
The response of grazing land footprint to...    59 

Zareena Begum Irfan
1
, Chandhini A

2
 

1Associate Professor, Madras School of Economics, Gandhi Mandapam Road, Chennai 

600025, Tamil Nadu, India (Corresponding author). zareena@mse.ac.in 
2Research Scholar, Madras School of Economics, Gandhi Mandapam Road, Chennai 

600025, Tamil Nadu, India. ee19chandhini@mse.ac.in 

Abstract 
Introduction: Grasslands are the least protected habitat on earth. They are rapidly 

disappearing due to a number of threats, including urban sprawl, agricultural conversion 

and energy development. In 2015 alone, 3.7 million acres were lost to make way for more 

row crops in the Great Plains, is a broad expanse of flatland in North America. It is located 

west of the Mississippi River and east of the Rocky Mountains, much of it covered in 

prairie, steppe, and grassland. Many remaining lands are overworked and at risk of 

degradation exacerbated by climate change. The grazing land footprint measures the area of 

grassland used in addition to crop feeds to support livestock. Grazing land comprises all 

grasslands used to provide feed for animals, including cultivated pastures as well as wild 

grasslands and prairies. The growth in the grazing land footprint in the last two decades 

indicates that the ecological-based manufacturing and consumption impact has intensified. 

Also, the rising trend of the carbon footprint implies that the overall energy consumption 

has increased and the further demand is expected to intensify. Correspondingly, the total 

BC has been declining and will gradually aggravate and reach the ecological deficit, in 

some cases not reducing the vulnerability of the socio-economic factors.  

Materials and Methods: Rapid urbanisation has led to emergence of urban 

agglomerations, which are the primary drivers of unsustainable land use trends in recent 

years. In terms of less restrictive laws, grazing lands are the ones that are easiest to obtain 

for developmental purposes. The livestock sector is also booming in terms of its production 

and trade because of the emergence of these agglomerations. 
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Furthermore, climate variability adds more strain on the already available grazing lands. 

As a result, the interplay between these factors and their resulting impact on grazing 

resources are a major source of concern for policy makers. The study looked at the effect of 

urban population density and the development of 1 million+, 5 million+, and 10 million+ 

agglomerations on grazing footprint for fifty countries with the highest level of permanent 

pasture over a period of 17 years (2000-2016). The study has also taken into consideration 

the livestock trade, climate variability and few other control variables to understand the true 

impact of the urbanisation indicators.  

Variability in the precipitation levels constrains the water availability, thus affecting the 

forage growth and impacting the livestock productivity. The seasonal forage growth that is 

affected by climatic conditions (lack of summer precipitation and higher temperatures) 

leads to shorter grazing periods. Alternative grazing methods during summer season is 

required (like leasing other grazing areas) which will have a negative impact on the profit 

of livestock traders and growers. According to the empirical findings, agglomerations of 5 

million+ are the most sustainable in terms of resource usage from gazing and all other land 

types. However other agglomerations are quite unsustainable in their land use, necessitating 

stringent environmental policies to govern their land use patterns. Because of poor 

environmental governance in these countries, establishing comprehensive policies targeting 

land use and clearing is challenging. There is an adverse relationship between water 

productivity and ecological water footprint. Therefore, this study helps the water manager 

to saving the agricultural water and improving water ecosystem. 

Results: As a result the plot just explains the existence of correlation (positive or 

negative) but does not throw light on the true causal relationship between urban 

agglomeration population and grazing footprint. The plot does not adequately represent the 

impact of other control variables in the analysis, as a result the efficiency of the above plots 

in understanding the impact of urbanisation is not very satisfactory. Causal inference of 

multiple variables is better explained through econometric analysis by bringing on board 

several variables to ensure efficiency in understanding the true impact.  

Conclusion: The government could also provide aid or support towards sustainable use 

of grazing lands. The grazing fees that is charged in several federal states are not efficient 

enough to control over grazing. Some environmentalists are of the view that grazing should 

be completely restricted in several federal lands (Vincent). As a result, proper economic 

instruments should be established so that the stakeholders receive proper signals and act in 

a desired way. Sustainable land use will help in conservation of natural habitats and 

biodiversity, mitigate GHG emissions from land use and poverty reduction. From the 

analysis made in the study, it is very evident that formation of agglomeration with an aim 

of extensive economic development has to be made sustainable towards all land forms. To 

secure the ecosystem services and biodiversity from all the landforms, more stringent 

policies with respect to land use and land clearing is required. There is also a need to 

establish a coherent land use policies across all the ecosystems at both national and 

international levels so that the there is no leakage of unsustainable land use practices from 

one region to another region or from one ecosystem to another ecosystem. 

 

Keywords: Grazing footprint, agglomerations, livestock trade, climate variability, 

environmental governance, anthropogenic disturbances.   
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1. Introduction  

The demographic shifts in the form of urbanisation, higher income and 

liberalisation of trade has brought lot of changes in consumption patterns. 

Urbanisation in particular has led to a lot of changes in land use patterns 

because of transition or movement of people from rural to urban areas. The 

major reasons contributing to migration from rural areas includes better 

employment opportunities and rapid changes in economics activities. The 

process of urbanisation gets more intensified with the formation of urban 

agglomeration (Mohammadian Khorasani & et al., 2020). 

Urban agglomeration is highly developed integrated cities where the 

relationships among these cities shift from competition to cooperation and are 

densely populated as well as highly developed. The urban agglomeration have 

a synchronised economic planning, land use planning, industrial chains, 

markets, transportation and information networks, technological development, 

environmental Protection and ecological construction (Fang & Yu, 2017). The 

environmental problems thus caused by agglomerations are more complex to 

study and understand (Liang & et al. 2019).  

Urbanisation and agglomerations has led to an exponential growth in 

population rate and the latter coupled with dietary shifts (because of improved 

living standard) has increased the demand for livestock products 

disproportionately in many of the emerging economies in recent years, creating 

a pressure on the grazing land available. Urbanisation affects livestock sector 

because of its linkage with rural sector. Grazing land is the most easily 

available land to be procured for developmental activities as against other land 

forms as a result the extent of impact of urbanisation is expected to be more on 

the grazing lands.  

To analyse as to if increased urbanisation has caused unsustainable use of 

grazing land resources, the impact of population under various agglomerations 

(10 million plus, 5 million plus and 1 million plus agglomerations) on that of 

grazing land ecological footprint per person is considered in the study. To 

account for urbanisation impact of countries without urban agglomerations, 

the extent of impact of urban population density on grazing footprint is also 

considered as a part of the study.  

Grazing land footprint per consumption is defined as the area of grasslands 

in addition to crop feeds that is required to feed the livestock. Grazing lands 

include the natural pastures as well as wild grasslands and prairies. The area of 

grassland thus available for feed when divided by population in a country will 
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provide the grazing land footprint per person for consumption. Any activity 

that intensifies the use of grazing lands or reduces the area under the grazing is 

expected to cause increase in the grazing footprint.  

The countries with higher per capita income levels are the ones with higher 

growth rate of consumption and trade of livestock products, and this income 

growth could be directly linked with the extent of urbanisation in a region thus 

urbanisation tend to affect the growth of livestock trade in a region causing an 

indirect additional pressure on grazing resources apart from land clearing. The 

interplay between urbanisation, livestock trade and that of grazing resources 

gets more worsened if the climatic conditions are not suitable enough for the 

growth of forage to manage the increased demand.  

Hence, the study tries to explore the impact of livestock trade and climate 

variability on the sustainable use of grazing resources so as to get a true picture 

of the urbanisation induced increase in grazing footprint. The study tries to 

account for factors like bio capacity per person for consumption, GDP per 

capita and human capital to define the above linkages much more efficiently in 

the study.  

For the empirical understanding fifty countries over a period of 17 years 

(2000-2016) is considered. Multiple estimation techniques like Pooled OLS, 

Driscoll Kraay panel regression analysis and System GMM is employed in the 

study because of the relative advantage of one method over the other method in 

providing robust estimates. Similarly, correlation matrix and causal inference 

using Dumitrescu Hurlin panel granger causality test is also exploited. 

Based on the results from the former estimation methods, correlation 

between other land footprints and various urbanisation indicators is examined 

in the study to have a broad understanding as to which land is more prone and 

exploited with formation of agglomeration with a motive of reaping greater 

economic profits. Graph matrix is also used to establish a visual analysis of the 

correlation matrix between various urbanisation indicators and other forms of 

land footprints. The study will also shed light on efficiency and difficulties of 

establishing a comprehensive policy to aid sustainable land use. 

