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Abstract The study was aimed at describing the temper-
ature humidity index (THI) dynamics over the Mediterra-
nean basin for the period 1951–2007. The THI combines
temperature and humidity into a single value, and may help
to predict the effects of environmental warmth in farm
animals. In particular, on the basis of THI values, numerous
studies have been performed to establish thresholds for heat
stress in dairy cows. The THI was calculated by using
monthly mean values of temperature and humidity obtained
from the National Center for Environmental Prediction/
National Center for Atmospheric Research reanalysis
project. The analysis demonstrated a high degree of
heterogeneity of THI patterns over the Mediterranean basin,
a strong north–south gradient, and an overall warming
during the study period, which was particularly marked
during summer seasons. Results indicated that several areas
of the basin present summer THI values which were
unfavorable to cow welfare and productivity, and that risk
of heat stress for cows is generally greater in the countries
of the south coast of the basin. Furthermore, THI data from
the summer 2003 revealed that severe positive anomalies
may impact areas normally characterized by a favorable
climate for animal production. In conclusion, THI dynamics
should be taken into careful consideration by farmers and
policy makers operating in Mediterranean countries when
planning investments in the sector of animal production.

The investments should at least partially be directed
towards implementation of adaptation measures, which
may help to alleviate the impact of hot on farm animals
welfare, performance and health.

Keywords Mediterranean basin . Temperature humidity
index . Dynamics . Cattle

Introduction

Weather and climate may exert negative effects on farm
animal welfare, performance and health (Nardone et al.
2006). Previous studies described the complexity of heat
exchanges between animals and the environment, which
involve heat production, storage and dissipation, and are
dependent on both biological and physical factors (Hahn et
al. 2003; Nienaber and Hahn 2007). Evaluation of air
temperature alone does not permit an accurate assessment
of the effects of the thermal environment on physiology,
welfare, health, and productivity in farm animals. For
instance, high humidity in combination with high temper-
atures reduces the potential for evaporative heat loss (West
2003), solar radiation adds heat to that deriving from
metabolic processes, and strong winds, especially in
combination with precipitation, amplify the adverse effects
of cold temperature (Gaughan et al. 2008).

Different approaches have been used to quantify heat
stress in farm animals (Hahn et al. 2003). These include
utilization of the temperature humidity index (THI), which
was originally developed by Thom (1958) as a “discomfort
index“ to estimate the levels of discomfort for human
beings during summer months. Afterwards, Berry et al.
(1964) extended its use to bovine species. Hahn et al.
(2003) indicated that, compared to other indexes, the THI is
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a practical tool and a standard for many studies and
applications in animal biometeorology. There are a variety
of formulas to calculate THI which differ from each other
in the weight given to the effects of humidity (Bohmanova
et al. 2007). However, in all cases, temperature and humidity
are combined in a single value. Several studies suggested that
THI values may help to predict the effects of environmental
warmth in farm animals. In particular, on the basis of THI
values, numerous studies have been performed to establish
thresholds for heat stress in dairy cows. Johnson (1980) and
Bouraoui et al. (2002) reported that milk production in dairy
cows begins to decline when THI reaches the value of 72 or
69, respectively. In a recent study, Vitali et al. (2009)
suggested that the risk of death in dairy cows starts to
increase when maximum daily THI is above 80.

The Mediterranean basin covers about 10 M km2 and goes
from the Atlantic coast of Portugal to the southern part of the
Caspian Sea with a core area that stretches over about
20° latitude and 46° longitude (Nardone 2000). In biogeog-
raphy, the Mediterranean basin refers to the lands around the
Mediterranean sea that have a Mediterranean climate, with
mild, rainy winters and hot, dry summers, which support
characteristic Mediterranean forests, woodlands, and shrub
vegetation (Köppen 1936). However, it is widely accepted
that the Mediterranean basin is a highly heterogeneous
region, with a climate characterized by a great diversity of
features, resulting in a variety of climate types due to its
unique geographic location: a transition zone between the
hot and dry African climate regime in the south, and the mild
and humid European climate in the north (Pinna 1977).
Furthermore, the climate of the Mediterranean basin is also
very sensitive to meteorological events originating in other
parts of the world, such as the North Atlantic Oscillation
(NAO), the Indian monsoon and the dust transported from
the Sahara to the Atlantic ocean through the Mediterranean
basin (Holton 1992). In general terms, the basin is
characterized by contrasting variations in temperature and
precipitation between winter and summer, stemming from
the descending branch of the Hadley circulation in summer
while westerlies prevail during the winter season
(Bolle 2002).

