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Abstract

Several locations with mediterranean climates were used to test the use of a software modelling
programme called CLIMEX. This programme predicts the similarity of a nominated site to other locations
within a specified area. For this study a number of locations were chosen in Morocco, Turkey and
southern Australia, and compared with locations in Mediterranean Europe, north Africa and west Asia. A
similarity index lists the percentage similarity of Mediterranean locations to the nominated site. A map and
climate graph are shown for five of the specified locations. The robustness of the model was tested at two
locations, Merredin and Turretfield in Australia, using a number of climatic simulations. The importance of
rainfall pattern, and the affect of low humidity, to the agricultural system of southern Austraia is
considered and the potential relevance of this model to plant collection and plant breeding programmesis

discussed.
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1. Introduction

“CLIMEX is a dynamic smulation model which enables the esimation of an animd or
plant’s geographic distribution and relative abundance, as determined by its climate” (Skarratt
et al., 1995). It was developed at the Co-operative Research Centre for Tropical Pest
Management in Queendand to predict a species digtribution in locations independent from its
exiding didribution using the species dimatic requirements. Its main use to date, in Audrdia,
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has been in the prediction of the soread of weeds and pedts, ether following an initid
introduction or under different climatic scenarios, and of the spread of a species for biologica
control. (McFadyen and Skarratt, 1996; Scott, 1991 and Sutherst et al., 1996).

The mediterranean climate has warm to hot, dry summers and mild, wet winters, with
ranfadl occurring dmost exclusvely during the winter months (Nahd, 1981). Mediterranean
climates occur predominantly between the latitudes of 32.00° and 40.00° in both the northern
and southern hemispheres, and include, the Mediterranean basin of Europe, north Africa and
west Asa, southern Audtralia, the south-west coast of the United States, central Chile and the
Cape region of South Africa (Boyce et al., 1991). In mediterranean Europe this extends
further north than 40.00°N and in Western Austraia this occurs further south (Naha, 1981).

The am of this study wasto use CLIMEX for anove gpproach, to determine the smilarity
between two or more regions with mediterranean dimatesto asss in plant collection missons
and plant introductions. Climate has a strong influence on the vegetation of areas with arid or
semi-arid dimates (Nahd, 1981). By identifying climatic smilarities between regions before a
plant collecting misson, the misson can be targeted to areas with a high dimatic smilarity to
the area for which the collected species are intended. This is important, for example, in
southern Audrdia where new legume species are required for agriculture, but the cost of
quarantine for each accesson and the number of species on the quarantine lig is continualy
increesing. Thus if dimatic matching is combined with an ecogeographic study, another
important component (Maxted et al., 1995), key species can be targeted and those that are
brought back should be well adapted and have a greater chance of surviva and success in
agriculture. The regions chosen for this study were southern Audtraia, Morocco and Turkey.
Comparisons were carried out between centres and their countries and with other Stesin the

Mediterranean where plant collections have been made.

2. Methodsand materials

The software programme CLIMEX for Windows v. 1.0 (Skarratt et al., 1995) was used
for this study. It comprises three mgor functions. These are:

1. To compare locations, which predicts the potentid geographic distribution of a species
based on its climatic requirements;

2. To compare years using data from consecutive years, and,
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3. To match cdimates, which searches the meteorologicd database contained within
CLIMEX for locations with climates smilar to that of a nominated location.

This study focused on the use of function 3 to determine locations within the Mediterranean
that have smilar climates to a number of other specified locations. Matching climates queries a
‘Match Index’ for dl the locations contained within the determined map areg, in this case the
Mediterranean. The match index is the product of five parameters, which individudly indicate
the levd of amilarity for average monthly maximum daly temperature, average monthly
minimum daily temperature, average monthly rainfall, rainfal pattern and the rdaive humidity a
9am and 3pm. Each of these parameters can be are weighted, with values set between 0 and
1. The default vaue for dl the parametersis set at 1, except for reative humidity which is st
ao.

