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OUTLINE

e Analysis of the dataset and investigation of the Surface Energy Budget over a gentle slope.
* |dentification of a criterion for the identification of slope wind days.
e Characterization of the morning transition using selected case studies.

. Io]lcerp]tiﬂclation of the main patterns of erosion of the nocturnal inversion in the valley at the foot
of the slope.

* Connection between the erosion of the nocturnal inversion in the valley and the mechanisms
driving the morning transition.

» Test of an analytical model (Zardi and Serafin, 2015) for the reproduction of the transition.
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SLOPE WINDS
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THE MATERHORN EXPERIMENT
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+ East Slope Towers

Data analyzed are collected in
the Mountain Terrain
Atmospheric Modeling and
Observations (MATERHORN)
experiment which took place
in Salt Lake Desert, in Utah
(USA) between fall 2012 and
spring 2013.
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THE MATERHORN EXPERIMENT
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INSTRUMENTATION
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DATA PROCESSING FOR SONIC ANEMOMETERS

Sonic anemometers orientation Double rotation for slope flows
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TURBULENT COMPONENT ANALYSIS

Reynolds decomposition Eddy covariance method
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CRITERION FOR THE IDENTIFICATION OF SLOPE WIND DAYS

Tested criterion — originally meant for Proposed criterion — specifically
valley wind days (Giovannini et al, meant for the detection of slope

2017 wind days

* the global daily solar radiation has  Wind measured @700 hPa U <5 -
to be > 50% of the maximum daily m/s
radiation measured in the month, .
to identify days of significant * Average net radiation of the day >

heating of the valley atmosphere, ﬁqvoerqiﬁe net radiation of the
* wind blowing up-valley with wind
speed > 2m/s for at least two hours

between local 09 and 19

* wind blowing down-valley or
guiescent for most of the period
between local 00 and 08

* Average SW radiation of the day >
averaﬁe SW radiation of the
mont

* Average pressure of the day >
average pressure of the month

e diurnal pressure range between 2
and 8 hPa, thresholds selected on
the base of a preliminary screening.

Stronger constraint on synoptic conditions!

Not working for slope wind days selection!
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CRITERION FOR THE IDENTIFICATION OF SLOPE WIND DAYS

Spring dataset Fall dataset
Day Giovannini Obs New Day Giovannini Obs New
30/04 29/09 X X
1/05 X 30/09 X
. o opo 2/05 X X X 1/10 X
Proposed criterion — specifically S o I S
m_eadn(tj for the detection of slope 4/05 3/10
win ays : 5/05 4/10
. 4 Comparison 6/05 5/10 X X X
* W}nd measured @700 hPa U <5 between the 7/05 6/10 X X X
m/sS . . 8/05 7/10 X
L two criteria 9/05 X X X 8/10 X
* Average net radiation of the day > 1006 X X X 910 X
Average net radiation of the month | 1105 X 1010 X
o 12/05 X X X 11/10 X
* Average SW radiation of the day > 13/05 12/10
average SW radiation of the month 14/05 13/10
15/05 14/10 X X X
* Average pressure of the day > 16/05 1510 X
average pressure of the month 17/06 X 16/10 X
18/05 X 17/10
19/05 X 18/10 X X
20/05 X 19/10 X
21/05 X X X 20/10 X
22/05 X 21/10 X
23/05 X X 22/10 X
24/05 X 23/10
25/05 X 24/10
26/05 X 25/10
27/05 X 26/10
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CASE STUDIES SELECTION

Selected case studies

- October, 14, 2012

- October, 18, 2012

- September, 29, 2012
- May, 2, 2013

- May, 16, 2013

Downslope

Seasonal averages

Upslope
<pp

(a) Fall (b) Spring

Both in the spring and fall datasets, the downwind component is
statistically stronger and more consistent. The diurnal upslope motion is
East Slope Granite Mountain particularly disturbed in the spring dataset.
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DAILY EVOLUTION OF METEOROLOGICAL VARIABLES

18/10/2012: average wind intensity and direction
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DAILY EVOLUTION OF METEOROLOGICAL VARIABLES

18/10/2012: components of the surface energy balance
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DAILY EVOLUTION OF METEOROLOGICAL VARIABLES

18/10/2012: components of the surface energy balance
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CHARACTERIZATION OF THE MORNING TRANSITION

e Test of different definitions

* Length: extreme variability
(from 5 to 75 minutes) and
seasonality (longer in fall case
studies)

e Radiation: the initiation
coincides with the net radiation
becoming positive.

