
 

For quic

 

Sci
Ex

 

 

 

Appl

 

 

 

 

Prepare
 

 

ck navigation

ientif
xtrap

licable 

ed by ZAM

Scientif
Extrap

n go to: Tab

fic an
olated

NWC/CDO

to 

GEO

MG 
 

fic and Validati
olated Imagery

NWC/G

ble of conten

d Val
d Ima

NW

OP3/GEO/Z

28 F

O-EXIM

ion Report for t
y Processor of th
GEO 

nts 

lidati
agery

WC/G

ZAMG/SCI/

February 2

M-v2.1 

the 
he 

Code
Issue
 
File:N
Page

ion R
y Pro

GEO 

/VR/EXIM,

2022 

(NWC-

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

 

Report
cesso

, Issue 2.0.1

-087) 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
1/46 

t for t
or of t

1 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

the 
the 



 

For quic

Funct

Prepa

Revie

Auth

 
 

 

ck navigation

tion 

ared by 

ewed by 

orised by 

Scientif
Extrap

n go to: Tab

Name 

P. Schmed

A. Jann (Z

P. Rípod
SAFNWC 
Manager 

 

fic and Validati
olated Imagery

NWC/G

ble of conten

REPORT S

derer (ZAM

ZAMG) 

das (AEME
Proj

ion Report for t
y Processor of th
GEO 

nts 

SIGNATUR

 

Signa

MG)  

 

ET)
ject  

the 
he 

Code
Issue
 
File:N
Page

RE TABLE

ature 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

E 

Date

28 F

 

28 F

 

28 F

 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
2/46 

e 

February 202

February 202

February 202

/SCI/VR/EX
uary 2022

-VR-EXIM_v

22 

22 

22 



 

For quic

 

Versio

2.0 

2.0.1

 

ck navigation

on 

10 Ja
Feb

 

1 28 Feb

 

Scientif
Extrap

n go to: Tab

D

Date 

anuary 2022
bruary 2022

bruary 2022

fic and Validati
olated Imagery

NWC/G

ble of conten

DOCUMEN

Pages

228 
2 

46

2 46

ion Report for t
y Processor of th
GEO 

nts 

NT CHANG

s 

Creation
applied t

Section 3

the 
he 

Code
Issue
 
File:N
Page

GE RECOR

CH

n (Documen
to NWC/GE

3.2.1 update

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

RD 

HANGE(S) 

nt with ver
EO v2018) 

ed after DRR

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
3/46 

 

rsion numbe

R for GEO/v

/SCI/VR/EX
uary 2022

-VR-EXIM_v

er 1.0 

v2021 



 

For quic

TABL

TABLE

LIST O

LIST O

1. INT
1.1 S
1.2 D
1.3 R

1.3.1 
1.3.2 

2. GE
2.1 V

2.1.1 
2.1.2 
2.1.3 

2.2 D
2.3 M

2.3.1 
2.3.2 
2.3.3 
2.3.4 
2.3.5 

3. RE
3.1 C

3.1.1 
3.1.2 
3.1.3 

3.2 E
3.2.1 
3.2.2 
3.2.3 
3.2.4 
3.2.5 
3.2.6 
3.2.7 
3.2.8 
3.2.9 
3.2.10
3.2.11
3.2.12

3.3 E

4. CO
4.1 E
4.2 C
4.3 W

 

ck navigation

LE OF CO

E OF CONT

OF TABLES

OF FIGURE

TRODUCT
SCOPE AND P

DEFINITIONS

REFERENCES

Applicabl
Reference

ENERAL A
VALIDATION

Product e
Evaluatio
Evaluatio

DATA ..........
METHODOLO

POD .......
FAR ........
POFD ....
CSI .........
PSS ........

ESULTS .....
COMPARISON

CTTH effe
PCPh: Pr
CRRPh: C

EVALUATION

Thermal C
Thermal C
Visible Ch
Visible Ch
CMA: Clo
CT: Cloud
CTTH: Cl
CMIC: Cl
CRR: Con

0 CRRPh: C
1 PC: Preci
2 PCPh: Pr
EVALUATION

ONCLUSIO
EXIM OUTPE

CTTH FILTE

WV VECTOR

Scientif
Extrap

n go to: Tab

ONTENTS

TENTS .......

S .................

ES ................

TION ..........
PURPOSE OF T

S, ACRONYMS

S ..................
le Document
e Documents

ASPECTS O
N OBJECTIVE

evaluation of
n of CTTH F
n of includin
...................

OGY .............
...................
...................
...................
...................
...................

...................
N AGAINST P

fectiv: Cloud
recipitating 
Convective R
N OF CTTH F
Channels: In
Channels: In
hannels: VIS
hannels: VIS
oud Mask ....
d Type ........
loud Top Te
loud Microp
nvective Rai
Convective R
ipitating Clo
recipitating 
N OF INCLUD

ONS .............
ERFORMS PE

ER AND ITS RE

RS USAGE .....

fic and Validati
olated Imagery

NWC/G

ble of conten

S 

....................

....................

....................

....................
THE DOCUME

S AND ABBRE

...................
ts .................
s ..................

OF THE VA
S .................
f EXIM’s app
Filter ..........
ng WV vecto
...................
...................
...................
...................
...................
...................
...................

....................
ERSISTENCE

d Top Tempe
Clouds from
Rainfall Rate
FILTER ........
nfrared IR10
nfrared IR38
S 06 .............
S 08 .............
...................
...................

emperature a
physics ........
nfall Rate ...

Rainfall Rate
ouds ............
Clouds from
ING WV VEC

....................
RSISTENCE ..
ECOMMENDA

...................

ion Report for t
y Processor of th
GEO 

nts 

...................

...................

...................

...................
ENT .............
EVIATIONS ..
...................
...................
...................

ALIDATION
...................

pplicability .
...................
ors ..............
...................
...................
...................
...................
...................
...................
...................

...................
..................

erature and 
m Cloud Phy
e from Clou
...................
08 ...............
8 .................
...................
...................
...................
...................
and Height .
...................
...................
e from Clou
...................

m Cloud Phy
CTORS .........

...................

...................
ATION .........
...................

the 
he 

Code
Issue
 
File:N
Page

...................

...................

...................

...................

...................

...................

...................

...................

...................

N APPROA
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................

...................

...................
Height – eff

ysical Prope
ud Physical p
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................

ud Physical p
...................

ysical Prope
...................

...................

...................

...................

...................

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

....................

....................

....................

....................
...................
...................
...................
...................
...................

ACH ............
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................

....................
...................

fective cloud
rties ............
properties ...
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................

properties ...
...................
rties ............
...................

....................
...................
...................
...................

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
4/46 

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................

...................
diness .........
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................
...................

...................

...................

...................

...................

/SCI/VR/EX
uary 2022

-VR-EXIM_v

........... 4 

........... 6 

........... 7 

........... 9 

............ 9 

............ 9 

.......... 11 

.......... 11 

.......... 11 

......... 13 

.......... 13 

.......... 13 

.......... 13 

.......... 14 

.......... 14 

.......... 16 

.......... 17 

.......... 17 

.......... 18 

.......... 18 

.......... 18 

......... 20 

.......... 20 

.......... 20 

.......... 21 

.......... 23 

.......... 24 

.......... 25 

.......... 25 

.......... 26 

.......... 27 

.......... 28 

.......... 29 

.......... 30 

.......... 33 

.......... 34 

.......... 35 

.......... 36 

.......... 37 

.......... 38 

......... 41 

.......... 41 

.......... 41 

.......... 42 



 

For quic

5. OU

6. AN
6.1 R
6.2 P

 
 

 

ck navigation

UTLOOK ..

NNEX .........
ROC CURVE

PERFORMAN

Scientif
Extrap

n go to: Tab

...................

...................
E ..................
NCE DIAGRAM

 

fic and Validati
olated Imagery

NWC/G

ble of conten

....................

....................
...................

M ..................

ion Report for t
y Processor of th
GEO 

nts 

...................

...................

...................

...................

the 
he 

Code
Issue
 
File:N
Page

...................

...................

...................

...................

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

....................

....................
...................
...................

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
5/46 

...................

...................

...................

...................

/SCI/VR/EX
uary 2022

-VR-EXIM_v

......... 44 

......... 45 

.......... 45 

.......... 46 



 

For quic

LIST O

Table 1

Table 2

Table 3

Table 4

Table 5
var

 

 

 

ck navigation

OF TABL

: List of Ap

: List of Ref

: SEVIRI ch

: Contingen

: Multi-cate
rious bins....

Scientif
Extrap

n go to: Tab

LES 

pplicable Do

ferenced Do

hannels and 

ncy table sho

egory contin
...................

fic and Validati
olated Imagery

NWC/G

ble of conten

cuments ......

ocuments .....

NWCSAF p

owing freque

ngency table
...................

ion Report for t
y Processor of th
GEO 

nts 

...................

...................

products eva

ency of “yes

e showing 
...................

the 
he 

Code
Issue
 
File:N
Page

...................

...................

aluated in th

s” and “no” 

frequency o
...................

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

...................

...................

his validation

forecasts an

of forecasts 
...................

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
6/46 

...................

...................

n report. .....

nd occurrenc

and occurr
...................

/SCI/VR/EX
uary 2022

-VR-EXIM_v

......... 11 

......... 12 

......... 15 

ces. .... 17 

rences in 
......... 18 



 

For quic

LIST O

Figure 2

Figure 3
the
righ
deg

Figure 3
det
0.1

Figure 3
for 
yel

Figure 3
pre
pre
Ap

Figure 3
sco
imp
left

Figure 3
pre

Figure 3
240

Figure 3
270

Figure 3
20,

Figure 3
refl

Figure 3
20,

Figure 3
refl

Figure 3
ma

Figure 3

Figure 3
Bot

Figure 3
righ

 

ck navigation

OF FIGU

2.1 Geograph

3.1 Frequenc
eir counterpa
ht: FAR, bo
gradation. ...

3.2 Relative 
tails regardin
, 0.2, 0.3, 0.

3.3 Frequenc
persistence

llow improv

3.4 Perform
ecipitation p
ecipitation p
ppendix 6.2. 

3.5 Frequenc
ores. Lead ti
provement a
t: POFD, bo

3.6 Perform
ecipitation in

3.7 ROC cur
0, 250, 260, 

3.8 ROC cur
0, 280 K. Ea

3.9 ROC cur
, 30, 40, 50. 

3.10 Perform
flectivity thre

3.11 ROC cu
, 30, 40, 50. 

3.12 Perform
flectivity thre

3.13 ROC c
arked with X

3.14 Time se

3.15 Four sc
ttom left: PO

3.16 Four sc
ht: FAR, Bo

Scientif
Extrap

n go to: Tab

URES  

hical area ov

cy of cases 
arts for per

ottom left: P
...................

operating c
ng the inter
.4, 0.5, 0.7, 0

cy of cases w
e. Lead tim
ements and 

mance diagra
probability 

probability 7
...................

cy of cases w
me vs. thres
and degrada
ottom right: P

mance diagr
ntensity 5 m

rve for IR10
270, 280 K

rve for IR38
ach 250 K is

rve for VIS0
Each thresh

mance diag
eshold 40. ...

urve for VIS
Each thresh

mance diag
eshold 40. ...

curve for CM
X for orientat

eries of PSSm

ores for CT 
OFD, bottom

cores for CT
ottom left: P

fic and Validati
olated Imagery

NWC/G

ble of conten

ver which th

where scor
sistence. Le
OFD, bottom
...................

characteristic
rpretation of
0.8, 0.9. Eac

where forec
me vs. thres

degradation

am for PCP
31. Bottom

71. For deta
...................

where forec
shold catego
ations of the
PSS. ............

ram for C
m/h .............

08. Left: lea
. Each 230 K

. Left: lead t
s marked wit

06. Left: lea
hold 9 is mar

gram for V
...................

S08. Left: le
hold 9 is mar

gram for V
...................

MA. Left: l
tion. ............

mc for CT a

listed per c
m right: PSS

TTH alti lis
OFD, bottom

ion Report for t
y Processor of th
GEO 

nts 

he analyses h

res of the fo
ead time vs
m right: PSS
...................

c (ROC) cur
f this plot, p
ch threshold

cast skills fo
shold catego
ns of the sam

Ph. Top lef
m left: pre
ails about th
...................

asts for CRR
ories. Blue v
e same amou
...................

RRPh. Lef
...................

ad time 15, 
K is marked 

time 15, righ
th X for orie

ad time 15, r
rked with X

VIS06. Left:
...................

ead time 15, 
rked with X

VIS08. Left:
...................

lead time 15
...................

at lead time 

ategory at le
S. .................

sted per cat
m right: PSS

the 
he 

Code
Issue
 
File:N
Page

have been p

orecasts of 
. threshold 
S. Blue valu
...................

rve for CTT
please see A

d 0.1 is mark

r PCPh wer
ories. Blue 
me amount, r

ft: precipita
ecipitation 
he interpreta
...................

RPh greater
values show 
unt. Top left
...................

ft: Precipita
...................

right: lead 
with X for 

ht: lead time
entation. ......

right: lead t
 for orientat

: for reflec
...................

right: lead t
 for orientat

: for reflec
...................

5, right: lea
...................

60. ..............

ead time 15.
...................

egory at lea
S. ................

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

erformed. ...

CTTH effec
categories. 

ues show an 
...................

TH effectiv. 
Appendix 6.
ked with X fo

e greater tha
values show

red a degrad

ation probab
probability 
ation of the
...................

than its per
an improve

ft: POD, top
...................

ation intens
...................

time 60. Th
orientation. .

e 60. Thresh
...................

ime 60. Thr
tion. .............

tivity thres
...................

time 60. Thr
tion. .............

tivity thres
...................

d time 60. 
...................

...................

. Top left: P
...................

ad time 15. 
...................

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
7/46 

...................

ctiv are grea
Top left: P

n improveme
...................

POFD vs P
.1. Threshol
for orientatio

an their cou
w an impro

dation. .........

bility 11, to
51, bottom

ese plots, pl
...................

rsistence for
ement, yello
p right: FAR
...................

sity 1 mm/h
...................

hreshold ran
...................

hold range: 2
...................

reshold rang
...................

shold 15, ri
...................

reshold rang
...................

shold 15, ri
...................

Each thresh
...................

...................

POD, top rig
...................

Top left: P
...................

/SCI/VR/EX
uary 2022

-VR-EXIM_v

......... 16 

ater than 
POD, top 
ent, red a 
......... 21 

POD. For 
ld range: 
on. ..... 21 

unterparts 
ovement, 
......... 22 

op right: 
m right: 
lease see 
......... 23 

r the four 
w values 

R, bottom 
......... 24 

h, right: 
......... 24 

nge: 230, 
......... 25 

250, 260, 
......... 26 

ge: 9, 15, 
......... 27 

ight: for 
......... 27 

ge: 9, 15, 
......... 28 

ight: for 
......... 28 

hold 0 is 
......... 29 

......... 30 

ght: FAR, 
......... 30 

POD, top 
......... 31 



 

For quic

Figure 3
righ
filt
ext

Figure 3
effe

Figure 3

Figure 3
free
PO

Figure 3
4, 5

Figure 3
pre

Figure 3
3, 4

Figure 3
pre

Figure 3
5. E

Figure 3
(10

Figure 3
31,

Figure 3
righ

Figure 3
tha
for
imp
 .....

