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EVALUATION  OF  THE  PERFORMANCE  OF  GENERAL  
CIRCULATION  MODELS  OVER  NORTH  AFRICA

G. S. El AFANDI and T. A. SAYAD

Department of Astronomy and Meteorology Faculty of Science Al Azhar University Cairo Egypt.

Abstract: Changes in the atmospheric composition due to anthropogenic increase in green house gases 
etc., lead to changes in the radiative balance of the earth and consequent alterations in temperature, 
circulation pattern and weather patterns. The after effects of these changes are likely to manifest as 
major climate changes over the surface of the earth. Numerical models of the atmosphere have proved 
to be a very good tool in the assessment of the effect of increasing greenhouse gases on the earth’s 
climate.  These models predicted an increase in the earth’s surface temperature during this century 
because of accumulation of greenhouse gases in the atmosphere. The effect of build up of the of 
sulphate aerosols in the atmosphere and its ability to increase the albedo of the atmospheric system, 
thereby cooling the atmosphere, has been recognized recently by the Intergovernmental Panel on 
Climate Change.
	 The decisions should not be made without knowing elements of climate change. The current 
work try to investigate through global climate models the expected climate among variety of models.In 
addition, comparison was made extensively to show the performance of these models. On the second 
step, the models were employed for area (22.5 °N, 0.25 °E) to (37.25 °N, 36.75 °E) to study climate 
features and deviations from baseline climatology.

Keywords: General Circulation Model, North Africa

INTRODUCTION
GCM outputs available from the DDC
	 The IPCC DDC archives climate change scenarios constructed from GCM 
experiments undertaken at international modeling centers, as shown in Table 1, these are 
as follows:
a) CCSR/NIES
	 The model used here is a coupled ocean-atmosphere model that consists of the 
CCSR/NIES atmospheric GCM, the CCSR Ocean GCM, a thermodynamic sea-ice model, 
and a river routing model (Abe-Ouchi et al., 1996). The spatial resolution is T21 spectral 
truncation (roughly 5.6 ° latitude/longitude) and 20 vertical levels for the atmospheric part, 
and roughly 2.8 ° horizontal grid and 17 vertical levels for the oceanic part. 
b) CGCM2
	 The second version of the Canadian Global Coupled Model (CGCM2) is based on 
the earlier CGCM1, but with some improvements aimed at addressing shortcomings identified 
in the first version. In particular, the ocean mixing parameterization has been changed from 
horizontal/vertical diffusion scheme to the isopycnal/eddy stirring parameterization of Gent 
and McWilliams (1990), and sea-ice dynamics has been included following Flato and Hibler 
(1992). In addition, some technical modifications were made in the ocean spin-up and flux 
adjustment procedure. 
c) CSIRO-Mk2
	 The CSIRO Atmospheric Research Mark 2 climate model (Hirst et al., 1996, 1999) 
has recently been used for a number of more sophisticated climate change simulations. 
These start from 1880 to avoid the “cold start problem”. This version of the CSIRO model 
includes the Gent-McWilliams mixing scheme in the ocean and shows greatly reduced 
climate drift relative to earlier versions (e.g. Dix and Hunt, 1998). 
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The drift in global mean surface temperature in the new control run is about -0.02 °C/
century. Note that the model uses flux correction. The model atmosphere has nine levels 
in the vertical and horizontal resolution of spectral R21 (approximately 5.6 by 3.2 degrees). 
The ocean model has the same horizontal resolution with 21 levels.
d)  GFDL-R30
	 The GFDL-R30 climate model is a coupled atmosphere-ocean general circulation 
model (AOGCM). Its four major components are an atmospheric spectral GCM, and ocean 
GCM, and relatively simple models of sea ice and land surface processes. The name “R30” 
is derived from the resolution of the atmospheric spectral model (rhomboidal truncation at 
wave number 30).

a) Atmospheric GCM
	 The atmospheric model component of the GFDL R30 coupled model solves the 
primitive equations on a sphere using a spectral transform method. Fields of horizontal 
variables are represented by a truncated series of spherical harmonics and grid point values, 
with zonal truncation at wavenumber 30 (Rhomboidal 30 truncation, abbreviated as R30). 
The atmospheric model data has grid point spacing of 3.75 ° longitude by approximately 
2.25 ° latitude (a 96x80 global grid). In the vertical, a finite difference scheme is used in 
conjunction with a sigma coordinate system.

b) Land Surface Model
	 The land model component’s horizontal grid matches the atmospheric model’s 
transform grid. At the atmosphere-land surface interface, the sum of the shortwave, 
longwave, latent, and land-air sensible heat fluxes are assumed to be zero (i.e., the soil has 
no heat storage capability, and the land surface temperature is determined diagnostically). 

c) Ocean GCM
	 The z-coordinate ocean model used in the GFDL R30 coupled model solves 
the primitive equation of motion with the use of the Boussinesq, rigid-lid, and hydrostatic 
approximations, and is based upon the GFDL Modular Ocean Model version 1 code 
(Pacanowski et al., 1990). The Cox (1987) implementation of sub-grid scale isopycnal tracer 
diffusion is used here. The ocean model component has the same number of latitude rows 
as the atmospheric model to which it is coupled and twice as many grid points in the zonal 
direction (i.e., a 192x80 grid for the R30 ocean model component). There are 18 unevenly 
spaced vertical levels in the R30 ocean model. 

Table 1. Coupled Atmospheric Ocean General Circulation Models (AOGCMs).

e) HadCM3
	 HadCM3 is a coupled atmosphere-ocean GCM developed at the Hadley Centre 
and described by Gordon et al. (1999). It has stable control climatology and does not use 
flux adjustment. The atmospheric component of the model has 19 levels with a horizontal 
resolution of 2.5 ° latitude by 3.75 ° longitude, which produces a global grid of 96x73 grid 
cells.  This is equivalent to a surface resolution of about 417 km x 278 km at the Equator, 
reducing to 295 km x 278 km at 45 ° latitude (comparable to a spectral resolution of T42).

DATA  AND  METHODOLOGY
	 For the analysis of the observed gridded mean monthly climate data sets of 1961-
1990 for the five variables on a 0.5 ° latitude/longitude grid were obtained from DDC. These 
variables are maximum temperature minimum temperature average or mean temperature 
solar radiation and precipitation. The period 1961-1990 has been adopted as the base 
period from which climate changes are calculated. 1961-1990 is a period for which an 
extensive observed climate data set is available. It is also the most recent 30-year WMO 
normal period, a period for which extensive non-climatic baseline data are available, and 
a period close enough to the present to make it possible to interpret the significance of 
calculated changes. In all the DDC datasets changes are therefore calculated with respect 
to mean 1961-1990 conditions and not with respect to the year 1990. Also SRES A2 and B2 
emissions scenarios are obtained from the DDC. 
	 Outputs from five different AOGCMs are represented, all of which are available for 
downloading from the IPCC Data Distribution Centre (DDC). These are CCSR/NIES Japan 
CGCM2 Canada CSIRO-Mk2 Australia GFDL- R30 U.S.A. and HadCM3 United Kingdom. 
These models are chosen because it starts from the year of 1961 and the comparison will 
be held between observed climate variables and different models outputs for the same 
baseline climate 1961-1990. It is not the purpose of the present work to rank the quality 
of the climate models used. However, for a deeper understanding of the results presented 
later in this chapter, it is beneficial to have some idea of the accuracy at which the models 
are able to simulate present climate for different regions in North Africa. An effective method 
of condensing the model-derived information on sub-continental scale climate change 
is to represent it as spatial averages over a number of discrete regions. The six regions 
employed in this study are defined in Table 2. These regions cover land areas from North 
Africa. Henceforth, all the results presented are area-weighted spatial means over the land 
within the borders of a given region. 

Region Latitude
(Degree)

Longitude
(Degree)

1

2

3

4

5

6

20.25 N - 22.25 N

22.25 N - 24.25 N

24.25 N - 26.25 N

26.25 N - 28.25 N

28.25 N - 30.25 N

30.25 N - 37.25 N

0.25 E - 36.75 E

0.25 E - 35.25 E

0.25 E - 34.25 E

0.25 E - 33.75 E

0.25 E - 33.25 E

0.25 E - 32.25 E
   

Table 2. Latitude and longitude Boxes for the six regions employed in the comparisons.

Centre Model 
name

Resolution
latitude (º) × longitude (º)

Starting and 
ending  year

Center for Climate Research Studies 
(CCSR) / National Institute for 
Environmental Studies (NIES)

CCSR/
NIES 5.492  x  5.625 1961-2099

Canadian Center for Climate Modeling 
and Analysis (CCCma) CGCM2 3.68  x  3.75 1961-2099

Commonwealth Scientific and Industrial 
Research Organization (CSIRO) CSIRO 3.159  x  5.625 1961-2099

Geophysical Fluid Dynamics 
Laboratory (GFDL) GFDL-R30 2.22   x  3.75 1961-2099

Hadley Centre for Climate Prediction 
and Research (HCCPR) HadCM3 2.5   x   3.75 1961-2099
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	 The outputs of the climate model experiments, with various spatial resolutions, 
have been interpolated to a grid of 0.5 × 0.5 °latitude/longitude and applied to reference 
climatology of 1961–1990. The simplest method of downscaling is to interpolate the change 
fields to the site or region of interest from nearby grid boxes (e.g. Harrison et al., 1995; 
Neilson, 1998).
	 Cartesian geometry and geostatistics are the most popular interpolation methods. 
Inverse distance weighting method which is based on the geometry of the data is used to 
interpolate the values of the closest GCMs grid points to the chosen place (Lam, 1983; 
Burrough, 1986).
	 RMSE is a good overall measure of model performance. The weighting of 
(prediction-observation) by its square tends to inflate RMSE, particularly when extreme 
values are present. With respect to a good model the RMSE should approach zero. The 
MB (MB) is the degree of correspondence between the mean prediction and the mean 
observation. Lower numbers are best and values less than zero indicate under-prediction. 
The equations for RMSE, MB and its percentages are given by equations from (1) to (4).

