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Preface 

 

This Algorithm Theoretical Basis Document was produced by the Satellite Application 
Facility on Nowcasting (NWC-SAF). The Satellite Application Facility on Climate 
Monitoring (CM-SAF) has implemented the herein described PPS software. The 
document has a CM-SAF version number that will be updated whenever a new 
version of the PPS software is introduced into the CM-SAF processing system. The 
version number assigned by NWC-SAF is kept in the appended document.

 



 

 

 

 

3

 

 

Algorithm Theoretical Basis Document 
for SAFNWC/PPS “Cloud Top 

Temperature, Pressure and Height” 
(CTTH-PGE03 v3.0)  

 

 

 

 

 

SAF/NWC/CDOP/SMHI-PPS/SCI/ATBD/3, Issue 2.3 

Document Revision 1 

15 April 2010 

 

 

 

Applicable to SAFNWC/PPS version 2010 

Applicable to the following PGE:s: 

PGE Acronym Product ID Product name Version 
number 

PGE03 CTTH SAFNWC/PPS/PGE03 Cloud Top Temperature and 
Height 

3.0 

 

 

 

Prepared by SMHI 



 

 

 

 

REPOR

 

Fu

Prep

Revie

Auth

 

 
 

      

RT SIGNAT

unction 

ared by 

ewed by 

horised by 

 

Alg
for 
Tem
(CT

TURE TAB

N

 

 

Anke Tho

SAFNWC

 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

BLE 

Name 

oss 

C PPS Mana

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

 

 

ager 
 

ument 

t” 

Code

Issue
File:S

Page

Signature

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 4/36 

 

 

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

Date 

 

15 April 20

PS/SCI/ATBD/3

HR_2.0 

4

10 

3 



 

 

 

 

DOCUM

 

Versio

2.2.0 

2.2.1 

2.3.0 

2.3.1 

 

 

 

 

 

 

 

 

 

      

MENT CHA

on 

28 No

1 Febr

31 Jan

15 Ap

 

Alg
for 
Tem
(CT

ANGE REC

Date 

vember 200

ruary 2009 

nuary 2010 

ril 2010 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

CORD 

Pages

08 28 

34 

34 

34 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

s 
New docum

Changes af
New sectio
New sectio
Add pressu
Included R
Table 8.  
Section 3 i
over CTTH
Section 4.
description
Figure 4, 1
Figure 12, 
Section 4.2
Totally new
Tb4 histogr
Splitted the
to two sect
Added a r
validation r
- Generaliz
- Added M
- Suppleme
- Reference
- Descriptio
- General c
- Added ref
-Update the
Changes a
-RID Fauc

ument 

t” 

Code

Issue
File:S

Page

CH
ment. Replaces 

fter DRI2009: 
on 1.6 Product O
on 1.7 Scientific
ure to the title a

RTTOV version 

in the algorithm
H pre-processing

1.1 added a 
n. 
0 and 11 more 
13 and 14 infor

2.4 took away C
w Figure 6, sho
ram. 
e section “Qual
ions “Validatio
reference (in s
report. 
zed channel and
ODIS channel t

ented abbreviati
e for RTTOV9 
on of changes s

cosmetics 
ference, 4.2.1 a
e section with s
after DRI-201
cher2/LSc1: r

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 5/36 

HANGE(S) 
parts of the SC

Overview 
c Updates 
and in section 2 

number 7.1; al

m overview tw
g and on-line pr
table with AV

information and
rmation on whe

Cloud Top Clou
owing the arc s

lity control and
n” and “Quality

section Validat

d instrument nam
table 
ion list 
added 

since v2009 add

and 5 
scientific update
0: 
eplaced the lo

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

CI-SUM. 

Introduction. 
lgorithm overv

wo new figures;
rocessing. 

AVHRR acrony

d color bar. 
ere to find color
udiness. 
shape Tb4-Tb4

d validation stra
y control” 
tion) to the C

mes 

ded 

es since last ver

ogo:s in the he

 

PS/SCI/ATBD/3

HR_2.0 

5

iew and 

; sketch 

ym and 

r bar. 

4 versus 

ategies” 

CM-SAF 

rsion. 

eader 

3 



 

 

 

 

Table 

1. INT

1.1 S
1.2 S
1.3 D
1.4 R

1.4.1 
1.4.2 

1.5 L
1.6 P
1.7 S

2. INT

3. AL

4. AL

4.1 T
4.1.1 
4.1.2 

4.1.2
4.1.2

4.2 P
4.2.1 
4.2.2 
4.2.3 
4.2.4 

4.2.4
4.2.4
4.2.4
4.2.4
4.2.4
4.2.4

4.2.5 
4.2.6 

5. RE

 

      

of conten

TRODUCT

SCOPE OF TH

SOFTWARE V
DEFINITIONS

REFERENCE .
Applica
Referen

LIST OF TBD
PRODUCT OV

SCIENTIFIC U

TRODUCT

LGORITHM

LGORITHM

THEORETI
Physics
Mathem

2.1 Opaqu
2.2 Semi-t

PRACTICA
Validat
Quality
Assump
List of i

4.1 Satelli
4.2 Cloud
4.3 Sun an
4.4 Land c
4.5 NWP 
4.6 Param

Descrip
Visualis

EFERENCE

 

Alg
for 
Tem
(CT

nts 

TION ..........

HE DOCUMEN

VERSION IDE

S, ACRONYM

...................
able Docume
nce Docume
D:S AND TBC
VERVIEW......
UPDATES SIN

TION TO T

M OVERVI

M DESCRIP

CAL DESC
s of the Prob
matical Desc
ue cloud retriev
transparent clou

AL CONSIDE
tion .............
y control......
ptions and li
inputs .........
ite data .............

d Mask ..............
nd satellite angl
cover character
data .................

meter files and a

ption of outp
sation .........

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

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

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

NT .................
ENTIFICATION

MS AND ABBR

...................
ents .............
nts ..............

C:S ...............
...................

NCE PPS VER

HE SAFNW

IEW ............

PTION .......

CRIPTION ...
blem ............
cription of th
val ....................
ud retrieval .....

ERATION ..
...................
...................

imitation .....
...................
........................
........................
les ...................
risation and elev
........................

algorithm config

put ...............
...................

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

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

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

...................
N .................
REVIATIONS .
...................
...................
...................
...................
...................

RSION 2009 .

WC/PPS CT

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

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

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

...................
he Problem
........................
........................

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

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

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

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

...................
........................
........................
........................
vation ..............
........................
guration files ...

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

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

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

ument 

t” 

Code

Issue
File:S

Page

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

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

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

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

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

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

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

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

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

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

TTH ...........

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

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

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

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

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

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

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

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

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

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

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

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

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

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 6/36 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

PS/SCI/ATBD/3

HR_2.0 

6

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

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

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

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

.......... 10 

.......... 10 

.......... 10 

.......... 11 

.......... 11 

.......... 12 

.......... 13 

.......... 14 

.......... 17 

.......... 17 

.......... 17 

.......... 17 

.............. 17 

.............. 19 

.......... 26 

.......... 26 

.......... 28 

.......... 29 

.......... 29 

.............. 29 

.............. 29 

.............. 29 

.............. 29 

.............. 29 

.............. 30 

.......... 30 

.......... 33 

.......... 36 

3 



 

 

 

 

List of

 

Table 1:

Table 2:

Table 3:

Table 4 

Table 5 

Table 6 

Table 7 

Table 8 

 

 

Figure 1

Figure 2
des

Figure 3

Figure 4
NO
two

Figure 5
opa
(orb
the
cur
the
das
sim
low
110
to 2

Figure 6
ove
200
is s
clea
gre
26.

Figure 7
(rig

      

f Tables a

: List of Acr

: List of App

: List of Ref

Instrument 

Gain, interc

Gain, interc

Gain, interc

Processing b

1 Product de

2The CTTH
scribe the on

3 The CTTH

4 CTTH pro
OAA 17 scen
o black circl

5 Example s
aque clouds
bit 4803). T
 dashed one

rves for the 
 curves for 

shed line ind
mulated T11
w stratus clo
07m above g
228.0K, 300

6: Example 
erpass receiv
09-01-25. B
shown as a f
ar or opaque

een.In the e
71°C. .........

7 Model fitti
ght) in a sin

 

Alg
for 
Tem
(CT

and Figur

ronyms and 

plicable Doc

ferenced Doc

channel acro

cept and no-d

cept and no-d

cept and no-d

bit ..............

ependencies .

H pre-proces
n-line proces

H on-line pro

duct (right) 
ne May 28,
les in the CT

showing the
s. NOAA 17
The solid bla
e show the v
low stratus 
the high cir
dicates the o
. The red p
oud top tem
ground. The

0hPa and 835

distribution
ved at Norr
rightness tem

function of b
e cloud are 

example sho
...................

ing done sep
ngle image s

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

es 

Abbreviatio

cuments .......

cuments ......

onyms used 

data values 

data values 

data values 

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

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

sing which 
ssing. ..........

ocessing. ......

and RGB co
 2003, 10:0

TTH product

e derivation 
7 scene ove
ack curves ar
vertical prof
cloud over 

rrus cloud o
observed T1
lus gives th

mperature is
e observed T
55m. The ob

n of pixels f
rköping, orb
mperature d
brightness te
shown in bl

own here th
...................

parately for 
segment hist

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

ons ..............

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

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

by CTTH ..

for cloud top

for cloud top

for cloud top

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

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

processed b
...................

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

olour compo
09 UTC (orb
t panel corrr

of the cloud
er central w
are the vertic
files of simu
France enci

over southern
11 and the b
he derived t
s estimated 
T11 was 280
bserved T11

from a 32x3
bit number 
difference in
emperature (
lue, and the 
he resulting
...................

the pixels o
togram of T

ument 

t” 

Code

Issue
File:S

Page

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

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

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

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

p temperatu

p pressure ..

p height ......

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

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

before the s
...................

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

osite using c
bit 4803) ov
respond to th

d top tempe
western Euro
cal profiles o
ulated cloud
ircled in Fig
n Germany 
blue circle i
hermodynam
to 282.0K, 

0.7K. The hi
 was 227.8K

32 size imag
18983, ove

n AVHRR ch
(in °C) at ch
semi-transp

g cloud top 
...................

over land (le
T11 – T12 v

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 7/36 

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

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

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

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

ure ................

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

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

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

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

atellite data
...................

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

channels 3A
ver central w
he profiles s

erature and h
ope May 28
of atmosphe
dy T11. The
gure 4 and t
encircled in

identify its i
mic cloud to

and the he
igh cirrus cl
K. ................

ge segment.
r the North
hannels 4 (1

hannel 4. Th
parent cloud

temperatur
...................

ft) and for t
ersus T11 (t

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

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

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

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

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

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

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

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

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

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

a reception. 
...................

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

A, 4, and 5 (l
western Eur
shown in Fig

height retrie
8, 2003, 10:
eric tempera
e left panel g
the right pan
n Figure 4. 
intersection 
op temperat
eight is 800
loud top is e
...................

