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Abstract
South Africa’s communities are becoming increasingly vulnerable due to intense coastal development.
Storm surges of the recent past (2007/2008) have underlined how vulnerable South Africa’s coastal
communities are to such storms. Thus there is clearly an urgency to develop proactive actions to mitigate the
effects of future storm events. Scientific research on storm surge has only recently received committed local
attention, thus current knowledge on the subject is incomplete. This document should be considered to be a
living document requiring regular revision and refinement to accommodate our changing understanding of
the subject.
The key objective of the paper is to standardise the procedures and processes for the issuing of storm surge
alerts in line with standard processes of the multi-hazard early warning system as applied in South Africa.
This will also act as a guideline for the dissemination and communication of such information. This storm
surge Early Warning System (EWS) forms part of the South African Multi-Hazard Early Warning System
(MHEWS). In line with the general principles of effective EWS the storm surge EWS needs to address four
elements, namely (1) risk identification, (2) monitoring and warning system, (3) warning dissemination and
(4) response actions. These guidelines will address specifically the second and third elements, namely
monitoring and warning system as well as warning dissemination. The remaining two elements, namely risk
identification and response actions are equally important, but need to be addressed separately.
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Terms and Definitions
Storm Surge
EWS
MHEWS
NDMC
SAWS
Classification
Alerts
CSIR
SANHO
SAPS
SANDF
nm
DWA
SAMSA
DEA
NAVTEX
JOC
NSRI
EMS
SAN Parks
SMS
VOS
ASCAT
SOLAS
METAREA
GMDSS
WMO
NCEP

An abnormal rise of the sea level generated by a storm, over and above the astronomical
spring high tides.
Early Warning System
Multi-Hazard Early Warning System
National Disaster Management Centre
South African Weather Service
Advisory, Watch or Warning
Advisory, Watch or Warning
Council for Scientific and Industrial Research
South African Navy Hydrographic Office
South African Police Service
South African National Defence Force
nautical miles
Department of Water Affairs
South African Marine Safety Authority
Department of Environment Affairs
Navigational Telex
Joint Operational Centre
National Sea Rescue Institute
Emergency Medical Services
South African National Parks
Short Message Service
Voluntary Observing Ships
Advanced Scatterometer
Safety of Life At Sea
Meteorological Area
Global Marine Distress Safety System
World Meteorological Organisation
Nation Centre for Environmental Prediction

Mandates and Roles relevant to storm surge alerts
The South African Weather Service (SAWS) is the legally mandated institution as per Weather Service Act
(Act No.8 of 2001) responsible for the issuing of alerts in South Africa. The complexity of storm surge alerts
requires a multidisciplinary approach. It is thus recognised that the contribution and collaboration of other
institutions is key to the effectiveness of this early warning system.
The Council for Scientific and Industrial Research (CSIR), Disaster Management (DM), South African Navy
Hydrographic Office (SANHO) and SAWS should formalise an agreement regarding the effective
collaboration on matters pertaining to storm surge alerts in South Africa.

Disaster Management:
Disaster Management is tasked with the following responsibility:5.1.1 Dissemination of the alert to
5.1.1.1
The National, Provincial, Local Government and NGO’s
5.1.1.2
All potentially affected members of the public
5.1.1.3
Councillors and Traditional leaders
5.1.2

Risk and vulnerability identification and implementation of mitigation measures

5.1.3

Development of awareness and educational programs in conjunction with other relevant
organisations

5.1.4

Development and ongoing assessment of management plans

South African Weather Service:
SAWS is responsible for the following:5.2.1

Monitoring all relevant real time and model information or data

5.2.2

Identification of the possibility of a potential storm surge threat

5.2.3

Assessment of the situation and if necessary issue an alert

5.2.4

Monitoring and updating of the alerts

5.2.5

Conduct research and perform case studies of storm surge events

5.2.6

In consultation with stakeholders, develop documentation to support awareness and educational
programs

5.2.7

Ongoing evaluation of storm surges

5.2.8

Ongoing assessment of the methodology used in issuing the storm surge alerts

5.2.9

Dissemination of the alerts to all stakeholders which may include (but not limited to)

