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1. INTRODUCTION

The United Nations Population Division has prepagpegulation estimates and projections for all cdestof the world
since the early 1950s. These World Population Rreisp(WPP) are now used throughout the whole UXesysnd by
many international organizations, as well as acadessearchers. They have become a standard inputefvelopment
planning, monitoring and global modeling.

Traditionally, the World Population Prospects hancuded high and low fertility variants, in whit¢he total fertility was
assumed to remain 0.5 children above or below tadim variant over most of the projection periole3e assumptions
are insensitive to the initial level of fertilitynd to the rate of fertility decline in various cates and may therefore
oversimplify or even distort the future range atifity variation.

Recent research in collaboration with the Univgrsit Washington has now enabled the Populationdiwi to calculate
probabilistic population projections for all coues of the world. Initial results indicate that tiéPP projections might
have considerably underestimated the uncertainpopulation growth of developing countries- partely in the Least
Developed Countries. The 95% projection intervél®tal population growth, as given by the probakit projections, are
significantly wider in these countries than thethigw variant ranges in the current WPP projections
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2.  PREVIOUS STUDIES

Traditionally, population projections have usediamats or scenarios in the projection of fertilitgprtality and migration to
indicate uncertainty or illustrate policy optiorihe variants are usually based on plausible altees such as the “half-
child” rule for high and low fertility projectionsn the United NationsNorld Population ProspectsThis pragmatic
approach has the advantage that results can dg easimunicated to policy makers and planners. H@neit has the
disadvantage that variants do not indicate anythabgut their probability. They are just plausible alternatives.
Demographers have therefore developed probabifistiulation projections where the range of uncetyais represented
by projection intervals. Probabilistic projectiorsme in various flavors Some authors have used historical forecast errors
3% others have based their projections on expemiopi>® or used time series analysis to project futureufatjpn
parameters®. Existing probabilistic population projections f& have been limited in their geographical scojpleee to
macro-regions at the global scaé? a specific region such as Eurdfé> or few countries for in-depth case studi$-
2Szo far, no attempt has been made to produce natere probabilistic population projections foit abuntries of the world

3. OUR APPROACH TO PROBABILISTIC PROJECTIONS

We have used a Bayesian statistical approach feqtrtmotal fertility and life expectancy at birtletveen 2005 and 2050,
based on estimates between 1950 and 2665 The fertility projection model consists of tworoponents. The first
component models the fertility decline from highroedium levels of fertility to a turnaround poibse to replacement
level fertility. The second component models changeotal fertility after the turnaround point. ¢ changes are random
fluctuations around and/or recovery towards repteaa level fertility, which are modeled using afiorder autoregressive
time series model, an AR(1) model, with its meaedi at approximate replacement-level fertility §2Ih the projections
of life expectancy at birth, expected gains in &gpectancy are modeled as a function of its lewvgh random distortions
added to it.

The projection methodology builds on the currenthodology used in the World Population ProspecipeEted 5-year

decrements in total fertility are modeled as a fiamcof its level using a bi-logistic functiéh Similarly, expected 5-year
gains in life expectancy at birth are modeled dsirgtion of its level, using a bi-logistic functidfi. In the Bayesian

projection model, instead of using a given setarbmeters to find the fertility decrements and g&inlife expectancy in a
country, a Bayesian hierarchical modéf®is used to estimate these parameters for eachrgoliiach of the unknown
parameters of the bi-logistic functions is drawenira probability distribution that represents taege of outcomes of that
parameter across all countries. For a specific tguthe posterior distribution of its parameteysietermined by the world-
level experience for all countries combined, ad aglthe observed declines in that country..

