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Abstract 
Every year there are a lot of the typhoon, the typhoon low pressure is usually 
accompanied by a strong wind and sea, causing storm surge disasters, causing great 
damage to the coastal infrastructure, and damage to people's life and property safety In 
recent years, rapid economic development and population growth, make the coast facing 
more pressure than ever before, the storm surge forecast physical model over the past 
few years gradually mature,The improvement of storm surge prediction accuracy is the 
focus and difficulty of storm surge research. It has become a trend to use multi-source 
data, ensemble forecast and probability forecast. 
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1. Introduction 

Storm surge is one of the most dangerous and destructive natural disasters in the world, seriously 
threatening the survival and development of human beings in coastal areas[1]. Among many Marine 
disasters, storm surge is the most serious disaster, which exceeds earthquake in terms of death and 
damage.Accompanied by strong winds and heavy rains, it caused floods, inundated fertile fields, 
overturned boats and toppled houses, and caused inestimable heavy losses to the local economy and 
people's property.In densely populated areas, particularly high storm surge caused loss of life and 
property, and when the forecast is inaccurate or does not provide enough time to prepare the people, 
these effects will deteriorate, coastal areas in recent years the rapid development of urbanization 
causes of storm surge caused economic losses sustained growth[2,3]. if the storm surges occurred 
during coincided with astronomical tide, will lead to catastrophe,There have been numerous severe 
storm surge disasters in history. 

Storm surge disasters caused by Typhoon Hato in 2017, Typhoon Wimbiya in 2018, Typhoon Lekima 
in 2019, Typhoon Mesak in 2020, And Typhoon Fireworks in 2021 have caused huge economic losses 
in many areas fortunately, the total number of deaths in recent storm surge events has not been as 
high as historically, While storm surge warning systems have worked well in recent cases, we still 
need to keep in mind that storm surges can cause high death tolls and may cause more deaths in the 
future as populations in coastal areas grow[4]. 

Since 1920s, the cause and process of storm surge have been studied, and scholars have made a lot 
of beneficial exploration in storm surge prediction. The most common storm surge prediction 
methods are empirical prediction and numerical prediction. The international study on numerical 
storm surge prediction began in 1950s.The United States established the first generation SPLASH 
model in the 1970s and developed the second generation SLOSH model in the 1980s. 

At present, there are several commonly used storm surge prediction models, such as FVCOM[5], 
ADCIRC[6], SELFE[7], and Delft3D (DELTARES), which support the wide application of 
unstructured storm surge models. In general, the models are more and more mature, but the ensemble 
prediction technology and probabilistic prediction need to be improved. At present, many countries 
still use single deterministic forecast. 
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2. Origin and Application of Ensemble Forecast 

Ensemble forecast technology is a new weather forecast technology first proposed in the field of 
meteorology and put into operation in the early 1990s. It was first proposed by Epstein[8] from the 
perspective of atmosphere. 

Classic collection forecast is just solve the problem of initial value, in order to make the initial value 
of the reflected uncertainty, we reasonable disturbance for the initial value, and then would impose 
to the deterministic prediction of initial disturbance, get a series of initial value, the initial value, 
respectively, to carry on the forecast, get set called prediction, and the ensemble forecast is referred 
to as the initial value,First to estimate the initial value of the range of error distribution, according to 
the scope, can give an initial value of the collection, starting from the collection of the initial value, 
we can get a set of predicted value accordingly Sometimes a 48 h numerical forecast is sometimes 
more accurate than a 24 h forecast, for the same weather events some forecast source at a very 
accurateIn fact, these are the initial values that dominate, but we know that in a numerical model there 
are many physical processes like parameterization schemes that also have uncertainties and 
randomness,So if we simulate the randomness of these physical processes, we can also get a set of 
predictions to form a whole new set of predictions,Therefore, the ensemble forecast method, which 
used to deal only with the initial value problem, has been greatly expanded in recent years: the 
ensemble forecast system not only considers the uncertainty of the initial value, but also considers 
the uncertainty of the physical process in the numerical model, which makes the ensemble forecast 
method more perfect. 

