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I. INTRODUCTION

This Technical Memorandum is the result of work performed as a graduate
sfudem‘ at the University of Washington. This study presents an analysis of winter
iprecnplfcmon events along the Wasatch Front region of northern Utah. Accurate
rhouh’rcin precipitation forecasts are necessary for estimating avalanche hazard in
i The heavily Used Wasatch Mountain backcountry, and to facilitate avalanche
1con1rol measures taken by the developed ski areas and the Utah State Highway
Department. _
The emphasis is on relationships between meteorological parameters observed in
‘rawinsondes taken at the Salt Lake City airport and spacial and quantitative
_dlstrlbuhon of precipitation among mountain and valley locations. Precipitation
amounts are extremely variable in this small geographic area. The variance is not
4only between the valleys and the hlgh mountains, but also among closely spaced
_: moun'rom loccmons.

The correlations of me’réorologiccl variables in various combinations and
under varying synoptic regimes may prove useful in deférmining the effectiveness
of weather modification aimed at enhancing precipitation. Additionally, the
ratios of observed precipitation between mountain and valley locations in
different synoptic regimes may provide a further basis for analysis of weather

modification efforts and mountain precipitation forecasting.

A number of studies of winter orographic precipitation have been done.
The National Weather Service Forecast Office in Salt Lake City is currently using
- a semi-objective method for forecasting snowfall rates and accumulations for the
Wasatch Mountains (Nielson, 1965). Rhea (1976) has developed a 10km grid
orographic precipitation model which is used in Colorado. In Canada the Alberta
Weather Office (1976) developed a numerical technique using 500-mb map Types as

a diagnostic tool in quantitative precipitation forecasting.

This study examines winter precipitation in the Wasatch Front region using
a single station's rawinsonde data. The purpose is twofold, namely to define the
precipitation climatology based on rawinsonde observations and secondly to
determine the prognostic value of the Salt Lake City rawinsonde data in winter
qucn’ri'rd’rive precipitation forecasting.
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Chapters 1l through VI represent four distinct experiments with the Salt
Lake City rawinsonde data that address the above two objectives. In Chapter lil
the relationship between wind and precipitation at each site establishes a
climatological data base ot pleviously ovailclble. The dbili’ry of any single
_-rawinsonde parameter. or combmahon of parqme’rers to explain ‘rhe variance in
precipitation amounts is sludled in Chapfer V. The linear and mulhple linear
correlation coefficients determlned provide a measure of the prognos’rlc value of
individual -rawinsonde parameters. Chopter V examines the prognoshc value of
the rawinsonde data byl determining rawinsonde profiles for’unUsual breciplla'rion
patterns and comparing these to profiles of more 'ryplccl prec1p|'rcmon pqh‘ems.
‘Unusual patterns are those in whlch very hecvy precnpnc’rlon takes place or when
the distribution of precipitation.is anomolous as in cases when volley loca’nons
receive more 'rhan the mountain sﬁes. The final chop’rer looks at the vornoblln‘y of
. -site to site precipitation rcmos due to closed 700-mb low circulations and surface
fronts. This is cllmm‘ologlcql information ’rho’r may aid forecsters in mckmg
qu’on‘rl‘tohve precipitation forecasts for remote areas based on precnplta‘non inthe
more po'pUIq"red‘dreas. A method for identifying synoptic scale closed lows from a
“single site's rawlnsto‘hde data is also presented.
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. DATA BASE

»

The region considered in this study is the Wasatch Front of northern Utah.
Nine stations were used to ascertain observed precipitation amounts. One
location was used for rawinsonde observations, namely the Salt Lake City
airport. All meteorolgical parameters were taken from the sounding ldcﬁq.‘ The
surface and upper-air observation data cover the winter seasons (November Ist
through April 30th) of 1969 to 1978, and November and December of [978.
Rawinsonde data were obtained through the National Center for Atmospheric
Research. This data consisted of height, pressure, temperature, relative humidity,
wind direction, and wind speed at 50-mb increments. Surface observations were
obtained from two sources. Alta data were obtained from the U.S. Forest Service
in Fort Collins, Colorado. The data for the other eight sites were obtained from
the Utah State Climatologist's office in Logan, Utah. The only significant
difference between the two types of surface observations was that in addition to
24-hour precipitation totals, the Alta data also included six-hour precipitation
intensities (i.e., light, modero're; heavy). A tape consisting of data from frontal
passages ’rhrough Salt Lake City was obtained from the University of Utah
Meteorology Department.

The Wasatch Front region consists of a long valley at approximately 4,200
feet above sea level bounded to the east by the Wasatch Mountains which rise to
over 11,000 feet above sea level. The Great Salt Lake is to the west of the valley
in the north. The southern portion of the valley is bounded in the west by the
Oquirrh Mountains which are generally below 10,000 feet above sea level. The
~ Wasatch Mountains provide a very abrupt barrier, rising from the valley floor to

the highest peaks in less than five miles. There are essentially no foothills.

The surface observation locations used in this study are all within thirty-
five miles of the Salt Lake City airport rawinsonde site as shown in Figure |. This
close proximity eliminates any time lag considerations since the airmass measured
by the sounding will nearly always be representative of the other locations within
the hour. The nine sites can'be considered in two separate groups. The Salt Lake
City airport, Cottonwood Wier, Alpine, and Ogden Power House can be considered

valley stations. Alta, Silver Lake Brighton, Park City ski area summit house,
Mountain Dell, and Pineview Reservoir are considered mountain sites. The highest
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site is Park City Summit, at 9,270 feet above sea level; the lowest site is the Salt

Lake City airport af 4,222 feet above sea level. A listing of the stations with

their elevation and the time of day at which the 24-hour. precipitation
measurement is taken is given in Table |.



24-HOUR PRECIPITATION ~ SITE ELEVATION

STATION OBSERVATION TIME (FEET)
Silver Lake Brighton - 10 a.m. 8740
Alpine Sunset 4920
Park City Summit Sunset 9270
Cottonwood Wier 3 p.m. 4950
Salt Lake City Airport Midnight 4222
Odgen Power House Midnight 4350
Mountain Dell 5p.m. 5420
Pineview 8 a.m. 4940
Alta 8 a.m. 8760
Table 1. The elevation and the time of the 24-hour precipitation

measurement for each site,
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lll. WIND ANALYSIS

In this chapter the relationship between the 700-mb and 850-mb winds and
precipitation is examined. The 850-mb wind is representative of the low level
flow in this region since the Salt Lake City airport is generally near the 870-mb
level during the winter. The 700-mb level is approximately the height of the
Wasatch  Mountains. ~ Thus, this near-ridge-top wind is very much affected by
orography, but still high enough to depict upper level symoptic disturbances. The
results that follow present the different cl'imc’rolo’gical wind vs. precipitation

relationships that exist in northern Utah,

The observations at Alta offer amore detailed look at the time variation of
wind and precipitation observations. The Forest Service record from Alta consists
of 24;ho0r precipitation measurements taken early each morning. This is the
same situation as exists at the other eight observing sites. Additionally, Alta

records contain four separate 6-hour precipitdi‘ion intensity observations. Due to
these additional observations a more detailed analysis of the wind and precipi-

tation events was done at Alta.

A plot of the percentage 6f precipitation events at Alta versus the 700-mb
wind direction at ten degree increments was done three different ways in order to
determine if any differences result in the distribution when surface observations
are taken prior to or following the rawinsonde observation. The different ways of

measuring this relationship are presented in Figures 2-4.

The similarity of all the plots indicates that from a large sample the result
will be the same regardless of the observations taken. In other words, since the
"~ rawinsonde observations are taken independent of the prevailing synoptic situa-
tion, the observations will, over a large sample, have equal chance of occurring
before or after a frontal or trough axis passage. The significance of this is that a
single representative frequency plot of wind versus precipitation can be obtained
by comparing the 00 GMT and 12 GMT observations separately to the precipitation
record, normalizing the number of cases by converting to percentages and then

averaging the two results at all stations.

