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Preface 

 
The 25th annual South African Society for Atmospheric Sciences 
(SASAS) was held in Tulbagh, Western Cape (South Africa) on 
September 09th  and 10th, 2009.  The papers collected in this conference 
proceeding were peer reviewed by at least one of the reviewers in the 
editorial committee.   
 
The SASAS conference editorial board wishes to thank every contributor 
who made this proceeding possible. Special thanks to Miss. Lisa Coop 
(conference chair) and Prof. Hannes Rautenbach (President, SASAS) for 
accepting this new initiative. 
 
Prof. Venkataraman Sivakumar 
Chair – Editorial Committee 
 
National Laser Centre (NLC), 
Council for Scientific and Industrial Research(CSIR), 
Building 46a, 2nd Floor (A230), 
P.O. Box 395, Pretoria 0001, 
South Africa. 
  
Tel: +27 128413433 | Fax : +27 128413152  
Email : svenkataraman@csir.co.za 
www.researcherid.com/rid/B-4570-2009 
____________________________________ 
Extra-ordinary Professor at University of Pretoria, Pretoria, South Africa. 
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Message from the SASAS President 
 

Most atmospheric scientists see our annual SASAS conference 
as a highlight on their calendar, since it is known that the host 
institution goes out of their way to present a conference of high 
quality. The SASAS 2009 conference presented by CSAG 
University of Cape Town is no exception. But there is something 
new that makes the SASAS 2009 conference special. For the 
first time in history peer reviewed extended abstracts will be 
included in the conference proceedings. This was a dream in 
2008 which now has become a reality in 2009. I would like to 

thank Prof Venkataraman Sivakumar who has played a key role in the review process. 
I must admit that a lot of work happened behind the screens to make this a reality. 
With this the conference theme “Beyond the Box” adds to a new way of thinking, 
especially as far as young upcoming scientists are concerned. This is also applicable 
to many groups that are currently reviewing their area of focus, and new initiatives 
like the African Centre for Climate and Earth System Sciences (ACCESS). During 
this year’s conference we will also make suggestions of redefining the definition of 
Meteorologists, Climatologists and Oceanographers. All of this can only contribute to 
the development of better Meteorologists, Climatologists and Oceanographers in our 
country. Also many thanks to Lisa Coop and her team who have done a great job to 
bring this year’s conference to you. I would like to invite everybody to enjoy the 
SASAS 2009 conference.   

 
Prof Hannes Rautenbach 
SASAS President 
 
 

Message from the conference chair 
 
The theme for this, the 25th annual SASAS conference, is Beyond 
the Box. The idea behind this theme is thinking outside and even 
beyond “the box” where “the box” represents old ways of 
thinking, old methodologies and approaches to science. The theme 
encourages us to move beyond the inertia of the past and to tackle 
new frontier science issues relevant to our South African 
community which have the potential to bring significant advances.  

 
The format of this year’s conference differs slightly from that of previous years in that 
it includes a Grill the Scientist Q&A session as well as both a keynote panel and 
presentation sessions focussing on the Beyond the Box theme.  
 
The response to this year’s conference has been very positive. We are extremely 
grateful to all the SASAS members who have agreed to participate in these two new 
sessions. We are also very pleased by the number of younger scientists who will be 
presenting at this year’s conference. We hope you find it stimulating. 
 
Miss Lisa Coop 
SASAS Conference Organising Chair 
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THE SOUTHERN ANNULAR MODE: TROPICAL – EXTRATROPICAL  
INTERACTIONS AND IMPACTS 

Fauchereau N1, Pohl B2, Monteiro P.1, Reason, C3 
1CSIR-NRE, Ocean Systems and Climate group, Cape-Town, South Africa  

2Centre de Recherches de Climatologie CNRS / Université de Bourgogne, France 
3Oceanography Dept., University of Cape-Town, South Africa 

 
 
 

1. INTRODUCTION 
The Southern Annular Mode (SAM, also 
called Antarctic Oscillation) is the dominant 
mode of extratropical (south of 20S) low-
frequency atmospheric variability in the 
Southern Hemisphere. It basically consists in a 
sea-saw of barometric pressure between the 
Antarctic continent and the mid-latitude, so 
that in its positive phase, the westerly wind 
belt is intensified and shifted poleward. The 
SAM is usually extracted as the first EOF on 
the pressure field in the Southern hemisphere, 
explaining around 30% of variance. It has been 
shown to arise as the result of wave – mean 
flow interaction. It shows a significant trend 
towards more positive phases during the last 
decades, seemingly related to anthropogenic 
forcing (via combination of ozone depletion 
and GHG radiative forcing). The SAM has a 
profound impact on the southern ocean 
dynamics, primary productivity and 
biogeochemistry therefore a better 
understanding of the SAM is important 
towards an assessment of the future role of the 
Southern Ocean as a sink of anthropogenic 
CO2 as well as on the adjustment in the natural 
CO2 fluxes 
 
In this context, the relationships between the 
SAM and tropical modes of atmospheric 
variability suffer from incomplete or somehow 
contradictory description. In this study we 
investigate in particular its links with the 
Madden-Julian-Oscillation and ENSO, the 
dominant modes of tropical atmospheric 
variability at the intra-seasonal and interannual 
time-scales, respectively. It is showed here 
that, contrarily to suggestions made in other 
papers, the SAM is not significantly and 
unambiguously related to the MJO. On the 
other hand, we confirm that the SAM shares up 
to 25% of variance with the ENSO during 
summer. The independent and combined 
effects of those modes on Southern African 
summer rainfall is next investigated and we 
discuss the importance of a better 
understanding of tropical – extratropical 
interactions in the context of the  role of the 

Southern Ocean in modulating fluxes of 
anthropogenic and natural CO2. 
 

2. DATA AND METHODS 
We make use of the NCEP-DOE II reanalyses 
(Kanamitsu et al, 2002) to document the 
atmospheric dynamics over the Southern 
Hemisphere related to the SAM, MJO and 
ENSO. The SAM has been defined as the 1st 
EOF on the daily (unfiltered) 700 hPa field 
south of 20S, it has been checked that the 
results are not dependant on the SAM index. 
The MJO signal is extracted through the real-
time daily indices developed by Wheeler and 
Hendon (2004). ENSO is defined through the 
Multivariate ENSO Index (MEI, Wolter and 
Timlin). Rainfall over South Africa is 
documented by daily station time-series 
compiled in the WRC dataset (Lynch, 2003). 
 

3. RESULTS 

a. time-scales of variability 
 
The time-scales of SAM variability are first 
investigated using the EMD (Huang, 1998) 
method. It is found that a large part of variance 
is concentrated in the synoptic to intraseasonal 
time-scales (10 - 60 days).  
 
b. Relationship with the MJO  

 
 
Figure 1: relationships between the SAM and 
 MJO. 
 
The Figure 1 presents respectively the 
composite anomalies of the SAM index as a 

- 1 - 
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function of the MJO phases and the cross-
spectrum (coherence and phase) of the two 
indexes. While the SAM index presents 
significant negative (positive) anomalies 
locked onto the phase #3 (#6) of the MJO life-
cycle, the cross-spectrum shows that the 
relationship between the two indexes is not 
coherent at the ISO scale and lacks a constant 
phase relationship. Further analyses show that 
the MJO signal into the SH pressure and wind-
field projects imperfectly onto the SAM 
pattern, allowing to understand these 
seemingly conflicting results. Altogether these 
results challenge some conclusions of recent 
studies (Carvalho et al, 2005, Matthews and 
Meredith, 2004) on the impact of the MJO on 
the SAM variability.  
 
c. Relationship with the ENSO  

 
Figure 2: relationship between the SAM and 
 ENSO 
The Figure 2 shows the seasonally (4-months 
averages) stratified correlation coefficients 
between the SAM and the MEI. Significant 
negative correlations are found during the 
austral summer, indicating that El Nino (La 
Nina) tends to be related to an average 
negative (positive)  SAM index during SH 
summer. These results confirm  those of 
L'Heureux and Thompson ( Further analyses 
show that the spatial pattern of pressure 
anomalies related to ENSO in the SH presents 
a high degree of zonal symmetry, and is highly 
congruent to the SAM pattern.  
 
Based on these results, we then isolate the 
specific influence of the AAO on rainfall 
variability. The example taken here is South 
Africa, a region under the influence of both the 
MJO and ENSO, recording its main rainy 
season in austral summer, and containing a 
relatively dense network of rain-gauge 
measurements. At the interannual timescale, 
the significance of the teleconnections between 
South African rainfall and the AAO reveals to 
be a statistical artefact, and become very weak 
once the influence of ENSO is removed. At the 

intraseasonal timescale however, the AAO is 
seen to significantly affect the rainfall amounts 
over the major part of the country, 
independently of other modes of variability. Its 
influence in modulating the rain appears to be 
strongest during La Niña years. We then 
discuss the implications of these tropical – 
extratropical interactions on the relationships 
between the SAM and the Southern Ocean 
physics and biology. 
 

4. REFERENCES 
[1] Carvalho, L.M.V., C. Jones, and T. 
Ambrizzi, 2005: Opposite phases of the 
Antarctic Oscillation and relationships with 
intraseasonal to interannual activity in the 
Tropics during the Austral Summer. J. 
Climate, 18, 702-718. 

[2] Kanamitsu M, Ebisuzaki W, Woollen J, 
Yang S-K, Hnilo J, Fiorino M, Potter GL 
(2002) NCEP-DOE AMIP II reanalysis (R-2). 
Bull. Amer. Meteor. Soc. 83 (11): 1631-1643. 

[3] L'Heureux, M.L., and W.J. Thompson, 
2006: Oberved relationships between the El 
Niño-Southern Oscillation and the 
Extratropical Zonal-Mean circulation. J. 
Climate, 19, 276-287. 

[4] Lynch SD (2003) Development of a 
RASTER database of annual, monthly and 
daily rainfall for Southern Africa. WRC report 
N 1156/1/03, 78 p. 

[5] Matthews, A.J., and M.P. Meredith, 2004: 
Variability of Antarctic circumpolar transport 
and the Southern Annular Mode associated 
with the Madden-Julian Oscillation, Geophys. 
Res. Lett., 31, L24312, doi:10.1029/2004GL 
021666. 

[6] Reason CJC, Jagadheesha D (2005) A 
model investigation of recent ENSO impacts 
over southern Africa.Meteorol. Atmos. Phys. 
89: 181-205. 

[7] Thompson, D.W., and J.M. Wallace, 
2000: Annular modes in the extratropical 
circulation. Part I: Month-to-month variability. 
J. Climate, 13, 1000-1016. 

[8] Wheeler, M. C., and H. H. Hendon, 2004: 
An all-seasonreal-time multivariate MJO 
index: Development of an index for 
monitoring and prediction. Mon. Wea. Rev., 
132, 1917–1932. 

[9] Wolter K, and M.S. Timlin, 1993: 
Monitoring ENSO in COADS with a 
seasonally adjusted principal component index, 
17th Climate diagnostics workshop, Norman, 
OK, 52-57. 
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TEMPORAL VARIATIONS OF INSTABILITY, RAINFALL AND 
THUNDERSTORMS OVER THE SOUTHWESTERN CAPE COASTAL 

REGION OF SOUTH AFRICA. 

Thea Beckman  and Alice Favre 

nontimet@gmail.com 
Climate Systems Analysis Group, University of Cape Town, South Africa 

 
 

1. INTRODUCTION 

 
Along the Southwestern Cape coastal region of 
South Africa, it is not typically surface-based 
summer convection that drives instability, rainfall 
and lightning but predominantly the transient 
baroclinic low pressure systems formed by 
disturbances in the westerly wave in the mid-
latitudes (Tyson & Preston-Whyte, 2000). 
Elevated convection occurs above the sharp 
frontal interface associated with the more intense 
systems and this can lead to the formation of 
elevated or mid-level thunderstorms. It is the aim 
of this study to visualize and explain the diurnal 
and seasonal cycles of such thunderstorms in this 
previously unstudied winter rainfall region 
through a broader analysis of instability as 
calculated by three instability indices (Total 
Totals (TT), High Level Total Totals (HLTT) and 
K-index (KI)), as well as rainfall and lightning. 

