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Abstract

This study examinesthe climatologica synoptic patternsthat resul ted i n the genesis of tornadoes
in eastern Idaho. Historica records of tornadic-related synopti ¢ indi cators originating from the
Sorm Prediction Center (SPC) and the Climate Diagnostics Center (CDC) spanned the 50 year
period from 1954 to 2003. A total of 70 cases (with 88 individua reports) were analyzed with
the foll owing synoptic fieds 300 mb wind speed, 300 mb geopotential hei ght, 300 mb
temperature, 500 mb wind speed, 500 mb geopotentia height, 500 mb temperature, 700 mb wind
goeed, 700 mb geopotentia height, 700 mb temperature, 700 mb vertical velocity, surface to 500
mb wind shear, and mean sea-level pressure. High resolution spati d maps ill ugrati ng tornado
location and inteng ty were developed to indi cate the spatid distri bution of the tornadoes. The
temporal cycle of the tornadoes was divided into monthly and hourly dependent higograms.
Tornadic eventswere coll ated into pattern types based on common synoptic signatures from the
aforementioned climatic databases. T hree synopti c patterns wereidentified: coastal trough-inland
rdge, coagd ridge-inland trough, and zond. Composd te mean charts were developed from the
various synoptic fiel dsalong with intuitive exampl es in order to illusrate the meteorologica

g gnificance of each pattern type. By using such pattern recognition techni ques, the operati ona
forecaster will have apowerful tool to andyze weather patternswhich preci pitate the onset of a
tornadi c episode.

1. Introduction

Tornadoes in the Intermountain Wes are relatively rare occurrences with a climatol ogical
average of 2 to 3 tornadoes per year in the gate of 1daho. The scientific literatureis equally
scarce with sudies on tornadoes in the western United States. Fortunately, there have been some
vauabl e research studiesover the pas two decades whi ch have expanded the underganding of
tornadoes in the Great Basin. For example, Fujita (1989) researched the damage paths rel aed to
the July 1987 F4 tornado in the Teton-Yd lowstone Park (near the |daho-Wyomi ng border).
Evenson and Johns (1995) investi gated the antecedent synoptic conditi ons associ ated with severe
weather patternsin the Northwest United States. Evenson (1996) applied pattern recognition
techni ques (Evenson and Johns, 1995) to i nvestigate severe weather events that occurred in July
1995. Bluestein (2000) documented a supercell tornado that formed over the mountains
outhwes of Denver, Colorado. Dunn and Vag loff (2001) discussed the synoptic and mesosca e



conditions that resulted in arare F2 tornado in Salt L ake City, Utah in August 1999. M ost
recently, Simosko and Hedges (2003) examined the synoptic conditions and radar g gnatures
associ ated with a springtime FO tornado near Pocatell o, |daho. There have been no other
comprehend ve studi es regarding tornadoes in Idaho. Thismanuscript will concentrate on the
synoptic environments associated with the development of tornadoes in easern Idaho using
sverd climati c databases.

2. Background
a. Topography

Hagure 1a shows amap of the Northwest United States indicati ng the region of study with thered
inset regi on highlighti ng the subdomain of interest. Hgure 1h displays the topography map of
eastern |daho with county names and boundaries, including atopographic eevation legend. The
main orographic feature in easern Idaho i sthe Snake River Plain which is contoured in the shape
of a bowl. The expansive plain is approximatel y 75 miles wide and is oriented from southwest to
northeast with agradual increase in eevation from ~1300 m MSL near L incol n county to ~1500
m ML in southern Fremont county. This distance covers nearly 150 miles. To the north and
south of the Snake River Plain, there are higher basi nsand mountains that risein e evation from
1700 to 3500 m M SL. Note the finger-like vall eys oriented across Custer and B utte county that
drain onto the upper part of the Snake River Plain in Bingham county. S milarly, there are north
to south oriented valleysthat allow winds to e ther drain out of or into the lower part of the
Snhake River Fan. The highed terrain is in Custer county where eevationsrise to above 4000 m
MSL. T he topographic configuration in eastern Idaho is crucial to the development of numerous
weather phenomena including: cyclonic vortices (Andrettaand Hazen, 1998), post-cold frontal
wind convergence zones (Andretta, 2002), and surface mesoscale boundaries (Simosko and
Hedges 2003).

