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Abstract

Climate change exerts significant direct and indirect impacts on dairy cattle production, posing
multifaceted challenges for farmers worldwide. Direct effects include elevated temperatures
influencing metabolic, endocrine, and oxidative processes, potentially disrupting glucose, protein,
and lipid metabolism. Liver functionality may be compromised, affecting cholesterol and albumin
levels, leading to adverse health outcomes. Indirectly, climate change contributes to alterations in
microbial communities, the spread of vector-borne diseases, and compromised host resistance,
creating an environment conducive to heat stress in dairy cattle. This, in turn, results in diminished
reproductive capabilities, compromised health, and reduced overall productivity. To counter these
challenges, various mitigation strategies are employed in dairy farming practices. Cooling systems
such as fans, misters, sprinklers, and cooled waterbeds are implemented, and novel technologies
like tunnel ventilation are explored. Management adjustments, including altered feeding times and
the provision of shade, play a crucial role in minimizing heat stress and maintaining cattle well-
being.

Introduction

Climate change stands as the foremost threat to the planet, influencing the accessibility of land and
water, along with crop yields, amidst a backdrop of rapidly increasing populations, intermittently
giving rise to food crises. Climate change refers to discernible shifts in climate properties, verified
through statistical tests, persisting for an extended period. The indisputable warming of the global
climate is accompanied by increased temperatures and more frequent, intense extreme weather
events (like heatwaves, droughts, and floods), contributing to heightened climatic uncertainty
(Fraser, 2009; IPCC Climate Change 2013).

Extreme climatic conditions are perceived to have detrimental effects on livestock production.
Consequently, efforts to adapt to and mitigate the adverse impacts of such extremes have played a
crucial role in combating the climatic influence on livestock production (Khalifa, 2003). Livestock
products stand as a vital agricultural commodity for ensuring global food security. This sector
supports the livelihoods of approximately one billion of the world's poorest population and engages
nearly 1.1 billion people (Hurst et al., 2005). Forecasts project a rise in global milk production from
664 million to 1077 million tonnes and a doubling of meat production from 258 to 455 million tonnes
by 2050 (Alexandratos and Bruinsma, 2012). However, the looming challenges of climate change,
intensified competition for land and water resources, and the imperative of ensuring food security
pose potential threats to livestock production, particularly during a time when its role is critical
(Thornton, 2010). Livestock production faces the impact of climate change through increased
competition for natural resources, changes in the quantity and quality of available feeds, elevated
risks of livestock diseases, heat stress, and the loss of biodiversity. Concurrently, there is an expected
100% increase in the demand for livestock products by the middle of the 21st century, as stated by
Garnett, 2009.

According to the Fifth Assessment Report by the Intergovernmental Panel on Climate Change (IPCC)
in 2014, the global average surface temperature is projected to increase between 0.3°C and 4.8°C
by the year 2100. This temperature shift has notable implications for dairy cattle, known to
experience heat stress in elevated ambient conditions. Studies, such as the one conducted by
Solymosi et al., 2010, have already documented a notable increase in the frequency of days leading
to heat stress in various regions over recent decades.
The primary consequences of climate change, significantly impacting animal physiology, welfare,
health, and reproduction, and consequently bearing relevance for livestock production, involve an
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increased occurrence of hot days, heat waves, warm periods, and other extreme weather events
such as floods and hail (Zampieri et al., 2016). It is reasonable to infer that all facets of the dairy
production value chain will be subject to the influence of climate change, particularly under extreme
conditions. For example, existing literature indicates that heat waves have detrimental effects on
both milk yield and composition, ultimately affecting various dairy products in terms of both quality
and quantity (Cowley et al., 2015).