 
 
2. DATA AND METHOD 

 
2.1. NCEP DOE II Reanalysis data 

(Kanamitsu et al. 2002) consisting of 6 hourly 
temperature and relative humidity at 850hPa, 
700hPa and 500hPa, covering the geographical 
domain 17.5°E-20°E / 32.5°S-35°S (four grid 
points; 2.5º x 2.5º total spatial resolution).  

 

 

Figure 1: Map of the southwestern Cape 
showing the position of the NCEP II 
Reanalysis grid points (black dots) and the co-
located lightning domains (boxes). 

 
2.2. Hourly and daily rainfall data acquired 

from the South African Weather Service 
(SAWS) for stations across the southwestern 
Cape (1979 – 2006). 

 
2.3. 10 year dataset of lightning observations by 

the Lightning Imaging Sensor (LIS) on NASA’s 
Tropical Rainfall Measuring Mission satellite 
(TRMM). 

 
The NCEP-DOE II Reanalysis data are used to 
calculate two instability indices for the period 1979 
– 2007 (equations 1 & 2). 
 
TT = T850 + Td850 – 2(T500),  Equation 1 
HLTT  = T700 + Td700 - 2(T500)  Equation 2 
 
Subsequently, the diurnal and seasonal cycles of 
instability are constructed over the four grid points 
shown in Figure 1 and compared with the same 
cycles of rainfall and lightning (observed within the 
1.5º x 1.5º boxes). This is done to approximate the 
time of day and which season during which 
thunderstorm activity is most frequent in the 
southwestern Cape region. It must be noted that the 
instability indices quantify the potential for 
convection based only upon lower to mid-
atmospheric temperature and moisture lapse rates 
and do not take into account the presence of trigger 
mechanisms to initiate dynamic uplift (McNulty, 
2005). Since only the degree of instability is used 
to measure the potential of thunderstorms to 
precipitate, above-threshold events are identified as 
‘high potential’ thunderstorm events only.  
 

P1 
 

P2 
 

P3 

P4 
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3. RESULTS 
 

 
Figure 2: Diurnal variation of instability as 
calculated by the TT index. The HLTT 
displays much the same cycle and so has been 
omitted. 

 
Instability over the oceanic grid locations (P1, P2 & 
P3) display a bimodal diurnal distribution with a 
primary peak in the early morning (06h00) and a 
secondary peak in the late afternoon (18h00). This 
matches the diurnal distribution of rainfall in the 
region which achieves a 06h00 maximum, daytime 
minimum and subsequent increase again after 
18h00. P4, being situated over land, featured the 
greatest amplitude and average diurnal instability 
with a minimum in the early hours (06h00) which 
increases throughout the day to an 18h00 
maximum. The varying diurnal cycles of instability 
over the oceanic (P1, P2 & P3) and inland (P4) 
locations, illustrates the effects of land surface-type 
on cycles of radiative heating and thus, climate. 

 

Ultimately, ocean-controlled climates do not 
feature a strong diurnal cycle in variables 
responsive to radiative heating due to (1) turbulent 
mixing and heat dispersal through winds, waves 
and currents, (2) the large heat capacity of water 
and (3) the chaotic nature of the synoptic scale 
systems that are responsible for bringing rain to the 
Southwestern Cape coast. Consequently, 
thunderstorms experienced along the southwestern 
Cape coast do not present a diurnal cycle, but do 
display a distinct nighttime bias due to the frontal 
inversions of transient cyclones being more intense 
at night (Humphreys, 1927). Inversely, inland, 
where the surface responds more readily to 
radiative heating, convection is found to display a 
stronger diurnal cycle, which is reflected clearly by 
the late afternoon peak of instability, rainfall and 
lightning. 
 
On the seasonal time scale, the southwestern Cape 
coast emerges as a winter rainfall region that 
receives the majority of its annual precipitation 
volume between the months of May (late spring) to 

August (early autumn). Instability peaks over much 
the same season (Figure 3), with the important 
distinction that all the indices calculate a late 
autumn and early winter bias. The number of days 
featuring lightning over the ocean to the southwest 
and southeast of the Cape coast reveals a similar 
distribution to that of rainfall and instability.  
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Figure 3: Seasonal variations of instability at 
all locations as calculated by the TT index. 

 
A marked difference in the distribution of 
instability over the ocean and over land is noted 
with radiative forcing dominating the control on 
diurnal and seasonal variations overland. Over 
ocean, this control becomes far weaker due to the 
moderating effect of the ocean coupled with the 
occurrence of baroclinic synoptic systems during 
the winter season. Due to the study domain being 
situated over both ocean and land, two climate 
regimes emerge over the southwestern Cape. The 
coastal regions and even stations situated 
significantly inland present a typical marine-
controlled climate whereas towards the 
northeastern extremes of the study domain, a 
continental climate emerges. 
 
However, perhaps one of the most important results 
produced by the study on seasonal variations was 
the emergence of autumn as the chief thunderstorm 
season along the southwestern Cape coastal regions 
(Figure 4). This was linked with a combination of 
warm SST after a summer’s worth of radiative 
heating and the increasing frequency of transient 
mid-latitude cyclone’s as the winter months 
approached. This observation is supported by the 
autumn bias of instability as calculated by all the 
indices and concurs with studies done on the 
seasonality of elevated cold-season thunderstorms 
(Horgan et al., 2006). The latter spring-time peak is 
attributed to greater thermodynamic instability 
caused by surface heating combined with a still-
cold upper atmosphere (Colman, 1990). 
 

- 4 - 
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Figure 4: Seasonal variation of thunderstorm 

frequency as observed from the CTIA (1998–2007) 
 
Further study is dedicated to the inter-annual 
variability of extreme instability events and 
correlations with mean climatic fields to assess the 
relationship between possible thunderstorm activity 
over the southwestern Cape coastal region and 
global circulatory features.  
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ATMOSPHERIC RESEARCH IN SOUTHERN AFRICA AND INDIAN OCEAN 
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V. Sivakumar1,2 and R. Delmas3  
1 South Africa Coordinator, Department of Geography, Geoinformatics and Meterology, University of Pretoria, Pretoria. 

2 Council for Scientific and Industrial Research, National Laser Centre, P.O. Box – 395, Pretoria. South Africa 
3French Co-ordinator, Laboratoire de physique de la atmosphère et des Cyclones, CNRS UMR 8105, Universite de la Reunion, Saint Denis, La 

Reunion, France.  
svenkataraman@csir.co.za 

 
 
1. INTRODUCTION 
In the present context of global changes, atmospheric 
and climatic research should be more organized in the 
framework of international collaborations and research 
networks. During recent years, the importance of 
systematic monitoring of the atmospheric structure, 
dynamics and composition has been confirmed by 
numerous satellite and surface observations. Together 
with land use change, the aerosol burden perturbs the 
surface/atmosphere radiative balance, as well as cloud 
properties, ensuing regional climatic impacts. Over 
Southern Africa and the neighbouring oceanic regions 
of the Indian Ocean, these regional impacts are 
influenced by dynamical variability and play an 
important role in global climate change. Compared to 
developed regions of the northern hemisphere, the 
tropical and austral regions of the southern hemisphere 
are poorly documented even though they are important 
components of the global atmosphere. 
 
Several cooperative projects in atmospheric research 
between French CNRS laboratories and South African 
universities or institutes are still on the way but they 
often rely on individual initiatives between two 
research groups and would certainly benefit from a 
general collaboration framework that could be 
provided by an international research consortium 
(GDRI). In this context, we have put-forth potential 
research topics/issues that could be developed in the 
framework of the GDRI called ARSAIO (Atmospheric 
Research in Southern Africa and Indian Ocean) along 
with laboratories and scientists that would be involved 
in this project. The project focuses on following 
scientific themes aimed at obtaining a better 
understanding of southern tropics/sub-tropical areas, 
such as; 
 
·  Atmospheric pollution and climate change in 

Southern Africa 
·  Troposphere ozone and aerosol studies over Indian 

Ocean Region  
·  Greenhouse gas measurements 
·  Middle atmosphere dynamics and thermal 

structure: comparative studies from  LiDAR 
datasets  

·  Water vapour cycle study in the Upper 
Troposphere-Lower Stratosphere 

·  Stratospheric ozone variability, transport and 
mixing processes in the southern tropics:  a 

French-South African observation and research 
network  

 
In this paper, we shall provide details about the 
instrument to be employed, University/Institutes 
involved and French and South African co-ordinators 
for investigating the structure and dynamics of the 
atmosphere by utilising different in-situ, space-borne 
and model simulation techniques. 
 

2. INSTRUMENTS  
Ground based measurement systems that could be 
operated for the various scientific purposes of the 
GDRI-ARSAIO project are summarized in the 
following table:  
 
UV-visible spectrometers place 

Dobson at Irene South Africa  

Dobson at Springbok South Africa  

Dobson at Maun Botswana 

Dobson at Cape-Town South Africa  

SAOZ at Durban South Africa  

SAOZ at Reunion France 

SAOZ at Bauru Brazil 

LiDARs 

Rayleigh LiDAR at Durban South Africa  

Raman LiDAR at Durban South Africa  

Rayleigh LiDAR at Reunion France 

Raman LiDAR at Reunion France 

Ozone LiDAR at Reunion France 

Mobile LiDAR at Pretoria South Africa  

Balloon-Sondes 

Ozone-sondes at Reunion France 

Ozone-sondes at Irene South Africa  

Ozone-sondes at Natal Brazil 

Ozone-sondes at Kerguelen France 

Sun Photometer (AERONET) 

- 6 - 
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Réunion France 

Marion Dufresne 
(AERONET Maritime 
aerosol Network) 

 

France 

AERONET Network in 
South Africa and Zimbabwe 

South Africa 

In-situ measurements 

Aerosol and chemical 
composition of rainwater at  
South African IDAF sites 

 

South Africa 

Green House Gas (GHG) 
Measurements at Cape Point 

South Africa 

Aerosol measurements at 
Cape Point 

South Africa 

Trace gases measurements at 
Amsterdam and Crozet 
Island 

France 

GHG measurements at 
Amsterdam 

France 

Ozone  at Reunion France 

Aerosols sampling at 
Réunion 

France 

GHG concentrations at 
Réunion (CO2, CH4, H2O) 

France 

Mobile Tool: R.V. Marion Dufresne 

Mobile aerosol lidar 

O3-NO2 Column (SAOZ) 

O3 Sounding Station 

UV Spectometer 

Sun photometer Microtops 

 

 

France 

Ozone  at Reunion France 

Aerosols sampling at 
Réunion 

France 

 

3. LABORATORIES INVOLVED IN THE GDRI 
– ARSAIO 

 
Council for Scientific and Industrial 
Research, National Laser Centre (CSIR-
NLC), Pretoria, South Africa  
Council for Scientific and Industrial Research, 
National Resources and Environment (CSIR-
NRE), Pretoria, South Africa 
University of Pretoria (UP), Pretoria, South 
Africa 
University of Kwa Zulu Natal (UKZN), Durban, 
South Africa 

North West University (NWU), Potchefstroom, 
South Africa 
University of Witwatersrand (WITS), 
Johannesburg, South Africa 
South Africa Air Weather Service (SAWS), 
South Africa 
Hermanus Magnetic Observatory (HMO), South 
Africa 
Laboratoire d’Aérologie (LA), Toulouse, France 
Laboratoire d’Atmosphère et des Cyclones 
(LACy), Université de la Réunion (UR), 
Réunion, France 
Laboratoire des sciences et de l’environnement 
(LSCE), France 
Service d’Aéronomie (SA), Paris, France 

