S
L\as M
LIAISE ,
Convective boundary

layer depth and structure
rrom UHF wind profilers

Alban PHILIBERT @-@

Contact: alban.philibert@aero.obs—mip.fr
Marie LOTHON® Jullen AMESTOY®), Pierre-Yves MESLIN®, Solene DERRIEN®@, Fabienne LOHOU®, Antoine VIAL?, Yanick Bezombes®, Guylaine Canut®

(3)

@ll’ apSLaero= (©)robictsei

PAUL SABATIER gnier
trophysique & planétologie Laboratoire d'Aerologie



mailto:alban.philibert@aero.obs-mip.fr

Motivation and context

The wish at LAERO-P20A (Permanent multi-instrumented site) to improve our UHF-based Zi
estimates, in order to be able work on long term series (>20 years)

The complex structure of the convective boundary layer observed in LIAISE,
and the interest of estimating the various interfaces of the low troposphere...

* ...tounderstand the interaction between boundary layers developped over contrasted surfaces
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CBL depth definitions

Free atmosphere

Different approaches lead to different definitions : =l % b
. . . . . _ il 1‘ R
«  Thermodynamical : Zi is the height at which one finds L WAL | P Nocmal BL
- Alarge positive gradient of potential temperature Suntse Noon Sunset

- Alarge negative gradient of humidity, a maximum of relative humidity
- A minimum of buoyancy flux
* Distribution of tracers : Zi is the height at which the scalar concentration drastically decreases

* Turbulence intensity : Zi is the height at which Turbuent Kinetic Energy (TKE) or TKE dissipation rate (¢) falls

External forcing

A A

Couche limite
convective

Couche de surface - | |
0 Hr w'e’ C TKEoue Ow

3 [Zhang, 2020] : Research progress on estimation of the atmospheric boundary layer height. Journal of Meteorological Research
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Ultra High Frequency Radar Wind Profiler (Degreane®)

Electromagnetic waves backscatterd by air dielectrical discontinuities, within a volume
(75 m verticale resolution, 8 deg beam aperture)

¢, ? (vertical velocity variance) and & (Turbulent Kinetic Energy Dissipation rate)

deduced from Doppler spectral width -

C 2 (air refractive index structure coefficient of ) calculated from reflectivity

C_2increases with temperature/moisture fluctuations or gradients within the volume w\;

Local maximum of C 2at Zi

> Typical method follows temporal continuity
of lowest local maximum

Angevine et al 1994 and many others

Decrease of local min of 6w2 and €

> Another method detects summit of the

turbulent layer (threshold)
Jacoby-Koaly et al 2002, Nilsson et al 2016




Proposed new algorithm

Motivation : Challenges raised with previous methods
* Upper inversions can be stronger than CBL top inversion, and lead to a maximum of Cn2
* Morning and afternoon transitions tricky (often may catch residual inversions)
* Temporal continuity is not always sufficiant to deal with those
* Cases with clouds, complex structure lead to erroneous estimates

> A new approach:

« Combine C ?local maximum and o, local minimum with e ]i '[ il o
. I'i 1 | |
a new parameter : ||/ Cony 1‘1_“. |
P ﬁsi ;m.‘“ ‘ ‘J“_ﬂ llivﬁ “ Wl | | Nocturnal BL
BT | = ) EL.aver
[CZ/ C2 profil] (N P3 and NPo used here) Sunrise Noon Sunset

NPX = X profll
[O‘ | o ] > search for local maximum of NP,
> possibly consider a secondary local maximum

* Specific search of the « first Zi estimates » of the day (on first gates)

e Search Zi within : 225m =>3 000m

* Period of interest : from sunrise to
sunset, out off rain and fog

* Use of median filters

* Growth rate threshold (375 m since last estimate)
* Use of Zi. for first Zi estimate or adjustment of NPx local max choice
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Input variables C ,%, ow, &, and w 2 min Main input variables

H 30min  f,; assessment (optional)

RH Is Fog occurrence estimation (optional)
Filtered variables C ,%, ow, and & 5 min
Calculated variables NPx and Z;, 5 min Key intermediate variables

it 1d Key CBL growth starting variables
Auxiliary variable CBH I min Configuration optimization
Final variables Zixps y 5 min Best estimate

