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PACJET Mission Statement
The mission of the Pacific Land-falling Jets experiment (PACJET) is to “Develop, test, and
implement methods to improve short-term (0-24 h) forecasts of damaging weather on the U. S.
West Coast in land-falling winter storms emerging from the data sparse Pacific Ocean.” This
goal is pursued through a combination of physical process studies, assessment of observing
system capabilities and limitations, testing of modeling techniques and parameterizations, and
developing forecasting techniques. It’s goals and methods address two of the US Weather
Research Program’s (USWRP) three foci: quantitative precipitation forecasting (QPF), and
optimal mix of observations for weather prediction. Researchers, forecasters and forecast users
are fully integrated into the effort.
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This study found that hourly rain rates in
California’s coastal mountains during landfalling Pacific winter storms were most strongly
controlled by the upslope wind speed at 1-km
altitude (Fig. 1), which corresponds to the
altitude of the low-level jet (LLJ) located ahead
of cold fronts. Also, when a LLJ was present
the orographic precipitation process was 50%
more efficient than at other times. Overall,
roughly half of the hourly variability in coastal
mountain rain rates resulted from hourly
variations in upslope wind speed at 1 km
altitude. Conversely, coastal surface winds
were often uncorrelated with rain rates in nearby
mountains due to blocking of the low-level
airflow, although rainfall on the coast increased
when blocking was present. Results are based
upon a full season of rain-gauge and 915-MHz
wind-profiler observations that greatly increased
the number of samples available compared to
earlier studies and allowed documentation of
the altitude dependency.
This study was part of the California Landfalling Jets experiment (CALJET), which aimed
at improving quantitative precipitation
forecasting through better understanding of
physical processes and evaluation of the
capabilities and limitations of current and
potential future operational observations.
Although it was known that the LLJ plays a role
in producing floods in the region, important
scientific questions remained, and gaps in the
current observational network made it difficult to
monitor the LLJ, even as it hit the coast. These
results establish a scientific and practical basis
for improving West Coast observations and
nowcasting in ways that can aid the issuance of
Watches and Warnings and help in decision
making by forecast users, especially in terms of
flooding. Flooding is particularly important
because it causes an annual average of $0.5 to
$1 billion dollars in damage in the region, it is a
leading emergency management concern, and
California is second in the nation in flood-related
fatalities.
Future scientific issues to address include
the impact of water-vapor availability and shortterm climate variability on coastal orographic
rainfall. Potential future observing system
enhancements focused on monitoring the LLJ
offshore could include improved satellite
observations, the development of buoy-mounted
wind profilers, and the use of piloted and
unmanned aircraft for reconnaissance.

Fig. 1. Conceptual representation of orographic rainfall in
California’s coastal mountains, and the impact of terrain-blocked
flow on this distribution: (a) plan view; and (b) cross-section
perspective, with representative coastal profiles of wind velocity
(flags = 25 m s-1; barbs = 5 m s-1; half-barbs = 2.5 m s-1) and
correlation coefficient (based on the magnitude of the upslope
flow at the coast versus the rain rate in the coastal mountains)
shown on the left. The variable h in (b) is the scale height of the
mountain barrier. The spacing between the rain streaks in (b) is
proportional to rain intensity. The symbol “q” within the blocked
flow in (b) portrays a terrain-parallel barrier jet.
*A full-length paper with the same title and authors appears in the
2002 issue of Monthly Weather Review, vol. 130, pp. 1468-1492.
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*This material is extracted from a paper that
appeared in the Journal of Atmospheric and Oceanic
Technology, Vol. 19, pages 687–697.

80

24-h QPF:
0-6 h = 0.5 in
6-12 h = 1.5 in
12-18 h = 1.5 in
18-24 h = 0.5 in

70

98
91

60

Peak flow rate (cfs x 10-3 )

Because knowledge of the melting level is critical
to river forecasters and other users, an objective
algorithm to detect the bright-band height from
profiles of radar reflectivity and Doppler vertical
velocity collected with a Doppler wind profiling radar
is presented. The importance of melting level
information in hydrological prediction is illustrated
using the NWS operational river forecast model
applied to mountainous watersheds in California
(Fig. 1 and Table 1). It is shown that a 2000 ft
increase in the melting level can triple runoff during
a modest 24-hr rainfall event.
The algorithm uses vertical profiles to detect the
bottom portion of the bright band, where vertical
gradients of radar reflectivity and Doppler vertical
velocity are negatively correlated (Figs. 2 and 3). A
search is then performed to find the peak radar
reflectivity above this feature, and the bright-band
height is assigned to the altitude of the peak.
Reflectivity profiles from the off-vertical beams
produced when the radar is in the Doppler beam
swinging mode provide additional bright-band
measurements. A consensus test is applied to subhourly values to produce a quality-controlled, hourlyaveraged bright-band height. An example of the
graphical display used to relay algorithm results to
the public in near real time via the internet is shown
in Fig. 4.
A comparison of radar-deduced bright-band
heights with melting levels derived from temperature
profiles measured with rawinsondes launched from
the same radar site shows that the bright-band
height is, on average, 192 m lower than the melting
level (Fig. 5). The bright-band height is a better
estimate of the snow level than the melting level (i.e.,
0o C isotherm) because of the time required for ice
particles to melt as they descend. The ability to
monitor the bright-band height is likely, therefore, to
aid in snow-level forecasting and verification.
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Fig. 1. River forecast model simulations of the
sensitivity of runoff to changes in melting level for
four river basins in California. The simulations were
conducted by the California/Nevada River Forecast
Center using the National Weather Service River
Forecast System (NWRFS). Each run used a
different melting level ranging from low to high
elevations within the basin. Initially, each basin was
brought to a mid-winter soil moisture condition by
adjusting the parameters of the Sacramento Soil
Moisture Accounting Model of the NWRFS. The 24hour quantitative precipitation forecast used to drive
the model is shown in the upper left. The peak
streamflow for each run is plotted. The posted
numbers give the approximate percentage of basin
area below the altitude corresponding to the melting
level. These percentages were determined by
linearly interpolating the area elevation curves
generated for each basin in the SNOW-17 module of
the NWRFS.

Table 1. California river basins used in the NWSRFS model runs.
River/Basin

Basin
Area
(sq. mi.)

Response
Time*
(h)

Klamath River near
Turwar Creek

772

18

Smith River at Jedediah
Smith State Park

614

Trinity River at Hoopa
Truckee River at Farad

Monitor/
Flood Flow
(103 cfs)

MAP**

NA

NA

69.5

6

25/29

76.2/117.7

102.5

650

18

44/48

129.3/157.5

62.6

204

6

10/11

8.64/10.5

41.1

Monitor/
Flood Stage
(ft)

(in.)

* Response time = peak ordinate of the 6-hour unit hydrograph.
** MAP = basin mean annual precipitation
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Fig. 2. Hourly median profiles of radar reflectivity, in
the form of range corrected signal-to-noise ratio
(SNR), and Doppler vertical velocity (DVV; positive
downward) measured with the vertical beam of the
915-MHz wind profiler at Bodega Bay, California,
between 1100 and 1200 UTC on 24 February, 2001.
The bright-band height (BBH) is indicated by the bold
dashed lines at 0.772 km above ground level (AGL).
The melting level or melting-layer top measured by
a rawinsonde launched from Bodega Bay at 1126
UTC is shown by the dashed line at 0.994 km AGL.
For illustration, the bottom of the melting layer is
estimated to be at the bottom of the bright band,
which is also where DVV is largest. The profiles
were measured in stratiform rain during a period of
decreasing BBH (see Fig. 4).

SNR (dB)

Fig. 3. Schematic showing the classic bright-band
structure in vertical profiles of Doppler vertical
velocity (DVV; positive downward) and rangecorrected signal-to-noise ratio (SNR). Indicated are
the magnitudes of the jumps (denoted by )’s) and
thresholds (dashed vertical lines) in DVV and SNR
used by the algorithm to detect the lower portion of
the bright band.

