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Abstract: Methane (CHas) emissions from agricultural sources make a significant contribution to the total
anthropogenic greenhouse gas emissions that contribute to climate change. According to the International
Panel on Climate Change (IPCC) guidelines for calculating greenhouse gas emissions, agriculture is responsible
for approximately 10% of total CHs emissions from anthropogenic sources. CHs is mainly emitted from
livestock farming, especially from cattle production during enteric fermentation and from manure. The article
describes the results of multivariate statistical analyzes carried out on data collected in 1961-2020 based on the
data for 30 countries with the largest cattle population. The trends of temporal changes in cattle population
were evaluated and groups of countries with similar patterns in the study period were distinguished. Variables
which are correlated with changes in the number of cattle were indicated. Forecasts of cattle population and
CHu emission related to cattle for the coming years are presented.
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1. Introduction

One of the main greenhouse gases (GHGs) contributing to global warming and climate change,
in addition to carbon dioxide and nitrous oxide, is methane (CHa) [1]. Although this compound is
present in the atmosphere in much smaller amounts than carbon dioxide, it absorbs more infrared
radiation, and thus has a greenhouse potential within 100 years 25 times greater than carbon dioxide
[2,3]. CHa4is produced from landfills, waste management, and energy production such as mining and
processing coal, oil, and natural gases [4]. It is also linked to various production practices in the
agricultural sector. The concentration of CHa in the atmosphere has increased 2.5 times since pre-
industrial times, mainly due to the intensive use of fossil fuels, as well as the increase in ruminant
farming, landfills and rice fields in line with the growth of the human population [3,5]. GHG
emissions from the agricultural sector account for approximately 25% of total global anthropogenic
emissions. Direct emissions from agriculture are estimated to constitute about 10 — 12% of total global
GHG emissions in 2010 [6,7] with additional indirect emissions from deforestation, energy use and
the production of animal feed [8]. The majority of direct agricultural emissions come from livestock,
mostly ruminants [9,10]. Reducing livestock emissions therefore appears necessary to support
stringent global mitigation goals [11,12].

Methods for estimating CHs emissions from livestock require the definition of subcategories of
livestock, annual populations and, for higher tier methods, feed consumption and characterization
of maintenance (IPCC, 2006, IPCC 2019) [2,13]. Usually, animals are divided into individual species
because the type of digestive system has a significant impact on the amount of CHs emissions.
Ruminant animals (cattle, sheep, goats) are the main source of CHs emissions through intensive food
fermentation, with moderate amounts produced by non-ruminants (pigs, horses)[14]. CHs emissions
from manure management are usually lower than those from enteric fermentation, with the most
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significant emissions from closed-back farming, where the manure is processed in liquid systems
[15]. Manure decomposition then takes place under anaerobic conditions, resulting in the production
of a significant amount of CHs [2].

How to calculate total CHs emission?

The IPCC [2006, 2019] provides guidelines for estimating livestock emissions that have been
applied at global and national levels (e.g. annual reports to the United Nations Framework
Convention on Climate Change) [2,13]. In estimating national CHs emissions from livestock, the
annual populations of each animal type are multiplied by species and region specific emission factors
to obtain annual emissions. Emission factors are derived using sets of mathematical formulas, the
input of which varies with the quality and management of the regional livestock (e.g. quantity and
quality of feed consumption; quantity of milk production; quantity of energy used for growth, draft,
foraging and pregnancy; and the use of different manure management systems) [2].

