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Climate change may affect the behavior of various systems on earth, one of which is
human population. In the current literature, it is hypothesized that anthropogenic impacts
on earth may yield persistent and adverse climatic conditions which may become the
norm rather than an exception. Given these climatic conditions, the world population may
lose its stability and these climate conditions may trigger population shifts that may be
characterized by regional migration patterns or loss of population. In this commentary the
purpose is to review historical views on this subject and apply a mathematical model
developed to provide computational insight to human population behavior given climatic
conditions that are hypothesized to occur during the next millennium. The scenarios used
for this purpose is hypothetical, but they may reveal critical population dynamics which
may need to be taken into consideration in addressing future climate change impacts.
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INTRODUCTION
The effect of climate change on earth systems has been reported to
be significant in the Intergovernmental Panel on Climate Change
(IPCC) studies (IPCC, 2013). When compared to the period of
record keeping on these events and the period of human existence
on earth during the preindustrial and industrial period, more
recent acceleration of observed increases in world temperatures
is occurring over a very short period of time and possibly at an
increased rate (IPCC, 2013). Within this short period of recorded
environmental system behavior, the near unanimous consensus
among scientists is that these changes are due to anthropogenic
greenhouse gas (GHG) emissions, and that they are significant
and persistent (Solomon et al., 2009). The identification of tol-
erable levels of climate change and thus tolerable levels of GHGs
in the atmosphere have always been the concern with respect to
the behavior of ecosystems and their response to these stressors
(Guzmán et al., 2009; Guan et al., 2013). The purpose here is to
discuss the potential effect of this persistent behavior from the
perspective of world population dynamics, and see if the world
population could experience drastic impacts under these climatic
conditions. One such persistent impact was identified in the IPCC
studies (Hansen et al., 2006; Meehl et al., 2007; Solomon et al.,
2007; IPCC, 2013) as the 2◦C global warming scenario by the year
2100. This scenario was characterized to be an upper limit of tem-
perature change beyond which nonlinear and rapid degradation
of ecosystems would occur (Solomon et al., 2007). It was claimed
that beyond this global warming level the carrying capacity of
world systems will be affected and thus stable world population
levels would be shifted. The 2◦C scenario of IPCC was later low-
ered to a 1◦C level indicating that at these levels drastic sea level
changes and extinction of species would be expected (Hansen
et al., 2006; IPCC, 2013). Independent studies including the phys-
ical models of IPCC have also confirmed the expected higher sea

levels at these temperatures and that this would involve signifi-
cant policy impacts (Meehl et al., 2007; Rahmstorf, 2007; Guzmán
et al., 2009; Aral, 2013; Chang et al., 2013; Guan et al., 2013).
More recently, in reference to climatic temperature trends another
important concern was raised; even if drastic cuts in GHG emis-
sions are implemented worldwide it is expected that the current
levels of GHG in the atmosphere would persist over long periods
and we should expect to see persistent levels of high temperatures
for a long period of time (Wigley, 2005; Solomon et al., 2009).
This is an important observation and the purpose of this com-
mentary is to examine the implications of this prediction from
the perspective of human global population dynamics.