The Bayesian projection models yield a large numifetrajectories of future total fertility and lifexpectancy, for all
countries without generalized HIV/AIDS epidemia(j.less than 1% HIV prevalence in the generaltguypulation age
15-49) and with a total population larger than 000, in 2009. We have used a male-dominant projectid life
expectancy, and derived female life expectancieadsyming the same sex differentials as projectéerministically by
the United NationdVorld Population Prospectdrom the large number of trajectories (35,00000Q trajectories were
sampled to be used in standard cohort-componenilgiign projection$®*% To convert the projections of total fertility
into the age-specific fertility rates as requirgdtie cohort component projection, percentagegefspecific fertility rates
were taken from th€008 Revisionof the World Population Prospectand applied throughout the projection period.
Projections of life expectancy at birth were cotedrinto age- and sex-specific mortality rates adsequently, into
survivor ratios which were then used in the colvoraponent projections. For the historical periosls,used a standard
Lee-Carter model. For the future, we applied a modified Lee-Cartethod, in which the time indicator of a Lee-Carter
model was not projected by a random walk (as istArdard method), but was fitted to the trajeetodf life expectancy at
birth, as projected by the Bayesian projection rhode

All other input data, including base populationdne and sex as well as projections of net-migratiare identical to the
2008 Revisiornf the World Population Prospects. Using the 1,000 sets of age-specific fertilityesaand sex-specific
survivor ratios, 1000 cohort component projectiauese calculated for the period 2010 to 2050 forl86 countries with a
population of more than 100,000 in 2009. From theeafectories the median of total population an@586 projection
interval was calculated for each country. Thess fiesults of our probabilistic population projeas were compared to the
high, low and medium variant of tH2008 Revisiorof the World Population Prospectd' (see figures with results in
Appendix).



4. RESULTS

We have calculated probabilistic population praget for 196 countries of the world with a popuwatiof more than
100,000 (Atotal population projections, including% projection intervals and median) and comparesdhprojections
with the deterministic projections as provided hg 2008 Revisiorof the World Population Prospect$. This work has
yielded four important results:

(1) While probabilistic projections are available foarficular countries or regions this is the firsinéi that
probabilistic projections were calculated in a eysitic and consistent way for almost all countoethe world —
including 151 developing countries. We now can dal@ projection intervals that are based on pribibgbrather
then projection intervals that are based on highdoenarios, as in the deterministitorld Population Prospects
This is of particular relevance for developing coigs, where large differences in the availabiityd quality of
the empirical input data for the initial estimat® common. With the probabilistic projections thesrying
uncertainties in estimates are used to determm@nbbability of the projection intervals. The giblcoverage also
allows us to analyze differences between probaioilsnd deterministic projections for countries ingvvery
different initial levels of fertility and mortality

(2) We found that, in more than 80% of the countriesppbilistic medians in projected total populatuiffer less
than 10% from the medium variant of tiiéorld Population Prospectd=igure 1 illustrates the high correlation
between the probabilistic median and the (detestid)imedium variant population projection for tyear 2050.
However, we also found that in less than 20% ofdbentries of the world probabilistic projectioresulted in
substantially higher or lower median projectionarthwere previously projected in the (deterministi¢prid
Population ProspectsThis concerns primarily countries where the levkfertility is still rather high or where
fertility declines have been rapid and recent.

(3) We could confirm that in about 60% of the countritlse high-low scenarios of the (deterministigjorid
Population Prospectdie within the 95% confidence interval of the patilistic population projections. This
indicates, for the first time, how the United Nasoprojection scenarios are related to the unceytaietermined
by a probabilistic projection.

(4) We also found that the range of uncertainty as oredsby a 95% projection interval in our probalitis
population projections for 2050 was much larger $ome countries than the high-low variant rangehia
deterministic projections. Figure 2 plots the ratfdhe 95% projection interval to the determirgtigh-low range
in population projections for 2050 against the levktotal fertility in the five-year interval of @®0-2005. The
figure reveals that in countries with high feriilin 2000-2005 the probabilistic projection resdlte a much wider
95% projection interval than the high-low variaahge (i.e., +/- 0.5 child) in thé&/orld Population Prospect#\s
indicated by Map 1, these countries are mainlytlettdan Africa and often belong to the group of ltdasveloped
Countries (see appendix 1). These results seendicate that the range of future outcomes as gyetihe high-
low variants in the determinist/orld Population Prospectis narrower than the likely range of possible fatu
scenarios in population projections for countriglich are still at the early stages of their féjtitlecline.