Figure 3
tha
for
imp

Figure 6

Figure 6

 

 

ck navigation

3.17 Four sc
ht: FAR, bo
er” being 1 
trapolated (a

3.18 Perform
fective cloud

3.19 Time se

3.20 Four sc
e (4), and u

OFD, bottom

3.21 ROC cu
5 mm/h. Eac

3.22 Perfor
ecipitation in

3.23 ROC cu
4, 5, 6, 7, 8, 

3.24 Perform
ecipitation in

3.25 ROC cu
Each thresho

3.26 Perform
0 %), right: f

3.27 ROC cu
, 41, 51, 61 %

3.28 Perform
ht: for thresh

3.29 Left: Fr
an its contr
ecasting CR
provement, y
...................

3.30 Left: Fr
an its contr
ecasting V
provements 

6.1 Exempla

6.2 Exempla

Scientif
Extrap

n go to: Tab

cores for CT
ottom left: P
at all thresh

and therefore

mance diagr
diness of 0.8

eries of PSSm

cores for CM
un-defined (

m right: PSS. 

urve for CR
ch threshold

rmance dia
ntensity 3 m

urve for CR
9, 10, 11, 2

mance diag
ntensity 4 m

urve for PC.
old 1 is mark

mance diagra
for threshold

urve for PCP
%. Each thre

mance diagr
hold precipi

requency of
rol. Right: 
RR. Both fi
yellow impr
...................

requency of 
rol. Right: 
IS08. Both
and degrada

ary ROC cur

ary performa

fic and Validati
olated Imagery

NWC/G

ble of conten

TTH effectiv
POFD, botto
holds implie
e assigned to

ram for CTT
. ..................

mc for CMI

MIC phase li
(5) at lead t
...................

R. Left: lead
d 1 is marked

gram for 
m/h. ............

RPh. Left: l
1 mm/h. Eac

gram for C
m/h. ............

 Left: lead t
ked with X f

am for PC. L
d “precipitat

Ph. Left: lea
eshold 11 is 

ram for PCP
tation likelih

f cases wher
Amount of
gures: Lead
rovements a
...................

f cases where
Amount of

h figures: L
ations of the

rve without d

ance diagram

ion Report for t
y Processor of th
GEO 

nts 

v listed per c
tom right: P
es that only 
o) the low la

TH effectiv
...................

IC phase at l

isted per cat
time 15. To
...................

d time 15, r
d with X for

CRR. Left
...................

lead time 15
ch threshold

CRRPh. Le
...................

time 15, righ
for orientati

Left: for thre
tion likeliho

ad time 15, r
 marked wit

Ph. Left: fo
hood=41 %

re including
f change in
d time vs. t
and degradat
...................

e including 
f change in
Lead time 
e same amou

data. ...........

m without da

the 
he 

Code
Issue
 
File:N
Page

category at l
PSS. POD a

values of th
ayer. ............

ve. Left: Eff
...................

lead time 60

tegory: liqui
op left: POD
...................

ight: lead tim
r orientation.

t: precipita
...................

5, right: lead
d 1 is marked

eft: Precipit
...................

ht: lead time
on. ..............

eshold “prec
od category

right: lead ti
th X for orie

or threshold
. ..................

g WV AMV
n scores, af
threshold ca
tions of the s
...................

WV AMVs
n scores, af

vs. thresho
unt, red a de

...................

ata. ..............

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

ead time 15
and POFD o
he greatest t
...................

fective cloud
...................

0. ..................

id (1), ice (2
D, top right:
...................

me 60. Thre
. ..................

tion intens
...................

d time 60. Th
d with X for

tation inten
...................

e 60. Thresh
...................

cipitation lik
4” (40 %). .

me 60. Thre
entation. ......

precipitatio
...................

Vs for CRR y
fter includin
ategories. B
same amoun
...................

 for VIS08 y
fter includin
old categor
gradation. ...

...................

...................

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
8/46 

5. Top left: P
of setup “Lo
threshold (>
...................

diness of 0
...................

...................

2), mixed (3
: FAR, Bott
...................

eshold range
...................

sity 1 mm/h
...................

hreshold ran
r orientation

nsity 2 mm/
...................

hold range: 1
...................

kelihood cat
...................

eshold range
...................

on likelihoo
...................

yields score
ng WV AM

Blue values 
nt, red a deg
...................

yields score
ng WV AM
ries. Yellow
...................

...................

...................

/SCI/VR/EX
uary 2022

-VR-EXIM_v

POD, top 
ow, with 

> 0.9) are 
......... 32 

.4, right: 

......... 32 

......... 33 

3), cloud-
tom left: 
......... 34 

e: 1, 2, 3, 
......... 35 

h, right: 
......... 35 

nge: 1, 2, 
n. ....... 36 

/h, right 
......... 36 

1, 2, 3, 4, 
......... 37 

tegory 1” 
......... 37 

e: 11, 21, 
......... 38 

od=11 %, 
......... 38 

es greater 
MVs for 
show an 
radation.
......... 39 

es greater 
MVs for 
w shows 
......... 40 

......... 45 

......... 46 



 

For quic

1. INT

The EU
for proc
Ground 
Support 
NWC S
Nowcas
Services
saf.eume

1.1 SC

This doc
(PGE16

This doc
the abov

1.2 DE

BT 

CDOP 

CMA 

CMIC 

CRR 

CRRPh

CSI 

CT 

CTTH 

ECMW

EUMET

EXIM 

FAR 

HRW 

IFS 

IR 

MSG 

NWC 

 

ck navigation

TRODUC

UMETSAT’s
cessing satel

Segment (
to Nowcas

SAF is to 
sting applica
s. More in
etsat.int. 

COPE AND 

cument is th
6), for the NW

cument cont
ve-mentione

EFINITION

h 

WF 

TSAT 

Scientif
Extrap

n go to: Tab

CTION 

s “Satellite A
lite data, an
(http://www
sting and V
provide, fu

ations of op
nformation 

PURPOSE 

he Validatio
WC/GEO re

tains a desc
ed product. 

NS, ACRON

Brightness

Continuou

Cloud Ma

Cloud Mic

Convectiv

Convectiv

Critical Su

Cloud Typ

Cloud Top

European 

European 

Extrapolat

False Alar

High-Reso

Integrated

Infrared 

Meteosat S

Nowcastin

fic and Validati
olated Imagery

NWC/G

ble of conten

Application 
d form an in
.eumetsat.in
ery Short-R

urther develo
erational me
can be fou

OF THE DO

on Report fo
elease 2021.

cription of th

NYMS AND 

s Temperatu

us Developm

sk 

crophysics 

ve Rainfall R

ve Rainfall R

uccess Index

pe 

p Temperatu

Centre for M

Organisatio

ted Imagery

rm Ratio 

olution Wind

Forecasting

Second Gen

ng 

ion Report for t
y Processor of th
GEO 

nts 

Facilities” 
ntegral part 
nt). This do
Range Forec
op and ma
eteorologica
und at the

OCUMENT

for NWC/GE

he validation

ABBREVIA

ure 

ment and Op

Rate 

Rate from Cl

x 

ure and Heig

Medium-Ran

on for the Ex

ds 

g System 

neration 

the 
he 

Code
Issue
 
File:N
Page

(SAFs) are 
of the distri

ocumentation
casting, NW
aintain softw
al satellite d
e NWC SA

T 

EO Extrapol

n method an

ATIONS 

erations Pha

loud Physica

ght 

nge Weather

xploitation o

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

dedicated c
buted EUM
n is provid

WC SAF. Th
ware packag
data by Nati
AF webpag

lated Image

nd the corre

ase 

al Properties

r Forecasts 

f Meteorolo

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
9/46 

centres of ex
METSAT Ap
ded by the 
he main obje
ges to be 
ional Meteo
ge, http://ww

ery (EXIM) 

esponding re

s 

ogical Satelli

/SCI/VR/EX
uary 2022

-VR-EXIM_v

xcellence 
pplication 

SAF on 
ective of 
used for 
rological 
ww.nwc-

Products 

esults for 

ites 



 

For quic

NWP 

PC 

PCPh 

PGE 

POFD 

POD 

PSS 

SAF 

SAFNW

SEVIRI

VIS 

WV 
 

 

ck navigation

WC 

I 

Scientif
Extrap

n go to: Tab

Numerical

Precipitati

Precipitati

Product G

Probability

Probability

Peirce Ski

Satellite A

SAF to sup

Spinning E

Visible 

Water Vap
 

fic and Validati
olated Imagery

NWC/G

ble of conten

l Weather Pr

ing Clouds 

ing Clouds f

Generation El

y of False D

y of Detectio

ll Score 

Application F

pport Nowc

Enhanced V

pour 

ion Report for t
y Processor of th
GEO 

nts 

rediction 

from Cloud P

lement 

Detection 

on 

Facility 

casting and V

Visible and In

the 
he 

Code
Issue
 
File:N
Page

Physical Pro

Very-Short-R

nfrared Imag

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

operties 

Range Forec

ger 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
10/46 

casting 

/SCI/VR/EX
uary 2022

-VR-EXIM_v



 

For quic

1.3 RE

1.3.1 A

The foll
specified
Approva

For date
apply. F

Current 
saf.eume

Ref 

[AD.1] 

[AD.2] 

[AD.3] 

[AD.4] 

[AD.5] 

[AD.6] 

[AD.7] 

[AD.8] 

[AD.9] 

[AD.10] 

1.3.2 R

The refe
referenc
informat
form [R

For date
apply. F

Current 
saf.eume

 

ck navigation

EFERENCE

Applicable 

lowing docu
d herein. Ap
al Authority

ed reference
For undated r

documenta
etsat.int. 

Project Plan f

NWCSAF CD

Configuration

System and C
NWC/GEO 

Interface Con
Interfaces of t

Interface Co
NWC/GEO 

Data Output F

Component D
NWC/GEO 

NWC SAF Pr

User Manual 

Reference D

erence docu
ce documen
tion include

RD.X]. 

ed reference
For undated r

documenta
etsat.int. 

Scientif
Extrap

n go to: Tab

ES 

Document

uments, of 
pplicable do

y. They are r

s, subsequen
references, t

ation can b

Titl

for the NWCSAF

DOP3 Project Pla

n Management Pl

Components Requ

ntrol Document fo
the NWC/GEO 

ntrol Document 

Format for the NW

Design Document

roduct Requireme

for the Tools of t

T

Documents

uments conta
nts complem
ed in this do

s, subsequen
references, t

ation can b

fic and Validati
olated Imagery

NWC/G

ble of conten

ts 

the exact is
ocuments ar
eferenced in

nt amendme
the current e

be found a

le 

F CDOP3 phase 

an Master Schedu

lan for the NWC 

uirements Docum

or Internal and Ex

for the NWCL

WC/GEO 

t for the NWCLIB

ents Document 

the NWC/GEO 

Table 1: List 

s 

ain useful in
ment the app

cument if it 

nt amendme
the current e

be found a

ion Report for t
y Processor of th
GEO 

nts 

ssue shown,
re those refe
n this docum

ents to, or re
edition of the

at the NWC

N

ule N
st

SAF N

ment for the N

xternal N

LIB of the N

N

B of the N
N

N

N
ol

of Applicab

nformation 
plicable one
is desired. T

ents to, or re
edition of the

at the NWC

the 
he 

Code
Issue
 
File:N
Page

, form part 
erenced in th

ment in the fo

evisions of, 
e document 

C SAF He

NWC/CDOP3/SAF

NWC/CDOP3/SAF
terSchedule 

NWC/CDOP3/SAF

NWC/CDOP3/GE

NWC/CDOP3/GE

NWC/CDOP3/GE

NWC/CDOP3/GE

NWC/CDOP2/GE
NWCLIB 

NWC/CDOP3/GE

NWC/CDOP3/GE
ls 

ble Documen

related to th
es, and can
They are ref

evisions of, 
e document 

C SAF He

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

of this docu
he Contract 
orm [AD.X]

any of these
referred app

elpdesk web

Code 

F/AEMET/MGT/

F/AEMET/MGT/

F/AEMET/MGT/

O/AEMET/SW/S

O/AEMET/SW/I

O/AEMET/SW/I

O/AEMET/SW/D

O/AEMET/SW/A

O/AEMET/MGT

O/AEMET/SCI/U

nts 

he subject o
n be looked 
ferenced in t

any of these
referred app

elpdesk web

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
11/46 

cument to th
t or approve
]. 

e publication
plies. 

b: http://ww

Ver

T/PP 1.6 

T/PP/Ma 1.6 

T/CMP 1.1 

SCRD 1.0 

ICD/1 2.0 

ICD/2 2.0 

DOF 2.0 

ACDD/ 2.0.1

T/PRD 1.5 

UM/To 2.0 

of the projec
d up to enh
this docume

e publication
plies. 

b: http://ww

/SCI/VR/EX
uary 2022

-VR-EXIM_v

he extent 
ed by the 

ns do not 

ww.nwc-

s Date 

01/12/21 

01/12/21 

15/04/20 

01/09/21 

01/09/21 

01/09/21 

10/01/22 

1 31/07/18 

01/12/21 

10/01/22 

ct. These 
hance the 
ent in the 

ns do not 

ww.nwc-



 

For quic

Ref 
[RD.1] T
[RD.2] U

th
[RD.3] A

E
[RD.4] S

Im
[RD.5] A

P

 

 

ck navigation

The Nowcasting S
User Manual for 
he NWC/GEO: S

Algorithm Theo
Extrapolated Imag
Scientific and V
magery Processo

Algorithm Theo
Precipitation Prod

Scientif
Extrap

n go to: Tab

Title 
SAF Glossary 

the Extrapolated
Science Part 
oretical Basis 
gery Processor of

Validation Repor
or of the NWC/GE
oretical Basis 
duct Processors of

Ta

 

fic and Validati
olated Imagery

NWC/G

ble of conten

d Imagery Proce

Document fo
f the NWC/GEO
t for the Extrap
EO 

Document fo
f the NWC/GEO

Table 2: List 

ion Report for t
y Processor of th
GEO 

nts 

NWC/
essor of NWC/

or the NWC/

apolated NWC/

or the NWC/
pitatio

of Referenc

the 
he 

Code
Issue
 
File:N
Page

Co
/CDOP3/SAF/AE
/CDOP3/GEO/ZA

/CDOP3/GEO/ZA

/CDOP2/GEO/ZA

/CDOP3/GEO/AE
on 

ed Documen

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

ode 
EMET/MGT/GLO
AMG/SCI/UM/E

AMG/SCI/ATBD

AMG/SCI/VR/EX

EMET/SCI/ATB

nts 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
12/46 

Vers 
O 1.0 

EXIM 2.0 

D/EXIM 1.0 

XIM 1.0 

BD/Preci 1.0.1 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

Date 
20/10/20 
10/01/22 

01/09/21 

22/05/17 

29/10/21 



 

For quic

2. GE

2.1 VA

The vali

2.1.1 P

A new 
products
undergo
are eval
Product 
average
persisten

All three
one-laye
as “cont
“effectiv
EXIM. E
amount)
effectiv 
transpar
evaluate
applied 
[RD.4]). 

