
CMUG 
Number
 
Due dat
Submiss
Edition:

 
 
 
Clim
 
 
Deliv
 
Adv
CCI 
to C
 
 
Centre
 
 
 
 

Editio
1.0.2 
 
 

 
 
 
 

Phase 2 De
r:  

e:   
sion date:   
  

mate M

verab

vanced
datas

CMUG 

es provid

on D
3
 
 

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

Modelli

le 5.1 

d vers
sets an
and E

ing input

Date 
30 August 20

 

Doc

dvanced vers
d user guide
16 
2016 

ing Us

v2 

ion of
nd up

ESA CC

:  DLR, M

S
016 V

 
 

cument Ref.

sion of the ES
e released to 

 
 

1 of 20 

ser Gro

f the E
pdated
CI team

MPI-M (no

Status 
Version for 

: 5.1  

SMValTool w
CMUG and 

oup 

ESMVa
 user 
ms 

ow LMU)

ESA 

with ESA CC
ESA CCI tea

alTool 
guide

, SMHI 

I  
ams 

with 
e relea

ESA 
ased 



CMUG 
Number
 
Due dat
Submiss
Edition:

 

Delive

Advan
updat

Conte

1  Sum
2  Pur
3  Brie
4  ESA

4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 

4.8
4.8

5  Exa
Code Av
Referenc
 

Phase 2 De
r:  

e:   
sion date:   
  

erable 5.

nced ver
ted user 

ents 

mmary .........
rpose, scope 
ef overview 
A CCI data ..

Aerosol ....
Cloud .......
Ozone .......
Sea ice ......
Soil moistu
Land cover
Sea surface
Greenhous

8.1  Colum
8.2  Consi
amples of usi
vailability.....
ces ...............

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

1 v2 

rsion of 
guide re

....................
and content 
of the ESMV
....................
....................
....................
....................
....................
ure ...............
r ..................
e temperatur
se gases .......
mn-average d
iderations for
ing ESA CC
....................
....................

 

Doc

dvanced vers
d user guide
16 
2016 

the ESM
eleased t

....................
of this repor
ValTool .......
....................
....................
....................
....................
....................
....................
....................

re ..................
....................
dry-air mole 
r model-obse

CI datasets wi
....................
....................

cument Ref.

sion of the ES
e released to 

 
 

2 of 20 

MValToo
to CMUG

....................
rt ..................
....................
....................
....................
....................
....................
....................
....................
....................
....................
....................
fraction carb
ervation com
ith the ESMV
....................
....................

: 5.1  

SMValTool w
CMUG and 

ol with E
G and ESA

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

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

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

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

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

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

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

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

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

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

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

....................
bon dioxide (

mparisons .....
ValTool .......
....................
....................

with ESA CC
ESA CCI tea

ESA CCI 
A CCI te

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

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

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

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

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

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

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

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

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

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

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

....................
(XCO2) ......
....................
....................
....................
....................

I  
ams 

dataset
ams 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ts and 

............ 3 

............ 3 

............ 3 

............ 5 

............ 5 

............ 6 

............ 6 

............ 7 

............ 7 

............ 7 

............ 8 

............ 8 

............ 9 

............ 9 

.......... 10 

.......... 16 

.......... 16 



CMUG 
Number
 
Due dat
Submiss
Edition:

 

Adv
data

1 Su

Model b
Earth Sy
Coupled
has been
various a
currently
internati
metrics t
has estab
Groups 
developm
currently
contribut
evaluate 

2 Pu

This del
both be r
CMUG c
overview
This adv
password
ESMVal
which is
The ESA
surface t
used in t
will be u
of the CC

3 Br

A detail
ESMVal

Phase 2 De
r:  

e:   
sion date:   
  

vanced
asets a

ummary

enchmarking
ystem Mode
d Model Inte
n established 
aspects of ES
y not used 
onal commu
tools for eva
blished its o
(CRGs) with
ment of a c
y developed 
tion is to in
models part

urpose, 

iverable incl
released toge
contributes t

w and an upd
vanced versi
d restricted 
lTool need t
 hosted at D
A CCI datas
temperature,
the performa
updated next
CI datasets p

rief ove

led descripti
lTool’s user

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

d versio
and upd

a

y 

g initiatives h
els (ESMs) a
ercomparison

to define mo
SM simulati
in the cont

unity to dev
aluation of c
own approac
hin the CCI
community-w

by differen
nclude ESA 
ticipating in C

scope 

ludes a brief
ether with an
to this release
date of the d
ion of the E

area. CMU
to register f
LR under a 
sets included
, ozone, gree
ance metrics
t year to Edit
presented in L

rview o

ion of ESM
’s and devel

Doc

dvanced vers
d user guide
16 
2016 

on of th
dated u
and ES

have become
and to suppo
n Project (CM
odel perform
ons with a m
text of rout
velop standa
climate mode
ch. Model be
I and variou
wide Earth 
nt partners in
CCI data in
CMIP6.  