 

4. CO-ORDINATORS 

South Africa 
Prof. Venkataraman Sivakumar (U.P/ 

CSIR) 
Prof. Piketh Stuart (WITS)  
Dr. J.P (Paul) Beukes (NWU) 
Dr. Sandile B. Malinga (HMO) 
Prof. Hannes Rautenbach (UP) 
Mr. Gerrie Coetzee (SAWS)  
Dr. Caradee Wright (CSIR) 

France 
Prof. Robert DELMAS (LACy)  
Dr. Catherine Liousse  (LA) 
Dr. Jean Luc Baray (LACy) 
Dr. Michel Ramonet (LSCE) 
Prof. Hassan Bencherif (LACy) 
Dr. Philippe Keckhut (SA) 

 
The main objective of the GDRI project is to 
coordinate research actions and to provide a framework 
to build cooperative projects in response to call for 
proposals from the European Union (EU), or other 
funding agencies.  Meetings of French and South 
African scientists for preparing scientific projects could 
be necessary. In addition the GDRI would support the 
expenses of research stays in French Laboratory for 
South African scientists and students. 
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French Embassy in South Africa (France).   
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1. INTRODUCTION  
Backscatter LIDAR (LIght Detection And Ranging) 
measurements are considered useful for the derivation 
of atmospheric aerosol extinction profiles. The role of 
aerosols on climate change, by their direct and indirect 
effects on the Earth’s radiative budget, remains an 
elusive parameter in our quantitative assessment of the 
factors controlling our climate. One of the important 
factors is the change of aerosol optical properties in 
environments with variations in relative humidity 
(hygroscopic factor). As aerosols are subjected to 
variations in relative humidity, their size may increase, 
and changes in their refractive index may also occur. 
An increase in aerosol backscattering is then observed. 
Consequently, more radiative energy may be reflected 
back into space, creating an overall cooling effect.  
The retrieval of relative humidity from the aerosol 
backscatter co-efficient in relation to the time of 
measurement is a significant method for classifying 
hygroscopic and non-hygroscopic aerosols load 
profiles. Furthermore in correlation with other retrieval 
methods of the physical–chemical properties and size 
distribution of the aerosol particles along the LIDAR 
line, this method gives a clear insight to gain a more 
qualitative assessment of the hygroscopic effect on 
aerosols physical–chemical properties.  
 
A simple model calculation is proposed based on the 
assumption of coating spheres. Using the spherical 
Neumann functions as one of the two general Bessel 
functions needed to describe the potential functions in 
the coating. The hygroscopic aerosols are dependant on 
the relative humidity (Rh)1,2,3. The model 
parameterizes the scatterer’s growth factor to assess the 
hygroscopic effect on aerosol backscatter and this 
enables the retrieval of relative humidity (Rh).   
 
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.  At present, the CSIR-NLC mobile 
LIDAR can provide aerosol backscatter measurements 
for the height region from ground to 40 km with a 
height resolution of 10m.  The CSIR-NLC mobile 
LIDAR has been operated at the University of Pretoria 
during October 2008 for a better understanding of the 
atmosphere’s boundary layer evolution and aerosol 
(solid particles suspended in the air) concentrations. 
The experimental data was collected over 23 hours 
from 16 October, 16h00 to 17 October 15h00.  The 

above data sets were used to determine the retrieved 
relative humidity and compared with Irene (near to 
Pretoria) weather balloon humidity measurements.  The 
results of the comparative study are presented in this 
paper. 
 

2. METHOD OF ANALYSIS 
The method used for retrieving relative humidity from 
the aerosol backscatter co-efficient was followed by 
Hanel et al., (1976), i.e. the growth of hygroscopic 
aerosols is a function of relative humidity based on 
theoretical considerations in the change of aerosol 
optical properties. Based on this, the relation between 
the relative humidity (Rh) and backscattering 

coefficients (b ) can be described as,  

( )
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Here, ( )ra
reff ,lb  is taken at a relative humidity (Rh) 

value of 70 %, noted from the Irene Balloon borne 
measurements. We have considered the Irene weather 
station data, as it closer to the Pretoria site.     It was 
found from earlier research and observational studies 
from Rheinstein numerical results for water coated 
spherical aerosol backscattering, that the aerosol 

reference backscatter coefficients ( )ra
reff ,lb  was 

found to be 0.0005 (km.sr)-1.  The other two constants, 
‘a’ and ‘b’ are calculated based on the best numerical 
fit to the data (in a least square sense and trial and 
error). Yields values of the regression coefficients of a 
= 0.43 and b = 0.3, with an R2 (Regression co-efficient) 
equal to 0.85 indicating a best value for the present set 
of data.   
 

3. RESULTS 
Based on the above method, the LIDAR-derived 
aerosol backscatter co-efficient was used for two 
different timings (coherent to the radiosonde launch 
time), and the relative humidity (Rh) was calculated. 
Two different cases for 17 October 2008 (00 UTC and 
09 UTC) were presented.   Only two different times 
were available as the radiosonde observations over 
Irene were available only for two times a day. 
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Figure 1 shows the comparison between the measured 
and model simulated relative humidity by Radiosonde 
and LIDAR.  Both profiles show a close agreement for 
the 1-6 km height region and greater deviations are 
observed at higher altitudes.  The early hour 
observations (00UTC) show a good agreement up to 4 
km and the later one (09 UTC), up to 5.5 km.  The 
difference in the values is found to be within 8 -13 %. 
This difference of 8-13 % is found to be acceptable, 
when considering that the radisosonde relative 
humidity measurements have errors in the order of 8-
10 %.  
 

 
Figure-1:  Height profile of relative humidity derived 
from LIDAR aerosol backscatter co-efficient and the 
radiosonde measured. 
 
The observed difference in the magnitude may be 
attributed to the assumptions followed by the model-

simulated and the LIDAR-measured data.  The 
contribution of non-hygroscopic aerosols and 
theoretical model approximation may also attribute for 
the under estimation of the backscatter coefficient.  In 
general, the results are in good agreement and these 
further addresses the possibility for classifying aerosols 
into hygroscopic and non-hygroscopic species. 
Additional, based on the temperature information (from 
radiosonde measurements), we found that the 
disagreement between both the simulated and LIDAR 
retrieved data arises when the temperature falls below 
zero degrees (figures are not shown). However, 
hygroscopic aerosol model-based retrieved Rh profile 
shows a greater deviation below zero degrees Celsius, 
due to the insignificant amount of water vapour at and 
below this temperature. 
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Educational Research Alliance (SERA). 
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1. INTRODUCTION 
Volatile halogenated organic compounds (VHOCs) are 
short chain carbon molecules that contain a halogen, 
typically bromine or iodine. They are primarily 
produced in the oceans by phytoplankton and seaweeds 
and are rapidly transferred to the troposphere and lower 
stratosphere (Palmer, 2006). Here, VHOCs initiate 
catalytic reactions which destroy ozone (Carpenter 
2003, Yang et al. 2005) and may produce new cloud 
condensation nuclei (O'Dowd et al. 2002). These 
compounds are therefore of great interest to scientists 
studying biological feedbacks in a changing climate. 
The global distribution and sea – air fluxes of VHOCs 
are generally poorly characterised however. This is a 
direct result of a lack of temporal and spatial VHOC 
concentrations data limiting models and flux 
approximations (Yang et al. 2005, Palmer and Reason 
2009). 
 
Data on VHOC concentrations is particularly scarce in 
The  Southern Ocean and around southern Africa. No 
field measurements in southern Africa and the Indian 
Ocean have been performed at all.  The current work 
aims to fill this gap by developing an African-
appropriate method to detect and quantify VHOCs in 
marine air and seaweater. 
 
 

2. METHODS 

 
A Shimadzu GC-8A gas chromatograph (GC) with 
Electron Capture Detector (ECD) was fitted with A 
J&W Scientific durabond capillary column of 30 m in 
length with a 0.25 mm bore (non-polar film layer) was 
installed to achieve the optimum separation of VHOCs. 
An ECD detector was selected and set up with no 
standing wave. During sampling, the temperature 
inside the GC oven was maintained at 40 ºC at inject, 
ramped to 150 ºC after 20 mins, and maintained there 
for 10 mins to remove heavy contaminants from the 
column. When not stated, chromatograms were 
recorded with a constant back pressure of 5 bar He 
(grade 5.0) resulting in a carrier gas flow of ca. 4 ml 
min-1. This set-up was complimented with make-up gas 
(also He) set at 20 ml min-1.  
 
A thermal desorption (TD) trap was developed in 
conjunction with UniTemp, Cape Town. The design 
used a ceramic tube to hold a resistance wire. A glass 
tube with two adsorbents is placed inside the ceramic 
tube (Figure 1). These adsorbents preferentially remove 
and trap VHOCs from the air. The ceramic tube was 
cemented in a brass tube with a spiralled stainless steel 

tube around it in which cold (- 15 °C) glycol was 
circulated to cool the trap. These adsorbents 
preferentially remove and trap VHOCs from the air.  
 

 
Figure-1: Schematic to show design of thermal 
desorption trap. 
 
A six-port injection value was used to switch between 
loading the sample onto the cooled trap and injecting 
the sample onto the column when the TD trap is heated 
(Figure 2). Flow through the trap was controlled with 
an ASM AFC-260 mass flow controller and regulated 
to 100 ml min-1. A water trap was designed by placing 
magnesium perchlorate in a small pipette with glass 
wool at either end to support the desiccant after Moore 
and Tokarczyk (1993). Initial testing focused on one 
specific VHOC, bromoform, although, in principal, the 
same method could be applied to any VHOC. 
 
 
 

 
Figure-2. Schematic to show layout of 8 port sampling 
value in the inject position 
 
Environmental air samples were taken at the R. W. 
James Building on the Upper Campus of the University 
of Cape Town. Two methods were used to infer the 
history of the sampled air: (i) the wind direction as 
measured at Cape Point Weather Station and (ii) the 
NOAA Hysplit Back Trajectory model. 
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Matlab was used to develop a working front end 
graphical user interface for the real time plotting and 
integration of the chromatography peaks.  
 
 

3. RESULTS AND DISCUSSION 

 
Bromoform (CHBr3) made up in laboratory standards 
(ppm-ppb) was sampled using the methods described 
and found to have a retention time (Rt) of ca. 5 min. 
Bromoform was then detected in environmental air 
samples from the Cape Town area. Concentrations of 
CHBr3 in air samples shows large variability over time 
with significant peaks on 25 November and 10 
December 2008. Wind rose analysis (Figure 3) shows 
that the predominant direction in austral summer 2008 
was southerly/south-easterly, with strong north-
westerly component. 
 

 

 
Figure-3: Wind Rose diagram to show bromoform 
concentration by wind direction with Area proportional 
to number of samples.  
 
Bromoform concentrations were highest in air masses 
that had passed over the coasts (north-west and south–
south east) as demonstrated by wind rose and back 
trajectory analysis. The Benguela area is known for its 
coastal upwelling and phytoplankton blooms, 
especially in austral summer, and False Bay contains 
extensive sea-weed beds, which suggests that these 
organisms are the main source of the observed 
bromoform. When air masses came from south west 
(open ocean) or north – north east (continental), only 
small quantities of bromoform were observed. As 
phytoplankton are a well established source of 
bromoform this would appear to explain the former 
observation. The back trajectories for the latter show 
that the air had no contact with the oceans at all; this 
appears to indicate a small terrestrial source of 
bromoform as has recently been suggested in North 
West Africa (Carpenter et al., 2007). 
 