(a)

recorded by the wind profiler at Bodega Bay for the
same period as in (a). A descending warm front is
dilineated by a region of enhanced speed and
directional wind shear. The black dots are the same
BBHs plotted in (a).
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Fig. 5. Comparison of bright-band heights derived
from wind profiler Doppler spectral moments with
melting levels and temperature lapse rates below the
melting levels measured with rawinsondes at
Bodega Bay, California, during the Pacific Landfalling Jets Experiment. The correlation and average
offset are given along with lines of linear regression
(solid) and 1:1 agreement (dashed).
Fig. 4. (a) Example of a bright-band height (BBH)
image from the Pacific Land-falling Jets Experiment
displayed on a real-time data web page (http://
www7.etl.noaa.gov/data/). The colored rectangles
display hourly averaged values of Doppler vertical
velocity (DVV; positive downward) recorded by the
wind profiler at Bodega Bay, California (BBY, elev.
12 m) on 24 February, 2001. The BBH data are
indicated by black dots. The time axis proceeds
from right to left. Heights are above mean sea level
(MSL). The image has been annotated to indicate
patterns of DVV corresponding to radar backscatter
from different atmospheric media. Noise refers to
measurement noise caused by low signal power. (b)
Time-height cross section of wind barbs (flag = 25
m s-1; full barb = 5 m s-1; half barb = 2.5 m s-1) and
isotachs (m s-1) of the zonal wind component
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Radar and rain gauge observations collected in
coastal mountains during the California Land-falling
Jets Experiment (CALJET – site locations shown in
Fig. 1) are used to diagnose the bulk microphysical
characteristics of rainfall during a wet winter season
(January-March,1998). Three rainfall types were
clearly distinguishable by differences in their vertical
profiles of radar reflectivity and Doppler vertical
velocity: i.e., non-bright-band, bright-band, and
hybrid (seeder-feeder). The contribution of each
rainfall type to the total rainfall observed at the radar
site (1841 mm) was determined by a new, objective
algorithm. While hybrid rain occurred most often,
non-bright-band rain (NBB rain) contributed
significantly (28% ) to the total (Fig. 2). This paper
focuses on characterizing NBB rain because of the
need to document this key physical process and
because of its impact on WSR-88D radar
precipitation surveillance capabilities.
NBB rain is a quasi-steady, shallow rain process
that does not exhibit a radar bright band, that occurs
largely beneath the melting level, and that can
produce rain rates exceeding 20 mm hr-1 (for
example, see Fig. 3). Composite vertical profiles
were produced for NBB rain using 1417 samples and
bright-band rain using 5061 samples. Although the
mean rain rate for each composite was 3.95 mm hr-1,
at all altitudes NBB rain had systematically weaker
reflectivity (e.g., 20.5 dBZe vs. 28.5 dBZe at 263 m
above ground level) and much smaller Doppler
vertical fall velocities (e.g., 2.25 m s-1 vs. 6.25 m s-1
at 263 m) than bright-band rain (Fig. 4). The
reflectivity-rain rate (Z-R) relationship for NBB rain
(Z=1.2R1.8) differs significantly from that of brightband/hybrid rain (Z=207R1.1).

The meteorological context in which NBB rain
occurred is described through case studies and
seasonal statistics. NBB rain occurred in a wide
variety of positions relative to frontal zones within
land-falling storms, but 3/4 of it fell when the layermean, profiler-observed wind direction at 1250 m
MSL (the altitude of the composite low-level jet) was
The importance of
between 190 and 220o.
orographic forcing during NBB rain, relative to all rain
events, was indicated by a stronger correlation
between upslope wind speed and coastal rain rates
at 1250 m MSL (r=0.74 vs. r=0.54), stronger lowlevel wind speeds, and wind directions more
orthogonal to the mean terrain orientation.
*This material is extracted from a paper that has
been submitted to the Journal of Hydrometeorology.

Fig. 1. Base map of California showing gray-shaded
terrain (m) and the locations of the upper-air
observing sites (see key) used during CALJET. The
inset box highlights the CALJET microphysics array,
including the Cazadero (CZD) site that housed the
vertically pointing S-band profiler, a 915-MHz wind
profiler with RASS, a surface meteorological station,
and a laser ceilometer.
Fig. 2. (a) Histogram of rainfall intensity measured at
CZD during the period January through March 1998.
The rainfall rates are based on 30-minute
accumulations measured by a tipping bucket rain
gauge. (b) The percentage of time that each rainfall
process occurred for a given rainfall intensity. The
rainfall process breakdown is not shown for rain
rates exceeding 15 mm h-1 because of the limited
data availability at the heaviest rain rates, and it is
not shown for rain rates <1 mm h-1 because the
process partitioning technique requires rain rates of
at least 1 mm h -1.

Fig. 3. Time-height sections of (a) Doppler vertical velocity (DVV; m s-1) and (b) equivalent radar reflectivity
factor (dBZe), recorded by the S-band profiler at CZD for the period 10 UTC 23 March to 0000 UTC 24 March
1998. The hourly rainfall accumulations (mm) measured by a tipping bucket rain gauge collocated with the
radar are listed in (a). The horizontal dashed lines denote the ~3.2-km-deep beam width, over CZD, of the
lowest beam (0.5° elevation) from the San Francisco area NWS Doppler radar (WSR-88D) at KMUX.

Fig. 4. (a) Composite winter-season profiles of equivalent radar reflectivity factor (dBZe) and Doppler vertical
velocity (m s-1; positive downward) measured by the S-band profiler during bright-band rain (BB; solid) and
non-bright-band rain (NBB; dashed). The altitude scale of individual bright-band profiles was normalized with
respect to the bright-band height prior to the compositing, and the composite bright-band profiles were then
plotted relative to the average bright-band height. The rain rate for each rain type is approximately the same
(3.95 mm h-1). (b) Conceptual representation of shallow non-bright-band (NBB) rain in California’s coastal
mountains, and the inability of the operational WSR-88D radars to adequately observe it. NBB rain is
portrayed falling from a shallow feeder cloud forced by warm and moist onshore flow associated with a landfalling low-level jet (bold arrow).
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Observations collected during the California
Land-falling Jets experiment (CALJET) are used to
explore the causes of significant variations in flood
severity in adjacent watersheds within the ~1000-mtall Santa Cruz Mountains during the storm of 2-3
February 1998 (Fig. 1 shows the stormwide rainfall).
While Pescadero Creek (PES: 118 km2; rural)
experienced its flood of record, the adjacent San
Lorenzo Creek (SLO: 275 km2; heavily populated),
attained only its 4th highest flow (Fig. 2). This
difference resulted from conditions present while the
warm sector of the storm, with its associated lowlevel jet, high water vapor content and weak static
stability, were overhead (Figs. 3 and 4).
Observations from well-positioned wind profilers and
a NEXRAD radar (Figs. 4 and 5) show that
orographic processes, most strongly modulated by
wind speed and direction from 0.6 - 1.4 km MSL in
the warm sector (Neiman et al. 2002), dominated the
event. While the wind speed strongly modulated rain
rates on windward slopes (Fig. 4c), the wind
direction positioned the edge of a rain shadow cast
by the Santa Lucia Mountains (denoted by a “dividing
streamline” – see Figs. 5 and 6) partially over the
San Lorenzo basin, thus protecting the town of Santa
Cruz from a more severe flood. The meteorological
diagnoses were combined with the hydrological data
to infer that roughly one-third of the flow at flood
peak on Pescadero Creek resulted from rainfall
during a key 6-h period in the warm sector when the
rain shadow resided over the adjacent watershed
(Fig. 7). Without this one-third contribution, the flow
on Pescadero Creek would not have attained record
status.

