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CONFERENCE THEME:  
 

THE INTERDEPENDENT ATMOSPHERE, LAND AND OCEAN 

The theme of the conference is "The interdependent atmosphere, land and ocean", and 

deals with the synergy and interactions within the coupled system. This theme also 

addresses the cross-discipl inary collaboration activit ies within the research and applied 

science communities, and the interface between science and society. The conference 

programme offers plenary sessions (addressed by reputable international and local 

keynote speakers), together with parallel theme presentations and poster sessions.  

The conference invited research papers on topics pertaining to the components and 

interactions of the coupled system, including modell ing, f ield studies and observations, 

remote sensing, and purely theoretical studies.·  Participants from all relevant discipl ines 

submited papers on the weather and climate aspects of their work, and particularly noting 

the discipl ines of:  

-  meteorology and oceanography 

-  agrometeorology 

-  hydrology 

-  climatology (including paleoclimatology) 

-  land surface processes 

-  air quality and atmospheric chemistry 

-  climate and society (including impacts, adaptation, policy, r isk management, etc) 

-  supercomputing and computational methods 

-  observat ional methods 

-  GIS and remote sensing" 
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MESSAGE FROM THE PRESIDENT: 

Dear delegates 

I would l ike to welcome you to the South Afr ican Society for Atmospheric Sciences 
Conference, especially delegate coming from far away in Africa and oversea. I am the 
new elected president of SASAS and I am French and an oceanographer. This shows how 
open minded and multidiscipl inary SASAS is. SASAS aim is to stimulate interest and 
support for al l  branches of atmospheric sciences, to encourage research and education in 
the atmospheric sciences and to promote collaboration between organisations and 
institutions interested in atmospheric science in Southern Afr ica. This includes 
meteorology,  agrometeorology,  cl imatology, air quality, ocean-atmosphere interaction, 
troposphere-stratosphere interaction, physical oceanography, hydroclimatology, numerical 
modelling, and instrumentation. The l ist is not exhaustive and the society is what 
members make of i t .  SASAS is administered by a Council ,  comprising four off icers 
(President, Mathieu Rouault,  Vice President, Francois Engelbrecht, Honorary Secretary, 
Ms Mary-Jane Bopape, Honorary Treasurer, Elsa De Jager) and six councillors, al l  of 
whom are re-elected bi-annually Sue Walker, Thando Ndarana, Coleen Vogel, 
Venkataraman Sivakumar, Hannes Rautenbach, Wil lem Landman. Please feel free to 
engage with any of us. On top of organizing an annual conference since 1989 where the 
general assembly is also held, SASAS awards every year to its member a prize worth 3000 
Rand for the best peer review paper publ ished two years before the conference is held, the 
Stanley Jackson Award. Best presentation, best student presentation and best poster are 
also rewarded at the SASAS conference. A newsletter is also produced by its members. 
SASAS has a web site http://www.sasas.org.za where members can post news and 
member’s achievements are l isted in the SASAS showcase.  In the end of the day, we 
compete for grant, for discoveries, for papers, for awards and we agree or disagree on 
how to run things but SASAS unites everybody and the conference is one of the longest 
running annual conference in Africa. I encourage everybody to f i l l  up the membership 
form that you wil l  f ind in your bag and hand it to any of the council member before the 
assembly and prize giving that I encourage you to attend. We need to grow the society 
and we welcome any suggestions to improve the society. We will  hold election next year 
and it is your chance to become part of the. I also remind that we do have a constitution 
that can be amended by a vote by the council.  

 

Mathieu Rouault,  Cape Town, Wednesday, 31 August 2011  
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1. INTRODUCTION 
 
 This paper presents a theoretical analysis on 
the inter-annual, inter-decadal and multi-decadal nature 
of climate variability in Africa. Based on the analysis 
on how the African climate responds to perturbations 
within the scope of a dynamic ecosystem, it is 
proposed that the African climate exhibits differing 
degree of temporal variability, particularly with regard 
to rainfall. Understanding and predicting these inter-
decadal, inter-annual and multi-decadal climate 
variations has become the major challenge facing 
Africa and the African climate-specialists in recent 
years. What we know is that Africa has a highly 
variable and unpredictable climate. To illustrate 
something of this variability, this study presents an 
analysis within the four regions of focus in Africa; 
Sahara and its Southern Margins, Tropical Central 
Africa, Tropical East Africa and Southern Africa. 
These regions exhibit differing climatic variability in 
terms of rainfall trends, air circulation, seasonal and 
temperature variations –which provide an excellent 
detail for the African climate. Various issues related to 
these anomalies are also considered; El Nino Southern 
Oscillation (ENSO), Indian and Atlantic Oceans effects 
(e.g. the African monsoons), Intertropical convergence 
zone (ITCZ), sea surface temperature (SST) 
oscillations, the African Easterly Jet (AEJ) streams, the 
North Atlantic Oscillation (NAO) etc.  
 
2. BACKGROUND 
 
The North African littoral, mostly the Sahara region, 
displays large multi-decadal variability with recent 
drying resulting from the wide heated Sahara desert for 
most part of the year, winds blowing over these 
regions, losing moisture as they pass over the outer 
high lands, as well as rainfall variation. ENSO warm 
events in the equatorial Pacific and Indian Ocean are 
associated with warm dry conditions over much of 
Africa. The problem is more complex especially in the 
Sahel as ENSO appears to influence year-to-year 
variations and reduces rainfall. This appears to be 
greater within long dry intervals (e.g. the devastating 
droughts in 1972), although not a dominant factor 
controlling rainfall in this region. The North Atlantic 
Oscillation (NAO) is a key factor responsible for inter-
annual climate variability. Across western Africa, year-
to-year changes in seasonal climatic conditions are 
determined primarily by the Atlantic Ocean, although 
the rest of the world oceans also play important roles. 
The location of the region of West Africa, relatively 

close to the equator dictates that the dynamics of the 
monsoon circulation over the region are relatively 
sensitive to inter-annual fluctuations in the meridional 
gradient of boundary-layer entropy. Moreover, the 
proposed theoretical relationship between the 
meridional gradient of boundary-layer entropy and the 
monsoon circulation is consistent with empirical 
observations of SST anomalies. It is during the 
northern hemisphere’s monsoon when substantial 
rainfall reaches North Africa around 110N that the 
Sahel gets most of its precipitation (June-September). 
While the ocean-atmosphere interaction is crucial for 
the development of the rainfall anomaly over land, the 
interactions between the ocean, land and atmosphere 
are found to be important for relating tropical Atlantic 
spring SST to west African rainfall. In Central Africa, 
there is latitudinal symmetry towards the west; 
moisture-bearing air masses tend to be shifted 
northward. This results in the west coast adjacent to the 
sea receiving heavy rainfall with extensive 
development of the tropical rainforest (Congo Basin) 
lying north of the equator. The climate is terminated by 
the East African highlands on the east, thus lacking in 
eastern most equatorial Africa. High mountain ranges 
of east Africa obstruct any invasion of the ITCZ effects 
from the east. Tropical East Africa although adjacent to 
the warm Indian Ocean, exhibits a widespread 
deficiency of rainfall with complicated distribution 
pattern decreasing southwards. This is more 
remarkable noting that it is the eastern side of 
continent, in the latitudes of the tropical easterlies, 
where an almost continuous north-south highland 
parallels the coast at no great distance. It appears that 
the dynamic and thermodynamic rain-generating 
processes normally prevalent over equatorial-tropical 
lands of modest elevations are only weakly developed 
in the low latitudes of East Africa. Such a climatic 
situation (arrangement) is mostly influenced by the 
rainfall patterns of the two transition seasons separating 
the two monsoons of East Africa (northerly and 
southerly monsoons). The north easterly monsoon 
bring dry air masses of continental origin (December–
March) after passing over the cool Somali current with 
a stabilizing effect. The south west monsoon prevails 
over East Africa (June-September) as a shallow current 
and partly continental origin coming from the high-
pressure cell over South Africa. Annual rainfalls of less 
than 500 mm are characteristic of both lowlands and 
extensive uplands; some areas also receive less than 
200 mm of rainfall. In Southern Africa, the most 
significant climatic change that has occurred has been a 
long-term reduction in rainfall in the semi-arid regions 



of the subcontinent. Rainfall tends to be reduced 
particularly in the months of February through May of 
the year following the ENSO phenomenon. More 
particularly, ENSO has been shown to be linked to 
droughts in southern Africa. Traditionally, rainfall in 
all but the extra-tropical margins of the continent has 
been associated with the seasonal excursion of the 
ITCZ. The seasonal development of tropical rain belt 
over Africa is driven by several features of the general 
atmospheric circulation, which in turn control the 
location and character of the ITCZ. These features 
include the high and low-pressure cells (anticyclones) 
and a shallow belt of equatorial westerlies.  
 
3. METHOD 
 
In this theoretical analysis, we present the use of the 
Hydrodynamic Equations as fundamental laws of fluid 
dynamics and thermodynamics governing atmospheric 
behavior. Practically our entire understanding of large-
scale atmosphere dynamics depends on the motions of 
balance and potential vorticity inversions. The ideas 
involved in understanding such conditions continue to 
hold special fascination because of their central 
importance both for theory and application such as data 
assimilation and the facts that complete mathematical 
understanding is still illusive. The vorticity equation 
(derived from the primitive equations) is used here to 
explore such anomalies within Africa.  
 
4. RESULTS 
 
An exponential decay of vorticity equation is examined 
and used to connect/relate the vorticity budget with the 
climate anomalies identified. This is more pronounced 
especially in tropical central Africa where divergences 
from the east Africa monsoons combine with westerlies 
resulting onto a strong convergence around the Congo 
Basin. Precipitation field is also linked to land surface 
through low-level dynamical response to both mid 
tropospheric condensational heating and the surface, as 
well as topographic barriers. Middle-tropospheric 
heating associated with the continental precipitation 
maxima stretches vortex columns in the troposphere 
below, inducing a positive vorticity tendency.  
 

 
 
Profiles of mean annual rainfall at Accra (1941-1956) 
by 5-, 10-, & 15-day periods. (Courtesy of Ghana 
Meteorological Service) 
 

The vorticity budget is however less pronounced in 
other regions such as West Africa (due to oceanic 
upwelling), north and southern Africa where other 
dominant features such as the ITCZ are very effective.  
One way that the forced positive vorticity tendency in 
the lower atmosphere is balanced is by the advection of 
low absolute vorticity air. The advections of planetary 
and relative vorticity are both important, especially on 
the equatorial half of the precipitation features. 
Absolute vorticity advection is also found to play a role 
in determining how far over Africa precipitation is 
maintained. The planetary vorticity advection term 
dominates, resulting in a positive vorticity tendency 
that is strongest in the northeast where the northerly 
flow is most pronounced. Perturbations in the low-level 
wind over the land surface are responsible for 
generating surface stress differentials and not 
differences in surface roughness along coastlines. The 
studies showed that the potential vorticity profile of the 
vortex, as well as its size and intensity are crucial for 
stability. 
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1. INTRODUCTION  
 
The most complex procedure of modelling the climate 
system is to model all components of the system 
believed to be relevant at the respective timescales. At 
the seasonal lead-time for instance the optimum way is 
when at least models for the atmosphere and ocean are 
run synchronously and exchanged information 
interactively. With this in mind, an Ocean-Atmosphere 
Coupled General Climate Model (OAGCM) is 
developed at the South African Weather Service 
(SAWS) and is running at the Centre for High 
Performance Computing (CHPC) computer clusters. 
The aim of this study is, therefore, to describe the 
model and evaluate the skill of retrospective forecasts. 
 
2. METHODOLOGY 
 
The ECHAM4.5 Atmospheric General Circulation 
Model (AGCM; Roeckner et al., 1996) is coupled with 
the Geophysical Fluid Dynamics Laboratory (GFDL) 
Modular Oceanic Model version 3 (MOM3; 
Pacanowski and Griffes, 1998) using the Multiple 
Program and Multiple Data (MPMD) coupling 
paradigm. Essentially, this means that the models are 
the same as standalone versions except for changes 
needed to handle passing of data in between. Each 
model is treated as an independent set of Message 
Passing Interface (MPI) parallel processes.  
 
In this experiment, the ocean model is initialized 
independently using the GFDL ocean state produced by 
the ocean data assimilation (ODA) system which 
employs an optimum interpolation scheme (Derber and 
Rosati, 1989). The use of the product is done by a 
horizontal and vertical interpolation procedure 
described by DeWitt (2005). Similarly the atmospheric 
component is initialized in a manner discussed by 
Beraki and Olivier (2010) except that the lower layer 
atmospheric temperature is assimilated from the upper 

layer of the GFDL ODA in order to maintain 
consistency and balance, that is, to minimize the 
imbalance between the (near-equatorial) upper-ocean 
mass field and wind stress (DeWitt, 2005). This 
initialization strategy makes this system uniquely 
different from previous systems involving the 
ECHAM4.5 AGCM coupled with the MOM3 ocean 
model. As the coupling information is needed at the 
time of initialization, the coupling state is also initially 
reconstructed from the National Centers for 
Environmental Prediction (NCEP) Reanalysis (R2) 
dataset (Kanamitsu et al., 2002). The Potential 
Evaporation (PE) is, however, computed using the 
Penman-Monteith procedure (Allen et al., 1998). The 
two GCMs exchange information once per simulation 
day. The AGCM feeds the OGCM with heat, 
momentum, freshwater, and surface solar flux. The 
OGCM, in turn, feeds the AGCM sea-surface 
temperature (SST) information. The coupling strategy 
used in this study is anomaly coupling on the AGCM 
side and full-field coupling on the OGCM side meaning 
that the anomalous atmospheric fluxes are super-
imposed on the observed climatology. In addition, since 
the ocean model lacks a sea-ice model, the OGCM SST 
is relaxed toward the observed climatology in high 
latitudes to suppress the generation of spurious ice. 
 
3. RESULTS AND DISCUSSIONS 

 
The skill of the OAGCM is assessed using the 
Standardized Verification System (SVS) for Long-
Range Forecasts (LRF) as recommended by the 
Commission for Basic Systems (CBS) of the World 
Meteorological Organization (WMO). This norm is 
adopted here as SAWS is recognised as a Global 
Producing Centre for LRF, one of only three in the 
Southern Hemisphere. The analysis has been conducted 
using the austral summer season (DJF) hindcasts for a 
1-month lead-time using 10 ensemble members for the 
period spanning from 1982 to 2000. The model 



integration mimics a set of operational forecasts as if 
issued on the 4th of November starting from 1982 to 
December 2000.  
 

 

 
 

Fig.1: ROC area (a) below-normal and (b) above-
normal computed for OAGCM surface air temperature 
hindcasts against ERA-40 (only statistically significant 
at 95% are indicated). 
 
Fig. 1 shows the relative operating characteristic (ROC) 
area for the austral summer season (one-month lead) for 
below- (a) and above-normal (b) categories for surface 
air temperatures. The category thresholds are tercile 
values of the model climatology. The significance test 
(at 95% confidence level) is conducted using the 
classical Wilcoxon–Mann–Whitney nonparametric 
procedure variant suggested by Mason & Graham 
(2002). The level of skill demonstrated by the model is 
robust and may be attributed to coupled ocean–
atmosphere teleconnection effects. The model performs 
best in the equatorial regions and is also skillful over 
southern Africa. The model also yields similar results 
on other diagnostics such as precipitation, rainfall, 
upper air flow and geopotential heights (maps not 
shown). 

 
4. CONCLUSIONS 
 
The paper has demonstrated the advances made in 
configuring an operational coupled ocean-atmosphere 
model in South Africa for seasonal forecast production. 
This coupled model development is also a first for 
Africa and has made a unique contribution to the notion 
of coupled model development both locally and 

internationally through the experience gained to couple 
the model and to develop a state-of-the-art data-
assimilation interface that enables the adoption of an 
optimum initialization strategy.  
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1. INTRODUCTION 

 
The mesoscale convective complex (MCC), 

defined by Maddox (1980), is identified as 
convective cloud system that is large, long-lived 
and exhibits a quasi-circular cloud shield. They 
are the largest of the mesoscale convective 
systems (MCS), typically extending more than 
350,000 km2 in area and lasting longer than 10 
hours (Laing and Fritsch 1997). Although these 
systems may often be associated with severe 
weather, they are beneficial in that they 
frequently make a large contribution to the 
seasonal rainfall total in some regions, such as 
the U.S. (e.g. Ashley et al. 2003) and South 
America (e.g. Durkee et al. 2009). However, 
most of the research on MCCs and the rainfall 
they produce have been focused outside of 
Africa. Thus, using the southern Africa MCC 
climatology developed by Blamey and Reason 
(2011) for the 1998-2006 period, we attempt to 
get a better understanding of how these systems 
contribute to seasonal rainfall totals over the 
region. 
 
 
2. DATA AND METHODS  
 

Southern Africa is mainly a data sparse 
region, with no dense rain-gauge network being 
available post-1999. For this reason, in this study 
the 3-hourly TRMM 3B42 rain data are used, 
which are at 0.25 degree spatial resolution and 
are based on measurements from both infrared 
(IR) and passive microwave satellite data, as 
well as rain gauge data. A key issue with respect 
to using TRMM data over southern Africa is 
validation. In a comparison between a 10-year 
period of South African Weather Service 
(SAWS) rainfall data and TRMM 3B42 data for 
a South African Summer rainfall region, Rouault 
et al. (2010) note that the TRMM product is able 
to accurately capture the diurnal cycle, as well as 
match the daily rainfall patterns reasonably well. 

 

 
FIG. 1: MCC positioned off the east coast of 
South Africa during the night of 26-27 
November 1999 (top) and extracting the TRMM 
rainfall for that system using the cloud shield 
polygon (bottom). 
 

To determine the rainfall produced by each 
system, a polygon is created for the spatial 
distribution of the system (based on the -52°C 
cloud cover) during each stage of its life cycle. 
Each “life cycle” polygon is then combined to 
form a single convex hull (Barber et al. 1996), 



which is then overlaid onto the 3B42 rainfall grid 
to extract the precipitation. Only precipitation 
occurring during the time of the event is 
extracted from the domain. An example of the 
process is given in Fig. 1. The estimation task is 
then performed for each of the 70 systems and 
the output is then aggregated into monthly and 
summer season totals. The contribution of MCC 
rainfall is then expressed as the ratio of MCC 
rainfall to the total rainfall at each grid point. 
 
 
3. RESULTS  
 

Most of the rainfall associated with MCCs is 
found to occur over central Mozambique and 
extending southwards to the east of the eastern 
escarpment. High precipitation totals associated 
with these systems also occur over the 
neighbouring ocean, particularly off the 
northeast coast of South Africa. The precipitation 
produced by MCCs over Botswana and Namibia 
are significantly less by comparison, which is 
due to the infrequent occurrence of systems in 
these regions.  
 
MCCs are found to contribute up to 20% of the 
total summer rainfall (November – March) in 
parts of the eastern region of the domain. In 
general, the MCC summer rainfall contribution 
for most of the eastern region is approximately 
between 8% - 16%. If the month of March is 
excluded from the analysis, then the contribution 
of MCCs to summer rainfall increases, with 
these systems contributing up to 24% in some 
places over Mozambique (Fig. 2). The few 
systems that occur over Botswana contribute up 
to 6% (8%) of the total summer (excluding 
March) rainfall for the region, while over 
Namibia the contribution is less than 2%. 
 