In addition to wind direction at 700 mb, the wind speed was examined in

relation to Alta precipitation. In Figure 5 it is clear that the prec?pifcn‘ion plot is



SIN3IA3 40 %

15

10

Figure 2. .

Priof‘
24 hr
Post

- e s e o an en e - -

® 5 606 00050080000

1 ! I { r 1
6

80 - 100 ) 120? 140 160" 180 200 220 240 260 280 300 320 340 - 360

* DIRECTION OF 700-MB-WIND (DEGREES)

: The pe’rcen’rog;é of all précibi’iaﬁdn events at Alta is plotted three ways

‘with respect to the 700-mb wind direction-at 00Z. One line is from
checking only intensity observations prior to 00Z. A second line is
checking only observations after (post) 00Z. The third line is based on the
24 hour precipitation measurement taken at 8am.



SIN3IA3 40 %

or

Prior

Post --=---====-=---

; _, T | l T T T T T 1
20 40 60 80 100 120 140 160 180 200 220 240 260 280. 300 320 3'40 360

- DIRECTION OF 700-MB WIND (DEGREES)

Figure 3. The percentage of all precipitation events at Alta is plotted two ways
: with respect to the 700-mb wind direction at 12Z. One line is from
checking only intensity observations prior to 12Z and the other is from
only intensity observations after (post) |2Z,



SIN3AT 40 %

15

10

127

00Z ---mmmmmmmmmmm

T T T T T T

T 1T T 1 1T 1. 1T T 717717 .

;0 40 60 80 100 120 140 160 180 200 220 240 260 .280 300 320 340 360.
DIRECTION OF 700-MB WIND (DEGREES)

Figure 4.

The percentage of all precipitation events at Alta is plotted two
ways with respect to the 700-mb wind direction. Both plots are

~ based on the 24 hour precipitation measurement. One line is for
the 12Z wind direction and the other is for the 00Z wind direction.

0l



40

w 30
o

=

-

® -l
=

520

 10

NN 0-5ms
o 6-10 m/st
= 1-15m/s. - o
=16-20 m/s
= 21-25m/s

W n

c gt

' Speed Categories '« -

Figure 5. The percentage of all precipitation events at Alta was plotted (solid

line) with respect to five categories of 700-mb wind speed. The
dashed line is the 700-mb wind speed for all days.



12

very similar to the climatology, with a slight precipitation bias with wind speeds
between |l and 20 meters per second. The highest speed category accounted for
less than 1% of all cases both in the climatology and in the precipitation. Thus,

wind speed does not seem to have a strong relationship to precipitation.

An analysis of the 700-mb wind speed and direction together was done to
produce Figures 6 and 7. In both figures the number of cases with a given speed
and direction were found at 10 degree intervals and 5 meter per second cate-
gories. The number of cases was normalized to percentages and then 40-50 degree
groups were summed. For example, wind directions .of 290, 300, 310, and 320 in
speed category 2 (6-10 m/s) accounted for approximd’rély I5 percent of all cases in
Figure 7. Flgure 6 is for all precipitation cases cl’r Al’ro, while Figure 7 is for
heavy prec1p|’rcmon events at Alta. A heavy event was classified as any. 24 hour
precipitation medsurement of 1.00 inch of water equnvclen'r or greater, or if the
precipitation m’rensﬁy was noted as heavy. There were 500 cases for Flgure 6 and

Y

78 cases for Flgure 7.

When all precipitation events are considered, mos’r occur with west-ﬂ
northwest (290 degrees) winds of 6-10 m/s. Less than one percent of these events
were associated with southerly or easterly 700-mb winds. There .was a éoncen-
tration of the heavy events with northwesterly (310-320 degrees) winds ‘at 10-15
m/s. The high wind speeds from the northwest associated with the hedvy cases
show a bias to post 700-mb trough axis precipitation at Alta. The soufhérly wind
cases were likely associated with slow moving waves or closed lows with strong

vertical motion flelds.

Frequency dlagrams of 'all' and 'heavy' precipitation events by 700—mb wind
direction were prepared for all nine observation sites. Additionally, the climato-
logical 700-mb wind direction profile was plotted. [If precipitation were inde-
pendent of wind direction the plots would follow the climatological line. If the
plot is above climatology the direction would be a favored one for precipitation
and vice versa. Figures 8-16 show the results of the 700-mb analysis. The
climatological peak is at 290 degrees with few winds having easterly
components. The classification for heavy precipitation was 24-hour amounts,
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Figure 6.  lIsopleths of the percentage of all precipitation events at Alta are
plotted on a 700-mb wind rose. The isopleths are at two percent
intervals starting at one percent of events. The concentric circles

represent wind speed. :
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Alta Wind Rose
HEAVY

Figure 7. The samé as :,‘ngure 6 '"exce'p"r on‘ly‘ cdées. in which
precipitation at Alta exceeded 1.00 inch.were considered.

24-hour
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equaling or exceeding .5 inches of water equivalent except at Alta where the
threshold was 1.00 inch. The number of cases is indicated by the number beneath
the site location on the flgures.

With the exception of Alta, all the sites showed at qus‘r a relative
maximum for 'all' and 'heavy' precipitation events with southwest’ flow (190-230
degrees). The three vclley sites, Salt Lake City airport, Ogden, and’ Alp| ne peaked
with this southwest flow and generally were below the chmqtologlccl curve for
northwest flow. The other sites showed another maximum with: northwesterly
flow with Alta exhibiting the greates’rﬂ-‘qumum at 300 degrees, ;;Ah‘hough the
Cottonwood Wier site is located |n the Salt Lake Valley, it is at the mouth of Big
Cottonwood Canyon at the foot of the mountains. Thus, the location probably
explains “the similarity of its 700—rhb?'i profile to the mountain sites. Heavy
precipitation at the valley locations was:strongly related to south-southwest flow
while the mountains, with the excep’non of Ah‘a, received heavy precipitation with
either sou’rh—sou‘rhwest flow or northwest flow. This indicates that the passage of
the 700-mb trough axis marks ’rhe end of heavy prec1p|’rcn‘|on in the valleys, but

not the mountains. )

The same anolysis was done with the low level wind observations (850 mb).
Again, ffequency disfribbﬂons of all precipitation events and heoW events were
plotted by wind direction along with the 850-mb climatological profile (Figures
17-25). All sites showed maxima above climatology for soufh-;sop‘rhwesf flow and
northwesterly flow. Alta and Cottonwood Wier maxima were most pronounced in
northwest flow while Ogden, Pineview, and Apline maxima were most pronounced
in southerly flow. The southerly flow is associated with prefroh‘tol overrunning.

- Moist prefrontal conditions favor heavy valley precipitation, but most heavy
mountain prec1pn‘cmon is associated with low level norfhwesferly flow in
postfrontal condmons.
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IV. CORRELATION OF RAWINSONDE PARAMETERS TO PRECIPITATION

This part of the study examined the relationship between rawinsonde
parameters and precipitation amounts at the various sites. The strength of"rhe
relationship between rawinsonde parameters and prec?pi‘rcn‘ion serves to identify
the usefulness of these observations to qu‘dﬁﬂtdﬂve precipitation forecasting. The
first analysis consisted of finding the linear correlation coefficient for different
rawinsonde parameters. The 18 pdromefers chosen for this are listed in Table 2,
The geo-potential height values and the associated temperatures at these levels
were departures frjom monthly means. This took into account seasonal variabil-
ity. The relative humidity values were based on readings at 50 mb increments as
given in the NCAR data tape. The k index is a roug'E measure of atmospheric
stability. This index is generally used as an aid ini fjc”)_recosﬁng;worm season
convection. It is a good measure of the lapse r;ife:. and low level relative

humidity. It is also very simple to compute. It is given by Jrhe equation:

k = T(850) - T(500) + Td(850) - TDEP(700) (George, 1960) (1)
T = temperature R
Td = dew point
TDEP = dew point depression

A temperature advection parameter was approximated by the turning of the wind
between the 800-mb and 500-mb levels.