These results, along with anomalous flood
frequency statistics found in this region (Andrews et
al. 2002), led to examination of ~50 y of stream flow
records for these and two other nearby watersheds
and comparison with NCEP/NCAR reanalyses. The
western-most watersheds were found to have their
greatest floods during El Niños, while the
easternmost watersheds peaked during La Niñas
(Fig. 8). These results are consistent with the case
study in that the composite 925 mb wind direction
during El Niños favors a rainshadow over the eastern
watersheds (Fig. 9). During La Niñas, the composite
wind direction indicates that the sheltering effect of
the rain shadow on the eastern watersheds is
reduced, while weaker winds, less water vapor, and
stronger stratification reduce the peak runoff in the
western watersheds.
These case study and climatological results
illustrate the importance of conditions in the warm
sector of land-falling Pacific winter storms. In
particular, variations of ±10° in wind direction can
modulate the location of floods. While terrain can
increase predictability (e.g., rainfall typically
increases with altitude), the predictability is reduced
when conditions are close to a threshold separating
very different regimes (e.g., in or out of a rain
shadow).
*This material is extracted from a paper that is in
preparation for submission to the Journal of
Hydrometeorology.

Fig. 1. Terrain base map showing the observing
systems and a 45-h accumulated rainfall analysis
(mm) between 0300 UTC 2 February and 0000 UTC
4 February 1998. The dashed 150-mm contour over
the Santa Cruz Mountains is a conservative estimate
of the rainfall based partly on radar reflectivity
observations from the NEXRAD radar at MUX; there
were no functioning rain gauges within this enclosed
contour. The inset box defines the domain of Figs.
5. The rain gauge site at TPK is labeled.

Fig. 2. Time series traces of measured stream flow
(m3 s-1; solid) and normalized stream flow (percent of
record stream flow; dashed) between 1500 UTC 2
February and 1800 UTC 3 February 1998 at (a)
PES, (b) SLO, (c) SOQ, and (d) COR. The
normalized stream-flow trace and peak-flow ranking
at each site are based on a comparison with data
dating back to 1950 at SLO and SOQ, 1952 at PES,
and 1955 at COR. These sites are located in the
Santa Cruz Mountains and are shown and labeled in
Fig. 8. The vertical gray-shaded bar identifies the
crucial time period in the warm sector between 2200
UTC 2 February and 0400 UTC 3 February.

Fig. 3. NOAA GOES infrared satellite images with frontal positions at (a) 1200 UTC 2 February 1998, (b) 1800
UTC 2 February, (c) 0000 UTC 3 February, and (d) 0600 UTC 3 February. Satellite-derived feature-tracked
winds below 600 mb are shown. Wind flags are 25 m s-1, full barbs are 5 m s-1, and half-barbs are 2.5 m s-1.
The coastal wind-profiler array is defined by the string of triangles along the West Coast. Panel (b) includes
P-3 flights legs time-to-space adjusted to 1200 UTC 2 February: blue line, upper-level leg (~400 mb) that
released dropsondes; red line, low-level leg (below 850 mb).

Fig. 4. Time-height section and time-series of data between 0600 UTC 2 February and 1800 UTC 3 February
1998: (a) Time-height section of hourly-averaged horizontal wind profiles, upslope-component isotachs
(directed from 225°), and fronts at PPB (wind flags and barbs are the same as in Fig. 3). The wind profiler
data within the horizontal gray-shaded bar (0.6 - 1.4 km MSL) were layer-averaged and then presented in
panel (c). The approximate top of the Santa Cruz and Santa Lucia Mountains are shown. (b) Time series
of accumulated rainfall at PPB and TPK. (c) Time series of hourly-averaged, layer-mean upslope flow
between 0.6 and 1.4 km MSL at PPB [layer shown in (a)] and corresponding hourly rain rate at TPK. The 20-h
correlation coefficient between these two traces (r = 0.91) is shown. The vertical dashed lines in (b) and (c)
mark the times of frontal passage at the surface, and the vertical gray-shaded bar in each panel is as in Fig.
2.

Fig. 6. Terrain base map and inset box, as in Fig. 1.
Limiting streamlines directed from 169° and 199°
(solid and dashed, respectively) emanating from the
northwestern tip of the Santa Lucia Mountains are
shown. The dotted line AA’ is a projection line for a
terrain cross section (not shown).

Fig. 5. (a) Quantitative precipitation estimate QPE
(mm, see scale) for the 6-h period 2200 UTC 2
February to 0400 UTC 3 February 1998 based on a
coastal mountain Z-R relationship applied to the
mean reflectivity field measured by the NEXRAD
radar at MUX. (b) As in (a), but for the QPE field
advected 7.5 km downstream from 169°; this
advective adjustment is based on the observed
low-level winds and rainfall characteristics. 6-h
rainfall totals (rounded to the nearest mm) in each
panel are shown next to the corresponding raingauge sites (bold dots). The four stream gauges
displayed and labeled in Fig. 8 are also shown here
(open triangles). The Pescadero and San Lorenzo
watersheds are outlined. The bold dashed black line
marks the limiting streamline from 169° (see also
Fig. 6).

Fig 7. The hydrograph trace from Pescadero Creek
on 2-3 February 1998 (m3 s-1; solid curve), with
estimated flow contributions for scenarios with the
(a) greatest and (b) least impact of the 6-h period of
orographically forced warm-sector rain ending at
0400 UTC 3 February on the record runoff at 0945
UTC 3 February. Dark shading between the dotted
curves in each panel denotes the estimated
contribution to the total stream flow due to the 6-h
period of orographically forced warm-sector rain
ending at 0400 UTC 3 February (Rws), and the light
shading above the top dotted curve and beneath the
bottom dotted curve mark the estimated
contributions to the total stream flow due to the coldfrontal rain commencing at 0400 UTC 3 February
(Rcf) and the warm-frontal rain ending at 2200 UTC
2 February (Rwf), respectively. The magnitude of the
eight largest floods observed in Pescadero Creek
are shown (bold dots) relative to the magnitude of
the record flow at 0945 UTC 3 February 1998. The
“X” in each panel denotes the estimated peak
stream flow that excludes the impact of the 6-h
period of orographically forced warm-sector rain.

Fig. 8. Terrain base map showing the locations of
the stream-gauge stations unaffected by flow
regulation (>) in California’s central-coast region that
were first analyzed in Andrews et al. (2002). The
normalized El Niño flood ratio Rq for a 5-year flood,
based on recorded annual peak flows for El Niño
and non-El Niño conditions (MEI greater than and
less than 0.5, respectively), is shown in parentheses
next to the corresponding station name. This ratio is
based on the relative magnitudes of the El Niño and
non-El Niño annual peak floods that occur, on
average, once every 5 years at each site. The limits
of Rq range from 2 when El Niño flooding dominates
to 0 when non-El Niño flooding dominates. The
second number in each pair of parentheses is the
year that data were initially recorded at that site; all
sites gathered data through 2000. The wind profiler
site at PPB is indicated ([).

Fig. 9. Composite 925-mb geopotential height (m)
based on the NCEP/NCAR reanalysis global gridded
data set during the annual peak flood at each of the
eight stations in Fig. 8 for (a) El Niño conditions and
(b) non-El Niño conditions. The 24-h averaged
reanalysis data for the day of each flood and the day
preceding each flood were included in the
appropriate composite. The white dot in each panel
marks the location of the Santa Cruz Mountains, and
the table in the lower right of each panel contains
composite data at 925 mb (DIR925 = geostrophic
wind direction, SPD925=geostrophic wind speed, T925
= temperature, q925 = mixing ratio), and composite
lapse-rate data between 1000 and 700 mb ((1000-700),
for the Santa Cruz Mountains. Latitude and
longitude tick marks and labels are on the left and
bottom of the figure.