Climate heterogeneity of the area likely contributes to
the differences between the Mediterranean countries in
terms of animal production (de Rancourt and Mottet 2006).
With regard to bovine species, northern countries, which
benefit from a more favorable climate, have larger cattle
herds than southern countries where the hot climate and
poor grasslands are more suitable to sheep and goat
production. However, the ongoing population and urbani-
zation growth in the southern countries of the basin is
constantly increasing demand for animal products in urban
areas, and thus will certainly strengthen livestock farming,
meat and milk industries in these countries.

Previous animal biometeorology studies have utilized
THI to characterize the region of Córdoba in central
Argentina (De la Casa and Ravelo 2003), and the north-
east region of Thailand (Somparn et al. 2004). To the best
of our knowledge, the Mediterranean basin has been
characterized by focusing the attention on air temperature
and precipitation dynamics (Brunetti et al. 2000; Klein
Tank and Können 2003; Xoplaki et al. 2004, 2005;
Touchan et al. 2005; Scherrer et al. 2006; Pauling and
Paeth 2007), whereas no studies have been performed by
utilizing THI.

The aim of this study was to describe the THI dynamics
over the Mediterranean basin for a period of time
comprising the years between 1951 and 2007.

Materials and methods

Study area

The Mediterranean basin we refer to is delimited by the
28° and 48° North parallels and the 10° West and 40° East
meridians, and includes, fully or partially, over 20
countries (from the Alpine region in the north to the
north African countries in the south, from the Iberian
peninsula in the west to the Middle Eastern countries in
the east) (Fig. 1).

Data and methods

The THI was calculated by using monthly mean values of
temperature and humidity (2.5° x 2.5° latitude–longitude
resolution), which were obtained from the National Center
for Environmental Prediction (NCEP)/National Center for
Atmospheric Research reanalysis project (Kalnay et al.
1996) at the National Oceanic & Atmospheric Administra-
tion (NOAA)/Earth System Research Laboratory (ESRL),

Fig. 1 Study area. The Mediterranean basin is delimited by the 28°
and 48° North parallels and the 10° West and 40° East meridians
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Physical Sciences Division (PSD) for the period 1951–
2007. NCEP Reanalysis data were provided by the NOAA/
ESRL PSD (Boulder, Colorado, USA) from their Web site
at http://www.esrl.noaa.gov/psd/. Briefly, the reanalysis
datasets are made available after executing three standard
quality control: a "duplicate station check", which elimi-
nates duplicates and key punch errors from reports, a
"buddy check", which eliminates extreme values, and a
standard deviation check, which compares the daily data
against a gridded daily climatology.

Calculation of THI may be carried out by different
formulas, which permit the establishment of the water
vapour content of the air starting alternatively from wet
bulb temperature, dew point temperature, or relative
humidity (Bohmanova et al. 2007). Among these variables,
the only one available for the study area was the relative
humidity. For this reason, we calculated monthly mean
values of THI by the following formula, which is based on
values of ambient temperature (AT, °C) and relative
humidity (RH, %) (NOAA 1976):

THI ¼ 1:8 � ATþ 32ð Þ � 0:55� 0:55 � RHð Þ
� 1:8 � ATþ 32ð Þ � 58½ �

With respect to the original one, this formula includes
terms (1.8 × AT+32), which convert temperature data from
°C to °F. Such a conversion was made because most of
literature data reported the THI calculated by measuring
ambient temperature in a °F scale. The same formula has
been already utilized for THI calculation in Mediterranean
countries (Bouraoui et al. 2002; Vitali et al. 2009).
Furthermore, Bohmanova et al. (2007) indicated this
formula as the one to be preferred for calculation of THI
in regions with a subtropical climate, whereas other
formulas should be utilized for geographic areas with arid
climate. A body of literature has described the Mediterra-
nean climate as subtropical (Troll and Paffen 1964;
Griffiths 1976; Trewartha and Horn 1980).

First of all, the Mediterranean basin was characterized on
the basis of the mean annual and seasonal THI referred to
the 30-year reference period (1961–1990) known as CliNo
(Climate Normal). CliNo is the conventional 30-year period
utilized for climatologic analysis and confrontation adopted
by the World Meteorological Organization (WMO). For the
seasonal characterization of the study area, the months of
December, January, and February were defined as winter
(DJF); March, April, and May, as spring (MAA); June,
July, and August, as summer (JJA); and September,
October, and November, as fall (SON).