Also, th
Convect
improve
EXIM fo
accuracy
the prob
properti
to deriv
convecti
cloud to
applied 

2.1.2 E

With ve
possibili
extrapol
The idea
specific 

This val
CT, PC,
VIS06) a

 

ck navigation

ENERAL 

ALIDATION

idation repor

Product ev

sub-product
s being for

one substant
luated to ver
Requiremen

e better tha
nce forecast

e products a
er scheme w
trol setup”. 
ve cloudines
Effective clo
) multiplied 
range from 

rent clouds. 
ed against p
to this prod

he NWCSAF
tive Rainfa
ements of th
forecasts for
y (see SAFN
bability of p
es such as c

ve the proba
ion. This N
op phase, ef
to the algori

Evaluation

ersion v2021
ity of using
lated only by
a is being a
layer of inte

lidation repo
, PCPh, CR
and result in

Scientif
Extrap

n go to: Tab

ASPECT

N OBJECT

rt covers thr

aluation of

t (“CTTH ef
recasted by 
tial changes 
rify the sup
nts Table (P
an persisten
t”. 

are evaluate
with lower an

Following 
ss” (CTTH ef
oudiness is 
by the clou
0 to 1, wit
Like all n

persistence t
duct and res

F products P
all Rate f
heir algorith
r the two pr
NWC Produ
precipitation
loud top mic

ability of pr
Nowcasting 
ffective radi
ithm of PCP

 of CTTH 

1, a new feat
g the so-ca
y AMVs ste
able to distin
erest and ex

ort will eval
RR, CRRPh, 
n a recomme

fic and Validati
olated Imagery

NWC/G

ble of conten

TS OF TH

TIVES 

ree main asp

f EXIM’s a

effectiv”, fro
EXIM and

in the unde
eriority aga

PRT) ([AD.9
nce forecas

d using the 
nd upper bou

a user requ
effectiv) has 
defined as f
d emissivity
th 1 meanin
ew product
to ensure th
sults in a ga

Precipitating
from Cloud
hms (see [RD

roducts still
uct Requirem
n occurrenc
crophysical 
recipitation 
tool uses cl
ius and clou
Ph and CRRP

Filter 

ture has bee
lled CTTH 

emming from
nguish betw
clude AMV

luate the pe
CTTH) as w

endation if a

ion Report for t
y Processor of th
GEO 

nts 

HE VALID

pects that wi

applicabili

om the CTT
d two of t
erlying algo
ainst persiste
9]), the thres
st” and the

current defa
undaries as d
uest, cloud 
been added 
fraction of t
y in the 10.8
ng “thick clo
ts, which ar
hat EXIM’s 
ain of foreca

g Clouds fr
d Physical 
D.5]). This v
l outperform
ments Table
e which is 
properties, 
occurrence.
loud physic

ud optical th
Ph, please r

en implemen
filter. With

m the same l
ween lower a
Vs stemming 

erformance o
well as the 
and to what 

the 
he 

Code
Issue
 
File:N
Page

DATION 

ill be presen

ity 

TH product)
the input p
orithms. Tho
ence forecas
shold accura
 target acc

ault model v
defined in C
top temper
to the list of
the field of 
8 µm window
ouds” and v
re added to

extrapolati
ast skill com

rom Cloud P
Properties

validation re
m persistenc
e [AD.9]). P

similar to P
effective rad
 CRRPh es

cal propertie
hickness. To
efer to [RD.5]

nted in the E
h the CTTH
layer. The u
and upper w
from other 

of the filter 
satellite cha
extent the f

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

APPROA

ted in the fo

) has been a
roducts (PC

ose three sub
sts. Accordin
acy of EXIM
curacy is “

version of E
Chapter 2.1.2
rature and h
f products b
view cover

w channel. T
values below

EXIM, CT
on method 
mpared to p

Physical Pro
s (CRRPh)
eport will ev
ce, i.e. they 
PCPh provid
PC. PCPh 
dius, and clo
timates rain
es generated
o learn more
.  

EXIM softwa
H filter in 
ser can choo

weather phen
heights. 

for the prod
annels (IR10
filter shall b

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
13/46 

ACH 

ollowing.  

added to th
CPh, CRRP

ub-products 
ng to the N

M is describe
“always bet

EXIM. The s
2 , thereunde
height’s sub
being extrapo
red by cloud
The values o
w 1 signallin
TTH effectiv

can benefic
pure persiste

operties (PC
) underwen
evaluate whe
y fulfil the t
des an estim
uses cloud 

oud optical t
n rates asso
d by CMIC
re about the 

are. There is
use, pixels

ose up to tw
nomena or t

ducts (CMA
08, IR38, VI

be used. Only

/SCI/VR/EX
uary 2022

-VR-EXIM_v

he list of 
Ph) have 
of EXIM 

NWCSAF 
ed by “on 
tter than 

setup is a 
er named 
b-product 
olated by 
ds (cloud 
of CTTH 
ng semi-

v will be 
cially be 
ence (see 

CPh) and 
nt some 
ether the 
threshold 

mation on 
physical 

thickness 
ciated to 

C such as 
changes 

s now the 
 will be 

wo layers.  
to pick a 

A, CMIC, 
VIS08 and 

y two IR 



 

For quic

channels
expected

The 5 co

- “
 

- “

- “

- “

- “

- “

2.1.3 E

The que
included
extrapol
channels

The con

- “

- “

2.2 DA

EXIM v
validatio
IR108 a
extrapol
and desc
to their 
being ex
earlier V
AMVs 
dependin

For the 
to the ra
handled 

Scores h

 

ck navigation

s have been
d for all of th

onfiguration

“control setu
 

“Low, no fil

“Low, with 

“High, no fi

“High, with 

“2-layer, wi

Evaluation

estion arose 
d to the set 
lation of the
s: IR108, IR

nfigurations 

“control, wi

“setup with 

ATA 

ersion 2.1 o
on dataset co
and VIS06 
lated SEVIR
cribed in Ch
new algorith
xtrapolated b
VRs). Howev
should be i
ng on the he

sake of com
ange of setu
with care w

have been lo

Scientif
Extrap

n go to: Tab

n picked to 
hem (as indi

ns for this ev

up”: p
 v

lter”:  p
v

filter”:  p
v

ilter”:  p
v

 filter”:  p
v

ith filter”: p
v
p
v

 of includi

whether wa
of used AM

e WV chann
R120, VIS06

for this eval

ithout WV A

WV AMVs

of the NWCS
overs the pe
which only

RI channels a
hapter 2.1.1
hms or bein
by EXIM ne
ver, for all p
included in
eights the AM

mpleteness, a
ups. Since th
when compar

ogged every 

fic and Validati
olated Imagery

NWC/G

ble of conten

save calcu
icated in pre

valuation are

pixels of all
vectors from
pixels of all
vectors from
pixels from t
vectors from
pixels from a
vectors from
pixels form t
vectors from
pixels of low
vectors from
pixels from t
vectors from

ng WV vec

ater vapour 
MVs for all 
nels. All oth
6, VIS08, HR

luation are:

AMVs”:

s”:  

SAF/GEO s
eriod 1st Ap
y start on 2
and NWCSA
, only three 

ng recently a
eeds to be p
products list

the set of 
MVs and th

a 2-layer sch
hose scores 
ring them w

hour (see th

ion Report for t
y Processor of th
GEO 

nts 

ulation capac
evious valid

e: 

heights are 
m the heights

heights are 
m the low lay

the low laye
m the low lay

all heights a
m the high la

the high lay
m the high la
w heights (90

m low height
the high lay

m the high la

ctors 

(WV) atmo
products. C
her products
RVIS.  

same as 
AMVs fr
similar to
addition

software v20
pril to 31st A
23, 23 and 
AF products
products ha

added to the 
proved (for t
ted in the tab
f AMVs. Se
e extrapolat

heme with C
stem from 

with the other

he range of s

the 
he 

Code
Issue
 
File:N
Page

city and sin
ation reports

extrapolated
s 900 – 100 h
extrapolated

yer (900 – 50
er (900 – 500
yer (900 – 50
are extrapola
ayer (500 – 1
yer (500 – 10
ayer (500 – 1
00 – 501 hP
s (900 – 501

yer (500 – 10
ayer (500 – 1

ospheric mo
Currently, W
s and chann

“control setu
from: IR108,
o “control, w

nal AMVs fr

021 has been
August 2021

29 April 2
s are listed in
ave been va
list of extra

the other pro
ble this stud
econdly, wh
ted pixels are

CTTH filter 
a shorter tim
r setups.  

scores in Ch

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

nce the sam
s (VRs)). 

d with  
hPa 
d with  
00 hPa) 
0 hPa) are ex
00 hPa) 
ated with  
100 hPa) 
00 hPa) are e
100 hPa) 
a) are extrap

1 hPa) and  
00 hPa) are e
100 hPa) 

tion vectors
WV AMVs a
nels by defa

up” from Ch
, IR120, VIS
without WV
rom: WV06

n subject of 
1 for all prod
2021, respe
n Table 3. A
lidated agai
apolated pro
oducts, this 

dy evaluates 
hich model 
e from. 

has been ad
me period, t

hapter 2.3) an

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
14/46 

me behaviou

xtrapolated 

extrapolated

polated with

extrapolated

s (AMVs) sh
are only use
ault use AM

hapter 2.1.2
S06, VIS08,

V AMVs” wi
62, WV073 

f this evaluat
ducts, excep
ectively. Th
As marked in
inst persisten
oducts, their 

has been ve
firstly, whe
version is 

dded on 6 Ju
their results

nd for forec

/SCI/VR/EX
uary 2022

-VR-EXIM_v

r can be 

with  

d with  

h  

d with 

hould be 
d for the 

MVs from 

; 
 HRVIS 
ith 

tion. The 
pt VIS08, 
he set of 
n Table 3 
nce. Due 
value of 

erified in 
ether WV 

superior 

une 2021 
 shall be 

asts with 



 

For quic

lead tim
Figure 2

Due to 
18 UTC

Forecast
Range W
input. 

The ver
calculate

 

Product

SEVIRI

SEVIRI

Convect
(v5.0) 

Convect
from Clo
Properti

Cloud M

Cloud T

Cloud T
Tempera
and Heig
(v4.0) 

Precipita

Precipita
Cloud P
(v3.0) 

Cloud M

 
T

 

ck navigation

mes of +15, 
2.1.   

their nature
C. 

ts from the 
Weather Fo

rsions of ea
ed with vers

t (version) 

I thermal inf

I visible 

tive Rainfall

tive Rainfall
oud Physica
ies (v3.0) 

Mask (v5.0) 

Type (v4.0) 

Top 
ature 
ght 

altitu

effec
cloud

ating Clouds

ating Clouds
Physical Prop

Microphysics

Table 3: SEV

Scientif
Extrap

n go to: Tab

+30, +45 a

e, visible ch

integrated 
recasts (EC

ach product 
sion 7.0. 

A

frared IR
IR

VI
VI

l Rate CR

l Rate 
al 

CR

CM

C

ude C

ctive 
diness 

C

s (v2.0) PC

s from 
perties 

PC

s (v2.0) CM

 
VIRI channel

fic and Validati
olated Imagery

NWC/G

ble of conten

and +60 min

hannels hav

forecasting 
CMWF) hav

are listed 

bbreviation

R3.9,      
R10.8 

IS0.6,    
IS0.8 

RR 

RRPh 

MA 

T 

TTH alti 

TTH effectiv

C 

CPh 

CMIC phase

ls and NWC

ion Report for t
y Processor of th
GEO 

nts 

n. The regio

ve only bee

system (IF
ve been used

in Table 3, 

n Details

3.9 µm
10.8 µm

0.6 µm
0.8 µm

 

 

 

 

 

v  

 

 

 

CSAF produc

the 
he 

Code
Issue
 
File:N
Page

on of the st

en considere

S) from the
d as numer

high resolu

s Ev

2.

m, 
m 

 

m, 
m 

 

 

x

 

 

 

x

 

x

 

cts evaluated

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

udy is Euro

ed at daytim

e European 
ical weathe

ution winds

valuated as

1.1 2.1

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

d in this vali

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
15/46 

ope and is s

me between

Centre for 
er prediction

s (HRW) ha

spects of cha

1.2 2.1.

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

idation repo

/SCI/VR/EX
uary 2022

-VR-EXIM_v

shown in 

n 06 and 

Medium 
n (NWP) 

ave been 

apter 

.3 

ort. 



 

For quic

2.3 M

Forecast
satellite 
dichotom
below) w
will hap
threshol
than/equ
category
compute

The sco

 

ck navigation

Figure 2.

ETHODOL

ts (meaning 
images and

mous scores
were used. D

ppen” and “n
lds have bee
ual to the thr
y products w
ed additiona

ores of the E

Scientif
Extrap

n go to: Tab

.1 Geograph

LOGY 

forecasts of
d derived pro
s such as PO
Dichotomou
no, the event
en specified b
reshold” and

were classifie
ally in a sligh

EXIM foreca

fic and Validati
olated Imagery

NWC/G

ble of conten

hical area ov

f EXIM and 
oducts at ver

OD, POFD, F
s scores sep
t won’t happ
by separatin
d “the value 
ed similarly 
htly differen

asts have be

ion Report for t
y Processor of th
GEO 

nts 

ver which th

persistence 
rification tim
FAR, CSI an
parate the da
pen”. For mo
ng “yes” and
is smaller th
for each cat

nt manner, a

een compare

the 
he 

Code
Issue
 
File:N
Page

he analyses h

“forecasts”)
me. For the u
nd PSS (find
ta, in this ca
ost of the pr
d “no”, in the
han the thres
tegory and a
s described 

ed either ag

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

have been p

) have been 
underlying a
d definitions 
ase pixel-wis
oducts/ sate
e sense of “t
shold”, resp
a multi-categ
below.   

gainst a cont

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
16/46 

performed. 

validated ag
analysis, 
 of each sco
se, in “yes, t

ellite images 
the value is 
ectively. Mu
gory skill sc

trol setup o

/SCI/VR/EX
uary 2022

-VR-EXIM_v

 

gainst 

ore 
the event 

greater 
ulti-
ore was 

r against 



 

For quic

persisten

To calcu
frequenc
alarms (
lead tim
averagin

The use
see https

Table

2.3.1 P

The pro
was corr

2.3.2 F

The fals
did not o

It is defi

             
1 Jolliff
Atmosph

 

ck navigation

nce. As state

ulate dichot
cy of foreca
(b), misses (

me (+15, +30
ng over the w

d scores are
s://www.caw

e 4: Conting

POD 

bability of d
rectly foreca

FAR 

se alarm rati
occur. This s

ined as: 

                   

fe, I.T., and
heric Scienc

Scientif
Extrap

n go to: Tab

ed above, th

tomous scor
asts and occu
(c) and corre
0, +45, +60 m
whole doma

e defined as 
wcr.gov.au/p

 

 

 

 

 

forecast 

gency table s

detection (P
asted. This s

io (FAR) an
score ignore

                   

d D.B. Step
ce. 2nd Editi

fic and Validati
olated Imagery

NWC/G

ble of conten

reshold accu

res, one star
urrences in 
ect negatives
min) and res
ain. 

described in
projects/veri

 yes

yes a 

hits

no c  

mis

total a +

obs
yes

howing freq

POD) answe
score is goodܱܲܦ ൌ ܽ
swers the qu
es misses an

ܴܣܨ ൌ  ܽ
phenson, 20
ion.  Wiley a

ion Report for t
y Processor of th
GEO 

nts 

uracy is bein

rts with a c
the domain 
s (d). Such a
sulted in a se

n the follow
ification/ or

 

obse

s no

s 

b 

fals
alar

sses 

d 

cor
neg

+ c 

served 
s 

b +

obs
no

quency of “y

ers the quest
d for rare evܽ ܿ          Ra
uestion wha

nd is good fo

ܾܽ  ܾ         Ra

012: Forecas
and Sons Lt

the 
he 

Code
Issue
 
File:N
Page

ng “on avera

contingency 
and their jo
a contingenc
et of scores 

wing. For a m
Jolliffe and 

rved 

tota

se 
rms 

a +

fore

rrect 
gatives

d +

fore

+ d 

served 

n =
a +

tota
yes” and “no

tion what fra
vents but ignange ሾ0,1ሿ.
at fraction of
or rare event

ange ሾ0,1ሿ.

st Verificati
td, 274 pp. 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

age better th

table (Tabl
oint distribut
cy table was
for each lea

more compre
Stephenson

al 

b 

ecast yes 

+ d 

ecast no 

= 
 b + c + d

al 
o” forecasts

action of ob
nores false al

f predicted “
s. 

ion: A Prac

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
17/46 

han persisten

le 4) that sh
tion of hits 
s produced f

ad time and t

rehensive de
n1 (2012). 

s and occurr

bserved “yes
larms. 