 
4. CONCLUSION  
 

Apart from the spatial distribution of the 
rainfall, which is much smaller, these 
precipitation patterns are consistent with that 
found in other MCC regions. However, caution 
is advised when comparing the different MCC 
rainfall studies due to the various methods and 
datasets used. To gain more confidence in the 
results here would require a longer period of 
study, as well as using alternative precipitation 
datasets. Nevertheless, the results do provide a 
good indication of the impact these systems can 
have on the regional rainfall patterns. 

 

 
FIG. 2: Spatial distribution of the mean MCC 
contribution (shaded, 2% interval) during the 
November – February period. 
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1. Introduction 

Methyl iodide and bromoform, which are of interest to 
atmospheric scientists, form part of a suite of biogenic 
gases known as volatile halogenated organic compounds 
(VHOCs). Being the largest transporter of iodine from the 
ocean, methyl iodide is of particular importance in 
atmospheric studies [Bell et al., 2002]. There remains much 
uncertainty of the relative contributions of the various 
sources within the ocean. What is certain, however, is that 
the oceans appear to be a net source for the atmosphere 
[Groszko, 1999]. Oceanic flux estimates vary between 0.27 
and 0.8 Tg y-1 [Groszko, 1999]. Bromoform is the 
predominant source of bromine to the atmosphere and is 
delivered there by release from the surface ocean. Different 
species of phytoplankton have been shown to produce 
different quantities of VHOCs, however bromoform and 
methyl iodide are routinely the two largest of their 
respective halogens [Quack and Wallace, 2003]. 

Once in the atmosphere, photolysis causes the rapid 
decomposition of VHOCs to form halogen radicals. 
Typically, an atmospheric lifetime for methyl iodide of 4 - 
8 days can be expected [Groszko, 1999] while bromoform 
has a lifetime of approximately 3 - 4 weeks [Quack and 
Wallace, 2003]. The halogen radicals are involved in 
catalytic and particulate chemistry in the atmosphere and 
thus play a role in global climate change. Iodine is 
necessary to all organic life and atmospheric transport of 
this element provides an invaluable link to the ocean 
source. The bromine and iodine radicals have been shown 
to be involved in the catalytic destruction of ozone in the 
marine boundary layer and in special cases in the upper 
troposphere [Quack and Wallace, 2003]. Due to their short 
atmospheric lifetimes, there is little chance of either of 
these halogen species reaching the stratosphere except in 
the strongest convective systems in the mid-latitudes 
[Sturges et al., 2000]. At the surface, ozone is a poisonous 
oxidiser and detrimental to human health while in the upper 
troposphere, ozone is a potent greenhouse gas [WMO, 2007 
and references therein]. 
The marine boundary layer is essentially a pristine 
environment so the concentration of  aerosols or particles 
within it is very important. Cloud condensation nuclei 

(CCN) can be made up from a number of smaller particles 
originating in this boundary layer, some of biogenic origin 
[O’Dowd et al., 2002]. Studies above kelp beds at Mace 
Head, Ireland have shown that in high concentrations, 
iodine radicals are able to form new particles [O’Dowd et 
al., 2002]. The formation of new particles, CCN in 
particular, can lead to the development of new, low level 
clouds in the marine environment thus suggesting a 
potential negative feedback to climate change 
Within the ocean, methyl iodide has an uncertain source. 
Some authors propose that methyl iodide is produced 
predominantly from organic sources [Gschwend et al., 
1985] while others suggest that it has a predominantly 
photochemical source in the surface oceans [Moore and 
Zafiriou, 1994]. There is evidence for both hypotheses 
[Groszko, 1999]; however to date, neither hypothesis has 
been able to explain all the variability found within 
measurements. The current work aims to be the first to 
address some of this uncertainty.  
 
2. Modeling  
2.1 Background 
 

A statistical parameterization for the surface ocean 
concentration of bromoform was developed at UCT 
[Palmer and Reason, 2009]. This model highlights 
correlations between bromoform and various parameters, 
such as mixed layer depth and wind speed. These 
parameters were used as proxy measures to calculate 
bromoform emissions and concentrations on a global to 
regional scale. A comparison of methyl iodide to 
bromoform emissions was preformed. When this approach 
was attempted no correlation was found. Furthermore, 
methyl iodide did not correlate significantly with any 
parameter used in the bromoform model [C. Palmer, 2010 
pers. comm.]. Given that methyl iodide can not be 
successfully parameterised by the same method that 
succeeds for related biogenic bromoform, we therefore 
hypothesis that methyl iodide is predominantly procuced 
through a photochemical pathway. This hypothesis is 
supported by the large similarity between the annual 
incoming solar radiation and the latitudinally averaged 
methyl iodide measurements (fig: 1).  



To rigorously test the photochemical source hypothesis a 
simple one-dimensional model has been developed. 

2.2 Methyl iodide model 
 
A simple one-dimensional model of the photochemical 
production of methyl iodide in the surface ocean has been 
developed that incorporates photochemical production and 
loss and gas transfer. 

 
Figure 1: Latitudinal distribution of methyl iodide concentrations (blue) 
and incoming solar radiation (yellow). 

 
While the model is still being refined with chemical loss 
functions needing to be added. It is able to produce a near 
accurate distribution of methyl iodide but not the correct 
magnitude. Currently, the concentrations tend to increase 
exponentially to unrealistic levels (fig: 2), suggesting that 
either the production rate is too large or the loss terms have 
not been adequately parameterised. Additional loss to the 
atmosphere through gas flux was parameterised on the 
Wannikhov (1992) equation [Wanninkhof, 1992]. While 
other gas flux parameterisations exist, it has been shown 
that this function give the best results over the largest 
spread of temperatures [R. Wannikhov, 2003 pers. comm.]. 
The introduction of the gas flux term caused many 
unrealistic problems with the model. Concentrations were 
able to deviate more freely and to a larger extent. 
Additionally it also resulted in negative concentrations 
experienced (fig: 2). As a result of the output reflecting an 
unrealistic situation, steps to address this have been taken. 
 
3. Summary 
 
There is still much uncertainty in the literature as to the 
within ocean source of methyl iodide. A one-dimensional 
model of surface ocean methyl iodide production has been 
developed in an attempt to address this problem. Annual 
averaged solar radiation as a function of latitude shows a 
similar pattern to global methyl iodide measurements when 
averaged over the same time period. Refinements in the 
equations and paramertisations used are currently 
underway, beginning with production rate and gas flux to 
the atmosphere. Better estimates of the boundary and 
limiting factors will lead to a more accurate estimate of the 
surface ocean concentration of methyl iodide by 
photochemical production. Further investigation is still 
required to elucidate the complete relationship between 
solar radiation and methyl iodide production. There remains 

evidence that kelp beds produce methyl iodide. It is hoped 
that the model will reveal the relative contributions of 
organic sources and photochemistry to the global budget of 
methyl iodide. 

 
Figure 2: Surface ocean methyl iodide concentrations as a function of 
latitude and month. Concentration is shown in colour and on the z-axis. 
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1.   INTRODUCTION 

 While some sun exposure induces a sense of 
well-being and synthesis of vitamin D (Reichrath, 
2006), excess sun exposure has been associated with 
skin cancer, immune suppression and ocular cataracts 
(Gallagher and Lee, 2006). In South Africa, 
approximately 30% of all histologically-diagnosed 
cancers are skin cancers (Mqoqi et al., 2004). The 
adverse health effects from overexposure to solar UVR 
are largely considered to be preventable through the use 
of sun protection strategies, such as using shade and 
wearing sun protective clothing (Stanton et al., 2004).  
To date, no co-ordinated attempt has been made to carry 
out a large, nationwide survey of South African’s 
perceptions towards sun exposure behaviour, sun-
related knowledge and attitudes. Comprehensive, local 
research is essential to fully understand the implications 
of personal exposure to solar UVR in South Africa. 
This locally-derived information may then be translated 
into tailored messages for action and steps the public 
may take to protect themselves from the harmful effects 
of excess sun exposure. As a first step to developing a 
comprehensive South African SunSmart Research 
Programme, a pilot study of adult sun-related 
knowledge, attitudes and behaviours was carried out at 
a large research institute in South Africa to gauge 
baseline levels of understanding, question interpretation 
and unravelling of local issues pertaining to sun-related 
knowledge, attitudes and behaviours that have the 
potential to influence sun exposure and associated 
adverse health effects.  
 
2.  METHODS 

 The study was carried out among all employees 
of the Council for Scientific and Industrial Research 
(CSIR) in South Africa. The staff base comprises ~2500 
members with ~ 50% transformed according to Broad-
Based Black Empowerment requirements. 
The intention of the pilot survey was to gauge an 
understanding of South African adults’ sun-related 
knowledge, attitudes and behaviours to direct 
development of a full, nationally-applicable 
questionnaire. Ten questions were deemed sufficient in 
an email survey to encourage a response. The survey 
measures (Table 1) assessed sun-related knowledge, 
attitudes and behaviours. Sex was the only demographic 
measure collected; however, age and skin colour are 
important factors and will be included in the full study.  
The selection of questions included was not 
representative of all sun-related knowledge, attitudes 
and behaviour measures, however, provided some 
indication of those considered important, relevant for 

piloting and practical for detecting further issues for 
exploration. Responses were either ‘no’ or ‘yes’, 
initially coded 1 and 2, respectively. Some respondents 
wrote ‘unsure’ and did not reply to some questions, and 
these ‘non-responses’ were coded 3 and 4, respectively.  
The survey was sent via email on 3 June 2010 to 2254 
CSIR staff members with valid email addresses. Time 
calculated for completion, i.e. less than 5 minutes, was 
mentioned as an incentive to encourage staff to 
participate. Respondents were informed that survey 
item answers would be extracted from their response 
email, recorded and anonymously categorised before 
the email with name and email address was 
permanently deleted. No personal health information 
was requested. All ethical procedures were adhered to. 
Personal consent was assumed by agreement to 
complete and return the survey via email. 
All analyses were carried out using STATA/ IC 10.0 
(STATA Corp, Texas, USA).  
 
3.  RESULTS AND DISCUSSION 

 Of the 2254 email recipients, 512 participants 
(244 males, 265 females, 3 missing) completed the 
survey, representing a 22.5% participation rate. It was 
not possible to gauge representativeness of our sample 
in relation to all adults employed by the CSIR, or 
nationally, by ethnicity since this was not a survey 
measure. Ethnicity, together with other important 
demographics and personal health information would 
need to be collected in a future, full study that includes 
other factors including age, skin colour and education. 
The results for the measures of adult’s sun-related 
knowledge, attitudes and behaviours are presented in 
Table 1. Approximately 30% of respondents had not 
been taught about sun protection and safe sun 
behaviours at school. In the South Africa education 
curriculum, sun safety was only formally introduced as 
part of Life Orientation in 1999, and prior to that, it was 
possibly only included dependent on teacher’s 
knowledge and their willingness to educate about sun 
safety. Last year, the Cancer Association of South 
Africa (CANSA) published ‘A guide for schools on sun 
protection’ which includes grade-specific teaching 
content and activities (CANSA, 2010). 
Most participants (77%) had heard about the Ultraviolet 
Index (UVI), a measure of the level of UV radiation 
developed by the World Health Organisation, United 
Nations Environment Programme and the World 
Meteorological Organisation. The South African 
Weather Service (SAWS) previously broadcast daily 
UVI readings; however, this service no longer exists for 
several reasons including a lack of media support. Most 
respondents agreed that some sun exposure during 



winter was beneficial for vitamin D production, with 
more males (85%) agreeing than females (75%).  
Few respondents (11%) thought that it is safe to get 
sunburnt once or twice a year while a quarter (25%) 
liked to have a suntan because it makes them feel 
healthier. This is an interesting finding, given that 
sunburn risk is present during sun tanning behaviour. 
Approximately 35% and 22% of male and female 
respondents, respectively, thought that darker skin 
protects against skin cancer. While this statement is in 
some ways plausible, health statistics for South Africa 
do report cases of melanoma among Asian, Black and 
Coloured populations, although aetiology is an 
important consideration.  
More than a third of respondents had experienced 
sunburn last summer despite 75% stating that they had 
regularly used some form of sun protection. More 
information is needed to understand what sun protection 
items, i.e. hat, sunscreen, protective clothing, etc, South 
Africans prefer to use and how they use these items 
when outdoors. Few respondents (~10%) had sunbathed 
regularly last summer to try to get a suntan, with 
slightly more females (~5% more) agreeing that they 
had sunbathed regularly. 
For the chi square test results, three results indicated a 
statistically significant difference between the results 
given by males and females. Men were likely to answer 
differently to women regarding ‘sun exposure during 
winter is good for vitamin D production’ (OR 2.03, CI: 
1.20-3.42, p = 0.007); having ‘heard about the UVI’ 
(OR 1.65, CI: 1.07-2.53, p = 0.022); and that ‘dark skin 
protects against skin cancer’ (OR 1.92, CI: 1.28-2.86, p 
= 0.001). However, the value of interpreting these 
findings is limited at this stage beyond assisting with 
the design of future questionnaires. Specifically, 
additional demographic variables, especially ethnic 
group and age, as well as measure of socio-economic 
standing, must be included. 

Several limitations, errors and biases were apparent 
during this pilot study. The CSIR employee base is not 
representative of the broader South African public and 
these results cannot be used for the design of sun 
awareness campaigns. Also, there was a concern that 
respondents answered ‘correctly’ rather than truthfully. 
Since ethnic group was not included as a questionnaire 
measure, results were not analysed by ethnicity. This is 
an important error given that there was a concern that 
the sample probably comprised more from a single 
ethnic group and that there may be a general perception 
that the skin is the only organ at risk of excess sun 
exposure, without acknowledging the eyes and the 
immune system, as well as the risk of underexposure 
and associated detrimental psychological and physical 
health effects. 
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Table 1. Key sun-related attitudes, knowledge and behaviour outcomes for all respondents and by sex  
Variable All adults 

n = 512 
(%) 

Males 
n = 244 

(%) 

Females 
n = 265 

(%) 
Knowledge    
Taught about sun protection / safe sun behaviour at school 
Agreed winter sun exposure good for vitamin D production 
Heard about Ultraviolet Index (UVI) 

30.2 
80.2 
77.1 

31.5 
85.2 
81.9 

29.0 
75.8 
73.5 

Attitude    
Think it is safe to get sunburnt once or twice a year 
Think darker skin protects against skin cancer  
Like to have suntan because it makes me feel healthier 

11.5 
28.5 
25.9 

13.9 
35.6 
27.4 

9.4 
22.2 
24.9 

Behaviour    
Sunbathed regularly last summer to try to get a suntan 
Sunburnt last summer 
Regularly used sun protection, i.e. hat, sunscreen, and/or protective 
clothing, last summer 

10.9 
38.8 
75.3 

8.6 
39.3 
71.7 

13.2 
38.8 
78.8 
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INTRODUCTION  

On average only 5% of tropical cyclones that 
originate over the South West Indian Ocean (SWIO) 
make landfall over southern Africa. Predicting 
landfall of such tropical systems has been complex as 
a result of their significantly varying track. Vitart et 
al. (2003) had suggested that the zonal steering flow, 
the zonal wind between the middle and lower 
atmosphere, is linked to the risk of landfall of such 
tropical cyclones. In addition it was also suggested 
that using synoptic conditions could aid in 
forecasting tropical cyclones as these conditions can 
be predicted in advance and large scale conditions 
influence both frequency and the tracks of such 
systems. Studies on the propagation of tropical 
cyclone tracks include specific cases such Eline 
(2000) (Reason et al., 2004) and Favio (2007) 
(Klinmam et al., 2008) A detailed description of the 
synoptic conditions surrounding such events are 
required to better understand their propagation and 
often unusual track. Self-Organizing Maps (SOMs) 
can be used as one method to objectively analyse the 
synoptic conditions surrounding tropical cyclone 
events. SOMs have an advantage in that they are 
useful for analysing highly dimensional datasets 
(Hewitson et al., 2002). Creating a SOM analysis for 
various atmospheric variables was used in this paper 
to determine which patterns of the atmospheric 
variables favour the landfall of tropical cyclones over 
southern Africa.  

DATA AND METHODS 

Data, received from the Council for Scientific 
and Industrial Research (CSIR), was obtained from 
the Conformal Cubic Atmospheric Model (CCAM) 
with the model forecast initialized from the National 
Centre for Environmental Prediction (NCEP). The 
CCAM (NCEP) data has a resolution of 2 focusing 
over the Mozambique Channel with a range from 10 
to -50 Latitude and -25 to +80 Longitude as shown in 

fig. 1. This dataset is comprised of 26 tropical 
cyclone events, each with approximately 10 days 
surrounding the event with a 6 hourly temporal 
resolution.  Of the 26 events 10 tropical cyclones 
made landfall during the given time frame. This 
multi-dimensional dataset contains a number of 
atmospheric variables at different pressure levels.  

The atmospheric variables used from the 
CCAM forecasts for SOM analysis include the zonal 
and meridional wind, surface temperature and air 
temperature which were done over a domain as 
indicated in fig. 1 (thick line rectangle). The latent 
and sensible heat flux, the relative humidity, 
precipitable water column, the vertical average of 
zonal and meridional humidity flux, the vertical 
average of zonal and meridional temperature flux and 
the maximum daily CAPE were also used but over a 
smaller domain also indicated in fig. 1 (thin line 
rectangle). In addition the vorticity, potential 

vorticity and the divergence/convergence were 
calculated.  

These atmospheric variables were standardised 
before being entered into SOMPAK version 3.1 for 

Figure 1: Map showing the domain used for 
SOM analysis for the variables used 



the SOM analysis. Each atmospheric variable 
mentioned above for the 26 events (1028 time steps) 
and each of the 7 different pressure levels (1000, 850, 
700, 600, 500, 250, 100 hPa) are individually classed 
and analysed using a 5x5 SOM.  

RESULTS  

The SOM analysis has allowed for the 
determination of a multi decadal pattern inherent in 
the atmosphere that favours the landfall of tropical 
cyclones.  In addition the use of an index system 
from the SOM has allowed for the identification of 
the important variables on various pressure levels that 
favour landfall of tropical cyclones from the SWIO.  

Fig. 2 shows an example of a 5x5 SOM for the 
250 hPa heights. The darker regions indicate negative 
anomalies of the standardized values while the lighter 
grey to white indicates positive anomalies. The SOM 
classes 4, 10 and 25 show conditions that least favour 
landfall of tropical cyclones, while classes 8, 16 and 
22 indicate the classes with most favourable 
conditions for landfall. Favourable conditions show 
to have predominantly positive anomalies to the 
south of the Mozambique Channel as well as parts of 
the Mozambique Channel itself. Synoptic conditions 
that do not favour landfall of tropical cyclones have 
larger negative anomalies of the 250 hPa heights over 
and towards the south of the Mozambique Channel. 
Considering synoptic conditions at 250 hPa while 
tropical cyclones are over the Mozambique Channel 
classes 17, 19 and 22 show the favourable conditions 
while classes 1, 15 and 25 show least favourable 
conditions for landfall. The conditions allowing for 

landfall within the Mozambique Channel once again 
show more positive deviations to the south of the 
channel. Stronger negative deviations exist to the 
southwest of the continent which appears to be 
associated larger scale conditions conducive to 
landfall. The conditions favouring the non-landfall 
cases in the Mozambique Channel show negative 
anomalies to the south of the channel or subcontinent.  
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Figure 2: 5x5 SOM for the 250 hPa heights 
showing favouring conditions for 
landfall and non-landfall 
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1.  INTRODUCTION 

 
Rainfall over South Africa is variable – 

this applies to inter-seasonal rainfall totals as 
well as to rainfall characteristics within a 
season   (Tennant and Hewitson, 2002).  In this 
paper, the main circulation patterns during 
December-January-February (DJF) are 
identified. The atmospheric circulation 
patterns during wet and dry DJF seasons as 
well as during El Nino and La Nina DFJ 
seasons are described in terms of the frequency 
of occurrence of the identified circulation 
patterns in an attempt to relate the daily 
circulation to inter-seasonal variability of DJF 
rainfall totals. 

