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  -----------------------------------------------------------------------------
   PRES   HGHT   TEMP   DWPT   RELH   MIXR   DRCT   SKNT   THTA   THTE   THTV
    hPa     m      C      C      %    g/kg    deg   knot     K      K      K 
-----------------------------------------------------------------------------
  850.0   1416   -0.3   -2.1     88   3.87    305     14  285.8  297.1  286.5
  838.6   1524   -0.8   -2.5     88   3.82    295     22  286.4  297.5  287.1
  832.0   1587   -1.1   -2.7     89   3.78    298     22  286.7  297.8  287.4
  807.0   1829   -2.5   -4.2     88   3.49    310     22  287.8  298.0  288.4
  776.5   2134   -4.2   -6.1     87   3.13    330     20  289.1  298.4  289.7
  761.0   2294   -5.1   -7.1     86   2.96    333     23  289.8  298.7  290.3
  747.1   2438   -6.0   -8.1     85   2.79    335     25  290.3  298.7  290.8
  718.5   2743   -8.1  -10.2     84   2.46    335     26  291.4  298.8  291.8
  715.0   2782   -8.3  -10.5     84   2.42    337     25  291.5  298.9  291.9
  700.0   2946   -9.1  -11.2     85   2.33    345     21  292.4  299.5  292.8
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  -----------------------------------------------------------------------------
   PRES   HGHT   TEMP   DWPT   RELH   MIXR   DRCT   SKNT   THTA   THTE   THTV
    hPa     m      C      C      %    g/kg    deg   knot     K      K      K 
-----------------------------------------------------------------------------
  850.0   1516   -1.9   -6.1     73   2.86    350     14  284.1  292.5  284.6
  849.1   1524   -1.9   -6.2     73   2.85    345     14  284.2  292.6  284.7
  844.0   1572   -2.1   -6.5     72   2.80    339     15  284.5  292.7  285.0
  817.0   1829   -4.3   -8.0     75   2.58    310     22  284.9  292.5  285.3
  797.0   2024   -5.9   -9.1     78   2.42    316     23  285.1  292.3  285.6
  785.9   2134   -6.8   -9.7     80   2.34    320     23  285.3  292.3  285.8
  765.0   2344   -8.5  -10.9     83   2.19    320     24  285.7  292.2  286.1
  755.7   2438   -9.0  -11.8     80   2.06    320     24  286.1  292.3  286.5
  751.0   2487   -9.3  -12.3     79   1.99    318     24  286.3  292.4  286.7
  726.4   2743  -11.3  -13.4     85   1.88    305     23  286.9  292.6  287.2
  722.0   2790  -11.7  -13.6     86   1.86    304     23  286.9  292.6  287.3
  700.0   3026  -13.1  -15.7     81   1.62    300     23  287.9  292.9  288.2
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TLAKE-CLIMO 5 13:8 2 11:9 cos(0:0172j) 2 4:09 sin(0:017j) 2 0:93 cos(0:0344j) 1 0:677 sin(0:0344j)

2 0:482 cos(0:0516j) 2 0:600 sin(0:0516j),

where TLAKE-CLIMO is the climatological GSL temper-
ature on Julian day j. This curve better captures the
winter minimum and the rate of increase in spring (Fig. 4).
The shallow waters of the GSL are prone to significant
departures from climatology, as shown when MODIS-
derived GSL temperatures [medians calculated as in
Crosman and Horel (2010)] are compared to the three
curve fits. To address this issue, we adapted the ap-
proach of Carpenter (1993) by calculating a linear re-
lationship between the GSL temperature anomaly
(relative to our Fourier fit climatology curve) and the
anomaly in 7-day mean temperature at KSLC. KSLC
7-day mean temperature anomalies were computed rel-
ative to a Fourier fit estimation of the 1997–2010 KSLC
temperature climatology, given by

TKSLC-CLIMO 5 11:3 2 13:4 cos(0:0167j)

2 3:29 sin(0:0167j) 1 0:472 cos(0:0334j)

1 1:90 sin(0:0334j),

where TKSLC-CLIMO is the climatological 7-day mean
temperature at KSLC ending on Julian day j. The re-
lationship between GSL temperature and KSLC tem-
perature,

TLAKE 5 TLAKE-CLIMO 1 0:39(TKSLC 2 TKSLC-CLIMO),

where TLAKE is the estimated GSL temperature,
TLAKE-CLIMO is the climatological GSL temperature, TKSLC

is the 7-day mean temperature at KSLC, and TKSLC-CLIMO

is the climatological 7-day mean temperature at KSLC,
was calculated from a dependent set containing 80% of

FIG. 3. Examples of GSLE morphology categories: (a) nonbanded, (b) mixed mode, and (c) banded.