CLIMEX usses a rddively smple procedure for the climate smilarity modd ‘match
climates. The dimatic amilarities of a specified location to a location s, in this case the
Mediterranean, are caculated on a percentage basis for five climatic parameters, maximum
temperature, minimum temperaure, totd yearly rainfal, ranfal pattern and reaive humidity.
The totd damilarity between the specified location and any other location is caculated by
averaging the percentage smilarity vaues of the five parameters. By controlling the weighting
of each of the parameters the emphasis of the climate can be controlled.

To show the robustness of the modd, the climatic Smilarities of two locations have been
amulated using a number of weghtings for the climatic parameters. The locations chosen were
Merredin in Western Audtradia and Turretfield in South Austrdia. These two locations were
aso used in the main study and o it is possible to see how changing the weighting affects the
amilarity of locationsin the Mediterranean area. The weightings that were used were;

a. 1.0for all parameters,

b. 1.0 for each parameter separately with the remaining parameters being set to 0.75 (e.g.
when maximum temperature was set to 1.0, minimum temperature, monthly rainfal,
ranfal pattern and relative humidity were dl set to 0.75), and

c. ranfdl paten and rdaive humidity st to 10, with maximum and minimum
temperature, and monthly rainfal set to 0.75.

The results of the match climate are returned as a map, table or graph and the smilarities

are displayed as a percentage for each individua parameters and as a totd smilarity. For the
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purpaoses of this study only locations with a smilarity of 65% or more are consdered close to
the target location. The spelling of locations used in this paper isthat listed in CLIMEX.

The locations to be compared with the Mediterranean were chosen from three countries,
Morocco, Turkey and Augtradia. Seven locations were nominated in Morocco; three from the
Atlantic littord region, two from the Middle Atlas region and two from the High Atlas. Three
locations were nominated in Turkey, Izmir in the east, Antalya in the south-west and Adanaiin
the south and four locations were nominated in Audrdia, two in Western Audrdia, one in
South Audtrdia and onein Victoria

3. Reaults

The results of the modd smulations for Merredin and Turretfield are shown in Appendix A
and described below.

When the smulation was run for Merredin with al the climatic parameters set to 1.0, four
locations show a Smilarity above 70%, Amman and Damascus in west ASa, and Tebessaand
Idrisin north Africa For three of these locations the climatic parameter with the grestest
amilarity to Merredin was monthly rainfal, and for Damascus it was rainfdl pattern (89.4%).
When totd rainfdl is set to 1.0, with dl the other parameters set to 0.75, the four locations
listed above gtill show the greatest Smilarity to Merredin, plus Karaouan, Tunisaaso showsa
climate match above 70%. These five locations and no others still show the greatest smilarity
to Merredin when maximum temperature is set to 1.0 and dl the other parameters are st to
0.75, and when rainfall pattern is set to 1.0, and the other parametersto 0.75. When minimum
temperature is set to 1.0, and the other parameters to 0.75, the number of locations with a
gmilarity to Merredin of above 70% decreases to two, Amman and Damascus, and when
relative humidity is set to 1.0, and the other parameters to 0.75, only Amman, Damascus and
Tebessa show adimatic Smilarity of greater than 70% to Merredin.

The relaive humidity gppeared to be the most sengtive parameter, with only five locations
showing a climate match of greater than 65%. Thisis partly aresult of the southern Audrdian
mediterranean climate that generdly has a lower humidity then is found in much of the
Mediterranean, but was aso found to be a fegture of the modd. The rainfal pattern parameter
was dso found to be sengtive as only two locations showed a climate match of grester than
70%, compared to five for most of the other parameters. This parameter is considered to be
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important in mediterranean agricultura systems as the length of the rain season determines the
length of the growing system and this in turn determines the crop and pasture species that can
be grown. With the importance of both the rainfal pattern and the rdative humidity in mind, a
find smulation was run with rainfal pattern and relative humidity st to 1.0, and the remaining
parameters set to 0.75. This resulted in the same four locations asfirgt listed above reveding a
climate match of greater than 70%, but other than Damascus which had a very high rainfall
pattern match to Merredin, the actud percentage smilarity was lower.

