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Abstract:  


Nowadays, population projections are widely used at the different levels of national planning as 
 well as by businesses. For the last decade a lot of new projections have been released for the 
 population of the Czech Republic up to 2101. The accuracy evaluation of the current projections 
 can help policymakers to understand how the future population may unfold. Also, knowing the 
 errors of the projections, the future projections can be improved. In this thesis several current 
 population projections are evaluated against the reality with the help of the Keyfitz’s “Quality of 
 Prediction Index” and the Mean Absolute Percentage Error. The evaluation was conducted for 
 the projections published by the Czech Statistical Office, Eurostat, the United Nations and by 
 individual researches Boris Burcin and Tomáš Kučera. The basic results and important findings 
 are presented together with the description of the individual projections. The results reveal that 
 the most accurate age groups are 10-19 and 60-69; the least accurate age groups besides old ages 
 are 0-9 and 20-39. The most problematic parameters are net migration and life expectancy at 65. 


The accuracy of the prediction seems to be very high during the first 2 years after the publication 
 not exceeding the deviation of 1%. The error starts to rise after 4 years elapsed from the 


projections’ release exceeding the deviation of 1% and more. The projection of Eurostat seems to 
 be the most accurate one. To the contrary, the least accurate projection belongs to Burcin and 
 Kučera.  


Keywords: population projection, population forecast, forecast accuracy, accuracy evaluation, 
demographic development, Czech Republic, Keyfitz’s “Quality of prediction index”, Mean 
Absolute Percentage Error 
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1 INTRODUCTION  


Not long-ago population projections became a significant part of demographic statistics. First of 
 all, demographers started to be concerned about the rapid increase in the world population during 
 the second demographic transition. People started to worry there may be too many people in the 
 future on the earth which may exceed the earth's ability to feed, clothe, and house the human 
 beings (Zhao, 2010). At the national level, people were concerned about the economic, social, 
 political and environmental consequences of population growth and demographic change (Zhao, 
 2010). That is how constructing population projections became an essential activity for the 
 demographers all over the world. “The earliest systematic global population projection dates to 
 Notestein in 1945, although many national level projection efforts began over half a century 
 earlier” (O'Neill, Balk, Brickman & Ezra, 2001). 


Since the fluctuating population size of a country may influence all areas of environment a lot, 
 there is no doubt that monitoring and evaluating population projections’ accuracy is a crucial 
 thing. For instance, “trends in population by age are needed to projection the demand for 
 education, and to plan the provision of education at all levels” (Billari, Graziani, Melilli, 2011). 


Or, “population projections of a century or more are frequently used by climate change 
 researchers for the estimation of future risk and the analysis of policy options”. (Smith, 2011) 
 Similarly, the proportion of elder people or old-aged dependency ratio required for planning the 
 state budget for the pension system and regulating the retirement age.  


Many people and users of population projections believe that projections are precisely accurate. 


There are less people who are aware of the errors that are inherent to projections, especially for the 
 local and small area. However, “large errors, such as 10% or more after just 10 years into the 
 projection, are common for local and small area populations, as shown by earlier research on 
 projection error and accuracy like Isserman in 1977, Rayer in 2008, Smith and Shahidullah in 
 1995, Tayman in 1998, Wilson and Rowe in 2011” (Wilson, Brokensha, Rowe, Simpson, 2017).  


In the Czech Republic there are several authorities that are engaged into the development of 
 population projections. First of all, it is a national statistical agency of the Czech Republic – Czech 
 Statistical Office that is constantly elaborating its own projections. There are some academic 
 projections that are prepared by local demographers, professors of the Charles University, Boris 
 Burcin and Tomáš Kučera that are working out on the population projections for the private usage. 


Also, the future population size of the Czech Republic is projected by several international 
 statistical agencies, like Eurostat and the United Nations. In addition, there are some special 
 predictions done by the University of Economic in Prague, called prognosis of Human Capital, 
 that estimate not the population structure itself but the educational structure of population.  


The accuracy evaluation of the past population projections was conducted just once. However, the 
importance of the population projectioning and its evaluation is increasing nowadays in the Czech 
Republic mainly due to the rapidly ageing of the population year by year. The problem is that it is 
crucial to be aware of how fast the population will age far in the future, especially for the reform 
of the pension system.   
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Following this introduction, chapters “Motivation and aim”, “Theoretical background”, 


“Production of population projections”, “Methodology of accuracy evaluation” will be presented 
 in the theoretical part of the work finishing with short description of the Czech Republic 


demography together with the overview of the current and past projections. In the practical part, 
 section “Data” describes the data, the data collection, and how the data was processed. The 
 chapter “Results” presents the main trends of the projections in the Czech Republic; the 


characteristics of the individual projections; the description of the parameters and the comparison 
of age groups; and the overall results of the analysis with the deviation intervals and errors. The 
main results and findings together with recommendations and improvements are recalled in the 
chapter “Discussion and Conclusion”. 
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2 MOTIVATION AND AIM  


The author of this work has passed the mandatory internship at the Czech Statistical Office as an 
 intern of the department of Population Statistics under the supervision of Terezie Štyglerová. The 
 project assigned during the internship was related to the accuracy evaluation of the population 
 projections in the Czech Republic and comparison of the accuracy results of the individual 
 projections. This project provided the author with an insight to expand the topic and develop the 
 project into the Master’s thesis. 


More than that, such kind of work is needed for the demography of the Czech Republic. There are 
 several authorities that are constantly developing population projections for the population of the 
 Czech Republic; however, the accuracy evaluation of the projections was done historically just 
 once. This evaluation was done by Klára Tesárkova and Luděk Šídlo within the framework of the 
 demographic journal “Demografie”. This is the only one officially published work in 2009, where 
 Šídlo and Tesárkova discuss the current population projections, compare them among each other 
 and judge their accuracy and quality. They used such quantitative methods in his work as the 
 Keyfitz’s “Quality of prediction index”, the Theil`s index U and the evaluation method based on 
 the principle of APC models. The results of this work will be discussed in the chapter 7. 


