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Abstract– In recent years, global warming associated climate change has led to sustained economic losses
in US$ $ billions to dairy sector, globally. It is estimated that by 2050’s the United States dairy industry alone
will suffer more than $1.7 billion loss. As human dependency on animal products for nutrition is increasing,
the urgency to maximize production is even greater. With the booming human population, there’s additional
constraint on available natural resources. High yielding animals are already under tremendous pressure
making them more susceptible to adverse climatic conditions. When exposed to heat stress or lack of
adequate nutrition livestock substantially decrease milk, meat or egg production. While, most of the
researchers attempted to evaluate the impact of heat stress or other factors at a regional level, the impact of
global warming, its interactions with other variables transiting dairying are yet to be clearly comprehended
on a global scale. So, this exploratory study evaluated the effect of climate change, other key drivers and
their interaction on milk production. Our results from hierarchical regression analyses have revealed that,
environmental temperature, land availability and milk yield were the key factors influencing the milk
production and dairy enterprise in turn.

INTRODUCTION

The United Nations (UN) has predicted a booming
increase in human population by the year 2067 (UN
2017), and the demand for livestock products is also
expected to double by 2050 (Rojas-Downing et al.,
2017). In the future, the demand for dairy products
is expected to grow as, Food and Agricultural
Organization (FAO) recommends daily
consumption of dairy products for optimum health
and nutrition (Speckmann et al., 1981). Currently,
agriculture and animal husbandry employs more
than 1.3 billion people globally and contribute 40%
of world GDP (Hurst et al., 2005).

Environmental temperatures have already

increased by 1.5 °C and there are predictions of
future increases between 0.3 to 4.8 °C by the end of
the 21st century (IPCC, 2018). The impact of global
warming will be direct as well as indirect on animal
production systems, crop yield, soil fertility, pasture
availability, water quality and quantity, vectors,
pathogens, and parasites (Reynolds et al., 2010).

Over the years, our understanding of the effects
of heat stress on animal welfare, health, production
and economics has grown immensely (Martinsohn
et al., 2012; Collier et al., 2017; Wankar et al., 2021).
Animals exposed to heat stress show compromised
growth, poor performance and milk yield (Mishra
2021; Wankar et al., 2021). Numerous prediction
models (AIM/CGE, DNE21+, ENVLinkages, GCAM,
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IMAGE, MESSAGE-GLOBIOM, POLES, REMIND)
revealed deleterious consequences of global
warming on the dairy sector as well as natural
ecosystems, resulting in loss of billion of US $
(Mauger et al., 2015; Harmsen et al., 2019).

The dairy sector, to be sustainable and profitable
here onwards, must upscale production and
automation, improve animal potential, curb carbon
footprint and greenhouse gas emissions (GHG’s),
respectively. A systematic comprehension of the
environmental impact, livestock population, milk
yield, natural resources, the gross domestic product
(GDP) and GHG, etc. on dairying, is much needed
today. So, scaling on the background, this paper will
explore some correlations between total milk
production with other variables like arable land,
temperature and milk yield. Also, some futuristic
trends for dairy enterprise will be explored.

MATERIALS AND METHODS

Data mining

Data for average temperature, cattle population,
milk production, arable land, gross domestic
product (GDP) and methane production for
different continents, during the period 1961’s to
2017’s, was sourced from the FAOSTAT website
(FAOSTAT 2020), and predictions were made for the
two years, i.e., 2050’s and 2100’s. For forecasting, the
Microsoft office excel FORECAST.ETS function,
were used (Windows 16). Milk yield was only
forecasted for the next 20 years, i.e., 2030’s and
2040’s, respectively, using the same program.

Statistical analysis

Data from the past, i.e., from 1971’s to 2017’s (n=46),
were selected for multiple regression analysis using
SPSS statistical software (SPSS 19.0). All the
variables were checked for assumptions of

normality, linearity, homoscedasticity, and multi-
collinearity (Coakes, 2005) and finally three
independent variables were selected for the
regression analysis (arable land, temperature, and
milk yield). Thereafter, a two-stage hierarchical
regression model was constructed with total milk
production as a dependent variable and at stage one,
arable land and temperature were the main
predictors, while milk yield was entered at stage
two.