3. Data Analysis

This tornado sudy employsloca sorm reportsfrom the Storm Prediction Center (SPC) to
garner tornado eventsover eastern Idaho defined by the geographica boundaries specified in
Hagure 1b. The higorical time period of these events spanned the 50 year record from 1954 to
2003. Incidents of funnel clouds were excluded from the study. The SPC datawere checked for
consistency us ng 9 milar data sets from the Nationa Climatic Data Center (NCDC). A totd of
70 cases covering 88 tornadi ¢ epi sodes were identified with the FO to F2 tornado i ntensity
(Fujita, 1981). No cases of tornadoeswith an intensity higher than F2 (only 5 cases) were found
in the dataanalysis. Datesthat occurred within two hours of 0000 UTC were counted as two
conjoi ned days (resulting in 94 cases) but one unique case (70 cases). High resolution spati a
maps il lustrating tornado location and inteng ty were developed to indi cate the satial
distribution of the tornadoes Thetempora cycl e of the tornado frequency was organized into
monthly and hourly dependent histograms.

Once these 70 cases were col lected, Nationa Center for Environmental Prediction (NCEP)



Reand ys s data provided by the NOAA-CIRES Climate Diagnostics Center (CDC)
[http://Imvww.cdc.noaa.gov/], were used to correate synopti c patterns to each of the tornadic
episodes (Kanay et. d ., 1996). The decision to collate a synopti ¢ pattern to atornadi c event was
based on an initid examination of the 500 mb geopotential hei ght pattern. Once a pattern match
was found, other synoptic fiel dswere coll ected for further compari son and sudy including: 300
mb wind speed, 300 mb geopotential hel ght, 300 mb temperature, 500 mb wind speed, 500 mb
temperature, 700 mb wind speed, 700 mb geopotentia height, 700 mb temperature, 700 mb
vertical velocity, surface to 500 mb wind shear, and mean ses-level pressure. Unfortunately,
other germanefields like vorticity and hdicity were not availablein the CDC data repository.
Each synoptic field in the CDC database represented a composite (average) of the long-term
mean for each day.

The superimposed epoch method (Panofsky and Brier, 1965; Wilks, 1995) which involves
vertica andysis of varioussynoptic fields (e.g., height, temperature, and wind) at a parti cular
time step was used to anadyze the fields of each synoptic pattern for correlation. First, aset of
mean charts was obtai ned for each synoptic field in each analogue pattern. For exampl e, the
coasta ridge-inland trough 300 mb wind speed pattern was deduced by summing all 32 cases for
that variabl e and dividing by 32. Likewi se, the zona 500 mb temperature pattern was deduced
by summing all 6 cases for that variable and dividing by 6. Next, the 300 mb mean hel ght, wind,
and temperature mapswere constructed at thesetimes day - 3(D-3), day -2(D-2), day - 1 (D
- 1), and day - 0 (D - 0). The same paradigm was applied to the 500 mb temperature and mean
sea-level presaure fid dsfor each of the documented synoptic regimes. The result wasa 4 day
evolution of various synoptic fields critical to the identifi cation of acomposite pattern associated
wi th tornado genesis in eastern Idaho.

4. Results
a. Higograms

Asindicated in Hgure 2, therewas atota of 88 individud tornadoes collected for the 70 cases
the mgjority of tornadoes occurred i n Bingham, Jefferson, and Power counties. No tornadoes
with an intensity above F2 were recorded in the data. Hgure 3 shows that 60% of al eastern
Idaho tornadoeswere of the weak (FO) scale with 34% (F1) and 6% (F2) intensities, respectively
(Fujita, 1981). The seasonal cycle of tornado genesis favored the summer months with 57% of
al cases occurring between June and Augus (Egure4). The hourly temporal distribution
(Eigure 5) reved ed that most tornadoes occurred in the afternoon hours, between 1300 (100 PM)
and 1800 (600 PM) L ST. The peak occurrence (23%) was a 1600 (400 PM) LST; tornadic
observationsin the morning and twilight hourswere very rare.