5.02

1
)/)(( nXXRMSE o

n

i
p −= ∑

=

                                 (1)

100*)/(% oXRMSERMSE =                                   (2)
                                    

						             (3)
                                           

						             (4)

Where n is number of observations, Xp and Xo are predicted and observed values 
respectively and 

oX  is the average of observed values. Because of there is no significant 
difference between SRES A2 and B2 emissions scenarios during the period 1961-1990, so 
one chooses SRES A2 emission scenario.

RESULTS  AND DISCUSSION
Maximum temperature
	 Figure 1 shows the comparison between observed and predicted maximum 
temperature using four AOGCMs in different six regions over North Africa, the maximum and 
minimum temperatures is not included in the fifth model so the only four models are chosen. 
All comparisons will be held between observed and predicted meteorological parameters at 
the same baseline climate 1961-1990.
	 It can be noticed from all figures that the values of maximum temperature are 
ranged as follows:

a) from 23 °C - 40 °C for region 1
b) from 21 °C - 39 °C  for region 2
c) from  20 °C - 39 °C for region 3
d) from 19.5 °C – 38.5 °C  for region 4
e) from 18.5 °C – 37 °C  for region 5 
f) From 15 °C – 35 °C for region 6.

Figure 1. Comparison between observed and predicted maximum temperature (°C) for all regions.       

	 In addition, it can be noticed that all models reveal a good performance and in 
harmony compared to the observed maximum temperature in all regions except CGCM2 
model in the first three regions especially in the first half of the year. From these figures 
we can arrange the models from high performance to low performance compared to the 
observed maximum temperature. Hence we can say the HadCM3 and CCSR models were 
high performance, CSIRO is medium performance and CGCM2 was low performance. The 
performance of HadCM3 and CCSR models alternatively were high performance in some 
regions compared to the observed maximum temperature. For all models except CGCM2 
there were no significant differences between it at the two tails of all graphs or in other 
words at the beginning and ending months of the year.
	 At the middle of graphs especially at region 1, region 2 and region 3 we can 
approximately say there are no differences between observed and predicted maximum 
temperature for all models except CGCM2 model. For the other three regions there are 
significant differences between observed and predicted values in the middle of graphs for 
some models.
	 Figures (2a) and (2b) show a comparison between RMSE and MB for maximum 
temperature from different models in all regions.

nXXMB o

n

i
p /

1
−= ∑

=

 

100*)/(% oXMBMB =  
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Figure 2. Comparison between a) RMSE and b) MB for maximum temperature 
from different models in all regions.

In all regions the maximum values for RMSE were for CGCM2, also the maximum negative 
values were for the same model. The best values of RMSE can be arranged descending 
from high performance to low performance for all models in all regions as CCSR, HadCM3, 
CSIRO and finally CGCM2. Also the best values for MB were for CCSR model in all regions.
	 In detail we will discuss the range of RMSE and MB for all models in the six regions. 
The ranges of RMSE and MB respectively for all models in all regions are as follow:

a)	 From 0.64 to 1.67 and -1.44 to 0.94 for CCSR model
b)	 From 4.86 to 5.42 and -4.91 to -4.42 for CGCM2
c)	 From 1.77 to 3.78 and -3.3 to 2.27 for CSIRO model
d)	 From 1.03 to 3.12 and -2.42 to 1.76 for HadCM3 model        

Minimum temperature
	 Figure 3 shows the comparison between observed and predicted minimum 
temperature using four AOGCMs in different six regions over North Africa. It can be noticed 
that the ranges of minimum temperature across all regions are as follows:

a)	 From 7.84 °C to 24.01 °C  in region 1
b)	 From 6.13 °C to 23.68 °C in region 2
c)	 From 5.1 °C to 23.48 °C in region 3
d)	 From 4.88 °C to 22.98 °C in region 4
e)	 From 5.18 °C to 22.19 °C in region 5
f)	 From 5.14 °C to 21.44 °C in region 6

The predicted values of minimum temperature by using different models in figures are 
having the same symmetry and the same behaviours as observed values but with different 
significances. 
	 In region 1 and region 2 CGCM2 and CSIRO models gave negative values for 
minimum temperature in January. In region 5 one can observe that there is no significant 
difference between all predicted values of minimum temperature and observed one except 
CCSR model. This is true also for region except CISRO and CCSR models. Predicted values 
by HadCM3 model are the nearest to the observed one compared to the other models 
in all regions. So HadCM3 model shows high performance and CCSR model have low 
performance in all regions. The arrangement of these models according to its performance 
is HadCM3 model have high performance, CGCM2 and CSIRO have medium performance 
and CCSR has low performance.
	 Figures 4a and 4b show a comparison between RMSE and MB for minimum 
temperature from different models in all regions. In all regions the maximum values for 
RMSE were for CSIRO especially in the first three regions then CGCM2 model and CCSR 
model. In the other three regions from four to six, the maximum values of RMSE were for 
CCSR model and CGCM2 respectively. The lowest value of RMSE is for the HadCM3 model 
in all regions. So it can be said HadCM3 model have the highest performance compared to 
all models.
	 CSIRO model have the maximum negative values of MB then CGCM2 model. The 
maximum positive value of MB is for CCSR model. The rest models have negative MB in all 
regions except region six in which CGCM2 and HadCM3 have positive values.
	 The best values of RMSE can be arranged descending from high performance to 
low performance for all models in all regions as HadCM3 in all regions, CCSR(only in the 
first three regions), CGCM2 (in the regions from 4-6) and finally CSIRO and CCSR(in the 
regions from 4-6) respectively. Also the best values for MB were for HadCM3 model in all 
regions.

	 In detail we will discuss the range of RMSE and MB for all models in the six regions. 
The ranges of RMSE and MB respectively for all models in all regions are as follows:

a)	 From 4.78 to 5.22 and from 4.73 to 5.11 for CCSR model.
b)	 From 1.93 to 7.14 and from -7.01 to -3.675 for CGCM2 model.
c)	 From 2.82 to 9.66 and from -9.57 to -2.21 for CSIRO model.
d)	 From 1.52 to 2.14 and from -2.11 to 1.31.

Figure 3. Comparison between observed and predicted minimum temperature (°C) for all regions.

Mean temperature
	 Figure 5 shows the comparison between observed and predicted mean temperature 
using five AOGCMs in different six regions over North Africa. From these figures we can 
know the range of observed mean temperature in all six regions as follows:

a)	 From 15.48 °C to 31.92°C for region 1.
b)	 From 13.65 °C to 31.36 °C for region 2.
c)	 From 12.62 °C to 31.08 °C for region 3.
d)	 From 12.18 °C to 30.76 °C for region 4.
e)	 From 11.85 °C to 29.77 °C for region 5.
f)	 From 10.25 °C to 28.05 °C for region 6.

It can be noticed from these figures that all predicted values of mean temperature have the 
same curved shape and the same behaviour of observed ones with different significances.
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	 The difference in distances between these predicted curves and an observed one is 
decreasing from region one to reach region six. In region five and region six these distances 
could be vanished in most months, also the same is apparent with less extent for region 
five. This means all models have high performance in regions five and six. Predicted values 
by HadCM3 model are the nearest to the observed one compared to the other models 
in all regions. So HadCM3 model shows high performance and CGCM2 model have low 
performance in all regions. The arrangement of these models according to its performance 
is HadCM3 model have high performance then GFDL model with less high extent, CCSR 
and CSIRO have medium performance and CGCM2 has low performance. Figures 6a and 
6b show a comparison between RMSE and MB for mean temperature from different models 
in all regions. From the figures one can say the maximum values of RMSE is for CGCM2 
model. Also it can be noticed that the minimum values of RMSE is for HadCM3 model. This 
means the HadCM3 have the highest performance compared to the other all models and 
the CGCM2 model have the lowest performance. 
	 According to these figures one can arrange the models performances as HadCM3, 
GFDL, CCSR, CSIRO and CGCM2 respectively. With respect to MB one will observe that 
the maximum positive values are for CCSR model and the maximum negative values are 
for CGCM2 model. Also the HadCM3 have the lowest MB values and again we will say the 
HadCM3 have the highest performance compared to the other models and CGCM2 have 
the lowest performance.
The ranges of RMSE and MB respectively for all models in all regions are as follows:
a)	 From 1.88 to 3.32 and from 1.65 to 3.18 for CCSR model.
b)	 From 2.87 to 7.21 and from -6.91 to -1.11 for CGCM2 model.
c)	 From 3.31 to 4.35 and from -4.26 to -2.73 for CISRO model.
d)	 From 1.34 to 2.24 and from -1.74 to -1.07 for GFDL model.
e)	 From 0.66 to 1.68 and from -0.52 to 0.35 for HadCM3 model.

Figure 4. Comparison between a) Root Mean Square Error and 
b) Mean Bias for minimum temperature from different models in all regions.