5. DISCUSSION

Uncertainty in population projections results froimee major sourc&s the accuracy of the input data, the methods and
assumptions for projecting future trends in festjlimortality and migration, and the intrinsic uagictability of all socio-
economic events, which include demographic evarth as migration.

The first source of uncertainty is identical betwemur probabilistic and deterministic projectiomoth use historical
estimatesof population by age and sex, total fertilityeliéxpectancy at birth and net-migration that hashljgrepared for
the 2008 Revisiorof the World Population ProspectsThese estimates are based on a large number mfieah data
sources, including censuses, population and \é@ikters as well as surveys, such as the Demographi Health Surveys
(DHS) the Multi-Cluster Indicator Surveys (MICS)damthers. Typically, these empirical data sourcesndt provide
unambiguous historical time series of demograptdécators, but widely ranging “data clouds” — pautarly in developing
countries. If the Bayesian projection model would lased on these raw, unadjusted data sets, thexton intervals
would certainly be much wider. However, not all thie variation in these empirical data can be usedssessing
uncertainty. Some of the empirical information isvimusly wrong or deficient and can be correctedadjusted by
established demographic methods — such as theesgerg in population counts or the underreportihiih and children
under the age of five. The Population Division &ng various methods to check consistency betwesa dources,
calculate intercensal growth balances, compare tdesnwithin a region and apply adjustments, if es=ary®. This
estimation procedure results in relatively smoagtdnical time series of total fertility and lifexgectancy at birth in five-
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year intervals, which certainly hide some of theuakannual fluctuations and uncertainties in deraplic indicators, but
also corrects unrealistic variation due to errard data deficiencies. The projections based ornUieestimates can be
viewed validly as probabilistic projections of fteUUN estimates.

In the Bayesian projection model, the projectiohBiture trends in fertility and mortality are basen the historical trends
of fertility and mortality declines in all countsgen the world. The projected variance thus reduttsn the variance in the
pace of observed declines of fertility and monalit all countries. This method of taking into agnb uncertainty seems
more appropriate than assuming a single high orvaxiant of fertility decline for all countries, @s the (deterministic)

World Population Prospect§ herefore, we likely improve the second sourcerafertainty.

The third source of uncertainty is the fact thamnaa behavior is intentional and ultimately unpréalite. While the past
decline of fertility in most countries strongly icdtes a general trend towards low fertility, it gessible that some
populations might not follow these trends. Demogeap have discussed the phenomenon of “stalleiditfedecline” 343>
The universal trends towards higher life expectamight also slow down or even reverse due to masiigreases in
unhealthy and risky life styles (obesity, alcohoisuse), emergence of devastating pandemics, orspidad wars.
Migration, in particular, will always include a cponent of inherent unpredictability, because it barinduced or stopped
by actions of governments and by natural conditibltsone can exclude the possibility of massiveldisement of people
due to conflict, economic collapse, or natural sieé’. We have partially accounted for this source ofeastainty by
adding random distortion terms to future traje@sriThe variance of these terms is estimated basesbserved past
distortions in all countries.