b. Maps

The spati d distribution of the Fujita tornado i ntensities for the 50 year climatol ogical period
from 1954 to 2003 isillustrated in Egure 6a. The figure indicatesthat of the 88 reports of
tornadoes (including 11 multiple reports for asingl e event), the mg ority of the events were
Stuated geographicaly in and dong the valley walls of the Shake River Flain, collocated with
the mog densdly popul ated centers in the region. There were no reports of tornadoesin Cuger



county (Eigure 1) but thismay beindicative of the scarcity in population. Only 5 F2 reports (red
triangl es) were observed in the 50 year historica record and 2 of these reports occurred in
Minidoka county. Asindicated in Egure 6b, there was no correlation of the individua tornadic
climatol ogical synoptic patterns with | ocation.

c. Compos te Mean Charts

In all instances, the composite maps in the foll owi ng figures were provided by NOAA-CIRES
Climate Diagnostics Center, Boul der Colorado from their web site [http://www.cdc.noaa.gov/].
The CDC andysis (E gure 7) reved ed three synoptic patterns associated with tornado genessin
eastern Idaho: coagd trough-inland ridge (CTIR: 32 cases), coagd ridge-inland trough (CRIT:
32 cases), and zonal (ZNL: 6 cases) patterns. Of the 5 F2 tornadic events, the CTIR and CRIT
patternswere respond ble for 3 and 2 episodes, respectively.

i. Coastal Trough-Inland Ridge (CTIR) Pattern

Hgure 8 shows the three pand layout for the CTIR 300 mb pattern. The (geopotential) heights
east of 150W are generaly zond as they move onshore with a broad 300 mb ridgetilted

negati vely back across Colorado into Idaho. The 300 mb temperatures are between -41 and -44
OC over eastern Idaho. The 300 mb jet stream pattern was concave-shaped, arching from the
Pacific Ocean (40 to 50N) into coagd central Caifornia and nosing into eastern Idaho. The 500
mb pattern (ELgure 9) for heights, temperatures, and wind speeds corresponds closdy to the 300
mb pattern. The surface to 500 mb wind shear maximum (ELgure 9d) fol lows the symmetry of
the 300 and 500 mb wind speed patternsand is digned across Oregon into centra Idaho. The
700 mb charts (E.gure 10) reved apronounced height and therma ridge over eastern Idaho.
Thereisa deep negati vely-tilted 700 mb coastal trough with abroad ridge over eastern Idaho.
Like the 300 and 500 mb wind speed pands, the 700 mb jet stream (E.gure 10c) noses into Idaho
from the coastal regions of central Cdifornia Note the 700 mb vertical velocity maximaover
southern Idaho and Nevadain Hgure 10d.

Thetempord progress on of the 300 mb mean height pattern in Egure 11 indicates a backing of
the winds with time from awesterly trg ectory at day - 3 to a southwesterly flow by day - 0. The
300 mb wind speed mean charts (Eigure 12) i ndicate a wind speed maximum (34 to 40 m s 1)
acrossMontana by day - 3 but by day - 0, this feature moves east of 1daho. All of eastern Idaho
remainsunder abroad regime of 28to 35 m stwind eeds for dl 4 days with the right rear
entrance region of the 300 mb jet gream over the region. The 500 mb temperature pattern
(BEgure 13) reved satight thermal packing off the western United States with a500 mb
temperature ridge | ocated over 1daho. As the tornadi c event gpproaches the time of day - 1, the
upper-level flow changeswith the ridge axisreplaced by a negatively-tilted cold trough axis just
upstream of Idaho. The mean sea-level pressure pattern in Egure 14 indicates a slow deepening
trend over the 4 day period in the Great Basin with a contour of 1010 mb over westem Idaho by
day - 0. The composite mean chart for the CTIR patternisillugrated in Egure 15. In fact, this
pattern resembl es the Pattern B SSWE discussed by Evenson and Johns (1995). An exampl e of
some of the synoptic fieds associated with the CTIR patternis given in Egure 16 for the 2000
February 14-15 tornadic event. Of noteworthy significance, this event was associated with
svera FO and F1 tornadoes that touched down in Power and Bannock counti es (E.gure 1b) and
oriainated from a larae bow echo (Burke and Schultz, 2003). A broad trough axis at both 300



and 700 mb issituated near 137W. There are 300 and 700 mb jet maxima rotati ng across
southern Idaho in the broad anti cyclonic flow over Idaho and Utah.