A dmulation of the mode for Turretfield when dl the climatic parameters were set to 1.0
reveds that four locations, Badgoz in Spain, Evorain Portugdl, Setif in Algeria and Averroes
in Morocco, show a climatic smilarity of 70% or greater (Appendix A). These results do not
change when rainfal pattern is set to 1.0 and the other parameters to 0.75. When maximum
temperature is set to 1.0 and the other parameters are set to 0.75, the number of locations
above 70% drops to three, with Sdtif returning a amilarity match of only 68.8%. When
minimum temperature is set to 1.0, the number of locations above 70% drops to two as both
Setif and Averroes return a climate match below 70%, and when relative humidity is set to 1.0
only one location, Badgjoz in Spain shows a climate match of greater than 70% a 74.7%. The
number of locations with a dimate match above 70% only increases when monthly rainfal is
st to 1.0 and al the other parameters are set to 0.75. Despite the reduction in the number of
locations that show a high smilarity to Turretfield, the number of locations with a climate match
above 65% is greater than compared to Merredin. The final smulation of rainfal pattern and
relative humidity set to 1.0, and the other parameters set to 0.75 was aso run for Turretfield.
This resulted in three locations, Badgjoz, Evora and Setif showing a climate match of greater
than 70%.

The results of the smulations described above show that the first three to five locations
consgently show a climate match of around 70% regardless of the weightings of the climatic
parameters, and it is the order of appearance of those locations and the total percentage
gmilarity thet varies. The ligt of the locations with a climate match above 65% aso shows little
vaiation in the smulations (Appendix A), and it is the order of those locations that drops,
especidly in the lower percentage Smilarities.

Following the above smulations a decison was made to run the modd using the following
weightings for the parameters, 1.0 for rainfdl pattern and rdaive humidity, and 0.75 for
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maximum temperature, minimum temperature and monthly rainfal. As described above ranfdl
pattern is an important component of a mediterranean agricultura system with the mgority of
rain fdling during the winter months, and little to no rain faling during the summer months
(Naha, 1981). Plants that grow under these conditions have to be adapted to long periods of
drought, combined with high temperatures, plus need a mechanism to ensure that their seed
does not germinate until the rain starts again & the end of the drought period (Fitter and Hay,
1987). Humidity is aso very important in ecosystems that rely on a limited annud rainfdl asit
has a strong influence on the rate of evapotranspiration and in turn plant performance. In a
humid environment, the amount of transpiration from leaves is reduced as ther is less
difference between the humidity of the amosphere and the humidity indde the lesf. This
reduces the amount of water that a plant requires to function and grow (Green et al.).

The results of the moddl smulations on locations in Morocco, Turkey and Audtrdlia using
the weightings of 1.0 for rainfdl pattern and humidity, and 0.75 for the parameters, maximum
and minimum monthly temperature and monthly rainfal.

3.1 The Atlantic littoral of Morocco

3.1.1 Tanger

Tanger islocated in the extreme north-west of Morocco at an dtitude of 75m. It is Stuated
on the peninsulathat separates the Atlantic Ocean from the Mediterranean Sea. The climate of
Tanger is described as humid with an average annud rainfadl of 897 mm. The location with the
greatest Smilarity to Tanger was, not surprisingly, Gibrdtar, with a match of 73.7%. Only six
other locations in the Mediterranean show a amilarity of 65% or greater, four in Algeria and
two in Morocco. The main difference between the climates of Tanger and Gibrdtar is that
Tanger has adightly higher rainfdl and Gibratar alower humidity al yeer a 3pm.

3.1.2 Casablanca

Casablancais located on the west Atlantic coast of Morocco, at an dtitude of 50m. It has
an average annud rainfal of 400mm and a semi-arid climate. The dimate of Casablanca is
amilar to a large number of locations around the mediterranean (Figure 1), with the grestest
amilarity found with Ghazaouet in Algeria & 86%. Mogt of the dtes with good dimatic
matches with Casablanca, above 65%, are located on the coast. Locationsin north Africa are
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recorded from Algeria, Morocco and Tunisia, and locations in Europe are recorded from
Spain, Greece, Portugd and Italy. A graph of the climates of Casablanca and Ghazaouet in
Algeria (Figure 1), shows little difference in rainfdl and temperature. The main source of
variaion isthe greater morning humidity in Ghazaouet, that is present al year.

