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CBL = Convective Boundary Layer
Zi = CBL depth

Solar radiation
l l High Zi
|

Low Zi

++H

++LE
LE

H : Sensible Heat Flux
LE : Latent Heat Flux

Moist area Dry area

= Which turbulent processes involved over two very contrasted surfaces ?




> The observations used

> Evolution of the CBL over the 8 IOPs

> (CBL turbulent structure over the two contrasted surfaces



Irrigation chanel
Period of interest : 8 POI for irrigation

(15, 16, 17, 20, 21, 22, 27 et 28 July 2021)

Area of interest : La Cendrosa & Els Plans Zone irriguée

BL1, BL2 = exploration .
des zones

Zone aride



Period of interest : 8 POI
(15, 16, 17, 20, 21, 22, 27 et 28 July 2021)

Area of interest : La Cendrosa & Els Plans

Instrumentation used :

Instrumented towers (50m)

UHF wind profilers

Tethered balloon (only et La Cendrosa)
Radiosoundings

ATR-42 aircraft (flights 11h-15h UTC)

La Cendrosa = site irrigué Els Plans = site aride



Period of interest : 8 POI
(15, 16, 17, 20, 21, 22, 27 et 28 July 2021)

Area of interest : La Cendrosa & Els Plans

Instrumentation used :

Access to measurements or estimates of :

Instrumented towers (50m)

UHF wind profilers

Tethered balloon (only et La Cendrosa)
Radiosoundings

ATR-42 aircraft (flights 11h-15h UTC)

Temperature, Moisture, Wind

At high frequency — Turbulent moment, fluxes

Radiation

La Cendrosa = site irrigué Els Plans = site aride



Period of interest : 8 POI
(15, 16, 17, 20, 21, 22, 27 et 28 July 2021)

Area of interest : La Cendrosa & Els Plans

Objective = To study the vertical structure of turbulence
from instrumental synergy based on the 8 IOPs

La Cendrosa = site irrigué
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Els Plans = site aride




Evolution of the CBL over each surface



Evolutio

n of the CBL over each surface

Time series of radiation components (W.m-2) from 50 m towers (top)

La Cendrosa

LC = La Cendrosa
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= conditions of dry convection are similar all days
— similar forcing of radiation from one day to the other
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LC
EP

Time series of wind direction (degrees) from 50 m towers

La Cendrosa 35p

Els Plans
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«  16m

+  25m

+  56m
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«  16m

« 25m

«  56m

LC = La Cendrosa

EP = Els PI
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LC
EP

LC = La Cendrosa
EP = Els Plans

Time series of wind direction (degrees) from 50 m towers

La Cendrosa 35p

Els Plans
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Westerly wind during day
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LC = La Cendrosa
EP = Els Plans

Time series of wind direction (degrees) from 50 m towers

LC = La Cendrosa 3gg tLiGNT] : 2021/07/15

EP = Els Plans o
3315] -

. 3m 3

. 1em §270 . ";;':ﬁ;éu"

. 25m 225 M-'*: H

il Bk ;

. z“ t; 3 i)

. 1 3135

« 25m B

« 5m| F a5] -
)

Flight2 : 2021/07/16 Flight3 : 2021/07/17 Flight4 : 2021/07/20 Flight5 : 2021/07/21 Flight6 : 2021/67/22 Flight7 : 2021/07/27 Flight8 : 2021/07/28
B K

0 - ,
e“ LR PPN R P P PR R R PR R PR PR PRSP R R RR P PR PRSP
~ S WD PR DR P QR TP PR DD PR DR

Time

Wind veering during nightime
Different according to surface

= Southerly Els Plans

= North-Easterly at La Cendrosa
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LC = La Cendrosa
EP = Els Plans

Time series of wind direction (degrees) from 50 m towers

Flight6

LC = La Cendrosa 359 et Ll : 2021/07/15 _ Flight2 : 2021/67/16 _ Flight3 : 2021/07/17 _ Flight4 : 2021/07/20 _ Flight5 : 2021/67/21
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Vent d’Ouest en journée Wind direction more variable during the day (weak) :

= Northerly during mornin
Changement de direction la y during Ing

nuit selon la surface
= Sud a Els Plans
= Nord-Est a La
Cendrosa

14



LC = La Cendrosa
EP = Els Plans

Time series of wind direction (degrees) from 50 m towers

Flight6 : 2021/67/22

LC = La Cendrosa 359 et Ll : 2021/07/15 _ Flight2 : 2021/67/16 _ Flight3 : 2021/07/17 _ Flight4 : 2021/07/20 _ Flight5 : 2021/67/21
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Vent d’Ouest en journée Wind direction more variable during the day (weak) :
= Northerly during morning
= Then veering Southeasterly around 1300 UTC:

Arrival of La Marinada

Changement de direction la |
nuit selon la surface |
= Nord-Est  a La
Cendrosa !