The world population dynamics is discussed here from a his-
torical perspective along with the mathematical models proposed
to analyze this behavior in the current literature (Brown and
Kane, 1994; Cohen, 1995; Aral, 2013). The purpose of this com-
mentary is not to claim that the population models used here
will accurately reflect the near or long term influence of climate
change on population dynamics. As indicated in Aral (2013) that
would be a rather difficult proposition since: (i) the overarch-
ing world population-climate dynamic system is very complex;
(ii) the interactive behavior of world population within earth sys-
tems is highly nonlinear; (iii) the predictive process involves many
interactive sub-processes which is hard to characterize in a pop-
ulation model; and, (iv) there are not enough data to calibrate
this complex behavior for various climate and population changes
that may potentially occur in the future, i.e., the characteristic sig-
nature data may not be currently available. We also acknowledge
that there is no alternative to computer simulations if one wants
to predict future. However, since—in this case—there is no way
to validate them, the forecasts become more a matter of faith than
a fact. Given these restrictions and observations, the purpose here
is to discuss the possibility of occurrence of the statements made
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on potential effects of climate change on population dynamics by
analyzing the behavior of “relative change” that may be observed
in human population system behavior under persistent climatic
conditions. For example, scientists have reached to the conclu-
sion that global warming relative to year 2000 will persist for long
periods of time even if the GHG emissions are reduced drasti-
cally (Solomon et al., 2009). If there is such an expectation then
it may be important to see the relative effect of persistent and
high temperature levels on human population dynamics using a
model which may provide an insight to the “stability behavior”
of population trends. Thus, the purpose here is to briefly review
the historical perspectives on this subject and discuss the potential
effect of persistent high temperatures on population dynamics. In
this review temperature is selected as the climate change indica-
tor parameter. If there is a potential for persistent temperature
levels (Solomon et al., 2009) to trigger human population shifts,
than these models may reflect that behavior in terms of the sta-
bility characteristics of the population system in the long term.
The assumption made in this discussion is that fluctuations on
temperature may cause temporal variations on global population
trends in the short term, but these short term trends in temper-
ature may not change the evolution of the long term population
trends if the general trend in temperature is rising or decreasing.
The purpose in this commentary is not to predict these short term
trends but instead analyze the stability behavior of population
trends based on persistent behavior of “increasing temperature”
trends which is identified as the main outcome of climate change
on earth.

WORLD POPULATION MODELS
The origins of the discussion on population dynamics are philo-
sophical and it goes back to 16th and 17th centuries. According
to Marquis de Condorcet (1743–1794) one line of thought is
that: “Human mind is capable of eliminating all obstacles to human
progress, thus all limitations to population growth can be overcome
through technological advances that human mind can create.” Since
the generation of new technologies, and thus the elimination of
obstacles, is proportional to the population, according to this line
of thought, higher the population higher will be the possibility of
creation of new technologies to overcome the limitations to pop-
ulation growth. This perspective was the first in introducing the
concept of carrying capacity of earth systems and acknowledging
its link to human population as a function of knowledge accumu-
lation. Condorcet’s argument was that population growth in itself
would not create a limitation or restriction since humans are so
smart that they will find ways to overcome all possible carrying
capacity limitations to population growth. This line of thought by
Condorcet is useful, but it is important to mention here that inno-
vative solutions that is adopted by humans may not necessarily be
favorable for human survival as well, arguably the climate change
issue is one of them. On the other side of this argument there
was the Thomas Robert Malthus’ (1766–1834) perspective which
was: “Ecosystems have a finite carrying capacity. However, smart
humans are this carrying capacity can only be expanded to a limit
which is still arguably a function of population.” Given this limit
eventually the population growth will win the race and human
populations may become unsustainable. Now that we are in the

21st century with exponentially increasing population levels of 7
billion, so far it seems that Condorcet’s argument is still winning.
Although both points of view have their merit, it seems they are
also deficient since they were only looking at the problem of pop-
ulation growth and arguing if the carrying capacity of earth would
be sufficient to sustain or not sustain that growth. In the context
of this commentary, it seems both philosophies have ignored the
effect of the extreme and rapid change in environmental systems
and the potential adverse human impacts of this change. When
we look at the problem from this perspective and if the carry-
ing capacity will not be the limiting factor, although it will still
be an influencing factor, will there be other factors that need to
be considered that may limit sustainable population growth. The
question then becomes, if there is such a factor, can humans adapt
to these extreme and rapid changes that might occur due to cli-
mate change independent of the influence of carrying capacity on
population dynamics. We find the answer to that question in the
teachings of Charles Darwin (1809–1882). According to Darwin:
“Species always breed beyond available resources. Favorable vari-
ations would make organisms better at surviving under adverse
conditions and passing the variations on to their offspring as a means
of survival, while unfavorable variations would be lost which in
essence is the extinction of species due to adverse and unsustain-
able conditions.” According to this observation, it seems human
species still has some hope to adjust but this adjustment can only
happen in Darwinian time scales. Than the question becomes is
the climate change effects on humans are occurring on Darwinian
time scales as well giving humans a chance to adjust. The answer
to that question would be a definite “No.” The climate change
observations indicate that not only the climate changes effects are
occurring over a much shorter period of time when compared to
Darwinian time scales, but also these climate change periods are
getting shorter, and shorter given the level of the change that are
being observed on earth (IPCC, 2013).

