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Abstract  

The Global Disasters Alert and Coordination System (GDACS) automatically invokes ad hoc 

numerical models to analyse the level of the hazard of natural disasters like earthquakes, 

tsunamis, tropical cyclones , floods and volcanoes. The Tropical Cyclones (TCs) are among  

the most damaging events, due to strong winds, heavy rains and storm surge. In order to 

estimate the area and the population affected , all three types of  the above  physical impacts 

must be taken  into account. GDACS includes all these dangerous effects, using various 

sources of data.  

The JRC set up an automatic routine that includes the TC information provided by the Joint 

Typhoon Warning Center (JTWC) and the National Oceanic and Atmospheric Admi nistration 

(NOAA) into a single database, covering all TCs basins. This information is used in GDACS 

for the wind impact and as input for the JRC storm surge system. Recently the global 

numerical models and other TC models have notably improved their resol utions, therefore 

one of the first aim of this work is the assessment and implementation of new data sources 

for the wind, storm surge and rainfall impacts in GDACS. Moreover t he TC modelling 

workflow has been  revised  in order to provide redundancy, transp arency and efficiency 

while addressing issues of accuracy and incorporation of additional physical processes. The 

status of development is presented along with the outline of future steps.  
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1  Introduction  

The Joint Research Centre has developed the Global Disasters Alert and Coordination 

System (GDACS, www.gdacs.org ) in collaboration with the United Nations Office for 

Coordination of Humanitarian Support (UN -OCHA). The s ystem processes automatically 

available information regarding natural disasters like earthquakes (including subsequent 

tsunamis), tropical cyclones, floods and  volcanoes. The purpose of this analysis is to 

provide early awareness to relevant entities and a uthorities regarding potentially 

catastrophic consequences of such natural phenomena. More over the information is 

publicly available in the aforementioned website, which also serves as an aggregator of 

corresponding information and analysis from other ins titutions and agencies.  

The Tropical Cyclones (TCs) are among  the most damaging events, due to their three 

dangerous effects: strong winds, heavy rains and storm surge. In order to estimate the 

area and the population affected all the three types of physi cal impacts must be taken into 

account. GDACS includes all these dangerous effects, using various sources of data.  

The JRC i s currently using the  information included in the TC  bulletins  (see Section 2.1.1) 

for the wind impact for the wind impact, while t he heavy rain impact is obtained using the 

NOAA Ensemble Tropical Rainfall Potential (eTRaP) 6h accumulation rain.  A more 

computational intensive  analysis has been set up for the estimation of the expected storm 

surge due to the meteorological conditions im posed by the TC. This utilizes the pressure 

and wind field to compute the corresponding water level rise. An in -house procedure has 

been developed in order to define the necessary input for this calculation and the output 

includes the forecasting of the in undated areas along  the path of the TC.  A scheme of the 

current TC GDACS system is presented in Figure 1 .  

The current overall GDACS alert level  for the TCs is based only on the wind impact and 

uses a risk formula that includes  the TC wind speed , population affected  and the 

vulnerability of the affected country . Depending on these parameters, the three types of 

alerts shown in Table 1  are adopted. A specific alert  level  for the storm surge and rain 

impact is also created, but it is not yet included in the overall alert.  More information can 

be found at: www.gdacs.org/model  

 

GDACS TC ALERTS  

 
GREEN ALERT  

Moderate event,  
International Assistance not likely  

 
ORANGE ALERT  

Potential local disasters,  
International Assistance might be required  

 
RED ALERT  

Potentially severe disasters,  
International Assistance is expected to be required  

Table 1  ï GDACS TC alert levels  

This report outlines the initiatives and progress of updating this simulation workflow  carried 

out within 2016 . A number of reasons suggested this  revision including the availability of 

new models and data and the need to facilitate additional features and physical processes.   

A brief description of the data sources and models  available for the TCs is presented in 

Section 2, while the results of the t ropical cyclones and storm surge activities are presented 

respectively in Section 3 and 4. Concluding remarks are in Section 5. 