ii. Coastal Ridge-Inland Trough (CRIT) Pattern

Hagure 17 indicates athree pand layout of the 300 mb CRIT pattern. An inspection of the data

shows that the 300 mb trough is situated jus wes of Idaho in Egure 17a Note the -42 to -45°C
line in Egure 17b indicating the cold air adoft over the region. The most striking pattern isthe
300 mb wind field — with adoubl e jet structure described as one wind speed maximum off the
Oregon coast (back g de of trough) and an even gronger one over Utah (front side of trough). A
region of 44 to 50 m s (Eigure 17c) isindicated over Utah with eastern Idaho in the favorable
lifting regi on associated with upper-level divergencein thel eft front exit region of the jet stream.
The 500 mb pattern providessimilar cluesin Eigure 18. The 500 mb (geopotential) he ght and
temperature axes are located along the |daho-Oregon border in both Egures 18a and 18b. Like
the 300 mb pattern, awind maximum s present in Utah with eastern Idaho in the left front exit
region of the 500 mb j et stream (B .gure 18c). The surface to 500 mb wind shear pattern (E.gure
18d) shows the axis of shear nosing into Idaho from M ontana and Wyoming. The 700 mb height,
thermal, and wind soeed patterns are reflective of the upper-level sgnatures Hgures 19a and 19b
show the 700 mb hei ght and trough axes situated near the Idaho-Oregon border in the CRIT
pattern. Like the 300 and 500 mb patterns the depth of the trough a 700 mb extendsinto
Nevada and coastd southern Cadifornia. The wind speed pattern a 700 mb displayed in Hgure

19¢ shows amaximum (20 to 25 m s™1) off the Oregon coast. Figure 19d ill ustrates the 700 mb
omegamaximum centered over Idaho and Utah for the CRIT pattern.

The 300 mb height pattern for days 3, 2, 1, and 0 days prior to the onset of the CRIT patternis
analyzed in Hgure 20. Notethat the trough hei ght pattern deepens as it progressesinland. This
woul d be expected asthe winds on the back side of the trough axis strengthen and deepen the
trough amplitude with time (ELgure 21). The 300 mb wind speed pattern showsa rapid

intend fication of the wind speeds off the coast by day - 1 and day - 0 between 45 and 55N. The
500 mb temperature pattern (Eigure 22) for the 4 day evoluti on shows the therma gradient
incread ng with time over Idaho and Utah as the upper trough moves onshore by day - 1. The
mean sea-level pattern in Eigure 23 revea sa broad pressure minimum over the Intermountai n
West. Thereis no clear temporal connection among the variousdays T he compos te mean chart
for the CRIT patternisillustrated in ELgure 24. An exampl e of some of the synoptic fiedsis
displayed in Eigure 25 for the 1991 May 18 tornadic event which was associated with an F2
tornado over Minidoka county. There were cl osed 300 and 700 mb low pressure systems located
over the Great Basin with height minima over northern Nevada. The doublejet structureisa
sient characteristic of this synoptic 9 gnature in Eigures 25b and 25d. Note the 300 mb jet
maximum that noses into Utah with southern Idaho on the Ieft front quadrant of the 300 mb jet
maximum. Thereis asouth low-levd jet maximum over eastern Idaho and Utah with aveering
of thewinds d oft to a southwed direction over Utah.

iii. Zonal (ZNL) Pattern

The Zonal pattern in Eigure 26 illugratesthe prevailing horizonta aignment of the
(geopotentia) height and temperature contours. The 300 mb temperatures are -41 to -44 °C over
eastern |daho in this patern. Themost interesting aspect i s the 50 to 60 m s jet maximum



whi ch extends from 40 to 50N in the Pacific Ocean and noses onshore into Oregon and Idaho.
This jet maximum is gronger in magnitude versus 9 milar maximain the CTIR and CRIT
synoptic patterns. The 500 mb pattern (Eigure 27) shows the onshore fl ow with the surface to
500 mb wind shear maximum nosing into wegern Idaho. A similar trend is manifested in the 700
mb hei ght, temperature, and wind speed data in Egure 28. Note the large region of positive lift
(Eigure 28d) over Washington, Oregon, and Idaho.