6. CONCLUSION

While population projections will always includevseal elements of uncertainty, our probabilistiojpctions allow us to
quantify those aspects of uncertainty which candegved from countries' past experience. The Bayesiierarchical
Model is data-driven, since it uses the UN estimathich are based on empirical data. It does not¢e on expert opinion
to determine uncertainties and is fully reprodusibl

Our probabilistic projections show that the undettain future total population trends in countriggth high fertility is
probably larger than indicated by the range betwligihh and low variants in the United Natiokgorld Population
Prospects



Figure 1: Total Population in 2050: Probabilistiefilan versus Medium Variant WPP
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Figure 2: Ratio of probabilistic projection intehaad high-low range in WPP versus total fertility2005-10
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Map 1: Ratio of probabilistic projection intervaighigh-low range in WPP versus total fertilityd805-10
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Appendix 1

Total population of selected Least Developed Caesit2000-2050:
Probabilistic projections and World Population Rexsts (2008 Revision)
(Projection Base Year: 2005)



Timor-Leste: Total Population
4,156

Total Population

-© WPP 2008 - High Variant
— WPP 2008 Medium Variant
3 WPP 2008 Low Variant

95% Confidence Interval D
== Probabilistic Median

3,325

2,494

1,662

831

0.0
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UNPD: DemoTools - Module 3: Probabilistic Projections. Chart created: 19/03/2010

Somalia: Total Population
32,672

Total Population

-© WPP 2008 - High Variant
— WPP 2008 Medium Variant
3 WPP 2008 Low Variant

95% Confidence Interval
== Probabilistic Median

26,138

19,603

13,069

6,534

0.0
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UNPD: DemoTools - Module 3: Probabilistic Projections. Chart created: 19/03/2010
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Niger: Total Population
89,372

Total Population

-© WPP 2008 - High Variant
— WPP 2008 Medium Variant D
3 WPP 2008 Low Variant

95% Confidence Interval
== Probabilistic Median

55,498

41,623

27,749

13,874

0.0
2000 2010 2020 2030 2040 2050

UNPD: DemoTools - Module 3: Probabilistic Projections. Chart created: 19/03/2010

Chad: Total Population
689

35,

Total Population

-© WPP 2008 - High Variant
— WPP 2008 Medium Variant
43 WPP 2008 Low Variant

95% Confidence Interval D
== Probabilistic Median

28,651

21,413

14,276

7,138

0.0
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UNPD: DemoTools - Module 3: Probabilistic Projections. Chart created: 19/03/2010
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Uganda: Total Population

122,661
Total Population
-© WPP 2008 - High Variant
— WPP 2008 Medium Variant
3 WPP 2008 Low Variant
95% Confidence Interval
== Probabilistic Median N
98,129
{1
73,597
49,064
24,532
0.0
2000 2010 2020 2030 2040 2050
UNPD: DemoTools - Module 3: Probabilistic Projections. Chart created: 19/03/2010
Afghanistan: Total Population
86
Total Population 5

-© WPP 2008 - High Variant
— WPP 2008 Medium Variant
43 WPP 2008 Low Variant

95% Confidence Interval
== Probabilistic Median

68,962

51,721

34,481

17,240

0.0
2000 2010 2020

UNPD: DemoTools - Module 3: Probabilistic Projections. Chart created: 19/03/2010
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Appendix 2

Total population of selected countries, 2000-2050
(Projection Base Year: 2005)

These probabilistic population projections havenbe@mputed using stochastic projections
of fertility and mortality, generated by a BayesHierarchical Model (Raftery / Alkema, et. al.).
The projections are available for all countrieshaf world with a population of more than
100,000 in 2008. They have been plotted togethtr thie high, medium and low
variants of the2008 revisiorof theWorld Population Prospects
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Albania: Total Population

