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To produce a reasonably accurate projection of world population up to 2050, a number of data sets and estimates are required: initial population by sex, by age and by region, forecasts of future fertility and mortality, and predictions of migration between world regions.

The majority of the base statistics were obtained from the United Nations Population Division website: http://esa.un.org/unpp/. For mortality quotients, the World Health Organisation life tables were used: http://www.who.int/healthinfo/bod/en/
The discussions concerning the past accuracy of UN population projections contained in the book “Past Six Billion” (Panel on Population Projections, 2000) were considered when making estimates of future mortality and fertility. 

Initial population

On the UN Population website, in addition to data for individual countries and various continental/regional groupings, data is also supplied for what they term the More Developed Regions and the Less Developed Regions. It was the data for these two regions that we mainly used in our analyses. The More Developed Regions comprise all regions of Europe, plus Northern America, Australia, New Zealand and Japan. The Less Developed Regions comprise all regions of Africa, Asia (excluding Japan), Latin America and the Caribbean plus Melanesia, Micronesia and Polynesia.  

In addition, the UN has a grouping of ‘Least Developed Countries’, which we initially thought was a separate entity in addition to the More Developed and Less Developed Regions. However, we later discovered that these countries are also included in the complete statistics of the Less Developed Regions. We did look at this grouping of least developed countries in respect to fertility and mortality predictions, though then did not use them in the final model; therefore our results for the least developed countries are not included in this summary.

Base data is available for males and females by 5-year age bands of population, ie. 0​-4, 5-9, 10-14, etc., up to 95-99 and then 100+. To make accurate predictions, these needed to be divided into population for each year of age. Therefore, these figures for the five year age bands had first to be divided by five. In order to smooth the stepped nature of this data, a moving average was used. This provided a satisfactory curve for population by year – but using the moving average technique, the data for ages 0 and 1 and 98 and 99 were unable to be calculated. Data for 0 and 1 were calculated by extrapolating the difference between the average population for the 0-4 and 5-9 age brackets; similarly the data for 98 and 99 were calculated. See Figures 1 and 2 for a comparison of the original data and the smoothed data for the More Developed Regions:
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The method we used to calculate our final projections required the summed population of the 99+ age group. Therefore, to obtain this figure, the extrapolated figure for 99 year olds was obtained by the above method, and to this was added the base data for 100+ year olds from the UN tables.

Using moving averages and then summing the totals means that there can be a small discrepancy with the raw figures for total population, and this was found in our case. For the More Developed Regions, the difference was about 500,000 too few people and for the Less Developed Regions it was around 2,000,000 too many.  In order that the totals for both agreed more closely, the difference was spread over a number of years (9 for the More Developed Regions, 19 for the Less Developed Regions): this was done in order to smooth the shape of the graphs even more. Figures 3 and 4 show the start populations per age that we used in our calculations after the smoothing:
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Using the population data obtained, it was possible to calculate the male/female ratio for the first age band 0-1. The usual hypothetical value is 1.04 for the male/female ratio at birth, but in a number of major countries, eg. China and India this ratio is higher as boys are still more highly favoured than girls. The actual values found for the two main world regions was 1.055 for the More Developed Regions and 1.051 for the Less Developed Regions.

We considered that it is likely that the male/female ratio will tend to decline and approach the ‘natural’ norm over time. Therefore, we used reduced the ratio in equal steps each year from 2005, so that it would reach 1.037 in 2050 for the More Developed Regions and 1.0375 for the Less Developed Regions.

Fertility

There are a number of different models describing fertility by age. For the More Developed Regions the Gamma model was used. For the Less Developed Regions, the Beta model was used. These are shown in Figures 5 and 6, with the changes in fertility over time and in mean age at birth incorporated into the models.

[image: image5.wmf][image: image6.wmf]One of the main points raised by the Panel on Population Projections (2000) was that fertility estimates had been consistently too high in the past. It could also be noted that in their report, published in 2000, there were still a number of countries that had not commenced their first demographic transition and were not yet experiencing falling fertility. One question posed was when the transition would start. The answer, provided by the latest UN figures (2003), is that practically all developing countries are now experiencing falling fertility.

The UN provides 4 different projections based on:

1) Medium fertility. This assumes all countries will tend towards a long term fertility rate of 1.85 children per woman. Countries currently with a rate lower than this will increase and those higher than this will fall, although those countries with the highest rates at present may not reach this rate before 2050.

2) High fertility. This is similar to the medium variant, but with a target rate of 2.35 children per family.

3) Low fertility. The target rate is 1.35 children per family.

4) Constant fertility prediction. This hypothetical model keeps fertility at its current rate in all countries. 

