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Influence of Environmental Temperature on Dairy
Herd Performance and Behaviour

L. Krpalkova, N. O' Mahony, A. Carvalho, S. Campbell, S. Harapanahalli, J. Walsh

Abstract—The objective of this study was to determine the
effects of environmental stressors on the performance of lactating
dairy cows and discuss some future trends. There exists a relationship
between the meteorological data and milk yield prediction accuracy
in pasture-based dairy systems. New precision technologies are
available and are being developed to improve the sustainability of the
dairy industry. Some of these technologies focus on welfare of
individual animals on dairy farms. These technologies allow the
automatic identification of animal behaviour and health events,
greatly increasing overall herd health and yield while reducing
animal health inspection demands and long-term animal healthcare
costs. The data set consisted of records from 489 dairy cows at two
dairy farms and temperature measured from the nearest
meteorological weather station in 2018. The effects of temperature on
milk production and behaviour of animals were analyzed. The
statistical results indicate different effects of temperature on milk
yield and behaviour. The “comfort zone” for animals is in the range
10 °C to 20 °C. Dairy cows out of this zone had to decrease or
increase their metabolic heat production, and it affected their milk
production and behaviour.

Keywords—Behaviour, milk yield, temperature, precision
technologies.

I. INTRODUCTION

LIMATE change is likely to be one of the main

challenges of the current century. In many regions of
Europe, the summer period is characterized by climatic
conditions that can adversely affect the welfare of farm
animals and in particular of dairy cows. It is known that the
dairy cow, because it generates a lot of metabolic heat, is
sensitive to high environmental temperatures to which it reacts
by implementing various physiological responses. These
involve reduction of feed intake, reduction of growth rate [1],
alteration of gastrointestinal function [2], reduction of
reproductive performances [3], changes in the endocrine-
metabolic system [1], impairment of immune system [4], and
even animal death in extreme cases [3]. Many studies reported
that high air temperatures, coupled with high relative
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humidity, negatively affect milk yield and its composition [1],
[5]. In areas such as Ireland, Great Britain and New Zealand,
the temperate maritime climate allows for pasture-based dairy
systems for the majority of the lactation period. On Irish dairy
farms, cows are housed indoors in winter and grazed from
early spring to late autumn. This allows for grazed grass to be
the primary feed source for Irish dairy cows, where effective
grass utilization plays an essential role in the cost efficiency of
the Irish dairy industry [6]. Hence, the relationship between
meteorological data and milk yield is of particular interest for
pasture-based dairy systems, as is its impact on the prediction
accuracy of milk production [7].

The most important environmental factor affecting the
normal functioning of the farm animal body is temperature.
The optimal zone for farm animals is in the range of 10 °C to
20 °C. If the temperature is out of the optimal zone, the animal
must decrease or increase its metabolic heat production. In
extreme cases, it can affect the normal functioning of the
animal’s body [8]. In some areas, such as central and south of
Europe, heat stress on the lactating cow is one of the greatest
production challenges facing dairy farmers [6]. Cattle tend to
be more susceptible than sheep to high temperatures, and they
are most susceptible when they are producing. The dramatic
impact of suboptimal temperature can be found also in very
young animals with under-developed heat regulation
mechanisms [8].

Dairy cows are homeothermic animals and their body’s
thermoneutral zone is the range of ambient conditions at
which metabolic heat production balances heat loss. Dairy
cows experience heat stress when environmental variables
such as ambient temperature, humidity, radiation, and air flow
combine to exceed above mentioned heat equilibrium [1].
High yielding dairy cows require high metabolic rates to
support such yields, and this generates considerable metabolic
heat [9]. As metabolic heat production increases, a cow’s
thermoneutral zone shifts to a lower temperature range [8].
This means that higher yielding dairy cows experience heat
stress at lower temperatures than lower yielding cows [9]. In
response to heat stress, cows reduce nutrient uptake, reallocate
energy to thermoregulation, and experience changes in
metabolism and endocrine function [2]. These adjustments can
lead to decreases in milk yield and quality of milk [5].
Animals that have a higher core body temperature, all else
being equal (e.g., feed intake), are expected to direct a greater
proportion of feed energy into metabolic heat production than
into productivity, which reduces their production efficiency
[1]. It means that dairy cows that convert feed into milk more
efficiently produce less heat as a proportion of gross energy
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intake [10] and have lower skin surface temperatures than less
efficient cows [11]. This suggests that efficient dairy cows
might be less susceptible to thermal stress than less efficient
cows due to better body thermoregulation [1].