2. Literature review 

Livestock sector has a lot of importance in several countries because it is more 

economically viable as it does not require any ownership of land and can be 

done with little investment as well (Steinfeld & et al.). The profitability in this 

sector got even more inflated with urbanisation. The direct (clearing of grazing 
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lands for development) and indirect impact (dietary shifts and subsequent 

impact on grazing lands) of urbanisation on grazing footprint is better 

explained through livestock trade and climate variability, hence the study is an 

attempt to establish the nexus between urban agglomeration, livestock trade, 

climate variability and that of grazing land footprint. The below figure shows 

the extent of average permanent pasture land (2000-2016) across various 

countries using a Chloropleth map. (Chloropleth Map is used to represent only 

the period of study). 

 

Fig. 1- Average permanent pasture across all the countries 

2-1. Urban agglomerations and grazing land 

Urbanisation is happening at a rapid rate in many countries and has significant 

impact on food security and rural farming systems. Urbanisation coupled with 

an increased purchasing power due to better earning opportunities has 

positively impacted the preference of masses towards more high value crops 

and livestock products. The above trend has caused a pressure and necessitates 

the expansion and intensification of existing grazing lands (Godde & et al., 

2018). The grazing areas can be intensified by sowing more nutritious forages, 

better fertilisation, irrigation etc. There is an increasing intensification of 

grazing lands rather than expansion, because of other competing uses of these 

lands. Again the high income countries show low productivity compared to 

low and middle income countries. Grazing land degradation is a direct 

consequence of unsustainable intensification process leading to loss of 

ecosystem goods and services in grazing ecosystem.  
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The shifts in consumption pattern majorly arises due to cheap availability of 

livestock products and advancement in marketing and accessibility of these 

products in urban centres (more access to formal markets) thus impacting the 

supply side of livestock sector. (Pingali, 2006). Based on the analysis made by 

(Swain & Teufel, 2017) for India and Bangladesh, the land availability per 

livestock has decreased considerably, hence farmers are forced to decrease the 

herd size and maximise the yield. Urbanisation influences the demand for type 

of livestock and feed for livestock with population and income having no 

control. Cross bred animal products are more accessible and sold in urban 

areas than in areas with lesser rate of urbanisation. Urbanisation also leads to 

variation in interactions between crop livestock and rural development across 

various regions.   

The global grasslands have replaced the area under forest to a great extent 

because of greater demand placed for livestock products. However, from 21
st
 

century there has been a declining trend in the same because of preference 

towards alternative land uses like crop lands, urban development projects etc. 

The clearance of grasslands lands for urban development is easier than forest 

because of stringent policies for forest conservation in comparison to 

grasslands. The grasslands decreased to a greater extent in high income 

countries in comparison to low and middle income countries because of the 

above mentioned reason (Godde & et al., 2018). Evidence from literature 

suggests that urbanisation reduces the available grazing resources and makes 

excessive use of available grazing lands to sustain the global livestock 

demand, hence urban agglomerations population is expected to have a positive 

impact on grazing footprint (Godde & et al., 2018). Development of urban 

agglomerations reduces the availability of land. As a result, even if livestock 

rearing is profitable and is required to sustain the global and domestic demand 

for livestock products, still it may not be possible. 

2-2. Climate variability and grazing footprint 

There is a two- way linkage between climate and livestock sector (Herrero & 

et al., 2009). Change in temperature or precipitation or any other indicators 

would affect the animal production as well as the pasture quality. The 

interactions between urban centres with livestock farming is highly dependent 

on the variation in climatic conditions across regions (Swain & Teufel, 2017). 

The change in temperature and precipitation degrades the aggregate grazing 

resources over a period of time. The pasture lands are more vulnerable to 

climate change because of their low economic value and large land coverage.  
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An increase in the average temperature of a region affects the forage growth 

as well as timely availability of forage for grazing. With high temperature, the 

forage growth and ending happens earlier than expected and thus grazing 

season gets altered. Extreme weather could impact the morbidity, mortality 

and physiological responses of animals to adapt to the changing environment. 

Higher temperature could cause heat stress events which in turn could reduce 

the feed intake, thus causing hormonal problems, decreased reproductive 

efficiency and lactation production. Reduction in fertility leads to fall in 

number of calves sold and hence could also cause negative economic returns 

as well (Neibergs & et al., 2018). Higher the temperature, lower will be the 

forage growth, thus pressurizing the existing gazing lands.  

Variability in the precipitation levels constrains the water availability, thus 

affecting the forage growth and impacting the livestock productivity. The 

seasonal forage growth that is affected by climatic conditions (lack of summer 

precipitation and higher temperatures) leads to shorter grazing periods. 

Alternative grazing methods during summer season is required (like leasing 

other grazing areas) which will have a negative impact on the profit of 

livestock traders and growers (Neibergs & et al., 2018). High levels of 

precipitation variability tends to limit grazing livestock (Sloat & et al., 2018).  

Another major impact of climate change occurs in the form of increased 

risk of wild fires due to low levels of precipitation. Wild fires also impact the 

profitability (like livestock may require alternative grazing land, livestock has 

to be supplemented with alternate feed and also cause direct loss like cattle 

being injured). Climate change affects the efficiency of the expected forage 

availability. Significant adaptation is required by grazing lands and livestock 

to withstand the climate variability.  

On the other hand the intensification of livestock sector not only affects the 

land use pattern but could also impact the GHG emissions like slurry 

management leads to N2O emissions and ruminants may cause methane 

emissions, but these are not very significant in causing a global climate 

change. (Herrero & et al., 2009). Maintaining a sustainable diet would help to 

mitigate the GHG emissions from livestock sector (Lu & et al., 2019).  

2-3. Livestock trade and grazing footprint 

Growth of urban centres has created lot of opportunities for foreign investment 

and advertising, thus livestock trade gets intensified with urbanisation. The 

livestock trade assessment to understand grazing resource degradation is very 

important because livestock production is becoming more export oriented in 
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recent years (Lu & et al., 2019). There is a lot of heterogeneity in consumption 

of livestock products across developed and developing countries. This 

heterogeneity in consumption per capita of livestock products is the cause for 

environmental footprints across countries (Herrero & et al., 2009).  

In the international market for livestock products, the developed countries 

are usually importers wherein developing countries are exporters. The 

developing countries thus resort to unsustainable intensification and cause a 

lot of environmental problems, given extensification is also not very feasible 

and profitable to increase production. The production centres for livestock 

products are usually present in villages but consumers of these products are in 

urban areas, hence the population growth in urbanisation creates pressure on 

the grazing resources in villages. The developing countries thus resort to 

unsustainable intensification leading to lot of environmental problems.  

Apart from livestock and livestock products trade, there is a growing 

demand for grains to be used as feed for livestock because of industrialisation 

of livestock sector especially in countries where there are scarce natural 

resources (Harchaouii & Chatzimpiros, 2017). There will be competing uses 

of certain crops and grains for direct use for consumption and that of feed 

trade. As a result, in addition to creating pressure on grazing land the livestock 

trade is expected to create pressure on croplands as well (Steinfeld & et al., 

2006). Many countries instead of livestock production through “backyard” 

system (use of crop residues for feed) have started resorting to commercial 

systems (use of grains as feed). Some countries import for feed is much higher 

than the import of livestock products itself. This situation is even more 

alarming given the fact that environmental problems out of excessive livestock 

production is worse. The feed demand projections are even more complicated 

because of energy sector demand for feed grains to produce biofuel. 

Increasing livestock trade may also lead to epidemiological outbreak 

(Moslonka-Lefebvre & et al., 2016). As a result, domestic demand has to be 

met by domestic production rather than importing the livestock products 

which further burdens the available grazing land. Higher the export of 

livestock products to meet the increasing trends of consumption per person, 

higher will be the grazing footprint per person because of higher use of 

grazing resources and higher the imports of livestock products lower will be 

the grazing footprint because of lower use of domestic grazing resources.  

2-4. Biocapacity and grazing footprint 

Biocapacity is the area of biologically productive resources. Higher the area of 
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productive land per person higher will be the grazing footprint per person for 

consumption i.e. if E.F (Ecological footprint)>B.C (Bio capacity) implies 

there is unsustainable use of resources (Shujah-ur-Rahman & et al., 2019). 

