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Abstract

This study documents a case of anighttime low-level wind speed maximum (jet) and surface
wind convergence zone in easern Idaho on 2004 April 29. The data sourcescited in the anayds
include satel lite, mesonet, radar, profiler, and forecast model archives. The occurrence of the 700
mb jet resulted in an areaof snow that formed perpendicular to the valley openings of the Arco
Desert dong the axisof this jet. Snowfall also occurred in aregion of surface wind convergence
just south of the Arco Desert in the western part of the Snake River Plain (Magic Valley). This
event | asted 6 hours accompanied by light to moderate snow, gusty winds, and asnowfall
accumulation of several inches. University of Washington 12 km and 4 km horizonta domains
of the MM 5-GFS mode were instrumental in simulating the jet forcing and wind convergence
for this snow event. The National Weather Service (NWS) meteorologist at the Pocatello/I daho
Falls, Idaho forecast officeissued timdy and accurate snowfall projections for these regions.
This study il lustrates the importance of underganding the synoptic and mesoscale meteorologica
processes associ ated wi th snow eventsin topographi c regionsof different ssasonad climatic
variability.

1. Introduction

Andretta (1999) applied Fourier filters to mean monthly precipitation normas in order to
decompose the annual march (ti me series) of preci pitation into 6 harmonic amplitude (percent)
and 6 harmonic phase (month) charts. The harmonic anad yd silluminated different spatia
distributions in mean monthly precipitation over the compl ex terrain of eastern Idaho. In the
Arco Desert, the second and fourth harmonics account for ~40 to 50 % and ~25 to 30 %,
respectively, of the seasond variability in annual precipitation time series. In other words,
precipitation frequency and intensity are highly vari able throughout the year with atendency for
dronger preci pitation maximain May and June. By comparison, the region south of the Arco
Desert in the wedern part of the Snake River Plain (Magic Valley) is characterized by salient
firg harmoni ¢ precipitati on maxima (~65 to 80 % of the annual variability) in December and
January; smaller second harmoni ¢ precipitation maxima (~20 to 35 % of the annual variability)
occur in May.

As noted by Andretta and Woij cik (2003), mean monthly climatol ogical snowfall for observation



gationsin the Arco Desert and Snake River Plain typicdly pesks in December and January.
April and May are the spring months with the least anounts of measurable snowfdl. In the Arco
Desert and Magic Valley, average totd snowfal for April is between 0.5 and 1.5 inches.

This study will focus on the synopti c and mesoscae conditions that led to a springti me snow
event over the Arco Desert and Magic Valley in eagern Idaho. The observed snowfdl amounts
during the 6 hour event exceeded April climatol ogical averages and were caused by severd
factors described in Section 4.

2. Background

a. Topography

Hagure 1a shows amap of the Northwest United States indicati ng the region of study with the red
inset regi on highlighti ng the subdomain of interest. Hgure 1b displays the topography map of
eastern Idaho with county namesand boundaries, including atopographic eevation legend. The
main orographic feature in eagern Idaho i sthe Snake River Plain which is contoured in the shape
of a concave parabola. The expangve plain is agpproximately 120 km wide and isoriented from
southwed to northeast with a graduad increasein d evation from ~1300 m MSL over Lincoln
county to ~1500 m M SL in southern Fremont county. Thisdisance covers nearly 240 km.
Andrettaand Wojcik (2003) noted a 1500 m eevation contour that curves leftward i n the shape
of a fish hook across the upper part of the Snake River Plain. To the north and south of the Shake
River Plain, there are hi gher basins and mountai ns that risein elevation from ~1700 to 3500 m
MSL. Note thefinger-like vall eys oriented across Custer and B utte counti es that drain onto the
upper part of the Snake River Plain in Bingham county. Similarly, there are north to south
oriented val eys that alow windsto either drain out of or into the lower part of the Snake River
Aain. Elevations rise to above 4000 m MSL in the central Idaho mountai ns.