It is also possible to look at these historical perspectives from
a mathematical modeling point of view. The Condorcet’s and
Malthus’ arguments can be combined under the same mathe-
matical model (Brown and Kane, 1994; Cohen, 1995) where the
Malthus model takes the form,

dP (t)

dt
= c1 (P (t))2 [K (t) − P (t)] (1)

where P(t) is the population, K(t) is the carrying capacity, c1is
the Malthus’ constant and t is time. According to Malthus’ prin-
ciple the carrying capacity is to be assumed to be a constant but
in this case, in order to introduce the Condorcet’s principle into
Equation (1), we will chose it to be time dependent. According to
Condorcet’s principle the time rate of change of K(t) is propor-
tional to time rate of change of population. Thus, this definition
can be introduced as,

dK (t)

dt
= c2

dP (t)

dt
(2)

where c2 is the Condorcet’s proportionality constant. Based on
the value of c2 the carrying capacity may change in several dif-
ferent ways. For (c2 > 1) each member of the population will
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add to carrying capacity more than to cover his own consump-
tion. Thus, the carrying capacity will grow faster than population
and eventually according to Equation (1) the population will
also grow faster than exponentially and will become infinite very
quickly. For (c2 = 1) each member of the population will add
to carrying capacity as much as he consumes. For this case the
increase in carrying capacity is directly proportional to popula-
tion growth and according to Equation (1) the population growth
will be exponential and will eventually reach infinity albeit at
a much slower rate when compared to the previous case. For
the case of (0 < c2 < 1) each member of the population will
add to the carrying capacity but less than he consumes. In this
case, according to Equation (1) the population will grow logis-
tically (Boccara, 2004), and eventually the growth rate decreases
to zero. When (c2 = 0) the population growth rate will not have
any influence on the growth of the carrying capacity. In this
case the carrying capacity is constant and this represents the
Malthus principle and population levels will diminish over time.
For (c2 < 0) the population growth reduces the growth of the
carrying capacity in which case the population will eventually
collapse.

Given this interpretation of the Condorcet’s and Malthus prin-
ciples, the interpretation of the growth or the decay of the carry-
ing capacity and the population dynamics that is associated with
that behavior is possible. Using these principles several authors
have demonstrated that the historical data on world population
over the entire period of human existence up to the year 2000
can be accurately described by the use of empirical mathematical
models (von Foerster et al., 1960; Kapitza, 1996; Lee et al., 2008;
Dolgonosov, 2009, 2012; Akaev and Sadovnichii, 2012). A com-
prehensive review of these models and the lineage among them
was discussed in Aral (2013), which will not be repeated here.
One should also acknowledge that none of these models address
the question we have posed earlier. That is: Observations indicate
that the adverse effects of climate change are increased tempera-
tures on earth, and this is being observed over short periods of
time and these time scales are getting shorter and shorter given
the level of the changes that are being observed. How will this
affect the population dynamics as a function of the behavior of
the carrying capacity of earth systems? To answer that question we
will begin with the human population model that includes a cli-
mate change variant as proposed by Aral (2013). This model was
based on earlier studies that included a logistic function that rep-
resents the world population carrying capacity that is identified
as the homogeneous carrying capacity, i.e., Condorcet’s principle.
The temperature dependent human population carrying capacity
was later introduced to this model as the heterogeneous carry-
ing capacity representing the climate change effects (Aral, 2013).
The population model that represents both the homogeneous and
heterogeneous carrying capacity of human population systems is
given in Equation (3) (Aral, 2013).

dP

dt
= rP2 (t − τ1)

[
1 − P (t)

K (P, τ2, τ3)

]
−

(
P (t − τ3)

(Pc + P (t − τ3))

)

(
βT (t − τ3)

To

)2

(3)

