
 

 

 

Overview on Tropical Cyclone Forecasts and the Production of Kinetic 

Analysis Data  

 

Meteorological agencies and organizations across the globe regularly update forecasts for active tropical 

systems based on a wide range of observations and models. Their forecasts are then distributed through 

the Automated Tropical Cyclone Forecasting (ATCF) system and other channels, such as the WMO Global 

Telecommunication System (GTS).  

Kinetic Analysis Corporation uses a highly optimized system to generate hazard and impact data 

consistent with these forecasts. The system is designed to generate the most current view of hazard and 

impact data by using new forecast information as soon as it becomes available. This document provides 

an overview of how Kinetic Analysis uses tropical cyclone (TC) storm forecasts to produce storm hazard 

and impact estimates. 

OVERVIEW OF TROPICAL CYCLONE FORECAST GENERATION 
Tropical cyclone forecasts and KAC data are based on a sophisticated global system (Figure 1). The 

forecasts are based on meteorological data collected by a variety of sources around the world The 

sources include satellites, balloons, bouys and meteorological observing stations. Typically, the data are 

gathered every six hours at what are known as synoptic times (00, 06, 12, and 18 hours UTC). These data 

provide a snapshot of the atmosphere that forecast agencies use as boundary and initial conditions in 

their models and that forecasters use as guidance when making a forecast. Once a forecast or new 

model guidance is available, Kinetic Analysis ingests the associated data and launches a run of our 

internal customized models to generate data that is delivered to our clients.  

FROM OBSERVATIONS TO MODEL GUIDANCE AND A FORECAST 
The data collected at synoptic times are used directly by forecasters and in a variety of models. The 

models range from purely statistical models to hybrid statistical-dynamical models to purely numerical 

global models used to generate an ensemble of model results and regional hurricane models. These 

models require different amounts and types of data and take significantly different amounts of time to 

run. For example, statistical models require a relatively small amount of data compared to a global 

model with data assimilation capabilities. Thus, as indicated schematically in Figure 1, a statistical model 

can be initialized with data collected at the synoptic time and completed in time for use by forecasters 

developing a forecast for release 3 hours after the synoptic time. In contrast, it takes longer to assemble 

and process a global set of data for use in a global model. As a result, these models are initialized several 

hours after the synoptic time, and because the models are much more complex, they take hours to 

complete a run. Regional hurricane models often use the results from global models and as such are 

often started after the global models.  

 

 

 

https://www.wmo.int/pages/prog/www/TEM/GTS/index_en.html
https://www.wmo.int/pages/prog/www/TEM/GTS/index_en.html
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Due to the differences in complexity and runtime of these forecast models, situations may arise where 

one forecasting agency is able to use more-recently collected data in a model and release a forecast at 

about the same time as another forecasting agency that uses less-current data and a more time-

consuming model. The former agency's forecast (based on more-recent data) is not necessarily more 

accurate than the one based on less-current data with longer-running models. To learn more about 

timing differences across various models, please refer here1 for the status of numerical model runs 

originating from the U.S. National Center for Environmental Prediction (NCEP), such as the GFS (GFSO), 

HWRF, and HMON. 

Forecast agencies attempt to release forecasts on a regular schedule. For example, the NHC issues new 

forecasts at 03, 09, 15 and 21 UTC, three hours after synoptic times (Figure 1). The three-hour offset 

from synoptic standards provides time for: 1) analysis of synoptic observational data and the results 

from long-running models, 2) running of track models, and 3) study of the results from fast-running 

models for consideration when developing the forecast. Thus, NHC forecasts are based on a combination 

of forecaster expertise, observations and model results that can be more than three hours old compared 

to synoptic standards. For example, if NHC Issues a forecast at 09 UTC, that forecast is based on 06 UTC 

synoptic data and positions (although it may contain a last-minute text update just before its release) as 

well as model output based on data collected at 06 UTC (for statistical models) and earlier synoptic times 

(for global models that take longer to run). NHC continues to release forecasts until a tropical cyclone 

(TC) dissipates or transitions into an extratropical cyclone. 

 
1 https://www.nco.ncep.noaa.gov/pmb/nwprod/prodstat/ 

 
Figure 1. Schematic illustrating the timing for different events related to the production of KinetiCast data. The bottom scales 
are UTC times incremented from the synoptic times (00, 06, 12 and 18z) for data collection. Kinetic Analysis used the variable 
FCST_DTG to represent the synoptic time associated with a forecast.   