The THI dynamics over the basin were evaluated by
comparing mean values of annual and seasonal THI of
CliNo and of two 30-year periods (1951–1980 and 1971–
2000), and in the light of the known heterogeneity of the

area in terms of climate features (Bolle 2002), by plotting
maps of THI anomaly isolines for the same three 30-year
periods. Furthermore, the THI dynamics were also studied
by evaluating mean values of THI and THI anomalies
versus CliNo for the decade 1998–2007. This part of the
study was carried out to take into due consideration the
documented recent extreme climate events, which occurred
in the study area (Xoplaki et al. 2005; Goubanova and Li
2006; Luterbacher et al. 2007). Finally, for the summer
season of year 2003, which has been widely recognized as
one of the hottest of the last century (Xoplaki et al. 2006),
and also as a period of time during which European
livestock production was dramatically affected by thermal
challenge (Vitali et al. 2009; Nardone et al. 2009), a map of
THI anomaly isolines was plotted to verify whether the
anomalies were uniformly distributed within the study area.

Map of isolines were generated by the geographical
software GrADS (Grid Analysis and Display System). GrADS
is an interactive desktop tool for visualization and manipu-
lation of earth science data and is freely distributed over the
Internet (http://www.iges.org/grads/). It uses a 4-dimensional
data environment: longitude, latitude, vertical level, and time.
Operations are executed interactively by entering
FORTRAN-like expressions at the command line.

Results

Mean values of annual and seasonal THI for CliNo are
reported in Table 1. Figures 2 and 3 show the isolines of the
mean annual and seasonal THI, respectively, referred to
CliNo. Annual THI ranged from 42 to 70, and showed a
north–south gradient (Fig. 2), which was similar to that
observed by considering air temperature alone (data not

Table 1 Mean values of annual and seasonal temperature humidity
index (THI) of the Mediterranean basin calculated for the three
periods of reference (1951–1980, 1961–1990 and 1971–2000)

30-year periods Annual THI Seasonal THI

1951–1980 61.07 DJF 50.35

MAM 59.11

JJA 71.72

SON 63.12

1961–1990 (CliNo) 61.13 DJF 50.25

MAM 59.23

JJA 71.78

SON 63.28

1971–2000 61.23 DJF 50.32

MAM 59.33

JJA 71.99

SON 63.26

Int J Biometeorol (2011) 55:253–263 255

http://www.esrl.noaa.gov/psd/
http://www.iges.org/grads/


shown). The analysis of humidity values (data not shown)
did not reveal any significant trend, but indicated the strong
influence of the Mediterranean sea, in that the proximity to
large bodies of water and the prevalence of moisture-
bearing winds favors high humidity. Values of THI ranged
from 30 to 60 in DJF, from 50 to 70 in MAM, from 60 to
79 in JJA, and from 50 to 71 in SON (Fig. 3). Also, in this
case, a north–south gradient was observed.

Mean values of annual and seasonal THI for the
periods 1951–1980 and 1971–2000 are reported in
Table 1. Table 2 reports results of the comparison carried
out among mean values of annual and seasonal THI
calculated for the three 30-year periods considered in the
study. Briefly, the comparison pointed out an overall
warming in the study area, and that the THI increase was
particularly marked during summer (+0.27 units). Further-

Fig. 2 Regional distribution of
mean annual temperature
humidity index (THI) for CliNo
(Climate Normal). CliNo is the
conventional 30-year period
(1961–1990) for climatologic
analysis and confrontation
adopted by the World Meteoro-
logical Organization

Fig. 3 Regional distribution of seasonal temperature humidity index
(THI) for CliNo (Climate Normal, 1961–1990 period). The months of
December, January, and February were defined as winter (DJF),
March, April, and May as spring (MAM), June, July, and August as

summer (JJA), and September, October, and November as fall (SON).
Values of THI range from 30 to 60 in DJF, from 50 to 70 in MAM,
from 60 to 79 in JJA, and from 50 to 71 in SON
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more, the analysis also indicated that, comparing the
winter seasons, the THI in the basin slightly decreased
during the study period (−0.03 units).

