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1 Introduction 
 
The Millennium Development Goals, Targets and Indicators will be monitored until 2015 and 
the UN Secretary General is required to report annually to the UN General Assembly on progress 
towards the goals.  To support this report statisticians from the lead international agencies for 
each indicator summarize the country level indicator values by producing regional and global 
estimates.   
 
The Committee for the Co-ordination of Statistical Activities (CCSA) recognised that different 
international agencies used different methods to produce regional and global estimates.  The 
main areas of difference related to estimation methods for missing data, modelling techniques, 
and methods of aggregating country level indicator values to produce regional and global 
estimates.  As a result this report was commissioned for the September 2003 meeting of the 
CCSA.  The terms of reference are contained in Appendix 1. 
 
Compiling this report has required visiting staff in a large number of the agencies that have lead 
responsibility for the various MDG indicators and electronic correspondence with an even larger 
number of agencies and staff involved in their production.  I gratefully acknowledge the time 
made available to me and have been impressed by the open and supportive responses to my 
questions.  
 
There is, of course, no reason why the methodology to produce regional and global estimates 
should be the same for all indicators.  The indicators themselves vary considerably in terms of 
their statistical properties and the patterns of data availability both by country and over time.  
Nonetheless differences of practice ought to be based on rational statistical criteria. 
 
This report does not provide a detailed critique of each of the 48 MDG indicators.  Issues such as 
definitions and methods of compiling national indicator values are generally treated as given.   
Information on individual indicators is available from the UNSD web-site 
(http://unstats.un.org/unsd/mi/mi_goals.asp) and further material about each indicator is 
available in Carraro et al (2003). 
 
Neither does the report provide a detailed critique for each of the 48 indicators of the methods 
used to deal with the key issues concerning missing data and aggregation to produce regional and 
global estimates.  To do so properly would require an in-depth appraisal of every phase of the 
methodology for every indicator and a detailed knowledge of the statistical properties of the 
measuring instruments that provide the country level values.  Simply to answer the question 
‘what is the best method of imputing missing data for each indicator?’ would require extensive 
empirical analysis for each.  It was recognised by the CCSA at the outset that in the time 
available this was not a feasible aim.  Instead the report identifies a number of key 
methodological issues, identifies different approaches to these among the agencies and tries to 
provide a framework for determining best practice.  The issues are illustrated by using various 
indicators as examples but the intention is that these should illuminate the issue rather than 
provide a detailed critique of the indicators cited.   
 
This report contains two main sections: section 3 on the issue of missing data and section 4 on 
the issue of aggregation of country level indicator values to produce regional and global 
estimates.  Section 2 covers some preliminary comments and Section 5 summarises suggestions 
made throughout the report. 
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2 Preliminary Comments 
 
2.1 Current Data Sources, Methods and Documentation 
 
Data Availability 
 
It is clear that the political importance attached to the MDG indicators has created a number of 
significant challenges for international agencies.  For a small number of indicators no recognised 
definitions and methods exist and there are no data from which to generate the indicator values.  
Strong efforts are being made to address this situation.  But for many, if not most, of the 
remaining indicators the emphasis on monitoring the indicator values annually is problematic 
since for most countries in most years no new data are generated from which to monitor any 
change.  Indeed, even if the data were available, for many indicators the rate of progress from 
one year to the next is likely to be small compared to the margins of uncertainty associated with 
each indicator.     
 

 
 
Current Methods and Documentation 
 
The amount of current effort that has been generated by all agencies in re-examining their 
existing methods, exploring alternatives and introducing improvements is striking. For some of 
the indicators that are recently identified and for which no well-established methodology exists 
one would expect this.  But the same is true for indicators that were recognised as important 
measures of economic and social development well before the Millennium Declaration was 
made.  In particular the commitment to generating regional and global estimates that are well-
founded and adequate in quality for the required purpose is very strong. 
 
However, partly as a result of recent developments, very few of the indicators are supported by a 
succinct, precise description of the methods used to handle missing data and/or generate regional 
and global estimates.  In some cases there is an extensive report or paper published in a journal 
of some kind.  This is useful as a further reference but clear, brief statements are needed for users 

Examples: 
• For five indicators (I29: Proportion of population using solid fuels; I32: 

Proportion of households with access to secure tenure; I38: Proportion of 
total developed country imports from developing countries and LDC’s, 
admitted free of duties; I39: Average tariffs imposed by developed 
countries on agricultural products and textiles and clothing from 
developed countries and I41: Proportion of ODA provided to help build 
trade capacity) indicators are still under development.  

• Many of the indicators depend upon household surveys as the main, or 
sole, data source and in most cases these do not exist for all countries and 
are relatively infrequent in countries that are covered. 

• In particular current plans for the next round of MICS surveys will not 
provide data in time for the milestone report of 2005. 

• Estimates of Literacy depend upon statistical models based on Census 
data that, for many countries, are many years old.  The LAMP initiative 
designed to generate alternative measures of literacy is intended to 
address this.  Even if fully successful this will take time.   
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and should be part of the UNSD web-site.  Indeed even for the most knowledgeable of users 
(statisticians in other international agencies who have a legitimate interest in the indicator 
values) a frequently heard complaint is that the methods used by the lead agency are obscure or 
that the regional and global measures cannot be replicated.  Without wishing to arbitrate on the 
legitimacy of any specific complaint, the frequency suggests that some communication problems 
exist. 
 
Whilst the implications of the rest of this report may wish to be considered before it is 
implemented, this leads to the first recommendation.  
 
Suggestion 1: That for each indicator, the lead agencies review the available documentation 
on the methods employed to generate country level indicator values, including methods of 
imputation or modelling for missing figures and subsequent production of regional and 
global estimates and that a brief, clear description be provided to UNSD for publication on 
the millennium indicator data-base citing further references as appropriate. 
 
Data Access 
 
A related issue specifically for survey data is the extent to which the micro-data is in the public 
domain and can be accessed for further analyses.  To some extent this may be tied up with the 
question of country ownership and the formal arrangements under which surveys have been 
funded.  But, subject to protecting the confidentiality of the original respondents, the availability 
of the micro-data for further analysis enlarges the use of the data (and hence the effectiveness of 
the expenditure incurred).  It also enables users to explore the coherence and quality of the 
statistical base.   
 
This additional quality assurance can be a positive benefit to the lead agency and result in higher 
quality indicator values over time.  Hence as a quality improvement measure suggestion 2 is 
made:   
 
Suggestion 2:  That as far as possible, and subject to protecting the confidentiality of the 
original respondents, surveys should be funded and conducted with the intention that the 
micro-data should become available for legitimate use as soon as possible after each survey 
is completed.  
 
2.2 Diversity of Practice 
 
One reason that this report was commissioned was the expectation that practices with regard to 
dealing with missing data and with aggregating country level index values to generate regional 
and global estimates would vary between agencies.  This is certainly true but there is also a 
substantial amount of variation in the methods adopted between indicators within the same lead 
agency.  Of course detailed methods of imputation will vary as they depend on the statistical 
properties of the indicator and the availability of auxiliary information.  But more general 
practices such as: whether as a matter of principle imputation should occur; whether to report 
imputed values relating to individual countries; the method of aggregating from regional to 
global estimates and thresholds to permit regional estimates to be published all varied between 
indicators within agencies.    
 
2.3 Sampling Countries 
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The basic assumption is that ideally indicator values would be available for all countries and the 
regional and global estimates would be compiled from these.  If the only objectives were to 
estimate regional and global totals it would be quite feasible to sample the countries (employing 
standard survey design techniques such as stratification for possible characteristics such as size, 
economic development and region) and to estimate the regional and global values using standard 
survey methods.  If this allowed greater effort to be focussed on obtaining the indicator values 
from the sampled countries the incidence of missing data could be reduced and hence some of 
the difficulties identified in this report overcome.  Efficient survey design would guarantee 
regional estimates of sufficient precision and would give greater emphasis to large countries that 
dominate the regional and global estimates.  It is these countries that will largely determine 
whether the MDG targets are met regionally and globally in 2015. Since monitoring progress is 
of such importance efficient survey design would need to take this into account. 
 
However the MDG process operates at two levels: by setting targets that are expressed at the 
global level but also by gaining commitment from all countries to contribute towards the goal.  
Hence monitoring at the country level and, as far as possible, for every country is an integral part 
of the process.   
 
This report assumes that ideally indicator values are measured for all countries and regional and 
global estimates are compiled from these.  If sampling of countries was employed many of the 
issues detailed in the following sections would still be relevant.   
 
Note also that a sampling approach would require a proper selection of countries for inclusion.  
Treating a sample of those countries for which indicator values happen to be available as a 
pseudo-sample does not overcome the issues detailed in this report. 
 
2.4 Identifying the Particular Year or Period to which Estimates Apply 
 
As a general proposition, regional and global estimates when presented should be clearly linked 
to a specific year or period as part of the headline description.  In general this is done but there 
are exceptions. 
 
Suggestion 3:  All presentations of regional and global estimates should clearly identify the 
year or period to which they apply. 
 
2.5 Regional Classification 
 
There is a clear need to summarize all of the indicators measured globally to the same regional 
classification.  Given that the methods for aggregation are generally straightforward this should 
cause no difficulties.  It has been agreed that the UN regional classification should be used and 
there is progress towards this objective.  
 
Suggestion 4: All agencies present regional estimates to the same agreed regional 
classification system. 
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3 Missing Data and Imputation 
 
3.1 Whether to Impute 
 
For a number of the indicators, agencies calculate regional and global summary measures using 
only the countries for which data is available.  This has the advantage that it uses data that 
countries can identify and hopefully recognise.  It may be argued that no imputation has taken 
place but in reality there is always implicit imputation if regional and global measures are 
produced.  Users will interpret these measures as summarising the situation for all countries in 
the region.  Implicitly countries with missing data have a (collective) imputed value equal to the 
regional or global mean. An exception to this may occur when no value is available for a very 
large country such as China which, had it been available, would have had a large influence on 
the summary measure.  Rather than impute such an influential figure, the international agency 
may produce a summary measure specifically excluding China and present it as such.  In this 
case the users are clearly informed not to implicitly interpret the regional measure as including 
China.  However the price is that the regional or global measures are seriously deficient, 
excluding a country that has a major influence on the outcome.    
 