Hagure 1c shows the eastern Idaho domai n with the outline of the Idaho Nationa Engineering
and Environmentad Laboratory (INEEL) facility (black outline) and the NOAA ARL/FRD

gation locations (black squares) featured in this manuscript. The Arco Desert (which
encompasses mog of Butte county) isindicated by the region encl osed by the open blue
rectanglein Eigure 1c. At the entrance point of the northwest side of the desert li es northwest to
southesst oriented val ey openingsthat aid in channding of 700 mb winds, notably with the
passage of cold fronts (Andrettaand Hazen, 1998). In the eas and south portion of the desert, the
terrain is flatter and more exposed and opens onto the Snake River Plain. The Arco Desert
receives 5 to 10 inches of preci pitation per year or roughly haf of the climatologica vaues
observed in the Snake River Plain (Andretta and Woj cik, 2003).

Scientific advancesin Doppl er radar, mesonets and numerica forecas model s have been critical
inidentifying severd terrain induced mesoscd e features. The topographic configuration in
eastern Idaho is crucia to the development of cyclonic vortices (Andrettaand Hazen, 1998), gap
flow winds (Stewart et al., 2002), topographicaly distorted cold fronts (Steenburgh and Bl azek,
2001), and post-cold frontal wind convergence zones of precipitation (Andretta, 2002). Severd
high-resol uti on data sets are discussed in this study and will be expounded in the next section of
this manuscript.



3. Data Sources
a. Satd lite Data

For satdlite imagery, thisstudy used 12 hourly data coll ected from NOAA GOESNorthern
Hemisphere Infrared imager. However, there was a data gap between 1200 UT C 2004 April 28
and 0000 UTC 2004 April 30. Thus there were no red -time satel lite images & the time of the
actual snow event.

b. Modd Data

The University of Washington generates high resolution mode forecasts twice daily (0000 UTC
and 1200 UTC) a various horizontd and verticad domains of the MM5-ETA and MM5-GFS
modd s T hese simul ati ons are supported by the Northwest Regional M odd ing Consortium.

H ease see this hyperlink for more information: http:/Aww.atmos.washi ngton.edu/mm5rt/. This
gudy employed the 12 km and 4 km grids of the MM 5-GFS modd initidized at 0000 UTC on
2004 April 29. The choice of the MM 5-GFS modd was based on favorabl e model verification of
sverd andyzed fields including the mean sea-leve pressure, 500 mb geopotentid heightsand
relative humidity fie ds, and 700 mb geopotential heightsand relative humidity fields. The 12
km 700 mb vertical velocity model fiel ds were not i ncorporated in the analys s due to
excessively noisy output. The MM 5-GFS CAPE values were zero over the region of study for al
time steps of the modd run suggeging negligibl e convective instability during the event.

c. Observations

The study used 3 red -time observati ona datasets NOAA NWS METAR observations were
generated every 15 minutes each hour. The Field Research Division of the Air Resources
Laboratory (ARL/FRD) operates and mai ntai nsthe National Oceanic and Atmospheric
Administration/ Department of Energy (NOA A/DOE) mesonet comprised of 31 ingrumented
(15 m) towers located throughout the Snake River Plain and Arco Desert. Thewind towers were
utilized to analyze locdl changesin temperature and wind vector observations. The tempora
frequency of the mesonet datawas every 15 minutes each hour.

The NOAA ARL/FRD dso operates and maintains a915 MHz profil er and Radio Acoustic
Sounding System (RASS) located near the mesonet site INT EC (open yellow square; Egure 1c)
at an elevation of ~1500 m M SL. Thiswind profiler was used to measure the vertical depth of
the direction and speed of the wind flow during the event. The tempora frequency of thewind
profiler datawas every 30 minutes each hour.

The NWS (KSFX) WSR-88D islocated near Springfield, Idaho (open red circle; Hgure 1c) at
~1400 m M SL. The composite refl ectivity data, defined as the maximum refl ectivity coll ected in
the beam width at al € evation scans, was used to ascerta n the | ocation and i ntensity of the snow
fidld. Thetempord frequency of the radar datawas every 10 minuteseach hour.