. From a N
h Sea at 11:
11μm) and 5

he pixels clas
d pixels are s
re is estima
...................

the pixels ov
temperature

PS/SCI/ATBD/3

HR_2.0 

7

.......... 10 

.......... 10 

.......... 10 

.......... 17 

.......... 31 

.......... 31 

.......... 31 

.......... 31 

.......... 11 

Figure 3 
.......... 15 

.......... 16 

left) for a 
ope. The 
gure 5.18 

eval over 
:09 UTC 

ature, and 
gives the 
nel show 
The blue 
with the 

ture. The 
0hPa and 
estimated 
.......... 18 

NOAA 18 
:26 UTC 
5 (12μm) 
ssified as 
shown in 
ated to -
.......... 20 

ver water 
es in °C). 

3 



 

 

 

 

The
poi
clo

Figure 8
orig
pic
oth

Figure 9
com
fou
figu
a v
oth

Figure 1
the
sca
the

Figure 1
Clo
Col
cro
trac
sec
ove
200

Figure 1
Eur
Fig

Figure 1
Sam
Gre
disp
tran

Figure 1
as 
pix

 

 

      

e green poin
ints are the t
ud pixels), a

8  How th
ginal segme
ture we see

her. 24 

9 How the s
mbined, and
ur parts of ou
ure is when 

value. The v
her segments

10  Example
 PPS cloud

anline).NOA
 centre of th

11 Cross se
oudSat/CAL
lour descrip

osses = PPS
ck is shown 
ction can be 
er Siberia) i
00-2500, wh

12 An exam
rope April 1

gure 10 for c

13 Example 
me scene as
eat Britain, a
played and t
nsparency re

14 Example 
shown prev

xel under the

 

Alg
for 
Tem
(CT

nts are clear 
target pixels
and finally th

he segments
ent. The co

e how 4 segm

shifted segm
d their respe
ur original s
the original

values mark
s, not illustra

e of matchup
d top heigh

AA-18 flying
he picture.Fr

ection plot 
LIPSO resul
ption: Red 
 cloud top 
in black (e.
directly com

in Figure 10
here the CTT

mple of CTT
1, 2003, 9:5
ctth colour in

of ctth imag
s shown in F
and the Neth
to the right 
etrievals.See

visualisatio
viously in Fi
e mouse-poin

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

pixels over 
s for the tem
he black poi

s are shifte
oloured squa
ments (one 

ments are com
ective value
egment. Lef
l segment ha

ked with * m
ated here. ....

p track (whi
ht  product 
g from right,
rom the Clim

of matched
ts as a func
= CloudSat
heights from
g. Greenlan
mpared with
0.Looks rea
TH product i

TH image d
6 UTC (orb

nterpretation

ge display us
Figure 12, b
herlands. To
the correspo

e Figure 10 f

n with the P
igure 4. The
nter. See Fig

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

land, the blu
mperature ret
ints are the e

ed in movin
ares are di
original and

mbined: The
s. The botto
ft figure is w
as got a valu
means that t
...................

ite line) alon
for 5 June

, Siberia, to
mate Monito

d PPS (NOA
ction of the
t cloud mas
m the CTTH

nd in the righ
h the visuali
asonable, ex
is underestim

display usin
bit 3992). H
n. ................

sing a dedic
but here in a
o the left an
onding merg
for ctth colo

PPS viewer 
e two inform
gure 10 for c

ument 

t” 

Code

Issue
File:S

Page

ue points are
trieval (eithe
excluded pix

ng window: 
fferently sh
d 3 shifted 

e top figure
om figures 
when origina
ue. Right fig
this value is
...................

ng the NOA
e 2007 at 0
 the left clo

oring SAF. ..

AA-18, 27 
e length alo
sk, Green =
H product. T
ht part betwe
sed matchup
cept for som
mated. ........

ng hdfview: 
Here only the

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

ated PPS im
a close up o
 RGB image
ged CTTH u
our interpreta

developed a
mation dialo
ctth colour i

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 8/36 

e clear pixel
er semi-tran
xels in each 

The bold b
hifted segme
segments) a

s show whic
show the re
al segment h
gure is when
s also, in re
...................

AA-18 overp
01:43 UTC 
se to the No
...................

July 2007 
ong the matc
= CALIPSO
Topography
een 3000 to 
p track (star
me pixels ar
...................

A NOAA 
e height in m
...................

mage viewer 
over the nort
e using chan
using both th
ation. ..........

at SMHI. Sa
ogs provide 
nterpretation

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ls over wate
nsparent or f

case. ..........

black squar
ents. In the
are overlapp

ch segments
esulting valu
has no-value
n no segmen
eality, influe
...................

pass superpo
(i.e., time 

orth Pole wh
...................

at 06:12 U
tchup track 
O cloud ma
y along the 

5000 km).T
rting at the r
round track 
...................

17 scene ov
meters is sh
...................

developed a
th sea, south
nnels 1, 3A,
he opaque a
...................

ame NOAA 
e information
n. ...............

PS/SCI/ATBD/3

HR_2.0 

8

r, the red 
fractional 
.......... 22 

re is our 
e bottom 
ping each 

s that are 
ue in the 
e. Middle 
nt has got 
enced by 
.......... 25 

osed over 
for first 

hich is in 
.......... 27 

UTC) and 
(in km). 

ask, Blue 
matchup 

The cross 
right part 

position 
.......... 27 

ver West 
hown.See 
.......... 33 

at SMHI. 
h eastern 
, and 4 is 
and semi-
.......... 34 

17 scene 
n for the 
.......... 35 

3 



 

 

 

 

1. INT

The Eum
processi
Ground 
Support 
SAFNW
Nowcas
Services
documen
satellites

1.1 SC

This doc
Tempera

This doc
consider

1.2 SO

This do
SAFNW

1.3 DE

 
 
Acronym
ACPG 

AEMET

AHAMA

AMSU 

AVHRR

CDOP 

CM 
CM-SA
CT 

      

TRODUC

metsat “Sat
ing satellite 

Segment ( 
to Nowcas

WC is to p
ting applica
s. More info
nt is applic
s, SAFNWC

COPE OF TH

cument is th
ature and He

cument cont
rations.  

OFTWARE 

ocument des
WC/PPS softw

EFINITION

m Ex
AV
Gen
par
inc

T Ag
Me

AP The
Ma
SA
Ad
Un

R Ad
Res
Con
Op
Clo

AF Cli
Clo

 

Alg
for 
Tem
(CT

CTION 

tellite Appli
data, and f
http://www

sting and V
provide, furt
ations of op
ormation can
able to the 

C/PPS, devel

HE DOCUM

he Algorithm
eight) of the

tains a desc

VERSION 

scribes the 
ware packag

NS, ACRON

xplanation 
VHRR/AMSU
neration 9of
rt of the SAF
luding the P

gencia 
eteorología (S
e AMSU
apping Libra

AFNWC/PPS
dvance Micro
nit 
dvanced 
solution Rad
ntinuous D
erational Pha

oud Mask (al
mate Monito

oud Type (al

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

ication Faci
form an inte

w.eumetsat.in
Very Short R

ther develo
erational me

n be found at
SAFNWC 

loped and m

MENT 

m theoretica
e SAFNWC/

cription of th

IDENTIFIC

algorithms 
ge delivery.

NYMS AND 

U Cloud Pro
ftware (A m
FNWC/PPS 
GE:s.) 
Estatal 

Spain) 
U-HIRS_AVH

ry (A part o
 s.w.) 
owave Soun

Very H
diometer 
evelopment 
ase 
lso PGE01)
oring SAF 
so PGE02) 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

ilities” (SAF
egral part o
nt ). This d
Range Forec
op and mai
eteorologica
t the SAFNW
processing 

maintained by

al Basis Do
/PPS softwa

he algorithm

CATION 

implemente

ABBREVI

oduct 
major 
s.w., 

de 

HRR 
of the 

nding 

High 

and 

A
C

E
E

H

IN

IR
M

M

M
N

ument 

t” 

Code

Issue
File:S

Page

F) are dedic
of the distrib
documentatio
casting, SA
intain softw
al satellite d
WC webpag
package fo

y SMHI ( ht

cument for 
are package.

m, including

ed in the PG

IATIONS 

Acronym 
CTTH 

EPS 
EUMETSAT

HIRS 

NM 

R 
MHS 

MODIS 

MW 
NMS 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 9/36 

cated centre
buted EUME
on is provid
FNWC. The

ware packag
data by Nati
ge, http://ww
or polar orbi
ttp://www.sm

the PGE03 

g scientific a

GE03 versi

Explana
Cloud To
and Pres
EUMET

T European
Exploitat
Satellites

High 
Sounder
Instituto
Meteoro
name of 
Infrared 
Microwa
Unit 
Moderate
Spectrora
Microwa
National
Service 

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

es of excell
METSAT Ap

ded by the 
he main obje
ges to be u
ional Meteo
ww.nwcsaf.o
iting meteo
mhi.se/saf ).

(CTTH, Cl

aspects and 

ion 3.0 of t

ation 
op Temperat

ssure (also PG
TSAT Polar S

n Organisat
ation of Met
s 

Resolution 
r 
o Nacio
ología (Sp
f AEMET) 

ave Humidit

te Resolutio
radiometer 
ave 
l Met

PS/SCI/ATBD/3

HR_2.0 

9

lence for 
pplication 

SAF on 
ective of 
used for 
rological 

org . This 
rological 
. 

loud Top 

practical 

the 2010 

ture, Height 
GE03) 
System 
ion for the 
teorological 

Infrared 

onal de 
pain) (old 

y Sounding 

on Imaging 

teorological 

3 



 

 

 

 

Acronym
NOAA 

NWP 
PC 

PCPN 
PGE 
PPS 
RGB 
Table 1:

For a lis

1.4 RE

1.4.1 A

Reference 
[AD. 1] 

[AD.1b] 

[AD.2] 

[AD.3] 

[AD.4] 

Table 2:

1.4.2 R

Reference 
[RD.1] 

[RD.2] 

[RD.3] 

[RD.4] 

[RD.5] 

Table 3:

 

      

m Ex
Nat
Atm
Nu
Pre
PG
Pre
Pro
Pol
Red

: List of Acro

st of SAF-ac

EFERENCE

Applicable 

Validation R
SAFNWC/P
Validation R
SAFNWC/P
Algorithm T
SAFNWC/P
v3.0) 
Algorithm T
SAFNWC/P
v1.5) 
Algorithm T
SAFNWC/P
PGE04 v1.5

: List of App

Reference D

The Nowcas

SAFNWC P

Software Re
Platform S
SAFNWC 

List of TBD
System Soft

Validation o
from AVHR

: List of Refe

 

Alg
for 
Tem
(CT

xplanation 
tional O
mospheric A

umerical Wea
ecipitating 

GE04)
ecipitation 
ocess Genera
lar Platform 
d Green Blue
onyms and A

cronyms see 

E 

Document

Title 
Report for  v.20
PPS 
Report for  v.20
PPS 
Theoretical Bas
PPS “Cloud Ma

Theoretical Bas
PPS “Cloud Typ

Theoretical Bas
PPS “Precipitati
5) 

plicable Doc

Documents

Title 

sting SAF Glos

Product  Requir

equirements Do
System Softwa

D:s and TBC:s f
tware Package o

of CM-SAF clo
RR data in the A

ferenced Doc

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

Oceanic 
Administration
ather Predicti

Cloud 

ating Elemen
System 
e 
Abbreviation

also [RD.1]

ts 

009 of the 

010 of the 

is Document fo
ask” (CM-PGE0

is Document fo
pe” (CT-PGE02

is Document fo
ing Cloud” (PC

cuments 

s 

ssary 

rements Docum

ocument for the
are Package o

for the Polar Pla
of the SAFNW

oud products d
Arctic region” 

cuments 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

and 
n  
ion 
(also 

nt 

A
R
R
SA
SA

SM

SW
T

ns 

].