There is a difficulty in determining exactly what value a parameter has on
a given day. Two soundings were taken for each 24-hour period precipitation
. amount. Thus, depending upon when in the day the measurement was taken, either
the 00 GMT or 12 GMT data may be prefrontal or postfrontal. Therefore, the
correlation coefficients were determined for the two sets of rawinsonde times
independently. The linear corréelation is given by:

r= g ('x'-l -x)y;=y) ,
(Z(xi--x)2 z (yi-y)z) 172

where: Xiy ¥i = pai‘ame’rer and precipitation amount

X, y = the respective means
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PARAMETERS EXAMINED IN CORRELATION ANALYSES

- SO@PNONFWNT

‘PARAMETER ABBREVATION
850-mb height : S 850H
700-mb height : 700H
500-mb height : - .. 500H
850-mb temp ' , 850T
700-mb temp 700T
500-mb temp ' 500T '-
Surface to 800-mb relative humidity SFC-800RH
600-mb to 800-mb relative humidity 600-800RH
. 900-mb to 600-mb relative humidity 400-600RH - .
0. Surface to 400-mb relative humidity SF C-400RH
Il. Surface pressure SFCPr
12, k index ' : ' k o
13,7 850-mb wind speed . 850ws

14,  700-mb wind speed 700ws

15, 600-mb wind speed ’ 600ws

16, 500-mb wind speed . 500ws

7. Temperature advection - Temp Adv

'18. - Precipitable water , - Prec Wat

Table 2. This is a list of the eighteen parameters examined in the correlation

analysis. A number and abbreviation for each parameter is given.
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Both wet and dry days were considered together. Then days for which the
24-hour precipitation amount was greater than 01 inches were analyzed
separately. ‘

The five most highly correlated parameters for Alta for oll days are given
in Table 3. The 00 GMT results are generally higher than the 12 GMT. This may
be because at Alta the 00 GMT sounding occurs at approximately the midpoint of
the 24-hour measurement period whereas the 12 GMT sounding is near the end of
the period. Thus, the conditions recorded at 12 GMT may be cssociafed'wi’rh
precipitation that was not recorded until the next day. Three of the five
parameters . show correlations at both times. ‘However, surche to 400-mb relative
humidity and 600-mb to 800-mb relative hUimIdl‘fY'. are likely to be highly
correlated to each other. This will be examined. m 'rHe se‘éﬁon‘, .on multiple
correlation. It is interesting to note that the 700-mb height is in bdfﬁ‘ﬂ;\e IZ GMT
and 00 GMT results. Thus, the intensity of the mld—level trough may. be one of the

best indicators of precipitation for Alta.

Tests for SIinflcance and confidence intervals were done.‘ Usmq Flsher's Z
Tmnsformohon (Daniel, 1977), 99 percent confidence mTervals were consfruc’red
The total number of cases was 1,345, This yielded intervals of .59 to .49 for the
00 GMT surface to 400-mb relative humidity. If only every third set of paired
observations is used, the events may be considered independent of each other.
This is essentially taking rawinsondes from 48-hour intervals as indepen-dent.
This assumption is probably valid in nearly all synoptic regimes. In this case the
99 percent confidence interval is .62 to .45. Thus, the most highly correlated
parameters account for 15 to 35 percent of the variance in precipitation amounts
at Alta. Using a "' test and either 1,345 or 448 cases leads to rejecting the null
hypothesis (no relationship) at the .00! significance level.

The heights, temperatures, and pressures were negatively correlated with
precipitation amounts, the other parameters were positively correlated. The

absolute value is presented in the tables.

When only wet cases (precipitation greater than .0l inch) were considered

the correlation coefficients of the most highly correlated parameters were
lower. The three most highly correlated parameters are presented in Table 4.
" There were 569 wet ‘cases. After constructing a 99:percent confidence interval it
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LINEAR CORRELATION COEFFICIENTS

00z I 122 r
SFC-400RH 539 600-800RH 450 -
600-800RH 501 500H 426
J00H 449 SFC_400RH 413
850H S a3 700H 387
500-600-RH 405 5007 380

Table 3. The five parameters with the highest linear correlations at

Alta are given for 00Z and 12Z separately. Both wet and dry
days were considered.
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is found that the 00:GMT surface to’ 400-mb relcmve hUmldl‘l')' accounts for from 4
to 25 percent of the variance in Alta precnpl’rahon amountfs. Any correlation
coefficients below .2 were not significant at the .00l percent level. Thus, very
little of the Alta precipitation variance is accounted for by any one ':pd'rcmeter

once the condition of medsurable precipitation is imposed.

Linear correlation coefficients were also determined for the other elgh‘r
sites. The two highest. coeffncren'rs found at each sVre are given in Table 5 The
parameters were generally the same as at Alta except for the surface pressure.
Surface pressure was among the most highly correlated parameters even .at Silver
Lake Brighton, and Park City Summit which are:at, or above the. elevo’rlon at
Alta. Thus, Alta's precipitation may be less dependent on the m’fensnty of the low

level synoptic features than the other mountain locations.

Precipitable water was one of the most highly correlated parameters at all

but the three highest sites, Alta, Brighton, and Park City Summit. It was a par-
ticularly significant parameter at Salt Lake City and Ogden. Low level moisture

seems to be important for the low elevation sites but not for the ski areas.

The highest coefficients when the condition of measurable precipitation
was imposed were generally near .37. This is approximately the same result as at
Alta. The statistical significance at the other sites was approximately the same
as at Alta, thus, no single parameter could explain more than about one third of

the variance in precipitation amounts.

Therefore, any scheme of weather modification evaluation that depends on
an established ratio between precipitation and one of these parameters is of

questionable value.

A mulfticorrelation analysis was done to find the combination of rawinsonde
parameters that were most significant to heavy precipitation events. This was
done for all cases, and again for cases in which measurable precipitation was
recorded. Similar analyses were then done with a precondition of a certain mid-
level flow orientation. In each case the average value of the rawinsonde para-

meters were found. The multicorrelation analysis resulted in choosing the six
-parameters.that resulted in the highest coefficient.
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LINEAR CORRELATION COEFFICIENTS

00z r 12z r
SFC-400RH 379 | 500H 204
600-800RH 344 700H - .196
Prec Wat , 3l 600-800RH 193

- Table 4. The three parameters with the highest linear correlations at Alta

are given for 00Z and 12Z separately. Only wet days were
considered.
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LINEAR CORRELATION COEFFICIENTS

SITE ' 2 HIGHEST PARAMETERS

r
Brighton 850H 489
SFCPr _ 459
Alpine ' , SFC-400RH 495
' 600-800RH - A9
Park City Summit 850H L4157
- : SFC-400RH 403 .
Cottonwood SF C-400RH 457
600-800RH 428
Salt Lake City 850H 440
SFCPr A27
Ogden SF C-400RH A34
Prec Wat 419
Mountain Dell » SF C-400RH 448
600-800RH 409
Pineview SF C-400RH L75
Prec Wat 446
Table 5. The two ?b’dramefr,ei-t‘s with v»fh'e.H?'ghés} linear ‘correlations at‘the eight

sites listed are given. Both wet and dry days }wété\consi dered.
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At Alta approximately 36 percen;r of the variance was accounted for by just
three parameters with additional parameters adding little information in the case
where all days were considered. When only: wet days were consndered the para-
meters were essem‘lclly the same as when all days were exammed but the co-
efficient obtomed was lower, accounting for only 23 percen‘r of the variance in
preCIpn‘cmon. The parameters chosen are givenin Table 6.. Atmospheric stability
seems to be an important criteria in determining the po1'em‘|c1| for heavy snow.
The average value of the k index rose from 7.5 when all ddys were considered to

{4 when only wet days at Alta were examined.