Also, there is one thesis written by the student of the Charles University in Prague Lenka 
 Šmejkalová and supervised by Tomáš Kučera in 2011, which was dedicated to the accuracy 
 evaluation of the population projections of Plzeň town. In her work she used the quantitative 
 methods of the Keyfitz’s “Quality of prediction index”, the Mean Percentage Error and the Root 
 Mean Squared Percentage Error. 


Nowadays, we can find 9 new projections that have been issued (but not all of them were publicly 
 published) for the last decade and that have not been evaluated at all. However, the current 


situation of the demography of the Czech Republic requires to understand how the future 
 population may unfold. Specifically, it is needed due to the rapid population ageing which is 
 followed by the reform of the pension system. Thus, the main goal of the thesis is the post-


evaluation of accuracy of the population projections in the Czech Republic that were published in 
 2009 and later and comparison of the individual projections between each other for the period 
 from 2009 to 2017. The goal is intended to be reached with the help of 2 different methods of the 
 accuracy evaluation: the Keyfitz’s “Quality of prediction index” and the Mean Absolute 


Percentage Error. 


The outcomes of the study are supposed to illustrate the most common errors and deviations of 
 current projections to avoid them in new sets of assumptions for the future projectioning. In this 
 work, the author would like to evaluate the accuracy of several projections and find out the most 
 accurate and the least accurate projection. Also, to detect what are the most problematic 


components of the projections, worst age groups and worst parameters, and what stands behind it; 


and, finally, reveal the trends of population projections produced for the population of the Czech 
Republic.  
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3 THEORETICAL BACKGROUND  


Broadly speaking, population projection is an estimate of the future development of the numerical 
 state and structure by sex and age of a particular population. They “deals with computations of 
 future projection size and characteristics based on assumptions about future trends in fertility, 
 mortality and migration” (Planning Tank, 2017).  


Population projections are belonged to the basic group of predictions of the population and 
 demographic statistics. According Burcin & Kučera (2010), from time perspective, population 
 development is a long-term process because both the numerical state and the composition by age 
 and sex of each human population reflect the decades and sometimes centuries of development. 


They also stress out that population projections form the basis and the result of the demographic 
 reproduction processes of a population, such that it represents the main link between the past and 
 the future effects of reproductive forces and, at the same time, are the symbol of the continuity of 
 population development. Interestingly, it was mentioned by National Research Council of 


Washington [NRC] (2000) that “population projections are the demographic outputs most used by 
 non-demographers and most neglected by population scientists”. 


It has become possible to predict populations because current population trends, changes and 
 structure can be monitored, and this knowledge can be used for projecting population for future 
 periods. Thus, the first task of making projections is “assessing the plausibility of current 


demographic estimates and choosing appropriate assumptions about future trends” (NRC, 2000). 


The second task is to monitor population changes, which are in fact primarily based on changes in 
 births and deaths that are influenced by social and economic factors (Renkou, 1980). All this 
 together gives a good background for demographers to be able to predict “a certain period's total 
 population, age and sex structure, the number of births and deaths, and migration” (Renkou, 
 1980). 


Population projections can have different characteristics as, for example, length of time horizon, 
 output variables, final usage and the coverage area. They can be produced for local areas, like 
 counties and cities, or for the entire population of the planet. O'Neill et al. stated in their “Guide to 
 Global Population Projections” that shorter time horizons are typical for local-area projections, 
 usually less than 10 years, while national and world projections can describe the population 
 several decades into the future. Also, they compared short and long-term projections by output 
 variables and concluded that “long-term projections typically produce a more limited number of 
 output variables, primarily population broken down by age and sex; and, in contrast, projections 
 for smaller regions often include other characteristics as well, which might include educational 
 and labor force composition, urban residence, or household type” (O'Neill et al., 2001). 



3.1 Projection vs. Forecast 


There are two terms that are commonly used in various studies. It is necessary to stress out the 
 distinction of those terms as they serve significantly different wording and output in demography. 


In several studies on population projections, the word ‘projection’ is used interchangeably with the 
 word ‘forecast’. Forecasts are “often defined as predictions; projections are simply the outcome of 
 calculations based on specified input data assumptions, and may be likely, implausible, or 


illustrative of extreme scenarios” (Wilson et al., 2017).  
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Probably, people’s confidence in accuracy of the projections may come from the ignorance of the 
 difference between the terms ‘projection’ and ‘forecast’. Many users of population projections, 
 who treat them as forecasts, believe that projections lose their credibility raising more and more 
 uncertainty. However, projections are never actual forecasts. “Population forecasts are often 
 referred to as ‘projections’, and this is absolutely understandable, as they are projecting 
 something into the future” (Capuano, 2015). But the term ‘projection’ implicates that “it is a 
 continuation of current trends and ‘projection’ implies something more sophisticated” (Capuano, 
 2015). 


Table 1 Difference of projections and projections 



Projection Forecast 


Nature   Simply indicates a future 
 value for the population if the 
 set of underlying assumptions 
 occur. 


The assumptions represent 
 expectations of actual future 
 events. 


Type of information    Indicates what future values 
 for the population would be if 
 the assumed patterns of 
 change were to occur. It can 
 vary the current levels of 
 overseas migration, births and 
 deaths to provide differing 
 scenarios, but in the end still a 
 prediction is based on a trend. 


It is not a prediction that the 
 population will necessarily 
 change in this manner. 


Forecasts speculate future 
 values for the population with 
 a certain level of confidence, 
 based on current and past 
 values as an expectation 
 (prediction) of what will 
 happen. 


