Coastal Flood Forecasting System:
Met Éireann is seeking endorsement for the use of the Tidal and Storm Surge Forecast Model as the operational coastal flood forecasting model in the Flood Forecast Centre
Overview  
The purpose of this document is to describe the Tidal and Storm Surge Forecast (TSSF) Model Met Éireann is seeking endorsement to use as the operational coastal flood forecasting system in the Flood Forecast Centre (FFC). 
1. Background
The OPW ran the TSSF model as part of the TSSF Service for over a decade. The model was used to provide forecasts for coastal water and to provide guidance for the issuing of High Tide Advisories. Met Éireann agreed to trial the TSSF model on the ECMWF High Performance Computing Centre. This trial was successful, and it was agreed that Met Éireann would take over responsibility for running the TSSF model as a time-critical system at ECMWF. The aim that it would become part of the Flood Forecast Centre’s suite of operational flood forecast models.
The TSSF model uses software developed by DHI (Danish Hydraulic Institute), which has been set-up for the Irish coastline by RPS Ltd. The TSSF was transferred from RPS computer systems by Met Éireann and now runs on ECMWF’s HPC (High-Performance Computing) environment in Bologna Italy. The Tidal and Storm Surge Forecasting element involves the provision of three daily forecasts for 18 national scale coastal forecast points and more detailed forecasts at 5 additional locations including Cork Harbour, Dundalk Bay, Galway Bay, Shannon Estuary and Wexford Harbour. The forecast runs consist of two daily (am and pm) short range forecasts of astronomical tide, surge residual and combined tide and surge (total water level), and one daily (am only) medium range forecast of surge residual over an extended forecasting period. The short-range forecasts predict water levels for 72 hours into the future, with the medium range forecasts extending out to 144 hours, i.e. 6 days ahead. This is the same schedule of runs historically performed by RPS.
2. Review and Trial of the TSSF model
Met Éireann produced a report in collaboration with the third party (RPS Ltd.) who ran the TSSF model for the OPW. They provided details on the model’s performance and recommendations on how to improve the TSSF model. In addition, Met Éireann conducted a performance review of the TSSF model during a non-operational trial (2022-2023).
3. Standards and Limitations
Appendix 1 outlines the results of an evaluation study undertaken to assess the performance of the TSSF model during a trial of the model. This supplements a number of studies undertaken by the OPW, its contractors and Met Éireann during the past several years (Appendix 2).
[bookmark: _Hlk146209989]Generally, the model is shown to perform reasonably well, but it has one major issue; it does not include waves in the calculation of the total water level. The developers of the model have suggested that this could add an additional 30 to 50cm of water to forecast levels. Met Éireann intends implementing the recommendations from this report which will improve the model and cater for the known deficiency in relation to waves. It is planned to develop the TSSF model to use the high-resolution Harmonie model and so improve accuracy in terms of both temporal and spatial areas. Additionally, an ensemble model of the TSSF model will be developed. The FFC are developing a plan to address the various report recommendations and implement them over the coming three years.  
4. Preparations for the operational FFC
[bookmark: _GoBack]Met Éireann have now embedded the TSSF model into the ECWMF HPC architecture ensuring more resilient and robust operations than previously. The model system receives NWP data directly from the operational stream at ECMWF. The forecast data from the TSSF model is now being sent directly to the IFICS and ANYWHERE cloud-based systems. The availability of the TSSF model forecasts in IFICS means stakeholders can view this information alongside other information relevant for decision making including wind, wave and pressure forecasts. All staff of the FFC have been given training on troubleshooting the model and documentation has been developed to support monitoring and maintenance. There is also support from the Operators in ECMWF which will result in frontline assistance in the case an issue develops.
Users of TSSF output are made aware of the limitations of the current model, including the absence of wave height details.
5. Development and Maintenance
As detailed in the review recommendations, development work will be required to improve the TSSF model. Along with utilizing Met Éireann’s own capabilities, options to improve the model outside Met Éireann, including by the model developers (DHI) and other users in the international community, will be explored. Additional performance reviews by FFC are planned to identify further development requirements. These reviews will be supported by statistical verification and skill score analysis of the model’s performance over time at critical locations around the coast. The TSSF model forecasts are archived which will facilitate performance reviews.