Finally, pasture grazing of cattle increases economic
performance and is regarded as beneficial for cows' health but
weather may affect animal behaviour and welfare. Sprinkler
and fan cooling offers promise as means of reducing heat
stress in cows [1]. However, this may not be practical, or can
be only particularly effective in pastoral systems common in
Australia, New Zealand and some other countries. Milk
production with increasing heat stress varies between animals
and is a lowly to moderately heritable trait. Genomic selection
can be a supplementary strategy which would have cumulative
and permanent effects. It means that heat tolerance should be
included in a multitrait selection index, correlations with other
production and functional traits and finally net economic
effect [12].

The objective of this study was to evaluate the influence of
environmental temperature on milk yield and behaviour of
dairy cows and discuss some future trends.

II. EXPERIMENTAL DETAILS

A. Precision of Dairy Technologies

The MooMonitor+ is a health and fertility monitoring
system which detects cows in heat and monitors the resting,
feeding, rumination, head position and restlessness of each
animal 24x7. The system improves farm profitability by
decreasing labor requirements on farm, improving
reproductive performance and minimizing losses due to
missed heats, undiagnosed illnesses and general cow health.
Dairymaster’s MooMonitor+ is one of the most accurate
systems to monitor cows’ behaviour, according to two new
studies conducted in the US [13] and Ireland [14]. This is the
first system validated in both indoor [13] and outdoor [14]
systems. Both prove the precision of the Dairymaster
MooMonitor+ system. According to [13], it is important to
validate all precision dairy technologies (PDT) to understand
their precision and accuracy before taking measurements or
applying them to cattle management or research. Grinter et al.
[13] added that the behaviour-monitoring collar
(MooMonitor+, Dairymaster, Co. Kerry, Ireland) performed
precisely, with very high correlations for ruminating, feeding,
and resting behaviours. MooMonitor + was used in our study
to measure rumination and feeding of dairy cows (Table I).

B. Data

The data comprising 43,110 daily milking records of
pasture-based cows were collected from two experimental
dairy farms within one grazing period (March to October)
during the year 2018. One of the farms was situated in Ireland
and the second one in Germany. Each daily milking record
contained date of milking, milk yield (kg) and a cow
identification number. Meteorological data (Table I) were
measured from the nearest meteorological weather station
(Ireland: Ardfert, Germany: Bremen). Meteorological data

consisted of daily rainfall (mm), sunshine hours (hour) and
temperature (°C) data. However, we used only temperature
data for our analysis. All cows that satisfied the criteria shown
in Table I were selected i.e., in total 489 dairy cows.

TABLEI
EVALUATED PARAMETERS
Indicator Mean =+ std Min  Max
Dairy cows (489 cows)

DIM (d) 146 £ 77 1 310
Milk yield (kg/d) 25.6+9.1 5.0 54.9
Rumination (min/d) 542 + 80 201 750
Feeding (min/d) 443 +113 69 834
Resting (min/d) 342+ 82 87 842
Activity (min/d) 112+55 20 300

Meteorological data

Maxt (°C/d) 17+5 5 32

Mint (°C/d) 8+5 -3 17

Meant (°C/d) 12+£5 4 25

DIM = days in milk, Maxt = maximum temperature per day, Mint =
minimum temperature per day, Meant — average temperature per day

C. Model

The MIXED procedure of SAS software (Version 9.4) was
used with the model described in (1), which determines the
impact of temperature on milk yield and feeding behaviour
(feeding and rumination). Tukey’s range test was used for
comparison of means. The equation included the fixed effects
and individuals were considered as random (Z;). Pearson
correlations among temperature, milk yield and behaviour
variables were calculated using the CORR procedure of SAS.