Currently, work is underway to fully calibrate the 
system for bromoform and to extend this method to 
other climatically significant VHOCs. The instrument 
is intended to be deployed at Cape Point GAW station 

where these measurements will complement those 
already made of other climatically active gases.  
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A NEW CLIMATOLOGICAL APPROACH TO TROPICAL SEA-SURFA CE  
BROMOFORM AND METHYL IODIDE CONCENTRATIONS 

Carl Palmer  and Chris Reason 

University of Cape Town, Department of Oceanography, Rondebosch, Cape Town 7701 
 

1. INTRODUCTION 

Bromoform is ubiquitously present in the surface 
ocean due to its release from seaweeds, 
phytoplankton and ice algae (Quack and Wallace 
2003, and references therein). Methyl iodide is 
also produced by these organisms and is present 
in most samples of coastal air and in some open 
ocean studies (Carpenter 2003). However, both 
compounds rarely exceed  a few parts per trillion 
in concentration. Methyl iodine and bromoform 
photolyse in the troposphere / lower statosphere 
to produce halogen radicals that initiate catalytic 
ozone destruction  (Yang et al. 2005) and may 
act as a mechanism for biogenic feedback in a 
changing climate. Thus, temporal and spatial 
variations in the sea-air flux of bromoform are of 
great interest to atmospheric chemists and 
climate scientists alike. 

 

The tropics are of specific interest; the rapid 
convection in this region allows bromoform to 
reach the upper troposphere where ozone is a 
greenhouse gas (Yang et al. 2005).  However, 
the distribution and fluxes of bromoform in the 
marine boundary layer are poorly characterized; 
this is primarily due to a lack of field data.  

 

2. DATA AND METHODS 

Here we present the development of a novel 
climatological approach to the tropical sea 
surface bromoform and methyl iodide 
concentration based on parametrizing remotely 
sensed variables. A database of bromoform 
(Figure 1) and methyl iodide measurements was 
collated and auxiliary data including mixed layer 
depth, sea surface salinity, chlorophyll-a, sea 
surface temperature and wind speed were 
assigned to each point using remotely sensed and 
climatological data as described by Palmer and 
Reason (2009).  

 

These data were used to build and test model 
equations for the concentration of bromoform 
and methyl iodide in the surface ocean. Using the 

most successful regression formula, seasonal 
climatologies of the bromoform concentration, 
saturation anomaly and sea-air flux were then 
developed based on a 2° resolution grid. All the 
required data (chl-a, MLD, SSS, u and SST) were 
transformed from their original resolution and 
interpolated to this resolution grid.  

Figure-1: Location of bromoform concentrations 
measurements in the tropical surface oceans 
(Palmer and Reason 2009). 

 

3. RESULTS AND DISCUSSION 

(a) Methyl Iodide Parameterization 

Significant parameters in capturing the 
variability in methyl iodide were found to be 
chlorophyll-a (with which methyl iodide is 
positively correlated) and salinity (negatively 
correlated). A plot of observed versus predicted 
methyl iodide concentrations yields an R2 of 0.33 
(Figure 2) and the root mean squared deviation is 
9.4 ppt (42%) .  

 

Figure-2: A plot of modelled verses observed 
methyl iodide concentrations yields an R2 of 0.33 
and a RMSD of 9.4 ppt (42%). 
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(b) Bromoform  Parameterization 

Significant parameters in capturing the 
bromoform variability were found to be 
chlorophyll-a concentrations, the mixed layer 
depth (both of which bromoform is positively 
correlated with) and salinity (negatively 
correlated). With these variables, much of the 
observed variability in surface bromoform 
concentrations is captured; the r2 value for a plot 
of observed bromoform concentrations against 
that predicted by the model being 0.4 with a root 
mean squared deviation of less than 2.2 ppt.  

(c) Climatology 

Bromoform climatology surface concentrations 
(Figure 1) ranged from 4 - 90 ppt (~200 - 4500 
pmol dm-3) and average seasonal sea-air flux 
ranged from 10-100 nmol m-2 hr-1. The 
climatology output highlights the west coast of 
Australia as an area that may be of particular 
importance in terms of the bromoform sea-air 
flux. However, this is an area in which no field 
data currently exits.  

 

Figure-3: (a) Saturation anomalies / % and (b) 
fluxes /nmol m-2 hr-2 for JJA climatology (Palmer 
and Reason 2009). 

 

Using these fluxes, we obtained the total 
contribution of the tropical oceans to the global 
sea-air flux of bromoform to be 1.45 ± 0.9 Gmol 
yr-1, representing about 75 % current global 
estimates. This represents the first method of 
providing estimates of bromoform air-sea fluxes 
with temporal and spatial resolution.  However, 

as the skill of this initial approach remain 
relatively low it should be treated as an 
exploratory not predictive tool. In this capacity it 
could be used to direct future field measurements 
(e.g. toward the West coast of Australia) and to 
explore how bromoform fluxes may vary in 
future climates.  

Work is currently underway to improve the 
parameterization of methyl iodide and work 
these data up to produce a climatology using the 
same methods as presented here for bromoform. 
With these approaches we hope to contribute to 
out understanding of oxidative photochemistry in 
the tropic and to better characterise the effect of 
these compounds in a changing climate.  
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1. INTRODUCTION 
 
Major advances in predicting sea-surface temperature 
(SST) evolution have been achieved, not only in the 
prediction of equatorial Pacific Ocean sea 
temperatures, but also, for example, over the 
equatorial basins of the Indian and Atlantic Oceans 
(Figure 1). However, even state-of-the-art coupled 
models produce slightly different SST fields (Figure 
1), which further indicates the uncertainties associated 
with the forecasts of the evolution of global SST 
anomalies. 

 
 

Figure-1: Forecasts initialized in November for the 
prediction of December to February (DJF) SST 
anomalies over the equatorial basins of the Pacific 
(left panel), Indian (middle panel) and Atlantic (right 
panel) Oceans. Forecasts were produced by the 
ECMWF, Mètèo-France and UKMO coupled models 
used in the DEMETER project. 
 
Recent advances in ocean models are partly 
responsible for making operational global SST long-
range forecasts possible, and consequently improving 
on operational seasonal-to-interannual forecasts of 
rainfall and temperature anomalies over various 
regions of the globe. However, an appropriate 
selection of SST prediction methodology is very 
important to ensure that seasonal climate predictions 
from an atmospheric general circulation model 
(AGCM) are optimized. SST forecasts are not equally 
skillful everywhere, so combining them may result in 
general improvement in the SST forecasts from the 
individual systems. However, model combination may 
smooth out the SST forecasts so that skillfully 
predicted SST anomalies over key areas may be 
damped out in such a so-called multi-model system. 

Notwithstanding the prospects of generally improved 
forecasts through multi-models, the remaining 
uncertainties associated with various SST forecasts 
can be exploited in order to better describe the 
uncertainties in future atmospheric states, a notion to 
be tested in this study. This can be done by not only 
starting two-tiered forecast systems (a forecast system 
where prescribed global SST forces an AGCM) with 
different initial atmospheric conditions, but also by 
considering various predicted SST anomaly fields. 
Considering different SST states to force an AGCM 
may provide added information on forecast 
uncertainty since seasonal-to-interannual prediction is 
in essence a boundary-value problem. 
 
2. DATA AND METHOD 
 
The results of the experiments conducted in this study 
are based on forecasts produced by the ECHAM4.5 
AGCM (Roeckner et al 1996) that has a T42 
horizontal resolution, and is forced with different 
predicted SST fields. The South African Weather 
Service (SAWS) has a vested interest in this model 
since this model is being run operationally there as 
fulfillment of the SAWS’s obligation as a World 
Meteorological Organisation Global Producing Centre 
for Long-Range Forecasts. However, the ECHAM4.5 
forecast ensembles used in this study are obtained 
from the data library of the International Research 
Institute for Climate and Society (IRI) in New York, 
USA, since the IRI archived ECHAM4.5 data set is 
more comprehensive than the set of the SAWS. 
 
Seasonal predictability is investigated for the mid-
summer period (December to February – DJF), and 
the forecasts are produced at a one-month lead-time, 
i.e., forecasts produced with November initial 
conditions (producing ensembles with a minimum of 
12 members for each model configuration). The SST 
prediction scenarios are persisted SST anomalies, 
empirically predicted constructed analogue SSTs (Van 
den Dool 2007), and two ECMWF coupled model 
SST forecasts from the DEMETER project (Palmer et 
al 2004), therefore producing four different AGCM 
forecast sets. AGCM 850 hPa forecast fields over 
southern Africa and surrounding oceans are 
subsequently downscaled (Landman and Goddard 
2002) and forecast skill is estimated over a 34-year 
test period for southern African seasonal rainfall, 
minimum and maximum temperatures, and their 
extremes. A 5-year-out cross-validation approach is 
conducted to obtain unbiased model skill levels. In 
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this paper only Spearman rank correlation (Wilks 
2006) scores are shown (Figure 2) as an area-averaged 
value associated with various SST forecast scenarios 
that forced the ECHAM4.5 AGCM. Here a 
deterministic estimation of forecast performance is 
presented. Forecasts from the various configurations 
are also combined through simple averaging of the 
downscaled forecasts.  
 
3. RESULTS 
 
Figure 2 shows the area-averaged Spearman rank 
correlation values calculated over 963 South African 
rainfall stations by considering the Fisher Z 
transformation (Wilks 2006).  The model combination 
performed here is done by giving equal weights to the 
forecasts from the various model configurations. 
MM1 is the multi-model obtained by averaging all 
four of the ECHAM 4.5 forecast sets, while MM2 is 
the multi-model obtained by excluding the forecasts 
associated with constructed analogue SSTs. Of the 
four SST scenarios, the ECHAM4.5 AGCM forced by 
persisted SST anomalies provides the best results, 
followed by the configurations that use ECMWF SST 
forecasts, and then the constructed analogue SSTs. 
The multi-model system that produced the best 
rainfall forecast skill is when the ECHAM4.5 
forecasts that uses constructed analogue SSTs is 
excluded. This best multi-model (MM2) outperforms 
the forecasts from the individual systems, therefore 
providing the evidence that forecast skill of land-
surface parameters may be optimized by including the 
uncertainties associated with skillfully predicted SST 
anomaly fields. 

 
 
Figure-2: Area-averaged Spearman rank correlation 
values associated with various prescribed SST forcing 
fields (psst: persisted SST anomalies; ECMFem and 
ECMFsc: ECMWF SST forecasts; ca_sst: constructed 
analogue SSTs). The resulting ECHAM4.5 850 hPa 
fields are downscaled to 963 rainfall stations across 
South Africa. MM1 and MM2 are associated with 
equal-weight multi-model forecasts (see text). 
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1.   INTRODUCTION 
  
Forecasting of weather is important in South Africa. 
Meteorological Organizations use Numerical Weather 
predict models to assist Forecasters in coming up with 
accurate, relevant and reliable forecasts thus ensuring the 
safety and well being of life and property.  
 
The South African Weather Service (SAWS) has 
implemented a numerical model known as the Unified 
Model. The installation of the Unified Modeling System 
from the Met Office at SAWS started in 2005. The 
verification of the model is imperative for SAWS and 
essential for the model’s continuous improvement. It 
serves to identify systematic errors and forecasts 
uncertainties (e.g. which parameters are difficult to 
predict in which regions). 
 

               The UM model version 6.1 has been operational at 
SAWS since March 2006. It replaces the Eta 32km45L 
model. The real time observations, initial dump and the 
lateral boundary conditions are supplied from the UK 
Meteorological Office (UK Met-Office).  

             
Data assimilation (DA) simulations with the Eta 32km45l 
at the SAWS were found to be better compared to those 
without data assimilation. Similar results were also 
shown using the UM model 2 week-statistics. DA 
forecast showed a lower bias, lower (Anomaly 
Correlation Coefficient) ACC. DA forecast proved to be 
more stable computationally. DA forecast were also able 
to capture temperature inversions (Tennant, 2006).  
 
2.    DATA AND METHODS 
 
The mesoscale model used in this study is the Unified 
Model as described above. The lateral boundary 
conditions are supplied by the time-dependent data from 
the global model run at the UK Met-Office. The UM 
model uses one way nesting so that the calculations on 
the mesoscale grid have no effect upon those at the global 
level.  