The same analysis was done for 'rhe' other eight sites in the study. The
parameters chosen and the resulting coefficients are given in Table 7. Generally
most of the variance in precipifaﬁo‘n amount was accounted for by the first two
.pcrome‘rers'- chosen with additional parameters yi.elding little new information.
Again, the coefficients determined for only wet days were lower than when all
days were considered. Nearly every site had either the 850-mb height or the
surface pressure as a top pcrorhe’rer. Precipitable wo'rerjrqrid either surface to
400-mb or. “}_800-mb' to 600-mb relative humidities als:) .were among the top
parameters at most sites. The highes’r sites, Altq, iBri‘gh'r:on, and Park City

Summit, did not show precipitable water to be a highly correlated parameter.

The direction of the 700-mb wind was imposed as a precondition on the
data before doing a multicorrelation analysis again. The average precipitation
amount per event for the various flow direction is given in Table 8. The 700-mb
wind speed was a highly correlated parameter at all the mountain sites in north-
~west flow. In contrast, precipitable water was highly correlated at the valley
sites but not the mountain sites. Northwest flow at 700 mb of 270-360 'degrees
produces the highest average precipitation amount at Alta of any of the flow
directions; heavy valley precipitation in northwesterly flow seems to be dependent

on the amount of moisture available.

A precondition of a 700-mb wind direction of 170-269 degrees was imposed
and the multicorrelation qnoly51s was done again. Every site except Alta had a
hlgher average precnpl‘ra’non amount per event in this flow than in north-northwest
- flow. Precipitation in southwest flow.w_os.s‘rrongly mflvuence‘d by the amount of
- moisture present as measured by the precipitable water. Also notable was the
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'MULTICORRELATION COEFFICIENTS AT ALTA

ALL DAYS
PARAMETERS CHOSEN IN ORDER T
SF C-400RH 539
SFCPr - L .589
+ kindex - , S W59
400-600RH . o 602
700ws ' - 806
850T ' : R 607
WET DAYS
PARAMETERS CHOSEN IN ORDER - r
SFC4O00RH y 319
SFCPr E o 429
700ws ' ’ ' ' ST 56
k index . - R -
Prec Wat S A74
| 700T =~ 7 : R W86
Table 6. The six parameters. chosen by. mulhcorrelq’non cnquS|s for bo'rh wet

and dry days together and just wet days at Alta are given. The r

value is the mulhcorre“lchon coefﬂcnen’r after each new parameter
is added. : o .
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" MULTICORRELATION COEFFICIEENTS

ALL DAYS

o " 6 PARAMETERS r AFTER r AFTER -
SITE 8 IN ORDER CHOSEN 3 PARAMETERS 6 PARAMETERS
Brighton 10,1,9,12,4,6 570 586 -
Alpine 10,1,7,18,12,11 . 548 . L5630 e
Park City Summit 1,10,14,18,17,15 492 Hoi R 500
Cottonwood 10,1,7,17,11,14 521 527
Salt Lake City 11,18,7,12,9,4 526 L5890
Ogden ‘ 10,11,18,12,17,7 ...524 557 7
Mountain Dell 10,11,18,7,16,3 491 U508 e
Pineview 10,11,18,12,7,17 562 .588 ¢

WET DAYS
6 PARAMETERS r AFTER r AFTER

SITE IN ORDER CHOSEN 3 PARAMETERS 6 PARAMETERS
Brighton 11,18,14,17,15,9 489 .508
Alpine 10,11,18,7,13,2 479 507
Park City Summit 18,2,14,17,12,15 RY A472
Cottonwood 1,8,17,7,12,18 438 455
Salt Lake City 11,18,9,4,12,13 62 472
Ogden 18,11,17,10,12,1 482 504
Mountain Dell 18,7,2,17,16,4 378 392
Pineview 18,11,13,17,3,12 463 497
‘T~cb_le~7,.4=»— - ~The six.parameters chosen by the multicorrelation analysis for both

all days and just wet days at eight sites are Tisted. The parameters
are listed by the number assigned in Table 2,
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AVERAGE PRECIPITATION PER EVENT (24 HOUR)

700-mb FLOW ORIENTATION

SITE ALL WNW SSW WEST WEAK
Alta T .59 b9 ST .63 38
Brighton .37 37 b .25
Alpine 19 A7 22 S .08
Park City Summit 33 34 .36 27
Cottonwood - 26 27 .30, : 29
Salt Lake City A7 A4 .21 BRI VA
Ogden .22 18 . .30 ) 24
Mountain Dell .21 22 .28 _ A7
Pineview 3l 3h. 37 20
Table 8. The overoge 24 hour prec:pn‘cmon in lnches at each site according to

700-mb flow direction is given.



45

| focf that 700-mb wind speed was more highly correlated at Park City in southwest
flow than any other directions. Strong 700-mb winds could pose measurement
'problems at the high elevation sites. Thus, the relationship between 700-mb wind

: "'speed cmd mountain precipitation may be stronger than these results lndrccl’re.

Thus, monst south-southwest flow is favorable for precipitation-at all sites
excep’r Alta. The amount of moisture is a critical factor in south-southwest flow

“for all sites, whereas it is not in north-northwest flow for the mountain sites.

A condition of 700-mb wind speed being less than 5 meters per second was
ihpdsed and the multicorrelation analysis was done again. The average-heights at
500 mb and 700 mb were much lower than the other wind regimes:  This is an
indication that the weak flow is the result of closed lows aloft or very weak:short
wave troughs. The precipitation at the mountain sites was less in weak flow than
the other wind regimes, while the valley locations were about the*same in weak
flow as other flbws. The parameters Tha'r were most highly correlated were
essentially the some as found prevnously, relative ‘humidity and the low level
. pressure field at cll sites with precipitable water a factor at the valley sites. The
" lack of flow is most 5|gn|f|cqn’r in the mountains where the orographlc effects are

greatest.

Both the linear correlations and multiple regression analysis failed to
- explain more than about one third of the variance in precipitation amounts. This
- was frue even when events were divided by wind regimes. Thus, the proqnoshc

value of these parameters for forecasting precipitation amounts is very low.

. .However, some qualitative information is clecr.v Mos‘t no’roble is that
northwesterly flow is particularly favorable for heavy prec1p|fcmon at Alta, but
.-not as much so for the other mountain locations. Also of note is the mgmﬂcance
. of the low-level pressure field and the cmoun'r' of precip‘i’rable water Tq Vhlley

. precipitation.
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V.RAOB PROFILES RELATED TO VARIOUS PRECIPITATIONPATTERNS

An attempt was made to determine what conditions observed in rawi nsénde
data might point to anomalous precipitation patterns. Frequency distributions of
six atmospheric parameters were constructed in order ‘to find unusual (precj,lpi-
tation patterns such as the valleys receiving more precipitation than the

‘mountains; or one valley site getting much heavier precipitation ‘frhqr‘\‘dnother.