The models run by forecasting centers start and end at various times as represented by the grey arrows. Statistical and 
regional models ("mesoscale models") are initiated shortly after the synoptic observations are received and generally 
completed in time for use in the NHC forecasts. Ensemble and global models start several hours after synoptic observations 
are collected and, depending on the model, take more than 6 hours to run. Hurricane models such as HWRF start 4 to 5 
hours after synoptic times.  

NHC forecasts are typically released around 3 hours after the synoptic times. Shortly thereafter, Kinetic Analysis begins its in-
house, custom model runs. This time is captured by the variable RUN_DTG. The time of model completion and delivery of 
KAC data is determined by the “last modified” time stamp on your client data portal. 

https://www.nco.ncep.noaa.gov/pmb/nwprod/prodstat/
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To reconcile idiosyncrasies associated with observational data collected at various times and model 

results initialized using data of various vintages, Kinetic Analysis uses the times for synoptic data 

collection as the ‘forecast time’ (FCST_DTG) for all storm forecasts (Figure 1).  

FROM FORECASTS TO KAC DATA 
The production and release of KAC data depends upon the release of agency forecasts and model 

guidance as well as processes internal to Kinetic Analysis. As soon as a new forecast or model guidance is 

available, our system downloads and standardizes them in a matter of minutes for use by our custom 

oceanic and atmospheric models. The time that our model runs are initiated is recorded as the variable 

“RUN_DTG” (Figure 1). Once our models are launched, the time needed to generate results becomes a 

function of model resolution and the length of the storm track. 

At times, forecast agencies release special advisories with updates to watches and warnings, details on a 

rapidly evolving situation and/or new information on the storm’s track or intensity. When these special 

advisories have changes to the forecast of a storm’s track or intensity, a new model simulation will be 

initiated and new KAC data will be generated. 

Once a model run is completed, we package up all relevant data and post it on the client data portal at 

www.kacportal.com. The time for the release of the data can be determined using the “date modified” 

timestamp for the file on the client data portal. 

PRODUCTION OF POST-EVENT DATA 
Once an agency stops releasing forecasts of a TC, Kinetic Analysis will wait for at least 12 hours before 

generating a post-event footprint for the storm. This delay is designed to make sure our automated 

system is not fooled by circumstances that can delay the release of a forecast. The post-event hazard 

footprints cover the whole life of the storm and, depending on the basin where the storm is located, will 

be based on forecasts from the NHC, Central Pacific Hurricane Center or Joint Typhoon Warning Center. 

The post-event data contain both past and forecast data fields. Forecast fields are included because 

there can still be hazards associated with an event that can occur after an agency stops forecasts on a 

storm.  



 

 

 

TAOS™ BASIC EXPOSURE DATA AND HAZARD IMPACT ESTIMATION SYSTEM 

VERSION 20 

Introduction 
To simulate the economic impacts of hazards, the vulnerable population and 
infrastructure must be known or, in most cases, estimated or otherwise compiled into a 
standardized format to enable damage algorithms to be uniformly applied. The basic 
exposure system creates two estimates of the vulnerable infrastructure (or exposure, in 
insurance terminology). The “Standard Exposure Model” or SEM exposure data base 
uses various publicly available economic data to create the infrastructure valuations. The 
“WBGDP” exposure data base uses a global subregional Gross Domestic Product (GDP) 
data set created by the World Bank as the economic baseline. NASA Global Population 
data and NOAA satellite derived land cover data are used in the exposure generation 
process to identify urban areas, agricultural areas, and other characteristics for creating 
an exposure classification for each inhabited 1km (30 arc second) land grid cell. The 
resulting exposure data sets can be used in conjunction with properly encoded hazard 
data set to estimate the economic impact of the specified hazard.  

It should be noted that the purpose of these exposure data sets is not necessarily to 
create an accurate representation of the exposures on the ground. Rather, they are 
designed to provide realistic global economic impact estimates across an enormous 
variety of economies, infrastructures, and so forth, when used with the hazard models 
and damage estimation code. In a perfect world these would be the same thing, 
however, given the lack of data and complexity of the tasks, there are almost certainly 
offsetting errors and inconsistencies between the exposure data sets and reality. The 
ultimate test is in how the simulated impacts compare with reports from actual events in 
an independent verification protocol. Note that the outputs of this system are in US 
Dollars, Purchasing Power Parity (PPP) equivalents to facilitate the comparison of 
impacts between countries. For countries with significant PPP variations from currency 
conversions, appropriate adjustments must be made to create impacts in the local 
currency. 