RESULTS

Africa

The hierarchical multiple regression revealed that at
stage one [F (2, 44) = 78.80, P <.001, R2 = .78], arable
land and temperature contributed significantly and
accounted for 85 % variance (Table 1). However,
addition of milk yield didn’t contribute significantly
to the model F (1, 43) = .51, P < .47, R2 = .002, at
stage two.

It can be seen from the figures, that the Africa
might be 2 to 3.5°C hotter by 2050’s and 2100’s,
respectively (Figure 1). The total cattle population
appears to grow, but the increase in milk production
and milk yield seems negligible (Figures 2-4). Both
GDP might and methane emission will increase by
the end of the 21st century in Africa (Figures 5-6).

Americas

From Table 2, it can be seen that at stage one [F (1,
45) = 98.53, P < .001, R2 = .68], temperature
contributed significantly to the model accounting to
68 % of the variation. Similarly, milk yield resulted
in 20 % variance at stage two (F (1, 44) = 78.08, P <
.001, R2 = .20).

In past, till the start of 20th century, the
temperature in America only grew by 0.7°, but
thereafter an increase of 3.5 °C was noted by the year

Table 1. Hierarchical regression analysis for Africa: milk production

Variable B  t sr2 R R2 Adjusted R2 R2

Stage 1 .92 .85 .84 .85
Arable land 180.86 .47 4.81*** .07
Temperature 11774277.99 .49 5.03*** .08
Stage 2 .92 .85 .84 .00
Arable land 185.65 .48 4.84*** .07
Temperature 11956639.52 .50 5.05*** .08
Milk yield -4040.71 -.04 -.71 -.08

Note: n=46, *p <.05, **p <.01, ***p<.001,
Stage 1 constant=-19154871.40, Stage 2 constant=-12192903.74
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2100 (Figure 1). A steady growth rate for cattle
population, milk production, milk yield and a
negative trend for the GDP can be seen from the
Figures 2-5. Also, methane emissions might increase
2-3 times by the mid to end of the 21st century in the
Americas (Figure 6).

Asia

At stage one, both arable land and temperature

affected the regression model significantly, [F (2, 44)
= 67.39, P < .001, R 2= .75] and accounted for 75 %
total observed variance (Table 3). Further, milk yield
at stage two accounted for an additional 24 % of the
variance (P < .001).

In Asia, average environmental temperatures
might rise up to 3.5 °C by end of 21st century (Figure
1). Both the cattle population and milk production
appears to grow, simultaneously, still, there’s no

Table 2. Hierarchical regression analysis for Americas: milk production

Variable B  t sr2 R R2 Adjusted R2 R2

Stage 1 .82 .68 .68 .68
Temperature 50775437.28 .82 9.92*** .68
Stage 2 .94 .88 .88 .20
Temperature 21311931.59 .34 4.67*** .05
Milk yield 6517.24 .65 8.83*** .20

Note: n=46, *p <.05, **p <.01, ***p<.001, variable arable land didn’t met all the regression assumptions, hence not
included for America
Stage 1 constant=102418101.59, Stage 2 constant=-34744083.60

Table 3. Hierarchical regression analysis for Asia: milk production

Variable B  t sr2 R R2 Adjusted R2 R2

Stage 1 .86 .75 .74 .75
Arable land 564.83 .18 1.85 .01
Temperature 127180376.60 .74 7.65*** .32
Stage 2 .99 .99 .99 .24
Arable land -159.72 -.05 -3.05** -.07
Temperature 3322119.39 .01 .82 .00
Milk yield 55077.51 1.01 40.68*** .24

Note: n=46, *p <.05, **p <.01, ***p<.001,
Stage 1 constant=-189593486.008, Stage 2 constant=-60938454.956

Fig. 1. Ambient temperature change over the continents
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notable increase for milk (Figures 2-4). A robust
negative trend with time is seen for gross domestic
product, while average methane emission might,
double by the turn of 21st century (Figures 5-6).

Europe

For model one, [F (2, 44) = 78.80, P < .001, R2 = .78],
both temperature and arable land accounted for
significant 78 % change. While at stage two [F (1,
43) = 15.46, P < .001, R2= .05], milk yield added
another 5 % variance (Table 4).