We felt that a more likely scenario than any of the above models was somewhere between the medium and low variants. Figures 7 and 8 show the values we used compared to those of the UN medium variant: 
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For the More Developed Regions, the current average fertility rate is 1.5 and we kept this constant for the whole duration 2005 – 2050. However, we proposed that the mean age would rise to 31 in 2010 and then remain constant.

For the Less Developed Regions, the starting fertility was 3.0 in 2000. We then reduced this by 0.04 per year to 2020, at which point the rate would be 2.20. From 2020 to 2030 the annual fall was reduced to 0.03, to reach 1.90 in 2030. Between 2030 and 2050, the annual reduction was 0.01, which would then give a final fertility rate in 2050 of 1.70. For mean age at birth, this was increased by 0.05 per year between 2000 and 2040, hence from 29 to 31: after that it was kept constant at 31. For the variance, we reduced it by 0.1 each year, from 25 in 2000 to 20 in 2050 (a comparable figure to that of the More Developed countries now).

Mortality

The Panel on Population Projections (2000) noted that predicted increases in life expectancy had always been lower than those actually experienced in the past. However, we essentially used their current predictions for increase in life expectancy, as we did not consider there were any convincing reasons to increase it even more. Many uncertainties surround mortality forecasts, probably more than fertility rates. The long-term impact of HIV/AIDS is still to be worked out in demographic terms, and how it hits India and China could change the forecasts quite dramatically. The effect of increased immunisation and successfully tackling malaria and TB could be great in improving life expectancy in the developing world. However, the effects of obesity could cut life expectancy in the developed world, as could region-wide trauma such as happened with the fall of communism. The long-term impact of smoking world-wide has probably still to reach a maximum. At some stage in the next 45 years, it is probable that an avian flu pandemic will hit the world population. Whether this will cause just a short-term increase in deaths across all ages, or a have a longer term demographic effect will depend on what ages are particularly vulnerable to it. If it strikes older people specifically, the effects are short-term; however, if it kills women (and men) of reproductive age, the effect is greater as this would also cause a dip in births. If children are the primary victims, then the effect may also be less if parents ‘replace’ lost children by having more.

To model mortality we selected, for each region, a country typifying the average life expectancy, firstly of the present time and secondly what we propose might be achieved by the whole region by 2050 (based on UN forecasts). For the More Developed Regions, the countries chosen were Chile in 2000 and Japan in 2001. We then projected the mortality rates for each age as if all the countries in this grouping were moving from the rates experienced by Chile to those of Japan (see Figures 9 and 10 below). The advantage of this method was that the mortality quotients for each age band were available for individual countries (on the WHO website), though not for regions. The life expectancies therefore were expected to rise for males from 72.0 to 77.9 and for females from 78.4 to 84.7.
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For the Less Developed Regions, the two countries we selected were Guyana and Poland. Using these as models, life expectancies were expected to rise for males from 61.1 to 69.7 and for females from 66.4 to 78.0. 
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The interpolated mortality quotients were for the different age groups (0, 1-4, 5-9, 10-14, etc) and so the quotients for each specific age had to be calculated (using the Wanner Excel spreadsheet). 

The problems of modelling mortality using just two, very simple models are great, as there are huge variations in life expectancies between countries and regions. To improve the projections greatly, I would suggest that the following country groupings be used:

1. The developed countries of western Europe, North America, Australasia, Japan and the other developed countries of Asia. Life expectancy may continue to improve for a while, but then stall.

2. The ex-communist countries. They are typified by much higher male mortality than female mortality, and this is unlikely to change in the short term, though hopefully life expectancies will increase again after their sudden dip.

3. North-African and middle eastern countries.

4. India (in 2001, life expectancy there was 60.0 for men and 61.7 for women, and this can be expected to rise steadily, unless AIDS hits hard).

5. China, with a life expectancy in 2000 of 69.4 for women and 72.2 for men.

6. Other Asian countries plus those of central and south America. Life expectancies are generally improving steadily.

7. Sub-Saharan Africa, where life expectancies are lowest world-wide. Health initiatives for AIDS and malaria may have a huge positive impact, but this is not guaranteed. Bird flu may be the next devastating epidemic in that region.

Another problem with the data for the countries we chose was that there appears to be some incoherence in the mortality quotients at the higher ages. In the older age brackets the mortality quotients were lower for the Less Developed Regions than the More Developed Regions, ie. life expectancy at higher ages was higher in the former than the latter. It would now seem probable that this difficulty arrived in the calculation of mortality quotients for each year from the 5-year age bands.