Vigmno = H T H,; 1Y, tS§,+Z,+4,+L, T €ijimno )

where yijjumn = value of the dependent variable (milk yield,
rumination and resting), p = overall mean, H; = effect of the /™
herd, Y; = effect of jth month of lactation, Sy = effect of k™
season of calving (month), A, = effect of the m™ maximum,
minimum or average temperature per day class (Table I &
Figs. 1-3), L, = effect of the n"™ lactation, and €jjkimno = random
error. The differences between the estimated variables were
tested at significance level P < 0.05. It means that averages of
feeding, rumination and milk yield in Figs. 1-3 are corrected
of these effects.

III. RESULTS AND DISCUSSION

The highest average feeding times were recorded when the
average temperature fell below 9 °C (Fig. 1). The difference in
feeding time between groups > 16 °C and 9 — 5 °C and groups
> 16 °C and < 4 °C was 14 minutes (< 0.05). The milk yield
differed around 0.5 kg between these groups (Fig. 1).

The highest feeding time and milk yield have been shown to
occur when the minimum temperature was between 4 °C and 0
°C (Fig. 2). As it continued to cool (group < 0 °C) feeding
time started to be negatively affected. Likewise, milk yield
increases in cooler environments — but as it continues to cool
below 0 °C milk yield is negatively affected. This may be a
survival mechanism, as milk production results in large
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amount of heat production and reducing milk yield will be
beneficial towards maintaining body temperature when body
temperature begins to fall [15]. When temperatures fell below
the lower critical temperature of the animal, metabolism
increased in order to maintain body temperature through
increasing the heat produced. However, as the temperature
continues to decline, the cow will reach a summit metabolism,
or milk production, at which point the cow can no longer
maintain body temperature, and hypothermia sets in [3]. The
difference between groups > 16 °C and 4 °C — 0 °C was 15
minutes (< 0.05) and between groups 4 °C — 0 °C and < 0 °C
was 6 minutes (no significant difference). During periods of
cold stress, cows tend to have lower feed intakes, and
therefore, must rely on endogenous energy to maintain milk
and heat production, which can result in weight loss, leaving
the cow weaker [3].
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Fig. 1 Analysis of milk yield, rumination and feeding based on
groups of average temperature per day
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Fig. 2 Analysis of milk yield, rumination and feeding based on
groups of minimum temperature per day

The evaluation of maximum temperature (Fig. 3) showed
no significant rules in feeding time. Milk yield of dairy cows
has risen when maximum temperature increased. However
milk yield decreased when the maximum temperature
exceeded 25 °C. The lowest feeding time has been found in
the same group > 25 °C. This corresponds with a study [3]
which also shows that, when air temperature was greater than
about 23 °C and relative humidity was greater than 80%, cows

began to experience heat-induced depression of feed intake,
and lower productivity. Rumination time was found to be
positively associated with milk yield in early-lactation dairy
cows, across all parities and also showed contemporary effect
with feeding time [16]. In our study, the correlation between
milk yield and rumination was 0.12. Negative low correlation
coefficients (r = -0.05 to -0.1) have been found between
temperature and rumination, feeding and resting and between
temperature and milk yield. Positive low correlation
coefficients (r = 0.12 to 0.14) have been found between
temperature and activity.
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Fig. 3 Analysis of milk yield, rumination and feeding based on
groups of maximum temperature per day

