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Summary 

 
Weather definition are found in Chapter 1. The weather system that affected Durban 
on the 10 of October 2017 was the result of the interaction of an upper air cut-off low 
system and a low-pressure system situated near Durban the cut off low affect most 
of South Africa from the 9 to the 11 of October and slowly moved from west to east. 
The low-pressure system seems to have been generated on the 10. The low-
pressure system brought moist air from the ocean further fueling the cut off low and 
associated thunderstorms in energy and moisture at the surface leading to severe 
thunderstorm gale force wind and flood inland in numerous locations of South Africa. 
The low-pressure system is seen in chapter 5 on the SAWS synoptic weather chart 
off Durban and marked with a “L. Typical low-pressure system affecting south Africa 
are cut off low, cold front, coastal low and mesoscale convective system. The cut-off 
low is a well-known low-pressure system that occurs several times a year in South 
Africa. The cut-off trajectory was relatively well forecasted at the country scale. The 
cut off low is seen in blue on the 500 mb geopotential height chart GFS hindcast and 
forecast on the 9 10 and 11 of October 2017 (Chapter 6). On the 8 of October 2017 
a severe weather warning was broadcasted by the South African Weather Service 
(SAWS) with severe thunderstorms and strong winds forecasted for Gauteng and 
Central KwaZulu-Natal (Chapter 4). Heavy rain was forecasted for South KwaZulu-
Natal on that warning (the Port of Durban falls within this geographic area). The only 
warning concerning wind speed given by South African Weather service was a 
warning of strong winds meaning winds above 80 k/m h could occur. SAWS defines 
a severe thunderstorm when hail diameter is superior to  19mm diameter, it rains 50 
mm in 24 hours and wind gust is superior to > 80 km/h. For a tornado wind gust 
should be superior to 90 km/h. Maximum wind gust of 175 km/h and 5-minute 
average maximum wind speed of 115 km/h were recorded during the storm in the 
harbor from Westerly to Southerly direction. A severe thunderstorm can be 
accompanied with wind gusts stronger than 80 100 km/h, tornadoes, hail and heavy 
rainfall but not will not necessarily happen for the everywhere region it is forecasted. 
It is just a warning it could happen. I have not seen the weather forecast issued on 
the 9 of October but it seems that only heavy rainfall and strong wind was forecasted 
on the 9 of October 2017 for the 10 of October for South KwaZulu-Natal. Only SAWS 
can issue severe weather warning and it is illegal to broadcast a severe weather 
warning as per Section 30A of the South African Weather Services Amendment Act 
of 2013. This why the CSIR only provides real time information of wind speed 
measurement. In chapter 2, The analysis of the 4 Durban harbor anemometers plus 
the Port Shepstone and the Tugela anemometer which form part of the Integrated 
Port Operation Support System (IPOSS) provide useful information on what 
happened on 10 of October 2017 and how often such wind speed was recorded at 
the Harbor since their establishment 6 years ago by the CSIR (Chapter 2 and 3). All 
Durban harbor anemometers have recorded their maximum mean hourly rainfall ax 
5-minute average and maximum gust the day of the Great Storm on the 10 of 
October 2017 at around 10 am (out of 43800 hourly record). It is interesting to note 
that the anemometer at Port Shepstone (30˚44’31.40’’S Latitude and 30˚27’31.66’’E 
Longitude and Tugela River (29˚13’21.06’’S Latitude and 31˚30’15.35’’E Longitude 
did not record their maximum hourly wind and gust on the 10 of October 2018. The 
historical record consists of hourly mean, maximum gust speed and time of 
maximum gust while the 10 of October 2017 data record consists of 5 minutes mean 
wind speed and maximum gust of the last 5 minutes. The 10 October wind speed 