Precipitation
	 Figure 7 shows the comparison between observed and predicted precipitation 
using five AOGCMs in different six regions over North Africa. From these figures we can 
deduce that the ranges of observed precipitation in these six regions as follows:
a)	 From 0.01 (mm/day) to 0.27 (mm/day) in region 1.
b)	 From 0.01(mm/day) to 0.1(mm/day) in region 2.
c)	 From 0.01(mm/day) to 0.07(mm/day) in region 3.
d)	 From 0.02 (mm/day) to 0.06 (mm/day) in region 4.
e)	 From 0.02(mm/day) to 0.25(mm/day) in region 5.
f)	 From 0.07(mm/day) to 1.44(mm/day) in region 6. 

Also from these figures it is obvious that the patterns of the curves of predicted precipitation 
by these models are different in shapes and not in harmony with observed precipitation in 
all regions except for some cases in region six. So it is easy to say that the comparisons of 
predicted precipitation by different models do not have the same behaviour as maximum 
temperature, minimum temperature and mean temperature compared to observed ones.

Figure 5. Comparison between observed and predicted mean temperature (oC) for all regions.

Figure 6. Comparison between a) Root Mean Square Error and 
b) Mean Bias for mean temperature from different models in all regions.
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	 From these figures, it can be observed that the CCSR model gave enough 
reasonable predictions of precipitations compared to observed ones in all regions compared 
to the other models. In regions one and two CISRO model gave small differences from 
CISRO model compared to observed ones but in the other regions HadCM3 model followed 
CCSR in small differences between predicted and observed precipitation. The CCSR model 
has the best predicted values compared to observed ones and the CGCM2 have the lowest 
quality predicted values.
	 We can arrange these models according to its high performance to low performance 
respectively as CCSR model has the highest performance then HadCM3 and GFDL models 
have medium performance and finally CSIRO and CGCM2 have the lowest performance 
respectively.

Figure 7 Comparison between observed and predicted precipitation (mm/day) for all regions.

	 Figures 8a and 8b show a comparison between RMSE and MB for precipitation 
from different models in all regions. We can deduce from these figures that the maximum 
values of RMSE are for CGCM2 and for CSIRO (in some regions) models. Also it can be 
noticed that the minimum values of RMSE are for CCSR model. This means the CCSR 
model have the highest performance compared to the other all models and the CGCM2 
model have the lowest performance. The best values of RMSE can be arranged descending 
from high performance to low performance for all models in all regions as CCSR model in 
all regions, CISRO (only in the first two regions), HadCM3 (in the regions from 4-6), GFDL 
and finally CGCM2 and CISRO (in the regions from 4-6) respectively. Also the best values 
for MB are for CCSR model in all regions and the same behaviour occurs in the previous 
RMSE repeated in MB.

The ranges of RMSE and MB respectively for all models in all regions are as follows:
a)	 From 	 0.05 to 0.19 and from -0.02 to 0.08 for CCSR model.
b)	 From 	 0.44 to 0.61 and from 0.33 to 0.58 for CGCM2 model.
c)	 From 	 0.08 to 0.86 and from 	 -0.05 to 0.71 for CSIRO model.
d)	 From 	 0.2 to 0.33 and from 0.01 to 0.28 for GFDL model.
e)	 From 	 0.14 to 0.34 and from 0.01 to 	 0.2 for HadCM3 model.

Figure 8 Comparison between a) Root Mean Square Error and 
b) Mean Bias for precipitation from different models in all regions.

Solar radiation
	 Figure (9) shows the comparison between observed and predicted solar radiation 
using five AOGCMs in different six regions over North Africa. From these figures we can 
deduce that the ranges of observed solar radiation in these six regions as follow:

a)	 From 193 (W/m2) to 318(W/m2) in region 1.
b)	  From 180(W/m2) to 322(W/m2) in region 2.
c)	 From 167(W/m2) to 324(W/m2) in region 3.
d)	 From 156(W/m2) to 328(W/m2) in region 4.
e)	 From 144(W/m2) to 330(W/m2) in region 5.
f)	 From 120(W/m2) to 317(W/m2) in region 6.

	 It is obvious from these figures that the patterns of the curves of predicted 
solar radiation by these different models are similar in shapes and in the harmony with 
observed radiation in all regions So it is easy to say that the comparisons of predicted solar 
radiation by different models have the same behaviour as maximum temperature, minimum 
temperature and mean temperature compared to observed ones. The distances between 
these predicted curves and observed ones are small for the first four regions except for 
CCSR and GFDL models. These distances are approximately vanished between all models 
and observed one in region six. In this case we can say that the best predicted values for 
solar radiation compared to observed ones are for the CSIRO model. So the CSIRO model 
has high performance compared to the other models follow it CGCM2 model which gave 
a small difference compared to CSIRO model. After these two models the HadCM3 model 
comes in the next stage with respect to the performance and the best values. The lowest 
performance is for CCSR and GFDL models alternatively. Figures (10a) and (10b) show a 
comparison between RMSE and MB for solar radiation from different models in all regions. 
From these two figures it is easy to deduce that the maximum values of RMSE are for 
CCSR and GFDL alternatively in all regions. Also the lowest values of RMSE are for the 
CSIRO model for all regions except in the sixth region it was for HadCM3 model and CCSR 
model respectively. 
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Figure 9. Comparison between observed and predicted solar radiation (W/m2)  for all regions.

Figure 10. Comparison between a) Root Mean Square Error and 
b) Mean Bias for solar radiation from different models in all regions.

So the CSIRO model reveals the highest performance compared to the other models but 
CCSR and GFDL give the lowest performance alternatively. The maximum negative values 
of MB are for CCSR and GFDL alternatively and the lowest values are for CSIRO and 
CGCM2 models and after it the HadCM3. The ranges of RMSE and MB respectively for all 
models in all regions are as follows:

a)	 From 20.29 to 65.97 and from -65.14 to -18.91 for CCSR model.
b)	 From 23.4 to 29.02 and from 4.42 to 19.87 for CGCM2 model.
c)	 From 20.75 to 27.29 and from -11.81 to 18.77 for CSIRO model.

d)	 From 35.59 to 63.73 and from -62.08 to -31.41 for GFDL model.
e)	 From 14.58 to 27.7 and from 5.32 to 25.81 for HadCM3 model.

CONCLUSION
-Predicted maximum temperature by models was in harmony with the observed one in all 
regions. The models can arrange from high performance to low performance in all regions 
as CCSR, HadCM3, CSIRO and finally CGCM2.
-The predicted values of minimum temperature by using different models are having the 
same symmetry and the same behaviours as observed values but with different significance. 
HadCM3 model shows high performance and CCSR model has lowest performance in all 
regions. The order of these models according to its performance is HadCM3 model have 
high performance, CGCM2 and CSIRO have medium performance and CCSR has low 
performance.
-Predicted values of mean temperature by HadCM3 model are the nearest to the observed 
one compared to the other models in all regions. Therefore, HadCM3 model shows high 
performance and CGCM2 model have low performance in all regions. The order of these 
models according to its performance is HadCM3 model have high performance then GFDL 
model with less high extent, CCSR and CSIRO have medium performance and CGCM2 
has low performance.
- The patterns of the predicted precipitation are different in shapes and not in the harmony with 
observed one in all regions except for some cases in region six. Therefore, the comparisons 
of predicted precipitation by different models does not have the same behaviour as maximum 
temperature, minimum temperature and mean temperature compared to observed ones. 
The models performances are high in some regions and low in the other regions but CCSR 
model is the best in all regions compared to others and HadCM3 model follow it in ranking.
- Predicted solar radiation by different models have the same behaviour as maximum 
temperature, minimum temperature and mean temperature compared to observed ones. 
The CSIRO model reveals the highest performance compared to the other models except 
in region six HadCM3 model was of better performance.
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RESIGNATION
It is with sadness that we announce the resignation of our wonderful Editorial Assistant, 
Laura Gilchrist. Laura has been with the Journal for several years, starting out as Photograph 
Editor and then promoted to Editorial Assistant in 2006. Laura has been a true asset to the 
team and has been a genuine support to the IJMet as a publication and I want to take this 
opportunity to personally thank her for everything she has done over the years to help this 
periodical grow and wish her well in all her new ventures within and outside TORRO.

PROMOTION
Matthew Clark has proven to be a true team player, working extremely hard on feature 
writing and has also engaged in several other activities amongst the Journal and so it is 
with great pleasure that I announce his promotion to Editorial Assistant keeping his Feature 
Writing position also. Matt’s knowledge of meteorological aspects prove him to be a true 
asset to editing and preparing papers for publication and I wish to thank him for taking over 
from Laura in this capacity as well as keeping his Feature Writing post. Matt has also taken 
on the added task of helping to, or writing up peoples’ Site Investigations that TORRO 
members conduct. Those members who wish to write up their own investigations will still do 
so, but Matt is available to ensure site investigation reports get published. We are hoping 
to publish archived reports as well as current ones – this is an integral area of TORRO’s 
research and must be documented for further study in the future, so I cannot thank Matt 
enough for taking on these new central roles and tasks. I am sure you will all congratulate 
him on his new position.

VACANCIES
Feature Writer (name credited in contents page and on the website):
We are hoping to recruit a second Feature Writer to work alongside Matthew Clark. 
You would be asked to write short interesting articles directed at the enthusiastic amateur.
Again, a good basic knowledge of meteorology is preferable along with good English and 
computer skils. In particular we would like someone to be able to take current news stories 
on severe and/or interesting weather phenomena and create an article about the occurrence 
to explain in layman’s terms about the event which will also serve to document the incident 
to aid further research and forecast verification. 