The PACJET-2001 Field Study
PURPOSE
The mission of the Pacific Land-falling Jets experiment (PACJET) is to “Develop, test, and implement methods to
improve short-term (0-24 h) forecasts of damaging weather on the U. S. West Coast in land-falling winter storms
emerging from the data sparse Pacific Ocean.” This goal is pursued through a combination of physical process
studies, assessment of observing system capabilities and limitations, testing of modeling techniques and
parameterizations, and developing forecasting techniques. It’s goals and methods address two of the US Weather
Research Program’s (USWRP) three foci: quantitative precipitation forecasting (QPF), and optimal mix of
observations for weather prediction. Researchers, forecasters and forecast users are fully integrated into the effort.
This unified research and operational program is designed not only to advance NOAA’s research goals (e.g.,
USWRP), but also to help meet the following formal performance measures established within the NWS Vision 2005
Strategic Plan:
• Increase the probability of detection of winter storms to 90 percent and the lead time to 18 hours by 2005, and
• Provide West Coast forecasts as accurate as forecasts for the rest of the country.
PACJET follows up on research and operational lessons learned in the California Land-falling Jets (CALJET)
experiment of 1997/98 and its details are based on input from two major planning workshops (1999 and 2000).
Requests from forecasters and users to extend CALJET northward were presented at the workshops, and resulted in
the increased areal coverage and name change.
EFFORTS
The Pacific Land-falling Jets experiment (PACJET) conducted field activities from December 2000 through March
2001, with the goal of improving quantitative precipitation forecasts (QPF) and wind forecasts on the mesoscale,
and their associated watches and warnings. Key components of the experiment included:
• physical process studies (orographic effects, boundary layer physics, microphysics, air pollution transport),
• observing system tests (coastal wind profilers, GPS receivers for integrated precipitable water vapor, new
satellite products including the GOES rapid-scan Winds Experiment-GWINDEX implemented based on a
special PACJET rapid scan, and AMSU derived products),
• and forecasting applications development (use of a NOAA P-3 aircraft as a NEXRAD in the sky, melting-level
detection by profilers, assimilation of new GOES winds with a special version of the RUC mesoscale model).
NOAA research aircraft and their dedicated crews played a key role. A total of 19 missions were conducted for
research and operational goals, usually accomplishing both on the same flight:
• 17 flights by a P-3 out of Monterey, and
• 2 flights of the NOAA G-IV jet from Monterey for targeted dropsondes.
Three of NOAA’s line offices participated directly:
• NOAA Research (ETL, NSSL, FSL, AL)
• NWS (HPC and EMC of NCEP, and nine Western Region weather forecast offices-WFOs)
• NESDIS (CIMSS-Madison, Wisconsin, CIRA-Fort Collins, Colorado),
as did several non-NOAA partners:
• Naval Postgraduate School, Desert Research Institute, State University of New York, etc.
Planning and training were also critical elements that led to success in the field. These included planning meetings in
September 1999 and July 2000, and presentation of forecaster familiarization and training material to forecasters
through remote “Visit View” training sessions led from Boulder. Furthermore, real-time communications between
the research facilities and operations required significant development, including creation of a temporary operations
center at the Naval Postgraduate School in Monterey. Purchase and installation of a satellite communications
system, through HPCC support joint with the hurricane program, allowed 2-way image transmittal, both for relaying
key P-3 observations to the ground for operational use, and for receiving satellite, radar, and forecast updates on the
P-3 to aid in-flight decisions.

CUSTOMERS
Within NOAA the primary customers were the National Weather Service, both NCEP and the Western Region, as
well as NESDIS in terms of satellite validation and data impact assessment. Many groups outside of NOAA have
been heavily involved in planning and using the results. These include water and emergency managers, such as at
the U.S. Army Corps of Engineers, the California Governor's Office of Emergency Services, San Mateo County
Sheriff’s Office, California Department of Water Resources, the Navy, Pacific Coast Federation of Fisherman's
Associations, and private meteorological services. A 3-month visit by Kristen Koch from OAR headquarters
furthered our connections to forecast users and resulted in a report published by “Weatherzine” edition No. 25
summarizing “The PACJET program and End Users”
(http://sciencepolicy.colorado.edu/zine/archives/1-29/25/guest.html).
SIGNIFICANCE
PACJET has adopted a philosophy that engages forecasters and decision makers in shaping research objectives, and
thus has created an approach for optimizing regional observing systems and science to meet critical local needs for
improved detailed forecasts of high-impact weather. Lessons learned in CALJET and PACJET in the west can be
viewed as a model for how to further the goals of linking NOAA research to practical societal needs on a regional
basis. This model can be applied elsewhere across the nation for a variety of purposes, e.g., flood forecasting, air
quality prediction, homeland security, etc.
PACJET’s partners on the U.S. West Coast placed improved prediction of coastal storms, including regional and
local impacts, as a high priority problem for their region. Hazardous weather in the West-Coast states of CA, OR,
and WA due to these storms has caused major loss of life and property mostly due to flooding, and losses have
increased in recent years (NCDC): 37-year average of 9 fatalities per year (26 fatalities per year recently), and
15-year average of $700 million damage per year ($1,900 million/year recently). These weather impacts are
comparable to the annually averaged effects of earthquakes in this earthquake-prone region over the last 30 years,
which included 4 major seismic events (NGDC). The U. S. West Coast is exceptionally vulnerable to damage from
such storms because the region is characterized by high population densities and rapid population growth, and west
coast weather prediction is impeded by a relative sparsity of data over the Pacific.
• CALJET and other research has shown that major forecast improvements are possible.
• Flooding is the most common and costly issue in emergency response in the area.
• The National Academy of Sciences concluded that Sacramento, CA represents the single greatest flash flood risk
in the nation, with $3 to $20 billion in damage possible.
• Watershed impacts of landfalling storms dominate local and regional water supply.
• Because winter storms tend to move from west to east, positive effects of new data over the Eastern Pacific
spread eastward over time covering much of the U.S. over 3- 4 days.
SUCCESS
a) Forecaster training
Following the recommendations that grew out of the planning meetings, a two-hour teletraining session was
developed from materials provided by the CALJET/PACJET community, and was presented by Marty Ralph and
Louisa Nance to 13 Western Region forecast offices. The first part of each training session focused on lessons
learned during CALJET, while the second part focused on the new experimental data that would be available to the
WFOs during PACJET, how the data could be accessed, and how these data could be beneficially applied to
operations. A second outcome of the planning meetings was the development of a protocol by which Western Region
NWS forecasters worked side-by-side with researchers within the PACJET field operations center, interpreting
observations and making forecasts. In addition each NWS forecaster had the opportunity to fly on one P-3 research
flight.
b) Improving communications
Critical to the mission of linking research and operations, was the establishment of a relatively high speed two-way
link between the field operations center and the P-3. This was accomplished by mounting a new satellite
communications system on the P-3, which then allowed the aircraft to receive satellite and radar images as well as
nowcasts from the operational forecast team, and for information on storms to be transmitted to the ground in real
time. Observations from the P-3 were used directly by NWS operations, including issuance of a Severe