There are studies that suggest that estimates of CHs emissions from livestock farming may be
too low [16]. One reason may be out of date information used to compile these emission factors.
Accurate determination of CHs emissions may therefore be imprecise due to the methodology
developed, but also due to the availability of data, which methods of determining the indicators
require. Even with accurate data, the emission factors are determined with uncertainty [17]. Due to
the fact that the emission is a linear function of the cattle population (emission is the emission factor
multiplied by the number of cattle), the study analyzes the cattle population in countries of the world
where the population exceeds 10 million animals. The main regions of cattle production are South
and North America and South-Eastern Asia. Cattle production in different regions of the world is
characterized by different intensity of production and various efficiency of this production [18].
Livestock productivity of milk and beef in less developed countries is characterized by low efficiency,
i.e. CH4 emission per unit of milk or beef is much higher in comparison to more developed countries.
At the same time, CHs emissions per head of cattle in less developed countries are lower due to less
intensive production, including poorer nutrition. For example, the annual milk yield per cow in the
US is about 6 times higher than in India or Pakistan [19]. GHG output (kg of CO2 equivalents kg of
milk) is from 1.3 for developed countries such as USA to 7.4 for central Africa countries. The same
milk or beef production can be achieved by lower cattle population and higher efficiency of
production or higher cattle population with low intensity of production. The growing world
population will make it necessary to increase food production, including milk and beef, which can
be achieved by increasing the cattle population or increasing efficiency. Despite the gradual
dissemination of food of plant origin, the demand for milk and beef in the world is constantly
growing. Thus, it is important to maintain the most sustainable cattle production [20]. Milk and beef
production are strongly connected, because 45% of beef produced globally is dairy-beef, depending
on the region of the world [9]. The specificity of cattle production in different regions of the world
causes various changes in the cattle population depending on the conditions of this production,
including the intensity of this production and the demand for milk and beef.

Our results therefore represent a lower bound of the actual contribution of livestock systems to
global warming as we rely solely on emissions that can be directly and unambiguously attributed to
livestock. Thus, the aim of this study is to identify trends in cattle population worldwide, which has
direct impact on CHs emissions from enteric digestion and manure management. Furthermore, the
study is focused on selection of countries with similar trends in cattle population during last 60 years
and evaluating the factors that are associated with these trends.

2. Materials and Methods

Data from Food and Agriculture Organization of the United Nations [21] from 1960 to 2020 were
used to analyze changes in the cattle population. Only data for countries that existed since 1961 and
have a cattle population of at least 10 million was used. This resulted in taking into the analysis
following counties: Argentina (ARG), Australia (AUS), Bolivia (BOL), Brazil (BRA), Burkina Faso
(BFA), Canada (CAN), Chad (TCD), China (CHN), Colombia (COL), France (FRA), Germany (DEU),
India (IND), Indonesia (IDN), Kenya (KEN), Mali (MLI), Mexico (MEX), Myanmar (MMR), New
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Zealand (NZL), Niger (NER), Nigeria (NGA), Paraguay (PRY), South Africa (ZAF), Turkey (TUR),
Uganda (UGA), United Republic of Tanzania (TZA), the United States of America (USA), Uruguay
(URY), Venezuela (VEN) (Figure 1). The cattle population that is raised in these countries is over 70%
of the world's cattle in 2020 [21]. Therefore, the trends of changes in the global cattle population will
be largely determined by the trends obtained from the 30 countries covered by the analysis.
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Figure 1. Countries selected for the analyses and their cattle population in millions of heads in 2020.

The data included the size of the cattle population (CT) in the country and other variables, which
can be related to the cattle population: agricultural land (AL), farm machinery (FM), GDP per capita
(GDP), land under perm. meadows and pastures (LMP), beef consumption per capita (MBC), meat
total (incl. fish and seafood) consumption per capita (MTC), milk consumption per capita (MC), milk
yield per animal (MYA), rural population percent (RPP), total population (TP) and two ratios based
on cattle population, cattle/agricultural land (CT/AL), cattle/total population (CT/TP).

To compare the trends in the size of the country's cattle population, an increment was used, not
an absolute number of animals, according to the formula:

Yi+1 — Vi
Vi

where i is the decade number and it starts with the period 1961-1970, which is first period (decade)
of the analysis. The last (sixth) period is decade 2011-2020.

The analysis of obtaining groups with countries homogeneous in terms of the cattle change trend
was performed using cluster analysis. This facilitates the identification of their essential features,
which were found based on population trend analysis of each group. Ward's method based on
variance approach was applied in cluster analysis, which is considered very effective [22]. The square
of the Euclidean distance was used to calculate the distance of objects to give more weight to objects
that are farther apart. Correlation coefficients were used for evaluation of relationships between
selected variables with cattle population or cattle population per agricultural land or per human
population. Furthermore, regression analysis was applied to evaluate temporal trends of cattle
population as well cattle population per agricultural land or per human population. Furthermore,
principal component analysis (PCA) was applied to evaluate multivariate differences between
studied countries and relationships between variables included in the study. Results of PCA were
presented in graphical form as a biplot. The analyses were conducted in Statistica 13 (Tibco Software
Inc., Palo Alto, CA, US). Significance level for all the analyses was set at 0.05.
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3. Results