Example  A population has grown at 3% 


p.a. for the past 10 years from 
 10.0 to 10.3 million people, so 
 according to the trend it will 
 continue to grow at this rate 
 and will equal to 10.6 million 
 in 10 years. 


A population has grown at 3% 


p.a. for the past 10 years from 
 10.0 to 10.3 million people, so 
 the current trend is taken into 
 account. However, according 
 to conditional expert opinion 
 the population size is 


anticipated to decrease for the 
 future 10 years due to 


environmental changes and 
 unnecessity of having children 
 in attitude of families of 
 present generation. 


Sources: Australian Bureau of Statistics, 2013; Capuano, 2015 


The main principles of the two terms are extracted from the two sources: “The population experts 
on population projections, forecasts and weather” (Capuano, 2015) and Australian Bureau of 
Statistics [ABS]; and presented in the table 1. Both wordings include data analysis, but “the key 
difference between forecast and projection is the nature of the assertion in relation to the 
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assumptions occurring” (ABS, 2013). Also, the table brings the simple examples for better 
 understanding their natures. 


Taking into account that the data presented in the analysis is not population forecasts but the 
 actual projections of the Czech Republic’s population. Hence, the term ‘projection’ is preferred 
 and chosen for the work to avoid the interchangeability and misuse. 



3.2 Usage of population projections 


Population projections are widely used at any levels of planning, budgeting and analytics, for 
 example for water and food use, or provision of public services like education and health. “Most of 
 the important decisions about major land uses and services are derived from population 


estimates: the demand for water, power and waste disposal facilities; housing, open spaces and 
 schools; supply of labor; spending power available for the retail trade; enlarging a power plant; 


or revising local bus routes” (Planning Tank, 2017). Different statistical authorities rely on 
 population projections when executing their significant reforms and implementing policies. For 
 instance, Czech Statistical office is currently using population projections of the Czech Republic 
 to conduct the reform of the pension system in the country. For that, they need to know what the 
 portion of people aged 65+ yeas will be in the future and how fast this portion will grow, such that 
 they could get the idea of how much the retirement age should be postponed. 


The information about the future demand and supply is important not just for government, but also 
 for businesses that may use population projections to plan for the potential future expansion or 
 reduction of the production based on the target population, or even opening a new business. 


Some users prefer projections with various scenarios, and for other groups it is more important to 
 utilize just one but most likely scenario. Also, the users differ in their preferences about the time 
 horizon. On the one hand, “the policy community, including advocacy groups, often would ask to a 
 single most likely scenario, including projections that reflect the influence of policy” (O'Neill et 
 al., 2001). On the other hand, “global change researchers often use projections as exogenous 
 inputs to studies on topics such as energy consumption, food supply, and global warming. These 
 studies usually require projections with long time horizons and range of scenarios rather than a 
 single most likely projection” (O'Neill et al., 2001).  


Another question is how to improve the usage of population projections by program planners and 
 policymakers. According to Population Reference Bureau [PRB] (2001) there are several steps 
 that can be launched to make projections more reliable and useful: 


•  Understand the causes of uncertainty in population projections and the implications of this 
 uncertainty for plans and policies that span different time horizons and target specific 
 population groups; 


•  Contribute to national and international efforts to collect more accurate demographic data 


— which would lead to more accurate assumptions about fertility, mortality, and migration 
 and better projections;  


•  Cooperate with national and international research efforts to develop more accurate 
projections by supporting organizations that investigate better projection methodologies, 
the demographic effect of HIV/AIDS, the effect of policies and programs on fertility 
trends, and similar topics.
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4 PRODUCTION OF POPULATION PROJECTIONS 



4.1 Authorities that produce population projections  


“Although many national level projection efforts began over half a century earlier, the earliest 
 systematic global population projection dates to American demographer Frank W. Notestein in 
 1945” (O'Neill et al., 2001). He contributed to the development of demography significantly by 
 outlining economic and social factors that influence the population growth. The United Nations 
 had become a leader of population projectioning and dissimilation of its results since the 1950s. 


“Later efforts have been undertaken by three other institutions: The United States Census Bureau, 
 the World Bank, and the International Institute for Applied Systems Analysis” (O'Neill et al., 
 2001). Nowadays, mostly national statistical agencies or governments are responsible for the 
 production of population projections for their own countries and regions. Beside it, there are 
 several international organizations that project populations for the world and individual countries. 


Also, there is a place to be for individual researches that are likely not intended to undertake 


“global long-run population projections. However, individual researchers have tended to create 
 projections at the national-level (or below) and at this level have made significant contributions to 
 varying methodologies” (O'Neill et al., 2001). 


Among best-known and widely used international organizations with their own statistical database 
 we can find the United Nations [UN], the World Bank [WB], International Institute for Applied 
 Systems Analysis [IIASA], and Eurostat. The UN issue global and national projections and revise 
 them on a regular basis, and, in fact, they are the most widely used projections all over the world. 


“Many national governments, international agencies, the media, researchers, and academic 
 institutions rely on UN projections. The WB, the IIASA and Eurostat also prepare population 
 projections for the world, major regions, and, especially the WB and Eurostat, for individual 
 countries. World Bank projections generally are used for planning and for managing projects, 
 while IIASA projections have been used primarily to assess various projection assumptions and 
 methods” (PRB, 2001). Eurostat is the major database for the European countries, and it produces 
 projections at national level comprises data for all EU-28 Member States including data for 
 Norway. The methodology used by each of those international authorities slightly differs. This 
 involves setting “varying assumptions about the future demographic trends and starting with 
 slightly different estimates of current population size” (PRB, 2001). 



4.2 Parameters and Approaches  


The future population trend is determined by the interplay of mortality, fertility and migration. 