5.2.9.1 The National, Provincial, Local Government and NGO’s
5.2.9.2 All potentially affected members of the public

Council for Scientific and Industrial Research
The CSIR needs to play a critical role in the following areas to improve the quality of an effective storm surge
alert system:5.3.1

Monitoring and exchanging of relevant met-ocean in situ data and information

5.3.2

Storm surge research

5.3.3

Collaborate with SAWS and other institutions regarding the development of a storm surge model

South African Navy Hydrographic Office
The SANHO needs to supply the aforementioned role players with regularly updated astronomical tide
information to ensure an effective alert system. This information should include real time water (sea) level
data.

Criteria for issuing storm surge alerts
A concise definition of storm surge can be expressed as follows: “An abnormal rise of the sea level
generated by a storm, over and above the astronomical spring high tides.” Such a storm surge will occur
as a result of extreme weather effects in the region.
In the interim, until such time that a storm surge model is developed, the following criteria will be used as a
guideline for the issuing of a Storm Surge Alert:When a combination of the following items occurs, a storm surge alert may be considered.



Astronomical spring high tide conditions, when the water level is expected to be between 0.8 and 1.0
metres above the mean level of tides along the coast (South African Tide Tables, 2011).
A deep-sea significant wave height of at least 3 metres, as an interim guideline, is forecast by an
official numerical wave model in operational use or from coastal observations.

This would typically be associated with:



(i)

The passage of a well-established or deep cold front (mid latitude cyclone).

(ii)

The presence of a slow moving tropical or extra tropical surface low pressure system below
1004 hPa in close proximity to the coast.

(iii)

Rapid cyclogenesis of a deep low pressure system.

The following effects can be used to estimate the increase in water level above the tide level, which
will then comprise the Storm Surge Value.
(a) The effect of the waves approaching the shore: An approach, described by Goda (2000) is
applied to estimate the increase in the water level as a result of wave setup.
(b) The effect of the local atmospheric conditions: The atmospheric setup is taken into account by
using the inverse barometer approximation which translates to an increase of about 1cm for every

1hPa decrease in atmospheric pressure. This will compensate for wind as well as pressure, (Van
Ballegooyen, 1995).
These two effects will be felt on the open coast, with reduced values in sheltered environments.
Taking these components into account, the following relationship is proposed in the absence of a
dedicated numerical storm surge model:

∆S = H’0 * Ws + (P1– P)* C
where ∆S

(1)

= Storm Surge Value in metres

H’0

= Equivalent significant wave height (metres)

Ws

= Wave setup factor

P1

= Average sea level pressure of 1013 hPa

P

= Forecast / Observed sea level pressure in hPa

C

= Inverse barometer ratio in cm per hPa

For the purposes of this estimation, the Equivalent significant wave height (H’0) is related to the
observed off-shore wave height (Hs) through the following relationship:

H’0

= Kr * Hs

(metres)

(2)

where Kr is a refraction coefficient.

The off-shore significant wave height Hs, in metres, can be obtained as a forecast from the NOAA
Wavewatch III as primary model, UKMO Wave model as backup and the EGRR swell model of
Bracknell or regional observations such as http://wavenet.csir.co.za . These forecast sites should
also provide the peak wave period Tp, in seconds, and the wave direction from which the waves are
travelling.

The refraction coefficient Kr is a function of wave direction, wave period and the impact region of the
South African coastline. A simplified matrix of refraction coefficients for delineated regions around
the South African coast is presented in the table below.