SAF/N
PPS/S
SAF/N
PPS/S

or 
01 

SAF/N
PPS/S

or 
2 

SAF/N
PPS/S

or 
C-

SAF/N
PPS/S

SAF/N

ment SAF/N

e Polar 
of the 

SAF/N
PPS/S

atform 
WC 

SAF/N
PPS/S

derived SAF/C
ORR/

ument 

t” 

Code

Issue
File:S

Page

Acronym 
RTM 
RTTOV 

AF 
AFNWC 

MHI 

W 
TOA 

 

Cod
NWC/CDOP/S
SCI/VR/3 
NWC/CDOP/S
SCI/VR/4 
NWC/CDOP/S
SCI/ATBD/1 

NWC/CDOP/S
SCI/ATBD/2 

NWC/CDOP/S
SCI/ATBD/4 

Code

NWC/CDOP/IN

NWC/INM/MG

NWC/CDOP/S
SW/RQ/1 

NWC/CDOP/S
SW/TBD/1 

CM/SMHI/SR/
/B 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 10/36 

Explana
Radiativ
Radiativ
Satellite 
Satellite 
for suppo
Swedish 
Hydrolog
SoftWare
Top Of A

de 
MHI-

MHI-

MHI-

MHI-

MHI-

e 

NM/MGT/GLO

GT/PRD 

MHI-

MHI-

/CLOUDS-

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ation 
ve Transfer M
ve Transfer f

Application 
Applicatio

ort to NoWc
h Meteorolo
gical Institut

re 
Atmosphere 

Vers 
2.2.2 

2.3.1 

2.3.1 

2.3.1 

2.3.1 

Vers 

O 1.3 

1.0 

2.1.1 

2.3.1 

1.0 

PS/SCI/ATBD/3

HR_2.0 

10

Model 
for TOVs 
Facility 

on Facility 
casting 
ogical and 
te 

Date 
13/03/09 

15/04/10 

15/04/10 

15/04/10 

15/04/10 

Date 

10/11/09 

28/07/09 

19/03/08 

15/04/10 

19/01/09 

3 



 

 

 

 

1.5 LI

There ar
ones and

 

1.6 PR

The PPS
They are

 C

 C

 C

 P

The Clo
both the
Type alg

Figure 1

 

Pre-p

IR/

Pre

      

IST OF TBD

re no open T
d TBD:s in o

RODUCT O

S in general 
e the 

Cloud Mask

Cloud Type 

Cloud Top T

Precipitating

oud Mask as
e CTTH and 
gorithm. 

1 Product de

processin

/VIS data 

-processi

MW data 

 

Alg
for 
Tem
(CT

D:S AND T

TBD:s or TB
other docum

OVERVIEW

provides fou

k (CM) 

(CT) 

Temperature

g Clouds (P

s a mandato
PC product

ependencies

ng  

ng  

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

TBC:S 

BC:s in this 
ments see [RD

W 

ur cloud and

e and Heigh

PC) 

ory input to 
ts, see Figur

 

P

C

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

document. F
D.4].  

d precipitati

t (CTTH) 

the CT pro
re 1. This do

Precipitat

Cloud Produ

PG
C

ument 

t” 

Code

Issue
File:S

Page

For a full lis

on products

oduct, the C
ocument how

Pre

tion prod

ucts

PGE
Cloud 

GE03
TT/H

PGE
Cloud 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 11/36 

st of TBD:s,

derived from

T is in turn
wever descri

PGE04
ecipitating
Clouds

ducts

E01
Mask

E02
Type

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

, both alread

om polar orb

n mandatory
ibes solely th

 

PS/SCI/ATBD/3

HR_2.0 

11

dy closed 

biter data. 

y input to 
he Cloud 

3 



 

 

 

 

1.7 SC

The curr
RTTOV
complet

Furtherm
adaption

 

 

 

      

CIENTIFIC 

rent version
V version 7. 
tely rewritten

more , the a
ns of instrum

 

Alg
for 
Tem
(CT

UPDATES

n has been u
Therefore 

n.  

algorithm ha
ments on futu

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

S SINCE PP

updated to h
the interfac

as been gene
ure platform

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

PS VERSIO

handle RTT
ce, controllin

eralized to d
ms. 

ument 

t” 

Code

Issue
File:S

Page

ON 2009 

OV9 and al
ng inline ra

deal with M

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 12/36 

ll the chang
adiative tran

MODIS data 

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ges, introduc
nsfer calcula

and allow f

PS/SCI/ATBD/3

HR_2.0 

12

ced since 
ations, is 

for easier 

3 



 

 

 

 

2. INT

The clo
develope
product 
assignm
use in N
SAFNW
cloud cl

The CTT
pixels id

Many N
brightne
tempera
for pixe
cloudy 
underest

The obje
(conside
transpar
satellite 

It must,
provide 
height re
satellites
Other m
geostatio

Soundin
rationing
high sem
vertical 
used to b
(1985) a
designed

For the 
likewise

 

      

TRODUC

ud top tem
ed within th
is in the 

ment for avia
Nowcasting 

WC CTTH re
imatologies 

TH product 
dentified as c

NMSs of EU
ess tempera
atures. For th
ls containin
pixels) this
timation of t

ective of the
ering both co
rency effect 
sensor. 

 however, b
the most op
etrieval in g
s will natura

more direct 
onary satelli

ng channels 
g technique 
mi-transpare
resolution. T
build up two
and Derrien
d for single 

SAFNWC C
e channel co

 

Alg
for 
Tem
(CT

CTION TO

mperature, pr
he SAFNW
analysis an

ation forecas
in general, 

etrieval, bas
within the C

aims at pro
cloudy in th

UMETSAT 
ature inform
he optically 
ng semi-tran
 informatio
true cloud to

e SAFNWC 
omputationa
and the ef

be remembe
ptimal platfo
general. The
ally be rathe
techniques 

ites with ove

as on the H
as detailed 

ent clouds. T
The AVHRR
o dimension

n et al. (198
layers of sem

CTTH we h
mbinations 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

O THE SA

ressure and 
WC project a

nd early wa
sting. The pr

or as input 
ed on image
CMSAF.  

oviding infor
e satellite sc

member sta
mation from

thick cloud
sparent or f
n is definit

op heights. 

CTTH prod
al accuracy a
ffect of an a

ered that ne
orm for semi
e derivation 
er indirect re
exist, e.g. 

erlapping fie

HIRS instrum
by Menzel 

The HIRS c
R and simila
nal histogram
88). This tec
mi-transpare

have chosen 
from other i

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

AFNWC/

height (CT
aims at now
arning of th
roduct may 
t to other sa
er data from

rmation on t
cene. 

ates (includ
m IR image
ds this estima
fractional clo
tely mislead

duct has bee
and CPU ef
absorbing a

either the N
i-transparenc
of the cloud

equiring a lo
using stereo
elds of view

ment provid
et al. (1983

channels do,
ar instrumen
ms according
chnique is n
ent cirrus it m

the latter te
instruments.

ument 

t” 

Code

Issue
File:S

Page

/PPS CTT

TTH) retriev
wcasting app

hunderstorm
also serve a

atellite retrie
m polar orbit

the cloud to

ing SMHI) 
ery as a ro
ation is in m
ouds (often 
ding, yieldin

en to create a
fficiency asp
atmosphere 

NOAA, Met
cy correction
d top height
ot of ancillar
o-scope ima

w. 

de the possi
). This techn
, however, h

nts provides 
g to a techni
neither part
may also wo

echnique to 
. . 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 13/36 

TH 

val based on
plications. T
m developm
as input to m
evals used f
ter, will also

p temperatu

use still to
ough estim

most cases ac
representing

ng sometim

a retrieval th
pects) compe
between the

op nor the 
n and cloud 
t using the i
ry data like 
agery requir

bility for ap
nique applie
have rather 
window cha
ique based o
icularly dire
ork on broke

be applied t

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

n polar orb
The main us
ment and th
mesoscale m
for Nowcast
o be used to 

ure and heig

oday the unc
mation of cl
acceptable. H
ng a large fr
mes to quite

hat as far as
ensates for t
e cloud top

EOS satelli
d top tempera
instruments 
NWP mode
ring a setup

pplying the 
es to single 
poor horizo

annels which
on the work 
ect, but tho
en/sub-pixel

to AVHRR 

PS/SCI/ATBD/3

HR_2.0 

13

biter data 
e of this 

he height 
odels for 
ting. The 
build up 

ght for all 

corrected 
loud top 
However, 
action of 

e a large 

 possible 
the semi-
 and the 

ites does 
ature and 
on these 

el output. 
p of two 

radiance 
layers of 

ontal and 
h may be 
of Inoue 
ugh it is 
l clouds.  

data and 

3 



 

 

 

 

3. AL

The CT
semitran
algorithm

 Clou
and 
Saun
take
avai
(blac
of h
conf
the N
are t

 Retr

 F
d
f

 F
t
K
u
t
s

 Retr
and 
cirru

 

The proc
a retriev
the satel

The prep
of size 3
cloud fr
NWP da
These se
inside th

Next fol
fractiona
(the non
describe

 

      

GORITH

TH product
nsparent clo
ms are summ

udfree and c
12µm chan

nders et al., 
n from NW

ilable for eac
ck clouds). T
high-resolut
figurable for
NWP model
the one close

rieve the clo

For all pixe
derived from
from the seg

For all pixe
technique b
Korpela et a
using 11 a
thermodyna
segment is d

rieve the clo
retrieve the

us and fracti

cessing can 
val step for t
llite data ava

paration pro
32 by 32 hig
ree and clou
ata, sun- and
egment data
his segment.

llows the op
al clouds. T

n-opaque clo
ed in Figure 

 

Alg
for 
Tem
(CT

HM OVER

t is derived 
ouds, and is
marised belo

cloudy TOA
nnels applyi
1999, Chev

WP (analysis
ch pressure 
The radianc
tion pixels)
r the user, bu
l used. The 
est in time to

ud top press

els classified
m the best fi
gment closes

ls classified
ased on the
al. (2001) is
and 12µm 
amical cloud
derived. 

oud top heig
e cloud top h
onal water c

be divided 
thin and bro
ailable and i

ocedure is so
gh-resolution
dy TOA rad
d satellite vi
a are valid fo
 

paque cloud
he result of 

oud pixels) l
3. 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

RVIEW 

using two a
s applied to
ow, and furth

A radiances 
ing the RTT

vallier and T
s or a short
level given 
e simulation

). The segm
ut should be
lower the re
o the satellit

sure or temp

d into one o
it between th
st in space to

d as semi-tra
e work of D
s applied. T
channel co

d top tempe

ght and temp
height and p
cloud pixels

into a prepa
oken clouds. 
s normally p

o that first N
n pixels) on t
diances) are 
ew angles a
or the centre

d retrieval st
f the last step
left by that a

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

algorithms, 
o all cloudy
her details m

and brightn
TOV radiat

Tjemkes, 200
t range fore
by RTTOV

ns are done 
ment size 

e chosen so a
esolution th
te overpass.