3.1. Temporal trends in cattle population in period 1961-2020

In 1961, the world's cattle population was about 942 million. In 2020, it was about 1,523 million
heads. If we plot changes in the number of cattle over time, the average annual increase is about 8.3
million and is well described by a linear function (R?=0.95) (Figure 2). The increase in the cattle
population was related to the increase of cattle density presented as number of cattle heads per 1000
ha of agricultural land. However, the increase of cattle population (about 62% during the studied
period) was higher in comparison to increase of ratio cattle/agricultural land (about 51%), which is
visible in Figure 2. The number of cattle heads per 1000 people decreased linearly (R?=0.98) during
the study period from 307 to 194 (by about 37%). The downward trend in recent years has been
slower.
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Figure 2. Cattle population for whole world in years 1961-2020 and cattle rate per 1000 ha of
agricultural land, and per 1000 people.

Temporal trends of cattle population and its ratio per agricultural land or per number of people
were quite different in different countries. To evaluate these changes over the period 1961-2020,
means for decades (1961-1970 and 2011-2020) were calculated. Means for decades were used because
values for individual years were in cases of some countries very variable, e.g. for Germany, where in
recent years data was characterized by very high variability for subsequent years. Changes between
the first decade (1961-1970) and the last decade (2011-2020) are presented in Table 1. For easier
reception of information, the background of the table cells has been colored depending on the values
in individual cells. The highest increase of cattle population was observed in Chad (488% higher cattle
population in the last decade in comparison to the first decade), in Bolivia and Burkina Faso increase
in cattle population was above 300%, in Brazil, Niger, Paraguay and Uganda in the range between
200-300%. In most of the studied countries, an increase in cattle population was observed, only three
countries recorded a decrease: Germany (-33%), France (-9%) and USA (-14%). Area of agricultural
land was quite stable over the time, and ratio cattle population/agricultural area was in most
countries higher in the last decade (1961-1970) in comparison to the first decade (2011-2020).
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Table 1. Mean cattle population for selected countries in 1961-1970 and 2011-2020 and the change.

Cattle (mln heads) Cattle density Cattle heads per 1000
(heads/1000 ha of people
agricultural land)
country 1961- 2011- 1961- 2011- 1961- 2011-
Change* Change Change
1970 2020 1970 2020 1970 2020
Argentina 463 524 13% 351 451 29% | 2497 1347 < -46%
Australia 19.0 269 41% 59 73 88% 2082 1331 -36%
Burkina Faso 22 94 326% 269 773  188% 494 684  39%
Bangladesh 23.0 237 3% 2392 2505 5% 521 | 171  -67%
Bolivia 2.1 9.1 345% 68 243  255% 614 982  60%
Brazil 652 2144 229% 376 911  142% 1052 1155 10%
Canada 115 118 2% 182 203 12% 738 367  -50%
China 526 63.1 20% 147 120  -19% 88 49 -45%
Colombia 175 245 40% 415 532 28% 1310 585 = -55%
Germany 184 123  -33% 948 735  -22% 257 151  -41%
France 20.7 189 -9% 614 657 7% 477 313  -34%
Indonesia 6.7 157  135% 174 264 52% 87 69 -20%
India 175.9 190.7 8% 993 1063 7% 445 167  -63%
Kenya 76 199 162% 301 718 139% 1162 560 = -52%
Mexico 19.6 337 72% 200 343 71% 630 323  -49%
Mali 45 107  137% 143 260 82% 909 824 -9%
Myanmar 6.1 140 128% 575 1091  90% 316 294 -7%
Niger 40 126 216% 126 274 118% 1339 919 -31%
Nigeria 74 199  169% 128 290 127% | 183 143  -22%
New Zealand 74 101 37% 467 941  102% | 3484 2480 -29%
Pakistan 144 422  194% 394 1159 194% 352 245 -30%
Paraguay 44 137 212% 404 820 103% 2623 2517 -4%
Chad 44 258 | 488% 92 516 | 462% 1607 2632  64%
Turkey 13.1 147 12% 350 385 10% 554 | 216  -61%
Tanzania 92 263 185% 343 683 99% 1067 674  -37%
Uganda 36 138 279% 377 960  155% 558 501 @ -10%
Uruguay 8.6 116 35% 539 814 51% | 3649 3506 -4%
United States of America 1069 92.0  -14% 244 227 -7% 668 « 311  -53%
Venezuela 73 162  122% 373 755  102% 1100 615 « -44%
South Africa 11.7 133 14% 120 138 15% 807 272  -66%

* Relative change between two periods, 2011-2020 vs. 1961-1970 (reference period).

