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MONITORING  OF  URBANIZATION  GROWTH  AND  ITS  
EFFECTS  ON  CLIMATIC  CHANGES  OVER  GREATER  

CAIRO,  EGYPT  USING  SATELLITE  IMAGES

S. M. ROBAA and Y. Y. HAFEZ

Astronomy and Meteorology Department,
Faculty of Science, Cairo University, P.O. Box 12613, Giza, Egypt

Abstract: The present work investigates the effect of urbanization growth on the local climatic changes 
over Greater Cairo Region, GCR, using satellite images through the period (1965-2005). The NCEP/
NCAR reanalysis monthly mean data for meteorological elements (Air temperature, T1000, T850, T700 and 
T500 at the levels of 1000, 850, 700 and 500 mb respectively, atmospheric pressure at mean sea level, 
MSLP, geopotential height at level of 500 mb, GH500, relative humidity, RH %, meridonal wind, MW, zonal 
wind, ZW, perceptible rate, PR, and the outgoing long wave radiation, OLR) over GCR are used in the 
same period. Tiros and Landsat satellites images for GCR are also used every ten years through the 
study period. The results revealed that, if the rates of population growth and human activities in GCR 
continued, the whole GCR (1400 km2) will be transformed completely to an urbanized region by coming 
of year 2040. The anomalies methodology and correlation coefficient technique are used to clarify 
the climatic changes over GCR. The results revealed that there are significant correlation coefficients 
between the urbanization growth over GCR and the anomalies of the meteorological elements through 
the period of study. Among the main findings of this study is the highest effects of urbanization on the 
mean sea level pressure, surface temperature and outlong wave radiation with correlation coefficient 
values 0.96, 0.91 and 0.90 respectively. It could be concluded that, the urbanization growth caused an 
extreme local climate change over GCR. 

Keywords: Urbanization; Climate Change, Satellite Images, Greater Cairo Region, Urban Cairo, Egypt.

INTRODUCTION 
Growth of cities introduces a profound modification of climate by human 

activities, which is not found in many other places. The process of urbanization involves 
the construction of buildings, roads, underground drainage systems, and factories, which 
radically transforms the radiative, thermal, moisture an aerodynamic characteristics of the 
pre-existing landscape, and thus this creates of its urban climate. People are attracted to 
urban areas because they offer a host of socio-economic and cultural opportunities.  The 
extent of urban climate change varies from city to city, according to the site and size of 
a city, land use pattern, structure and density of buildings, traffic, and industry and other 
urban activities. Many studies show that many large cities have experienced significant 
changes in cloudiness, precipitation, radiation and energy balance, temperature, air quality 
and visibility e.g. (Georgii, 1970; Arnfield, 1975; Landsberg, 1981; Holz, 1987; Handerson 
and Robinson, 1989; Givoni, 1989; Tapper, 1990; Barradas, 1991; Gallo and Owen, 1998; 
Robaa, 1999; Lawrence, et al., 2001, Robaa, 2006 and more recently Robaa, 2009). The 
main objective of this paper is directed to investigate the rapid extent of urban area of GCR 
using Tiros and Landsat satellites images and in turn to study the effect of this growth on 
climatic changes over urban Cairo area, UCA, where rapid urbanization has occurred.

STUDY AREA
The study area is Greater Cairo Region (GCR) which lies in the southern part 

of the Delta of the Nile basin. Its official area is about 1400 km2. Cairo is considered as 
one of the world’s 15 largest megacities within urban and population growth whereas the 
population of Cairo exceeds 18 million. 
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Several literary scientific studies 
have examined the determinants and 
consequences of population growth in 
Egypt (e.g. Entwisle, et al., 1989; Sayed 
et al., 1992; El-Zanaty, et al., 1993; 
Robaa and Hafez, 2002). The population 
of Egypt has duplicated several times 
during the last century. It is estimated 
that it will increase from about 78 million 
currently to 103 million in 2035 (World 
Bank, 1994; Robaa and Hafez, 2002). 
The urbanization and industrialization 
increased very rapidly in GCR, 
particularly in the second half of the last 
century which caused an increase in the 
pollution of its atmosphere. 

Much of the factories existed in the 
nearby area also, where high density 
of buildings, population and several 
thousands of cars and buses existed. 
Streets were covered by asphalt and 
gardens are not abundant. The local 
soil is originally desert sand. This in 
turn has an effective role in intensifying 
the problem of contaminating Cairo’s 
environment with various impurities and 
environmental hazards, (Robaa, and 
Hafez, 2002). Climatologically, Cairo city 
follows the sub-tropical climatic region. 
It is characterized by the presence of 
Moqattam hills to its east and south 
east, then desert areas extended in 
the west and east directions. Among 
the outstanding weather events are the 
dust and sandstorms that frequently 
blow in the transitional seasons of spring 
(March to May) and autumn (September 
to November). In spring, hot desert depressions are known as the Khamsin depressions. 
They are always associated with hot dry winds often laden with dust and sand increasing 
the atmospheric pollution. In winter (December to February) the general climate of Cairo is 
mild, moist and rainy while during summer season (June to August), Cairo’s climate is hot, 
dry with hardly any rain at all. According to the climatological norms of Egypt, (EMA, 1982), 
the average daily mean, maximum and minimum temperature ranges over Cairo from 13.8, 
19.7 and 8.8 °C respectively in January to 27.9, 34.9 and 22.3 °C respectively in July. 

Average relative humidity ranges from 38 % in May to 65 % in December while cloud 
amounts range from 0.1 octa in July to 2.4 octa in January. Rainfall in Cairo is generally low 
along the year. The total rainfall amount ranges from 0.3 mm in October to 6.8 mm during 
January while the months from April to September are rainless. Wind speed ranges from 
2.8 kt during October to 5.6 kt during May. The prevailing winds are north, northwest and 
west with an occurrence percentage of 31.8 %, 12.9 %, 12.8 % respectively (Robaa, 2009). 
SATELLITE  IMAGES

The Tiros series of satellites 
launched to the space through the 
period from 1 April 1960 to 2 July 1965 
for Tiros 1 and Tiros 10 respectively 
(http://msl.jpl.nasa.gov/QuickLooks/
tirosQL.html). Yet, Landsat series of 
satellites launched into space through 
the period from 23 July 1972 to 15 April 1999 for Landsat 1 and Landsat 7 respectively 
(http://erg.usgs.gov/isb/pubs/factsheets/fs02303.html). The images of Tiros and Landsat 
series are obtained from NASA (2001) and the European Satellite Agency (ESA) and these 
are used in the present paper to study the effects of urbanization growth on climatic changes 
over GCR.

METEOROLOGICAL  DATA  
AND  METHODOLOGY 

There are two distinct 
datasets that have been used 
through the present study. 
Firstly, the NCEP/NCAR 
reanalysis monthly mean data 
was used for the following 
meteorological elements: 

Air temperature, T1000 , T850, T700 and T500 at the levels of 1000, 850, 700 and 500 mb 
respectively, atmospheric pressure at mean sea level pressure, MSLP, geopotential height 
at level of 500 mb, GH500, relative humidity at the surface, RH %, meridonal winds (MW) and 
zonal winds (ZW) respectively, perceptible rate, PR, and the outgoing long wave radiation, 
(OLR) over GCR (the used geographic bounds are N 31° 10′ 20.71″, E 30° 26′ 19.21″ (upper 
left corner) and N 29° 38′ 40.38″, E 31° 57′ 59.07″ [lower right corner]) through the period 
1965-2005. This dataset obtained from the NOAA–CIRES, Climate Diagnostics Centre 
(CDC) through the website: http://www.cdc.noaa.gov/Timeseries/. The second one was the 
satellite Landsat 5 and 7 image dataset for several bands of radiation for GCR through the 
same period.  

Figure 1(a and b). Two Landsat satellite 
images that show the urban sprawl of the 
Greater Cairo Region through 30 years of 

expansion (from 1975 to 2005).

Figure 2(a-e - from left to right). The 
Landsat satellite images of urban Cairo 
areas during the years of: (a) 1965, (b) 
1975, (c) 1985, (d) 1995 and (e) 2005. 
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Figure 3. The decadal growth of 
Cairo urban area through the period 

(1965-2005).
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This data was obtained from the archive of the ESA. The anomalies methodology and 
correlation coefficient technique have been used for proposes of the present study.

RESULTS
Computation of urbanization 
growth over GCR 

Tiros and Landsat 
satellites images are used to 
monitor urbanization growth 
over GCR through the period 
1965-2005. Figure 1 illustrates 
the scenes of two Landsat 
satellite images showing the 
urban sprawl of GCR through 30 
years of expansion from 1975 to 
2005. However, GCR for years of 
mosaic of satellite images each 
10 years is made. The real urban 
Cairo area, UCA, (in km2) could 
be determined from the following 
formula (Robaa and Hafez, 
2002);  

                                                                                                

	            (1)

Where, S is the map’s scale factor (1 mm2 = 1.184256 km2); aGg is the infinitesimal greyish 
grey area in the satellite images, (aGg = 1 mm2) ai,j.  is the number of the infinitesimal areas 
of aGg in the image of concerned area of GCR,  i = 1, 2,….n  and  j= 1, 2,…..m.

A mosaic of satellite images was generated from five scenes for the composite 
from bands 572 acquired over GCR in the years, 1965, 1975, 1985 , 1995 and 2005 to 
monitor the urban growth (Figure 2).  The decadal growth in GCR was determined using 
Equation 1. 