This is the main set of assumptions that must be cautiously and properly chosen, since it not just 
 jointly draws the resulting projection but also claims the future reliability if it. All these variables 
 contribute to the population growth with which help future population is calculated. 


“Demographers base fertility and mortality rates on birth and death statistics” (Dotson, 2018). 


Further, mortality and fertility split into age-specific rates and mortality rates define life 


expectancy at different ages. As was said by Caswell & Gassen (2015), “Such scenario-building is 
a kind of perturbation analysis, quantifying the effects of large changes imposed on many vital 
rates simultaneously, but the number of possible scenarios is effectively infinite”. 
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As was mentioned in the previous chapter, the assumptions used for projecting a population 
 involve that the recent demographic trends will continue, they are not the exact predictions. Thus, 
 there are some challenges that population projections may face. The most straightforward 


challenge is that “recent-trend projections that do not tend to account for other events that could 
 change the shape of population growth. For example, such scenarios as conflict, an 


epidemiological disaster, natural disasters and extreme weather events, and food scarcity are 
 more pressing in the context of climate change” (Dotson, 2018). Those potential factors aggravate 
 the reliability of population projections especially at local level such as counties, since counties 
 are just small regions and are more sensitive to exogenous factors. 


Some other challenging factors involve country size, territorial location, lifestyle and development 
 of a country. “Analysts tend to work more with larger countries”, however the accuracy of large 
 counties’ projections are likely to be higher (Dotson, 2018). In less-developed countries fertility 
 rate is the most influential parameter and assumption of the future population size since fertility 
 levels are usually high. “Years of high fertility produce a young population age structure, which 
 generates momentum for future growth as these youth begin having their own families” (PRB, 
 2001). However, “less-developed countries tend to have less reliable birth and death rate data” 


due to epidemics and diseases, high levels of infant mortality and poor quality of statistical 
 estimates (Dotson, 2018). In addition, “with climate change, political unrest and any other 
 unforeseen events, migration patterns could change unexpectedly” (Dotson, 2018). As a 


consequence of all these challenges and exogenous factors the accuracy of population projections 
 goes down.  


Except for parameters, projections are also based on approximated scenarios of how the future 
 might unfold. Probably the most common approach of creating scenarios is to elaborate together 
 with a medium (baseline) variant a low variant and a high variant of the same projection. “The net 
 population increase or decrease over the period is added to the baseline population to project 
 future population” (PRB, 2001), and after that higher or lower vital rates are assumed at the base 
 period. However, according to O'Neill et al. (2001), the UN variants consider various fertility 
 tracks, but do not do so with mortality and migration.   


Beside this very common way to present different variants, Caswell & Gassen (2015) have 
 defined three other major approaches of creating scenarios to be used separately or jointly by 
 demographers in projection construction. 


1.  Extrapolation of trends. 


The main idea is that the current vital trends are observed, and by assuming that they will 
 continue to develop in this way gradually over the time, those patterns are extrapolated 
 into the future. “The best-known of these is perhaps the Lee-Carter model for mortality, 
 which projects mortality with a time-series model applied to a singular value 


decomposition of a past record of age- and time-specific mortality rates” (Caswell & 


Gassen, 2015). 


2.  Assumptions and expert opinion.  


This approach involves that the future trends of vital rates are simply assumed, based on 
unspecified conceptual models. “The projections of Eurozone countries by Eurostat, for 
example, are based on the assumption that the mortality and fertility of all European 
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countries will converge to a common value by the year 2150. The rates for a given country 
 in each year are determined by interpolating between the rates at the start of the 


projection and the final target rates” (Dotson, 2018). In some cases, demographers require 
 the expert opinion, which is usually called conditional, and base the future trends on the 
 opinion of experts that are not directly involved in the projectioning process. For example, 
 Wolfgang Lutz, an Austrian demographer and specialist in demographic analysis and 
 population projection, used “a Delphi-method based approach to collect and aggregate 
 external expert opinions on demographic trends in a systematic manner” (Caswell & 


Gassen, 2015). In addition, expectations of households about their own lives can be also 
 taken into account to draw the scenarios. For instance, it could be surveyed on the 
 expected remaining life expectancy or expected number of children.  


3.  Dependence on external factors, which can be projected themselves. 


The vital rates can be influenced by some external factors. If the trends of these external 
 factors can be somehow predicted, this prediction can serve as the base for the projected 
 vital rates. Especially this approach is widely used for the populations of animals. For 
 instance, “projections of populations of polar bears and emperor penguins under the 
 impact of climate change have been based on projections of sea ice conditions generated 
 by models of global climate conditions produced by the Intergovernmental Panel on 
 Climate Change” (Caswell & Gassen, 2015). In the same way, human population 
 projections can be based on the expectations in the dynamics of economic, social or 
 environmental developments.  



4.2.1 Fertility 


“In population projection, it is necessary to anticipate the number of persons who will be born 
 and will survive to replace the present generation” (American Planning Association [APA], 
 1950). Usually, crude birth rate (number of live births per 1000 persons in population) is used. 


The extension of the crude birth rate is age-specific fertility rates (the number of births per each 
 1000 women of the ages 15–49). The age-specific fertilities are transformed into the total fertility 
 rate of a country, which is “the average total number of children a woman would have given 
 current birth rates” during her child-bearing ages (PRB, 2001).  


In most developing regions, the total fertility rate is still above the level of 2.1 that represents the 
 requirement of the precise replacement. This explains the growth of population sizes of the 
 developing countries. However, “the UN has assumed that their fertility rates will decline to 
 replacement level and remain constant thereafter” (PRB, 2001). In the most developed countries, 
 there is a tendency of giving a birth less than to two children, and “experts have been engaged in a 
 spirited debate about whether fertility will continue to fall, level off, or rise again to stabilize at 
 replacement level” (PRB, 2001). “If this low level of childbearing is maintained in future decades, 
 declines in population size will occur unless the deficit in natural growth is offset with a flow of 
 immigrants” (NRC, 2000). 