A. Future Trends

The world of dairy farming is complex and changing fast.
Dairy sector economics needs knowledge from many different
angles and sources [17]. The way animals are raised on farms
has changed greatly over the past century, including a growth
in farm size and increased technology [17]. The main
characteristics of an ideal dairy system identified by the
respondents in [18] were related to animal welfare from two
perspectives: consideration for the quality of life of the
animals, based on ethical arguments and the consequences of
animal care on the quality of milk. However the target of
every business is to achieve profit. Relatively little attention
has been paid in the economics literature to the effects of
meteorological conditions on milk production. Meteorological
variables can be expected to affect milk production through
their impact on the productivity of cows and the production of
foodstuff. Rather than including meteorological variables as
inputs in the milk production process, they propose a
production function where these variables affect the
productivity of cows and the production of forage, thereby
indirectly affecting milk production [19]. Dairy producers
worldwide often encounter difficult decisions on a daily basis
[17]. New technologies are available and are being developed
to help the dairy industry improve the welfare of individual
animals on dairy farms. This rapid shift appears to be the trend
for the future. Using new technologies and proper data
analysis, it is possible to identify weaknesses in management
and improve the welfare of individual animals and profit in
dairy farms. Prediction of milk production and creating
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algorithm based on behavioural alerts and weather will
represent a new approach in evaluation.

The tools based on the new technology — animal
relationship are the key to achieving high welfare, and
subsequently, more profitable management on dairy farms.
The technological improvement of farms made it possible to
produce vast amounts of permanent data streams. However,
the system of the farm should be able to collect, integrate,
manage, and analyze on-farm and off-farm data in real-time
for relevant actions [20]. Accurate milk production forecasts
will be useful for providing farm management decision
support for improving herd management, energy utilization
and economic prediction [19]. Improved management
practices are of particular importance in the current volatile
milk pricing environment across European member states post
milking quotas. Therefore, accurate milk production forecasts
have become increasingly important and could provide
farmers with information related to: farm thermal cooling
loads, plant capacity sizing, optimizing plant configurations
and cash flow planning [7]. Additionally, highly accurate milk
production figures could be used to help determine important
factors on dairy farms such as cooling loads, water utilization,
economic performance and energy consumption [19]. Due to
practical constraints, it is difficult to adopt a holistic approach
for milk yield forecasting where detailed inputs such as grass
growth, feed intake, body condition and the level of the
emitted pollutants are utilized [7]. Detailed farm management
and cow body condition records are rarely accessible on
commercial dairy farms. However, milking records such as
milk yield, milking date and number of cows milked are
readily available. Accurately predicting grass growth and cow
level supplementary feed intake is very challenging and thus,
this information is currently unavailable on commercial dairy
farms [7].

Precision Livestock Farming (PLF) can be defined as real-
time monitoring technologies aimed at managing the temporal
variability of the smallest manageable production unit, known
as the ‘per animal approach’. With intense advancements in
Artificial Intelligence (Al), there has arisen an array of
opportunities for sensor technology to become even more
useful in monitoring the needs and behaviour of every animal
and also allow robotics to interact with animals safely.
Applications include the automatic monitoring of cattle by
intelligent camera surveillance technology, and the automation
of tasks such as herding, milking, feeding and bedding. This
indicates that the automated device could be used to accurately
and objectively measure body condition of cows with little
effort [21]. Further, automatically recorded longitudinal sensor
measurements (i.e., behavioural activity traits) could be a
proper alternative for cow phenotyping in extensive grassland
systems, providing an accurate data basis for genetic
evaluations [9]. Finally, some of the “smart farm decision
technologies” will be able to substitute actual farm
management and will learn as it goes by applying complex
machine  learning approaches and  exploiting the
interdependencies of the complex integrated biological,
physical, technological, environmental and informational

dimensions of dairy farm systems. The methods of AI will be
used to predict more accurately the outcome of various
management options and also evaluate the achievement and
sustainability of farmers’ targets [20]. Resilience and
sustainability are keywords for the future of the sector. This
can be achieved with innovation, as a way to reconcile the
need for farmers to earn a decent living, consumer demand for
affordable and quality dairy products, and environmental/
animal health requirements [18].