 
2.  DATA AND METHODOLOGY  
 

The 1200Z instantaneous geopotential 
height fields of the 850 hPa and 600 hPa 
pressure levels from the National Centers for 
Environmental Prediction reanalysis data 
(Kalnay et al., 1996) are used to perform a 
synoptic atmospheric circulation classification 
for DJF of 1979/1980 to 2010/2011 over the 
domain bounded by 0˚E-50˚E and 40˚S-10˚S. 
The classification is achieved by application of 
a self-organizing map (SOM) procedure (e.g. 
Tennant and Hewitson, 2002). 

Wet and dry DJF seasons for the central 
and northeastern interior (Figure 1) are defined 
as those seasons where the standardized 
seasonal rainfall total is greater or less than 
one standard deviation respectively.   

 
FIG. 1: The adapted homogeneous rainfall 
regions over the central and northeastern 
interior as defined in Landman et al. 2001. 

Wet and dry DJF seasons for 1979/1980 
to 2008/2009 are identified by utilizing the 
monthly rainfall data (version 3.1) of the 
Climatic Research Unit (CRU), while 
estimated rainfall data from the Tropical 
Rainfall Measuring Mission (TRMM) is used 
to determine whether the 2009/2010 and 
2010/2011 DJF seasons were wet or dry. 
TRMM data is incorporated for the latter two 
seasons as the CRU 3.1 data cover the 1901 to 
2009 period only. The correlation for the 
overlapping period (1998/1999-2008/2009) 
between the CRU 3.1 and TRMM standardized 
DJF rainfall totals is 0.91 and 0.87 for the 
central interior and northeastern interior 
respectively. It is therefore considered to be 
sound to extend the CRU DJF standardized 
rainfall totals to 2010/2011 by appending the 
TRMM standardized DJF rainfall totals. 
 
3.         RESULTS 
 

During DJF 1979/1980 to 2010/2011, 
eight wet and eight dry seasons occurred over 
the central interior, whilst the northeastern 
interior experienced three wet and three dry 
seasons (Figure 2).  

FIG. 2: Standardized DJF rainfall totals for 
1979/1980 to 2010/2011 for the central interior 
(dark grey) and the northeastern interior (light 
grey). 

The frequency of occurrence of the 
daily atmospheric circulation (as represented 
by the SOM nodes) that is associated with the 
identified wet and dry DJF seasons for the 
central and northeastern interior, are displayed 



in Figure 3. Distinct different atmospheric 
circulation patterns occur during wet and dry 
DJF seasons, in particular if the height 
departures (from the DJF mean) associated 
with these systems are considered. Nodes that 
occur most frequently during wet seasons are 
indicative of variations of tropical-temperate 
trough patterns and in some instances clear 
Angola low activity.  It is these nodes that 
occur frequently during wet seasons over the 
northeastern interior and that are associated 
with negative height departures over most of 
the domain. For wet seasons over the central 
interior these nodes, as well as nodes 
representative of weather systems where the 
tropical-temperate link has weakened or 
diminished and is replaced by anticyclonic 
ridging southeast to east of South Africa, are 
indicated. This height departure pattern is well 
known to promote an influx of moist Indian 
Ocean air into the subcontinent.  

 

FIG. 3: Average frequency of occurrence of 
the SOM nodes during wet (left) and dry 
(right) DJF seasons for the northeastern (top) 
and central (bottom) interior rainfall regions. 

During dry DJF seasons the most 
frequently occurring nodes represent mid-level 
anticyclonic circulation established or invading 
from the Atlantic Ocean over southern Africa. 
Even the nodes representing tropical-temperate 
linkages are accompanied by a height 
departure pattern unfavourable for moisture 
transport into the subcontinent. 

During El Nino and La Nina DJF 
seasons, certain dominating circulation 
patterns are distinguishable (Figure 4), with 
systems accompanied by generally positive 
and generally negative height departures 
occurring during El Nino and La Nina events, 
respectively. This happens, irrespective of 
whether the El Nino season was associated 
with dry or normal rainfall, and irrespective of 
whether the La Nina event causes anomalously 
high rainfall or not. 

During El Nino DJF seasons that turn 
out not to receive below-normal rainfall, the 
most striking difference compared to dry El 
Nino seasons appears to be an increase in the 
frequency of weather systems associated with 
a height departure distribution favouring an 
influx of moisture from the Indian Ocean.    

 

FIG. 4: Average frequency of occurrence of 
the SOM nodes during El Nino (top left) and 
La Nina (top right) DJF seasons; frequency 
anomaly of SOM nodes during wet and dry 
DJF El Nino (bottom left) and wet and dry 
DJF La Nina (bottom right) seasons.  

During La Nina DJF seasons that fail 
to deliver above-normal seasonal totals, rain 
producing systems such as tropical-temperate 
troughs and ridging anticyclones occur less 
frequently than in wet La Nina seasons. Daily 
rainfall patterns associated with the more 
frequently occurring nodes during El Nino DJF 
seasons that do not result in below-normal 
rainfall as compared to El Nino DJF seasons 
that do result in below normal seasonal rainfall 
totals, will be presented. 
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1. INTRODUCTION 
 

The station Cape Point (34 °S; 18 °E) is 
located about 60 km south of Cape Town – at 
230 m asl on a rock face at the southern tip of the 
Cape Peninsula. Prevailing winds are from the 
south-east; however, the main large-scale 
advection is from the south-west. Ozone 
measurements made at Cape Point are available 
for three air intake heights, 30 m starting in 
1983, 4 m since 1997, and 14 m from 2008 
onwards. The O3 long-term trend for shorter 
observation periods has been previously 
presented (e.g. Brunke and Scheel, 1998 and 
Oltmans et al., 2006). Here we provide updated 
trend estimates, including separate analyses of 
individual periods. Linear regression results for 
anomalies have been compared on a 12-monthly 
basis and for individual seasons. Furthermore, 
long-term trends derived from a suite of monthly 
percentiles have also been examined. 
 
 
2. METHOD AND DATA 
 

The ozone instrumentation currently 
consists of three Thermo Electron TE 49 
analysers and a TE 49PS calibrator. The cali-
bration is tied to the WMO/GAW scale, which 
has been checked by audits conducted by WCC-
Empa, with the most recent one in March 2011. 
In order to remove pollution events (elevated or 
depleted in ozone), the 30-min data sets have 
been filtered via a statistical filter as well as by 
CO, which is an effective indicator for local 
pollution events such as biomass burning 
(Brunke et al., 1997). The resulting filtered data 
sets and the all-data set have been subjected to 
moving averages over their monthly means as 
well as linear and harmonic regression analysis. 
 
 
3. RESULTS 
 

An overall trend agreement between the 
different data sets has demonstrated the long-
term robustness of the observations at the three 

air intake levels. The CO-filtered time series 
agrees marginally better with the entire data set 
than with the statistically filtered data, which 
may accept too many low values of non-
background origin. In the all-data set, ozone 
levels at the upper end (due to production) or 
destruction at the lower end of the scale appear 
to cancel each other out on a monthly basis. 
 
Figure 1 shows the monthly means for the 30-m 
air intake as obtained with the statistical 
background filter together with a harmonic 
regression fit and the long-term trend curve. 
Years depicting general tendency changes are 
1989 – 1991, when an overall O3 increase began. 
In more detail, the time series can roughly be 
divided into 3 parts: 1983 – 1989/90 with no 
clear trend behaviour and two major gaps, 1990 
– 2002 with a statistically significant ozone 
increase, and 2003 onwards, when stabilization 
took place – at least until about 2009. The 
positive trend of the period 1990 to 2002 was 
accompanied by an increase in seasonal peak-to-
peak amplitudes with seasonal variations 
displaying a flat July-September maximum and a 
minimum in January. In the study of global 
ozone trends by Oltmans et al. (2006) the Cape 
Point time series (30 m intake, statistically 
filtered) was put into perspective with other 
southern hemispheric sites, where it showed a 
relatively high ozone increase.  
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Fig. 1: Time series (1983 – 2010) of monthly 
means for the 30-m air intake, statistical back-
ground filter applied. 



A comparison of different statistical approaches 
for trend calculations has shown good agreement 
of the growth rates. Taking the rate of 0.17 
ppb/yr (0.14 – 0.20) based on the anomalies 
(1990 – 2009) as reference, linear regression on 
the monthly means (not deseasonalised) yielded 
0.19 ppb/yr. Rates from a linear regression on 
the trend curve (shown in Fig. 1) as well as 
average rates based on its monthly derivatives, 
and the difference of the trend curve values in 
the period under consideration (Jan 1990 till Dec 
2009), all showed reasonable agreement. 
 
Growth rates derived from seasonal anomalies 
(1990 – 2009) – shown in Figure 2 – vary only 
slightly throughout the year with the highest rate 
(0.21 ppb/yr) for austral spring (September, 
October, November) and the lowest rate (0.12 
ppb/yr) for austral winter (June, July, August). 
The increase is statistically significant (95% 
level) for all four seasons. The calculated O3 
reference mixing ratio for January 2000 amounts 
to 23.9 ppb from all data, and to 23.5 ppb for 
background conditions. 
 
 

 
 
Fig. 2: Seasonal anomalies with linear 
regression. Highest O3 increase for austral spring 
(September, October, November). 
 
Efforts to estimate the representativeness of the 
air at the two intake heights, 4 and 30 m, were 
undertaken by comparing specific time series 
constructed from the O3 maxima and minima of 
the half-hourly intervals (2000 – 2009). The 
results showed no indication of different trend 
behaviour between 4 and 30 m above the station. 
Averages of the 2000 – 2009 monthly means of 
the two levels agree within ≈ 0.2 ppb. However, 
it is noted that during pollution episodes 
(especially regional fire plumes) differences > 60 
ppb between the intakes can occur. 
 

First analyses of trend estimates based on 
different monthly percentiles (notably 10th, 25th, 
75th and 90th) have indicated rather similar 
growth rates among the individual data sets. 
 
 
4. SUMMARY AND CONCLUSIONS 
 

The time series of surface ozone at Cape 
Point from 1983 – 2010 displays three periods 
characterized by different trends, with a rather 
unspecific behaviour between 1983 and 1989/90. 
During the period 1990 – 2002 a significant 
ozone increase took place, without pronounced 
seasonal dependence. From 2003 onwards O3 
levels stabilized. Different statistical techniques 
have yielded compatible growth rate estimates. 
The ozone levels observed at Cape Point are not 
critically dependent on the air intake heights 
between 4 m and 30 m. Ongoing studies 
concerning O3 trends for different percentiles of 
the data will be supplemented by a history of 
data frequency distributions. However, since 
large parts of the O3 variations at Cape Point 
cannot be explained from the observational data 
alone, future cooperation with modellers is 
expected to elucidate the ozone behaviour for 
different time scales.  
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 1. INTRODUCTION 

 With the 17th Conference of the 
Parties (COP17) of the United Nations 
Framework Convention on Climate Change 
now only two months away, it seems unlikely 
that a binding international treaty enforcing 
drastic cuts in greenhouse gas emissions will 
be reached. In fact, the dawn of 2 °C+ world 
seems inevitable within the 21st century. This 
paper investigates some of the potential 
climate futures of southern Africa within such 
a 2° C+ world, through the dynamic 
downscaling of the projections of future 
climate obtained from a number of coupled 
global circulation models (CGCMs). 

 2. METHODOLOGY 

 The conformal-cubic atmospheric 
model (CCAM) (McGregor, 2005) of the 
Commonwealth Scientific and Industrial 
Research Organisation (CSIRO) is used to 
downscale the projections of six CGCMs that 
contributed to Assessment Report Four (AR4) 
of the Intergovernmental Panel on Climate 
Change (IPCC) to high resolution over the 
southern African region. CCAM is a variable-
resolution global atmospheric model, which 
may be applied in stretched-grid mode to 
function as a regional climate model. Recent 
years have seen the advent of variable-
resolution atmospheric global circulation 
models as an alternative to limited-area 
models, for the purpose of downscaling the 
output of CGCMs. An advantage of this 
approach is that the spurious reflection of 
atmospheric waves (and associated spurious 
vertical velocities), which may occur at the 
lateral boundaries of limited-area models, is 
avoided. On CCAM’s grid, the semi-implicit 
semi-Lagrangian discretization of the 
governing equations suppresses noise that may 
develop in the vicinity of the panel corner 
points (McGregor, 2005).  
 
In order to obtain the ensemble of regional 
projections of climate change, the model is 
forced with the bias-corrected sea-surface 
temperatures (SSTs) and sea-ice fields of the 
CGCMs, for the period 1961-2100. The bias is 
computed by subtracting for each month the 
Reynolds (1988) SST climatology (for 1961-
2000) from the corresponding CGCM 
climatology. The bias-correction is applied 

consistently throughout the simulation. 
Through this procedure (devised by Katzfey et 
al., 2009), the climatology of the SSTs applied 
as lower boundary forcing is the same as that 
of the Reynolds SSTs. However, the intra-
annual variability, inter-annual variability and 
climate-change signal of the CGCM SSTs are 
preserved.  

Figure 1: Quasi-uniform C48 CCAM grid, 
having a horizontal resolution of about 2° in 
latitude and longitude. 
 

Figure2: Stretched C64 CCAM grid, having a 
horizontal resolution of about 0.5° over 
southern Africa. 
 
All six of these projections are for the A2 
emission scenario of the Special Report on 
Emission Scenarios (SRES). A multiple-
nudging strategy is followed, by first 
integrating CCAM globally at quasi-uniform 
C48 resolution (about 2° in latitude and 
longitude – Figure 1), forcing the model with 
the SSTs and sea-ice of each host model, and 
with CO2, sulphate and ozone forcing 
consistent with the A2 scenario. In a second 
phase of the downscaling, CCAM was 
integrated in stretched-grid mode over 
southern Africa and the southwestern Indian 



Ocean, at C64 resolution (about 0.5° in latitude 
and longitude). The high-resolution grid is 
centred at 28° E and 25° S (Figure 2). The 
higher resolution simulations were nudged 
within the quasi-uniform C48 simulations, 
through the application of a digital filter using 
a 4000 km length scale. The filter was applied 
at six-hourly intervals and from 900 hPa 
upwards. The model’s ability to simulate the 
present-day characteristics of the southern 
African regional climate has been investigated 
(e.g. Engelbrecht et al., 2009; Engelbrecht et 
al., 2011) and for various other climatological 
regions . 

 3. RESULTS 

Drastic rises in surface temperatures, at about 
twice the global rate of temperature increase, 
are projected for the interior regions of the 
subcontinent. Figure 3 shows the projected 
increase in the summer half-year (October-
March) maximum temperature over southern 
and tropical Africa, for the period 2071-2100 
vs 1961-1990. The western parts of southern 
Africa (Angola, Namibia, Botswana and 
western South Africa), are projected to warm 
the most.  For these areas, temperature 
increases of more than 4 °C or even 5 °C are 
projected – about double the increase in global 
average temperature projected for the same 
period in time. For the remainder of the 
interior regions of the subcontinent, maximum 
temperature increases of more than 3 °C are 
projected. The coastal areas of South Africa 
are projected to warm the least (about 2 °C to 3 
°C), due to the moderating effects of the ocean. 
The projected rapid rise in temperature over 
southern Africa seems to be related to the 
strengthening of the subtropical high-pressure 
belt over the region in the future climate (e.g. 
Engelbrecht et al., 2009).   

Another robust pattern that emerges from the 
ensemble of projections, is that the 
subcontinent of southern Africa is projected to 
become generally drier and East Africa 
generally wetter, in response to enhanced 
anthropogenic forcing. However, a signal 
common to all the ensemble members is that 
the central interior of South Africa is projected 
to become somewhat wetter, with an 
associated increase in extreme rainfall events. 
This signal seems to be at least partially driven 
by the deepening of the continental trough 
over the western interior of southern Africa. 
Being a region of low-level convergence, 
thunderstorm formation is known to be 
favoured to the east of the heat low within 
present climate. Analysis reveals that the 
projected increase in extreme rainfall events 

over the central interior of South Africa is 
indeed of a convective nature. 

The ensemble of high-resolution projections of 
future climate change over the southern Africa 
can therefore indeed be shown to be defensible 
from a physical circulation perspective. The 
results indicate that, at least for surface 
temperature, drastic change may occur over 
southern Africa within a 2 °C+ world. 

Figure 3: Projected changes in summer half-
year temperature over southern Africa, for the 
period 2071-2100 vs 1961-1990. Downscaled 
results for six CGCM projections of AR4 of the 
IPCC, all for the A2 SRES scenario, are 
shown. 
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1. INTRODUCTION 
 

Understanding seasonal climate in terms of its 
synoptics remains a non-trivial task. Although 
many methods exist for synoptic weather 
classification, they often involve complex 
statistics which smooth away low-frequency 
events. Visual identification of features remains 
the most robust method and with recent advances 
in computer vision, automating the work of the 
human eye is possible. 
 
TTTs are known to contribute significantly to 
summer season total rainfall (Harrison, 1984). In 
this paper, such an automated method is used to 
quantify summers over southern Africa (SA) in 
terms of their cloud band characteristics. We ask 
the question: Does ENSO modify cloud band 
statistics in the region? Observations and  
idealised atmospheric general circulation model 
runs are used in the investigation. 

 
2. MATERIALS AND METHODS 

 
A google code project, cvblob, provides the 
back-bone of a blob detection algorithm that is 
used to identify contiguous bands of low 
outgoing longwave radiation (OLR) in gridded 
data. Satellite-derived OLR is obtained from 
NOAA. Model derived OLR is the output of four 
HadAM3P runs forced with: Climatological sea-
surface temperatures (SST), and idealised 
warming in the Eastern Pacific, Central Pacific, 
and  Central and South Pacific; EP, CP and SPCP 
respectively. Each experiment had 20 ensemble 
members with differing initial atmospheric 
conditions but the same SST forcing field. Model 
physics choices are the same as used in the 
seasonal forecast run by Climate Systems 
Analysis Group, University of Cape Town. All 
members are retained and treated as one year 
each, essentially producing 20 years worth of 
data in response to a single idealized SST 
forcing. 
 

Frequency and position of TTTs in these data 
sets are calculated and stratified by position of 
ENSO-associated SST warming in the Pacific 
Ocean. 
  
3. RESULTS AND DISCUSSION 

 
On average, 50-60 TTTs per season are found in  
NOAA OLR, with the model climatology run 
getting similar results. However, where the two 
differ is in results of TTT positioning during EP 
vs CP SST warming. 
 
For both satellite-derived OLR and model 
climatology, cloud band blob centres indicate 
two regions of peak occurrence: eastern SA and 
east of Madagascar (Fig. 1). 
 
In observations and the model run, EP warming 
has little effect on this geography. The CP 
experiment shows an increase in Madagascan  
cloud bands, with a slight decrease in SA events; 
a feature that is not found in observations. 
Indeed, the observations suggest the opposite 
result. Despite this conflict, these results 
represent the first attempt at addressing the 
hypothesis: TTTs move offshore during El Niño 
events, causing drying over SA (Harrison, 1984). 
 