**Closing date for applications - 1 May 2009**
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THUNDERSTORMS  OBSERVED  OVER  THE  
MAJORITY  OF  THE  TERRITORY  OF  POLAND  AND  
THEIR  CONNECTION  WITH  SYNOPTIC  SITUATIONS

By LESZEK  KOLENDOWICZ

Climatology Department, Institute of Physical Geography and Environmental Planning, 
Adam Mickiewicz University in Poznań, 

(leszko@amu.edu.pl) 

Abstract: The paper is based on the data pertaining to the occurrence of days with thunderstorm in 53 
Polish synoptic stations in the years 1951-2000. The analysis of the occurrence of thunderstorm days 
has allowed us to discern 32 days with thunderstorms, noted in at least 80 % of the stations. An analysis 
of synoptic situations in mentioned days points to the important role of atmospheric fronts passing 
over Poland in the creation of conditions conducive to the occurrence of thunderstorm phenomena. 
The phenomenon of occurrence of thunderstorms in a given 24-hour period over the entire territory 
of the country is very rare. It concerns only the summer period, which is characterised by the greatest 
frequency of thunderstorm occurrence. A day with this phenomenon occurs more or less once every 
two years.

Keywords: day with thunderstorm, atmospheric circulation, Poland.

INTRODUCTION
	 The atmospheric circulation, observed on a synoptic scale, and atmospheric 
processes with a mezoscale coverage, are responsible for the occurrence of thunderstorm 
phenomena (Barnes and Newton, 1986, Schaefer et al., 1986). The said circulation 
processes, determining the transport of humidity and heat, also influence the intensity 
and duration of thunderstorm phenomena. Numerous authors occupied with storm activity 
have noted the strong connections of this activity with specific synoptic situations (Bielec-
Bąkowska, 2003, Brazdil, 1998, Changnon, 1998, Changnon and Changnon, 2001, 
Kolendowicz, 2006, Walker, 1992).

Figure .1 Location of weather stations.

	 In the present study, we have performed 
an analysis of synoptic situations in 
thunderstormy days, during which the 
storm phenomenon was noted at at least 
80 % of meteorological stations located in 
Poland. 

DATA   AND   METHODS
	 The paper is based on the data 
pertaining to the occurrence of days 
with thunderstorm in 53 Polish synoptic 
stations within the IMGW (The Institute 
of Meteorology and Water Management) 
network in the years 1951-2000 (Figure 1).  
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In order to identify the synoptic situation characteristic for thunderstormy days occurring on 
almost the entire territory of Poland (at least 80 % of synoptic stations) daily weather maps 
as at 00 UTC hour in the years 1951-2000 were used. The analysis of lower synoptic maps 
made allowed isolation of five different synoptic situations characteristic for such days. In 
the study, we calculated the probability of occurrence of stormy days under the selected 
situations and probability of occurrence of storms under these situations throughout the 
entire country.

RESULTS   AND  CONCLUSIONS
	 The analysis of the occurrence of thunderstormy days at 53 synoptic stations in 
the territory of Poland has allowed us to discern 32 days with thunderstorms, noted at at 
least 80 % of the stations taken into consideration in the study. The percentage share of 
the stations that noted thunderstorms in individual days of the researched 50-year period 
is presented in Figure 2. These situations occurred only from May to August, during the 
season of the greatest thunderstorm activity in the territory of the country (Kolendowicz, 
2006).

Figure 2. Percentage of weather stations in Poland where the thunderstorms occurred in days of the 
period 1951-2000.

Figure 3. The synoptic map for 00 UTC 
on 24.VI.1991 (according to Codzienny 

Biuletyn Meteorologiczny IMGW).

	 Most frequently - i.e. in 19 days - 
thunderstorms occurred during the 
passage over the territory of Poland 
of a cold or occluded atmospheric 
front (or of a group of fronts, with a 
warm front preceding the cold front) 
from the north-west, the west, or the 
south-west. A distinct low pressure 
centre, with which the system of fronts 
is connected, is usually located over 
Iceland, the North Sea or northern 
Germany, and moves in a north-
easterly direction. 

The approaching atmospheric front may also be connected with the low pressure system 
located above the Norwegian Sea, Scandinavia, or the Baltic. Generally, the speed of 

atmospheric fronts in the synoptic 
situation is high and warm, cold and 
occluded fronts all move across the 
area of Poland within twenty four hours. 
An example of this synoptic situation 
is presented in Figures 3 and 4. In 
seven days, thunderstorms occurred 
at at least 80 % of the stations in the 
territory of Poland at atmospheric fronts 
connected with a local low pressure 
system, the centre of which moves 
from the north-west to the north-east, 
directly above Western and Central 
Europe, including Poland. During this 
time, Europe experienced increased 
pressure with local centres of baric 
lows and highs (Figure 5, Figure 6).
	 One day was characterised by a 
situation where a cold atmospheric front 
moved into position above Poland from 
a northerly or north-easterly direction. 

Such situations arise during the development of high pressure systems above Scandinavia 
with a simultaneous fall in pressure over Western and Central Europe. A significant role 
during the influx of air from the north over Poland is played by the weakening central low 
pressure system over the north-western part of Russia (Figure 7, Figure 8). 
	 Furthermore, during the researched 50-year period, only on one day did 
thunderstorms occur on nearly the entire area of Poland at the synoptic situation with the 
influence of high pressure, in the absence of atmospheric fronts over the area of the country. 
In this case, the high pressure system covered a considerable part of Northern and Western 
Europe. Storms occurred in polar continental air masses with a day temperature of up to 31 

°C (Figure 9). 
	 Most often during the year, there occur days with a synoptic situation with a front 
passing over the territory of Poland from the western sector. On average, 114 days with 
the situation in question are noted annually. Days with the remaining types of synoptic 
situations set forward above occur considerably less frequently, with approximately 20 days 
per annum per situation. 
	 The probability of occurrence of stormy days under the selected situations and 
probability of occurrence of storms under these situations through more or less the entire 
country is presented in Table 1. 

Table 1. Probability of occurrence of thunderstormy days at 
the selected synoptic situation – A, probability of occurrence of 
storms at at least 80 % of meteorological stations in the territory 

of Poland at the selected synoptic situations. 1 - Situation with an 
atmospheric front from the western sector; 2 - Situation with an 

atmospheric front from the north; 3 - Situation with a low pressure 
system and atmospheric fronts over the territory of Poland; 4 - 
Synoptic situation with a high pressure system over Poland. 

Data for Poland from the years 1951-2000.

Synoptic situation A (%) B (%)

1 15.0 3.3

2 15.5 0.2
3 9.0 1.0
4 5.4 0.2

Figure 4. The synoptic map for 00 UTC on 
25.VI.1991 (according to Codzienny Biuletyn 

Meteorologiczny IMGW).
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Figure 5 (left). The synoptic map for 00 UTC on 15.VI.1987 
(according to Codzienny Biuletyn Meteorologiczny IMGW). 

Figure 6 (right). The synoptic map for 00 UTC on 16.VI.1987 
(according to Codzienny Biuletyn Meteorologiczny IMGW).

	 The tabular data point to negligible values of the probability of occurrence of days, 
in which thunderstorms were observed nearly throughout Poland. These range from 3.3 % 
for situations with an atmospheric front from the western sector of geographical directions 
to 0.2 % for situations with an atmospheric front from the north and a high pressure system 
over Poland. The local formation of thunderstorm clouds in the vicinity of one or more 
meteorological stations is considerably more frequent. The probability of occurrence of 
a thunderstorm with an atmospheric front passing from the western sector or during the 
passage of a low with a front system over Poland is approximately 15 %. 

Figure 7 (left). The synoptic map for 00 UTC on 6.VI.1982 
(according to Codzienny Biuletyn Meteorologiczny IMGW). 
Figure 8 (right). The synoptic map for 00 UTC on 7.VI.1982 
(according to Codzienny Biuletyn Meteorologiczny IMGW).

Figure 9. The synoptic map for 12 UTC on 22.VI.1976 
(according to Codzienny Biuletyn Synoptyczny PIHM).

	 An analysis of synoptic situations in days with thunderstorms occurring during the 
day and night over the majority of the country unequivocally points to the important role 
of atmospheric fronts passing over Poland in the creation of conditions conducive to the 
occurrence of storm phenomena. Phenomena of increased convection, which accompany 
the clash of air masses with differing thermal and humidity characteristics, in particular 
at a dynamic cold atmospheric front, are responsible for the occurrence of storms over 
large areas. The above processes were noted by Walkner (1992), who described instances 
of severe thunderstorms in Switzerland, southern Germany and the USA, Changnon and 
Changnon (2001) when analysing the variability of thunderstorm activity in the USA, or the 
author of the present paper (Kolendowicz, 1998), who analysed selected synoptic situations 
in thunderstormy days in Poland. 	
	 Attention should also be turned to pressure high situations, which over Poland 
occur considerably less frequently than cold or occluded atmospheric fronts. Under 
favourable circumstances, connected with the long-term presence of air masses over the 
territory of Poland and the simultaneous occurrence of a pressure high, thunderstorms 
may occur simultaneously in many regions of the country (Bielec-Bąkowska, 2002). 
A particular instance of the situation described above is the day of 22 June 1975, when 
storms occurred nearly throughout the entire territory of Poland. The main factor causing 
atmospheric imbalance and, in consequence, thunderstorms was the significant heating 
of polar continental air masses - present for a few days over Poland - to a temperature in 
excess of 30 °C at the base. 
	 To recapitulate - we must state that the phenomenon of occurrence of thunderstorms 
in a given 24-hour period over the entire territory of the country is very infrequent. It concerns 
only the summer period, which is characterised by the greatest frequency of thunderstorm 
occurrence. A day with this phenomenon occurs more or less once every two years (30 
times during the researched 50-year period), most often in a synoptic situation with a rapidly 
moving cold atmospheric front from the western sector. 
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TORRO  TORNADO  DIVISION  REPORT: 
September and October 2008

By PAUL R. BROWN and G. TERENCE MEADEN

	 The very unsettled weather pattern of August 2008 continued for much of the first half of 
September, but high pressure prevailed for the rest of the month. The first two weeks of September 
produced quite frequent whirlwind reports - 16 funnel clouds, two waterspouts, and one probable 
tornado (there was also an unconfirmed tornado in the Irish Republic) - but the remainder of the month 
was uneventful. A changeable westerly pattern prevailed for most of October, but with a cold northerly 
spell at the end: there were five reports of funnel clouds, one tornado that began as a waterspout, and 
one other waterspout.

