Human Populations

"...And Attai begat Nathan, and Nathan begat Zabad, And Zabad begat Ephlal, and Ephlal begat Obed, And Obed begat Jehu, and Jehu begat Azariah, And Azariah begat Helez, and Helez begat Eleasah, And Eleasah begat Sisamai, and Sisamai begat Shallum, And Shallum begat Jakamiah, and Jakamiah begat Elishama..."
- The Bible, Chronicles 

Suggested Reading:

  Cohen, J. 1995. How many people can the earth support? W. W. Norton & Co., New York 

  Ehrlich, P. and Erhlich, A. 1990. The Population Explosion. New York: Simon and Schuster. 

  Gallant, R. 1990. The Peopling of the Planet Earth. New York: Macmillian Publishing Company. 

  Gore, A. 1992. Earth in the Balance. New York: Houghton Mifflin Company. 

In this lecture period, we wish to learn:

· How fast has the human population grown in the past? 

· What is the world population likely to be in the future? 

· What forces are responsible for the world's human population? 

· What is meant by the "Demographic Transition"? 

· What can we learn from models of future human population growth? 



1. Past Human Population Growth

In previous lectures, we have described how human cultural development was closely tied to changes in the natural environment. Successive cultural revolutions, such as the agricultural revolution, have led to surges in population. Figure 1 summarizes again the historical record, typical of a "J-shaped" growth, with humans filling new niches and (perhaps) not yet reaching a limiting carrying capacity. One feature to note in this plot is the lack of huge fluctuations associated with famines or wars. In fact, the nature of J-shaped (exponential) growth is such that episodic reductions due to such catastrophes usually to not affect the inexorable and overpowering upward acceleration in population size. An exception is the period of the "black death" in Europe, which produced a noticeable but small downward spike in the curve. The wholesale loss of life due to world wars of the 20th century produced only small perturbations to the upward trend. 
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Figure 1: Human Population Growth over Time

The human population growth of the last century has been truly phenomenal. It has taken only 40 years for the population to double from about 2.8 billion to its present magnitude of about 5.8 billion. This doubling time is less than the average human lifetime. If this trend continues, there will be more than 10 billion people in the world within the next forty years. This number is close to or in excess of most estimates of carrying capacity. During each lecture hour, more than 10,000 new people enter the world, a rate that exceeds 150 people per second! 

Of the 5.8 billion people, about half live in poverty and at least one fifth are severly undernourished. The rest live out their lives in comparative comfort and health. 

The factors affecting global human population are very simple. They are fertility, mortality, initial population, and time. The relationship among these variables was the subject of the previous lecture. The current growth rate of ~1.6% per year is smaller than the peak which occurred a few decades ago (~2.1/year in 1965-1970), but since this rate acts on a much larger population base, the absolute number of new people per year (~90 million) is at an all time high. The stabilization of population will require a reduction in fertility globally. In the most optimistic view, this will take some time. 



2. Fertility

The current growth of population is driven by fertility. The Figure 2 shows how total fertility rate is a strong function of region. It can be readily seen that the more developed countries ("the North") have lower fertility rates than the less developed countries ( "the South"). The fertility rates in the developed world are close to replacement levels (i.e., the population is roughly stable), while the rates in the developing world are much higher. Thus, population growth and level of development are clearly linked. 
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Figure 2: Global Total Fertility Rates, 1990-1995


Fertility is largely controlled by economics and by human aspirations. The high fertility of the developing world can be partially explained by the large number of hands needed to perform low-technology agricultural tasks. In these areas, families with large numbers of children realize an enhanced economic status. As technology improves, parents realize that having more children decreases rather than increases their standard of living. A dramatic example of this effect occurred in Thailand, where, as soon as parents realized that future economic status was linked to the secondary schooling (which is expensive in Thailand), the fertility rate dropped from about 6 to 2 in a decade! 