The number of cattle per 1000 people decreased in most of countries, with the strongest decrease
in Bangladesh (-67%), India (-63%), Turkey (-61%) and South Africa (-66%). Only 4 countries recorded
on increase in the cattle population/number of people ratio, i.e. Burkina Faso (39%), Bolivia (60%),
Brazil (10%) and Chad (64%).

In order to distinguish groups of countries with a similar pattern of cattle changes, a cluster
analysis was conducted. The input data were mean increments calculated for subsequent decades
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(1961-1970,..., 2011-2020) according to the formula presented in Material and Methods. Since data for
the first decade (1961-1970) did not have the associated data for the previous decade (1951-1960), five
variables were used for the analysis, first variable for the decade 1971-1980 and the last variable for
the decade 2011-2020. Cluster analysis distinguished four groups of the countries which are
presented on the dendrogram in Figure 3. Patterns of changes in cattle population over time are
presented in Figure 4 and the groups of the countries are presented on the map in Figure 5, together
with the percentage change in cattle population between 1961-1970 and 2011-2020. The first group of
countries consisted of four countries from central Africa: Burkina Faso, Mali, Niger, Uganda and one
country from south Asia — Pakistan. These countries were characterized by high increase in cattle
population, especially in the last two decades, i.e. in years 2001-2020. Similar pattern of the cattle
population changes was also observed in Chad. This is an untypical country because of the highest
increase in cattle population in the whole period of the study and especially in the decade 1991-2000
(about 220%). The second group of the countries consisted of following countries: Bolivia, Brazil,
Venezuela, Paraguay, Mexico (South America and south part of North America), Indonesia,
Myanmar (South-Eastern Asia), Kenya, Nigeria and Tanzania (central Africa). These countries were
characterized by quite stable increase in the cattle population throughout the whole period of the
study, but the increase was slightly higher in the first half of the study period compared to the second
half. These countries were characterized by a high increase in cattle population throughout the period

under study.
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Figure 3. Cluster analysis of trends in cattle population for countries around the world based on
relative values of changes for subsequent decades (1961-1970, ..., 2011-2020).

The third group of countries was the most numerous and consisted of following countries:
Argentina, Uruguay, Colombia (South America), Canada, USA (North America), Germany, France
(Europe), Bangladesh, China, India, Turkey (Asia), South Africa, New Zealand and Australia. These
countries were characterized by a high increase of cattle population in the beginning of the study
period, and from 1981 to 2020 the cattle population remained almost at the same level or slightly
decreased. Countries in this group were located in different parts of the world, most of them are
highly developed countries.
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Figure 4. Means values of relative changes in cattle population for subsequent decades (1961-1970, ...,
2011-2020) compared to the previous decade for groups distinguished by cluster analysis (group of
countries are presented in Figure 3).
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Figure 5. Maps presenting distinguished groups of countries based on cluster analysis (Figure 3) in
different colors (orange — group 1; yellow — group 2; green —group 3 and Chad in red color). Values
next to the names of the countries present percentage change of cattle population between 1961-1970
and 2011-2020.

3.2. Relationship between cattle population with other variables

To evaluate the relationship between cattle population in each country and different variables,
which characterize agricultural production, food consumption and economic conditions, analysis of
correlation was applied for yearly data for period 1961 — 2020. Results of the correlation analysis are
presented in Table 2.
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Table 2. Correlation coefficients between cattle population with other variables in 1961-2020 by
country. Groups in the table are based on cluster analysis (Figure 3). Significant correlations are
presented in red font. Positive correlations have red cells and the negative ones are marked in blue.