perature depe

of the opaq
he simulated
o the given p

ansparent cir
Derrien et al
The techniqu
omposed o

erature valid

perature fro
pressure fro
. 

aration phase
The prepar

performed b

NWP data ar
the area of i
performed 

and land cov
e of each seg

tep and final
p is merged 
algorithm. T

ument 

t” 

Code

Issue
File:S

Page

one for opa
y pixels as 
may be foun

ness temper
ive transfer
01) using tem
ecast). The 

V and are der
on a coarse 
in number

as to be com
e faster the 

ending on th

que cloud ty
d and the me
pixel is chos

rrus or fract
l. (1988) an
ue is based 
over the lar
d for all bro

m the press
om the temp

e, an opaque
ation step ca

before the ac

e remapped 
interest. The
on the NWP

ver character
gment and to

lly the CTT
with the op

This is the on

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 14/36 

aque and on
given by th
d in the next

atures are c
model ver

mperature an
overcast sim

rived using 
horizontal r

r of high-r
mparable to t

algorithm. T

he cloud typ

ypes: The cl
easured T11
sen. 

tional water 
d Inoue (19
on two-dim
rger segme

oken and th

ure for the 
erature for t

e cloud retri
an be perfor

ctual satellite

to a coarse 
en the RTTO
P data and t
risation and 
o be applied

TH retrieval 
paque results
n-line pre-pr

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ne for fracti
he CT prod

xt sub-section

calculated fo
rsion 9 (Eyr
and humidity
mulation re
an emissivit
resolution (s
resolution p
the grid reso
The NWP fi

e: 

loud top pr
1. The simul

r cloud: A h
985) and det

mensional hi
ents from 
hin clouds in

opaque clou
the semi-tra

ieval step an
rmed withou
e overpass, F

resolution (
OV simulatio
the RTM re
elevation ar

d for all sate

for semitran
s filling out 
rocessing wh

PS/SCI/ATBD/3

HR_2.0 

14

onal and 
duct. The 
ns. 

or the 11 
re, 1991, 
y profiles 
esults are 
ty of one 
segments 
pixels is 
olution of 
field used 

essure is 
ated T11 

histogram 
tailed by 
stograms 
where a 
nside the 

ud pixels 
ansparent 

nd finally 
ut having 
Figure 2. 

(typically 
ons (both 
sults, the 
re stored. 
ellite data 

nsparent/ 
the gaps 

hich also 

3 



 

 

 

 

Figure 2
describe

 

Aux
stat

(X)  Alt
subst

NWP 

T
orbit

      

2The CTTH 
e the on-line

xiliary 
tic data 

ternatively,
tituted with

 
fields(X) 

TLE 
tal data 

 

Alg
for 
Tem
(CT

H pre-process
e processing

Extract 
pro

, NWP field
h climatolog

Extract 
pro

- segme

Compu
angles i

pro

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

sing which p
. 

in pol. stere
ojection 

s can be 
gy. 

in pol. stere
ojection 

ent resolutio

ute sun/sat
in pol. stere
ojection 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

processed b









reo 

reo 

on

t 
eo 

ument 

t” 

Code

Issue
File:S

Page

before the sa

Se

Atm. vert
Cloudy TO
Cloud fre
Segment 







I

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 15/36 

atellite data 

egment dat
 

tical profile
OA radiance
e TOA radia
description

Determina
segment 

 
Fraction 
Mean ele
Sat. view
segment

 
IR RTM calc

 
Identify th

inversio

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

 reception. 

ta: 

e informatio
es 
ances 
n 

HDF

ation of 
type: 

of land 
evation 
wing on 
t 

culation 

hermal 
ons 

PS/SCI/ATBD/3

HR_2.0 

15

Figure 3 

on

F5 

3 

 



 

 

 

 

Figure 3

 

 At
 Cl
 Cl
 Se

      

3 The CTTH

Imager
(AAPP le

Segm

tm. vertica
loudy TOA 
loud free TO
egment des

Cloud T

 

Alg
for 
Tem
(CT

H on-line pro

r data 
evel 1b) 

ment data: 
 

l profile inf
radiances 
OA radianc
scription 

 
Type produc

 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

ocessing. 

 

Apply cali
extract in

proje

formation

ces 

HDF5 

ct 

HDF5 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

bration and
n pol. stereo
ection 

ument 

t” 

Code

Issue
File:S

Page

d 
o 

 Cloud

 Cloud

 Cloud

 Quali

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 16/36 

CTTH p

d Top tem

d Top heig

d Top pres

ty/proces

O
He

Se
Top

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

product 

perature 

ght 

ssure 

ssing flag 

 
Comp

Opaque Cl
eight/Tem

Comp
emi-transpa
p Height/Te

[optio

PS/SCI/ATBD/3

HR_2.0 

16

[opt] 

pute 
loud Top 

mperature

pute 
arent Cloud
emperature

onal] 

3 

 

e 

d 
e 



 

 

 

 

4. AL

4.1 TH

4.1.1 P

As desc
radiance
is assign

There ar
informat
are rela
(semitra
sample t

Radiatio
Emissio
interplay
represen

 

 

4.1.2 M

4.1.2.1 

The opa
measure
11µm ch
height in

Figure 4
2003. Tw
Figure 5
(solid bl
observed
(red plus
It is ob
significa
top temp
the resol

      

GORITH

HEORET

Physics of t

cribed in [A
es, observed
ned by relati

re certain di
tion from em

atively easy
ansparent or 
to allow for 

on is not em
n is a volum
y of absorp
ntative for a 

Mathemati

Opaque cl

aque retrieva
ed T11 for e
hannel brigh
n meters and

4 shows an e
wo cloudy a
5 illustrates 
lack curve) a
d T11 (dash
s), for low o

bserved how
ant for low 
perature in t
lution of the

 

Alg
for 
Tem
(CT

HM DESC

ICAL DE

the Problem

AD.2] and 
d by the dete
ing it to the m

ifferences fo
missions un
 to handle 
fractional c
a qualified c

mitted from a
me property
ption and em

layer somew

Table 4 I

Acron
T11 
T12 

ical Descrip

loud retriev

al is applied
each pixel a
htness temp
d thermodyn

example of 
areas are ide
the derivati
and simulate
hed blue lin
opaque cloud
w the corre
clouds. The
the case of t
e CTTH prod

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

CRIPTIO

ESCRIPTI

m 

[AD.3], al
ctor. In this 
measured br

or pixels wit
derneath the
in this sen

louds). Thes
cloud top as

a clouds fac
. Before a c
mission. Th
what below t

Instrument c

nym Descr
Brigh
Brigh

ption of th

val 

d to all opaq
and perform
peratures de
namic tempe

the CTTH p
entified (bla
on of the C
ed cloudy T

ne and blue 
ds (left pane
ection of at
e small devia
the high opa
duct being 1

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

ON 

ION 

lso this alg
case the clo

rightness tem

th and witho
e cloud do n
nse. The si
se circumsta
ssumption of

cet (however
certain beam
his means th
the cloud to

channel acro

ription 
htness temp
htness temp

he Problem

que cloud ca
ms a best fit
erived in the
erature are d

product ove
ack circles in

CTTH. The v
T11 (dashed b

circle) and 
el of Figure 
tmospheric 
ation betwe

aque cloud is
1.0K (see 4.2

ument 

t” 

Code

Issue
File:S

Page

gorithm trie
oud top temp
mperature. 

out contribut
not contribu
ituation turn
ances requir
f the popula

r this is defi
m reaches a 
hat the obse
op. 

onyms used 

perature at 
perature at 

m 

ategories as 
t to the ver
e RTM simu

derived to giv

er western ce
n the right p
vertical prof
black curve)
the thermo
5) and for h
absorption 
en the obser
s almost ent
2.5). 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 17/36 

s to extrac
perature (and

tions from g
ute to the sig
ns difficult 
e a statistica
tion in view

ined) but fro
detector, it u
erved bright

by CTTH 

11 µm 
12 µm 

classified by
tical pressur
ulations. Fro
ve the full C

entral Europ
panel of Fig
files of atmo
) are display
dynamic clo

high opaque 
in general 

rved T11 an
tirely due to 

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ct informati
d derived pr

ground. Cas
gnal (opaque

if this is 
al analyse of

w. 

om the who
underlies a 
tness tempe

y the CT. It
ure profile o
rom the pres
CTTH. 

pe during la
gure 4) in th
ospheric tem
yed together
oud top tem
clouds (righ
is small a

nd the deriv
 rounding er

PS/SCI/ATBD/3

HR_2.0 

17

ion from 
roperties) 

es where 
e clouds) 
not true 

f a larger 

ole cloud. 
complex 

erature is 

t uses the 
of cloudy 
ssure the 

ate spring 
he image.  
mperature 
r with the 
mperature 
ht panel). 
and only 
ved cloud 
rrors and 

3 



 

 

 

 

Figure 4
NOAA 1
black cir

 

Figure 5
opaque 
4803). T
one show
stratus c

      

4 CTTH pro
17 scene Ma
rcles in the 

5 Example s
clouds. NO

The solid bla
w the vertica
cloud over F

 

Alg
for 
Tem
(CT

duct (right) 
May 28, 2003

CTTH produ

showing the
OAA 17 scen
ack curves a
al profiles o
France encir

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

and RGB co
3, 10:09 UT
uct panel co

derivation 
ne over cent
re the vertic

of simulated 
rcled in Fig

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

olour compo
TC (orbit 48
orrrespond t

    
of the cloud
tral western
cal profiles o

d cloudy T11
gure 4 and t

 2

-1000

-500

-P
re

ss
ur

e 
(h

P
a)

ument 

t” 

Code

Issue
File:S

Page

osite using c
803) over ce
to the profile

d top temper
n Europe M
of atmosphe

1. The left pa
the right pan

 220  24

0

0

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 18/36 

channels 3A,
entral weste
es shown in F

rature and h
May 28, 2003
eric tempera
anel gives th
nel show the

 240  26

temperature

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

, 4, and 5 (l
ern Europe. 
Figure 5. 

height retrie
3, 10:09 UT
ature, and th
he curves for
e curves for 

260  280

re (K)

PS/SCI/ATBD/3

HR_2.0 

18

 
left) for a 

The two 

 
eval over 
TC (orbit 
e dashed 
r the low 
the high 

80

>9000 m  

8500-9000m

8000-8500m

7500-8000m

7000-7500m

6500-7000m

6000-6500m

5500-6000m

5000-5500m

4500-5000m

4000-4500m

3500-4000m

3000-3500m

2500-3000m

2000-2500m

1500-2000m

1000-1500m

500-1000m

0-500m  

unprosses

3 

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

m  

ed 



 

 

 

 

cirrus c
observed
gives the
estimate
280.7K. 
was 227

The opa
observed
pressure
NWP pr

When te
possible
solution
situation
11µm ch
the proc
of Figur
above th

 

4.1.2.2 

The CT
pixels ac

4.1.2.2.1

The me
11 TT 

Figure 6
(or near 
making 
derivatio

      

cloud over s
d T11 and t
e derived th
ed to 282.0K

The high ci
7.8K. 

aque cloud 
d T11 with
e space. The
rofile. Finall

emperature 
e solutions t
n while settin
ns when the
hannel brigh

cessing flags
re 5 shows te
he inversion 

Semi-tran

TH retrieva
ccording to t

1 Approac

ethod is bas
12T  versus T

6.. This arc-l
window) ch
a few simp

on and descr

 