                
           The observed rainfall, minimum and maximum 

temperatures from SAWS are used to verify the UM 
simulations over South Africa. Kruger and Shongwe 
(2004) explain how the data is quality controlled. The 
observation network includes AWS and man machine 

stations. Observed rain is a 24-h precipitation total from 
06:00 until 06:00 the next morning. 

 
Verification statistics used in this study are the Root 
Mean Square Errors (RMSE) and the Bias score as 
explained by Wilks (1995). The Bias score gives an 
indication of the reliability whilst the RMSE gives a 
measure of accuracy of the model configurations (Wilks, 
1995). 

T  
Table 1 illustrates the different model configurations 
used in this study. The first model configuration has a 
12km horizontal resolution with data assimilation, the 
second is a 12km resolution without data assimilation 
and lastly 15km area resolution without the data 
assimilation. The 15km area resolution used in this study 
was configured at SAWS; it is smaller area than the 
12km resolution and is only over South Africa.   
 
Table 1: The differences between the three model 
configurations used in this study. 

 
Model 
Configuration 

 
Horizontal 
Resolution 

 
Updates 
for daily 
runs 

 
Data 
Assimilation 

xaana 12km once No DA 
xaang 12km twice DA 
xaaha 15km once No DA 

 
The names xaana, xaang and xaaha will be used 
throughout this study to identify UM-model run with 
12km resolution data assimilation (xaang), 12km 
resolution without data assimilation (xaana) and the 
South African 15km configuration without data 
assimilation (xaaha). 
 
3.    RESULTS 
 
The figures below show the Bias and the RMSE, scores 
for the maximum and minimum temperatures for all 
stations in South Africa in 2008. The UM model 
generally did not do well for the minimum temperatures. 
Xaaha proved to be closer to accurate than xaana and 
xaang, whereas xaang showed to be more reliable. 
 
The Bias scores for the maximum temperatures are fairly 
low. Xaang showed to be more accurate when compared 
to xaana and xaaha, and xaaha proved to be more reliable 
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than the other two model configurations for the 
maximum temperatures. 
  
The poor results for the model’s minimum temperatures 
may be due to the boundary layer scheme used in the 
model. Boundary layer processes are important in the 
determination of minimum temperatures. The reliability 
of the xaaha may also be attributed to its sensitivity to the 
boundary layer processes.  
 
On the other hand, the dependency of maximum 
temperatures to the boundary layer process is not so 
pronounced , hence closer to accurate results are evident 
for xaang. 
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Figure-1: Bias scores for 2008 minimum temperatures. 
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Figure-2: RMSE scores for 2008 minimum temperatures 
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Figure-3: Bias scores for 2008 maximum temperatures 
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Figure-4: RMSE scores for 2008 maximum temperatures 
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 PROSPECTS OF IMPROVING EXTENDED-RANGE FORECASTS BY FORCING 

ECHAM4.5 AGCM WITH NCEP ATMOSPHERIC STATE 
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1. INTRODUCTION  
 
Weather forecast in the extended-range timescale has 
been a topic of considerable interest (e.g., Deque and 
Royer, 1992; Landman & Tennant, 2000; Ritchie et 
al., 1994; Tracton et al., 1989; Zeng et al., 1993) 
since first studied by Shukla (1981). It has been noted 
before that the predictive signal for the mean state of 
the atmosphere is attributed to the low frequency 
component of the atmospheric initial conditions 
(planetary waves) apart from the slowly evolving 
ocean-land processes. Notwithstanding, it is not 
extensively studied nor well understood (if not 
everywhere, in southern Africa region) as yet. This is 
largely attributed to the fact that this type of 
forecasting is arguably the most complex part of 
Numerical Weather Prediction (NWP) since the 
physical basis for this time-scale is not as clear as for 
medium-range (3-10 days) and seasonal forecasts. 
Theoretically, the underlying logic to exercise this 
type of prediction resides on the assumption that the 
time range 11 to 30 days is still short enough that the 
atmosphere retains some memory of its initial state 
and it is, presumably, long enough that the slowly 
evolving boundary conditions have an impact on the 
atmospheric circulation. 

Currently, the state-of-the-art operational extended-
range forecasting system of the South African 
Weather Service (SAWS) relies on the 12 ensemble 
integrations of ECHAM4.5 Atmospheric General 
Circulation Model (AGCM; Roeckner et al., 1996). 
The forecasting system has been producing forecasts 
every week for the time range of 11 to 30 days since 
20071. In this configuration, the model is entrusted to 
reproduce the realistic atmospheric state and surface 
conditions but allowed to get the latest information of 
the mean state of the Ocean. The whole assumption is 
that the initial state of the atmosphere hardly retains 
its identity and thus becomes less important with 
time. In fact, it reduces initialization shocks and has 
some positive attributes. Nevertheless, the 
assumption, to the large extent, poses some barriers 
of optimity that may weaken the reliability and 
realistic representation of uncertainty spread. The 
initial condition interface developed at the SAWS 
recently makes the initialization of the model 

                                                 
1http://www.weathersa.co.za/LONGTERM/erf.
html   

possible from the realistic atmospheric state. This 
study, therefore, aims to alleviate the noted drawback 
by blending the short memory of the atmospheric 
initial state and gradually evolving features of the 
ocean-land systems optimally. 

 
2. METHODOLOGY 
 
The ECHAM4.5 AGCM is initialized using time-
lagged average forecasting techniques (Hoffman and 
Kalnay, 1983). The atmospheric initial conditions are 
constructed from the National Centers for 
Environmental Prediction, Department of Energy 
(NCEP/DOE) Atmospheric Model intercomparison 
Project (AMIP) II Reanalysis (R2) dataset 
(Kanamitsu et al., 2002). The model is forced by 
observed Sea Surface Temperature (SST) acquired 
from optimum interpolation version-2 (Reynolds, et 
al., 2002).  
 
The predictive level of the model is assessed 
quantitatively using the NCEP reanalysis (Kalney et 
al., 1996) and NCEP/DOE (Kanamitsu et al., 2002) 
for surface and pressure level diagnostics 
respectively. The NCEP reanalysis may not be 
optimum for model skill assessment specifically for 
surface variables. Recall that global daily observed 
dataset is not readily available. Notwithstanding, we 
blended NCEP global rainfall field with observe 
station data over South Africa as obtained from the 
SAWS climate database. 
 
3. RESULTS AND DISCUSSIONS 
 
The ECHAM4.5 AGCM skill is evaluated for 
different timescales ranging from weather to 
extended-range forecasts by placing a specific 
emphasis on the latter basing on the 40 day 
integrations of total 1344 hindicast cases. The 
retroactive runs are classified in such a way that each 
hindcast set to have 24 ensemble members, initialized 
on the 6th of December, January and February starting 
from February 1983 to December, 2001. 
 
Figure 1(a) and (b) show correlation coefficient of 
surface air temperature for medium- and extended-
range timescales respectively. Skill score is computed 
using ensemble mean of all cases against the NCEP 
reanalysis (Kalney et al., 1996). The shaded regions 
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show statistically significant at 95% confidence level 
using T-test procedure. The result suggests that the 
model is more skillful on the medium-range 
timescale albeit the two timescales share similar 
spatial skill saturations.  
Figure 2 portrays relative operating characteristic 
(ROC) area (Mason & Graham, 1999) difference 
between new and old versions of the forecasting 
system in predicting rainfall in the extended-range 
timescale using the January cases only. The new 
system is outperforming the old system over Sothern 
Africa region though the model is generally 
underperforming there. In addition it seemingly 
suffers from initialization shocks for the first few 
days of the simulation according to the time series 
surface and pressure level analyses (maps not 
included). The sensitivity integrations conducted with 
different model configuration, however, reproduced 
the same results suggesting that the drifts are more 
likely caused by internal model dynamics (with a 
tendency of underestimating observed fields) rather 
than the mismatch in the surface-atmosphere 
interactions, notably between wind fields and soil 
moisture.   
 

 

 
 
Figure-1. The skill of ECHAM 4.5 AGCM in 
predicting surface air temperature measured in terms 
of correlation coefficients (a) medium-range and (b) 
extended-range forecasts based on ensemble mean of 
all hindcast cases computed against NCEP reanalysis. 
Shaded areas are statistically significant at 95% level 
computed using T-test.  
 

 

 
Figure-2: ROC area difference between new and old 
system (a) below-normal and (b) above- normal 
computed using January only hindcast cases against 
constructed station data over South Africa and NCEP 
reanalysis elsewhere.  
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1.   INTRODUCTION 

 
Dynamical downscaling for climate studies 
utilises a regional climate model that is nested 
within a global climate model (GCM) or global 
reanalyses. The GCM or reanalyses data are 
interpolated to the RCM’s grid and used to drive 
the RCM as initial and time-dependent lateral 
boundary conditions (Giorgi.,1990). The basic 
idea behind regional climate modelling is that a 
GCM can provide correct large scale circulation in 
response to global climatic forcing and the RCM 
can represent sub-GCM grid scale forcings due to 
complex topography adequately (Giorgi, 1990).  

 
Most regional climate modelling studies used a 60 
km resolution following the initial RCM studies 
such as those of Giorgi and Bates (1989) and 
Giorgi (1990). Regional climate modelling studies 
over South Africa that have been conducted have 
used resolutions of 100 km (Joubert, 1999) and 60 
km (e.g. Engelbrecht et al, 2002, Landman et al, 
2005 and Kgatuke et al. 2008). The aim of this 
study is to investigate the influence of horizontal 
resolution on the RegCM3 simulations over 
southern Africa. This study is important for 
determining the best resolution to use with this 
model for studies over the area of interest with the 
parameterisation scheme used for this study nested 
within 2.50 resolution reanalyses.  

 
2.    DATA AND METHOD 

 
In this study the Regional Climate Model version 
3 (RegCM3) developed by the Abdus Salam 
International Centre for Theoretical Physics 
(ICTP) (Pal et. al., 2007) is nested within the 
ERA40 reanalyses which provide initial 
conditions (ICs) and time-dependent lateral 
boundary conditions (LBCs). The Optimum 
Interpolation Sea Surface Temperatures (OISSTs) 
are used as surface boundary conditions. For the 
ICs and LBCs quantities from the ERA40 
renalyses are interpolated to the grid of the 
RegCM3 and the first set of interpolated fields is 
used as ICs for the RegCM3 simulation. The 
parameterization scheme used is Grell with the 
Fritsh and Chappell closure scheme. 

 
The RegCM3 was run with three different 
resolutions, 60, 80 and 100 km for a period of 20 
years from 1982 to 2001 on the Centre for High 
Performance Computing (CHPC)’s e1350 cluster. 
The number of grid points for each resolution was 
chosen such that the domain remains almost the 
same for the different resolutions.  The domain is 
from -7 to 59 degrees in the east-west direction 
and from -43 to 18 degrees in the north-south 
direction. The number of grid points in the x and y 
direction was made the same to simplify the 
choice of the number of processors to use. The 60 
km resolution run utilised 120X120 gridpoints, the 
80 km resolution had 90X90 grid points while the 
100 km used 72X72 grid points. The time-step 
was varied for the different resolutions to comply 
with the Courant-Friedrichs-Lewy Condition.  

 
3.    RESULTS 

 
The detail of the topography increases with the 
increase in resolution, with the highest resolution 
simulations showing the most realistic 
topography. The influence of topography is visible 
on surface temperature simulations where the 
highest resolution shows the lowest temperatures 
at the maximum altitude. The influence of 
topography is less visible for temperature in the 
upper atmosphere. The simulated features of all 
the variables that were investigated looked very 
similar and this includes rainfall (Figure 1 and 
Figure 2). 