Direct effect of climate change

Climate change has discernible impacts on various facets of livestock production, encompassing
animal performance, product quality, and reproduction. The altered climatic conditions can influence
the physiological responses of animals, potentially affecting growth rates, feed efficiency, and overall
performance. When climatic conditions, such as ambient temperature, surpass the upper threshold
of an individual's thermoneutral zone, the organism must enhance heat dissipation, leading to an
increase in body temperature. This heat load directly and indirectly affects the organism and its
performance. Quantifying precise thermoneutral zone limits for dairy cattle is challenging due to the
complex relationship between hyperthermia levels and milk production. However, the negative
correlation between ambient heat and feed intake intensifies with high milk yields. The reduction in
feed intake is crucial for balancing the thermal load, making high-producing dairy cattle more
susceptible to heat stress (Zimbelman et al., 2010).

1. Effect on milk production

Lactating dairy cows thrive and achieve optimal productivity within a specific temperature range
known as the thermoneutral zone (TNZ), typically between 5 °C and 25 °C. This range represents
the comfort zone for these cows. However, deviations from this thermoneutral zone, whether due to
elevated temperatures or colder conditions, result in dairy cattle experiencing either heat stress or
cold stress. In the context of dairy cows, research has focused on identifying two pivotal thresholds
related to the Temperature-Humidity Index (THI) to better understand and address the impacts of
environmental conditions on their well-being (Davison et al., 1996). Milk production starts declining
at Temperature-Humidity Index (THI) above 72 for cows without shade, while significant declines
are observed above THI 78 for cows with shade and a sprinkler system. High-productivity animals
with elevated endogenous heat production demonstrate increased heat tolerance. According to
Bouraoui et al., 2002, there is a correlation of -0.76 between daily Temperature-Humidity Index
(THI) and milk yield, and a correlation of -0.24 between THI and feed intake. When the THI surpasses
69, a decrease of 0.41 kg in daily milk yield is observed per incremental index unit.

The drop in milk production during heat stress results from diminished nutrient intake and absorption
in the portal-drained viscera of cows. The shift in blood flow towards peripheral tissues for cooling
disrupts nutrient metabolism, contributing to a decline in milk yield. Elevated milk production
heightens animals' sensitivity to thermal stress, lowering the threshold temperature for milk losses,
as discussed in reference (Berman, 2005). Moreover, the assessment of protein fractions revealed a
decline in the levels of casein, lactoalbumin, IgGM, and IgA (Nardone et al., 2006). Liu et al., 2017
reported alterations in the triacylglycerol (TAG) profile and reduced phospholipid levels due to heat
stress, potentially influencing milk fat characteristics such as fatty acid composition. In contrast,
Cowley et al., 2015 observed no changes in milk fat proportion during heat stress, although it tends
to decrease milk protein and casein content. Regarding milk mineral content, Mariani et al., 1993
identified significant seasonal fluctuations likely influenced by various factors such as feed.

2. Effect on reproductive performance

Cattle fertility experiences a notable decline, dropping from approximately 50% in winter to below
15% in summer, representing a reduction of about 20-27% (Chebel et al., 2004). Contrary to
common assumptions that dry pregnant cows are less susceptible to heat stress as they are not
lactating, they face significant challenges during the dry period. This critical phase, involving
mammary gland involution, can impact endocrine responses, potentially leading to increased fetal
abortions, shortened gestation length, reduced calf birth weight, and hindered follicle and oocyte
maturation within the postpartum reproductive cycle (Bibly et al., 2008). Heat stress has the
potential to damage somatic cells within ovarian follicles (theca and granulosa cells), consequently
affecting estradiol synthesis (Wilson et al., 1998). This, in turn, compromises oocyte growth in cows
by disrupting the secretion of progesterone, luteinizing hormone, and follicle-stimulating hormone
during the estrous cycle (Ronchi et al., 2001).

Rensis and Scaramuzzi, 2003 proposed a hypothesis suggesting that the development of the
dominant follicle occurs in an environment with low luteinizing hormone (LH), leading to diminished
estradiol secretion and, consequently, a reduced expression of estrus characterized by shortened
duration and intensity. In the aftermath of ovulation, damaged oocytes face decreased prospects of
successful fertilization and development into a viable embryo. The capacity of zygotes to form
blastocysts experiences a decline in summer conditions. Heat stress also exerts an impact on early
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embryo development; applying heat from day 1 to day 7 after estrus results in diminished embryo
quality and developmental stage compared to embryos flushed on day 7 after estrus. During
pregnancy and prepartum periods of heat stress, there is a potential decrease in thyroid hormones
and placental estrogen levels, coupled with an increase in non-esterified fatty acid concentrations in
the blood. These changes collectively can influence udder and placental growth, nutrient delivery to
the unborn calf, and subsequent milk production (Collier et al., 1982).