[bookmark: _Toc136602231][bookmark: _Toc136963981]Appendix 1: Performance Reports for the TSSF Model
The performance of the TSSF was evaluated for a 19-month period from the 18th of October 2021 to the 22nd of May 2023. Ten TSSF forecast locations were selected for the evaluation due to their proximity to a tide gauge, with all locations within 4km of the nearest tide gauges. To assess the performance of the TSSF, the daily maximum forecast Total Water Levels (TWLs) were compared to the daily maximum observed TWLs for each location. A subset of this data comprising the top 100 observed daily maximum TWLs at each location was assessed concurrently, to give an indication of the forecast performance in the higher range of TWLs to represent periods of heightened coastal flood risk. In addition, timeseries charts of the daily maximum forecast and observed TWLs were assessed at each location if HAT levels were exceeded or approached (within 0.2m) during any of the nine named storms which occurred over the evaluation period. 
A summary of the differences between daily maximum forecast and observed TWLs are provided in Table 1 for both the full dataset and the top 100 daily maximum observed TWLs. The mean difference is the average of all the daily differences, which can be negative or positive representing under-prediction or over-prediction respectively. The absolute difference is the deviation between forecast and observed maximum daily TWLs, which is always a positive value, and is summarised in Table 1 as the percentage of daily maximum forecast TWLs that deviate by 0.2m or greater from the observed daily maximum TWLs for each location. The Mean Absolute Deviation (MAD) is the average of the absolute differences for both datasets at each location. 
For the full dataset, the MAD varies from 0.08m to 0.19m, while the MAD varies from 0.09m to 0.2m for the top 100. Based on the MAD values, the performance of the TSSF is notably less accurate in the top 100 compared to the full dataset for WH5, Arklow and SE6, with slight improvements at Shannon Estuary, and with similar performance at all other locations.
For the full dataset, half of the locations had more than 10% of absolute differences greater than or equal to 0.2m, with GB8 exceeding 20%. The remaining five locations ranged between 6% and 9% with absolute differences greater than or equal to 0.2m. For the top 100, only three of the locations had less than 10% absolute differences of greater than or equal to 0.2m, with four locations exceeding 20%. Significant increases between the full dataset and top 100 are noted at certain locations such as Arklow increasing from 17% to 41%, WH5 increasing from 8% to 32% and SE6 from increasing 11% to 28% of samples with an absolute difference of greater than or equal to 0.2m which suggests a poorer performance in the higher range of TWLs at these locations. At WH5, GB8 and SE6 at least 1 in 4 forecasts in the higher range of TWLs deviated by 0.2m or greater. At Arklow at least 1 in 3 forecasts deviated by 0.2m or greater.





	 
	Full Dataset
	Top 100

	 TSSF Forecast Locations
	Mean Difference (m)
	[bookmark: _Hlk143676061]% Absolute Difference ≥0.2m
	MAD (m)
	Mean Difference (m)
	% Absolute Difference ≥0.2m
	MAD (m)

	DB3
	-0.19
	16%
	0.19
	-0.2
	17%
	0.2

	WH5
	-0.06
	8%
	0.08
	-0.16
	32%
	0.16

	GB8
	0.11
	23%
	0.13
	0.11
	26%
	0.13

	WH9
	-0.06
	6%
	0.08
	-0.09
	13%
	0.1

	CH5
	-0.05
	9%
	0.09
	-0.07
	9%
	0.09

	Arklow
	-0.02
	17%
	0.13
	-0.18
	41%
	0.18

	SE6
	-0.04
	11%
	0.1
	-0.16
	28%
	0.16

	 Shannon Estuary
	0.11
	18%
	0.13
	0.08
	10%
	0.11

	CH1
	0
	7%
	0.08
	-0.03
	5%
	0.09

	SE2
	0.04
	9%
	0.1
	0
	5%
	0.09
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Table 1 Forecast and Observed Daily Maximum TWLs Difference Summary

