Human Carrying Capacity Is Determined by Food Availability
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Simple mathematical models have illustrated the relationship between human carrying capacity and
population growth. In this study, food supply is proposed as the variable which best accounts for the human
carrying capacity. The logistic equation, using food supply data as a variable carrying capacity, yields
population estimates which are in accord with actual population numbers. That food supply data adequately
fits the logistic model of human population dynamics provides evidence that, consistent with ecological
notions typically applied only to nonhuman species, human population increases are a function of increased
food availability.
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INTRODUCTION

As human population numbers surpass six billion, and many projections of future
population size exceed 12 billion (Lutz et al., 1997), the need to understand and model
global human carrying capacity becomes more and more pressing. Although models of
human carrying capacity exist, they are typically tied to theoretical constructs rather than
biologic data. Also, the use of mathematical models in analyzing human carrying capacity
is complicated by the fact that the widely accepted models of population dynamics were
developed using laboratory cultures and animal field studies. The present analysis ties
known food production data compiled by the Food and Agriculture Organization (FAO) to
a previously described model of global human population dynamics (Pearl & Reed, 1920;
Cohen, 1995a; Gillman & Hails, 1997; Meyer & Ausubel, 1999).

HUMAN CARRYING CAPACITY MODELS

Ecologists and population biologists have long used the logistic model of population
dynamics as a way to understand the cause and effect relationship between carrying
capacity and population size (Wilson & Bossert, 1971; Gotelli, 1998). As Malthus
(Petersen, 1979) and Darwin (1859) understood, in the absence of limitations on resources,
i.e., space and food, populations will grow exponentially. However, if resources are
limited, the growth rate begins to decelerate well below the maximum population size that
the environmental resources can support. Deceleration continues until a more or less
equilibrium level is reached. This equilibrium occurs near the asymptote of environmental
limits. When plotted, the resultant growth takes the form of a sigmoidal or S-shaped curve.
Typically, in the laboratory and field studies used to test population growth models, the
carrying capacity is held constant.

Please address correspondence to Russell Hopfenberg, 105 Autumn Drive, Chapel Hill, NC 27516-
7744; e-mail: RussH100@aol.com.
Population and Environment, Vol. 25, No. 2, 109-117 November 2003 © 2003 Human Sciences Press, Inc.



http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

POPULATION AND ENVIRONMENT

Unlike these laboratory cultures with a fixed amount of space and resources, the
human population can be perceived to exhibit complex growth, with multiple processes
occurring sequentially or simultaneously. This seems to be the case, given the complexity
of our global society and the diversity of its social, economic and political condition
(Arrow, 1995; Daly, 1996). However, as Meyer et al. (1999) explain, “many such
(complex) phenomena, it turns out, can be described elegantly with a simple mathematical
model.”

Several authors (Pearl, R. & Reed, 1920; Cohen, 1995a; Marchetti et al., 1996;
Meyer et al., 1999) have demonstrated that simple mathematical models of the relationship
between human population and human carrying capacity can account for the growth rate.
Cohen (1995a) proposed a human population dynamics model with a variable carrying
capacity, in which changes in the carrying capacity is itself a function of population. In this
model, shifts in the way the population affects carrying capacity change is dependent on
the amount of resources, human potential and cultural attitudes. Similarly, Meyer and
Ausubel (1999) proposed a model of bilogistic growth, which allows for a sigmoidally
increasing carrying capacity. They stated that “new technologies affect how resources are
consumed,” thus changing the carrying capacity. The conclusion drawn from these studies
is that models that employ a dynamic carrying capacity are more reflective of the human
condition.