The 300 mb mean height tempord segquence in Hgure 29 shows the development of an upper -
level trough off the coast of British Columbia by day -1 and day - O. This has the net effect of
lowering the heights dightly over easern Idaho. The 300 mb mean wind speed chartsin Hgure
30 show an illuminating daily progression. In day - 3 and day - 2, a speed maximum becomes
oriented meridionaly from Vancouver Island to northern Idaho. As the tornadi c event

approachesday - 0, this feature is replaced by a powerful onshore jet maximum (46 to 54 m s‘l)
whi ch noses into Idaho. The 500 mb mean temperature chartsin Hgure 31 reved the formation
of a low presaure trough over British Columbia by day - 1 and day - 0. The mean sea-leve
pressure charts (B gure 32) i ndicate pressure minimaforming over Manitoba and Utah by day -
0. The composite mean chart for the Zonal pattern isillustrated in Egure 33. An exampl e of
some of the synoptic elementsis given in Egure 34 for the 1988 March 23 tornadic event. This
event was associated with an F1 tornado in Jefferson county. Note the tight height gradient
offshore between 40 and 45N (west of 130W) in both the 300 and 700 mb patterns. This pattern
transforms into a negative y-tilted upper trough over Vancouver 14 and with a300 mb jet
maximum nosing i nto northern Idaho.

5. Conclusions

This study expl ored the tornado climatol ogy of eastern Idaho. A total of 88 individud tornadoes
was col lected for 70 cases, the mg ority of tornadoes occurred in Bingham, Jefferson, and Power
counti es. No tornadoes with an intens ty above F2 were recorded in the data. M ost (60%)
tornadoes in eastern Idaho were of the weak (FO) variety. The tornado seasonal cycle favored the
summer months with 57% of al cases occurring between June and August. The hourly temporal
distribution reveded that most tornadoes occurred i n the afternoon hours, between 1300 (100
PM) and 1800 (600 PM) LST. The peak occurrence (23%) wasat 1600 (400 PM) LST; tornadic
observationsin the morning and twilight hourswere extremely rare.

Furthermore, the spatid distribution of tornadoes for the 50 year climatologica period from
1954 to 2003 indi cated that of the 88 reports of tornadoes (including 11 multiple reportsfor a

s ngle event), the mg ority of the events were situated geographicaly in and along the vall ey
walls of the Snhake River Fain, collocated with the most densdly population centers. There were
no reports of tornadoes in Custer county, refl ective of the low population dendty. Only 5 F2
reports were observed i n the 50 year historica record and 2 of these reports occurred in
Minidokacounty. (The CTIR and CRIT patterns were responsible for 3 and 2 F2 incidents,
respectively.) There was no correlation of the individual tornadic climatologica synoptic
patternswith location.

Fnally, this paper investi gated antecedent synoptic conditions that resulted in tornadoes in
eastern ldaho. Results obtained from the Climate Diagnostics Center (CDC) repository reved ed