Thunderstorm Watch, Special Nowcasts, Special Marine Warnings, and Marine Weather Statements. Numerous
“area forecast discussions,” a key NWS product that explains the basis for a forecast, pointed out the value of the
experimental data in real-time forecasting.
c) A key example of operational impact on Thursday 25 January 2001 (see first figure page)
After a 6 AM takeoff, the P-3 headed toward a strong frontal system approaching the California coast. After
documenting air-sea fluxes for research, the P-3 then penetrated a strong low-level jet (75 knots when it hit the coast)
and narrow cold frontal rain band. All pieces of the PACJET puzzle, ground, air, operations center, and
communications came together to uniquely document an extremely strong (>55dBZ and much lighting) narrow cold
frontal rain band just off the coast and as it hit the mountainous coastline in a gap in NEXRAD coverage. Based on
this new information, the NWS issued a severe thunderstorm watch. Quoting Dr. Warren Blier, Science and
Operations Officer, San Francisco Area NWS Weather Forecast Office, “PACJET’s offshore observations from the
NOAA P-3 aircraft on 25 January 2001 were the deciding factor in issuing a severe thunderstorm watch for the San
Francisco Bay Area that gave several hours lead time before the storm caused flooding, power outages and closure of
SFO International airport. This type of lead time has typically been impossible in the past due to lack of precise
mesoscale offshore information on storm intensity.” Afterward, emergency managers in the San Francisco area
noted publicly that this lead time was very useful in enabling them to prepare for the event.
d) Science
Several science objectives were pursued in 2001. The following are highlights from this effort based on preliminary
assessments:
• A new GOES wind technique, developed from CALJET data, was tested for PACJET using a hybrid rapid scan
during the associated GWINDEX effort led by CIMSS/NESDIS. This filled in large areas in key parts of storms
where winds were not available previously due to the short correlation time of isolated low clouds in those areas.
• A special version of the operational RUC was run on FSL’s new JET supercomputer using a parallel cycle with
and without assimilation of the enhanced GOES winds, and initial results have shown positive impact and has
motivated a repeat of GWINDEX for PACJET-2002 as a key step toward possible operationalization.
• New products derived from AMSU sensors on a polar-orbiting satellite developed at CIRA using a hybrid
model-observations-balance technique was tested in real time.
• Two or three useful cases of flux measurements in the low-level jet region were collected and at least one will be
used to begin Quickscat satellite validation research that will be explored more fully in PACJET-2002.
• The fine-scale kinematic and thermodynamic structure over complex terrain was documented for use as
verification of model-derived interpretations of mesoscale predictability associated with small uncertainties in
larger-scale conditions.
• Studies of the meso-gamma scale structure of narrow cold frontal rain bands will be pursued with preliminary
results illustrating convective squall line structure over the ocean that resembles miniature aspects of
Midwestern squall lines (see attached radar figure).
• CALJET results showing the importance of winds in the low-level jet in controlling orographic rain rates was
expanded in PACJET to include assessment of the role of vertical moisture and temperature structures using
serial rawinsondes and GPS integrated water vapor measurements.
• A surprising result from the strong El Niño of 1997/98 was that >30% of the season’s coastal mountain rainfall
occurred without a bright band-the typical signature of ice processes, whereas in PACJET during a weak La
Niña, this accounted for <5% of seasonal rainfall, a striking example of the weather-climate connection.
• Observations made using the Aeronomy Lab’s “ozone shark”on the P-3 in the coastal boundary layer confirmed
the hypothesis that continental boundary layer air was being advected offshore through gaps in the coastal
mountains. This cool airmass enhanced blocking and was advected along-shore because it was trapped against
the coastal mountains.
• A new technique to observe the melting level in storms was created based on input from forecasters during
planning meetings. The technique is an extension of wind profiler capabilities and was tested using rawinsondes
as verification. Forecasters immediately found it useful. A formal paper has already been accepted for formal
publication and a patent is pending on this technique. (See second figure page.)
• Targeted observations using dropsondes were tested in two ways during PACJET. The first added the P-3 from
Monterey to the G-IV from Hawaii and a C-130 from Alaska to create a “Super-IOP” that coordinated PACJET
and NCEP’s Winter Storms Reconnaissance missions to improve a west coast forecast. This Super-IOP had
larger impact than 2-aircraft missions.

•

The second test of targeting used the G-IV operating out of Monterey, where it stopped on its way back from
Hawaii. Its two PACJET flights were flown based on a modification of the synoptic-scale targeting to address
mesoscale issues. Significant forecast changes were noted.

e) Outreach (see third figure page)
In an effort to convey to the public the purpose and preliminary outcomes of PACJET, a series of outreach-related
activities were undertaken. Of particular emphasis were interactions with the marine community, which provided
feedback on how to address the needs of both commercial and recreational fishermen and harbormasters. Examples
of other activities include press releases and press briefings, a PACJET Forum and Community Appreciation Day
with attendance of 700 people, including several key presenters (see figure) and many students, creation and
maintenance of a highly visible web page for the experiment, and production of a video of PACJET to aid reporters
producing television stories. As a result of these efforts, national coverage of PACJET was provided by NBC
Nightly News, National Geographic Today, and the Weather Channel, USA Today, CNN.com, and MSNBC.com. In
addition, numerous local newspapers and television stations carried PACJET stories. Finally, a briefing was given to
the local congressional representative for Monterey, and the PACJET science team contributed to the briefing of ~50
Congressional staff in D.C. in response to the California energy crisis.
f) Synopsis
In summary, PACJET has provided a successful model of how to infuse science and technology from NOAA
Research into National Weather Service operations. It did this by bringing together researchers, NWS forecasters,
and emergency and flood control managers in both the planning, execution, and assessment of an intensive winter
field program.
Vickie Nadalski, Director, NWS Western Region boiled it down to the following statement in an official NOAA press
release on 24 Feb 2001: “...PACJET...has provided critical information to allow the forecaster to pinpoint where
the most intense weather will impact the coast. Having this value added information has enabled us to give advance
notice to emergency managers, the aviation community, mariners, and the media.”
NEXT STEPS
The next steps fall into three major areas: conducting the 2002 field phase of PACJET, continuing analyses of the
integrated data sets and forecasting experiences, and developing a long-term integrated research and operations
program that results in permanent enhancements to the forecasting system. The following steps are either in the
works, or under consideration:
• Conduct the 2002 field phase to reach goals postponed when PACJET was reduced in FY01.
• Continue analysis, publication, and training based on the integrated data sets and forecasting experiences, with
special emphasis on documenting the regional aspects of the weather-climate connection.
• Create a strategy to quantify the impact of better coastal observations on short-term QPF through data
assimilation and direct forecaster use.
• Conduct user needs workshops to assess regional needs as part of an effort to develop an observing system
testbed approach for application in other regions as well as the west coast.
• Develop financial support to maintain this integrated effort, including establishing a pathway for implementing
results permanently into operations as part of a continual process of science and technology infusion from
research into operations through better understanding, better observations, and better models.
• Follow up on the recommendation by the North American Observing System (NAOS) Council to incorporate the
strawman for an observing system testbed developed by ETL and FSL into the draft NWS/OAR Science and
Technology Infusion Plan.
• Use PACJET as a model to establish an observing system testbed approach to improve forecasting and develop
a FY04 initiative based on NAOS Council endorsement of this concept and the support of many NOAA
constituents affected by its outcome.
• Explore the application of programmatic, scientific, and operational lessons learned from PACJET to address
key forecast problems in other regions around the country.
____________________________________________________________________________________________
For more information please contact Dr. F. Martin Ralph at marty.ralph@noaa.gov and see:
The PACJET homepage at ETL: http://www.etl.noaa.gov/programs/pacjet/
Program overview document from January 2001: http://www.etl.noaa.gov/programs/pacjet/pacjet_2001_update.pdf

PACJET Forum and Community Appreciation Day
700 visitors on 24 February 2001, Monterey, CA

Speakers prepare to address the Press and the public, aided by Marilu Trainor, standing.
Seated in the front row from left to right:
Dr. William Neff, NOAA/ETL, Chief, Weather and Climate Applications Division
Dr. Marty Ralph, NOAA/ETL, PACJET Program Leader
Robert Diaz, MIC, NWS Forecast Office - San Francisco Bay Area-Monterey
Alec Arago, Congressman Sam Farr's Deputy District Director, Salinas, CA
Seated in the back row from left to right:
Capt. Robert Maxson, Director of NOAA's Aircraft Operations Center
Harry Robins, Director of Emergency Management for Monterey County
Vickie Nadolski, Regional Director, NWS Western Region, Salt Lake City