FC2008Sep01 Walney Island, Cumbria (c 54° 04’ N, 3° 14’ W, SD 1865)
	 The North-West Evening Mail (3rd September) reported that several readers 
had submitted photographs of a funnel cloud, which was visible from Barrow-in-Furness 
for about 20 minutes around 8 pm (1900 GMT). One of the pictures, taken by Mr Geoff 
Buchanan, shows the funnel reaching at least halfway to the ground. At 1800 GMT the 
British Isles were within the circulation of a complex low, 995 mb, which was slow-moving 
to the west of Ireland; a small frontal wave was moving northeast across England, and a 
shower trough was crossing Scotland. There was rain, locally heavy, on the front over the 
Midlands, and showers, locally thundery, further north and west.

WS-(TN?)2008Sep02 Portrush Harbour, County Antrim (55° 13’ N 6° 40’ W, C 8541)
	 Film of this waterspout, taken by Mr Ryan McLaughlin, was shown on Ulster 
Television. There is some indication that it might have reached land before dissipating. The 
exact time is not stated, but it appears to have occurred in the evening. The visible funnel 
cloud only extends part of the way down from the cloudbase, but as often happens over 
water in such situations, there is agitation of the water surface beneath it.
	 The previous day’s low was now moving east to be centred over Ireland, 994 mb, 
at 1200 GMT, while another centre, 992 mb, lay to the northwest of Scotland; there were 
no fronts over the British Isles but several shower troughs were identified on the analyses. 
Showers and thunderstorms occurred fairly widely during the afternoon (except in southeast 
England, where the previous day’s frontal rain was only just clearing).

FC/TN2008Sep02/I Back (Bac), Isle of Lewis, Western Isles (c 58° 16’ N 6° 17’ W, NB 4840)
	 Stornoway Airport reported a funnel cloud in the 1550 GMT METAR. Later in the 
week, the Aberdeen Press and Journal of the 4th September published a photograph of a 
funnel cloud taken by Ms Anne Robertson near the village of Back (north of Stornoway) on 
the 2nd; she said it appeared to be over Barvas Moor. The picture shows a well-developed 
funnel, which looks as though it could have reached the ground. No time of day is given 
in this report, but the Stornoway Gazette (5th September) states that it occurred at about 
2.30 pm (1330 GMT); this is clearly at odds with the time of the METAR, so there might 
have been two separate occurrences, but it is more likely that the time in the press report is 
wrong.

FC2008Sep02/II Kirkwall Airport, Orkney Islands (c 58° 57’ N 2° 53’ W, HY 4808)
	 Reported ‘in the vicinity’ in the 1420 GMT METAR from Kirkwall.
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FC2008Sep03/I Guernsey, Channel Islands (c 49° 26’ N 2° 36’ W)
	 Guernsey Airport reported funnel clouds in the vicinity in the 0650 and 0720 GMT 
METARs. The low that had been northwest of Scotland on the 2nd had now absorbed the 
previous one and taken its place, and was moving east over the North Channel, 987 mb, at 
1200 GMT, with various fronts and troughs in its circulation. There were showers or longer 
periods of rain, heavy at times, especially in the west and north.

FC2008Sep03/II Stornoway, Outer Hebrides (c 58° 13’ N 6° 20’ W, NB 4533)
	 Stornoway Airport reported a recent funnel cloud (within the past half-hour) in the 
1050 GMT METAR.

FC2008Sep04 Arnside Knott, Cumbria (c 54° 11’ N 2° 50’ W, SD 4577)
	 A photograph of this slender funnel cloud, about a third of the way to the ground, 
appeared as an incidental item on a web site devoted to railway enthusiasts. It was taken in 
the afternoon by Mr Don Burgess, and brought to our attention by Ian Miller of TORRO. At 
1200 GMT much of Britain lay in a cyclonic col between the previous day’s low, which had 
moved away east, and the next one, developing southwest of Ireland; there were further 
showers, and a few thunderstorms, in many inland areas.

q/tn?2008Sep05 Lowestoft, Suffolk (52° 28’ N 1° 44’ E, TM 5492)
	 The Lowestoft Journal of the 8th September reported that torrential rain had led to 
flooding in the town during Friday evening, and goes on to claim that a ‘mini-tornado’ struck 
the Birds Eye (frozen food company) site at Martins Score. There is a slightly more detailed 
account in the 12th September edition, which quotes an eye-witness as saying: “At about 
9 pm [2000 GMT] a tornado hit Birds Eye damaging part of the cold store, smashing car 
windows parked on the car park, and amazingly it picked up a lorry trailer rolled it around the 
grass and dumped it some 50 m from where it had been parked.” Nobody from Birds Eye 
itself, however, would confirm this, so the report needs to be treated with caution.
	 The low that had been to the southwest on the 4th had moved into southwest 
England and developed into a major system (982 mb over Devon at 1800 GMT). The north 
of Scotland remained dry, but elsewhere there was prolonged rain (and local flooding) as 
the fronts edged north, and heavy thundery showers later in the south.

RC/FC2008Sep06 Near Thurlton, Norfolk (c 52° 32’ N 1° 36’ E, TM 444992)
	 Chris Warner of TORRO reported that his brother saw a rotating cloud formation 
at about 1700 (1600 GMT), which might have been a funnel cloud, but the photograph 
that he took was inconclusive. At 1800 GMT the previous day’s low, now 992 mb, was 
slow-moving and centred over Lincolnshire. Showers, locally thundery, affected England, 
especially central and eastern parts, in the afternoon.

fc?2008Sep06/07 Birmingham (Northfield), Warwickshire (52° 24’ N 1° 57’ W, SP 0279)
	 Several national newspapers, all obviously quoting the same source, stated briefly 
that a ‘mini-tornado’ had been observed in the Northfield area during the weekend of the 
6/7th September. The origin of these reports is unknown, and there appears to have been 
nothing about it in the local press, so we are inclined to discount it.

FC2008Sep07/I March, Cambridgeshire (52° 32’ N 0° 05’ E, TL 4196)
	 A photograph was received via The Weather Outlook forum showing a well-
developed funnel reaching a good two-thirds of the way to the ground. 

The same picture, submitted by Ms Lisa Verrinder, was published in the Wisbech Standard 
of the 11th September, where the time is confirmed as about 4 pm (1500 GMT). (This and 
the following report were passed to us by Tony Gilbert of TORRO.) At 1200 GMT the old 
low from the previous days was slow-moving off the Norfolk coast, having now filled to 1000 
mb. There were fewer showers about than recently, but still some heavy thundery ones in a 
band from northwest England to East Anglia in the afternoon. 

FC2008Sep07/II Little Clacton, Essex (c 51° 49’ N 1° 08’ E, TM 1619)
	 A correspondent to the UKweatherworld forum reported a small but well-formed 
funnel about a mile north of Little Clacton at 1555 (1455 GMT), which lasted about two 
minutes and briefly reached two-thirds of the way to the ground.

tn2008Sep07/10 Near Todmorden, West Yorkshire (c 53° 43’ N 2° 05’ W, SD 9424)
	 The Todmorden News of the 11th September published a photograph from the hills 
above Cross Stone, Todmorden, submitted (but not taken) by Mr Nathan Dawson, which 
appears to show a funnel cloud reaching down to the (high, circa 1000 ft A.S.L.) ground. The 
accompanying text, however, is vague about the date and time of the event, stating only that 
it occurred ‘this week’.
 
fc2008Sep08/I Helvellyn, Cumbria (c 54° 31’ N 3° 00’ W, NY 3415)
	 While reporting the funnel cloud at Penrith (see below), the same newspaper 
mentioned that ‘Earlier in the day a climber on Helvellyn’ had reported ‘a similar sight’. At 
1200 GMT a weak southwesterly airstream covered England between the previous day’s 
low, now filling up in the North Sea, and further troughs approaching Ireland from the west. 
Most places were dry with variable amounts of cloud, but there were still a few, mostly light, 
showers reported.

FC2008Sep08/II Penrith, Cumbria (54° 40’ N 2° 45’ W, NY 5130)
	 The Cumbria News & Star (11th September) published photographs of this 
funnel cloud taken by several readers. The time was given as about 3 pm (1400 GMT), 
and according to Mr Jeremy Hall, who took one of the pictures, it dissipated and reformed 
several times over a period of five minutes. The photographs show it reaching about halfway 
to the ground at its longest. 