Alg
for 
Tem
(CT

southern Ge
the blue cir
ermodynam

K, and the h
irrus cloud 

top tempera
h the simula
e temperatur
ly the height

inversions 
o the cloud 
ng a process
e lowest solu
htness temp
s) and the ou
endencies fo
and the top 

nsparent clo

al for semi-t
the CT. 

ch 

sed on the 
11T  over re

like distribut
hannels like 
ple assumpti
ription of th

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

ermany enci
rcle identify 

mic cloud top
eight is 800
top is estima

ature and he
ated black c
e and the he
t above grou

prevail, acc
top height.

sing flag info
ution is too 
erature chan

utputs will b
or a low leve
temperature

oud retriev

transparent 

often obser
egions of sem
tion can be e
the mention

ions. Below
e method ca

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

ircled in Fig
its intersec

p temperatur
0hPa and 11
ated to 228.

eight deriva
cloud T11 d
eight in met
und is derive

cording to 
 In such ca
orming abou
close to the

nge rapidly 
be assigned t
el inversion
e can be der

val 

and broken 

rved arc-like
mi-transpare
explained th
ned 11 and 1

w we describ
an be found 

ument 

t” 

Code

Issue
File:S

Page

gure 4. The
ction with th
re. The low 
107m above 
.0K, 300hPa

ation is as f
determines 
ers above se
ed using a hi

the NWP p
ses the algo
ut the presen
e ground (w
the CTTH w

the no-data v
. In that part

rived unamb

clouds is a

e structure 
ent or broke
heoretically 
12µm chann
be how. An
in (Korpela 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 19/36 

 blue dashe
he simulated
stratus clou
ground. Th

a and 8355m

follows: The
the height 

ea level is th
igh resolutio

profile, ther
orithm tries 
nce of an inv

within 20hPa
will be set t
value. Espec
ticular case 
iguously. 

applied to al

in two-dim
en clouds, lik
for a combin
els of the in
even more

et al., 2001)

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ed line indic
d T11. The 

ud top tempe
he observed 
m. The obser

e intersectio
of the clou

hen derived 
on elevation 

re might be
to assign th

version. How
a) or if the m
to non-proc
cially the rig
the cloud to

ll non-opaq

mensional hi
ke the one s
nation of IR

nstruments u
e detailed th
). 

PS/SCI/ATBD/3

HR_2.0 

19

cates the 
red plus 

erature is 
T11 was 
rved T11 

on of the 
ud top in 

from the 
map. 

e several 
he lowest 
wever, in 
modelled 
essed (in 
ght panel 
op is well 

que cloud 

stograms 
shown in 

R window 
sed here, 

heoretical 

3 



 

 

 

 

Figure 6
overpass
25. Brig
function
cloud ar
shown h

Neglecti
absorpti
the brig
expressi

ci TT 
Equation

where σ
brightne

s

i
i T

T


,



Equation

      

6: Example 
s received a

ghtness temp
n of brightne
re shown in 
here the resu

ing atmosph
on coefficie

ghtness tem
ion for the o

 isi TT  ,
n 1 

σi is the trans
ess temperatu

ci

ci

T

TT




,

 

n 2 

 

Alg
for 
Tem
(CT

distribution
at Norrköpin
perature diff
ess temperat
blue, and th

ulting cloud 

heric absorp
ent througho

mperature de
observed brig

cT   

smittance at 
ure of chann

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

n of pixels f
ng, orbit num
fference in A
ture (in °C) 

he semi-trans
top tempera

ption, assum
out the cloud
epends near
ghtness temp

channel i, T
nel i. Rearra

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

from a 32x
mber 18983,
AVHRR chan

at channel 
nsparent clou
ature is estim

ming local t
d layer, and u
rly linearly 
perature at c

Tc is the clou
anging Equat

ument 

t” 

Code

Issue
File:S

Page

32 size ima
 over the No

nnels 4 (11μ
4. The pixe

ud pixels are
mated to -26

hermodynam
using that at

on the ra
channel i, Ti

ud top tempe
tion 1 gives

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 20/36 

age segment
orth Sea at 1
μm) and 5 (1
els classified
e shown in g

6.71°C. 

mic equilibr
t long wave 
diance, one
: 

erature and T

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

t. From a N
11:26 UTC 2
12μm) is sho
d as clear or
green.In the 

rium and a 
infrared fre

e may arriv

Ts,i is the clo

PS/SCI/ATBD/3

HR_2.0 

20

 
NOAA 18 
2009-01-
own as a 
r opaque 
example 

constant 
equencies 
ve at an 

oudfree 

3 



 

 

 

 

Combin

1211 TT 
Equation

where β 

By Equ
transmit

function
being de
curve, th

side of t

This is t
absorpti
two chan
of cours

From a 
histogra
appear o
ones bei
values 
transmit
curve to
on the le

 

4.1.2.2.2

When w

pixels in
which by

  pxy ,

Equation

where p 

Our prob
done by
the mod
iterative
Levenbe
the free 
squares 

      

ning the two 

 1111  
n 3 

 = α5/α4 is th

uation 3 th
ttance varies

n of σ11 form
etermined b
he 'opaque s

the curve, th

the differenc
on in the fu
nnels. In the

se vary with 

sample of 
am, just as i
on the left h
ing partially
there are p
ttance. In th
o the arc one
eft hand side

2 Least-sq

we have the b

n a given se
y using the d













cs

c

TT

Tx

n 4 

is a vector i

blem is to fi
y minimising
del. As the m
ely from a 
erg-Marquar
Starpac stat
fitting can b

 

Alg
for 
Tem
(CT

window cha

 11,1 cs TT 

he ratio of ab

e measured
s in the ran

ms an arc sha
by the ratio 
side', when 

he 'transpare

ce of the sur
ull path throu
e case of AV
surface tem

f pixels hav
it is done in
hand side, a
y filled or to
pixels with
he case of a
e can determ
e to the poin

uare fitting

brightness te

egment we w
denotations 













cs

c

TT

Tx


in a four-dim

ind the most
g a cost func
model depen

set of firs
rdt method w
tistical algor
be found in (

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

annels at 11 

 12,11 sT  

bsorption co

d brightness
nge of [0, 1

aped curve o
β. We see 

011   an

ent side', wh

rface brightn
ugh the atm

VHRR chann
mperature and

ving differen
n Figure 6. 
nd the pixel

otally cloud 
h semi-trans
a single laye

mine the clou
nt 1211 TT

g 

emperature m

want to fit a

11,ss TT   an

  



 cs TT

mensional pa

t likely param
ction measu

nds non-linea
st guess pa
which has b
rithm softwa
(Korpela et a

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

and 12µm l

11,sT  

oefficients α

s temperatu
] . In Equa

opening dow
from the ex

nd cTT 11 ,

hen 111 
ness temper

mosphere and
nels 4 and 5
d the amoun

nt transmitt
The pixels 

ls with thin 
free, will ap
sparent or 
er of cirrus 
ud top tempe
0 . 

measuremen

against these
nd 11,ss T












s
cs

c

TT

Tx 


arameter spa

meter value
uring how m
arly on the p
arameters. T
become a sta
are package
al., 2001). 

ument 

t” 

Code

Issue
File:S

Page

leads to the e

at the two c

ure T11 cha
tion 3 the d

wnwards (as
xpression th
, the differe

 and 11T 
ratures in th
d different e
 the differen

nt of column

tances one 
with thick 
and nearly 

ppear to the 
broken (su
or broken (

erature Tc th

nts 11Txi   

e points the 

12,sT  beco







s  

ace,  cTp 

s given the o
much the poi

parameters t
The minimi
andard of lea
e for this pur

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 21/36 

expression 

channels. 

anges from 
difference T

 pictured in 
hat on the le
nce vanishe

11sT , then T

e two chann
emissivities 
nce is of the 
n integrated w

can plot a 
and nearly 
semi-transp
right. In bet

ub-pixel) cl
(water) clou
rough exten

and point y

theoretical 
omes 

ssc T  ,,, . 

observed dis
nts of the hi
the minimis
isation met
ast-squares f
rpose. More

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

Tc to Ts,1

1211 TT   plo

Figure 6), t
eft hand sid

es. On the ri

1211 TTT 
nels, due to 
of the surfa
order of 1K

water vapou

 1211 TT   
opaque clo

parent cloud
etween these
louds with 
ud field, by 
nding the fitt

1211 TTyi 
model (Equ

 

stribution, an
istogram dif

sation has to
thod applie
fitting. We a

e details on t

PS/SCI/ATBD/3

HR_2.0 

21

1 as the 
tted as a 

the shape 
de of the 
ight hand 

1211 ss TT    

different 
ace in the 
K but will 
ur. 

 vs. 11T   
ouds will 
ds, or the 
e limiting 

variable 
fitting a 

ted curve 

 from all 

uation 3), 

nd this is 
ffer from 

o be done 
d is the 
are using 
the least-

3 



 

 

 

 

4.1.2.2.3

For each
11T  is 

which h
of pixels
all semi
clouds' a

The two
over lan
individu
dependin
7 shows
rise to sl

A limit 
required
In the ca
for the t
case fou

 

Figure 7
(right) i
green po
are the 
pixels), a

 

Though 
will resu
such a c
segment
of th

      

3 Procedur

h segment o
built up usi

have a differ
s inside the 
i-transparent
as for examp

o-dimensiona
nd and one
ually. The r
ng on seaso
s an exampl
lightly differ

(PGE03pMI
d in one of th
ase of both a
top tempera

und from the

7 Model fitti
in a single i
oints are cle
target pixe
and finally t

the method
ult in a clou
cloud top tem
t. The algori
he distri

 

Alg
for 
Tem
(CT

re 

f the remapp
ing all cloud
rence in 11T
segment an

t and fractio
ple seen in F

al histogram
e for pixels 
reason for t
n and geogr

le of such a 
rent but com

IN_NUMBER
he surface r
a land and a 
ature of the 
e mean of the

ing done sep
image segme
ear pixels ov
ls for the te
the black po

d assumes si
ud top temp
mperature w
ithm perform
bution a

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

ped imager
d free and n

121 T  exc
n arc-fitting 
onal cloud 

Figure 4. 

m may actual
over sea, 

the two diff
raphical area

dual distrib
mparable Tc.

