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Summary and purpose of document

This document contains information on the operational use of Wind
Profiler, Quality and Availability of Remotely Sensed Upper Wind
Measurements, Suitability of Modern Remote Sensing Systems; and
Guidance Material on The Operational Aspects of Wind Profilers.

Action proposed

The meeting is invited to take information provided in the document in

discussing the Complementary use of wind profilers in the upper-air
network.
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4. Operational use of Wind Profiler

The National Oceanic and Atmospheric Administration (NOAA) Forecast
Systems Laboratory (FSL) has operated a network of 404-MHz tropospheric wind
profilers since 1992. Most of these platforms operate over the central United

States, with the exception of a few profilers in Alaska and elsewhere (Fig.1).

The importance of data from the wind profiler network for forecasting has been
documented through data denial experiments with the Rapid Update Cycle
(RUC) model. The results of these experiments are available through on-line
supplements associated with the recent American Meteorological Society Bulletin
article, December 2004, Benjamin, Schwartz, Szoke, and Koch, NOAA/FSL,
Boulder, CO. \Verification statistics from the RUC profiler data denial
experiments shown in the paper demonstrate that profiler data contribute
significantly to the reduction of the overall error in short-range wind forecasts
over the central United States during the test period. Forecast errors for height,
relative humidity, and temperature were also reduced by 5%-15% averaged over
vertical levels. This contribution from profiler data is above and beyond the
contributions to initial conditions provided by complimentary observations from
commercial aircraft, Doppler radar velocity azimuth display wind profiles, and
surface stations. Radio Acoustic Sounding System information was not used in
these experiments because they are as yet not available in the operational data

stream at the National Centers for Environmental Prediction.
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The contribution from profiler data to improved short-range (3-hour) forecast
accuracy was between 12%-28% at all mandatory levels from 850-150 hPa
during these experiments. A substantial reduction in wind error (~25%) was
shown to occur at near-tropopause jet levels for forecasts initiated at night from

the assimilation of profiler data.

Comparisons were made between experiments in which profiler data were
withheld and a second experiment in which all aircraft data were withheld. The
complimentary nature of the two types of observations contributing to a
composite high-frequency observing system over the United States became
clearly evident, with profiler observations contributing more to improving middle
and lower troposphere, and aircraft observation contributing more strongly at

near-tropopause jet levels.

Profiler observations fill gaps in the ACARS aircraft observing system, with
automated, continuous profiles, with no variations over time of day or the day of
the week (package air carriers operate on a much-reduced schedule over
weekends). As summarized in the referenced paper, profiler data are widely
used and have become an important element of the forecast preparation process
of the National Weather Service. Clearly, the utility of the National Profiler
Network data to local forecast offices is greatest for short-term forecasts and

warnings, reflecting the unique high resolution from profilers.
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NOAA/FSL National Profiler Network

% RADAR with RASS

(Fig 1)

The wind profilers in the NOAA Profiler Network (NPN) operate continuously,
alternating sampling modes every 1 minute between a low or high mode, and
switch beam positions (eastward, northward, or vertical) every 2 minutes. Each
mode contains 36 range gates (sampling heights), spaced every 250 m in the
vertical. The low mode samples the lower atmosphere, beginning at 500 m above
ground level (AGL) and continues to 9.25 km AGL. The high mode slightly
overlaps the top of the low mode, beginning at 7.5 km AGL and extends to a
maximum height of 16.25 km AGL (Fig 2).
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(Fig. 2)

The winds displayed at each height are an hour average from the preceding hour
of data, e.g., 6-minute data acquired between 1600-1700 UTC would be
averaged and displayed with the time stamp of 1700 UTC. The displayed winds
have all "passed" our single- station quality control (continuity) requirements and
typically represent high quality data. In the overlap region between modes (7.5-
9.25 km AGL), wind data from the high mode are displayed (unless they have
failed QC, in which case low mode data that passed QC will be displayed, if
available). The hourly winds and RASS temperatures from the NPN are available
on the FSL Web about 15 minutes after the hour.



