


 
  

 

 

 

Presented by Syed Ali Komail Raza 

Engelplatz 10, 07743 Jena 

born on April 18th, 1994 in Multan, Pakistan 

Matriculation number: 174423 

 

 

 

Prepared in Hydrology-Biosphere-Climate Interactions, Max Planck Institute for 
Biogeochemistry 

Hans-Knöll-Straße 10 

07745 Jena  

 

  

 

1st  examiner       

 

Dr Rene Orth 

 

 

 

2nd  examiner       

 

Prof Dr Aletta Bonn 



 

 

 

 

 

 

 

 

 

 

                                                                            From Hávamál- The Edda of Saemund   



  
 1 
 

 

Table of Contents 
Summary                                                                                                                                                                 2 
Zusammenfassung 3 
 

1. Introduction 4 
�í�X�í�X�í���D���v�[�•���‰�o���������]�v���v���š�µ�Œ�� 4 
1.1.2 The evolution of anatomically modern human (AMH) 5 
1.1.3 The ecology of anatomically modern human (AMH) 8 
 
1.2 Climate and civilization 9 
1.3 AMH temperature tolerance and caloric requirements. 12 
1.4 Anthropocene 13 
 

2. Data and Methods  
2.1 Data Sets 16 
2.1.1 Demographic Data 16 
2.1.2 ERA-Interim 16 
2.1.3 Global Precipitation Climatology Centre (GPCC) 17 
2.1.4 Normalized Difference Vegetation Index (NDVI) 17 
2.2 Methods 17 
2.2.1 Focused time period 17 
2.2.2 Aridity Index 17 
2.2.3 Temperature 18 
2.2.4 Masks 18 
 

3. Results  
3.1 Spatial Changes in Aridity and Temperature from 2000-2015 19 
3.2 Where do people live? 19 
3.3 NDVI as a measure of productivity 21 
3.4 Do changes in temperature and aridity translate to changes in population? 22 
3.5 Global Population trends: Aridity and Temperature classes 23 
3.6 Europe and Africa trends: Aridity and Temperature classes 26 
 

4. Discussion 27 
 

I References 34 
II List of Abbreviations 39 
III List of Figures and Table 40 
VI Declaration of Self-Dependence 41 
V Acknowledgements 42 
 

 



  
 2 
 

 

 

Summary 

 

This thesis explores Homo Sapiens relationship to climate, with a holistic approach. The overarching goal 

is to delimit the ecological capacity of the specie in a biological context and how this capacity has 

expanded in the cultural context and the challenges this expansion poses. The thesis introduces the 

evolutionary background of the specie to ascertain the ecological boundaries. Firstly, has the climate 

affected human populations in the past? This question is answered by looking at the history of human 

evolution and civilization. Secondly, does the climate continue to affect human populations? Two climate 

indicators (aridity and temperature) were used to examine the current relationship between climate and 

population. Changes in these climate indices are compared with changes in the population. The aridity 

and temperature data come from a reanalysis data set (a synthesis of observed data and satellite data), 

while demographic data were used for the years 2000, 2005, 2010, 2015 and 2020. The results of this 

exploratory study signal towards a decoupling of population growth from climate indicators (Aridity and 

Temperature). As indicative of the results, AMH population is increasing unfavourably in areas that do not 

correspond to the traditional climate space of the specie.  Lastly, the consequences of this decoupling on 

the human global collective are discussed in the context of Anthropocene. 
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Figure 6 Historic Carbon Dioxide levels. Data source: Reconstruction from ice cores. Credit: National 

Oceanic and Atmospheric Administration (NOAA) 
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2.1.4 Normalized Difference Vegetation Index (NDVI) 
NDVI is used as a proxy for vegetation coverage that allows for a comparative analysis of changes in 

vegetation growth and activity. It is proxy in the sense that it is calculated by measuring the difference 

between near-infrared (vegetation that is reflected) and red light (which vegetation strongly absorbs). 

MODIS vegetation index product (MOD13C2) was used for analysis as it is a gridded, quality-controlled 

data set. 42 

2.2 Methods 

2.2.1 Focused time period 
The data used was daily recordings averaged to show a mean value for the year and then the years were 

further averaged to show the conditions pertaining to the year 2000 and 2015. To obtain the climate space 

for 2000, data from 1985-2004 was used and similarly for 2015, data from 2000-2019 was used to create 

the average climatic conditions pertaining to the year 2015. The two indices that act as proxies for 

changing climate that is employed are Aridity Index and Temperature. 

2.2.2 Aridity Index 
The ratio of annual potential evaporation to precipitation is the Aridity Index. The annual potential 

evapotranspiration represents the energy available to the system, this was calculated by adding incoming 

shortwave and longwave radiation and subtracting that from the sum of outgoing shortwave and 

longwave radiation. These radiation data are available from ERA-Interim. If for example, the available 

energy is relatively low in comparison to the amount of precipitation, this will result in lower 

evapotranspiration and consequently a lower aridity index. Whereas if precipitation is lower than the 

available radiative energy, one will likely observe higher evapotranspiration and consequently a higher 

aridity index.  