3.1.3 Agadir

Agadir is located in the south-west of Morocco on the Atlantic coadt. It is found at an
dtitude of 50m and has an average annud rainfdl of 226 mm, which classfies it as an arid
climate. Mot of the locations with a climatic match to Agadir of 65% or above were found in
north Africa, especidly in Libya, Egypt and Tunisa The only location in Europe with a
gmilarity of 70% or grester was Almeria in Spain with a maich of 73.7%. Again, dl of the
dtes are located aong the coast.

3.2 The High Atlas Mountains of Morocco

3.2.1 Marrakech

Located at an dtitude of 465 m and in the arid zone of Morocco, Marrakech has an annua
ranfal of only 240 mm. Only nine locations show a amilarity match of 65% or greeter to
Marrakech. All of these, gpart from Athenai, Greece, arein north Africa. Few other European
locations have a smilar climate to Marrakech, as there are no mediterranean Stes with arid
climates at high dtitudes. A gragph of the climates (Figure 2) of Marrakech and Karouan,
Tuniga is shown. These two sStes have a climate match of 79%, and both dtes are
characterised by very high maximum temperatures in summer and a large diurnd variation

throughout the yeer.

3.2.2 Ouarzazate

Ouarzazate is characterised by its arid climate and a very low annud rainfdl of 110 mm. It
islocated inland a 1135 m. Nearly dl the Stes with a climatic Smilarity to Ouarzazate of 65%
or greater are located in north Africa, and east to Irag, and the mgority of them are inland.
This emphasises the differences between arid north Africa and mediterranean Europe. Ar

Rutba in Irag was found to show the closest Smilarity to Ouarzazate, with a climatic match of
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79%. Tindouf in Algeria was the location with the most smilar rainfal pattern and humidity to
Ouerzazate, but both the maximum and minimum temperatures are higher dl year round.

3.3 The Middle Atlas Mountains of Morocco

331 Fez

Fez is Stuated a an dtitude of 410 m, with a sub-humid climate and an annud rainfal of
536 mm. It shows more climatic Smilarity to southern Europe than to north Africa, with only
four locations with a smilarity grester than 65% in north Africa (Figure 3). In Europe, sites
with a climate match of 65% or grester are found from Portuga to Greece and western
Turkey. The location showing the grestest Smilarity is Congantine in Algeria with a dimate
match of 73.5%. Tunis in Tuniga dso shows a high amilarity of 72.1%. The climates of
Congantine and Fez are shown in figure 3, where it can be seen that the minimum temperature
and relaive humidity a 3pm are dmost identical, and the only noticesble difference is that Fez
has a dightly higher maximum temperature and relaive humidity a 9am for some of the year.

3.3.2 Ifrane

Ifrane is the highest Site of the Moroccan locations, with an dtitude of 1635 m. It has an
annud ranfal of 1112 mm and its dimate is dassfied as humid. This is not a true
mediterranean climate despite its location in Morocco and this is reflected in the absence of
locations in the Mediterranean that show a climatic match of 65% or greeter. Konya, Turkey
(57.2%), followed by Evora in Portugd (56%) were the locations with the closest climates.
They do not show a high smilarity because of a much lower tota rainfdl a both locations and

higher minimum temperatures at Evora

3.4 Coastal Turkey

34.1 Antdya

Antalya is dStuated in the south-west of Turkey on the south coadt. It is located at an
dtitude of 40m and has an annud rainfdl of 1057mm, which fals dmost entirely in the winter
months. No locations in the mediterranean show a climate match above 75% and there is only
one location with a climate match of 65%, Vathis, on theidand of Samosin Greece.
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3.4.2 Adana

Adanais Stuated on the south coast of Turkey and has a true mediterranean climate with
an annud rainfdl of 619mm, faling dmaog entirdy in the summer months. However it shows a
low smilarity to most other Mediterranean locations because of its variation in humidity. Thisis
lower in winter, but higher in summer than more typica Mediterranean locations. The location

with the highest climate match was 1zmir, at 68%, followed by Petrai in Greece with 60.2%.