The basic idea of ensemble forecast method is to reduce the forecast error caused by the above error 
sources by averaging, and retain the meaningful information. It breaks through the traditional 
numerical forecast concept and opens a new era of numerical forecast development. 

Buizza[9] describes two main advantages of ensemble forecasting over deterministic forecasting. The 
first advantage is that it can predict not only the most likely scenario, but also the probability of all 
scenarios. The second advantage is that ensemble systems can provide forecasters with more 
consistent (i.e., less variation) continuous forecasts. The ensemble system can estimate the probability 
distribution of the forecast state, which can not only identify the most likely outcome like the single 
high-resolution forecast used in the past, but also assess the occurrence probability of the relevant 
weather event, which is more valuable in weather risk management than the single forecast. 
Following the ECMWF in the 1990s[10]. After NCEP[11] and MSC[12] ensemble systems were put 
into operation, other prediction centers implemented ensemble systems in 2000, Since 1996, The 
National Meteorological Center of China has carried out the experimental operation and application 
of ensemble numerical forecast. In the middle and late 1990s, ensemble numerical forecast has 
gradually been improved and its application has been broadened. Set numerical forecast has occupied 
a very important position, such as a collection of ECMWF numerical forecast products have 
accounted for more than 60% of all numerical forecast products), and set the numerical forecast 
products has been widely used in the meteorological offices and stations, to improve the level of 
business weather forecast has played an increasingly important role, was welcomed by the forecaster. 

3. Ensemble Forecast of Storm Surge 

For 25 years, several NWP modelling centres have routinely performed dynamic ensemble model 
forecasts, which do not produce a single forecast of the most likely weather, but produce a set of 
forecasts that take into account uncertainties in initial conditions and flaws in model formulae, with 
the aim of giving an indication of the range of possible future states of the atmosphere[13]. 

The uncertainty of storm surge forecast mainly comes from the uncertainty of typhoon forecast. The 
uncertainty of typhoon forecast mainly includes the uncertainty of typhoon path and typhoon wind 
speed, and other statistical data show that the average forecast error of typhoon path for 24 h, 48 h 
and 72 h in 2019 is 78.6 km and 148.2 km and 220.3km,24h, Average typhoon wind speed forecast 
errors are respectively4.2m/s, 5.8m/s and 6.9m/s. To improve the forecast accuracy of storm surge, 
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we should first improve the forecast accuracy of typhoon, increase the number of samples, adopt the 
method of ensemble forecast, reduce the forecast error of typhoon, and then effectively improve the 
forecast accuracy of storm surge. The ensemble forecast of typhoon plays an important role in 
reducing the uncertainty of storm surge forecast[14-17]. Many numerical weather prediction centers 
around the world have used the ensemble forecast model to forecast the track of tropical cyclones and 
develop tropical cyclone forecast products to verify the forecast results. 

In order to improve the level of storm surge forecast, in addition to taking observation methods, 
improve the forecast model, improve the resolution methods, such as application of ensemble forecast 
methods is a trend of the future forecast, set numerical prediction technology in the application of 
storm surge forecast model is to solve the typhoon forecast error on the calculation of storm surge. 
The accuracy of storm surge model calculation largely depends on the accuracy of meteorological 
forecast, while the accuracy of typhoon storm surge calculation depends on the path and speed of 
tropical cyclone, strength parameters, such as the accuracy of the forecast, and at present the typhoon 
forecast accuracy and precision is difficult to meet the needs of storm surge forecast, the collection 
of storm surge forecast technology is scientifically deal with this problem, the collection forecast 
technology is based on the existing typhoon forecast results, according to the different ageing typhoon 
path error distribution, respectively, to calculate the possible paths of tropical cyclones, speed, 
strength and other parameters. And calculate the storm surge with multiple paths, multiple speeds and 
multiple intensities. Finally, the calculation results are integrated to give a variety of results, and the 
storm surge probability forecast of the concerned sea area is also given. Here, it is necessary to 
propose that the storm surge forecast is different from the initial value set in the meteorological field, 
but belongs to the boundary value set. 