Simplified refraction coefficients (Kr) for regions around South African coast
Coastal region
Wave direction

West

South-west

South

South-east

East

Port Nolloth to
Cape Town

Cape Town to
Cape Agulhas

Cape Agulhas to
Cape St Francis

Cape St Francis
to East London

East London to
Ponta do Ouro

NW

(315.0°)

0.74

-

-

-

-

WNW

(292.5°)

0.88

0.74

-

-

-

W

(270.0°)

0.95

0.78

0.50

-

-

WSW

(247.5°)

0.98

0.88

0.74

-

-

SW

(225.0°)

0.95

0.96

0.88

0.74

-

SSW

(202.5°)

0.83

0.96

0.95

0.83

0.74

S

(180.0°)

0.74

0.93

0.97

0.93

0.83

SSE

(157.5°)

-

0.83

0.95

0.97

0.93

SE

(135.0°)

-

0.74

0.88

0.96

0.97

ESE

(112.5°)

-

-

0.74

0.88

0.95

E

(90.0°)

-

-

0.50

0.78

0.88

ENE

(67.5°)

-

-

-

0.50

0.83

NE

(45.0°)

-

-

-

-

0.50

The Wave setup factor (Ws) is a function of the wave period Tp, and can be estimated using an
approach presented by Goda (2000) for the following wave period range:
Ws

= 0.13

for Tp ≤ 11 s

= 0.15

for 11 s < Tp ≤ 12 s

= 0.16

for Tp > 12 s

(3)

The Storm Surge Value ∆S can then be estimated from the relations (1), (2) and (3) and the table of
refraction coefficients.



When the value of the forecast offshore significant wave height Hs exceeds 3 metres, and the
pressure effect is substantial, the Storm Surge Value ∆S can exceed 0.5m. If there is an astronomical
spring high tide at that time, the actual level of the spring high tide plus the Storm Surge Value will
then exceed 1.3m above the mean level of the tide. This will constitute an extreme sea level event,
and a Storm Surge Alert should be issued.
In summary, if the offshore significant wave height is expected to exceed 3 metres at the time of a
spring high tide, and the calculated Storm Surge Value exceeds 0.5 m, then a Storm Surge Alert
should be issued. It should be noted that this extreme sea level event will actually occur at the time of
the spring high tide, at around 4am and 4pm on the day.

Process flow for storm surge alerts
Figure 1: Storm surge alert process flow diagram

Inputs for a storm surge alert system
Apart from the traditional weather related inputs such as numerical forecasting models, satellite, radar and
astronomical tide data the following inputs are discussed in more detail.
The SAWS is the main institution in South Africa responsible for weather and climate forecasting. SAWS
provides maritime weather and warning forecasting services for the vast oceans around Southern Africa
extending to Antarctica, covering the world’s second largest Safety of Life At Sea (SOLAS) area, known as
METAREA VII. Observation networks and forecasting services in the meteorological ocean environment have
been developed, maintained and expanded in fulfilment of the World Meteorological Organization (WMO)
vision. This further enables the SAWS to carry out its international obligations on Global Marine Distress and
Safety System (GDMSS) around sub-Saharan Africa.

Real-time buoy data
Inputs in the form of real-time data are ingested into forecaster workstations and models to assist with the
formulation of storm surge forecasts.

Three coastal observation networks are presently in operation. This includes the sea level network of the
SANHO, the wind and wave network (WaveNet) of the CSIR and the SAWS marine related network which
include the Automated Weather Stations (AWS), the drifting weather buoy programme, Ships of Opportunity
(VOS), as well as related information from satellite information. The extent of these networks is illustrated
in (Figure 2), which show the locations of the data recording stations around the coast. Note that the
locations of the drifting buoys are presented for a particular date, since these buoys are free to move under
the influence of oceans winds and currents (Figure 3). A detailed description of these networks is given in
the national storm surge document. These coastal networks provide real time information on the current
state of the marine environment and incorporated into numerical forecast models enabling
forecasts/warnings of meteorological ocean conditions around the coast of South Africa.
Figure 2: South African Marine Related Observation Infrastructure

Legend:
▲ Sea level stations

●
✚

Coastal weather stations
Wave recording buoys

Note: Drifting and Moored weather related
buoys are excluded

Figure 3: Current location of drifting / fixed weather buoys (July 2011)