In this model P is the world population, T is global average world
temperature, t is time in years and r is the coefficient of world
population growth. The general structure of this model is tied to
the earlier observation that the world population growth would
be parabolic as represented by the square of the population term
of Equation (3) (von Foerster et al., 1960; Kapitza, 1996). It is
assumed that this growth would be limited by the homogenous
carrying capacity of population growth characterized by the car-
rying capacity function K(P, τ2, τ3) given as Equation (4) which
follows Equation (2). This carrying capacity term follows the
information accumulation concept of Condorcet (Dolgonosov,
2009; Akaev and Sadovnichii, 2012). This is followed by the het-
erogeneous logistic function defined in terms of the carrying
capacity that is associated with changing climatic conditions in
association to population and temperature change. The introduc-
tion of this last term enables us to calibrate the model using the
historical data on world temperature and also population. After
calibration it is possible to see the “relative effect” of the future cli-
matic conditions (temperature changes) on the dynamic behavior
of human population (Solomon et al., 2009).

K (P, τ2, τ3) = Pc + γ (P (t − τ2) − Po)

exp (−κ (P (t − τ3) − Po)) (4)

In Equations (3) and (4), Pc is identified as the current popula-
tion density which is tied to the rate of information accumulation
of humans which influence the population growth in the sense
of Condorcet (Dolgonosov, 2009; Akaev and Sadovnichii, 2012).
In Equations (3) and (4) the constant Po = 1 billion is defined
as the static biocapacity of earth (Akaev and Sadovnichii, 2012),
which was exceeded during 1980s, κ and γ are rate constants,
τ1 ≈ 20 − 50 years which represents the mean reproductive age,
τ2 ≈ 10 − 100 years which represents the time of diffusion of
basis technologies within human population which influence
population growth (Gorshkov, 1995), and τ3 = 25 − 100 years
can be chosen as the time delay in the biospheric response of
earth systems to anthropogenic loads. A discussion of the theoret-
ical analysis of the reasons behind the choice of these parameters
can be found in Dolgonosov (2009) and Akaev and Sadovnichii
(2012). The second logistic function that introduces the tempera-
ture effects into the population model is introduced with a scaling
factor β which may be used to describe the increase or decrease
in world temperatures relative to a scenario such as the IPCC
2◦C scenario beyond the year 2000 or any other temperature sce-
nario may also be used here to define the future temperature
trend (Solomon et al., 2009). If a predicted temperature scenario
is directly used as input values for the temperature than the scal-
ing factor β should be selected as one beyond the year 2000. The
second logistic term in Equation (3) includes a temperature term
which is introduced as the square of the non-dimensional form
relative to the temperature To at the beginning of the histori-
cal data (1880) that is used in the analysis for calibration. This
term also includes the temperature time lag, which is assumed
to be the same as the time lag used to represent our expecta-
tion of the period it will take for the environmental systems to
adjust to changing climate conditions as suggested in Akaev and
Sadovnichii (2012). Although this time lag can be chosen in the
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range 25–100 years, as indicated above, this selection is actually
a calibration parameter which can be adjusted when the world
population data collected increases in the future. The temperature
ratio is introduced into the model as a percentage and the square
term allows the representation of the increase or decrease of tem-
peratures relative toTo. The population term of the second logistic
function has the range [0, 1] forP [0,∞] and uses the same time
lag of the temperature term. For the calibration period, t < 2000
years and β = 1, historical data on temperature (Aral et al., 2012)
and population data obtained from World Bank is used (World
Bank, 2013). Further details of the development of this model are
given in Aral (2013) along with the calibration and predictions
for various scenarios which will not be repeated here. This model
will be used here to discuss the effect of persistent and high global
temperatures on relative world population levels. The persistent
GHGs in its effects on temperature were reported in the recent
literature (Solomon et al., 2009).