4. CONCLUSION 

 
We have developed a computer-vision based 
methodology with which we can address 
questions about seasonal synoptics over SA. 
Initial findings regards sensitivity of TTTs to EP 
vs CP warming show disagreement between 
idealised model runs vs observations. 
 
Analysis of data using this methodology is 
ongoing and will likely yield information which 
deepens understanding of regional climate as 
well as assess the ability of seasonal forecast 
systems to capture these dynamics. 
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Fig. 1 Frequency distribution of cloud band centres by longitude for NOAA OLR (left) and idealised model runs 
(right). Top: Climatology, Middle: CP warming, Bottom: EP warming. 
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1. INTRODUCTION 
 

          Stratosphere-troposphere exchange (STE) 
influences the chemical composition of both the 
stratosphere and the troposphere and represents  
an important  aspect of global change [Butchart 
and Scaife, 2001]. It is also often associated with 
severe weather events [Goering et al., 2001]. 
Upper tropospheric ozone is an important 
greenhouse gas that affects global outgoing long 
wave radiations, chemistry, climate, and the 
radiation budget [Holton et al. 1995].  Their 
changes have a great impact on the surface 
temperature [Forster and Shine, 1997]. 

The Measurements of Ozone by Airbus In 
service airCraft (MOZAIC) program was 
designed to collect ozone and water vapor data 
using automatic equipment installed on board 
five long-range Airbus A340 aircraft flying 
regularly all over the world [Marenco et al., 
1998]. The overall objective of the programme is 
to improve our physical and chemical 
understanding of the atmosphere. According to 
Danielsen [1982] air in the stratosphere has high 
static stability and, as a result, high IPV values 
greater than 1.5 IPV units (1.5 X 10−6 K kg −1 m 
2s−1) are typically found only in the stratosphere; 
thus IPV can also be used to trace ozone-rich air 
which has moved from the stratosphere to the 
troposphere. This work will identify the causes 
and sources of MOZAIC ozone enhancements at 
upper tropospheric North Africa (20-350 N). In 
addition the paper will address the modes of 
transport of ozone rich airmass sampled by 
MOZAIC at mid latitude and North Africa. 
 

       2. DATA AND METHOD 
 

We have used for the present case study, 
ozone data from MOZAIC. Cruise enhanced 

ozone measurements sampled on the flight route between 
Johannesburg to Vienna over North Africa and mid-
latitude regions are investigated. Along the flight route, 
high ozone peak at North Africa (20-300 N) and mid 
latitude region (30-480 N) were observed at a flying 
altitude of about 250-200 hPa (Fig.1 rectangular box). 
    For diagnostic purpose additional data sets such as 
ozone mass mixing ratio, potential vorticity on a pressure 
level PV and on isentropic surface (IPV), zonal (U) and 
Meridonal (V) wind fields at pressure and potential 
temperature levels derived from ECMWF-ERA interim 
Re-analysis [ECMWF, 2010] at different potential 
temperature and pressure levels were used.  
 
 

    
 
 

    
 
FIG.1. Segment of most frequent MOZAIC flight routes (upper 
Panel) and enhanced ozone observation (lower panel). The 
dotted lines represent potential temperature along the flight 
route. 
 
 



3. RESULTS AND DISCUSSION 
 

Ozone is indicated by solid line in the lower 
panel Fig.1. The dashed line shows potential 
temperature along the flight route which is 
calculated from MOZAIC temperature record. 
The first case is depicted in Fig.1 (panels a and 
b) are characterized by enhancements with in 
African latitude and produced, including the case 
shown in panel c, with similar events.  On the 
other hand, the panel d depicts an enhancements 
outside the African boundary (> 35.50 N) and 
produced with a different event. In this section, 
the source of ozone enhancements over mid-
latitude and North Africa and the mode of ozone 
transport for the observed two cases are 
discussed. 

 
 
FIG.2. Meridional cross-section on potential vorticity  
at  1.5 E on 25 April 1996 (a)and at 13.5 E for 28 
February 1996(d) 00 UTC. The white dashed lines are 
isentropic lines at 330, 350, 370, 395, 430 and 475 K 
levels. 
 
In all cases of enhanced MOZAIC ozone 
observations, Fig. 2, the VMR is greater than 
100 ppbv. A separate relative humidity 
measurement simultaneously with ozone by 
MOZAIC in the region of ozone enhancement 
(not shown) is less than 25%. Negative 
correlation of these two quantities at flight level 
(200 hPa) indicates the air mass sampled by 
MOZAIC is from stratospheric origin. 
    FIG.2(a and b) and FIG.3 (a-d) illustrate 
modes of air mass transport across or along 
isentropic surfaces. Across isentropic surface air 
mass transport is observed for 25 April 1996. 
Ozone enhancement shown in Fig.1a is likely 
due to ozone rich air mass ejected obliquely 
through the PV- tongue at 100 hPa and 350 N.   
       The second case is along isentropic surface 
air mass transport, for Feb. 28, 1996. Almost 
parallel isentropic lines shown in FIG.2d (white-
doted lines) as well as the PV orientation shows 
along isentropic transport.  Secondly, high IPV 
at the polar vortex which decreases all the way to 
300 N also confirms a dominant along isentropic 

surfaces transport (FIG 3d). This brings along isentropic 
transported enhanced stratospheric ozone to upper 
troposphere mid-latitude and North Africa (FIG 2b). 

       

                   

 

 
FIG.3. Potential Vorticity on 475, 395 and 350 K isentropic 
surfaces for April 25, 1996 (upper panels) February 28, 
1996(lower panels) respectively. 
 
These observations clearly show that polar and mid-
latitude are intense STE regions. Enhanced stratospheric 
ozone transported from these regions to upper troposphere 
North Africa. This would have a significant effect on 
chemistry, climate and radiative forcing. 
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1. INTRODUCTION 

Rainfall is one of most difficult parameters 
to forecast accurately. In Numerical Weather 
Prediction (NWP), inaccurate forecasts result 
from errors in the initial conditions or in the 
NWP model itself. Errors in NWP models 
develop through assumptions and 
simplifications made in the equations 
describing atmospheric motions; different 
parameterization schemes and model physics, 
which do not accurately represent the 
complicated chaotic nature of the atmosphere 
(Ebert, 2001).  

Ensemble modeling is employed to 
minimize the effect of these errors. An 
ensemble is a collection of different model 
forecasts. Different forecasts may be obtained 
by perturbing initial conditions in one model, 
by utilizing different model configurations 
and/or using forecasts from different models as 
is the case in this research. A collection of 
forecasts from different models is known as a 
multi-model ensemble. Ensemble forecasts are 
useful in assessing the probability of an event 
occurring. Overall ensemble modeling has been 
shown to improve forecasts (Ebert, 2001; 
Bougeault et al., 2010). Smaller distribution of 
forecasts over short lead times is generally 
associated with lower uncertainty and higher 
skill (Toth et al., 2001). If the observed 
atmospheric state lies within the ensemble 
spread, the forecast was good. Larger number 
of ensemble members also improves forecasts 
(Ebert, 2001).   

Verification of forecasting systems is an 
important process, since errors may be 
identified and be accounted for in forecasts. The 
performance of the forecasting system may also 
be assessed. Once errors and short comings in 
NWP models have been identified, research 
may be done in improving the forecasting 
system.  

In this paper, six hourly multi-model 
rainfall ensemble forecasts were verified with 

observational station data for the summer 
season 2010/11 over South Africa. The 
contribution of National Centers of 
Environmental Prediction’s (NCEP) global 
model forecasts to the overall rainfall forecasts 
was also assessed. 

2. DATA AND METHOD 

Four models were included in the multi-
model ensemble. These were NCEP’s Global 
Ensemble Forecasting System (GEFS); Unified 
Model (UM); High Resolution Model (HRM); 
and Weather Research and Forecasting (WRF) 
model. A total of 10 members made up the 
ensemble: four members from GEFS; three 
from UM; two from HRM; and one from WRF 
model. This ensemble has been running 
operationally at the South African Weather 
Service (SAWS) since October 2010. The 
ensemble was verified against automatic 
weather station data obtained from the 
Agricultural Research Council and SAWS. 
Quality control measures was done to the data 
in removing of negative rainfall values; 
discarding rainfall values when 24 hour 
accumulated rainfall was greater than 597mm; 
and when rainfall values exceeded 100mm in an 
hour. Both model and observation data were 
interpolated to a 0.5° grid resolution. 
Observational data were not available in all the 
grid boxes over South Africa; therefore grid 
boxes where at least one rainfall station was 
present, were used in the verification of the 
multi-model ensemble for every 6-hrs (0-6, 6-
12, 12-18 and 18-24 UTC).  

Two ensemble forecasts were calculated 
and verified over the season. The first ensemble 
consisted of 10 members (Ensemble 1), 
whereas the second ensemble excluded the four 
members from NCEP’s GEFS (Ensemble 2). 
The bias was calculated for each six hourly 
period for both ensembles. A monthly average 
bias was henceforth calculated. 
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1. INTRODUCTION 
 
The structure and variability of the tropopause have 
been studied and reported in the literature, see for 
example; Lauritsen et al, 2009 and Schmidt, T; 
Wickert, J and A. Haser, 2010; just to mention a 
few.  In particular, more recently the characteristics 
of the tropopause have been considered as proxy 
parameter that describes the tropospheric-
stratopsheric exchange processes (Hall et al., 
(2007).   The correlation between Green House Gas 
(GHG) increases and global warming (of the 
troposphere) on one hand and cooling of the 
middle-atmosphere on the other hand is still a 
controversial area of research.   Nevertheless, a 
warming and expansion of the troposphere as well 
as the cooling of the lower stratosphere could result 
to an upward displacement of the tropopause 
height.  In the present contribution, the structure 
and dynamics of the mid-latitude tropopause height 
are studied using radiosonde (RS) and COSMIC - 
Constellation Observing System for Meteorology, 
Ionosphere & Climate Radio Occultation (RO) data 
(FORMOSAT-3, 2011).  Firstly the temporal 
structure of the tropopause height over the mid-
latitudes is analysed between 2006 and 2010 using 
RS data of some of the selected stations from the 
Southern Hemisphere Additional Ozonesondes 
(SHADOZ) network (Thompson et al., 2003).  
Secondly correlation of the tropopause heights 
computed from RO and RS data sets during the 
summer (JFM) and Winter (JJA) season of 2009-
2010 is studied in order to assess the systematic 
differences in tropopause estimates based on the 
RO and RS data sets.    

  
 

2. DATA AND METHOD 
 
Data 
The RS datasets consists of meteorological 
variables such as temperature, altitude, pressure, 
relative humidity (RH), ozone (O3) and wind 
information.  Radiosondes measurements have 

been an important component of observational 
datasets for over half a decade.  There are many 
problems when such datasets are to be used for 
variability and trend studies though (Lakkis & 
Canziani, 2009), because there are often gaps in the 
collected datasets and therefore incomplete datasets 
have to be used.  The radiosonde data used in the 
present analysis was acquired from the SHADOZ 
network.  The set of four radiosonde data archives 
that were chosen for this study are those of Irene, 
Ascension Island, La Reunion Island and Nairobi. 

 
GPS RO is a new method that collects 
measurements of temperature, pressure and water 
vapour in the stratosphere and the troposphere 
indirectly (Lauritsen et al, 2009).  The technique 
relies on using the radio signals collected from the 
Earth’s surface at an altitude that is approximately 
20000km. The GPS RO data is available from the 
COSMIC network.  This data allow independent 
measures of variability and are the start of what 
may well become a key climate monitoring data 
product for the future (Randel et al., 2004).  The 
GPS radio signals are highly reliable due to its 
global coverage, high vertical resolution, self-
calibration and ability to operate under all weather 
conditions (Lakkis and Canziani, 2009). 

 
Methodology 
Monthly meteorological measurements were 
obtained by averaging of the retrieved atmospheric 
profiles from SHADOZ and COSMIC occultation 
over the selected SHADOZ stations (see figure 1)..   
Temporal structure of the tropopause are analysed 
over the SHADOZ stations based on monthly 
averaged tropopause height (this is computed based 
on the World Meteorological Organization (WMO) 
definition of tropopause. Correlation analysess is 
done by first determining events over the selected 
SHADOZ network and thereafter computed 
correlation coefficient and other statistics. 

 

 
 

 
3. Results and concluding remarks 



 
Figure 1: Radio occultation’s shown between 0 - 40 degrees S and 20 degrees W - 70 degrees E. 

 
Station and 

location 
# of 

occultation’s 
Average 

tropopause 
height from 

RO (km) 

# of RS 
observations 

Average 
tropopause 

height from RS 
(km) 

Height 
differences 

Ascension (7.98S, 
14.42W) 

11 16.3804 14 16.726 0.3456 

Reunion (21.06S, 
55.48E) 

44 16.3390 9          -   - 

Nairobi (1.27S, 
36.8E) 

7 16.3226 11 16.475 0.1524 

Irene (25.90S, 
28.22E) 

40 15.7199 2 17.573 1.8531 

Table 1: This table shows the averaged tropopause height computed from RS and RO data sets. 

 
The table shows the average tropopause heights 
calculated from RS and RO based on the Wild 
Meteorological Organization (WMO). As seen 
from the table, the calculated results correlate and 
are consistent with the results from Challenging 
Minisatellite Payload (CHAMP) satellite and 
European Centre for Medium-Range Weather 
Forecasts (ECMWF), which reported a tropopause 
height value of about 16.5km (Borsche et al, 2007).  

 
 
Notice the difference between the tropopause 
heights calculated from radio occultation and 
radiosonde data sets is in the range of 6.6969km 
and 7.35km.  The tropopause height is slightly 
higher in the tropics and the equator, and lower in 
the midlatitudes, eg at Irene. The results are 
inconclusive for Re-Union Island. 
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1. INTRODUCTION 
 
 The evolution of global sea-surface 
temperature (SST) anomalies over several 
months ahead is often relatively predictable. 
Subsequently employing predicted SST in 
atmospheric general circulation models 
(AGCMs) can provide means of generating 
forecasts of seasonal-average weather. Coupled 
ocean-atmosphere general circulation models 
(CGCMs) have also been increasingly used 
worldwide for operational seasonal forecast 
production (e.g. DeWitt, 2005).  Furthermore, 
coupled models can predict both the evolution of 
SSTs and atmospheric conditions at elevated 
levels of skill. However, when skilful SST 
forecasts are used AGCMs may perform equally 
well as the current CGCMs and so CGCMs can 
be used to supply SST forecasts to AGCMs.  In 
this paper a high-resolution retro-active forecast 
set of global SST anomalies is presented, 
including verification statistics and the 
methodology used to generate this multi-decadal 
set for a number of forecast lead-times. 
  
2. DATA AND METHOD 
 
 The archived sub-surface temperature 
forecast data of two CGCMs are considered here, 
and they are respectively the ECHAM4.5-
MOM3-DC2 (12 ensemble members; 74.25°S to 
65.25°N) and the ECHAM4.5-GML-CFSSST 
(12 ensemble members; 46°S to 46°N). Each of 
these coupled model forecast sets is available 
from January 1982 to present. The model data 
are obtained from the data library of the 
International Research Institute for Climate and 
Society. The observed SST data sets used are the 
1°x1° resolution data of NOAA's OI.v2, and the 
2°x2° resolution data of NOAA's NCDC ERSST 
version3b.  
 The SST forecast system presented here is 
based on a multi-model approach by including 
forecasts from a statistical model (canonical 
correlation analysis – CCA) that uses the most 
recent 3-month mean antecedent global ERSST 

field as predictor and the OI.v2 global SST as 
predictand, and from the two CGCMs. The three 
models are employed to produce a 28-year set of 
retro-active forecasts from 1982/83 to 2009/10 
for lead-times up to 6 months. The CCA option 
of the Climate Predictability Tool (CPT) is used 
for the statistical model forecasts, and also to 
project the subsurface temperature data of the 
CGCMs onto the 1°x1° resolution OI.v2 grid. 
This procedure of downscaling or recalibrating 
the coarse resolution CGCM forecasts to the 
OI.v2 grid is advantageous since all the forecasts 
are subsequently produced on a common high-
resolution grid and the forecast skill of the 
models is further enhanced (Tippett et al., 2005). 
The ensemble means of the coupled models are 
used in the CPT and the forecasts are created 
using a cross-validation design with a large 7-
year-out window, and by considering a 
maximum of 9 EOF predictor and 9 EOF 
predictand modes. The final step in the retro-
active forecast process is to average the three 
global forecasts in order to produce an equal 
weights set of multi-model forecasts. The same 
procedure is followed to produce forecasts 
operationally every month. The operational 
forecasts and verification statistics are presented 
on the website of the South African Risk and 
Vulnerability Atlas (http://rava.qsens.net/).  
 For the statistical model (CCA) and the 
ECHAM4.5-GML-CFSSST system (GML), 
forecasts are produced near the beginning of the 
month, and for the ECHAM4.5-MOM3-DC2 
system (MOM) currently near the end of the 
month. The convention used here to describe the 
lead-times is as follows. A 1-month lead-time for 
the former two model systems implies that there 
are about three weeks from the issuance of the 
forecast to the beginning of the forecast month. 
For example, a 1-month lead-time forecast for 
the month of December is produced at the 
beginning of November. For the ECHAM4.5-
MOM3-DC2 system, there are at least four 
weeks between the production of the forecast and 
the forecast target month. For example, 



December forecasts at a 1-month lead-time are 
produced near the end of October.  
 
3. RESULTS 
 
 The January retro-active forecast 
performance for the Niño3.4 area (5°N to 5°S; 
170° to 120° W) is shown in Figure 1. These 
forecasts are highly skilful during austral 
summer, with the lowest skill found during 
winter. 
 

 
FIG. 1. January Niño3.4 SST anomaly (°C) 
multi-model forecasts over the 28-year retro-
active forecast period. The mean squared error 
(MSE) skill score and Spearman rank 
correlations (and associated p-values) are 
included for each lead-time. 
  
 Niño3.4 SST forecast skill levels of the 
individual models and of the multi-model do not 
differ significantly, but the lowest skill is found 
for the statistical model. Moreover, the multi-
model does not outscore the individual models 
throughout as is demonstrated in Figure 2. Here 
the multi-model only starts to outscore the 
January Niño3.4 SST forecast of the best single 
model at lead-times exceeding 3 months.  
 

 
FIG. 2. January Niño3.4 SST forecast skill for 
lead times from 3 months, for each single model 
and for the multi-model (MM). 

Figure 3 shows the Spearman rank correlation 
values for January global SST forecasts at a 2-
month lead-time. Take note that high skill values 
are mainly restricted to the tropics, especially 
over the equatorial Pacific Ocean. 
 

 
FIG. 3. Spearman rank correlations for January 
SST forecasts at a 2-month lead time. 
 
Figure 4 shows a typical forecast: The January 
global SST anomaly forecasts during the strong 
1997/98 El Niño event.  
 

 
FIG. 4. The January 1998 SST anomaly (°C) 
forecast made at a 2-month lead-time. 
 