The six pdrdrhe‘rers chosen for this analysis were the 700-mb qnc_j 500-mb
wind directions; 700-mb wind speed, precipitable water, k index, and surface
pressure. Each parameter was divided into cafegoﬁeé_qnd the ,peréén’roge of all
cases that fell .in each category was determihed. The categories "6f eacr:h‘;pdra—

3 .

meter are as follows:

kindex ..u....0-5, 6-10, 11-15, 16-20, GT 20
700-mb wind speed (m/s) . .. LT 3, 3-6, 7-9, 10-12, GT 12
‘precipitable water (inches) . 0-.33, .34-.66, .67-1.00, 1.01-1.33
surface pressure (mb) . . . . LT 860, 860-864, 865-868, GT 868
- 500-.and 700- wind direction (degrees) . 120-180, 180-240, 240-300, 300-360
GT = Greater Than SRR
LT = Less Than

Precipitation events rarely occur in northern Utch with east or: north-
easterly winds aloft at 500 or 700 mb; thus, a category for these wind directions

was not created.

A mountain to valley site comparison was between Alta and the Salt Lake
City airp’ovrt. Alta has the highest average precipitation and the airport has one of
the lowest averages.. The days were separated into three categories. Days in
which the difference between Alta and Salt Lake City precipitation was less than
.10 inches were classified as equal days. When Salt Lake City ' precipitation
exceeded Alta precipitation by more than .10 inches the day was classified as
greater. Days when Alta precipitation exceeded Salt Lake City precipitation by
more than .10 inches were classified as normal. There were 41 greater days, 40
equal days, and 484 normal days. Days with less than .10 inches of precipitation
at both sites were disregarded.



47

A problem arises in this comparison since Alta reports 24-hour precipi-
tation at 7 a.m. and Salt Lake City reports 24 hour precipitation at midnight.
Although the two stations are not exactly comparable, the present analysis has
used the data as reported. It is thought that the precipitation patterns reported
here are representative, although the distribution of categories reported in each

case obviously will not exacﬂy reflec’r recln‘y.

The first analysis conSIdered all days. An exomp!e of the tabulated datais
given in Table 9, but the full tabulation will be omitted for the subsequent
-cnclyses in this Chapter. Equal and greaTer days were found to have high
percen'rages of the events with higher precnpl’rable water, somewhat higher k index
values and jower surface pressures than normal cases. Additionally, the 700-mb
wind tended to be from 180-240 degrees for equal and greater days while it was
northwesterly for normal days. The same was true for the 500-mb wind. These
results are in agreement with those described in Chapters Il and V for cutoff lows
and in the multiple correlation analysis, particularly the significance of low
surface pressure to valley precip'ifaﬁon.

. The 500-mb and surface chart for February 12, 1978 as well as the observed
precipitation for the storm, are presented in Table 10 and Figure 26 as an example
of an event in which valley and mountain precipitation were approximately
equal. The upper level flow in northern Utah is quite weak with a closed low
circulation centered over Idaho. The surface pattern shows relatively low
pressures and no building surface high over the region. This combination resulted
in. similar precipitation amounts in both the mountains and the valleys. It is of
~particular note that the upper level flow is southwesterly. This flow di rechon is
not favorable for heavy precipitation at Alta.

To look for the presence of a lake effect due to the proximity of the Great
.. Salt Lake to the city, only cases in which the 700-mb wind direction was greater
: thon‘ 270 degrees but less than 360 degrees were considered. The postfrontal lake
convection occcsiondlly will produce iocally heavy precipitation within a few
" miles of the shoreline and in the mountains directly downwind, but very little if

any precnplfahon a’r o’rher mountain locations. This situation is relatively rare and

- only 23 of 400 cases were found in which the airport received more precipitation

than Alta in northwesterly flow. The most notable difference between greater
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SALT LAKE CITY VS ALTA PRECIPITATION - ALL WIND DIRECTIONS

k INDEX ,
0-5 6-10 11-15 1 6-20 21-25 )
1% 6% 17% - 26% 38% - Equal
9 5 4 27 43 Greater

23 [ 15 20 27 Normal

700-mb WIND SPEED (m/s) »
3 36 6-9 9-12

12
5 22 37 17 22 " Equal -
3 16 ' 25 ' 22 31 . Greater
3 13 26 23 31 Normal
PRECIPITABLE WATER (in) :
0-33 = .34-.66 67-1.00 1.01-1.33 '
32 67 0 0 -+ Equal .
31 63 5 - 0 Greater
57 42 0o 0 © " Normdl
SURFACE PRESSURE (mb)
= 860 860-864 865-868 . 868 .
7 19 34 38 ' Equal
23 ' 12 36 25 ‘ Greater
7 16 22 _ 53 Normal
700-mb WIND DIRECTION (deq) L
120-180 180-240 240-300 300-360
3 35 36 : 23 . Equal
7 42 31 17 : Greater
2 33 4] 23 - "Normal
500-mb WIND DIRECTION (deq)
120-180 180-240 240-300 . 300-360
: 2 33 50 12 Equal
3 49 36 9 - Greater
2 25 49 23 » ‘Normal
Table 9. The percentage of all cases that fell into each category of a given

parameter when Salt Lake City and Alta precipitation were equal,
when Salt Lake City precipitation was greater than Alta, and the
normal case of Alta precipitation being greater than Salt Lake City
grecipi'ra’rion are given. Events were considered regardless of wind
irection. ’
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SALT LAKE CITY VS ALTA STORM - FEBRUARY 13, 1978

STATION ‘ PRECIPITATION (inches)
Brighton : ‘ A2
Alpine , .29
Park City Summit .00
Cottonwood Wier 52
Salt Lake City 24
Ogden _ 34
Mountain Dell ' 35
Pineview .30
Alta .20

Table '10. Precipitation resulting from storm in which Salt Lake City
precipitation exceeded Alta precipitation.
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Figure 26. Surface and 500 mb charts for SLC greater ’rhan Al'm storm
o F'ebruqry 12, 1978. Height- (fee’r) Pressure (mb) :
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and normal days is the clustering of k index values in the higher classifications and

 the lack of high surface pressures in the greater days as opposed to normal days.

A corﬁparison of precipitation at two valley sites was done using Salt Ldke
- City and Ogden. Both sites are at approximately the same elevation with Ogden
| slightly closer to the mountains. Ogden is exposed to the lake in westerly flow but
~not northerly flow. "Salt Lake City is exposed fo the lake in northerly and
northwesterly flow. In this analysis the two sites were considered fo have
- received equal precipitation if the 24 hour amounts differed by‘.l5 inches or less.

There was not a time sampling problem with these sites.

The Salt Lake vs. Ogden analysis was done with the precpndiﬁ'on ;rha’r the
700-mb wind direction be greater than 270 degrees but less than 360 degrees. This
attempted to look to postfrontal conditions and possible differences in the effects
of the Great Salt Lake. Significant differences in the raob profiles were seen in

--the surface pressure and wind directions. Ogden days have much higher surface

- pressures than Sal’f Lake City days. This is similar to the equal ddys.' Thus, low
. surface pressure is more important to Salt Lake City precipitation than Ogden

- precipitation. Thisv'wcs also the case in the comparison between Salt Lake City
and Alta. The 500-mb wind direction shows a very strong tendancy towards south-
. westerly directions on Salt Lake City days while Ogden days are spread out among
various directions at 500 mb. Thus, the passage of the 500-mb trough axis and
accompanying wind shifts limits likelihood of significantly more precipitation
falling at Salt Lake City than Ogden. Nor'rherl)" 700-mb flow seems to eliminate
the possibility of Ogden receiving more precipitation than Salt Lake City. This
difference seems to point out the different posiﬁo‘n relative to the lake of the two
'_si'res. As mentioned previously, northerly flow may be unfavorable orographically
for Ogden.