3. Effect on animal health

Climate change impacts on livestock diseases vary with geography, land use, disease traits, and
animal susceptibility (Thornton et al., 2009). Prolonged high temperatures can impact livestock by
affecting metabolic rate, endocrine and oxidative status, glucose, protein, and lipid metabolism, liver
function (resulting in reduced cholesterol and albumin), non-esterified fatty acids (NEFA), saliva
production, and salivary HCO3- content (Webster, 1991; Johnson, 1980; Bernabucci et al., 2002,
2006; Ronchi et al., 1999). Additionally, increased energy deficits can negatively influence cow
fitness and longevity (King et al., 2006). Rising temperatures directly elevate morbidity and mortality
risks, while indirect effects involve changes in microbial communities, vector-borne diseases, food-
borne illnesses, host resistance, and challenges in feed and water availability (Nardone et al., 2010;
Thornton et al., 2009; Tubiello et al., 2008). Rising temperatures could accelerate the growth of
pathogens and parasites, negatively impacting livestock (Harvell et al., 2002, Karl et al., 2009, Patz
et al., 2000). Climate change may lead to shifts in disease spread, severe outbreaks, or the
introduction of new diseases to livestock not typically exposed (Thornton et al., 2009). Assessing
disease dynamics and livestock adaptation is crucial for maintaining resilience. Global warming and
precipitation changes influence the quantity and spread of vector-borne pests like flies, ticks, and
mosquitoes (Thornton et al., 2009). Warmer conditions increase the likelihood of disease
transmission between hosts. Studies suggest potential weight loss in livestock due to increased tick
infestations and the extensive spread of disease vectors with a 2 °C temperature rise (Wittmann et
al., 2001). Disease surveillance and technologies like DNA fingerprinting and antiviral medications
may mitigate these impacts, but the emergence of new diseases could complicate risk estimation,
given their dependence on animal exposure and interaction factors (Perry and Sones, 2009,
Thornton, 2010).

Indirect effects of climate change

The alteration of animal feed resources stands out as a major consequence of climate change on
livestock production (Minson, 2012). Climate change and its variations can adversely affect the
production and quality of feed crops and forage, water availability, animal growth, milk production,
disease prevalence, reproduction, and biodiversity [Thornton et al., 2009; IFAD, 2010; Nardone et
al., 2010). These impacts are primarily attributed to rising temperatures, increased atmospheric
carbon dioxide (CO2) concentration, variations in precipitation, or a combination of these factors
(IFAD, 2010). As per the Intergovernmental Panel on Climate Change (IPCC, 2007), there is a high
level of confidence that the overall impact of climate change on water resources and freshwater
ecosystems will be negative, resulting from reduced quantity and quality of available water.

The rising heat stress is expected to significantly increase the water requirements for livestock,
leading to overgrazing near water sources. This, in turn, contributes to land degradation and poses
a threat to biodiversity (IPCC, 2007). In the case of Bos indicus, water intake is projected to rise
from around 3kg per kg of dry matter intake at an ambient temperature of 10 °C to 5kg at 30 °C,
and approximately 10kg at 35 °C. The adverse effects of global warming are particularly evident in
grazing systems located in arid and semi-arid regions (Hoffman and Vogel, 2008). Elevated
temperatures and reduced rainfall are factors that decrease yields of rangelands, contributing to
their degradation. Higher temperatures are likely to decrease animal feed intake and negatively
impact feed conversion rates.