 
Model simulations are sensitive to cumulus 
parameterisations which are sensitive to model 
resolution and may sometimes be tested and tuned 
for specific resolutions (Giorgi and Marinucci, 
1996). When running a model at different spatial 
resolutions, it is possible for the physical and 
dynamical forcing to be masked by the direct 
sensitivity of a scheme to resolution. For this 
reason, without specific tuning of the 
parameterization for different resolutions, an 
increase in model resolution does not necessarily 
result in an improvement in the simulation of 
some aspects of precipitation.  
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Figure 1: RegCM3 simulated January average 
rainfall for the period 1982 to 2001 for 60  km 
resolution. 

 

 
Figure 2: RegCM3 simulated January average 
rainfall for the period 1982 to 2001 for 100  km 
resolution. 

 

 
Figure 3: Observed January average South African 
Weather Services station rainfall for the period 
1982 to 2001. 
 
The overestimation of rainfall over the east coast 
occurs in all simulations (Figure 1, Figure 2 and 
Figure 3). This study suggests that there is not 

much improvement in the simulation of rainfall 
with increased resolution with the settings used 
here. The parameterisation scheme should be 
tuned to function better for higher resolution so 
that the benefit of increasing the resolution may be 
realised. 
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1. INTRODUCTION  
 
Fog occurrences have a great impact on the 
aviation industry. In 2005, 15 weather related 
aircraft diversions occurred at Cape Town 
International Airport (CTIA), of which 9 were as a 
result of fog (SAWS Monthly aviation reports, 
2005). According to the International Civil 
Aviation Organisation (ICAO), the desired 
accuracy of aerodrome forecasts for visibilities 
between 200m and 700m is 80% (ICAO Annex 3, 
Attachment E). The latest aeronautical 
climatological summary for CTIA shows the 
months with the highest incidence of fog at CTIA 
fall between February and August. Fog forecast 
verification results show that the accuracy of fog 
forecasts for Cape Town International Airport 
(CTIA) from March to August (2004-2007) is 
49%.    
 
The aim of this research is to determine the 
characteristics of fog at CTIA by compiling a 
comprehensive fog climatology and providing 
specific information about the time of onset and 
duration of fog events.  
 
A fog climatology can be used to detail the 
thermodynamic environment necessary for fog 
at a specific site (Croft et al., 1997).  De Villiers 
et al., (2007) disproved certain rules of thumb for 
fog forecasting at Abu Dhabi International 
Airport, making use of an analyses of 
climatological data. 
 
 
2.   DATA AND METHOD  
 
Forming part of a conceptual model approach, a 
comprehensive fog climatology has been derived, 
comprising of 06:00Z observations over a period 
of 31 years (1978-2008). 

 
The fog season for CTIA is defined and 
distinction is made between radiative and 
advective fog events. All fog events at 06:00Z 
that occur with ambient wind speeds less than or 
equal to 3m/s and 0 octas cloud cover, are 
considered to be radiation events. Critical values 
for the ambient conditions during a fog event, 
such as dewpoint temperatures, wind speed and 
direction are determined for the months of the 
fog season. The importance of critical values of 
temperatures   and   dewpoint   temperatures   at 
12:00Z  the  afternoon  prior  to  a  radiation  fog 
event the next morning is also investigated. 
 
The climatology is supplemented by an analysis 
of hourly data which is available for the limited  
period  of  2004-2007. With the  aid  of hourly 
data, more accurate estimations of the average 
time of onset and dissipation of fog are 
determined: information critical to the aviation 
forecaster. 
 
3. RESULTS 
 
May is found to be the month with the highest 
frequency of fog events. 
 

 
 
Figure-1. Number of fog observations as a 
function of time of day (1978-2008) 
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The fog season at CTIA is observed to start in 
March and persists till August. 

 
Analysis of advection and  radiation fog events 
shows that the occurrence of advection fog 
events dominate during the earlier part of the fog 
season, whilst radiation fog occurrences increase 
towards the latter part (Fig. 2) 

 northeast of the aerodrome, where after it is 
advected  towards  the  airport  when  the  land 
breeze is at its strongest prior to sunrise. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure-2: Percentage of radiation vs. advection 
fog events 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure-3: Average wind direction during 
advection events at 06:00Z in July. 

 
Advection fog events at CTIA have been shown to 
occur frequently from a northwesterly and a 
southerly wind direction (Aeronautical summary, 
1967),  but  monthly  wind  roses  for  CTIA  at 
06:00Z show that a northeasterly wind (land 
breeze) is dominant during advection events in 
July and August (Fig 3 and 4). This suggests a 
third   type   of   fog   event,   namely   advected 
radiation fog, which accounts for fog that forms 
due  to   radiative  processes  to   the  east  and  

 

 

 

 

 

 

 

 

 

 

 
Figure-4: Average wind direction during 
advection fog events at 06:00Z in August. 
 
4. RECCOMMENDATIONS  
 
The results of this study will form part of an 
elaborate fog forecasting study for CTIA. 
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1. INTRODUCTION 

Climate change could have far reaching 
consequences for all spheres of life. Continued 
greenhouse gas (GHG) emissions at or above 
current rates will cause further warming and 
induce further changes in the global climate 
system. This is particularly true for southern 
Africa where an ever-increasing population is 
already causing an increase in the demand for 
fresh water and much of the agricultural food 
production depends on rain (Walker & 
Schulze, 2006).  

Global Circulation Models (GCMs) are the 
main source of climate projections under 
varying GHG emission scenarios. The spatial 
resolution of GCMs is too coarse to resolve 
sub-grid processes such as convection and 
precipitation (Hessami et al., 2008). However, 
agrohydrological application models often 
require information at a network of point 
locations, implying the need to downscale the 
GCM output (Murphy, 1998). Downscaling 
approaches have subsequently emerged as a 
means of employing large-scale atmospheric 
predictor variables (such as the 500 hPa 
meridional velocity) to develop station-scale 
meteorological series (Wilby & Wigley, 1997). 
Variables such as daily rainfall, which are not 
always accurately represented by the GCMs, 
can be derived using statistical approaches to 
build relationships between the required 
forecast parameter and variables that are 
simulated more accurately. 
 
2. DATA AND METHOD  
 
This study utilised the statistical downscaling 
model (SDSM) developed by Wilby et al. 
(2002). Within the classification of 
downscaling techniques, SDSM can be viewed 
as a hybrid of the stochastic weather generator 
and regression-based methods. This is because 
large–scale predictor variables are used to 
condition local–scale weather generator 
parameters such as precipitation occurrence 
and intensity. In addition, stochastic techniques 
are used to synthetically increase the variance 

of the downscaled daily time series to better 
agreement with observations (Wilby et al., 
2004). Previous investigators have used SDSM 
to downscale climate projections of daily 
rainfall over North America and Europe (e.g. 
Lines et al., 2005; Wilby et al., 2006, Hessami 
et al., 2008). The downscaling were performed 
within a Perfect Prognosis (PP) milieu i.e. only 
observed large-scale predictors and observed 
site-specific predictands were used in the 
training of the transfer equations. This also 
implies that the same downscaling model can 
be used with different model experiments 
(scenarios). The model was calibrated for the 
summer months of December, January and 
February and tested with the use of observed 
datasets of daily rainfall as the predictand and 
normalised NCEP variables as the predictors. 
The calibrated model was tested against an 
independent set of observed daily rainfall data. 
The model were then used to construct 
downscaled daily rainfall projections under the 
A2 and B2 emission scenarios at five 
quaternary catchments (QCs) within the Upper 
Olifants River catchment. 
 
3. RESULTS 
 
The set of generic predictors which were 
identified across all five QCs included surface 
airflow strength, vorticity, divergence and 
specific humidity, 850 hPa wind direction and 
relative humidity as well as 500 hPa relative 
humidity and meridional wind velocity. 
Generally, all the predictors exhibited a 
reasonably low explanatory power. The 
considerable variation in the resultant 
correlations between the large-scale predictors 
and the observed daily precipitation at the 
selected QCs may very well have stemmed 
from the convective nature of the rainfall 
patterns, being irregularly distributed in space 
and time. Generally, the downscaling model 
results were not very encouraging as the model 
failed to produce satisfactory results for four of 
the five QCs. 
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For one of the QCs, namely Groblersdal, the 
projected changes for the future climate were 
assessed by calculating several delta-statistics. 
Only a few of the indices revealed a clear 
linear trend, while most indices exhibited 
inconsistent changes for DJF across three 
future periods centred on the 2020s, 2050s and 
2080s. Similar changes in the characteristics of 
the daily rainfall series are projected for the 
early and mid 21st century under the A2 and 
B2 scenarios. Differences in the expected 
GHG forcing under the B2 scenario do not 
seem to affect any of the rainfall indices 
differently from the A2 scenario until the late 
21st century. It should however be noted that 
the projected changes are often smaller than 
the model errors which implies that the 
downscaling model is simply not sensitive 
enough for the projected changes to be taken at 
face value. Therefore the results should only be 
used with caution. The fact that the 
downscaling procedure provides similar results 
for the A2 and B2 scenarios suggests that it is 
at least to some extent robust and stable. 
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Objective: To improve weather related websites, in 
particular the South African Weather Service 
(SAWS) website, by establishing an advisory group 
to make them more useful for customers, including 
scientists and farmers (even to small-scale farmers 
by SMS), and to suggest items for scientific 
research. 
 
Introduction:  This presentation is not intended as 
a pure scientific paper but a presentation on 
potential improvement of websites for weather data 
and forecast users. A meteorological website can be 
a useful tool for scientists and agriculture. When 
developing the site it is useful to distinguish 
between 1) occasional surfers looking for 
interesting information, and 2) professional weather 
data users, looking frequently (daily, weekly, 
monthly) at particular data and forecasts to support 
their own decision making. 
 
The approaches to serve these broad categories will 
be quite different. It may even be better to maintain 
two different websites, eventually linked. The 
occasional surfers may appreciate a simple site 
with up-to-date features; the time needed to 
download is not that important, just seeing the 
information is in general sufficient, eventually 
printing some pages, with or without embellishing 
figures and graphs. In contrast, weather data users 
and service providers want to get the appropriate 
data as easily, quickly and efficiently as possible. 
They want to download the data, preferably 
automatically, in an appropriate format, without 
many add-ons. They want to combine the data and 
forecasts with other information to assist the end-
users in their decision making. For example, 
irrigation farmers will combine their own rainfall 
observations of the past weeks with the calculated 
soil water balance data. They will combine these 
with the website’s 14-day medium-term forecasts, 
actual or climatic potential evapotranspiration data, 
and the website derived weather types, particularly 
when potential hazardous events may occur (e.g. 
thunderstorms or extreme temperatures). They will 
also appreciate receiving, either via the internet or 
by SMS, warnings and alarms for events on their 
farm like veld fire, frost, lightning or extreme 
temperatures, each of which may require 
interventions and immediate actions by the user. 
 

The question is: which data and forecasts can be 
provided and what would be the best ways to 
present them? 
 
Materials and Methods: The main websites being 
considered are the three SAWS websites: the 
oldest, no longer existing, friendly, efficient and 
easy to use; the previous version now called ‘old’, 
rather efficient website; and the newest glamorous 
website, adding some important novelties but 
losing several major features present in the 
previous version. The Custom Weather website 
(including MyForecast) and several other websites 
will also be evaluated. 
 
Results and Discussion: Professional users want 
websites which are up to standard, easy and 
efficient to use. Looking at different websites 
shows a lot of shortcomings and missing items, as 
well as errors and confusing approaches. 
 
This presentation will concentrate, as an example, 
on the particular requirements of a supplementary 
irrigation farmer, a quite complicated situation. 
Data use may require own observations (rainfall), 
climatic data to replace unavailable real data 
(evapotranspiration), and different forecasts: short-
term (hail, lightning), medium-term (rainfall, 
evapotranspiration, wind) and long-term forecasts 
(water satisfaction). 
 
