
ITWS AND THE NWS FORECASTER: WHAT IS THE CONNECTION?* 

David A. Sankey 

Aviation Weather Development Program 
Federal Aviation Administration 

Washington, DC 

Dr. James E. Evans 

Weather Sensing Group 
MIT Lincoln Laboratory, Massachusetts Institute of Technology 

Lexington, MA 

Abstract 

The Federal A viation Administration (FAA) is sponsoring 
the development of the Integrated Terminal Weather System 
(ITWS). which is designed to acquire all of the weather data 
that is available in the terminal area. both ground-based and 
aircraft sensed. and to provide short-term (0 to 30-minute) 
predictions of microbursts. wind shear. gust fronts. runway 
winds and terminal-area ceiling and visibility. Additionally. 
the ITWS will be generating the 4-dimensional wind field at 
many levels in the terminal area. mainly for use by other 
FAA terminal air traffic control automation systems. but 
also available as a graphical display. 

An area of interest and concern to the developers is the 
interaction between the automated. vely-short-term predic
tions of the ITWS. and the National Weather Service (NWS) 
aviation meteorologist. who is responsible for issuing termi
nal forecasts and other aviation advisolY and warning prod
ucts. 

This paper will describe the ITWS as currently planned 
and will explore the possible relationships between the ITWS 
and the NWS forecaster. Consideration will also be given 
to the NWS' s new Advanced Weather Interactive Processing 
System (A WIPS) and how ITWS information might be used 
in the terminal forecasting process. 

This paper is intended to spark discussion of the role of 
the ITWS ill the NWS forecasting process of the future. 

1. Introduction 

The Federal Aviation Administration (FAA) is developing 
a major upgrade to the aviation weather information system 
for major US airports. This upgrade consists of both sensors 
(weather radars, anemometers, ASOS, and aircraft in situ 
measurements) and the Integrated Terminal Weather System 
(lTWS) to integrate sensor data and disseminate tailored 
weather information, including short-term predictions of 
weather which will impact airport operations."'* 

"'This work was sponsored by the Federal Aviation Administration. The 
views expressed are those of the authors and do not reflect the official 
policy or position of the U.S. Government. 
**The Federal Aviation Administration sponsors research and develop
ment work aimed at improving the weather information provided to the 
air traffic control system, pilots and other users of aviation weather 
information, e.g. , dispatchers and airport operators. There are four 
major thrusts currently underway by the Aviation Weather Development 
Program (AWDP) of the FAA Research and Development Service: The 
Aviation Gridded Forecast System (AG FS), the Aviation Weather Prod
ucts Generator (A WPG), the ITWS , and applied research and develop
ment. This paper focuses on the ITWS. 
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The question arises as to how the National Weather Ser
vice (NWS) forecaster might interface with a fully-automated 
system such as the ITWS. Significant issues include: 

I) How might the function of the NWS forecaster for provid
ing terminal weather information change given the significant 
amount of near-term information to be provided by the 
ITWS? Should some forecaster responsibilities for aviation 
weather be eliminated and/or should other functions be 
added? 

2) Since these sensors and the ITWS will be deployed so as to 
cover many major metropolitan areas that have thunderstorm 
activity, which, if any, of the ITWS products should be 
provided to NWS forecasters to facilitate forecasting for the 
public in general? 

The paper proceeds as follows. First, we outline the major 
needs which have motivated the development of the FAA 
terminal weather information system. Capabilities of the sen
sors and the ITWS are described. Finally, we suggest some 
options for NWS forecaster/ITWS interaction. 

2. Terminal Aviation Weather Information Needs 

a. Safety 
Safety is the first and foremost need to be addressed by the 

terminal weather information system. The principal safety 
needs include (Air Traffic Weather Requirements Team 
1993): 

I) Detection of wind shear phenomena such as microbursts 
and gust fronts; 

2) Snowfall rate and freezing rain information to support 
aircraft deicing decision-making; 

3) Locations and movement of convective cells (including 
thunderstorms, hail, and tornadoes); and 

4) Predictions of rapidly decreasing ceiling and/or visibility. 

In all cases, timely highly reliable (i.e., high probability 
of detection, very low false-alarm probability) recognition 
of hazardous weather phenomena is essential, and product 
formats must be tailored for use without interpretation for 
non meteorologist users. 

b. Decreasing weather-generated delays and 
controller workload 

Adverse terminal weather is a major cause of delays in 
the aviation system since scheduled operations typically are 
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at or above adverse weather capacity limits at many major 
airports (Evans and Clark 1993). Controller workload also 
increases substantially during adverse weather. Since it is 
extremely difficult to construct new airports or even to 
expand existing sites by adding runways or improved landing 
guidance, we need to find ways to more efficiently utilize 
the existing infrastructure. 