3.4.3 lzmir

Izmir is Stuated on the west coast, with an annud rainfal of 652mm. As described in 3.4.2.
it has avery amilar dimate to Adana, with a dightly higher rainfdl and margindly moderated
temperatures in summer. The mgor difference being in their humidity. This smdl variation in
climate increases the number of locations around the Mediterranean, and their percentage
amilarity, which have a dimate maich of 65% or greater with 1zmir. The grestest Smilarity is
found with Athena in Greece (72.5%), followed by Patrai. A grgph of the dimates of Izmir
and Patrai is shown in figure 4, where it can be seen that Patrai has a dightly lower rdative

humidity and margindly less diurnd range.

3.5 Australia

3.5.1 Meredin (Western Austraia)

Merredin is Stuated in the wheatbelt of Western Audtrdia It isfound at an dtitude of 315m
and has an annud rainfdl of 327mm. The dimate of Merredin was found to show a high
gmilarity to only a limited number of locations in the Mediterranean, due to the low relative
humidity, that is a feature of the mediterranean climate areas of southern Audrdia The
greatest Smilarity was found with Amman, Jordan with a climate match of 74.7%, and a graph
of these two locations is shown in figure 5. The minimum and maximum temperatures of
Merredin and Amman, and the relative humidity are very smilar, the main difference being the

shorter rain season a Amman.

3.5.2 Katanning (Western Audtrdia)

Kaanning is located in the Great Southern region of Western Audtrdia, about 250km
south-east of Perth. It isfound at an dtitude of 130m and has an annud rainfal of 485mm. The
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climae of Kaanning was aso found to correpond to a number of locations in the
Mediterranean, with 13 locations revealing a climate match of 65% or greater. Badgjoz, Spain
was found to show the grestest smilarity a 74.6%, followed by Evora, Portugd (70.6%) and
Kayseri, Turkey (70%). As a Merredin, it is the low rdative humidity in Western Audrdia
that redtricts the number of locations in the Mediterranean that show a high climate match.

3.5.3 Turretfidd (South Austraia)
Turretfidd is found a an dtitude of 116m and has an annud ranfal of 464mm. It has

smilar maximum temperatures to the two locations described above, but has lower minimum
temperatures throughout the year compared to Merredin. A higher percentage of the rain fdls
during the summer months. As a result of this the locations in the Mediterranean with which it
shows the greatest dimatic matches are completely different to Merredin, in particular. The
number of locations with a climate match above 65% has decreased in north Africa, and those
in Europe have increased (Figure 6). The location which shows the grestest smilarity to
Turretfield is Badgoz, on the west border of Spain with a climate match of 76%. This is
followed by Setif, Algeria and Evora, Portugd with climate matches of 71.2% and 71%
repectively. A graph of the climates of Badgjoz and Turretfield is shown in figure 6. The main
difference between these two sitesis the humidity which is noticegbly higher a Badgoz, dong

with increased summer temperatures. Turretfield has more summer rainfal in comparison.

3.5.4 Horsham (Victoria)

Horsham is found in the west of Victoria a an dtitude of 141m. It has an annud rainfall of
448mm, and in many respects has a amilar to climate to Turretfield in South Audrdia A
comparison with locations in the Mediterranean shows that Setif, Algeria has the grestest
climate maich a 74.3%, followed by Badgoz, in Spain and Djelfa in Algeria, with climate
matches of 73.9% and 70.3% respectively. All the locations that have a climate match with
Horsham of 65% or greater are found in the western Mediterranean countries, apart from
Athenal, Greece. This is due to an increase in the relative humidity of Horsham compared to
the other Audtraian Sites described above.