3. Population-Age Pyramids

While fertility rates are obviously useful, the demographics of the existing population are also important and can provide key information to predict future growth rates. An example of two such population-age pyramids is shown in Figure 3. 
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Figure 3: Population/Age Pyramids of the Developed and Developing World 
The top figure shows the population-age pyramid for the developed world and the bottom figure is for the developing world. The figure illustrates the pyramids for the years 1975 and 2000. The population/age structure of the developed world represents that of a stable (or nearly stable) population. Here, the pyramid is much steeper than for a rapidly growing population (bottom) where there is a much larger number of young people. The bottom figure (typical for countries like Mexico, Malaysia, India, etc.) shows how a rapidly growing population is dominated by young people. The female side of the diagram is particularly important in understanding future growth. This is because fertility is largely controlled by the number of females in their reproductive years (roughly ages 15 - 40). In the developing world, not only are there many females capable of reproduction, but there are many more young females who are of potential mothers. Thus, the shape of the population-age pyramid for the developing world indicates that the population will continue to grow aggressively for the near future as the cohort of fertile females gets larger each year, fed from the lower parts of the pyramid. It takes many tens (perhaps hundreds) of years to steepen the slopes of the population-age pyramid. Such a steepening is essential before populations can become stable. 
Intensive efforts to control population have been implemented in various countries, notably China and India. An example of what such efforts can achieve is shown in Figure 4, which illustrates the changes in shape of the population-age pyramid for India over the 20-year period from 1971 - 1991. 

As can be seen, the aggressive population planning policies in India (discussed later in the course) have served to steepen the pyramid - but only marginally so. The pyramid for 1991 has a long way to go before it resembles the stable structure seen in the developed world. 
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	Figure 4: Comparitive Population Pyramids for India


[image: image8.jpg]Population Pyramid for India:
1991 P

]
| T





Clearly, population control is a challenging task for which both persistence and patience will be needed. 



4. Mortality

Mortality, or the death rate per individual, is another determining factor of population growth. In the developing world, the death rate has dropped, more or less continuously, since the start of the industrial revolution. The following figure shows the slow, hard won, reduction in death rate in various European countries. Personal hygiene and improved methods of sanitation have played a major role and preceded the impact of modern medicine and, in particular, the development of antibiotics capable of reducing death due to infection. The downward trend of the death rate is common to most countries, although there are some countries (for example, Russia) where the death rate remains high and refuses to move appreciably. 
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Figure 5: Death Rates per 1000 over Time

The combination of decreasing death rate due to the march of progress in sanitation and medicine, coupled with the decrease in birth rate due to changes in the economies has led to a profound change in the population growth curve in the developed world. This change is called the Demographic Transition. 



5. The Demographic Transition

This is the name given to the process that has occurred during the past century, leading to a stabilization of population growth in the more highly developed countries. The Demographic Transition is shown schematically in Figure 6. It is generally characterized as having four separate phases or stages. 
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Figure 6: The Demographic Transition

Stage 1. In this early stage of the demographic transition in Europe, birth rates and death rates are both high. Modern medicine had not yet developed techniques to lengthen life substantially and standards of personal hygiene were comparatively low. Both rates fluctuated depending on circumstances. 

Stage 2. In this stage, standards of hygiene and more modern medical techniques began to drive the death rate down, leading to a significant upward trend in population size. The birth rate remained high, as much of the economy was based on agriculture. Mexico is currently between this and the following stage. 

Stage 3. Urbanization the decreases the economic incentives for large families. The cost of supporting an urban family grew and parents were more actively discouraged from having large families. In response to these economic pressures, the birth rate started to drop, ultimately coming close to the death rate. In the meantime, however, the increased population in Europe led to tremendous societal pressures that caused large scale migration (e.g., to the USA) and extensive global colonialization. 

Stage 4. The last stage of the Demographic Transition in Europe was characterized by a higher, but stable, population size. Birth and death rates were both relatively low and the standard of living became much higher than during the earlier periods. The developed world remains in the fourth stage of its Demographic Transition. A good example of a country in this stage is Sweden. 

The Demographic Transition did not occur overnight in Europe. It is anticipated that a transition like this will occur in all countries as they become further developed. However, time (many decades) will be needed for the birth and death rates to equilibrate - during which time the population will continue to grow rapidly. 

The demographic data from the various countries of the world has been analyzed by many separate entities, including the United Nations. Figure 7 shows the expected future growth curve. Most of the future growth will occur in the developing world as each country struggle to go through a demographic transition of their own. This particular projection shows a total population reaching 10 billion by the year 2050. The projected curve more closely resembles a sigmoidal (logistic) or "S-shaped" curve. 
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	Figure 7: Projected World Population Growth




6. Is there a Carrying Capacity for Homo sapiens?


As we have seen, the human population growth curve is currently following an exponential curve or a "J-shape". Common sense tells us that such growth cannot continue - otherwise within a few hundred years every square foot of the Earth's surface would be taken up by a human. Furthermore, experience with other species tells us that, ultimately, resource limitations and/or habitat degradation will force the human population curves to approach an upper limit or asymptote - the carrying capacity, K. It is very natural to ask the linked questions - does humanity have a carrying capacity and, if so, what is it - and when will we reach or overshoot this limit? 