The spatial distribution and availability of pasture and water are intricately linked to the pattern and
abundance of rainfall (Aklilu et al., 2013). Changes in rainfall patterns and temperature ranges
influence feed availability, grazing areas, feed quality, as well as the incidence of weeds, pests, and
diseases (Coffey, 2008). As a result, variations in climatic factors such as temperature, precipitation,
and the frequency and severity of extreme events like droughts directly influence livestock yields
(Adams et al.,1998).

Strategies to adapt climate change

Managing dairy herds during frequent and intense heat periods, especially for high-performing
animals, poses significant challenges for farmers. Various strategies exist, including structural
changes like cooling methods and providing ample shade (Kendall et al., 2007). Management
adjustments, such as altering feeding times to cooler periods like evenings and early mornings, can
help minimize heat stress in dairy cattle (Legrand et al., 2009). Shifting feeding times to the evening
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or early morning may reduce heat load during high ambient temperatures (Nikkhah et al., 2011).
However, Ominski et al., 2002 suggest that this doesn't affect vaginal temperature, feed intake, and
performance in heat-stressed dairy cattle. Cooling systems like fans, misters, sprinklers, and cooled
waterbeds, including advanced technologies like tunnel ventilation, are crucial for reducing heat
stress in dairy cattle (Calegari et al., 2012). Kendall et al., 2007 demonstrated that a combined
approach of shade and sprinklers or just sprinklers is more effective (67% and 60% reduction in
respiration rate, respectively) compared to providing shade alone (30%). Avendafio-Reyes et al.,
2010 emphasized the importance of extending cooling periods and increasing their frequency for
enhanced effects. Cooling management, including sprinklers and ventilation, positively impacts
reproductive performance, as observed by Honig et al., 2016. While shade is less efficient in cooling
capacity, some cows (65%) prefer it over sprinklers (Schiitz et al., 2011). Shade not only reduces
temperature but also minimizes solar radiation, with positive effects on animal performance reported
by Moon et al., 2015.

Conclusion

In conclusion, climate change poses both direct and indirect impacts on dairy cattle production. The
direct effects include elevated temperatures affecting metabolic rate, endocrine status, and oxidative
balance, leading to potential challenges in glucose, protein, and lipid metabolism. Additionally, liver
functionality may be compromised, impacting cholesterol and albumin levels. Indirectly, climate
change influences microbial communities, the spread of vector-borne diseases, and host resistance.
These changes, coupled with altered feeding patterns, can result in heat stress, affecting the overall
health, performance, and reproductive capabilities of dairy cattle. Efforts to mitigate these impacts
involve the implementation of various cooling systems, such as fans, misters, and sprinklers, as well
as management strategies like adjusting feeding times and providing shade. Studies have
demonstrated the effectiveness of combining shade and sprinklers for a significant reduction in
respiration rates, emphasizing the importance of comprehensive cooling approaches. Furthermore,
advancements in cooling management have shown positive effects on reproductive performance and
overall fertility. As dairy farmers face increasing challenges due to climate change, adopting
sustainable practices and innovative technologies becomes imperative for ensuring the resilience
and well-being of dairy cattle. The dual focus on both direct and indirect impacts, along with the
integration of effective cooling systems, presents a holistic approach to safeguarding dairy cattle
production in the face of a changing climate.

References

Adams, R.M., Hurd, B.H., Lenhart, S. and Leary, N., 1998. Effects of global climate change on
agriculture: an interpretative review. Climate research, 11(1), pp.19-30.

Aklilu, A., Desalegn, W., Mesfin, K. and Negash, T., 2013. Climate change impacts on Pastoral
Women in Ethiopia: some evidences from the Southern lowlands. PHE Ethiopia Consortium,
pp.1-6.

Alexandratos, N. and Bruinsma, 1., 2012. World agriculture towards 2030/2050: the 2012 revision.

Avendafio-Reyes, L., Alvarez-Valenzuela, F.D., Correa-Calderén, A., Algandar-Sandoval, A.,
Rodriguez-Gonzalez, E., Pérez-Veldzquez, R., Macias-Cruz, U., Diaz-Molina, R., Robinson,
P.H. and Fadel, J.G., 2010. Comparison of three cooling management systems to reduce heat
stress in lactating Holstein cows during hot and dry ambient conditions. Livestock
Science, 132(1-3), pp.48-52.