In fact, the age-specific fertility rates are more useful for projection purposes rather than the crude 
birth rate, since birth rates vary from woman to woman. “The procedure which may be used for 
projection purposes requires the input data about: number of births, age of mothers, and number 
of married women of child-bearing age; that is available from census data and vital statistics 
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data” (APA, 1950). The further step is to determine what the expectations about these birth rate 
 trends in the future are.  



4.2.2 Mortality  


For measurement of mortality in a country, usually crude death rate is used (the number of deaths 
 per 1000 persons in population). The refinement of the crude death rate is age-specific mortality 
 rates that are expressed as a proportion of deaths of a particular age to total population of this age. 


The age specific-mortalities tell us the information about what is the probability to die at a 
 particular age for the given population. “The more refined the death rate, e.g. the more detailed 
 information that is available on the relation of deaths to sex, age, racial, income and other 


characteristics, the more useful it is as a tool for projecting future population” (APA, 1950). With 
 the help of age-specific mortalities life expectancies at particular ages can be calculated, assuming 
 that the age-specific mortalities will hold true throughout the whole lifetime of those individuals. 


Life expectancy is one of the most vital outputs of population projections, especially when a 
 population has been facing the issue of ageing. For the last decades “life expectancy levels have 
 risen worldwide for a long period and are projected to continue to do so, adding somewhat to 
 future population growth and substantially to population ageing” (NRC, 2000).


“Mortality rates will differ in different sections of the city. High rates are likely to be found in 
 areas populated largely by foreign born, and low rates are likely in the suburbs which are 
 populated by young people” (APA, 1950). It is important that demographers carefully follow the 
 mortality traits such that life expectancies will not be underestimated. “While these underestimates 
 had little effect on overall population totals, they understated the future size of elderly populations 
 and, accordingly, the looming challenges of population aging for retirement and social security 
 programs” (PRB, 2001). 


There are external factors, like HIV/AIDS epidemic, that can suddenly distort the projected life 
 expectancy. The example, taken from Population Reference Bureau (2001), is saying that 
 HIV/AIDS epidemic caused an unexpected demographic crisis by lowering the projected life 
 expectancy for 45 countries in Saharan Africa where infection rates reached 2 percent of the whole 
 population. Then the UN estimates proved that in the 9 most affected countries new AIDS 


mortality had lowered the projected to 2015 population by almost 18 percent in comparison with 
 what it would have been without AIDS. Consequently, if HIV/AIDS infection would spread 
 significantly over other regions of the planet, it could lower the life expectancy all over these 
 regions and strike the growth of the world population (PRB, 2001). 



4.2.3 Migration  


Migration is the major margin to population change; however, it is the most challenging part of 
 the population model. On the one hand, there is emigration which patterns can be studied and 
 described by rates, estimated by the number of individuals at risk and further applied to the 
 relevant components to project the future population (Caswell & Gassen, 2015). On the other 
 hand, there is immigration, the activity that cannot be characterized as the population at risk, and 
 consequently, cannot be described as rates (Caswell & Gassen, 2015). 


There is no big concern about the movements of people inside countries. The world population 
growth is not affected by the movements of people between countries. However, on the local level 
it is more important to follow the in- and out-flows since they contribute to the national growth a 
lot.  
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“Future international migration is more difficult to project than fertility or mortality because 
 migration flows often result from short-term changes in economic, social, or political factors that 
 are hard to predict or quantify” (PRB, 2001). There are no exact methods to predict sudden 
 massive migration flows. The best thing that can help to demographers is to check the newest 
 available estimates of the population. 


There are several reasons that may trigger the movement, and one of those was World War II. 


According to American Planning Association (1950), “19.5 million persons made major moves 
 during”. However, the presence of job is one of the key causes to migrate. In the past, “one of the 
 major causes of the movement from farm to city has been the mechanization of agriculture, the 
 few jobs on farms, and the lack of other job opportunities in rural communities” (APA, 1950). 


These workers after were returning back to the farms having become unemployed during the 
 depression. However, this pattern is unlikely to repeat nowadays and in future. 


Demographers must assess the employment situation in the world in order to be able to make the 
 assumptions about the future migration flows. If there are a lot of job opportunities in a country, 
 the immigration can be expected. And if unemployment is presented in an area, the eventual 
 emigration will be inherent to this area. However, it is easy to overestimate employment mobility, 
 since there are so many reasons that stand behind it and a lot of things that have to be considered 
 before the movement, like money, social attachments and family. In addition, migration factors 
 are not all about economy. People might seek better living conditions, better climate and 
 environment, closer culture mentality or family reunion. 



4.3 Sensitivity of Parameters  


The results of future projections jointly depend on the assumed levels of fertility, mortality and 
 migration. Each of these parameters contributes differently to the total population growth. Another 
 question is that how some changes in the assumed parameters will influence the final output of the 
 projection. To be able to determine sensitivity of the results to the main parameters, it is needed to 
 understand which population we are working with. The behavior of the sensitivities depends on 
 the structure of a population and the cohorts that comprise it (Caswell & Gassen, 2015). On the 
 one hand, if we are working with a big population any changes in total fertility rate will affect the 
 resulting population size a lot. On the other hand, if a country is a favorable place to move in, and 
 migration considerably contribute to this population, then the parameter of net migration must be 
 carefully treated. If a projection with different variants is made on the basis that just one 


parameter’s rates are varying across variants providing other parameter’s assumptions stay fixed, 
 the output of all the variants will transparently demonstrate how sensitive the resulting projection 
 to the changes of this particular parameter is. If a population is rather small, then likely the 
 changes in the parameters will cause just slight changes to the results. 


