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Motivation: Trace gas gradients
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Motivation: Trace gas gradients
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AMDAR EDR reports, DJF 2016/17 - 2018/19

Motivation: Turbulent mixing
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ERAS diagnostics and ROC curves

Turbulence reports, 1°x1° bins
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves

a)
106 2/3e—1.
B <0.08 m<°s~*: 959010

105 EEE >0.08 m*?s 1 2459
c =
P o=
o O
o O
o o
® O
Q Q
@ o

0.5 —60 —30 0 30 60
worst diagnostic

a
Qo
a.

0.0 —— worst diagnostic (AUC=0.50)

Ll 1

00 02 04 06 08 1.0
POFD




ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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ERAS diagnostics and ROC curves
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Random Forest Classifier
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Random Forest Classifier
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dom Forest Classifier
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Random Forest Classifier

P " , SR 10°
Minimize loss: O = argming H (O)
800 -
) =1
Define loss as . ; 9 Sl
weighted Gini H(©) =) fT—lG (©) & 2 3
. . . Q.
impurity after split: =1 e i
© £
© 400“ 10—20
b b
2 _ioe : ny n; |
Gini ipmurity: G°(©) = E — (1 — —=%) 200
n nb
k
0- =10 | : :
-4 -2 0 2 4 6 ; d el
Feature value 1= N | 1 L) N
o L o S ' | T Y g Y S
REFAER] ¥ RN RSB N
- - .
i T e B 2 - ~. <.
B B 2 = . ER N 7 s N ) = = = B e =~ A Es o238
) B - e W v R S -?& S e LI AT RE. omme CEEEL s S -
Tree 2 - = — ,
B > . - S »s .
R - - B " B ) - - B 2 : LR ‘-'- , y - = SEEEES S SR N oW-_ B -.-‘---
Tree 3 . -— - ,
- - -u% . . . R N = o
s = — ] = N - T R e e - § - - -NE. A
o - f; s . ~ I s i ~BS. i 3 . - ~.b' ;‘.3 —-;.—- B p‘;ﬂ‘ﬁ - RS SO L —L‘ s _ -8
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Applicability

* Probability of occurrence of turbulence in ERAS: LA TR _;6 R p T —
* |dentify geographical hotspots
« Hotspots in composites, relative to cyclone centre or jetstream
 Apply to IAGOS, analyze trace gas gradients relative to turbulence occurrence
« Compare with Thorpe analysis derived turbulence occurrence
 Turbulence forecast, for aviation or measurement campaigns
« Comparison e.g. with GTG
 Analyze easiest to predict turbulence reports vs. hardest to predict
e —> why do known diagnostics fail?

Longitude (°E)

 Apply technique to any higher resolution NWP data (training + inference)



Thank you for your attention


http://www.iagos.org/partners




Outlook

180°

Upper troposphere
80°N
-
60°N
40°N
20°N
180°
=:0:95
T ® Richardson number
< '/r—o\.__/—. .
= R0 ® Random forest
oo
S
© 0.85 1 — 4
Al
o
-
& 0.80 -
O
)
< 0.75 , 1 r r ,
-180° -120° -60° 0° 60° 120°
@ Richardson
?_._3 i o Til
g ® ciwc
8 0.2 - e Colson-Panofsky
= o Ti2
= e 52
% 0.1 - e Divergence
N @ Deformation .
a #
0.0 ' ) L | ]
-180° -120° -60° 0° 60° 120°

180°

EDR reports



Outlook

AUC (EDR=0.08 m?/3s-1)

Feature importance

o

o

© ©o ©

Lower stratosphere

[
-
h

l-:-' — r—l

o O o
w £ v
EDR reports

=
o
N

95 _
® Richardson number
e Til
90 - = ol ® Random forest
. - i - 4
85 |
80 -
P o ' 4 : L !
-180° -120° -60° 0° 60° 120° 180°
® Richardson
0.3 e Til
e Ti2
0 2 U @ 52
& S'IZ’SL
, . e Colson-Panofsky .
0.1 == . e Divergence 1
O(2pvu)
000 |
-180° 60° 120° 180°




