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Storm Surges 

•  Storm surges are the rise and fall of the 
sea surface due to changes in air pressure 
and winds, instead of the Moon’s and 
Sun’s gravity as for tides 

•  The dynamics of surges are otherwise 
similar to tides 



COASTALT Requirement 

•  ‘Improved IB’ correction 
•  Distant and lagged air pressures 
•  Numerical models 
•  Major European surges (e.g. 1953 North 

Sea) showed the need to provide a flood 
forecasting system 

•  Approx. 16 agencies now have surge 
forecast schemes 



North Sea storm surge of 1953 

Sea Palling, Norfolk  (1 Feb 1953) 

Oosterscheldekering (part of  Delta works) 
Thames Barrier (1987- ) 



Norman Heaps and colleagues at POL were the first to 
use the new high-speed computers becoming available 
in the 1960s to develop computer models of the 
development of storm surges 



Components of the UK coastal flood warning system 



State of the current UK operational 
modelling system 

12km 2D hydrodynamic model (CS3X) 

0.11º NAE 



Nested models of Bristol Channel and South 
Coast. Local model at the Thames Barrier. 

13 m tidal range 
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Operational model performance on 9 Nov 2007 

Sheerness 

Lowestoft 

Immingham 



  DMI Nested Models 



WMO/JCOMM 2008 



Regions represented in JCOMM list 
and some others 

•  N Sea, Baltic, Med Sea + Iberian 
Peninsula, Portugal, Black Sea 

•  Grand Banks, USA (fragmented) 
•  Japan, Korea, Hong Kong, India, Pakistan, 

Bangladesh, Russia 
•  Argentina 
•  Kazakhstan 



Some problems 

•  All agencies don’t produce a hindcast met 
product 

•  Some that do don’t actually archive it e.g. 
Met Office – POL does the archiving 

•  If not the best available surge data will be 
from the last met forecast  

•  For adequate surge accuracy, ~10 km met 
regional forcing needed in most places 

•  Problems of narrow shelves 



Nivmar surge forecast 



Option 1. 

•  Use archived regional surge fields based on the most recent 
forecast met information (typically a few hours old). 

•  Combine the outputs from operational surge models from 
different regions. 

cf. Proposal by Coastal GOOS but never taken forward. 

•  Problem is that large regions would not be represented (e.g. 
the African coastline).  



Option 2.  

•  Use hindcast information several weeks later (or however 
later is considered acceptable for the altimeter data 
processing), assuming that the hindcast data are by then of 
higher quality than the stored forecast information (probably 
unlikely as meteorological re-analyses are usually performed 
over a considerable time later). 



Option 3. 
•  Use a global barotropic model forced with global met 
information. Models presently available include: 
•  MOG2D (T-UGO) -  finite element model with a high spatial 
resolution at the coastline (Carrère and Lyard, 2003) (e.g. 15 
km elements for the global model, 4 km for regional models). 
The T-UGO incarnation can be used in 2D or 3D mode. 
•  OCCAM barotropic version from POL, the highest resolution 
version at present being 0.25 degree. 
•  The barotropic model of Pacanowski (and Ponte et al.) 
implemented by Ali, Zlotnicki and others to provide high-
frequency (periods shorter than 20 days) corrections to Jason 
GDRs  (Aviso, 2002) with a primary emphasis on the deep 
ocean. 



However, there are disadvantages to the use of a global 
model over regional ones in that the latter are often based 
upon considerable local knowledge and experience, 
especially with regard to the accuracy of the essential 
bathymetric information, and in the quality of regional 
meteorology, and tend to be of higher resolution. 



What to Do? Personal Opinion 

•  Choose Option 1 for now and work on 
developing Option 3. 

•  But debatable. 