5
ZiNPGSm , Z iNPOgup and ZiNPUsub 5 min Complementary estimates
QF 5 min Quality assessment




Configuration of detection criteria

Criterion
number Parameter Value Comments
1 Integration time 5 min
2 Time median filter C ,% Three points ~ 6 min
3 Time median filter ¢ Three points ~ 6 min
4 Time median filter oy, Four points ~ 8 min
5 Height median filter C}% Zero points Om
6 Height median filter Zero points Om
7 Height median filter oy, Three points 225 m
8 Growth limit 375m between two
effective assignments
9 Relative humidity limit at 2 m 90 %
10 NPx value limits NPx profile mean
11 Secondary maximum NPx value limit 90 % before and 50 % after 10:00 UTC criterion no. 10 applied
12 Z;, option True to exceed the growth limit




Configuration of detection criteria

Criterion

number Parameter Value Comments

1 Integration time 5 min

2 Time median filter C ,% Three points ~ 6 min

3 Time median filter ¢ Three points ~ 6 min

4 Time median filter oy, Four points ~ 8 min

5 Height median filter C}% Zero points Om

6 Height median filter Zero points Om

7 Height median filter oy, Three points 225 m

8 Growth limit 375m between two
Optional~ different estimates effective assignments

9 Relative humidity limit at 2 m 90 %

10 NPx value limits NPx profile mean

11 Secondary maximum NPx value limit 90 % before and 50 % after 10:00 UTC criterion no. 10 applied

12 Z;, option True to exceed the growth limit




« Zi » estimates : heights of several interfaces

Different estimates made by CALOTRITON traduce the potential complexity of the low
troposphere, and existence of several interfaces :

- Zi_: par intensité de la turbulence

«Zi, (Zi, . ..etZi . )thermodynamique:
~Zi .. .4, «Standard configuration » withx=3 - « Best estimate »
~Zi oo, - < Standard configuration » withx=0 - Close to older approach
~Ziypo s, Without crit. 9-10-11 & tinit - Enables to catch residual inversions
~Zi : Without crit. 11 - Enables to catch internal BL

NP3 «sub» *




« Zi » estimates : heights of several interfaces

Different estimates made by CALOTRITON traduce the potential complexity of the low
troposphere, and existence of several interfaces :

- Zi_: par intensité de la turbulence

«Zi, (Zi, . ..etZi . )thermodynamique:
~Zi .. .4, «Standard configuration » withx=3 - « Best estimate »
~Zi oo, - < Standard configuration » withx=0 - Close to older approach
~Ziypo s, Without crit. 9-10-11 & tinit - Enables to catch residual inversions
“Zi oy, s Withoutcrit. 11 - Enables to catch internal BL

A flag system is applied to further qualify the resulting estimates, and help using them
QF =1, 2, 3, 4 according to the consistency of those 4 different estimates between each other
Ex: QF =1 - All are equal » High confidence, « simple » CBL.

QF =5 - All are different > Low confidence of the « Best estimate », High complexity documented by the
4 estimations.




Results : example of 27 July 2021, Els Plans
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Results : example of 27 July 2021, Els Plans
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Results : example of 27 July 2021, Els Plans

Radiosounging at Els Plans - 27 July, 1100 UTC.

RH (%) WD (°)
0 50 1000 90 180 270 360
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Height (m)
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UHF-based Zi estimates : In-Situ-based Zi estimates :
x ZI NPO std xZIiNP3std +ZI € o Parcel method

+ZINPOsup  +ZINP3sub _ _
* % Temperature and moisture gradient methods
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Results : example of 27 July 2021, Els Plans

NP3

15

3 ; = e & i .. = : Z i 8
[ 1 . -l -.: . ,_" : :. ™, '._ﬂ = 1
—— ZInp3sid

7 ‘u
; L ﬂ £ ) ' S TR :‘ 3 . -

i i 3
— - 7. i ; (ONIRRPNIRIINERET)
0 ..nmmmm.nuwm.l. T T T

3000 p= arT-
[y Y

2000 [EE \ ._'rg
1000 /

Height (m)

——  ZInpo std

Z1np3 sub

Height (m)

2
w

a

= ZINPO sup

Height (m)

- Rapid growth (beyond
threshold)

« Authorized » thanks to

Height (m)
NP3 [log( )]

. : SR L
[3)]
£ [x10'4 m? 5'3]

1000 -
li ] : [N | 4 "IJ___;.‘ L 2T & » ] — N t h e u Se Of Z I £
0 m“f;i"‘:-“mm_mmn L A Lo e
O O O O M O O O Q O O O O O O
$P EP P @ o Py P 5P o8 A & 6 ® 40 g o

Time (HH:MM)