Drastic changes in ambient temperature are
evident for Europe (Figure 1), as high 5°C. It is
interesting that to note that, while milk yield and
milk production show an increasing trend, the cattle
population will decline (Figures 2-4). The forecast
show a decreasing pattern for both GDP and
methane emission (Figures 5-6).

Oceania

It was evident from Table 5 that, arable land and
temperature had significant impact at stage one [F

Table 5. Hierarchical regression analysis for Oceania: milk production

Variable B  t sr2 R R2 Adjusted R2 R2

Stage 1 .79 .62 .60 .62
Arable land 897.54 .62 5.75*** .04
Temperature 4234527.94 .25 2.36* .28
Stage 2 .90 .82 .81 .02
Arable land 214.36 .14 1.47 .00
Temperature 281826.78 .01 .20 .00
Milk yield 861.01 .77 7.03*** .19

Note: n=46, *p <.05, **p <.01, ***p<.001,
Stage 1 constant=-3817600.49, Stage 2 constant=-16887874.27

Table 4. Hierarchical regression analysis for Europe: milk production

Variable B  t sr2 R R2 Adjusted R2 R2

Stage 1 .88 .78 .77 .78
Arable land 751.83 1.01 9.59*** .45
Temperature 6549993.09 .18 1.78 .01
Stage 2 .91 .83 .82 .05
Arable land 921.00 1.24 11.44*** .48
Temperature 1010633.13 .02 .29 .00
Milk yield 3318.32 .43 3.93*** .05

Note: n=46, *p <.05, **p <.01, ***p<.001,
Stage 1 constant=-7691183.20, Stage 2 constant=-130162234.36

Fig. 2. Dairy cattle population for different continents
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(2, 44) = 36.86, P < .001, R2 = .62] and resulted in 62 %
variance. Similarly, the addition of milk yield at
stage two [F (1, 43) = 49.43, P< .001, R2= .20]
resulted in another 20 % of change.

In Oceania, temperatures rise by over 3.5 °C are
seen (Figure 1). Although the cattle population
doesn’t show any notable growth, total milk
production and milk yield show a positive growth
trend (Figure 2-4). Total methane emissions seem to
rise, while GDP shows a negative growth rate
(Figures 5 and 6).

DISCUSSION

Our findings indicate that arable land and
temperature appears to be significant predictors for
total milk produced, while milk yield/animal

significantly adds to the prediction model. Earlier,
Smith et al. (1968) had demonstrated the effect of
environmental variables and their correlations with
milk yield. Currently, 70 % of total arable land is
utilized for the livestock sector and feed production
(FAO 2009). The multiple regression analyses have
been previously used with success, for forecasting
milk yield (Dongre et al., 2012). Additionally, the
impact of and heat stress on milk production, milk
yield, and milk components is thoroughly studied
(Wheelock et al., 2010; Bernabucci et al., 2015;
Mishra, 2021; Wankar et al., 2021). The findings of
present research are thus corroborated by previous
works, confirming arable land and environmental
temperatures as the major factors influencing the
dairy sector (Dongre et al., 2012; Wankar et al., 2021)

Fig. 3. Continent wise milk production

Fig. 4. Milk yield/animal for different continents
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Dairy sector: Africa

Reports suggest that as the environmental
temperature rise here, rearing beef cattle or goats
increases while dairy animals drops (Seo and
Mendelsohn, 2006). Dairy sector in Africa is mainly
unorganized and dependant on environmental
conditions, making it susceptible to adverse climate
changes (Griffin, 2012; Nkondze et al., 2013).

Despite dependability on environmental
conditions, the milk production in Africa increased
by 3.6 % p.a, during the years 2005-2015, making
Africa one of the fasters developing dairy nations
(FAO and GDP 2018). Africa is a continent with rich
untapped natural resources and production
intensification, automation, dairy breeds with low
methane output will be pertinent for dairy
enterprises, in future.