Berman, A., 2005. Estimates of heat stress relief needs for Holstein dairy cows. Journal of animal
science, 83(6), pp.1377-1384.

Bernabucci, U., Lacetera, N., Basirico, L., Ronchi, B., Morera, P., Seren, E. and Nardone, A., 2006.
Hot season and BCS affect leptin secretion of periparturient dairy cows. Journal of Animal
Science, 84.

Bernabucci, U., Ronchi, B., Lacetera, N. and Nardone, A., 2002. Markers of oxidative status in
plasma and erythrocytes of transition dairy cows during hot season. Journal of dairy
science, 85(9), pp.2173-2179.

Bilby, T.R., Baumgard, L.H., Collier, R.]., Zimbelman, R.B. and Rhoads, M.L., 2008. Heat stress
effects on fertility: Consequences and possible solutions. In The proceedings of the 2008
South Western nutritional conference.

Bouraoui, R., Lahmar, M., Majdoub, A. and Belyea, R., 2002. The relationship of temperature-
humidity index with milk production of dairy cows in a Mediterranean climate. Animal
Research, 51(6), pp.479-491.

Calegari, F., Calamari, L. and Frazzi, E., 2012. Misting and fan cooling of the rest area in a dairy
barn. International journal of biometeorology, 56, pp.287-295.

Change, I.P.0O.C., 2014. Climate change 2014: impacts, adaptation, and vulnerability. Part A: global
and sectoral aspects. FIELD, CB et al, p.1132.

47 |Page



Indian Farmer, Vol. 11 (01); January-2024 Dhaka et al

Chebel, R.C., Santos, J.E., Reynolds, J.P., Cerri, R.L., Juchem, S.0. and Overton, M., 2004. Factors
affecting conception rate after artificial insemination and pregnancy loss in lactating dairy
cows. Animal reproduction science, 84(3-4), pp.239-255.

Coffey, S.G., 2008. A systems approach to climate change impacts on livestock production (No.
654-2016-44576).

Collier, R.]., Doelger, S.G., Head, H.H., Thatcher, W.W. and Wilcox, C.]., 1982. Effects of heat stress
during pregnancy on maternal hormone concentrations, calf birth weight and postpartum
milk yield of Holstein cows. Journal of animal science, 54(2), pp.309-319.

Cowley, F.C., Barber, D.G., Houlihan, A.V. and Poppi, D.P., 2015. Immediate and residual effects
of heat stress and restricted intake on milk protein and casein composition and energy
metabolism. Journal of dairy science, 98(4), pp.2356-2368.

Davison, T., 1996. Managing hot cows in Australia. DPI Queensland.

Davison, T., McGowan, M., Mayer, D., Young, N. Jonsson, 1996. Managing hot cows in Australia.
Queensland Department of Primary Industry, Australia, p. 58.

De Rensis, F. and Scaramuzzi, R.]., 2003. Heat stress and seasonal effects on reproduction in the
dairy cow—a review. Theriogenology, 60(6), pp.1139-1151.

Fraser, E., 2009. Crop yield and climate change. Retrieved on, 14.

Garnett, T., 2009. Livestock-related greenhouse gas emissions: impacts and options for policy
makers. Environmental science & policy, 12(4), pp.491-503.

Harvell, C.D., Mitchell, C.E., Ward, J.R., Altizer, S., Dobson, A.P., Ostfeld, R.S. and Samuel, M.D.,
2002. Climate warming and disease risks for terrestrial and marine
biota. Science, 296(5576), pp.2158-2162.

Hoffman, T. and Vogel, C., 2008. Climate change impacts on African
rangelands. Rangelands, 30(3), pp.12-17.

Honig, H., Ofer, L., Kaim, M., Jacobi, S., Shinder, D. and Gershon, E., 2016. The effect of cooling
management on blood flow to the dominant follicle and estrous cycle length at heat
stress. Theriogenology, 86(2), pp.626-634.