PERSISTENT TEMPERATURE TRENDS AND ITS EFFECT ON
POPULATION DYNAMICS
The mathematical model given in Equation (3) is calibrated using
the historical population data for the period 1000–2000 (World
Bank, 2013) and the global temperature data for the period 1880–
2000 that is available in the literature (Aral et al., 2012). For
predictions the starting time of computation is selected as t =
1900 yr. Prior to that year the Kapitza model output is used as
initial estimates of population and the two year moving average
of the historical temperature data is utilized to represent the tem-
perature trends since the model in Equation (3) requires a time
lag computation of about 25–100 years for some of the scenar-
ios given below. Pc = 7.0 billion was selected to reflect current
world population and Po = 1.0 billion for all cases (Akaev and
Sadovnichii, 2012). The other parameters of the model are cho-
sen as reported in Akaev and Sadovnichii (2012) and as shown in
Table 1. In Table 1 the lag time values in bold font are selected for
Cases 1, 2, 3, 4.

The focus of the discussion here is on the effect of per-
sistent and high future temperatures as predicted by Solomon
et al. (2009) which is reported in Figures 1, 2 of their paper.
In that analysis the climate system responses are given for a
ramp of CO2 emissions at a rate of 2%/year to peak CO2 val-
ues at 450, 550, 650, 750, 850, and 1200 ppmv and this was
followed by zero emissions beyond 2100. Based on these scenar-
ios the global temperature trends, among other parameters, are
calculated using Atmosphere–Ocean General Circulation Models
(AOGCMs). The temperature data predicted in that study was
made available to the writer by the authors of that study and is
used here without change (Solomon et al., 2009).

For the purposes of our discussion the population trends for
only 2%/year to peak CO2 values to 450 ppmv followed by zero
emissions case will be discussed since the other higher CO2 peak
values resulted in much worse conditions with respect to the pre-
dicted population trends. The results shown in Figure 1A indicate
that the model in Equation (3) fits the historical population data
rather well with coefficient of determination (R = 0.99)but pre-
dicts an unstable world population for all cases that are described
in Table 1 for the 450 ppmv peak CO2 temperature scenario of

Solomon et al. (2009). The general trend is that for all cases
the world population collapses beyond year ∼2100. Only Case 4
shows some oscillatory trend until year ∼2200 after which that
case also collapses. The phase plane diagram of this trend is shown
in Figure 1B.

When we limit the temperature trend predicted in Solomon
et al. (2009) to 90% of their levels, β = 0.9, than Case 1 still
indicates an unstable world population but Cases 2, 3, 4 indi-
cate a stable trend for world population as shown in Figure 2A.
The phase plane diagram for this case is shown in Figure 2B. As
can be seen in Figures 1, 2 there is an offshoot of population
level in all cases at around year ∼2000 which reflects the iner-
tia of the historical population growth. It is important to note
that in Figures 1B, 2B the inertia effect of world population rise
is within the range of the calibration parameters used for Cases 1,
2, 3, 4. Thus, a more realistic population inertia effect can be cal-
ibrated when more accurate inertia trends in the population data
will become available in the future. Currently it seems that the
selected parameters for Case 3 is indicating a good fit Figure 1B.
After the maximum is reached the stable population is expected to
occur at the estimated sustainable population level defined by the
logistic equation (Aral, 2013). This stability cannot be achieved
for the temperature scenarios described in Solomon et al. (2009)
for all cases Figure 1. For the 90% level of this scenario Case 1 is
still unstable but an oscillatory convergence can be observed for
Cases 2, 3, 4, Figure 2. For this case the sustainable level of pop-
ulation is much lower which is around ∼6 billion and may be
reached at ∼2800. Under normal circumstances the stable pop-
ulation levels would be around ∼7 billion for these cases. Thus,
a loss of ∼1 billion people is predicted for this scenario by the
year ∼2800. The temperature scenario discussed above has to be
scaled down by 74.8% (β = 0.748) to reach the temperature limit
for which all cases are stable. For this case the predicted stability
level is still around ∼6 billion as shown in Figure 3A for the time
trend and the phase plane diagram as shown in Figure 3B. A loss
of ∼1 billion people is still expected for this case indicating that
the carrying capacity of earth systems will still be affected.