Measuring the sensitivity of the projected population to the parameters is out of the scope of this 
 study, however the author of this work finds it interesting to mention the way how the sensitivity 
 can be estimated since it outflows from how the projection’s assumptions are set. There is a 
 special tool that is called Sensitivity analysis or perturbation analysis. It provides the information 
 about “how the results of the projection would change in response to changes in the parameters” 


(Caswell & Gassen, 2015).  
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According to Caswell & Gassen (2015) there are several advantages of using such an analysis: 


1.  It can project the consequences of changes in the vital rates.


2.  It can be used to compare potential policy interventions and identify interventions that 
 would have particularly large effects.


3. It can be used retrospectively to decompose observed changes in an outcome into 
 contributions from changes in each of the parameters


4.  It can be used to identify parameters the estimation of which deserves extra attention, 
 because they have large effects on the results.


5. It can quantify uncertainty of projection results: given the uncertainty in some 


parameter θ, and the sensitivity of an outcome of interest to changes in θ, it is possible 
 to approximate the resulting uncertainty in the outcome.


Basically, there are two measures that can judge the impact on the results caused by larger or 
 smaller changes in parameters: sensitivity and elasticity (Caswell & Gassen, 2015). They are 
 based on the calculation of derivatives of the projected data to the parameters of initial data. 


Assuming that y is a function of x we define that: 



𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
 𝑑𝑦

𝑑𝑥. 


Sensitivity is calculated with the help of differentials and says what the sensitivity of dependent 
 variable to changes in influence variable is. The result bears the information about how sensitive 
 the output is to a parameter. For example, by how much the final population size will increase, if 
 we increase fertility rate by one unit. 



𝑒𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 =
 𝑥𝑑𝑦

𝑦𝑑𝑥 
=  
𝜕𝑦

𝜕𝑥. 


Elasticity is calculated with the help of derivatives and says what the proportional sensitivity of 
 dependent variable to influence variable is. The result bears the information about what is the 
 proportional change in the output resulting from proportional change in a parameter. For example, 
 by what percent the final population size will increase, if we increase net migration by 5%. 



4.4 Methods to project population 


At the primitive level population projection can be classified on the basis of “direct method 
projectioning” which considers total population as a quantity that itself changes; and on the basis 
of “separate factor method projectioning” which involves that total population is broken down into 
births, deaths and migration (Renkou, 1980). No matter which classification a projection belongs 
to, there are much more complex mechanisms thatstand behind it. In literature we can find many 
concrete methods which calculate future population sizes. According to Webster (2011) they are 
divided into simplistic (mathematical), econometric and microsimulation. These methods are 
comprised in the table 2.  
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Table 2 Alternative methods of projectioning 


Class  Method  Description 


Simplistic:  


1. Extrapolation 
 or projections of 
 a trend using 
 historical data 
 2. Constant 
 increments, 
 constant 
 percentage 
 change  


Arithmetic 
 increase method 


The rate of growth is assumed to be constant. This 
 method gives too low estimate and can be adopted for 
 projecting populations of large cities which have 
 achieved saturation conditions. 


Uniform 
 percentage of 
 increase 


The rate of growth is assumed to be uniform rate and 
 proportional to population. 


Logistic method  This method involves two growth rates, one of them is 
 geometric growth rate for low population, and another 
 is declining growth rate as country approaches some 
 limiting population. As a result, the method has S-
 shape graph. 


Declining growth 
 method 


The method assumes that country has some limiting 
 saturation population. Thus, the growth rate is a 
 function of population deficit. 


Curvilinear 
 method 


This method involves the graphical projection of the 
 past population growth curve, continuing according to 
 trends based on historical data. 


Incremental 
 increase method 


The rate of growth is assumed to be progressive 
 increasing or decreasing rate rather than constant. The 
 average of net incremental increase of every future 
 decade is added to the regular growth rate. 


Geometric 
 increase method 


The percentage of increase in population from decade 
 to decade is assumed to be constant. This method 
 provides high output and can be useful for populations 
 with unlimited expansion. 


Econometric  Time series  Population projections are based on the analyses of 
 time series of either aggregate population size, or of 
 vital rates. Future population size is broken down into 
 regular components of time series: trend, seasonal, 
 cycle and residual factor. The time series are based on 
 historical data. Such methods may in fact be very 
 accurate over short time horizons. 


Multiple 
 regression 


Population is estimated as a function of Instrumental 
 Variables. Several models are estimated with the help 
 of least squares estimators and the best model is 
 selected. 


Econometric 
 models 


Population is predicted with a system of simultaneously 
 interdependent equations. These models are preferred 
 by economist because of their theoretical soundness. 


However, they are not much more accurate in practice 
than multiple regression models. 
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 Microsimulation  Microsimulation 


Models 


Microsimulation treats each individual independently 
 and uses repeated random experiments instead of 
 average probabilities. This technique simulates life 
 events for each individual, results are then scaled to the 
 size of the total population. It is usually based on 
 sample instead of whole population to mitigate the 
 complexity of calculations. 


Source: Webster, 2011; O'Neill et al., 2001 



4.4.1 Cohort-component method  


Although the methods mentioned in the table 2 have always a place to be in demography, 
 especially speaking about individual countries or regions, O'Neill at al. (2001) have classified 
 those methods as alternative techniques. The most common way to project future population is 
 called cohort-component method which is the standard method used by the national statistical 
 agencies in the most advanced countries and global statistical offices for producing the world 
 projections. The cohort-component method has become the prevailing way of projectioning for 
 several reasons. First, it is not rigid, thus it can be adjusted in many different ways to suit the data 
 whilst keeping its underlying logic (Planning Tank, 2017). Second, its fundamental trait is that 


“the projected size and age structure of the population at any point in the future depends entirely 
 on the size and age structure at the beginning of the period and the age-specific fertility, mortality, 
 and migration rates over the projection period” (O'Neill et al., 2001). Also, the vital rates are 
 usually based on expert opinion.  