seems to be an outlier in the climatology of the distribution of wind speed and 
direction for hourly average wind speed and maximum gust shown in Chapter 3. 
Otherwise it seems that beside the storm of 10 10 2017 that is seen as the highest 
average wind or gust in all graph of Chapter 3 and with maximum average or gust 
occurring in various southerly direction depending on location (South , South West , 
West-South-West and West) other wind direction that are experienced during strong 
wind also occurs mainly from the North East and also from the West.  It is clear from 
the analysis of the 5 minutes wind record shown in Chapter 2 that the wind 
accelerated very quickly at around 09:30 am on 10 October 2017 and reached very 
high wind speeds with maximum at 10:00 am on 10 October 2017 decreasing 
gradually within the next hour quickly to the same speed it started from. Strong wind 
was experienced from a westerly direction to a Southerly direction (Chapter 2). This 
indicates wind speed associated to a squall line, or a severe thunderstorm or even a 
tornado. I do not think it is possible to forecast the exact location of such extreme 
events at the scale of a harbor for instance. The absence of radar used by the 
SAWS would have prevented the SAWS from following that squall line or severe 
thunderstorm in real time as well as its trajectory. It is also virtually impossible to 
forecast the exact path of a tornado, a squall line or a severe thunderstorm at the 
scale of the harbor. It is possible to do it at the scale of a region or a country. 
Therefore, the SAWS has a network of radar to follow severe thunderstorm in real 
time and warn the public of its possible trajectory. This is done to warn an airport of 
an incoming thunderstorm. The wind anemometer at Port Shepstone did not record 
the extreme wind event but very strong wind was recorded at Tugela at 13:30 pm. It 
is also interesting to note that the wind speed was not as strong at the SA navy base 
with max gust difference of 50 km/h between Durmarine and Navy base. This is due 
to difference in height of measurement and location as building and orography can 
generate such difference noted in speed and direction within the various 
anemometer. The climatology of wind speed and direction reflect such difference but 
outline the storm of the 10 10 2017 as an outlier in the distribution of speed and wind 
presented in chapter 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



1 Definition 

 

The following definition are based and copied from the American Meteorological 
society glossary am world authority in weather, climate and Ocean related science 
definition. In italic are South Africa Weather Service definition  
 
Low pressure system  
 
(Sometimes called depression.) In meteorology, an "area of low pressure," referring 
to a minimum of atmospheric pressure in two dimensions (closed isobars) on a 
constant-height chart or a minimum of height (closed contours) on a constant-
pressure chart. A low-pressure system is, on a synoptic chart, always associated 
with cyclonic circulation.  
 
Cold Front and Cut off low are typical South African weather system 
 
Thunderstorm  
 
In general, a local storm, invariably produced by a cumulonimbus cloud and always 
accompanied by lightning and thunder, usually with strong gusts of wind, heavy rain, 
and sometimes with hail. It is usually of short duration, seldom over two hours for 
any one storm. A thunderstorm is a consequence of atmospheric instability and 
constitutes, loosely, an overturning of air layers to achieve a more stable density 
stratification. A strong convective updraft is a distinguishing feature of this storm in 
its early phases. A strong downdraft in a column of precipitation marks its dissipating 
stages.  
 
Squall line  
 

A line of active deep moist convection frequently associated with thunder, either 
continuous or with breaks, including contiguous precipitation areas.  
 
A strong wind characterized by a sudden onset, a duration of the order of minutes, 
and then a rather sudden decrease in speed. 
 
In nautical use, a severe local storm considered, that is, winds and cloud mass and 
(if any) precipitation, thunder and lightning. 
 
Cut-off low  
 

A cold low that has grown out of a trough and become displaced out of the basic 
westerly current and lies equatorward of this current. 
 
Cold low  
 
At a given level in the atmosphere, any low that is generally characterized by colder 
air near its center than around its periphery; the opposite of a warm low. 
 
A significant case of a cold low is that of a cut-off low, characterized by a completely 
isolated pool of cold air within its vortex.  

http://glossary.ametsoc.org/wiki/Hail
http://glossary.ametsoc.org/wiki/Precipitation
http://glossary.ametsoc.org/wiki/Wind
http://glossary.ametsoc.org/wiki/Trough
http://glossary.ametsoc.org/wiki/Current
http://glossary.ametsoc.org/wiki/Cut-off_low
http://glossary.ametsoc.org/wiki/Pool_of_cold_air
http://glossary.ametsoc.org/wiki/Vortex


2 Wind record during the storm on the 10 10 2017 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                  To be drawn 
 
 
 
 
 
 
 
Figure 1: Top: 20-minute mean wind speed(black) and maximum wind gust(blue). Bottom: 
wind direction on 10 10 2017 at DB2013 Windnet Port CONTROL, Durban Harbor. 

 
Figure 2: Top: 5-minute mean wind speed(black) and maximum wind gust(blue). Bottom: 
wind direction on 10 10 2017 at D101 Windnet Durmarine Building, Durban Harbor. 