THE PROBLEM

It has been suggested that explicitly identified and quantified variables responsible
for human population growth are unknown or, even worse, possibly unknowable (Cohen,
1995b; Marchetti et al., 1996; Meyer & Ausubel, 1999). The unstated perspective seems to
be that population growth is an intrinsic feature of the human species regardless of
resources and, therefore, the causes are seldom sought (Meritt, 2001). Further obfuscating
the understanding of human population dynamics is the emphasis of the fact that the
carrying capacity provides the upper limit to population size. That the carrying capacity of
any species, including the human, is, in effect, an ecological magnet that draws population
numbers to it is notably de-emphasized in the literature. The existence of human
population models that accurately portray growth as a function of carrying capacity
indicates that the causes of human population growth are indeed knowable. The difficulty
seems to have been one of moving from a theoretically derived carrying capacity to an
identifiable and quantifiable one.

Several authors (Cohen, 1995a; Meyer & Ausubel, 1999) have attempted to
illustrate human carrying capacity in order to provide a more robust model with which to
accurately estimate the size of the human population that the earth can support. As pointed
out by Cohen (1995a), there is not much agreement regarding appropriate models of
human carrying capacity. Attention has been paid to changes in technology, culture,
economics and other factors posited as variables that are part and parcel of the human
carrying capacity. However, none of these factors have been operationally defined
although some examples are mentioned.

Specifically cited as examples of new technologies and resources are those that
have allowed for increasing crop yields as well as other innovations which have ultimately
served to increase human food availability (Cohen, 1995a; Meyer & Ausubel, 1999). That
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these studies highlight food availability as an important factor affecting human population
growth is consistent with repeated findings that the level of food availability, along with
other density dependent limiting factors, defines the carrying capacity or absolute upper
limit for the population of any species, and all species will increase their number until
approaching this limit (Pimentel, 1966; Quinn, 1992; Hopfenberg & Pimentel, 2001).

METHOD

Models of human population growth are typically an extension of the widely used
logistic equation (Lotka, 1925):

daP(1) P()
dt _VP(I)(I K(t)j W)

Here P is the population, t is time and K is the carrying capacity. The constant r > 0 is the
Malthusian parameter and represents the rate of population growth, which is the net effect
of reproduction and mortality, and is expressed as a percentage. As previously mentioned,
a static carrying capacity does not accurately reflect the current human condition.
Therefore, a carrying capacity that changes with time t is substituted and takes the form
K(t). The analytic solution to equation (1) takes the following form:

K(t)

(2)
1+ (K(t) - lj e ™
P(1)

P(t+At)=

Positing human food availability as the variable which best accounts for human
carrying capacity requires quantification of food production data converted to “maximum
population” values, i.e., the number of individuals that the resources can support. In
identifying human food as the resource that accounts for human carrying capacity, a
measure of global food availability must be calculated. The FAO obtains data from official
and semiofficial reports of crop yields, area under production, and livestock numbers
(World Development Indicators, 2002). If data are not available, the FAO makes estimates.
The food production index covers food crops that are considered edible and that contain
nutrients. The FAO determined these numbers relative to the average food production for
the years 1989 to 1991, and set the average for these three years equal to 100. The FAO
calculated livestock numbers separately and these were normalized independent of food
production data. Similar to food production calculations, the FAO presented livestock
numbers for all years relative to the average for the years 1989 to 1991, which was set at
100.

Increases in livestock production and food production show similar trends over the
same time period (See figure 1). However, no conversion factor from food production to
livestock production was provided. As livestock and food production data have similar
values, use of food production or livestock data alone will suffice to estimate carrying
capacity values. Since more years of food production data are available, these are used as
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the carrying capacity estimate for the present analysis. Therefore, although livestock are
indeed a human food resource, these data are omitted.
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Figure 1. Food production index (WDI, 2002) (green) are three-year
averages and normalized to the average for 1989-1991 = 100. Livestock
production index (blue) were compiled independently and similarly
normalized.