4. CONCLUDING REMARKS 
 
The full sets of retro-active and operational 
forecast fields are available on request. The 
forecasts are already being used by a number of 
institutions running AGCMs operationally.  
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1. INTRODUCTION 
This research deals with identifying 

sounding derived parameters associated with 
heavy rainfall events over the Gauteng Province. 
Compiling a climatology of these variables is a 
first approach in understanding the variability of 
the atmosphere during very wet and very dry 
events. Rasmussen and Blanchard (1998) 
explained how weather forecasters often rely on 
subjective experience when identifying favorable 
parameters for thunderstorm forecasting. A 
climatology provides objective information on 
how favorable different parameters are and what 
values constitutes climatologically large or 
extreme values. 
 In recent years many studies have been 
undertaken where sounding derived parameters 
are associated with severe weather phenomena 
(e.g. Craven and Brooks (2004), Dimitrova et al 
(2009), Doswell and Schultz (2006), Dupilka and 
Reuter (2006) and Covadonga et al (2009)). In 
each instance a set of ingredients were identified 
which may be associated with severe weather for 
a specific geographical location. Several 
parameters are used, these include: precipitable 
water, wind shear, Convective Available 
Potential Energy (CAPE), temperature and 
equivalent potential temperature lapse rates etc. 
  Brooks et al (1994) provides a detailed 
discussion on the difficulties of defining a 
proximity sounding. The challenge is to sample 
the atmosphere in which the event formed. The 
main concerns are that the atmosphere is not 
spatially homogeneous and is changing with 
time. Darkov (1969) considered a proximity 
sounding when the sounding was done within 80 
km of a tornado but Rasmussen and Blanchard 
(1998) preferred 400 km. Craven and Brooks 
(2004) considered that 185 km distance between 
the event and sounding location to be a 
proximity sounding while Groenemeijer and van 
Delden (2008) chose a maximum distance of 100 
km in order to retain a reasonable number of 
soundings for different types of severe weather 
events. The Irene sounding could therefore be 
considered to be a proximity sounding for 
Gauteng as the boundaries of the province are 
no-where further away than 100 km from Irene.  

 
2. DATA AND METHODS 
 

 SAWS upper air data for Irene were 
obtained from http://www.weather.uwyo.edu/  
for the 34 yr period from 1977-2011. These data 
were put through a vigorous quality control 
process (Dyson, 2010) and numerous 
atmospheric variables were calculated. The 
variables were chosen in order to contribute to 
the climatology of tropospheric variables over 
Gauteng but also to identify those variables 
associated with heavy rainfall.  
 The average monthly Gauteng rainfall 
was calculated for all summer months from 1977 
to 2011 from SAWS 24-hr rainfall station data. 
The average rainfall was standardized and very 
wet months were identified when the 
standardized value was more than 1 and very dry 
months when the value was less than -1.  The 
atmospheric variables were henceforth calculated 
for all the very wet and very dry months.  

 
3. RESULTS AND DISCUSSION  

The seasonal variation of temperatures 
is captured well as shown in Figure 1. At 500hPa 
the average October temperature is -10˚C but 
increases to -8 ˚C during January and February. 
In very wet months there is generally an increase 
in middle tropospheric temperatures by as much 
as 1 ˚C at 300hPa during January months. 
Temperatures below 700hPa are generally colder 
during very wet months 

Fig. 2 shows that in early summer (Oct-
Dec) there are only slight differences in wind 
direction between very wet (green) and very dry 
months (blue) and that generally speaking the 
winds are stronger throughout the troposphere in 
very wet months. The maximum wind speed 
anomaly in early summer occurs at 250hPa in 
November months. This increase in wind speeds 
in the upper troposphere may be indicative of the 
presence of a jet stream at this level. Conversely 
in late summer the winds are generally weaker 
during wet months the largest differences again 
occurring in the upper troposphere. The 
maximum anomaly is found in February months 
at 300hPa. There is also greater disparity in wind 
direction in late summer between very wet 
months and very dry months. In very dry months 
(blue) the wind tends to take on a more southerly 
component while very wet months (green) the 
wind tends to have a stronger northerly 
component and even turns towards the northeast. 



The northeasterly wind in lowest 3km of the 
atmosphere is indicative of moist warm tropical 
air flowing into Gauteng from the Mozambique 
Channel.  

 
Figure 1: The long term average monthly temperatures 
(˚C) (shaded) and the monthly temperature anomalies 
for very wet months.  

 
Figure 2: The average wind direction and speed 
(knots) for very dry (blue) and very wet (green) 
months. The contours are the wind speed anomolies 
(ms-1) for very wet months  
 

The variation of precipitable water for 
very wet months during summer is quite 
apparent in Fig. 3. The values increase from 
October to January with a slight decrease in 
February and March. The maximum value during 
an October month (30 mm) is very close to the 
mean value during January months. If a 
preciptable water value of (for example) 20 mm 
is chosen for a threshold as part of an ingredients 
based forecasting system, it would most likely 
work well for October months but will be a too 
low threshold for late summer when the mean 
precipitable water value is closer to 30mm. It 
would therefore be advisable to adjust the 
threshold of this (and other) variables according 
to their climatogoical occurrence and extremes 
during wet and dry seasons.  
 

 
Figure 3: Box and whisker diagrams of precipitable 
water during very wet months. The very first plot is 
the average value for all 6 months. The triangles are 
the median, with the maximum values shown at the 
top and the minimum at the bottom of each graph.  
 
4. CONCLUSIONS 
 The Irene upper air data captures the 
seasonal variation in temperature, wind and 
precipitable water during summer months. In wet 
months the temperatures are warmer in the 
middle and upper troposphere with the highest 
anomalies occurring in late summer. During 
early summer the winds are somewhat stronger 
than during very dry months. In late summer the 
winds tends to come from the northeast in the 
lower troposphere when it is very wet and the 
wind strengths are weaker throughout the 
troposphere. These light winds could be 
indicative of very slow moving thunderstorms. 
 
  
6. REFERENCES 
Covadonga, Giaiotti, dario, Stel, Fulvio, Castro, 

Amaya, Fraile, Roberto (2009) Maximum 
hailstone size: Relationship with meteorological 
variables. Atmospheric Research, doi: 
10.1016/j.atmosres.2009.08.011 

Craven JP and Brooks HE 2004. Baseline climatology 
of sounding derived parameters associated with 
deep moist convection, Ntl Wea Dig. 13-24 

Dimitrova T, Mitzeva R and Savtchenko A (2009). 
Environmental conditions responsible for the type 
of precipitation in summer convective storms over 
Bulgaria. Atmospheric Research 93 30–38 

Doswell, C. A. III, and Schultz DM (2006). On the use 
of indices and parameters in forecasting severe 
storms. Electronic J. Severe Storms Meteor., 1, 1–
14. 

Dupilka M L and Reuter GW (2006) Forecasting 
Tornadic Thunderstorm Potential in Alberta Using 
Environmental Sounding Data. Part II: Helicity, 
Precipitable Water, and Storm Convergence. 
Weather and Forecasting 21 336–346  

Dyson LL (2010) Irene Radiosonde Data: Thoughts on 
quality control. Annual conference of the South 
African Society of Atmospheric Science. Gariep 
Dam 20-22 September 2010  



The Impact of Climate Variability on the Hydrological Response of 
the Lake Urema Wetland, Mozambique 

 
Lova Brodin and Cintia Bertacchi Uvo,  

Division of Water Resources Engineering, Lund University, Lund, Sweden 
 
1 Introduction 
The extension area of the Lake Urema Wetland 
(LUW), Mozambique, varies strongly throughout 
the year following a natural seasonal cycle. 
However, there are year to year deviations - 
Mozambique has been repeatedly hit by severe 
droughts, for instance in 1991/1992, 1994/95 
1998/99, as well as the devastating floods, as the 
ones in 2000/2001. During the past decade, more 
than a dozen floods and droughts have affected 
millions of people (INGC 2009). These facts 
emphasize the research objective of investigating 
the influence of climate variability on the 
hydrological response of the system. If the 
variations in the lake's surface area can be linked to 
large-scale climate phenomena, it makes it possible 
to predict the size of the lake based on 
climatological data, presumed that the climate 
indices themselves are predictable. This would be a 
large conquest for the understanding and the 
monitoring of the system, as well as for enabling 
predictions of future changes in the size of Lake 
Urema. Therefore, the aim of this study is to 
identify and understand the impact of climate 
factors on the extension of the surface area of the 
LUW in Gorongosa National Park, Mozambique. 
Furthermore, the research objective is to develop a 
model for estimating surface water availability at 
Lake Urema based on climate information. 
 
2 Data 
2.1 Measured precipitation 
Urema Rift Valley drainage system can be divided 
into three main subcatchments. Owen (2004) also 
defines a classification of the landscape types 
within the area. Based on these two classifications, 
three monthly rainfall data series were selected for 
this study, each representing a different 
subcatchment and hydrogeological area - the 
weather stations of Gorongosa (18.0 S, 34.0 E), 
Inhaminga (18.4 S, 35.0 E) and Chitengo (19.0 S, 
34.35 E). Lake Urema is situated at 18.9 S, 34.5 E. 
 
 Monthly precipitation time series from Gorongosa 
and Inhaminga were collected from the National 
Oceanic and Atmospheric Administrations (NOAA) 
National Climatic Data Center (NCDC) data base at 
International Research Institute for Climate and 
Society (IRI)/ Lamont-Doherty Earth Observatory 
Climate Data Library. These time series span 1932-
77 and 1929-84 respectively. Precipitation time 
series at Chitengo was obtained from DNA 
(Direcção Nacional de Àguas), Maputo between 
1956 and 1970. Monthly precipitation data from 

INAM (Instituto Nacional de Meteorologia), Beira 
and Maputo, as well as from ARA-Centro 
(Administração Regional de Águas do Centro), 
Beira, are also used. The quality of the observed 
data is low - a lot of data is missing, and for the 
years around the long drawn civil war (1977-1992), 
no data exists. For all three weather stations, there 
are some infrequent measurements from the period 
after the war up to present. 
 
2.2 Gridded Precipitation 
In order to fill in the missing data in the observed 
precipitation time series, globally gridded data set 
of estimated precipitation, namely the Variability 
Analysis of Surface Climate Observations 
(VASClimO) project, from the German Climate 
Research Programme DEKLIM. The VASClimO 
project is distributed by the International Research 
Institute for Climate and Society (IRI) Climate Data 
Library, in a 0.5x0.5 degree resolution. The 
estimates are based on variability analyses of 
surface climate observations. The reconstruction of 
the rainfall time series is performed by means of an 
Artificial Neural Network (ANN), with the 
measured rainfall as target and the gridded 
estimates as input. The gridded precipitation is 
provided for the years of 1951-2000, making it 
possible to reconstruct the observed data from the 
war period, as well as giving an acceptably long 
training period, requiring both real measurements 
and estimates. 
 
2.3 Water Availability 
From the complete rainfall time series, one single 
time series representing the surface water 
availability at Lake Urema Wetland was put 
together, based on runoff coefficients (relation 
between precipitation at the subcatchment and 
runoff to the Lake) for the different subcatchments 
and landscape types. The used runoff coefficients 
were estimated by Owen (2004). 
 
2.4 Lake Area 
A more explicit way of representing the water 
availability and the size of Lake Urema is by the 
lake surface area. The lake area time series is 
compiled from satellite images, classified and 
corrected by Böhme in 2005. There are only around 
ten observations between 1979 and 2000, for which 
reason a linear regression is performed from the 
water availability time series and the observed lake 
surface areas. The result is a time series of the 
surface area of Lake Urema between 1952 and 
2000. 
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1. INTRODUCTION  
 
Rainfall associated with tropical cyclones over 
the interior of southern Africa can cause 
widespread flooding over the eastern parts of the 
southern African interior (e.g. Reason and 
Keibal, 2004) and contributes to a large extent to 
the widespread heavy rainfall events over that 
area (Malherbe et al., 2011). While a decrease 
has been noted in the landfall of tropical 
cyclones from the Southwest Indian Ocean 
(SWIO) (Mavume et al., 2009), no such change 
has been noted when all  warm-core low pressure 
systems are considered (Malherbe et al., 2011). 
Several studies have through the use of coupled 
global circulation models reported a projected 
decrease in the number of tropical cyclones 
expected under enhanced anthropogenic forcing 
but an increase in the maximum wind strength 
(e.g. Bengtsson et al., 2007). 

 
 

2. MATERIALS AND METHODS  
 
2.1 Data 
The Conformal Cubic Atmospheric Model 
(CCAM) was forced with the bias-corrected sea-
surface temperatures and sea-ice simulations of  
six coupled global climate models (CGCMs) that 
contributed to Assessment Report 4 (AR4) of the 
International Panel for Climate Change (IPCC). 
All six CGCMs responded to greenhouse gas 
forcing corresponding to the A2 (business as 
usual) emission scenario of the Special Report 
on Emission Scenarios (SRES), for the period 
1961-2100. These models were selected based on 
their ability to provide realistic simulations of El 
Niño Southern Oscillation (ENSO) events.  
   
2.2 Tracking of closed warm-core low-
pressure systems 
A closed-low finding-and-tracking algorithm 
based on the identification of all 700 hPa minima 
and the temporal tracking of these minima 

subjected to various tracking criteria were 
performed. Additional criteria included 
thresholds for upper and lower tropospheric 
temperatures, heights, vorticity and wind in order 
to identify warm-cored systems only. This was 
done for all six ensemble members for current 
(1961-1990) and future (2071-2100) conditions. 
From the set of warm-core low pressure systems, 
tropical cyclones were selected based on the 
pressure gradient at 700 hPa.      
 
 
3. RESULTS AND DISCUSSION  
 

The spatial patterns of simulated tracks of tropical 
systems are in agreement for the period 1961-1990 
to that observed from the NCEP Reanalysis dataset 
(Figure 1) with a spatial correlation of 0.78.  

 

Figure 1   Tracks (lines) and track 
densities (shades) of landfalling tropical 
systems as simulated by one of the CCAM 
ensemble members (top) and observed 
(bottom).  



Over most of the SWIO, including the east coast 
of southern Africa, a decrease in the frequency of 
tropical cyclones is indicated (Figure 2). 

 
Figure 2  Ensemble average of the 
change in track density of tropical cyclones 
between current and future conditions. 
 
The preferred tracks of all closed warm low 
pressure systems are indicated to shift somewhat 
to the northeast in the region (Figure 3). 

 
Figure 3  Ensemble average of the 
change in track density of tropical systems 
between current and future conditions. 
 
The simulated change in height anomalies at 
700 hPa (Figure 4) provides a physical 
mechanism for the diminishing frequency of 
tracks of tropical systems in the region as well as 
the concurrent decrease in average rainfall. 

 
Figure 4  Change in precipitation 
(shaded) and change in average 700 hPa 
height (contours) between current and future 
conditions as simulated by a CCAM ensemble 
member. 

 
4. CONCLUSIONS 
 
The ensemble of six CCAM members has 
yielded realistic closed warm low pressure 
system tracks over the SWIO and into southern 
Africa under current conditions. According to 
this ensemble, the behaviour of tropical systems 
from the SWIO will change as follows under 
enhanced anthropogenic forcing:  

 A general decrease in the occurrence of 
tropical cyclones over the SWIO.  

 No significant change in the number of 
tropical systems making landfall. 

 A northward shift in the preferred landfall 
position. 

 A northward shift in the track over the 
southern African interior after landfall. 

 
The change in track characteristics of tropical 
systems in the region seems to be the result of a 
relatively large strengthening of the subtropical 
high pressure system over the eastern parts of 
southern Africa reflected also by a decrease in 
average January-to-March rainfall.  
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1. INTRODUCTION 
  

Southern Africa is projected to experience 
drastic temperature increases as a regional 
consequence of global warming. The 
projections of the rate of increase in hot 
temperature extremes varies across the sub-
continent and is therefore expected to result in 
varying levels of oppressive hot weather 
conditions across the region.  Oppressive hot 
temperatures may present as increases in hot 
days (when the maximum temperature exceeds 
a certain threshold) and/or heat waves (periods 
of prolonged very high temperatures lasting 
several days). While these types of conditions 
are projected to occur with an increased 
frequency and magnitude in the future, it is not 
known how oppressive hot temperature 
conditions are likely to impact human health in 
the region. Oppressive hot temperatures have 
been shown to lead to increases in morbidity 
and mortality, particularly in the elderly (>65 
years), people with pre-existing diseases, those 
that live in cities, and those with compromised 
coping capacity (Basu et al., 2005; Kovats et 
al., 2005; Stone et al., 2010).  The current 
health impact of oppressive hot temperatures 
in the southern Africa region is difficult to 
decipher due to a lack of data; thus it is also 
uncertain what impacts increasing 
temperatures due to a changing climate will 
have on the region. Against this background it 
is important to gain an understanding on how 
oppressive hot temperatures are likely to affect 
human health in southern Africa.  

 
2. DATA AND METHODS 

 
 Temperature extremes are often defined 

using absolute metrics (e.g. maximum daily 
temperature), threshold metrics (e.g. hot days), 
percentile metrics (95th percentile), and 
duration metrics (heat wave).  While these 
metrics have been applied to understand the 
impacts of high temperature on human health, 
they are largely based on temperature alone 
and do not factor in the human factor or ‘how 

hot people actually feel’ (Kalkstein et al., 
1996). As a result, apparent temperature (AT), 
a measure of ‘how hot it feels,’ is considered 
to be a better temperature metric in relation to 
human health, as it considers the contributing 
effects of relative humidity (RH) in its 
calculation (Kalkstein et al., 1996). 

 
Apparent temperature was calculated 

using the Steadman’s universal scale for AT 
and modelled for southern Africa, using a six-
member ensemble of climate simulations of 
the conformal-cubic atmospheric model 
(CCAM). Modelling was performed to depict 
the annual frequency for hot days, very hot 
days and extremely hot days, for various future 
time slabs (2011-2040; 2041-2070; 2071-
2100). The projected changes in frequencies 
were compared against that of present-day 
climate (1961-1990). Hot days were defined as 
a day in which AT exceeded 30⁰C. Very hot 
days were considered as days in which AT 
exceeded 35⁰C. Extremely hot days were days 
in which AT exceeded 40⁰C. Following the 
same modelling approach, the number of days 
within specified “symptom bands” from an AT 
based health heat index (Table 1) were 
calculated and evaluated against possible 
health symptoms likely to occur in people 
exposed to oppressive temperatures in southern 
Africa. 

 
Table 1: Health heat index 

⁰C Health Impact 
26.7 – 32.2 Fatigue possible with prolonged 

exposure and/or physical 
activity 

32.2 – 40.6 Sunstroke, heat cramps and heat 
exhaustion possible with 
prolonged exposure and or 
physical activity 

40.6 – 54.4 Sunstroke, heat cramps, or heat 
exhaustion, heatstroke possible 
with prolonged exposure 

>54.4 Heatstroke/sunstroke highly 
likely 



Source: United States National Weather 
Service, 2011. 
 
3. RESULTS  

 
The results indicate, in accordance with 

global climate modelling studies, a significant 
increase in the frequency of hot days, very hot 
days and extremely hot days over the 21st 
century.  The highest frequency of increase in 
hot temperatures is expected to occur over the 
western (Angola), northern (Zambia, Malawi), 
and eastern (Mozambique) parts of the region.  
The lowest increase is expected over the 
southern part of the region, particularly around 
Lesotho and the southern coastal areas. The 
hot and oppressive temperatures exhibit 
topographical tendencies, with highest and 
lowest occurrences over low lying areas and 
area with high altitude, respectively. The 
projected oppressive temperatures are likely to 
coincide with the southern African region 
becoming generally drier (Christensen et al., 
2007). Such combination of changes would 
enhance the vulnerability of the region leading 
to a myriad of health and environmental 
problems.  

