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Semi-Árido
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Foreword

Biometeorology is a relatively new scientific area, with three principal subdivisions

(human, plant, and animal) being recognized since the International Society of

Biometeorology (ISB) was established in 1956. However, the basis for recognition

as an area worthy of investigation can be traced back for much longer periods of

time. For animal biometeorology in particular, the lineage includes studies of

animal calorimetry and bioenergetics as long ago as the eighteenth century

(Lavoisier), with more intensive investigations in the early twentieth century by

subsequent researchers, resulting in classic references by Samuel Brody (Bioener-
getics and Growth, 1945) and Max Kleiber (The Fire of Life, 1961, revised 1975).

Later in the mid-twentieth century, the focus of animal biometeorology

expanded from the basic studies of bioenergetics to the application of the results

for improved animal performance, health, and well-being in production systems.

Animal scientists, engineers, and veterinarians collaborated in this effort, with

numerous research reports and several books published. Notable among the books

are those by Esmay (Principles of Animal Environment, 1969), Moberg (Animal
Stress, 1985), Sainsbury and Sainsbury (Livestock Health and Housing, 1979),
Clark (Environmental Aspects of Housing for Animal Production, 1981), Yousef
(Stress Physiology in Livestock, three volumes, 1985), and DeShazer (Livestock
Energetics and Thermal Environmental Management, 2009). Additionally, starting
in 1974, there have been a series of International Livestock Environment Symposia

(organized and proceedings published by the American Society of Agricultural and

Biological Engineers) which have provided a forum for discussion and integration

of research information for improving animal management in challenging

environments. The Congresses of the International Society of Biometeorology,

held every 3 years, have furthered that effort.

The authors of the present book, Principles of Animal Biometeorology,
have extensive research experiences in the field. The material included provides

another step in integration of current knowledge about biometeorological principles

in assessing the impact of environments on animals of various types. Emphasis

is on the physical aspects of heat transfer and heat exchanges in thermal

environments (temperature, humidity, wind, and radiation), but with a view toward

v



thermoregulatory responses of the animals. The book should serve as a useful

resource for those interested in animal biometeorology and application of such

information for understanding and improving animal environments.

G. LeRoy Hahn (Agricultural Engineer and Biometeorologist, retired from

the U.S. Meat Animal Research Service, Agricultural Research Service, U.S.

Department of Agriculture, Clay Center, Nebraska)
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Mass Pound (lb) 0.453592 kg

Volume Litre (L) 1,000 cm3

Gallon, British (ga) 4.546 L

Gallon, American (ga) 3.785 L

Temperature Celsius (�C) K � 273.15

Kelvin (K) �C + 273.15

Fahrenheit (F) (9/5)�C + 32

Rankin (R) F + 460

Pressure Kilopascal (kPa) 1.000 Pa

Millibar (mb, mbar) 0.1 kPa

Millimetres of mercury (mmHg) 0.1333224 kPa

Thermal energy British thermal unit (BTU) 1,055.1 J

Calorie (cal) 4.186938 J

Watt (W) 3.412806 BTU h�1

Watt (W) 0.238838 cal s�1

cal (cm2 min)�1 697.823071 W m�2

BTU (h ft2)�1 3.154723 W m�2

W m�2 0.316985 BTU (h ft2)�1

Mcal day�1 48.459931 W
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Chapter 1

The Environment

Abstract In this chapter, the following are presented: environmental factors and

definition of tropical climate, definitions and discussion about radiation environ-

ment (solar constant, solar radiation variation with latitude and season), equations

for determination of sun angles (zenith, elevation, declination and hour angles of

sun), aspects of the short-wave radiation at the ground level, atmospheric transmit-

tance, diffuse and reflected radiation, influence of clouds, reflectance of ground

surfaces and estimation of total short-wave radiation. The determination of down-

ward and upward long-wave radiation is discussed, along with the respective

formulas. The concepts of radiant heat load and the mean radiant temperature are

discussed, and the respective methods of determination are presented. The theory of

black globe is presented, and its practical use is discussed. The structure of the

atmospheric layers, together with the gas components of the atmosphere, is

described. The importance of CO2, ozone and methane is discussed, together with

that of aerosol pollutants; the evolution of atmospheric CO2 is also discussed. The

equations to determine the physical properties of the air are presented: atmospheric

pressure, specific heat, density, thermal conductivity, viscosity, latent heat of

vaporisation, psychrometric constant and diffusivity of vapour; the methods of air

humidity specification are presented: saturation and partial vapour pressure, relative

humidity, absolute humidity and dew point temperature.

Keywords Atmospheric layers • Atmospheric properties • Carbon dioxide • Long

wave • Ozone • Radiant heat load • Short wave • Solar radiation • Tropical climate

1.1 Environmental Factors

1.1.1 Domains of the Environment

Physical environment is constituted by four domains or spheres which are not

superimposed one over another but exchange energy among them: atmosphere,

R. Gomes da Silva and A.S. Campos Maia, Principles of Animal Biometeorology,
Biometeorology 2, DOI 10.1007/978-94-007-5733-2_1,
# Springer Science+Business Media Dordrecht 2013
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lithosphere, hydrosphere and biosphere. The first three include the air, the land and
the waters, respectively, while the last is the universe of all live beings of the Earth.

Between those four domains, there are close relationships and mutual interactions

(illustrated in Fig. 1.1), which are of uttermost importance for sustaining life on the

Earth.