 
Figure 3. Top: 5-minute mean wind speed (black) and maximum wind gust (blue). Bottom: 

wind direction on 10 10 2017 at D201 Windnet Container terminal PIER 2, Durban Harbor 

 
Figure 4. Top: 5-minute mean wind speed(black) and maximum wind(blue) gust. Bottom: 
wind direction on 10 10 2017 at D401 Windnet South Breakwater, Durban Harbor. 



 
Figure 5. Top: 5-minute mean wind speed (black) and maximum wind gust (blue). Bottom: 

wind direction on 10 10 2017 at D301 Windnet Navy Base, Durban Harbor 

 
Figure 6. Top: 5-minute mean wind speed (black) and maximum wind gust (blue). Bottom: 
wind direction on 10 10 2017 at D501 Windnet Port Shepstone. 



 
Figure 7. Top: 5-minute mean wind speed (black) and maximum wind gust (blue). Bottom: 
wind direction on 10 10 2017 at D601 Windnet Tugela Rivermouth lighthouse. 

 
  



3 Wind climatology at the weather stations 

 

Warning: please note that the climatology of station db103 Durban Port control is 
based on 20 minutes average while the rest is based on hourly average. This affects 
the occurrence of events presented and calculated below.  I need to recalculate the 
station Db103 Durban Port hourly for better comparison. It is a very useful station 
and because it is quite high it represents better the weather that the other station that 
are very close to the ground and could be shadowed or distorted by building. I also 
plan to do such wind rose for the 10 of October 2017.Mathieu Rouault 04/04/2019 
 

3.1 Hourly wind speed 

 
 
Figure 8: DB103 DURBAN PORT CONTROL 2. HEIGHT: 80. Wind climatology from 
February 2013 to August 2018 based on hourly average. Top: distribution of wind speed and 
direction. Wind speed categories are defined in the first column and wind direction in the first 
row. Data is in in percentage. Last row and last column are the total percentage of 
occurrence per category of direction and speed respectively. Bottom left: Wind rose. Bottom 
right Wind histogram. Std mean standard deviation. SW wind direction means wind comes 
from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 9: D101 DURBAN WINDNET DURMARINE BUILDING. HEIGHT: 5.0. Wind 
climatology from February 2013 to August 2018 based on hourly average. Top: distribution 
of wind speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 10: D201 DB WINDNET Container Terminal PIER 2 HEIGHT: 2.5. Wind climatology 
from February 2013 to August 2018 based on hourly average. Top: distribution of wind 
speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 11: D401 DB WINDNET DURBAN SOUTHERN Breakwater. HEIGHT: 3.0. Wind 
climatology from February 2013 to August 2018 based on hourly average. Top: distribution 
of wind speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 12: D301 DB WINDNET S.A NAVY BASE HEIGHT: 3.0. Wind climatology from 
February 2013 to August 2018 based on hourly average. Top: distribution of wind speed and 
direction. Wind speed categories are defined in the first column and wind direction in the first 
row. Data is in in percentage. Last row and last column are the total percentage of 
occurrence per category of direction and speed respectively. Bottom left: Wind rose. Bottom 
right Wind histogram. Std mean standard deviation. SW wind direction means wind comes 
from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 13: D501 DB WINDNET PORT SHEPSTONE. HEIGHT: 15.0. Wind climatology from 
February 2013 to August 2018 based on hourly average. Top: distribution of wind speed and 
direction. Wind speed categories are defined in the first column and wind direction in the first 
row. Data is in in percentage. Last row and last column are the total percentage of 
occurrence per category of direction and speed respectively. Bottom left: Wind rose. Bottom 
right Wind histogram. Std mean standard deviation. SW wind direction means wind comes 
from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 14: D601 DB TUGELA RIVER LIGHTHOUSE. Height 22 m. Wind climatology from 
February 2013 to August 2018 based on hourly average. Top: distribution of wind speed and 
direction. Wind speed categories are defined in the first column and wind direction in the first 
row. Data is in in percentage. Last row and last column are the total percentage of 
occurrence per category of direction and speed respectively. Bottom left: Wind rose. Bottom 
right Wind histogram. Std mean standard deviation. SW wind direction means wind comes 
from South West. 0.001 % represent roughly 30 minutes. 
 