 
The modelled AT health heat index  for 

the region, indicate that people in southern 
African are likely to experience an increase in 
hot weather related conditions, such as fatigue, 
heat cramps, heat exhaustion, sunstroke, and 
heatstroke. In accordance with international 
trends, although not the focus of this study, the 
projected temperatures for the region are likely 
to result in increases in emergency room visits 
or calls, other systemic conditions including 
respiratory, heart and mental conditions, and 
associated mortality (Basu et al., 2005; Kovats 
et la., 2005; Stone et al., 2010). Given the 
magnitude of predicted oppressive temperature 
occurrences in the future, these associated 
conditions are also likely to occur with 
increased frequency as well. It is however 
important to note that the effects of oppressive 
hot temperatures on human health may be 
mediated by factors such as acclimatization 
and adaptive capacity. The region is, however,  
considered vulnerable to climate extremes, and 
its ability to adapt to oppressive hot 
temperatures will be stretched. It is important 
that while planning for other climate related 
extremes such as droughts and floods, the 
region takes into account oppressive hot 
temperature conditions as well. 

 
4. SUMMARY  

 

The study aimed to determine the potential 
impact of oppressive temperatures on human 
health in southern Africa, under conditions of 
enhanced anthropogenic forcing. The results 
indicate that hot oppressive temperatures are 
likely to occur with increased frequency and 
magnitude in the future. During such events 
the region is also likely to experience increases 
in heat related morbidity, marked by, among 
others, fatigue, heat cramps, and heat stroke. 
While there are still many caveats in the 
current body of knowledge, the research 
indicates the importance of considering the 
development of hot weather warning or watch 
systems, and emergency response plans as well 
as public health education about the effects of 
hot weather on human health in the region. 
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Introduction 

A nonhydrostatic sigma coordinate model 
(NSM) is currently being developed at the 
Council for Scientific and Industrial Research 
(CSIR), using the equation set of Engelbrecht 
et. al. (2007), for purposes of simulating 
weather at spatial resolutions where the 
hydrostatic approximation is not valid. The 
aim of this study is to introduce a moisture 
scheme to the model for the explicit simulation 
of moist convection.  

 

Models that simulate clouds explicitly use 
microphysical parameterisations which are 
grouped into bulk and bin approaches 
(Stensrud, 2007). Bulk approaches use a 
specified function for the particle size 
distributions and generally predict the particle 
mixing ratio (Rutledge and Hobbs, 1983). The 
particle size distribution is usually 
approximated by the inverse exponential 
distribution, and in this study we follow the 
same approach. A bin approach does not use a 
specified function for the particles distribution. 
It divides the particle distribution into a 
number of finite categories of particle size. 
This division of particle distribution into 
numerous bins requires much larger memory 
and computational capabilities, and poor 
knowledge of ice phase physics hampers the 
accurate representation of evolving ice particle 
concentrations. Therefore bin methods are 
employed in only a few research models 
(Stensrud, 2007). 
 
The Equation Set 
 
In this study we introduce a bulk scheme 
because we would like to use this model for 
operational forecasting in the near future. We 
follow closely the scheme used by Rutledge 
and Hobbs (1983) and Khairoutdinov and 
Randall (2003).  
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Equations 1 to 3 are the x, y, and sigma 
components of the momentum equations. The 
vertical momentum equation contains the gas 
constant of a mixture of dry air and moisture. 
The thermodynamic energy equation includes 
heating or cooling by latent heat release or 
absorption.  
 
Equation 6 is the water continuity equation for  
predicting the mixing ratios of water vapour, 
cloud water, and ice. Cloud water and ice 
particles are assumed to have one size 
throughout the cloud. The right hand side 
represents microphysical sources and sinks of 
the water particles. Condensation is for 
example a source for cloud water and a sink 
for water vapour. Ice melting is a sink for ice 
and a source for cloud water. Equation 7 is for 
rain water and snow which are assumed to 
have an inverse exponential size distribution. 
Both have a fall speed and that is indicated by 
FALLOUT in the equation.  
 
The approximations in the model introduced to 
obtain a quasi-elastic equation set requires that 
a computationally expensive diagnostic elliptic 
equation in the geopotential (equation 8) be 
solved at each time step. The last three terms in 
equation 8 are a consequence of the presence 
of moisture and the microphysics processes 
associated with it.  
 
Figure 1 shows potential temperature as 
simulated for a moist bubble for an 
experimental design in which condensation 
was allowed to take place. The bubble with 
moisture is warmer and rises faster than the 
equivalent dry case (Figure 2), because of 
warming by latent heat release. 
 
 
 

Way forward 
 
The nonhydrostatic model with new moisture 
scheme will be used to simulate moist 
convection in an environment that is similar to 
the real atmosphere with different bulk 
microphysics schemes. 

 
Figure1: Moist bubble simulation of theta at t 
= 900 s. 

 
Figure 2: Dry bubble simulation of theta at t = 
900 s. 
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1. INTRODUCTION 
 
Atmospheric aerosols significantly affect the 
climate over regional and even global scales by 
perturbing the radiation balance of the Earth 
(IPCC, 2007). However, the aerosol effects on 
atmospheric radiation remain as a major 
uncertainty in understanding the past and present 
climates and for predicting the future climate 
(IPCC, 2007). One of the key reasons associated 
with this uncertainty is in estimating and 
optimizing optical characteristics of aerosols 
such as single scattering albedo (SSA). 
Ramanathan et al., 2002 describes the 
importance of optimizing the absorbing aerosol 
optical characteristics in order to evaluate 
various impacts of aerosols in model studies. 
Carbonaceous aerosols [i.e., Black carbon (BC) 
and organic carbon (OC)], which are induced 
from various anthropogenic and biomass burning 
activities (Andreae and Gelencser 2006), and 
dust, resulting from natural emissions (Zakey et 
al. 2006), are increasingly recognized as the most 
important solar radiation absorbing aerosols in 
the visible spectral range (Fialhoa et al., 2005). 
Thus, in this study, by modifying the aerosol 
optical property parameterization of Regional 
Climate model (RegCM) (i.e., the mass 
absorption cross-section of these aerosols), we 
estimate the regional scale Effective Single-
Scattering Albedo (ESSA, ). The estimated 
  values are representative of the visible 
spectral region: VIS (380-760 nm). This is quite 
useful for broad band radiative transfer theories 
to evaluate the aerosol radiative forcing effect on 
regional scale. In this paper, we present the 
evaluation of simulated   by comparing with 
MISR retrieved data at 558 nm, and summarize 
the regional scale variation of ESSA.  
 
2. MODEL AND METHOD 
 
The RegCM version 4.0 (RegCM4.0), developed 
by the Abdus Salam International Centre for 
Theoretical Physics (ICTP) was used to simulate  

 
 
the distribution of BC, OC and dust aerosols, 
during the predominant bio-mass burning 
seasons of South Africa, for the year 2000: 
August and September 2000. This study used the 
anthropogenic BC and OC emissions from the 
Emission Database for Global Atmospheric 
Research (EDGAR, Olivier et al., 2005) and the 
biomass burning inventory of BC and OC from 
Liousse et al. (1996). For dust calculations, we 
used the dust module developed and 
implemented by Zakey et al. (2006). The 
Effective Mass Absorption Cross-section 
(EMAC,

effiK ) of the ith particle in m2 g−1, where 

computed using Eq. (1) below. 
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Here,  0I  is the solar extraterrestrial spectral 

energy distribution, which is taken from 
http://eosweb.larc.nasa.gov/cgi bin/sse/daily.cgi. 

r , m , )(ri , )(rV  and )(rn , which are 

taken from Hess et al., 1998 database, refer to 
the radius, spectral complex refractive index, 
density, volume and the number distribution of 
the ith particle, respectively. ),(  ri

 is the 

spectral absorption cross-section of the ith 
particle, which is calculated from Mie theory. 
Therefore, rooted in Eq. (1) outcomes, the 
RegCM4.0 aerosol optical properties were 
modified. To determine the background dry 
aerosol scattering optical depths [ )(. OScat R ] (i.e., 

RH < 25%) we used the climatology studies of 
Tesfaye et al., (2011). Based on the above basic 
procedures, the mean values of   were 
computed and the obtained results were 
compared with MISR-retrieved data. 
 
 
 
 



3. RESULT  
 
The comparison of the mean values of  , (i.e. 
averages of August and September 2000) for 
both simulated and MISR-retrieved data at 558 
nm, is presented in Fig. 1. 
 

 
 
Fig.1: Latitudinal variation of simulated   and 
MISR retrieved data at 558 nm. 
 
For the latitudinal range of 34.50 S to 25.50 S 
(i.e., from the Southern tip of Western Cape to 
central areas of Gauteng), simulated values of 
  were found to be within/at the margin of 
standard deviations of MISR retrieved data (i.e., 
the comparison showed a mean deviation < 4%).  
However, for the latitudinal range of 25.50 S to 
220 S, the comparison showed a mean deviation 
from 4% to 8%. This might be due to the under 
estimation of the dust emission by RegCM, 
especially dust particles induced from local 
agricultural activities. This is due to the RegCM 
dust emission parameterizations which are 
effective for cells dominated by desert and semi-
desert land cover only. 
 
4. SUMMARY 
 
In this study, by modifying the optical 
parameterization of Regional Climate model 
(RegCM), we have computed and compared the 
Effective Single-Scattering Albedo (ESSA) 
which is a representative of VIS spectral region. 
The arid, semi-arid and agriculturally active 
areas of South Africa showed a higher ESSA (> 
0.93). Due to intensive biomass burning and 
atmospheric processes of BC particles in the 
south-east coastal areas, lower values of ESSA 
were observed (~ 0.73 to 0.88).  The evaluation 
of the simulated ESSA, in comparison with  
 

 
 
MISR retrieved data, exhibited a very good 
agreement (deviation < 8%).   
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1. Introduction 
 
Sea-surface temperature (SST) anomalies 

can nowadays be predicted with great 
accuracy. Due to the seasonal evolution in the 
estimation of these SST anomalies it is 
possible to generate seasonal-average forecasts 
by integrating them in atmospheric global 
circulation models (AGCMs) (Graham et al., 
2000; Goddard & Mason, 2002). Using such a 
two-tiered modelling system to forecast the 
seasonal outcome of an area has been 
employed in South Africa for several years 
already (e.g., Landman et al., 2001). Coupled 
ocean-atmosphere models, or one-tiered 
systems, aim to produce more reliable seasonal 
forecasts due to them being able to explain the 
feedback between the atmosphere and the 
ocean. Whereas two-tiered systems assume 
that the atmosphere rather responds to SST’s 
and does not affect the oceans.  

General circulation models (GCMs) have 
confirmed skill at a global or even continental 
scale. However, GCM’s are unable to show 
local sub-grid features, resulting in 
overestimating rainfall over southern Africa. 
Such systematic biases have created the need 
to downscale GCM simulations over southern 
Africa. One method is to employ a model 
output statistics (MOS) approach. Global 
models are employed in this study to predict 
seasonal maximum temperature extremes over 
southern Africa. Comparisons are drawn 
between the downscaled seasonal 850hPa 
geopotential height field forecasts of a two-
tiered system versus the downscaled height 
forecasts from a coupled system. The 
ECHAM4.5 (Roeckner et al., 1995) 
atmospheric general circulation model is used 
for both the one-tiered and two-tiered systems. 
The application of this study may include the 
potential of health hazards associated with 
extremely hot summer seasons over the region. 

 
 
 

2. Data and Method  
 
All data required are obtained from the 

data library of the International Research 
Institute for Climate and Society (IRI). UEA 
CRU TS3p0 2m maximum temperature data 
are the predictand fields. 850hPa geopotential 
height field data from both the ECHAM4.5 
AGCM and coupled model, ECHAM4.5-
MOM3-DC2, are the predictor fields from the 
two- and one-tiered systems respectively. Data 
are extracted for the five 3-month seasons of 
OND, NDJ, DJF, JFM and FMA from 1982-
2005. Forecast lead-times of up to three months 
for all seasons are taken into account for both 
models.  

The hindcasts from both the one-and two-
tiered forecasting systems were subsequently  
statistically downscaled to southern African 
maximum temperatures at a 0.5˚x0.5˚ 
resolution. MOS equations are implemented to 
compensate for any systematic deficiencies in 
the global models directly in the regression 
equations (Landman and Beraki, 2011; 
Landman and Goddard, 2002). MOS equations 
are developed by using the canonical 
correlation analysis (CCA) option of the 
Climate Predictability Tool (CPT) of the IRI. 
The forecast fields (predictors) for each of the 
global models that are used in the MOS are 
confined over a domain that covers equator to 
45˚S and 15˚W to 60˚E. The 2m maximum 
temperature data (predictand) covers a domain 
of 12˚S to 35˚S and 11˚W to 41˚E.  

Verification is performed over a test period 
independent of the training period. This period 
is obtained through a retro-active forecasting 
approach consequently producing an 
independent forecast data set of 12 years. In 
estimating the maximum temperature forecast 
skill of the different seasons of interest, the 
observed and predicted fields are put into three 
categories defining above-normal, near-normal 
and below-normal temperatures. These three 
categories are not equi-probable due to the 
above- and below-normal threshold values 
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1. INTRODUCTION 
 

The interannual variations of the southern 
African rainfall are strongly influenced by the 
sea surface temperature (SST) variations in the 
southern Indian and South Atlantic Oceans 
(Mason 1995).  These variations are associated 
with a northeast-southwest oriented SST dipole 
in each of the ocean basins, now called 
subtropical dipole mode.  Previous studies 
reported that the SST anomalies are directly 
generated by the latent heat flux anomalies 
associated with the variations in the subtropical 
high (Behera and Yamagata 2001; Fauchereau et 
al. 2003; Suzuki et al. 2004; Hermes and Reason 
2005).  However, these results were based on the 
discussion of the spatial pattern or the mixed-
layer heat budget with a constant thickness.  
Since the mixed-layer thickness in the subtropics 
undergoes significant seasonal and interannual 
variations, those studies using a constant mixed-
layer thickness may have serious defects. 

Our recent studies took into account the 
variations in the mixed-layer thickness and 
revealed the importance of shortwave radiation 
in the growth of subtropical dipole modes 
(Morioka et al. 2010, 2011).  They suggested 
that the warming of the mixed layer by the 
climatological shortwave radiation over the 
positive (negative) SST anomaly pole is 
enhanced (reduced) by the thinner (thicker) than 
normal mixed layer.  This mixed-layer thickness 
anomaly is mostly due to the latent heat flux 
anomalies linked with the variations in the 
subtropical high.  However, the above results 
were based on an ocean general circulation 
model in which the surface heat flux is 
calculated by the bulk formula using the 
atmospheric reanalysis data and the simulated 
SST.  To reveal the air-sea interaction involving 
the subtropical dipole modes in more detail, it is 
necessary to use a coupled general circulation 
model (CGCM). 

Therefore, the present study investigates 
the generation mechanism of the subtropical 
dipole modes using outputs from a CGCM. 
 
2. MODEL AND DATA 
 

We use the monthly mean outputs from a 
CGCM based on the SINTEX-F1 (Luo et al. 
2005).  The oceanic component is OPA8.2, 
which has a horizontal resolution of 0.5º-2º with 
31 levels in the vertical.  The atmospheric 
component is ECHAM4 with a T106 Gaussian 
grid and 19 levels in the vertical. The 
atmospheric and oceanic fields are exchanged 
every 2 hours by the OASIS2.4 coupler.  For sea 
ice cover, the observed monthly climatology is 
used.  The model is integrated for 520 years and 
outputs from the last 500 years are analyzed. 

For comparison, we use the observed SST 
from the HADISST during 1960-2008.  Since 
results obtained for the South Atlantic 
subtropical dipole (SASD) are almost similar, we 
only discuss the mechanism of the Indian Ocean 
subtropical dipole (IOSD). 
 
3. RESULTS AND DISCUSSION 
 

Figure 1 shows composites of the 
observed and simulated SST anomalies during 
the peak of austral summer for the positive 
IOSD.  The model reproduces the northeast-
southwest oriented SST dipole rather well.  Both 
positive and negative SST anomaly poles start to 
grow from austral spring, reach their peaks 
during austral summer, and decay in austral fall. 

To investigate the generation mechanism 
of the SST anomalies, we calculate the tendency 
anomaly of the mixed-layer temperature Tm  
averaged over the box of each pole: 
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 Res. 

Here,    indicates a deviation from the 

monthly climatology, Qnet  is the net surface heat 
flux, qd  is the downward solar insolation 

(1) 



penetrating through the bottom of mixed layer, 
(=1027 kg m-3) is the density of the sea water, 
and cp (=4187 J kg-1 K-1) is the specific heat of 

the sea water.  The mixed-layer depth H  is 
defined as the depth at which temperature is 
0.5°C lower than the SST.  Also, 


u m  denotes the 

horizontal velocity averaged in the mixed layer 
and T  Tm  T H  20 m   is the temperature 

difference between the mixed layer and the 
entrained water; we use the water temperature at 
20 m below the mixed-layer base as the 
temperature of the entrained water.  The 

entrainment velocity 

we 

H

t
 


u mH 







  is 

assumed to vanish when it becomes negative.  
The residual term Res. consists of diffusion and 
other neglected oceanic processes. 

Time series of composite anomalies of 
each term in Eq. (1) over the positive pole are 
shown in Fig. 2.  The mixed-layer temperature 
anomaly develops from Oct.(0) to Jan.(1) owing 
to the anomalous contribution from the net 
surface heat flux.  Among four components of 
the surface heat flux, the anomalous contribution 
from shortwave radiation is dominant.  This 
suggests that warming of the mixed layer by the 
climatological shortwave radiation is enhanced 
by the thinner than normal mixed layer.  It is 
revealed that the thinner mixed layer is mostly 
due to the suppressed latent heat loss linked with 
the southward shift and strengthening of the 
Mascarene High.  These results support our 
previous results, indicating that the interannual 
variations in the mixed-layer thickness play a 
key role in the growth of the IOSD. 

 
Figure 1: Composites of (a) the observed and (b) 
simulated SST anomalies (in ºC) during austral 
summer for the positive IOSD.  The shading in 
the upper (lower) panel indicates anomalies 
exceeding 90% (99%) confidence level by two-
tailed t-test. 

 
Figure 2: Time series of composite anomalies of 
the mixed-layer temperature tendency terms in 
Eq. (1) (in 10-7 ºC s-1) over the positive pole for 
the positive IOSD.  
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1. Introduction 
       Synoptic scale Rossby wave breaking (RWB) events, 
defined as the rapid and irreversible deformation of potential 
vorticity (PV) contours on isentropic surfaces (McIntyre and 
Palmer, 1983), are ubiquitous in the Southern Hemisphere 
upper troposphere with seasonal variations influenced by the 
seasonal march of the tropospheric jets (Postel and Hitchman, 
1999, Ndarana and Waugh, 2011, Wang and Magnusdottir, 
2011). During the austral summer, in particular, the barotropic 
shear of the eddy driven jet determines the characteristics of 
the events as well as preferred geographical regions of 
occurrence. Furthermore, the observed changes in the 
frequency of RWB events on the 350 K isentropic surface 
match the positive trends in the Southern Annular Mode 
(SAM; Wang and Magnusdottir, 2011), which in turn are 
linked to the poleward movement of the jet. Son et al. (2010) 
showed that this persistent poleward shift of the jet during the 
austral summer is caused by lower stratospheric ozone 
depletion. However, whether the observed summer RWB 
trends are also caused by ozone depletion is still an open 
question. 
       In this study, trends in RWB events on the dynamical 
tropopause of the Southern Hemisphere are examined on more 
isentropic surfaces than in Wang and Magnusdottir (2011) but 
restricting the analysis to the dynamical tropopause. The study 
further shows that ozone depletion has played a more 
significant role than increasing greenhouse gas (GHG) 
concentrations in causing the trends in RWB events. 