FC2008Sep12/I Caldey Island, Pembrokeshire (51° 38’ N 4° 41’ W, SS 1396)
	 A good photograph of this funnel cloud, reaching at least two-thirds of the way to 
the ground from the base of a shower cloud, was published in the Western Telegraph of 
the 15th September. It was taken by Mr Bob James, who watched the funnel from Tenby 
for 10-15 minutes at about 11.30 am (1030 GMT). At 1200 GMT a col covered the British 
Isles between high pressure near the Azores and over Scandinavia, and low pressure over 
central Europe and southeast of Greenland. A decaying occlusion lay north-south from near 
the Hebrides to the western English Channel. Showers developed over Ireland, Wales, and 
England during the day, some of which became very heavy and thundery in the south (while 
parts of eastern England had more persistent rain).

FC/TN2008Sep12/II North of Kendal, Cumbria (c 54° 19’ N 2° 44’ W, SD 5192)
	 BBC Cumbria published a photograph of a long oblique funnel cloud seen to the 
north of Kendal just after midday (1100 GMT). An unnamed council spokesman was quoted 
as saying that it was visible for five minutes, and briefly touched down, before vanishing 
back into the clouds; but stronger evidence than that would be required for us to count it as 
a tornado.
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FC2008Sep12/III Shanklin, Isle of Wight (50° 37’ N 1° 10’ W, SZ 5881)
	 Several photographs were submitted to The Weather Outlook forum showing 
a small funnel cloud beneath a heavy Cu/Cb base at about 1255 pm (1155 GMT) - 
photographer’s full name not known. There was thunder and hail in the area at the time.

FC2008Sep12/IV Hastings, East Sussex (50° 54’ N 0° 29’ E, TQ 7415)
	 The Sussex Express (16th September) published a photograph of a funnel cloud 
taken by Ms Velma Sellens at 2.45 pm (1345 GMT) ‘last Friday’. The funnel reaches to 
below the near horizon in the picture, and was said to have been visible for 10 minutes.

FCs2008Sep13/I Jersey, Channel Islands (c 49° 13’ N 2° 12’ W)
	 Funnel clouds in the vicinity were reported in the Jersey METARs at 1220, 1250, 
and 1350 GMT. At 1200 GMT the synoptic pattern was similar to that of the previous day, 
with pressure fairly uniform over Britain; a shallow frontal wave was moving north over 
Scotland. There were scattered showers during the morning, but these had mostly died out 
by the end of the day, except over Scotland.

FC2008Sep13/II Near Calver, Derbyshire (c 53° 16’ N 1° 38’ W, SK 2474)
	 The Matlock Mercury (17 September) published a photograph of a funnel cloud 
about a third of the way to the ground taken by Mr Mark Gundry from Great Longstone, 
near Bakewell. It was said to have been seen between about 6.15 and 6.45 pm (1715-1745 
GMT) in a northeasterly direction towards Calver. The Derbyshire Times of the same date 
also published a photograph of a funnel cloud, taken by Mr Steve Hofton at Curbar Gap 
(near Calver). Despite the time of his sighting being given as 5.30-6.00 pm (1630-1700 
GMT), the similarity of the locations makes it almost certain that the same funnel was seen 
by both observers.

WS2008Sep16 Tor Bay, Devon (50° 26’ N 3° 30’ W, SX 9260)
	 This waterspout was reported in the Western Morning News of the 19th September. 
A photograph of it was taken by Ms Alison Heather, and another was made available to 
TORRO, taken by Mr David Moore. Several witnesses on land and sea watched it moving 
towards Berry Head at 2.20-2.30 pm (1320-1330 GMT), although there is no definite 
indication that it reached land, and the coastguards there saw nothing of it.
	 This seemed an unlikely day for waterspouts from the evidence of the surface 
charts, which showed a broad belt of high pressure extending across Scotland at 1200 GMT 
from the Azores High, 1032 mb, to a Scandinavian high, 1034 mb; between these two highs, 
however, there was a shallow, but surprisingly active, trough of 1022 mb in the Irish Sea. 
More significantly, the low-level air in the English Channel, in a light easterly flow, was very 
unstable up to 6000 feet, above which there was an inversion - a situation that has been 
known to produce unexpected waterspouts in the Channel in the past. Northern Britain had 
rain in association with the aforementioned trough, but there was no evidence of showers 
further south.

FC2008Oct17/I Roseland Peninsula, Cornwall (c 50° 09’ N 5° 02’ W, SW 8433)
	 Photographed by Mr Phil Hemsley and Ms Sarah Whorne at 4 pm (1500 GMT). It 
lasted about 20 minutes, and reached halfway to the surface. Another picture, of what was 
evidently the same funnel, was received from Mr John Davies of Falmouth, taken at 1603 
BST (1503 GMT). At 1200 GMT a westerly airstream covered the British Isles between a 
low, 976 mb, in the Denmark Strait and a high, 1024 mb, in the Southwest Approaches.

As in the Tor Bay case a month earlier, the south was rather anticyclonic with no evidence 
of showers, but again there was a steep lapse rate with cumulus up to 6000 feet, topped by 
an inversion and stratocumulus layer.

FC2008Oct17/II Near Lanjeth, Cornwall (c 50° 20’ N 4° 50’ W, SW 9752)
	  The Cornish Guardian (5th November) published a photograph of a funnel cloud 
taken by Mr John Bullen at 4.45 pm (1545 GMT), seen to his right from near Lanjeth 
while travelling from Newquay to St Austell. This might have been another sighting of the 
preceding funnel, but from the differences in time and location we are inclined to treat it 
separately. It is said to have lasted 10 minutes.

3FC2008Oct18/I Guernsey, Channel Islands (c 49° 26’ N 2° 36’ W)
	 Seen to the north of Guernsey Airport at 0950 GMT - three small funnel clouds. 
Information about these and the following Jersey events was supplied by Mr Frank Le Blancq. 
The synoptic pattern was similar to that of the previous day, with rather high pressure and 
a gentle westerly airstream in the south. There were, however, some low-topped showers 
about (beneath an inversion at 5000-6000 feet), particularly in the Bristol Channel and the 
English Channel.

FC2008Oct18/II Jersey (Noirmont Point), Channel Islands (c 49° 04’ N 2° 04’ W)
FCs2008Oct18/III Jersey (Airport), Channel Islands (c 49° 13’ N 2° 12’ W)
	 A small funnel cloud was seen for about five minutes 8-10 miles (12-16 km) to the 
southeast of Noirmont Point at 1135 GMT. Other small funnels were seen to the south and 
southwest from the airport at 1500 GMT, while Mr Matthew Hatton published photographs of 
several Jersey funnel clouds on his web site (it is not clear how many of these are the same 
as those already noted).

WS-TN2008Oct21 Barvas (Barabhas), Isle of Lewis, Western Isles (c 58° 22° N 6° 34’ W, 
NB 3351 to 58° 22’ N 6° 32’ W, NB 348503)
	 This tornado was reported in the Stornoway Gazette of the 21st October and in 
the Hebrides News of the 22nd. It came off the ocean as a waterspout in association with 
a hailstorm, crossed Loch Barvas, and struck the home of Ms Christine Davidson in Loch 
Street, who described the noise as “terrifying - it was over in seconds”. Afterwards she found 
that her trampoline had been carried about 200 yards away, the washing line had been 
ripped off, a gas cylinder had been torn off the wall, and stones had come loose from a byre. 
Martin Collins of TORRO visited the site on the 26th, and was able to establish that the time 
of occurrence was 10.00 am (0900 GMT), and the track length from where it reached the 
shore was about two kilometres, at first from the northwest, then from west. Force T1.
	 At 1200 GMT a brisk westerly maritime Polar airstream covered the British Isles 
between a deep low, 962 mb, in the Norwegian Sea and the Azores high, 1034 mb, in its 
usual place. Showers were frequent and widespread over north and west Scotland and 
western Ireland, but much more scattered elsewhere

WS+FCs2008Oct31 South of Ramsgate, Kent (c 51° 19’ N 1° 25’ E, TR 3864)
	 A funnel cloud was reported in the vicinity in the 1320 GMT METAR from Manston 
Airfield. The observer, Mr Mark Willmott, contacted us to say that a total of four funnels were 
observed, one of which briefly reached down to form a waterspout. They were over the sea 
to the south of Ramsgate, and travelled in a southwesterly direction before dissipating as, 
or soon after, they reached land. 
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          TORRO  THUNDERSTORM  REPORT  FOR  THE  
BRITISH  ISLES:  APRIL  -  JUNE  2008

By BOB  PRICHARD
 

APRIL
Outbreaks of cold, unstable air led to frequent showers this month; these were 

often of hail and snow, with thunder especially towards the southeast, where it was heard 
on seven days in parts of east Berkshire and northwest Surrey. However, two to four days 
with thunder heard was a more typical figure, whilst it was not heard at all over quite large 
areas of the north and west.
	 The first four days were quiet, but thunder was heard somewhere in the country 
on every day from the 5th to 15th inclusive, initially in a cold northerly outbreak. There was 
isolated thunder over the Midlands and southeast in wintry showers during the afternoon 
and evening of the 5th. Early on the 6th, an area of snow moved southeast through the 
centre of England, and was particularly heavy around Reading; just after 0700 h (all times 
in this report refer to BST) an isolated flash of lightning appears to have travelled several 
miles through cloud across, broadly, east Berkshire and come to earth at Oakley, near 
Basingstoke, where it struck a telephone pole with resultant damage to electrical circuits in 
adjacent houses. There was isolated thunder amongst the showers (which slowly became 
less wintry, but were often of hail) from the 7th to the 10th under complex low pressure. An 
aircraft was struck by lightning on its approach to Belfast Airport on the 10th; no one was 
hurt.