IV. CoNcCLUSION

In this study, the effects of temperature to milk production
and behaviour of animals were tested. The statistical results
indicate different effects of weather factors on milk yield and
behaviour. The highest feeding time and milk yield was found
to occur when the minimum temperature was between 4 °C
and 0 °C. However milk yield decreased when the minimum
temperature was less than 0 °C. On the other end of the
temperature scale, the milk yield of dairy cows was found to
rise when maximum temperature increased. However milk
yield decreased when the maximum temperature exceeded 25
°C. Animals out of the “comfort zone” must decrease or
increase metabolic heat production, and at more extreme
temperatures, even this process becomes insufficient to
maintain normal functioning and milk production. The
significance of mentioned loss depends on the susceptibility of
each cow to extreme temperature, i.e. genotype and overall
condition of cow are important. For future milk production
forecasting models based on machine learning and Al
techniques, it will be useful to include genotype, body
condition score, behaviour and weather parameters.

ACKNOWLEDGMENT

This work was supported, in part, by Science Foundation
Ireland grant 13/RC/2094 and co-funded under the European
Regional Development Fund through the Southern & Eastern
Regional Operational Programme to Lero - the Science
Foundation Ireland Research Centre for Software
(www.lero.ie).

This project has received funding from the European
Union’s Horizon 2020 research and innovation programme
under the Marie Sklodowska-Curie grant agreement No
754489.

REFERENCES

[1] D. L. Hill, E. Wall, “Weather influences feed intake and feed efficiency
in a temperate climate” J. Dairy Sci., vol. 100, no. 3., pp. 2240-2257,
Mar 2017.

[2] M. Rhoads, R. Rhoads, M. VanBaale, R. Collier, S. Sanders, W. Weber,
B. Crooker, L. Baumgard, ““ Effects of heat stress and plane of nutrition
on lactating Holstein cows: 1. Production, metabolism, and aspects of
circulating somatotropin”, J. Dairy Sci., vol. 92, no. 5., pp. 1986-1997,
Jan 2010.

[3] V. Robinson, “Effects of cold stress on the submission and conception
rates of New Zealand dairy cows”, a thesis submitted in partial

132



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

International Journal of Biological, Life and Agricultural Sciences
ISSN: 2415-6612
Vol:14, No:9, 2020

Sfulfilment of the requirements for the degree of Master of Science in

Agricultural Science at Massey University, Palmerston North, New
Zealand, 2015, http://hdl.handle.net/10179/7528.

N. Lacetera, U. Bernabucci, D. Scalia, B. Ronchi, G. Kuzminsky, A.
Nardone,” Lymphocyte functions in dairy cows in hot environment”, Int.
J. Biometeorol. vol. 50, no. 2, pp. 105-110, Jul 2005.

L. Calamari, P. Morera, P. Bani, A. Minuti, L. Basirico, A. Vitali, U.
Bernabucci, “Effect of hot season on blood parameters, fecal
fermentative parameters, and occurrence of Clostridium tyrobutyricum
spores in feces of lactating dairy cows,” J. Dairy Sci., vol. 101, no. 5.,
pp. 4437-4447, May 2018.

M. Gauly, H. Bollwein, G. Breves, K. Briigemann, S. Dinicke, G. Das,
et al.,” Future consequences and challenges for dairy cow production
systems arising from climate change in Central Europe — a review”,
Animal, vol. 7, no. 5., pp. 843-59, May 2013.

F. Zhang, J. Upton, L. Shalloo, P. Shine, M. D. Murphy, “ Effect of
introducing weather parameters on the accuracy of milk production
forecast models,” Inf. Process. Agric., vol. 7, no. 1., pp. 120 — 138, Mar.
2020.