Transition of waves from open sea to in shore
Most global wave models produce the wave conditions for the offshore area, where the waves are not
influenced by water depth. Based on the offshore wave condition, the near-shore wave condition can be
determined inside a protected bay or close to the shore. This is performed by wave generation and
refraction models which take into account the sea floor terrain (bathymetry).
An example of a near-shore wave field in Table Bay is shown in Figure 4. The wave field is represented by
the wave vectors and wave height contours
Figure 4: Refraction and attenuation of the near-shore wave field in Table Bay

Outputs of a storm surge alert system
Dissemination of severe weather alerts:
In principle SAWS will be responsible for the dissemination of weather alerts to all the primary role players
listed in (7.2.2). Municipal Disaster Management Centres as referred to in section 43 of the Disaster
Management Act, Act 57 of 2002, will be responsible for the cascading of these alerts to secondary role
players listed in section (7.2.3) but SAWS will assist in the dissemination of these warnings to the general
public as they have established links to various forms of media.
The SAWS has embarked upon a new development which will result in all alerts being issued at local
municipal level. For storm surge alerts a virtual data point will be created 50nm off-shore of each coastal
local municipality which will be populated with up to date and most recent model data.
Meteorological storm surge alerts will be issued based on the minimum criteria as defined in Chapter 7 for
each local municipality along the coastline as depicted in the map below.

Figure 5: Shape file for storm surge alerts

Dissemination of severe weather alerts will be conducted in accordance with SAWS and the Disaster
Management acts an alert will be generated for a virtual point approximately 45km off each local
municipality around the coast.
The SAWS has already engaged with various cell phone service providers whom have committed to assisting
with the dissemination of alerts to the general public. This service will be offered to all citizens of South
Africa and beyond its borders who opt to receive these alerts via the various cell phone platforms on offer.
These alerts will be made available at a nominal fee to the consumer to ensure sustainability of the service
which includes marketing and further development.
Negotiations have already commenced between SAWS and Molo MTN, Vodacom and Afrigis, a subsidiary of
Vodacom, who have agreed to make this service available to all their Network subscribers.
Negotiations with other cell phone networks such as Virgin Mobile and Cell C are also planned in order to
reach the public at large.

Primary recipients of storm surge alerts
(In no particular order)








DWA – Catchment management authorities
Radio stations national and local
Transport National Ports Authorities
SAMSA
SA Navy Hydrographic Office
DEA Oceans and Coasts
Disaster Management

 National Tourism Office
 NAVTEX (Navigational Telex)
 National Key points/Critical resource installations
 Power generation and distribution facilities (ESKOM)
 Petro/ Chemical coastal installations (Petro SA)
 SAPS
 SANDF National Joint Operation Centre (NATJOC)
 Health Department (Pathological services)
 Other Emergency Services
 NSRI

Secondary recipients of Storm Surge Alerts
(Recipient to receive alerts via Disaster Management structures but assisted by SAWS in certain instances.)
This list, in no particular order, should include (where applicable but is not limited to) the following: Ward Councillors and Traditional Leaders.
 Fisherman (Recreational and Commercial. Including local angling clubs)
 Coastal pre-primary, primary, secondary and tertiary educational facilities
 Coastal Frail Care centres
 Tourism Offices
 Municipal Managers at Metro, District and Local Municipalities
 Municipal Engineers (Civil as well as Electrical)
 Provincial and National Roads Authorities/Engineers
 Organised Agriculture (Agricultural unions)
 Emergency management centres
 Fire and Rescue
 EMS
 NSRI
 Private emergency services
 ER24
 Netcare 911
 Mountain Club
 4 x 4 club
 Coastal SAPS station Commanders including SAPS Airwing
 Coastal resorts
 Pre-determined high risk area coordinators (Based on historical data)
 Local jetty operators
 Yacht Clubs / smaller fishing harbours
 Beach Office / Life Saving and Surf Clubs
 SAN Parks / Nature Conservation / Mountain to Ocean (MTO)
 National Key points/Critical resource installations
 Power generation and distribution facilities (ESKOM)
 Petro/ Chemical coastal installations (PetroSA)
 Desalination Plants
 Transnet (Rail commuters as well as freight)

General Arrangements
The following general arrangements will determine issuing of storm surge alerts:





Since issuing of alerts require all relevant stakeholders’ proactive action they are issued strictly in
accordance with the standard terminology in this document, and the Common Alert Protocol (CAP).
Any other significant information of wide public interest should be mentioned in a special release
issued to the disaster management and the media by National Disaster Management Centre (NDMC)
or SAWS.
In line with the Common Alert Protocol, all alerts will be issued with a validity period following
which it will automatically lapse, except if it is extended through a new applicable alert.
Additional information needed for specific decision making by all relevant stakeholders are sent via
SMS (and email if required) only to all relevant stakeholders, labelled as Advisory/Watch/Warning
Update (whichever is relevant at the time), providing short free text update information aimed
specifically for all relevant stakeholders within the standing alert level and period applicable at the
time.

Figure 6: Severe Weather Alert Levels

Severe Weather Alert Levels
YELLOW
AMBER

GREEN
Alert Category
Awareness level
for disaster
management and
public
Threat

Risk

No alert
None expected

No hazardous
weather
expected in
next few days
No storm surge
is expected

Impact

Advice

Typical
confidence of
event occurring
Storm surge alerts

Nil

Advisory
Be aware

Early warning of
potential hazardous
weather

Weather conditions are
likely to deteriorate to
hazardous levels

A risk that a storm
surge may occur

Moderate risk that a
storm surge will occur

A risk of damage to
infrastructure and
local disruption.
Dangerous to coastal
communities and
marine activities
Be alert and follow
the latest alert
bulletins issued by
the South African
Weather Service.

A moderate risk of
damage to infrastructure
and local disruption.
Dangerous to coastal
communities and marine
activities
Be vigilant and follow the
latest alert bulletins as
issued by the SA Weather
Service. Prepare for a
possible evacuation.

Low to Moderate

Moderate to high

Lead time
2 to 5 days
1 to 3 days
24 hours or less

Nil
Nil
Nil

RED

Watch
Be prepared

Advisory
Watch

Warning
Take action

Hazard is already
occurring somewhere or
is about to occur with a
very high confidence
A storm surge that is
imminent, or already
occurring.
A high risk of damage to
infrastructure and local
disruption. Dangerous to
coastal communities and
marine activities
Be extra vigilant of
dangerous conditions and
follow the advice given by
the SA Weather Service
and Disaster Management
Authorities. Evacuation
imminent/likely
Very high or occurring

Alert Category
Advisory
Watch
Warning

Advisories will be issued by SAWS when:
A risk exists that hazardous conditions may occur from 2 to 5 days in advance with enough forecast
confidence that all relevant stakeholders and the public should “Be Aware” of possible hazardous conditions
in line with the warning criteria.
It is possible that the event may not occur as more information is received.

Watches will be issued by SAWS provided that:
A moderate risk exist that hazardous conditions will occur within 1 to 3 days that conditions most likely will
deteriorate to exceed warning criteria, and that all relevant stakeholders and the public should “Be
Prepared”.
There is insufficient confidence to issue a warning, or warning conditions have not yet been reached, or the
period is beyond the relevant warning period.

Warnings will be issued by SAWS when, within the next 24 hours hazardous conditions exceeding warning
criteria to which all relevant stakeholders and the public should “Take Action”:
Is already occurring from external reports, or
Is imminent (about to occur) with a very high risk and confidence within the warning period.
Warnings should be issued for relevant coastal regions and should be mentioned in the text of the warning.

Common alert protocol (CAP)
The Common Alert Protocol will be used as the basis for preparing warning information. It is an
international standard that addresses the long-standing need to coordinate all of the dissemination
mechanisms used for warnings and alerts (see Addendum 1 for more information). It defines a standard
format used internationally, allowing for all kinds of hazards and a variety of relevant information. The
format can be used universally to convey and display warning information. Alert messages will be
automatically converted by software into the CAP standard format by web xml applications and warning
generators.
SMS Terminology
[classification]: A storm surge is expected from (date and time) to (date and time) with destructive waves associated
with rising of the sea level along the (region) coastal regions.

Where
[classification] =

Alert, Watch or Warning
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