Thunder was much more widespread from the 11th to the 15th. On the 11th, there 
was notable development on a trough from Oxfordshire to Hampshire just after 1100 h, 
and thundery activity then transferred northeast across London and East Anglia, and out 
into the North Sea shortly after 1500 h. Hail of up to ten mm diameter was reported from 
a few places and at Wisbech lightning struck and severely damaged a house. Noteworthy 
amongst isolated reports elsewhere is one from Hawick (Borders), where lightning struck a 
house via a telephone pole and caused a fire with severe damage. Thunder was scattered 
across England on the 12th, again with some large hail – up to 12 mm diameter in East 
Anglia; there was also isolated thunder over Ireland, and a boy was killed by lightning in a 
small park near Dublin. On the 13th, similar areas were affected to the 11th but in a more 
random pattern throughout the day; hail settled to a depth of two cm near Reading. Thunder 
was also reported again from parts of Ireland. It was back to more scattered outbreaks on 
the 14th, when railway signals were struck at Stevenage and a signal box at Attleborough 
(Norfolk); a house was damaged at Warrington (Cheshire). Then on the 15th it was the turn 
of parts of north Wales and northern England as yet another small depression drifted in 
from the north-west; hail settled at Hornsea, and was measured as 15 mm across at Copley 
(County Durham). Snow also accompanied the thunder in places.

Cold easterly winds brought rain or snow, but no thunder, over the next few days. 
On the 20th, it became, briefly, bright and warm over southern England between northward-
moving occluded fronts. Scattered thundery showers were set off by the warmth, with a very 
active thunderstorm between Southampton and Bournemouth in the late afternoon; from 
Brockenhurst, it was reported that there were about 300 flashes in two hours, with several 
very close cloud-to-ground discharges.

The only spell in the month when depressions tracked northeastwards off 
northwestern Britain was centred on the 24th, when, closely following a frontal trough, there 
were thundery showers from late morning to early evening in various parts of England, 
Wales and Ireland in a brisk southwest to westerly airflow.

Several photographs were supplied; and KentOnline (5th November) published a photograph 
taken by Mr Martin Harvey of what is evidently the same sighting. At 1200 GMT a north to 
northeasterly airstream covered the British Isles between a complex low, 995 mb, over 
Iberia and a high, 1034 mb, in mid-Atlantic; there was a shower trough close to the Kent 
coast. Eastern areas had showers (locally thundery), but most other parts had a fine day.

Whirlwind in the Irish Republic (provisional assessment pending confirmation by Dr Tyrrell)
tn2008Sep02 Kilgarrif, near Charlestown, County Mayo (53° 54’ N 8° 48’ W, M 4796)	
	 According to the Western People of the 10th September, “Mr John Finn was 
woken from his sleep at 11.30 pm [2230 GMT] last Tuesday night to feel his whole house 
shaking and a huge storm blowing outside.” After taking a brief look outside in the dark, he 
surveyed the damage more thoroughly in the light of day the following morning, to find “trees 
completely broken, long stretches of walls knocked to the ground and debris everywhere. 
An iron bucket he had at the back door was found a number of fields away.” Although the 
press report attributes this to a ‘twister’, more evidence would be needed to confirm it. See 
the Portrush entry of the 2nd for the synoptic situation. (Although this report was published 
on Wednesday 10th, it seems clear from the context that ‘last Tuesday’ means Tuesday of 
the previous week.)
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Houses were struck by lightning at Farnborough (Hampshire) and Kingston-upon-Thames. 
The outbreak of thunderstorms on the 27th stands out as the only one of the month not of 
a showery nature linked to cold unstable air. The 26th had been the warmest day of the 
month, with temperatures just reaching 22 °C in the southeast; two cold fronts then drifted 
eastwards to take the warm air away during the 27th. Patchy thundery activity accompanied 
outbreaks of heavy rain on the first cold front as it moved east over southeastern England 
during the morning, especially from the Channel Islands, through Hampshire and Berkshire 
to Bedfordshire, and the front rippled over the southeast in the afternoon, with a little 
more thunder. Much more significant was the activity associated with the second front, 
which suddenly came to life over the Mendips in mid-afternoon, with increasingly active 
thunderstorms then moving northeast to North Yorkshire by early evening; there was a 
separate thundery zone over Pennine regions. Large hail fell in places. At Sedgefield 
(County Durham), lightning struck and badly damaged two adjacent houses. The evening 
also saw isolated thunder in the showery airflow over Ireland, whilst in the following westerly 
airflow further thundery showers affected parts of Ireland, as well as scattered districts of 
southern and eastern England and the Midlands, during the afternoon and early evening of 
the 28th. 

A new deep depression approached southern England from the southwest during 
the 29th, with the preceding showery area retreating northwards; there was an isolated 
thundery shower in northwest Surrey in the late morning, then quite widespread thundery 
activity amongst showers over northern England and Scotland during the afternoon. Hail 12 
mm in diameter was reported from the Glasgow area, where lightning struck a vehicle and 
broke the windows. There was also isolated thunder over Ireland – and a little more thunder 
in the south in the evening as showers followed frontal rain northwards. April ended with a 
cold, wet day as a large depression drifted northeast across the country; there was isolated 
thunder.

MAY
Thundery activity was more frequent over southwest Britain than elsewhere this 

month, arising both from the heat picked up by the persistent northeast to easterly winds 
as they crossed the country and from proximity to frontal troughs which edged in from the 
southwest from time to time, but generally made little progress across the country. Thunder 
was heard on four days in parts of Somerset and over the Chilterns, but not at all over 
(chiefly) northwest Scotland, much of northeast England and parts of central southern 
England.

The 1st was the only day in the month when winds blew from the southwest across 
England and Wales, as low pressure that had brought an unsettled end to April began to 
fill and move away to the northwest. A preferential shower track from Devon to East Anglia 
included several thunderstorms, with just isolated thunder in much more scattered showers 
elsewhere. Rising pressure did not totally kill off the showers in more of a southerly airflow 
on the 2nd, and there was a little more thunder, mainly over eastern Scotland. Two cold 
fronts edged eastwards across the country during the 4th. The first one gave heavy rain, 
with thunderstorms chiefly from the Bristol area to south Lancashire towards mid-morning 
– then there were storms on the second front from the Brecon Beacons to the Ribble in 
the early evening. This front was quasi-stationary from the Channel Islands across central 
southern England and the western Midlands until well into the 5th, giving rain and isolated 
thunder.

 A very warm easterly airflow then became established, but slowly destabilised. 
There were isolated thundery showers in westernmost regions from late afternoon on the 
7th until daybreak on the 8th. 

On the 9th and 10th, there was a scattering thundery activity in the south, when storms 
tended to grow in intensity as they approached an old cold front that had stagnated near 
our western shores – although there were a few fairly small, lively storms from the Chilterns 
to south Northamptonshire in the early evening of the 9th, when lightning started a fire in 
a house at Wingrave, near Aylesbury. Bristol and south Wales were particularly badly hit 
during the evening and night of the 9th/10th; the emergency services were called to pump 
water out of flooded houses in Cardiff, Chepstow and Swansea and there was a report of 
hailstones 25 mm in diameter at Chepstow. A large surrounding area reported an impressive 
display of lightning in the late evening, and there were a few damaging earth strikes at its 
centre – whilst in a separate storm near the Mersey around midnight, a house in Flint was 
badly damaged by lightning. Thunderstorms, some of them accompanied by very heavy 
rain, reappeared just forward of the old front across southern and eastern Scotland during 
the afternoon of the 10th (when windows were broken and the internal wall of a house 
collapsed following a lightning strike to a house near Aviemore) and in areas adjacent to the 
northern Irish Sea on the following afternoon; lightning caused severe damage  to the roof a 
house in the Springfield district of Wigan and caused a fire that burnt 1200 square metres of 
grassland at Grizedale Pike, Penrith. (There was also a little thunder near Lyme Bay early 
on the 11th). This series of storms concluded with a few near the west coast of Ireland on 
the 12th as a strengthening of the easterly flow took the front away into the Atlantic.

Thundery outbreaks returned from the 14th to the 16th, but were very limited in 
extent. A complex area of low pressure drifted into the Bay of Biscay, and troughs edged 
northwards into southern Britain, bringing outbreaks of rain and some thunder to southern 
coastal regions late on the 14th. There was a notable storm in south Devon for around five 
hours in the evening; 58 mm of rain fell at Teignmouth and several houses were struck by 
lightning. As the rain moved a little further north next morning, isolated thunder accompanied 
it, mainly in the vicinity of the Chilterns. Patchy rain continued in the south on the 16th, with 
further isolated thunder, mainly over the Channel Islands; at St Brelade (Jersey), lightning 
struck a woman, possibly indirectly from a nearby common. She described everything as 
‘going white’, her jacket crackled and she ‘felt a tingling sensation all over’.