The results revealed that there is a rapid decadal growth of the urban area through the study 
period (Figure 2). The GCR urban were found to be: 170.17, 235.55, 267.38, 454.54 and 
665.76 km2, for the years 1965, 1975, 1985, 1995 and 2005 respectively (Figure 3). The 
decadal rate of increase of GCR urban area is 6.5, 3.2, 18.7 and 21.1 km2/year during the 
periods 1965-1975, 1975-1985, 1985-1995 and 1995-2005 respectively with average value 
of 12.4 km2/year for the whole study period. Therefore, if the urbanization processes and 
human activities in GCR continue with the increase rate of the last period (21.1 km2/year), 
the expected urban area of Cairo will reach its maximum capacity of 1400 km2 by the year 
2040. 

Figure 4(a-c).The annual variation of 
anomalies and its polynomial trend 
over Cairo City for: a) Air temperature at 
1000 mb, T1000; b) Air temperature at 
850 mb, T850; and, c) Air temperature 

at 700 mb, T700. 
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Figure 5(a-c).
T500, MSLP, 
GPH500.
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The pattern of air 
temperature anomalies at 850 mb 
level, TA850, is relatively similar to 
the pattern of TA1000. However, the 
values of TA850  fluctuated between a 
minimum (–1.960 °C) and maximum 
(+1.202 °C) values during the years 
of 1967 and 1979 respectively. 
However, it was noticed that all the 
values of TA850 have negative values 

during the period from 1965 to 1976 
except the year of 1969 while during 
1977 to 2004 it was found that the 
most values of TA850 have positive 
values (Table 1 and Figure 4b).

The pattern of air 
temperature anomalies at 700 mb 
level, TA700, is relatively similar to 
the pattern of both TA1000 and TA850. 
However TA700 fluctuated between a 

minimum of –1.160 °C and a 
maximum of +0.986 °C during 1967 
and 1980 respectively. It is noticed 
that the all the values of TA700 have 
negative values during the period 
from 1965 to 1976 except the 1969, 
while during the period of 1977 to 
2004, it was also found that the most 
values of TA700 were positive (Table 1 

and Figure 4c).

The pattern of air 
temperature anomalies at 500 mb 
level, TA500 is relatively similar to the 
pattern of air temperature anomalies 
at the lower levels of 1000, 850 and 
700 mb. 

This means that the whole Cairo area will be transformed to an urbanized area by 2040. 
This may be associated with seriously and critical local climatic changes in the basic 
meteorological elements that control the weather and local climate of GCR such as the 
maximum and minimum temperature, wind speed, relative humidity, cloud amount, rainfall.

The climatic change features over 
GCR

The NCEP/NCAR 
reanalysis monthly mean data for 
different meteorological elements 
(Air temperature, T1000 , T850, T700 

and T500 at the levels of 1000, 850, 
700 and 500 mb respectively, 
MSLP, RH %, MW, ZW, PR, and 
the OLR) over GCR through 
the period 1965-2004 has been 
used in this study to determine 
the monthly anomalies of these 
meteorological elements using 
an advanced statistical program. 
The results are given in Table 1 
and illustrated by Figures (4-8).

Results of statistical 
studies on the above available 
data revealed that the monthly 
mean anomalies of air 
temperature at 1000 mb, TA1000, 
fluctuated between negative and 
positive values with minimum 
(–0.918 °C) and maximum 
(+0.686 °C) values during 1967 
and 1988 respectively. 

However, it was noticed that the most values of TA1000 are negative during the period while 
during the period 1977 to 2004, it was found that the all values of TA1000 have positive values 
except the four years of 1983, 1992, 1997 and 2000 (Table 1 and Figure 4a).	
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Figure 6(a-c). The same as in Figure 
4 but for  (a) Zonal wind, ZW, (b) 
Meridonal wind, MW, and (c) Relative 

humidity at the surface, RH %.

Table 1. The anomalies of different 
meteorological elements over Greater 

Cairo through the study period 
(1965-2005).

Elements Minimum 
value Year Maximum 

value Year

TA1000 -0.918 1967 0.686 1988
TA850 -1.960 1967 1.202 1979
TA700 -1.160 1967 0.986 1980
TA500 -1.493 1972 1.086 1998
MSLP -1.368 1966 1.329 1989
GPH500 -22.210 1967 20.355 1999
ZW -0.621 1966 0.528 1977
MW -0.509 1995 0.557 1968
RH% -3.028 2004 3.144 1966
PR -0.648 1999 2.055 1994
Ω1000 -0.014 1965 0.019 2004
Ω500 -0.030 1980 0.018 1967
OLR -8.368 1969 11.146 2001
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Figure 7(a-c). The same as in Figure 
4 but for (a) Perceptible rate, PR; b) 

Omega at 1000 level mb, Ω1000; and 
(c) Omega at 500 mb level, Ω500.
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However TA500 fluctuated between 
a minimum of –1.493 °C and 
maximum of +1.086 °C during 
1972 and 1998 respectively as 
shown in Table 1 and Figure (4a).  
The values of air temperature 
anomalies at the four levels, 
TA1000, TA850, TA700 and TA500 show a 
slightly positive trend through the 
41 years under study (1965-2005), 

(see Table 1 and Figures 4 and 5a). 
The monthly mean values of mean sea level pressure anomalies (MSLPA) 

fluctuated also between negative and positive values during the period. However, all 
MSLPA had positive values during the period from 1977 until the end of the study period, 
2004 except for one year: 1980. The minimum (-1.368) and maximum (+1.329) anomaly 
values occurred during the years of 1966 and 1989 respectively (Table 1 and Figure 5b). In 
addition, MSLPA values had a distinctly positive trend through 1965-2004.

The pattern of geopotential height anomalies at 500 mb, GPHA500 is similar to 
the pattern of MSLPA. However, it is noticed that all GPHA500 had negative values during 
the period from 1965 to 1976 except 1973. On the other hand, it was found all GPH500 
have positive values during the period from 1977 until the end of the study period, 2004 
except one year of 1982. The minimum (-22.210) and maximum (+20.355) anomaly values 
of GPH500 occurred during the years of 1967 and 1999 respectively (Table 1 and Figure 5c). 
GPH500 values had a distinctly positive trend through 1965-2004.

The monthly mean values of zonal wind anomalies (ZWA) distinctly fluctuated 
between negative and positive values during the whole study period from 1965 to 2004 with 
minimum and maximum values –0.621 and +0.528 during 1966 and 1977 respectively. In 
addition, the trend line variations of ZWA took place and results in a shape similar to a half 
wave which starts in 1965 and ends in 2004. Its value is maximum during 1984 (Table 1 
and Figure 6a). 

As is the same in ZWA, the monthly mean values of meridonal wind anomalies 
(MWA) distinctly fluctuated between negative and positive values during the whole study 
period from 1965 to 2004. However, it was found that the minimum (-0.509) and maximum 
(+0.557) values occurred during 1995 and 1968. The trend line variations of MWA took 
place and results in a shape similar to a complete wave with a positive amplitude during 
the period 1965-1985 and a negative amplitude during the period 1986-2004, (Table 1 and 
Figure 6b).  

The monthly mean values of atmospheric relative humidity anomalies (RHA) 
fluctuated between negative and positive values during the whole study period  from 1965 
to 2004 with a minimum value of -3.028 during 2004 and a maximum value of +3.144 during 
1966. It was also apparent that the trend line variations of RHA took place and results in a 
shape similar to a complete wave but inverse to the trend line variations of MWA in Figure 
(6b) i.e. the negative amplitude of RHA occurs during the old period (1965-1990) while the 
positive amplitude occurs during the recent period (1991-2004), (Table 1 and Figure 6c). 

The monthly mean values of perceptible rate anomalies (PRA) fluctuated also 
between negative and positive values during the whole study period  from 1965 to 2004 with
a minimum value of -0.648) during 1999 and a maximum value of +2.055 during 1994. 
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Figure 9(a-f [beginning top left to right]). Correlation between the Cairo urban area (km2) 
and the anomalies of different meteorological elements. 
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Values of PRA decreased gradually within the years and are still below normal through 
almost the entire years under study, (Table 1 and Figure 7a).

The monthly mean values of omega (Ω) at 1000 mb anomalies, ΩA1000, slightly 
fluctuated between negative and positive values during the whole study period  1965-2004 
with a minimum of -0.014 and a maximum of +0.019 values during 1965 and 2004 years 
respectively. In addition, the trend line variations of ΩA1000 took place and results in a 
shape similar to a complete wave which starts in 1971 and end in 1996 with a positive 
amplitude during 1971-1982 and negative amplitude during 1982-1996, then it sharply 
increased from 1997 to 2004 (Table 1 and Figure 7b). 

The monthly mean values of omega (Ω) at 500 mb anomalies, ΩA500, slightly 
fluctuated between negative and positive values during the whole study period with 
a minimum of (-0.030) and a maximum of (+0.018) values during 1980 and 1967 years 
respectively. 
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It was also apparent that the trend line variations of ΩA500 results in a shape similar to 
a complete wave during the whole study period with a low negative amplitude during the 
1965-1983 and a low positive amplitude starts in 1983 and is not finished until the end of the 
study period in 2004 (Table 1 and Figures 7b,c).

Most of the monthly mean values of outgoing long-wave radiation anomalies (OLRA) had 
negative values during the period 1965-1976 with a minimum value of -8.368 during 1969, 
while they fluctuated between negative and positive values during 1968-1987. All OLRA 
values had positive values with a maximum value of +11.146 during 2001. It is clear that the 
OLRA distinctly increase from the start of the study period (1965) to the end (2004). This 
could be due to the changes in the land use in GCR during the last few years (Table 1 and 
Figure 8).  