The mean difference presented in Table 2 gives an indication of any bias in the forecast towards under-prediction with a negative mean difference, or over-prediction with a positive mean difference, with a colour scale applied to indicate any bias. For the full dataset only the DB3 location gives a strong indication of underprediction, with a negative mean difference of -0.19m. GB8 and Shannon Estuary locations provide a moderate to strong indication for overprediction with a positive mean difference of 0.11m, with a moderate indication of over-prediction for SE2 also. For CH1 there is little indication of bias in the forecast, with mean difference of zero, while the remaining five locations have a moderate indication for under-prediction with negative mean difference ranging from -0.02m to -0.06m. For the top 100 the mean difference trends towards negative at most locations, with a strong indication for
 under-prediction at DB3, WH5, Arklow and SE6 with negative means ranging from -0.16m to -0.2m. GB8 location remains unchanged for the top 100 with a positive mean difference of 0.11m while the Shannon Estuary mean difference reduces from 0.11mm to 0.08mm. The SE2 location mean difference reduces from 0.04m to 0m, with CH1 reducing also from 0m to -0.03m giving an indication for under-prediction in the higher range of TWLs.  
The ten TSSF forecast locations are presented spatially in Figure 1 and are located on eastern, southern and western coasts. A colour scale is used for each location to represent the forecast bias for the top 100 maximum daily observed TWLs.
It is notable that the two locations indicating over-prediction in the higher range of TWLs are both on the west coast of Ireland, and the locations with the strongest indication for under-prediction are on the east coast of Ireland, with the exception of SE6. This may suggest that there is a spatial variation in the performance of the model, however there are too few forecast locations with tide gauges in close proximity available in this sample to draw any conclusions. 


[image: ]
Figure 1 TSSF Forecast Locations – Forecast Bias for the Top 100 Maximum Daily Observed TWLs


Timeseries charts of the forecast and observed TWLs were assessed at each location if HAT levels were exceeded or approached during any of the nine named storms which occurred over the evaluation period, and Table 2 provides summaries of the difference in daily maximum observed and forecast TWLs, and differences in the timing of the peak TWLs. 
Storm Barra and Storm Eunice were the most impactful storm events, with HAT levels approached or exceeded at ten and eight of the tide gauges respectively during these events. Across all storm events and locations, there were 25 instances of HAT levels being approached or exceeded, with absolute differences between maximum forecast and observed TWLs ranging from 0.01m to 0.38m, with a mean absolute difference of 0.15m. Absolute differences between forecast and observed maximum TWLs exceeded 0.2m for 9 of the 25 instances (36%), with two instances exceeding 0.3m, at WH5 during Storm Barra (0.34m) and SE6 during Storm Dudley (0.38m).  It should be noted that for all 25 instances, the forecast maximum TWL was under-predicted compared to the observed maximum TWL. 
The difference in timing between the maximum forecast and observed TWLs is also summarised in Table 2. The TSSF forecast performed well generally with regards to timing, with the forecast maximum TWL falling within 30 minutes of the observed TWL for 20 of the 25 instances (80%). For three instances there was a difference of an hour or more between the times of forecast and observed maximum TWLs, with the maximum time of 1 hour and 15 minutes for DB3 during Storm Barra. Where the timing of the forecast maximum TWLs did not coincide with the observed maximum TWLs, typically the forecast time was earlier than the observed time, with the exception of Arklow. 
Overall, there is large variability in the TSSF forecast performance between different locations, with large mean absolute differences, particularly in the higher range of TWLs at DB3, GB8, WH5, Arklow, SE6 which indicates a poor forecast accuracy during times of heightened flood risk. TSSF forecast performed relatively well at other locations, particularly at CH1, SE2, CH5 and WH9. There is an indication for underprediction at many locations, particularly in the higher range of TWLs, and this is borne out also by the storm event assessment in which none of the forecast maximum TWLs were higher than the observed TWLs. 
However, it should be noted that the TSSF forecast is driven by ECMWF high-resolution numerical weather predictions, and deviations between forecast TWLs and observed TWLs will include the impact of any inaccuracies inherited from the numerical weather predictions. Wave set-up is not modelled by the TSSF and hence forecast TWLs do not account for any increases due to wave conditions, which can be significant during storm events, and may have had a significant impact on the under-prediction noted in the storm event assessment results. In addition, while the forecast locations selected were based on their proximity to tide gauges available for evaluation, we would expect some inaccuracies in the forecast due to this spatial variation, particularly in in areas with complex bathymetry. 