“yes” events

actitioner's G

/SCI/VR/EX
uary 2022

-VR-EXIM_v

nce. 

hows the 
(a), false 
for every 
time step 

escription 

rences. 

s” events 

s actually 

Guide in 



 

For quic

2.3.3 P

The pro
what fra
misses. 
number 

2.3.4 C

The crit
forecast
correct n

2.3.5 P

The Pei
discrimi
“no” eve
defined 

If PSS i
has som

Table

 

 

ck navigation

POFD 

obability of 
action of ob
Note that it
of false alar

CSI 

tical success
ed “yes” ev
negatives ha

PSS 

irce Skill Sc
inant (HK), 
ents. PSS is
as:  ܲ
s greater tha

me skill.  

 

 

 

Forecasted
category 

e 5: Multi-ca

Scientif
Extrap

n go to: Tab

false detecti
bserved “no”
t can be art
rms. 

s index (CS
vents corresp
ave been rem

core (PSS), 
answers the

s a measure 

ܲܵܵ ൌ ܦܱܲ
an zero, the 

d 

i, j 1 

1 n

2 n

… …

K n

Total N
ategory cont

 

fic and Validati
olated Imagery

NWC/G

ble of conten

ion (POFD)
” events we
tificially imp

ܦܨܱܲ ൌ  ܾ
I), also den

pond to obse
moved. ܫܵܥ ൌ  ܽ 

also known
 question ho
of skill obta

െ ܦܨܱܲ ൌ
number of h

2

(F1, O1) n

(F2, O1) n

… …

(FK, O1) n

N(O1) N
tingency tab

v

ion Report for t
y Processor of th
GEO 

nts 

), also called
ere incorrect
proved by iܾܾ  ݀         R

noted threat 
erved “yes” 

 ܾܽ  ܿ         R
n as true sk
ow well the 
ained by the

ൌ  ܽ݀ െ ܾሺܽ  ܿሻሺܾ
hits exceeds

 

Observe

2 

n(F1, O2) 

n(F2, O2) 

… 

n(FK, O2) 

N(O2) 
le showing f
various bins

the 
he 

Code
Issue
 
File:N
Page

d false alarm
tly forecaste
issuing fewe

Range ሾ0,1ሿ.
score (TS) 
events. It ca

Range ሾ0,1ሿ
kill statistic
forecast sep

e difference bܾܾܿ  ݀ሻ         R
the number

ed category

… 

… n

… n

… 

… n

… N
frequency of
s. 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

m rate (F) a
ed as “yes”
er “yes” for

answers the
an be though

. 
(TSS) or H

parates the “y
between PO

Range ሾെ1,1
r of false ala

K 

n(F1, OK) 

n(F2, OK) 

… 

n(FK, OK) 

N(OK) 
f forecasts a

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
18/46 

answers the 
. This score

recasts to re

e question h
ght of accura

Hanssen and
yes” events 

OD and POF

1ሿ. 
arms and the

Total 

N(F1) 

N(F2) 

… 

N(FK) 

 
and occurren

/SCI/VR/EX
uary 2022

-VR-EXIM_v

question 
e ignores 
educe the 

how well 
acy when 

Kuipers 
from the 

FD and is 

e forecast 

nces in 



 

For quic

Two pro
products

- C
- C

“

For thos
continge
PSSmc is

 

 

ck navigation

oducts are m
s are: 

Cloud Type
Cloud Micr
“liquid”, “ic

se, a multi-c
ency table (
s defined as:

ܲܵܵ

Scientif
Extrap

n go to: Tab

multi-categor

 (CT), with 
rophysics’ s
ce”, “mixed”

categorical v
(Table 5) sh
: 

 ൌ 1ܰ ∑ୀଵ
 

fic and Validati
olated Imagery

NWC/G

ble of conten

ry forecasts 

15 different
sub-product 
”, “cloud-fre

variant of the
howing the 

݊ሺܨ ܱሻ െଵ 1 െ 1ܰଶ ∑

ion Report for t
y Processor of th
GEO 

nts 

and therefo

t cloud types
cloud phas

ee”, and “un

e PSS was u
frequency 1ܰଶ ∑ ܰሺୀଵ∑ ሺܰሺ ܱሻୀଵ ሻ

the 
he 

Code
Issue
 
File:N
Page

ore need to b

s; 
se (CMIC p
n-defined”. 

used (PSSmc)
of forecasts

ሻܰሺܨ ܱሻ ଶ   

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

be treated sl

phase), with

). This meth
s and occur

     Range ሾെ

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
19/46 

lightly differ

h the five ca

hod also star
rrences of e

െ1,1ሿ. 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

rent. The 

ategories 

rts with a 
each bin. 



 

For quic

3. RE

Results 

- C
- E
- E

are discu

3.1 CO

Products
validate

Evaluati
initial st
all lead 
than per

3.1.1 C

The pro
forecast
threshol

EXIM’s 
Figure 3
all cases
FAR is 
cloudine
improve
where F
Similar 
greater 0
greater 
persisten
stronger

Qualitat
and an i
and PSS
pronoun
FAR are

 

ck navigation

SULTS 

for all three 

Comparison
Evaluation o
Evaluation o

ussed in this

OMPARISO

s newly add
d in the follo

ions present
tate at lead t
times will b

rsistence. 

CTTH effe

oduct CTTH 
ed by EXIM
lds for which

forecast for
3.1. POD is 
s for an effe
reduced by 

ess threshold
ement of for
FAR is redu
to FAR, ski
0.3 and lead
is the perc

nce. Percent
r pronounced

tively, the bi
increase of 
S reach up t
nced with de
e of an order

Scientif
Extrap

n go to: Tab

 evaluation 

n against per
of CTTH Fil
of including

s chapter. 

ON AGAINS

ded to EXIM
owing.  

ted in this 
time +0 min
be compare

ctiv: Cloud

H effectiv has
M. CTTH effe
h dichotomo

r CTTH effe
improved in
ective cloud
EXIM in th

ds greater 0
recasts of EX
uced by EXI
ll of POFD 

d times 15 an
centage of 
tages of imp
d for shorter

iggest impro
PSS for tra

to a reductio
ecreasing ef
r of magnitu

fic and Validati
olated Imagery

NWC/G

ble of conten

aspects, 

rsistence,  
lter,  

g WV vector

ST PERSIST

IM and prod

chapter are 
nutes, which
d with. Req

d Top Tem

s been added
fectiv provid
ous scores w

ectiv improv
n forecasts o
diness greate
he majority 
0.3. This is v
XIM only sta

XIM, rises up
is improved
nd 30. The g
cases wher

proving cas
r lead times 

ovements ac
nsparencies 
on and an in
ffective clou
ude smaller, 

ion Report for t
y Processor of th
GEO 

nts 

rs, 

TENCE  

ducts that u

evaluated 
h will be kep
quirement fo

mperature 

d in NWC/G
des effective
were derived 

ves the score
of EXIM com
er 0.3. This 
of the cases
valid for all
arts with thr
p to above 
d in the majo
greater the c
re forecasts
ses rise up t
than it is for

chieved by f
 greater 0.3
ncrease, resp

udiness and 
ranging from

the 
he 

Code
Issue
 
File:N
Page

underwent a

against pers
pt and with 
or EXIM’s f

and Heigh

GEO v2021
e cloudiness 

are: 0.1, 0.2

es compared
mpared to p
improveme

s (more than
l lead times,
eshold great
95 % with 
ority of all c
chosen thres
s of EXIM
to 95 %. Th
r greater lea

forecasts of
3 (Figure 3.2
pectively, b
increasing l
m just above

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

a change in 

sistence. Pe
which the f

forecasts is t

ht – effectiv

 to the rang
values rang

2, 0.3, 0.4, 0

d to persisten
ersistence in
nt is observ
n 50 %), lik
, except lead
ter 0.4. The 
increasing e
ases for tran
hold of effe

improve P
he improvem
d times. 

EXIM are a
2). The impr
by 0.1. The i
lead time. C
e 0 to 0.05. 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
20/46 

their algor

ersistence m
forecasts of 
to gain bette

ve cloudine

ge of produc
ging from 0 
0.5, 0.6, 0.7, 

ence, as illus
n more than
ved at all lea
ke POD for 
d time 60 w
percentage 

effective clo
nsparency th
ective cloudi
POFD comp
ment of all 

a reduction o
rovements o
improvemen

Changes of P

/SCI/VR/EX
uary 2022

-VR-EXIM_v

rithm are 

means the 
EXIM of 
er scores 

ess 

cts being 
to 1; the 
0.8, 0.9. 

strated in 
n 95 % of 
ad times. 
effective 

where the 
of cases, 

oudiness. 
hresholds 
iness, the 
pared to 
scores is 

of POFD 
of POFD 
nt is less 
POD and 



 

For quic

Figure
their c

FA

Figure 
details

0

3.1.2 P

PCPh is
algorithm
consider
to 81 % 

Forecast
Figure 3
scores t
threshol
FAR and
threshol
keep in 
left at th

 

ck navigation

e 3.1 Freque
counterparts
FAR, bottom 

3.2 Relative
s regarding 
0.2, 0.3, 0.4

PCPh: Prec

s one of the
m. Due to t
red. PCPh p
with a step 

ts of EXIM 
3.3. With a 
than persist
ld 81 %, the 
d significan
ld 81 % to 7
mind that “

hreshold 81 %

Scientif
Extrap

n go to: Tab

ency of case
 for persiste
left: POFD,

e operating c
the interpre

4, 0.5, 0.7, 0.

cipitating C

e two produ
the nature o
provides pre
width of 10

M for PCPh 
focus of pr
tence in m
number of 

tly lower fo
75 % and w
“yes” events
%, and actua

X X 

fic and Validati
olated Imagery

NWC/G

ble of conten

es where sco
ence. Lead ti
, bottom righ

d

characterist
tation of this
8, 0.9. Each

Clouds fro

ucts that in 
of the produ
ecipitation p
.  

improve the
recipitation p

more than 95
cases in wh
r POD. The 

with increasin
s decrease w
al hits may o

ion Report for t
y Processor of th
GEO 

nts 

ores of the fo
ime vs. thres
ht: PSS. Blu
degradation

tic (ROC) cu
is plot, pleas
h threshold 0

om Cloud P

NWC/GEO
uct, only da
probabilities 

e scores com
probabilities
5 % of all 
hich EXIM o
 percentage 
ng lead tim

with increasi
occur at rand

the 
he 

Code
Issue
 
File:N
Page

orecasts of C
shold catego
ue values sho
n. 

urve for CTT
se see Appen
0.1 is marke

Physical Pr

O v2021 und
aytime (betw

given in pe

mpared to p
s greater tha
cases for 

outperforms
of improvin

mes down to
ing threshol
dom. 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

CTTH effecti
ories. Top lef
ow an impro

TH effectiv. P
ndix 6.1. Thr
ed with X for

roperties  

derwent a su
ween 06 and
ercentages an

pure persiste
an 11 %, EX
both, POD
persistence 

ng cases dec
50 %, respe

ds, so only 

X

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
21/46 

 
iv are greate
eft: POD, top
ovement, red

POFD vs PO
reshold rang
r orientation

ubstantial c
d 18 UTC) h
and range fro

ence, as dep
XIM achiev

D and FAR
is slightly l

creases at pr
ectively. On
very few co

X X 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

er than 
p right: 
d a 

 
OD. For 
ge: 0.1, 
n. 

hange in 
has been 
om 11 % 

picted in 
ves better 
R. Above 
lower for 
obability 
ne has to 
ounts are 



 

For quic

Qualitat
about 0.
slightly 
many “y
greater a

F
co

impro

 

ck navigation

tively, POD
1 (Figure 3.
higher for g

yes” events 
and equal 71

Figure 3.3 Fr
ounterparts f
ovement, yel

Scientif
Extrap

n go to: Tab

’s and FAR
.4) with the 
greater PCP
(threshold 

1 %). Probab

requency of 
for persisten

llow improve

fic and Validati
olated Imagery

NWC/G

ble of conten

’s skill impr
improvemen

Ph probabilit
11 %) and a
bilities from

f cases where
nce. Lead tim
ements and d

ion Report for t
y Processor of th
GEO 

nts 

roves in fore
nt being slig
ties. Foreca
a slight bias

m 21 to 61 %

e forecast sk
me vs. thres
degradation

the 
he 

Code
Issue
 
File:N
Page

ecasts of EX
ghtly lower 
asts of EXIM
s towards to

% are bias-fre

kills for PCP
shold catego
ns of the sam

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

XIM compar
for low PCP

M have a sm
oo few “yes
ee. 

Ph were grea
ories. Blue va
me amount, r

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
22/46 

red to persis
Ph probabili

mall bias tow
s” events (th

 
ater than the
alues show a
red a degrad

/SCI/VR/EX
uary 2022

-VR-EXIM_v

stence by 
ities, and 

wards too 
hresholds 

eir 
an 
dation. 



 

For quic

Figur
precipit

prob

3.1.3  C

CRRPh 
change 
microph
threshol
9., 10., 1

Forecast
cases, fo
Figure 3
percenta
the amo
forecast
With in
amount 

Qualitat
of about
0.15 (Fi

 

ck navigation

re 3.4 Perfo
tation proba
bability 71. F

CRRPh: C

is the seco
in algorithm

hysical infor
lds for which
11., 21. mm/

ts of EXIM 
orecasts of E
3.5. The hig
ages of cases
ount of case
s of EXIM. 

ncreasing thr
of the cases

tively, foreca
t 0.1. Greate
igure 3.6). F

Scientif
Extrap

n go to: Tab

ormance diag
ability 31. Bo
For details a

Convective 

ond of the t
m. The produ
rmation suc
h dichotomo
/h. 

for CRRPh 
EXIM perfor
gher the thre
s improving

es that impro
FAR impro

resholds an
s that improv

asts of EXIM
er thresholds

Forecasts of 

fic and Validati
olated Imagery

NWC/G

ble of conten

gram for PC
ottom left: p
about the in

Rainfall R

two product
uct estimate
h as cloud 
ous scores w

improve PO
rm better tha
esholds and 
g decrease w
ove POD dr
oves in mor
nd lead time
ve drops to 8

M for CRRPh
s with short
EXIM for C

ion Report for t
y Processor of th
GEO 

nts 

CPh. Top lef
precipitation
terpretation

Rate from C

ts that in N
es rain rates
top effectiv

were derived

OD compar
an persistenc
lead times,

with increasin
drop below 5
re than 95 %
es, the impr
80 % (see Fi

Ph add value 
t lead times 
CRRPh have

the 
he 

Code
Issue
 
File:N
Page

ft: precipitat
n probability
n of these plo

Cloud Phy

NWC/GEO 
 from conve

ve radius an
d were chos

ed to persis
ce at thresho
 the less pr
ng lead time
50 % – pers

% of all case
rovement is
igure 3.5). 

to POD and
improve FA

e a slight bia

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

tion probabi
y 51, bottom 
ots, please se

ysical prop

v2021 unde
ective cloud
nd cloud op
en as: 1., 2.

tence. In mo
olds below 5
onounced is

es. At thresh
sistence prev
es up to a th
s getting les

d FAR by an
AR even slig
as towards t

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
23/46 

ility 11, top 
m right: preci

ee Appendix

erties 

erwent a su
ds through c
ptical thickn
., 3., 4., 5., 6

ore than 95 
5 mm/h, as v
s the improv

holds above 
vails value 
hreshold of 
ss pronounc

n order of m
ghtly more, 
too few “yes

/SCI/VR/EX
uary 2022

-VR-EXIM_v

 
right: 
ipitation 
x 6.2. 