Abnormolly heavy precipitation events at the individual sites were
examined to look for tendencies in the raob profiles. The crl’renc for a heavy
event at Salt Lake City was 24 hour precipitation of .5 inches or more. When all
wind directions were considered there were 44 heavy days and 589 light days.
High precipitable water, low surface pressures and southwesterly flow are
conditions that characterize heavy precipitation at Salt Lake City.
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Analysis of heavy and light precipitation days at Silver Lake Brighton was
done in a similar manner as for Salt Lake City.. The analysis was done twice, once
with a threshold for heavy precipitation of .75 inches and again for 1.25 inches of
precipitation in 24 hours. There were 89 dd}'s grearer "than .75 inches of
precipitation and 25 days with [. 25 inches or more. S'rrong 700-mb winds, high
precipitable water, and low surface pressures were choracterlshc of heavy
- regimes. Instability as indicated by hlgh k index values was also a factor in heavy
~days. The very heavy cases at Brighton showed very high percentages in these
categories indicating that the exceptional precipitation events do have a definite
signature. ' e

In all the other results Alta had somewhat different atmospheric conditions
associated with its precipitation r‘hdn the other mountain sites. ‘Most notable was
the, bias to northwesterly flow to the exclusion of other directions for heavy
precipitation. | .The Al’ra analysis ‘was done 1wicye, ‘once with a precipitation
threshold of 1.00 inch wn‘h all wind dlrechons, and with a preC|pl'rchon threshold
of 1.50 inches and ~only 700-mb wmd dlrechons grecn‘er ’rhcm 270 degrees. ‘Heavy
precipitation days at Alta occompqny a raob proflle with high instability, ‘high
700-mb wind speeds and low surface pressures. In con'rrast ‘ro the other mountain
sites Alta did not show much difference i in the precnpl'rqble wc’rer between heavy
and light ,dqys. T__he presence of low surface pressure seemed to favor heavier
precipitation, but the contrast in ‘surfcce pressure between heavy and light days
was not as strong as at the other sites. Thus, as was indicated in'the correlation
qnalysis, Alta precipitation seems to depend less on available meis'ture and surface
pressure than ’rhe other sites, and more on 1‘he dlrechon and speed of the m|d level
- flow. '

L

These analyses of rawinsonde data point out that defin'r’re, charqé’reris’ric

atmospheric conditions favor certain precipitation distributions. To summarize:

l) High precipitable wa'rer, southwest flow, low surface pressure, ‘and extra

ms’rablhry favor Salt Lake City precipitation over Alta.
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7)
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Equal Salt LLake City and Atla precipitation is favored by weak south-
westerly upper-level flow with a closed low over ldaho, low surface

pressure, and no surface high building over the region.

Post-frontal conditions with high instability but no rapid building of a
surface high can favor lake effect precipitation at Salt Lake City.

Precipitation distribution between Salt Lake City and Ogden is governed
by position of the 500-mb trough axis and orientation of the 700-mb

flow.

Heavy precipitation at Salt Lake City tends to occur ‘with high

precipitable moisture, low surface pressures, and southwest flow.

Strong 700-mb winds, high precipitable moisture, low surface pressure,
and a high k-index characterize heavy precipitation at Silver Lake
Brighton. -

- Heavy precipitation at Alta occurs with high 700-mb winds, high

instability, and low surface pressures. Direction and speed of mid-level
flows are dominant parameters with northwest winds aloft the key

indicator.
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VI.CLOSED LOWS AND COLD FRONTAL EFFECTS ON PRECIPITATION
DISTRIBUTION '

Different synoptic patterns produce precipitation patterns in northern Utah
that are marked departures from normal. Certain patterns might be expected to
bring significantly more precipitation to the mountains than the vallleys'cnd vice
versa. A study of mountain and valley precipitation in southern California was
done by Elliot and Schaffer (1962). This section examines the quantitative distri-
bution of precipitation in cases of upper level closed lows ‘and surface cold
fronts. The aim of this experiment is to identify precipitation patterns associated
with these features to aid quantitative precipitation forecasting in these

sttuations.

An examination of precipitation distribution under various synoptic regimes
was done using both rawinsonde data and National Meteorological Center (NMC)
surface analyses. A study at the University of Utch produced a list of dates on
which a surface cold front was dnalyzed by NMC to have passed through the Salt
Lake City area. This list served as a means of classifying a precipitation event as
either frontal or nonfrontal. The rawinsonde data were used to identify instances
of closed low centers or weak flow systems at 700 mb. This section attempts to
characterize the different precipitation patterns associated with these different

synoptic features.

To determine 700 mb closed low systems solely from rawinsonde data a
definite procedure was followed.

Four successive rawinsondes were examined to be referred toas 1, 2, 3, 4
with | being the first and 4 being the last rawinsonde in the series. The following

criteria defined a closed low or weak flow case:

700-mb wind speed decreases from | to 2 and increases from 3 to 4.
temperature decreases from | to 2 and rises from 3 to 4.

height of the 700-mb level falls from | to 2 and rises from 3 to 4.
directional shear of the 700-mb and 500-mb wind in either sounding 2

F Wiy -

or 3 is less than 35 degrees.
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These four criteria are very likely to identify either a closed low or weak
flow trough at 700 mb. The falling and then rising temperature and height in a 48-
hour period would indicate the passage of synoptic scale trough. The fall and rise
- of the wind speed would likely eliminate troughs embedded in a strong flow. The
“condition of a minimum wind shear between 700 mb and 500 mb during the middle
‘two soundings would help identify troughs with little vertical tilt and thus, likely
candidates to be closed circulations. This procedure resulted in a list of two or
 three day periods in which either a closed low or a baroclinic wave with weak flow
existed at the 700-mb level. There were 73 cases in the period examined. A
random sample of ten of these cases was compared to the synoptic charts. Each

case proved to have a closed low or weak flow trough present.

In order to compare closed low precipitation distribution to cases in which
no closed low was present, a list of storm dates based on Alta precipitation was
compiled. Alta was chosen since it had the most complete observation record and
because even if only one site received precipitation in a given event it would most
likely be Alta. This produced a list of storms ranging in length from | to 15
days. This list was compared with the list of days determined from the raob low
analysis and if a date was common to both lists the storm was categorized as a
"low' storm, otherwise it was classified as a 'nonlow' storm. There were a few
problems with this classification scheme. Some raob low dates did not exist in the
Alta storm data and were thus left out of further analysis. Occasionally two raob
low storms would fall into a single very long Alta storm. Some Alta storms were
quite long and the days on which a closed low was identified might be preceded
and followed by days with significant mid-level flow. Thus, a long storm may be
_ classified as a low storm when in fact most of the precipitation fell under high
flow conditions. A raob low storm consisted of only the 48-72 hour period in
which the weak flow was present, while a low storm consisted of the entire storm

period.

The ratio of mountain to valley precipitation in low and nonlow cases was
examined. The ratios of each station to the other stations in the two regimes is
presented in Tables Il and 12. The ratios from the raob low cases are given in
Table 13. The Silver Lake Brighton to Salt L.ake City ratios of 2.56 and 3.57 for
low and. nonlow respectively correspond quite well with the results from a
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PRECIPITATION RATIOS IN CLOSED LOWS

ALTA BRIG ALPI PCS COTW SLC OGDN MTD PINE
Alta - .94 5.04 3.18 3.13 493 3.26 3.41 2.60
Brighton 52 - 2,60 164 162 256 1,69 1.76 1.35
Alpine .20 .38 - b3 62 97 64 6T 52
Park City Summit 3l b1 159 - 99 155 01,04 1,07 - .82
Cottonwood 31 .62 .61 1.0l - .57 1.04.1.08 . .83
Salt Lake City 20 .39 1.02 .64 63 - b6 69 52
Ogden 30 .59 154 97 96 1.49 0 -- k.03 .79
Mountain Dell ) 29 56 L9 93 92 143 9% - 77
Pineview : ' 38 4 195 1,22 .20 187 126 1.30 -—-
Table 1. Ratios of precipitation per event between sites under conditions of a

700-mb low are given.