* Propagation: propagation of the
transition is observed both
along the slope and along the
vertical direction.

direction - towers along the slope (18/10/2012)
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DILUTION OF THE KATABATIC LAYER

02

01

Two main mechanisms:

* Warming of the air from above through
mixing — top-down destruction

* Warming of surface air from below due to
surface heating -» destruction from below
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EROSION OF THE NOCTURNAL INVERSION

Pattern 1: upward Pattern 2: descent of Pattern 3: mix of the

growth of a convective the inversion top two processes
boundary layer

Data measured from
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TOP-DOWN DESTRUCTION

Erosion of the nocturnal Morning transition due to
inversion due to descent |:> top down destruction

of the inversion top

direction - towers along the slope (18/10/2012)
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Towers on the upper part of
the slope are the first ones to
experience transition




DESTRUCTION FROM BELOW

Erosion of the nocturnal Morning transition due to

inversion due to upward |:> destruction from below
growth of the CBL

direction - towers along the slope (14/10/2012)
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ANALYTICAL MODEL (ZARDI AND SERAFIN, 2015)

0 = const

Zardi and Serafin, 2015

/

Where:

-y is the vertical
temperature gradient

- Nis the Brunt Vaisala
frequency

Governing equations

om _N? . 0’
— =0—smma+ K, —
ot y on?
0 LK 0’0
— =uysina —
o 7 H on?
with

K =K,=K

0(0,1) = O sin(wt + )

The solution can follow two regimes:
> critical, when N, < w
> subcritical, when N, > w
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SUPER-CRITICAL SOLUTION

®ON
7 = — —[exp(——)sin(@f — —) + exp(——
2y I,
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|11
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Where:w,. =N, * »,l,. =

n
—andy =
W+ 24/ Kt
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ANALYTICAL MODEL: FIT OF THE FORCING

This case falls in the under-critical situation.

Measured temperature and simulated forcing

Parameters values

18- —— temp [18
16- 16 e« K=0.07m?s~!
14 14 C * v = 0.0003Km™!
©
] 128 ca=36
5
10 10“ o ®=6.3K
8 -5
g * w=238.798 - 10 Hz
6.
0 6 0 6 0 6 6 0 ‘) 0 6
tlme
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ANALYTICAL MODEL: TEMPERATURE

02:30 08:30 11:00 12:30 19:00 21:30
20.0 20.0 20.0 { —— measured 20.0{ = measured 20.0{ =—— measured 20.0{ —— measured
- simulated ~— simulated - simulated - simulated
175 17.5 17.5 17.5 17.5 17.5
15.0 15.0 15.0 15.0 15.0 15.0
125 12.5 12.5 12.5 12.5 12.5
— measured
10.0 10.0 —— simulated 10.0 10.0 10.0 10.0
15 75 7.5 75 75 7.5
5.0 5.0 5.0 5.0 5.0 5.0
25 25 25 25 2.5 2.5
— measured
0.0 —— simulated 0.0 0.0 0.0 0.0 0.0
5 10 15 5 10 15 5 10 15 : ' ‘ ' ’ - , ,
5 10 15 5 10 15 5 10 15
temperature (°C) temperature (°C) temperature (°C) temperature (°C) temperature (°C) temperature (°C)
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ANALYTICAL MODEL: VELOCITY
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CONCLUSIONS

* The morning transition from katabatic to anabatic flows over a gentle
slope is characterized.

* Three main patterns of erosion of the nocturnal inversion at the foot of a
gente slope in wide valley are identified.

* The patterns of erosion of the nocturnal inversion are linked to two
different processes driving the morning transition.

* The considered analytical model (Zardi and Serafin, 2015) is able to
reproduce the transition.
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Thank you for your interest!

For more information do not hesitate
to contact me at s.farina@unitn.it
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