This section considers deliberate imputation practices and many of these involve making some 
use of data from other countries (the imputation group).  Most agencies focus on ‘neighbouring’ 
countries from the same region or sub-region (although countries seen as bridging regions (e.g. 
Turkey) could be considered if appropriate.  For many indicators (e.g. environmental, health, 
economic) there are likely to be regional or sub-regional factors that affect the indicator values 
for neighbouring countries in similar ways and so imputation groups based on regions or sub-
regions seems sensible.  But the choice of imputation group should not be an automatic one.  
Even within a sub-region there may be countries for which special factors apply or significantly 
different policies are being applied.  The indicator values and trends in these countries may be 
quite different to their neighbours and their inclusion in a regional imputation group may be 
inappropriate.  As data series build up the potential for exploring the coherence of statistics from 
neighbouring countries will grow and should be exploited. 
 
Suggestion 5:  If deliberate imputation is applied the choice of countries to form an 
imputation group requires judgement.  Wherever possible it should be explored through 
data analysis (see later suggestions). 
 
3.2 Explicit or Implicit Imputation 
 
Almost all of the indicators have missing values for specific countries in specific years.  Missing 
data is not new and there are established methods for imputing for non-response or for adjusting 
for it in the estimation phase.  These methods are widely used when analysing surveys to allow 
for non-respondents. However in the case of MDG indicators the situation is special since a 
missing value does not imply some modest shortfall of the information expected to generate the 
required estimate.  It implies that there is no information at all for the particular country in the 
particular year and this is precisely the level at which inference is required.  This is more extreme 
than non-response for selected individuals or even an entire cluster in a multistage social survey.  
Imputation, if practiced, will generate an identifiable value for an identifiable country in an 
identifiable year.  
 
This raises the question whether imputation should be made explicit or implicit.   
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For explicit imputation the imputed value is published (albeit with a footnote for explanation) as 
the specific indicator value for the particular country and year.  Many of the agencies adopt this 
approach.  The advantage is that the values being imputed (and subsequently used for regional 
and global summaries) are transparent.  It is important that the methods that underpin the 
imputation are clearly established on the basis of their statistical properties (rather than the 
outcome of the particular value) but within this framework it allows the countries concerned to 
quality assure the process and outcome.  From the perspective of other users the aggregation of 
country values to regional and global measures can be replicated, alternative forms of 
aggregation may be applied and the coherence between the imputed values and other country 
level statistics can be investigated.  
 
For implicit imputation an imputed value is generated for a particular country and this is fed into 
the aggregation processes to generate regional and global measures but the country level imputed 
value is not published.  There are two sets of circumstances where this may be appropriate.  First 
it must be recognised that the MDG indicator values have assumed a high political importance 
and countries may find it unacceptable for a value to be imputed without the normal data 
underpinning.  To gain acceptance by countries of imputed values reinforces the need to separate 
the imputation methodology from the actual outcome when this is applied.  The second reason 
may be that the imputed values are of too low a quality to publish as country level values and yet 
be adequate for use in the aggregation to regional and global estimates.  For example suppose 
country level values are usually derived and published from a relatively high quality source but 
this is unavailable for the particular country and year required.  But suppose an alternative source 
is available and can generate a country level value that the agency considers unpublishable by its 
usual criteria and standards but sufficiently accurate to be aggregated together with indicator 
values for other countries to generate the regional or global estimate.  In these circumstances 
implicit imputation may be the only viable alternative.  Note that implicit imputation is the norm 
when dealing with non-response in household surveys since the individual non-respondent is not 
identifiable but in the case of the MDG indicators missing data relates to a whole country and 
year and this is the level at which identifiability is required for the country level values. 
 

 
Explicit imputation carries benefits in terms of transparency and data quality and should be the 
objective wherever possible.  However achieving this may depend on the political sensitivity of 
the indicator and the relationship between the agency and member states.  To command 
confidence and gain acceptance explicit imputation methods should be based on as thorough an 
empirical justification of the statistical properties as possible. 
 

Example:  The normal data sources from Unesco for I6: Net enrolment ratio for 
primary education, are the administrative records provided through the Ministry of 
Education in each country and the corresponding population estimates.  But the 
data-base held by UNSD shows no entries for large countries such as India, 
Indonesia and Nigeria.  Implicit imputations for these countries are made using 
alternative survey sources so as to support the regional and global estimates.  But 
these imputed values are not published by Unesco on the basis that they do not 
meet the normal criteria and standards of the published country level values. Nor 
would the values be recognised by each country.  When imputation is used for 
such large countries then it is important to undertake sensitivity analyses (see later 
section) to ensure that the regional estimates are reliable enough for use. 
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Suggestion 6:  Agencies should seek to establish explicit imputation methods where 
thorough empirical analyses can demonstrate that these are robust and methodologically 
sound.     
 
3.3 Patterns of Missing Data 
 
Different indicators have very different patterns of data availability across countries and across 
time judged by the data-base maintained by UNSD.  A small number of indicators have no data 
available and steps are still being taken by agencies to overcome this. 
 
At the other extreme there are indicators with extensive coverage both in terms of countries and a 
time series covering all years until perhaps 2000 or 2001.  Subsequent years will be added as the 
country indicator values become available.   
 
Between these two extremes there are indicators with extensive coverage of countries but for 
only specific years (e.g. 1990, 1995, 2000) or for one year within a short interval (e.g. coinciding 
with the 2000 Census round in which many countries produce data within a year or two of the 
target date).   
 
There are also indicators with only limited coverage by country and with occasional values for 
any one country.  These are usually indicators that depend upon survey data (MICS, DHS, WHS 
etc) that will only be available for a specific country when a survey is undertaken and this may 
be once in 5-7 years with different years for different countries.     
 
In reality the data sets held on the UNSD data-base for each indicator as described above have 
each been subject to different amounts of imputation before being deposited.  
 
3.4 Arriving at Country Level Indicator Values 
 
We consider first the process of generating country level indicator values for a specific year.  
The usual caricature is that for a particular country and particular year there is an administrative 
data source that directly supports the country’s indicator value or a set of survey data that 
provided the estimate through direct survey-based estimation.  While this may be generally true 
there are a number of examples where this is not the case.  For example definitions and 
classification standards may have changed and there is a need to provide consistency over time.  
In practice this means that the raw data are subject to varying amounts of ‘adjustment’ to meet 
the needs.   
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More relevant to the question of imputation is the case where there are a number of potentially 
conflicting sources that need to be reconciled in order to provide the best estimate for a particular 
year. 
 

 
 
Suggestion 7:  Whenever possible changes to standards or questionnaires over time should 
be allowed for so as to present consistent time series of indicator values.  
 
3.5  Imputation Principles 
 
A basic decision needs to be made about whether or not information from other countries should 
be used to support the imputation made for any country.  One might characterize inter-country 
dependence for imputation into three levels: 

 
1. No information is used from any other country.  Any imputation must depend solely on 

the information available from within the country in question.   
2. Certain relationships are established on a common basis across a group of ‘similar’ 

countries and these relationships are then applied to the country in question.  For example 
the ratio of the indicator value to an auxiliary variable may be estimated by using data 
from a group of similar countries (perhaps in a region or sub-region).  This ratio is then 

Examples:   
• The working definitions underpinning I30: Proportion of population with 

access to an improved water supply have changed over time (e.g. 
questionnaire changes from ‘spring’ to ‘protected spring’.  This has 
resulted in a need for careful analysis to ensure that the statistical series is 
consistent over time. 

• The same issue will apply to I19: Knowledge of HIV.  The emerging 
standard is to use an amalgamation of responses to five questions to arrive 
at the indicator measure but earlier surveys used only a sub-set of the 
questions. Considerable further analysis will be needed to map the earlier 
questionnaires onto the preferred version in order to try to provide 
consistency over time. 

• For some of the series in the UNSD data-base there are discontinuities 
because of changes in international classification systems that have not 
been retrospectively adjusted for (e.g. I6: net educational enrolment rate) 

Example:  Estimates of I13: under-5 child mortality rates can, in principle be derived 
from a range of different sources.  These may include censuses and surveys and from 
each source can be derived a retrospective time series of year-specific child mortality 
rates.  Hence for a particular year there are potentially conflicting child mortality rates 
from the different sources.  An algorithm is used to fit a piecewise trajectory through 
all of the data and hence to arrive at year-specific mortality rates.  One might think of 
this as a hybrid of estimation and imputation since, by using the retrospective 
information, the process arrives at mortality rates for years when no data were 
collected.  A valuable aspect of the approach is the integration of competing sources 
into the final estimate. 
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applied to the value of the auxiliary variable for the country and year in question to 
impute the missing value.  

3. The main variable of interest is imputed by pooling values in some way across similar 
countries within a region (for example the missing value is the average of countries with 
known values). 

 
For some agencies the principle that each country is an independent identifiable entity and 
indicator values should only depend upon data and relationships estimated from that country 
is paramount. This implies that the first approach is required and it helps to gain acceptance 
of the method with the countries concerned.  Also if inter-country comparisons are an 
important factor the statistical independence of the separate country estimates is valuable.   
 
However the amount of data within any one country with which to establish that relationships 
between variables are stable and reliably estimated is often sparse and the risk of introducing 
additional instability in the imputed values is real.  If approaches 2 or 3 are to be adopted 
then it is important that the method is demonstrated to be robust and to lead to defensible 
imputations for the countries concerned.  This implies the need for a framework in which the 
relative merits of any imputation method can be assessed and acceptable practices 
established.  In general current practices within agencies seem to have developed 
pragmatically and are often not based on a framework involving evaluation and comparison 
of alternatives.  

 
Suggestion 8:  Whenever imputation is used to address non-response, the method adopted 
should be based on as thorough an evaluation of alternatives as the available data will 
allow.  
 
3.6 Methods of Imputation (with time series data) 
 
This section addresses a commonly occurring situation when indicator values are available for a 
specific country for some years but not for the year of interest and some method is required to 
impute the missing value.  The time series may have different number of values for different 
countries and these may be for different years.   
 
Almost invariably the time series available will have a small number of values.  For some 
indicators there is an almost monotonic increase (or decrease) in values for each country whereas 
for others (e.g. youth unemployment rate) the values will rise and fall presumably driven by 
cyclic economic conditions. 
 
In some cases there are auxiliary variables that may be highly correlated with the variable of 
interest and which may be used to aid imputation. For example the youth unemployment rate 
may be strongly correlated with the overall unemployment rate and this may aid imputation.  
Note however that to be used in imputation the auxiliary variable must be available for the year 
in which the indicator value is missing.   
 