This document describes the data sources, algorithms, and verification process for the 
basic exposure system. First the data sources are described, followed by the exposure 
data base generation process. Next, the damage model (damage functions) is 
described. Finally, the verification process and performance of the two basic exposure 
data sets are presented using tropical cyclone model simulations of major, reasonably 
well documented historical events. 

Data Sources 

Geospatial Data 
The GeoNames database is used for country and administrative names and boundaries. 
This is probably the most complete publicly available data set for this purpose, and is 
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well supported by a variety of major organizations (GeoNames, 2020). The country 
boundaries and available level 1 and level 2 administrative areas are exported as rasters 
at the same resolution as the underlying population and land cover data sets to support 
the exposure system. Enki builds country and administrative level reference rasters as 
NetCDF files.  

Both the SEM and WBGDP exposure data generation algorithms use the NASA Global 
Population of the World Version 4 (NASA SEDAC, 2016). The SEM data set requires one 
additional spatial data set, the NOAA VIIRS Surface Type data set (Zhang et al., 2016). 
The WBGDP exposure requires two additional data sets, the World Bank’s gridded GDP 
data (UNEP/DEWA/GRIDGeneva, 2016) and the UNFAO Global Land Cover data set 
(UNFAO, 2018).  

Economic Data 
The primary source and structure for country level economic data is the CIA World 
Factbook (CIA, 2020). This publication contains basic economic data by country, 
including GDP Per Capita Purchasing Power Parity and breakdowns by sector of origin 
such as agriculture, industry, and services. These data are derived and compiled from a 
number of sources, and have the advantage of being a single source and consistent 
framework upon which to build. For subnational-level data a variety of sources are used 
to refine the estimated GDP PC PPP at the level one and, for the US, level two 
administrative areas (Counties). A number of other data sources used to refine admin 1 
level estimates.  

Exposure Categories 
There are eight possible exposure categories and an economic value is calculated for 
each cell. The categories are listed in Table 1. Each category has its own damage curve.   

Wind Damage curves 
Wind damage curves are derived from a third power function based on wind speed and 
the type of exposure. Figure 1 shows the damage curves for the eight exposure classes.   

Storm surge and wave damage curves are linear starting at 0.2 meters inundation, with 
maximum damage occurring with inundation of 3 meters for agricultural and low density 
exposures, 6 meters for medium density, and 10 meters for high density exposures. 

Table 1. Exposure categories. 
NAME Description 
EXP_AGC Agriculture 
EXP_LDP Low density populated 
EXP_MDU Medium Density Urban 

EXP_HDU High Density Urban or Industrial 
EXP_AGL Agricultural (low income) 
EXP_LDL Low density populated (low income) 

EXP_MDL Medium density populated (low income) 
EXP_HDL High density populated (low income) 
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Verification 
The combined TAOS™ exposure system, damage model, and hazard generation system 
has been verified against 25 tropical cyclone events with reasonably good damage 
estimates worldwide.  

For tropical cyclones, using the SEM exposure data and the current operational tropical 
cyclone model, the correlation between reported and computed economic impacts is 
0.95 (Figure 2). A statistically similar result, but with different absolute losses are found 
using the WBGDP exposure model (Figure 3). Note that the correlation would be higher 

 
Figure 1. Damage functions for different exposure classes. EXP: Exposure; AGC: Agricultural; LDP: Low 
Density Population; MDU: Medium Density Urban; HDU: High Density Urban or Industrial; AGL: 
Agricultural, Low Income; LDL: Low Density, Low Income; MDL: Medium Density, Low Income; HDL: High 
Density, Low Income. 
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Figure 2. Reported and modeled economic 
impacts for a variety of tropical cyclones based 
on SEM data. 
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Figure 3. Reported and modeled economic 
impacts for a variety of tropical cyclone based on 
WBGDP exposure data. 
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but for a single outlier, Hurricane Sandy, which was considerably underestimated by 
both exposure models (it is not thought to be a hazard model issue as the much more 
complex Lachesis IV exposure model was much closer).  
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