 
2. Data and Methods    
       The data sources are NCEP/NCAR reanalysis (Kalnay et 
al., 1996) from 1979 to 2009 as well as output from time slice 
integrations of the Community Atmospheric Model 3 (CAM3) 
used by Polvani et al. (2011). Four of these integrations were 
used: (1) a reference simulation (REF1960) forced with 1960 
values of GHG and ozone concentrations, (2) the “ozone 
depletion only’’ run (OZONE2000) with year 2000 ozone 
levels and GHG concentrations kept at 1960 levels, (3) the 
GHG2000 run with GHGs at year 2000 levels and no ozone 
depletion and (4) a more realistic run (BOTH2000) with both  

 
 
 
GHG and ozone concentrations at year 2000 levels. The last 
ten years of the 50 year integrations of Polvani et al. (2011) 
are used. In addition to the above, the study uses model output 
from the dynamical core integrations of Gerber and Polvani 
(2009), which are idealized and enable the isolation of the 
dynamics of the atmosphere from other processes. Three 
5500-day long datasets were available for analysis, with 
increasing strength of the stratospheric vortex, mimicking the 
effects of ozone depletion in a time slice fashion.  
        In the first two datasets, RWB events are identified by 
overturning of PV = -1.5 to -2.5 PVU on the 350, 340, 330 
and 320 K isentropic surfaces. Duplications are then removed 
and events are grouped to produce frequency distributions as 
functions of latitude as well as trends. In the case of the 
idealized integrations, events are identified on the 320 and 330 
K isentropes and categorised into cyclonic and anticyclonic 
wave breaking (hereafter AWB and CWB) types using the 
meridional component of the wave activity flux as in Ndarana 
and Waugh (2011).  
 
3. Results and Discussion 
       The tropospheric response to temperature perturbations 
occurring in the lower stratosphere that occur in the spring is 
most clearly evident during the summer (Son et al., 2011). For 
this reason, the study considers only December to February 
(DJF). Figure 1a shows the mean zonal jet (thick blue 
contours) averaged from 1979 to 2009 as well as positive (thin 
black) and negative (thin red) trends in mean wind on the 
poleward and equatorward sides of the jet core, respectively. 
These trends are a direct result of the poleward movement of 
the jet location (Figure 1b).  
         Corresponding to the above changes in zonal wind 
observations are statistically significant positive trends (black 
curves in Figure 2a) where the jet has decelerated (~40-30S) 
during the 1979-2009 period. There is also an indication of 
negative trends (red curves, Figure 2a) poleward of the jet (65-
55S). Unlike previously, these are not statistically significant.  



Figur
NCEP
by bl
The b
trend
 
        
Magn
in R
analy
impa
conc
simil
betw
vario
clear
ozon
chan
in Fi
comp
coun
 
 

Figur
betwe
betwe
integr
surfa
(d) As
 
as se
(blac
the p
incre
also 

re 1: (a) Trend
P/NCAR reana
lack (red) conto
blue contours s

ds (straight line)

The above di
nusdotttir (20

RWB charact
ysis alone. We
act of ozone 
entrations. C
lar to Figure 

ween zonally 
ous simulation
r that the trend
ne depletion (P
nges in zonal w
igure 1a) are s
pared to NCE

nts in these lati

re 2: (a) Time 
een 30-40S (re
een 20-50S (t
ration. (c) RWB
ce plotted again
s in (c) except f

een in Figure
ck) and the oth
poleward side 
eases in wind 
clear from Fig

ds in zonal me
lyses. Positive 
ours, with cont
show the mean
) of the latitude 

scussion conf
011), but the c
teristics cann
e use the CAM

depletion fr
Corresponding 

1a were produ
averaged tim

ns and those o
ds in Figure 1
Polvani et al.,
winds (corresp
slightly placed

EP data (i.e. 20
itudes are con

series (curve) a
ed) and 55-65S
(triangles) and
B frequency (tot
nst vortex stren
for RWB on the 

e 2b by com
her simulation

(50-80S) of t
speeds but a r
gure 2b, that a

ean winds from
(negative) tren

tour intervals of
n jet. (b) Time 

of the maximum

firms the findi
cause of the o
ot be determ
M3 simulation
rom that of 

CAM3 figu
uced by takin

me mean win
f REF1960, fr
a are predomi
, 2011). Note 

ponding to the 
d southward in
0-50S). The in
sistent with th

and trends (stra
S (blue). (b) F
d 50-80S (dia
tal, AWB, and C
ngth (zonal wind
310 K surface. 

mparing REF1
ns. A similar ar
the jet, where
reduction in R
as was the cas

m 1979 to 2009
nds are represen
of 0.15 m/s/deca
series (curve) 

m wind at 300 h

ngs of Wang 
observed chan
mined from 
ns to separate 
increasing G

ures (not show
ng the differen
nd fields of 
rom which is 
inantly caused
that the nega
red thin conto
n the simulati
ncreases in RW
he wind chang

aight line) of R
Frequency of R
amonds) for e
CWB) on the 33
d at 60◦S, 10 hP

1960 frequenc
rgument holds

e there have b
RWB events. I
se with the win

 

9 in 
nted 
ade. 
and 

hPa. 

and 
nges 
this 
the 

GHG 
wn) 
nces 

the 
it is 

d by 
ative 
ours 
ions 
WB 
es, 

 

RWB 
RWB 
each 
30 K 
Pa). 

cies 
s on 
been 
It is 
nds, 

c
o
 

id
p
w
m
is
w
c
th
s
a
c
g
n
c
(
R
c
c
 

d
p
b
fu
H
c
m

4
G
c

st

K
re

M
in

N
B
7

P
S
a
d

P
w
3

S
S
J

W
b

changes in RW
ozone depletio
      The NCE
dealized simu

produced for t
wind speeds on
moves polewar
s caused by c

with ozone de
characteristics 
he 330 K dy
ide of the je

anticyclonic ev
constant (blue 
general reduct
number of cyc
constant on thi
see Figure 2d

RWB frequenc
caused by ozo
caused by lowe
      This study

during the last
predominantly
between these
further confirm
However, furth
controlling the
movement of t

4. Reference
Gerber, E. P. a
coupling in a 

tratospheric var

Kalnay, E., and c
eanalysis projec

McIntyre, M. E.
n the stratosphe

Ndarana, T. and 
Breaking on the
798-811. 

Polvani, L.M, D
Stratospheric oz
atmospheric circ
doi:10.1175/201

Postel, G. A. an
wave breaking a
359-373. 

Son, S. -W. and 
Southern Hemisp
J. Geophys. Res.

Wang Y.-H., an
breaking and the

WB frequenc
n (compare re

EP and GCM r
lations. A sim
the latter and 
n the equatorw
rd with increa

cooling of the 
epletion). The
are shown in

ynamical tropo
t and the inc
vents, whilst t
in Figure 2c)

tion in RWB, 
lonic events. A
is side of the j
d). This furth
cies in observ

one depletion 
er stratospheri
y has shown t
t couple of dec
y caused by 
e changes an
med using t
her analysis is 
e changes in R
the jet.  

es 
and L. M. Pol

relatively sim

riability. J. Clim

co-authors, 199
ct. Bull. Amer. M

., and T. N. Pal
ere. Nature, 305

d D. W. Waugh,
e Southern Hem

D.W. Waugh, 
zone depletion
culation change
10JCLI3772.1. 

nd M. H. Hitch
along the subtr

coauthors, 2010
phere circulatio
., 115, D00M07

d G. Magnusdo
e SAM. J. Clim,

ies are predo
ed and blue). 
results are als

milar diagram t
there are dec

ward (polewar
asing vortex st

lower stratos
e correspondin
n Figure 2c an
opause occur 
crease in even
their cyclonic
). On the pole

which is cau
Anticyclonic e
jet with increa
her confirms 
vations, and la
in CAM3 inte
ic cooling.      
that RWB occ
cades and tha
ozone deple

nd lower strat
the dynamica
 required to es

RWB and the 

lvani, 2009: St
mple AGCM:

m., 22, 1920- 19

96: The NCEP/N
Meteor. Soc., 77

lmer, 1983: Bre
, 593–600. 

 2011: A climat
misphere Tropop

G.J.P. Correa 
n: the main dr
s in the Souther

hman, 1999: A 
ropical tropopau

0: Impact of str
on change: A mu
7, doi:10.1029/2

ottir, 2011: Trop
, 24, 2134-2146

ominantly cau

o consistent w
to Figure 1a w
creasing (incr

rd) side of the 
trength, which
sphere (as is th
ng changes in

nd d. RWB ev
on the equat

nts is domina
 counterparts 

eward side, th
used by the re
events remain 
asing vortex s
that the chan

ater confirme
egrations, are 
                      

currence has c
at these change
etion. The ca
tospheric coo
al core simu
stablish the dy
connections w

tratosphere-trop
 The importa

933. 

NCAR 40 year 
7, 437-471. 

eaking planetar

tology of Rossb
pause J Atmos. 

and S.-W. Son
river of 20th 
rn Hemisphere, 

climatology of
use. J. Atmos. S

ratospheric ozon
ultimodel asses
2010JD014271

pospheric Rossb
6. 

used by 

with the 
was also 
reasing) 
jet as it 

h in turn 
he case 
n RWB 
vents on 
torward 
ated by 
remain 
ere is a 
educing 
largely 

strength 
nges in 
d to be 
indeed 
    

changed 
es were 
ausality 
oling is 
ulations. 
ynamics 
with the 

posphere    
ance of 

ry waves 

by Wave 
Sci., 68, 

n, 2011:  
Century 
J.clim., 

f Rossby 
Sci., 56, 

ne on 
ssment. 

by wave 



MONITORING THE 2D BLOEMFONTEIN URBAN HEAT ISLAND 
 

Pieter Snyman 
 

and 
 

Stephan Steyn 
Department of Soil, Crop and Climate Sciences, University of the Free Sate, Bloemfontein, South Africa

 
1.  INTRODUCTION  
 
The Urban Heat Island (UHI) phenomenon is 
characterized by urban air temperatures being warmer 
than rural air temperatures (Bonacquisti et al., 2006). 
The UHI intensity is the difference between the urban 
and rural air temperatures (Chang et al., 2007). UHI 
characteristics differ between cities due to the 
different features of every city (Bonacquisti et al., 
2006). The UHI is predominantly a nocturnal 
phenomenon as the intensity reaches a maximum 
after sunset with little cloud cover and weak winds 
(Kolokotroni et al., 2010; Akinbode et al., 2008).  
 
Urbanization turns the once natural landscapes, with 
transpiring plants, into built-up areas with rough and 
impervious elements (Hung et al., 2006). These 
changes are the main causes of the UHI as the 
thermal environment inside a city is changed 
(Agarwal & Tandon, 2010; Tso, 1995). 
Anthropogenic heat is injected into the system 
through sources like vehicles, power plants, factories 
and air conditioners (Rizwan et al., 2008). The higher 
temperatures in cities cause a cyclic airflow pattern 
over the city which traps the polluted air inside the 
city (Chang et al., 2007). The UHI affects the 
comfort levels, the energy use and health status of 
cities (Kolokotroni et al., 2010).  
 
Various methods for monitoring the UHI 
characteristics have been used in previous studies. 
These methods include using automatic weather 
stations (Junk et al., 2003), temperature sensors 
connected to data loggers (Kolokotsa et al., 2009) 
and temperature sensors mounted on a vehicle 
transecting the city (Eliasson, 1996; Junk et al., 2003; 
Wong & Yu, 2005). 
 
2.  DATA AND METHOD  
 
The study area is located over Bloemfontein and the 
study lasted from 14 July 2010 to 17 August 2010. 
The measurement of the air temperatures throughout 
the city and its surrounding areas was done using 
Water/Soil Temperature sensors connected to HOBO 
U12 data loggers. The temperature sensors were 
installed inside Davis radiation shields with the 

loggers attached to the bottom of the radiation screen. 
A total of 25 instruments were mounted at a height of 
2m above ground level at representative sites. The 
loggers were programmed to record and store the air 
temperature every hour. Temperature data from 5 
automatic weather stations in the area were also 
obtained and the hourly temperatures were extracted 
and used.  
 
Anomalies, which are the differences from the mean, 
were calculated from these recorded temperatures. 
These were determined by calculating the averages of 
the hourly temperatures for each station over the said 
one-month period; and then by calculating the spatial 
average of every hour across all the stations. In a 
similar fashion, anomalies were then calculated for 
each station at every hour by determining the 
difference between the spatial average temperature 
across all stations and the average temperature for 
each specific station. The anomalies for the entire 
study period were also calculated. The Kriging 
interpolation method was used to construct anomaly 
maps for each hour of the day as well as the entire 
study period (approximately 1 month). 
 
The maps were then interpreted to find the locality of 
hot and cold pools of air. From the maps, the spatial 
and temporal variation of the UHI structure can be 
determined by calculating the difference and locality 
of the hot and cold pools of air. 
 
3.  RESULTS  
 
Average temperature anomaly distribution for the 
entire study period over Bloemfontein (Figure 1) 
showed a warm pool of air centred over the eastern 
part of the city centre with an anomaly of up to +2°C. 
There is a cold pool further to the east of the city with 
a maximum deviation of -3°C.  
 
The structure of the UHI varied throughout the day. 
The structure of the UHI mainly took on a horseshoe 
shaped form throughout the night (Figure 2) and 
nearly dissipated during the day. The Bloemfontein 
UHI was largely affected by the local topography as 
the horseshoe shape lied along the higher lying areas 
of the city (Figure 2). 
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1. INTRODUCTION  

The stable atmospheric boundary layer (SBL) study 
over the Highveld South Africa has a special 
relevance, since it has the majority of the electric 
power generating plants located in this region. SBL 
is characterized by a steady wind near the surface, 
virtual potential temperature increase with height, 
humidity decrease with height, strong wind shears 
(directional & speed), turbulence generated 
mechanically by shear is destroyed by negative 
buoyancy and viscosity. The non-turbulent periods 
are frequent and SBL becomes decoupled from the 
surface. The oscillatory behaviour at the near-
surface atmospheric variables is a manifestation of 
the non-linear character of the turbulent exchange.

      The aim of the paper is to study the SBL 
characteristics over the Highveld region of South 
Africa using automatic observational network data, 
theoretical models and recently developed mobile 
LiDAR system at the Council for Scientific and 
Industrial Research (CSIR) National Laser Centre 
(NLC), Pretoria (25.5º S; 28.2º E), South Africa. 
Here, we present some preliminary results of the 
time variation of meteorological parameters and 
turbulent fluxes of momentum and heat and SBL 
height as detected from LiDAR system.

2. DATA AND METHODS

The data used in this study were sampled 
continuously for 2 years (2008- 2009), by using 
Davis automatic weather stations (DAWS) installed 
at Bethal. The experimental set up for the 
observation of all relevant meteorological variables 
and data collection are presented in (Esau e t al., 
2010). The stations use a combination of fan-
aspiration and passive shielding to minimize the 
effects of solar radiation-induced temperature error. 
It should be noted that in addition to the Davis 
station experimental set up, which was mounted at 
height of 2 m, one more temperature sensor has 
been installed at 0.5 m to allow for the calculation 
of turbulent fluxes.

The determination of the turbulent fluxes of 
momentum and heat is based on the recent 

advancement of the similarity theory method. First, 
for the past 60 years, Kolmogorov’s (Kolmogorov, 
1941) approach for turbulent closure models based 
on the turbulent kinetic energy (TKE) balance has 
been a major scientific tool. His hypothesis, 
however, is theoretically justified for-neutrally 
stable turbulent flows only. Many attempts to 
apply Kolmogorov’s method for stratified flows 
have encountered difficulties. The straightforward 
application of the TKE budget equation leads to the 
existence of critical Richardson number. The 
experimental data from laboratory and atmospheric 
flows have persistently shown that turbulence 
exists at higher than the critical Richardson number 
values.

Recently (see Zilitinkevich et al., 2007) it has 
been shown that the use of the total turbulent 
energy TTE=TKE +TPE (TPE is the turbulent 
potential energy), instead of TKE only, is a 
promising way for development of consistent 
turbulent closure models. One main result of the 
new theory is that the critical Richardson number 
does not separate the turbulent and the laminar flow 
regimes. Instead turbulence exists at any 
Richardson number. 

The Monin Obukhov (MO) theory, considered 
for a half a century as an ultimate framework for 
analyzing surface-layer turbulence, is now 
generalized (Zilitinkevich & Esau, 2005). In 

addition to the Monin-Obukhov length L , which 
characterizes the effect of local buoyancy on 
turbulence, there are two additional length scales: 

fL - describing the effect of the Earth rotation and 

NL - characterizing the non-local effect of the 

static stability of free atmosphere.
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the momentum and heat resistance laws are solved 
using the widely accepted functional form
(Businger e t al., 1971) under stable stratified 
atmosphere condition (eqn 2 and 3). 
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These equations allows for obtaining analytical 
solutions for the turbulent fluxes. 
                                                                                                                                                                    
Remote sensing data from LiDAR (Light Detection 
and Ranging) is also used to detect the Boundary 
Layer Height (BLH). There are three methods for 
determining the PBL height using LiDAR 
backscatter measurements: Gradient method, 
Standard deviation method and Haar wavelet 
transforms method. In the present paper, gradient 
and statistical methods are used. The gradient 
method used to determine the SBL height is based 
on the analysis of the gradient of the back 
scattering signal S (z) from the LiDAR: 

3. TURBULENCE CHARACTERISTICS AND 
SBL HEIGHT OVER HIGHVELD

The data in section 2 and the generalized theory
discussed in the previous section allow presentation 
of some preliminary results of the variation of the 
meteorological variables and turbulent fluxes in 
stable stratification conditions over the Highveld 
region. The extreme variability of the stability 
conditions at micrometeorological scales can be 
observed in Figure 1, which presents the Monin-
Obukhov length variation for a particular night.

FIG.1. Temporal variation of the Obukhov length 
over the Highveld region

It is evident from the figure that, stability tend to 
increase with time at night time SBL, this is 
indicated by the Obukhov length (L) which is 
<1500 and decrease with time in the day time SBL 
where L for station 1(S1) and station 2 (S2) >1000. 
This is an indication of near neutral stratification of 
the SBL over these stations.

FIG.2. Temporal variation of SBL height over 
Elandsfontein (part of Highveld).