4. Results
a. Satd lite Data

At 1200 UTC April 28, there was acyclonic rotation of mid-level clouds denoting the 500 mb
low pressure center ("L" symbol) over northern Idaho (EL.gure 2a). By 0000 UTC April 30, this
low center had shifted 4 owly into northern Utah south of the Great Sdt Lake with acloud shield
extending into southern Idaho (H gure 2b).

b. Modd Data

Asindicated in Hgures 3aand 3h, the MM5-GFS modd a 0600 UTC 2004 April 29 depicted
the 300 and 500 mb cl osed low pressure centers over southern Idaho. The dliptical symmetry of
the ow centers was oriented with the major axisextending from eagern Idaho i nto northeastern
Nevada. The synoptic charts indi cated that the center of these lowswas situated near the 1daho-
Utah-Nevadartriple point or jugt northwest of the Great Sat Lake. On the western flank of the
300 mb low, therewas a 70 to 80 knotswind speed maxi mum moving southward in the Arco
Desert. A band of channeled absol ute vorticity (B gure 3b) was present a 500 mb across the
region of study. There was are ative humidity maximum of 90 to 100 % in the Shake River Han
and Arco Desert in both Eigures 3c and 3d. The 700 mb low center in Hgure 4a was | ocated near
the Great Salt L ake with the 850 low center (1425 m) over southern Idaho (Eigure 4h). The 700
mb (Eigure 4a) and 850 mb ( Hgure 4b) temperature pattern divul ged a cold pool bul ging from
western Montanainto centra Idaho and the Arco Desert. This therma "bul ge" was characterized
by aregion of 700 mb -10 to -12 °C isotherms overlapping the desert. Furthermore, there wasa
700 mb wind speed maximum of 30 to 35 knots overlapping this "bulge’ of colder air. Wind
velocitieswere high with northeast windsof 25 to 35 knots (700 mb leve: Hgure 4a) and 15 to
30 knots (850 mb leve: Eigure 4b) acrossthe entire desert accompanied by a weak (1010 mb)

aurface cyclone (Eigure 4c). As Hgure 4d indicates, no precipitation was indicated in the model
at this time step.

At 0900 UT C, the 300 mb and 500 mb closed low pressure centers remained nearly sationary
(ELgures ba and 5h). Northerly winds of 70 to 80 knotsat 300 mb pers ¢ed across the desert. A
wel | -defined band of sy noptic-scale 500 mb absolute vorti city continued in the channeled
northeast flow aoft (B .gure 5b). The moi sture content remai n high with 90 to 100 % rel ative
humidity at 500 mb (E.gure 5¢) and 700 mb (E.gure 5d). B oth the 700 mb (E.gure 6a) and 850
mb (ELgure 6b) low pressure centerswere pogtioned over the Great Salt Lake. The thermal
"bul ge" persisted with col der air of -11 to -13°C at 700 mb (Eigure 6a) seeping i nto the Arco
Desert from western Montana and a 700 mb wind maximum (jet) of 25 to 35 knots The 850 mb
chart in Egure 6b indicated surface winds of 20 to 25 knots. The persistence of the strong 700
mb and 850 mb flow may have been associated with the longevity of the thermd "bulge"’ as
colder air acce erated the ambient wind field. Even more interesting, there was evidence of
asurface wind convergence in the 10 m wind fields located south of the Arco Desert in the
western part of the Snake River Plain (Magic Vdley) (Eigure 6¢). Asillustrated in Hgure 6d,
there were severa areasof precipitation that formed along the centra valley openingsin the
Arco Desert with generdly 0.04 to 0.08 of an inch of liquid precipitation (0.5 to 1.0 i nches of
equiva ent snowfal) estimated by the modd between 0600 and 0900 UTC. Preci pitation
amounts(0.02 to 0.08 of an inch) dso occurred in the highl ands south of the Snake River Plain



near the 1daho-Nevada border and dong the eagern slopes of the plain.