Figure 4 shows the isolines of annual THI anomalies
versus CliNo for the two 30-year periods different from
CliNo considered in the study (1951–1980 and 1971–
2000). Anomalies referred to the period 1951–1980 ranged
from −0.5 to +0.7 units of THI (Fig. 4a). In detail, the
period 1951–1980 was colder than CliNo in the central and
west countries of the basin (−0.5 THI units), whereas
countries in the east (especially those in the Balkan area)
were hotter (+0.7 THI units). Anomalies referred to the
period 1971–2000 ranged from −0.8 to +0.8 units of THI
(Fig. 4b). The greatest negative anomaly (−0.8 THI units)
was observed in the south-west part of the area and over
eastern Turkey, whereas the greatest positive anomaly (+0.8
THI units) characterized the central and north-east area of
the basin.

Figure 5 shows the isolines of seasonal THI anomalies
versus CliNo for the two 30-year periods different from
CliNo considered in the study (1951–1980 and 1971–
2000). The analysis referred to the period 1951–1980
(Fig. 5a) demonstrated that for the winter season the
anomalies ranged from −0.6 (Iberian Peninsula) to +1.8
units of THI (eastern Turkey); for spring, they ranged
from −0.9 (north-east of the basin) to +0.6 (eastern and
north-western France); for summer, they ranged from −0.6
(central basin, Sicily, and north-western Spain) to +0.6
(Balkan area); and for fall, they ranged from −0.9 (western
and central basin) to +0.6 (Balkan area).

The analysis of seasonal anomalies referred to the period
1971–2000 (Fig. 5b) pointed out that for the winter season
the anomalies ranged from −1.8 (eastern Turkey) to +1.5
units of THI (north-east of the basin); for the spring, the
range was −0.9 to +0.9 (eastern Turkey and north-east of the
Black Sea, respectively); for summer, the anomalies ranged
from −0.6 (Spain, Morocco, Algeria, and Libya) to +0.9
(north-east of the Black Sea); and for fall, the range was −0.9
to +0.6 (northern and Balkan areas, and eastern part of the
basin and Black Sea, respectively).

Table 3 reports the mean values of annual and seasonal
THI for the whole period 1998–2007, and for each single
year of the decade.

Figure 6 shows the THI anomalies calculated for the
decade 1998–2007 versus CliNo. Value of annual THI
anomaly over the decade indicated a general warming in the
area with a positive anomaly respect to CliNo of +0.73
(Fig. 6a). On the other hand, a positive annual anomaly was
recorded for each single year of the decade with the lowest
value referring to year 2005 (+0.27) and the highest to year
2007 (+1.12). The analysis of seasonal anomalies (Fig. 6b)
showed that in the winter season the anomalies recorded
have been either positive (years 1998, 2001, 2002, 2004,
2007) or negative (years 1999, 2000, 2003, 2005, 2006); in
the spring season, only a negative anomaly was recorded
(year 2004, −0.22), whereas for the remaining 9 years of

Table 2 Results of the comparison carried out among mean annual
and seasonal temperature humidity index (THI) calculated for the
three periods of reference (1951–1980, 1961–1990 and 1971–2000)

Periods compared Annual Seasonal

1951–1980 vs 1961–1990 (CliNo) −0.06 DJF+0.10

MAM −0.12
JJA −0.06
SON −0.16

1971–2000 vs 1961–1990 (CliNo) + 0.10 DJF+0.07

MAM+0.10

JJA+0.21

SON −0.02
1971–2000 vs 1951–1980 + 0.16 DJF −0.03

MAM+0.22

JJA+0.27

SON+0.14

Fig. 4 Isolines of annual temperature humidity index (THI) anomalies versus CliNo (Climate Normal, 1961–1990 period) for the two 30-year
periods different from CliNo considered in the study (1951–1980, a, and 1971–2000, b)
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Fig. 5 Isolines of seasonal temperature humidity index (THI) anomalies versus CliNo (Climate Normal, 1961–1990 period) for the two 30-year
periods different from CliNo considered in the study (1951–1980, a, and 1971–2000, b)
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the decade, the anomalies were positive with the maximum
value recorded in 2001 (+1.9); in the summer season, only
positive anomalies were recorded and the highest value was
relative to summer 2003 (+2.14); also, in the fall season,
the anomalies were all positive and ranged from +0.13
(year 2005) to +1.61 (year 2006).

Figure 7 shows the isolines of summer THI anomalies of
year 2003 versus CliNo. Also, in this case, the study area
revealed a strong heterogeneity: a single negative anomaly
(−1) was detected in eastern Turkey, whereas the positive
anomalies showed a very wide range (from +0.5 to +5.5)
and a south–north gradient.