There are three means of improving airport capacity during 
adverse weather, which can be addressed by the terminal 
weather information system: 

1) Land more aircraft per hour on the existing runways; 

2) Anticipate and plan for weather impacts to terminal area 
routes and the airport runways; and 

3) Plan traffic flow to and from the airport to minimize hold
ing patterns when the adverse weather begins and avoid 
having unneeded groun-d holds when the weather improves. 

High space/time resolution winds information can be pro
vided to terminal automation (Andrews and Welch 1989) 
and wake vortex advisory systems (Evans and Welch 1991). 
Short-term predictions of storm movement, growth and 
decay, and wind shifts at airports will permit high rates of 
traffic flow during convective weather. Short-term predic
tions of ceiling and visibility as well as convective activity 
impacts on airport capacity can assist in optimizing traffic 
management (Andrews 1993). 

Table 1. Principal FAA and NWS Sensors for Terminal Aviation 
Distance 

From 

National Weather Digest 

3. FAA and NWS Sensors and Systems to Support 
Terminal Aviation 

Over the past decade, the FAA and the NWS have made 
major upgrades to the weather sensing which is germane to 
airport operations. Table 1 summarizes the weather sensing 
systems of greatest benefit to meeting the terminal weather 
information needs identified above. A major system not 
shown in Table 1 is the Aviation Gridded Forecast System, 
which will use MDCRS and nationallinternational weather 
observations (e .g., radiosondes, profilers, station observa
tions) and numerical prediction models to produce gridded 
estimates of winds, temperature, and humidity on a 30 km 
horizontal· grid at more than 20 vertical levels every three 
hours operationally by 1997. 

4. Tying it Together: The Integrated Terminal 
Weather System 

The deployment of many sensors and systems discussed 
in the previous section provides a revolutionary increase in 
the amount of terminal weather data. However: 

I) The proliferation of sensors can result in problems for 
air traffic controllers who, while often very knowledgeable 
about weather phenomena that impact aviation, are not mete
orologists. Several of these systems seek to detect, by differ
ing means, and warn of similar phenomena (e.g., precipita-

Update 
Sensor Type Airport (km) Products Interval Comments 
ASR-9 fan beam 0 vertically- 30 sec On controller 

Doppler radar integrated displays 
reflectivity 

TDWR pencil beam 15 microburst, gust 1 min @ Volume scan over 
Doppler radar fronts, wind shifts, surface 120 deg. sector 

reflectivity and 2.5 min aloft centered on airport. 
radial velocity, Color and AlN 
storm motion displays 

LLWAS anemometers 0 microburst, gust 30 sec AlN displays only 
fronts 

RVR optical 0 horizontal visibility 10 sec 

ASOS, several 0 automated surface 1min Thunderstorm report 
AWOS station sensor under study 

observations 

WSR-88D pencil beam 10-80 mesocyclone, 6 min Color display at 
(NEXRAD) Doppler radar tornado, hail, echo CWSU 

tops, radial 
velocity, 
reflectivity, VAD, 
storm track 

MDCRS in situ aircraft 0-80 temperature, 7 min per alc Downlink via ACARS 
measurements winds 

Lightning Air-to-g rou nd > 100 km Air-to-ground 5 min National network. 
radio emission lightning stroke Locates strokes by 
receivers locations time of arrival 

Notes: 
1. Airport distances are typical. A distance of 0 km indicates on or very near airport locations 
2. AlN denotes alphanumeric displays 



Volume 18 Number 4 June, 1994 

tion reflectivity is available from the ASR-9, TDWR and 
NEXRAD). This may result in conflicting information being 
available to a controller (especially when system dependent 
data anomalies arise such as ground clutter due to anomalous 
propagation), and 

2) Key needs (e.g., terminal winds for automation systems, 
rapid updates on storm movement, growth and decay, and 
ceiling/visibility predictions) will not be met by the individual 
sensors. 

The ITWS processor will ingest and integrate weather data 
available in the terminal area from both ground and airborne 
sensors mentioned earlier and automatically provide prod
ucts that are immediately usable by air traffic controllers, 
pilots, dispatchers and others. These products will be both 
observations and short-term (up to 30 minutes) predictions 
of weather in the terminal area, e.g., ceiling and visibility 
including RVR , microbursts and gust fronts, runway winds, 
and snowfall predictions. 