Country Gro Agricultura Farm GDP Land Meatbeef Meat total Milk Milk  Rural Total
-up lland  machiner per wunder consumptio (incl. fish consumptio yield populatio populatio
y capit perm. n per capita and n per capita per n percent n
a meadow seafood) anima
s and consumptio 1

pastures n per capita

Chad 0 0.00

Burkina Faso 0.00

Niger 1
Pakistan
Uganda

Bolivia

Brazil
Indonesia
Kenya

Mexico
Myanmar
Nigeria
Paraguay
Tanzania -0.19 0.15
Venezuela 4 0.45 0.52 -0.08

Argentina 0.05 -0.10 0.11 0.12 0.15

soain (SR 050 o [0a ou  os  [HEEEN o R

Bangladesh 0.27 -0.04 -0.05 0.00 0.34 0.01 -0.09 0.45 0.17 -0.13
Canada 0.10 -0.10 - 0.03 0.04 0.51 -0.05 0.25

China - 0.38 0.10 = 0.71

Colombia 0.44 0.39 0.67  0.61

0.25

0.47 0.47 0.25 0.23

0.53 0.39 0.36

France 0.71 0.04 0.53
Germany 3 0.13 -0.05
India 0.51 0.69
New
-0.04
Zealand
South Africa 0.21 0.30  0.07 0.42 0.54
Turkey - -0.18  0.12 - 0.30 0.10 - 0.08 -0.07
Uruguay - 0.19 0.09 0.71
USA 0.67 0.24 -0.05 0.27 0.60

It should be noted that the occurrence of significant correlations does not imply cause-and-effect
relationships. We can only conclude the existence of interdependence, but there is no evidence
whether any variable is the cause and influences the change in the cattle population. The correlations
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in Table 2 are broken down into groups of countries distinguished in the cluster analysis. For all
countries from the first and the second group, as well as for Chad, the patterns of relationships were
similar, i.e. a very strong positive correlation was observed between the cattle population and the
human population. The correlation coefficients ranged from 0.85 to 0.99, which indicates that the
cattle population in these countries increased almost linearly with the human population. Moreover,
cattle population was strongly positively correlated with GDP per capita, the area of agricultural land
and negatively with the percentage of rural population. Such significant correlations were observed
for most of countries from the first and second groups, but not for all of them. Other correlations in
the first and second groups were not very consistent, for example an increase in cattle population
was associated with an increase in milk yield per animal, but only for about 2/3 of the countries in
the first and second groups.

Correlations for the countries in the third group were not consistent, i.e. negative and positive
correlations with cattle population were observed for all variables. Most of the correlations were
much weaker than those observed for countries, which belong to group 1 or 2.

Table 3. Correlation coefficients between all studied variables in all countries based on the means for

2011-2020.

CT CT/AL CT/TP AL FM GDP LMP MBC MTC MC MYA RPP TP
Cattle population (CT) 013 -011 050 0.14 0.00 0.33 021 0.11 0.16 0.05 -0.09 0.57
Cattle/agricultural land (CT/AL) 0.13 0.03 -0.37 -0.07 -0.26 -0.41 -0.27 -0.30 -0.17 -0.34 0.27 -0.02
Cattle/total population (CT/TP) -0.11  0.03 -0.16 -0.21 0.07 -0.06 0.46 0.11 0.19 -0.06 -0.25 -0.32
Agricultural land (AL) 050 -0.37 -0.16 0.56 0.38 [0.96 0.28 0.48 025 036 -0.19 0.65
Farm machinery (FM) 014 -0.07 -021 0.56 021 052 -0.10 0.31 0.08 024 -0.10 0.70
GDP per capita (GDP) 0.00 -0.26 0.07 0.38 0.21 040 0.56 0.79 0.80 0.88 -0.66 -0.08
Land under perm. meadows and

033 -041 -0.06 [096 0.52 0.40 034 054 027 033 -0.24 047
pastures (LMP)
Meat beef consumption per capita

021 -027 046 028 -0.10 0.56 0.34 073 074 0.62 -0.75 -0.27
(MBC)
Meat total (incl. fish and seafood)

011 -030 0.11 048 0.31 079 0.54 0.73 0.68 0.79 -0.74 -0.02
consumption per capita (MTC)
Milk consumption per capita (MC) 016 -0.17 019 0.25 0.08 {0.801 0.27 0.74 0.68 0.78 =081 -0.16
Milk yield per animal (MYA) 005 -0.34 -0.06 036 0.24 088 033 062 0.79 0.78 -0.700 0.00
Rural population percent (RPP) -0.09 027 -025 -0.19 -0.10 -0.66| -0.24 -0.75 -0.74 -0.81° -0.70 0.17
Total population (TP) 057 -0.02 -0.32 0.65 0.70 -0.08 0.47 -0.27 -0.02 -0.16 0.00 0.17