= Sud a Els Plans i
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LC = La Cendrosa
EP = Els Plans

Time series of wind direction (degrees) from 50 m towers

Flight4 : 2021/07/20 Flight6 : 2021/67/22

Flight5 : 2021/07/21

Flight7 : 2021/07/27
4
veprely

Zone irriguée

K i
@ yﬂ‘

. B . al

> %B QB Ko QQ QQ e& 2 R bﬁ QQ QQ D P o BQ QQ QP o QB BQ ® 0% e%

h"’s?"\?'f’ TR TR DT PR DD PR DR

Time

BL1

BL1, BL2 = exploration [
des zones

i Wind direction more variable during the day (weak) :

| = Northerly during morning

= Then veering Southeasterly around 1300 UTC:
Arrival of La Marinada

Zone aride — el "
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LC = La Cendrosa

Evolution de la CLA au-dessus de chaque surface

Time series of wind direction (degrees) from 50 m towers

LC = La Cendrosa 360
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from 20/07/21 to 28/07/21

Y
from 15/07/21 to 17/07/21

= Distinction of two periods according to wind direction daytime evolution
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Evolution de la CLA au-dessus de chaque surface

LC = La Cendrosa

Time series of latent heat flux LE (top) and sensible heat flux H (bottom) in W/m?, from 50 m towers

LC = La Cendrosa
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LC =La
Cendrosa

Evolution de la CLA au-dessus de chaque surface

Série temporelle mat des flux de chaleur latente LE (en haut) et sensible H (en bas) en W/m?

Intensification of LE at La Cendrosa starting 20/07 and LE almost zero at

Period 1 Period 2
< > < >
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Decrease of H at La Cendrosa and H remains similar at
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LC = La Cendrosa
EP = Els Plans

Solar radiation
l l High Zi
|

1
Low Zi

++H

++LE
LE

Moist area Dry area
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LC = La Cendrosa
EP = Els Plans

Estimation of Zi over each surface, based on CALOTRITON algorithm (Philibert et al. 2024)

* : Zi moyen calcule
> i Zi estimé RS

Lc = ta cendrosa  Estimation des Zi par UHF
EP = Els Plans
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Turbulence observed over the contrasted surface



Turbulent Kinetic Energy

Il Height is normalized by Zi !!
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Distinction in two periods confirmed here

TKE (m2/s?)

LC = La Cendrosa



Turbulent Kinetic Energy ~[750 m:2000m] | LC =La Cendrosa
Zi LC ~[300 m ; 1000 m]

Il Height is normalized by Zi !!

Period 1 Period 2
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Z*

Normalized vertical velocity variance
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Z*

Normalized heat vertical transport
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Heat transport

71 EP ~ [750 m ; 2000 m]
Zi LC ~[300 m ; 1000 m]

LC = La Cendrosa
EP = Els Plans
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Normalized heat vertical transport
and skewnesses

Heat transport

~[750 m

Zi LC ~[300 m

Skewness w

2000 m]
1000 m]

LC = La Cendrosa
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~[750 m ; 2000 m]
Zi LC ~[300 m ; 1000 m]

Normalized temperature variance LC = La Cendrosa
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Z*

Normalized temperature variance

Period 1
5.57 r
20210715 20210715
5. —8— 20210716 —=— 20210716
—o— 20210717 —e— 20210717
4.5 Kaimal et al.(1976) —— Kaimal et al.(1976)
4.0
3.5
3.0
2.5
2.01® o
1.5 L4 L]
°
°
u [ ]
1.0 e o \®n
0.5 " ‘l
10° 102 10° 102
02/6? 03/02

5.5

5.0

4.0

3.5

3.0

~[750 m ; 2000 m]

LC = La Cendrosa

Zi LC ~[300 m ; 1000 m]