The stability behavior of the world population, Equation (3),
improves as the current stable world population limit Pc is
increased. The results of this is case is shown in Figure 4 for
Pc = 8 billion, in which the temperature scenario used in Figure 1
is repeated, i.e., β = 1.0. For this data Case 1 population sce-
nario is still unstable however Case 2, 3, 4 scenarios become stable.
These scenarios were not yielding a stable outcome for Pc = 7 bil-
lion. For this case the stable world population level drops to ∼7
billion from 8 billion indicating that a loss of ∼1 billion people is
still expected for the persistent and high temperatures by the year
3000. However, the selected Pc value should not be interpreted as
the current world population but it is associated with the carrying
capacity of earth systems and knowledge accumulation factor of
humans as it is defined in Dolgonosov (2009); Aral (2013) which
can be argued that information accumulation factor of humans
due to technological advances is changing and thus increase in Pc

to higher population levels is possible.
Using this model regional or stability of individual coun-

try populations may also be investigated as suggested in Akaev
and Sadovnichii (2012) and also used in Lee et al. (2008). For
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Table 1 | Model parameters for Equation (3) and (4).

Malthus Rate Rate Mean reproductive Time of diffusion Delay period of response

Constant r constant γ constant κ age τ1 (yrs) of basis technologies τ2 (yrs) anthropogenic loads τ3 (yrs)

Case 1 0.05 0.4 1.31 20-25-50 10-30-100 25-100

Case 2 0.07 0.85 0.51 20-25-50 10-30-100 25-100

Case 3 0.07 0.85 0.51 20-25-50 10-30-100 25-50-100

Case 4 0.07 0.85 0.51 20-50 10-75-100 25-100

FIGURE 1 | World population stability estimates for 2%/year peak of CO2 to level of 450 ppmv until year 2050 at Pc = 7 billion and persistent global

temperatures beyond 2050 as predicted in Solomon et al. (2009): (A) Time series plot; and, (B) Stability phase plane diagram.

FIGURE 2 | World population stability estimates for 90% of the 2%/year peak of CO2 to level of 450 ppmv until year 2050 at Pc = 7 billion and

persistent global temperatures beyond 2050 as predicted in Solomon et al. (2009): (A) Time series plot; and, (B) Stability phase plane diagram.

these cases the stationary population of individual country or the
region should be used which can be estimated by dividing the cur-
rent stationary world population, in this case Pc = 7.0 billion, by
the country’s anthropogenic load index such as CO2 metric tons
emissions per capita (World Bank, 2013). In this case regional

temperature increase data need to be used to estimate the impact
of climate change on the country’s population.

The sustainable limit of population trends can be adjusted by
the selection of appropriate constants for the parameters of the
model and several time lag alternatives can be considered to fit the
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FIGURE 3 | World population stability estimates for 74.8% of the 2%/year peak of CO2 to level of 450 ppmv until year 2050 at Pc = 7 billion and

persistent global temperatures beyond 2050 as predicted in Solomon et al. (2009): (A) Time series plot; and, (B) Stability phase plane diagram.

FIGURE 4 | World population stability estimates for 2%/year peak of CO2 to level of 450 ppmv until year 2050 at Pc = 8 billion and persistent global

temperatures beyond 2050 as predicted in Solomon et al. (2009): (A) Time series plot; and, (B) Stability phase plane diagram.

model to the inertia effects that may be observed in the historical
or the future population data. As new world population data is
collected the inertia effect can be calibrated better by the choice
of appropriate parameters. The choices for these parameters that
may be used to reflect the population inertia effect will not signif-
icantly affect the stability behavior of the population model (Aral,
2013), but the period of oscillations will be influenced. So far this
exercise indicates that the use of the logistic function, Equation
(3), may be a reasonable way to interpret sustainability of world
population under changing climatic conditions and it is possi-
ble to work with quantitative population models to estimate the
relative population trends for various climatic stresses.