FIG. 4. MODIS GSL temperature vs three climatological
curve fits.
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and in early April (Fig. 6a). Our results differ from those
of Steenburgh et al. (2000), who found a midwinter peak
in event frequency for 1994–98. This discrepancy might
reflect the smaller sample size (34 events versus 149 in
the current study), differing techniques for event iden-
tification, and/or missing radar data shortly after KMTX
became operational in 1994.

b. Factors affecting the occurrence of GSLE

1) LAKE–ATMOSPHERE TEMPERATURE

DIFFERENCE

The mean lake–700-hPa temperature difference (DT)
for GSLE events is 20.78C, but in 9 of the 143 GSLE
soundings DT was less than 168C, with these occurrences
confined to 4 December– 12 February. This finding in-
dicates that DT corresponding to a dry-adiabatic lapse

rate (e.g., Holroyd 1971; Niziol 1987; Carpenter 1993;
Niziol et al. 1995; Steenburgh et al. 2000) is not an ab-
solute minimum for the occurrence of GSLE, which calls
into question the use of this threshold in operational
forecasting. On 5 January 2007, GSLE produced snow-
fall totals of 10–20 cm in the Salt Lake and Tooele
Valleys with a DT of only 14.18C. The lowest DT asso-
ciated with GSLE in this study was 12.48C at 1200 UTC
2 January 2000, when the sounding exhibited a moist-
adiabatic lapse rate and near-saturated conditions up to
the tropopause (Fig. 7). High values of DT were reached
much less often during winter due to a lake temperature
remaining near 08C, a result that may partially explain
the winter minimum in event frequency.

Although low DT (,168C) values could arise from
errors in the regression estimation of lake temperature,
the mean absolute error in lake temperature estimation
during December–February was only 0.98C, so this con-
tribution is expected to be small. Alternatively, events
featuring low DT values could be due to the erroneous
attribution of precipitation features to lake-effect pro-
cesses. A reexamination of the radar data for these
events suggests that this source of error is unlikely.
Parcel theory suggests that when the boundary layer
profile is saturated and moist adiabatic, any DT greater
than a moist-adiabatic lapse rate could be sufficient for

FIG. 6. (a) Number of events by half-month. (b) Standard box-and-
whiskers plot of lake–700-hPa temperature difference (DT) by
month, for non-GSLE (black) and GSLE soundings (red). Black
dashed line indicates the 168C operational forecast threshold, and red
dashed line the quadratic curve fit for a seasonally varying threshold
(DTmin). Blue line denotes climatological lake temperature.

FIG. 7. Skew T–logp [temperature, dewpoint, and wind barbs
(full and half barbs denote 5 and 2.5 m s21, respectively)] diagram
for KSLC at 1200 UTC 2 Jan 2000.
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Probabilistic Forecasting

estimating GSL temperature described in section 2 of
this paper, acknowledging that errors can occasionally
exceed 28C.

The relationship between DT and the coverage of
GSLE was weak, and our results alternatively suggest
considering 700–500-hPa lapse rate and RH700–500. Al-
though low-coverage (,80 km2) GSLE can occur even at
high values of both variables, major GSLE (.640 km2)
occurred almost exclusively with a 700–500-hPa lapse
rate $ 5.5 K km21 and RH700–500 $ 60% (Fig. 17). Given
that GSLE is expected, values outside of this phase space

can indicate to forecasters that the areal coverage of
precipitation is likely to be low.

5. Conclusions

Radar data were examined over a 13-yr period to
identify 149 GSLE events affecting northern Utah.
Large interannual variability exists in event frequency,
and is more strongly correlated with atmospheric factors
than the area of the GSL. GSLE events exhibited fall
and spring peaks in frequency, and were less common in

FIG. 15. (a) Fraction of soundings with GSLE (%, shaded according to scale at right) as a function of DTexcess (8C)
and RH850–700 (%). (b) As in (a), but for 700-hPa wind directions 2908–3608. (c) As in (a), but for 700-hPa wind
directions 18–2898.
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Area Forecast Discussion 
National Weather Service Salt Lake City UT 
401 PM MDT Tue Mar 18 2025

Lake effect snow is still looking likely, but transient for Salt 
Lake County, the adjacent mountains and northern Utah County. 
Expect the initial band to develop along the east side of Salt 
Lake County this evening and gradually shift to the west side of 
the Salt Lake Valley after 10 PM...ending as the back edge of the 
trailing shortwave trough shifts east of the area.

Showers are expected to largely wind down this evening. However, 
there is another threat of lake effect snow tonight. Local guidance 
suggests a 60% of occurrence, and this is also depicted in Hi-res 
models, although there is no real consistency on timing and which 
part of the Salt Lake Valley will be most impacted.

Area Forecast Discussion 
National Weather Service Salt Lake City UT 
527 AM MDT Tue Mar 18 2025

The next question is about lake effect/lake enhancement Tuesday 
night into Wednesday morning. Current expectation is around a 75% 
chance of snow showers developing south and east of the Great Salt 
Lake Tuesday evening into Tuesday night. 

Area Forecast Discussion 
National Weather Service Salt Lake City UT 
334 PM MDT Mon Mar 17 2025
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