For a number of indicators current practice is to fit a simple regression model through the 
existing country data using time as an explanatory variable: 
 

dtdddt ety ++= 10 ββ   edt ~ N( 0, 2
deσ )    (3.6.1) 
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for country d and time t (t = 1,2,…   for successive years). The intercept, slope and error 
variance are all country specific and no information is borrowed from other countries.  The value 
for any missing year (t=T) is imputed from the model using the estimated values for the 
regression parameter.  If data series are approximately linear in time (and if the data series are 
short this may be a plausible approximation) then this approach may be perfectly adequate.  One 
advantage of using time as a covariate is that it is always available for predicting the missing 
value.  Clearly indicators that display cyclic patterns will not be suitable to this approach. 
 
From the OLS regression theory it is straightforward to investigate the accuracy of any predicted 
value (assuming the model is correct).  For illustration Figure 1 shows the variance for predicting 
year T+1 from a time series of length T.   
 

Fig 1: Variance for OLS prediction of missing value 
at t=T+1 for series of length T,  ó  = 1 
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The graph converges asymptotically to ó2, the variance of each point in the time series.  For a 
series of length 5 the variance of the predicted value is 2.1ó2 and increases markedly for shorter 
time series.  Agencies adopt different practices for different indicators.  For some the whole time 
series is used; for others two data points in narrow windows five years apart are chosen; for one 
indicator two data points are chosen but must be separated by at least 3 years.   
 
There is a loss of efficiency from using only two points (t=1 and t=T) rather than the whole time 
series if it is available to impute for t=T+1.  The equivalent graph to Figure 1 converges 
asymptotically to 2ó2 rather than ó2 and, for example, the variance of the predicted value using 
t=1 and t=5 to impute t=6 increases from 2.1ó2 to 2.63ó2.  Also if only two points are available 
(or are used) and linear interpolation applied then the linearity on t cannot be checked.  Clearly 
the further apart the chosen points are on the series the more stable will be the estimate of the 
regression slope (and hence the imputed value).  Ensuring that two data points are used at least 
three years apart reflects the need to ensure that the estimated slope is stable. But the further 
apart the two points the more susceptible is the imputation to any non-linearity on t of the 
underlying time series.   
 
Suggestion 9:  If linear regression on t is used for imputing missing values then as long and 
complete a time series as is available should be used (subject to ensuring that too long a 
series does not invalidate the assumption of linearity on t).  Diagnostic checks should be 
made on the model fit and the variance of the imputed value calculated. 
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The regression model (3.6.1) may be embodied in a multi-level model (Goldstein, 1995) fitted to 
data from a collection of similar countries.   
 

dtdddt etuuty ++++= 2110 ββ       (3.6.2) 

u1d ~ N( 0, 2
1σ ); u2d ~ N( 0, 2

2σ ); edt ~ N( 0, 2
eσ ); ϕi = 

2

2

e

i

σ
σ

  for i = 1, 2 

In (3.6.2) the fixed regression parameters â represent a common intercept and slope across the 
countries but the random terms u1d and u2d incorporate country specific random intercept and 
slope terms to modify the model for each country.  In practice the models may allow for random 
intercept or slope terms as seems most appropriate.  
 
Appendix 2 shows the results of fitting separate regressions and multi-level models to I11: The 
share of women in wage employment in the non-agriculture sector for a group of South 
American countries.  The analyses are for illustration only and the values for 2001 were omitted 
from the model fitting process so that the imputed values could be compared with those 
observed.   
 
In general the country specific values of the intercept and slope obtained through the multi-level 
model (3.6.2) will modify these parameters towards the common mean and slope compared with 
the completely separate country-specific regression models (3.6.1).  If there are countries with 
fewer observations in the time series, or if the time series has larger error variance then the 
modification away from the country specific regression model would generally be greater.  
Similarly if for a particular country there are only two or three observations in the time series and 
these are close together so that the estimated slope from the country-specific data is unstable 
(large variance) then the model parameters for that country will lean further towards the common 
mean and slope.  Thus countries with sparse data series will be modified relatively more and 
countries with complete time series relatively less.  The advantage of looking at time series for a 
collection of similar countries in this way is that: 

• Countries with relatively complete and incomplete time series may be considered 
together and the former will result in imputations that are closer to those that would 
arise from a separate country-specific analysis. 

• The framework allows diagnostic measures to support model selection and check the 
suitability of the model fitted. 

• Measures of precision of the imputed values (under the model assumptions) can be 
calculated. 

• By investigating such models (and omitting some known values for imputation) one can 
identify when the process is providing imputed values of an appropriate quality and 
build confidence in it. 

 
The models above have been described in terms of a simple linear regression involving time and 
if the country-specific time series show such a trend then imputation based on this approach may 
be adequate.  The same approach may be used with auxiliary variables that are measured for 
each country: 
 

dtddtddtdt euxuxy ++++= 2110 ββ       (3.6.3) 
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u1d ~ N( 0, 2
1σ ); u2d ~ N( 0, 2

2σ ); edt ~ N( 0, 2
eσ ); ϕi = 

2

2

e

i

σ
σ

  for i = 1, 2 

where xdt is the value for the auxiliary variable from country d and year t.  Auxiliary variables 
may provide particular support when the time series are erratic or show some sort of cyclic 
behaviour. 
 
Appendix 3 shows results for fitting multi-level models to net primary enrolment rates in 
Southern Africa.  One fitted model also includes the use of gross enrolment rate as an auxiliary 
(as well as time-related regression).  The disparity between countries in this example is much 
larger than in the previous example and the benefits of introducing the auxiliary variable are 
clear.  
 
The multi-level model framework can be extended in various ways: 

• The model has been described as a two level model for a set of countries (level 2) and 
time series observations within each country (level 1).  Suppose the countries were 
neighbours within a region or sub-region.  Data across regions could be incorporated by 
introducing a third level (region) and exploring the benefits accordingly. 

• The error terms edt have been treated as independent across time but in practice these are 
likely to exhibit some time related correlation structure which could be built into the 
model fitting process. 

• The level 2 random terms u1d and u2d may be correlated. 
• Most of the indicators are rates and especially if these are rather high (approach 100) or 

low (close to zero) then a logistic transformation will be more appropriate. The linear 
model would then be expressed in the logit of the indicator values and imputed values 
would have to be transformed back into the original scale.  de Onis et al (2003a) give an 
account of this in the case of estimates of underweight and stunting with countries 
providing time series with 2 or 3 values.  

 
In the case of most of the indicators that have time series observations the series are likely to 
contain few observations and simplicity is likely to be of prime importance.  However it is 
important to use imputation models that maximise the effective use of the data available and 
which can be checked diagnostically to ensure that the model used is consistent with the data.  
Whilst agencies may prefer the purity of the first approach described in section 3.5 (only using 
data from the country concerned) it is possible to evaluate the benefits of this within a wider 
framework when time series exist for each country. 
 
Suggestion 10:  A wide range of imputation models may be embedded within a single 
coherent framework using multi-level models.  This would allow the robustness of 
alternative models to be investigated empirically. 
 
3.7 Methods of Imputation (without time series data) 
 
For a number of the indicators there are, as yet, no established time series of data.  Countries 
may have only one observed value of the indicator and this may be for a year other than that 
needed. Also for indicators that depend on Census data (e.g. literacy) the gaps between censuses 
for a country may be so large as to invalidate any simple model based on linear trends over time.  
Only the most recent census may be judged to provide relevant information on the current 



 14

position so that, in effect, only one observed value is available. This lack of time series is a 
serious deficiency compared to the situation addressed in the previous section. 
 
For some indicators agencies use the (most recent) indicator value that is available for a country 
and treat it as applying to the year for which an imputed value is needed.  The implicit 
assumption is that the indicator value is likely to change slowly and the available value, albeit for 
another (close) year is an adequate proxy.  Without any way of estimating a trend this may be the 
best that can be achieved but it calls into question the estimates of change over time since future 
summary measures will still draw on the same data sources except for those (few) countries for 
which new information has become available.  Agencies wisely avoid producing annual regional 
and global summaries in this case preferring to report progress less frequently (say every 5 
years). 
 
With at most one observation per country there is a need to find an auxiliary variable which is 
well correlated with the indicator and which is available for the country and year in question if 
this is possible.  The relationship between the indicator and the auxiliary will have to be based on 
data from similar countries since there is no time series of country-specific data on which it may 
be based.  The potential to verify the underlying assumptions empirically is much weaker than 
for the case of time series. 
 

    
In the absence of any auxiliary information and having no time series of data from countries, 
methods are reduced to assuming that the country with missing data is similar to one or more 
neighbouring countries in an imputation group.  In this case the imputed value is simply the 
mean of the countries with data and the result is the same as basing the regional estimate on the 
countries with data only.  At this stage the imputed values depend so heavily on unverifiable 
assumptions that agencies prefer to restrict the regional and global estimation to countries with 
data. 
 

Example:  ILO have investigated using auxiliary information for key indicators of 
the labour market (Schaible, 2000 and 2002).  For example regression models 
have been investigated: 
 
Yd = âxd + ed  ed ~ N( 0, 2

eσ ) 
 
The parameter â is estimated from countries with data and imputation for the 
remainder depends on values of the auxiliary variable for the country in question.  
 
In effect the imputations are cross-sectional whereas for many of the Labour 
Market indicators time series are available but there is an intention to investigate 
the use of the time dimension also. 
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Suggestion 11: If no time series is available then a search for auxiliary variables that are 
highly correlated with the desired value and are likely to be available when the indicator 
value is not is needed.  As far as possible an empirical investigation of the robustness of the 
imputation method should be undertaken. 
 
Note that there are more sophisticated imputation practices that use auxiliary information but in a 
more complex way than described above. 
 

 
 
3.8 The Impact of Imputation on Time Series 
  
An additional consideration is the impact of imputation on time series.  If a single value is 
missing for year t and this is imputed then it is likely that the correlation structure between this 
year and adjacent years will be different from normal (unless special steps have been taken to 
allow for this).  The impact of this on estimates of change or trend will depend on the extent to 
which the estimation method makes assumptions about time series correlation structures.  Failure 
to incorporate (generally positive correlation structures) with adjacent years will generally inflate 
the variance of the estimate of trend.  In the context of introducing bias to the estimate of change 
or trend one may conjecture that the impact will be small.  By extension one may conjecture that 
when a small amount of imputation is made within a time series for a country the overall impact 
may be negligible.  But this conjecture is not based on detailed methodological analysis. 
 