As the total population of everyone aged 99 and over was grouped into one age category, then the mortality quotient of that age group was 1, ie. everyone aged 99 dies at some age beyond that. However, the life expectancy of those at 99 is not known. In order to make a better estimate of life expectancy at 99, I modelled the mortality quotients for all years from 100 up to around 110 (depending on the starting quotient). Thus I was able to make hypothetical life tables of those ages and hence make a better estimate of life expectancy at 99. These were in the range 2.2 to 3.3 for the More Developed Regions, and the somewhat anomalous result of 3.6 to 5.4 for the Less Developed Regions. In re-examining the source life tables of WHO, it would seem that life expectancy at 100 is, in fact, very similar across all countries – about 2 years (see Tables in Annex 1). Therefore, this would again indicate a likely problem in the mortality quotients for ages 97, 98 and 99 – the data which I used to extrapolate from. 

To improve the model in one other area, the life expectancy at less than 1 year of age was adjusted. For the More Developed Regions, the standard factor of 0.8 was used (meaning that 80% of deaths occurring during the first year of life happen in the first 6 months). For the Less Developed Regions, a figure of 0.65 was used. In developed countries, the cause of infant mortality tends to be predominantly congenital problems and so these babies tend to die in the first few days and weeks of life. In developing countries, external environmental factors are more important comparatively (eg. infectious diseases and malaria) and so there is less difference in the proportion dying in the second six months of life than in the first six months compared to the developed countries.

Migration

The ease of using just two regions for projecting world population becomes apparent when one includes migration in the equations. If only two regions are studied then the net migration of one must be the same as that for the other but with the opposite sign.

The United Nations estimate for net migration for the More Developed Regions was +2.6 million, and -2.6 million for the Less Developed Regions for the period 2000-2005. It is then predicted to decline to 2.3 m in the period 2005-2010, with further declines after that. We thought this scenario was highly unlikely. We expect the imminent falls of population in developing countries because of the long-term low birth rates will create labour shortages so there will be a large demand for labour. Parallel to this is the desire of many people in the Less Developed Regions to improve their life economically. Where there are such strong forces of supply and demand, then surely migrant flows will be the outcome. It is likely that although native populations in the developed countries will put pressures on their politicians to put a brake on immigration, they are likely to respond by ‘selling’ the idea that migration is both necessary and desirable.

With these considerations in mind, we therefore increased net migration from the Less Developed Regions to the More Developed Regions by 1% per year from 2005 through to 2050. We also proposed that the ratio of immigrants to emigrants for the More Developed Regions was 4:1. The starting figure for 2005 was 3.2 m immigrants (1.6 males plus 1.6 m females), and a net migration of 2.6 m (1.3 m men and 1.3 m women); this led to a net migration of just over 4 m in 2050 (see Figure 13).

[image: image13.wmf]
The propensity to migrate depends on age and males and females tend to migrate at slightly different ages: therefore we used a model that reflected the greater propensity to migrate for the mid-20 to mid-30 year olds, with the peak for females being at a slightly younger age than that for males. We used the model of immigrants to and emigrants from the USA as the model for whole of the More Developed Regions (see Figures 14 and 15 below). For the Less Developed Regions, we simply used the same numbers for immigrants and emigrants as for the More Developed Regions, but with the signs changed.
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Projections

Using the base data for initial population and including the data tables on fertility, mortality and migration, we produced population projections for 2005 – 2050. Although there are a number of procedural difficulties with the model and many unknowns in predicting future fertility, mortality and migrations patterns, the projections appear to be reasonably consistent with the ‘medium variant’ projection produced by the UN (see Figures 16, 17 and 18 below). What is clear is that world population will continue to grow for around the next 50 years – mostly because of ‘demographic inertia’, ie. there is a considerable lag before changing birth rates and death rates will affect total population. However, not long after 2050, world population is likely to start to fall, and again, because of the inertia, it almost certainly will fall. Despite differences between our predictions and those of the UN, the projected outcomes are remarkably similar. For the More Developed Regions, the population maximum is likely to be reached around 2030 and then very slowly decline. We suggested a lower fertility than the UN projections, but higher immigration into the More Developed regions: this means that the final totals are very similar for the More Developed regions, but in the latter years of the projection, the Less Developed Regions will have a slower growth rate in our predictions than those of the UN.
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Finally, it is of interest to examine the population pyramids at the beginning and end of the projection period (Figures 19, 20, 21 and 22 below). For the More Developed Regions, it is clear that the population ‘bulge’ is already moving upwards, ie. ageing, and each successive cohort is a little smaller than the one before it. In 2005, this has not yet started to happen in the Less Developed Regions – the age pyramid is still a pyramid (!), with the largest cohort being the youngest age group. However, by 2050, the shape of the pyramid has evolved to be that of the More Developed Regions, with a bulge in the middle. From that we can see that the largest cohort ever will be that born around 2015 and so will aged 35 in 2050.
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