 
  

http://www.gdacs.org/
http://www.gdacs.org/model
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Figure 1  -  Current TC system in GDACS . 

 

  

TROPICAL CYCLONES IN GDACS  
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2  Tropical Cyclone (TC) information  

Several data sources are available to obtain the TC information : TC bulletins , Numerical 

Weather Forecasts ( e.g.  global scale, regional scale specific for the TCs)  and  Satellite data . 

A brief description of these data and models  is presented  in this Section .  

2.1.1   TC bulletins  

The most important sources of TC information are the TC bulletins provided by the Regional 

Specialized Meteorological Centres (RSMCs) and the Tropical Cyclone Warning Centres 

(TCWCs). These centres  have the regional responsibility to forecast and monitor e ach area 

of TC formati on . Every 6 -12 hours the TC warning centres  publish a TC bulletin , including 

several TC information , which  vary from centre to centre.  For examples the TC bulletins 

can include:  track, wind speed, central pressure and wind radii.  

Wind  radii  represents the maximum radial extent ï in nautical miles -  of winds reaching 

34, 50, and 64 knots in each quadrant (NE, SE, SW, and NW). These data are provided in 

each TC bulletin issued by the TC warning centres  at least every six hours. The thres hold 

of the velocity (34, 50, 64 kt) could vary from centre  to centre .  

In addition to the RSMCs and TCWCs other organizations such the Joint Typhoon Warning 

Center (JTWC) provi de TC information. Since these centres  by themselves donôt cover all  

basins, one  has to aggregate information. U sing JTWC and National Oceanic and 

Atmospheric Administration (NOAA) data it is possible to cover all TC basins. Therefore, in 

2007, the Pacific Disaster Centre (PDC) set up an automatic routine which includes the TC 

bulleti ns from the JTWC and NOAA into a single database, covering all TC basins.  

NOAA NHC bulletin:  NHC issues tropical and subtropical cyclones advisories every six 

hours at 03:00, 09:00, 15:00, and 21:00 UTC. The covered areas are the Atlantic and 

eastern Paci fic Oceans. The NHC bulletin contains a list of all current watches and warnings 

on a tropical or subtropical cyclone, as well as the current latitude and longitude 

coordinates, intensity, system motion  and wind radii . The intensity includes the analysis of 

the central pressure (Pc is not forecasted), and the maximum sustained (1 -min average) 

surface wind (Vmax) analysed and forecasted for 12, 24, 36, 48 and 72 h.  

ð More information at :  http://www.nhc.noaa.gov/ . 

 

JTW C bulletin:  JTWC is the agency within the U.S. Department of Defence  responsible for 

issuing tropical cyclone warnings for the Pacific and Indian Oceans. TC bulletins are issued 

for the Northwest Pacific Ocean, North Indian Ocean, Southwest Pacific Ocean, Southern 

Indian Ocean, Central North Pacific Ocean . JTWC products are available on  03, 09, 15 or 

21 UTC (in the North Pacific and North Indian Ocean tropical cyclone warnings are routinely 

updated every six hours, while in South Indian and South Pacific Oc ean every twelve 

hours). The bulletins include position of TC centre , the maximum sustained wind based on 

1-min average and the wind radii . 

ð More information at:  www.usno.navy.mil/JTWC/ . 

In 2014, the JRC set up a new automatic routine, without the need to use the PDCôs 

systems . This new routine collects  the data from  JTWC and NOAA into a single database, 

covering all TC basins.  More information can be found at: http://portal.gdacs.org/Models   

 

 

http://www.nhc.noaa.gov/
http://www.usno.navy.mil/JTWC/
http://portal.gdacs.org/Models
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2.1.2  Numerical Weather Forecast  Models  

The JRC developed the tropical cyclone system used in GDACS in 200 7 and the storm surge 

system in 2011. At that time the global numerical weather forecast models couldnôt resolve 

the high wind and pressure gradient s inside a TC due to their coarse  resolution, while  a TC 

weather forecast was  not globally available.  Recently,  the global forecasting models and  