Discussion

Results reported herein are in line with those obtained from
previous studies, which on the basis of climate features
different from THI indicated that the geographical Medi-
terranean domain does not share the Mediterranean climate
according to its commonly adopted definition (Köppen
1936; Bolle 2002). Furthermore, still in agreement with
previous findings referring to temperatures (Klein Tank and
Können 2003; Xoplaki et al. 2005, 2006; Luterbacher et al.
2007), the present study pointed out an overall THI increase
in the Mediterranean basin in the period 1951–2007, and
also that the THI dynamics in the study area were not
spatially and temporally homogeneous.

First of all, we wish to remark that the general agreement
between our results with those from previous analysis
referred to temperature is not surprising, because in the THI
formulas the weight of temperature is higher than that of
relative humidity and this happens regardless the formula
chosen for calculation (Bohmanova et al. 2007). However,
as already explained, characterization of a geographic area
in terms of THI permits a more accurate prediction of the
effects of environmental warmth in cattle because this index
takes into account the role of humidity in affecting the
potential for evaporative heat loss from the body.

On the basis of previous observations, climate heteroge-
neity of the Mediterranean basin would reflect the presence
of strong mesoscale features, which determine large
climatic gradients within a region, which would, otherwise,
have a much more homogeneous climate. The climatic
heterogeneity of the area is likely due to physical and
physico-geographical factors such as the atmospheric
circulation, which in turn alters the storm track, air
temperature, precipitation and pressure distribution, to the
Atlantic and Mediterranean sea surface temperatures (SSTs)
pattern and distribution, to the land–sea interactions, and
also to the latitude, altitude and orography (Frei and Schär
1998). The response of the Mediterranean basin to large-
scale climate forcing is very complicated, with strong

Table 3 Mean values of annual and seasonal temperature humidity
index (THI) of the Mediterranean basin calculated for the decade
1998–2007

Years Annual THI Seasonal THI

1998–2007 61.86 DJF 50.49

MAM 60.10

JJA 72.89

SON 63.95

1998 61.73 DJF 51.80

MAM 59.66

JJA 72.83

SON 63.46

1999 62.04 DJF 50.05

MAM 60.32

JJA 73.08

SON 63.90

2000 61.69 DJF 49.83

MAM 60.20

JJA 72.40

SON 63.86

2001 62.10 DJF 52.18

MAM 61.13

JJA 72.74

SON 63.90

2002 62.12 DJF 50.48

MAM 60.26

JJA 72.57

SON 64.46

2003 61.75 DJF 49.59

MAM 59.46

JJA 73.92

SON 63.98

2004 61.58 DJF 50.83

MAM 59.01

JJA 72.36

SON 64.16

2005 61.40 DJF 49.62

MAM 59.81

JJA 72.73

SON 63.41

2006 61.91 DJF 49.16

MAM 60.50

JJA 73.04

SON 64.89

2007 62.25 DJF 52.10

MAM 60.59

JJA 73.24

SON 63.45
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spatial and temporal variability. Surface meteorological
forcing over the Mediterranean is associated with the NAO,
whose impact on climate and ecosystem parameters in
northern and southern Europe is well documented. The
growing interest in the NAO is partially explained by the fact
that the spatial signature of the observed climate warming
over the last century resembles the surface temperature
anomalies associated with this index (Pokrovsky 2009). The
positive phase of the summer NAO (SNAO) is associated
with warm, dry and relatively cloud-free conditions over
north-western Europe, and, less strongly, with cooler, wetter
and cloudier conditions over southern Europe and the
Mediterranean, especially in the eastern part (Folland et al.
2009). Linderholm et al. (2009) reported that, since
approximately the 1960s, the positive trend in the SNAO,
associated with increased drought in northern Europe,

coincides with a trend towards increased drought in the
Mediterranean region, indicating that the recent temperature
increase has caused drier conditions in both southern and
northern Europe during summer.

