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Introduction — computing key indicators and
comparisons

Overview
The measurement campaigns currently covered are: CADDIWA, HAIC-CAYENNE, HAIC-
DARWIN, EXAEDRE, MAESTRO.

1. Key indicators — summary metrics

2. Radar reflectivity — comparison with the RASTA airborne 95 GHz radar

3. Infrared brightness temperature — comparison with IR at 10.8 pm

4. Microwave brightness temperature — comparison with MHS at 190.31 GHz

In the following sections, the methodology for computing each of these indicators and
comparisons is described in detail, including the data processing steps, selection
criteria, and mathematical formulations used to derive the final metrics.

Section 1 — Key Indicators

Convective dynamics

Indicator Unit Description

W max m/s Maximum upward vertical velocity w in the domain over the
simulation period

dIWP/dt max kg Maximum rate of increase of column Ice Water Path over the
m=2 simulation period
s—l
# convective — Number of convective columns (maximum of vertical velocity
columns above 4 m/s and IWP > 0.1 kg m~2) over the simulation period
# growing — Number of columns satisfying the in growth criterion over the
columns simulation period: the top of the ice-hydrometeor envelope must

rise by at least 200 m within 4 min

Ice Water Path (IWP)

Indicator Unit Description
IWP cover % Fraction of pixels with IWP > 1 kg m~2 over the simulation period

IWP max kg m—2 Maximum IWP found at any grid point over the simulation period



Infrared — DCC cover (10.8 um)

Deep Convective Cloud (DCC) coverage is estimated from brightness temperature
histograms. A pixel is classified as DCC if its brightness temperature is below 230 K.

Indicator Description

DCC Mean fraction of pixels with BT < 230,K, averaged over all IR observation time
cover steps

DCC bias DCCqiy, - DCCps (%)

Microwave — Icy cover (MHS 190.31 GHz)

The icy-cloud coverage is derived from the MHS 190.31 GHz channel comparison. Pixels
are flagged if BT < 250K.

Indicator Description
Icy cover Fraction of MHS pixels with simulated BT < 250K
Icy bias Difference in icy-pixel fraction; Icy coverg;, . - Icy cover e

Radar — MTR bias (RASTA 95 GHz)

Indicator Unit  Description

MTR dBZ | Mean difference of the median reflectivity profiles (simulation —
bias observation) computed between 5 and 10 km altitude from the CFAD
comparison

Infrared — Brightness temperature bias

Indicator Unit Description

BT bias K Mean difference between simulated and observed 10.8 um brightness
temperatures over the domain

Section 2 — Radar Reflectivity (RASTA, 95 GHz)

1. Aircraft profiles where all reflectivity values are missing (no cloud/convective echo
detected) are discarded. The simulation time step closest to the midpoint of the
remaining valid profiles — i.e. the portion of the flight leg where convective activity is
present — is selected.

2. A set of simulated columns is extracted from the Meso-NH domain, selecting
convectively active columns (low BT at 10.8 um).

3. Both observation and simulation datasets are cast into CFAD (Contoured Frequency
by Altitude Diagram), normalising each altitude level by the total number of profiles.



4. The median reflectivity profile is extracted from each CFAD and the MTR bias is
computed as their mean difference between 5 and 10 km altitude.

10 km
MTRbias =% 2 (MTRsm(2) — MTRops(2)) [dBZ]

z=5km

Section 3 — Infrared Brightness Temperature (10.8 um)

Spatial maps: the simulation field is the RTTOV-simulated brightness temperature
interpolated onto the MSG grid. The displayed time is selected to be as close as possible
to the MHS overpass time.

Brightness temperature histogram: the distribution of BT values over the domain is
compared between simulation and observation. The DCC threshold of 230 K is shown as
a dashed vertical line. The fraction of pixels below this threshold gives the DCC cover
indicator.

2 k(BT

DCCy =5 er— X 100%  (x € {sim, obs})

all

Section 4 — Microwave Brightness Temperature (190.31 GHz)

1. The Meso-NH field mrepi_19038T (RTTOV-simulated BT) is interpolated onto the
observed MHS grid using linear interpolation.

2. A pre-screening step checks whether the overpass contains sufficient cold pixels (<
250K) to be informative; overpasses with fewer than 5 % of such pixels are skipped.

3. Spatial comparison maps are generated for all five channels ( obs_vs_sim_*.png ).

4. For channel 4, the icy cover (fraction of pixels with BT < 250K) is computed for both
observation and simulation, and their difference gives the icy bias.