An important function of the ITWS is to provide the three
dimensional gridded wind field (2 km horizontal resolution 
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updated every 5 min.) in the terminal area to the FAA's 
developing Terminal Air Traffic Control Automation system 
(T ATCA). Additionally, the ITWS will communicate with 
the automation systems to inform them of the present and 
future locations of hazardous weather so that automated 
trajectory planning can avoid those areas as it routes aircraft 
in the terminal area. 

ITWS drives a color display for supervisors and traffic 
managers in control towers and radar rooms. Figure 1 shows 
an ITWS product display from this past summer at Orlando. 
Microbursts (MB) and gust fronts (GF) are indicated by cir
cles and lines, respectively. The expected locations of gust 
fronts 10 and 20 minutes in the future (based on extrapolation 
of the current position) (GFP) are indicated by dotted lines. 
An arrow behind the gust front indicates the expected winds 
(EW) after passage of the gust front (for airport planning) . 

Precipitation is displayed in the standard NWS 6 VIP lev
els. The storm motion (using a pattern recognition technique) 
is indicated by two methods. The motion of a number of 
cells is indicated by an arrow with the storm speed (SM). 
Additionally, the user can choose to see the leading edge 

Fig. 1. Example of an ITWS Geographical Situation Display (see text for explanation of symbology). 
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of selected precipitation regions along with the expected 
location of the leading edge 10 and 20 minutes in the future 
[storm extrapolated position (SEP)]. 

By clicking a mouse on a cell, storm cell information such 
as echo tops, lightning, and the likelihood of significant hail 
(3/4-inch or greater) can be obtained. Additionally, the infor
mation being provided in text format to pilots can be dis
played. 

Time-critical safety information, such as wind shear alerts, 
are provided on alphanumeric displays to tower controllers 
and via digital data link to aircraft. Enroute and national 
traffic managers, Center Weather Service Unit (CWSU) 
meteorologists and airline operations personnel can view 
ITWS products on their color Aviation Weather Products 
Generator (A WPG) displays. Pilots will be able to see graphi
cal depictions of the ITWS products when the requisite com
munications and display systems are available. 

5. Implementation Strategy 

The A WDP emphasis is on meeting users' needs as early 
as possible by using a phased implementation approach with 
quasi-operational use of the ITWS products at major airports 
during the development program to ensure that the deployed 
system meets the users' needs. Products which are mature 
scientifically will be deployed initially. Products that require 
more research and development (e.g., predictions of storm 
growth/decay and of ceiling/visibility) will be developed as 
pre-planned product improvements. 

Table 2 summarizes the ITWS products planned for initial 
operational capability (laC) in 1999. These will be demon
strated this coming summer at the Memphis (MEM) and 
Orlando (MCO) airports. This past summer (1993) we demon
strated the laC storm motion/extrapolated position, 
improved wind shear detection, storm cell information, air
port lightning and pilot text messages at MCO, with a limited 
demonstration of storm motion/extrapolated position prod
ucts at the Dallas-Fort Worth International Airport (DFW). 
An ITWS display terminal was provided to the Fort Worth 
Air Route Traffic Control Center (ARTCC) Center Weather 
Service Unit (CWSU) during the DFW demonstration to 
assess the value of the ITWS products to CWSU operation. 

Table 2. ITWS Initial Operational Capability Products to 
be Demonstrated During 1994-1995 
Precipitation Reflectivity 
ASR-9 Precipitation Reflectivity (May Contain AP) 
Storm Motion and Extrapolated Position 
Weather-Impacted Airspace 
Storm Cell Information 
Airport Lightning 
Microburst Detection 
Microburst Prediction 
Gust Front Detection 
Text Messages for Pilots (Graphic TBD) 
Long-Range Reflectivity and Storm Motion (AWPG 

Product) 
Terminal Winds (Off line) (DEMVAL with TATCA in 1995) 
Snowfall Rate (DEMVAL Preparation FY94, DEMVAL FY95) 
Notes: All products to be demonstrated during summer 1994 unless 
otherwise indicated. 
DEMVAL indicates demonstration and validation. 

National Weather Digest 

We plan to provide an lTWS display to the Memphis CWSU 
as a part of the 1994 testing. 