Results : example of 27 July 2021, Els Plans

Radiosounging at Els Plans - 27 July, 1300 and 1400 UTC

W 1300 UTC 1400 UTC

3000 7 3000
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Results : example of 27 July 2021, Els Plans
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Results : example of 27 July 2021, Els Plans

Radiosounging at Els Plans - 27 July, 1800 UTC

RH (%) WD (°)
2000 0 ‘ 50 ' 1000 90 15_;0 270 360 ) i} ‘ . _ _ _ )
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UHF-based Zi estimates : In-Situ-based Zi estimates :
x ZI NPO std xZINP3std  +ZI € o Parcel method

+ZINPOsup  +ZINP3sub _ _
* % Temperature and moisture gradient methods
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Keciits : [ime series of 721

« Best estimates » through July month
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date
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* Improvement of UHF-WP-based algorithm for Zi detection

* This method allows to document the complexity of the vertical structure of the low
troposphere (not reduce it to one single textbook CBL that is not always observed)

* Developed and evaluated with LIAISE (2021), BLLAST (2011), and P20A (long term, Y>2010)
data, with the 2 UHF wind profilers and many soundings

* Some errors still remain during morning and evening transitions

* Zi estimates from UHF wind profiler are complementary to those obtained from in situ
measurements

* Complex situation makes it tough for any algorithm and any observation system

* Zi various estimates and quality flags are available on the LIAISE database
Feedbacks welcome!

* CALOTRITON is descrived in details in Philibert et al 2024
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Optimizing the algorithm criteria

Comparison of Zi estimates with cloud base height from P20A ceilometer CT25K

All NP3 attributions

with and without e

Histogramme des différences

[Zi - Base Nuage] (m) par classe de 75m

~200 attributions with more than 225m

difference

Histogramme des différences

[Zi - Base Nuage] (m) par classe de 75m

Médianne:
] ZiMNP3 avec c: 165m
ZiMNP3sans ¢ : -680m

1 Nombre > 225m:

ZiMP3 avec ¢: B9
ZiNP3sans e : 4

4 Nombre >-225 & <225m:
ZiMNP3 avec ¢: 109
ZiMP3sans ¢ : 29

|

1500 40
Médianne:
ZiMNP3 avec £ -120m 30
g 1000 1 ZiNP3sans ¢ :-215m g
: :
@ [ Nombre = 225m: Q 20
g ZiNP3avet e: 1590 3
i £ o
O 500 4 ZiMNP3sans 988 D
Nombre >-225 & <225m: 10
ZiNP3 avec ¢ 5697
ZiNP3sans ¢ : 4524
0 - 0
-3000 -2000 -1000 0 1000 2000 -3000

Différence [Zi - Base Nuage] (m)

P Zi NP3 avec ¢ 13173 attributions
[ ]Zi NP3 sans ¢ : 11102 attributions

Autres histogrammes comparés :
Attributions par NPx, Valeurs de € a hauteur de Zi, Différence Zi-Zie, ...
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Comparison with in situ profiles

* Two intensive field campaigns, LIAISE and BLLAST :

* LAERO UHF WP (sitel during BLLASTand at Els Plans during LIAISE)
* CNRM UHF WP (site 2 during BLLAST and at La Cendrosa during LIAISE)

e Comparisons between in-situ-based Zi (drone & balloon) and UHF-NP3-based Zi estimates
In-situ estimates : many techniques (0 & r, gradients, parcel methode, maximum RH, subjective)

- Black: all profiles

— Red:only cases where in-situ estimates have less than 200 m diffference, & without Els Plans

RMSE = 95.7933 RMSE = 71.6082 RMSE = 64.907 RMSE = 68.1983 RMSE = 756572
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— Zixps,,, 1s estimated with the standard configuration for
NP3 as described in Table 4, which is considered to be

the best set of attributions.

Zinpo,, 18 estimated with the standard configuration for
NP0 as described in Table 4.

Z,-anﬂup 1s estimated from NPO as described in Table 4
but without applying criteria nos. 9, 10, and 11. With
this configuration, the 375 m growth limit (no. 8) is ap-
plied between the Z; searched for and the already al-
located maximum Z;. There 1s also no tj,;; restriction
after sunrise. This configuration allows for the search
for levels higher than the estimates made with a stan-
dard configuration, which may correspond to the top of
a residual layer or to Z; if the standard configuration
assigns it to a TIBL top.

Zixps,,, 18 estimated from NP3 as described in Table 4
but without applying criterion no. 11. With this config-
uration, the NPx profile mean of the criterion no. 10 is
replaced by the median, which gives lower values most
of the time, mainly because of high values of C ,2, This