	Storm Names
	TSSF Forecast Locations
	DB3
	WH5
	GB8
	WH9
	CH5
	Arklow
	SE6
	Shannon Estuary
	CH1
	SE2

	Storm Barra
	Δ Max TWLs (m)
	0.06
	0.34
	0.13
	0.2
	0.04
	0.13
	0.06
	0.13
	0.11
	0.24

	
	Δ Peak Time (min)
	75
	30
	45
	30
	0
	15
	0
	30
	30
	15

	Storm Corrie
	Δ Max TWLs (m)
	-
	-
	-
	-
	-
	0.21
	-
	-
	-
	-

	
	Δ Peak Time (min)
	-
	-
	-
	-
	-
	15
	-
	-
	-
	-

	Storm Dudley
	Δ Max TWLs (m)
	-
	-
	-
	-
	-
	0.12
	0.38
	-
	-
	-

	
	Δ Peak Time (min)
	-
	-
	-
	-
	-
	30
	15
	-
	-
	-

	Storm Eunice
	Δ Max TWLs (m)
	-
	0.26
	-
	0.23
	0.21
	0.18
	0.14
	0.04
	0.23
	0.15

	
	Δ Peak Time (min)
	-
	60
	-
	60
	30
	45
	30
	15
	15
	15

	Storm Franklin
	Δ Max TWLs (m)
	-
	-
	-
	0.01
	-
	0.03
	0.1
	-
	-
	-

	
	Δ Peak Time (min)
	-
	-
	-
	15
	-
	15
	0
	-
	-
	-

	Storm Noa
	Δ Max TWLs (m)
	-
	-
	-
	-
	-
	0.05
	-
	-
	-
	-

	
	Δ Peak Time (min)
	-
	-
	-
	-
	-
	30
	-
	-
	-
	-


	
	[image: ]0m
0.4m

	Absolute Difference

	
	[image: ]0min
75min

	Timing Difference Forecast and Observed Max TWLS


Table 2. TSSF Storm Event Performance Summary







Appendix 2:  RPS TSSF Handover Report and OPW Reviews & Historical Recommendations 

	Description of improvement 
	Years mentioned 
	Status/Progress 

	Website Updates 

	Update of Website for different users i.e. different access areas 
	2009 
	Not Implemented, OPW decided not to allow public access password issued to LA forecasters only. 

	Update the Website, introduce guidance & interpolation of data note 
	2012 2013 2014 2015 2016 2017 2018 
	Implemented 

	Weather Forecast 

	Use Ensemble Prediction System (EPS) Data 
	2009 
	Not implemented 

	Use of high resolution Forecast data 
	2016 
	Not implemented. (Would be accompanied by NetCDF format update). 

	Model Setup 

	High Resolution Forecasts per three areas Dundalk, Wexford and Cork 
	2009 
	Implemented (along with Galway & Shannon) 

	Model to run at Met Éireann on Linux System 
	2010 
	Two successful trials undertaken, including the latest that we have just finished. 

	Decoupled Modelling procedure to be introduced 
	2010 
	Implemented 

	Carry out development work prior to forecast season 
	2011 
	Implemented during summer downtime then ceased in 2018 - continually running from 2019 

	Update of details of Dundalk 
	2011 
	Implemented 

	Update MatLab licence 
	2011 
	Implemented 

	Secondary duplicate system required 
	2016 
	Informally implemented as a manual intervention i.e. no duplicate system running as standard 

	Update the model with up to date survey data 
	2012, 2013 2014,2015,2016 
	Last updated 2018 

	Description of improvement 
	Years mentioned 
	Status/Progress 

	Additional forecast locations for areas where coastal flooding occurs 
	2012 2013 2014 2015 2016 2017 2018 
	Detailed areas added as outlined previously. Also additional coverage Roundastone & Killala Bay. 

	Indicative wave set-up for a particular site 
	2012& 2013 &2014 
	Not implemented 

	Regular review and update of bathymetric data be carried out 
	2016, 2017,2018 
	Last update 2018 

	Calm periods should be assessed in addition to storm conditions for validation of the model. 
	2013 
	Implemented in review Phase 9; 2017 

	Model Input Thresholds 

	RPS and OPW to decide on thresholds and uncertainties for the model 
	2009 
	Implemented 

	OPW and Local Authorities to decide on thresholds 
	2010 
	Not implemented – limited Stakeholder feedback 

	Model Inputs Tides, Datum’s and Boundary data 

	Use OD Malin rather than Mean Sea Level 
	2009 
	Not implemented for modelling reasons. Workaround - output reporting to OD Malin 

	Surface Elevation errors due to Astronomic tides to be examined 
	2010, 2012 
	Undertaken with each model review last model update 2018. Forecast within tolerances. 