4. Discussion
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There are two main uses for sudies usng the programme CLIMEX; in plant collection and
in plant breeding/ cultivar sdection. Cocks (1993) suggested that determining climatic
homologues between southern Audtrdlia and the mediterranean would be one step in starting
to sort the genepool of the Mediterranean into materia that would be of use in the Austraian
farming system. It would therefore make sense for modes such as CLIMEX to be used
before a plant collecting misson to determine climatic homologues between targeted areas in
Audrdia and the Mediterranean. The advantage of using such models is that the materia
collected would be adapted to the climate for which it is targeted. To further increase the
success of a collecting misson an ecogeographic survey would be conducted on the
homologous aress in the Mediterranean to determine areas which are of particular vaue in
terms of habitat and soil homologues. This is particularly important if specific species or
ecotypes are being targeted as it will increase the efficiency of the collecting misson. Maxted
et al. (1995) outlines the procedures of an ecogeographic survey and Bennett and Maxted
(1997) have shown the kind of information that can be obtained from an ecogeographic
andyss.

The second potentia use of CLIMEX isin plant breeding programmes. If a particular trait
isrequired and that trait is associated with a particular climatic trait, for example cold tolerance
or ealy flowering, then usng CLIMEX can hdp to reduce the number of lines from a
genebank collection to be tested. There has been much debate on the use and development of
core collections which contain al the genetic divergty present within the natural digtribution of
a species (Frankd, 1984). Brown (1989) dso suggests that a collection could aso be
developed as a subset of the main collection for a specific purpose, such as cold tolerance or
acid soil tolerance. The use of *core collection’ should be avoided here, but the advantages of
such a subset are obvious. Development of such subsets with climate Smulation modds will
help to rationdise the number of lines needed to identify the required trait.

This sudy shows the potentia of the modd CLIMEX to become an integra part of plant
genetic resources. However there are at present a number of limitations of the modd and these
need to be addressed first.

Cocks (1993) postulated the advantages of using climatic homologies to target plant
collecting missions. However until missons do take place using this approach combined with

ecogeographic surveys, the true vaue of such an gpproach can not be accurately determined.
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The weightings of the climatic parametersin the study, was limited to only 1.0 and 0.75, of
possible vaues between 1.0 and 0. This was because the authors felt that a drop of more than
0.75, say to 0.5, would severely decrease the influence of that parameter on the model and, at
the present level of understanding, it was not known how important each climatic parameter
was on plant growth and development. To overcome this limitation the compare location
function of CLIMEX described in the Materids and Methods section of this paper (Skarrett
et al., 1995) should be cdculated for a number of key species. This function requires the
gpecific growth parameters of a gpecies to be calculated, which are correlated to ether its
naturd didribution, or the area where it is currently grown. A amulation is run to determine
where ese in the world or a specified area it would grow. Climatic Smulation studies for
mediterranean environments can be refined by obtaining the growth parameters of a number of
key species in the Mediterranean and linking them to the climatic Smilarity index to tet the
modedl s robustness. For example, flowering time of widespread and widdy naturaised legumes

such as Medicago polymorpha, Trifolium glomeratum and Vicia sativa ssp. sativa could

be closdy digned to locations ligted in the smilarity modd.