Period 2
5.5 T I
20210720 20210720
5.9 —®— 20210721 20210721
20210722 —a— 20210722
4_5_+ 20210727 —e— 20210727
—§— 20210728 20210728
40— Kaimal et al.(1976) —— Kaimal et al. (1976)
) .
3.5
3.0
2.5 ®
2.0 ¢
°
®
1.5 [ ] & o
°®
1.0 . - ®
* %
8.5 ® o 2
)
109 102 10° 102
03/0% 03/0%

Kaimal et al (1976)

= takes account of free
convection

(valid up to 0.1 Zi)

\_

~

)

30



Z*

Normalized temperature variance
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I ~ [750 m ; 2000 LC = La Cend
Moisture Skewness el {300 rf: e rr:} a Cendrosa

Entrainment (Druilhet et al. (1983))
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Z1 EP ~[750 m; 2000 m] LC = La Cendrosa
Zi LC ~[300 m; 1000 m] EP = Els Plans

Y

Entrainment

Thermals |y

A ngh Zi

Period 1

Y

Entrainment

TKE (LC)§< TKE (EP)

LE H LE Thermals

La Cendrosa = moist area Els Plans = dry area
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Summary Scheme

Alfalfa at La Cendrosa :
+ 50,5 cm between
15/07 and 28/07

Low Zi

Entrainment ?

Thermals

La Cendrosa = moist area

~[750 m ; 2000 m] LC = La Cendrosa
Zi LC ~[300 m ; 1000 m]

A ngh Zi

Period 2

\4

Advected CBL ? § Entrainment

LE Thermals

G 1
Els Plans = dry area
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Conclusion and perspectives

Conclusion :

e A really nice dataset to explore turbulence over the surface heterogeneity induced
by irrigation and the interactions between different CBL

e A statistical study (Variances, Covariances et Skewness) — important for the study
of turbulent processes

e \ery typical CBLs over each surface, with interesting comparison with empirical laws
found in the litterature

e The distinction of 2 periods within the 8 IOPs showed consistent profiles within each

period, but the study of moist area is challenging during the second period
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Perspectives :

Explore the horizontal transports of momentum and heat and spatial variability —
Detect potential circulations between the two areas

Make use of the transverse legs from one area to the other — nice transitions from
low to very high turbulence

Use numerical simulation — with the irrigation scheme proposed by

CNRM/GMME/surface in Meso-NH
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LC = La Cendrosa
EP = Els Plans

Vols a différentes hauteurs selon les jours et la zone étudiée

Hauteurs de couches limites différentes

Difficulté de comparaison

z. = hauteur réduite

Z
Normalisation : Z>l< = _Z z = hauteur de la mesure

i Z. = hauteur de couche limite

= situer les processus dans la
CLA
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LC =La
Cendrosa
EP = Els Plans

= Quantifie I'intensité de la turbulence (m?#/s?)

1
TKE = E(ag + o7 + o)
%/ R
Dynamique \

Thermique
(cisaillement de vent) 'qu

4 X =x—x )

Fluctuations Palier avion 6 min, 25

) 9 000 échanti
Variances : "

"y = NZ((" —)*x(y—¥) =2 *y")
\Covariances 41
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LC =La
Cendrosa
EP = Els Plans

= Quantifie I'intensité de la turbulence (m?#/s?)

1
TKE = E(a{f + o +|02)
2~ I\
Dynamique Thermique

(cisaillement de vent)

4 X=x—x N

Fluctuations :

Variances : "
’V=Ni«mﬂﬂ*@—iD=Z@%y0
\Covariances 42
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Coupe hauteur temps du vent par le radar UHF (Low Mode, 2 min
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Coupe hauteur temps du vent par le radar UHF (Low Mode, 2 min
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Coupe hauteur temps du vent par le radar UHF (Low Mode, 2 min e =la
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Arrivée de la Marinada plus tét a qgqua LC

UHF LOW MODE, Flight 4: 202107R0, moyenne sur 2min

LA CENDROSA
Speed (m/s) at LC

Speed (m/s) at EP

[T Genarosa
\J/

Zone irriguée

Height (m)
Height (m)

.D
m.__u_._z_mﬂl
e° L S e‘z’ e“ L S P
SRR AP
Time UTC
UHF LOW MODE, Flight/5: 20210721, moyenne s

2nin ~10/12 m.s-

BL1, BL2 = exploration

LA CENDROSA

des zones &, Speed (m/s) at LC Speed (Y/s) at1EP

5000 5000
4000 ‘w | 40001

_ WAy | _

= =3

A i £

= 3000 1.0 = 3000

o o

£ 2000 £ 2000

Zone aride

=
1<)
=3
=3

0 =
eP e° Qe S S S N @ e“ «z? LS RS e 45
SRR R R A ) IRV R R
Time UTC Time UTC



LC=La

Cendrosa
EP = Els Plans
Estimation de Zi par 'algorithme CALOTRITON (Philibert et al. (2023))
2 ;2Profil
NP, = [Gi/C ] (3.1)