Figure 2 indicates the temporal variation of the 
SBL height over Elandsfontein as derived from 
LiDAR using gradient method. It illustrates the 
increase of stability with time this is indicated by 
decreasing trend of the height of the SBL with time 
at night time, (see from 11:23pm up to 04:09a.m)
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1. INTRODUCTION 

Increases in atmospheric greenhouse gases 
concentrations will result not only in changes in 
climate in the sense of average weather conditions, 
but also in changes in climate variability and extremes 
of weather conditions (IPCC, 2001). Mozambique is 
well known for the occurrence of severe weather and 
extreme climate events such as floods, tropical 
cyclones and droughts. Such events have serious 
impacts on the livelihoods of most people who rely on 
subsistence agriculture. A possible increase in 
frequency of such events under climate change may 
exacerbate these impacts. Following this perspective, 
it is important to analyze the characteristics of 
extreme events in the present-day and future climates 
of the region. Reliable projections of extreme rainfall 
in a changing future climate are of vital interest to 
planners and policymakers due to the impacts that 
extreme rainfall can have on human activities, 
agriculture and the economy. Modeling advances now 
provide the opportunity of utilizing General 
Circulation Models (GCMs) projections of extreme 
rainfall indicators (Tebaldi et al., 2006). However, 
extreme events such as cyclones or heavy rainfall are 
often not captured, or their intensity is unrealistically 
low at the coarse spatial resolution of GCMs (Hudson 
and Jones, 2002). Dynamical downscaling from the 
GCM's coarse resolution to a finer resolution is thus 
necessary to better resolve small-scale weather 
events. Regional Climate Models (RCMs) are tools to 
add small-scale detailed information of future climate 
change to the large-scale projections of a GCM (Jones 
et al., 2004). These high-resolution dynamical RCM 
nested in GCMs are becoming an increasingly 
important tool in climate research (IPCC, 2001). This 
study is focused on the application of using an RCM 
to explore the potential impact of enhanced 
anthropogenic forcing on rainfall over Mozambique 

2. DATA AND METHODS 

PRECIS (Providing Regional Climates for Impact 
Studies) is a regional climate modeling system 
developed by the Hadley Centre with HadRM3P 
(Hadley Centre Regional Model version 3) at the 
core. Two different simulations were performed. The 
first simulation was a 20-year (1 December 1979 to 
31 December 1999) control run, which provides the 
baseline climate for model verification. In the first 
simulation HadRM3P was driven by ERA-40 (Uppala 
et al., 2005) reanalysis boundary data (hereafter 
referred to as Had/ERA). In the second simulation 

HadRM3P was run continuously for 71 years (from 1 
December 1979 to 31 December 2050) with 
ECHAM4 (Roeckner et al., 1996) as boundary 
condition using IPCC Special Report on Emissions 
Scenario (SRES) A2 scenario (Nakicenovic et al., 
2000). The domain chosen for the study roughly 
stretches over 29.9° S to 5.9° S and 27.5° E to 55.2° E 
covering Mozambique and Madagascar with spatial 
resolution of 0.22°x 0.22°  where a more realistic 
topography is expected. The validation consists in 
comparison of the Had/ERA with the global surface 
climatology produced by the Climate Research Unit 
(hereafter CRU) of the University of East Anglia 
(New et al., 1999) on a seasonal basis (December, 
January and February – DJF; March, April and May – 
MAM;  June, July and August -JJA; and September, 
October and November – SON). The indices used in 
this study are suggested by the climate community 
coordinated by the joint WMO Commission for 
Climatology and the Expert Team on Climate Change 
Detection, Monitoring and Indices (ETCCDMI) of the 
Climate Variability and Predictability (CLIVAR) 
project of the World Climate Research Programme, to 
gain insight into precipitation extremes. Of the four 
indices of extreme precipitation three of them relate to 
“wetness” (95th percentile of rainday amounts -  

R95p, 99th percentile of rainday amounts - R99p and 
consecutive wet days - CWD) while one of them 
relates to “dryness” (consecutive dry days- CDD). 
The CDD index is a measure of the length of the 
driest part of the season; this indicator may serve as a 
valuable drought indicator. The indices were 
calculated for the present period 1981-1999 (CTL) 
and for the future period 2031-2049 (SCN), 
employing the data of the RCM forced by the GCM. 
Then, the differences between SCN and CTL were 
computed for all indices (SCN minus CTL).  

3. RESULTS 

The ability of the regional model to represent the 
observed Mozambican climate was assessed to 
support confidence in the results (not shown here). 
Figure 1 shows the relative changes (Change = 100 × 
[scn/ctl]-1; where scn and ctl are used to designate the 
indices in the future period and present period, 
respectively) in the indices R95p and R99p for 
summer (DJF) when most precipitation and extreme 
events typically occur. These indices indicate the 
amount of precipitation during very wet days and 
extremely wet days. R95p is projected to increase of 
30% for the most parts of the country during DJF. 



However, there are localized areas which are 
projected to experience increments up to 70% (Sofala 
and Inhambane provinces). R99p are also projected to 
increase over most parts of the country, except on the 
south where it is projected to decrease. The largest 
positive change in R99p occurs over the central parts 
of the country. In the south (Maputo province) the 
R99p is projected to decrease (-30% to -70%). 
Positive changes of R95p and R99p over the central 
parts may enhance the flooding risk, since this area is 
prone to floods. During MAM (not shown) the R95p 
are projected to increase in many parts of the north 
and centre of Mozambique. Changes in R95p and 
R99p during SON (not shown) are more 
heterogeneous than other seasons, with increases and 
decreases. Figure 2 shows the change in CDD and 
CWD for DJF. During DJF, changes in CDD occur at 
localized regions over the country. In northeast (Cabo 
Delgado and Nampula) there are increases of CDD of 
up to 15 days and a decrease in the west. While there 
are increases in CWD almost everywhere over the 
country, except in northen Mozambique (Cabo 
Delgado) and in some localized regions in north west 
of Mozambique (Tete) where the CWD decreases. 
The increases in CWD together with extremes of 
precipitation suggest that during DJF the country will 
experience more days with intense extreme 
precipitation during the rainy season increasing the 
probabilities of floods over the Zambeze basin.  
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Figure 1: Relative changes (in %) in 95th (left) and 99th 
(right) percentile of precipitation amount for DJF. A minimum 
rainday threshold of 1 mm was used 

Figure 2: Change of maximum number of consecutive dry days 
(CDD, left) and consecutive wet days (CWD, right) 
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INTRODUCTION 

Convective storms are common within South Africa. 
Some of these storms have the potential for severe 
weather to occur, such as lightning and hail, which 
can cause much damage and threaten lives. These 
storms need to be detected with adequate warnings 
made available to reduce the risks associated with 
these severe types of weather. Lightning is of 
particular cause for concern as lightning occurs 
frequently in South Africa and results in many deaths 
per year (Evert & Schulze, 2005). 

These storms can be analyzed using weather radar 
networks, satellites and lightning detection networks. 
Previous studies such as those conducted in Germany 
by Fehr et al. (2005) and in South Africa by Nhlapo 
(2010) have shown that relationships between radar 
reflectivity and lightning data exist, with links 
between the radar reflectivity and lightning 
frequency, intensity and polarity. From studies such 
as those conducted in the United States by Reap & 
MacGorman (1988), other links have also been 
established between lightning and hail. 

DATA AND METHODS 

Most of the storms in this study were selected 
according to their longevity or potential for hail. 
Twelve storms will be studied over the 2010/2011 
summer period. 

The lightning data is obtained from the South African 
Lightning Detection Network. The radar data is 
obtained from C-band and S-band radars where the 
data is processed through TITAN radar software. The 
methodology used for this project is similar to the 
one used in cases studies conducted by Nhlapo 
(2010). An exception to the methodology is that this 
project will study the storms according to polygon 
shapes rather than the blocks used by Nhlapo. This 
results in more accurate representations of storms 
than those represented by blocks. The lightning data 
obtained relates to particular storm tracks, which 

ensures that the lightning data used in this project is 
registered only to one storm polygon and no others.  

This methodology includes the linking of maximum 
radar reflectivity and lightning frequency in certain 
time intervals. This lightning frequency is also 
considered for different polarities, for additional 
insight into storm characteristics. Lightning of 
positive polarity is of particular concern as this 
polarity of lightning is generally more destructive, 
and so the relationships obtained can help determine 
when positive lighting is most likely to occur in a 
storm lifecycle.  

The datasets are combined and various outputs are 
generated, such as total amounts of lightning 
occurrences of different polarities. These outputs are 
incorporated and graphs are constructed in order to 
visually demonstrate the relationships between the 
various variables. Each of the storms can then be 
analyzed with statistical correlations, and from these 
results the storms can be compared and relationships 
can be established.  

RESULTS 

Results obtained indicate that as the maximum radar 
reflectivity values increase, the total number of 
lightning strokes increases, as do the total number of 
negative and positive lightning strokes. The peaks for 
the maximum reflectivity values are generally 
prevalent within the middle portion of the storm 
lifecycles. Positive lightning could be more frequent 
at the end stages of the storm lifecycle within the 
stratiform region or anvil of the storm (Rakov, 2003), 
but the radar tracking algorithm used in this study 
focused on the convective cores of the storms (with 
reflectivity greater than 33dBz) and thus the 
stratiform area or anvil would have been considered 
outside of the storm track, and the lightning occurring 
in that area would be ignored. 

Figure 1 indicates the reflectivity values associated 
with the number of lightning strokes for negative, 
positive and total amount of lightning for the 9th of 



February 2011. This figure demonstrates the typical 
relationship identified within this project. Similar 
graphs of the other eleven storms will still be 
presented. 

 

FIG 1. Maximum reflectivity values against the total 
amount of lightning strokes, and total negative and 
positive lightning strokes for 9 February 2011. 

Generally correlations obtained between radar 
reflectivity and amount of lightning shows that as the 
reflectivity increases or decreases, then the lightning 
increases or decreases respectively.  

 

FIG 2. Storm top heights against the total amount of 
lightning strokes for 9 February 2011. 

From Figure 2., storm top heights also tend to 
correlate positively with the amount of lightning 
strokes, such that when the heights increase or 
decrease, the lightning will increase or decrease 
respectively. The correlations for height tend to be 
lower than those obtained for reflectivity.  

When the maximum radar reflectivity values are 
greater than 55dBz, the number of lightning strokes 
tends to increase. This 55dBz value is a threshold 
value where any value greater than 55dBz indicates a 
large possibility for the occurrence of hail (Steiger et 

al., 2007). Thus as the potential for hail increases, so 
the amount of lightning increases. 

CONCLUSION 

For the 12 cases considered in this study, it appears 
that lightning tends to occur when the radar 
reflectivity values are at their highest values, which is 
generally during the middle period of storm 
lifecycles. Positive lightning did not appear to 
dominate at any specific stage of the storm lifecycle. 
The correlations obtained and relationships 
established can be of use for forecasters in the 
forecasting of convective storms. 
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1. INTRODUCTION   
 
Light Detection and Ranging (LIDAR) is one of the 
most powerful remote sensing techniques to probe 
the earth’s atmosphere. Recent developments 
leading to the availability of more powerful, 
relatively rugged and highly efficient solid state 
lasers and improvements in detector technology as 
well as data acquisition techniques have resulted in 
the great potential of LIDARs for atmospheric 
studies. A mobile LIDAR system is being 
developed at the Council for Scientific and 
Industrial Research (CSIR) National Laser Centre 
(NLC), Pretoria (25°5′ S; 28°2′ E), South Africa 
(see Figure-1). At present, the system is capable of 
providing aerosol/cloud backscatter measurements 
for the height region from ground to 20 km with a 
10 m vertical height resolution. For more details 
about the system and its capability, one may refer 
to Sharma et al., (2009) and Sivakumar et al., 
(2009). 
  

 
 
Figure-1: CSIR-NLC-Mobile LIDAR system 
 
The major advantage of the LIDAR is to provide 
the vertical cross-section of clouds including 
thickness information which is important for better 
understanding the cloud dynamics and the earth-
radiation budget. The cloud information is also 

useful for predicting the convective systems and 
rain. 
 
Higher level clouds tend to develop at or just above 
the top part of the troposphere. These clouds can 
vary in shape and thickness. Sunlight can be 
observed passing through the higher level clouds 
most of the time. The amount of light that 
penetrates depends on the density and thickness of 
the layers.  The high-level clouds are of Cirrus, 
Cirrostratus and Cirrocumulus. Cirrus and 
cirrostratus generally does not produce 
precipitation except when it results from dissipating 
thunderstorms. Cirrocumulus is brilliant white but 
with a spotty appearance created by the many small 
turrets. These turrets indicate vertical turbulence 
within the cloud.  This cloud can develop in 
conjunction with any other clouds as well as with 
cirrostratus clouds. Cirrocumulus clouds do not 
produce precipitation and are normally associated 
with fair weather. 
 
Here, in this paper, we present a night-time 
continuous CSIR-NLC mobile observation of high-
altitude cirrus cloud.  The LIDAR measurements 
will also elucidate the aerosol concentration, 
optical depth, cloud position, thickness and other 
general properties of the cloud which are important 
for a better understanding of the earth-radiation 
budget, global climate change and turbulence.   
 
 
2. RESULTS 
 
The LIDAR was operated for ~24 hours at 
Elandsfontein from 01-02 December 2010. 
Elandsfontein is surrounded by different industries 
that emit pollutants into the atmosphere. We shall 
present the results obtained based on this 
observation. The temporal evolution of the LIDAR 
backscatter signal for the corresponding night from 
23:23:10 to 04:22:38 Local Time (LT) is shown in 
Figure-2.  The figure represents the glued photon 
count signal which is obtained from the initial raw 
analog and photon count signals acquired through 
the data-acquisition system with a high range 
resolution (10 m). Figure-2 clearly distinguishes 
the cloud observation from normal scattering from 



background particulate matter.  It shows the sharp 
enhancement during the presence of cloud above 8 
km and slowly has moved down to 6.5 km.  This 
figure demonstrates the capability of LIDAR to 
observe the cloud thickness (less than ~300 m). The 
high resolution data in the figure also shows the 
temporal changes in the cloud shape and size which 
is important when studying cloud morphology. 
Such kinds of clouds are often termed as Cirrus and 
are classified into optically thick or thin with 
respect to the observed optical depth [sivakumar et 
al., 2003].  In the present case, the observed cirrus 
is found to be optically thick which has turbulent 
characteristics.  The falling streaks of such clouds 
are clearly visible during the middle of the 
observations.  In general, cirrus clouds are 
composed of ice crystals and with less frequent 
content of super-cooled water.  Apart from the 
cirrus cloud observations, the figure clearly 

illustrates the temporal evolution of the planetary 
boundary layer (PBL).  At the beginning of the 
observation, the PBL is observed at the height 
range just above 2 km and later it gradually 
decreased to 1.2 – 1.5 km during the middle of the 
observation. Thereafter, a slow increase in the PBL 
is noted indicating the decrease in atmosphere 
stability.   
 
It is important to note here that the experiment was 
carried out with neutral density (ND) filters which 
attenuate the received signal. The ND filters are 
employed to avoid detector saturation due to high 
backscattering from dense clouds.  In future, we 
will remove the filters to allow a greater percentage 
of the backscattered signal to observe and 
investigate higher altitude regions.   
  

 
 
Figure-2 : Height-time-color map of LIDAR backscatter signal returns for the night of 01-02 December 2010. 
 
 
3. FUTURE PERSPECTIVES 
 
Future plans include further field campaign 
measurements in South Africa including qualitative 
industrial pollutant measurements, 3-D 
measurements using an XY scanner and the water-
vapour measurement. 
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1. INTRODUCTION 

Fog is defined as an obscurity in the surface 
layers of the atmosphere and is caused by 
particles of condensed moisture held in 
suspension in the air (McIntosh, 1972).  

Aircraft diversions and delays at CTIA as a result 
of reduced visibility due to fog are not 
uncommon. During the autumn and winter 
months of 2009, 15 weather related aircraft 
diversions occurred of which all were as a result 
of fog (SAWS, 2009) Van Schalkwyk (2008) 
verified Terminal Aerodrome Forecasts (TAFs) 
for CTIA for the period March to August, 
2004-2007. Results show that less than 20% of 
fog days with horizontal visibility below 1000 m 
were accurately forecast.  

Improved knowledge of the circumstances under 
which fog occurs or does not occur, will result in 
more accurate forecasts and fewer false alarms. 
This will result in improved flight planning by 
airlines, increased profit and improved 
preparedness by airport authorities (De Villiers 
and Van Heerden, 2007). Results of a 
comprehensive fog climatology for CTIA will be 
presented.  

2. DATA AND METHOD 
Information about the monthly frequency of fog 
was supplemented by a local climatology of fog 
events at CTIA. The type of fog occurrence as 
well as the diurnal characteristics of fog events 
was investigated by using hourly SAWS 
Meteorological Aerodrome Reports (METAR) 
for CTIA. These data were only available for the 
14-year period from 1997-2010 and were 
obtained from Weather Underground (2010) 
since data were not available via the SAWS data 
bank. The aim of this climatology is to provide 
aviation forecasters with a fog forecasting aid, 
and due to the short time span of data, will not be 
applied for the purpose of trend analyses.  
 

Using an adapted version of Tardif and 
Rasmussen’s (2007) hierarchical classification 
method, fog events were objectively classified into 
4 different fog types based on conceptual models 
of their formation mechanisms. 
 
The mean 00:00UTC atmospheric sounding of fog 
days were compared to the overall mean sounding 
between March and August (1997-2010).  
 
Self-organising maps (SOMs) (Kohonen, 2001) 
were used as synoptic classification method to 
relate the dominant fog types at CTIA to 35 
different synoptic circulations. NCEP II 
Reanalysis data were used with a 2.5° grid 
spacing. 
 
3. RESULTS 
The months March to August have the highest fog 
frequency. Results show that the most common 
fog type at CTIA is radiation fog with an overall 
frequency of 50%. The second most likely fog 
type is cloud base lowering fog (24%) and 
thereafter advection fog (11%) (Fig. 1). Despite 
investigating isolated occurrences of radiation fog 
after sunrise, only one event was successfully 
classified as evaporation fog. 
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FIG 1. Frequency of different fog types at CTIA 
between March and August (1997-2010) 
 
While advection and cloud base lowering fog 
events dominated during the start of the fog 



season, radiation events occurred more frequently 
towards the end of the fog season (Fig. 2). The 
characteristics of the different fog types such as 
duration, intensity, and the general onset and 
dissipation times were established. 
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FIG. 2. Monthly fog type frequencies 
(1997-2010) 
 
Advection fog events tend to have higher 
visibilities than CBL and radiation events, but 
there is no significant difference in the duration 
times. Although all fog types showed a tendency 
to form during night time and dissipate during 
daytime, advection events had the largest 
variation in onset and dissipation times. Only 1 
event was classified as evaporation fog, but 
nevertheless dew evaporation was found to play a 
significant role in the formation or persistence of 
fog after sunrise.  

A comparison of “fog day” atmospheric 
soundings with the mean, indicated a warmer and 
drier atmosphere below 700hPa on fog days with 
a higher dewpoint temperature at the surface 
(Fig. 3.). The heights of inversion bases and tops 
showed a lot of variation between March and 
August. Other variables that were tested for 
variation from the norm are: surface dewpoint, 
thickness between 1000 and 700hPa, relative 
humidity between 925 and 850hPa (above the 
inversion) and relative humidity below the 
inversion. These variables were all statistically 
different from the norm according to a Mann-
Whitney test at a 95% confidence level.  
 
The synoptic classification of fog types showed 
that most radiation events occurred when a high 
pressure system dominated the circulation over 
the interior, with a weak pressure gradient along 
the west coast (Fig. 4). Most CBL fog events 
were associated with the presence of a coastal 
low along the west coast and advection events 
occurred during pre-frontal circulations with a 
high dominant over the interior. 

 
FIG. 3 Averaged atmospheric soundings at CTIA 
at 00:00UTC, March-August (1997-2010) 
 

 
FIG. 4 Node 20 of SOM: Synoptic circulation 
associated with most radiation fog events at CTIA 
(1997-2010) 
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