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OBJECTIVES

o Characterize the Atmosphere Across Scales
Investigate atmospheric dynamics from Planetary to microscale
using GCM, convection permitting models. Reanalyses.
observations and DNS.

o Apply Turbulence-Based Statistical F'rameworks

e Incorporate all Physically Relevant Terms
Beyond simplified assumptions in theory by including processes
such as stratification, shear, non-stationarity, coriolis in the scale

analysis.

e Quantify Variability and Extremes
Capture the variability and tails—crucial for predicting extreme

weather and rare events in the rapidly changing climate.
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CO-ORDINATES AND EQUATIONS
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CO-ORDINATES AND EQUATIONS
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MORE ON THE MODEL

GOVERNING EQUATIONS

OU + (V - V) + 1aadep + () a)0ypds = Fyy |
BV + (V- Vo) + paadyp + (a/aa)dypdy6 = Fy
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O perated by Uuc AR

INITIAL CONDITIONS + BOUNDARIES D00, DOI

0.25°x0.25°

ERAS Reanalysis
. - (~30km x 30km in midlatitudes)

Preprocessed and interpolated
| on grid via WRF preprocessing
/' System.

S ECMWF

PROGRAMME OF ) . 7 Glimate
THE EUROPEAN UNION opermIcus 4" chanae service
Ewrope’s eyes on Larth

+ Radiative Physics(RRTM)

GEOGRAPHIC DATA
CGLC-Modis-L.CZ

(100m reloution)
32 land /surface types

+ Microphysical interaction across species (Thompson Scheme)

+ Land surface exchanges using Monin Obukhov similarity

+ Land model physics (Noah MP)
+ additional physics models
(1.5 order Hybrid TKE mixing model, etc.)



DOMAIN O:
3600KM X 3450KM
I5KM HORIZONTAL GRID

DOMAIN I:
880KM X 500KM
5KM HORIZONTAL GRID

DOMAIN 2:
375KM X 140KM
|IKM HORIZONTAL GRID

DOMAIN 3:
70KM X 70KM
200M HORIZONTAL GRID

10° M

DOMAIN 4:
23KM X 23KM
67M HORIZONTAL GRID  10°M




DOMAIN O:
3600KM X 3450KM X [2KM
I5KM HORIZONTAL GRID

DOMAIN I
880KM X 500KM X 12KM
5KM HORIZONTAL GRID

DOMAIN 2:
375KM X 140KM X 12KM
|IKM HORIZONTAL GRID

DOMAIN 3:
J/0KM X 70KM X 12KM
200M HORIZONTAL GRID

DOMAIN 4:
23KM X 23KM X 12KM
6/M HORIZONTAL GRID

VERTICAL RESOLUTION: I0OM - 250M THANKS !
GRID POINTS: 240X230X52
NO. TIME STEPS: 10" (60S EACH)

VERTICAL RESOLUTION: IOM - 200M
GRID POINTS: 176X100X75
NO. TIME STEPS: 3X10*(20S EACH)

VERTICAL RESOLUTION: IOM - 200M y

@,

GRID POINTS: 375X140X75

NO. TIME STEPS: 1.5X10°(4S EACH) &
VERTICAL RESOLUTION: 10M - 200m  (( F¥@e@ ©of the
GRID POINTS: 350X350X75 ”""Ve“se '>

NO. TIME STEPS: 6X10°(1S EACH)

VERTICAL RESOLUTION: 5M - 100M

GRID POINTS: 350X350X150 700,000 cpu hours
NO. TIME STEPS: 5X10°(1/8 S EACH) (~102°FLOPs)




SIMULATION RENDER DOMAIN 0O
HOT AIR TRAVELS NORTH AS BIG COLDER EDDY PULLS IT

2019-06-23_19:00:00 2019-06-23_18:30:00

Temperature
40 1= -313.0
32 é--aus.o
24 = -297.0
16 = -289.0
8 £ -281.0
0= -273.0
C K

-0.1 -273.0
-3.2 ; -269.8
-6.4 £ -266.6
-9.6 §l—263.4
-12.8 £ -260.2
-16 F -257.0

e (L = i K
TEMPERATURE AT 2M AGL(T2), Q-CRITERION ISOSURFACES T2,HORIZONTAL WIND STRAMLINES AT 5 KM ASL




SIMULATION RENDER DOMAIN 4
FEATURING: HAIRPIN VORTICES, UNSTABLE AND STABLE ATMOSPHERE, EKMAN LAYER

Temperature
40+ -313.0
32-§-=305.n
24 = -297.0
16 £ -289.0
8 £ -281.0
0 'E-'E?E.U‘
°C K

2019-06-24_15:00:00



HOW TO ANALYSE SCALE BY SCALE?