a b
Outlook = T
B <0.08 m4/3s 1: 959010
1054 EEE =0.08 m?4Ps~1;2459 10°
Lower stratosphere . | | | y
= c 104
80°N 3 3
_ = s 3 NN bt 3
60°N__ ‘g 10 .g 10 3
Al MRS T 2 2
40°N ' ; = £ 10
_.:-~" ..... 101 L
20°N) T e 10!
- " “‘;J .3 ::o- . . 100 |
180 120°W 60°W 0 60°E 00 01 02 03 04 05 102 10° 102 104
_.0.95 EDR (m?%3s~1) Richardson number
~ ® Richardso d)
o | e Til
090 W= R ® Random fi
00 .
o b | = -
3\:; 0.85 1024
é 0.80 o =
o o P
> o |
% 075 T T T T - = 101.._. /
-180° -120° -60° 0° 60° 1 . :
U 03 ® Richar( — A
g e Tl 004! | —— Ritest (AUC=0.9200)
g ® Tiz ' T l I T T T 100 T T T I
2 0.2 e S5° 00 02 04 06 08 1.0 0.0 0.2 0.4 0.6 0.8 1.0
£ ® Si POFD PODY
= ’ - ® Colson*rarrorsxy
% 0.1 P==— L e Divergence _
& e(2pvu)
0 0 ; ) L | ] '
-180° -120° -60° 0° 60° 120° 180°




a b
Outlook ’ 1of 2
B <0.08 m%°s 1: 959010 j
1051 = = 0.08 m23s~1: 2459 10°
Lower stratosphere y | .
c c 1044
80°N 3 3
- <1 U203 HEN U o.A3
60°N L, £ ‘g 10 -g 10° 4
% 8 102
40°N = = ;
10? 1
20°N 10+ 4
180° 120°W 60°W 0° 60°E 00 01 02 03 04 0.5 10-4 103 10-2 10-!  10°
_.0.95 EDR (m435-1) RF class probability
i /k‘\.\’ ® Richardso| d)
o e Til I T
B 0.90 === Yol ® Random f{ 1.0 ﬁ
S : 0.84 -
o 0.85 .
Al
5
W 0.80 - > 067 o
O s
> 8 o
%.0.75 . : } I 0.4+ 1 W
-180° -120° -60° 0° 60°
_ 0.2 - | | | |
@ Richarf —— Ritest (AUC=0.9200)
g 0.3 o Til | - |
= 0.0 - RF ot (AUC=0.9404)
- o Ti2 | | . i a .* . .
202 e S? 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
E e S POFD PODY
Y , ® ® Colson*rarrorsxy
% 0.1 ¥ e Divergence
& e(2pvu)
0.0 ; . . | . .
-180° -120° -60° 0° 60° 120° 180°




data points

~
-
o

200 -

2

0 2
Feature value

T

=

3
—

Gini Impurity

I
=
3

N

nad il )

PODY

—— Rigest, AUC=0.837

SR T RFtest, AUC=0.893

02 04 06 0.8
POFD

1.0

(cumulative) report count

0.0

—— EDR<0.08 m?3g-1

~

0.2 0.4 0.6 0.8
RF class vote fraction

EDR = 0.08 m?3s~1 -

1.0

factor false positives

10° - . ,
0.0 0.2 0.4 0.6 0.8
PODY
Region:
35°N-70°N, 40°W £ 20°
Upper troposphere
Reports:

EDR<0.08 m%3s~1: 2670893
EDR = 0.08 m?3s~1: 34204

RF settings:
trees=100
max_features=13
maX_depth=9

W = 100

1.0



data points

~
-
o

200 -

2

0 2 4 (§)
Feature value

T

=

3
—

Gini Impurity

I
=
3

N

nad il )

PODY

(cumulative) report count

1.0

—
o
ey

\

—— Ritest. AUC=0.837
o RFtes[‘. AUC=0.891

0.2

04 06 08 1.0
POFD

—— EDR<0.08 m?3g-1
EDR = 0.08 m?3s~1 -

0.2

04 06 08 1.0
RF class vote fraction

factor false positives

10°

b)

10° : -
0.0 0.2 0.4 0.6 0.8
PODY
Region:
35°N-70°N, 40°W £ 20°
Upper troposphere
Reports:

EDR<0.08 m%3s~1: 2670893
EDR = 0.08 m?3s~1: 34204

RF settings:
trees=100
max_features=13
maX_depth=7
Wm=3




2000 1

1500 -

1000 -

PODY

report count

—— RFtest, AUC=0.901

10° 10? —-50 0 50

Richardson number CPI

POFD

—— EDR<0.08 m%3s-1
—— EDR =0.08 m?%3s-1

report count

—
o
W

=
-
N

(cumulative) report count

—
o
-

RF class vote fraction

10-5 10-4 0.0 0.1 0.2 0.3
Ti1 EDR



125 -

S 100 -
i

§ § F § e

Q. 8 50 3
g
2

D 25 -

0 0 ,
-‘— RF“ist, AUC=0.901 10_2 100 102 —-50 0 50
0.0 0.2 0.4 0.6 0.8 1.0 Richardson number CPI
POFD
107 ©)

—— EDR<0.08 m%3s-1 .

106 | —— EDR =0.08 m?3s-1 % 2301
& —
§ 205
nd

g % 100 -
@- U
= -

v 15 50+
Z Q.
5 0

- 10-8 10-6 | | 0.2 0.3
Til EDR

00 02 04 06 08 10
RF class vote fraction



N W b~ U

Trainings run ID

=

H EE B

_—  —_ —_— .

P,  em— R, smmm— D\t \— D\ S \c—— \— S | en— S e— el S \cdl (S \em—— A— D ot S \—— —

pr— R WGSSSRRRtRRRR emmm— L. \—— Al S \) S et A D \e S e— a—— S Al S Com— — . Al U e e— R —

. HE B HE B BN B BN B BN
| H Bl B BE B H B BN

Re—

: T F: 589 F %
- = (@

1dy
Aepl
1dss
Aep
1daS

10

ga

<

6102 ue(



JU=21D01j=20D uolje|=1100 uosiesd

n

™
o
L

=)
=
o

)

™

Qo
_

—0.50

-0.75

-1.00

Region: 40°W +20°, Upper troposphere

(=

dz Irt
j windSpeed
Ti2

Til

Ri

+

longitude

I.Hr latitude

 dptGrad/dt
 s2_tsl
n2_ til

_ubf
cpi
ccat

1

tGrad

pvGrad

B am B

ams!

™

mountainWaveFactor
pt_dyn_down

z Irt

pv
horizontalDivergence
totalDeformation

:

relVort

cape

hcc

ciwc

| q

“mmy W O

|

—t

dz_Irt

windSpé-ed :

Ti2 -

Til

Ri

longitude

latitude
dptGrad/dt 4

s2_tsl
n2 til

cpi -
ccat
tGrad -
pvGrad 1

ubf 41—
mountainWaveFactor -

pt_dyn_down

w

s2

n2

Vv

z_Irt

pv

horizontalDivergence

relVort

totalDeformation

cape -

u
pt




Teras (K) Ugras (M/s) Veras (M/s)
250 100 z1 100 7
RMSE: 1.101 K RMSE: 2.644 m/s 4 RMSE: 2.628 m/s %
MAE: 0.786 K P MAE: 1.9 m/s ,// MAE: 1.897 m/s
240 14| ME: -0.255 K . g ME: -0.042 m/s ’. ME: -0.074 m/s 4
50- ; 50 - +
230 - _
0 - o O -
7
2201 /'
50 50
210 v
200"( T T 100 "(/ T T T 100 ’1’/ T T T
200 220 240 —-100 =50 0 50 100 -100 =50 0 50

Tm easured ( K)

Umeasured {M/S)

Vmeasurea (M/S)

100

s
-
[

-
-
o

=
-
s

-
o
N

Percentage of reports



201 === Standard deviation

=
un
|

Altitude (km)
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ERAS vertical wind shear, DJF 2016/17 - 2018/19
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ERAS5 maximum wind shear at tropopause, time step: 20161201 00
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ERAS5 maximum wind shear at tropopause, time step: 20161201 12
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ERAS5 maximum wind shear at tropopause, time step: 20161202 00
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ERAS5 maximum wind shear at tropopause, time step: 20161203 00
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ERAS5 maximum wind shear at tropopause, time step: 20161203 12
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ERAS5 maximum wind shear at tropopause, time step: 20161204 00
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ERAS5 maximum wind shear at tropopause, time step: 20161204 12
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