The general idea is that initial population are divided into cohorts by age and sex, and each age- 
 and sex-specific group are treated according to the assumptions about fertility, mortality and 
 migration. The age-specific mortalities define the survival of each cohort forward to the next age 
 group separately for males and females (O'Neill at al., 2001). The age-specific fertilities are 
 applied to each female cohort during the childbearing ages (15-49 years) to calculate the total 
 number of births which is further divided into males and females by assumed sex-ratio (Planning 
 Tank, 2017). Similarly, age- and sex-specific net migration rates are applied to each cohort 
 providing that “immigration equals emigration when summed over all regions” (O'Neill at al., 
 2001). 


Commonly, five-year age groups with five-year time step are used for long time horizon 
projections. This can possibly reduce the accuracy, however, save the time. The example taken 
from “A Guide to Global Population Projections” (O'Neill at al., 2001) reports that “the number of 
females in a particular population aged 20-25 in 2005 is calculated as the number of females aged 
15-20 in 2000 multiplied by the assumed probability of survival for females of that age over the 
time period 2000-2005”. Such a sequence repeated separately for males and females until the 
projected data is reached. Of course, for this simplified calculation slightly different data is 
needed: age-specific vital rates must be expressed with five-year step.  
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According to World Population Prospects [WPP] (2015), cohort-component method cannot be 
 considered as a complete independent projection method, since it needs basic parameters (fertility, 
 mortality, migration) to be projected in advance as an input data for the cohort-component 


procedure. “Rather, it is an application of matrix algebra that enables demographers to calculate 
 the effect of assumed future patterns of fertility, mortality, and migration on a population at some 
 given point in the future” (WPP, 2015). 



4.5 Uncertainty of population projections  


“Projections are inevitably uncertain” (NRC, 2000). 


As was pointed out by many global authorities there is always a place to be for uncertainty when 
 we speak about population projections. Keyfitz (1982) says that “Projection error exists because 
 our understanding of demographic behavior is not perfect” and this is absolutely true. “The 
 present demographic situation is not known perfectly, and future trends in births, deaths, and net 
 migrants are subject to unpredictable influences” (NRC, 2000). In addition, there are many other 
 social, economic, technological, political, environmental and scientific changes, along with 
 government policies that are influencing current and future demographic trends and population 
 growth. Fertility and migration are most of the action. Government policies, which involves public 
 health services, family planning methods, immigration regulations, social policy, not only affect 
 the demographic trends but they themselves can be caused by consideration of population 


projections. This all together complicates the process of constructing accurate projections because 


“assumptions about the future might be outmoded or invalidated in a rapidly changing industrial 
 society” (APA, 1950). 


The span of future population projected by different global authorities is so huge because each of 
 them relies on their own assumptions, predict the changes of environment in their own manner and 
 use own methodology. For example, “the U.S. Census Bureau predicts world population at 9.1 
 billion in 2050, compared with 9.3 billion for the latest medium projection by the UN, 8.7 billion 
 from the World Bank, and 8.8 billion from IIASA. By 2100, the differences in the central estimates 
 of these institutions widen to a billion or more, and differences between the low and high 


scenarios span more than 10 billion – from 4 billion to 16 billion” (PRB, 2001). The variety of 
 projected results itself causes more and more uncertainty of population projections among their 
 users.  


“The important limitation of accuracy studies is the short history of projections (about 50 years) 
 compared to the time horizon of future projections (100-150 years)” (O'Neill, Balk, Brickman & 


Ezra, 2001). There is no way to directly evaluate the current population projections; however, the 
 accuracy of past projections can be examined. Generally, population projections tend to be less 
 accurate under particular circumstances. The accuracy of projected data depends on “the quality of 
 the input data and the assumptions made about the course of future change” that are in fact are the 
 most important source of errors (Environmental Systems Research Institute [ESRI], 2007). 


According to PRB (2001), O'Neill et al. (2001) and Bull (1987) the accuracy is lower:  
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1.  In developing countries than in developed countries partly due to limitations and lower 
 reliability of statistical data for their populations. 


2.  For smaller territories than for larger ones partly because demographers treat larger 


countries more thoroughly and partly because projections of smaller territories have higher 
 error margin.  


3.  For younger and older age groups than for middle age groups since mistakes implied in the 
 assumptions about mortality and fertility have greater influence at those ages. 


4.  At country level than at regional or global level because the error may not be balanced by 
 some influential factors. Countries are more sensitive to errors coming from unforeseen 
 events or migration assumptions and these errors partly cancel each other when projections 
 are aggregated to big regions and to the world. 


5.  For long-term projections (more than two decades) than short-term due to the 
 compounding effects of incorrect assumptions over time. 


6.  For populations with low life expectancy and high fertility due to the higher margin of 
 error.  


In projectoning, the most important sources of error are the bad quality of population estimates 
 and collection of input data. It is needed to distinguish whether inaccuracy results from errors in 
 assumed vital rates or from errors in baseline data. 


There is no particular technique that can improve accuracy of projections. “The key to accurate 
 projectioning lies in evaluating your data sources and applying the information to develop 
 reliable projections” (ESRI, 2007). “Demographers try to measure the uncertainty of population 
 projections by consulting other experts; analyzing errors in previous projections; and examining 
 trends in fertility, mortality, and migration” (PRB, 2001).  