(o35 /a¥ 7]

(3.1) : Avec C,’ le coefficient de structure d’indice de réfraction de I'air, o la variance de la vitesse verticale,
et x l'ordre de l'équation. x = 3 représente la meilleure estimation (Philibert et al. (2023)). Les lignes

représentent un opérateur de movenne, qui permet d'adimensionaliser NP3.
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LC=La

Cendrosa
EP = Els Plans
e Les flux de chaleur latente LE (en haut) et sensible H (en bas) en W/m?
Rayonnement solaire
l l 7Zi élevée Caractérisation des
I N échanges entre le sol et la
I partie d’atmosphere juste
Zi basse ++H ) au-dessus Rapport de Bowen :
— Fort|dev.
. cla| ) o
développement H LE 0 ~ LE
CLA !
Zone irriguée : Zone aride CLA = Couche Limite Atmosphérique
Zi = hauteur de la CLA
’B faible ! .B fort H : Flux de chaleur sensible
. ' o LE : Flux de chaleur latente
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LC=La

Cendrosa
EP = Els Plans

15/07/21 1,13 NaN
16/07/21 0,95 25,61

Rapport de Bowen : 17/07/21 0,74 28,44 = La zone seche est beaucoup +

B H 20/07/21 0,24 < 24,56 turbulente que la zone humide
= — 21/07/21 50,13 28,03
0 LE 22/07/21 " NaN 19,85
27/02/31 NaN 14,14
/07/21 0,17 31,46
/ Tableau du rapport de Bowen max
B, a La Cendrosa décroit pour chaque POI

Plans 50



Bilan énergie moyen, Rnet moyen, albédo moyen (a gauche)

et Flux max (a droite)

Fermeture du bilan pour 3 jours a LC

Bilan flux, Rnet et albedo a

600 | Rnet_EP
—4— Rnet_LC
--O-- H+LE+G_LC
500 -
400 |
=
=300
200 1
b, L S e A, A |
100} -7 albedo_LC
~#%- albedo_EP
0l— ‘ . : ‘ :
B A L A
B o o1 ol o o el e
1/ 19 % y' 7 v’

Flux max :

800

700

600

v
=]
(=]

B
[=3
(=]

Latent Heat (W/m2)

w
(=]
(=]

200

100

0

LC =La

Cendrosa

LEmax3m_LC
—&— LEmax56m_LC

LEmax2m_EP

LEmax10m_EP

Hmax3m_LC
—&— Hmax50mLC

Hmax2m_EP

Hmax50m_EP

NN RN IR A LI AR

POI

NN I TR - L A
POT

Latent Heat (left) & Sensible Heat (right)

800

700

600

1%
[=]
o

Sensible Heat (W/m?2)

400

w
(=]
(=)

200

100

51



LC =La
Cendrosa
EP = Els Plans
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Canut et al. (2023), Surface energy balance and thermodynamic measurements over a mobil platform on
Lake lIvars during the LIAISE field campaign. [Poster]. Workshop Gewex, Lerida, Espagne. 52



Période 2

TKE (m2/s2)
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LC = La Cendrosa

EP = Els Plans
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Transport d’humidité et Skewness de w et q

~ [750 m,; 2000 m]

LC =La

Zi LC ~[300 m; 1000 m] Cendrosa
Chaleur latente : |LE = p * C_*w'q
T 'h . L P k k
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Z*

Transport d’humidité

Période 1
5.5
20210715 20210715
5.0 —m— 20210716 —m— 20210716
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4.5
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w'q'(10-3. m/kg. s)

w'q' (1073, m/kg. s)

.0
S0.1
w'q'(10-3. m/kg. s)

~[750 m,; 2000 m]
Zi LC ~[300 m; 1000 m]

Période 2
b 20210720 20210720
—o— 20210721 20210721
20210722 —— 20210722
—e— 20210727 —e— 20210727
—— 20210728 20210728
.
.
*
%
» .
e .
* ¢
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.
* OP o 2
O a® * *
® e 4 ade Ao
0.0 0.1 0.20.1 0.0 0.1 0.2°

w'q'(10-3. m/kg. s)