Controlling for this factor gives a true picture of sustainability in use of 

grazing resources. 

-5. Human capital and grazing footprint 

Human capital can have positive or negative impact on grazing footprint. 

More awareness regarding the environmental problems implies lesser will be 

the damage to the environment, hence there will be a negative impact on 

grazing footprint. More educated implies more focussed towards economic 

growth and adopt better lifestyle and consumption patterns and lesser drive 

towards environmental protection, hence there may be a positive relation with 

grazing footprint (Ahmed & et al., 2020). 

2-6. GDP per capital and grazing footprint 

The GDP per capita is a proxy to economic growth in the study. It is expected 

to have a positive impact on grazing footprint because higher the income per 

capita, higher will be the dietary shifts towards meat based consumption. In 

the study GDP per capita is used to examine the Kuznets relation- As income 

increases grazing footprint increases and beyond a threshold the grazing 

footprint is expected to decline, thus presence of an inverted U-shaped curve 

between GDP per capita and grazing footprint is examined (Danish & et al., 2019). 

3. Data and methodology 

Increasing world population has led to unsustainable use of all land forms and 

this got even more intensified with urban agglomerations. For grazing lands, 

this impact could be direct, or indirect via livestock trade and human actions 

induced climate change. Hence, to examine the impact of natural and 

anthropogenic factors on that of grazing land footprint, nearly fifty countries 

are chosen over a period of 17 years (2000-2016). Following variables are 

constructed and used in the study to understand the objective and a panel 

format is also used for its relative advantage over all the other methods and 

following variables are constructed for same.  

3-1. Variables construction and sources 

Dependent variables 

 Grazing land footprint per person for consumption: The grazing land is 

2
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used for raising livestock for various purposes like dairy products, wool, meet 

and other comfort goods. According to the definition of global footprint 

network, grazing land footprint is the demand for grazing lands due to more 

need for feeding livestock in a year than what is available as livestock feed 

because of increased consumption of livestock for the above mentioned 

purposes. The grazing land footprint thus computed is divided by the 

population to get the footprint for consumption per person.  

Independent variables 

 Population in various agglomerations: Urban agglomerations are highly 

integrated cities with high development and severe environmental problems. 

The various agglomerations under consideration are 10 million plus, 5 million 

plus and 1 million plus. The data on population of these agglomerations were 

available once in five years, so to get the intermediate data points, linear 

interpolation is done. Multiple agglomerations are considered so as to get a 

picture of the differential impact of these agglomerations on grazing land 

footprint.  

 Urban population density: Since some countries under consideration may 

not have any agglomerations, to account for the urbanisation impact on 

grazing footprint of all the countries, the percentage of urban population in a 

country is also taken as an important variable.  

Table 1- Variables used in the analysis and its sources 

 VARIABLES  UNITS  SOURCE  

DEPENDENT 

VARIABLES 

Grazing land footprint per 

person for consumption 

Global hectares per 

person (gha per person) 
Global footprint network 

INDEPENDENT 

VARIABLES 

Population in 10m +, 5m + 

and 1m + agglomerations 

(individually used) 

Millions 

UN-DESA 

Interpolated (linear) for the 
intermediate years based on 

5 year once data 

Urbanisation  
% of urban population 

in total population  
World development 

indicators 

GDP per capita Dollars  
World development 

indicators (WDI) 

Human capital Ratio 
PENN world table version 

10.0 

Biocapacity  
Global hectares per 

person (gha per person) 
Global footprint network 

Annual average temperature 

and precipitation 

Temperature- Celsius 
Precipitation – 

millimeter (mm)  

World bank for climate 

change 

Livestock export  tonnes FAOSTAT 
Aggregate for all livestock 

commodities  Livestock import  tonnes  



The response of grazing land footprint to...    69 

 Livestock export and import: Livestock trade is determined based on the 

sum of quantity of exports and imports of various commodities like bovine 

meat, pig meat, poultry meat, diary, eggs, hides and skins, other meat and 

fodder. 

 Biocapacity per person: According to global footprint network, Biocapacity 

is the capacity of an ecosystem to regenerate the biological materials used by 

people and absorb the waste material generated by human using existing 

schemes and extraction technology. The Biocapacity thus available is divided 

by population to get the Biocapacity per person. 

 Annual average temperature and precipitation: The climate variability 

explained through annual temperature and precipitation is determined based 

on monthly temperature and precipitation data that was available in the 

database. 

 GDP per capita: GDP per capita, PPP (at constant 2017 international $) - 

The GDP per capita is converted into international dollars using purchasing 

power parity rates.  

 Human capital: The human capital index is determined based on average 

years of schooling from Barro and Lee and an assumed rate of return based on 

mincer equation estimates (Penn world table documentation).  

3-2. Econometric model and methodology construction 

 Model Construction: Formation of urban agglomerations is to create a win- 

win economy by actively trying to engage in establishing industrial 

concentration, being globally competitive and ensure efficient exchange of 

capital, information and labor (Fang & Yu, 2017). But along with these 

growth aspects there is more requirement towards sustainable planning of 

agglomerations especially with respect to land use. The study, thus aims to 

look at the differential impact of various urban agglomeration formation, 

livestock trade and climate variability on that of the sustainable use of grazing 

land. The study has tried to estimate the following equations with grazing land 

footprint per person for consumption as a function of all the previously 

mentioned variables: 

Model: 1 – (Using urban population density) 

ln(G.Fit) = α0 + α1 ln(Uit) + α2 ln(GDPit) + α3 (lnGDPit )
2 
+ α4 ln(HCit) + α5 ln(LIit) + 

α6 ln(LEit) + α7 ln(Pit) + α8 ln(BCit) + α9 ln(Tit) + µi + εit           (1) 
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Model: 2 – (10m+ agglomerations population in Ait) 

ln(G.Fit) = 0 + 1 ln(Ait) + 2 ln(GDPit) + 3 (lnGDPit )
2 

+ 4 ln(HCit) + 5 ln(LIit) + 

6 ln(LEit) + 7 ln(Pit) + 8 ln(BCit) + 9 ln(Tit) + µi + εit           (2) 

Model: 3 – (5m+ agglomerations population in Ait) 

ln(G.Fit) = 0 + 1 ln(Ait) + 2 ln(GDPit) + 3 (lnGDPit )
2 

+ 4 ln(HCit) + 5 ln(LIit) + 

6 ln(LEit) + 7 ln(Pit) + 8 ln(BCit) + 9 ln(Tit) + µi + εit            (3) 

Model: 4 – (1m+ agglomerations population in Ait) 

ln(G.Fit) = 0 + 1 ln(Ait) + 2 ln(GDPit) + 3 (lnGDPit )
2 

+ 4 ln(HCit) + 5 ln(LIit) + 

6 ln(LEit) + 7 ln(Pit) + 8 ln(BCit) + 9 ln(Tit) + µi + εit          (4) 

Where i=1, …, 50 and t=1, …,17  

G.Fit- grazing footprint per person for consumption; Ait- agglomeration 

population in various categories chosen; Uit= urban population as a percent of 

total population; GDPit- Gross domestic product per capita; HCit- human 

capital; LIit- livestock import; LEit- livestock export; Pit- annual average 

precipitation; Tit- annual average temperature. BCit- bio capacity per person. 

α’s,’s,’s,’s from equations 1, 2, 3 and 4 are the regression coefficients to 

be obtained using Driscoll Kraay panel regression model and System GMM. 

The linear transformation is done in log-log format to compute elasticity 

directly without any concern over the unit of variables used in the analysis and 

to reduce dispersion in the dataset. 

 Econometric Methodology: Since the data set used in the study is cross 

sectional dominant (has greater number of panel units than time periods), the 

study has employed multiple estimation techniques to get a robust estimate. 

 Pooled OLS: Pooled OLS is the most straight forward estimation method. 

The pooled OLS is advantageous in terms of accounting for variations across 

both spatial and time units simultaneously (Podesta). However, there 

are multiple issues that could arise while using pooled OLS for a panel data. 