The MM 5-GFS modéd forecasted more changes a 1200 UTC. Thelow pressure centersat 300
mb and 500 mb drifted dowly into north centra Utah (EL.gures 7a and Zh). Rdative humidities
remai ned high with va ues between 80 and 95 % a both 500 mb in E.gure 7c and 700 mb in
Hagure 7d. Thewind flow had decreased to 20 to 30 knots across the Arco Desert at both 700 mb
and 850 mb (E.gures 8a and 8h). Theregion of surface wind convergence south of the Arco
Desert noted earlier at 0900 UT C had weakened considerably (H.gure 8c). Mode preci pitation
edimates (ELgure 8d) of generaly 0.04 to 0.08 of an inch of liquid preci pitation (0.5 to 1.0 inches
of equiva ent snowfal) occurred between 0900 and 1200 UTC and were digned a ong the valley
openings in the Arco Desert. Areas of precipitation (0.02 to 0.08 of an inch) persisted over the
highlands south of the Snake River Plain.

c. Observations

Hagure 9 shows the NOAA ARL/FRD RASS wind profiler and mesonet analysis a 0700 UTC.
Thewind profiler indi cated the northeas flow through adeep layer with a 38 mph wind speed
maximum a ~6000 ft AGL (Hgures 9aand 9b). This low-leve jet corresponded with the 700
mb level and matched up wel with the MM5-GFS results. The mesonet data (B gure 9c) was
aso particularly reveding. WSR-88D K SFX compos tereflectivity dataindicated aring-shaped
field of light to moderate snow across parts of the Snake River Plain (e.g., KRXE: Rexburg) and
Arco Desert. These echoes were situated dong the northern g de of the 700 mb low as indi cated
by the MM 5-GFS mode . The mog intense echoes (25 to 35 dBZ) occurred perpendicul ar to the
valey openingsin the Arco Desert and along the axis of the 700 mb jet. Surface temperatures

were in the 30 to 35 °F across most of the domain although there were colder temperatures
across Clark and Fremont counties associ ated with the seepage of cold air from western
Montana, coinciding with the MM5-GFS location of the thermd "bulge’. The 10 m winds
drained out of the north in mog instances in the Shake River Plain and Arco Desert. However,
there was some evidence of alight easterly wind at mesonet stations in Lincol n, Minidoka, and
Power counties. This flow wasintercepted by alight north to northwest flow at mesonet gations
just north and wes of Blaine county as depicted in the MM5-GFS modd . Thus, an area of
mesoscae surface wind convergence had developed downwind of the Arco Desert and was
located south of the low-leve jet axis.

Haure10illugratesthe NOAA ARL/FRD RASSwind profiler and mesonet anays sat 0900
UTC. The sounding i ndicated the northeast flow near the surface (E.gure 10a) with 34 mph wind
goeed maximaat ~3800 ft AGL and ~7000 ft AGL (E.gure 10b). The vertical wind profile
displayed aslowly veering wind profil e with north winds near the surface shifting to east winds
aoft. The WSR-88D K SFX composte reflectivity data (FL.gure 10c) showed alarge circul ar field
of echoes stretching from the upper part of the Snake River Plain to the Arco Desert. Light to
moderate snow (30 to 35 dBZ) was fa ling acrossthe Snake River Plain and Arco Desert. The
higher refl ectivites (35 dBZ) were aligned wi th the vall ey openings suggesti ng low-level lift
induced by the presence of the 700 mb jet. Surface temperatures persisted i n the ranges at 0900
UTC consistent with the location of the therma "bul ge". The mesosca e surface wind
convergence signature noted a 0600 UTC pers ged across Power and Minidoka counties. This
feature wasresol ved favorably by the MM 5-GFS model . The radar reflecti viti es in the mesosca e
convergence zone werein the 15 to 25 dBZ band with the highest echo returns over Minidoka
county.