Of much greater likely importance will be the effect of repeated imputation within a time series 
so that the estimate of change between two years is based on imputed values at both times or the 
estimate of trend based on a regression analysis, for example, is based on a significant proportion 
of imputed values. 
 
If a regression model is used to impute a sizeable number of missing values and these values are 
then used, together with the genuine data, to estimate change or trend then the argument may be 
circular.  If the imputed values are taken as the value of the regression line for the year in 
question then they will precisely reflect the estimated regression line slope.  Subsequent 
estimates of change or trend will generate the same figure.  Hence the estimate of change or 
slope will be just like estimating the slope of the regression line from the data available and 
applying it to the period required.  If the model is correctly specified the process will be 
unbiased.  However the associated measure of uncertainty will be too small since the regression 
package will treat the original data and imputed values as genuine and will assume that more 
data points are available than is so.  Also the variance of the imputed values will be smaller than 
the original data (since the imputation is based on the mean value of the fitted regression) and 
this too will reduce the estimated error.   
 

Example: Estimates of I1: poverty are based upon surveys that are repeated 
infrequently in any country.  From the year of the survey estimates of consumption 
and parameters of inequality are produced together with the relationship with more 
frequently available measures such as GNI per capita.  When imputation is 
required for a non-survey year the appropriate value of GNI per capita from the 
non-survey year is used in conjunction with the distributional measures from the 
survey year to impute the proportion of the population below the poverty 
threshold.  
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The obvious way to avoid some of the problems is to base the estimate of trend on the regression 
line fitted to the original data only.  This is possible if the slopes are fitted separately for each 
country in the region and these slopes (or year-to-year change estimates) are then weighted to 
give a weighted regional estimate of change or slope (see section 4.6 below).  However if the 
regional and global estimates of change or trend are derived from the regional or global estimates 
of level directly then these will incorporate imputed values for different countries for different 
years.   
 
Another way to ameliorate some of the effects is to impute country level indicator values in 
which is deliberately introduced an element of additional error.  For example suppose a 
regression line is fitted through a time series.  Instead of imputing fitted values as the point on 
the line corresponding to the required year, to this is added a random error derived from the error 
variance of the fitted model.  That is a random variable generated from ed ~ N( 0, 2

eσ ) is added.  
Given that the estimation of change or trend is so important for the users this may be a wise 
precaution but countries (for whom the imputed value in a particular year is an identifiable value 
under explicit imputation) may have difficulty in accepting that their country value should 
include a random error component .  
 
A full investigation of the impact of multiple imputations on the estimates of change or trend for 
time series is beyond the scope of this report.  The full impact would depend on the statistical 
properties of the imputation method and the interaction between these and the estimation method 
for change or trend.   
 
Tentative immediate guidance: 

• The consequences of multiple imputations will depend on whether measures of change or 
trend can be treated as weighted sums of the country level measures (see section 4.6) and 
the underlying model is a regression on time.  In this case estimates of change or trend 
based on the original available data (checked to see that the underlying linearity is still 
plausible for the period in question) may be the best option. Some sensitivity analyses, 
(see section 4.10) are strongly recommended. 

• For other situations the impact of multiple imputations on estimates of change or trend 
needs to be considered carefully.  Where possible imputed values that incorporate a 
random error term may help but may be unacceptable to countries.  However sensitivity 
analyses that included imputed values with additional variation (and an element of 
additional variation to reflect the fact that any fitted model is unlikely to be true) are 
needed (see section 4.10). 

 
There are situations where any estimate of change or trend seems problematic.  A case that 
currently occurs in practice is where some indicator values are imputed year after year with no 
new data by extending a linear or logistic regression by one additional year and calculating the 
expected value on the regression line.  Subsequent years are added in the same manner.  In effect 
a recent measure of change or trend for the country is not based on any new data.  This procedure 
is too model-dependent for comfort and there is no chance to check the current relevance of the 
model assumptions empirically.  If this applies to a significant proportion of the regions 
population it would be better not to present the result as a new estimate of change or trend but to 
state that ‘insufficient new data is available to assess the most recent trend but on the basis of 
earlier data the previous trend was estimated as X’.   
 
Suggestion 12:  Considerable care should be taken when estimating change or trend based 
on time series in which repeated imputation for different years has taken place.   
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4 Aggregation for Regional and Global Estimates 

4.1 General Approach 
 
Most of the MDG targets are expressed in a way that clearly indicates the type of regional and 
global summaries needed: for example to halve between 1990 and 2015 the proportion of people 
whose income is less than one dollar a day.  A regional or global estimate of the proportion of 
people below this income level requires a weighted aggregation of the country indicator values 
that are themselves proportions.   
 
Hence YR,T the rate for the region R at time T is: 
 
YR,T  =  ∑

∈Rd

 Yd,T wd,T /  ∑
∈Rd

wd,T,      (4.1.1) 

 
        = ∑

∈Rd

Yd,T µ d,T. 

 
where Yd,T  is the corresponding rate for country d and year T, wd,T  is the weight for the country 
and µ d, T = wd,T  /  ∑

∈Rd

wd,T. 

 
Indicators that are rates or proportions 
 
For almost all of the indicators that are rates or proportions the natural value for wd,T in (4.1.1) is 
the denominator used in the country’s rate Yd,T  .  However there are exceptions (see counter-
intuitive examples below). 
 



 18

    
 
Indicators as ratios of rates or proportions 
 
Some indicators are not rates but ratios of rates or proportions: for example I10 the ratio of 
literate female to male 15-24 year olds.  In general these indicators cannot be simply weighted 
together using a population weight such as the number of 15-24 year olds.  The proper way to 
develop a regional estimate for these is to generate weighted estimators of the numerator and the 
denominator separately and then calculate the ratio of these.  For I10 the numerator weights 
should be based on the population size of 15-25 year old females and the denominator weights 
should be based on males. 
 
YR,T  = { ∑

∈Rd

Ydf,T wdf,T /  ∑
∈Rd

wdf,T  }/ {  ∑
∈Rd

Ydm,T wdm,T /  ∑
∈Rd

wdm,T  }, (4.1.2) 

 
where the subscripts f and m denote females and males respectively. 
 
However, if the ratio of 15-24 year old females to males is essentially the same in each country 
then the bias of the simplified method will be negligible.     
 
Suggestion 13:  Agencies should review the choice of weights for regional and global 
estimation. 

Counter-intuitive examples of weight choice:   
• I39 is the average tariff imposed by developed countries on various 

products produced by developing countries.  Here the global ‘average 
tariff’ is aggregated across developed countries and the ‘natural’ weight 
would be the volume of trade from developing countries in the particular 
product for each developed country.  The difficulty is the direct link 
between the level of tariff and the weight (endogenous weights).  If a 
country imposes very high tariffs on a particular product then this will 
inhibit trade flows from developing countries resulting in a lower weight 
being applied to that developed country in the global average.  As a result 
the global average will be lower.  The solution here is to use the flow of 
trade to all developed countries to derive a weight that is not endogenous 
to the tariff. 

• The same sort of issue can arise in other contexts.  For example if 
countries’ infant mortality rates (I14) were weighted by the number of 
children alive at age one rather than the number of live births then the 
result would be to reduce the weight on countries with high infant 
mortality weights. 

• A different issue arises in the case of I12 the proportion of women in 
national parliaments where the correct denominator for each country’s 
indicator is the size of the national parliament.  But using this as a weight 
for regional and global estimates does not lead to an appropriate estimate 
of female participation. A greater weight is given to the female proportion 
in Britain rather than India, for example, because the size of the British 
Parliament happens to be larger than India’s.  If the issue is female 
representation then a better weight would be the population (perhaps the 
adult and hence voting population) of each country.           
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4.2 Impact of Weights 
 
The measures of size such as population numbers in particular age categories are used in two 
ways:  

• as the denominator in the rate or proportion to yield the country level indicator and, 
•  as the weight for combining the country values into a regional or global estimate.  
 

The importance of the accuracy of the size measure is different in the two uses: 
• In the first an overestimate or underestimate of the size measure of, say 2%, translates 

directly into a bias of a similar magnitude for the country indicator (unless the country 
rate or proportion is estimated from a survey in which the numerator and denominator of 
the proportion are highly correlated so that deviations in the numerator and denominator 
will be in the same direction and the ratio relatively unaffected).  For some indicators a 
bias of 2% could be a significant deviation in the national time series.   

• In the second use the size measures are used as relative sizes in order to determine the 
mixing proportions of the country values in the regional estimate.  In terms of variance 
small deviations are unlikely to be material to the regional estimate.  Similarly a 
deviation of 2% in a country weight will have a much smaller impact on bias for the 
regional estimate.   

 
4.3 Global Estimates 
 
The standard Global estimates are calculated in the same way as described in the previous 
section.  However there is one issue on which practice varies between indicators, even within the 
same agency.  This is the role of the regional estimates and corresponding weights in the 
calculation.   
 
For some indicators equation (4.1.1) is applied to all of the countries in the world for which 
indicator values are available (method 1). For others the regional estimates are compiled and 
these are then combined together using (4.1.1) with regional weights to produce the global 
estimate (method 2).   
 
YG,T   =    ∑

R

YRT wR,T /  ∑
R

wR,T      (4.3.1) 

 
where wR,T are the regional weights analogous to country weights used previously.   
 
If indicator values are available (or have been imputed before aggregation) for every country 
then the two approaches yield the same value.   
 
When some country values are missing and have not been imputed some agencies base the 
regional weights wR,T  on the size measures for the responding countries only whereas other 
agencies calculate wR,T  using size measures for all countries in the region (including those with 
missing data for the indicator).  If the former approach is used then method 2 will yield the same 
result as method 1.  The question is whether, when a global estimate is made, missing countries 
should be implicitly imputed by using the global average of all countries (method 1 and method 
2 with regional weights reflecting responding countries) or that missing countries should be 
implicitly imputed using their regional estimate (method 2 with regional weights that include 
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size  measures for missing countries).  One would imagine that the latter is preferred in most 
situations.  
 
Suggestion 14:  Global estimates should be based on the regional estimates with regional 
weights reflecting all countries in the region (both responding and non-responding 
countries). 
 
4.4 Measures of Change or Trend 
 
Like many official statistics that are regularly produced much of the attention paid to the MDG 
indicators is focussed on change over time (what progress has been made and will the targets be 
achieved by 2015?).  Formally there are a number of ways of expressing change (e.g. simple 
difference between two years, or the same expressed as an annual rate of change, each of these 
expressed as relative change, estimates of trend such as from a regression model, compound 
growth rates or the logarithmic equivalent).  Many of these measures can be transformed into 
others and the choice is probably not too important so long as it is absolutely clear which is 
presented.   
 