To organize the food production data for use in the logistic equation, the food
production index was converted to carrying capacity values. The carrying capacity is
defined here as the number of individuals that the resources can support. First, each year of
food production was assigned a t value of the year of harvest plus one. For example, food
production data for the year 1961 were assigned a year value of 1962 and was then used to
calculate P for the year 1962 using equation (2). Changing the ¢ value allows the time
required for human gestation. Second, as food production data are reported based upon
setting the average to 100 for the years 1989 to 1991, all values were multiplied by the
constant 0.06710779. This constant was derived by dividing the PRB (2000) population
data by the FAO Food Production data for t = 1962 thus setting food data equal to P for t =
1962 (P expressed in billions). The resultant converted food indices were then multiplied
by 2.487 to generate a good fit with actual population data using equation (2) for the first
available data point, t = 1962. Third, the Malthusian Parameter for Equation 2 was held
constant at r = 0.03.
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RESULTS AND DISCUSSION

Positing FAO food production data as the sole variable in the logistic equation that
accounts for human carrying capacity yields population estimates that closely approximate
actual population numbers as illustrated in Figure 2. Population estimates derived from the
FAO food production data show an increasing trajectory, as do the actual population
numbers. Of particular note is the difference between K and P values for all years. For
example, at t = 2000, K = 23.06 billion, 3.79 times the value of P. These numbers are
consistent with findings from the FAO and other sources (Lappé et al., 1998; Rahnema,
2002). Given these data, it is clear that issues of starvation and malnutrition are not a
function of worldwide food production but a function of distribution complexities
(Hinrichsen, 1997), which seem to increase as a function of the size of the global
population (Calhoun, 1962; Hopfenberg & Pimentel, 2001).
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FIGURE 2. Food production data (K-FAQ) indicates the carrying
capacity or maximum number of people that can be sustained at
this level of food availability; logistically derived population
numbers using Equation (2), (PLogistic); and actual human
population numbers (P-PRB).

Increasing food production is a phenomenon that is not limited to the past 40 years.
Although more precise data have been kept for this period, the prodigious increase in food
production has its roots in the beginning of the agricultural revolution 10,000 years ago. As
Cohen (1995b) stated, “The ability to produce food allowed human numbers to increase
greatly and made it possible, eventually, for civilizations to arise.” Meritt (2001) expanded
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on this notion. He asserted, “With a genuinely ecological understanding of how humanity
fits in with the rest of nature, the filters through which we see our ‘increase culture’ can
finally be removed. The result is the uncovering of a complex of cultural traits, including
total reliance on agriculture, the ultracompetitive interspecies practices that surround that
reliance and the institutionalized ownership of food as a means (to perpetuate
civilization).”

An indication of our ultracompetitive cultural stance toward increasing food
production is the FAO’s project during the 1970°s to map the productive capabilities of
soil the world over, including estimates of the kinds of crops that might be grown in the
various soil types (Higgins et al., 1983). The implication is that all soil on the planet that is
cultivable, has freshwater accessibility and contains the nutrients necessary for crop growth
is ultimately available for human food production. Again, the data presented here indicate
that population will continue to increase as long as food production continues to increase.

Much attention has been paid to human population growth and concomitant
problems. The impact of continued population increases on the extinction rate of other
species has been well documented (Hinrichsen, 1994; Hern, 1999). It is also accepted that
population growth has had a detrimental impact on the quality of human life itself. The
biological, social and psychological well being of people worldwide has been negatively
impacted by the prodigious increases in population, and the danger of continued increases
is well understood. These dangers include diseases that may ultimately control population
growth by means of an increased death rate (Hopfenberg & Pimentel, 2001). Addressing
the problem of human population growth must include a shift in cultural attitudes, which
may well consist of changes in the social, political, educational and religious mindset. This
cultural shift must also include the recognition, as the present study makes clear, that the
problem of human population growth can be feasibly addressed only if it is recognized that
increases in the population of the human species, like increases in the population of all
other species, is a function of increases in food availability. As Quinn (1996) so eloquently
stated, “There is no species that dwindles in the midst of abundance, no species that thrives
on nothing.”
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