The PACJET-2002 Field Study
A Brief Background
• PACJET-2002 is the third in a series of field experiments, preceded by CALJET in 1997/98 and PACJET in
2001, to focus on improving short-term forecasts of land-falling Pacific winter storms on the U.S. West Coast.
• As with earlier years, the effort focuses on both research and direct operational applications.
• Results from CALJET and PACJET-2001 are appearing in conferences, journals, and patents, and have
identified issues that help focus the 2002 field phase.
• Input at the PACJET-2001 Workshop in Monterey from 24-26 October contributed to refining both short-term
goals for winter 2001/2002 and for long-term program development.
• PACJET-2002 incorporates ground-based, satellite, aircraft and modeling activities.
• Data collected in PACJET-2002, which is characterized as a neutral phase of ENSO, will complement those
gathered in the strong El Niño of 1997/98 and the weak La Niña of 2001.
Research Priorities in 2002 Data Collection
• Assessing QuickScat satellite winds in the low-level jet: P-3 aircraft activities will focus on evaluation of
QuickScat satellite-derived surface winds and on exploring how conditions aloft in the boundary layer may be
inferred. This will increase the sample-size of high wind conditions for assessing model PBL parameterizations.
This effort is partly funded by NASA (Persson and Walter) and is coordinated with NOAA’s Ocean Winds
Program (Chang).
• Assessing the value of GOES rapid scan winds in mesoscale data assimilation: The RUC model (Benjamin and
Weygandt) is being run at 10-km resolution in the west, and will be used retrospectively to assess the impact of
assimilating rapid scan GOES winds as part of the GOES Winds Experiment-GWINDEX (Velden, Stettner,
Daniels, Bresky).
• Documenting the frequency of occurrence of non-bright band rain found in CALJET: Results from a new ETL
high-dynamic range S-band radar deployed in CALJET indicate that roughly 30% of all rain that fell at a key
coastal site that year occurred without a bright band (White et al. 2002), however <5% did so in 2001. The
same radar has returned to the site in 2002 and another is being used in the western Sierra Foothills to extend
this study.
• Exploring the Weather-Climate Connection: The severity of flooding in specific watersheds is very sensitive to
low-level wind conditions, which vary with the phase of ENSO (Ralph et al. 2002). Coastal wind profilers are
being used to add to data collected in other phases of ENSO during CALJET and PACJET-2001. These will
provide ground truth for assessing the accuracy of NCEP reanalyses in this data sparse area for this application.
Forecast Applications Priorities in the 2002 Field Phase
• Direct forecaster use of experimental data will be systematically evaluated (Nance): Forecaster use of wind
profiler, GOES rapid-scan winds, and the RUC model will be tracked through an on-line feedback form,
referencing in area forecast discussions, and by other means. Plans for training are being developed. Due to
funding limitations for staff needed on the P-3 and on the ground, P-3 data will be available in real time on a
more limited basis.
• GOES Rapid-Scan Winds-the GWINDEX Experiment (Velden): In addition to the research associated with
documenting the impact of assimilating GOES rapid scan winds in the RUC model as described above, the data
are viewable on line for direct forecaster use, e.g., evaluating the position and intensity of key wind features
using the enhanced capabilities of the rapid scan winds.
• The Rapid Update Cycle model (RUC) (Benjamin and Weygandt): A special version of the RUC model is being
run that assimilates the GWINDEX data every 3 hours, and includes a nest in the west with 10-km grid spacing.
These data will be available directly on the standard AWIPS workstations that are in use in NWS Weather
Forecast Offices.
• Experimental wind profiler array (Ralph, Neiman and White): Research results from CALJET and PACJET
have quantified the importance of the low-level jet in determining rain rates in coastal storms, and initial
experience with the use of a prototype real-time bright-band snow-level detection algorithm developed for
PACJET-2001 will be extended to additional sites. Eleven profilers will cover the coast from S. California to
Washington State.

Overview of major components of field deployments in PACJET 2002
Ground-based, satellite, modeling
• Dates for RUC, profilers, GWINDEX: 14 January - 31 March 2002
• S-band vertically pointing radars:
Cazadero and Grass Valley, CA.
• ETL and NPS Wind profiler sites:
Newport, OR, Westport, WA, Goleta, Piedras Blancas, Monterey
(NPS), Bodega Bay, Eureka, Grass Valley, Chico, Waterford, and Lost
Hills, CA.
Aircraft
• Dates for P-3 deployment:
• Flight hours for P-3:
• Location of aircraft operations base:
• P-3 operations area:
• 11 missions were conducted

1 February - 2 March 2002
100 h (70 h PACJET + 30 h Ocean Winds)
Portland, OR
Offshore from California to Vancouver, Canada
Flights ranged from 35-51 N lat. to 142 W long.

Web links
PACJET homepage: http://www.etl.noaa.gov/programs/pacjet2002/

PACJET Workshop-2001
Announcement
Dates:
Location:

Wed-Fri. 24-26 October, 2001
Naval Postgraduate School, Monterey, CA

Organizers: Marty Ralph, NOAA/ETL, Boulder, Colorado
David Reynolds, NCEP/NWS, Washington, D.C.
Doug Miller, NPS, Monterey, California
David Kingsmill, DRI, Reno, Nevada
Overall Purpose of Workshop
This workshop will bring together scientists, forecasters, and forecast users to consider both
short-term goals for PACJET-2002, and a vision of the program’s future. Key issues to be
addressed are: developing a pathway for transitioning results to operations, the role of PACJET
as an observing system testbed, priorities for research, and how to strengthen the developing
partnerships between research, operational forecasting and forecast user needs. Results from
CALJET in 1997/98 and PACJET in 2001 will also be reviewed.
A Key Workshop Objective
A central issue for this workshop concerns possible annual field activities for combined
operational and research objectives. Annual field activities can act as a test bed for new ideas,
observations, models, etc., and are an opportunity to explore research objectives linked by
PACJET's core themes. One approach that could reconcile the disparity between the traditional
research time scale for field efforts on individual topics (usually separated by 3-4 years or more),
with that of direct operational uses where annual activities are warranted, is to build a program
that includes roughly 6 major research topics for which a critical mass of funding is available to
allow long-term support for each, and to have 1 or 2 of those topics be the science focus in a
given year's field activities. By combining this with a core of funding for field efforts each
winter, we would create a unique and productive synergy between research and operational goals
that would assure meaningful progress on the problem of west-coast storm prediction, and would
serve as a model for how to make progress on mesoscale forecast problems in other regions
Other specific workshop objectives include:
1) Reviewing results from CALJET and PACJET-2001.
2) Refining plans for the 2002 field phase.
3) Exploring present and anticipated future observing system needs of the science, forecast
applications, and forecast user communities.
4) Determining how best to coordinate and cooperate with THORPEX
5) Considering a new broader name for this effort (e.g., “Pacific Coast Winter Storm
Program”,”Western Weather Program”).

