = {050-090}

‘Manufacturing’ = {110-330}

Part of ‘Food products, beverages & tobacco products’ =
{100-120}

‘Textiles & wood activities’ = {130, 140,160-180}

‘Petroleum, chemicals, pharmaceuticals, rubber, plastic
products’ = {190-220}

‘Metal and machinery products’ = {240, 250, 280}

‘Computer, electronic and optical products’ = {260 = 261-268}
‘Transport equipment’ = {290, 300 = 301-304/9}

‘Other manufacturing’ = {150, 230, 270, 310-330}

‘Retail’ = {460, 470}

Part of ‘Retail & wholesale trade, repair of motor vehicles &
motor cycles’ = {450, 460, 470}

‘Information and communication’ =
{590-630}

Part of ‘Information and communication’ = {580-630}

‘Finance’ =

{641 (= SIC 64.11, 64.191): Banks,
not sampled on FDI survey,

642(= SIC 64.192),

643 (= SIC 64.201-4),

644 (= SIC 64.205),

645 (= SIC 64.209, 64.3, 64.9),
651 (= SIC 65.11),

652 (= SIC 65.12, 65.2, 65.3 = rest
of 65),

661 (= SIC 64.12, 64.19),

662 (= SIC 66.11, 66.19, 66.2, 66.3
= rest of 66),

663 (= no mapping to this code;
review of scope underway)}

‘Financial services’ = {641-663}
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‘Professional, scientific and Part of ‘Professional, scientific & technical services’ = {691—
technical’ = {691-740} 750}

‘Other’ = {codes not elsewhere ‘Agriculture, forestry & fishing’ = {010-030}

specified}

‘Electricity, gas, water and waste’ = {350-390}
‘Construction’ = {410-430}

‘Transportation & storage’ = {490-530}

‘Administrative and support service activities’ = {770-820}

‘Other services’ = {550, 560, 680, 840-880, 900-990}

and contributions to:
‘Mining & quarrying’ = {050—090} via [050, 070, 080]

‘Food products, beverages & tobacco products’ = {100-120}
via [100]

‘Retail & wholesale trade, repair of motor vehicles & motor
cycles’ = {450, 460, 470} via [450]

‘Information and communication’ = {580-630} via [580]

‘Professional, scientific & technical services’ = {691-750} via
[750]
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Appendix 3.1B: FDI sampling stratum definitions
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Outward Surveys
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Stratum: Number 6

Sizeband: 25 (inclusive) to 500 (exclusive)
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Short questionnaires
Standard questionnaires

The figure is illustrative (and not to scale), and details information about the sampling frames in use in early

2015 to draw the samples for the 2015 quarterly and 2014 annual surveys.
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Response is at time of final delivery closedown; that time (in weeks from dispatch date) can vary from period

to period.
Quarterly, Inward Quarterly, Outward
Reference Sample Sample  Response Sample Sample Response
period dispatched responded rate (%) dispatched responded rate (%)
2009 Q1 735 377 51 356 128 36
2009 Q2 702 429 61 326 135 41
2009 Q3 679 473 70 310 182 59
2009 Q4 671 492 73 307 156 51
2010 Q1 807 448 56 382 166 43
2010 Q2 767 475 62 358 213 59
2010 Q3 746 521 70 351 210 60
2010 Q4 731 524 72 340 182 54
2011 Q1 824 454 55 386 174 45
2011Q2 811 628 77 377 255 68
2011 Q3 792 637 80 365 272 75
2011 Q4 786 617 78 357 244 68
2012 Q1 708 505 71 395 231 58
2012 Q2 708 558 79 387 273 71
2012 Q3 693 539 78 377 271 72
2012 Q4 692 531 77 369 239 65
2013 Q1 977 687 70 656 401 61
2013 Q2 926 720 78 609 395 65
2013 Q3 901 701 78 611 445 73
2013 Q4 903 767 85 586 423 72
2014 Q1 922 555 60 642 323 50
2014 Q2 895 668 75 613 405 66
2014 Q3 902 752 83 607 488 80
2014 Q4 903 761 84 586 417 71
2015 Q1 933 663 71 590 376 64
2015 Q2 895 640 72 616 372 60
2015 Q3 884 740 84 539 412 76
2015 Q4 874 738 84 534 399 75
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Annual, Inward