TC models have improved their resolutions and are now glob ally available. These models 

provide wind, pressure and rainfall data and could be used in GDACS and in the JRC storm 

surge system . The JRC is assessing  the possibility to use these products, especially the TC 

products  based on  the NOAA Hurricane Weather R esearch and Forecast (HWRF)  model  and 

the outputs of the global high resolution model of European Centre for Medium Weather 

Forecas t (E CMWF). A brief description of these products is presented below:  

 

NOAA Hurricane Weather Research and Forecast (HWRF) mod el  

The development of the Hurricane Weather Research and Forecast (HWRF) model began 

in 2002 at the National Centers for Environmental Prediction (NCEP) -  Environmental 

Modeling Center (EMC) in collaboration with the Geophysical Fluid Dynamics Laboratory 

(GFDL) scientists of NOAA and the University of Rhode Island. HWRF is a non -hydrostatic 

coupled ocean -atmosphere model, which utilizes highly advanced physics of the 

atmosphere, ocean and wave. It makes use of a wide variety of observations from 

satellites,  data buoys, and hurricane hunter aircraft. The ocean initialization system uses 

observed altimeter observations, while boundary layer and deep convection are obtained 

from NCEP GFS. Over the last few years, the HWRF mo del has been notably improved , 

implem enting several major upgrades to both the atmospheric and ocean model 

components along with several product enhancements. The latest version of HWRF model 

has a multiply -nested grid system: 18, 6, 2 km of resolutions. The TC forecasts are 

produced every si x hours (00, 06, 12, and 18 UTC) and several parameters are included 

(e.g. winds, pressure and rainfall).  

ð More information  at : http://www.nws.noaa.gov/os/notification/tin15 -25hwrf_cca.htm   

ð Active TCs :  http://www.emc.ncep.noaa.gov/gc_wmb/vxt/HWRF/index.php  

ð Data download: http://www.nco.ncep.noaa.gov/pmb/products/hur/   

 

ECMWF Weather Deterministic Forecast ï HRES:  

Before March 2016: the HRES horizontal resolution corresponded to a grid of 0.125° x 

0.125Á lat / long (å16 km), while its vertical resolution was equal to 137 levels. This  

deterministic single -model HRES configuration runs every 12 hours and forecasts out to 10 

days on a global scale.  

After March 2016, the ECMWF has started using a new grid, with up to 904 million 

prediction points. The new c ycle has reduced the horizontal grid spacing for high - resolution 

from 16 km to just 9 km, while the vertical grid remained  unchanged.  

ð More information at: http://www.ecmwf.int/en/about/media -centre/news/2016/new -

forecast -model -cycle -brings -highest -ever - resolution  

 

The JRC is currently testing these new sources of information, the first preliminary results 

are presented in  Section  3.3  (HWRF) and in Section 4.2  (ECMWF).  

 

 

http://www.nws.noaa.gov/os/notification/tin15-25hwrf_cca.htm
http://www.emc.ncep.noaa.gov/gc_wmb/vxt/HWRF/index.php
http://www.nco.ncep.noaa.gov/pmb/products/hur/
http://www.ecmwf.int/en/about/media-centre/news/2016/new-forecast-model-cycle-brings-highest-ever-resolution
http://www.ecmwf.int/en/about/media-centre/news/2016/new-forecast-model-cycle-brings-highest-ever-resolution
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2.1.3  Satellite data  

Another  source of TC data is the Satellite information.  In this report two  different  products 

are presented :  

ƀ Multiplatform Tropical Cyclone Surface Winds Analysisô (MTCSWA)  of NOAA -  

National Environmental Satellite, Data, and Information Service (NESDIS )  

ƀ e-surge project  

 

NOAA - NESDIS: Multiplatform Tropical Cyclone Surface Winds Analysis (MTCSWA)   

NOAA divisi on that produces a composite product based on satellite information is the 

National Environmental Satellite, Data, and Information Service (NESDIS ). Their product 

related to TCs is called  Multiplatform Tropical Cyclone Surface Wind Analysis (MTCSWA) , 

that provides  six -hourly estimate of cyclone wind fields based on a variety of satellite based 

winds and wind proxies. Several data, text and graphical products are available .  