Afghanistan: Total Population
86,202 842
Total Population Total Population
-© WPP 2008 - High Variant -© WPP 2008 - High Variant
— WPP 2008 Medium Variant — WPP 2008 Medium Variant
3 WPP 2008 Low Variant 3 WPP 2008 Low Variant
95% Confidence Interval 95% Confidence Interval
== Probabilistic Median == Probabilistic Median
68,962 B
1]
i)
51,721 2,305
34,481 1,637
17,240 768
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
UNPO:DemaTools Module 3: Probatilisic Praections.Char ceatd: 19392010 UNPO:DemaTools Module 3: Probatilisic Praections.Char ceatd: 19392010
Algeria: Total Population Angola: Total Population
56,676 50,152
Total Population Total Population
-© WPP 2008 - High Variant -© WPP 2008 - High Variant
— WPP 2008 Medium Variant — WPP 2008 Medium Variant
3 WPP 2008 Low Variant 3 WPP 2008 Low Variant
95% Confidence Interval 95% Confidence Interval
== Probabilistic Median == Probabilistic Median
45341 0,122
i)
i)
34,006 30,091
22,670 20,061
11,335 10,030
2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

UNPD: DemoTools - Module 3: Probabilstic Projections. Chart created: 19/03/2010

UNPD: DemoTools - Module 3: Probabilstic Projections. Chart created: 19/03/2010
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Argentina: Total Population
58,667

Armenia: Total Population
3,545

Total Population Total Population
-© WPP 2008 - High Variant -© WPP 2008 - High Variant
— WPP 2008 Medium Variant — WPP 2008 Medium Variant
3 WPP 2008 Low Variant 3 WPP 2008 Low Variant
95% Confidence Interval Im  95% Confidence Interval
== Probabilistic Median == Probabilistic Median
46,854 2,836
il
i)
35,140 2,121
23,421 1418
1,713 709
0.0 0.0
2000 2010 2020 2030 2040 2050 000 2010 2020 2030 2040 2050
(All population numbers are in thousands)
Aruba: Total Population Australia: Total Population
122 32,173
Total Population Total Population
-© WPP 2008 - High Variant -© WPP 2008 - High Variant
— WPP 2008 Medium Variant — WPP 2008 Medium Variant
3 WPP 2008 Low Variant 3 WPP 2008 Low Variant
95% Confidence Interval 95% Confidence Interval
== Probabilistic Median == Probabilistic Median
98 25,738 1]
i)
73 19,304
49 12,869
24 6,435
0.0 0.0
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

UNPD: DemoTools - Module 3: Probabilstic Projections. Chart created: 19/03/2010

UNPD: DemoTools - Module 3: Probabilstic Projections. Chart created: 19/03/2010
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Austria: Total Population

Azerbaijan: Total Population
12,207

9,560
Total Population Total Population
-© WPP 2008 - High Variant -© WPP 2008 - High Variant
— WPP 2008 Medium Variant — WPP 2008 Medium Variant
3 WPP 2008 Low Variant 3 WPP 2008 Low Variant
95% Confidence Interval 95% Confidence Interval
== Probabilistic Median == Probabilistic Median
7,648 n 9,766
i)
5,736 7,324
3,824 4,883
1912 2,441
0.0 0.0
2000 2010 2020 2030 2040 2050 2010 2020 2030 2040 2050
UNPD: DemoTool - Module 3: robabilsic Pojectons,Chart create: 190312010 UNPD: DemoTool - Module 3: robabilsic Pojectons,Chart create: 190312010
Bahamas: Total Population Bahrain: Total Population
525 1,440
Total Population Total Population
-© WPP 2008 - High Variant -© WPP 2008 - High Variant
— WPP 2008 Medium Variant — WPP 2008 Medium Variant
3 WPP 2008 Low Variant 3 WPP 2008 Low Variant
95% Confidence Interval 95% Confidence Interval
== Probabilistic Median == Probabilistic Median
420 1,162
i)
i)
315 864
210 576
105 288
0.0 0.0
2000 2010 2020 2030 2040 2050 000 2010 2020 2030 2040 2050

UNPD: DemoTools - Module 3: Probabilstic Projections. Chart created: 19/03/2010

UNPD: DemoTools - Module 3: Probabilstic Projections. Chart created: 19/03/2010

(All population numbers are in thousands)
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Bangladesh: Total Population
258,990

Barbados: Total Population
214

Total Population Total Population M/Q!
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