ubstantial 
cloud top 
ness. The 
6., 7., 8., 

% of all 
visible in 
vement - 
10 mm/h 
over the 
6 mm/h. 

ced. The 

magnitude 
by about 
s” events 



 

For quic

at thresh
POD an

Figure 3
score

improv

Fig

3.2 EV

The CTT
filtering
level fro
extrapol
from the
stemmin
chosen, 
100 hPa
product 

 

ck navigation

holds of 5 m
nd FAR is gr

3.5 Frequen
es. Lead tim
vement and d

gure 3.6 Perf

VALUATIO

TH filter ha
g of pixels b
om a high-le
lated by EX
e same layer
ng from a c

a lower lev
a. The follo
will be eval

Scientif
Extrap

n go to: Tab

mm/h or grea
reater. 

cy of cases w
e vs. thresho
degradation

rformance di

ON OF CTT

as been intro
by height. U
evel or select
XIM using th
r as the pixe

completely d
vel reaching
wing analy
luated separa

fic and Validati
olated Imagery

NWC/G

ble of conten

ater and the 

where forec
old categori
ns of the sam

POFD,

iagram for C
precipita

TH FILTER

oduced to EX
Up to two lay

ting a specif
he closest s
els do. The 
different he
g from 900 
sis will com
ately in the f

ion Report for t
y Processor of th
GEO 

nts 

lead times 

casts for CRR
ies. Blue val

me amount. T
, bottom righ

CRRPh. Left
ation intensit

R 

XIM as a ne
yers can be 
fic layer of i
set of atmos
idea is to av
ight. For th
to 500 hPa

mpare mode
following. 

the 
he 

Code
Issue
 
File:N
Page

15 and 30. H

RPh greater
lues show an
Top left: PO
ht: PSS. 

ft: Precipitat
ty 5 mm/h 

ew feature in
defined by 

interest. Wit
spheric mot
void an extr

his validatio
a and an upp
el setups as

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

However, th

r than its per
n improveme

OD, top right

tion intensity

n NWC/GEO
the user, se

th the filter i
tion vectors 
rapolation o
n report, tw
per level re
s listed in C

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
24/46 

he positive im

 
rsistence for
ent, yellow v
t: FAR, botto

y 1 mm/h, rig

O v2021, al
eparating e.g
in use, pixel

s (AMVs) s
of pixels wit
wo layers ha
eaching from
Chapter 2.1

/SCI/VR/EX
uary 2022

-VR-EXIM_v

mpact of 

r the four 
values 
om left: 

 
ght: 

lowing a 
g. a low-
ls will be 
temming 

th AMVs 
ave been 
m 501 to 
.2. Each 



 

For quic

3.2.1 T

The infr
brightne
with hig
such as 
Figure 3
the high
And for
250 K o
rather no
overall 
POFD o
filter" ha
to the fa

The two
("High, 

The fore
BTs and

Figure

3.2.2 T

The infr
BT. The
inspectin
280 K. A
values i
negligib
setups c

Like IR
BT’s as
with filt
forecast

 

ck navigation

Thermal C

rared channe
ess temperat
gh altitudes, 
semi-transp

3.7. The low
h-level pixel 
r the high-le
outperform l
ot associate
decrease of

of "Low, wit
as low valu

act that their 

o setups tha
no filter") A

ecasts by se
d slightly los

e 3.7 ROC c
240, 25

Thermal C

rared chann
e behaviour
ng the score
At daytime 
in the forec
ble. When fo
ompared to 

108, the tw
ssociated wi
ter” perform
s of “High, w

Scientif
Extrap

n go to: Tab

hannels: I

el with wave
ture (BT). IR

while high 
arent clouds

w-level pixel
extrapolatio

evel pixel ex
low-level pi
d with, the 

f scores with
th filter" has
es for high 
sample size

at extrapolat
AMVs have 

etup “2-laye
se skill for g

urve for IR1
50, 260, 270

hannels: I

el with wav
r is similar

es in Figure 
and for the

casts of all 
ocussing on
an all-day-t

o setups “L
ith heights o
ms worst. A
with filter” r

fic and Validati
olated Imagery

NWC/G

ble of conten

nfrared IR

elength 10.8
R108 is stro
BTs usually

s. With the f
l extrapolati
on ("High, w
xtrapolation
ixel extrapo
setups perfo
h increasing
s high value
BT. Both se

e is smaller o

te all pixels
a skill close

er, with filte
greater BTs.

108. Left: lea
0, 280 K. Eac

nfrared IR

velength 3.8
r as for IR1
3.8. “Low, w
lowest thre

setups (not 
n night time 
time analysis

Low, with fi
outside their

At its best s
reach simila

ion Report for t
y Processor of th
GEO 

nts 

R108 

8 µm (IR108
ongly height 
y indicate lo
filter in use, 
ion ("Low, 
with filter") 

this is the 
olation. As e
orm way wo
g lead time
es for low B
etups with f
or caused by

s with eithe
est to the con

er” compete 

ad time 15, r
ch 230 K is 

R38 

8 µm (IR38) 
108. The h
with filter” h
eshold, there

shown), w
only, POFD

s. 

ilter” and “H
r layer. But
scenario, wh
ar skill as the

the 
he 

Code
Issue
 
File:N
Page

8) is evaluat
dependent. 

ow altitudes
scores vary
with filter")
for BTs gre
other way a
expected, fo
orse than all 
s but patter
T reaching u

filter never p
y the chosen

er just low 
ntrol setup’s

very well w

right: lead t
marked with

is evaluate
height depen
has huge PO
e is a gener

which is due
D is greatly

High, with f
t also, withi
hich is at l
e control set

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

ed in the ran
Low BTs a

s, however t
y strongly wi
) starts to h
ater 270 K (

around: Resu
or those BTs

of the other
rn and beha
up to 1 and 
perform best
n boundaries

("Low, no 
.  

with control

time 60. Thre
h X for orien

d in the ran
ndency is c
OFD values f
ral tendency
e to sun illu
y reduced in

filter” are p
in their asso
ead time 15
tup. 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
25/46 

nge of 230 t
are rather co
there are ex
ith BTs, as v

have better s
(second high
ults for BTs
s the two se
r setups. Th

aviour are th
POD of "H
t. This migh

s. 

filter") or j

l’s forecasts

reshold rang
ntation. 

nge of 250 t
clearly visib
for BTs sma

y of a too bi
umination n
n the forecas

performing w
ociated laye
5 and for l

/SCI/VR/EX
uary 2022

-VR-EXIM_v

to 280 K 
orrelating 
ceptions, 
visible in 
skill than 
hest BT). 
s smaller 
etups are 
here is an 
he same. 
igh, with 
ht be due 

just high 

s for low 

 
ge: 230, 

to 280 K 
ble when 
aller than 
ig POFD 

not being 
sts of all 

worst for 
er, “Low, 
ow BTs, 



 

For quic

Similar 

The fore
slightly 
layer. 

IR38 is 
sun illum
filter du
analysis

Figur

3.2.3 V

The visi
value ra
to the na

The RO
superior
of “Low
“High, w
of “Low
reflectiv
reflectiv
the usag
lead tim

The high
different
all setup
about 0.
events d
with filt
towards 
the othe

 

ck navigation

as for IR108

ecasts of se
loses skill 

especially u
mination is 
ue to the lo
s. 

re 3.8 ROC c
26

Visible Cha

ible channe
ange 9, 15, 2
ature of this 

C curve (see
r option. Th
w, with filte
with filter” b
w, no filter”
vity range (s
vity range, th
ge of the filt

mes.  

her the refle
t setups till 

ps except “L
1 at the high

decreases w
ter" are for a

too few “ye
r setups, as 

Scientif
Extrap

n go to: Tab

8, the contro

tup “2-layer
at high BTs

used at nigh
not negligib

ower bound

curve for IR3
60, 270, 280

annels: VIS

l with wave
20, 30, 40, 50

channel.  

e Figure 3.9
e usage of t
r” degrade 
by 0.25. Wh
” is of the 
ee left graph
here is a bia
ter compared

ectivity thres
there is no 

Low, with fil
hest reflectiv

with increasin
a reflectivity
es”-events. A
depicted in 

fic and Validati
olated Imagery

NWC/G

ble of conten

ol setup has h

r, with filter
s, which is 

ht to detect f
ble at this w
ary being 9

38. Left: lea
0 K. Each 25

S 06 

elength 0.6 µ
0. Only day 

9) illustrates 
the filter deg
compared to

hile setup “H
same quali

h in Figure 3
s towards to
d to the setu

sholds, the s
difference a
ter”. POD o
vity thresho
ng reflectiv

y threshold o
At threshold
Figure 3.10.

ion Report for t
y Processor of th
GEO 

nts 

highest scor

r” have sim
most likely

fog and very
wavelength). 
900 hPa, wh

ad time 15, r
50 K is mark

µm (VIS06)
y time, define

that using a
grades POFD
o control fo
High, no filt
ity as the f
3.9), POD is
oo many “ye
ups without 

smaller is the
at all. The d
of “Low, wit
lds (Figure 

vity threshol
of 40 bias-fr
ds above 40,
. 

the 
he 

Code
Issue
 
File:N
Page

res for high B

milar high sc
y due to the

y low cloud
Those migh

hich should 

right: lead ti
ked with X fo

) is evaluate
ed as 06 –18

all AMVs fo
D for low re
or POFD by
ter” also slig
forecasts of
s for all setu
es”-events. T
the filter. A

e difference
differences in
th filter” is l
3.9). The m
lds. Only th
ree, at thresh
, CSI of “Lo

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

BTs. 

ores as con
 chosen low

ds (less usef
ht be missed
be kept in

ime 60. Thre
for orientatio

ed for reflec
8 UTC, has b

or all pixels (
eflectivity v

y up to 0.4 
ghtly decrea
f the contro
ups fairly the
This bias is s
nd the bias 

of POFD in
n POD are f
ower than fo
entioned bia

he forecasts 
holds above 
ow, with filt

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
26/46 

ntrol at low 
wer boundar

ful at daytim
d by the set

n mind for 

eshold range
on. 

ctivity value
been consid

(control setu
values; The 
and the for

ases POFD, 
ol setup. In 
e same. Also
slightly incr
increases fo

n the forecas
fairly small 
or “control”
as of too ma

of the setu
40 the bias 

ter” is lower

/SCI/VR/EX
uary 2022

-VR-EXIM_v

BTs and 
ry of the 

me as the 
tups with 
a winter 

 
e: 250, 

es of the 
dered due 

up) is the 
forecasts 
ecasts of 
forecasts 
the low 

o for low 
reased by 
or greater 

sts of the 
between 
 by up to 

any “yes” 
up “Low, 
switches 

r than for 



 

For quic

For shor
the fore
perform

Overall,
the lowe

 

Figure 

Fig

3.2.4 V

The vis
reflectiv
defined 

The fore
do for 
reflectiv
control. 

 

ck navigation

rt lead time
ecasts of “L

ms second wo

, the forecas
est FAR and

3.9 ROC cu
20, 

gure 3.10 Pe

Visible Cha

sible channe
vity=9, 15, 2
as 06 – 18 U

ecasts of the
VIS06. The

vity threshol
POD is not

Scientif
Extrap

n go to: Tab

s, the foreca
ow, with fil
orst. 

sts of contro
d POFD, and

urve for VIS
30, 40, 50. 

rformance d

annels: VIS

el with wa
20, 30, 40, 5
UTC.  

e different se
e control se
lds, the fore
t at all or on

fic and Validati
olated Imagery

NWC/G

ble of conten

asts of setup
lter”; for gr

ol and "Low
d the smalles

06. Left: lea
Each thresh

diagram for 
reflect

S 08 

avelength 0.
50. Similar 

etups for VIS
etup and “L
ecasts of set
nly slightly a

ion Report for t
y Processor of th
GEO 

nts 

p “2-layer, w
reater lead t

w, no filter" 
st bias.  

ad time 15, r
hold 9 is mar

VIS06. Left
tivity thresh

.8 µm (VIS0
to VIS06, V

IS08 show ve
Low, no fil
tups with fi
affected. On

the 
he 

Code
Issue
 
File:N
Page

with filter” 
times the fo

are perform

right: lead ti
rked with X

: for reflecti
old 40. 

08) is eval
VIS08 has be

ery similar b
ter” are the
ilter have an
nly for forec

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

are perform
orecasts of “

ming best wi

ime 60. Thre
for orientat

ivity thresho

luated for t
een evaluate

behaviour in
e two super
n increased 
casts of setu

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
27/46 

ming similarl
“2-layer, wi

ith the highe

eshold range
tion. 

old 15, right

the thresho
ed only at d

n their score
rior setups.
POFD com

up “Low, wi

/SCI/VR/EX
uary 2022

-VR-EXIM_v

ly bad as 
th filter” 

est POD, 

 
e: 9, 15, 

 
: for 

ld range 
day time, 

es as they 
 At low 

mpared to 
ith filter" 



 

For quic

POD is 

From Fi
time 45 

Similarl
control r

Forecast

Figure 3

Fig

3.2.5 C

The prod

The eva
a height
dedicate
dedicate
height 
“misses”

 

ck navigation

decreased b

igure 3.12 o
and 60.  

ly to VIS06, 
run. 

ts of the con

3.11 ROC c
20, 

gure 3.12 Pe

CMA: Clou

duct Cloud M

aluation reve
t assigned, 
ed height an
ed height. A
filtering pr
” (c). Witho

Scientif
Extrap

n go to: Tab

y up to 0.1 (

ne can tell, 

 forecasts o

ntrol setup an

urve for VIS
30, 40, 50. 

rformance d

ud Mask 

Mask (CMA

ealed that the
they cannot

nd will there
As a conseq
rocess. This
out counts in

fic and Validati
olated Imagery

NWC/G

ble of conten

(see Figure 3

there is a bi

f setup “2-l

nd "Low, no

S08. Left: lea
Each thresh

diagram for
reflect

A) has the tw

e CTTH filt
t be allocat
efore be ext
quence, pixe
s results in

n the categor

ion Report for t
y Processor of th
GEO 

nts 

3.11). 

ias towards 

layer, with f

o filter" have

ad time 15, r
hold 9 is mar

VIS08. Left
tivity thresh

wo categories

ter cannot be
ted to one o
trapolated. H
els without 
n a compl
ries c and d,

the 
he 

Code
Issue
 
File:N
Page

too many “

filter” canno

e overall the

right: lead t
rked with X

: for reflecti
old 40. 

s, cloudy (1)

e evaluated 
or another l
However, no
height assi

lete lack o
, scores cann

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

yes”-events 

ot compete w

e best scores

time 60. Thre
for orientat

ivity thresho

) and non-cl

for CMA. A
layer. Cloud
on-cloudy p
gnment wil

of “correct 
not be comp

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
28/46 

s in all setup

with forecas

s of all setup

reshold rang
tion.  

old 15, right

loudy (0). 

