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What causes the lake breeze front to develop?

A warm-season phenomenon Air
Circulation

* Lake breeze (LB) initiates a few
hours after sunrise and
dissipates near sunset (Sills et
al. 2011)
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What is the environment like behind the lake
breeze front?

pile * Significant heat exchange
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Predicting the lake breeze: Model data

* Few studies have investigated NWP model predictability of
the LB

* Fine-scale LB details are mitigated by grid-cell averaging
(Hawbecker & Knievel 2021)

* Qur research goals:

1. Assess the ability of a high-resolution mesoscale model (the
High-Resolution Rapid Refresh, or HRRR) to resolve the LB

2. Assess the predictability of the LB position and evolution

3. Determine the impact of the model’s MABL representation on LB
representation and predictability



Why do we care about the lake-breeze front?

1. Accurate predictions of the LB
front and marine airmass can
improve coastal forecasts

2. The LB interacts with large-
scale convective systems in
the warm season frequently
(Metz & Bosart 2019)

3. Deposition of pollutants in the
boundary layer behind the LB
front (Lyons & Cole 1976; Dye
et al. 1995) I ) = ey
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Lake-breeze identification and prediction metrics

* Criteria based on observations (Wagner et al. 2021)
1. Shift in the zonal component of the surface wind
2. Abrupt drop in the surface temperature at a given location
3. Decrease in the mixing ratio height
4. No precipitation

* Criterion for a model domain (Hawbecker & Knievel 2021)
1. Onshore 10m wind
2. Significant directional vertical wind shear
3. Significant static stability behind LB front
4. Minimal precipitation and cloud cover
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Lake-breeze detection algorithm

Shear criteria — Leading edge of LB front will have a positive gradient maxima

Stability criteria — Leading edge of LB front will have a negative gradient maxima

Shear Criteria Stability Criteria
Wavenumber = 17 Wavenumber = 17
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Pressure (hPa)

Motivation behind selected criteria

HRRR Plot of Temperature (K), Theta (Contour, K), and Wind Barbs
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Motivation behind selected criteria
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Lake-breeze detection algorithm

Second-order partial derivatives were used to identify the location of
the LB front within the HRRR using the following fields:

1. Shear — horizontal gradient of the vertical wind shear magnitude f

* f= \/(U900 — usfc)z + (V900 — Vsfc)?

VZV—ﬁ(f)-l_ dy? (f)

2. Stability — horizontal gradient of the vertical theta gradient

0=15(5) + a2 ()
Ve_de dz +dy2 dz



Case 1:June 2, 2017 from Wagner et al. (2021

15:10Z 19:10Z
ST L T e ' . - A _ .
- 76 uﬁl I ke /Hb o i ig ot 53_1s1 R B . PA L BiaER N
L TT 124 _ P £26 5 ’ 43 54_187
e i i Egz 50, 15 = 93 = 1E!-B wer B 8 - &y pnal
5ﬂ‘!t«4 . 45 j,Lﬂ g7 GO B2 173 g
m ooz 3T o 091

&5 i85 523 52 57
1 HIB o
8 43 3%5 4= o4 b : st 1 I8 B3
18 o 78 108 ?5 1 - e 39 T 1437 x vk ’
I o8 mz AR Wt Km“ﬂw 74 168" [ o o - 4 5 el @ L7
1591 (2 st E:

TS 45 42, i fEs Eﬁﬂ e 51 FPH
7 5 5 - i g3

.1,|L‘_1-

Lz 4 e i
%) g T 4 _!3 26 = a7z MGinlrﬁ =t
DIGE 80 !-' -
;?j@% TG 09T g1 ¥D @} H 33 o4z 34 063
EEj‘ER i MBS
55 (AR
G AR E
75 {18 ;:1 IH ?EJ 15 B nam
G4 Tt n = ’ T
78 are T8 04 = el ii./“
g1 IR esRon 7 3, 4R ™ 7 98 050 95 o4
& i A4 B T3 2093 75, = PIR B3 fHoNGRT
B0 784 . o A ! 155 42 Yrog 4 St 5, o
e HE 7T 7 STE ?"9 Sg7RST &g the 60" v " 55 4 o8 By Mgy,
78 & 55 s Soafem 571 nch ve G2 a3
g0/ 1o o 6. i et s 735 2 %;é
e 7B iy e 58 oy 49% o 4 ir G
/7 e 63 s 55y — 15252
77 5 7 FL: R ER T k
&1 " (o0 ira [40 Sof e
BI-F 8" 1ea HL -,
ATy 77 123 + 73 1 3%1115
75 133-}‘-5 ] F F 1= A7 g Py T G5y an
78 1Hgfonxb 63 o5 G j 1 Bri] Pl e Y : 88 1o EE:'
59 Elro 777 : 1 B3 +7 32| mt@, 72 7 W 3 '
78 145 17 LA | 70 & o 75 B 4 r7 LR 4 =l o2 43 B a
s et ; i i R Gl IR B72 1340 4 2 "
73 o2 (15 L B4 RpE ey 45 Fe) BES e o - FFLE4— 8 i
3 f‘?)as = i e it B a4 o' 2356 1o jﬁx%“‘ 1554 T e ggas 83173 35 a3
rrAE: E T 51 e o s 'c-, . A1 mE HE el i Y 49 j 44"eM BILIT
P, 61 BE 75 1g2 188 . 7 874 2! ; 55 17 hﬁ’g
GEpacy g B 155 B1 15378 149 2 E(B@lﬁ 195 = IHEULFB‘E 839 it
=k 1h

77 BE g 1gg 75 173 B4 ‘?K 5 5%% Bk 156 784,432 o
?4/,53 B3I BE 18 ey fen wuﬂ%ms?mjD o THES gse B4 187 mk Sy B4 i i | 176
éﬂr LSLE E;.FCNK i 173 T° )U:;méﬂ 88 123 - Er:s.a 651@.] mb% ;1 :'g S ﬁ}%ﬂﬁz -
160 76 17 gRE-MGI b 579 84, 5 a
J .| 135 LF H2 7 -1-6 iy e ao i s
7 o Lo e B B Snells § ) B ws oo B Fa, g osr spetrade ST 82

UCAR Image Archive



Time of Arrival
Sheboygan, WI — 1542 UTC
Zion, IL— 1448 UTC

Lake-breeze detection:
June 2, 2017, HRRR
Initialization data
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Lake-breeze detection:

June 2, 2017, HRRR
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Lake-breeze detection:

June 2, 2017, HRRR
Initialization data

Shear Criteria
Wavenumber = 17
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Lake-breeze detection:

June 2, 2017, HRRR
Initialization data
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The HRRR seems capable of resolving the boundary
between the lake breeze and continental airmasses.

What about the forecast data?



Lake-breeze forecast:
June 2, 2017 Forecast
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Lake-breeze forecast:
June 2, 2017 Forecast
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Lake-breeze forecast: Initialization — 1200 UTC

June 2, 2017 Forecast Forecast — 1600 UTC (forecast hour 4)
Shear Criteria Stability Criteria Reflectivity (dBZ)
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Lake-breeze forecast: Initialization — 1200 UTC

June 2, 201/ Forecast Forecast — 1700 UTC (forecast hour 5)
Shear Criteria Stability Criteria Reflectivity (dBZ)
Wavenumber = 17 Wavenumber = 17 2017/06/02 12z 05 hr forecast
T ¥ e . ] — v -~
g \\\____, -_'__Fi 4 I \L -"“\u—h_f"f__f
) \‘ 'hﬂ;"f. s 0.20 0.0004
) if8 ,,-—-f*"_"' 0
’ s £ 0.15 0.0003 /};J;f a
“ 0.10 0.0002 e o Al
. ' - W
; 0.05 0.0001 L A§/ ]
-'-. 0.00 0.0000 7 (
—0.05 —0.0001 A "f
/ ‘-»\‘
~0.10 ~0.0002 L "*.I
b
—0.15 —0.0003 il !
—0.20 i —0.0004 /
—0.25 - o —0.0005 N