PRECIPITATION RATIOS IN NONLOWS

ALTA BRIG ALPI

PCS COTW SLC OGDN MTD PINE
Alta ‘ - 1.97 6.00 3.2 475 7.00 575 4.76 2.71
Brighton Sl - 3.0 1.63 241 3,57 292 241 1.37
Alpine A7 .33 - S3 .79 LS. 96 79 45
Park City Summit 3l b1 187 - .48 2.15 .79 .48 .84
Cottonwood 21 Al 126 67 - t.a5 1,21 1.00 .57
Salt Lake City W5 29 87 46 69 - . .83, 69 .39
Ogden A7 a4l 106 56 83 1.20 -- 83 .47
Mountain Dell 21 4l 126 67 1.000 145 1.2 -- 57
Pineview 37 73 221 L.I8 175 255 212 L.76 -

Table 12. Ratios of precipitation per event between sites for events with no

700-mb low are given.
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- (Williams and Peck, 1962) study of 500-mb lows which were 2.45 and 3.75 r.espec-
~ tively. The Alta to Salt Ldke City ratio goes from 7.00 in nonlow conditions to
4,93 in low conditions and o 3.96 in the raob low cases. The ratios between two
mouryx’rqi‘n sites and between two valley sites are approximately the same |n both

_closed low or nonlow conditions.

~The ratio of mountain to valley precipitation decreases under closed low
- conditions, with the lowest ratios during the period when the low center is cioSesf
to Salt Lake City. The absence of flow to pronce orographic lifting isfmos‘f
pronounced when the 700-mb center is directly over northern Utah. Closed low
storms do produce the highest average precipitation due to their stlow movement
and strong vertical motion fields.

An example of a closed low storm taken from the time period 6f fhis"study
is an event that took place March 25 through March 27, 1975. The precipitation
for the entire storm at each site is presented in Table |4. The surface and 500-mb
charts valid at 1200 GMT, March 27, 1975, are presented in Figure 27. The
synoptic pattern at 500 mb is typical of a major closed low storm in the inter-
mountain region. There is a complete lack of flow over northern Utah at this map
time. The surface pressure is still relatively low, but the lowest pressure and
frontal deve|oprﬁent is typically to the south and east of Utah at the time of the
weakest flow aloft. The precipitation observed shows a major precipitation event,

but the mountain to valley ratios are significantly smaller than in nonlow cases.

A study (Jorgensen, et al, 1966) of the spacial and quantitative distribution
of precipitation in the intermountain west from closed lows at 700 mb found that
the area of heavy precipitation in relation to the low center was determined by
‘the intensity of the low as measured by the departure from normal of the central
pressure. The heavier precipitation was associated with the more intense lows.
The area of heavy precipitation was found to be to the east of the low in intense
lows with the area shifting to the low center and southwest of the center with the
least intense lows. Lows of moderate intensity had the heaviest precipitation to

the south and southeast of the low center.

The frontal and nonfrontal classification also served as a means of com-
paring mountain to valley precipitation relationships. There were 127 frontal

storms and 110 nonfrontal storms as defined by the University of Utah data. Non-
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PRECIPITATION RATIOS IN RAOB LOWS

ALTA BRIG ALPI PCS COTW SLC OGDN MTD PINE

Alta - f6h4 4,14 290 290 3.96 290 3.34- 2.56
Brighton b1 - 252 W77 W77 240 W77 2,04 1,56
Alpine 24 A0 - J0 .70 95 70 .81 - .62
Park City Summit B4 57 143 —- 1.00 1.36 - 1.00 1.15. .88
Cottonwood S4 57 1.43 1.00 -- 1.36 1.00 [l.15 .88
Salt Lake City .25 A2 1.0 73 J3 - J3 .84 65
Ogden A4 57 1.43 1.00 1.00 1.36 -~ .15 .88
Mountain Dell .30 A9 124 87 87 1.18 RS 7 — 76

Pineview 39 6h 162 103 143 154 131 131 -

Table 13. Ratios of precipitation per event between sites during the 48-72
hour period of the sotrm in which the 700-mb low was closest to Salt
- Lake City are given. '

ot

CLOSED LOW STORM -- MARCH 25-27, 1975

STATION ‘ PRECIPITATION (inches)
Brighton 2.17

Alpine ' .00

Park City Summit : .60

Cottonwood Wier ‘ | 1.03

Salt Lake City J9

Ogden : _ 1.9t

Mountain Dell : J7

Pineview - 1.81

Alta 3.53

Table 14, Precipitation resulfing from storm w'_i’rh‘o closed low a 700 mb.



Figure 27. Surface and 500-mb Charts for closed low storm March 27, 1975,
Height (feet)  Pressure (mb)
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frontal storms were precipitation events in which no surface front was shown to
pass through Salt Lake City on N.M.C. analyses. The average precipitation for
each site was computed by summing the 24 hour precipitation for each day of a
storm and dividing by the number of storms. The average precipitation in frontal
and nonfrontal cases is given as well as the frontal to nonfrontal ratio in Table
15. All stations had higher average precipi’rdﬁon values in frontal cases with the
valley sites showing the greatest difference between frontal and nonfrontal condi-
tions. Cottonwood Wier was an anomaly in that the average precipitation did not
go up significantly in frontal cases.: The station to station ratios in frontal and
nonfrontal conditions are given in Table 16. The ratios between two mountain
sites and two valwley sites are approximately equal under either condition. The
ratio between Alta and Salt Lake City goes from 5.89 in frontal situations to 7.80
in nonfrontal cases. Thus, valley sites are more affected by the presence of a
surface front than mountain locations. The presence of afront provides additional
lifting that has the most pronounced result in the valley. The front may become
quite disorganized as it passes. through the Wasatch Mountain rﬁhge which is a
considerably higher and more extensive barrier than any upstream mountain range
east of the Sierras and Cascades.

Two storms are given as examples of a frontal and nonfrontal event. The
500 mb and surface chart for 1200 GMT March 14, 1978 and observed precipitation
from a frontal case on March 14 and 15, 1978, dre, presented in Table 17 and
Figure 28. The same information is presented for a nonfrontal event on December
13, 1972 in Table 18 and Figure 29. The 500-mb charts both depict a west to
northwest flow with shortwave troughs embedded in the flow. The surface maps
- differ in that the nonfrontal event has relatively high pressure over the region.
Thus, the upper level trough in the 1972 case has no low level feature associated
with it. The mountain to valley precipitation ratios are higher in this nonfrontal

case than in the 1978 case which had an organized surface frontal structure.

Very definite differences in mountain to valley precipitation patterns exist
depending on the type of symoptic conditions present. These ratios provide a
means of estimating precipitation in remote areas based on observed precipitation
at only a few sites. The difficulty arises in correctly classifying the type of
regime-presenf. Any scheme of weather modification based on site to site
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AVERAGE PRECIPITATION IN FRONTAL AND NONFRONTAL CASES

SITE FRONTAL NONFRONTAL - RATIO FNT/NONFNT
- Alta | ' ‘ 2.24 .78 2.87
- Brighton Ay A0 2.96
~Alpine A .13 3.17
Park City Summit g1 24 2.97
Cottonwood Sl A9 2.72
~ Salt Lake City .38 A0 3.73
Ogden ; .50 R 3.43
Mountain Dell .56 A5 3.75
Pineview .83 .32 2.64
Table 15. The average precipitation in inches for each site in frontal and

nonfrontal storms is given. The ratio of frontal to nonfrontal
precipitaion is calculated.
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PRECIPITATION RATIOS IN FRONTAL AND NONFRONTAL CASES
NONFRONTAL ’

ALTA BRIG ALPI PCS COTW SLC OGDN MTD PINE

Alta - .95 6.00 3.25 4,10 7.80 5.57 5.20 2.44
Brighton Sl- 3.08 1.67 210 4.00 2.86 2.67 - 1.25