Icybias = Icycoversim — Icycoverops [%]
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HAIC-DARWIN - F3

17/01/2014 02:00 O 07:30

Convection type:
Mesoscale

Convective
System

1. KEY INDICATORS
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Brightness Temperature at 190.31 GHz (K)
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HAIC-DARWIN - F4  Sow

18/01/2014 22:00 [0 23:45 Convective

System
1. KEY INDICATORS
W max 31.8 m/s | IWP cover 21.6% MTR bias -0.7dBZ 14 == Alferaft altitude ®
12
12
1.74e-01 ) L \, )
dIWP/dt max IWP max 39.3 kg/m2 | BT bias 13.4K - ! I
kg/mz/s < m i | ‘ 0 £
Kl I 1 | I -6 3
# convec. ) £ [‘ f &N R { a8
12163 | DCC cover 45.8% | DCC bias -24.2% y e L i o M VI 2
columns i 0 | -18
Uk | Il N g
# growing 6114 |1 0.0% | Icybi 0.0% e R
columns cy cover .0% cy bias .0% & & & & o) &
Time (UTC)
2. RADAR REFLECTIVITY - 95 GHz (RASTA)
" ~=- Median \ == wedan | [ “ — Median Meso-tH ?
= i @ = Median Observation "
12 12 12 ®
~10 — 103 ~10 1 a
= £ < g 'S
o 8 o &g g8 z
3 3 g 3 e
= = 68 = ]
b4 < [ < -10 §
4 4 4 g
2 —200
2 2
0
% o 0 10 20 0 10 20 30 LT a—T 0 10 20 30
Reflectivity (dBZ) Reflectivity (dBZ) Reflectivity (dBZ)
3. INFRARED - 10.8 pm
- 6
13° :::E::;t s 300 Meso-NH .
= Observation
290 54 DCC threshold

NN NN
B v [ ] =
s & &8 3 &
Temperature (K)
S
L

Density (%)
g

15°S
@
230 ¢ 29
220%
16°S 14 g
. = 3 210 14 H
; 3 - \ ,
, - 200 !
% ' 190 0 y e , ;
17°5(22:30:00 UTC » 17°5(23:00:00 UTC}, E) d 200 220 240 260 280 300

124°E 125°E 126°E 127°E 128°E 124°E 125°E 126°E 127°E 128°E Brightness Temperature at 10.8 pm (K)

4. MHS - 190.31 GHz

No MHS 190 GHz comparison available

29



HAIC-DARWIN - F5

21/01/2014 03:58 [0 09:28

Convection type:
Mesoscale
Convective
System

1. KEY INDICATORS
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HAIC-DARWIN - F6
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Convection type:
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Convective
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HAIC-DARWIN - F7

Convection type:

Mesoscale
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27/01/2014 19:58 [0 01:13

HAIC-DARWIN - F8

Convection type:
Mesoscale

Convective
System

1. KEY INDICATORS
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HAIC-DARWIN - F9

Convection type:

Brightness Temperature at 190.31 GHz (K)

Isolated
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HAIC-DARWIN - F10

29/01/2014 21:00 O 02:30

Convection type:
Mesoscale

Convective
System

1. KEY INDICATORS
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HAIC-DARWIN - F11

30/01/2014 00:30 O 06:00

Convection type:
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1. KEY INDICATORS
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HAIC-DARWIN - F12
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Convection type:
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Convective
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HAIC-DARWIN - F13
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HAIC-DARWIN - F14 “Weostale

Mesoscale

04/02/2014 20:00 [0 01:30 Convective
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HAIC-DARWIN - F15
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HAIC-DARWIN - F16 T
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HAIC-DARWIN - F17
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Convection type:
Mesoscale
Convective
System
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HAIC-DARWIN - F19

Convection type:

Mesoscale
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System
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HAIC-DARWIN - F20 T
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HAIC-DARWIN - F21

17/02/2014 06:30 OO 12:00

Convection type:
Mesoscale
Convective
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HAIC-DARWIN - F22 T
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HAIC-DARWIN - F23

18/02/2014 20:00 [0 23:45

Convection type:
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EXAEDRE - F15
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EXAEDRE - F16