Hurst, P., Termine, P., Karl, M., 2005. Agricultural workers and their contribution to sustainable
agriculture and rural development. FAO, Rome.

IFAD 2010, Livestock and climate change. Livestock Thematic Papers. Tools for project design.

IPCC 2007, Mitigation of climate change. Contribution of working group III to the fourth assessment
report of the intergovernmental panel on climate change. Cambridge University Press:
Cambridge, New York, NY, USA.

IPCC (2013) Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. In: Stocker
TF, D Qin, GK Plattner, M Tignor, SK Allen, et al. (Eds.), Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 1535.

Johnson, H.D., 1980. Depressed chemical thermogenesis and hormonal functions in
heat. Environmental physiology aging, heat and attitude (ed. SM Horvath and MK Yousef),
pp.3-9.

Karl, T.R., Melillo, J.M., Peterson, T.C. and Hassol, S.J., 2009, Global climate change impacts in the
United States: US Global Change Research Program.

Kendall, P.E., Verkerk, G.A., Webster, J.R. and Tucker, C.B., 2007. Sprinklers and shade cool cows
and reduce insect-avoidance behavior in pasture-based dairy systems. Journal of Dairy
Science, 90(8), pp.3671-3680.

Khalifa, H.H., 2003. Bioclimatology and adaptation of farm animals in a changing climate.
In Interaction between climate and animal production (pp. 15-29). Wageningen Academic.

King, J.M., Parsons, D.J., Turnpenny, J.R., Nyangaga, J., Bakari, P. and Wathes, C.M., 2006.
Modelling energy metabolism of Friesians in Kenya smallholdings shows how heat stress and
energy deficit constrain milk yield and cow replacement rate. Animal Science, 82(5), pp.705-
716.

Legrand, A.L., Von Keyserlingk, M.A.G. and Weary, D.M., 2009. Preference and usage of pasture
versus free-stall housing by lactating dairy cattle. Journal of dairy science, 92(8), pp.3651-
3658.

Liu, Z., Ezernieks, V., Wang, J., Arachchillage, N.W., Garner, J.B., Wales, W.J., Cocks, B.G. and
Rochfort, S., 2017. Heat stress in dairy cattle alters lipid composition of milk. Scientific
reports, 7(1), p.961.

Mariani, P., Zanzucchi, G., Blanco, P. and Masoni, M., 1993. Variazioni stagionali del contenuto in
fosforo del latte di massa di singoli allevamenti. Ind. Latte, 29, pp.39-53.

Minson, D., 2012. Forage in ruminant nutrition. Elsevier.

Moons, C.P.H., Ampe, B., Sonck, B., Vandaele, L., De Campeneere, S. and Tuyttens, F.A.M., 2015.
Effect of summer conditions and shade on behavioural indicators of thermal discomfort in
Holstein dairy and Belgian Blue beef cattle on pasture. Animal, 9(9), pp.1536-1546.

48 |Page


https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556000.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556000.php
https://juniperpublishers.com/artoaj/ARTOAJ.MS.ID.556000.php
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/contents.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/contents.html
http://www.ipcc.ch/publications_and_data/ar4/wg3/en/contents.html
https://www.eea.europa.eu/data-and-maps/indicators/glaciers-2/ipcc-2013-climate-change-2013
https://www.eea.europa.eu/data-and-maps/indicators/glaciers-2/ipcc-2013-climate-change-2013
https://www.eea.europa.eu/data-and-maps/indicators/glaciers-2/ipcc-2013-climate-change-2013
https://www.eea.europa.eu/data-and-maps/indicators/glaciers-2/ipcc-2013-climate-change-2013

Indian Farmer, Vol. 11 (01); January-2024 Dhaka et al

Nardone, A., Ronchi, B., Lacetera, N. and Bernabucci, U., 2006. Climatic effects on productive traits
in livestock. Veterinary Research Communications, 30, p.75.