CIMO/OPAG-UPPER-AIR/ET-RSUAT&T-1/Doc.4.1(1), p.6

4.1 Quality and Availability of Remotely Sensed Upper Wind Measurements

After more than 60 years, measurements made by radiosondes still provide the
standard upper-atmospheric data set for numerical prediction, regional weather
forecasting, climatology, research, and other applications. Radiosonde
measurements also form the basis of inter-comparison, calibration and validation
of most other atmospheric observing systems, and serve as the benchmark for
satellite-derived estimates of temperature, moisture and other atmospheric
parameters. Because of the unique characteristics of radiosonde soundings can
be difficult under some circumstances. Over the years research has produced
systems and techniques whose compatibilities are such that they are used to
compliment the radiosonde network filling gaps and improving model output as
described below. Details on these relationships (compatibilities), quality, and
availability can be found in Mattioli et al., 2005, McMillin et al., and Gutman et al.,
2005.

The quality of ACARS and profiler winds are comparable to radiosondes at ~1-2
m/s. Satellite cloud-drift and water vapor winds are less accurate and vertical
height assignments are always problematic. Many satellite issues will be

effectively dealt with when LIDARs and Millimeter wavelength radar are in orbit.

The approach used by the Rapid Update Cycle model (RUC) applies a more
complete and global use of available observations. The optimal interpolation
analysis selects a group of observations used for different grid-point volumes.

The full use of all observations leads to a more representative analysis solution.

Key features of RUC/MAPS include:

¢ High frequency short-range forecasts supporting aviation and other
mesoscale weather forecast users.

0 High frequency 3-d objective analysis over the contiguous United
States assimilating the following types of observations:

= Commercial aircraft reports relayed through ACARS
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= Wind Profilers (404 and boundary layer)

* Rawindsondes and special dropsondes

= Surface reporting stations and buoys

* RASS (Radio Acoustic Sounding System) — experimental
» VAD winds from Doppler radar

= GOES total precipitable water estimates

= SSM/I total precipitable water estimates

= GPS precipitable water estimates

= GOES high-density visible and IR cloud drift winds

4.2 Suitability Of Modern Remote Sensing Systems Observation sensitivity

experiments have been carried out with the RUC for several years. In these
experiments, parallel versions of the RUC were run and forecasts from two
cycles were verified against different independent observations, including
radiosonde relative humidity. These experiments showed a modest yet in the
RUC model results positive improvement providing a level of confirmation of

compatibility.

4.3 Guidance Material On The Operational Aspects Of Wind Profilers

Wind profiler data are used regularly by National Weather Service forecasters.
Forecasters typically use a time-series of hourly profiler winds and also display
overlays of profiler winds on satellite and/or radar images to better discern
mesoscale detail. In addition, profiler data are often used to help verify analysis
and short-range forecasts from the models, enabling forecasters to judge
reliability, in real time, of the model guidance. Some of the contributions to
operations provided through the National Profiler Network included:

- Used to reliably diagnose changes in vertical wind shear at lower
levels (< km above ground level) as well as through a deep layer
(through 6 km above ground level), both critical to determining
potential tornado severity;

- Used to better determine storm motion, critical to distinguishing
stationary thunderstorms that produce flooding from fast moving
storms that produce severe weather;

- Used to better determine storm relative flows and, consequently,
the character of supercells;
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- Critical for monitoring the low-level jet cycle, an important factor in
mesoscale convective system development;

— Unique in providing high-frequency full-tropospheric winds
compared with radiosonde and VAD data;

- Used in forecasting high wind events;

- Forecast cold air fronts through high-frequency monitoring of depth
and strength of cold-air surge, which is possible only with profiler
data;

- Profilers can confirm feature placement when models are poorly
initiated, and

- Profilers can be used for specialized forecasts such as predicting
wind surge at night leading to a fire blowup. This occurred while
fighting a fire in New Mexico. Profiler information and subsequent
forecast assisted in the containment of a fire during intensification.

Additional information on the value of wind profiler data in U.S. weather
forecasting operations can be found in the December, 2004 edition of the
American Meteorological Society’s Bulletin of Atmospheric Meteorology, S.
Benjamin, et al.
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