and con

f overview o
n updated use
e with techni

detailed user’
SMValTool 

UG partners 
for the passw
subversion c
d in v1.0.2 a
enhouse gas
 plot as refe
tion 3 and w
Lauer et al. (

of the ES

MValTool (v
loper’s guide

cument Ref.

sion of the ES
e released to 

 
 

3 of 20 

he ESM
user gu
SA CCI

e increasingl
ort the mode
MIP), the W

mance metric
multitude of 
tine model 
ardized refe
el simulation
enchmarking

us CMUG ac
System Mo
n different p

n the ESMVa

ntent of

of an advanc
er’s guide to
ical developm
’s guide, and
is shared fo
who wish t
word restric

controlled rep
are ESA CC
es, and land

erence datase
will contain a
(in preparatio

SMValTo

1.0) has bee
e is availabl

: 5.1  

SMValTool w
CMUG and 

MValTo
uide re
I teams

ly important 
el developm

WGNE/WGC
s for model-
observationa
evaluation. 
rence datase
ns. At presen
g is also imp
ctivities. CM
odel Evaluat
projects und
alTool so th

f this re

ed ESMValT
o CMUG and
ment of the t

d by adding E
or test purpo
to work wit
cted ESMVa
pository and

CI aerosol, c
d cover. Sele
et to evaluate
a summary o
on). 

ool 

en published
le as supplem

with ESA CC
ESA CCI tea

ool with
eleased
s 

to evaluate t
ment process.
CM Climate M
-data intercom
al datasets. H
There is a 

ets, diagnos
nt, basically
portant for t

MUG therefo
ion Tool (E

der DLR lea
hat they can 

eport 

Tool version
d the ESA CC
tool, docume
ESA CCI da

oses among 
th the advan
alTool devel
d a wiki page
cloud, sea ic
ected new E
e CMIP5 mo

of the analysi

d in Eyring 
mentary mat

I  
ams 

h ESA 
d to CM

the quality o
. In the fram
Model Metr
mparison and

However, ES
strong nee

tic and perf
y each resear
the Climate 
ore contribut
ESMValTool
ad. CMUG’s

be routinely

n (v1.0.2), w
CI teams in f
entation in fo
atasets to thi
CMUG part
nced version
lopment env
e with docum
ce, soil mois

ESA CCI dat
odels. This d
is of the perf

et al. (201
terial of Eyr

CCI 
MUG 

f coupled 
me of the 
rics Panel 
d analyse 

SA data is 
ed in the 
formance 
rch group 
Research 

tes to the 
l) that is 
s specific 
y used to 

which will 
fall 2016. 
orm of an 
s release. 
tners in a 
ns of the 
vironment 
mentation. 
sture, sea 
tasets are 
document 
formance 

16a). The 
ing et al. 



CMUG 
Number
 
Due dat
Submiss
Edition:

(2016a) 
overview

Figure 1

The ESM
scripts a
chemistr
its focus
for the 
diagnost
written i
routines.
language
single in
Languag
analysed

Within t
Output R
via a set
input da

Phase 2 De
r:  

e:   
sion date:   
  

and on the E
w of ESMVa

: Schematic 

MValTool co
as schematic
ry-climate m
s. In particula
coupled Ear

tics rather th
in Python, w
. The current
es. The ESM
nput argume
ge) syntax a
d and the diag

the workflow
Rewriter (CM
t of dedicated
ata (e.g., wr

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

ESMValToo
alTool (v1.0) 

overview of 

onsists of a 
ally shown 

model evaluat
ar, it extends
rth system, 
han being m
while a mul
t version sup

MValTool is 
ent. The nam
and define th
gnostics to b

w, the input
MOR, http://
d reformattin
ong coordin

Doc

dvanced vers
d user guide
16 
2016 

ol website ht
which is sch

f the ESMVa

workflow m
in Figure 1.