The relationship between the urbanization and climatic changes over GCR
In order to study the effect of the urbanization growth on the local climate change 

over GCR, the available nine determined area values (in km2) for UCA during the study 
period 1965-2005, (five values were computed in the present study, meanwhile the other 
four values of UCA have been previously determined by Robaa and Hafez in 2002). Through 
this section, the nine UCA values are correlated with the corresponding nine annual mean 
anomalies of the above different meteorological elements. 

Many types of correlations were tried to find out the best fit between UCA and 
each meteorological element using an advanced computer program. The polynomial fitting 
(for order of third degree) was found to be the best fit (Figures. 9 and 10) where it gives the 
highest correlation coefficient. The results revealed that TA1000, MSLPA and OLRA are the 
most meteorological elements that were distinctly affected by the urbanization processes 
over UCA with highest correlation coefficient 0.91, 0.96 and 0.90 respectively (Table 2 and 
Figures 9a, 9e and 10f). On the other hand, it is found that RHA, ΩA1000 and GPHA500 over 
UCA followed TA1000, MSLPA and OLRA are not affected by the urbanization processes with 
a lower correlation coefficient 0.83, 0.80 and 0.80 respectively (Table 2 and Figure 9a, 9e 
and 10f). T850 and PR are slightly affected by the urbanization processes with a relatively 
low correlation coefficient 0.76 and 0.70 respectively (Table 2 and Figures. 9 and 10). The 
meteorological elements of T700, T500, ZW and MW are not distinctly affected by urbanization 
processes, whereas, the correlation coefficient values between the urbanization and these 
elements are around 0.5 (Table 2 and Figures. 9c, d and 10a, b). Finally, it is clear that 
the effect of urbanization processes over UCA on air temperature distinctly decrease with 
the vertical profile of the temperature whereas the correlation coefficient values decreased 
gradually from 0.91 for the temperature near the surface to 0.53 for the temperature at 500 
mb level.  

Meteorological Elements Correlation Coefficient (R)
TA1000 0.91

TA850 0.76
TA700 0.55
TA500 0.53
MSLP 0.96
GPH500 0.79
ZW 0.48
MW 0.51
RH % 0.83
RR 0.70
Ω1000 0.69
OLR 0.90

CONCLUSION
The present paper aimed to study the relationship between the urbanization 

growth and climatic changes in GCR. The UCR is computed for the period 1965-2005 using 
satellite images. The climatic features over GCR were studied through the same period. The 
results show that the UCR is increased dramatically in the GCR and it is estimated that it 
will cover all of GCR (1400 km2) by the year 2040. There are outstanding climatic changes 
in different meteorological elements over GCR.  In addition to that it is clear that there are 
significant positive correlation coefficients between the urban areas and anomalies in the 
meteorological elements at the surface and upper air levels over GCR. One can conclude 
that the urbanization growth over Greater Cairo is the cause of local climatic changes.       
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Table 2. The correlation coefficient 
values between urban growth 
and the anomalies of different 
meteorological elements over 

Greater Cairo through the study 
period (1965-2005).

Figure 10(a-f). Correlation between the Cairo urban area (km2) 
and the anomalies of different meteorological elements. 
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Abstract: The present study concerns the spatial distribution of the climatic variables of precipitation and 
air temperature, as well as of various climatic indices that assess the climate of Greece. The climatic 
indices used were the Johansson Continentality Index, the Kerner Oceanity Index, the De Martonne 
Aridity Index and the Pinna Combinative Index. The data that were acquired from forty meteorological 
stations throughout Greece, concerning the time period 1965-1995, were analysed and processed 
on monthly and annual basis. GIS interpolation techniques, such as the Inverse Distance Weighted 
(IDW) function, were used for the surface representation of the above mentioned parameters. The 
results showed that the bold relief and the geomorphological particularity of the Greek peninsula result 
in a great variety of climatic conditions throughout the country, even within very short distances. An 
evaluation of the climatic indices was also made, based on the results. Additionally, the climate at each 
station was defined according to Koppen’s Climate Classification.

Keywords: precipitation, temperature, Greece, GIS, Inverse Distance Weighted function, agriculture.

INTRODUCTION
The meteorological conditions and the climate of a region constitute basic factors for 

the growth and development of plants. Although the correlation between the developmental 
stages of plants and the meteorological parameters is empirical, it has been proved very 
useful for the forecasting of agricultural production (Dalezios and Zarpas, 1996; Dalezios et 
al., 2000). The abiotic factors taken into consideration in phenological studies are usually 
climatic, particularly temperature and precipitation time series (Charles-Edwards, 1984; 
Rosenberg et al., 1983). 

The spatial distribution of the climatic variables of precipitation and air temperature, 
as well as of various climatic indices is examined in the present study. These indices were 
calculated from the processing and analysis of raw air-temperature and precipitation data 
during the study period 1965-1995 from 40 meteorological stations (Figure 1; Table 1) 
located in Greece, which constitutes the study area. The estimated climatic indices were 
the Johansson Continentality Index, the Kerner Oceanity Index, the De Martonne Aridity 
Index and the Pinna Combinative Index. The first two belong in the category of Continental-
Oceanic indices, while the other two can be categorized as Aridity-Humidity indices. 

The surface representation of the climatic variables and indices was performed by 
the use of GIS techniques. ESRI’s ArcGIS Desktop-ArcInfo 8.3 software was used for that 
purpose and more specifically, all the raster files were developed in the ArcMap environment. 

The effect of the country’s geomorphology on the spatial distribution of the above 
parameters was examined. The results of the statistical analysis between the indices of the 
same category were also investigated. Additionally, an evaluation of the climatic indices 
was made, suggesting which one is more appropriate for the study area, according to the 
results.   
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Table 1 (continued over page).
The meteorological stations and their corresponding geographical coordinates

 (latitude and longitude) and elevations

Station Latitude (φ) Longitude (λ) Elevation above mean sea level (m)
Agrinio 38 ° 37’ 21 ° 23’ 47

Nea Filadelfia 38 ° 03’ 23 ° 40’ 138

Elliniko 37 ° 54’ 23 ° 44’ 15

Alexandroupoli 40 ° 51’ 25 ° 56’ 3

Argostoli 38 ° 07’ 20 ° 30’ 22

Arta 39 ° 09’ 20 ° 54’ 10
National Observatory of 
Athens 37 ° 58’ 23 ° 43’ 107

Volos 39 ° 22’ 22 ° 57’ 3

Zakynthos 37 ° 45’ 20 ° 53’ 3

Iraklio 35 ° 20’ 25 ° 11’ 39

Thessaloniki 40 ° 32’ 22 ° 58’ 4

Thiva 38 ° 17’ 23 ° 10’ 136

Ierapetra 35 ° 00’ 25 ° 44’ 13

Ioannina 39 ° 41’ 20 ° 49’ 477

Kavala 40 ° 56’ 24 ° 24’ 5

Kalamata 37 ° 04’ 22 ° 01’ 8

Corfu 39 ° 36’ 19 ° 54’ 2

Kozani 40 ° 17’ 21 ° 50’ 621

Korinthos 37 ° 55’ 22 ° 54’ 10

Kithira 36 ° 17’ 23 ° 01’ 167

Kimi 38 ° 37’ 24 ° 07’ 201

Larisa 39 ° 38’ 22 ° 27’ 71

Limnos 39 ° 55’ 25 ° 14’ 2

Methoni 36 ° 49’ 21 ° 42’ 62

Milos 36 ° 43’ 24 ° 27’ 183

Mitilini 39 ° 04’ 26 ° 36’ 5

Naxos 37 ° 06’ 25 ° 23’ 9

Orestiada 41 ° 30’ 26 ° 31’ 43

Patra 38 ° 15’ 21 ° 44’ 3

Rodos 36 ° 24’ 28 ° 05’ 11

Samos 37 ° 42’ 26 ° 55’ 7

Serres 41 ° 04’ 23 ° 31’ 33

Sitia 35 ° 12’ 26 ° 06’ 28

Skiros 38 ° 54’ 24 ° 33’ 18

Trikala 39 ° 31’ 21 ° 45’ 109

Tripoli 37 ° 32’ 22 ° 24’ 652

Florina 40 ° 46’ 21 ° 24’ 692

Xalkida 38 ° 28’ 23 ° 37’ 10

Chania 35 ° 29’ 24 ° 07’ 151

Chios 38 ° 20’ 26 ° 08’ 4

Temperature-precipitation diagrams were also constructed based on the monthly 
mean values of precipitation and air temperature, of the study period 1965-1995, for all the 
meteorological stations. Walter (1955), Gaussen (1956) and Bagnouls and Gaussen (1957) 
proposed the combined representation of temperature and precipitation values through 
the year to display climatic patterns. Walter (1955) produced the well known standardised 
format for graphically representing the Bagnouls and Gaussen climatic diagrams. Their use 
was successively extended to the world and the Klimadiagramm Weltatlas by Walter and 
Lieth (1960) provided what is probably still the clearest picture of world climatic types. These 
temperature-precipitation diagrams became very popular and have often been applied in 
vegetation studies to show the associated climatic features. However, despite the fact that 
these diagrams allow markedly different climatic types to be distinguished by eye, they are 
not an efficient way of detecting climatic gradients. This is why indices continue to be used 
to define numerical limits between types, especially in the Mediterranean region (Mazzoleni 
et al., 1992). Additionally, the climate at each station was defined according to Koppen’s 
Climate Classification.