�#�N�E�@�E�P�U���+�J�@�A�T
L
�2�N�A�?�E�L�E�P�=�E�K�J

�:�+�J�?�K�I�E�J�C���4�=�@�E�=�P�E�K�J�; 
F �:�1�Q�P�C�K�E�J�C���4�=�@�E�=�P�E�K�J�;�4
 

 

The mean aridity values for each grid cell are calculated for 2000 and 2015. The daily data is converted to 

yearly averages. Then the 20 years are averaged to give a mean value for each grid cell. In the case of 

2000; the years were from 1st Jan 1985- 31st Dec 2004. Similarly, for 2015 a 20-year window opted; the 

years were from 2000-2019. With a few months missing from 2019 at the time of data analysis. 
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2.2.3 Temperature 
The daily air temperature data is another variable obtained from ERA-Interim. The daily data is converted 

to yearly averages. Then the 20 years are averaged to give a mean value for each grid cell. 

2.2.4 Masks 
For the purposes of our analysis, multiple masks were created. The masks were created to understand 

how population density changes under various climate regimes.  Aridity and temperature masks were 

created based on the conditions in 2000. The global data was divided into five different aridity zones and 

similarly five different temperature zones.  

Temperature Classes (°C) Aridity Classes (AI) 

-10 to 0 <0.5 

0 to 10 0.5-1 

10 to 20 1-2 

20 to 25 2-4 

>25 >4 

                                                           Table 1: Temperature and Aridity masks 
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3. Results 

3.1 Spatial Changes in Aridity and Temperature from 2000-2015 

 

Figure 7 Spatial changes in Aridity (AI) and Temperature( Celsius)  from 2000-2015 

 

 

3.2 Where do people live? 
The population was divided on basis of shared temperature and aridity profile. A population can be 

spatially disconnected but have the same climate regime. For example, in Figure 8, population that 

corresponds to certain temperature and aridity were placed in one box regardless of where they are 

spatially situated on the globe. The dimension of the boxes are as follows: 0.25 x 0.25 staring at 0,0 with 

an increment of 0.25 on each axis.  
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Figure 8 Population Density( million people per km2) in 2000 and 2015 in relation to Aridity Index (AI) and 

temperature °C  

An arbitrary boundary is defined for human population concentration with the climatic regime from 0 to 

3 Aridity Index and 5 °C to 25 °C temperature as reflective of where most of the specie inhabits. This 

boundary is the green rectangle illustrated in figure 3.  
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Figure 9 Population Density Changes from 2000 to 2015 

 

3.3 NDVI as a measure of productivity 
Normalized difference vegetation index (NDVI) is used here to act as a proxy for vegetation coverage. To 

see whether the vegetation corresponds to the green box we defined earlier as the climate space for 

human inhabitance, instead of the human population, we used average annual NDVI data for 2000 and 

2015. Note here that NDVI changes seasonally but for the purposes of this analysis a composite average 

annual NDVI is used.  
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Figure 10 Average annual NDVI values for 2000 and 2015 in relation to aridity (AI) and temperature (C)  

 

Low NDVI values imply barren, rocky or sandy regions. Moderate values imply sparse vegetation such as 

grasslands or senescing crops, values ranging from approximately 0.2 to 0.5. Higher NDVI values 

correspond to denser vegetation such as tropical forests. As inferred, major chunk of human population 

lives in productive/greener areas.  

3.4 Do changes in temperature and aridity translate to changes in population? 
In order to perform this analysis, masks were created according to the conditions in 2000. The data is then 

divided into five classes. If for example there is a grid point in the first class that corresponds to <0.5 

aridities and the aridity in this grid space has changed by let us assume +1 how has the population 

responded to that. This was done with all the data to ascertain if the population is more sensitive to 

changes in aridity and temperature depending on the initial environment. For it can be argued that a 

change in the aridity of for example +1 in a grid cell of lower aridity will have a greater impact than a 

similar change in a grid cell from higher aridity. The above reasoning can also be applied to temperature. 

The data cloud was then smoothed to get trend lines.  
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Figure 11 Changes in aridity and temperature vs changes in population density in various initial climate 

classes 

The black dotted line represents composite changes whereas the coloured lines correspond to a selected 

climate class.  

The lines colour schematic is from the colder colour scheme to hotter, that is, blue represents the lowest 

aridity and lowest temperature while red represents the highest aridity and highest temperature. For 

example if in 2000 there was a grid cell with the aridity of between 2-4 it will be represented by the orange 

line, all the cells that showed negative or positive changes starting from initial aridity of between 2-4 then 

will be plotted and smoothened to show a trend line.  