PACJET Workshop-2001
Agenda
Wednesday, 24 October 2001
8:00 - 8:10 AM

Opening Overview of PACJET

Marty Ralph

PACJET Science Overview

Wendell Nuss

Science Session
8:10 – 8:30 AM

Cyclone and Front Physical Process Issues (Chair: Ola Persson)
8:30 – 8:50 AM
8:50 – 9:10 AM
9:10 – 9:30 AM
9:30 – 10:00 AM
10:00 – 10:30 AM

Flow Interaction with Topography
Modification of Frontal Dynamics by Topography
Boundary Layer Impacts on Fronts, Cyclones, and Precipitation
Open Discussion
Break

Jim Doyle
Terry Williams
Ola Persson

Cloud Microphysics Issues (Chair: Brad Smull)
10:30 – 10:50 AM
10:50 – 11:10 AM
11:10 – 11:30 AM
11:30 AM – 12:00 PM
12:00 – 1:00 PM

Basic Cloud Processes in Land-Falling Cyclones
Coastal Orographic Precipitation Processes
Model Parameterization of Microphysics
Open Discussion
Lunch

Steve Rutledge
Dave Kingsmill
Jerry Schmidt

Numerical Modeling Issues (Chair: Wendell Nuss)
1:00 – 1:20 PM
1:20 – 1:40 PM
1:40 – 2:00 PM
2:00 – 2:30 PM
2:30 – 3:00 PM

Relationship Between Synoptic and Mesoscale Predictability
Data Assimilation on the Mesoscale
Ensemble Prediction on the Mesoscale
Open Discussion
Break

Wendell Nuss
Stan Benjamin
Jian-Wen Bao

Forecast Applications Development Session
3:00 – 3:10 PM

Goals for Forecast Applications Session

Warren Blier

A Look Back at PACJET-2001 (Chair: Warren Blier)
3:10 – 3:30 PM
3:30 – 3:45 PM
3:45 – 4:00 PM
4:00 – 4:15 PM
4:15 – 4:30 PM
4:30 – 5:00 PM
5:00 PM

Brief Review of PACJET-2001 Forecast Application Activities
NWS Perspective on PACJET-2001: Local Forecast Offices
NWS Perspective on PACJET-2001: Operations Center
IOP3 – Severe Thunderstorm Watch Issued by Monterey WFO: A
Success Story from PACJET-2001
Impact of PACJET-2001 on Local Forecast Offices
Discussion: Lessons Learned from PACJET-2001
Adjourn for the Day

Louisa Nance
Dan Gudgel
John Ertl
Warren Blier
Mel Nordquist

Thursday, 25 October 2001
Forecast Applications Development Session (cont)
West Coast Forecast Issues and the Role of PACJET (Chair: Brad Colman)
8:00 – 8:15 AM
8:15 –8:30 AM
8:30 – 9:00 AM

Perspectives from the Portland NWS Forecast Office
Perspectives from the Sacramento NWS Forecast Office
Discussion: Objectives/Priorities for PACJET Forecast Applications

Potential Forecast Applications Stemming from PACJET Scientific Studies
9:00 – 9:15 AM
9:15 – 9:30 AM

Paul Tolleson
Scott Cunningham

(Chair: Louisa Nance)

Warm Rain Processes and Orographic Precipitation Enhancement
Improving QPE using WSR-88D

Allen White
Dave Kingsmill

9:30 – 10:00 AM

Break

PACJET Products and Their Forecast Application (Chair: Louisa Nance)
10:00 – 10:15 AM
10:15 – 10:30 AM
10:30 – 10:45 AM

Real-time Aircraft Products
Special Wind Profiler Products
Satellite Winds

10:45 – 11:00 AM
11:00 – 11:30 AM
11:30 AM – 12:30 PM

Outlook for the Future
Discussion: Planning for PACJET-2002 and Beyond
Lunch

Dave Jorgensen
Allen White
Chris Veldon & Kevin
Schrab
Al Gasiewski

Forecast User Needs Session
12:30 – 12:45 PM

Overview of PACJET and Purpose of Session

Marty Ralph

Invited Presentations on Uses of Weather Information (Chair: Chris Dewees)
12:45 – 1:05 PM
1:05 – 1:25 PM

Applications for the Port of Long Beach
Applications for the Pacific Coast Fishing Industry

Dick McKenna
Pietro Paravanno

Topical Presentations from Major User Groups (Chair: Marty Ralph)
1:25 – 1:40 PM
1:40 – 1:55 PM
1:55 – 2:15 PM
2:10 – 2:25 PM
2:25 – 2:45 PM

Emergency Management
Off-Shore Boating
Energy Management
Water/Flood Management
Break

Tom Maruyama
Chris Dewees
Woody Whitlatch
Gerhard Krueger

Focused Discussion on User Needs (Chair: Kristen Koch)
2:45 – 4:15 PM
4:15 – 4:45 PM
4:45 PM

Detailed discussions of how weather information is used in decision
making.
Key Recommendations
Adjourn for the Day

Marty Ralph

Friday, 26 October 2001
Integration and Sustainability Session
8:00 – 8:10 AM

Session Objectives

Marty Ralph

Summary Reports (Chairs: Dave Kingsmill & Doug Miller)
8:10 – 8:25 AM
8:25 – 8:40 AM
8:40 – 8:55 AM
8:55 – 9:30 AM
9:30 – 9:45 AM

Science Issues
Forecast Application Development Issues
Forecast User Issues
Discussion: Integration of Priorities
Break

Wendell Nuss
Warren Blier
Kristen Koch

Strategies for Long-Term Sustainability (Chairs: Dave Reynolds & Marty Ralph)
9:45 – 10:00 AM
10:00 – 10:15 AM
10:15 – 10:30 AM
10:30 – 10:45 AM
10:45 – 11:00 AM
11:00 – 11:50 AM
11:50 AM – 12:00 PM
12:00 PM

Perpetuating the Benefits of PACJET: Linkages to Existing Weather
Programs
Recommendations on How to Operationalize PACJET
On Building a Partnership Between PACJET and People Who Need
Weather Information
Meeting Regional Forecaster and Forecast User Needs Through
Creation of an Observing System Testbed Initiative
NOAA-Research Perspective on PACJET
Discussion: Action Items for Long-Term Program Development
Closing Remarks
Workshop Adjourns

Tom Schlatter
Dave Reynolds
Chris Dewees
Marty Ralph
Mike Uhart
Marty Ralph

PACJET Workshop-2001
Meeting Summary
13 November 2001
Participation
•

60-65 participants during the 3 days (45-55 for each session).

•

At least 15 Non-NOAA entities were represented (DRI, NAVY-NPS, NRL, FNMOC, EPRI, PGE, Sea
Grant, Port of Long Beach, STI, Environ. Canada, Texas A&M, UC Davis etc.).

•

At least 20 NOAA entities (3 Labs, 2 NCEP Centers, 2 RFCs, 10 WFOs, NWS Western Region HQ, AOC,
OAR HQ, 2 NWS HQ Offices-OST and OS)

Outcomes
Forecasting applications:
Several NWS forecasters/SOOs summarized their experiences from 2001. They were all very pleased with
the experience. They incorporated PACJET results into their area forecast discussions. Warren Blier summarized
the revealing case of 25 January 2001, including emergency managers appreciation for the advance lead time on the
severe thunderstorm watch. John Ertl of Monterey WFO provided an exceptionally useful synopsis of specific
recommendations from the forecasters who participated, including success stories, and ideas for improvements. The
need to incorporate new observations and models into AWIPS for direct forecaster use was highlighted, although
non-NOAA users clearly wanted to see the internet-based output maintained.
•

The Visit View training presented in January 2001 by Louisa Nance and Marty Ralph was very well
received, and it was suggested that this be done again.

•

Forecasting applications successes last year were very useful, but need further evaluations (Jeff McQueen of
NWS OST will help formulate a plan for this).

•

The usefulness already shown of new conceptual physical models developed through CALJET and PACJET
research should be factored in when assessing the program’s impact on operations. Further pursuit of this
work will continue to reduce the forecaster dependence on “rules of thumb.”

•

RUC assessments showed positive impact of GWINDEX’s PACJET Rapid Scan winds. This may be
suitable to convince NESDIS to do them again this winter.

•

Forecasters were very pleased with their experience last year.

•

Warren Blier’s summary of the 25 January 2001 mission and forecasting includes OES reactions and
remarks on usefulness of lead time provided. This should be written up as a paper.

•

Removal of ETL’s BBY profiler caused many forecaster complaints (Bob Diaz).

•

Mel Nordquist related a couple of specific forecasts that were improved by P-3.