Annual, Outward

Reference Sample Sample Response Sample Sample  Response
period dispatched responded rate (%) dispatched responded rate (%)
2008 2503 1717 69 1440 773 54
2009 2366 1754 74 1530 927 61
2010 2442 1991 82 1604 981 61
2011 2434 2078 85 1599 1205 75
2012 3094 2756 89 2153 1775 82
2013 3331 2813 84 1824 1431 78
2014 3682 3007 82 2288 1638 72
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Appendix 3.3: Sampling fractions and quarterly-to-annual sample ratios
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Figure A3.3(i): Quarterly sampling fractions:

quarterly surveys.

no / N at time of sample selection in early 2015, for the 2015
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Figure A3.3(ii): Annual sampling fractions: na / N at time of sample selection in early 2015, for 2014 annual

surveys.
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Figure A3.3(iii): Ratio of ng to na , as in (i) and (ii), above.

Notes:

(a) Strata shown are as in Appendix 3.1B. Thus, ‘Small’, ‘Medium’ and ‘Large’ have definitions that are
determined by frame and by industry, and should not be regarded as consistent across frames or industries.
(b) The 0.7-factor on the WB frames (see Section 3.3) has been applied and is reflected in these data.
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Appendix 5.3: Effect of removing the Chancellor’s Initiative Data file

The tables in this appendix are a re-worked version of the 2014 FDI statistical bulletin datasets. From that
publication, the rows in Reference Tables 1.1, 1.2 and 1.3 most affected by the Chancellor’s Initiative Data
have been reworked by removing the Chancellor’s Initiative Data file from the production process; no other
processes have been changed.

2013 2014
[J] ()]
ne) °
3 © 2 3 5 S
< v ) = a3 T}
L 6 us ] 6 s
= - — P = o~ — o
> = N\ =] = o
a ¢ ) 5 = o ¢ L« T =

FDI flows into the UK by foreign companies (inward)
(Source: Table 1.1 of reference tables)
Foreign companies’ share 47,521 47,493 -0.1 48,259 48,259 0.0
of UK subsidiaries' and
associates' net profits
Unremitted profits 14,754 14,726 -0.2 9,982 9,954 -0.3
(reinvested earnings)
Net increase in amounts -255 -256 0.4 1,232 1,232 0.0
due to foreign parents on
the branch head-office
account
Increase in amounts 150 150 0.0 2,296 2,296 0.0
due to foreign parents on
the branch head-office
account

Total net FDI flows in the 33,016 33,016 0.0 27,801 27,801 0.0
UK
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2013 2014
° ao] g 3 - S
< i) < < 2 <
2 _ 5 - < 2 _ 5 <
e € = c L o ¢ 2 e L
> =N > =\
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FDI international investment position in the UK held by foreign companies (inward)
(Source: Table 1.2 of reference tables)
Net amounts due to 4,981 1,717 -65.5 10,069 6,805 -32.4
foreign parents on the
branch head-office
account at end period
Amounts due to foreign 24,023 20,759 -13.6 23,567 20,303 -13.8
parents on the branch
head-office account at
end period
Total foreign FDI 910,280 907,016 -0.4 1,034,335 1,031,071 -0.3
international investment
position in the UK at end
period

2013 2014
) 1)
il ke
] 2 2 Q 9 2
< ~ S < ~ S
] B bt ] 6 s
= = — ] = = — 5
> = N\ =] = o
a ¢ L H 5 = a ¢ L« 5 =

Foreign companies' earnings from foreign direct investment in the UK (inward)
(Source: Table 1.3 of reference tables)

Foreign companies’ share 6,809 6,871 0.9 3,333 3,305 -0.8
of UK branches’ net

profits

Foreign companies’ share 10,803 10,775 -0.3 8,014 7,986 -0.3
of UK branches’ profits

Total net earnings from 50,839 50,811 -0.1 52,315 52,287 -0.1
foreign direct investment

in the UK
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Appendix 6.1: Prediction estimation in FDI

This appendix contains a specification of the prediction estimation approach that should be applied to FDI,
although the approach currently used is equivalent to setting the value of p (rho) to a default of zero. The
description given here relies heavily upon that in Valliant et al (2000), but has been tailored to use in FDI.