Lake-breeze forecast: Initialization — 1200 UTC

June 2, 2017 Forecast Forecast — 1800 UTC (forecast hour 6)
Shear Criteria Stability Criteria Reflectivity (dBZ)
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Lake-breeze forecast: Initialization — 1200 UTC

June 2, 2017 Forecast Forecast — 1900 UTC (forecast hour 7)
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| ake-breeze forecast:

June 2, 2017 Forecast

Shear Criteria
Wavenumber = 17
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Lake-breeze forecast: Initialization — 1200 UTC

June 2, 201/ Forecast Forecast — 2100 UTC (forecast hour 9)
Shear Criteria Stability Criteria Reflectivity (dBZ)
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Lake-breeze forecast: Initialization — 1200 UTC

June 2, 2017 Forecast Forecast — 2200 UTC (forecast hour 10)
Shear Criteria Stability Criteria Reflectivity (dBZ)
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Lake-breeze forecast: Initialization — 1200 UTC

June 2, 2017 Forecast Forecast — 2300 UTC (forecast hour 11)
Shear Criteria Stability Criteria Reflectivity (dBZ)
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Case 1;:
Comparison to
Observations

The HRRR appears to
reasonably depict the inland
propagation of the LB on
Lake Michigan’s western
shore on this day.
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Case 2: May /, 2023

* Far inland penetration of the LB on
the western/southwestern shore of
Lake Michigan

* Significant difference between the

air temp & water temp
* Chicago high temp = 84°F
* Chicago water temp = 50°F estimated
from Atwater Buoy near Milwaukee
(National Data Buoy Center 2023)
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Lake-breeze
forecast: May 7,
2023

Shear Criteria
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Lake-breeze forecast Initialization — 1200 UTC

May /7, 2023 Forecast — 1600 UTC (forecast hr 4)
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Lake-breeze forecast

May 7, 2023

Shear Criteria
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Initialization — 1200 UTC
Forecast — 1800 UTC (forecast hr 6)
Radar time — 1755 UTC

Lake-breeze forecast
May 7, 2023
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Lake-breeze forecast

May 7, 2023
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Initialization — 1200 UTC
Forecast — 2000 UTC (forecast hr 8)
Radar time — 1955 UTC

Lake-breeze forecast
May 7, 2023
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Lake-breeze forecast

May 7, 2023
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Initialization — 1200 UTC

Lake-breeze forecast
Forecast — 2200 UTC (forecast hr 10)

May 7, 2023
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Initialization — 1200 UTC
Forecast — 2300 UTC (forecast hr 11)
Radar time — 2255 UTC

Lake-breeze forecast
May 7, 2023

Shear Criteria

Wavenumber = 17

Stability Criteria

Wavenumber = 17
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A revised lake-breeze identification algorithm:
Planetary boundary layer height

* The LB front also separates regions of relatively deep from relatively shallow turbulent
vertical mixing

* The LB front is a local minimum of PBL height, such that the positive 2" derivative of PBL
height effectively identifies LB front locations
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The next step — Observations of the marine
atmospheric boundary layer

B * Minimal observations of the
l MABL spatiotemporal

evolution

 Goals of these data are to...

1. Better understand the
- development of the MABL
over the course of a day

NS 2. \Verify HRRR forecasts of

R o - MABL structure

-' 3. Assess the influence of any
1/ YN deficiencies in the HRRR’s

representation of the

Planned UWM R/V Neeskay Sampling Mission — MABL
1300 — 2100 UTC 1 June 2023 (rescheduled from 18 May 2023)
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Discussion & Questions

The goal of this research is to improve lake-breeze front forecasts in
specific and coastal forecasts in general for the Great Lakes region.

From an operational perspective, what is important to you in terms of
verifying forecasts in the Great Lakes region?

What would you like to see from this research in the future?

Questions?
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