The issue of serial correlation (errors correlated across time periods), 

contemporaneous correlation (errors correlated across panel units) and 

heteroscedasticity (errors not constant for all observation arising due to 

difference in scale of variables across panel units) is widespread in pooled 

OLS estimation. Hence the study has taken up pooled OLS and then has 

employed certain post estimation techniques for all the models under 

consideration and then further estimation was carried out based on the 

requirements of the study.  
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 Panel granger causality test: Existence of correlation among variables 

does not necessarily indicate causation among the variables. The study has 

undertaken the causality test to understand if there is existence of causation 

between grazing land footprint per person for consumption and that of the 

main variables of interest. For this purpose, the Dumitrescu – Hurlin (1969) 

panel granger causality test has been employed.  

                  K               K  

Yit = α + ΣγikYi,t-k + Σ ik Xi,t-k + εit, i=1, ..., 50 and t=1, …17         (5) 

                 K=1           K=1 

The existence of causality is tested if the past values of X’s are significant 

predictors of Y even with the presence past values of Y. The null hypothesis 

thus is: Ho: i1= … = ik = 0, i=1,…, 50 

If null is rejected, then X Causes Y. This test can also be used to check for 

bi directional or reverse causality and thus endogenity could be tested for 

using this test. The regression in equation (5) will be run for all 50 panel units 

and F-test will be performed to check the joint significance of the k- lagged X 

variables and then this will be used to derive the individual Wald statistic (Wi) 

and its average over all N will be the W bar. Assuming that Wi is iid across 

panel units, asymptotically Z bar and Z tilde following standard normal 

distribution is derived. For the cross sectional dominant case as in the study, 

Z- tilde value and its critical has to be compared to reject or accept the null 

(Lopez and Weber, 2017).  

 Driscoll- Krray panel regression analysis: The panel data offers more 

advantages over pooled or single cross section in terms bringing more rich 

information into the datasets. However, in case of micro panel econometrics, 

existence of cross sectional and temporal dependencies may provide less 

information than they would provide if there was cross sectional independent. 

If some of the assumptions of CLRM does not hold, then a proper statistical 

inference could be made only if the standard errors are robust (Hoechle, 2007). 

The covariance matrix structure in Driscoll Kraay regression provides 

heteroskedastic autocorrelated consistent estimates along with accounting for 

cross sectional averages thereby providing the most consistent estimates given 

the problems in the post estimation analysis. The method also provides 

consistent results even if N tends to infinity (Hoechle, 2007). In the study both 

pooled OLS and fixed effects with Driscoll Kraay standard errors is done to 

have a check on the significance of variables and sensitivity of variables.  
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 System GMM Analysis: The Dumitrescu- Hurlin panel granger causality 

test employed would indicate if there is presence of reverse causality among 

the variables of interest or not. Presence of reverse causality indicates the 

presence of simultaneity bias and thereby causes endogenity in the study (the 

error term will be correlated with the explanatory variables) and hence the 

estimates will not be efficient and consistent. In addition to reverse causality, 

endogenity may also arise due to measurement error and omitted variable bias. 

To handle the problem of endogenity, system GMM is employed in the study.  

The traditional Arellano- Bond estimator was modified by Arellano Bover 

and Blundell and Bond. The model developed by latter includes first 

differenced over lagged levels as instruments. As a result, their estimates has 

both levels as well as first difference equations (Baum & et al., 2003).  

All the above methods are collectively done to ensure robustness of 

estimates at every point.  

3-3. Statistical methodology 

 Descriptive Statistics: Descriptive statistics summarises the characteristics of 

the dataset. Descriptive statistics gives measures of central tendency as well as 

dispersion in the dataset. This help in understanding the overall elements of 

data and the attributes of the dataset used in the study.  

Table 2- Descriptive statistics 

Variable Obs  Mean  Std. Dev.  Min  Max 

ln(G.F) 850 -1.966 1.484 -6.259 1.64 

ln(Urban population density) 850 3.972 0.498 2.595 4.518 

ln(Population in 10m+) 205 9.983 0.644 9.211 11.441 

ln(Population in 5m+) 278 9.192 0.666 8.52 11.27 

ln(Population in 1m+) 740 8.577 1.177 6.925 12.137 

ln(GDP per capita) 850 9.393 1.204 6.573 11.538 

( ln(GDP))2 850 89.668 22.043 43.203 133.115 

ln(Bio capacity) 850 -2.051 2.004 -6.711 2.416 

ln(Human capital) 850 0.918 0.269 0.174 1.322 

ln(export of livestock products) 850 12.685 2.724 1.609 17.543 

ln(import of livestock products) 850 13.423 2.11 6.578 16.76 

ln(precipitation) 850 4.198 0.905 -0.258 5.74 

ln(temperature) 850 3.103 0.573 0 3.596 
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Since log-log model is used in the study, the standard deviation suggests 

that there is very low level of dispersion in the dataset. The ln (Urban 

population density) has the lowest volatility as against (ln (GDP))
 2
 which has 

the highest volatility in the dataset. There is also very less difference between 

the minimum and maximum values of all the variables specified, thereby 

justifying the use of log-log model specification for the objective.  

 Correlation Matrix: The correlation matrix essentially provides the 

strength of the relationship among the variables used in the study and is done 

prior to any advanced analysis. The correlation matrix of all the variables of 

interest are provided below. 

Table 3- Pearson correlation matrix 

Variable 

name 
1 2 3 4 5 6 7 8 9 10 11 12 13 

1. lnG.F 1.00             

2. lnU.pop 0.55* 1.000            

3. ln10m+ 0.01 -0.033 1.000           

4. ln5m+ -0.19* -0.29* 0.632* 1.000          

5. ln1m+ -0.09* 0.174* 0.678* 0.77* 1.000         

6. lnGDP  0.42* 0.814*  0.041 -0.14* 0.145* 1.00        

7. (lnGDP)2 0.42* 0.805* 0.041 -0.14* 0.132* 0.99* 1.000       

8. lnB.C 0.71* 0.268* -0.24* -0.29* -0.08* 0.03 0.028 1.000      

9. lnH.C 0.38* 0.698* 0.066 -0.02 0.059 0.83* 0.83* 0.11* 1.000     

10. lnL.E 0.23* 0.484* 0.210* 0.31* 0.44* 0.61* 0.60* 0.005 0.64* 1.000    

11. lnL.I -0.02 0.631* 0.147* 0.18* 0.420* 0.74* 0.73* -0.27* 0.65* 0.56* 1.00   

12. lnrain -0.29* -0.31* 0.127 -0.08 0.028 -0.31* -0.32* -0.07* -0.17* -0.08* -0.02 1.00  

13. lntemp -0.27* -0.37* 0.053 -0.06 -0.12* -0.41* -0.41* -0.21* -0.51* -0.25* -0.29* 0.19* 1.0 

*** p<0.01, ** p<0.05, * p<0.1 

(L.E- Livestock export, L.I- Livestock import, H.C- Human capital, temp- Temperature, 

rain- precipitation, B.C- Bio capacity, G.F- grazing footprint, 

U.pop- Urban population density, 10m+, 5m+ and 1m+- population 

in 10m+, 5m+ and 1m+ agglomerations and lnvariable= ln (variable)) 

The correlation matrix provides a general perception about the nature of 
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relationship that exists among all the variables but this does not necessarily 

indicate causal relationship among the variables. The correlation matrix also 

indicates that there is no perfect collinearity among the variables, hence all the 

variables of interest could be estimated in the model specified earlier without 

any issues. Similarly the main variables of interest – Population in various 

agglomerations, livestock export, rainfall and temperature are significantly 

related to the grazing land footprint per person for consumption wherein the 

other control variables that is used for various reasons mentioned earlier also 

has significant relationship with the dependent variable chosen for the study. 

The level of correlation between ln(GDP) and (ln(GDP))
2
 is the highest as 

expected but both these variables are used in the study to serve the purpose of 

examining Kuznets curve application. 

3-4. Visual representation of the study 

The major objective of the study is to look at the differential impact of 

formation of urban agglomerations on sustainable use of grazing lands, 

the aspect of livestock trade and climate variability along with certain 

other variables brought on board to measure the true impact of urban 

agglomerations. In the visual representation, attempt is made to understand the 

nature of relationship existing between grazing footprint per person for 

consumption and population density and number in various forms of 

agglomerations under consideration. The plots given below establishes the 

relationship between predicted grazing land footprint and that of population 

numbers in various agglomerations and population density at 95% confidence 

level.  