We can not completely eliminate the typhoon forecast error, although may become very small error 
We need to consider the actual typhoon forecast error, and the information included in the storm surge 
forecast In this case, a single deterministic prediction is too uncertain, so should be introduced 
ensemble forecast probability forecast ensemble forecast has several advantages. Firstly, the average 
(possible), maximum (worst), and minimum (optimal) storm surge values are given. Ensemble 
forecasting also provides extensive information that helps explain the reliability and range of 
predicted values. In addition, ensemble averages of forecasts generally exhibit more stable and 
reliable conditions than individual forecasts. In ensemble prediction, with the increase of the number 
of forecast members, the reliability is improved, but more computer resources are needed. Therefore, 
for the storm surge prediction system with a large number of ensemble members, a simple and fast 
storm surge model is needed. Ensemble forecasting becomes very useful when the forecast time is 
extended to 2-3 days and the typhoon track forecast error increases. For storm surges, earlier warning 
is needed so that end users can prepare or evacuate before dangerous conditions occur, and for this, 
ensemble forecasting is necessary. 

Based on the collection member or more scenes of storm surge forecast in the business environment 
is becoming more common, NHC during storm surge forecast, considering the various parameters, 
location, intensity and the change of the size and so on, all these parameters are within the scope of 
the official forecast error of the mobile, BoM  developed a set of storm surge system, on the basis 
of official forecast typhoon track[18]. DeMaria's method generated 1,000 possible tracks, and the 
storm surge model was run by 200 ensemble members randomly selected from these possible 
tracks[19]. In the SPICy project, the French Meteorological Agency generates an ensemble scenario 
based on the RSMC's official trajectory forecast, which adjusts the path and intensity of cyclones 
based on climate errors and the dispersion of ECMWF EPS sets. Each scenario has a different 
probability given a set of weather forecasts, the wind field and the pressure field are given by a Meso-
NH model. This high resolution set of wind fields can eventually be used to force a wave model and 
produce probabilistic forecasts of ocean and coastal conditions. The Japanese Meteorological Agency 
(JMA) made cluster analysis of 27 typhoon ensemble forecast paths, and obtained 5 representative 
typhoon paths for storm surge ensemble forecast[20]. 
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CMA, HKO, CWB, JTWC, RSMC_Tokyo, KMA have conducted long-term and stable operational 
forecasts of tropical cyclones in the northwest Pacific Ocean. A large number of research results show 
that a more reasonable and accurate analysis path can be constructed by integrating typhoon data from 
multiple forecast sources. 

4. Conclusion 

This paper briefly introduces the development and application of ensemble forecast and the research 
of storm surge ensemble forecast. In particular, it puts forward some of its own views on the storm 
surge ensemble forecast. Compared with the developed countries in the world, China's ensemble 
forecast research started late, but through more than ten years of development, on the basis of drawing 
lessons from foreign advanced experience, China has made great achievements in ensemble forecast 
research. In the future, ensemble forecast will play a more important role in the storm surge forecast 
system. To make storm surge forecasts more accurate. We think that the following aspects should be 
considered:1) Use multi-source data for storm surge prediction to reduce the error caused by single 
forecast uncertainty. To solve the possibility of missing and misreporting in the forecast. 2) Ensemble 
forecast is used to give the probability forecast and the forecast range of storm surge. 

References 
[1] Ji T, Li G, Zhang Y.Observing storm surges in China's coastal areas by integrating multi-source satellite 

altimeters[J].Estuarine, Coastal and Shelf Science,2019, 225: 106224. 

[2] Raghavan S, Rajesh S.Trends in tropical cyclone impact: A study in Andhra Pradesh, India: A study in 
Andhra Pradesh, India[J].Bulletin of the American Meteorological Society,2003, 84 (5): 635-644. 