As not all pix
dy pixels do
pixels do no
ll be rejecte

negatives”
puted. There

/SCI/VR/EX
uary 2022

-VR-EXIM_v

ps at lead 

sts of the 

ps. 

 
ge: 9, 15, 

 
: for 

xels have 
o have a 
ot have a 
ed in the 

(d) and 
efore, the 



 

For quic

model v

The com
scores to
strongly
than con

Figur

3.2.6 C

Product 
categori
clouds (
clouds (
moderat
above l
categori
With the
conclusi
other set
categori
improve
zero. An
while ot
setups’ a
all. The 
category
with the

Setup “2
forecast
(Figure 
the fore
setups h
types, on

 

ck navigation

versions "Lo

mparison of t
ogether with

y driven by l
ntrol and “Lo

re 3.13 ROC

CT: Cloud 

Cloud Typ
ies are cloud
5), low clo
9), fractiona
tely thick c
low or med
ical score PS
e holistic po
ion that ”co
tups outperf
ies separate
e POD (Figu
nd forecasts
ther categor
are rejected
surface typ

y 10 which 
e usage of th

2-layer, with
s of catego
3.15). Howe

ecasts of “2-
highly varies
ne of the filt

Scientif
Extrap

n go to: Tab

w, with filte

the remainin
h the foreca
low AMVs 
ow, with filt

C curve for C

Type 

pe (CT) is 
d-free land 
ouds (6), m
al clouds (1
clouds (12), 
dium cloud
SSmc has bee
oint of view 
ntrol” contin
forms ”contr
ly shows a
ure 3.15) at 
s of “High, 
ries are zero
. Furthermo
pes (1, 2, 3 a
has no dedi

he filter, the m

h filter” ‘ch
ories 5 - 7, 1
ever, there a
-layer, with
s for the diff
ter setups co

fic and Validati
olated Imagery

NWC/G

ble of conten

er" and "Hig

ng setups sh
asts of “Low

since the se
ter”, even th

CMA. Left: l
marked w

one of the
(1), cloud-f

mid-level clo
0), high sem
high semi-

s (14), high
en computed
of this evalu
nues to be t
rol” in the m
a more com
low cloud t
with filter” 

o or close to
re, some of 
and 4) get l
icated heigh
majority of t

erry-picks’ 
11, 12, and
are categorie
 filter”, suc

fferent cloud
ould become

ion Report for t
y Processor of th
GEO 

nts 

gh, with filte

hows that the
w, no filter”.
etup “High, 
hough the di

lead time 15
with X for or

e two mult
free sea (2),
ouds (7), hi
mi-transpare
-transparent
h semi-tran
d in addition
uation, the ti
the best opti

multi-categor
mprehensive 
types (5 - 7)
 improves P
o zero. CTs
f the CTs can
lost in the f

ht. And even
the CTs deg

the improve
14 are eve

es that not o
ch as catego
d types. Only
e a reasonab

the 
he 

Code
Issue
 
File:N
Page

er" will not b

e forecasts o
. (see Figure
no filter" h

fferences ar

5, right: lead
rientation. 

i-categorica
 snow over
gh opaque 
ent thin clo
t thick clou
sparent abo

n to the other
ime series o
ion for this 
rical score. A

picture. F
), while fore
POD at high
 from the re
nnot be assi
forecast of a
n though sin
grade in eith

ements from
en to or g
only degrade
ories 1 - 4 o
y if a user h
le choice. 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

be listed in th

of control set
e 3.13). CMA

has overall s
e marginal. 

d time 60. Ea

al products 
r land (3), se

clouds (8), 
uds (11), hi

uds (13), hig
ove snow ic
r scores. 
f PSSmc (Fig
product. Ne
A look at th
orecasts of 

ecasts of all 
h cloud type
espectively 
gned to one
all setups w
ngular CTs 
er one of the

m the two ot
ain skill co
e but have a 
or 10.  The 
has an intere

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
29/46 

his chapter. 

tup achieves
MA seems to 
slightly wors

ach threshol

in this rep
ea ice (4), v
 very high
igh semi-tra
gh semi-tra
ce (15). Th

gure 3.14) al
either foreca
he scores list
f “Low, wit

other categ
es (e.g. 11, 
other layer 

e of the two 
with filter, as

might be im
e options.  

ther filter se
ompared to
complete fa
performanc

est in specifi

/SCI/VR/EX
uary 2022

-VR-EXIM_v

s the best 
be more 

se scores 

 
ld 0 is 

port. The 
very low 

h opaque 
ansparent 
ansparent 
he multi-

llows the 
ast of the 
ted by all 
th filter” 

gories are 
12, 14), 
than the 
levels at 

s well as 
mproving 

etups and 
o control 
all-out in 
ce of the 
fic clouds 



 

For quic

Figure 3

Figur

3.2.7 C

3.2.7.1 
Product 
of 1000 

 

 

ck navigation

3.14 Time se

re 3.15 Four

CTTH: Clo

Altitude (C

Cloud Top 
m to 10 000

           cat

          cate

Scientif
Extrap

n go to: Tab

eries of PSSm

r scores for 
FAR

oud Top T

CTTH alti)

Temperatur
0 m with 100

tegories 

egories 

fic and Validati
olated Imagery

NWC/G

ble of conten

mc for CT at 

CT listed pe
R, Bottom lef

emperatur

) 

re and Heigh
00 m interva

ion Report for t
y Processor of th
GEO 

nts 

t lead time 6

er category a
ft: POFD, bo

re and Hei

ht Altitude (
als. 

          ca

          ca

the 
he 

Code
Issue
 
File:N
Page

60. 

at lead time 
ottom right:

ght 

CTTH alti) 

ategories 

ategories 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

15. Top left
PSS. 

is evaluated

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
30/46 

ft: POD, top 

d for the heig

/SCI/VR/EX
uary 2022

-VR-EXIM_v

 

 
right: 

ght range 



 

For quic

The fore
visible i
left abov
are extra
POFD a
with filt
threshol
process.

Even th
forecast
FAR of 
towards 

The qua
threshol
since th
without 

Figur

3.2.7.2 
Product 
the rang

Forecast

Skill of 
0.2 and 
control a

 

ck navigation

ecasts of EX
in Figure 3.1
ve threshold
apolated by
and PSS are
ter” only sta
lds greater 7
.  

hough the fo
s of “2-laye
“2-layer, w
the filtering

ality drop vi
ld comes fro
ey are close
filter extrap

re 3.16 Four

Effective c

Cloud Top 
ge of 0.1 to 0

ts of EXIM f

POFD impr
slightly les

and is conti

Scientif
Extrap

n go to: Tab

XIM for CTT
16. For forec
ds of 5000 m
y EXIM for 
e zero and F
arts to sink b
7000 m. Thi

orecasts of “
er, with filte

with filter” ha
g process. 

isible in sco
om the chos
e to the surf
polate all pix

r scores for C
right: F

cloudiness 

Temperatur
0.9 with a ste

for CTTH eff

roves for for
ss at thresho
inuously dec

fic and Validati
olated Imagery

NWC/G

ble of conten

TH alti are s
casts of “Lo
m with both 
setup “Low

FAR doesn’t
below 1 abo
is result is e

“Low, with 
er” does com
ave a simila

ores of “Low
en lower bo

face and belo
xels of litera

CTTH alti li
FAR, Bottom

(CTTH eff

re and Heig
ep width of 

ffectiv are str

recasts of “H
olds greater 
creasing wit

ion Report for t
y Processor of th
GEO 

nts 

strongly resp
ow, with filte
h dropping to
w, with filter

t have any v
ove threshold
expected and

filter” and 
mpete very 

ar skill as co

w, with filt
oundary of 9
ow the chos

ally all availa

isted per cat
m left: POFD

fectiv) 

ght Effective
0.1.  

rongly heigh

High, with f
r 0.6. POD
th increasing

the 
he 

Code
Issue
 
File:N
Page

ponding to t
er", there is 
o 0.5 and 0.
r” at thresho
values. Con
ds of 5000 m
d confirms t

“High, with
well with f

ontrol, which

er” and “2-
900 hPa. So
sen lower bo
able heights

tegory at lea
D, bottom rig

e cloudiness 

ht dependen

filter” compa
of “High, w
g thresholds

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

the usage of
only little sk
4, respectiv

olds greater 
nversely, PO
m and PSS s
the function

h filter” nev
forecasts of 
h also confir

layer, with 
me pixels a
oundary. In 
. 

ad time 15. T
ght: PSS. 

(CTTH effe

nt.  

ared to cont
with filter” h

up to a ma

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
31/46 

f the filter, a
kill in POD 

vely. No pix
than 6000 m

OFD of setu
starts to gai

nality of the 

ver perform 
f “control”. 
rms the exp

filter” at th
at this height

contrary, th

Top left: PO

ectiv) is eva

trol by an av
has lower s

aximum of 0

/SCI/VR/EX
uary 2022

-VR-EXIM_v

as clearly 
and PSS 

xels at all 
m, POD, 
p “High, 
n skill at 
filtering 

best, the 
PSS and 
ectations 

he lowest 
t get lost 
he setups 

 
OD, top 

aluated in 

verage of 
skill than 
0.15. The 



 

For quic

skill of 
improve
of PSS i
increase
diagram
As POF
false ala
the fore
cloudine
reductio

Figure 
right: F

being 1 

Figur

 

ck navigation

f PSS is im
ement is gett
is lower com
ed at thresh

m (Figure 3.1
FD can artifi
arms, the im
ecast bias o
ess, while sk
on of POFD 

3.17 Four sc
FAR, bottom
at all thresh

re 3.18 Perfo

Scientif
Extrap

n go to: Tab

mproved by 
ting less pro

mpared to co
olds above 

18), one can 
icially be im

mprovement 
of “High, w
kill of POFD
can be inval

cores for CT
m left: POFD
holds implies

(an

formance dia

fic and Validati
olated Imagery

NWC/G

ble of conten

about 0.15
onounced at
ontrol (Figur

0.6 with a 
see a bias o

mproved by 
is less excit

with filter”
D at the ver
lidated by th

TTH effectiv
D, bottom rig
s that only v
nd therefore 

agram for CT

ion Report for t
y Processor of th
GEO 

nts 

5 at thresho
t thresholds 
re 3.17). Sk

a maximum 
of too few “y
issuing few

ting. Howev
is increasin
ry same thre
he bias. 

v listed per c
ight: PSS. P
values of the

assigned to)

TTH effectiv

the 
he 

Code
Issue
 
File:N
Page

olds up to 
above 0.5 a

kill of FAR f
of 0.05. W

yes” events 
wer “yes” for
ver, from Fig
ng with inc
esholds decr

category at l
OD and PO

e greatest thr
o) the low lay

ve. Left: Effe

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

0.5 compar
and at thresh
for “High, w

With a look 
for the setup
recasts to re
gure 3.18 on
reasing thre
reases. Ther

lead time 15
FD of setup
reshold (> 0
yer.  

ective cloudi

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
32/46 

red to cont
holds above 
with filter” is

at the perf
p "High, wit
educe the nu
ne can conc
esholds of 
refore, not a

5. Top left: P
p “Low, with
0.9) are extr

iness of 0.4,

/SCI/VR/EX
uary 2022

-VR-EXIM_v

trol. The 
0.8 skill 

s slightly 
formance 
th filter". 
umber of 
lude that 
effective 
all of the 

 
POD, top 
h filter” 
rapolated 

 
 right: 



 

For quic

3.2.8 C

The pro
products
multi-ca

The resu
series of
and “Hi
with filt

Scores l
5 for all
pixels o
categori
with filt
with filt
similar t
“High, w

With the
”control

 

ck navigation

CMIC: Clo

oduct cloud 
s. The categ
ategorical sc

ults of the t
f score PSS
gh, with filt

ter” are on av

listed per cat
l three setup

of those cate
ies 1 and 2 “
ter” skill of P
ter” skill of P
to “control”
with filter”, 

e holistic po
l” is the supe

Fig

Scientif
Extrap

n go to: Tab

oud Microp

microphysic
gories are liq
core PSSmc h

three setups 
mc, as depic

ter” degrade
verage lowe

tegory are sh
ps with filte
egories will
“control” co
PSS and FA
PSS and FA
. Skill of FA
respectively

oint of view
erior option.

gure 3.19 Tim

fic and Validati
olated Imagery

NWC/G

ble of conten

effectiv

physics 

cs phase (CM
quid (1), ice 
has been com

with filter 
cted in Figur
e by an order
er by 0.2.  

hown in Fig
er. Those tw
l not be ext
ontinues to p

AR decreases
AR decreases
AR and PSS
y. 

w of includin
.  

me series of 

ion Report for t
y Processor of th
GEO 

nts 

ve cloudiness

CMIC phase)
 (2), mixed 

mputed in ad

show a deg
re 3.19. For
r of 0.3 and 

gure 3.20. PO
wo categorie
trapolated w
perform bes
s strongly co
s slightly. In

S is worse co

ng all categ

f PSSmc for C

the 
he 

Code
Issue
 
File:N
Page

s of 0.8. 

) is the seco
(3), cloud-f

ddition to the

radation com
recasts of th
0.6, respect

OD, POFD 
es do not ha
when the fil
st. For setup
ompared to “
n category 3
ompare to co

gories and n

CMIC phase 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

ond of the tw
free (4), and 
e other score

mpared to “
he two setup
tively, and f

and PSS are
ave assigned
ter is switch
s “Low, wit
“control” an
, skill of “2-

ontrol for “L

not selecting

at lead time

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
33/46 

wo multi-ca
d un-defined
es.  

“control” in 
ps "Low, wi
forecasts of 

e 0 in catego
d heights. Th
ched on. Bu
th filter” an

nd for setup 
-layer, with 

Low, with fi

g specific ca

e 60. 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

ategorical 
(5). The 

the time 
ith filter" 
“2-layer, 

ory 4 and 
herefore, 

ut also in 
nd “High, 
“2-layer, 
filter” is 

ilter” and 

ategories, 

 



 

For quic

Figure 
free (4)

3.2.9 C

The EXI
with an 

CRR is 
Figure 3

Forecast
particula
“High, w
threshol
other ha
degrade 
to 0.3 an
too few 
pixels a
there is 

Forecast
CSI are 
few low

All scor

 

 

ck navigation

3.20 Four sc
4), and un-de

CRR: Conv

XIM forecasts
interval of 1

driven by h
3.22.  

ts of “High
ar POD, FA
with filter” 
lds. This inc
and, scores o

(Figure 3.2
nd CSI reduc
“yes”-event
lso being ex
a loss of ski

ts of setup “
marginally 

w-layer precip

res degrade w

          cat

           cat

Scientif
Extrap

n go to: Tab

cores for CM
efined (5) at

vective Ra

s of Convec
1 mm/h. 

high-level ev

, with filter
AR and PO

is margina
crease of PO
of the setup
1 and Figur
ces by more
ts. Forecasts
xtrapolated, 
ill in POD, F

“2-layer, wi
higher for 

pitation pixe

with increas

tegories 

tegories 

fic and Validati
olated Imagery

NWC/G

ble of conten

MIC phase l
t lead time 1

bot

infall Rate

ctive Rainfal

vents. This 

”, “High, no
FD don’t d
lly increase

OFD might b
p “Low, with
re 3.22). Ski
e than 0.3. T
s of the setup
the scores d

FAR and CS

ith filter” ha
“2-layer, wi
els being cor

ing CRR int

ion Report for t
y Processor of th
GEO 

nts 

listed per ca
15. Top left: 
ttom right: P

e  

ll Rate (CRR

is reflected

o filter” and
differ betwe
ed compared
be caused b
h filter”, wh
ll of POD d

There is a hug
p “Low, no 
don’t degra

SI by about 0

ave very sim
ith filter” th
rrectly extra

tensity due t

         ca

         ca

the 
he 

Code
Issue
 
File:N
Page

ategory: liqu
POD, top ri

PSS. 