    
  Fig. 2- ln(G.F) and ln (urban popln density)            Fig. 3-  ln(G.F) and ln (popln in 10m+) 

                  (Positive relationship )                         (Not very clear relationship established) 
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Fig. 4- ln(G.F) and ln(popln in 5m+) (Clear negative relationship)  

 

Fig. 5- ln(G.F) and ln(popln in 1m+) (Clear negative relationship) 

The above figure’s results very consistent to that of correlation matrix. There 

is a sustainable transition towards formation of 1million and five million plus 

agglomerations with respect to use of grazing lands because the predicted 

grazing footprint decreases with increasing population in 1m+ and 5m+ 

agglomerations, however with urban population density there is an increase in 

the grazing land footprint and with 10m+ agglomerations population, the plot 

does not provide a proper increasing or decreasing trend in the grazing footprint.  

All the above plots only take up one aspect of formation of urban 

agglomerations that is land clearing and its impact on the grazing footprint, 

however the additional change in consumption factors due to urban 

agglomerations and subsequent impact on livestock trade and how it gets more 

intensified with natural factors is not represented in the above plots. As a result 

the plot just explains the existence of correlation (positive or negative) 

but does not throw light on the true causal relationship between urban 

agglomeration population and grazing footprint. 

The plot does not adequately represent the impact of other control variables 
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in the analysis, as a result the efficiency of the above plots in understanding 

the impact of urbanisation is not very satisfactory. Causal inference of 

multiple variables is better explained through econometric analysis by 

bringing on board several variables to ensure efficiency in understanding the 

true impact.  

4. Empirical results and discussion 

In order to get the most efficient and robust estimates for the variables 

considered in the study, many estimation methods were employed as mentioned 

in the earlier section. The results for all the sections are provided below.  

4-1. Pooled OLS estimates for all the models 

The results from pooled OLS are provided in table 4 for all the models that 

was constructed previously. The results from pooled OLS indicate that there is 

unsustainable transition towards urbanisation and formation of urban 

agglomerations with respect to use of grazing resources. Elasticity of 

urbanisation indicators with respect to grazing footprint across all the model 

ranges from 0.001 to almost 0.8.  

On the flip side, formation of 10m+ and 5m+ agglomerations support a 

more sustainable trend in livestock trade with respect to use of grazing 

resources (exports and imports has negative impact on grazing footprint). An 

increase in temperature and rainfall dampens the growth of forage thereby 

causing unsustainable use of existing grazing resources to meet the demands 

of people. From the analysis made, the natural factors intensify the combined 

impact of both livestock trade and urbanisation across all the models.  

With respect to Kuznets curve application, all the agglomerations have an 

inverted U-shaped curve indicating that the environmental damage (grazing 

footprint) increases with increase in ln (GDP) and decreases with increase in 

(ln (GDP))
2
 i.e. higher economic growth in agglomerations ensure more 

cautious use of grazing resources in comparison to that of regions with high 

urban population density. Educated people in 1m+ agglomerations have more 

awareness towards environmental degradation than educated in 10m+ and 

5m+ agglomerations. Higher amount of available grazing resources per 

consumption leads to higher consumption rate of grazing resources. For this 

reason, in all the models, Biocapacity has positive and significant impact. This 

indicates that Biocapacity has higher correlation and causation with that of 

grazing footprint per person for consumption. 
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Table 4- Estimates of pooled OLS for all the models 

Dependent variable: Grazing land footprint per person for consumption 

Model 1 

Urban population 

density and Grazing 

footprint 

Model 2 

Population in 10m+ 

and grazing footprint 

Model 3 

Population in 5 m+ and 

grazing footprint 

Model 4 

Population in 1 m+ 

and grazing footprint 

Variables  Estimates Variables  Estimates Variables Estimates Variables Estimates 

ln(Urban 

popln) 
0.799*** 

ln(popln in 
10m+) 

0.428*** 
ln(popln in 5 

m+) 
0.336*** 

ln(popln in 1 
m+) 

0.001 

ln(GDP) -0.177 ln(GDP) 3.967*** ln(GDP) 3.403*** ln(GDP) 0.813** 

(ln(GDP))2 0.038* (ln(GDP))2 -0.176*** (ln(GDP))2 -0.156*** (ln(GDP))2 -0.0002231 

ln(Human 

capital) 
-0.11 

ln(Human 
capital) 

0.547 
ln(Human 

capital) 
2.533*** 

ln(Human 
capital) 

-0.072 

ln(Bio 

capacity) 
0.398*** 

ln(Bio 
capacity 

0.585*** 
ln(Bio 

capacity) 
0.546*** 

ln(Bio 
capacity) 

0.429*** 

ln(Livestock 

export) 
0.034** 

ln(Livestock 

export) 
-0.032** 

ln(Livestock 

export) 
-0.072*** 

ln(Livestock 

export) 
0.007 

ln(Livestock 

import) 
-0.254*** 

ln(Livestock 

import) 
-0.031 

ln(Livestock 

import) 
-0.227*** 

ln(Livestock 

import) 
-0.218*** 

ln(rainfall) -0.084** ln(rainfall) 0.203*** ln(rainfall) -0.008 ln(rainfall) -0.072** 

ln(temp) 0.078 ln(temp) 0.256*** ln(temp) 0.179*** ln(temp) 0.191*** 

Constant  -2.905* Constant  -27.95*** Constant  -20.721*** Constant  -6.088*** 

VIF 62.96 VIF  107.98 VIF 53.22 VIF 70.59 

BPG  8.82*** BPG  16.32*** BPG  4.22** BPG  1.85 

Woolridge 

test  
18.273*** 

Woolridge 
test  

18.497*** 
Woolridge 

test  
18.497*** 

Woolridge 
test  

63.370*** 

F-statistic  252.003*** F-statistic  407.32*** F-statistic  239.862*** F-statistic  207.083*** 

R- squared 0.730 R- squared 0.9495 R- squared 0.890 R- squared 0.719 

Observation 850 Observation 205 Observation 278 Observation 740 

*** p<.01, ** p<.05, * p<.1 

The post estimation results indicate presence of heteroscedasticity and first 

order autocorrelation as a result the estimates provided above may not be 

efficient. Similarly, the VIF is higher as expected because of use of ln (GDP) 

and (ln (GDP))
2
, However to look at the application of Kuznets curve such 

high VIF has to be tolerated and hence multicollinearity is an inherent issue in 

the study. Because of the inability of Pooled OLS to provide efficient 

estimates in presence of heteroscedastcity and autocorrelation, other 

estimation methods are employed based on the requirement of the study.  
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4-2. Dumitrescu panel granger causality test 

The panel granger causality test is done to examine the presence of causation 

among the main variables of interest. This test could also be done to examine 

the reverse causality induced endogenity in the study. Based on the objective 

some of the major variables of interest in determining the grazing footprint per 

person for consumption are the ones used for testing causation and reverse 

causation and the results are provided in below Table-5. 

The results from the granger causality test indicates that there is a very 

significant reverse causality between urban population density, population in 

urban agglomerations, livestock trade indicators (export and import) and that 

of grazing land footprint indicating presence of endogenity in the all the 

models developed earlier. The post estimation results from Pooled OLS and 

that of panel granger causality tests necessitates use of better estimation 

techniques to account for factors like heteroscedasticity, autocorrelation and 

that of endogenity so as to get robust estimates. This motivates the study to 

employ Driscoll-Kraay panel regression and system GMM method. 