Figure 1. The sites of the 
meteorological stations in 
the study area.
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Greece, which constitutes the study area of this research, lies between the 34th 
and 42nd parallel of the northern hemisphere and is located at the eastern part of the 
Mediterranean Sea. The climate of Greece is typical Mediterranean with mild and humid 
winters, warm and dry summers and generally, long periods of sunshine throughout the 
year.  

The year, from the climatic point of view, is mainly divided into two seasons: The 
cold and rainy winter period that lasts from mid-October until the end of March and the warm 
and dry period that lasts from April until October. The colder months of the first period are 
January and February, during which the mean minimum temperature varies from 5 to 10 
°C at the coastal regions, from 0 to 5 °C at the continental regions and reaches negative 
values at the northern regions. The warmer period is in the last 10 days of July and the first 
of August, when the mean maximum temperature varies from 29 to 35 °C. During the warm 
period the high temperatures are moderated by the cool sea breeze at the coastal areas 
and by the northern winds (Etesians) that blow mainly at the Aegean Sea. (Hellenic National 
Meteorological Service, 2007).
	 The geomorphological 
and climatological conditions of 
a region are strongly interrelated. 
The geomorphology of the study 
area is characterised by bold relief 
with large flat areas. A great variety 
of climatic types, in the frame of the 
Mediterranean climate, is observed 
at nearby areas, a characteristic 
that is found at few places in the 
world. The climate varies from dry 
in the area of Attica and generally 
at the eastern regions to humid at 
the northern and western regions 
of the country. This is attributed 
to the topographic configuration of 
Greece, with great differences in 
altitude due to the Pindos mountain 
range along the country and the 
alternation of land and sea. 

The topography of the Pindos mountain range plays an important role in 
precipitation and runoff regimes in Greece. The mean annual precipitation exceeds 1,100 
mm in the mountainous areas of western Greece, whereas in eastern regions of the country 
it may be as low as 300 mm. The most intense rainstorms are produced by the passage of 
depressions, usually accompanied by cold fronts (and rarely by warm fronts) approaching 
from the west, southwest or northwest. Frequent and rapid changes in weather are caused 
by frontal air mass activity resulting in frequent flash floods. A convectional weather type 
(characterised by a cold upper air mass that produces dynamic instability) is also responsible 
for many intense storms, especially in the summer (Kurz and Fontana, 2004).

Figure 2. The mean annual areal 
precipitation (mm) in the study area.
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DATA  ANALYSIS 
The raw daily time step 

data series of precipitation and air 
temperature of the study period 
1965-1995 were acquired from 40 
meteorological stations of the Hellenic 
National Meteorological Service. The 
spatial distribution of these stations is 
uniform throughout the country. Each 
station’s data were analyzed and 
processed for the calculation of the 
mean monthly and annual values of 
precipitation and air temperature. 

The estimated monthly 
mean values of the climatic variables 
of precipitation and air temperature 
were necessary for the construction 
of the temperature-precipitation 
diagram at each station. Gaussen 
(1956) defines a month as dry, when:

 P1 < 2T1        

where P’ and T’ are the monthly mean values of precipitation (mm) and air temperature 
(°C), respectively.  Based on the fact that the extent of biological drought depends on the 
humidity of the air, Gaussen supplemented the above equation and characterized a month 
as dry, when the precipitation volume is:
less than 10 mm and the mean monthly value of temperature is less than 10 °C.
less than 25 mm and the mean monthly value of temperature varies between 10 and 20 °C.
less than 50 mm and the mean monthly value of temperature varies between 20 and 30 °C.
less than 75 mm and the mean monthly value of temperature is greater than 30 °C.
	 The mean values of precipitation and air temperature also constituted the base for 
the calculation of the Johansson Continentality Index, the Kerner Oceanity Index, the De 
Martonne Aridity Index and the Pinna Combinative Index. 

Table 2. De Martonne Index 
climatic classification. 

Climate Values of IDM  Values of P (mm)

Dry IDM< 10 P< 200

Semi-dry 10≤IDM≤ 20 200 ≤P< 400

Mediterranean 20 ≤IDM<24 400 ≤P< 500

Semi-humid 24 ≤IDM< 28 500 ≤P< 600
Humid 28 ≤IDM< 35 600 ≤P< 700

Very humid a.35 ≤IDM≤ 55 700 ≤P< 800

b.  IDM> 55 P> 800

Figure 3. The mean annual areal air 
temperature (°C) in the study area.
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Johansson Continentality Index 
The Johansson Continentality Index is used for the climatic classification between 

continental and oceanic climates. There are many other methods to determine the Index of 
Continentality of a region, but this formula is the most often used in many studies (Filatov et 
al., 2005; Sjögersten, 2004). The value of the annual amplitude of air temperature is used to 
determine the continentality of the climate. The index is calculated by the following formula 
(Flocas 1994; Chronopoulou–Sereli 1996):

	               		 (1)

where E (in °C) is the annual range of monthly mean air temperatures and f is the 
geographical latitude of the station. The climate is characterised as marine when k varies 
between 0 and 33, as continental when k varies between 34 and 66 and as exceptionally 
continental when k varies between 67 and 100.

Kerner Oceanity Index
Kerner, motivated by the fact that in marine climates the spring months are colder 

than the autumn months, formed the thermoisodynamic fraction (Gavilan 2005, Retuerto et 
al., 1992):

               	       
			
		 (2)        

where To and Ta are the October and 
April mean values of air temperature, 
respectively and E is the annual range 
of monthly mean air temperatures, in 
°C. 

Small or negative values 
of k1 imply a continental climate, 
while larger ones imply oceanity 
(Zambakas, 1992).  

De Martonne Aridity Index 
Aridity is the degree to 

which a climate lacks effective, life-
promoting moisture; the opposite 
of humidity, in the climate sense of 
the term (American Meteorological 
Society, 2007). A measure of aridity 
of a region, applicable only at a local 
level, is proposed by De Martonne 
(1925) and is given by the following 
relationship:
                          	

			 
				    (3)

where P is the annual mean precipitation (mm) and T (°C) the annual mean air temperature. 
An increase in the value of IDM, at constant temperature, implies an increase of precipitation. 
The De Martonne Index climatic classification based on the values of IDM  and P is shown 
in Table 2. 

Monthly De Martonne Aridity Index
The monthly value of the De Martonne Aridity Index is calculated by the following 

equation:                          			 

				    (4)

where P and T are the monthly mean values of precipitation and air temperature for the 
considered month. 

Figure 5. The monthly mean precipitation 
at the station of Arta.

Figure 6. Temperature – precipitation diagram 
at the National Observatory of Athens.

Figure 7. The Johansson Continentality Index in the study area.

Figure 4. The monthly mean air 
temperature at the station of Arta.
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When the value of Im is lower than 20 
then the land in this month needs to be 
irrigated (Zambakas, 1992). The monthly 
value of the De Martonne Aridity Index 
was calculated for all months at each one 
of the forty meteorological stations.  
Pinna Combinative Index

Pinna developed the 
Combinative Index Ip (Zambakas, 1992):

	
	 (5)

where P and T are the annual mean values 
of precipitation and air temperature and 
Pd, Td are the mean values of precipitation 
and air temperature of the driest month. 
This index describes in a better way the 
regions and seasons where irrigation is 
necessary, since it takes into account the precipitation and air temperature of the driest 
month. When the value of Ip is less than 10 (Ip <10) the climate is characterized as dry and 
when the value of Ip varies between 10 and 20 (10 ≤ Ip ≤ 20) the climate is considered semi-
dry Mediterranean with formal Mediterranean vegetation. 

Figure 9. Statistical analysis 
between the indices of Johansson 
and Kerner. The correlation 
coefficient is high (R2=0.862).

Surface representation of the 
climatic variables and indices 

The spatial integration 
of the stations’ point values 
followed after the calculation of 
the annual mean precipitation, 
the annual mean air temperature 
and the aforementioned indices 

at each of the 40 meteorological stations. The raster files of these variables and indices were 
developed via the “Interpolation to Raster” IDW, included in the Spatial Analyst extension 
of ArcMap.

Interpolation predicts values for cells in a raster from a limited number of sample 
data points and can be used to predict unknown values for any geographic point data: for 
example elevation or precipitation. The IDW method estimates cell values by averaging the 
values of sample data points in the vicinity of each cell. The closer a point is to the centre 
of the cell being estimated, the more influence, or weight, it has in the averaging process. 

This method assumes that the variable being mapped decreases in influence with distance 
from its sampled location (McCoy and Johnston, 2001). 

Two parameters of the IDW method have to be defined. The first is the power and 
the second is the Search Radius Type. By defining a high power, more emphasis is placed 
on the nearest points, and the resulting surface will have more detail (i.e. be less smooth). 
Specifying a lower power will give more influence to the points that are further away, resulting 
in a smoother surface. A power of 2 is most commonly used as the default, as in this case. 
Regarding the search radius type, IDW has two options: fixed and variable search radius 
type. In the present case, the variable search radius type was selected. With a variable 
search radius, the number of points used in calculating the value of the interpolated cell 
is specified, which makes the radius distance vary for each interpolated cell, depending 
on how far it has to search around each interpolated cell to reach the specified number of 
input points (ArcMap Help Menu). The specified number of points was 12 and no maximum 
distance was defined. The cell size of the output raster was set to 1,000 m. The above 
parameters were used for the production of each raster. Finally, the function CONTOUR 
included in the “Surface Analysis” toolset of the Spatial Analyst extension was used for the 
development of the final contour map of each climatic variable and index.