LC =La
Cendrosa

Chaleur latente : LE = p * C,*w'q’

C, : capacité calorifique de l'air

sec a pression constante (~1004

J.kg 1K)

= Profils typiques
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Z*

Variance de la température potentielle normalisée par 62

Période 1
5.57 T
20210715 20210715
5 g —8— 20210716 —m— 20210716
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4.5 Kaimal et al.(1976) —— Kaimal et al.(1976)
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Z*

Variance de la température potentielle normalisée par 62

Période 1
5.57 T
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4.5 Kaimal et al.(1976) —— Kaimal et al.(1976)
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/"Loi Moeng et al. (1984) \

p =0,1 — faible
B =0,2 — classique
B =0,4 — fort

= prise en compte de
QentraTnement

/

%

5

oz = fo+ 2Bfw + B*ft

Avec f = 0,47z, *, ftp qui vaut 1

3
fe=21(1-2.)"2Z pourz, <09Zi

fi =141 - z,‘)_i pour z, > 0,9 Zi
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LC=La

Cendrosa
EP = Els Plans
Dates Vols i [ ™ B, w, i, (W't (w'g") g Hauteur de la
© La Cendrosa BLlm) (K) (gkg™1) (adm) (ms"1) (K) (Kms1) (ms"1).g.kg”1) luzerne (cm)
8 15/07/21 1 L) 289 2.3 1.1 1,72 0,088 0,17 1023 17,4
= 16/07/21 2 L% 291 1.1 1.0 1.4 053 0,13 1,021 226
-g 17/07 /21 3 525 02 11.0 0n.r 1,24 0,09 011 .13 252
8 Eﬂfﬂ?f?l 4 343 205 9.6 nz 0,73 0,045 035 [/RE! 399
put 21/07/21 O in 204 11.2 01 0,76 0055 0,044 AT 409
=l 22007/ i LTI 205 9.5 Nal 0,52 0013 TRLIE 015 AT 6
2700721 7 343 202 0.7 Mal 0,61 0,034 0,021 1,20 G240
28/07/21 e} 05T 204 12,0 nz2 1,34 0,055 0,076 1,14 GY.H
Dates Vals 7t i ™ By 1, f, (w8 g Vent & 500 hPa
Els Plans BL2(m) (K) (gkg 1) (adm) (ms"1) (K) (Kms 1) | (valable pour BL1 et BL2)
15/07/21 1 1167 291 &0 NalN 2.4 INE] 0,36 N (faible)
@ | asforz 2 824 202 107 9.6 197 0,14 0,28 NO (modérée)
1) 170721 3 GOG 294 12,5 25,4 1,76 0,14 0,24 NO (modérée)
o [20/07/21 4 1425 208 9.2 246 225 011 0,25 0 (faiblc)
0 N/7T/21 5 136 297 105 28,01 24 015 0,37 NO (modéréc)
w WIT/21 6 1682 207 82 19.9 237 011 0,25 O (modéréc)
2707/ T 1594 293 10,3 14,1 2,45 (0,109 0,24 O (modérée)
2807/ 8 1479 296 15,4 a0 2.1 0,092 0,19 O (modérée)
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. , ~ . 7 LC=L
Les premiers résultats : mesures en surface (méats instrumentés’ ..., .o,

e [|’énergie cinétique turbulente = TKE (m?/s?)

Période 1 Période 2
< > < >
e Flightl : 2021/67/15  Flight2 : 2021/07/16 _ Flight3 : 2021/07/17 _ Flight4 : 2021/07/20 _ Flight5 : 2021/07/21 _ Flight6 : 2021/07/22 _ Flight7 : 2021/07/27 _ Flight8 : 2021/07/28
30 6 ] :
. 25
. 30 .
2m )
~
1em LB .
*«  25m = .
+ 50m Y2 i O] s . ; &
J‘- ." * R L st A, = L L " " oty
8 U e mhff-”‘h"d":h_:-’n-. i S A s, | StantT BW""‘:"""&:- RPN, S50 ) PR s W] PR 1 o B

LR PP PP PPLLRLE LSRR PP PRSP P LRR R R ® PR PP PP PP P
'SHE M MR R R R MEN R M MR RN MR RPN M R RPN NP MR R O R RN RN RN MNP M R N PG N

Time

période 1 — tke identique avec max a 13h
période 2 — différente avec un max le 20/07 et un
décalage de du max de tke entre 13 et 17h
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