tion (CCMV
s to ESMs b
and also fo

mostly flexibl
lti-language 

pports Python
executed by 
melists are 
he data to b

be applied. 

t data are ch
/pcmdi.githu
ng routines, 
nates, undefi

cument Ref.

sion of the ES
e released to 

 
 

4 of 20 

ttp://www.es
hematically d

alTool structu

manager and 
. It builds o

Val-Diag Too
y including 

ocuses on be
le as the CC
support is 

n, NCL and R
invoking th
text files w

be read (mo

hecked for c
ub.io/cmor-si

which are al
ined or miss

: 5.1  

SMValTool w
CMUG and 

mvaltool.org
depicted in F

ure (from: Ey

a number of
n a previou

ol, Gettelman
diagnostics a
enchmarking
CMVal-Diag
provided in
R, but it can 

he main.py sc
written using
odels and ob

compliance w
te/tables.htm
lso able to fi
sing values, 

with ESA CC
ESA CCI tea

g/. In this se
Figure 1. 

yring et al., 2

f diagnostic 
sly publishe

n et al. (2012
and perform

g models wi
g tool. The w
n the diagno

be extended
cript, which 
g the XML 
bservations),

with the CF
ml) standards
ix the most c
non-compli

I  
ams 

ction we giv

2016a). 

and graphic
ed diagnostic
2)), but is di

mance metrics
ith a standar
workflow m
ostic and the
d to other ope

takes a nam
(eXtensible

, the variabl

F and Climat
s required by
common erro
iant units, et

ve a brief 

 

cal output 
c tool for 
fferent in 
s relevant 
rd set of 
anager is 
e graphic 
en-source 

melist as a 
 Markup 
les to be 

te Model 
y the tool 
ors in the 
tc.). It is 



CMUG 
Number
 
Due dat
Submiss
Edition:

additiona
calculate
diagnost
customiz
specific 
are com
operation
both net
informat
analysed
reference

Besides 
ESMVal
datasets 
land cov
Table 1. 

Table 1 E

D

A

Cl
G
O
La

Se

Se
Te
So

 

4 ES

The foll
v1.0.2 th

4.1 A
The ESA
aerosol 
Radiome
Direction
(stellar o
response

Phase 2 De
r:  

e:   
sion date:   
  

ally possible
e the total c
tic and grap
zed by the us
settings (in 

mplemented b
ns (statistica
CDF and gra
tion of a spe
d data (mod
es. This help

several sma
lTool (v1.0.2
aerosol, clou

ver for the ev

ESA CCI datas

ataset 

erosol 

loud 
reenhouse Gas

Ozone 
and Cover 

ea Ice 

ea Surface 
emperature 
oil Moisture 

SA CCI 

lowing sectio
hat are now a

Aerosol 
A Aerosol_c
variables su

eter ATSR,
nality of the
occultation 
e to the AER

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

e to define n
column ozon
phic routines
ser via diagn
the directory
by a set of

al analyses, r
aphics files i

ecific call of 
dels and ob
ps to increase

all and mostl
2) presented
ud, sea ice, 
valuation of 

sets implemen

Variable(

od550aer
od870aer
od550lt1
abs550ae
clt 

ses  xco2 
toz 
 

sic 

ts 

sm 

data 

ons give an 
available for 

cci team pro
uch as aero
 MEdium 
e Earth’s R
Global Ozo
ROCOM mo

Doc

dvanced vers
d user guide
16 
2016 

new variable
ne from a 3
s are written
nostic-specifi
y variable_de
f libraries, p
regridding to
in various fo

f the main sc
bservations), 
e the traceabi

ly technical 
d here includ
soil moistur
CMIP mode

nted into the a

(s) 

r; 
r, 
aer, 
er 

overview o
comparison 

oduces sever
sol optical 
Resolution 

Reflectances 
one Monitori
odeling com

cument Ref.

sion of the ES
e released to 

 
 

5 of 20 

es using vari
3D ozone fi
n in a mod
ic settings in
ef_dir) witho
providing ge
ools, graphic
ormats. In ad
cript: creation

applied dia
ility and repr

updates and
des the poss
e, sea surfac
els. The vari

dvanced CMU

Resolution 

1°x1° 

0.5°x0.5° 
5°x5° 
1°x1° 
 

25 km x 25 
km 
0.05°x0.05° 

0.25°x0.25° 

on the ESA 
with ESM re

ral aerosol l
depth AOD
Imaging S

 POLDER)
ing by Occu

mmunity need

: 5.1  

SMValTool w
CMUG and 

able-specific
ield, temper

dular and fle
n the configu
out changing
eneral-purpo
c styles, etc.
ddition, a log
n date of run
agnostics an
roducibility o

d improveme
sibility to u
ce temperatu
iables newly

UG version of

Years 

1997‐2011 

1982‐2014 
2003‐2008 
1997‐2010 
2000, 2005, 
2010 
1992‐2008 

1991‐2013 

1978‐2010 

CCI data im
esults. 