Table 5- Results of panel granger causality test 

Null hypothesis 
Z-bar 

tilde 
Decision  Conclusion  

ln(U.pop) does not cause ln(G.F) 15.4*** ln(U.pop)  ln(G.F) 

ln(U.pop)  ln(G.F) 
ln(G.F) does not cause ln(urban 

popln) 
13.2*** ln( G.F)  ln(U.pop) 

ln(pop in 10m+) does not cause 
ln(G.F) 

3.28*** ln(pop in 10m+)  ln(G.F) 

ln(pop-10m+)  ln(G.F) 
ln(G.F) does not cause ln(popln in 

10m+) 
6.17*** ln(G.F)  ln(pop in 10m+) 

ln(pop in 5m+) does not cause 
ln(G.F) 

3.398*** ln(popln in 5m+)  ln(G.F) 

ln(popln-5m+)  ln(G.F) 
ln(G.F) does not cause ln(pop in 

5m+) 
2.198** ln(G.F)  ln(popln in 5m+) 

ln(pop in 1m+) does not cause 

ln(G.F) 
16.14*** ln(popln in 1m+)  ln(G.F) 

ln(popln-1m+)  ln(G.F) 
ln(G.F) does not cause ln(pop in 

1m+) 
6.33*** ln(G.F)  ln(popln in 1m+) 

ln(L.E) does not cause ln(G.F) 8.84*** ln(L.E)  ln(G.F) 
ln(L.E)  ln(G.F) 

ln(G.F) does not cause ln(L.E) 1.68* ln(G.F)  ln(L.E) 

ln(L.I) does not cause ln(G.F) 6.26*** ln(L.I)  ln(G.F) 
ln(L.I)  ln(G.F) 

ln(G.F) does not cause ln(L.I) 5.75*** ln(G.F)  ln(L.I) 

ln(temp) does not cause ln(G.F) 2.82** ln(temp)  ln(G.F) 

No reverse causality 
ln(G.F) does not cause ln(temp) 1.51 

ln(G.F) does not cause  

ln(temp)  
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Null hypothesis 
Z-bar 

tilde 
Decision  Conclusion  

ln(rainfall) does not cause ln(G.F) 0.64 ln(rainfall)  ln(G.F) 
No significant expected 

causation 
ln(G.F) does not cause ln(rainfall) 1.99** ln(G.F)  ln(rainfall) 

*** p<.01, ** p<.05, * p<.1 

4-3. Driscoll-kraay panel regression estimates: 

Driscoll Kraay panel regression is employed to provide efficient estimates in 

presence of heteroscedasticity, autocorrelation and cross sectional dependence 

by modifying the covariance matrix accordingly. Results of these estimates are 

provided in table 6 and 7.  

Table 6- Estimates of pooled OLS using Driscoll kraay errors 

Dependent variable: Grazing land footrpint per person for consumption 

Model 1 

Urban population 

density and Grazing 

footprint  

Model 2 

Population in 10m+ and 

grazing footprint 

Model 3 

Population in 5 m+ and 

grazing footprint 

Model 4 

Population in 1 m+ and 

grazing footprint 

Variables  Estimates Variables  Estimates Variables Estimates Variables Estimates 

ln(Urban 

popln) 
0.799*** 

ln(popln in 

10m+) 
0.428*** 

ln(popln in 5 

m+) 
0.336*** 

ln(popln in 1 

m+) 
0.001 

ln(GDP) -0.177 ln(GDP) 3.967*** ln(GDP) 3.403*** ln(GDP) 0.813*** 

(ln(GDP))2 0.038*** (ln(GDP))2 -0.176*** (ln(GDP))2 -0.156*** (ln(GDP))2 -0.0002231 

ln(Human 

capital) 
-0.110 

ln(Human 

capital) 
0.547* 

ln(Human 

capital) 
2.533*** 

ln(Human 

capital) 
-0.072 

ln(Bio 

capacity) 
0.398*** 

ln(Bio 

capacity 
0.585*** 

ln(Bio 

capacity) 
0.546*** 

ln(Bio 

capacity) 
0.429*** 

ln(Livestock 

export) 
0.034** 

ln(Livestock 

export) 
-0.032* 

ln(Livestock 

export) 
-0.072*** 

ln(Livestock 

export) 
0.007 

ln(Livestock 

import) 
-0.254*** 

ln(Livestock 

import) 
-0.031 

ln(Livestock 

import) 
-0.227*** 

ln(Livestock 

import) 
-0.218*** 

ln(rainfall) -0.084** ln(rainfall) 0.203* ln(rainfall) -0.008 ln(rainfall) -0.072 

ln(temp) 0.078*** ln(temp) 0.256*** ln(temp) 0.179** ln(temp) 0.191*** 

Constant  -2.905*** Constant  -27.952*** Constant  -20.72*** Constant  -6.088*** 

F-statistic  3969*** F-statistic  11548*** F-statistic  1872*** F-statistic  61869*** 

R- squared 0.7297 R- squared 0.9495 R- squared 0.8896 R- squared 0.7186 

Observation 850 Observation 205 Observation 278 Observation 740 

*** p<.01, ** p<.05, * p<.1 
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The pooled OLS estimates and that of estimates from pooled OLS using 

Driscoll Kraay standard errors are same, however there might be very small 

changes in the significance of some of the variables in latter model because of 

modifying the covariance matrix to account for certain issues pertaining to 

estimation. However, the Pooled OLS (Driscoll Kraay regression) is 

ineffective in accounting for country specific factors which may cause omitted 

variable bias in estimation of variables specified. To avoid omitted variable 

bias, fixed effects with Driscoll Kraay standard error is employed and those 

estimates are provided in table-7. 

Table 7- Estimates of fixed effects using Driscoll kraay errors across all the models 

Dependent variable: Grazing land footprint per person for consumption 

Model 1 

Urban population 

density and Grazing 

footprint 

Model 2 

Population in 10m+ and 

grazing footprint 

Model 3 

Population in 5 m+ and 

grazing footprint 

Model 4 

Population in 1 m+ 

and grazing footprint 

Variables  Estimates Variables  Estimates Variables Estimates Variables Estimates 

ln(Urban 

popln) 
-0.096 

ln(popln in 

10m+) 
-0.899*** 

ln(popln in 

5 m+) 
-0.192** 

ln(popln in 

1 m+) 
-0.012 

ln(GDP) 0.584 ln(GDP) 2.845*** ln(GDP) 6.362** ln(GDP) 0.014 

(ln(GDP))2 -0.029 (ln(GDP))2 -0.093* (ln(GDP))2 -0.357** (ln(GDP))2 0.007 

ln(Human 

capital) 
-0.118 

ln(Human 

capital) 
-1.501*** 

ln(Human 

capital) 
0.809 

ln(Human 

capital) 
0.326 

ln(Bio 

capacity) 
0.589*** 

ln(Bio 

capacity 
0.482*** 

ln(Bio 

capacity) 
0.664*** 

ln(Bio 

capacity) 
0.904*** 

ln(Livestoc

k export) 
0.034*** 

ln(Livestock 

export) 
-0.013* 

ln(Livestock 

export) 
0.212*** 

ln(Livestoc

k export) 
0.033** 

ln(Livestoc

k import) 
0.009 

ln(Livestock 

import) 
-0.098 

ln(Livestock 

import) 
-0.096** 

ln(Livestoc

k import) 
0.018 

ln(rainfall) 0.005 ln(rainfall) 0.061 ln(rainfall) -0.327** ln(rainfall) -0.049 

ln(temp) -0.004 ln(temp) -0.166 ln(temp) -0.168** ln(temp) -0.030 

Constant  -3.766 Constant  -7.409** Constant  -26.93** Constant  -1.431 

F-statistic  14.26*** F-statistic  171.7*** F-statistic  29.93*** F-statistic  39.93*** 

R- squared 0.0564 R- squared 0.4183 R- squared 0.1722 R- squared 0.0899 

Observatio

n 
850 Observation 205 Observation 278 

Observatio

n 
740 

*** p<.01, ** p<.05, * p<.1 

The results from fixed effects using Driscoll Kraay standard errors is not 
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very consistent with the results of pooled OLS using Driscoll Kraay standard 

errors. From table-7, estimates for urbanisation and population in various 

agglomerations has a negative impact on the grazing land footprint per person 

for consumption indicating the sensitivity of these variables with respect to 

country specific effects. This could be attributed to the fact that most of the 

countries chosen for the study has high level of average permanent pasture 

indicating presence of abundance of grazing resources over the years, despite 

increasing urbanisation and agglomerations population in these countries. The 

urbanisation or formation of agglomerations, perhaps is happening at the cost 

of other forms of land because of its relative advantage over grazing lands in 

terms of providing economic profitability. The extent of decrease in grazing 

footprint ranges from 0.01 to almost 0.1 across all models.  

With respect to livestock trade- only formation of 10m+ agglomerations 

lead to sustainable growth of trade (both exports and imports are decreasing 

the grazing footprint). The rapid urbanisation in formation of other 

agglomeration impact grazing footprint via livestock trade rather than having a 

direct impact. The climatic conditions prevailing in these countries are very 

much suitable for growth of forage. As a result, a small increase in 

temperature or rainfall may not impact the timely availability of the grazing 

resources.  

In 1m+ agglomerations, increase in GDP cause indefinite increase in the 

grazing footprint over years, wherein all other agglomerations have 

sustainable income growth in terms of use of grazing resources. Biocapacity is 

not favourable towards grazing resources across all urbanisation indicators. 