Findly, it isimportant to understand that at present the number of locations for which long-
term meteorologica data is avaladle is limited in the Mediterranean. This may result in poor
gpatid coverage of areas with high climatic amilarities to the area of interest. Idedly, with
future versons of the programme, the number of locations with meteorologica data will be
increased to a coverage Smilar to that of Audrdia in the present verson. Also spatid
extrgpolation will be possble from the point meteorologicd data to produce a map with
isolines of percentage climatic match vaues.
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Syria Damascus 742 746 732 739 752 733 742 709 880 816 894 735
Algeria Tebessa 715 706 694 731 725 710 719 623 761 989 87.9 69.3
Libya Idris 708 701 688 722 722 691 705 624 782 982 905 59.2
Tunisia Kairouan 699 704 699 705 711 662 676 77.1 847 93.0 8385 435
Morocco  Averroes 67.7 676 678 682 694 656 787 755 905 91.1 40.0
Libya Nalut 673 672 675 658 690 651 66.8 79.7 756 684 90.7 60.1
Algeria Mecheria 66.0 65.0 672 675 66.0 59.8 714 932 883 572
Morocco  Marrakech 655 65.9 65.6 67.3 66.2 822 84.8 90.9 424
Israel Jousdlem 653 664 654 66.7 733 876 721 864 505
Tunisia Gafsa 66.5 735 755 701 90.3 54.0
Algeria Ain-Sefra 65.9 69.3 66.7 76.8 87.0 63.2
Spain Badajoz 65.6 66.4 69.0 879 823 91.1 338
Spain Alicante 65.5 65.4 66.0 75.1 874 975 89.0 16.7
Tunisia Tunis 65.7 79.8 79.2 850 940 225
Greece Athinai 65.3 65.2 704 87.7 938 37.1
Greece Khalkis 65.4 761 777 839 965 221
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Spain Badajoz 767 761 759 775 779 747 76.0 775 80.6 96.6 934 627
Portugad  Evora 722 729 720 713 738 694 71.0 76.1 886 79.0 93.2 56.7
Algeria Setif 706 688 684 722 722 697 712 637 680 991 920 654
Morocco  Averroes 700 705 681 705 714 683 69.7 586 88.6 87.8 89.8 60.7
Israel Jerusllem 69.7 692 694 708 69.6 69.6 69.5 774 737 90.7 781 741
Greece Athinal 689 66.7 684 699 703 679 69.2 788 583 90.7 888 654
Turkey Kayseri 673 677 672 675 67.7 66.0 66.4 742 820 824 79.7 631
Tunisia Tunis 672 662 674 681 689 655 819 65.6 935 905 417
Turkey Izmir 670 665 670 665 687 66.6 774 713 76.6 90.0 57.7
Italy Foggia 670 669 669 684 682 759 759 99.8 86.0 37.7
Algeria Tebessa 665 658 654 666 681 652 66.7 67.7 714 804 889 627
Morocco  Fez 66.3 666 655 669 682 66.4 811 89.5 91.8 407
Greece Khalkis 66.0 659 671 677 78.7 63.8 94.8 90.0 41.0
Algeria Constantine 65.6 65.6 654 663 67.7 735 76.6 920 934 306
Libya Shahhat 65.1 799 842 812 814 417
Appendix A. Location similarities of Merredin and Turretfield with different weightings on climate parameters
* &l parametersare set to 1.0
?all other parameters are set t0 0.75
" the climate match of each parameter individually
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Figure 1. Map showing locations with a climate match of 65% and above to Casablanca,
Morocco. Labelled locations show a similarity of 75% and above.
Comparison of the annual climate of Casablanca and Ghazaouet, Algeria are shown.

Bennett et a. Agriculture, Ecosystems and Environment. 1998; 70, 129-143.
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Figure 2: Map showing locations with a climate match of 65% and above to Marrekech,
Morocco. Labelled locations show asimilarity of 75% and above.
Comparison of the annual climate of Marrekech and Kairouan, Tunisia are shown.
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Figure 3: Map showing locations with a climate match of 65% and above to Fez,
Morocco. Labelled locations show asimilarity of 75% and above.
Comparison of the annual climate of Fez and Constantine, Algeria are shown.
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Figure 4: Map showing locations with a climate match of 65% and above to |zmir,
Turkey. Labelled locations show a similarity of 75% and above.
Comparison of the annual climate of 1zmir and Patrai, Greece are shown.
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Continent Country Location  Total
1 Asia Jordan Amman  74.7
2 Asia Syria Damascus 74.2
3 Africa Algeria Tebessa 71.9
4 Africa Libya  Idris 70.5
5 Africa Tunisia Kairouan 67.6
6 Africa Libya  Nalut 66.8
7 Africa Algeria Mecheria 66.0
8 Africa Morocco Averroes  65.6
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Figure 5: Map showing locations with a climate match of 65% and above to Merredin,
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Australia. Labelled locations show a similarity of 75% and above.
Comparison of the annual climate of Merredin and Amman, Jordan are shown.
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2 Africa Algeria  Setif 71.2
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Figure 6: Map showing locations with a climate match of 65% and above to Turretfield,
Australia. Labelled locations show a similarity of 75% and above.
Comparison of the annual climate of Turretfield and Badajoz, Spain are shown.
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