Given that the MDG report collects together the latest picture on all of the indicators there may 
be some merit in consistency from the users’ perspective.  If only one or two measures are used 
and there are clear criteria for which is presented in any case this would be helpful.  The World 
Bank (World Development Indicators, 2003) presents a useful summary of measures in the 
chapter on Statistical Methods.  
 
Suggestion 15: Given that UNSD is responsible for compiling the annual reports it could 
prepare recommendations on how to present change after consulting with other agencies.   
 
The issues raised in the remaining sections of this report are relevant whatever measures are used 
to present change.   
 
4.5 Consistency of Responding Countries 
 
The regional or global estimates for any year T need to be as accurate as possible and based on 
all of the available data.  But this implies that the simple comparison of the estimates for years T1 
and T2 may be based on different sets of responding countries.  If this is so then any apparent 
change over time may simply reflect the different composition of countries available for each 
period.  The underlying measure of change needs to be separated from this compositional 
difference. 
 
When there is a high level of overlap between the countries represented one approach could be to 
omit countries from the estimation of change so that the comparison is based on the same set of 
countries.  Alternatively, if imputation is a viable and robust option, the missing values could be 
imputed and estimates of change calculated including the imputed values in the calculation.   
 
Suggestion 16:  Estimates of trend or change should be based on consistent sets of countries 
(perhaps involving imputed values for missing values – see later sections). 
 
4.6 Choice of Weights 
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Estimates of change ∆  T 1
, T 2

 between years T1 and T2 may be defined at the national, regional 
or global level.  For example: 
 
∆ R , T 1

, T 2
 = YR,,T 2   – YR,,T1 .         

 
     =  ∑

∈Rd

Yd, T 2
 wd, T 2  /  ∑

∈Rd

wd, T 2  -  ∑
∈Rd

Yd, T1
 wd, T 1  /  ∑

∈Rd

wd, T1
(4.6.1) 

 
Similarly annualized change  ∆  T 1

, T 2
 / (T2- T1) may be defined.  

 
Now almost all of the MDG indicator series call for national statistics that incorporate a 
changing population structure over time.  For example the proportion of people below a poverty 
threshold will be changing because of changes to household income (expenditure, or 
consumption) but also because the population size itself is changing.  Indeed over a period of 15-
20 years fertility rates in many developing countries imply very significant population growth.  
Hence the denominator implicit in Yd,T at different years T will properly reflect this change.  
When producing the aggregate measure YR,T it is natural and proper to use the population weights 
wd,T  and hence the relative proportions µ d, T relating to year T.   
 
It is less obvious whether the weights w j,T (and hence µ d, T ) used to produce the aggregate 

measure of change ∆ R ,T 1
,T 2  for a region or the whole world should change with time.  The 

measure of change ∆ R ,T 1
,T 2

 may be decomposed as follows: 
 
∆ R ,T 1

,T 2
= ∑

∈Rd

 (Yd, T 2
 - Yd, T1

)( λ µ d, T 2 + (1- λ  ) µ d, T1
 )   

                         +  ∑
∈Rd

 ( µ d, T 2  - µ d, T 1
) ((1- λ )Yd, T1 + λ  Yd, T 2

).  (4.6.2) 

for any value 0 ≤≤ λ  1. 
 
The measure of change is thus a composite measure involving both the change in Y over time 
and the change in weights.  It is possible for every country to show a positive change and yet the 
regional or global estimate to be negative simply because of the change in composition in the 
region or world between the two periods.  Since the weights µ d, T simply provide the linear 
combination of the country measures it is arguable that these should be held constant between T1 
and T2 so that the second term in equation (4.6.2) is made zero.  The first term in equation (4.6.2) 
is arguably a better measure as an index of change since it represents a linear combination of the 
country changes.   
 
The same rational may be applied when the national measures are economic and measured in the 
local currency and these have to be converted to a common basis using PPP conversion for 
example.  It may be argued that a constant value of PPP conversion should be applied to all 
values in local currency whatever the time period to which they apply. 
 
There still remains the choice of λ  and values of 0 or 1 would use the weights for one of the 
reference years only.  A value of λ = 1 would seem natural since countries would contribute to 
the regional estimate in proportion to the latest measure of size.  
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Note that the same principles apply to estimates of change based on, for example, the regression 
slope coefficient obtained from a regression through a time series using t as the explanatory 
variable.  If the same weights are used for each country throughout the time series of regional 
estimates then the regionally computed regression slope (based on the regional estimates of the 
indicator values) is a linear combination of the national computed regression slopes.  If the 
weights change throughout the time series then this is not the case.  
 
Suggestion 17:  Consideration should be given to calculating the fist term in (4.6.2): that is 
using constant weights as a measure of change (see later section). 
 
4.7 Consistency of Regional and Global Estimates of Level and Change 
 
A measure of change based on the first term in equation (4.6.2) implies that this is not 
arithmetically equal to the difference between the measures of level in the two years.  The same 
is true if in section 4.5 countries that do not have a value for one of the years are omitted from 
the estimate of change.   
 
There are clear presentational difficulties here for users.  If change was the only concern then 
change could be presented through a time series of change estimates (or equivalently as an index 
of change, for example based on 100 for 1990).  But there is interest also in the level.  Has the 
proportion of people below the poverty level yet fallen to one half of the value in 1990?  An 
index of change (or a series of change estimates) based on the first term in (4.6.2) could fall to 
below 50 and yet the proportion of people in poverty not fall below half of the 1990 figure 
simply because of the compositional change.  Hence the latest estimate of level and the latest 
estimate of change are both of interest.   
 
In practice the latest regional or global estimate of level is presented together with the time series 
of previous estimates and there is a natural tendency for users to interpret the change in levels as 
the estimate of change.  One could avoid this by graphical rather than tabular presentation of the 
time series.  Alternatively the estimate of change would need to be very clearly highlighted and 
the arithmetic inconsistency explained.         
 
Suggestion 18:  Given that successive estimates of level and of change (or trend) may be 
arithmetically inconsistent, appropriate estimates of change (or trend) should be estimated 
(rather than simply using the default of the time series of estimates of level) and 
consideration should be given to the most effective form of presentation for change or 
trend.  
 
4.8 Revisions 
 
In principle indicator values derived for each country from directly observed data should not 
require revision.  However there may be circumstances (for example a revised set of population 
estimates that provide the denominator of the indicator) where revision is appropriate.  As well 
as affecting the country indicator value, revised population values will affect the relative weights 
used in compiling the regional or global estimates. 
 
However, in addition, there is the issue of revising any country value that has been imputed.  If 
in year T no country level indicator value is available then the imputation will depend on 
previous years and/or other countries or auxiliary variables for year T.  If a more recent 
observation is made in a later year (e.g. a new survey in T+1 or T+2) then there is a strong case 
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for revising the imputed value in the earlier year to take account of the new information. 
Revisions of imputed values would affect estimates of change as well as level. 
 
Additionally if estimates of change (or trend) are based on a constant (say latest) set of weights 
(see section 4.6) then in due course when a new set of weights is used this will imply a revision 
to the estimates of change (or trend).  
 
Suggestion 19:  Revisions to country indicator values and to regional and global estimates 
should be considered when new data becomes available.  The presentation of revised 
estimates of level or change will need careful consideration. 
 
4.9 Diagnostic Measures 
 
The regional aggregates for level (equation 4.1.1) and change (equations 4.6.1 and/or 4.6.2) will 
be dominated by the national rates (and changes) for the larger countries.  In a region that 
contains China or India for example smaller countries may have national estimates of level or 
change that are quite different and these will have little impact on the regional estimates. 
Similarly the variance of the regional statistics will tend to be dominated by the largest countries 
because of the impact of the weights squared 2

,Tdµ .  For the regional estimate of the level for 

example: 
 
V(YR,T ) = ∑

∈Rd

V(Yd,T ) 2
,Tdµ . 

 
 
This raises the question of what diagnostic checks (or alternative regional and global measures) 
may be desirable.   
 
Impact of Large Countries 
 
For regional estimates of both level and change it would be advisable to recalculate the measure 
excluding any very large country.  This would provide a simple measure of the extent to which 
the regional summary was dominated by the large country. 
 
Additionally, however the issue of measuring change raised in section 4.6 is decided, the two 
components of change separated in equation (4.6.2) should be calculated as diagnostic measures 
to inform any interpretive text that is written in connection with the regional and global 
measures. 
 
Suggestion 20:  Diagnostic measures of the impact of large countries and the effect of 
compositional change should be regularly produced. 
 
Summarising all Countries’ Performance 
 
It may be argued that some sort of summary measure of the number of countries contributing 
significantly to progress would be appreciated by users.  This would reflect the fact that although 
the targets are expressed at the global level there is a political expectation that all countries will 
contribute to achieving them. 
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Hence additional analyses that are focussed on country progress regardless of size could be 
considered.  One approach would be to calculate unweighted summary measures (wjt = 1 in 
equations 4.1.1, 4.6.1 or 4.6.2).  This would treat all countries equally but may be an unappealing 
summary measure.   
 
Preferably one could calculate the distribution of country values of level or change.  For example 
if the regional estimate of change was -1.5 then a simple count of the number of countries in 
appropriate intervals [-4, -3, -2, -1, 0, 1] would reveal a good deal about the general contribution 
to progress that countries collectively are making.  The same approach could be used on country 
estimates of level (e.g. if the regional life expectancy was 57 years then a distribution of country 
life expectancies within the region would be very informative).  Even if this information was not 
always presented systematically it would be useful to inform the text that is written to interpret 
the summary measures.  Moreover when particular indicators are chosen as the focus of a 
specific annual report then distributional measures could be usefully presented.  
 
Suggestion 21:  Consideration be given to summarizing the distribution of country values 
of level and change. 
 
4.10  Imputation Diagnostics and Publication Thresholds 

Agencies have various publication ‘threshold’ rules of the kind ‘a regional estimate will not be 
published unless indicators are available for countries covering at least X% of the regional 
population’.  The value of X varies across agencies in the range 60-80%.   
 
The perennial question of the level of coverage at which no estimate should be published has no 
straightforward answer and certainly no simple rule of thumb.  The method of imputation will 
affect its reliability and hence the level of imputation that one might tolerate before having 
concerns about the regional or global estimates.  For example imputing the life expectancy at 
birth for a country with an existing time series of previous figures will generate much greater 
confidence in the imputed value than if there is no such historical series. 
 