The growth of human capital is favourable for grazing resources in countries 

with 5m+ and 1m+ agglomerations. The results from fixed effects with 

Driscoll Kraay standard errors has relatively more advantage over all the 

previously used estimation methods in terms of avoiding omitted variable bias 

and issues of heteroscedastcity, autocorrelation and that of cross sectional 

dependence, however the method may not be suitable in accounting for 

endogenity thereby requiring us to look for other estimation methods.  

4-4. System – GMM estimates 

Since the panel granger causality has indicated the presence of reverse 

causality, system GMM is used to solve this issue of endogenity by bringing in 

first differenced variables as instrument. The estimates for the models under 

system GMM estimates are given below.  
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Table 8- Estimates of system GMM across all the models 

Dependent variable: Grazing land footprint per person for consumption 

Model 1 

Urban population 

density and Grazing 

footprint 

Model 2 

Population in 10m+ and 

grazing footprint 

Model 3 

Population in 5 m+ and 

grazing footprint 

Model 4 

Population in 1 m+ and 

grazing footprint 

Variables  Estimates Variables  Estimates Variables Estimates Variables Estimates 

ln(Urban 

popln) 
0.464** 

ln(population 

in 10m+) 
0.062 

ln(population 

in 5 m+) 
-0.167 

ln(population 

in 1 m+) 
-0.03 

ln(GDP) -0.439 ln(GDP) -0.443 ln(GDP) 1.506* ln(GDP) -0.918* 

(ln(GDP))2 0.028 (ln(GDP))2 0.032 (ln(GDP))2 -0.084 (ln(GDP))2 0.052** 

ln(Human 

capital) 
-0.703** 

ln(Human 
capital) 

-0.238 
ln(Human 

capital) 
-0.049 

ln(Human 
capital) 

0.257 

ln(Bio 

capacity) 
0.034 

ln(Bio 

capacity 
0.117*** 

ln(Bio 

capacity) 
0.229*** 

ln(Bio 

capacity) 
-0.019 

ln(Livestock 

export) 
-0.000374 

ln(Livestock 
export) 

-0.017 
ln(Livestock 

export) 
0.062*** 

ln(Livestock 
export) 

0.014 

ln(Livestock 

import) 
0.02 

ln(Livestock 

import) 
-0.019 

ln(Livestock 

import) 
0.127** 

ln(Livestock 

import) 
-0.019 

ln(rainfall) 0.077** ln(rainfall) 0.105* ln(rainfall) 0.099 ln(rainfall) 0.121*** 

ln(temp) 0.0199*** ln(temp) -0.056 ln(temp) -0.016 ln(temp) 0.227*** 

Constant  -1.057 Constant  0.956 Constant  -8.22** Constant  2.556 

Chi2 value 1212.083 Chi2 value 4092.589 Chi2 value 1705.539 Chi2 value 1462.134 

Observation 800 Observation 196 Observation 262 Observation 697 

*** p<.01, ** p<.05, * p<.1 

From table-8, the estimates from system GMM estimates is inconsistent 

with that of fixed effects with Driscoll Kraay standard errors. With respect to 

urbanisation, 5m+ and 1m+ agglomerations are more sustainable in their 

transition with respect to grazing resources as against other urbanisation 

indicators. The export and import of livestock products in 10m+ 

agglomerations decreases the grazing footprint indicating that the consumption 

trend is very much sustainable and consistent with the available grazing 

resources even with intensified urbanisation. However, in 5m+ and 1m+ 

agglomerations the impact of urbanisation on grazing lands is manifested via 

unsustainable trading practices. The impact of natural factors in addition to 

livestock trade further intensifies the impact of urbanisation across all models. 

Only in 5m+ agglomerations a higher income growth initiates more protection 

towards use of grazing resources, thus reaping the benefits of downward 

sloping Kuznets curve. Biocapacity on the other hand positively impacts the 
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footprint across all the models except for the 1m+ agglomerations. Human 

capital positively impacts grazing footprint in 1m+ agglomerations implying 

that the extent of urbanisation in this agglomerations focus more on economic 

prospect at the cost of environmental damages.  

4-5. Summary of the estimates  

To get a clear picture on which urbanisation indicator has the most severe 

impact on the grazing footprint, summary of the nature of relationship and 

significance of the major variables used in the study across all estimation 

techniques is given in the below table to make efficient conclusion and 

understanding. 

Table 9- Summary of urbanisation, trade and natural indicator 

across all estimation technique 

Dependent variable – grazing land footprint per person for consumption 

Variables Pooled OLS 
Pooled OLS 

(Driscoll Kraay) 

Fixed effects 

(Driscoll Kraay) 
System GMM 

ln (urban pop) +ve and S +ve and S -ve and NS +ve and S 

ln (pop-10m+) +ve and S +ve and S -ve and S +ve and NS 

ln (pop-5m+) +ve and S +ve and S -ve and S -ve and NS 

ln (pop-1m+) +ve and NS +ve and NS -ve and NS -ve and NS 

Urban population density 

ln(livestock export) +ve and S +ve and S +ve and S -ve and NS 

ln(livestock import -ve and S -ve and S +ve and NS +ve and S 

ln(temperature) +ve and S +ve and S -ve and NS +ve and S 

ln (precipitation) -ve and S -ve and S +ve and NS +ve and S 

Population in 10m+ agglomerations  

ln(livestock export) -ve and S -ve and S -ve and S -ve and NS 

ln(livestock import -ve and NS -ve and NS -ve and NS -ve and NS 

ln(temperature) +ve and S +ve and S -ve and NS -ve and NS 

ln (precipitation) +ve and S +ve and S +ve and NS +ve and S 

Population in 5m+ agglomerations 

ln(livestock export) -ve and S -ve and S +ve and S +ve and S 

ln(livestock import -ve and S -ve and S -ve and S +ve and S 

ln(temperature) +ve and S +ve and S -ve and S +ve and NS 

ln (precipitation) -ve and NS -ve and NS -ve and S -ve and NS 
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Population in 1m+ agglomerations 

ln(livestock export) +ve and NS +ve and NS +ve and S +ve and NS 

ln(livestock import -ve and S -ve and S +ve and NS -ve and S 

ln(temperature) +ve and S +ve and S -ve and NS +ve and S 

ln (precipitation) -ve and NS -ve and NS -ve and NS -ve and NS 

     (*S- Significant and NS – Not Significant) 

The results from the above table affirms the fact that the interplay between 

livestock trade, urban population density and climate variability in impacting 

the grazing resources is more severe than formation of agglomerations. On 

contrary the direct impact of increased population in 5m+ agglomerations 

along with climate variability and subsequent impact on livestock trade leads 

to lesser grazing footprint across all the estimate indicating more sustainable 

transition in formation of 5m+ agglomeration. This is very consistent with 

the visual representation and correlation provided earlier. The combined 

positive impact of increase in population of 1m+ agglomerations and 

livestock trade on grazing footprint overrides the negative impact of climate 

factors leading to overuse of grazing resources. Even though trade is very 

sustainable in 10m+ agglomerations still the impact of increased population 

gets even more intense with climate factors causing more positive impact on 

grazing footprint thus outweighing the negative trade impacts. Hence it is 

very evident from all the estimates that grazing lands are less prone to 

depletion with formation of 5m+ agglomerations when compared to that 

of 10m+ and 1m+ agglomerations. The study very clearly asserts the fact 

that grazing land is more prone to the process of urbanisation and 

agglomerations. To understand as to if similar relationship exist between 

other land forms and agglomerations, correlation matrix and graph matrix 

will be discussed further.  

4-6. Correlation and graph matrix with respect to other land 

footprints 

The correlation matrix establishes the relationship between different land 

footprints and that of urbanisation indicators. This relationship may not 

necessarily be a causation, but would provide a general overview on the 

degree and nature of relationship that could be expected between the footprints 

and various urbanisation indicators.  
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Table 10- Correlation matrix of various footprints 

Variables (1) (2) (3) (4) (5) (6) (7) (8) 

1) ln(Urban pop density) 1.000        

2) ln(Population in 10m+) -0.033 1.000       

3) ln(Population in 5m+) -0.286* 0.632* 1.000      

4) ln(Population in 1m+) 0.174* 0.678* 0.768* 1.000     

5) ln(Cropland footprint) 0.593* -0.169* -0.155* 0.131* 1.000    

6) ln(Fishing footprint) 0.484* -0.029 -0.174* 0.170* 0.510* 1.000   

7) ln(Forest footprint ) 0.281* 0.014 -0.247* 0.021 0.399* 0.184* 1.000  

8) ln(Grazing footprint) 0.547* 0.005 -0.189* -0.088* 0.220* 0.042 0.376* 1.000 

*** p<0.01, ** p<0.05, * p<0.1 

The correlation matrix for various land footprints and urbanisation 

indicators is constructed for the same countries and time period chosen earlier. 