Two points separated by 1’
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SECOND ORDER VELOCITY STRUCTURE FUNCTION
Matching observations, for ‘spectrum in real space’

Horizontal velocity structure functions in the upper
troposphere and lower stratosphere

Second order structure function at S5km ASL 1. Observations
(du;)? John Y. N. Cho
Department of Earth, Atmospheric, and Planetary Sciences, Massachusetts Institute of
Technology, Cambridge, Massachusetts
T 2 . .
102 () Erik Lindborg
] Department of Mechanics, Kungl Tekniska Hogskolan, Stockholm, Sweden
5 MOZAIC 8/94-12/97 Troposphere
101 - 10 - - '
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R E n:.;;
3]
E .
~ 10
Cho, Lindborg 2001 oL
¥
1[]_] E .
] ® Domain 4 1 | a, =0.0031 a,=0.0035
Domain 3 213 b,=17e-08  b,=4.9e-09
o Domain 2 c,=1.18-10 c,=3.2e-10
a9 .
1072 5 ® Domain 1 10 - - ;
] : 10° 10" 10° 10° 10°
. @ Domain 0 ¢ (km)
—r ——rrrr ——— ——— ——————r —— Figure 4. Second-order horizontal velocity structure functions for the longitudinal (dots) and
102 104 104 109 108 transverse (crosses) components calculated for tropospheric data. The solid lines are nonlinear
least squares fits to the theoretical functions; the values of the fitted parameters are displayed
r I:lll(‘-tr(‘-i-i:l in the lower right-hand corner. The dashed line is the theoretical isotropic transverse function

calculated from the measured longitudinal function.



THIRD ORDER VELOCITY STRUCTURE FUNCTION

How energy travels through length scales

MOZAIC 8/94-12/97 Stratosphere
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RELEVANT [ENGTH SCALES

To aid understanding of what is happening across length scales

10° 1 BUOYANCY SUBRANGE PPOYANCY AND Rossby Radius
1 H PRESSURE DOMINANT :
Formula: i
NH
Lpg= —————
2Q2sin (1))
Buoyancy Length Scale (L;)
. BUOYANCY Formula: = ==
: OVERCOMES By = 2mU
E ] .\-
ISOTROPIC INERTIAL RANGE TURBULENCE
_ Doherty-Ozmidov Length Scale (L)
~.E.- HOMOGENEOUS ISOTROPIC TURBULENCE
.‘g Formula: .
T 2mel/?
0= —i
N3/2
107
Taylor microscale (L))
Formula:
L. — ff 15vu’?
| ENERGY : S
DISSIPATES HEIGHT ABOVE — kolmogordy
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101 1 BOUNDARY LAYER TURBULENCE GE{OUND —_ ; KDIngOI‘DV Length Scale (”)
] ! Ozmidov } Formula:
/ — bouyancy . 1/4
Rossby n= i
T T : T T T E (
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COVARIANCE WITH TERMS IN EVOLUTION EQUATION

How energy travels through length scales

b Ty famZ a3
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Scale by scale Budget Terms
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A prsopective picture for the inverse cascade
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SIMULATION FOR 30 YEAR PERIOD

DOMAIN CHARACTERISTICS:
e 80 X 90 (NSXWE) PIXEL
e RESOLUTION 20KM
e TIME STEP: 45S
e PERIOD: 01/01/1996 - 28/12/2024
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PRIMARY RESULT: ACCUMULATED PRECIPITATION

TO
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Accumulated rain Accumulated rain
on the vear 1996 on the whole simulation
(drought in the north of France) note: High rain fall on the mountains
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Future work: Modification of the sea surface temperature and Global simulation

S £ § B §

a— e b
Anmual sea surfsce lemperature trend [°C vr']

FEF2E gob=n

C Spring avernge sea surface temperature [C)
r

BEHOEEE S

SUIMET AVETage sen surface lemperatune [°C]

Spatial distribution of annual /scasonal SST means and trends over the 19822012 period;

Shaltout et al 2014

Modified S5T

0 10 20 30 40 50 60 70 80

Modified SST over the mediterrancan sca

Global simulation with voronoi grid on MPAS
©Hagos et al, 2015
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Feel free to contact us for any further inquires:
kazim-hussain-nasir.sayeed@univ-rouen.fr. (Good luck typing that)
clement.blervacq2z@univ-rouen.fr
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https://sogo.univ-rouen.fr/SOGo/so/sayeekaz/Mail/view