ð More information: http://rammb.cira.colostate.edu/products/tc_realtime/  

ð Data download: ftp://satepsanone.nesdis.noaa.gov/MTCSWA/   

Note : the  availability of data has an expiration date (roughly a month or so). It is 

envisioned that integration of similar information derived from satellite data analysis will 

provide additional feedback for validation/verification purposes in the future.  This product 

has been used in the validation of the impact of TC GIOVANNA (see more information in 

Probst et al. 2012).   

Another important satellite product for storm surge activities is coming from the e-surge  

project .  

eSurge   

The eSurge project ,  founded  by the European Space Agency , was set up to create a service 

that will make earth observation data available to the storm surge community, both for 

historical surge events and as a demonstration  of a  near real time service.  

The eSurge Project has run fro m 2011 to 2015 , with an extension covering the first quarter 

of 2017, while a specific project for Venice ( eSurge -Venice )  has run from 2012 to 2015 . 

ð eSurge : http://www.storm -surge.info/   

ð eSurge -Venice: http://www.esurge -venice.eu/   

 

During this project, new techniques and methodologies  have been developed and tested, 

utilising earth observations from satellites, in particular scatterometer (for wind 

components) and alt imeter (for sea level height) data, for improving water level forecasts 

(storm surge) on coastal areas.  

Moreover , for each TC GDACS red alert, a specific page for the eSurge data had  been 

created in GDACS. An example of ñe-Surge Liveò in GDACS for TC NEPARTAK can be found 

at:  http://www.gdacs.org/Cyclones/esurgeinfo.aspx?name=NEPARTAK -16   

In the near future  this product will be included in GDACS and could  be used  more frequently  

in the  TC and storm surge  modelling activities.  

 

  

http://rammb.cira.colostate.edu/products/tc_realtime/
ftp://satepsanone.nesdis.noaa.gov/MTCSWA/
http://www.storm-surge.info/
http://www.esurge-venice.eu/
http://www.gdacs.org/Cyclones/esurgeinfo.aspx?name=NEPARTAK-16
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2.1.4  Discussion  and next steps  

The above wealth of information and modelling data provide however a range of 

contradicting information that stems from the inherit uncertainty regarding TC attributes. 

The various models produce a wide range of estimations in terms of TC location, intensity 

and characteristics.  

Our current TC modelling is based on the location, transitional velocity and win d radii. 

These data can be seen to deviate significantly according to the source  (Table 2 ).  

 

Variable  JTWC  HWRF ATCF  NESDIS  

RADIUS OF 064 KT 

WINDS [NM]  
25,  25,  25,  25  101, 84, 59, 79  60, 55, 35, 45  

RADIUS OF 050 KT 

WINDS [NM]  
65,  65,  65,  65  135, 123, 97, 123  180, 135, 65, 155  

RADIUS OF 034 KT 
WINDS [NM]  

120,  140,  150,  125  262, 226, 187, 232  315, 315, 155, 225  

Table 2  ï Wind radii from various sources for TYPHOON 09W (CHAN -HOM) on 8 June 2015 00:00h  

 

The disparity in the values of the wind radii is evident  in the table above . The parametric 

profile given by NOAA-NESDIS  suggest s higher values for both the radius of maxim um 

wind (Rmax ) and maximum wind value  (V max ) . It also retains higher values away from the 

centre. It has been seen that the profile produced by the JRCôs model has a tendency to 

underestimate the R max . Therefore, the possibility of incorporating the  NOAA-NESDIS  data 

is one option to enhance the current approach. Moreover , these data could be validated 

using the e -surge products.  

In addition, the TC wind field can be far from symmetric around the centre. In Figure 2 , 

this asymmetry is shown for the ECMWF and NESDIS data.  