The results from table- 10 indicate that all forms of land is prone to depletion 

with increase in urban population density because of its positive impact on all 

forms of footprints, however cropland footprint has the highest positive degree 

of correlation with urban population density and forest lands has the least 

degree of correlation. Forest and grazing lands are the most degraded with 

formation of 10m+ agglomerations. There is excessive exploitation of 

resources from croplands, coastal areas and forest products with formation of 

1m+ agglomerations. In contrast to all these, 5m+ agglomerations have a very 

sustainable trend in usage of resources from all the land forms. The above 

correlation matrix is explained only on the land clearing aspects of various 

urbanisation indicators and does not throw light on how it influences the 

lifestyle patterns and the associated impact on the various footprints.  

 Graph Matrix: The scatterplot matrix is a grid matrix used in 

understanding relationship between different combinations of variables used in 

the dataset. The grid matrix in this section is used to substantiate the estimates 

and nature of relationship between various urbanisation indicators and that of 

various land footprints obtained in the correlation matrix. The left side grids in 

each is plot is of major interest to analyse the impact of urbanisation indicators 

on all footprints. Multiple factors impacting grazing footprint through 

urbanisation indicators is not represented here.  
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Fig. 6- urban population density impact 

Left corner grids- with log of urban population density measured along the 

x- axis and log of footprints measured along the y- axis corresponding to the 

adjacent grid, there is an increasing trend observed between the footprints and 

urban population density. The nature of relationship is very uncertain in the 

plot because of outliers and scatter clusters. 

 
Fig. 7- Population in 10m+ agglomerations impact 

The plot represents the relationship between log of population in 10m+ 

agglomerations and that of log of footrpints, however the direction and 

strength of relationship is very uncertain bacuse of outliers in the plot adjacent 

giving no conclusions to be drawn.  
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Fig. 8- Population in 5m+ agglomerations impact 

The plot representing the relationship between log of population in 5m+ 

agglomerations and that of log of footprints is very uncertain in the adjacent 

plot because of presence of outliers and close clusters.   

 
Fig. 9- Population in 1m+ agglomerations impact 

The plot for 1m+ agglomeration impact affirms log of cropland and forest 

land footprint increasing. However the plot is unclear with respect to coastal 

footprint. Similarly grazing footprint has a negative relationship however, the 

strength of relationship is not very strongly represented in the plot. 

5. Policy recommendations 

From the empirical analysis, it is very evident that urbanisation and 
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agglomerations leads to indiscriminate use of land resources. There is a 

growing demand for forest and agricultural products, biofuel and meat based 

diet but however the land resource required to sustain this demand is 

extremely scarce (Munroe & et al.). This requires formulation of cost effective 

policy instruments to impact the land use and land clearing by altering the 

behaviour of the concerned stakeholders. Lack of valuation of biodiversity and 

ecosystem loss makes it difficult to formulate comprehensive policies for 

impacting land use pattern. 

Land use planning, one of the most commonly used regulatory approach 

relates to spatial planning, zoning land for specific purposes and providing 

rights with respect to use of urban and rural areas. However excessive 

decentralisation of land use planning to regional governments has led to poor 

implementation of national land use guidelines leading to more land 

degradation (OECD report). Similarly, protected areas could also be 

established so that conservation of biodiversity is relatively easier. However, 

setting protected areas in already secured regions will lead to overlaps with 

private lands. Moratoriums restricting certain land use activities could help 

efficiently in maintaining the land resources at a rate which supports their 

replenishment. But this is not a comprehensive measure that would put a 

control over all the unsustainable land use practices.  

Economic instruments like environmental related taxes, pesticides and 

fertiliser taxes, carbon taxes, biodiversity offsets and payments for ecosystem 

service could solve the issue pertaining to land use changes. Still penalising 

without creating proper incentives to solve the land use degradation would 

reduce the economic performance drastically. Thus weak environmental 

governance coupled with increased urbanisation worsens the land use patterns 

even further 

A clear vision for land use at a national level coupled with well-defined 

sectoral targets for land use would ensure the effectiveness of policies put in 

place to impact the land resource degradation. 

6. Conclusions 

The aim of this paper is to establish the impact of interaction between 

formations of urban agglomeration, livestock trade and climate variability on 

that of grazing resource exploitation. The impact of this nexus on grazing land 

ecological footprint for consumption per person is examined for fifty countries 

with highest average level of permanent pasture for a period of 17 years 
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(2000-2016). To get reliable estimates, several econometric methods are 

employed based on post estimation results and granger causality test. 

The empirical evidence from the study has revealed that the direct (increased 

population in agglomerations) and indirect (livestock trade and climate 

variability) impact coupled with higher economic growth ensure sustainability 

in formation of 5m+ agglomerations with respect to grazing resources. On the 

flip side, growth in human capital coupled with biocapacity per person for 

consumption causes unsupportable increase in grazing land footprint per person 

for consumption. The progression towards 5m+ agglomerations is also very 

supportable with respect to all other land footprints. The formation of other 

agglomerations has increased the grazing footprint considerably over the years. 

Higher economic growth combined with human capital and biocapacity in 

other agglomerations leads to more degradation of grazing resources. With 

rapid urbanisation in other agglomerations, there is a huge risk of depletion of 

resources from all the other land forms as well. The overall study suggest that 

the policy makers in all the countries chosen, should try to regulate the usage of 

grazing resources irrespective of the availability of resources (biocapacity-

higher or lower). Given the fact that many of the economies rely on livestock 

sector, it is imperative that regulation happens now than at a later stage so that 

economic losses at later stage could be avoided. Since human capital is causing 

indiscriminate increase in usage of grazing resources, more awareness towards 

sustainable growth of livestock sector has to be provided. Inclusion of 

environmental sustainability in usage of resources as part of syllabus could also 

be fruitful in ensuring a more supportable trend in usage of resources across all 

the landforms (Ahmed & et al., 2020). There is a feedback effect that always 

exist between urbanisation and GDP. Slowing down urbanisation process could 

impact the economic growth. Hence urban population could be encouraged to 

take up a more eco- friendly life style (Ahmed & et al., 2020). Mutual trade 

agreements governing the trading partners could highlight the requirement of 

sustainable land use practices, so that trade is very sustainable (OECD report). 

The government could also provide aid or support towards sustainable use 

of grazing lands. The grazing fees that is charged in several federal states are 

not efficient enough to control over grazing. Some environmentalists are of the 

view that grazing should be completely restricted in several federal lands 

(Vincent). As a result, proper economic instruments should be established so 

that the stakeholders receive proper signals and act in a desired way. 

Sustainable land use will help in conservation of natural habitats and 

biodiversity, mitigate GHG emissions from land use and poverty reduction.  
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From the analysis made in the study, it is very evident that formation of 

agglomeration with an aim of extensive economic development has to be 

made sustainable towards all land forms. To secure the ecosystem services and 

biodiversity from all the landforms, more stringent policies with respect to 

land use and land clearing is required. There is also a need to establish a 

coherent land use policies across all the ecosystems at both national and 

international levels so that the there is no leakage of unsustainable land use 

practices from one region to another region or from one ecosystem to another 

ecosystem. 
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Appendix 

The countries included as a part of the analysis are- Angola, Argentina, Australia, 

Austria, Bangladesh, Brazil, Canada, Chile, China, Colombia, Democratic republic of 

Congo, Ethiopia, France, Germany, Greece, India, Indonesia, Italy, Japan, Jordan, 

Kazakhstan, Kenya, Madagascar, Malaysia, Mexico, Mongolia, Myanmar, Nepal, 

Pakistan, Paraguay, Peru, Philippines, Poland, Portugal, Russian federation, Saudi 

Arabia, South Africa, Spain, Sri Lanka, Sweden, Switzerland, Thailand, Turkey, 

Uganda, United Arab Emirates, United kingdom, United states of America, Vietnam, 

Zambia and Zimbavae. 

 

Fig. 6- The countries chosen for the analysis are represented by the red shaded portion 

  




