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Abstract. The characteristics of winter season persistent deep stable layers (PDSLs) over Utah’s Salt Lake
Valley are examined using 30-year twice daily rawinsonde soundings. The results highlight the basic climato-
logical characteristics of the PDSLs, including the strengths of the inversion, the frequency of the occurrence,
and the duration of the events. The data analyses also reveal linear trend, interannual variability, as well as the
relationship between the interannual variability of PDSLs and the variability of large-scale circulations. Fi-
nally, the study investigates the large-scale atmosphere conditions accompanying the formation and destruction
of the PDSL episodes.

1 Introduction 2 Site, data, and method

Persistent deep stable layers (PDSL) are frequent wintertim&he SLV (Fig. 1) is bordered by high terrain on three sides
phenomena in basins and valleys of the Intermountain Westhe Oquirrh Mountains to the west, the Wasatch Range t
of the United States (Wolyn and Mckee, 1989; Reeve andhe east, and the Traverse Range to the south. The highes
Stensrud, 2009). The strong static stability decouples the aipeak along the Wasatch Range has an elevation of 3300jm
within the basipvalley from layers aloft, which often leads above mean sea level (MSL), approximately 2000 m abov
to stagnation and limits atmospheric dispersion (Mosper andhe valley floor. The valley opens up to the north with the
Brown, 2008; Smith et al., 2010). Cold and sometimes moistGreat Salt Lake to the northwest.
air, being trapped in basins or valleys by PDSL, favors the The analysis employed winter-season (defined here as tl
formation of fog, drizzle, or freezing rain, which can be haz- beginning of November through the end of February), twice
ardous for ground transportation as well as aviation. Accu-daily rawinsonde soundings launched from the Salt Lake
rate forecasting of the formation and removal of these PDSL<City International Airport in the north central part of the SLV
has proven to be one of the many challenges of mountair{Fig. 1) for the period of 1979 to 2009.
weather forecasting (Smith et al., 199°l, 2005). For this study, a PDSL event is defined @%lzﬂl >
In this study, we perform climatological analyses of win- g 0033°c m™ (z; andz, are 850-hPa and 700-hPa geopo-
ter season PDSLs over the Salt Lake Valley (SLV) in Utah, tentjal heights) is satisfied by at least three consecutiv
USA. The objectives are to determine the basic climate charsoyngdings. This is equivalent to the condition that the tem}
acteristics of PDSLs, understand their interannual variabilityperature lapse rate between 850 and 700 hPa is less than
and trend, and understand the synoptic conditions that aGmojst adiabatic lapse rate; in other words, the atmosphere fis
company the buildup and breakup of PDSLs. absolutely stable. All PDSL events are further classified intd
three categories based on the value of the potential temper
ture gradient: a strong PDSL event if

9% >0.017°Cm%;
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Figure 3. The frequency of PDSL events and the MEI index.

Figure 1. The Salt Lake Valley of Utah, USA (NASA Satellite
Image; Courtesy of Frank Ludwig).
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Figure 2. Winter season mean frequency of PDSL occurrence for Length(12h)

the period of 1979-2009.
Figure 4. The length of PDSLs and the frequency of their occur-

rence. The color represents the number of times a PDSL of given

3 Results and discussions length occurs in the year.

3.1 Frequency of occurrence . . .
. y ship, however, is detected between MEI and the interannual

PDSL is a frequent winter season phenomenon over the SLwariability of the frequency of the moderate or strong PDSL
As shown in Fig. 2, the winter season mean PDSL frequencyevents. The linear trend analysis (not shown) indicates no
of occurrence ranges from 44% in 1998 to 83% in 1991, withtrend for the weak PDSL events, but a slight downward trend
considerable interannual variability. Weak PDSLs are muchfor the moderate and strong events.

more frequent than the stronger events except for four win-

ters when the frequency of moderate PDSLs slightly exceedg_2 PDSL length

that of weak ones. Strong PDSLs are rare events. An analy-

sis of the relationship between the interannual variability of How long do PDSL events last? As shown in Fig. 4, a PDSL
PDSL frequency and large-scale circulation indices (Fig. 3)may last from 1.5 day (3 consecutive 12 h soundings) to a
revealed a weak correlation £ 0.4365, P < 0.05) between little over 3 weeks (42 consecutive 12 h soundings). As ex-
the interannual variation of the frequency of the weak PDSLspected, the longer PDSL events occur much less frequently
and the MEI index, a composite El fb-Southern Oscil- than shorter ones. With a few exceptions, PDSL events last-
lation (ENSO) index with positive (negative) values repre- ing longer than 1 week rarely happen twice in a single year.
senting the warm (cold) ENSO phase. No clear relation-PDSL events shorter than 1 week account for 86% of the total
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moisture, and wind at various atmospheric levels are exam-  ,,,
ined for all 30 winters to understand synoptic conditions ac-  , 4, 4

companying PDSL events and an example is shown in Fig. 5 1980 1985 1990 1995 2000 2005

for the winter season of 2006—2007. The buildup (breakup) Year

of PDSLs is usually accompanied by rising (falling) 700-

hPa and 500-hPa geopotential heights associated with afigure 7. Specific humidity averaged over all PDSL days and all

approaching ridge (trough) and by 700-hPa warming (cool-non PDSL days, respectively.

ing). To further illustrate the role of synoptic advection, the

mean rate of change of 500-hPa geopotential height and 700-

hPa temperature prior to and after the onset and breakup ¢thown) reveal a 10-20% wind speed reduction during PDS

all PDSL events is examined and the results are shown iffvents, but no systematicfiéirence in wind direction. A

Fig. 6. The positive (negative) 500 hPa height advection typ-comparison of surface wind withithout PDSLs reveals a

ically starts 24 h prior to the buildup (breakup) and the rateconsiderably lower wind speed in the valley with the pres;

of height increase (decrease) peaks around the time of th@nce of PDSLs.

PDSL onset (breakup). Warm (cold) advection also tends to

begin_24 h before the buildup (breakup). The rate of 700 hP%A PDSL and humidity

warming peaks around 12 h before the onset, and the maxi-

mum rate of cooling occurs around the time of breakup. PDSLs are characterized by consistently lower specific hy
To understand the influence of wind aloft on the de- midity both within and above the valley (Fig. 7), indicat-

velopment of PDSLs, the 700-hPa wind speed and direcing generally drier atmospheric conditions accompanying

tion with/without PDSLs are compared and the results (notPDSLs. The relative humidity is always lower at 700 hPa
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