N. Silanikove, “Effects of heat stress on the welfare of extensively
managed domestic ruminants”, Livest. Prod. Sci., vol. 67, no. 1-2., pp. 1-
18, Dec 2000.

M. Bohlouli, S. Alijani, S. Naderi, T. Yin, S. Konig, “Prediction
accuracies and genetic parameters for test-day traits from genomic and
pedigree-based random regression models with or without heat stress
interactions” J. Dairy Sci., vol. 102, no.1., pp. 488-502, Jan 2019.

C. Arndt, J. M. Powell, M. J. Aguerre, P. M. Crump, M. A. Wattiaux,”
Feed conversion efficiency in dairy cows: Repeatability, variation in
digestion and metabolism of energy and nitrogen, and ruminal
methanogens”, J. Dairy Sci., vol. 98, no. 6., pp. 3938-3950, Jun 2015.

K. DiGiacomo, L. Marett, W. Wales, B. Hayes, F. Dunshea, B. Leury,
Thermoregulatory differences in lactating dairy cattle classed as efficient
or inefficient based on residual feed intake”, Anim. Prod. Sci., vol. 54,
no. 10, pp. 1877-1881, Jun 2014.

T. T. T. Nguyen, P. J. Bowman, M. Haile-Mariam, J. E. Pryce, B. J.
Hayes, “ Genomic selection for tolerance to heat stress in Australian
dairy cattle” , J. Dairy Sci., vol.99, no. 4., pp. 2849-2862, Apr 2016.

L. N. Grinter, M. R. Campler, J. H. C. Costa, “Technical note:
Validation of a behavior-monitoring collar’s precision and accuracy to
measure rumination, feeding, and resting time of lactating dairy cows”,
J. Dairy Sci., vol. 102, no. 4., pp. 3487-3494, Feb 2019.

J. Werner, C. Umstatter, L. Leso, E. Kennedy, A. Geoghegan, L.
Shalloo, M. Schick, B. O'Brien, “Evaluation and application potential of
an accelerometer-based collar device for measuring grazing behavior of
dairy cows,” Animal, vol. 13, no. 9., pp. 2070-2079, Feb 2019.

S. Angrecka, P. Herbut, “Conditions for cold stress development in dairy
cattle kept in free stall barn during severe frosts”, Czech J. Anim. Sci.,
vol. 60, no.2., pp. 81-87, Feb 2015.

E. I. Kaufman, V. H. Asselstine, S. J. LeBlanc, T. F. Duffield, T. J.
DeVries, “Association of rumination time and health status with milk
yield and composition in early-lactation dairy cows” J. Dairy Sci., vol.
101, no.1., pp. 462-471, Jan 2018.

T. Garnett, M. C. Appleby, A. Balmford, I. J. Bateman, T. G. Benton, P.
Bloomer, et al.,” Sustainable intensification in agriculture: Premises and
policies”, Science, vol. 341, n0.6141., pp. 33-34, Jul 2013.

C. S. Cardoso, M. Jose Hotzel, D. M. Weary, J. A. Robbins, M. A. G.
von Keyserlingk,” Imagining the ideal dairy farm”, J. Dairy Sci., vol.
99, no.2., pp. 1663-1671, Jan 2016.

J. A. Perez-Mendez, D. Roibaz, A. Wall, “The influence of weather
conditions on dairy production, "Agric. Eco., vol. 50, no. 2, pp. 165-175,
Mar 2019.

M. C. Ferris, A. Christensen, and S. R. Wangen, “Symposium review:
Dairy Brain—Informing decisions on dairy farms using data analytics, J.
Dairy Sci., vol. 103, no. 4., pp. 3874-3881, April 2020.

[21] N. O’ Mahony, S. Campbell, A. Carvalho, L. Krpalkova, D. Riordan, J.

Walsh, “3D Vision for Precision Dairy Farming,” IFAC-PapersOnLine,
vol. 52, no. 30., pp. 312 -317, 2019.

133