Consider a population of affiliates or parents (or, likewise branches, subsidiaries, etc.) that are clustered
within companies; companies are the sampling units listed on the frame(s).

The prediction estimator is based on the following, the group mean model, for variable y. The estimation is to
be applied separately within each sampling stratum; for clarity, the stratum indicator has been omitted from

the notation.

The model, and the expectation and covariances under this, are given by:

E(yij):/u
o’ i=ij=j'
Cov (yi,j,yi.'j,): o’p i=ij#]
0 otherwise,
where:

i and i’ represent (sampled) companies, which may be considered as clusters of affiliates (etc.);
jand j represent affiliates (etc.) associated with the companies;
p is the intra-cluster correlation coefficient, which measures the homogeneity of the returns of

affiliates (etc.) that belong to the same company, and

o’ is the variance of the variable y.

Let N denote the number of companies in the population, and let n denote the size of the sample, s, of these.

Let M denote the total number of affiliates (etc.) that belong to the N companies in the population, and let m
denote the total number of affiliates that belong to the n sampled companies.

Let M; and m;respectively denote the number of affiliates in company i in total and that are sampled, noting
that for FDI, M; = m; for every company i in the sample, s.

Under the model, the best linear unbiased estimator of the population total for variable y is given by formula
8.2.9 in Valliant et al (2000), which, with M; = m; reduces to:
M;
Ty = Zz;yu +.%\: M”&
ies j= ieU\s
where /i denotes the prediction used for each unsampled unit in the stratum, whose value is calculated as a
weighted average of the company-level averages of affiliate means, as given by:

_ Y.
a= ZUiYsi, where Y, = Z—‘ is the mean response of all affiliates in sampled company i, and

ies jes; i

m, /v,

imk v,
k=1

as in Theorem 8.2.2 in Valliant et al (2000).

{u,} are weights, with u; = and v, = o*[L+(m, —1)p],

Thus, the value of the intra-cluster correlation coefficient, p, impacts on the estimate (it also impacts on the
model variance of the estimator).
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Setting p = 0 gives v; = o so that u, = and j = —=— YI :
kes kes

i.e. the affiliate-level mean.

. . 1 A 1-
Setting p =1 gives v; = o”m;, such that u = o and i = ZH s » I-e. the mean of the company-level means.
ies

The variance, ¢, and the intra-cluster correlation coefficient, p, can be estimated from the data. For
example, using the ANOVA model (see Table 8.2 of Valliant et al (2000)):

WD , B
— ando* ' =———
WD +B -W 1+ p(D -1)

where: B_n—12m(Y Y )5 W == ZZ Yy - Si) “and D = i1£m_zm_i2]

ies ies jes

p=1-

Estimation of the parameters is also possible through a maximum-likelihood approach.
Note: no guarantees are given that, for example, the estimated value of p in each stratum would obey the

usual limits for correlation coefficients, nor that the estimates would be stable from period-to-period. Some
adjustments, pooling of data over time, or smoothing of estimates of o”and p may prove beneficial.
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Appendix 8.1: Benchmarking and other revisions to the quarterly path
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Figure A8.1: Comparison of the first and most recent quarterly estimates of net direct investment from 2012 Q1 to
present. The first estimates are shown without joining lines, as adjacent points should only be compared with caution
since various changes may cause later revisions. Examples include: BPM6, 2011 and 2012 benchmarks (all introduced
September 2014 and showing first on Q2 2014 estimates); and 2012, 2013 benchmarks and some smaller revisions for
cross-border property (all introduced September 2015 and first showing on 2015 Q2 estimates).
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viii. Glossary, abbreviations and notation

Assets and liabilities: one basis on which FDI outputs can be presented. The alternative basis is ‘inward
and outward’ (or ‘directional’).