 

3.5 Global Population trends: Aridity and Temperature classes 
The gridded population data were available for 2000, 2005, 2010, 2015 and 2020. The next question that 

warranted further insight was in which climate regimes is population growing faster in comparison.  
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Figure 12 Rate of change of Population in various Temperature Classes 

 

Figure 13 Rate of change of population in various Aridity Classes 

 

 

The above figures are obtained by using the aridity and temperature masks. They are indicative of how 

population rate has changed in each five-year period. The absolute population in each mask was extracted 
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for 2000, 2005, 2010, 2015 and 2020. The growth rate was then calculated in each five-year temporal 

window.  

 

Figure 14 Pie chart distribution of population in various temperature classes 2000 vs 2015 

 

 

Figure 15 Pie chart distribution of population in various aridity classes 2000 vs 2015 

The pie charts in Figure 14 and 15 illustrate the population in absolute terms in each climate window 

(masks).  
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3.6 Europe and Africa trends: Aridity and Temperature classes 
 

All countries from the African continent were pooled out from the global data and similarly, all the 

European countries were pooled out.  Regional realities are different from global data, for a greater insight 

as to which regions are dominant for the global trend, the thesis looks at Europe and Africa separately.  

The results are indicative of divergent regional trends in population change in Africa compared to Europe.  

  

Figure 16 Europe vs Africa; Aridity and Temperature with respect to population growth at five-year 

intervals (2000-2020) 
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0 to 3 aridity is constructed which also correlates well with the spread of vegetation as demonstrated in 

figure 10. The NDVI data acts as a proxy for agriculture and hence productivity. If the human population 

starts rapidly growing outside this window, then one can speculate that there is a climate decoupling.  

Figure 9 demonstrates the above reasoning. Human populations are growing much faster in regions with 

high aridity, hotter temperature and/or both. We still wanted to see if there is climate correlation in the 

various aridity and temperature classes, perhaps if aridity or temperature rapidly changes there is a 

climate correlation. The results from Figures 10 and 11 indicate that changes in aridity or temperature 

regardless of what the initial climate space was in that grid cell had little to no bearing on population 

increase or decrease.  

Turning to figures 12 and 13; In each subsequent five-year window, we see a decline in population growth 

rate however the trend lines indicate that population growth rate is much higher as we move right on the 

temperature axis. The colder regions are an exception to this. In 2015-2020 the projected population 

growth stands at around eight per cent for <25 temperature class compared to less than four per cent for 

10-20 Celsius. A similar trend is seen in Aridity classes, with population growth rate relatively much higher 

in hyper-arid grid cells. 

As indicative from the pie charts in figures 14 and 15 we can garner where people have lived traditionally 

and how in terms of absolute numbers the composition is slowly changing even in a fifteen-year temporal 

dimension. For example, 37% of the global population lived in a temperature regime of 10-20 Celsius in 

2000 and this dropped to 35% in 2015 whereas 16% of the global population lived in grid cells with 

temperature >25 Celsius in 2000 which increased to 18% in 2015. Then human populations are arguably 

no longer mediated by climate but by socioeconomic factors. There is a reason why gentler climate 

regimes had the mammoth share of both aridity and temperature pie charts, the reason being that this 

climate space was conducive to both our biology and civilization. The restructuring of the composition of 

this pie chart is a worrying development.  All this strengthens the argument that there is a development 

towards a decoupling of climate and population.  The social structure, religious beliefs, economic 

prosperity and urbanization within each country are likely to affect birth rates as well as abortion rates.51 

Where a decoupling from climate-mediated population change can be viewed as an achievement of the 

specie, allowing it to spread in regions which were once not conducive to habitation, but it also opens up 

the debate on the fragility of the global human system this decoupling can result in.  As this is artificial 

and not reflective of the species evolutionary history and ecological niche. Further, this exposes the 

vulnerabilities to our civilization from inequality to food security.  
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Europe represents one of the most prosperous collectives on the planet and in contrast Africa the poorest. 

The trend lines from Figure 16 indicate Africa has much higher population growth rates in all relevant 

temperature and aridity classes compared to Europe. When this is contrasted with the Gross Domestic 

Product (GDP) and CO2 emissions (Figure 18) a stark inequality emerges. If the population is no longer 

reconciled by climate but other factors this then presents a great challenge in terms of land use, food 

security and rising inequality. In figure 3 it is seen that 50 per cent of the habitable land is under agriculture 

the rest is forests and shrubs, given there is no major technological green revolution to feed the growing 

population, there are two options deforestation  (given that forests are major carbon sinks, this is not a 

valid choice) or changing food is produced (that is more grains then land use for meat production). 

Increasing global temperature and fluctuations in humidity do not only disrupt planting and harvesting 

times but can induce new pests which can decimate entire crops- further it is reported that generally the 

yields of crops and productivity of livestock declines at a higher temperature and drought-induced 

stress.29 

 Note here that while there might be a population decoupling going in short-term with climate indices this 

does not mean anthropogenic mediated changes have no consequences on human populations.  

 

Figure 18 A comparison of European Union and Sub-Saharan Africa in terms of GDP, Population and per 

capita CO2 emissions. 52 Source: World Bank Data 


