The major concern about imputation is whether the underlying assumptions are wrong and as a 
result the imputation leads to bias.   
 
A common approach is to try to examine the sensitivity of the regional estimate to plausible 
levels of bias in the imputed value.  Consider the regional estimator:  
 
YR,T  =  ∑

∈Rd

Yd,T wd,T /  ∑
∈Rd

wd,T, 

Suppose that an imputed value is used for country D.  The various approaches set out in section 
3.5 will lead to imputations which, under the model assumptions on which the imputation is 
based, will have an estimate of error that can be estimated.  
 
For example for predicting a missing value using OLS regression  
 
Y = X +β Σ ,    V( Σ  ) = 2σ I      (4.10.1) 
 

V(
∧

tY ) = (x T
t (XTX)-1xt + 1 ) 2σ ,             (410.2) 
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where xt is the vector of regressor variables at time t.  If time (t = 1,…,k) is used as the regressor 
variable then the expression simplifies further. 
 
Alternatively consider if a country value is imputed as the mean of n other countries’ values 
then: 

V(
∧

DY ) = 2σ (1+
n
1

), 

where the variance term 2σ is the between country variance and will generally be much larger 
than the variance of time series observations in (4.10.2).  
 
For imputation based on multi-level models an estimate of Mean Square Error of the imputed 
value can be estimated although the expression is complicated (see Prasad and Rao, 1990 and 
Moura and Holt, 1999).  
 
Any of these estimates of imputation error may be a starting point for thinking about the range of 
plausible values that the country indicator value may actually take.  But these ranges must be 
treated with caution since they are all based on the underlying imputation model assumptions 
which may not be true.   
 
In cases where the imputation is based on a stable time series and there are no known significant 
changes in the country (e.g. no drought, civil disturbance or major policy changes) then the range 
itself may cover the plausible values.  In effect the imputation method is assumed to be 
approximately unbiased and the problem is reduced to the additional contribution to variance for 
the regional estimate and this is unlikely to be so severe as to lead to suppression of the estimate. 
 
But where there are major changes in the conditions in the country or the imputation method is 
based on underlying assumptions that are less testable, the uncertainty range may need to be 
widened to test the sensitivity of the regional or global estimate against more diverse ‘plausible’ 
values.  For example the plausible values for average life expectancy for a country for which 
little is known may be very wide indeed.  Knowledge of the country, subjective judgements 
about levels of infant and child mortality etc. may be needed to ‘guesstimate’ plausible values of 
the indicator.   
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Once the range of plausible values is arrived at one may investigate the sensitivity of the regional 
(or global) estimate of level or change.  Clearly the regional estimate will be more sensitive to 
imputed values for countries that make larger weighted contributions to the regional estimate.  
The assessment of the possible impact of imputation will need to take account of the variance of 
the regional estimate itself and the size of any particular bias in relation to the standard error.  
Additionally it must take account of the substantive importance of any potential bias.   
 
For example, an annualised estimate of change may be +3.7 and the sensitivity analysis may 
suggest that this could be affected by 0.5 (3.2, 4.2).  If however the estimated estimate is 0.25 so 
that the impact of the imputation may alter the sign then the substantive implication of this may 
be much greater.   
 
Investigating the sensitivity of the regional estimates to imputation requires a careful approach 
and in particular assessing the possible combined impact of several imputed values on the 
regional indicator value.  But there should be no reason to repeat this every year when estimates 
are produced.  Once confidence is established in the estimation under ‘normal’ conditions there 
should be no need to repeat the study unless the non-response pattern or the method of 

Example:Primary Net Enrolment Rates for Some African Countries 
 

90 91 92 93 94 95 96 97 98 99 00 
Botswana 94.1 96.8 96.1 95.3 94.6 83.4 …   83.4 83.6 84.3 
Bk Fasso 25.7 26.3 27.3 28.5 30.0 … … … 33.7 34.6 35.5 
Malawi 49.0 … 53.7 66.8 100.1 … … 102.0 … … … 
Moz'bique 48.3 45.6 43.2 41.4 41.9 43.5 … … 45.7 50.1 54.4 
Namibia 86.3 … 88.7 … 89.3 89.3 87.9 … 80.5 79.7 81.6 
Rwanda 66.9 77.1             95.5 97.3  
S Africa 89.4 91.5     97.0 98.2 …   95.2 94.7 88.9 
Swazil’d 89.2 91.5 94.8 95.3 97.7 100.1 97.5   94.5 92.8 92.8 
Tanzania 49.4 48.6 48.5 47.6 46.3 46.0 46.1 46.5 46.1 46.7 46.7 
Uganda            
Zambia 80.1 ...   75.0 72.7   68.6 66.4 65.5 
Zimb’we 89.2 ... ... ... ... ... ...   80.2 79.6  

 
Suppose that no value was available for 2000 for Botswana or Tanzania.  On the 
assumption that there was no major disruption or policy change in that year, plausible 
values for the missing figures would appear to lie in quite narrow ranges.  In the case 
of Rwanda one would need to know more about what had led to the major changes 
during the decade and this would have a bearing on the range of values that might be 
plausible for 2000.  The even more dramatic changes in Malawi are said to be related 
to policy changes.  In Uganda there is no information and judging on the variability in 
other countries and without additional information about Uganda a plausible value 
could be anything in the range 30-100.  However gross enrolment rates for Uganda in 
1994-6 are reported at about 70 and the ratio of net to gross rates across all the 
countries is generally about 0.7-0.8 (range 0.6 – 0.94).  If there has been no major 
change in Uganda since 1994-96 then a plausible range may be (0.4 – 0.65).  
Typically the weaker the imputation base the wider the range of plausible values and 
the greater the impact of the sensitivity analysis on the regional estimate. 
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imputation changes appreciably.  However the existence of significant change and hence the 
possible need to repeat the evaluation should be kept under review.   
 
Measures of Change: Additional Comments 
 
Suppose that a measure of change is based on the difference between two reference years. The 
potential impact of imputation on measures of change must take account of imputation in both 
years.    
 
A particular concern is where the indicator values for any country are measured infrequently 
(dependent on a Census or household survey for example) and hence the large majority of years 
will require imputation.  Also if change is measured between any two relatively close reference 
years then for a large number of countries there will be no genuine additional data.  Imputation 
methods may provide a value, and if the imputation is based upon a model that guarantees 
progressive growth (or decline) then the apparent estimates of change will seem smooth and 
plausible.   
 

  
 
Suggestion 22:  Sensitivity analyses should be used to explore the robustness of regional 
and global estimates to imputation. 
 
4.11 Calculating Measures of Uncertainty 
 
It is good practice to provide a measure of uncertainty (standard error or confidence interval) 
with any estimate and regional or global estimates should be no exception.   
For the regional estimate of the level for example: 
 
V(YR,T ) = ∑

∈Rd

V(Yd,T ) 2
,Tdµ . 

If there are observed values for each country (no imputation) and there are estimates for the 
country level variances V(Yd,T) then the variance (or associated confidence interval) is easily 
computed.  Similarly measures of change (differences or trends) will have associated measures 
of uncertainty.  For indicators based on survey data a measure of variance for the country 

Example:  Currently estimates of literacy are based on a logistic model fitted 
to previous census data.  The consequence is that imputed values demonstrate 
smooth regularity of increased literacy even where there has been no new 
census data for many years.  Nothing has changed (in the sense of having new 
data) since the previous reference year and the apparent improvement is 
simply a consequence of the model.  It would be better not to report this but 
instead to use a form of words such as ‘No new evidence on which to base 
literacy improvement is available.  Analysis based on earlier data suggested a 
growth of X but this cannot be confirmed or updated’.   Note that alternative 
measures of literacy that may be based on survey measurement are under 
development  
 
The same may apply when data is available from surveys for a set of countries 
that are different from those available in the previous period so that no direct 
estimates of change are available. 
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indicator value is usually computable.  For indicators based on administrative data this is not so, 
but in this case time series often exist and an approximate measure of uncertainty may perhaps 
be derived from the estimate of error obtained from the time series model.     
 
As a minimum a confidence interval based on the observed data should be calculated.  de Onis et 
al (2003a) provide an account of estimating confidence intervals when fitting logistic regression 
models.   
 
However methods based on the countries for which data is available will not take account of the 
additional uncertainty generated by imputation.  This is a complex technical issue to handle 
properly but an approximate approach would be better than nothing.  When a country indicator 
value is imputed then the methods used (e.g. time series based on country data only, a multi-level 
model or a regression model using an auxiliary variable) may be used to provide a measure of 
uncertainty for the imputed value. Similarly the sensitivity analyses will provide some sort of 
empirical measure of the effect of imputation on the regional or global estimate.      
 
Additionally consideration is needed about how to present the uncertainty as an integral part of 
the statistical presentation of the indicator values.  de Onos and Blossmer (2003b) provide a 
useful illustration of the graphical presentation of time series of regional estimates of level for 
child growth that incorporate measures of uncertainty. 
 
Suggestion 23:  Wherever possible a measure of uncertainty (e.g. a confidence interval) 
should be calculated and presented in association with each regional or global estimate.  
When appreciable use of imputation is made then the impact of this on the measure of 
uncertainty should be assessed.  
 
4.12 Sparse Data Series 
 
Section 2.1 referred to the fact that a number of indicators depend upon household surveys that 
are conducted periodically in any country.  In a period of 5 years for example the countries for 
which new data becomes available may be only a small proportion of all the countries on the 
world and these countries will tend to be different to the countries for which data was available 
previously.   
 
The new data, taken in conjunction with earlier data may give an improved measure of level for 
regions or the world but the question of estimating trend or change without any repeated 
measures in a reasonable time period is a major difficulty.  This is so even if estimates of change 
or trend are restricted to 5-yearly intervals for example. The search for auxiliary variables that 
are well correlated with the variable of interest and are available for years of interest may 
provide some help but it is likely that for a substantial number of indicators no reliable estimates 
of change or trend will be possible.  The next round of MICS surveys, for example, will not 
produce data in time for the milestone report due in 2005. 
 
While each lead agency is aware of the problem and there have been considerable steps taken to 
increase the number of surveys this general issue is a serious concern for the international 
statistical agencies collectively.  It is likely that users will expect a more comprehensive picture 
of progress than the current data base will allow and failure to meet this expectation is likely to 
reflect badly on the statistical community.   
 