Hagure 11 displays the NOAA ARL/FRD RASS wind profil er and mesonet analysis at 1130
UTC. Thewind profiler indicated the north to east flow (E.gure 113) through adeep layer with
32 mph wind speed maximaat ~4000 ft AGL and ~11000 ft AGL (Egure 11b). The north winds
at surface reporti ng gati ons had progressed into the Power and Mini doka counties and mixed out
the mesoscale surface wind convergence zone. The decay of thiswind convergencefield

fol lowed the forecagd in the MM 5-GFS modd . The WSR-88D KSFX compos tereflectivity data
(Egure1ic)indicated a decrease in both the i ntensity and coverage of the echoes versus 3 hours
earlier. Radar reflectivities had diminished to 15 to 25 dBZ over the Snake River Plain and Arco
Desert. After 1200 UTC, the radar echoes dissipated completely in these regions, s gnaing an

end to the snow event.
d. Weather Forecast and Verification

Based on the trends in the MM5-GFS model and observations, the NWS meteorol ogist at the
Pocatel lo/Idaho Fals Idaho forecast offi ce augmented the automated text forecas for the Arco
Desert and western part of the Shake River Flain (Magic Valey) to include a snow accumulation
of 1 to 3 inches during the early morning hours between 0800 and 1400 UTC. This decison
proved to be very timely and accurate. Hgure 12 shows thetota observed snowfall amounts in
these regi ons. Westher spottersindicated bl owi ng snow in gusty windswith an accumul ati on of
1 to 3inches at | ocations downwind of the valey openings and near the 700 mb jet axis. The
recorded snowfall amountsacrossthe Magic Valley were atrace to 2 inches with the highest
amountsoccurring across partsof Minidoka county in the vicinity of the surface wind
convergence zone.

5. Conclusions

This study documented a case of anighttime low-level wind speed maximum (jet) and surface
wind convergence zone in eagern Idaho on 2004 April 29. The data sourcescited in the anays s
included sate lite, mesonet, radar, profiler, and forecast model archives. The occurrence of the
700 mb jet resulted in an area of snow that formed perpendicular to the valley openings of the
Arco Desert dong the axisof this jet. Snowfall also occurred in aregion of surface wind
convergence just south of the Arco Desert in the western part of the Snake River Plain (Magic
Valley). This event lasted 6 hours accompanied by light to moderate snow, gusty winds, and a
showfal accumulation of severa inches. University of Washington 12 km and 4 km horizontal
domai nsof the MM5-GFS mode were instrumental in simulating the jet forcing and wind
convergence for thissnow event.

The Nationa Weather Service (NWS) meteorologi g at the Pocatell o/ldaho Fals, Idaho forecast
offi ce analyzed real -time and prognosti c data sets, adjugting the automated text forecast
generated from mode gridsto add snowfall amounts cond gent with the meteorologica
conditions during the early morning hours of the event. These adjustments proved timely and
accuraterelative to snowfa | observations and model estimates. This study il lustrates the
importance of underganding the synopti c and mesoscae meteorologi cal processes associ ated
with snow events in topographic regions of different seasonal climatic variability.
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Hgure2: (a) NOAA GOES Infrared Satdlite: 1200 UTC 2004 April 28
(b) NOAA GOES Infrared Satellite: 0000 UT C 2004 April 30
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Figure5: (a) MM5-GFS 300 mb wind speed (m <1), temperature (°C), geopotential height (m), and wind (kt)

(b) MM5-GFS 500 mb absolute vorticity (1) and geopotentia height (m)
(c) MM 5-GFS 500 mb rd ati ve humi dity (%) and geopotential hei aht (m)
(d) MM5-GFS 700 mb rd ati ve humidity (%) and geopotential hei ght (m)
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Figure 7. (a) MM5-GFS 300 mb wind speed (m <1), temperature (°C), geopotential height (m), and wind (kt)

(b) MM5-GFS 500 mb absolute vorticity (1) and geopotentia height (m)
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