Figure 10. The De Martonne Aridity Index in 
the study area.

RESULTS
Climatic variables of precipitation and air 
temperature

The mean annual areal 
precipitation of the 30 year period 
(1965-1995) is depicted in Figure 2. 
One can observe the high variability 
of precipitation varying from 1,150 
mm as the richest in precipitation in 
the northwestern part of the country to 
350 in the central-eastern part. This is 
attributed to the Pindos mountain range, 
which interrupts the prevailing eastern 
movement of weather systems, thus 
dividing the country into two major parts; 
the windward, high precipitation western 
areas and the leeward, low precipitation 
eastern areas. The western air masses, 
rich in moisture from the evaporation 
above the Ionian Sea, ascend the 
windward side of Pindos mountains, 
cool and lose most of their moisture, 
resulting in intense and frequent rainstorms. When they descend the other side, they are 
warmed by adiabatic sinking. This is the general precipitation pattern in Greece.

However, at a local level, the geomorphology in association with the direction of 
air masses plays also an important role in the spatial distribution of precipitation; e.g. the 
nearby regions of Attiki and Kimi that are located at the eastern coast of Greece, away from 
the Pindos mountain range. These two areas have major differences in the total amount of 
precipitation. 

Figure 8. The Kerner Oceanity Index 
in the study area.
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This is attributed to the intense topography of Kimi region in association with the movement 
of northeastern air masses. These air masses are rich in moisture due to the evaporation 
above the Aegean Sea and when they ascend the Kimi Mountain they lead to intense 
rainstorms. The area of Kimi has the greatest mean annual precipitation volume (1155 mm) 
in the whole country.

The spatial distribution of the mean annual temperature of the 30 year period 
(1965-1995), derived after the analysis and processing of the data, is depicted in Figure 3. 
Generally, a downward tendency of the mean annual temperature is observed towards higher 
latitudes, at the northern regions of the country. The maximum mean annual temperatures 
are observed at the islands of Crete and Rodos, located at the most southern parts of 
Greece. Exceptions to this distribution are the mountainous areas, where the temperature 
locally decreases with the increase in the altitude. One of the most important factors affecting 
the spatial distribution of the mean annual air temperature is the separation of the country 
into western and eastern due to the direction of Pindos mountain range parallel to the 
direction of the coastline (Zambakas, 1992). During the winter months, the mountain range 
of Pindos protects the western areas of Greece from the northeastern cold air masses and 
that, in conjunction with the region’s proximity to the sea, contributes to their greater mean 
temperatures. Other factors affecting the spatial distribution of air temperature are the wind 
direction, local conditions, such as the urbanization of a region (e.g. Attiki) which formulates 
a local microclimate. 

Bar diagrams of precipitation and air temperature, as well as the temperature-
precipitation diagram at each of the 40 meteorological stations were also derived. These 
diagrams depict the monthly mean values of precipitation and air temperature for the study 
period 1965-1995. Figures 4 and 5 show 
the bar diagrams of air temperature and 
precipitation, respectively, for the Arta 
meteorological station. This station is 
typical of the high precipitation volume 
that characterizes the northwestern part 
of Greece. The mean annual precipitation 
at that station is 1,063 mm, while the 
mean annual air temperature is 17 °C.

Figure 6 depicts the 
temperature-precipitation diagram at 
the National Observatory of Athens that 
is located at the central-eastern part of 
the country. Five of the months (from 
May to September) at the above station 
are characterized as dry according to 
Gaussen classification. 

Climatic indices
The spatial distribution of 

Johansson Continentality Index is 
depicted in Figure 7. The values vary 
between 15 and 38 for the entire study 
area. At 11 out of the 40 stations the 
index value was higher than or equal to 33 
(limit), denoting continental climate. 

These 11 stations are located at the northern areas of high geographical latitude and most 
of them are in the interior of the country, away from the sea. Furthermore, some of these 
constitute part of the mountainous range of Pindos, while the others are parts of flat areas 
that are affected by the proximity of the mountains. At the rest of the country the climate is 
characterized as marine.  

The Kerner Oceanity Index varies between 0.47 (Florina) and 29.59 (Argostoli). 
The spatial distribution (Figure 8) 
of Kerner Index is similar to that 
of Johansson. The lower values, 
implying continental climate, are 
distributed to the stations located 
at the northern areas of the 
country. A statistical correlation 
(Figure 9) between the values of 
Johansson and Kerner indices at 
the total of the stations indicated 
that the Johansson Index limit 
value of 33 corresponds to the 
Kerner Index value of 10. This, in 
conjunction to the fact that small or 
negative values of the Kerner index 
imply continental climate, denotes 
that when the Kerner Oceanity 
Index is lower than the limit value 
of ten, then the climate will be 
characterized as continental. 
According to the above, the 
climate was defined as continental 
at 10 out of the forty stations. 
These stations were the same 
with Johansson’s classification, 
indicating an agreement between 
the results of the two indices. Figure 11. The Pinna Combinative Index

in the study area.

Figure 12. Statistical analysis 
between the indices of De 

Martonne and Pinna. 
The correlation coefficient is 

high (R2=0.882).

Figure 13. The monthly aridity index of De Martonne in the 
study area (August).
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Additionally, the high correlation coefficient (R2=0.862) verified the above observed 
agreement between the estimations. 

Evaluating the results of these two indices, the Johansson Index is preferable to 
the Kerner Index for the definition of a station’s climate as continental or marine. The basic 
reason is that there are distinct limit values between the climate categories of the Johansson 
classification. On the contrary, a statistical analysis was necessary for the estimation of the 
limit value separating continental from marine climate in the Kerner classification.

Figure 10 depicts the De Martonne Aridity Index, whose values range from 12.59 
(Xalkida) denoting a semi-dry climate to 45.43 (Kimi), denoting a very humid climate. The 
values of the index increase gradually from the eastern to the western coast of Greece, 
covering almost the entire range of the classification’s climate categories. The general 
spatial distribution of this index is in agreement with that of mean annual precipitation. 
However, an exception to this general pattern is observed at the mountainous area of 
Kimi, which is characterized by very humid climate. The reason for this is described in the 
previous section. Thus, at the generally characterized dry eastern coast of Greece, the 
climate changes rapidly from semi-dry in Attica to very humid in Kimi, within a short distance 
of about 100 km. These are characteristics of the Greek peninsula and are attributed to its 
bold relief.

The Pinna Combinative Index is depicted in Figure 11. The spatial distribution of 
this index is similar to that of De Martonne Aridity Index. The maps generally show that 
the climate gets drier from the western to the eastern coast. At 12 stations located at the 
central and southern parts of the country, the index value was lower than 10, indicating dry 
climate. At 23 stations, the values of the index ranged from 10 to 20, implying a semidry 
Mediterranean climate with formal Mediterranean vegetation. At the remaining five stations 
(Arta, Ioannina, Florina, Corfu and Kimi) the values of the index were higher than 20, 
implying humid conditions. The stations of Arta, Ioannina, and Corfu are located at the 
richest in precipitation, northwestern part of Greece, where the mean annual precipitation 
volume exceeds 1,000 mm. Florina lies north of the previous stations.

A statistical correlation (Figure 12) was also performed between the values of De 
Martonne and Pinna indices. A high correlation coefficient (R2=0.882) was noticed verifying 
their similar spatial distribution. Evaluating the results of the aridity-humidity indices of De 
Martonne and Pinna, both of them are appropriate for the study area. However, the De 
Martonne Index is more preferable, since it defines more precisely the climate at each 
station. Its classification consists of six climate categories, ranging from dry to very humid, 
instead of two categories of the Pinna Index.

Figure 13 depicts the monthly aridity index of De Martonne for August, a month 
with very low precipitation volume and high water demands for agricultural use, since it is 
approximately at the end of the dry, warm season. The values of the index are under 20 
at all the stations of the country, implying that the entire study area needs irrigation. The 
irrigation water needs are more intense at the central (Sterea Hellas) and southern parts 
(Crete, Rodos) of the country, where the values of the index were the lowest. 

Koppen Climate Classification
Regarding the Koppen’s Climate Classification (2007), it was found that at three stations 

(Florina, Kozani, Ioannina) located at the northwestern part of Greece, the climate type is 
Cfa (long and hot summer and precipitation in all seasons), while at the remaining stations 
the climate type is Csa (Mediterranean climate – hot and dry summer with mild winter). 

CONCLUSIONS 
This research work has shown that the bold relief, characteristic of the Greek 

peninsula, contributes to a great diversification of climatic conditions, even within short 
distances, something that is met at few places in the world. The north-south direction of 
the Pindos mountain range, parallel to the coastline, constitutes the most important factor 
in the spatial distribution of precipitation and air temperature and therefore in the climatic 
variety throughout the country. Extending vertical to the prevailing western air masses, the 
mountain range divides the country into western high and eastern low precipitation areas. 

The classification of the climate at each station into continental and marine, 
according to the Johansson Continentality Index, was in full agreement with the 
classification based on Kerner Oceanity Index. The statistical analysis of the two indices’ 
values indicated a high correlation coefficient, verifying their similar spatial distribution. The 
Johansson Index is preferable to the Kerner Index due to the former’s distinct limit values 
separating continental from marine climates. The next classification of the stations’ climate 
into categories between dry and humid, according to the De Martonne Aridity Index and 
the Pinna Combinative Index, also resulted in the agreement of the two indices’ results. 
Their spatial distribution was similar and their correlation coefficient was high. Evaluating 
the results of these two methods, the De Martonne Index led to a more precise definition 
of each station’s climate due to its more climate categories, in contrast to the few climate 
categories of the Pinna Index. The maps depicting the spatial distribution of the monthly De 
Martonne aridity index indicate that August is the month with the greatest irrigation needs 
in the entire study area.