The term environment includes all sources of energy, especially the radiant

energy used for the plant photosynthesis that is stored as nutrients (proteins,

carbohydrates, lipids). Such a material is the prime source of energy for other

terrestrial and aquatic forms of life. All the live organisms in the biosphere are

constituted by the water from hydrosphere; by the nitrogen, oxygen and other gases

from the atmosphere; and by the minerals from the lithosphere.

Environmental factors as temperature and photoperiod determine growth rates of

plants and affect reproduction of both animals and plants; besides, they control food

availability and searching for animals. Gravity and light stimulate animals and

plants and constitute references for them in terms of space and time, involving

important processes as the sense of equilibrium and the biological clocks. Climatic

and geological factors, among others, affect the spreading and viability of patho-

genic agents and parasites which attack the organisms.

1.1.2 Weather and Climate

Among the environmental factors, variation of the atmospheric conditions is one of

the most important effects upon the biosphere. In order to understand that variation,

we must refer to two different terms: weather and climate.
Weather is the instantaneous state of the atmosphere and its study is the object of

meteorology. The term “instantaneous” means here different periods of time, but in

general, it is a 24-h period. Then, meteorological reports refer to the weather giving,

as, for example, maximum and minimum air temperatures for a given location, or

mentioning the occurrence of rain or winds in that period.

HYDROSPHERE

ATMOSPHERE

LITHOSPHERE

BIOSPHERE

Meteorology
Climatology

Geology

Ecology

Bioclimatology
Biometeorology
Ecology

Climatology

Ecology

Fig. 1.1 Relationships among the four domains of the physical environment and the sciences

which are associated to them
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On the other hand, climate is the average weather conditions prevailing in a

given location; it is established in the long range, after 10–30 years of continuous

meteorological observations. Climatology is the science of the climate and has

similar content to that of meteorology; however, they differ one from another with

respect to the methodology. Climatologists use mainly statistical and cartographic

techniques, while meteorologists use the laws of physics and mathematical

techniques. Another difference is that the main concern of meteorology is the

development and dynamics of the atmospheric phenomena, while that of climatology

is the consequence of those phenomena.

Biometeorology is just a specialised field of meteorology that refers to the

relationships between atmosphere and biosphere, which are aimed also by ecology

and bioclimatology.

1.1.3 Definition of Tropical Climate

The word “tropical” refers to that zone of the Earth lying between the tropics of

Cancer and Capricorn, which are, respectively, the 23�270 north and south parallels.
It is a belt that includes all the regions where the sun can be in some time at zenith.

According to Ayoade (1983), the following definitions of a tropical region are

valid:

(a) A region without winter or cold season

(b) A region where the annual average temperature is equal to or less than the

average daily variation

(c) A region where the average temperature at sea level never is less than 18�C

It is generally considered that, despite the so-called tropical zone remains

between the two 23�270 parallels, these limits are not adequate because they are

very rigid ones. In fact, some regions that are clearly nontropical can be found close

to the equatorial line, such as parts of the Andes mountains in South America, the

region of Mount Kilimanjaro in Kenya and some regions in Mexico, Central

America and New Guinea (Nieuwolt 1978).

The use of temperature limits to demonstrate absence of winter in a tropical

region seems also to be a misunderstanding; for example, considering an average

temperature of 18�C for the coldest month can leave to the exclusion of the

tablelands and highlands in tropical regions, where air temperature often falls

beneath such a limit. Until some years ago, climates were described by meteoro-

logical standards, and several climatic classifications were used, as that of Köppen.

However, such classifications were purely descriptive, leaving often too erroneous

conceptions of the climatic variations in terms of biological significance, because of

the used methodology – which was unable to explain the processes involved in the

climatic variations.

In fact, interactions of the atmosphere with the other physical domains are

dynamic and not static, involving continuous changes in the conditions of the
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ground surface, water distribution and alterations of the biosphere – especially the

vegetation.

Therefore, climatic zoning and mapping could sometimes leave to a wrong idea

about a given situation, because changing from a climate type to another is gradual.

On the other hand, the atmospheric characteristics of a given region can be well

understood only when they are considered within the environment as a whole.

Modern climatology concerns with long- or medium-term alterations of the

climatic conditions, involving a number of factors – for example, solar radiation,

environmental pollution and forest depletion. One of its basic instruments is the

remote sensing by means of specialised satellites.

Then, in the present study, we do not consider any climatic classification, using

rather a more practical division into tropical, temperate and cold climates. The term

tropical is used to indicate a region located within the two tropics. The word

“subtropical” has been extensively used to name a region with climatic conditions

intermediary between tropical and temperate; it must be avoided, as showed by

Nieuwolt (1978).

1.2 Radiation Environment

1.2.1 Short-Wave Solar Radiation

1.2.1.1 Solar Constant

All the energy at the surface of the Earth comes from the sun to be used for the

biological and physical processes. Analyses of the solar spectrum show that the sun

behaves almost as a perfect radiator, whose surface has an apparent temperature of

TS ¼ 5,755 K.

Considering the Stefan-Boltzmann law, the radiation flux reaching the Earth

outside atmosphere can be given as

S0 ¼ sT4
s r

2
s r

�2
t W m�2 (1.1)

where rs ffi 0.7 � 106 km is the radius of the sun, rt ¼ 149 � 106 km the mean

radius of Earth’s orbit and s is the Stefan-Boltzmann constant. Then,

S0 ¼ 5:67� 10�8 5;755ð Þ4 0:7� 106
� �2

149� 106
� ��2

¼ 1; 372:7 Wm�2

which is the solar constant. However, it is not really a constant, since the flux of

solar energy reaching the Earth varies according to the level of sun activity. The

above given S0 figure is close to the average of observations (ranging from 1,369 to
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