The farmer can profit from the information from 
meteorologists. For instance, a farmer applying 
supplementary irrigation wants to know whether 
the coming day’s evapotranspiration will be high or 
low, when the next rains are coming, and whether it 
will be light rain, showers or severe thunderstorms. 
 
The farmer may want forecasts and data: climatic 
data for his crop planning; forecasts for his day-to-
day decisions and data for running monitoring 
programs; and forecasts for different items and 
time periods: daily, weekly and seasonally. 
 
Researchers may require elements like water 
vapour deficit, dry and wet bulb temperatures, wind 
speed and direction, and fire index. Several of these 
elements are not (yet) available on the websites. 
Government and commercial companies may focus 
on regional data (maps), hence both data (tables 
and graphs) and presentations (maps) for areas and 
for specific sites are needed. 
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Most of the data and forecasts are required 
periodically. An easy method of access, like a 
bookmark, preferably automatically accessed, or by 
subscription for sending by e-mail, is far better than 
clicking and waiting three times to go to one site 
and even more times to go to the next site. 
 
The farmer may also need some additional 
information on the way to apply and interpret the 
data, including instruments and units used, as well 
as exposure of the instruments and observation 
times. 
 
Some users need a set of values for the same day 
(e.g. for evapotranspiration calculations), others 
need all daily values over a series of e.g. 10 days 
(total rainfall for a given period, for a single or 
several elements and/or sites), and interactive 
websites like AGIS provide this. 
 
These considerations make it clear that there does 
not exist a superior option; different types of 
utilisation require different types of presentation. 
 
Shortcomings, missing items and confusing 
approaches will be highlighted and discussed. 
 
Most of the small-scale farmers have no access to 
computers or advanced cell phones, but all have a 
simple cell phone themselves or access to one. 
Hence there is a need for companies or institutes to 
help them to download the data, complete those 
with addition information where necessary and then 
forward the information in a SMS compatible 
coded format (preferably less than 150 characters). 
This is already done twice weekly in our Response 
Farming project, which receives automatically 
every morning the 14-day rainfall data, and for 
several sites, manually the 7-day forecast, which 
are then recombined using special software in a 
coded format and forwarded as a SMS to the 
farmers. 
 
Recommendations: 1) Development of methods to 
communicate data in a more efficient way for the 
user or assisting organisation. 2) Establishment of 
an advisory group to collaborate with the 
meteorological organisations and/or website 
managers to improve the usefulness of the sites. 
 
Conclusion: Meteorologists have long collected 
data and have recently developed forecasts (7-day 
forecasts) and methods (probabilistic forecasts) 
which are really useful for agriculture. It is now 
time to present their information in such a way that 
the farmer, as well as others users, can easily find 
the needed data or a description of what is available 
on the website or on order. 
 

Recombining the old and new SAWS websites, 
taking into account the above recommendations, 
will result in a high quality website, even better 
when linked to an improved AGIS website. 
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Tenant, Louis van Hemert and Morwakoma 
Matabane, for their assistance and collaboration. 
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1. INTRODUCTION 
 
Frost is generally defined as the degree of coldness 
that causes water to freeze and it normally occurs 
when the temperature at the ground level is 0°C or 
less (Auer et al., 2005; Nadler, 2007). Frost is one 
of the extreme weather events which negatively 
affects agricultural production as it causes 
substantial crop losses as well as reducing crop 
quality (Nadler, 2007). Information on frost 
occurrence is important in assessing agricultural 
vulnerability to extreme minimum temperatures 
events (Laughlin and Kalma, 1987). Probable dates 
for the first frost and last frost of the growing 
season can also help farmers in preventing or 
reducing the damages on agricultural produce 
caused by frost (Rahimi et al., 2007). Spatial frost 
risk maps can be used for agricultural planning, site 
selection and farm management purposes (Laughlin 
and Kalma, 1987). Studies by Tait and Zheng 
(2003) and Rahimi et al. (2007) emphasized the 
importance of frost analysis, especially how the 
knowledge of the frequency and timing of frosts 
will help reduce the risk of damage in frost 
vulnerable areas as well minimizing future frost 
damages. Due to the inter-annual variability of 
frost, continuous updating of frost dates is 
necessary to reflect recent climatic events. As there 
is the wide range of topography in the Free State, 
frost is one of the extreme weather events 
negatively impacting crop production and thus 
affecting food security. The timing of planting and 
the knowledge of the growing season length for a 
specific cultivar are important in reducing the frost 
risk.  
 
2. DATA AND METHOD 
 
All the data used was obtained from the 
AgroClimatology Programme of the Agricultural 
Research Council – Institute for Soil, Climate and 
Water (ARC-ISCW) and the South African 
Weather Service (SAWS). The daily minimum 
temperature dataset was used in the analysis for 
determination of frost risk assessment in the Free 
State. The data used in the study is recorded inside 
the Stevenson screen elevated at 1.3m above the 
ground. Light to medium frost can occur at the 
Stevenson screen temperature of above 0°C, but 
this study is focussing on heavy frost and the 

threshold temperature was taken as any minimum 
temperature value that is equal or less than 0°C. All 
the data is arranged in agricultural season (July to 
June). The data used in the analysis cover the 
period from 1950 to 2008. The stations chosen in 
the Free State, as well as in neighbouring provinces 
and Lesotho (Fig. 1), have over 70% data 
efficiency from 1950 to 2008. 

 
Figure-1: Location of weather stations 
 
Where necessary the data was patched with the UK 
traditional method which uses the nearest 
neighbour stations (up to five) to determine average 
temperature values in a particular month and then 
uses the differences (target station long-term mean 
temperature – neighbour station long-term mean 
temperature) in values to patch within that month 
(Xia et al.,1999). A patched value is taken from the 
average of all the predicted values from each 
nearby station. The onset of frost, cessation of frost 
and frost-free period were determined for different 
probability levels (20%, 50% and 80%) to assess 
the frost occurrence in the Free State Province. The 
results were then interpolated in a GIS environment 
to show spatial variability of frost incidences in the 
Free State. 
 
3. RESULTS 
 
The onset of frost varies greatly over the Free State 
province with the earliest onset occurring over the 
eastern, northeastern parts and along the border 
with Lesotho. In these areas median date for the 
onset of frost is earlier than 10 April (Fig. 2). The 
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latest median onset of frost occurs mainly towards 
the western and southwestern parts with the onset 
dates later than 20 May.  

 
 
Figure-2: Onset of frost at 50 % probability 

 
The latest cessation of frost occurs mainly over the 
central and eastern parts of the Free State (Fig. 3) 
with the last frost dates occurring later than 1 
October. In contrast, early cessation of frost occurs 
before 1 September over the west and southwest. 

 
 
Figure-3: Cessation of frost at 50 % probability 

 
The frost-free days are very low in some patches 
over the eastern parts with less than 220 frost-free 
days with most of the Free State having between 
220 to 260 frost-free days (Fig. 4). The areas with 
the most frost-free days are located around Boshof, 
Welkom and Phillipolis.  
 
 
 
 
 
 
 
 

 
Figure-4: Frost-free days at 50 % probability 

 
The spatial pattern of the frost indices at 20% and 
80% probability is more or less the same. The 
different probability levels will help the farmers 
and decision-makers to make informed decisions 
when planning agricultural activities. The overall 
results show low frost risk in the far western parts 
of the province, increasing gradually towards the 
east where the late frost cessation and early onset 
risks are high. 
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1.    INTRODUCTION 
 
With the increased competition for fresh water 
among different users, monitoring the consumptive 
use of water by applying recent remote sensing 
techniques has been a topic of interest and research 
in the field of irrigation, water resources 
management and planning. However, 
evapotranspiration (ET) is the one of the most 
important but difficult water balance element to 
estimate. Quantifying ET from irrigated projects is 
important for water rights management, water 
resources planning and regulation. Crop water use 
or evapotranspiration (ETc) can be estimated using 
empirical methods (Doorenbos, 1979; Tasumi, 
2003), field measurements (Panda, 2003) and 
remote sensing techniques (Tasumi, 003). 
However, use of empirical methods and field 
measurements is often sophisticated, expensive, 
time consuming and most farmers lack knowledge 
to apply the techniques (Bastaanssen, 1995; Trezza, 
2002). Recent developments in satellite remote 
sensing ET models has enabled us to accurately 
estimate ET for large fields. Use of remote sensing 
offers a simple, cost effective and quick reliable 
way to estimate ETc relationship at farm level 
(Tasumi, 2003).This study seeks to determine 
whether there is significant relationship between 
tobacco ETc estimated using the Penman Monteith 
model and Normalized Difference Vegetation 
Index (NDVI) estimated from MODIS images. 
Chedgelow tobacco farm (592 ha) in Harare rural 
district was taken as the study area. It is hoped that 
a significant NDVI-ETc relationship implies that 
NDVI can be used as a proxy of ETc of hence 
useful to farmers during irrigation scheduling.  

 
2.    DATA AND METHOD 
 
Temperature, wind speed, relative humidity, and 
duration of sunshine data for October 2000, 2001, 
2002, 2003 and 2007 were obtained from Kutsaga 
Tobacco Research Station located 2 km from 
Chedgelow farm. It was assumed that data from the 
station were representative of farm weather 
conditions. Information on farm cropping pattern 
which includes crops grown, rotation cycles, 
harvesting and planting dates and irrigation 
information was obtained from the farm manager.  

Five cloud free TERRA/MODIS images for 18 
October 2000, 17 October 2001, 18 October 2002, 
16 October 2003, and 17 October 2007 with a 
spatial resolution of 250*250 m were downloaded 
from the lads web site (lads web. nasa.gov). 
 
Estimation of NDVI 

The NDVI is an algorithm which is used to 
estimate the greenness of plants hence is affected 
by stages of crop growth, moisture content and soil 
background or colour. It was calculated from the 
red (R) and near infrared (NIR) bands of the 
MODIS images in ILWIS GIS using the formula 
(Allen, 1998):  

RNIR
RNIR

NDVI
+
-

=    Eqn. 1 

The values of NDVI range from –1 to 1 with high 
values corresponding high vegetative biomass and 
primary production. In this study NDVI values for 
all images was extracted from tobacco fields by 
overlaying NDVI from each image on Chedgelow 
field boundaries.  
 
Estimation of crop evapotranspiration, ETc 

Crop evapotranspiration, ETc is calculated as a 
product of crop coefficient (kc) and reference 
evapotranspiration (ET0) (Allen et al. 1988; Panda, 
2003): 

cc KETET *0=
   Eqn. 2 

 
In this study ETo was estimated from the Penman-
Monteith model with climatic data from Kutsaga 
research station was collected because it is the 
closest station (2 km) from Chedgelow farm. 
Meteorological data comprise mean maximum and 
minimum temperature, relative humidity, total 
wind run, sunshine duration and wind speed. 
Tobacco crop coefficient (Kc) values at different 
growth stages were s extracted from FAO tables 
(FAO, 1999). 
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3.    RESULTS  
 
Figure 1 shows a strong and significant positive 
logarithmic relationship (r2 = 0.8061, p=0.047) 
between ETc and NDVI for the tobacco crop.  
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Figure -1: Relationship between ETcrop and NDVI  

 
From the results (fig. 3), a significant positive 
relationship between in ETc and NDVI implies that 
an increase in biomass production leads to an 
increase in crop consumptive water use. Thus, 
satellite derived NDVI is a good and reliable 
indicator of the available biomass and 
evapotranspiration in tobacco fields at each crop 
development stage. In addition, NDVI is an 
important variable for indirectly monitoring ET 
over large areas. Therefore, remotely sensed NDVI 
can be use to monitor crop water use on irrigated 

tobacco fields in areas where resources do not 
permit field measurements.  
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1.  INTRODUCTION 
 
Solar radiation (Rs) and net radiation (Rn) are 
important variables determining crop growth and 
evapotranspiration (ET). The South African 
Sugarcane Research Institute (SASRI) records or 
estimates incoming Rs at different sites across the 
sugar belt of South Africa, depending on the 
availability of suitable instrumentation. The 
Angstrom-Prescott (AP) equation (eq. 1, Prescott, 
1940) is used to estimate Rs from relative sunshine 
duration (n/N) and the equation of Wright (1982) is 
used to estimate Rn from Rs.  
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nbaaRsR    (eq.1) 

where,  
Rs = solar radiation at the surface (MJ m-2 d-1) 
Ra = extraterrestrial solar radiation (MJ m-2 d-1) 

n and N = the actual and potential daily sunshine 
duration respectively (h) 

a and b = empirically determined AP coefficients. 
 