Koppens’ classification was also performed for the 40 stations and it was found 
that at three of them, located at the northwestern part of the country, the climate type is Cfa, 
while the rest belong to the Csa climate type. 

REFERENCES 
AMERICAN METEOROLOGICAL SOCIETY, Glossary of Meteorology. (2007) (online) Available from: 
http://amsglossary.allenpress.com/glossary /search?id=index-of-aridity1 [Accessed 20/01/2007].
BAGNOULS, F., and GAUSSEN, H. (1957) Les climats biologiques et leur classification. Annal. Geogr. 
355: 193-220.
CHARLES-EDWARDS, D. A. (1984) Physiological Determinants of Crop Growth. Academic Press, 
Sydney, Australia, 161pp.
CHRONOPOULOU–SERELI, Α. (1996) Courses of Agricultural Meteorology. Publications Agricultural 
University of Athens, Athens, Greece.
DALEZIOS. N. R., ZARPAS, C. D. (1996) The role of NDVI and meteorological indices in the phenology 
of cotton, vineyards and apples in Greece. International Symposium on Applied Agrometeorology 
and Agroclimatology, 24-26 April 1996 (Luxembourg: Office for Official Publications of the European 
Communities), pp. 185-190.
DALEZIOS, N., DOMENIKIOTIS, X., TZORTZIOS, S., LOUKAS, A., TZANETOPOULOU, Ι. (2000) The 
importance of the agrometeorological indicators on the development of the  wheat crop in the area of 
Larisa. Practical of the 2nd National Congress of Agricultural Mechanics, Volos.
DE MARTONNE, E. (1925) Traité de Géographie Physique, 3 tomes, Paris.
FILATOV, NIKOLAI. YURI SALO., and LARISA NAZAROVA. (2005) Effect of climate variability on 
natural water bodies in Northwest Russia. 15th International Northern Research Basins Symposium 
and Workshop, Luleå to KVIKKJOKK, Sweden.
FLOCAS, A. (1994) Courses of Meteorology and Climatology. Ziti Publications. Thessaloniki.
GAUSSEN, H. (1956) Le XVIII congres international de Geographie, Rio de Janeiro, Aout 1956. Annal. 
Geogr. 353: 1-19.
GAVILAN ROSARIO, G. (2005) The use of climatic parameters and indices in vegetation distribution. A 
case study in the Spanish Sistema Central. Int. J. Biometeorol, 50, 111–120.

© THE INTERNATIONAL JOURNAL OF METEOROLOGY  
    April 2010,  Vol.35,  No.348134 © THE INTERNATIONAL JOURNAL OF METEOROLOGY  

    April 2010,  Vol.35,  No.348
135



35th Anniversary Year 35th Anniversary Year

HELLENIC NATIONAL METEOROLOGICAL SERVICE, (online) Available from: http://www.hnms.gr/
hnms/greek/climatology/climatology _html  [accessed: 20/012007].
KOPPEN CLIMATE CLASSIFICATION (online) Available from: http://clem.mscd.edu/ ~wagnerri/
Climatology/ classification.htm [accessed: 20/012007].
KURZ, M., and FONTANA, A. D. (2004) A case of cyclogenesis over the western Mediterranean Sea 
with extraordinary convective activity. Meteorol. Appl. 11, 97-113, 2004.
MAZZOLENI, S. A. LO PORTO., and BLASI, C. (1992) Multivariate analysis of climatic patterns of the 
Mediterranean basin. Vegetatio, Journal of Plant Ecology. 98: 1-12.
MCCOY, J., and JOHNSTON, K. (2001) Using ArcGIS Spatial Analyst, GIS by ESRI., Redlands, CA, 
USA.
RETUERTO, RUBEN., and ALEJO CARBALLEIRA. (1992) Use of direct gradient analysis to study the 
climate-vegetation relationships in Galicia, Spain. Vegetatio 101: 183-194.
ROSENBERG, N. J., BLAND, B. L., and VERMA, S. B. (1983) Microclimate: The Biological Environment. 
John Wiley and Sons Inc.
SJÖGERSTEN SOFIE, and PHILIP, A. WOOKEY. (2004) Decomposition of mountain birch leaf litter 
at the forest-tundra ecotone in the Fennoscandian mountains in relation to climate and soil conditions. 
Plant and Soil, 262: 215–227.
WALTER, H. (1955) Die Klima-Diagramme als Mittel zur Beurteilung der Klimaverhtltnisse fur 
kologische, vegetationskundliche und landwirtschaftliche Zwecke. Ber. deut. bot. Ges. 68: 321-344.
WALTER, H. and LIETH, H. (1960) Klimadiagramm-Weltatlas. Gustav Fisher Verlag, Vienna.
ZAMBAKAS, J. (1992) General Climatology. Department of Geology, National and Kapodistrian 
University of Athens, Athens, Greece.

TORRO  TORNADO  DIVISION  REPORT: 
JUNE  2005

By PAUL R. BROWN and G. TERENCE MEADEN

Depressions affected the British Isles for short spells at the beginning, in the middle, and at the end of 
June 2005, but high pressure prevailed at other times. There were five tornadoes (four definite) and 
nine reports of funnel clouds. 

FC2005Jun03 Scarborough, North Yorkshire (54° 17’ N 0° 25’ W, TA 0388)
	 Reported on The Weather Outlook forum. Seen and photographed at 1715 
(GMT?). At 1800 GMT a low, 994 mb, was slow-moving to the northwest of Ireland; its cold 
front was crossing East Anglia, with a wave on it over The Wash. There was rain on the 
front, and scattered showers elsewhere, including a few thunderstorms in eastern England.

TN2005Jun04 Glenfarg area, Kinross-shire (c 56° 20’ N 3° 25’ W, NO 11)
	 Mr John Williams photographed a funnel cloud from Portmoak Airfield (NO 1700) 
at 1506 GMT. The funnel appeared to be about five miles (8 km) to the north, and the 
pictures show a long slanting funnel disappearing behind the near horizon. Mr Williams 
referred us to Mr Dave Morris, who saw the same phenomenon from Glenfarg, from where 
he estimated it to have been about three kilometres to his north, and moving in an east or 
southeasterly direction; at first it appeared to be reaching the ground, but over a period of 
several minutes it retreated into the ‘large black cloud above’. Finally, Mr Ian Ogilvy sent us 
photographs of the same funnel seen from Perth, which are very like Mr Williams’s pictures, 
but viewed from the opposite direction; he estimated that it would have been on the ground 
somewhere in the region of Pitmedden Forest. While it seems reasonably certain that this 
was a tornado, its point of contact with the ground remains unclear, and the rural nature of 
the area reduces the likelihood that it would have left any impression. By 1200 GMT the 
previous day’s low had filled to 1004 mb and moved to near the Hebrides, while a new 
low, 997 mb, was moving north over south Sweden, leaving a slack pressure gradient over 
Scotland between these two centres. There were variable amounts of cloud and scattered 
showers over Britain, and an isolated SFERIC report over eastern Scotland in the afternoon.

FC2005Jun10 Culdrose (RNAS), Cornwall (50° 05’ N 5° 15’ W, SW 6725)
	 A funnel cloud was reported in the 1250 GMT METAR from Culdrose. Tony Gilbert 
of TORRO interviewed the observer, who stated that it was a slender funnel extending 25% 
of the way from the cloudbase (at 3000 ft). At 1200 GMT the British Isles were within the 
circulation of a large anticyclone, 1033 mb, west of Scotland, but a very weak cold front 
was moving south across southern England. Most places were dry with variable amounts of 
cloud, but there was the odd spot of rain near the front. This was one of those days with a 
steep lapse rate from the surface, topped by a strong inversion at 6000 feet. 

LD2005Jun13 Guernsey (St Peter’s Valley), Channel Islands (49° 27’ N 2° 33’ W)
	 This report originated from BBC Radio Guernsey, where two correspondents 
claimed to have seen a ‘mini-tornado’. This prompted Paul Domaille of TORRO to conduct 
a site investigation the following day, during which he spoke to witnesses who saw a 
‘whirlwind’, wider at the top than at the bottom. 
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They saw it lifting hay from a field in a swirling motion to a height of just over 100 ft; the 
vortex moved slowly southeast while widening to about 20 yards in diameter. The weather 
was cloudless with light winds, and the time was between 1330 and 1345 (1230-1245 
GMT). At 1200 GMT a low, 996 mb, was moving slowly south near eastern Scotland; further 
south there was a slack pressure gradient between this low and another, 1006 mb, over 
southwest France. The Channel Islands had a day of prolonged (though not especially 
warm) sunshine.

fc2005Jun19/I Chester, Cheshire (c 53° 11’ N 2° 54’ W, SJ 4066)
	 Gary Lloyd of TORRO submitted a photograph of a probable short funnel cloud, 
taken in the afternoon (exact time not recorded). At 1200 GMT a southerly airflow covered 
central and eastern Britain between a high, 1023 mb, over Denmark and a low, 994 mb, in 
mid-Atlantic; a cold front from western Scotland to Cornwall was moving slowly east. The 
front was ill-defined by precipitation, but thunderstorms broke out over northern England in 
the hot air ahead of it (where dew-points were as high as 19° C).