Dairy sector: Americas

In Americas and the heat stress associated economic
losses sustained by the dairy sector are escalating
with time; $ 897-1,500 million (St-Pierre et al., 2003),
$ 800 million (Ziggers 2012), $1.2 billion (Key et al.,
2014), respectively. Further, predictions models
estimate decline in milk production by 1.4 kg/day
and 1.9 kg/day and losses of $1.7 billion and $2.2
billion by the years 2050’s and 2080’s, respectively
(Mauger et al., 2015).

During, 2009–2018 dairy cattle decreased by
nearly one % and so did the farms by an alarming 31
%, but total milk production still increased by 13 %,
owed mainly to superior dairy breeds (Census of
Agriculture, 2017; Kilgannon and Eid, 2018).
Considering the American scenario, with time
introduction of climate-resilient dairy breeds,

reduction in GHG’s and a transition from intensive
to semi-intensive or pasture system will be more
productive for sustainability (Crosson et al., 2011;
O’Brien et al., 2012).

Dairy sector: Asia

In Asia 87 % dairy farms are not intensive but are
either small or mixed types, making the dairy
enterprise more dependent and susceptible to
climatic variations (Nagayets, 2005; Devendra et al.
2010). However, Asia still witnessed an 11 % growth
in cattle population during the period, 2005 to 2015,
resulting in 4.5 % growth in the dairy sector in the
last decade (FAO and GDP, 2018).

Majority of milk comes from developing Asiatic
nations (> 75 %) but, less milk yield than American
or European cows, is currently the major constraint
here (Kaur and Arora, 1982; Tailor and Nagda,
2005). Agriculture and animal husbandry employs,
nearly 60 % of the population here, contributing
more than 25 % to the GDP and the expansion of
dairy can be limitless, as most of the cattle breeds are
very well adapted and are naturally thermotolerant
(Devendra, 2012).

Dairy sector: Europe

European nations have always been major exporter
of milk and milk products and the abolishment of
the milk quota system since 2015 opened trading
opportunities for all E.U. nations, alike (EUROSTAT
2015). But, the effect of global warming is much
more evident in Europe and there’s an increase in
both length and intensity of summer days,
profoundly affecting the pasture-based dairy
husbandry and agriculture sector (Gauly et al., 2012).

Although the, high yielding European cattle are

Fig. 6. Average methane emission over different
continentsFig. 5. Average GDP transition for continents
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well adapted to cold environmental conditions, the
transitional climate change and global warming
might be a major performance constraint in future
(Collier et al., 2017). Further it is predicted that, both
the major and minor dairy nations of EU will have
to bear sustained economic losses attributed to
global warming (IPCC, 2014, Bórawski et al., 2020).

Dairy sector: Oceania

Australia and New Zealand are the two leading
global exporters of milk and milk products and the
dairy enterprise here is, organised extensively
(pasture-based) and intensively. Australian agency,
Commonwealth Scientific and Industrial Research
Organization (CSIRO) has already predicted heat
stress associated losses between 35-85 liters and 85-
330 liters, by the years 2025’s and 2050’s,
respectively, for dairy sector (Hennessy et al., 2016).

Similarly, dairy enterprise in New Zealand,
accounting for more than 25% of national exports
(MAF, 2008; MPI, 2014) will also be negatively
impacted due to global warming phenomenon
(Osei-Amponsah et al., 2020). Decline in total milk
production between 2.8 to 4.3 %, cutting down the
revenue exports is expected due to poor animal
performance under climate change (Baisden et al.,
2010; Kalaugher, 2013).

Final considerations and conclusion

The impact of global warming might be diversified
over different continents, and E.U., Americas, and
Oceania, having high production cattle breeds and
adapted to cold conditions will be more susceptible.
On the other hand tropical regions like Africa and
Asia, harboring thermotolerant cattle breeds can
become world leaders and exporters, replacing E.U.,
Australia, New Zealand, and the Americas soon, if
the production potential is maximized.

On a continental scale, nations with superior well
adapted dairy stock, abundant natural resources and
friendly trade policies will rise as dairy giants,
under climate change scenario. Our research
identified potent drivers like environmental
temperature, arable land and milk yield which
influence the milk production. In future, these
variables can be focused upon for maximizing milk
production for a sustainable, clean and profitable
dairy enterprise.
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