3 synoptic patterns associ ated wi th tornado genesis in eastern Idaho: coagd trough-inland ridge
(32 cases), coastal ridge-inland trough (32 cases), and zond (6 cases) patterns. Composite mean
charts were congructed to assist the operational meteorologi < in identifying each pattern and
predicting the onset of atornadic event. All patterns were characterized by a 300 mb temperature
range of -41 to -45 °C over eastern Idaho. The CTIR pattern featured a southwest flow a oft over
ldaho and asingle jet maximum while the CRIT pattern was delineated by adoubl e jet structure
at 300 mb just upstream of Idaho. The Zonal pattern featured a weserly onshore flow with the
300 jet maxi mum nosing into easern Idaho. An example of each of these synopti c patterns was
described using height and wind € ements from the 300 and 700 mb levels. By using such pattern
recognition techniques, the operationa forecaster will have a powerful tool to evauate weather
patternswhi ch preci pitate the onset of a tornadi c epi sode.
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Faurel: (a) Map of Northwes United States with inset (red) redgion of study
(b) Eastern Idaho domai n with county outlines and names
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Faure6: (a) Map of eastern Idaho with Fuijitatornado intensity scaes
(b) M ap of eastern Idaho with climatoloqica synoptic patterns
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Faure10: (a) Coasta Trouah-Inland Ridae 700 mb heiaht mean (m)
(b) Coasta Trouah-Inland Ridae 700 mb temperature mean (°C)
(c) Coasta Trough-Inland Ridge 700 mb wind speed mean (0.5* ms 1)
(d) Coasta Trough-Inland Ridae 700 mb vertical velocity mean (Pasca s™1)
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Faurel15: Coastd Trouah-Inland Ridae Composite Synoptic Pattern
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Hgurel6: (a) Coastd Trough-Inland Ridge 300 mb height (m): 2000 February 14-15
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(d) Coastd Ridge-Inland Trough surface to 500 mb wind shear mean (0.5* m 5'1)
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FHgure22:  (a) Coastd Ridge-Inland Trough 500 mb temperature mean (D - 3) (°C)
(b) Coastd Ridae-Inland Trouah 500 mb temperature mean (D - 2) (°C)
(c) Coasta Ridge-Inland Trough 500 mb temperature mean (D - 1) (°C)
(d) Coasta Ridage-Inland Trouah 500 mb temperature mean (D - 0) (°C)
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FHgure23: (a) Coastd Ridge-Inland Trough mean sea-levd pressure mean (D - 3) (mb)
(b) Coastd Ridge-Inland Trough mean sea-levd pressure mean (D - 2) (mb)
(c) Coastd Ridge-Inland Trough mean sea-level pressure mean (D - 1) (mb)
(d) Coastal Ridge-Inland Trouah mean sea-leve pressure mean (D - 0) (mb)
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Faure24: Coastd Ridae-Inland Trouah Composite Synoptic Pattern
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(c)
Fogure25: (a) Coastd Ridge-Inland Trough 300 mb height (m): 1991 May 18

(b) Coasta Ridge-Inland Trough 300 mb wind speed (m <1): 1991 May 18
(c) Coastd Ridge-Inland Trough 700 mb height (m): 1991 May 18

(d) Coastd Ridge-Inland Trough 700 mb wind speed (m <'1): 1991 May 18
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Hgure26: (a) Zona 300 mb heght mean (m)
(b) Zona 300 mb temperature mean (°C)
(c) Zona 300 mb wind speed mean (0.5* ms™)
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Hgure27:  (a) Zona 500 mb hei ght mean (m)
(b) Zona 500 mb temperature mean (°C)

(c) Zona 500 mb wind speed mean (0.5* ms™)
(d) Zona surface to 500 mb wind shear mean (0.5* m s'l)
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(c)
FHgure28: (a) Zona 700 mb height mean (m)
(b) Zona 700 mb temperature mean (°C)

(©) Zond 700 mb wind speed mean (0.5 * ms?)
(d) Zona 700 mb vertical velocity mean (Pascal 1)
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FHgure29: (a) Zona 300 mb height mean (D - 3) (M)
(b) Zona 300 mb height mean (D - 2) (m)
(c) Zona 300 mb height mean (D - 1) (M)
(d) Zona 300 mb height mean (D - 0) (m)
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(@) Zona 300 mb wind speed mean (D - 3) (0.5* ms’ 1)
(b) Zonal 300 mb wind speed mean (D - 2) (0.5 * ms™)
(c) Zona 300 mb wind speed mean (D - 1) (0.5 * ms'1)
(d) Zonal 300 mb wind speed mean (D - 0) (0.5 * ms™)
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Fgure3l: (a) Zond 500 mb temperature mean (D - 3) (°C)

(b) Zona 500 mb temperature mean (D - 2) (°C)

(c) Zona 500 mb temperature mean (D - 1) (°C)

(d) Zona 500 mb temperature mean (D - 0) (°C)
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(@) Zona mean se-leve pressure mean (D - 3) (mb)

(b) Zona mean sea-level pressure mean (D - 2) (mb)
(c) Zond mean see-leve pressure mean (D - 1) (mb)
(d) Zona mean sea-level pressure mean (D - 0) (mb)
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Faure33: Zond Composite Synoptic Pattern
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(c)

FHgure34: (a) Zona 300 mb height (m): 1988 March 23

(b) Zona 300 mb wind speed (m < 1): 1988 March 23
(c) Zona 700 mb height (m): 1988 March 23

(d) Zond 700 mb wind speed (m <1): 1988 March 23