  



2.2 Hourly wind gust 
 

 
Figure 15: DB103 DURBAN PORT CONTROL 2. HEIGHT: 80. Wind gust climatology from 
February 2013 to August 2018 based on hourly maximum. Top: distribution of wind speed 
and direction. Wind speed categories are defined in the first column and wind direction in the 
first row. Data is in in percentage. Last row and last column are the total percentage of 
occurrence per category of direction and speed respectively. Bottom left: Wind rose. Bottom 
right Wind histogram. Std mean standard deviation. SW wind direction means wind comes 
from South West.  



 
Figure 16: D101 DURBAN WINDNET DURMAR BUILDING. HEIGHT: 5.0. Wind gust 
climatology from February 2013 to August 2018 based on hourly maximum. Top: distribution 
of wind speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 17: D201 DB WINDNET CONT TERMI PIER 2 HEIGHT: 2.5. Wind gust climatology 
from February 2013 to August 2018 based on hourly maximum. Top: distribution of wind 
speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 18: D401 DB WINDNET DUR SOUTHERN BW. HEIGHT: 3.0. Wind gust climatology 
from February 2013 to August 2018 based on hourly maximum. Top: distribution of wind 
speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 19: D301 DB WINDNET S.A NAVY BASE HEIGHT: 3.0. Wind gust climatology from 
February 2013 to August 2018 based on hourly maximum. Top: distribution of wind speed 
and direction. Wind speed categories are defined in the first column and wind direction in the 
first row. Data is in in percentage. Last row and last column are the total percentage of 
occurrence per category of direction and speed respectively. Bottom left: Wind rose. Bottom 
right Wind histogram. Std mean standard deviation. SW wind direction means wind comes 
from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 20: D501 DB WINDNET PORT SHEPSTONE. HEIGHT: 15.0. Wind gust climatology 
from February 2013 to August 2018 based on hourly maximum. Top: distribution of wind 
speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 



 
Figure 21: D601 DB TUGELA RIVER LIGHT HOUSE. Height 22 m. Wind gust climatology 
from February 2013 to August 2018 based on hourly maximum. Top: distribution of wind 
speed and direction. Wind speed categories are defined in the first column and wind 
direction in the first row. Data is in in percentage. Last row and last column are the total 
percentage of occurrence per category of direction and speed respectively. Bottom left: Wind 
rose. Bottom right Wind histogram. Std mean standard deviation. SW wind direction means 
wind comes from South West. 0.001 % represent roughly 30 minutes. 

 

  



4 South Africa Weather Service warnings 

 

 
 
Figure 22: 8 of October SAWS 2017 warning 
 

 
 
Figure 23:  9 of October 2017 warning 



 
 
 
Figure 24: 10 of October SAWS satellite image and warning 
 
  



5 Surface synoptic weather chart from the South African Weather 
service 

 
 
Figure 25: SAWS historical synoptic chart and summary 1400 SAST 8 10 2017 
 

 
 



Figure 10: SAWS historical synoptic chart and summary 1400 SAST 9 10 2017 

 
 
Figure 26: SAWS synoptic chart 0060 SAST 10 10 2017 available on SAWS we 

 
 
Figure 27: SAWS historical synoptic chart and summary 1400 SAST 10 10 2017 



 
Figure 28: SAWS historical synoptic chart and summary 1400 SAST 11 10 2017 
 
 

  



6 Weather charts, hindcast and forecast from the Global Forecast System  

 

6.1 Interpretation of charts 

 
500mb Geopotential Height and Vorticity 
 
Black contours indicate the geopotential height of the 500 millibar surface, in tens of 
meters. Low geopotential height (compared to other locations at the same latitude) 
indicates the presence of a storm or trough at mid-troposphere levels. Relatively high 
geopotential height indicates a ridge, and quiescent weather. The color shaded 
contours indicate vorticity at 500 millibars: Red for positive vorticity, blue for 
negative. Positive vorticity indicates counterclockwise rotation of the winds, and/or 
lateral shear of the wind with stronger flow to the right of the direction of flow. 
Negative vorticity indicates clockwise rotation of the winds, and/or lateral shear of the 
wind with stronger flow to the left of the direction of flow. Positive (or negative in the 
Southern Hemisphere) vorticity at 500 millibars is associated with cyclones or storms 
at upper levels and will tend to coincide with troughs in the geopotential height field. 
Negative (positive in SH) vorticity is associated with calm weather and will tend to 
coincide with ridges in the geopotential height field.  
 