FC2005Jun19/II Newchapel, Staffordshire (53° 05’ N 2° 13’ W, SJ 8654)
	 Photographs were received (full name of photographer not known) of a small and 
rather ill-defined funnel cloud; duration five minutes, but time of day not recorded.

FC2005Jun19/III Dudley, Worcestershire (52° 30’ N 2° 06’ W, SO 9390)
	 Said to have been seen for eight minutes at 1236 (GMT?), but no other details to 
hand.

tn2005Jun19 Derby (Chaddesden), Derbyshire (52° 56’ N 1° 27’ W, SK 3737)
	 According the Weather Observers Network (p. 34), at approximately 1800 GMT 
“an isolated grey ‘ice-cream cone’ shaped cloud formation [was observed from a distance] 
over Chaddesden as first evening thunder heard”. At the same time, it was reported that 
local wind had caused a fence to blow down in the garden of a public house at Chaddesden.

FC2005Jun19/IV Askern (to SW), West Riding of Yorkshire (c 53° 32’ N 1° 17’ W, SE 4805) 
	 Mr Andy Overton wrote to Jonathan Webb of TORRO to report that his wife saw 
a funnel cloud at 1815 GMT from a position about three miles (5 km) south of Askern; from 
there, the funnel was about five miles (8 km) to the west or southwest, putting it roughly 
southwest of Askern at a distance of 11 km, which is the grid reference adopted here. 
Initially the funnel was vertical, but it then evolved to a 45-degree angle.

LD2005Jun23 Mudgley, Somerset (51° 12’ N 2° 48’ W, ST 4445)
	 Local press reported that a ‘mini-tornado’ had swept up hay bales at Roger 
Wilkins’s farm at Mudgley (time not stated). At 1200 GMT a slack pressure gradient covered 
England and Wales between high pressure to the east and west, and low pressure to the 
north and south. Most of England was sunny and very warm with coastal sea breezes.

TN2005Jun24 Coventry (to NE), Warwickshire (c SP 38)
	 This tornado was first said to have been seen over eastern areas of Coventry for 
two minutes in the early morning. Doubts were raised, however, about the nature of the 
sighting, because although a short film (taken from a distance by Mr Colin Paterson and 
shown on the BBC) appeared to show a long funnel descending vertically to earth, the 
instability at that time was not surface-based, but at medium levels, with a cloudbase of 
about 6000 ft (producing thunderstorms).

There was some suspicion that what was seen might have been a precipitation shaft. 
Furthermore, the news item (BBC) stated that no damage had been reported, and this was 
confirmed by Stuart Robinson and Steven Warren of TORRO, who visited the area the 
following day.
	 Nevertheless, further enquires by Stuart Robinson uncovered another piece of 
film, taken by a Mr Ted Sharpe (or Smith?) at Bulkington, which, besides giving a precise 
time of 0634 (0534 GMT), appeared to show rotation of the column, thus confirming it as a 
tornado. This also indicated that the point of contact with the ground was further northeast 
than originally thought, and probably outside the city, in the area between Barnacle and 
Shilton. Force uncertain, but probably no more than T0. At 0600 GMT most of Britain was in 
the slack circulation of a shallow low, 1012 mb, centred near the Channel Islands; a shower 
trough lay from the Bay of Biscay across the Midlands to eastern England. This trough was 
giving thundery outbreaks over much of the Midlands and parts of southern England and 
Wales.

TN2005Jun28 Near Llandeloy, Pembrokeshire (c 51° 53’ N 5° 08’ W, SM 8526)
	 The Western Telegraph of the 6th July reported that Mr Matt Lang was approaching 
Llandeloy from St David’s “last Tuesday evening when a sudden gust of wind swept past 
him”. He said: “Suddenly there was quite a loud bang. The wind picked up significantly and 
I had to get off my bike, because I was unable to actually ride it”. He then saw ‘what looked 
like a tornado’ only four fields away from his home near Llandeloy. “It was very dense 
cloud and there was sand and mud around the base, which it had obviously picked up. It 
was a very strong, localised wind”. Being a teenager, he naturally had a mobile telephone 
with him, with which he took a photograph, and although of poor quality, it does appear to 
show a funnel cloud reaching the ground. Force T0. At 1800 GMT a southeasterly airstream 
covered England and Wales between a high, 1019 mb, in the North Sea and a low, 1007 
mb, in the Bay of Biscay; an occlusion was approaching the south coast, while shower 
troughs were moving north ahead of it over southern England and Wales. After a very 
warm afternoon, thunderstorms broke out quite widely over Wales and the southern half of 
England.

FC2005Jun30/I Edinburgh, Midlothian (c 56° 00’ N 3° 10’ W, NT 27)
	 Reported on the UKWeatherworld forum, apparently seen in the evening, but no 
other details to hand. At 1200 GMT a low, 988 mb, was slow-moving to the southwest 
of Iceland; an occlusion was moving northeast across north Scotland, a cold front was 
crossing the Irish Sea, and an occluding system was moving into Ireland, while a shower 
trough lay across the north Midlands and East Anglia. There were showers or longer spells 
of rain, and scattered thunderstorms in the east in the afternoon.

FC2005Jun30/II Near Penrith, Cumbria (c 54° 40’ N 2° 46’ W, NY 5130)
	 This was also reported on the UKWeatherworld forum, but no details to hand.

fc2005Jun30/III Matlock (castle area), Derbyshire (c 53° 08’ N 1° 33’ W, SK 3059)
	 Steven Warren of TORRO reported that he had heard by word of mouth that 
several people in Matlock had seen a funnel cloud in the castle area at some time between 
2000 and 2100 (1900-2000 GMT); it lasted about a minute, and did not reach the ground.

TN2005Jun30 Thirsk area, North Yorkshire (c 54° 14’ N 1° 21’ W, SE 4282)
	 Following several indeterminate reports of a funnel cloud or tornado in the Leeming/
Linton-on-Ouse area of Yorkshire, a photograph was received. 
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A tornado can clearly be seen reaching the ground somewhere near Thirsk. The picture is 
not of particularly good quality, and no details of time or exact location were received (nor do 
we know the name of the witness), but staff at Leeming Meteorological Office gave a time of 
1535 GMT for the sighting by them of a ‘funnel cloud’ to the south, and the Linton-on-Ouse 
METAR at 1550 GMT reported ‘recent funnel cloud’. Other photographs, showing a funnel 
with no obvious ground contact, were also received.	

Whirlwind in the Irish Republic (brief details from Dr John Tyrrell’s Annual Review)
FC2005Jun09 Crannagh, County Roscommon (53° 24’ N 7° 59’ W, N 0139)
	 At 1200 GMT a large anticyclone covered the British Isles, with centres of 
1035/1036 mb west of Ireland; a weak cold front was moving southeast across Scotland 
and Ireland. Much of Ireland was dry and rather cloudy, but the southern counties had good 
breaks.

THIS  MONTH  35  YEARS  AGO:  APRIL  1975

To mark the 35th anniversary of the International Journal of Meteorology we continue the 
series of short items about the weather of the corresponding month 35 years ago.

	 Cold northerly weather, which had dominated the second half of March 1975, 
continued for the first 10 days of April, but much of the rest of the month had milder westerly 
types, and an anticyclonic spell in the fourth week produced the first springlike weather of 
the year over much of the British Isles.
	 The first week-and-a-half of April was very cold, and all areas had night frosts and 
snow showers at times; and although many of the snowfalls were small and short-lived, 
the development of a vigorous depression in the North Sea produced gale force winds 
and blizzards across eastern Scotland on the 8th, where fresh snowfalls of more than 25 
cm were reported at some of the higher places (47 cm at Glenmore Lodge), and daytime 
temperatures were not much above freezing (maximum 1.2 °C at Dyce, Aberdeen). Further 
south, 5-10 cm was lying in parts of the east Midlands on the morning of the 4th, and there 
were similar amounts in Kent on the morning of the 9th. Overnight temperatures fell to -6 
°C or lower at times in the Scottish Highlands (-9.1 °C at Dall, Rannoch School, on the 6th), 
and to -4 or -5 °C as far south as southern England on several occasions, causing damage 
to fruit blossom, which had come on early following the mild winter.
	 From the 11th onwards temperatures returned to normal, or even above, as 
Atlantic fronts brought spells of rain across the country; heavy orographic rain on the 
20/21st produced 24-hour totals in excess of 100 mm locally in Wales and the Lake District 
(135.4 mm at Honister Pass, Cumbria). Then from the 22nd for nearly a week the Azores 
anticyclone extended across the British Isles, giving fine warm weather with temperatures 
reaching the low twenties Celsius (23.1 °C at Southampton on the 22nd); some coasts, 
however, were much cooler with low cloud or fog.
	 Two tornadoes were recorded this month: the first was at Killamarsh in Derbyshire 
on the 3rd, and was unusual in that it occurred during a snowstorm; the second was at 
Reading (Berkshire) in the late afternoon of the 7th. Both occurred in unstable north or 
northwesterly airstreams, and neither exceeded T2 on the tornado intensity scale. 

RECOLLECTIONS  OF  WEATHER  IN  1975  IN  
THE  GLASGOW  AREA,  UK

By JEFFREY K. BLACKSHAW

37 Balmoral Road, Elderslie, Renfrewshire PA5 9RA, UK.

I started taking daily observations of weather from my station in Ralston in June 
1969. Ralston lies approximately six miles west of Glasgow. In 1984 my station transferred 
to Elderslie, approximately 12 miles west of Glasgow where I have been recording to this 
day. There were several notable weather events during 1975, a year which still holds the 
record for the highest temperature recorded in Ralston or Elderslie since my records began.