R) are analy

d in the resu

d “control“ 
en the three
d to control
by a reduced
hich ignores
decreases by
ge bias for s
filter” have 
de as much 
0.1 (Figure 3

milar scores
han for “con
apolated by t

to fewer occ

ategories 

ategories 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

id (1), ice (2
ight: FAR, B

sed in the ra

ults depicted

have fairly 
e setups. O
l at lead tim
d amount of 
 high layer 
up to 0.4, F

setup “High,
very little sk
as for “Low

3.22).   

as the cont
ntrol” which
the low laye

currences. 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
34/46 

2), mixed (3)
Bottom left: P

ange of 1 to

d in Figure 

the same s
Only POFD 
me 60 and f
f total pixels

information
FAR increas
, with filter”
kill. With hi
w, with filte

trol setup. P
h hints that 
er. 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

 
), cloud-
POFD, 

o 5 mm/h 

3.21 and 

cores, in 
of setup 

for small 
s. On the 
n, hugely 
ses by up 
” towards 
igh-layer 
er”. Still, 

POD and 
there are 



 

For quic

 
Figure 

Fig

3.2.10 
EXIM f
evaluate

The fore
product 
filter” a
POFD a

Without
are huge
“Low, w
Also, fo
and CSI

 “2-laye

 

ck navigation

3.21 ROC c
4,

igure 3.22 P

CRRPh: C

forecasts of
ed for the thr

ecasts of the
can be asso

and “High, w
and POD of 

t any high-le
ely degraded
with filter” t
orecasts of “L
I and FAR b

r, with filter

Scientif
Extrap

n go to: Tab

curve for CR
, 5 mm/h. Ea

Performance 

Convective

f Convectiv
resholds 1.0

e various set
ociated with 
with filter” 
“High, with

evel informa
d compared 
there is also
Low, no filte

being worse b

r” are relativ

fic and Validati
olated Imagery

NWC/G

ble of conten

RR. Left: lead
ach threshol

diagram for
precipita

e Rainfall R

e Rainfall 
, 2.0, 3.0, 4.

tups for CRR
the high lev
are perform
 filter” are s

ation as is th
to “control”

o a bias tow
er” are degr
by about 0.0

vely compet

ion Report for t
y Processor of th
GEO 

nts 

d time 15, ri
ld 1 is mark

r CRR. Left:
tion intensity

Rate from 

Rate from 
.0, 5.0, 6.0, 

RPh show a
vel, as illustr
ming very s
slightly incre

he case for se
” by up to 0

wards too few
raded compa
05 than cont

titive with fo

the 
he 

Code
Issue
 
File:N
Page

ight: lead tim
ked with X fo

: precipitatio
ty 3 mm/h. 

Cloud Phy

Cloud Phy
7.0, 8.0, 9.0

a similar beh
rated in Figu

similar as “c
eased by abo

etup “Low, 
0.3, 0.2 and 0
w “yes” eve
ared to contr
trol.  

orecasts of “

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

me 60. Thres
or orientatio

on intensity 

ysical prop

ysical prope
, 10.0, 11.0,

haviour as th
ure 3.24. Fo
control”. On
out 0.05 (Fig

with filter”, 
0.2, respecti
nts, only PO

rol with POD

“control” wh

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
35/46 

shold range
on. 

1 mm/h, rig

perties 

erties (CCR
, 21.0 mm/h

hey do for C
orecasts of “
nly at lead 
gure 3.23). 

 POD, FAR
ively. In for
OFD is not 
D being low

hen predicti

/SCI/VR/EX
uary 2022

-VR-EXIM_v

 

: 1, 2, 3, 

 
ght: 

-Ph) are 
. 

CRR. The 
High, no 
time 60, 

R and CSI 
recasts of 
affected. 
er by 0.1 

ng lower 



 

For quic

precipita
intensity

Figure 3
3,

Fig

3.2.11 
The EXI
likelihoo
from low
The setu
FAR an
higher t
“control
threshol
Skill of 
control 
up to 0.1
For setu
(Figure 

 

ck navigation

ation intensi
y thresholds

3.23 ROC cu
, 4, 5, 6, 7, 8

gure 3.24 Pe

PC: Precip

XIM forecast
ods: 10 % (
w clouds. 
up “Low, w
nd CSI. POD
thresholds t
l” by 0.2 an
ld 1. The deg
f POD, FAR
setup’s skill
1 (Figure 3.2
up “High, w
3.25). CSI o

Scientif
Extrap

n go to: Tab

ities howev
.  

urve for CRR
8, 9, 10, 11, 

erformance d

pitating C

ts for the pr
1) 20 % (2)

with filter" (F
D degrades 
the degrada

nd up to 0.3 
gradation de
R and CSI f
l. However,
26). 
with filter”,
of “High, w

fic and Validati
olated Imagery

NWC/G

ble of conten

er, there is 

RPh. Left: le
21 mm/h. Ea

diagram for 
precipita

louds 

roduct Prec
), 30 % (3), 

Figure 3.26)
compared to

ation is pron
with increa

eepens for gr
for “2-layer
with increa

, values of 
with filter” i

ion Report for t
y Processor of th
GEO 

nts 

a small dro

lead time 15,
ach thresho

CRRPh. Lef
tion intensity

ipitating Cl
40 % (4), 5

 loses skill 
o “control”
nounced mo

asing lead tim
reater thresh
r, with filter
asing thresh

f POFD are
is the highes

the 
he 

Code
Issue
 
File:N
Page

op in skill o

, right: lead
ld 1 is mark

ft: Precipita
ty 4 mm/h. 

louds (PC) 
50 % (5). PC

compared to
for the low

ore strongly
me. Skill of
holds to up t
r” is fairly 
olds, POD, 

e increasing
st CSI of al

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

f the score 

d time 60. Th
ked with X fo

ation intensit

is evaluated
C does not 

o “control” 
west threshol
y. POD deg
f CSI is redu
o 0.2 at thre
the same at
FAR and C

g at the low
ll setups at 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
36/46 

CSI with in

hreshold ran
for orientatio

ty 2 mm/h, r

d for 5 prec
detect prec

for the scor
ld by about 
grades com
uced by abo
eshold 5. 
at threshold 
CSI are degr

west two th
threshold 1

/SCI/VR/EX
uary 2022

-VR-EXIM_v

ncreasing 

 
nge: 1, 2, 
on. 

 
right 

cipitation 
cipitation 

res POD, 
0.1. For 

mpared to 
out 0.1 at 

1 as the 
rading by 

hresholds 
for lead 



 

For quic

times gr
threshol
With inc
than “co

Figure 3

Figure 

3.2.12 
The EXI
are evalu
product,
The sco
high-lev
the setup
setups. P
With inc
of FAR 
of 0.3). 
bias tow
The bias

 

ck navigation

reater 15, the
lds the impro
creasing pre
ontrol” or the

3.25 ROC cu

3.26 Perfor
1” (10 %

PCPh: Pr

XIM forecasts
uated for pr
, only daytim

ores of the s
vel weather. 
p without h
POD of “Lo
creasing lea
increases by
With increa

wards too fe
s also deepe

Scientif
Extrap

n go to: Tab

e difference 
ovement of 
ecipitation li
e no-filter op

urve for PC.
5. Each t

rmance diag
%), right: for

ecipitating

s of the pro
recipitation p
me has been 
etups for PC
This can be

high-level pi
ow, with filt
d time, the d
y the same o
asing precipi
ew “yes”-ev
ns with incr

fic and Validati
olated Imagery

NWC/G

ble of conten

is getting m
CSI does no
ikelihoods, F
ptions but w

 Left: lead t
threshold 1 i

gram for PC
r threshold “

g Clouds fr

duct Precipi
probabilities
considered 

CPh show s
e seen in Fi
ixels. “Low,
ter” decrease
degradation 
order of mag
itation proba
ents which

reasing lead 

ion Report for t
y Processor of th
GEO 

nts 

more pronou
ot apply (Fig
FAR and C

with a more n

time 15, righ
is marked w

C. Left: for th
“precipitatio

rom Cloud

itating Clou
s 11, 21, 31,
for this ana

similar beha
gure 3.28 w
, with filter”
es compared
deepens fur

gnitude as th
abilities, for
further deep
time.  

the 
he 

Code
Issue
 
File:N
Page

nced with in
gure 3.26). 

CSI of “High
neutral bias.

ht: lead time
with X for or

hreshold “pr
on likelihood

d Physical P

uds from Clo
, 41, 51, and
lysis. Daytim

aviour as for
where the ski
” performs w
d to “contro
rther and PO
he skill of PO
recasts of set
pens with ri

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

ncreasing lea

h, with filter
  

e 60. Thresho
ientation. 

recipitation 
d category 4

Properties 

oud Physica
d 61 %. Due
me is define
r CRRPh an
ill drops mo
way worse t

ol” by about 
OD decrease
OD degrade
tup “Low, w
ising precip

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
37/46 

ad times. Fo

r” are slight

old range: 1

likelihood c
4” (40 %). 

al Properties
e to the natu
ed as 06 – 18
nd are domi
ost pronounc
than all of t

t 0.2 at lead 
es by up to 0
es (from 0.2 
with filter” d
pitation prob

/SCI/VR/EX
uary 2022

-VR-EXIM_v

or greater 

tly worse 

 
1, 2, 3, 4, 

 
category 

s (PCPh) 
ure of the 
8 UTC.  
inated by 
cedly for 
the other 
time 15. 

0.3. Skill 
to a max 

develop a 
babilities. 



 

For quic

The fore
Forecast
by up to
lacking 
0.05 at l
Scores o
three ve
one tim
“High, n

Figure

Figure

3.3 EV

This ch
motion v
all produ

The resu
and/or l
WV AM
majority

 

ck navigation

ecasts of “Lo
ts of “High,
o 0.05 at lea
pixels from 
lead time 60
of “High, no
ersions desc

me “High, w
no filter". 

e 3.27 ROC 
21, 31, 

e 3.28 Perfor

VALUATIO

apter discus
vectors (AM
ucts and not

ults show th
lead times w
MVs”. In g
y of the case

Scientif
Extrap

n go to: Tab

ow, no filter
, with filter”
ad time 60. 
the low-lev

0. 
o filter” and
ribed before

with filter” s

curve for PC
41, 51, 61 %

rmance diag
right: fo

ON OF INCL

sses the res
MVs) should
t just for the 

hat the prod
where “setup
roup two th

es for all thre

fic and Validati
olated Imagery

NWC/G

ble of conten

r” have sligh
” result in h
This is mos

vel. POD and

d “2-layer, w
e. Dependin
scores best, 

CPh. Left: le
%. Each thre

gram for PC
or threshold

LUDING W

sults of the 
d be include

WV channe

ducts fall int
p with WV 
he “control,
esholds and 

ion Report for t
y Processor of th
GEO 

nts 

htly lower va
higher POFD
st likely due
d CSI of “H

with filter” 
ng on the sp

another tim

ead time 15,
eshold 11 is 

CPh. Left: for
d precipitatio

WV VECTO

evaluation 
ed to the cur
els.  

to two group
AMVs” ach

, without W
lead times. 

the 
he 

Code
Issue
 
File:N
Page

alues of POD
D (Figure 3.2
e to a small

High, with fil

don’t differ
pecific prob
me the “2-la

, right: lead 
marked wit

r threshold p
on likelihood

ORS  

whether w
rrent set of u

ps. In group
hieves bette

WV AMVs”
But most no

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

D than “con
27) in the lo
er number o
lter” are also

as much fr
ability thres
ayer, with f

time 60. Th
th X for orie

precipitation
d=41 %. 

ater vapour
used AMVs 

p one there 
er results tha
” achieves b
otably, there

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
38/46 

ntrol” by abo
ow probabili
of correct n
o increased 

rom “contro
shold and le
filter” toget

hreshold ran
entation. 

n likelihood

r (WV) atm
 for extrapo

are some th
an “control,
better result

e is no produ

/SCI/VR/EX
uary 2022

-VR-EXIM_v

out 0.05. 
ity range 

negatives, 
by about 

ol” as the 
ead time, 
ther with 

 
nge: 11, 

 
d=11 %, 

mospheric 
olation of 

hresholds 
, without 
ts in the 

uct where 



 

For quic

“setup w

The qua
negative

The rela
(mention
improvin
POD sco
than 70 
improvin
improve
improve
60 % to 
short lea
With de
continue
small. T
degradat

CMA, V
AMVs. 
AMVs” 
for whic
cases. In
small, fo
about 0.

There is
for some

Figure
than i

CRR. B

 

 

ck navigation

with WV AM

alitative cha
e.  

atively grea
ned as grou
ng scenario
ores than “c
% of all cas
ng cases is 

e. With incr
es with a sim

a max of 80
ad times, the
ecreasing in
es being the
The biggest 
tions for FA

VIS06 and V
Taking VIS
is better co

ch the scores
n the worst s
for POD the 
008. Skill o

s no clear im
e categories 

e 3.29 Left: F
its control. R

Both figures:
improv

Scientif
Extrap

n go to: Tab

MVs” genera

anges caused

atest improv
up one abov
s, “setup wi
control, with
ses for intens
lower with 6
reasing lead
milar pattern
0 %. POFD 
e majority o

ntensity thre
e better cho

improveme
AR are 0.006

VIS08 belon
S08 as an ex
mpared to “
s of the “setu
scenarios, o
difference 

f PSS degra

mprovement 
and lead tim

Frequency o
Right: Amou
 Lead time v

vements and

fic and Validati
olated Imagery

NWC/G

ble of conten

ally improve

d by WV A

vements are
e). Taking C
ith WV AM
hout WV AM
sity threshol
65 %. For th

d time, the a
n as POD bu
and FAR ar

of cases get 
esholds and 
ice in the m

ents for POD
6.  

g to group 
xample, one 
“setup with W
up with WV
nly about 0.
between the

ades most str

for any of t
mes.  

of cases whe
unt of change
vs. threshold

d degradatio

ion Report for t
y Processor of th
GEO 

nts 

es the scores

AMVs are s

e gained fo
CRR as an e

MVs” results
MVs”. See 
ld 1 and at a
hreshold 2 a
amount of i
ut with sligh
re mainly ge
better instea
increasing 

majority of c
D and PSS 

two. Their 
 can see in 
WV AMVs”

V AMVs” ar
.05 % of all 
e setups are 
rongly with 

the products

ere including
ge in scores, 
d categories
ons of the sam

the 
he 

Code
Issue
 
File:N
Page

s for all thre

small and fo

or the prod
example for
s in the maj
in Figure 3.

all lead time
and 3 and at 
improved ca
htly lower p

et worse. Sol
ad of worse 
lead time 

cases. Quan
are of the 

scores are 
Figure 3.30

” in the majo
e best don’t
cases impro
up to a deg

maximum v

s and only s

g WV AMVs
after includ
. Blue value
me amount, 

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

sholds and l

or the majo

ducts CRR, 
r products w
ority of the 
.29 that scor
s. At lead tim
lead time 1

ases gets sm
percentage v
lely for the h
for the scor
“control, w

ntitatively, th
order of 0.0

degrading w
0 that the “c
ority of the 
even reach 

ove. The qua
gradation of
values greate

some show m

 for CRR yie
ding WV AM
es show an im

red a degra

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
39/46 

lead times. 

ority of the 

CRRPh an
with one of 
e cases havin
res improve
me 60 the am
5, 85 % of t

maller. Skill
values, rang
highest thre
res POFD a

without WV 
he changes 
008 and the

when includ
control, with
cases. The s
a third of im

ualitative cha
f 0.006 and 
er 0.01. 

minor enhan

elds scores g
MVs for forec

mprovement
adation. 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

products 

nd IR108 
the most 
ng better 

e in more 
mount of 
the cases 
l of PSS 
ing from 
sholds at 

and FAR. 
AMVs” 
are very 

e biggest 

ding WV 
hout WV 
scenarios 
mproving 
anges are 
for FAR 

ncements 

 
greater 

casting 
t, yellow 



 

For quic

Figure 
than i

VIS

 

 

ck navigation

3.30 Left: F
its control. R
S08. Both fig

Scientif
Extrap

n go to: Tab

Frequency of
Right: Amou
gures: Lead 

degradat

 

fic and Validati
olated Imagery

NWC/G

ble of conten

f cases wher
unt of change
time vs. thre
tions of the s

ion Report for t
y Processor of th
GEO 

nts 

re including
ge in scores, 
eshold categ
same amoun

the 
he 

Code
Issue
 
File:N
Page

g WV AMVs f
after includ

gories. Yello
nt, red a deg

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

for VIS08 yi
ding WV AM

w shows imp
gradation. 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
40/46 

ields scores 
MVs for forec

provements 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

 

greater 
casting 

and 



 

For quic

4. CO

This val
the new
CTTH f
atmosph
on the d

4.1 EX

The fore
when a n

The und
products
accuracy

POD of
POFD a
for impr
than per

The for
greater 1
forecast 

While th
compare

4.2 CT

EXIM h
pixels ar
the resu
filter can
their ful

CMA, C
They ca
products
get lost 
some ca
setup ev

For all o
CRRPh,

The pro
compete
“2-layer
compete

 

ck navigation

ONCLUSI

lidation repo
wly added ca
filter perform
heric motion
detailed resul

XIM OUTP

ecasts of EX
new product

derlying res
s (CTTH effe
y of being “o

f CTTH effe
and FAR at 
rovements i
rsistence for 

recasts of E
11 %. Forec
except for v

he forecast o
ed to persist

TTH FILT

as been exte
re extrapola
lts from Cha
n be applied
l extent.  