Alpine A7 32 - 54 .68 1,30 .93 87 . .4l
Park City Summit 31 60 1.85 -— 126 240 171 1.60° .75
Cottonwood 24 48 146 79 - 190 136 1.27 ¢ 59
Salt Lake City A3 25 77 42 53 - YRy A |
Ogden Jd8 .35 107 58 74 140 - 93 “.an
Mountain Dell Jd9 38 L1582 79 150 1,07 -7 47
Pineview 41 80 246 133 168 320 229 2.3 -

FRONTAL
ALTA BRIG ALPI PCS COTW SLC OGDN MTD PINE

Alta - 191 5.46 3.15 4.39 5.89 4,98 4,00 2.70
Brighton 52 - 285 1.65 229 3.07 234 2.09 l.4l

Alpine 8 35 - S8 .80 .09 82 73 .49
Park City Summit 32 6l 173 - .39 .87 .42 127 .86
Cottonwood 23 43t 72 - .34 .102 91 .6l
Salt Lake City J7 .33 .93 53 4 - J6 .68 .46
Ogden 22 43 122 .70 .98 .32 - 89 .60
. Mountain Dell 25 .47 137 .79 L1000 147 L2 - 67
Pineview 37 71 2,02 L7 163 2.18 166 .48 -

Table 16 ~ Ratios of Frecipi’raﬁon perv event befween sites in frontal and
nonfrontal storms are given. :
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FRONTAL STORM -- MARCH 14, 15, 1978

STATION PRECIPITATION (inches)
Brighton ‘ ' .69

Alpine .0l

Park City Summit .00
Cottonwood Wier ' 49

Salt Lake City .23

Ogden : .10

Mountain Dell .26

Pineview .33

Alta 1.29

Table 17. Precipitation resulting from a storm with a cold front.
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Figure 28. Surface and 500-mb charts for frontal storm March 14, 1978,
’ . Height (feet)  Pressure (mb)
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NONFRONTAL STORM -- DECEMBER 13, 1972

STATION PRECIPITATION (inches)
Brighton , 04
Alpine ‘ .32
Park City Summit A9
Cottonwood Wier .00
Salt Lake City .06
Ogden 02
Mountain Dell : .00
Pineview A5
Alta , _ A7

Table 8. Precipitation resulting from a storm with no cold front.
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Figure 29 Surface cmd 500-mb charts for nonfrontal sform December l3 I972.
: ' " Height (feet).  Pressure (mb). :
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precipitation ratios must take into account the type of synop’nc regime presen’r if
the results are to have any meaning at all.
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VIl. CONCLUSIONS

Winter precipitation in northern Utah occurs under rather variable, synqpfic
conditions. The ability of the correlation analyses to explain only one-third of the
variance in precipitation amounts is indicative of different types of storms
producing the same results. Thus, atmospheric conditions that produce significant

precipitation in northern Utah vary a great deal.,

The ratio of mountain to valley precipitation is very much influenced by
the synoptic pattern present. The ratio of mountain to valley precipitation is
much less with a closed upper level low than with an open wave. This is due to the
lack of flow to produce orographic lifting while the low is over northern Utadh.
These closed low storms are often preceded by strong moist southerly flow which
produces extensive precipitation at all sites except Alta. The lifting associated
with a well defined cold front has a greater impact on valley precipitation than in
the mountains. Thus, systems without defined cold fronts result in high mountain
to valley precipitation ratios.

Unstable northwesterly flow with the absence of a building surface high

favors heavy precipitation at Alta as well as localized 1_ake Effect' convection.

Stations which are less than five miles apart exhibit very different
responses to wind direction. This is particularly true of Alta precipitation which
is very biased to northwest flow, whereas the other mountain sites exhibit maxima

in southwesterly and northwesterly flow.

In the wind direction frequency diagrams Alta was alone in not exhibiting a
~maximum in southwesterly flow. Altad's precipitation data also stood out in that it
was significantly higher than either Silver Lake Brighton or Park City Summit
which are both at similar elevations and located within a few miles of Alta. Altd's
anomalous precipitation seems to be due to the shape of the nearby terrain. In
comparing the terrain near Brighton and Alta there are two big differences. In
northwesterly flow the high mountains between Big and Little Cottonwood
Canyons act as a barrier which the flow likely goes around rather than over. Also,
the formation at the southeast end of the Salt Lake Valley sticks out against a
northwest flow (Figure 30). These two large and very high (over 11,000 feet)
barriers- may serve to channel northwesterly flow into the canyon towards Alta.
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Thus, a zone of low level convergence is likely to result in northwesterly flow.
The Alta Canyon is a much shorter and more open canyon to low level flow than
Big Cottonwood Canyon. Thus, while Brighton and Alta are very closely located
the terrain configuration favors low level convergence for Alta in unstable
nor’rhwesferly flow.  Brighton precipitation more likely results from pure
orographic lifting, thus the dual maxima in northwesterly and southwesterly
flow. Alta and Brighton get similar precipitation in southwesterly flow, since the

terrain is not favorable for low level channeling in this regime.

The presence of strong low level convergence in northwesterly ﬂow\ has
dramatic consequences in Alta Canyon. The postfrontal northwesterly flow that
creates this convergence is typically very stable at low levels, but quite unstable
aloft. Thus, lifting of the lower air can bring on deep convection under these
conditions. The general orographic lift provided by the Wasatch is not always
sufficient to start this convection. In combination with strong low level
‘convergence, the orographic lift produces enough lift to bring postfrontal
‘convection to Alta more often and more intensely than other nearby mountain
sites. Thus, the much higher precipitation observed at Altais due to its favorable

position in postfrontal northwesterly flow conditions.

A detailed study of the local wind field near and in the canyons during
precipitation would be necessary to verify these conclusions. " To define the
éonvergence field would require accurate wind observations along the sides and
center of Big and Little Cottonwood Canyons. Additional wind observations would
be needed in the southeastern portion of the Salt Lake Valley and espec.iolly along
~ the east bench area between the canyons. Hourly precipitation intensity
observations are already being taken at Alta and Smowbird ski areas. Similar
. observations in Big Cottonwood Canyon would help verify not only the different
cohverge‘hce fields, but also the different character of precipitation in each

canyon as the 700-mb trough axis passes.
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Figure 30. Topographical map of Alta and Brighton Canyons (meters)
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Valley locations also show a bias to certain flow directions. This is due to
the position of the Great Salt Lake to Ogden and Salt Lake City and the position
relative to the mountains of Cottonwood Wier, Alpine, and Ogden. The effects of
the Great Salt Lake on precipitation seem to be very localized and relatively
rare. The data in this study support the idea of a 'Lake Effect,! but are not

conclusive,

Precipitation in northern Utah may be summarized as follows. The stabili-
zation of the low levels brings about the end of valley precipitation. Thus, the
‘lack of rapidly rising surface pressures indicates the potential for heavy valley
precipitation. This condition occurs with a slow moving, closed, upper low or with
a strong flow with closely spaced embedded 500-mb short waves. Southerly pre-
: frontal flow will bring heavy precipitation only if there is abundant moisture

which is observable in precipitable water values. This is not the case for

- postfrontal northwest flow which depends mostly on the atmospheric stability as

“to whether or not heavy precipitation will result. The passage of the 700-mb
‘trough axis marks the onset of the heavy precipitation at Alta. The passage of the

500-mb trough axis marks the end of valley precipitation.

N The ability to extrapolate precipitation amounts from a few sites to remote
areas is very valuable in both avalanche hazard forecasting and weather
“‘'modification verification. The results of this paper point out the need to define
the.Type of atmospheric conditions present before a legitimate attempt to predict

quantitiative precipitation at remote sites can be made.
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