Our analysis on seasonal THI dynamics in the period
1951–2000 pointed out an increase of summer and a slight
decrease of winter values, and also differences in the THI
dynamics between the west-central and eastern parts of the
basin. These results are in line with those reported by Klein
Tank and Können (2003) who indicated that the overall
warming registered in Europe in the period 1976–1999 was
likely associated with an increase in warm extremes rather
than with a decrease in cold extremes. Furthermore, results
reported herein are also concordant with those from
Xoplaki et al. (2006), who indicated that in the period
1950–1999 there was a significant increase of summer

a

0

0,2

0,4

0,6

0,8

1

1,2

1998-
2007

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Years

T
H

I a
n

o
m

al
ie

s

b
MAM 

-2,5

-1,5

-0,5

0,5

1,5

2,5

1998-
2007

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Years

T
H

I a
n

o
m

al
ie

s

DJF 

-2,5

-1,5

-0,5

0,5

1,5

2,5

1998-
2007

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Years

T
H

I 
an

o
m

al
ie

s

JJA 

-2,5

-1,5

-0,5

0,5

1,5

2,5

1998-
2007

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Years

T
H

I 
an

o
m

al
ie

s

SON 

-2,5

-1,5

-0,5

0,5

1,5

2,5

1998-
2007

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Years

T
H

I a
n

o
m

al
ie

s

Fig. 6 Annual (a) and seasonal (b) temperature humidity index (THI) anomalies calculated for the decade 1998–2007 versus CliNo (Climate
Normal, 1961–1990 period)
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temperatures in western and central Mediterranean, but not
in the eastern areas of the basin. Investigating the difference
between western and eastern Mediterranean pressures,
Brunetti et al. (2002) hypothesized a higher frequency of
anticyclones over the central-western part of the basin. It
follows that the different temperature trends in western and
eastern areas may be caused by the complex relationships
between the Mediterranean climate, the general atmospher-
ic circulation and the SSTs. In practice, the western parts of
the basin are in a maritime regime, whereas the eastern
parts are highly continental.

The present study also testified that warming of the
Mediterranean basin in terms of THI was particularly
marked in the decade 1998–2007, and that summer 2003,
autumn 2006 and winter 2007 were the periods during
which the positive anomaly values were higher with respect
to CliNo. Xoplaki et al. (2005) reported that the decade
1995–2004 was the warmest in the last half millennium,
and Luterbacher et al. (2007) indicated that autumn 2006
and winter 2007 were also the warmest in more than
500 years. Finally, several studies have documented that the
summer of 2003 was the warmest summer ever recorded
over western and central Europe, and was characterized by
serious health problems in human beings and farm animals
(Beniston 2004; Fink et al. 2004; Díaz Jiménez et al. 2005;
Vitali et al. 2009). In summer 2003, an anticyclone
stationed above western Europe prevented precipitation
that usually enters the continent from the Atlantic Ocean.
Extreme maximum temperatures of 35–40°C were repeat-
edly recorded in July and to a greater extent in August.

Both results from the present study and data provided by
the European Centre for Medium-Range Weather Forecasts
(www.ecmwf.int) indicated that the anomalous summer was
centered over Switzerland, southern Germany, northern
Italy, and south-eastern France. Furthermore, results
reported herein also testify that the anomalies showed a
south–north gradient. Previous studies documented that
these kind of anomalies are caused by the spatial and
temporal dominance of subtropical high pressure cells on
cyclonic storms (Bolle 2002).

As already reported above, the THI has been widely
utilized to predict the effects of environmental warmth in
dairy cows. In a recent study carried out in Tunisia,
Bouraoui et al. (2002) indicated that exposure of dairy
cattle to mean daily THI higher than 69 is responsible for
negative effects on milk yield, and that the extent of these
effects is proportional to the number of units the THI is
above the threshold. The present study indicated that, in
several regions of the Mediterranean basin, summer THI
values represent a major challenge for livestock industry,
and made available a series of bioclimatic maps, which
individuate the areas at a greater risk for cattle. In
particular, the strong north–south gradient indicates that
dairy cows reared in the countries of the central and south
regions of the basin are likely to experience conditions of
severe heat stress during summer months, which may
severely compromise their performance, health and surviv-
al. Furthermore, data referring to summer 2003 testify that
severe positive THI anomalies may also interest geographic
areas with a favorable climate for animal production, and

Fig. 7 Isolines of summer temperature humidity index (THI) anomalies for the year 2003 versus CliNo (Climate Normal, 1961–1990 period)
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that therefore may be characterized by a reduced capacity to
cope with this kind of extreme climate events.

In conclusion, findings from this study suggest that THI
dynamics should be taken into careful consideration by
farmers and policy makers operating in Mediterranean
countries when planning investments in the sector of
animal production. In particular, in the areas of the basin
where the THI increase was more pronounced or which
were shown to be subjected to extreme climate events, the
investments should at least partially be directed to imple-
mentation of adaptation measures, which may help to
alleviate the impact of hot extremes on animal welfare,
performance and health.
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