[3]  Mihiranga H, Jiang Y, Li X, et al.Nitrogen/phosphorus behavior traits and implications during storm 
events in a semi-arid mountainous watershed[J].Science of The Total Environment,2021, 791: 148382. 

[4] Kohno N, Dube S K, Entel M, et al.Recent progress in storm surge forecasting[J].Tropical Cyclone 
Research and Review,2018, 7 (2): 128-139. 

[5]  Chen C, Beardsley R C, Cowles G, et al.An unstructured grid, finite-volume coastal ocean model 
(FVCOM) system[J].Oceanography,2006, 19 (1): 78-89. 

[6] Luettich R A, Westerink J J. Formulation and numerical implementation of the 2D/3D ADCIRC finite 
element model version 44. XX[M]. Citeseer,2004. 

[7]  Zhang Y, Baptista A M.SELFE: a semi-implicit Eulerian–Lagrangian finite-element model for cross-
scale ocean circulation[J].Ocean modelling,2008, 21 (3-4): 71-96. 

[8] Epstein E S.Stochastic dynamic prediction[J].Tellus,1969, 21 (6): 739-759. 

[9] Buizza R.The value of probabilistic prediction[J].Atmospheric Science Letters,2008, 9 (2): 36-42. 

[10] Molteni F, Buizza R, Palmer T N, et al.The ECMWF ensemble prediction system: Methodology and 
validation[J].Quarterly journal of the royal meteorological society,1996, 122 (529): 73-119. 

[11] Tracton M S, Kalnay E.Operational ensemble prediction at the National Meteorological Center: Practical 
aspects[J].Weather and Forecasting,1993, 8 (3): 379-398. 

[12] Houtekamer P L, Lefaivre L, Derome J, et al.A system simulation approach to ensemble prediction[J]. 
Monthly Weather Review,1996, 124 (6): 1225-1242. 

[13] Palmer T.The ECMWF ensemble prediction system: Looking back (more than) 25 years and projecting 
forward 25 years[J].Quarterly Journal of the Royal Meteorological Society,2019, 145: 12-24. 

[14] Dupont T, Plu M, Caroff P, et al.Verification of ensemble-based uncertainty circles around tropical 
cyclone track forecasts[J].Weather and Forecasting,2011, 26 (5): 664-676. 

[15] Yamaguchi M, Nakazawa T, Hoshino S.On the relative benefits of a multi‐centre grand ensemble for 
tropical cyclone track prediction in the western North Pacific[J].Quarterly Journal of the Royal 
Meteorological Society,2012, 138 (669): 2019-2029. 

[16] Du Y, Qi L, Cao X.Selective ensemble‐mean technique for tropical cyclone track forecast by using time‐
lagged ensemble and multi‐centre ensemble in the western North Pacific[J].Quarterly Journal of the Royal 
Meteorological Society,2016, 142 (699): 2452-2462. 



International Core Journal of Engineering Volume 8 Issue 5, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202205_8(5).0053

 

440 

[17] Leonardo N M, Colle B A.Verification of multimodel ensemble forecasts of North Atlantic tropical 
cyclones[J].Weather and Forecasting,2017, 32 (6): 2083-2101. 

[18] Greenslade D, Freeman J, Sims H, et al.An operational coastal sea level forecasting system[J]. 
Australasian coasts,2017: 514-520. 

[19] Demaria M, Knaff J A, Knabb R, et al.A new method for estimating tropical cyclone wind speed 
probabilities[J]. Weather Forecasting,2009, 24 (6): 1573-1591. 

[20] Hasegawa H, Kohno N, Higaki M, et al.Upgrade of JMA’s storm surge prediction for the WMO Storm 
Surge Watch Scheme (SSWS)[J].Technical review, RSMC Tokyo-Typhoon Center,2017, 19: 1-9. 

 
 