Science planning:
Scientific results are emerging from the existing data sets. Most have been presented in the form of
conference papers, but several are transitioning into formal publications. It was felt that this process should be sped
up, partly by reducing the amount of scientist time spent in the field this winter. A series of stimulating scientific
review presentations were provided, focusing partly on CALJET/PACJET results to date, but mostly on science
problems of the future. These included orographic effects on airflow, precipitation and fronts, microphysical
problems, the basis for targeted observations, the role of boundary conditions versus internal processes in mesoscale
forecast error growth, and the impact of satellite cloud drift winds.

•

Consideration was given to holding a purely science workshop for PACJET where the detailed hypotheses
tested to date could be presented adequately, and new hypotheses could be formulated.

•

A science plan needs to be written with specific hypotheses laid out over several years. Push more science
publications out the door this year.

•

Focus on program development activities. Financial support is needed for this.

Forecast user needs
This session turned out to be quite effective with roughly 10 forecast users representing several major
forecast sensitive groups (marine, flood management, energy and emergency management). This included an
emphasis on marine issues. Capt. Dick McKenna detailed forecast needs of the Ports of Los Angeles and Long
Beach. Coastal fishing was summarized by Chris Dewees of Sea Grant, and the perspective of marine forecasters was
provided by James Partain, the SOO of NCEP’s Marine Prediction Center. Woody Whitlatch, a lead meteorologist
at Pacific Gas and Electric Co summarized the energy sector’s use of weather information, including short-term
temperature, wind and precipitation forecasts. Two representatives of the Army Corps of Engineers (ACE)
described the importance of short-term QPF, melting level information and wind prediction on their operation of
dams. It was concluded from our PACJET Workshops and from visits by PACJET representatives to meetings of
professional groups consisting of users in a particular field, that a combination of the two approaches is needed.
•

On a given winter day during fishing season there are roughly 500-600 small vessels fishing within 20 miles
of CA coast, most on 1-3 day outings.

•

Fishing is the most dangerous profession.

•

The Ports of Los Angeles and Long Beach combine to be the world’s 3rd busiest port, with over $190 billion
on commerce passing through it last year. It is vulnerable to weather-induced slowdowns (0-4 h lead time is
crucial). Further interaction was invited.

•

ACE’s draft Comprehensive Plan for the Sacramento and San Joaquin watersheds includes major support
for a special purpose wind profiler array optimized to meet their needs for better 0-12 h weather prediction
for these watersheds. Buoy, coastal, and Sierra Foothills sites are included. The ACE study conducted a
cost-benefit analysis and found that improved lead times would provide much greater benefit than the cost
of the specialized network.

•

M. Uhart invited ACE to provide a briefing including PACJET at the next SAB meeting.

•

Woody Whitlatch of PGE described the great potential he sees for our efforts to help the energy industry
and will work with us to develop economic impact analyses for this.

Resource development for sustaining and evolving the program
It was strongly acknowledged that we had made remarkable progress in demonstrating the utility of new
data and ideas. However, it was also noted that the project has reached a barrier that requires a focused and
significant financial investment beyond what has been used to date, in order to address the core issues identified at
the workshop. For example, these barriers include the distraction of scientists from their publication role to explore
and carry out operational applications, the limits of what can be done in the NWS to integrate new data into AWIPS,
the cost of outreach to define user needs, and carrying out impact assessments. The conclusion reached was that we
should work to develop the new funding needed. Several ideas were discussed, including those focused on the
NOAA funding process since NOAA is the lead agency. Questions about the relevance to national needs and
priorities were addressed thoroughly through a summary by Tom Schlatter, and through a strawman presented by
Marty Ralph outlining a model for optimizing mesoscale observations to meet regional forecasting needs that could
be used across the nation. Changing the scope and name of PACJET to reflect its growth from a project into a
program was discussed, and it was concluded that such a change was appropriate, although no final name change was
adopted.

•

A PACJET Steering Committee with 3 Working Groups (Science, Forecasting Applications, User Needs) is
to be formed in the coming months. Initial steps were taken to constitute the Working Groups, who will
then elect one or two members to serve on the Steering Committee.

•

OAR’s “Climate Weather Connection,” and “USWRP” initiatives, NWS’ AHPS (Advanced Hydrologic
Prediction System), and NOS/NWS’ “Coastal Storms” initiatives in FY02 are considered appropriate
possibilities to develop future funding.

•

Transitioning the strawman Weather and Climate Observing System Testbed into an initiative for FY04 was
seen as a worthwhile goal, but we should also emphasize other potential funding pathways as well.

•

Pursuing traditional research proposals to existing research funding agencies was recommended where
appropriate.

Specific decisions for 2001/02 deployments and activities
•

Pursue the S-band radar and profiler deployments, and implement the bright-band detection algorithm at as
many sites as possible.

•

Set the NASA-funded science as the priority for P-3 use this winter. However, plan for an additional SuperIOP with NCEP if NCEP can provide the sondes.

•

Ocean Winds will likely go in the field this winter with PACJET, but with less than their originally intended
75 flight hours.

•

P-3 operations will be based out of Portland. This has been agreed upon by PACJET leads, Ocean Winds
PI, and AOC, and the NWS-Portland office. Facilities and briefings as part of a small operations center will
be provided by NWS Portland WFO, which feels that the PACJET program will be of mutual benefit.

•

Even if full flight hour allocation occurs, it is too late to field a major storm surveillance activity for this
winter. We cannot afford an operations center and we do not have time to coordinate critical activities
(operations center, forecaster involvement, and most important-effective impact assessments).

•

If the full 180 h are allocated, then the next priority beyond the NASA work would be given to targeted
dropsondes in an effort to develop statistics on this for justification of a formal request for annual Air Force
C-130 dropsonde flights that Dave Reynolds is ready to prepare for the Office of the Federal Coordinator
for Meteorology. Pursuing this option will require close coordination with NCEP and AOC and
identification of dropsondes for these missions (either through NCEP or AF). If such C-130 missions are
developed for the future, it was concluded that final flight decisions should be made locally on the west
coast based on targets and other input from NCEP.

•

A 2002 version of the GWINDEX experiment is desired, and may be justified through the RUC data impact
assessment, which showed 5-8% reductions of wind errors in western US for 3 or 12 h lead times,
depending on the period used.

•

Special PACJET runs of the RUC model will be done again this winter, although most parallel-run based
data impact assessments will be conducted after the fact due to likely discontinuities in the RUC update
cycle that would invalidate comparisons.

•

Develop assessment strategies for the profiler and GWINDEX winds.

•

Conduct an abbreviated version of the Visit View training sessions held in January 2001 (possibly include
non-NWS participants, e.g., Woody Whitlatch of PGE).

Appendix 1: Participants
A. NOAA participants
NOAA Headquarters:
OAR/Executive Director of NOAA’s Science Advisory Board
OAR/Office of Scientific Support
NWS’ Office of Science and Technology
NWS’ Office of Climate, Water, and Weather Services
NWS Western Region HQ, Salt Lake City
OMAO/Aircraft Operations Center
NAOS Secretariate
USWRP
NOAA Research Laboratories and Joint Institutes:

ETL, FSL, NSSL, CIASTA, CIRES

NCEP: Hydrometeorological Prediction Center, Marine Prediction Center
Weather Forecast Offices: Monterey, Sacramento, Eureka, Seattle, Los Angeles, San Diego, Juneau, Portland,
Medford, and Hanford
River Forecast Centers:

California-Nevada, and Northwest

B. Other Agencies or groups
Desert Research Institute
Naval Research laboratory
Naval Postgraduate School
Navy FNMOC
Army Corps of Engineers: Sacramento District Office and South Pacific Division HQ
NASA Jet Propulsion Laboratory
Pacific Gas and Electric Co.
EPRI
California Sea Grant
Environment Canada
Texas A&M University
UC Davis
Marine Exchange of Long Beach
Monterey County Office of Emergency Services
Sonoma Technologies Incorporated
Firnspeigle Meteorological Consulting