Recently, significant discrepancies were noted 
between measured and estimated Rs as more 
stations started measuring Rs directly using 
pyranometers (Sithole et al., 2008).  This impacts 
negatively on the accuracy of water use and yield 
estimations as these were calibrated on estimated 
Rs and Rn data. This warrants an investigation. 
Specifically calibrated AP coefficients for different 
sites, seasons and levels of cloud cover can 
improve the accuracy of Rs estimates.  Calibration 
of AP coefficients is often done using monthly 
mean daily Rs but this neutralises the effect of 
conditions such as complete cloud cover. The use 
of daily Rs values can clearly show the impact of 
such conditions and establish AP coefficients 
applicable under those conditions. The objectives 
of this study were to establish the accuracy of the 
Rs and Rn estimates in the sugar belt of South 
Africa and to calibrate AP coefficients for different 
sites, seasons and levels of cloud cover to improve 
Rs and Rn estimates.  
 
2. DATA AND METHOD       
 
Daily standard meteorological measurements 
including sunshine duration, solar radiation and net 
radiation were made for a period of 12 months at 
five sites in the South African sugarcane-growing 

regions. Daily estimates of Rs were calculated 
using the AP equation (eq.1). AP coefficients were 
taken as currently applied by SASRI namely, a = 
0.29 cos latitude (in radians) and b = 0.52 (Glover 
and McCulloch, 1958). The methods of Wright 
(1982) were used to calculate daily Rn from 
measured and estimated Rs.  New AP coefficients 
for different sites, times of year and levels of 
cloudiness were established by regressing daily 
Rs/Ra data against n/N data. The accuracy of 
estimates was quantified using the coefficient of 
determination (R2), mean bias error (MBE) and 
root mean square error (RMSE), the latter two 
expressed as a percentage of the mean observed 
values.  
 
3. RESULTS 
 
Accuracy of Rs estimates varied between sites with 
Empangeni estimates being the most accurate 
(Table 1). There was no clear difference in 
accuracy between summer and winter estimates 
(not shown here).  Rs estimates were more accurate 
under clear-sky conditions than under cloudy 
conditions at all the sites.  A strong positive bias 
(see MBE in Table 1) existed for cloudy day 
estimates. 
 
 
Calibrated AP coefficients were significantly 
different between cloudy and clear-sky conditions 
at all sites (Table 1). The values of a were lower for 
cloudy days than for clears days while the reverse 
was true for b values. Some of the differences in 
AP coefficients between sites for cloudy and clear-
sky conditions respectively, were significant. 
Differences in coefficients between summer and 
winter for each site were not  significant. When the 
calibrated coefficients were applied, there were 
improvements in estimation accuracy for all sites, 
as can be expected.  This was largely due to the 
removal of the bias for cloudy day estimates.  
Small improvements in accuracy were also noted in 
some cases for clear sky conditions. Validation 
with independent data will be done at a later stage.    
 
The accuracy of Rn estimates from measured and 
estimated Rs will also be reported. 
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Table 1: Pre- and post-calibration accuracy of Rs estimates under cloudy (n/N �  0.25) and clear-sky conditions (n/N 
> 0.25). Accuracy is quantified in terms of R2 obtained by regressing estimated Rs against measured Rs, mean bias 
error (MBE) and root mean square error (RMSE). Common subscripts denote non-significance of differences in a 
and b values between sites. 
 Cloudy conditions Clear-sky conditions 
Site a b R2 MBE 

(%) 
RMSE 

(%) 
a b R2 MBE 

(%) 
RMSE 

(%) 
Pre-calibration 

Empangeni 0.254 0.52 0.58 22.9 31.2 0.254 0.52 0.94 5.9 9.1 
Komatipoort 0.262 0.52 0.42 21.1 37.2 0.262 0.52 0.86 7.2 12.8 
Mount 
Edgecombe 0.252 0.52 0.66 27.3 40.2 0.252 0.52 0.91 9.2 13.5 

Pongola 0.257 0.52 0.41 27.3 44.5 0.257 0.52 0.89 6.8 12.1 
Wartburg 0.253 0.52 0.67 40.1 49.1 0.253 0.52 0.93 4.4 8.5 
Pooled (5 sites) - - 0.56 27.5 41.0 - - 0.91 6.8 11.4 

Post calibration 
Empangeni 0.187r 0.728u 0.64 0.4 23.5 0.228r 0.508u 0.94 0.0 6.8 
Komatipoort 0.203s 0.553v 0.39 -1.7 31.6 0.272s 0.444v 0.86 -0.4 10.4 
Mount 
Edgecombe 

0.158t 0.865x 0.70 -1.0 27.4 0.270s 0.406x 0.93 -1.3 10.8 

Pongola 0.183r 0.644z 0.42 0.4 34.7 0.298t 0.394x 0.90 3.6 11.9 
Wartburg 0.151t 0.834x 0.77 0.1 23.9 0.227r 0.518u 0.93 -0.2 7.3 
Pooled (5 sites) - - 0.60 -0.4 30.4 - - 0.91 0.4 9.7 
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1. INTRODUCTION  

 
Extreme climate events often become hazards that 
then cause much damage and high losses, therefore 
advance warnings on time scales of months to years 
would be most useful for planning purposes and on 
time scales of hours to days for response in an 
operational mode for immediate action.  However, 
these early warnings cannot only be comprised of the 
typical detailed weather forecast warning, as that 
information usually needs to be disseminated and 
acted on as quickly as possible to avoid disasters. 
The advisories or warnings should also include user 
specific information as well as some suggestions as 
to possible interventions or actions that can be taken.  
So the ideal is that the national meteorological 
service works together with the stakeholders in 
various other sectors so make a customized warning 
and advisory.  This requires that good data-bases are 
available together with skilled multi-disciplinary 
teams are being backed-up by good co-operation 
between scientists and end-users or practitioners 
(Ogallo et al., 2000).  

 
2. DESIGN 

 
In order to design a good early warning strategy, both 
the climate and the livelihoods aspects of the area 
should be understood.   Information should be 
available about climate/weather services, information 
and products for the specific region, so that 
applications can be further developed and utilized in 
the early warning service.  The current position of the 
community and other stakeholders should be 
recognised so that one can identify opportunities and 
threats.  One method is to use livelihoods profiles or 
baselines (www.fews.net) and then identify a range 
of options available whether at a household or at 
regional or national level.  However, it is critical to 
understand and be able to predict the weather 
conditions that could bring about a risky situation, 
particularly for people’s hunger or shelter. In the 
design process one must characterize the 
vulnerability and identify specific groups or sectors 
that are most susceptible to extreme climate events 
(Dilley & Boudreau, 2001).  If these characteristics 
are monitored then the impacts of variable climate 
and/or changing weather conditions on their 
livelihoods as well as the food and health sectors can 
be identified.   

 

 
3. MULTI-CRITERIA DECISION 

ANALYSIS 
 
The high risk processes and/or situations should then 
be analyzed using a multiple criteria decision analysis 
(Pietersen, 2006).  The chain logical decisions need 
to be analyzed within the context of both the social 
and resource base.  After identifying the major 
objectives of the users, alternative decisions paths 
should be considered (Pietersen, 2006). One needs to 
conduct technical and social field investigations 
(probably as pilot case studies) to formulate this 
problem structuring. The critical path of decisions 
can be traced for those decisions particularly sensitive 
to weather and climate parameters (Archer et al., 
2007).  Climate sensitive decisions are at a variety of 
levels in the system (at a household or field or farm 
level or at a ward or district or state level or at 
national or regional level) (e.g. Walker, 2007). Many 
times they have been documented through history by 
various disciplines and are often well-known to the 
locals. The available weather and climate information 
should be assessed for relevance of the forecasts to a 
range of specific decisions (e.g. Meinke et al., 2006). 
All stakeholders should be involved in the various 
processes and stages so that the ultimate aim to 
maintain sustainable livelihoods can be addressed. 
 
4. DECISION-MAKING FRAMEWORK 
 
A decision-making framework can be developed to 
include the inter-relationships of the various factors 
and attributes that are associated with the various 
alternative decisions (Pietersen, 2006).  The logical 
sequence of steps must be developed for specific 
early warning system so that the following factors are 
included (a) technical and institutional assessment; 
(b) identification of appropriate technology options; 
(c) a range of technically feasible options from the 
available climate inputs and (d) a range of 
implications for the community and specifically 
agricultural systems and water resources 
management.  
 
From a practical point of view an effective system 
must include a database and geographical 
information system (GIS) as well as calibrated 
models at different levels for the region (de Jager et 
al., 1998).  For seasonal early warning for 
agriculture usually the models use ENSO forecast 
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information (SSTs & SOIs) from the global 
climate models run by the international centers 
together with a crop simulation model to predict 
the grain yield for the next season.   The Global 
Forecasting Centre for Southern Africa (GFCSA) 
provides a website where the long-range global 
forecasts produced by institutions within 
southern Africa are freely available 
(www.gfcsa.net). The success of such a system 
needs to address the actual technologies for a 
variety of sectors as well as both the policy and 
institutional aspects (Thomas, 2008). Therefore 
any new system must be built on the existing 
National Meteorological and Hydrological 
Services (NMHS) and the coping strategies that 
the stakeholders already have in place.  Vital 
components include the access to resources, 
information and technology as well as the skill 
and knowledge of how to use them (Thomas, 
2008).  Linkages between the public and private 
sector and the stability of the economy, and 
usefulness of social and government institutions 
also have an impact on the effectiveness of any 
system.  The systems would probably, be best 
managed and operated at a national level with 
specific actions then divulged to a lower 
operational level such as local government for a 
range of sectors.  Then the chain of response 
could be more effective (IRI, 2000). The 
dissemination and distribution of the advisories 
should be down to the grass-roots level of the 
government, public and specific interest groups. 
 
5. SELECTION OF INFORMATION  
 
When selecting specific criteria for the 
information that is to be used in the early 
warning system one needs to consider 
reliability, accuracy and uncertainty of the 
predictions; relevance and usefulness of the 
information; ease of understanding and 
effectiveness of use as well as the sensitivity 
of the response operations or actions to 
climate or weather anomalies.  Schneider and 
Garbrecht (2003) defined usefulness as “the 
ability of the forecasts to predict conditions 
significantly different from climatological 
norms”.  At a specific location, this 
usefulness will vary with season and lead 
time as well as the specific state of the 
atmosphere and sensitivity of the indicators.  
So even if seasonal precipitation forecasts can 
be shown to be dependable and effective, 
individual, local planners and managers may 
find limited usefulness in certain regions and 
at lead times where forecasts may rarely 
depart from the climatological norm 
(Schneider & Garbrecht, 2003).    
 

As well as being relevant, the information must 
also be reliable or if acted on it could cause 
excessive damage.  A long archived record must 
be available to quantify the reliability of the 
forecasts because most long range forecasts are 
in a probabilistic format.  The quantification of 
uncertainty should also result in projected 
ranges, and possibly probabilities, that 
accurately reflect reality (Challinor, 2009).   
Developers want to provide the best possible 
quality of information to decision makers, so 
the suppliers should make every effort to obtain 
as high as possible accuracies in the forecasts 
(Challinor, 2009).   However, testing some of 
these is not very easy as the models and 
forecasts are at different scales to the 
observations or measurements available.   
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