R_OF_ARC
regimes or in

sea regime 
assumed sin
e two solutio

parately for 
ent histogra
ver land, the
emperature 
ints are the 

ingle layere
erature even

will not even
ms various q
against t

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

data a two d
non-opaque 

ceeding 2K (
is attempted
pixels insid

lly give rise 
and may th
ferent distri
a may be rat
bution case, 
 

CPOINTS = 
n total. If th
present, one
ngle layer c
ons. 

the pixels o
am of T11 –
e blue points
retrieval (e
excluded pi

ed cloud fiel
n for multi 
n be represe
quality check
the assu

ument 

t” 

Code

Issue
File:S

Page

dimensional 
cloud pixel

( TT 1211
d, and a pos
de the segm

to two sepa
hus require 
ibutions is t
ther differen
and the two

20) defines
his limit is ex
e may thus g
cloud. The c

over land (lef
– T12 versus
s are clear p
either semi-t
ixels in each

lds it is still
layered clou
ntative of an
ks to sort ou

umed mo

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 22/36 

histogram o
ls plus the o

K0.2 ). Fr
ssible solutio

ment. This ex

arate distribu
curve fittin

the ground 
nt over land 
o separate c

the minimu
xceeded arc
get two solut
cloud top te

eft) and for t
s T11 (tempe
pixels over w
transparent 

h case. 

l possible th
ud fields. H
ny of the clo
ut such usele
odel may

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

of 111 TT 
opaque clou
rom this dis
on is then ap
xplains the 

utions, one f
ng for each
temperatur
and over se

curve fitting

um number 
c-fitting is at
utions, as in F
emperature i

 
the pixels ov
eratures in 
water, the re

or fraction

hat the mod
However, mo

oud fields in
ess results. T
y not 

PS/SCI/ATBD/3

HR_2.0 

22

2  versus 
ud pixels 
stribution 
pplied to 
'squared 

for pixels 
h regime 
e, which 
a. Figure 

gs, giving 

of pixels 
ttempted. 
Figure 7, 
is in that 

ver water 
°C). The 
ed points 
nal cloud 

del fitting 
ost likely 
nside the 
The rmse 

exceed 

3 



 

 

 

 

PGE03p
value to
fit mode
inside 
PGE03p

The theo

Tc  c

Β r

Ts 1

δs 1
The fitti
adjustme
and δs 

configur
to 3, the
values w
interval.
If PGE0
fitting is
guess po
gave con

The iter
regime 

min11T  i

for the p
surface 
brightne
T11max

4 clear s

The firs

But it is 
11 TT 

4.1.2.2.4

The CT
function
Quite m
function

The pro
When m
the earli
the sam

      

pMAX_LIMI
 be as large 
el is PGE03

the inte
pMIN_ALLO

oretical mod

cloud top br

ratio of abso

11µm chann

11µm chann
ing algorithm
ents. The fir
could be f

ration param
en the first th
which devia
. 
03pNUM_FR
s similarly 
oint. With th
nvergence m

rative least-s
(land or wa

is the minim

parameter β 
(T11clear). H

ess temperat
TKTs ,2, 

simulation o

t guess δs is

not allowed
12T of all clo

4 The ‘mov

TH semi-tra
nality is used
many semi-t
nality will as

cessing area
moving wind
ier part of se

me procedure

 

Alg
for 
Tem
(CT

IT_RMSE=
(or larger) 
3pMINP=0

erval spec
OWED_CTT

del for the ar

rightness tem

orption coeff

nel surface T

nel - 12µm c
m needs a fir
rst two para
fixed using

meter PGE03
hree parame
ate from th

REE_PARAM
tried severa
he impleme

most often, h

square fittin
ater). The f

mum channe

is set to 1.5
However, it
ture of the 

KT clear 511 
of the domin

s set to the 

d to be lowe
oudfree pixel

ving windo

ansparent sc
d for giving
transparent 
ssign values 

a we use is 
dow is off, th
ection 4.1.2.
e of fitting 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

0.7K. The 
than the val
.001. Furthe

cified by
=-55.0°C. 

rc shape hist

mperature (T

ficients - "th

Tb 

channel surfa
rst guess for
meters are a

g forward r
3pNUM_FRE
eters are free
e first gues

M is set to 2
al times with
ented least-s
hence it is th

ng is being f
first guess T

el 4 brightne

. The first gu
t is not allo
histogram p
K , where the

ating surfac

simulated c

er than 0.0K 
ls inside the

w’ function

cheme has a
g more pixel
pixels do n
to a greater 

divided into
he procedur
2, is applied
values to a

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

smallest acc
lue from the
ermore the 

the fir

togram has f

Tb) 

he exponent"

face Tb diffe
r all four, an
always left f
radiative tra
EE_PARAM
e, and the cu
ss by an in

2, then the f
h both Ts a

squares algo
he default. 

fed with a q

cT  is set to 

ess temperat

uess of Ts is
owed to be 
pixels (T11
e Ts is the s

e inside the 

clear 11 TT 
or higher th

e segment. 

nallity 

an optional 
ls with valu
not get a c

r part of them

o segments 
re of fitting 
d once for ea
an arc is us

ument 

t” 

Code

Issue
File:S

Page

ceptable pro
e actual distr

solution cl
st guess 

four free par

" 

erence 
nd then it trie
free for the f
ansfer estim
 is set to 4, t

urve fitting i
ncreasing am

first two par
and δs havin
orithms the P

qualified firs
the minim

ture of the h

s set to the s
lower than

max) and hig
surface temp

segment. 

12T  for the

han 5.0K or 

functionality
ues, in the C
cloud top v
m. 

for the CTT
the measure

ach segment
sed; but it 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 23/36 

obability for
ribution whe
oud top tem

surface 

rameters: 

es to find the
fitting algori
mates for t
then no fixin
is tried sever
mount, but w

rameters are
ng fixed val
PGE03pNUM

st guess spe
um of  2

histogram pi

imulated cle
n the maxim
gher than th
perature and

e given surfa

higher than 

y called 'mo
CTTH-semi-
value, but th

TH-semi-tran
ed values to 
t. When ‘mo
is performe

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

r the distrib
en assuming
mperature h

temperatur

he best fit by
rithm to solv
their values
ng is done. I
ral times for
within a re

e free, and t
lues around 
M_FREE_P

ecific for the

min11,20 TC
ixels. The fi

ear T11 for t
mum 11µm 
he the max

d T11clear the

face ( TT11
n the lowest 

oving windo
-transparent 
he moving 

ansparent pro
 an arc, des

oving windo
ed several ti

PS/SCI/ATBD/3

HR_2.0 

23

bution χ2 
g the best 
has to be 
re and 

y iterative 
ve, but Ts 
s. If the 
If it is set 
r fixed δs 

easonable 

the curve 
the first 

PARAM=3 

e surface 
n  where 

irst guess 

the given 
channel 

imum of 
e channel 

clearT12 ). 

observed 

ow'. This 
product. 
window 

ocessing. 
cribed in 

ow’ is on, 
imes per 

3 



 

 

 

 

segment
moving 

We alw
overlap 
having s

 f

 f

 f

 f
u

Figure 8
segment
4 segme

 

This me
Figure 8
blue squ
pink squ
our orig
by both 
is the up
by two o
parts are
 

      

t. Onwards 
window fun

ways use the
each other.

semi-transpa

for the origi

for segment

for segment

for segment
upwards. 

8 How the s
t. The colour
ents (one orig

eans that eac
8, how this s
uare is the ri
uare is the d

ginal segmen
the black sq

pper left qua
other square
e covered by

 

Alg
for 
Tem
(CT

in this secti
nctionality is

e same size 
 So the pro

arent clouds 

inal segment

ts shifted hal

ts shifted hal

ts shifted di

egments are
red squares
ginal and 3 

ch spot of t
shifting can 
ight shifted 
diagonally sh
nt (or say: th
quare, the bl
arter-square, 
es shifted in 
y four overla

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

on is descri
s in use. 

of the segm
ocedure has 

at all), i.e. i

ts 

lf a segment

lf a segment

agonally: ha

e shifted in m
are differen
shifted segm

the area is c
be done. If 
segment, the
hifted segme
he small squ
ue square, th
which is co
from the lef

apping segm

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

ibed how th

ment. The s
to be run f

in the follow

t size to the r

t size upwar

alf a segmen

moving wind
ntly shifted s
ments) are o

covered by 
f the bold bla
e yellow squ
ent. Then w

uare right in 
he yellow sq

overed by the
ft side. Of co

ments of diffe

ument 

t” 

Code

Issue
File:S

Page

he CTTH pro

segments we
four times p

wing ways:  

right 

ds 

nt size to th

dow: The bo
segments. In
verlapping e

four segmen
ack square i
uare is the u

we see that th
the middle, 

quare and th
e black squa
ourse this ap
erent shift. 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 24/36 

ocessing is p

e run it on 
per segment

he right and 

old black sq
n the bottom
each other. 

nts. Let us 
is our origin
upwards shif
he upper rig
in the lowe

he pink squar
are and by th
pplies to all 

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

performed w

are shifted 
t (of those s

d half a segm

 
quare is our
m picture we

look at an e
nal segment,
fted segmen
ght quarter-s
er picture) is
are. Another 
he yellow sq
parts of our

PS/SCI/ATBD/3

HR_2.0 

24

when the 

so as to 
segments 

ment size 

r original 
e see how 

example, 
 then the  

nt and the 
square of 
s covered 
example 

quare and 
r area, all 

3 



 

 

 

 

Figure 9
combine
parts of 
when th
values m
illustrate

 

If our or
the shift
square g

B
E




Equation

The oth
segment

Let us lo

If e.g. C

2

B
E




Equation

This is l

If our or
values o

If neithe
to use so

C* 

0* 

C 

0

      

9 How the s
ed, and thei
f our origina
e original se

marked with
ed here. 

riginal segm
fted segment
gets its value

3

DC 
 

n 5 

her quarter s
ts shifted in 

ook at some 

C is no-value

2

D
 

n 6 

like Figure 9

riginal segm
of the shifted

er our origin
o we end up 

B* 

D

E 

B

 

Alg
for 
Tem
(CT

shifted segm
ir respective
al segment. L
egment has 

h * means th

ment had no 
ts, if they h
e as a combi

squares also
from the lef

more cases 

e, then we se

9, the left pa

ment has got 
d segments. 

nal segment 
with no-val

D 

B 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

ments are com
e values. Th
Left figure is
got a value

hat this valu

value, the n
have values
ination of th

o get new v
ft or from th

that can app

et  

rt, but with 

a value, that
See Figure 9

nor the shif
lue. See Figu

A

A A

A 

A 

C 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

mbined: The
he bottom fi
s when orig

e. Right figur
ue is also, in

new value i
. In the left
e values of t

values. All 
he downside,

pear:  

C being 0. 

t value is ke
9, the middl

fted segment
ure 9, the rig

A

A

B

D

ument 

t” 

Code

Issue
File:S

Page

e top figures
igures show
ginal segmen
re is when n
n reality, inf

s taken as a
ft part of Fi
the blue, the

those value
, so no equa

ept all over t
e part. 

ts has any g
ght part. 

0

0

0

0

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 25/36 

s show whic
the resultin

nt has no-va
no segment h
fluenced by 

a mean value
gure 9 the 

e yellow and

es are all in
tions are giv

the segment,

got values, th

0*

0*

0*

0

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ch segments
ng value in 

alue. Middle 
has got a va
other segm

e of the valu
upper right

d the pink sq

nfluenced b
ven for them

, un-accordi

hen there is 

0 

0 

PS/SCI/ATBD/3

HR_2.0 

25

 
s that are 

the four 
figure is 

alue. The 
ments, not 

ues from 
quarter- 

quare: 

by others 
m here. 

ing to the 

no value 

3 



 

 

 

 

The mov
have any
the amou
having d
indata. 

4.2 PR

4.2.1 V

 

The only
on globa
visualisa
order to
regularil
/Calipso
products
Karlsson
against A
PPS is o
dataset f
 

      

ving window
y value, and
unt of semi-
data, here an

RACTICA

Validation 

y few global
al Metop da
ation and h
o adequately
ly appears i

o is unfortun
s in the arct
n et al., 200
ATRAIN cl
operational.
for quality a

 

Alg
for 
Tem
(CT

w functiona
d if any of t
-transparent 
nd there, sp

AL CONS

l tests of qua
ata. As a con
eight assign

y present th
in the tropic

nately only p
tic has been

09. One exam
loud top pro
 Currently 

assessment o
 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

ality become
the other thr
data that we

pread out ov

IDERATI

ality and per
nsequence o
nment for v
e highest cl
cs. For the 

possible for a
n undergone
mple of that
oducts will b
CLOUDSA

of cloudheigh

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

es useful for
ree ones mig
e get out; w

ver the area.