“Recent projection methodologies have focused on identifying uncertainty in projections” and it is 
 recommended for demographers to “develop new ways to characterize the uncertainty that is 
 associated with any population projection” (PRB, 2001). One of them is to state the probability 
 that future population size will fall into particular region. These methodological refinements 
 together with continued improvements in the assumptions and evaluation of the previous 


projections can make population projections more credible and useful for a wider range of users. 
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5 METHODOLOGY OF ACCURACY EVALUATION 


As was mentioned in the previous chapter there is no direct method to evaluate the errors of 
 current projections, however it is possible to post evaluate the accuracy of projections. According 
 to ESRI (2007), there are several approaches to evaluate the performance of demographic 


projections: 


•  Examining projection compared to historical patterns of population change  


•  Comparing projection to other estimates or projections for the projection area 


•  Submitting projection to knowledgeable persons in the projection areas for assessment  


•  Performing sensitivity analyses by testing the effects of different methods and assumptions 


•  Comparing projection with known population values such as a census count 


Different studies demonstrate that the most common way is to conduct the evaluation on the basis 
 of comparing projection to other population estimates, the real values that are observed by 


national and global statistical agencies. For instance, ESRI (2007) and Smith & Shahidullah 
 (1995) in their papers use the Mean Absolute Percent Error [MAPE] and the Mean Algebraic 
 Percent Error [MALPE]. Swanson, Tayman & Bryan (2011) recall in their study the Mean Square 
 Percentage Error [MSPE], the Root Mean Square Percentage Error [RMSPE], the Mean Absolute 
 Percentage Error [MAPE] and the Median Absolute Percentage Error [MEDAPE]. Also, in studies 
 of Šídlo & Tesárková (2009) and Šmejkalová (2011) we can find the Keyfitz’s “Quality of 


Prediction Index”. Pflaumer (1992) suggest that the evaluation should be based not on the 
 comparison of projected figures and observed values but on the comparison of actual average 
 annual and projected average annual growth rate. 


In fact, the outcome of all the techniques mentioned above should be approximately the same, and 
 all of them serve the similar logic. As a result, we get the percentage that bear the information 
 about how far the projected data is deviated from the actual data either for a concrete year and 
 component, or for the whole period on average. “Percent errors were used to identify outliers, or 
 extreme differences; and average percent error summarizes the relative differences by geography” 


(ESRI, 2007). However, the question is which errors can be considered as low or high. There is no 
a particular criterion or range of better or worse of accuracy that can be found in literature. The 
thing is that criteria must be set individually in accordance with the specification of a given 
population, since “magnitude of the error is inversely related to the size of the population – the 
smaller the population, the larger the error” (ESRI, 2007). The percentage error can be very close 
to zero which indicates excellent performance and high accuracy of a projection; and it can reach 
very high percentages and even exceeds 100% for some of the components and parameters, which 
indicates that the accuracy goes down. ESRI (2007) states in its paper that for the projected total 
population size at the national level an error of 5% or more is considered high while an error of 
10% or more is considered high at the regional level. According to another study, the distribution 
of errors is that everything what is below 10% can be considered as small errors, and everything 
what is above 25% can be considered as large errors (Smith & Shahidullah, 1995). 
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For measuring the accuracy of the individual projections and their parameters two quantitative 
 methods, namely the Keyfitz’s “Quality of prediction index” [Keyfitz] and the Mean Absolute 
 Percentage Error [MAPE], are used in the work. The choice for Keyfitz is justified because of its 
 simple use and separate employment to any of the components and parameters of projections. 


MAPE is widely used and accepted by many users of population projections, which makes its 
 results comparable to many other studies worldwide. 



5.1 Mean Absolute Percentage Error 


MAPE is the most commonly used method to evaluate the accuracy of population projections. As 
 evidence, besides its common usage and reference in various demographic studies and population 
 papers, it also can be often found in software packages such as Autobox, ezProjectioner, 


Nostradamus, SAS, and SmartProjection. (Swanson, Tayman & Bryan, 2011). There are several 
 advantages of using MAPE and according to Swanson et al. (2011) they are: 


•  valuable statistical properties such that it makes use of all observations and has the 
 smallest variability from sample to sample, 


•  clarity of presentation because it is expressed in generic percentage terms that is 
 understandable to a wide range of users that makes it useful for purposes of reporting, 


•  absolute terms that do not let negative and positive values cancel each other. 


MAPE is popular due to simplicity and ease to understand it, however there is one big 


disadvantage of this method. MAPE, like any other average, is sensitive to extreme value, and it 
 must be relevantly chosen. In addition, MAPE does not show the direction of error, and it is not 
 possible to determine whether projection is over- or underestimated. MAPE in some cases can be 
 transformed to MAPE-R (re-scaled), which eliminates the outliers in the series of projections, as 
 the outliers have a big impact on the final calculation. 


MAPE is usually compared to the Mean Percentage Error [MPE] or is given as an improved 
 version of MPE. MPE judges the accuracy of projection by the computing the percentage 
 deviations of projected values from the actual data both in underestimating and overestimating 
 ways (Clements, 2016). 


Formula: 



𝑀𝑃𝐸 = 1



𝑛 ∗ ∑ 𝑅(𝑡) − 𝑃(𝑡)



𝑅(𝑡) ∗ 100. 


MAPE eliminates negative values when calculating deviation that provides the whole idea about 
 what is the average percentage error in multiple projections. Since negative and positive values 
 exclude each other, we cannot see the real average error. However, MAPE does not show whether 
 projection is overestimated or underestimated against the actual data (Clements, 2016). In this 
 work MAPE method is presented for calculating the coefficients. 


Formula: 



𝑀𝐴𝑃𝐸 = 1



𝑛 ∗ ∑ |𝑅(𝑡) − 𝑃(𝑡)|



𝑅(𝑡) ∗ 100. 
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