In addition to the correlations calculated for each country, correlations across all the countries
were calculated based on the means for period 2011-2020. The correlations were calculated between
all the studied variables. In addition, ratios: cattle/agricultural land and cattle/total human
population were included into this analysis. Cattle population was significantly correlated only with
the area of agricultural land and the total human population. These correlations were positive,
because large agricultural areas are necessary for a larger population of cattle, and larger human
population may need more animal based food. The ratio cattle/agricultural land was significantly
correlated with the area of agricultural land and area of land under perm. meadows and pastures.
The correlation was negative, indicating that countries with a larger area of agricultural land,
including meadows and pastures, have lower cattle density per unit area. The ratio cattle/total human
population was significantly correlated with beef consumption per capita. The correlation was
positive, which means that countries with higher beef consumption have a higher cattle population
per 1000 people. It should be noted that this correlation with milk consumption was not significant.
The same relationships, which are presented in Table 3, are presented in graphical form as the PCA
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biplot in Figure 6. Positive correlations across countries can be seen for the following variables: GDP
per capita (GDP), land under perm. meadows and pastures (LMP), meat beef consumption per capita
(MBC), meat total (incl. fish and seafood) consumption per capita (MTC), milk consumption per
capita (MC), milk yield per animal (MYA) and negative correlations of these variables with the
percentage of rural population (RPP). It can therefore be concluded that countries with higher GDP
per capita tend to have higher meat and milk consumption per capita and higher milk yield per
animal, as well as a lower percentage of rural population. In particular, such countries are United
States and Australia, and to a large extent Argentina, France, Canada, Brazil, Germany and New
Zealand (located on the left side of the biplot in Figure 6). Opposite countries, i.e. characterized by
low meat and milk consumption per capita and lower milk yield per animal, as well as a higher
percentage of rural population, are: Bangladesh, Uganda, Burkina Faso, Niger, Tanzania, Nigeria and
Kenya (located on the right side of the biplot in Figure 6).
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Figure 6. Biplot of PCA presenting relationships between the studied variables based on the means
for period 2011-2020 and multivariate differences between the countries included in the analysis.
Abbreviations, variables: the size of the cattle population (CT) in the country and other variables
which can be related to the cattle population: agricultural land (AL), farm machinery (FM), GDP per
capita (GDP), land under perm. meadows and pastures (LMP), beef consumption per capita (MBC),
meat total (incl. fish and seafood) consumption per capita (MTC), milk consumption per capita (MC),
milk yield per animal (MYA), rural population percent (RPP), total population (TP) and two ratios
based on cattle population, cattle/agricultural land (CT/AL), cattle/total population (CT/TP),
countries: Argentina (ARG), Australia (AUS), Bolivia (BOL), Brazil (BRA), Burkina Faso (BFA),
Canada (CAN), Chad (TCD), China (CHN), Colombia (COL), France (FRA), Germany (DEU), India
(IND), Indonesia (IDN), Kenya (KEN), Mali (MLI), Mexico (MEX), Myanmar (MMR), New Zealand
(NZL), Niger (NER), Nigeria (NGA), Paraguay (PRY), South Africa (ZAF), Turkey (TUR), Uganda
(UGA), United Republic of Tanzania (TZA), the United States of America (USA), Uruguay (URY),
Venezuela (VEN).

4. Discussion

Our results therefore represent the lower bound of the actual contribution of livestock systems
to global warming as we rely solely on emissions that can be directly and unambiguously attributed
to livestock.