ION 

rformance o
of global mo
very high cl
loud tops, s
Metop Sate

arctic region
e a thorough
t is given in 
be carried ou

AT/Calipso d
ht products.

ument 

t” 

Code

Issue
File:S

Page

r a segment,
ght have a v

we get an ext
. And this is

of this algori
onitoring so
louds have 
specifically 
ellite object
ns due to ov
h validation 

Figure 11. 
ut globally w
data represen
 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 26/36 

, if the origi
value to offe
ra segment (
s from still 

thm have be
me adjustm
been implem
for very de

tive validatio
erlap constr
by CMSAF
More comp

when the NO
nts the best

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

inal segmen
er. Thus we 
(or quarter-s
the same am

een carried o
ments to both

mented in v
eep convect
ion against 
rains of orbit
F ([RD.5]). 
prehensive v
OAA GAC c
t available r

PS/SCI/ATBD/3

HR_2.0 

26

nt did not 
increase 

segment) 
mount of 

out based 
h product 
v2009 in 
tion as it 
Cloudsat 
ts. Cloud 
See also 

validation 
chain for 
reference 

3 



 

 

 

 

 

 

. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 
PPS cl

flying fr

 

Fi
Clou

descrip
top he

Green

      

10  Example
loud top heig
rom right, Sib

igure 11 Cro
udSat/CALIP
ption: Red = 
eights from t

nland in the r

 

Alg
for 
Tem
(CT

e of matchup
ght  product f
beria, to the 

oss section pl
PSO results a

CloudSat clo
the CTTH pr
right part bet

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

p track (white
for 5 June 20
left close to 

the Clim

lot of matche
as a function 
oud mask, G

roduct. Topog
tween 3000 t

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

e line) along
007 at 01:43
the North Po

mate Monitor

ed PPS (NOA
of the length

Green = CALI
graphy along
to 5000 km).

ument 

t” 

Code

Issue
File:S

Page

g the NOAA-1
3 UTC (i.e., ti
ole which is 
ring SAF. 

AA-18, 27 Ju
h along the m
IPSO cloud 
g the matchu
The cross se

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 27/36 

18 overpass 
ime for first s
in the centre

uly 2007 at 0
matchup trac
mask, Blue c

up track is sh
ection can be

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

superposed 
scanline).NO

e of the pictu

06:12 UTC) a
ck (in km). Co
crosses = PP
hown in blac
e directly com

>9000

8500-9

8000-8

7500-8

7000-7

6500-7

6000-6

5500-6

5000-5

4500-5

4000-4

3500-4

3000-3

2500-3

2000-2

1500-2

1000-1

500-10

0-500m

unpro

PS/SCI/ATBD/3

HR_2.0 

27

over the 
OAA-18 
re. From 

and 
olour 

PS cloud 
k (e.g. 

mpared 

 m  

9000m  

8500m  

8000m  

7500m  

7000m  

6500m  

6000m  

5500m  

5000m  

4500m  

4000m  

3500m  

3000m  

2500m  

2000m  

1500m  

000m  

m  

ssesed 

3 

 



 

 

 

 

with
reaso

 

4.2.2 Q

The CT
only be
possible
quality 
assessm
assessm
currently
motivate

The flag
covered
techniqu
 

      

h the visualis
onable, excep

Quality con

TH process
ing set in s

e solution is 
assessment 

ment is avai
ment and com

y implement
e its use in th

gs identifyin
, the presen
ue all indirec

 

Alg
for 
Tem
(CT

sed matchup 
pt for some p

ntrol 

ing flags in
situations w
identified. 
has been p

lable since 
me to the 
ted this will
he algorithm

ng whether t
nce of inve
ctly are qual

 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

track (starti
pixels around

un

nclude a flag
when a temp

When set, a
performed. 

situations 
result that 

l never occur
m. 

the pixel wa
rsion, and 
lity indicator

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

ing at the rig
d track positi
nderestimate

g for low co
perature inv
also the flag
The extra 
may occur
the pixel h

ur, but future

as classified 
the flag ide
rs to the use

ument 

t” 

Code

Issue
File:S

Page

ght part over 
ion 2000-250
ed. 

onfidence (s
version is en
g quality is 
flag inform

r where it 
has a higher
e validation m

opaque or s
entifying th
er. 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 28/36 

Siberia) in F
00, where the

ee 4.2.5). T
ncountered 
set indicatin

ming about a
is possible 
r than aver
may identify

semi-transpa
he applicatio

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

Figure 10.Lo
e CTTH prod

This flag is 
and more t

ng that som
a performed

to make a
rage confide
y such situat

arent or par
on of the h

PS/SCI/ATBD/3

HR_2.0 

28

ooks 
duct is 

currently 
than one 

me sort of 
d quality 
a quality 
ence. As 
tions and 

tly cloud 
histogram 

3 



 

 

 

 

4.2.3 A

Importan
semitran
contain 
friendly 
supply a
converg

 

4.2.4 L

4.2.4.1 

The sam
inputs in
except th

4.2.4.2 

The clou

4.2.4.3 

Similar t
in pixel 

 
 

4.2.4.4 

The sam
List of in

 

4.2.4.5 

Like the
forecast 
analysis

As comp
NWP in
possible

In contr
resolutio
grid reso

      

Assumption

nt assumptio
nsparent clo
the same he
display of 

a cloud heig
ge. 

List of inpu

Satellite d

me spectral 
n ATBD-01
he 0.9 and 8

Cloud Ma

ud type prod

Sun and s

to the CM a
resolution. S

Land cove

me land-use 
nputs in ATB

NWP data

e CM and 
(lead times

 in case of o

pared to the
nformation. 
e vertical res

rary to the C
on but it is a
olution of th

 

Alg
for 
Tem
(CT

ns and lim

ons and lim
ouds. It is a
eight, which 

results for 
ght estimate

uts 

data 

information
 [AD.2]) an

8.5 µm chann

ask 

duct as provi

atellite ang

and the CT th
See section L

er characte

and elevati
BD-01 [AD

a 

the CT, CT
s between 6
off line proce

e cloud mask
The CTTH

solution. 

CM and CT 
advantageou
he NWP mod

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

itation 

mitations are 
assumed tha

is not neces
the user. D

e for semitra

n as needed 
nd as the clo
nels are man

ided by the C

gles 

he CTTH ne
List of input

erisation an

on data nee
.2]. 

TTH uses N
6 and 24 ho
essing (as e.

k and cloud 
H requires t

the NWP p
s to have the
del. 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

primarily c
at all semitr
ssarily true a

Despite effor
ansparent cl

by the CT
oud mask is 
ndatory also

CT is a man

eeds inform
ts in ATBD-

nd elevation

eded by the 

NWP param
ours) in case
.g. in re-proc

type the CT
the tempera

parameters a
em mapped 

ument 

t” 

Code

Issue
File:S

Page

connected to
ransparent c
and also leav
rts undertak
louds, since

is input to 
mandatory 

o for the CTT

ndatory inpu

ation on the
-01, [AD.2].

n 

CM is requ

meters as eit
e of nowcas
cessing for c

TTH is, how
ature and sp

are not need
to a horizon

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 29/36 

o the estimat
clouds in a 
ves gives a s
en, it is not
the algorith

the CTTH 
input to the 
TH. 

t for the CT

 sun- satellit
. 

uired by the 

ther provide
sting or as p
climate appl

wever, much
pecific hum

ded in full (m
ntal resolutio

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

tion of clou
processing 

segmented l
t always po
hm does no

(see sectio
CTTH, all 

TTH. 

te viewing g

e CTTH. See

ed by a sho
provided by
lications). 

h more depe
midity at the

map-project
on comparab

PS/SCI/ATBD/3

HR_2.0 

29

d top for 
segment 

less user-
ossible to 
ot always 

n List of 
channels 

geometry 

e section 

ort range 
y a valid 

endent on 
e highest 

ed) pixel 
ble to the 

3 



 

 

 

 

4.2.4.6 

The CTT
These ca

 G
i

 G

 G
w

 G
w

 G
w

The effe
GENERA
CTTH i
paramet
altered b

 

4.2.5 D

The CT
meters a
paramet
not retri
be appli

In addit
informat
for the a

So in tot
datasets 
for the m
below. 

The CT
Cloud fr
are cond
sections

 

Cloud T

The clou

T = gain

      

Parameter

TH has a fe
an be found 

GENERATE
is wanted. 

GENERATE

GENERATE
wanted. 

GENERATE
wanted. 

GENERATE
wanted 

ective cloud
ATE_CLOUD
in semi-tran
ters, defined
by the user. 

Description

TH produce
and the heig
ter called clo
ieved with th
ed in the fut

tion, for eac
tion on the 

assessment o

tal the conte
are for tem

moment. The

TH algorith
free pixels an
ditions when
 4.1, and in 

Top Tempe

ud top tempe

n   count + 

 

Alg
for 
Tem
(CT

r files and a

w configura
in the file p

E_TEMPER

E_PRESSU

E_HEIGHT

E_CLOUDI

E_PROCES

diness is no
DINESS sh

nsparent and
d in the file 

n of output

es three par
ght in pressu
oudiness tho
he current a
ture. 

ch pixel a s
conditions u

of the quality

ent of the CT
mperature, pr

e 16 bit data

hm tries to p
nd pixels ou
n the algorit
these cases 

erature  

erature is sto

intercept 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

algorithm c

ation parame
pps_confi

RATURE (d

RE (default 

T (default ye

INESS (def

SSING_FLA

ot derivable 
hall always 
d fractional 
ppsCtthH

t 

rameters for
ure units. Als
ought to giv
lgorithm. It 

set of proce
under which
y of the clou

TTH consist
essure, heig
aset contains

produce an 
utside the sa
hm is unabl
the no-data 

ored using a

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

configurati

eters related
ig_common

default yes):

t yes): Wheth

es): Whether

fault no): W

AG (default 

using the c
be set to n
cloudiness 
Histo_con

r the cloud 
so the outpu

ve the cloud
may be retr

essing flags 
h the pixel w
ud top estim

ts of four 8 b
ght and cloud
s processing

output for e
atellite swat
le to provide
value will b

a linear conv

ument 

t” 

Code

Issue
File:S

Page

ion files 

d to how mu
n.cfg and

 Whether th

her the clou

r the cloud 

Whether the 

yes): Whe

current algo
no. In additi
has a few a
nfig.py. T

top, namely
ut format is 
d cover fract
rieved if the

describe th
was process
ation. 

bit datasets 
diness, wher

g flags. They

every pixel 
th become n
e an unambi
be assigned t

version from

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 30/36 

ch is wanted
d are listed h

he cloud top

d top pressu

top height (

effective c

ether the p

orithms avai
ion the algo
algorithm sp
These param

y the temper
prepared for

tion. But thi
 radiance ra

he method a
ed, and thou

and one 16 b
re there clou

y are all desc

classified as
non-processe
iguous estim
to the pixel. 

m 8bit count t

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

d in the fina
here: 

p temperatur

ure output is 

(in meters) 

cloudiness o

processing f

ilable, and t
orithm to de
pecific confi
meters shoul

rature, the h
or the genera
is latter para
ationing met

applied and
ught to be im

bit dataset. T
udiness is le
cribed in mo

s cloudy by
ed. In additi

mation, see f

to temperatu

PS/SCI/ATBD/3

HR_2.0 

30

al output. 

re output 

wanted. 

output is 

output is 

flags are 

therefore 
erive the 

figuration 
ld not be 

height in 
ation of a 
ameter is 
thod is to 

d provide 
mportant 

The 8 bit 
eft empty 
ore detail 

y the CT. 
ion there 
further in 

ure, as 

3 



 

 

 

 

The gain
due to fa

 

 

Cloud T

The clou
for the te

 

 

Cloud T

The clou
the temp

 

 

 

Process
The pro
informat
(spare) p
 

Bit 
number

0 

1 

2 

      

n, intercept 
ailed retriev

Table

Top Pressu

ud top press
emperature.