 

 

Figure 2 -  Wind profiles for various angles for TC CHAN -HOM, bulletin 31  
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Until recently the numerical simulations of ECMWF couldnôt resolve the high gradient near 

the radius of maximum wind due to their low resolution, and the HWRF data were not 

globally available. However this year ,  the  ECMWF has upgraded their resolution to 9  km 

and even better, the HWRF data have also being upgraded to even higher resolution near 

the core and are now globally available (see Section 2.1.2 ). T herefore , the option to 

incorporate the data from numerical simulations (ECMWF, HWRF) or synthetic models such 

as the ones from NESDIS is being assessed within our operational constrains.  

It is likely, however, that an ensemble set of runs will be required and such  an option is 

foreseen during future development. The incorporation of direct satellite information is also 

under investigation.  

Ultimately, the only way to assess the validity of the forecasting is by comparing with local 

measurements. The computed storm surge computations can be used as the control 

variable through comparisons with buoy measurements, where available. That way , a 

feedback to the TC model can provide corrections that will enhance the quality of the 

results.  
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3  Tropical Cyclones activitie s: wind and rain effects  

3.1  New Tropical Cyclone W ind alert system  

3.1.1  Current wind alert system  

The GDACS alert levels for the TCs are based  only on the Wind impact and uses  a risk 

formula that includes:  

ƀ TC wind speed (hazard)  

ƀ Population affected  

ƀ Vulnerability of the affected country  

This system calculates the areas along the track possibly affected by high winds and 

estimates the population and critical infrastructure included in these areas. For this 

calculation , the wind radii data  provided in the TC bulletins are  used and three different 

buffers  are created . The thresholds of the se buffers used in GDACS are shown in Table 3, 

while an example  of the GDACSôs wind buffers for the TC NEPARTAK is shown in Figure 3.  

More information  on this system can be found in Vernaccini et al. (2007).  

 

 

 

 

 

 

 

Table 3  -  Wind buffers used in GDACS  

3.1.2  Limitation of the c urrent wind  Alert System   

Over the last few years this system has shown the following limitations:  

(a)  Impact of the most intense TCs   

(b)  Asymmetry of the TCs not included  

(a) I mpact of  the most  intense TCs   

The current GDACS system calculates  

ƀ the number of people within the ñred bufferò, that represents the area possibly 

affected by Hurricane/Typhoon wind strengths (winds Ó 119 km/h)  

ƀ the number of people within the ñgreen and yellow buffersò, that represents the 

area possibly affected by Tropi cal Storm winds.  

In case of an intense TC, t his  system  is not able to represent in detail the possible impact, 

because it uses only one single buffer for the winds Ó 119 km/h (red buffer). This buffer 

could include  winds  from 119 km/h to over 252 km/h , wi thout distinguish ing  the areas 

potentially affected by the very strong and destructive winds like Cat egory  4 or 5  Hurricane  

from  the areas potentially affected by  only  Cat egory  1 winds . The wind fi eld provided by 

GDACS is shown in Figure 3, while the one using the more detailed wind field of NOAA 

HWRF is shown in Figure 4. 

Wind Buffer  
(GDACS)  

Sustained Winds  

knots  km/h  

RED  Ó 64 Ó 119 

ORANGE  50 ï 63  93 -  118  

GREEN  34 ï 49  63 -  92  
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Figure 3  -  TC NEPARTAK 2016 (source:  GDACS, as of Adv. 17)  

(wind buffer, green: 63 -92 km/h, orange: 93 -118 km/h, red: > 118 km/h)  

 

 

Figure 4  -  TC NEPARTAK 2016 (source: NOAA -HWRF) .  
The  colour  classification is based on the Saffir Simpson  Hurricane  Scale (see Table 4 )  
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(b)  Asymmetry of the wind field not included  

The wind field of a TC is not axis -symmetric , so several additional phenomena must be 

taken into account in order to model the real asymmetry of the wind field.  One of the 

factor s that can contribute to the asymmetric structure of a TC is its movement . In fact 

the strongest winds are on the right side 1  of the storm (left side in the southern 

hemisphere ) . For example, if a TC is moving towards north, the strongest winds will be on 

the right side (see the image below):   

 

 

Figure 5  -  HURRICANE KATRINA  wind field , obtained using the Hollandôs parametric model. 