	Generate Tidal Levels for all prediction points 
	2011 
	Implemented 

	Surface Elevation errors due to Astronomic tides boundary conditions 
	2012 
	Undertaken with each model review last model update 2018. DTU10 Forecast within tolerances. 

	Further Validation investigation on Total Water levels 
	2013 &2014 
	Undertaken with each model review last model update 2018. Forecast within tolerances. 

	Definitions of the datum transfer parameters should be revisited 
	2013, 2014, 2015 2016,2017,2018 
	New parameters defined; to be implemented summer 2021 

	Dublin Bay Tidal Datum Conversion to be investigated 
	2013 
	New parameters defined; to be implemented summer 2021 

	Employ the Svasek prediction for the tidal element at Dublin 
	2013 
	Not implemented 




	Description of improvement 
	Years mentioned 
	Status/Progress 

	Requirement for a long term strategy for the forecast system 
	2013 & 2014 2015 2016 2017 2018 
	Hasn’t been obvious to date, yearly contract renewals, preclude long term development 

	Tidal Harmonics issues need to be investigated 
	2014 &2015 
	Undertaken with each model review last model update 2018. Forecast within tolerances. 

	Foynes timing of high tide to be investigated 
	2016 
	Undertaken with each model review last model update 2018. Forecast within tolerances. Note significant additional data is now available within the Shannon Estuary (both gauge & bathymetry) 





Storm Eleanor 2018: OPW Report on the water levels experienced on the Western Coastline 2nd January 2018

5. Conclusion
Storm Eleanor was indeed a significant high water event for the West Coast of Ireland and the impact was most realised in the areas of the Shannon Estuary, Galway Bay, Clew Bay and Sligo Bay. The impact of the event peaked on the evening of 2nd January 2018 for the west coast of Ireland. Having assessed the evidence from the observed tidal gauge data within the four areas effected, one can conclude that a significant high water was experienced. In the case of the Shannon Estuary, as discussed in section 2.2, 4.417m was the second highest event recorded on the Ball’s Bridge Gauge in Limerick city with an estimated return period of 63 years. (Note these estimated return periods should not be relied on and are only to indicate order of magnitude of the event) In the case of Galway Bay’s Wolfe Tone Bridge, as discussed in section 2.3, the observed level of 3.869m was the highest level recorded since records began with an estimated return period of 55 years. (Note these estimated return periods should not be relied on and are only to indicate order of magnitude of the event) From the TSSF forecasting data, in section 3, the magnitude of this event was not predicted. In the cases of Clew Bay, Killala and Sligo Bay, as discussed in section 2.4, the event was not at the same scale as experienced in the other three areas. The highest observed level for the Ballina Gauge was 3.205m on the 3rd of January 2014. The level of 2.691m recorded on the 2nd of January 2018 did not approach the highest observed level and this is reflected in the extent of the damages being recorded as low for Westport, Ballina and Sligo. From the forecasting data, as discussed in section 3, the magnitude of this event was not predicted. As outlined in section 3 The TSSF forecasting data presented shows that the magnitude of this event was not predicted, although the timing of the event did occur in conjunction with the predicted spring tide of the 2nd of January 2018. Some of the reasons behind the possible differences in the predicted and observed levels are discussed in section 4. In order to be able to predict an event more accurately the reasons for the observed underpredictions need to be addressed. Not all the reasons can be resolved but some improvements can be made.

The improvements that may be achieved are as follows:
· Establishing the level relationship between the prediction points and the gauge points will allow removal of this element from the calculated underprediction and better assessment of magnitude of the actual underprediction
· Ensure future forecasting models account for wave setup along with tide and surge, where possible, to get a better prediction.

Limitations of the current model that users need to understand at present are:
· the current prediction model takes into account tide and surge only and does not include wave and other effects.
· The model results are dependent on the weather forecast inputs into the model and any issue with accuracy in this input data can have an effect on the predicted forecast results and are outside the control of the forecasting model setup. This element has not been assessed in detail in this report and therefore establish if this had an impact on the model outputs.



Tidal and Storm Surge Forecasting for the Coast of Ireland 
OPW Review of Water Levels in Galway Bay on 18th December 2019 and 13th January 2020.