CT and CMIC
annot be ext
s have some
by the heig

ategories mi
ven though o

other produc
 PC, and PC

oducts can b
e with “cont
r, with filter
e with “contr

Scientif
Extrap

n go to: Tab

IONS 

ort discusses
an beneficia
ms compared
n vectors sha
lts shown in

PERFORMS

XIM are val
t is added to

sults confirm
fectiv, PCPh
on average 

fectiv improv
thresholds g
s 0.4). Ther
an effective

EXIM for P
casts of EXI
very low pre

of EXIM for
ence, POD o

ER AND IT

ended by a n
ated only wi
apter 3, the 
d and produ

C belong to 
trapolated in

e categories 
ght selection
issing comp
other categor

cts and chan
CPh) the CT

be grouped a
trol”, second
r” can comp
rol” for all s

fic and Validati
olated Imagery

NWC/G

ble of conten

s three main
ally be extra
d to previou
all be added 
n Chapter 3 a

S PERSISTE

lidated with
o the set of e

m that fore
, CRRPh) co
better than p

ves skill co
greater 0.3 (
refore, the f
e cloudiness

PCPh impro
XIM for the 
ecipitation li

r CRRPh im
only improv

TS RECOM

new feature,
ith AMVs s
products ca

ucts for whic

the set of pr
n their full 
that do not h

n process an
letely, the s
ries with cor

nnels (IR108
TTH filter ca

as follows: F
d, only “Hig
pete with “c
scores. 

ion Report for t
y Processor of th
GEO 

nts 

n aspects. Fi
apolated by 
us extrapolati
d to the list o
are presente

ENCE 

h each chang
extrapolated 

ecasts of EX
ompared to 
persistence f

ompared to 
(excluding l
forecasts of 
s greater 0.3.

ove POFD 
product PC
ikelihoods. 

mproves FAR
ves for inten

MMENDATI

, namely the
stemming fr
an at first be
ch the CTTH

roducts for w
extent whe
have an assi

nd will there
setups using
rrect height 

8, IR38, VIS
an be applie

First, “High
gh, with filte
control” and

the 
he 

Code
Issue
 
File:N
Page

irst, whether
EXIM. Sec
ion setups. A

of used AMV
d hereafter.

ge in the al
products in 

EXIM add v
persistence,
forecast”.  

persistence 
lead time 60
EXIM for C

.  

and FAR f
CPh are on 

R and POFD
sities up to 9

ON 

e CTTH filte
rom the sam
e divided int
H filter can

which the C
en using the
igned height
efore not be 
g the filter c
assignments

S06, VIS08, C
d and evalua

h, with filter
er” can com
d fourth, no

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

r the two mo
ond, how th
And third, w
Vs. Summar

lgorithm of 
EXIM. 

value for al
 and they al

for transpa
0 where the 
CTTH effect

from precip
average bet

D for all pre
9 mm/h.  

er. The CTT
me defined la

o products f
not be evalu

CTTH filter c
e CTTH filt
t. Pixels of t
extrapolate

annot comp
s might impr

CTTH alti, C
ated. 

r” and “2-la
mpete with “

ne of the se

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
41/46 

odified prod
he newly in

whether wate
ry conclusio

an input pr

ll three inv
ll reach the t

arencies gre
minimum t

tiv are overa

pitation prob
tter than pe

ecipitation in

TH filter ens
ayer. Conclu
for which th
uated and ap

cannot be ev
ter because 
those catego

ed. With pix
pete with the
rove.  

CTTH effect

ayer, with fi
“control”, th
etups with f

/SCI/VR/EX
uary 2022

-VR-EXIM_v

ducts and 
ntroduced 
er vapour 
ons based 

roduct or 

estigated 
threshold 

eater 0.1. 
threshold 
all better 

babilities 
ersistence 

ntensities 

sures that 
uding on 
he CTTH 
pplied in 

valuated. 
all three 

ories will 
xels from 
e control 

tiv, CRR, 

ilter” can 
ird, only 
filter can 



 

For quic

To start 
other set
chosen l

CRR, PC
can be a
filter”, p
lead tim
the two 
similar r
“control
with filt
threshol
filter” ar

CRRPh 
level ev
other se
regardin
loses ski

IR108, I
depende
with filt
altitudes
from the
results m

VIS06 a
forecast

In gener
advantag
Pixels w
gaps. On
keep the
height a

As a rem
With a d
have not
for them

4.3 W

In order
used for
3, inclu
increase
the prod
CMA, V
those pr

 

ck navigation

t with an ov
tups for any
low-layer an

CPh and CT
associated to
perform very

mes and thres
low-layer v

results, with
l”. CTTH eff
ter” is impr
lds, resulting
re as good a

and PC are 
vents. For bo
tups. In the 

ng their skil
ill compared

IR38 and C
ency which 
ter” are hig
s. Scores of 
e improvem
might benefi

and VIS08 a
s improve c

ral, for all 
ge. In cloud

will be reject
n the other h
e clean sepa

assignment fr

mark, the re
different or 
t been consi

m and gain in

WV VECTOR

r to answer t
r extrapolatio
uding WV A
es with WV 
duct extrapo

VIS06 and VI
roducts a re

Scientif
Extrap

n go to: Tab

verall observ
y of the prod
nd with the c

TTH effectiv
o the high l
y similar as
sholds and it
versions hav
h the high lay
ffectiv differ
roved over t
g in an imp

as the ones fr

allocated to
oth products
range of low
l against “c
d to “control

CTTH alti a
is reflected 
ghest in tho
“2-layer, wi
ents in both
it even more

are in the f
ompared to 

products th
d-free region
ted. For no 
hand, for set
aration betw
from analyse

esults and co
more specif

idered in thi
nformation n

RS USAGE 

the question
on, this eval
AMVs does
vectors, ther

olations are 
IS08. Some 
ecommendat

fic and Validati
olated Imagery

NWC/G

ble of conten

vation, forec
ducts. Too m
comprehensi

v belong to 
evel. The fo
 the forecas
t slightly var

ve clearly low
yer versions
rs slightly c
the whole th
roved PSS 
rom the cont

o the second
s, forecasts 
w threshold

control”. Wi
l”. 

are in the th
in the score

ose altitude
ith filter” ar

h layers. Wh
e. Currently,

fourth group
“control”. 

here is one 
ns, there is n
filter setups
tups with fil

ween the two
es” causes a 

onclusion of
fic focus, th
is report. Us
not mentione

n whether W
luation has b
sn’t improv
re is no clea
even gettin
improvemen
tion of usin

ion Report for t
y Processor of th
GEO 

nts 

casts of setu
much informa

ive evaluatio

the first gro
orecasts of b
sts of contro
ries which s
wer scores t
s and “2-laye
compared to
hreshold ran
for most of 
trol setup. 

d group. CR
of the two 

ds “High, wi
ith increasin

third group
es. Scores o
s their laye

re competitiv
hen lowering
, the very low

p. In none 

practical as
no CTTH ava
s there is a p
lter, the pos
o layers. On
loss of 2/3 t

f this report
here might b
sers can cho
ed in this rep

WV AMVs s
been conduc

ve the forec
ar improvem
ng worse. T
nts are visib

ng WV AMV

the 
he 

Code
Issue
 
File:N
Page

up “Low, w
ation gets lo
on approach

oup. Due to
both, “High
ol. None of 
setup domin
than “contro
er, with filte
o the other 
nge, while P

f the thresho

RRPh and PC
low-level se
ith level” an
ng threshold

. All three 
of the setups
er is associ
ve with “con
g the lower b
w pixels get

of the setu

spect that c
ailable and t

post-processi
t-processing
n average, t
to ½ of all p

t are addres
be advantage
ose whateve
port. 

should be ad
cted. To sum
casts. Even 
ment for any 
The stronges
ble for CRR,
Vs cannot b

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

with filter” n
ost when foc
h of this repo

o the nature 
, with filter
the setups is
ates when. O
ol”. The sco
er” having v
two product
POD decrea

olds. Forecas

C are both a
etups have l

nd “2-layer, w
ds, “2-layer, 

products ha
s “Low, wit
ated with a
ntrol” in all 
boundary of
t lost in the s

ups with filt

confers setup
therefore the
ing step inte
g step is swi
the strict rul
ixels in the E

sed by a ho
es of certain
er one or tw

dded to augm
mmarise the r

though the 
of the evalu
t degradatio
 CRRPh and
be given, si

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
42/46 

never outper
cussing on th
ort. 

of the prod
r” and “2-lay
s best for al
Only the for
ores of PCPh
very similar 
cts. POFD o
ases with in
sts of “2-lay

associated w
lower skills 
with layer” 
with filter”

ave a stron
th filter” an
and lowest 
altitudes an

f the lower l
setups with f

ter all score

ups without 
ere is no hei
erpolating th
itched off in
le “no pixel
EXIM produ

olistic point 
n configurat

wo layers are

ment the vec
results from
number of

uated scores.
on can be f
d IR108, but
ince degrada

/SCI/VR/EX
uary 2022

-VR-EXIM_v

rform the 
he herein 

duct CRR 
yer, with 
ll scores, 
recasts of 
h picture 
scores as 

of “High, 
ncreasing 
yer, with 

with high-
than the 
compete 

” slightly 

ng height 
d “High, 
in other 
d benefit 
layer, the 
filter.  

es of the 

filter an 
ight data. 
hose data 
n order to 
l without 
ucts. 

of view. 
tions that 
e relevant 

ctor field 
m Chapter 
f vectors 
. Most of 

found for 
t also for 
ations of 



 

For quic

other sc
rather sm

Therefor
WV AM
the addi
 

 

ck navigation

ores are jus
mall. 

re, it can be
MVs as the p

tional comp

Scientif
Extrap

n go to: Tab

st as big as t

e concluded 
product mov
putation capa

 

fic and Validati
olated Imagery

NWC/G

ble of conten

the improve

that the extr
vements seem
acities neede

ion Report for t
y Processor of th
GEO 

nts 

ements achie

rapolation b
m to be diffe
ed, an inclus

the 
he 

Code
Issue
 
File:N
Page

eved. The or

by EXIM is n
ferent than th
sion of the W

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

rder of mag

not improvin
he WV AMV
WV AMVs i

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
43/46 

gnitude is ei

ng with the 
Vs. And con
is not recom

/SCI/VR/EX
uary 2022

-VR-EXIM_v

ther way 

usage of 
nsidering 

mmended.  



 

For quic

5. OU

This und
impleme
decreasi
will get 
moveme
improve
understo

 

ck navigation

UTLOOK 

derlying val
ented produ
ing with inc
better with

ent origins f
ement by fo
ood. The inv

Scientif
Extrap

n go to: Tab

lidation disp
ucts and sat
reasing lead

h time. Only
from, persist
orecasts of 
vestigation o

fic and Validati
olated Imagery

NWC/G

ble of conten

played that fo
tellite chann

d time. For a
y stationary 
tence will do
EXIM is ge

of this questi

ion Report for t
y Processor of th
GEO 

nts 

forecasts of E
nnels for all
all moving p
events and 
ominate wit
etting small
ion is forese

the 
he 

Code
Issue
 
File:N
Page

EXIM are ou
l lead time
pixels, whic
at the boun

th increasing
ler with inc

een to be add

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

utperformin
s. However
h should be
daries of th
g lead time. 
creasing lea
dressed in fu

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
44/46 

ng persistenc
r, the domi
e the majorit
he domain w

The reason
ad time is n
uture validat

/SCI/VR/EX
uary 2022

-VR-EXIM_v

ce for the 
inance is 
ty, EXIM 

where the 
n why the 
not fully 
tions. 



 

For quic

6. AN

6.1 RO

The rela
POFD. T
verticall

 

 

ck navigation

NNEX 

OC CURVE

ative operatin
Therefore, P
ly to the das

Scientif
Extrap

n go to: Tab

E 

ng character
PSS can be i
hed line. At

Figure

 

fic and Validati
olated Imagery

NWC/G

ble of conten

ristic (ROC)
nferred, with

t the dashed 

e 6.1 Exemp

ion Report for t
y Processor of th
GEO 

nts 

) curve (Figu
th PSS being
line PSS = 0

plary ROC c

the 
he 

Code
Issue
 
File:N
Page

ure 6.1) dep
g 1 in the top
0 and the for

curve withou

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

icts the relat
p left corner 
recast has no

ut data. 

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
45/46 

tion of POD
r and decreas
o skill.  

 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

D and 
sing 



 

For quic

6.2 PE

The perf
plot. A p
bottom l

POD   

FAR   

BIAS  -

CSI _

For a mo
https://w

 

 

 

ck navigation

ERFORMAN

formance di
perfect forec
left corner.  

Prob

Fals

- - -  Bias

“yes

___ Criti

right

ore compreh
www.cawcr.

Scientif
Extrap

n go to: Tab

NCE DIAGR

iagram (Figu
cast would b

bability of de

e Alarm Rat

s. The diagon

s”-events and

ical Success

t corner. 

hensive desc
gov.au/proje

Figure 6.2 E

fic and Validati
olated Imagery

NWC/G

ble of conten

RAM 

ure 6.2) sum
be in the top 

etection. Inc

tio. Increasin

nal is bias-fr

d higher val

 Index. Curv

cription, plea
ects/verifica

Exemplary p

ion Report for t
y Processor of th
GEO 

nts 

mmarises the 
 right corner

creasing from

ng from righ

free (1.0). Lo

lues too man

ved lines. In

ase refer to: 
ation/Roebbe

performance

the 
he 

Code
Issue
 
File:N
Page

scores POD
r; the worst 

m bottom to

ht to left. 

ower values 

ny (forecaste

ncreasing fro

er/Performan

e diagram w

e:NWC/CDOP3
e: 2.0.1 

NWC-CDOP3-G
:

D, FAR, CSI
scenario wo

top. 

express too 

ed) “yes”-ev

om bottom le

nceDiagram

without data.

3/GEO/ZAMG/
Date:28 Febru

GEO-ZAMG-SCI-
46/46 

I and BIAS i
ould be in th

 few (foreca

vents. 

eft corner to

m.html 

 
. 

/SCI/VR/EX
uary 2022

-VR-EXIM_v

in one 
he 

asted) 

o top  