Given the novel concept of introduction temperature change
to population models, the author acknowledges that the current

model is still at its infancy in predicting human population
dynamics. For example the introduction of human health effects
or epidemics that may be triggered with increases in temperatures
are not considered in this model. Further, temperature increases
will not be uniform across all regions of the world. This may
trigger migration patterns over the world which is also not
considered in this model. Speaking about the availability of
resources i.e., spatial “carrying capacity” concept and how het-
erogeneous this distribution could be. Under such circumstances
there could be an increasing tendency for the development of
resource rich, resource-poor ecological ‘meta-populations’ or
“islands.” They may have weak or strong boundaries depend-
ing on aspects of social, environmental and economic inequality.
Coupling adaptive capacity (competitive vs. collaborative) type
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of human adaptive responses, various stable and unstable areas
may develop and persist. This is a very different picture than the
‘homogenous’ landscape that is assumed in the current model.
Thresholds of cumulative effects is also an important variant in
this analysis. Certain thresholds may trigger sudden shifts in pop-
ulation levels, i.e., the population trends may not be smooth.
One of the very important characteristic of societies is their col-
lective resilience and collective adaptation capacity. This aspect
of the human behavior when introduced into the model as a
quantifiable process than the model introduced here would be
a more reliable tool to work with in the sense of resilience
analysis (Gunderson and Pritchard, 2002). In this context the
discussion of the effects internal dynamics between urbanization-
education-economics is very important as discussed in Jiang
(2014). Introduction of quantifiable and computational aspects of
these concepts to population models would enhance the analysis
significantly.

CONCLUSIONS
In this commentary effect of climate change on population
dynamics is discussed within a historical perspective of different
philosophies that contributed to this subject. When the ques-
tion is posed from the perspective of climate change effects on
population and not from the perspective of effects of carrying
capacity on population dynamics none of the earlier models seem
to answer that question appropriately.

Given this limitation of the approach selected, to demonstrate
the future trends in population in response to the effects of per-
sistent climatic changes (Solomon et al., 2009) we have used the
model proposed by Aral (2013). In this model temperature is cho-
sen as the indicator parameter of climate change and the effect of
the global warming trend is used to analyze the “relative” world
population stability in aggregate. The proposed model is cali-
brated using the historical population (World Bank, 2013) and
temperature data (Meehl et al., 2007; Solomon et al., 2007; Aral
et al., 2012). The predictions made indicate that the proposed
model reflects the historical world population trend rather well
as a function of temperature (Aral, 2013). Keeping the simplic-
ity of the model used and the potential enhancements that may
be introduced to the model as discussed in the previous section
in mind, the proposed model is then used to demonstrate the
population stability trends using the temperature trend given in
Solomon et al. (2009) beyond 2000. This data represents the per-
sistent increase in temperature trends as expected even after the
world wide reduction of GHG emissions is implemented. The
purpose in this analysis is not to predict the expected popula-
tion levels in the near term or even in the long term. Instead
the goal is limited to the evaluation of world population stabil-
ity conditions. The results indicate that for the temperature data
where a 2%/year peak of CO2 including and beyond 550 ppmv
would yield unstable world population levels in the future. The
world population levels for a ramp of 450 ppmv would only
show a stable population trend at 90% of the temperature lev-
els predicted by Solomon et al. (2009) for Case 2, 3, 4 and Case
1 is still unstable at this level. All cases show a stable popula-
tion trend at 74.8% levels of the 450 ppmv scenario given in this
temperature trend. Interestingly enough this temperature level

corresponds to a persistent 1.3◦C scenario over the long term
which is within the recommended levels of temperature of the
IPCC studies in order to avoid drastic impact to ecological sys-
tems on earth (IPCC, 2013). In that sense the outcome predicted
here is consistent with earlier IPCC studies. For the 550 ppmv
data reported in Solomon et al. (2009) stable populations can
be observed at 60% levels. For this case Case 2, 3, 4 applications
yield stable outcomes and Case 1 is still unstable. The percent-
age reductions need to be lower than 40% for the temperature
ramp up cases 650 ppmv and beyond, which are not presented
here. The resilience of world population levels improve as the cur-
rent population value, Pc, increases. However, this value should
not be interpreted as the current world population but it is asso-
ciated with the information accumulation rate of humans and the
carrying capacity of earth systems as it is defined in Dolgonosov
(2009); Akaev and Sadovnichii (2012); Aral (2013), which should
arguably increase by definition. These observations may indicate
the urgency of imposing controls over increasing temperatures
worldwide sooner. The conclusions presented here are reached
within the limitations of the empirical population model devel-
oped in Aral (2013) and the hypothetical temperature scenarios
developed in Solomon et al. (2009).
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