6. ITWS and the NWS Forecaster 

The ITWS provides two capabilities to terminal aviation 
users: 

I) Current weather situation for tactical weather avoidance, 
and 

2) Very short-term predictions (e.g., 10-30 minutes), 
updated frequently (e.g., everyone to five minutes), of con
vective activity, ceiling and visibility changes, and airport 
winds for an area approximately 60 km around major air
ports. 

How might the existence of these products change NWS 
forecaster roles and responsibilities for aviation weather ser
vices? To a first approximation, no changes in roles and 
responsibilities are apparent. Currently, the NWS forecaster 
does not normally attempt to frequently update information 
on the current weather situation near an airport, and terminal 
forecasts are issued for a multi-hour period and are updated 
only when a significant change in the forecast is warranted. 
Specificity (e.g., a thunderstorm will be over the airport at 
1900 UTC and move off in 15 minutes) is generally not pro
vided by the forecaster. 

However, there may be opportunities to use the ITWS 
products to improve terminal forecasts and the forecasting 
for the large metropolitan areas that are typically within the 
coverage area of an ITWS. For example, the ITWS high
resolution information on terminal winds and gust fronts may 
be useful for convective initiation forecasting as well as for 
forecasts of damaging winds. Access to the ASR-9 data with 
its very high update rate may assist in identification of rapid
ly-growing storms in some situations. 

Some limited experiments with the use of ITWS products 
at a NWS Forecast Office have been conducted at the Mel
bourne, FL NWS Office in 1992 and 1993. Prototype ITWS 
wind shear products and TDWR radial velocity data were 
provided in 1992 and the ITWS gridded terminal winds prod
uct was provided in 1993. The information was evidently 
useful to the forecasters; however, the introduction of the 
WSR-88D (NEXRAD) at that office and the lack of an 
A WIPS workstation to assist in integration of the ITWS 
information with the other NWS information significantly 
reduced the ability to utilize the ITWS information for 
improved forecasting. 

It should be noted that A WIPS currently has no defined 
interface to the ITWS, nor is there any means of outputting 
forecaster point-specific data (e.g., the precise location of a 
severe storm) from A WIPS in a form suitable for ingestion 
by ITWS. 

7. Summary 

As we develop the ITWS, we need to understand how an 
NWS forecaster might use the ITWS information that could 
be made available in the forecast office. This paper is an 
attempt to make NWS forecasters aware of the ITWS and 
to solicit their input on how the ITWS can be useful to them. 
If there is to be an operational interface between the A WIPS 
and the ITWS, the required functionality needs to be deter
mined by the end of 1994 if it is to be a part of the ITWS 
laC. 
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Acronym List 
ACARS Aircraft Communications and Addressing 

AGFS 
ARTCC 
ASOS 
ASR-9 
AWDP 

AWIPS 

AWPG 

CWSU 
EW 
FAA 
GF 
GFP 

IOC 
ITWS 

MB 
MCO 
MDCRS 

Reporting System 
Aviation Gridded Forecast System (FAA) 
Air Route Traffic Control Center (FAA) 
Automated Surface Observing System 
Airport Surveillance Radar (FAA) 
Aviation Weather Development Program 
(FAA) 
Advanced Weather Interactive Processing 
System (NWS) 
A viation Weather Products Generator 
(FAA) 
ARTCC Center Weather Service Unit 
Expected Winds (lTWS display) 
Federal Aviation Administration 
Gust Front (lTWS display) 
Gust Front Predicted Position (ITWS dis
play) 
Initial Operational Capability 
Integrated Terminal Weather System 
(FAA) 
Microburst (lTWS display) 
Orlando, FL airport 
Meteorological Data Collection and 
Reporting System (subset of ACARS) that 
reports winds and temperatures from air
craft sensors 

MEM Memphis , TN airport 
NEXRAD NEXt-generation weather RADar (WSR-

NWS 
RVR 
SEP 

SM 
TATCA 

TDWR 
WFO 
WSFO 
WSO 
WSR-88D 

88D) 
National Weather Service 
Runway Visual Range 
Storm Extrapolated Position (lTWS dis
play) 
Storm Motion (lTWS display) 
Terminal Air Traffic Control Automation 
(FAA) 
Terminal Doppler Weather Radar (FAA) 
Weather Forecast Office (NWS) 
Weather Service Forecast Office (NWS) 
Weather Service Office (NWS) 
Weather Surveillance Radar-1988 (design) 
Doppler (NEXRAD) 
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