Blue Book: one of the principal, annual publications of National Accounts.
BoP: Balance of Payments. That part of the National Accounts in which FDI estimates are used and appear.

BPM: Balance of Payments and International Investment Position Manual. BPM6 is the sixth (and current)
edition.

CID: Chancellor’s Initiative Data. A data input file used in the processing of the annual, Inward FDI survey.

CORA: Common Open-Road Architecture. An information technology platform developed at ONS from
€.2008 for the holding and processing of data.

CV: coefficient of variation: the relative standard error associated with a survey estimate.

E&V: editing and validation. The E&V team has responsibility for cleaning the data supplied by survey
respondents.

ECB: European Central Bank.

EGR: EuroGroups Register, a register of businesses maintained by Eurostat and available to NSI in member
states.

ESA: the European System of National and Regional Accounts. The current version is ESA 2010, which
superseded ESA 1995.

Eurostat: the statistical organisation of the European Union.

FDI: foreign direct investment (referring to the concept itself), or Foreign Direct Investment (referring to the
ONS statistical product or survey of the same name).

FDI/NWB frame: the FDI or Non-Worldbase (NWB) sampling frame.
[IP: international investment position.
IMF: International Monetary Fund.

Inward and outward: A basis on which FDI statistics can be presented; also known as the ‘directional’
basis. An alternative basis is ‘assets and liabilities’. Also the names of FDI surveys at ONS.

IDBR: Inter-Departmental Business Register. A database of mainly VAT- or PAYE-registered in the UK
maintained by ONS, and used as sampling frame for most of ONS’s business surveys, though not used

directly for selecting FDI samples.

M&A: Mergers and Acquisitions. A continuous ONS survey, which collects information about changes of
ownership of companies.
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NBV: net book value, a financial concept and variable that is available for all businesses listed on the
FDI/NWB frame and so can be used for stratification of the sample.

NWB frame: Non-Worldbase. See FDI/NWB frame.
NSI: National Statistical Institute. ONS is the recognised NSI of the UK.

ONS: the Office for National Statistics, the UK’s National Statistical Institute and organisation that compiles
FDI estimates.

OpenRoad: an IT platform on which FDI data were stored and processed prior to the introduction of CORA.

Pink Book: one of the principal, annual publications of National Accounts, and the one that contains FDI
estimates.

Proving: its general use refers to an ONS process to establish that the businesses listed on a sample frame
actually do exist. In the context of FDI, the proving exercise establishes that a company selected for the
sample still exists and is in-scope of FDI.

PRN: permanent random number. A randomly generated number between 0 and 1 (with 9 decimal places)
that is assigned to each business on the sampling frame and should never change over time. PRNs are used

to draw random samples of businesses, and allow management of sample rotation from period to period.

Q1: Quarter 1 (January to March). The 3-month reference period used in FDI statistics based on a calendar
quarter. Similarly for Q2 (April to June), Q3 (July to September) and Q4 (October to December).

SAS®: a commercial statistical computing software and language, used variously in ONS, and since 2015
for the Analysis part of the FDI process.

SEFT: Secure Electronic File Transfer. A method and name of an electronic portal used by ONS to securely
transmit files (such as data collection spreadsheets), and other communications, between the Office and

survey respondents.

SIC(2007). The UK'’s current Standard Industrial Classification 2007. It is a 5-digit, hierarchical classification
of economic activity, and is consistent at the 4-digit level with the EU’s NACE Rev. 2.

TEG: Truncated Enterprise Group. The group of enterprises with a UK company at its head.

WB: Worldbase, a sampling frame currently used to draw part of the FDI sample in ONS; the other frame
used in called FDI/NWB.
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