Sea Level Pressure and 1000-500mb Thickness 
 
The colored contour lines indicate sea level pressure in millibars. High pressure is 
red, low pressure in green or blue. Only the last 2 digits shown -- sea level pressure 
is usually around 1000 millibars, so add 1000 to values in the range of 00-50 and 
add 900 to values in the range of 50-98. Low sea level pressure indicates cyclones 
or storms near the surface of the earth. High sea level pressure indicates calm 
weather. The shaded contours indicate the vertical distance, or thickness, between 
the 1000 millibar surface and the 500 millibar surface, measured in tens of meters. 
Since air behaves nearly as an ideal gas, and vertical distance is proportional to 
volume over a specified surface area, the thickness between two pressure levels is 
proportional to the mean temperature of the air between those levels. Thus, low 
values of thickness mean relatively cold air. The 540 line is highlighted in black, 
since this line is often used as a rule of thumb to indicate the division between rain 
and snow for low terrain. When there is precipitation where the thickness is below 
540dam, it is generally snow. If the thickness is above 540dam, it is usually rain (or 
sleet if the air next to the surface is below freezing).  
 
Vertical Velocity or Precipitation 
 
The vertical velocity at 700mb (in mb/hr) is shown instead of accumulated 
precipitation for the analysis. Negative values indicate ascending air, and positive 
values denote sinking air. Ascending motion is associated with cloudiness and rain. 
Large negative values of vertical velocity correspond to areas of heavy rainfall if 
moisture is available. The remaining forecast panels indicate 12 or 24 hour 
accumulated precipitation, measured in millimeters. The total is the amount of rainfall 
forecast during the 12 or 24 hours immediately preceding the verification time in the 
lower left-hand corner of the map. The with the 540-thickness line and the 0 °C 



isotherm at 850mb can give a good indication of the dividing line between snow and 
rain.  
 
850mb Temperature, Humidity and Winds 
 
Colored contour lines indicate the air temperature at the 850 millibar level, in 
degrees Celsius. The 0 °C contour is highlighted, as this is also often used as a 
divider between rain and snow. The green shading indicates the relative humidity 
percentage at the 850 millibar level. High values indicate the availability of moisture. 
When areas of large upward vertical velocity are co-located with high moisture 
availability, heavy rainfall will likely occur. The streamlines indicate the wind flow. 
Advection of moisture by the wind can be inferred by noticing the direction and rate 
at which moist areas appear to be blown. Similarly, temperature advection can be 
inferred by noticing whether the wind is blowing cold air toward a warm region, or 
warm air toward a cold region.  
 
6.2 500 mb charts 
 
 

 

 
 

Figure 29: 09 10 2017 12 PM GFS analysis of 500 mb geopotential heights and vorticity. 
Blue show the extend of the cut off low. 



 
 
Figure 30: 10 10 2017 12 PM forecast done on 9 10 2017 of 500 mb geopotential heights 
and vorticity. Blue show the extend of the cut off low. 

 

 
 

Figure 31: 11 10 2017 12 PM forecast done on 9 10 2017 of 500 mb geopotential heights 
and vorticity. Blue show the cut off low moving east at sea. 

 
 



6.3 Sea level pressure charts 
 

 
 
Figure 32: 09 10 2017 12 PM GFS analysis of surface level pressure. 
 

 
 
Figure 33: 10 10 2017 12 PM forecast done on 9 10 2017 of surface level pressure 500 mb 
geopotential heights and vorticity. Purple line shows the extend of the small surface low 
pressure system. 
 



 

 
 

Figure 34: 11 10 2017 12 PM forecast done on 9 10 2017 of surface level pressure 500 mb 
geopotential heights and vorticity. Purple line shows the surface low pressure moving 
eastwards. 
 

6.4 Precipitation charts 
 

 
 



Figure 35: cumulative 9 10 2017 12 PM to 10 10 2017 12 PM forecast of precipitation done 
on 9 10 2017. 
 

6.5 500 mb charts 
 
 

 
 
Figure 36: cumulative 10 10 2017 12 PM to 11 10 2017 12 PM forecast of precipitation done 
on 9 10 2017. 
 