Nardone, A., Ronchi, B., Lacetera, N., Ranieri, M.S. and Bernabucci, U., 2010. Effects of climate
changes on animal production and sustainability of livestock systems. Livestock
Science, 130(1-3), pp.57-69.

Nikkhah, A., Furedi, C.]., Kennedy, A.D., Scott, S.L., Wittenberg, K.M., Crow, G.H. and Plaizier,
J.C., 2011. Morning vs. evening feed delivery for lactating dairy cows. Canadian Journal of
Animal Science, 91(1), pp.113-122.

Ominski, K.H., Kennedy, A.D., Wittenberg, K.M. and Nia, S.M., 2002. Physiological and production
responses to feeding schedule in lactating dairy cows exposed to short-term, moderate heat
stress. Journal of dairy science, 85(4), pp.730-737.

Patz, J.A., Graczyk, T.K., Geller, N. and Vittor, A.Y., 2000. Effects of environmental change on
emerging parasitic diseases. International journal for parasitology, 30(12-13), pp.1395-
1405.

Perry, B. and Sones, K., 2009. Global livestock disease dynamics over the last quarter century:
drivers, impacts and implications. Rome, Italy: FAO.(Background paper for the SOFA 2009).

Ronchi, B., Stradaioli, G., Supplizi, A.V., Bernabucci, U., Lacetera, N., Accorsi, P.A., Nardone, A. and
Seren, E., 2001. Influence of heat stress or feed restriction on plasma progesterone,
oestradiol-17B, LH, FSH, prolactin and cortisol in Holstein heifers. Livestock Production
Science, 68(2-3), pp.231-241.

Schiitz, K.E., Rogers, A.R., Cox, N.R., Webster, J.R. and Tucker, C.B., 2011. Dairy cattle prefer
shade over sprinklers: Effects on behavior and physiology. Journal of dairy science, 94(1),
pp.273-283. )

Solymosi, N., Torma, C., Kern, A., Maréti-Agots, A., Barcza, Z., Kényves, L., Berke, O. and Reiczigel,
J., 2010. Changing climate in Hungary and trends in the annual number of heat stress
days. International journal of biometeorology, 54, pp.423-431.

Thornton, P.K., 2010. Livestock production: recent trends, future prospects. Philosophical
Transactions of the Royal Society B: Biological Sciences, 365(1554), pp.2853-2867.

Thornton, P.K., van de Steeg, J., Notenbaert, A. and Herrero, M., 2009. The impacts of climate
change on livestock and livestock systems in developing countries: A review of what we
know and what we need to know. Agricultural systems, 101(3), pp.113-127.

Tubiello, F., Schmidhuber, J., Howden, M., Neofotis, P.G., Park, S., Fernandes, E. and Thapa, D.,
2008. Climate change response strategies for agriculture: challenges and opportunities for
the 21st century. Agriculture and rural development discussion paper, 42.

Webster, A.J.F.,, 1991. Metabolic responses of farm animals to high temperature. EAAP
Publication, 55, pp.15-22.

Wilson, S.J., Marion, R.S., Spain, J.N., Spiers, D.E., Keisler, D.H. and Lucy, M.C., 1998.
PHYSIOLOGY AND MANAGEMENT. Journal of Dairy Science, 81(8), pp.2124-2131.

Wittmann, E.J., Mellor, P.S. and Baylis, M., 2001. Using climate data to map the potential
distribution of Culicoides imicola (Diptera: Ceratopogonidae) in Europe. Revue Scientifique et
Technique-Office International des Epizooties, 20(3), pp.731-740.

Zampieri, M., Russo, S., di Sabatino, S., Michetti, M., Scoccimarro, E. and Gualdi, S., 2016. Global
assessment of heat wave magnitudes from 1901 to 2010 and implications for the river
discharge of the Alps. Science of the Total Environment, 571, pp.1330-1339.

Zimbelman, R.B., Baumgard, L.H. and Collier, R.]J., 2010. Effects of encapsulated niacin on
evaporative heat loss and body temperature in moderately heat-stressed lactating Holstein
cows. Journal of Dairy Science, 93(6), pp.2387-2394.

49 |Page