 

A stationary TC has 140 km/h winds, but if it starts moving north at 10 km/h, the max. 

winds are up to 150  km/h on the right side and only 130 km/h on the left side. The TC 

bulletins already take this asymmetry into account and in this case the highest winds are 

150  km/h (see  http://www.aoml.noaa.gov/hr d/tcfaq/D6.html ). Also  the wind radii 

provided in the TC bulletins take into account the movement of the TC.  

 

 

For example:  

 

MAX SUSTAINED WINDS 90 KT WITH GUSTS TO 110 KT.  

64 KT.......105NE 90SE 40SW 70NW.  

50 KT.......140NE 140SE 60SW 90NW.  

34 KT.......200NE 200SE 100SW 150NW.  

 

64 KT. . . . . . 105NE   90SE   40SW   70NW  

means that winds of 64 kt are possible anywhere within that quadrant out to 105 

nm NE, 90 nm SE, 40 nm SW, and 70 nm NW, of the estimated center of the storm.  

 

 

                                           
1  Right side of the storm" is defined with respect to the TC's motion: if the TC is moving to the north, the right 
side would be to the east of the TC, if it is moving to the west, the right side would be to the north of the TC.  

Wind radii  

http://www.aoml.noaa.gov/hrd/tcfaq/D6.html


 

13  

However, in the current system used in GDACS, the max value of the wind radii is used. 

For example, for the red buffer the following values are used to create the buffer:  

64 KT.......105NE 105SE 105SW 105NW  

instead of  

64 KT. . . . . . 105NE   90SE   40SW   70NW  

 

 
Figure 6  -  System currently used in GDACS to create the wind buffer  

Therefore, this system doesnôt take into account the asymmetry of a TC, thus  describing 

an area larger than the real one. This could generate a false GDACS Alert: e.g. a Red alert 

instead of Green Alerts, like for the Tropical Cyclone MALAKAS.  

 

 

Example of a ñFalseò GDACS Red Alert: Tropical Cyclone MALAKAS 

TC MALAKAS was an intense Typhoon that formed over the Pacific Ocean in September 

2016 and moved towards north -eastern Taiwan. Before passing Taiwan, a Red Alert was 

issued by GDACS for this TC, because the red buffer included part of NE Taiwan and it was 

a very intense Typhoon (max. sustained winds > 200 km/h), see bulletin 17 of 15 

September 18:00 U TC2. According to this bulletin, 880  000 people were inside the red 

buffer and therefore possibly affected by Typhoon strength winds.  

This alert level was not correct, because NE Taiwan was on the left side of the TC, where 

the winds were less intense, due  to the movement of the TC (see description above). The 

strongest winds where on the right side of the TC and in this area there was only a small 

Japanese island (Yonaguni, pop: 1  645 ) and not an area with a large number of people. 

Comparing the GDACS buff ers ( Figure 7 ) with those created using the NOAA HWRF data 

(see Figure 8 ), it is clear that the GDACS RED alert was not correct:  NE of Taiwan was 

affected only by Tropical Storm winds strength and not by Typhoon strength winds.  

Note: after the TC bulletin nr. 19, the forecasted track changed (more towards east) and 

the NE areas of T aiwan were not anymore included in the red buffer and the GDACS alert 

level was reduced to Orange.  

 

 

As described above, the current GDACS wind alert system has some limitations, therefore 

the JRC  evaluated the possibility to implement  a new system for the wind buffers to have 

a more correct TC wind impact and GDACS alert, especially when there is a very strong 

TC. This new system is based on the Holland parametric model currently used for the storm  

surge system and is described i n the next section.  

                                           
2 See: http://www.gdacs.org/Cyclones/report.aspx?eventid=1000305&episodeid=17&eventtype=TC  

http://www.gdacs.org/Cyclones/report.aspx?eventid=1000305&episodeid=17&eventtype=TC
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Figure 7  -  GDACS wind buffers for TC MALAKAS (as of Adv. 17, 15 Sep. 18:00 UTC)  

 

 

Figure 8  ï NOAA-HWRF wind buffers for TC MALAKAS   


























