The structure of cattle in the population and the method of rearing, also determine the size of
CHz4 emissions. The limitation of the work may therefore be the failure to take this structure into
account, due to the data availability. In the work, however, we wanted to show global trends of
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changes in the size of the cattle population and what it entails, i.e. CH4 emissions resulting from its
breeding and the identification of countries that show similar trends in this respect. The results of the
study proved that patterns in temporal changes of cattle population during period 1961-2020 are
different for different groups of countries. Three groups of countries were distinguished according
to the pattern of temporal cattle changes. Within these groups, the cattle population was strongly
related to the increase of total human population. For these countries, a very high increase in the
cattle population was observed as well as a strong increase of human population. Most of the
countries in these two groups are developing or middle-income countries, which are mainly located
in Africa, South America an South-Eastern Asia. The third group of countries consisted mainly of
highly developed countries, where cattle population in the study period (1961-2020) was quite stable
and in most of them an increase in cattle production efficiency was observed (higher milk per animal
and higher beef production). During the study period, the world human population increased by
about 155% (from 3.07 to 7.84 billion of people), which is a much higher value compared to the
increase of cattle population, which increased by about 62%. Global forecasts predict that the
population will continue to grow in the coming decades [23]. Is it necessary to increase cattle
population to provide food for more people? Not necessarily because, with the same cattle
population, it is possible to produce more beef and milk by increasing the efficiency of cattle
production. A good example is the US, where the human population increased by over 100% during
the period 1961-2020, but the cattle population not only did not increase, but even slightly decreased.
Such an increase in the efficiency of cattle production is beneficial for CHs emission, because it
reduced CHs4 emission per one kg of protein produced [18,24]. In many developing countries, CHa
emission per unit of production are still very high, and there is high potential for increased intensity
to reduce CHa emission. This is especially possible in South-Eastern Asia and sub-Saharan Africa [18].
Such productivity gains are very important for these regions, as these regions are experiencing high
human population growth, which is likely to continue in the coming years. Since most of these
countries are in a tropical climate, it is not possible to apply the same livestock management as is
used in developed countries. One of the possibilities to reduce CHs emission during cattle production
in tropical climate is crossbreeding which may be an option to improve performance [25]. A study by
Haas et al. [26] proved that genetic progress can reduce CH4 emission intensity (CHs emission per kg
of milk) of dairy cattle by about 20% over the next 30 years in European conditions. The potential for
reducing CH4 emissions in less developed countries is even higher and should be used as soon as
possible. One of the problems associated with the increase in cattle efficiency production is the
negative effect of heat stress, which is especially significant for dairy cows due to the decrease in milk
production [27]. Heat stress has negative effect not only on dairy cows, but also decreases the
efficiency of meat production [28,29]. Unfortunately, due to the continuous climate warming, heat
stress in cattle production can be an important obstacle to increasing production efficiency, especially
in tropical climate. Mitigation of the global warming potential by reducing CHs emission in cattle
production is possible using various methods, which include improved grazing management,
modification of the diet and nutrition for livestock, genetic improvement, better manure management
[10,30]. The simplest method to reduce CHs emission by cattle producers is to adopt the practices
currently used by the leading producers with the lowest emission intensity. Usually, production
systems are more efficient and decrease CHs emission per one unit of the product (in case of cattle
milk or beef). Most studies on cattle CHs reductions concern changes in enteric emissions, but
activities should be more comprehensive and include other GHG emissions connected with cattle
production [31]. Changes in livestock CH4 emissions were primarily associated with changes in
human population, but in highly developed countries they were reduced by increased efficiency of
cattle production. The current global problems related to increased CHs emission from cattle
production are mainly related to developing countries, where the efficiency of cattle production is
still low, but the increase in human population causes increased food demands [32,33]. The main
current problem, which was noticed in our study and is indicated in other studies [32], is the increase
of CHs emission in such regions as South Asia, tropical Africa, and Brazil caused by the increase in
cattle population and low efficiency of production. Highly developed countries still have potential to
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reduce CH4 emission from cattle production, but this potential is much lower in comparison to
developing countries, especially due to stable human population.

5. Conclusions

The study distinguished three groups of countries with the largest cattle population, according
the pattern of temporal changes in cattle population from 1961 to 2020. The countries with the largest
increase in cattle population were mainly located in South America, Africa and South-Eastern Asia.
The main driver of the cattle population increase in these regions was the increase in human
population. The countries, where the cattle population was stable in the period 1961-2020 were
mainly highly developed countries, where the increase in the efficiency of cattle production was
observed, e.g. higher milk yield per animal. Mitigation of CHs emission from cattle production has
high potential in the future in developing countries, where it is relatively easy to introduce efficiency
in cattle production and higher beef and milk production can be maintained at a similar cattle
population.
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