Tab

Top Height

ud top heigh
perature. Th

Ta

sing flags 
ocessing is s
tion about t
possibly to b

r 
Flag 

Non-proc

Cloudy 

Opaque c

 

Alg
for 
Tem
(CT

and no-data
al or corrupt

e 5 Gain, int

Gain 

1.0K/cou

ure 

sure is stored
 The gain, in

ble 6 Gain, i

Gain 

25hPa/co

t 

ht is stored u
e gain, inter

able 7 Gain,

Gain 

200m/co

sometimes r
the reliabilit
be used in th

cessed 

cloud 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

a value (for 
t input data)

tercept and n

In

unt 10

d using a lin
ntercept and

intercept and

In

ount 0.

using a linea
rcept and no

intercept an

In

ount 0.

referred to a
ty of the clo
he future if n

Table

Explanatio

Containing

Cloud cont
fractional)

Opaque clo

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

missing da
) are listed b

no-data valu

ntercept 

00.0K 

near convers
d no-data val

d no-data va

ntercept 

.0hPa 

ar conversio
-data value 

nd no-data v

ntercept 

.0m 

as quality fl
oud top est

new retrieva

e 8 Processi

on 

g no data (ou

taminated (e

oud 

ument 

t” 

Code

Issue
File:S

Page

ata = outside
below: 

ues for cloud

Nodata

255 

sion from 8b
lue are listed

alues for clo

Nodata

255 

on from 8bit 
are listed be

values for cl

Nodata

255 

lags, since t
imation. Se
l methods ar

ing bit 

utside satelli

either opaqu

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 31/36 

e swath - or

d top temper

a 

bit count to p
d below:  

oud top press

a 

count to he
elow: 

loud top heig

a 

hey, at leas
veral of the
re being imp

ite swath) or

e, semi-tran

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

r no data = 

rature 

pressure like

sure 

eight like as 

ght 

st indirectly,
e bits are le
plemented. 

r corrupted d

nsparent or 

PS/SCI/ATBD/3

HR_2.0 

31

no result 

e as done 

done for 

, provide 
eft empty 

data  

3 



 

 

 

 

Bit 
number

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

 
 
 

      

r 
Flag 

RTTOV 

Missing N

Inversion

AVHRR 

Using RT

Window 

Spare 

Spare 

Spare 

Spare 

Spare 

Quality 

Low con

 

Alg
for 
Tem
(CT

NWP data 

n 

missing 

TTOV 

T11T12 

fidence 

 

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

Explanatio

RTTOV de

No NWP d

Low level t

Some (one

RTTOV sim

Window/hi
and fractio

(for possib

(for possib

(for possib

(for possib

(for possib

Quality ass

 

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

on 

erivation ava

data availabl

temperature

e or several c

mulations ap

istogram tec
onal clouds)

ble other algo

ble other algo

ble other algo

ble other algo

ble other algo

sessment per

ument 

t” 

Code

Issue
File:S

Page

ailable, vers

le 

e inversion p

channels) AV

pplied in the

chnique appl

orithms to co

orithms to co

orithms to co

orithms to co

orithms to co

rformed 

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 32/36 

ion 9 

present 

VHRR data 

e derivation 

lied (for sem

ome) 

ome) 

ome) 

ome) 

ome) 

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

missing 

mi-transpare

PS/SCI/ATBD/3

HR_2.0 

32

nt 

3 



 

 

 

 

 

4.2.6 V

 

The CT
product 
an autom
tempera
is even m
image o
The SMH

Figure 1
the PPS
under th

Figure 1

Figure 
Europe A
10 for ct

      

Visualisatio

TTH product
available in

matic mesos
ature for exa
more difficu
f the height 
HI PPS view

13 shows th
S viewer it is
he mouse-po

14. 

12 An exam
April 1, 200
tth colour in

 

Alg
for 
Tem
(CT

on 

t is like the
n HDF5 whic
scale analys
ample using 
ult to use tha
in meters of

wer shown ea

he same exam
s possible to

ointer, as illu

mple of CT
03, 9:56 UTC
nterpretation

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

e other PPS 
ch should be
sis or nowca

a colour pa
an a plain cl
f a CTTH pr
arlier may b

mple as sho
o get the fu
ustrated in 

TTH image d
C (orbit 399
n.  

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

cloud and 
e used toget
asting schem
alette, witho
loud mask o
roduct.  
be rather use

own in Figu
ll informatio

display usin
92). Here on

 

ument 

t” 

Code

Issue
File:S

Page

precipitatio
ther with the
me. A plain 
ut additiona

or type imag

eful in the ca

re 12 but w
on available

ng hdfview: 
nly the heigh

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 33/36 

n products 
e appended f

CTTH ima
al flags or qu
ge. Figure 12

ase of the C

with the SMH
e in the HD

A NOAA 1
t in meters i

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

first of all 
flags, e.g. as
age showing
quantitative n
2 shows suc

CTTH.  

HI PPS view
DF5 file for 

 
17 scene ov
is shown. Se

PS/SCI/ATBD/3

HR_2.0 

33

a digital 
s input to 
g just the 
numbers, 

ch a plain 

wer. With 
the pixel 

ver West 
ee Figure 

3 



 

 

 

 

 

Figure 1
Same sc
Britain, 
and to t
retrieval

 

      

13 Example 
cene as show

and the Ne
the right the
ls.See Figur

 

Alg
for 
Tem
(CT

of ctth imag
wn in Figure
therlands. T

e correspond
re 10 for ctth

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

ge display us
e 12, but her
To the left an
ding merged
h colour inte

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

sing a dedic
re in a close
n RGB imag
d CTTH usi
erpretation.

ument 

t” 

Code

Issue
File:S

Page

cated PPS im
e up over the
ge using cha
ng both the

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 34/36 

mage viewer 
e north sea, 
annels 1, 3A

opaque and

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

r developed a
south easte

A, and 4 is d
d semi-trans

PS/SCI/ATBD/3

HR_2.0 

34

 

at SMHI. 
ern Great 
displayed 
sparency 

3 



 

 

 

 

 

Figure 1
as show
under th

 

 

      

14 Example 
wn previously
he mouse-po

 

Alg
for 
Tem
(CT

visualisatio
ly in Figure 
ointer. See F

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

on with the P
4. The two

Figure 10 for

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

PPS viewer 
o information
r ctth colour

ument 

t” 

Code

Issue
File:S

Page

developed a
n dialogs pr
r interpretati

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 35/36 

at SMHI. Sa
rovide infor
ion. 

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ame NOAA 
rmation for 

PS/SCI/ATBD/3

HR_2.0 

35

 

17 scene 
the pixel 

3 



 

 

 

 

5. RE

Chevalli
the assim
Medium

Derrien,
transpar

Eyre, J.
Memora
Availabl

Inoue, T
cirrus c
Meteoro

Karlsson
EUMET
observat

Korpela
Semi-tra
Folborg

Menzel,
Altitude

Saunder
Transfer
1425. 

Saunder
publica

 

 

      

FERENC

ier, M. M. F
milation of 

m Range Wea

, M., Lavana
rent clouds w

. R., 1991. 
andum176, 
le from the l

T., 1985. On
clouds by b
ological Soc

n, K.-G. a
TSAT Clima
tions. Atmos

a, A., Dybbro
ansparent an
svägen 1, SE

 W. P., l. Sm
e Assignmen

rs, R. W., M
r Model for

rs, R., Matr
tion, NWPS

 

Alg
for 
Tem
(CT

CES 

F. and Tjemk
f radiances o
ather Foreca

ant, L., and 
with AVHRR

A fast rad
European 

librarian at E

n the tempe
bi-spectral 
iety of Japan

and Dybbro
ate Monitor
s. Chem. Phy

oe, A., and T
nd fractiona
E-60176 No

mith, W., an
nt using VAS

Matricardi, 
r Assimilatio

ricardi, M.,
SAF-MO-U

orithm Theoret
SAFNWC/PPS

mperature, Press
TTH-PGE03 v3

kes, S., 2001
observations
asting (ECM

Gleau, H. L
R. In Procee

diative trans
Center fo

ECMWF. 

erature and 
measuremen
n 63(1), 88-

oe, A., 200
ring Satellit
ys. Discuss.,

Thoss, A., 2
al cloudines

orrköping, Sw

nd Stewart, T
S. Journal of

M., and Br
on of Satell

 and Geer,
UD-016, 57p

tical Basis Docu
S “Cloud Top 
sure and Height
.0) 

1. An impro
s. Technica

MWF). Avail

L., 1988. Ret
edings of the

sfer model 
or Medium 

effective em
nts in the 
-98. 

09. Evaluat
te Applicati
, 9, 16755-1

2001. Retrie
ss using AV
weden. NW

T. R., 1983
of Climate an

runel, P., 1
lite Radianc

, A., 2008,
p. 

ument 

t” 

Code

Issue
File:S

Page

ved general 
l Memorand
lable from th

trieval of the
e IRS'88, Lil

for satellite
RangeWe

missivity de
10 μm w

tion of Arc
ion Facility
16810, 2009

ving Cloud 
VHRR. Rep

WCSAF Visit

. Improved 
nd Applied M

999, April)
ces Observa

 RTTOV9.

e:SAF/NWC/CD

e:   2.3.1  Date: 
SAF_CM_SMHI_A

: 36/36 

fast radiativ
dum 345, E
he librarian 

e cloud top t
lle, France, p

e sounding 
ather Forec

termination 
indow regio

ctic cloud 
based on 

. 

Top Tempe
ports Meteo
ting Scientis

Cloud Motio
Meteorology

). An Impro
ations. QJRM

1 user guid

DOP/SMHI-PP

15 April 2010 
ATBD_CTO_AVHH

ve transfer m
European C
at ECMWF

temperature 
pp. 199-202

systems. T
casting (EC

of semi-tra
on. Journa

products f
CALIPSO-

erature and H
orologi 100
st Report. 

on Wind Ve
y 22, 377-38

oved Fast R
MS 125(556

de, UK Me

PS/SCI/ATBD/3

HR_2.0 

36

model for 
enter for 
. 

of semi-
2. 

Technical 
CMWF). 

ansparent 
al of the 

from the 
CALIOP 

Height in 
0, SMHI, 

ector and 
84. 

Radiative 
6), 1407-

et office 

3 