January was mild and very unsettled with some heavy rain and gales. Thunder 
was heard during the evening of the 23rd. February was also mild, though much drier. 
March was dry and quite frosty at times. I noted a sharp thunderstorm with hail on the 
evening of the 6th. April was a mixed month and the temperature reached 22 °C on the 24th. 
May was dominated almost entirely by anticyclonic weather with the month’s total rainfall 
of 20 mm falling on only five days – all within the first 12 days of the month. Spring was the 
driest in the Glasgow area since 1868.

The summer of 1975 was regarded by many as one of the hottest for many years 
– little did we know what was round the corner in the summer of 1976. 

June was generally dry and settled and quite hot at times, particularly from the 6th 
to the 11th with a maximum temperature of 28 °C on the 8th. The month started very cold 
with a low of 1 °C on the 1st and heavy snowfall in the Highlands. The weather changed 
quickly from the 6th. There was a sharp thunderstorm on the afternoon of the 16th with 10 
mm rain falling. 

July was warm and humid with a maximum of 27 °C on the 6th. A little light rain on 
the 8th ended a period of 18 consecutive days without any rain falling. It was fairly unsettled 
at times with thunder on the 11th and 14th. The thunderstorms on the 11th resulted in flooding 
from many parts of the Glasgow area with Ralston recording 14 mm of rain. Thunderstorms 
to the west of Glasgow during the night of the 14th / 15th July produced very heavy rainfall 
with 60 mm falling at Loch Sloy. 

August was hot and humid for the most part. On 4 August 1975 I recorded a 
temperature of 31.2 °C which still stands to this day as the Ralston / Elderslie station record. 
On the same day Edinburgh recorded 31 °C. Glasgow also recorded 31 °C, a temperature 
that had not been exceeded in composite records going back to 1868. That day was a 
Monday and I remember it well, working through the heat in an office without air conditioning 
and in the evening attended a football match at Ibrox stadium, home of Glasgow Rangers. 
What struck me most was the heat that was still present going home after the match. The 
temperature at midnight was still 22 °C which also has not been beaten to this day.  The 
weather was starting to break down by this time with thunder and lightning spreading up 
from the south. Little rain fell though – it was not until the afternoon of the following day that 
a lively storm occurred. Severe thunderstorms swept the area from 3 pm on the afternoon of 
the 5th. I recorded only 5 mm of rain in Ralston, but there were severe floods and lightning 
damage in other parts of the area.

The weather remained hot for the rest of the week, culminating in a thunderstorm 
lasting over two hours from 6.30 pm on the evening of Friday the 8th August after a day 
when the temperature reached 29 °C. 
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Again I only recorded 5 mm of rain, but surrounding areas were flooded. There was 
considerable forked lightning with this storm. Saturday the 9th August was also hot with 
temperatures reaching 28 °C after a cloudy morning with yet more thunder in the evening. 
The weather remained hot with 29 °C on the 11th. During the night of the 13th / 14th a 
spectacular display of summer lightning occurred from severe storms over the Edinburgh 
area between about 10 pm and 3 am. These storms caused severe flooding and lightning 
damage in Edinburgh and the Borders.

September was very unsettled with only seven days without rainfall. October was a 
drier month, though 50 mm rain fell in the first four days. November was generally unsettled 
with average temperatures. There were sleet and snow showers on the 28th and 29th with 
one peal of thunder heard during a sleet shower on the 29th. December was dominated by 
anticyclonic weather and was mild and fairly dry. The only day any sleet or snow fell was 
the 1st. 

SEND  US  YOUR  WEATHER  STORIES  FROM  1975  FOR  PUBLICATION!

MONTHLY  COMPETITION

APRIL’S  QUESTION  OF  THE  MONTH

YOU  COULD  WIN...
An Xplorer2 (pictured) courtesy of www.skyline-technologies.
co.uk
One year’s free subscription to the IJMet
A copy of Roy Bedford’s book: ‘Yesterday’s Weather’

Just answer the following question correctly!*

Approximately 170 mm of rain fell in Hampstead, London (UK) in 1975. This amount of 
rainfall is believed to have been the highest point rainfall in 100 years. One man sadly 
drowned and two people were struck by lightning from the storm. What month in 1975 did 
this event occur? 

* When you have the correct answer, record it and wait until the final question in December’s 
issue of IJMet before sending in your entries. Any incomplete entries will not be valid. Winners will 
be announced in the January 2011 issue of the Journal after all entries which contain the correct 
answers will be placed in a box - an independent judge will pick out the winner’s name. For further 
information please visit our website www.ijmet.org or email us.  GOOD  LUCK!

LETTERS  TO  THE  EDITOR

Dear Samantha,
	 I have just received my copy of January 2010 IJMet and notice at the end of 
Terence Meaden’s special 35th Anniversary editorial that a few copies of issue number 1 
are available. I would really like to have one of these if possible and hope my letter doesn’t 
arrive too late!
	 I know I’m a relatively recent member of TORRO but I intend to keep my 
subscription and find IJMet very interesting. Actually I’ve known about TORRO a lot longer 
than this, having first come across it in the “Guiness Book of Weather Facts and Feats” 
which I received in (I think!) 1978 for my 8th birthday. It is still one of my favourite weather 
books.
	 I enclose a cheque for £15.00  as a donation for TORRO. Keep up the good work!

Yours sincerely, Nicholas Bentley, (North Yorkshire)

PS I’ve just remembered, I also meant to enquire about “Convection” which I used to receive 
before I subscribed to IJMet. Is it still going and if so do I need to subscribe separately? I 
found it rather interesting.

EDITOR’S  RESPONSE

Dear Nicholas,
	 I received your absolutely lovely and encouraging letter today regarding your wish 
to have JMet Vol. 1 Issue 1. I have asked Terence to send you one.
	 I also want to thank you sincerely from the bottom of my heart, and on behalf 
of everyone here for your donation. That is very kind of you. I am delighted that you are 
enjoying the Journal. Please do not hesitate to contribute – we’d love to hear from you 
about how you got into severe weather and so on. How about writing a Weather and Me 
article? It’s entirely up to you, I know some people feel afraid of contributing, but if you are 
one of these people, please do not feel afraid, you can contribute anything even maybe 
an interesting weather story and of course you don’t have to contribute at all! I am simply 
inviting you to do so.
	 Regarding ‘Convection’, unfortunately, this ceased publication, I believe during 
2007. It did not receive enough articles to keep it sustained. It may be that we re-create a 
TORRO magazine again at some date, it all depends...
	 Once again thank you so very much, and if you would like to discuss 
anything else or take up my invite to contribute and would like any help, please do not 
hesitate to do so.

With very best wishes,

Sam

The Editor would also like to thank sincerely, Mr Mike Rowe, a dedicated, pro-active 
supporter from day one, for his generous donation of £100 this year and we would all like to 
also wish him well in his retirement! Thank you, Mike.

Any donation, of any kind, is so gratefully received and goes towards further research.
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BOOK  REVIEWS 

By  PETER  ROGERS

FATAL STORM: The Inside story of the tragic Sydney to Hobart Race By 
Bob Mundle (2008), ISBN 978-1-4081-0700-3 Adlard Coles Nautical pb pp328 
£8.99.
	 The year 2007 marked the 30th anniversary of the disastrous Fastnet Yacht 
Race, but Australia suffered a similar disaster 19 years later, in 1998, when a “bomb” of 
a depression developed in the Bass Strait, wreaking havoc on the  115 yachts taking part 
in the celebrated Sydney to Hobart yacht race which is run every year immediately after 
Christmas. 70 of the yachts failed to finish, many were badly damaged, five sank, 55 sailors 
had to be winched to safety, and six lost their lives.
	 Bob Mundle, a deep-sea yachtsman himself, 
tells the story in this revised edition of a book first 
published in 1999, in a vivid and comprehensive manner. 
He sets the scene in the early chapters by describing 
some of the competitors, and the excitement that this 
annual event always generates in Australia. He then 
recounts what happened to some of the competitors, 
based on subsequent interviews with survivors and many 
of the rescuers.
	 The book contains a series of colour photographs 
many taken from the air by press planes that were 
pressed into service to assist with rescue efforts, once 
the extent of the disaster became apparent from radio 
messages. There are chapters devoted to eight of the 
competing yachts, as well as to the rescuers, and even 
for me, a non-yachtsman, the story was a compelling one 
which I devoured on a long rail journey on the Continent 
in the early summer.
	 Although the meteorology is adequately covered, it is the human stories of 
yachtsmen in distress, rescuers taking terrible risks to save them, and the shock that 
enveloped Australia as the story unfolded that makes this such a gripping story. The book 
ends with extracts from the official report into the disaster commissioned by the Cruising 
Yacht Club of Australia, the organisers, which suggests that a combination of unexpectedly 
extreme weather in what is after all mid-summer in Australia and rather lax safety precautions 
were responsible. There is also a Roll of Honour that lists all the numerous people involved 
in the rescue operation.
	 It is not, however, an unremitting account of a disaster, for two of the competitors 
who successfully weathered the storm were 81 year old Sir Thomas Davis, a former Prime 
Minister of the Cook Islands, and a blind boy who formed part of a team composed entirely 
of disabled youngsters
	 I have no hesitation in recommending this superb book to all readers of this Journal, 
whether or not they are yachtsmen. I think it almost certain that once you pick up this book, 
and get to the descriptions of the events of the race itself, you will, like me, be unable to put 
it down.

Send your stunning photographs to our Photography Director, 
Howard Kirby howard@ijmet.org
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