17/09/2018 09:58 [0 15:28 Convective

System
W max 45.4 m/s IWP cover 43.8% MTR bias 1.7dBZ 1 i Alrerat aifitude h
12
12
2.58e-01 . ‘ 6 -
dIWP/dt max IWP max 58.4 kg/m2 | BT bias 21K | PR Y " — e 3
kg/m2/s < LA ‘3
K | ﬂ‘ | ', -6 %
# convec. ) ol | \ ’ f 1,8
47981 DCC cover 15.5% DCC bias 8.6% . ‘ {3 LA 'Y' 5
columns M o -18
0000
2 il I | | —24
# growing 14499 |1 12.4% | lcybi 0.2% e
Cy cover 4% C! 1as 2% © © © © © © ©
columns y Y R A )
Time (UTC)
2. RADAR REFLECTIVITY - 95 GHz (RASTA)
. ~ 30
14 - === Median 1 === Median 14 — Median Meso-NH
. - 12:30 14 - = Median Observation
: : : o
12 12 1 12 e
_.10 10 103 10 10 g
€ € < € o
< < > X !
v 8 v 8 8 2 o 8 =
° ° o o @
=] 32 =] 2 <
P S s 68 = ]
= < e < ~10§
4 4 4 4 g
2 —200
2 2 2
0
0 0 -30
=20 -10 0 10 20 -10 0 10 20 30 =20 -10 0 10 20 30
Reflectivity (dBZ) Reflectivity (dBZ) Reflectivity (dBZ)
3. INFRARED - 10.8 pm
6 w
I Meso-NH
— - - -— = Observation
1 ) 2:]’:::: track 5 DCC threshold
=3 : ’\4_
x
234
w
C
CU
a
2
14
\
1a3o0urc) » d ol e : :
8°E 9°E 10°E 10°E 200 220 240 260 280 300
Brightness Temperature at 10.8 um (K)
4. MHS - 190.31 GHz
10
Meso-NH
= QObservation
- 8- Icy cloud threshold
S
2
(%)
o
a4
24
It
17-09-2018 14:28:00 UTC il )| Gbs 1437 UTC
7°E 8°E  9°E 10°E 11°E 12°E 7°E 8E  9°E 10°E 11°E 12°E o-jmali2s i

100 125 150 175 200 225 250 275 300
Brightness Temperature at 190.31 GHz (K)

49



EXAEDRE - F17

19/09/2018 03:58 [0 09:28
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EXAEDRE - F18

20/09/2018 03:58 [0 09:28 Convective

System
W max 31.1m/s | IWP cover 36.2% MTR bias 0.0dBZ 14 === Alreraft altitude 8
12 12
2.26e-01 . 1 | 6 -
dIWP/dt max IWP max 39.5 kg/m2 | BT bias -6.7 K g W b g
kg/m2/s < o2
Q =
3 -6 2
# convec. ) ERL I d
32418 DCC cover 17.5% DCC bias 7.6% J A &
columns ~ st
- 2 -24
# growing . A .
10655 Icy cover 9.7% Icy bias -1.6% B o - - o
columns & & & & &
Time (UTC)
2. RADAR REFLECTIVITY - 95 GHz (RASTA)
30
14 === Median 14 === Median 14 —— Median Meso-NH
07:15 14 = Median Observation "
12 12 1 12/ . <
R i i .3
£ £ S £ °
v 8 v 8 8 2 o 8 =
° ° o o @
2 F= > 2 =
g° - ge °g = 8
b4 < [ < -10 §
4 4 4 4 g
2 —200
2 2 2
g 0
2% -10 0 10 20 -10 0 10 20 30 % Do 0 10 20 EC T
Reflectivity (dBZ) Reflectivity (dBZ) Reflectivity (dBZ)
3. INFRARED - 10.8 pm
6 ™
300 Meso-NH
i Aircraft track = QObservation
Aircraft 290 54 DCC threshold
280
<
2707 4
2602 ]
i 23
240 S
9 o
2302 24
2
2205
210® 17
200 f
0 T T 2 T T T
12°E 190 200 220 240 260 280 300
Brightness Temperature at 10.8 um (K)
4. MHS - 190.31 GHz
10 .
Meso-NH
- - 300 = QObservation
290 8- Icy cloud threshold
280
e
250 £ —
220 © >
08 @
i :
180 v a4
170
160 £
150
1405 21
126
e JEREEL el
100 125 150 175 200 225 250 275 300

Brightness Temperature at 190.31 GHz (K)

51



EXAEDRE - F19

01/10/2018 13:58 [0 19:28

Convection type:
Mesoscale

Convective
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4. MHS - 190.31 GHz

No MHS 190 GHz comparison available

52




EXAEDRE - F20

02/10/2018 08:58 [0 14:28
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EXAEDRE - F21

05/10/2018 12:28 [0 17:58
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EXAEDRE - F22

08/10/2018 06:58 [0 12:28 Convective

System
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MAESTRO - F45

10/09/2024 12:28 [0 17:58 Convective

System
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4. MHS - 190.31 GHz

No MHS 190 GHz comparison available
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MAESTRO - F46
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