Before we can attempt to answer this profoundly important question, we need to be very clear about any assumptions used. For example, the answer to this question depends on whether we imagine that (a) each person adds more energy than s/he consumes (in which case the curve may continue as a J-shape), or (b) each person consumes more than s/he adds) in which case an S-shaped curve will occur. 
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If we imagine that humanity will indeed reach real limits, the numerical value of K depends (for example) on whether each individual (a) consumes 800-1200 calories per day (the basic lower limit) or (b) consumes 3000 calories per day (an upper limit, leading to obesity), or (c) consumes 3000 calories per day as well as having a great house and a corvette. In other words, the carrying capacity for humans can only be calculated if we know the rate of per capita consumption - a number that varies widely among nations and regions today. 

The largest meeting of heads of state ever held (the famous Earth Summit in Rio in 1992) considered this very question. At this meeting, there was sharp disagreement about the future of human populations. Basically, the two points of view were as follows: 
1. the "northern" or more developed industrial nations claimed that the developing nations are having too many children and were endangering the Earth. 
2. the "southern" or developing nations argued that they could indeed afford the children if only the developed nations did not overconsume and were more prepared to share their wealth. 

In fact, both points of view are correct. Scholars estimate that it takes 15-20 times as much of the world's resources to raise a child the U.S. as in a developing nation. An important related fact is that 15% of the world's population controls ~85% of the resources. This imbalance is connected to the Demographic Transition in Europe and North America described above. This process led to colonialization, aggressive natural resource acquisition and colonialization. 

Just a few numbers serve to illustrate some of the profound changes that were associated with the Demographic Transition. Between 1820 and 1920, an average of 80,000 square miles per year were acquired by the colonizing powers - ultimately colonial powers claimed over 80% of the Earth's surface. By 1820, there were over 1000 ships were working full time to take North American lumber to Europe. Migration from Europe brought over 33 million people to North America between 1820 and 1920. 

Joel Cohen's recent book on human carrying capacity summarizes the continuing lack of scientific consensus on the subject. Estimates of the number still vary widely according to the specific assumptions used. In fact, the estimates are more scattered than before - indicating a quantitative field still very much in its infancy. One strand of thought, represented by the author Julian Simon discards the notion of a human carrying capacity altogether, claiming that the additional people will provide sufficient creativity and innovation to break through any possible natural barriers to human population growth. Most of the serious estimates of K for humans, however, lie in the range 10 -20 billion people. 

The bottom line is that the Earth provides a finite resource and that, therefore, there must be finite limits to the Earth's sustainable human population. This limit has probably not yet been reached but may well be exceeded within the next few decades. If so, overshooting and consequent resource degradation may lead us to a situation where the ultimate carrying capacity sinks far below today's population size. The final figure of this lecture illustrates a "standard" prediction for human population growth that assumes that environmental degradation will ultimately determine the sustainable population level. One of the questions that remains is will the Earth's population get to this level by planning ahead and lowering the birth rate? Or will the unhappy alternative scenario of lowering population by the increasing the death rate occur? 

Since so many experts disagree on these important questions, you should make your own mind up. What do you think? What assumptions would you use? Will humanity solve its size problems peacefully or via unacceptable increases in the death rate? Will humanity ever find other planets/moons to inhabit? 



Summary

  Human population has followed a J-shaped exponential growth pattern at an accelerated pace over the past few centuries. 

  Population growth rates are very dependent on the level of development within a specific country. Population-age pyramid shapes provide key information as to future outcomes. 

  Medical advances and improved sanitation has led to a decrease in death rate in the developed world. Industrialization and development tends to reduce fertility. The combination of these two processes led to the Demographic Transition in Europe. 

  The existence of a human carrying capacity is very dependent on assumptions used for the calculation. Many scientists estimate a limit in the range 10-20 billion people - a carrying capacity that will be breached soon by continued population growth. 



Other Web Resources

  The U.S. Census Bureau Web Page has statistics on current birth and death rates, as well as population-age pyramids for all countries. 

  Zero-Population Growth (ZPG), a nonprofit organization working on population issues. Of special interest is the ZPG Congressional Report Card 

  Take an easy population quiz, or a more difficult one 
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