6.5 Conclusions 
This report makes the following conclusions based on the review undertaken: 
· On both the 18th December 2019 and the 13th January 2020 there was a significant variation between the forecast water levels from the TSSF service and the observed water levels in Galway Bay. 
· On the 18th December 2019 this variation is primarily related to under-prediction of “surge”. 
· On the 13th January 2020 this under-prediction appears to be split between forecasting tidal level and forecasting “surge”. 
· The primary cause of the under-predictions is associated with the presence of large waves in Galway Bay, an impact or process not included in the model. In both event cases, significant wave heights over 3m were observed. 
· The potential impact of such wave conditions highlights the importance of developing a more detailed coastal flood forecasting tool for Galway Bay, given its exposure to coastal flooding and extreme wave and surge conditions. 
· On the 18th December 2019 a further contributing factor was a deviation between the ECMWF forecast weather used in the TSSF service and the actual weather experienced. 
· On the 13th January 2020 a contributing factor was the astronomic tidal prediction used in the model and this should be further investigated. 

6.6 Recommendations 
This report makes the following recommendations: 
· Given its exposure to coastal flooding and extreme wave and surge conditions a more detailed coastal flood forecasting system for Galway Bay including wave conditions should be developed. 
· As a first step in developing such a system the existing available wave models should be trialed in hindcast mode to see if they can replicate the conditions experienced on the 18th December 2019 and 13th January 2020 and other relevant historic flood events. The results from such a trial should be used to inform the development of the system. 
· Any hindcast model runs of the 18th December event should use the best available data reflecting weather actually experienced, as well as forecast data to establish the difference in results caused by the variation between the weather actually experienced and that forecast. 
· The accuracy of the astronomic tidal predictions used in the TSSF service model should be further assessed and potential improvements investigated. 
 



Tidal and Storm Surge Forecasting for the Coast of Ireland
OPW Coastal Section	Review of Forecast and Recorded Water Levels from 10/2020 and 12/2021.
The analysis carried out for this report is simplistic in nature and consists of comparing the forecast water levels from the forecast points with the observed water levels at available gauges. A more accurate analysis could be carried out by comparing model output at the gauge locations but this requires further processing steps and wasn’t for this quick review. Hence the spatial separation between forecast point and gauge record must be considered when looking at the results of this review. This separation can be considerable in some cases and many processes that may affect water level could exist in these areas.
The data used in this review is raw data from the gauges and has not been fully quality checked. However as far as possible, clearly erroneous figures have been ignored.
As also noted above the forecast system is based on model output and only includes those processes included in the model. In particular, the model does not include wave modelling and hence wave effects, which may be significant, are not included. The model may also not fully capture seiching and resonance effects which may be of significance in some enclosed estuaries.
It should also be noted that this review is based on a relatively small data set of 12 high waters (or less) over a short period of time. While this period included both very high astronomical tides and a significant weather event, a more extensive review might produce different results. 
Based on all the above the following conclusions can be drawn from this review:
· The forecast system predicts the relative heights of high waters well and is a useful tool for predicting flood risk. If an offset is used to account for the variation in level between the forecast point and the gauge then of the 25 comparisons taken, 23 have a range of variation less than 0.5m or +/− 0.25m, the expected accuracy of the system.[footnoteRef:1]. The two comparisons where the range is greater than 0.5m are Shannon Estuary SE7/Limerick Dock and Donegal Bay/Killybegs. At both these locations the range is considerably extended by a single result which appears at variance with the other results. At SE7/Limerick Dock there is a considerable horizontal separation between the forecast point and the gauge with numerous potential causes of variation in water level present. Also, of note 14 of the comparisons have a range of variation less than 0.3m or implied accuracy of +/− 0.15m or better. [1: ] 

· Overall there is a tendency for the forecast results to be lower than the observed results with only two cases (Clew Bay/Ballyglass and Lough Swilly/Malin Head) where the forecast showed a tendency to predict higher water levels than observed. There are a number of potential causes of this tendency including:
· Effects, such as wave effects, present in the gauge record but not included in the model. 
· Changes in water levels caused by the physical separation between the forecast points, generally located offshore, and the gauge locations, generally inshore or up river estuaries. Although it should be noted that the tendency appears to persist even in locations where the forecast point and gauge are very close.
· Possible datum issues with either the gauges or the model.
· Based on the above it should be noted that for effective use of the forecast system corrections need to be made to the raw output. These are to allow for changes in water level between the forecast point location and the area of interest at the shore, and to include for wave effects not included in the model. 
Overall the review shows the forecast system does appear to provide a useful tool.
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