A few quiet days followed, until isolated thunder once again appeared in the 
southwest on the afternoon of the 22nd as showers developed just behind a frontal trough 
which briefly invaded the country from the southwest. Next day, the trough got as far as the 
Midlands and Wales before breaking up and being pushed back westwards by strengthening 
easterly winds. There was a brief flurry of thundery activity during the fragmenting process 
in the afternoon across parts of the east and north Midlands, and from the Salisbury 
Plain through Bristol and its surrounds to south Wales. A further complex of low pressure 
drifted slowly north into the country between the 25th and 28th, bringing cold, wet and 
windy weather to the south. A brighter, warmer interlude just behind one rain band led to 
some heavy showers and isolated thunder breaking out in the southwest late on the 25th. 
Thunder was also reported from Jersey and Dover on the evening of the 26th as further 
rain areas advanced from France. The northward drift of the low pressure system allowed a 
cold front, and attendant thundery outbreaks, to move northeast over eastern Britain on the 
28th; thunderstorms (accompanied by pressure variations of up to about five mb in a few 
minutes) affected southeast and east England and the east Midlands early in the day and 
eastern Scotland in the early afternoon. Several houses were struck by lightning in Kent and 
East Anglia, and fires were started in at least three of them. Nearly 3000 properties in the 
Lowestoft and Great Yarmouth areas lost power after a lightning strike, and at Towcester 
(Northamptonshire) a cow was struck and killed by lightning. Some very heavy showers 
developed behind the cold front over the Midlands and northern England during the 
afternoon, but only a single clap of thunder (at Doncaster) has been reported from these. 
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Another rain area moved northwest into southeast England during the 29th. During the 
late afternoon, heavy, locally thundery, showers broke out on the western boundary of the 
rain over Hampshire and grew into a zone of torrential thundery downpours that inundated 
Somerset and east Devon during the evening; widespread flash floods resulted. There were 
further scattered thundery showers over parts of southwest Britain and southwest Ireland on 
the 30th (when the village of East Ogwell, near Newton Abbot, suffered flooding) and 31st.
            
JUNE
	 It was an unusually quiet month – one of the least thundery Junes on record. All 
the month’s outbreaks were localised in nature, and the majority were trivial in intensity. 
Accordingly, the vast majority of the population will have heard no thunder at all in June; 
there were isolated reports of two days with thunder heard in southern Britain, whilst in 
Ireland two or three days were reported locally across the central belt.
	 The month began with an area of rain moving northwest across eastern and 
northern Scotland; isolated thunder accompanied it, especially over Orkney and Shetland 
early on the 2nd. Later, another area of rain drifted north over England and Wales that 
evening and night on the western edge of hot air over the Low Countries, and there was 
again isolated thunder, mainly over East Anglia. Meanwhile, a few sharp thundery showers 
broke out over parts of Ireland under slack low pressure on both the first two afternoons of 
the month; telephone lines were hit by lightning near Ardpatrick (County Limerick). A frontal 
system edged eastwards into western regions during the 4th and 5th; it steadily weakened 
in the process, but convection developed near it as the cloud broke up on the 5th and 
thundery outbreaks drifted north over mid Wales during the afternoon and across parts of 
northwest England and southwest Scotland in the evening. Railway signals were struck by 
lightning at Kilmarnock, and a woman and her two young sons had a lucky escape after their 
house was struck by lightning at Larkhall (a few miles southeast of Glasgow); debris was 
showered across a bedroom. Isolated thunder also affected parts of Ireland on the 5th and 
6th, whilst weak low pressure was responsible for a crop of thundery showers over south 
Devon from late morning to early evening on the 7th; hail up to 20 mm in diameter was 
reported from Plympton.
	 After a brief warm spell, much cooler weather followed an active cold front 
southeastwards across the country on the 12th; in the northerly airflow just behind the 
front there were some thundery showers over southeastern England in the late morning. 
Although dry air inhibited development, there was a scattering of showers in the chilly air 
over the next few days, with very isolated thunder – including a shower with an occasional 
‘flash and bang’ which tracked southeast from north Lincolnshire to Thanet during the late 
afternoon and evening of the 15th. A deep depression drifted east off northern Scotland 
during the 18th and 19th, and in the showery airflow around it over northwestern Britain 
there was an isolated clap or two of thunder. Another depression moved northeast from 
near the Azores across Ireland during the 21st, deepening all the time. Thunder broke out 
along its cold front over the Mendips in the late evening, and continued from there to affect 
parts of the south and east Midlands during the early hours of the 22nd. In the showers 
following the front, thunder affected parts of western Ireland late on the 21st and 22 mm 
of rain fell in 30 minutes on Galway city, causing serious flooding. On the 26th, there was 
some thundery activity in association with a showery trough in a vigorous westerly airflow 
in parts of eastern Ireland and central Britain from late morning to mid afternoon, whilst on 
the following evening thunder was reported in Borders county near the centre of a small 
secondary depression.

SINCE RECORDS BEGAN: The highs and lows of Britain’s Weather by Paul 
Simons ISBN 978 0 00 728463 4, Collins 2008, hb, pp 250 £9.99.
	 Regular readers of “The Times” will be familiar with 
Paul Simons’ most topical and informative daily weather 
articles. This book, I suspect, is based on those articles, 
though it is much fuller and more detailed.
	 The book is divided into four unequal sections: 
Spring, Summer, Autumn and Winter. In each, he has written 
items of differing lengths on a wide variety of topics. Thus, in 
the Spring section, his topics range from a Hailstorm Record 
established in 1697, through the Sheffield Dam Burst of  1864 
to the Oak v-Ash legend.
	 There is a terrific amount of information, much of it 
of historical interest contained in this slim book. For instance, 
in The Duke of Buckingham’s Water, he suggests that the 
course of English history may have been changed by the 
heavy rain and consequent flooding that prevented him from 
deposing Richard III, immediately after he had assisted him in gaining the throne of England 
at the expense of Edward l’s young sons, a story that I had not previously encountered.
	 Valuable and fascinating though the book undoubtedly is, it does not, in this 
reviewer’s opinion, live up to the publishers’ “blurb” ‘This is the first book to bring together 
all the extreme weather events recorded Since Records Began….from the wettest day ever 
recorded (279mm in Dorset in 1955) to the coldest ever (intriguingly 100 years apart in 1895 
and 1985)…
	 Unfortunately, the book has neither a List of Contents nor an Index, which seem to 
me to be major drawbacks if you are looking for a particular weather record or event. I could 
not discover many errors, though there is one: describing the effects of the harsh winter of 
1947, the author says that the privations this caused following on so soon after those of the 
Second World War, resulted in the Labour Government losing the following (1950) General 
Election by a landslide. In fact, Clement Atlee narrowly won the 1950 Election, and only lost 
that of 1951 by a small margin.
	 These, however, are minor blemishes in what is a fascinating book that will be 
of interest to amateur and professional meteorologists alike, as well as to the interested 
layman. The price is extremely reasonable and the book is highly recommended.

THE BLIZZARD OF 78: THE SNOWSTORM THAT BURIED DORSET, by Mark 
Ching ISBN  978-0-9560553-0-9 (2008) Mark Ching, Langmor, High Street, 
Winfrith Newburgh, Dorset, DT2 8JW p.b.  pp179  £15.00
	 The author, then a teenager, moved with his family from Bournemouth to the small 
Dorset village of Winfrith Newburgh, in the autumn of 1977, and his life-long interest in and 
study of the weather of his native county was kindled by the extraordinary snowfall of mid 
February 1978.
	 This book is a vivid account in words and pictures of this most extraordinary 
snowstorm. 

BOOK  REVIEWS 

By  PETER  ROGERS
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Although the synoptic situation was the classic one for heavy 
snow over southern England (high pressure over Scandinavia, 
and deep low pressure pushing up from Biscay), Dorset alone 
seems to have experienced the very heavy snow, and not even 
the entire county was equally affected.
	 No doubt the fact that the author experienced this 
snowstorm at first hand has helped to add colour and immediacy 
to his account. He has also been able to find numerous excellent 
black and white photographs which illustrate just how deep the 
snow was, and how badly it drifted in the fierce easterly winds.
	 As the author is an established weather writer (he 
has co-authored two of the County weather books), he has of 
course included several very clear synoptic charts, which help 
to explain the underlying weather situation.
	 The book has already, deservedly, sold well in Dorset, 
but it deserves more widespread success because it is an 

excellent account of a neglected localised weather event, an occasion that makes the 
climate of this country so interesting, Warmly recommended to all interested in the weather 
of different parts of this country.

YESTERDAY’S WEATHER by Roy Bedford ISBN 978-1-905546-42-8. (2008) 
self-published by the author at 23 manor Rise, Walton, Wakefield, West 
Yorkshire, WF2 6PF pb  £15.00.
	 This book is a treasure-trove of information about the extremes of weather 
experienced in this country on every day of the year, which has been compiled by the author 
in Wakefield, West Yorkshire, from a variety of sources including this Journal. Unlike “The 
Wrong Kind of Snow” (recently re-issued in paperback), this book simply prints accounts 
of memorable weather events for each day, varying from three or four lines to nearly half a 
paragraph, and there are no literary extracts.
	 Each day is allocated a column, of which there are two per page, the events 
covered ranging from the early 19th century right up to this century, with a wide geographical 
spread around the country. A few of the items follow a memorable season such as the 
winters of 1947 and 1963, but most are “one-offs”. The emphasis throughout is on the 
extremes or unusual event of the day in question.
	 In addition, each month starts with a brief summary of the general character of the 
month, the odd weather saying and the times of sunrise and sunset for Leeds and London. 
At the end of the month, there is a page devoted to brief facts about the month’s weather. 
Thus, for instance, the summary for February tells us the warmest and coldest Februaries 
and the warmest and coldest days of the month. There are additional pages, one containing 
details about wind-chill, another with the weather consequences of the Tambora volcanic 
eruption of 1815, and a third about Ben Nevis Observatory.
	 The Index lists the main places and a word or two about the weather event and 
the date. Thus the book is not paginated, but, since it is a book to be picked up from time 
to time,rather than read from cover to cover, this is no great drawback. There is a colour 
photomontage on the front cover, a black and white photograph of people walking in the 
snow, and a fine colour picture of the author.
	 Much hard work must have gone into compiling such an excellent collection of 
facts, and I can unreservedly recommend it to all readers of this Journal. It is excellent value 
for money. 
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