It is difficult to know how this issue can be addressed but two suggestions are offered: 
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• The future data collection plans related to each indicator should be set out so that it may 
be seen where estimates of change or trend are likely to be inadequate. 

• Many of the surveys are thematic in nature and collect the data required for one or more 
MDG indicators in conjunction with additional (more detailed) information related to the 
same theme. One wonders whether there is room for a more co-ordinated approach (in 
terms of countries covered, year of survey and collection of essential MDG indicator 
data) so that the total coverage and regional and global estimates of level and change 
would be improved. 

 
Suggestion 24:  All agencies to consider the future pattern and content of survey data 
collection to identify inadequate data sources for future estimates of change or trend in 
particular.  Additionally that consideration be given to the possibility that even greater co-
ordination of data collection would permit the coverage of the regional and global estimates 
to be improved for more MDG indicators.  
 
5 Summary of Suggestions 
 
Suggestion 1: That for each indicator, the lead agencies review the available documentation on 
the methods employed to generate country level indicator values, including methods of 
imputation or modelling for missing figures and subsequent production of regional and global 
estimates and that a brief, clear description be provided to UNSD for publication on the 
millennium indicator data-base citing further references as appropriate (section 2.1). 
 
Suggestion 2:  That as far as possible, and subject to protecting the confidentiality of the original 
respondents, surveys should be funded and conducted with the intention that the micro-data 
should become available for legitimate use as soon as possible after each survey is completed 
(section 2.1).  
 
Suggestion 3:  All presentations of regional and global estimates should clearly identify the year 
or period to which they apply(2.4). 
 
Suggestion 4: All agencies present regional estimates to the same agreed regional classification 
system (section 2.5). 
 
Suggestion 5:  If deliberate imputation is applied the choice of countries to form an imputation 
group requires judgement.  Wherever possible it should be explored through data analysis (see 
later suggestions) (section 3.1). 
 
Suggestion 6:  Agencies should seek to establish explicit imputation methods where thorough 
empirical analyses can demonstrate that these are robust and methodologically sound (section 
3.2).     
 
Suggestion 7:  Whenever possible changes to standards or questionnaires over time should be 
allowed for so as to present consistent time series of indicator values (section 3.4).  
 
Suggestion 8:  Whenever imputation is used to address non-response, the method adopted should 
be based on as thorough an evaluation of alternatives as the available data will allow (section 
3.5).  
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Suggestion 9: If linear regression on t is used for imputing missing values then as long and 
complete a time series as is available should be used (subject to ensuring that too long a series 
does not invalidate the assumption of linearity on t).  Diagnostic checks should be made on the 
model fit and the variance of the imputed value calculated (section 3.6). 
 
Suggestion 10:  A wide range of imputation models may be embedded within a single coherent 
framework using multi-level models.  This would allow the robustness of alternative models to 
be investigated empirically (section 3.6). 
 
Suggestion 11: If no time series is available then a search for auxiliary variables that are highly 
correlated with the desired value and are likely to be available when the indicator value is not is 
needed.  As far as possible an empirical investigation of the robustness of the imputation method 
should be undertaken (section 3.7). 
 
Suggestion 12:  Considerable care should be taken when estimating change or trend based on 
time series in which repeated imputation for different years has taken place (section 3.8).   
 
Suggestion 13:  Agencies should review the choice of weights for regional and global estimation 
(section 4.1). 
 
Suggestion 14:  Global estimates should be based on the regional estimates with regional weights 
reflecting all countries in the region (both responding and non-responding countries) (section 
4.3). 
 
Suggestion 15: Given that UNSD is responsible for compiling the annual reports it could prepare 
recommendations on how to present change after consulting with other agencies (section 4.4).   
 
Suggestion 16:  Estimates of trend or change should be based on consistent sets of countries 
(perhaps involving imputed values for missing values – see later sections) (section 4.5). 
 
Suggestion 17:  Consideration should be given to calculating the fist term in (4.6.2): that is using 
constant weights as a measure of change (see later section) (section 4.6). 
 
Suggestion 18:  Given that successive estimates of level and of change (or trend) may be 
arithmetically inconsistent, appropriate estimates of change (or trend) should be estimated (rather 
than simply using the default of the time series of estimates of level) and consideration should be 
given to the most effective form of presentation for change or trend (section 4.5-4.7).  
 
Suggestion 19: Revisions to country indicator values and to regional and global estimates should 
be considered when new data becomes available.  The presentation of revised estimates of level 
or change will need careful consideration (section 4.8). 
 
Suggestion 20:  Diagnostic measures of the impact of large countries and the effect of 
compositional change should be regularly produced (section 4.9). 
 
Suggestion 21:  Consideration be given to summarizing the distribution of country values of 
level and change (section 4.9). 
 
Suggestion 22:  Sensitivity analyses should be used to explore the robustness of regional and 
global estimates to imputation (section 4.10). 
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Suggestion 23:  Wherever possible a measure of uncertainty (e.g. a confidence interval) should 
be calculated and presented in association with each regional or global estimate.  When 
appreciable use of imputation is made then the impact of this on the measure of uncertainty 
should be assessed (section 4.11).  
 
Suggestion 24:  All agencies to consider the future pattern and content of survey data collection 
to identify inadequate data sources for future estimates of change or trend in particular.  
Additionally that consideration be given to the possibility that even greater co-ordination of data 
collection would permit the coverage of the regional and global estimates to be improved for 
more MDG indicators (section 4.12). 
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Appendix 1: Terms of Reference 
 
Specific Tasks 
 
a)  Identify and examine the methodologies used by agencies, especially within the context of the 
global exercise on MDG indicators, for 
 
i) estimating missing values at national or sub-national levels (if any) including the 

modelling techniques used; 
ii)  producing regional and global estimates through aggregation or otherwise including the 

importance of the system of weighting and the use of appropriate exchange rates, where 
applicable; 

iii) assessing the trends over time of these regional and global estimates. 
 
b)  Identify the regional and economic classifications used and examine the possibility of a 
harmonised set for reporting on MDG indicators to the UN General Assembly; 
 
c)  On the basis of the above, make recommendations to the Committee for the Co-ordination of 
Statistical Activities on the relative merits of the different methodologies and on the possibility 
of having a harmonised classification system for reporting on MDG indicators; 
 
d)  Produce a report for consideration by CSSA and present it to the next session of CCSA in 
September 2003.  
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Appendix 2:  Multi-level Model Imputation for South American Values of Women’s 
employment in the non-agricultural sector.  
 
The Data  

Table A2.1: Women’s employment share in the non-agricultural sector as a percentage of 
total non-agricultural employees. 

 
Year 

 Country 90 91 92 93 94 95 96 97 98 99 00 01 
 Argentina 37.3 36.6 37.8 38.9 38.1 39.9 39.6 39.6 40.9 42.1 42.6 42.9 

 Bolivia 35.2 34.5 34.9 36.8 35.3 35.9 36.9 35.2 36.3 36.6 36.5 36.4 
 Brazil 40.2 42.5 42.8 43 43.7 44.1 44.3 44.3 44.4 45.4 45.3 45.7 
 Chile 36.2 35.5 36.3 36.4 36.5 36.2 35.7 36.3 37.1 37.1 36.9 36.6 

 Colombia 39.9 40.6 44.4 44.6 43.6 44.9 44.7 46.1 47.1 47.8 48.8 49.1 
 Ecuador 37.3 39.4 40.6 40.3 40.2 40.3 39.8 39.6 41.2 40.7 40.2 41.4 

 Peru 28.9 30.7 28.3 30.8 28.8 30.5 31.4 32.5 33.5 35.5 33.3 34.6 
 Uruguay 41.9 41.6 43.2 43.2 43.1 43.4 43.9 44.3 46.3 46.3 46.4 46.5 

 Venezuela 35.2 35.7 35.7 34.7 35.7 36.7 37.4 37.8 37.8 38.3 38.9 39.6  
 
NB: 2001 figures were omitted from model fitting so that the imputed values could be compared 
with those observed. 
 
Models Used for Imputation 
 
Let ydt be the female wage rate for year t in country d.  The fitted models are: 

Model 1 :   Common linear regression across all countries. 

dtdt ety ++= 10 ββ  edt ~ N( 0, 2
eσ ) 

Model 2 :   Separate (intercept and slope) linear regressions for each country. 

dtdddt ety ++= 10 ββ  edt ~ N( 0, 2
eσ ) 

Model 3 :   Random intercept, separate fixed effect slopes for each country. 

dtdddt euty +++= 110 ββ  u1d ~ N( 0, 2
2σ ), edt ~ N( 0, 2

eσ ), ϕ1 = 
2

2
1

eσ
σ

   

Model 4 :   Random intercept for each country, common slope across countries. 

dtddt euty +++= 110 ββ  u1d ~ N( 0, 2
1σ ), edt ~ N( 0, 2

eσ ), ϕ1 = 
2

2
1

eσ
σ
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Model 5 :   Random intercept and slope for each country 

dtdddt etuuty ++++= 2110 ββ  

u1d ~ N( 0, 2
1σ ), u2d ~ N( 0, 2

2σ ), edt ~ N( 0, 2
eσ ), ϕi = 

2

2

e

i

σ
σ

  for i = 1, 2 

Table A2.2:  Estimated value female wage Rates, predicted random effects and  
  Mean Square  Errors (MSE) for imputed values for 2001. 
 

  Country 
  1 2 3 4 5 6 7 8 9 

Model True-
value 42.89 36.41 45.68 36.60 49.10 41.40 34.60 46.50 39.60 

Estimate 41.53 41.53 41.53 41.53 41.53 41.53 41.53 41.53 41.53 1 
MSE 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.21 20.21 

Estimate 42.71 36.80 46.09 37.00 49.44 41.04 34.72 46.88 39.04 2 
MSE 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 

Estimate 42.37 35.76 48.63 36.48 51.37 42.28 29.74 49.35 37.74 3 
MSE 5.70 5.70 5.70 5.70 5.70 5.70 5.70 5.70 5.70 

U1 0.29 -3.27 4.51 -2.71 5.64 0.85 -7.77 4.84 -2.38 
Estimate 41.82 38.26 46.03 38.81 47.16 42.38 33.75 46.36 39.14 

 
4 

MSE 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 
U1 -0.49 -1.97 4.44 -1.10 3.61 2.03 -8.59 4.36 -2.29 
U2 0.13 -0.22 0.01 -0.27 0.34 -0.20 0.13 0.08 -0.02 

Estimate 42.61 36.94 46.12 37.19 49.22 41.20 34.55 46.86 39.04 

 
 
5 

MSE 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 
 
Country: 
 
1 = Argentina                      4 = Chile   7 = Peru 
2 = Bolivia                           5 = Columbia  8 = Uruguay 
3 = Brazil                             6 = Ecuador   9 = Venezuela 
 
Note that the u1 and u2 rows contain the predicted values for the intercept and slope random 
effects u1d  and u2d for d =1, 2, …,9.   
 
Models 2 (separate regressions for each country) and 5 (multi-level model with random 
intercepts and slopes for each country) have the smallest mean square errors.  In general the 
imputations from the multi-level model will tend to be slightly shrunk towards a common value 
(the highest values will be lowered a little and the lowest values raised).  If a country had only a 
small number of observations then the imputation for this country would be modified more than 
for a country with a complete time series.
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Table A2.3:  Estimated values, Standard Errors and  z- values (Est/SE) of the parameters 
in the models. 

 
Model Parameter Estimate Standard Error Z – Value 

σ2 19.31 2.77 6.96 

β0 36.69 0.95 38.73 

 
1 

β1 0.4 0.14 2.89 

σ2 0.59 0.09 6.36 

β01 0.55 0.07 7.5 

β02 0.16 0.07 2.21 

β03 0.41 0.07 5.58 

β04 0.1 0.07 1.4 

β05 0.78 0.07 10.6 

β06 0.18 0.07 2.44 

β07 0.57 0.07 7.76 

β08 0.49 0.07 6.61 

β09 0.39 0.07 5.29 

β11 36.09 0.5 72.41 

β12 34.85 0.5 69.92 

β13 41.18 0.5 82.62 

β14 35.77 0.5 71.76 

β15 40.1 0.5 80.45 

β16 38.89 0.5 78.02 

β17 27.87 0.5 55.93 

β18 41.05 0.5 82.36 

 
 
 
 
 
 
 
 
 
 
 
 
2 

β19 34.38 0.5 68.97 

σ2 4.39 0.66 6.67 

β0 36.69 0.45 81.23 

β11 0.47 0.11 4.3 

β12 -0.08 0.11 -0.7 

β13 1 0.11 9.03 

β14 -0.02 0.11 -0.16 

β15 1.22 0.11 11.1 

β16 0.47 0.11 4.23 

β17 -0.58 0.11 -5.25 

β18 1.06 0.11 9.58 

 
 
 
 
 
3 

β19 0.09 0.11 0.8 

σ2 1.03 0.15 6.67 

ϕ1 19.55 10.25 1.91 

β0 36.69 1.49 24.63 

 
 
4 

β1 0.4 0.03 12.69 

σ2 0.59 0.09 6.37 

ϕ1 0.07 0.04 1.7 

ϕ2 29.91 15.88 1.88 

β0 36.69 1.41 25.93 

 
 
5 

β1 0.4 0.07 5.42 
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Appendix 3:  Multi-level Model Imputation for Net Primary Enrolment Rates for Southern 
African Countries.  
 
The Data 
 

Table A3.1: Primary Net Enrolment Rates for Some African Countries 
 

90 91 92 93 94 95 96 97 98 99 00 
Botswana 94.1 96.8 96.1 95.3 94.6 83.4 …   83.4 83.6 84.3 
Bk Fasso 25.7 26.3 27.3 28.5 30.0 … … … 33.7 34.6 35.5 
Moz'bique 48.3 45.6 43.2 41.4 41.9 43.5 … … 45.7 50.1 54.4 
Namibia 86.3 … 88.7 … 89.3 89.3 87.9 … 80.5 79.7 81.6 
Rwanda 66.9 77.1             95.5 97.3  
S Africa 89.4 91.5     97.0 98.2 …   95.2 94.7 88.9 
Swazil’d 89.2 91.5 94.8 95.3 97.7 100.1 97.5   94.5 92.8 92.8 
Tanzania 49.4 48.6 48.5 47.6 46.3 46.0 46.1 46.5 46.1 46.7 46.7 
Zambia 80.1 ...   75.0 72.7   68.6 66.4 65.5 
Zimb’we 89.2 ... ... ... ... ... ...   80.2 79.6  

 
 
Models Used for Imputation 
 
Let ydt to be the net enrolment rate value at year t in country d.  Similarly, let xdt to be gross 
enrolment rate at t in country d.  The fitted models are: 
 

Model 1 :   dtdt ety ++= 10 ββ    edt ~ N( 0, 2
eσ ) 

Model 2 :   dtdddt ety ++= 10 ββ    edt ~ N( 0, 2
eσ ) 

Model 3 :   dtddt ety ++= 10 ββ   edt ~ N( 0, 2
eσ )  ϕ1 = 

2

2
1

eσ
σ

   

Model 4 :   dtddt euty +++= 110 ββ  u1d ~ N( 0, 2
1σ ), edt ~ N( 0, 2

eσ ), ϕ1 = 
2

2
1

eσ
σ

   

Model 5 :   dtdddt etuuty ++++= 2110 ββ   

u1d ~ N( 0, 2
1σ ), u2d ~ N( 0, 2

2σ ), edt ~ N( 0, 2
eσ ), ϕi = 

2

2

e

i

σ
σ

  for i = 1, 2 

Model 6 :   dtdddtdt etuutxy ++++++= 21210 βββ  
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Table A3.2:  Estimated value female wage Rates, predicted random effects and  
  Mean Square  Errors (MSE). 
 
  Country 
  1 2 3 4     5  6 7 8 9 10 
 True-

value 84.3 35.5 54.4 81.6 … 88.9 92.8 46.7 65.5 79.6 
Estimate 72.86 72.86 72.86 72.86 72.86 72.86 72.86 72.86 72.86 72.86 1 

MSE 804.1 804.1 804.1 804.1 804.1 804.1 804.1 804.1 804.1 804.1 
Estimate 80.97 35.72 46.55 81.5 101.2 97.47 97.21 80.97 35.72 46.55 2 

MSE 14.48 14.93 14.48 14.06 15.28 14.51 13.84 14.48 14.93 14.48 
Estimate 101.31 11.29 32.58 93.84 101.5 109.18 113.3 101.3 11.29 32.58 3 

MSE 429.8 449.1 429.8 415.2 485.7 440.5 409.7 429.8 449.1 429.8 
U1 21.9 -39.3 -23.9 16.7 15 25.1 25.7 21.9 -39.3 -23.9 

Estimate 92.22 31.08 46.47 87.08 85.36 95.47 96.07 92.22 31.08 46.47 

 
4 

MSE 32.44 33 32.44 32.55 35.62 33.35 31.96 32.44 33 32.44 
U1 30.8 -42.8 -23.9 22.7 0.6 23.5 24.9 30.8 -42.8 -23.9 
U2 -1.76 0.7 0 -1.01 2.65 0.32 0.17 -1.76 0.7 0 

Estimate 81.78 35.31 46.48 81.99 100.1 97.41 97.22 81.78 35.31 46.48 

 
 
5 

MSE 14.41 14.85 14.41 13.98 15.22 14.44 13.78 14.41 14.85 14.41 
U1 8.9 -6.44 -6.67 -11.9 9.74 6.35 4.18 8.9 -6.44 -6.67 
U2 -0.47 0.58 -0.61 0.85 -0.09 0.28 -0.03 -0.47 0.58 -0.61 

Estimate 81.92 35.18 53.5 78.3 93.9 89.69 93.04 51.48 57.96 55.86 

 
6 

MSE 4.45 4.59 4.65 4.38 4.82 4.7 4.33 8.16 6.66 4.81 
 
Country: 
1 = Botswana            3 = Mozambique   5 = Rwanda        7 = Swaziland     9 = Zambia 
2 = Burkina Faso       4 = Namibia         6 = South Africa   8 = Tanzania     10 = Zimbabwe 
 
Note that the u1 and u2 rows contain the predicted values for the intercept and slope random 
effects u1d  and u2d for d =1, 2, …,9.   
 
Table A3.3:  Estimated values, Standard Errors and z- values (Est/SE) of the parameters in 
the models. 
 
Model Parameter Estimate Standard Error Z - Value 

σ2 756.76 127.92 5.92 

β0 64.98 6.25 10.39 

 
1 

β1 0.72 1.04 0.69 

σ2 8.91 1.75 5.1 

β01 -1.66 0.35 -4.71 

β02 1.02 0.35 2.88 

β03 0.26 0.35 0.75 

β04 -0.87 0.38 -2.26 

β05 3.1 0.37 8.36 

β06 0.57 0.37 1.55 

β07 0.41 0.34 1.2 

 
 
 
 
 
 
 
 
 
 
 

β08 -1.66 0.35 -4.71 
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β09 1.02 0.35 2.88 

β010 0.26 0.35 0.75 

β11 99.2 2.05 48.36 

β12 24.48 2.06 11.89 

β13 43.64 2.05 21.28 

β14 91.03 2.51 36.28 

β15 67.18 2.52 26.61 

β16 91.19 2.37 38.54 

β17 92.66 2.05 45.18 

β18 99.2 2.05 48.36 

β19 24.48 2.06 11.89 

 
2 

β110 43.64 2.05 21.28 

σ2 293.42 53.13 5.52 

β0 66.26 3.91 16.95 

β11 3.19 1.19 2.68 

β12 -5 1.25 -4 

β13 -3.06 1.19 -2.58 

β14 2.51 1.12 2.24 

β15 3.2 1.34 2.39 

β16 3.9 1.21 3.23 

β17 4.28 1.11 3.84 

β18 3.19 1.19 2.68 

β19 -5 1.25 -4 

 
 
 
 
 
3 

β110 -3.06 1.19 -2.58 

σ2 27.58 4.99 5.52 

ϕ1 28.26 14.35 1.97 

β0 67.78 1.7 39.94 

 
 
4 

β1 0.23 0.04 6.18 

σ2 8.94 1.75 5.1 

ϕ1 0.2 0.11 1.83 

ϕ2 104.82 53.73 1.95 

β0 67.67 9.7 6.97 

 
 
5 

β1 0.25 0.44 0.56 

σ2 2.77 0.55 5.08 

ϕ1 0.12 0.07 1.73 

ϕ2 26.39 14.1 1.87 

β0 11.08 4.46 2.49 

β1 0.67 0.04 16.06 

 
 
 
6 

β2 -0.51 0.2 -2.56 
 