long-term da
D (from rad
Spectrometer
, or stratosp
ultation of 
ds, also info

with ESA CC
ESA CCI tea

c scripts, for
rature and su
exible way 
uration file (c
g the source 
ose code for
.). The outpu
g file is writt
nning the sc
nd variables
of the results

ents the adv
use variables
ure, ozone, g
y implemente

f the ESMValT

Reference(s

Popp et al. (

Hollmann et
Reuter et al
Van Roozen
Defourney e

Sandven et 

Merchant e

Liu et al. (20
Wagner et a

mplemented 

atasets to co
diometers Al
r  MERIS,
pheric vertic
Stars  GOM

ormation on 

I  
ams 

r example in
urface press
so that they

cfg-file) and 
code. These
r the most 
ut of the too
ten containin

cript, version
, and corre

s.  

vanced versio
 from the E

greenhouse g
ed are summ

Tool (v1.0.2). 

s) 

(2016) 

t al. (2015) 
. (2011) 
ndael et al. (201
et al. (2015) 

al. (2015) 

t al. (2014a,b) 

011, 2012), 
al. (2012) 

in the ESM

over GCOS 
long-Track 
, POLarizat
cal extinctio
MOS). As a

aerosol com

n order to 
sure. The 
y can be 
variable-

e routines 
common 

ol can be 
ng all the 

n number, 
esponding 

on of the 
ESA CCI 
gases, and 
marized in 

15) 

MValTool 

required 
Scanning 
tion and 

on profile 
additional 
mposition 



CMUG 
Number
 
Due dat
Submiss
Edition:

such as 
Interfero
various a
algorithm
can also
weighted
ORAC o
regional 
product 
similar s
Satellite 
Scanning
2002 thr
Aerosol_
slightly 
v1.0.2, v
have bee
taken int
the two p
to combi
far inclu
550 nm (

4.2 C
The clou
phase, cl
The retri
period 19

 L
E

 L
r
(

The clou
(AVHRR
error. Th

4.3 O
The ESA
covering
Global O
2/GOME
satellites
teams. A
dataset (
 

Phase 2 De
r:  

e:   
sion date:   
  

fine-mode 
ometer IASI)
assumed aero
m details lea
o be used as
d ensemble 
of Oxford Un

differences 
further analy
sensors: the 

2 (ERS2-A
g Radiomete
rough 2012. 
_cci team ide
better as des

version 4.21 
en implemen
to account re
platforms du
ine the two d

ude total aero
(abs550aer) 

Cloud 
ud CCI provi
loud optical 
ieved cloud 
982 through 
L3U produc
Europe) and 
L3C product
resolution). 
(a.k.a. grid-m
ud CCI data
R_NOAA-7-
he temporal r

Ozone 
A CCI total 
g the time p
Ozone Moni
E) (1996-200
s (METEOP/

As alternative
Bodeker et a

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

AOD (from
) and absorp
osol mixture

ad to varying
s one means
dataset). In 
niversity and
in coverage

ysed in this 
Along-Trac

ATSR2), cov
er on ESA’s
Through va

entified the d
scribed in de
of level 3 m

nted so far. I
estricting ana
uring the ove
datasets into 
osol optical d
and optical d

ides data for 
thickness, cl
properties a
2014. Pixel 
ts: sampled 

ts: aggregate
The monthly

mean) values
a implemente
-fv2.0) and i
resolution of

column ozo
period betwe
itoring Expe
03), ENVIS
/GOME-2) (2
e reference d
al., 2005) (19

Doc

dvanced vers
d user guide
16 
2016 

m radiometer
ption AOD 
s. For variou

g balances be
s to estimate
the case of 

d RAL, SU o
 and accurac
paper consis

ck Scanning 
vering the ti
s Environme
alidation by i
data produce
e Leeuw et 
monthly mea
Incomplete y
alyses to the

erlapping per
a single tim

depth (od550
depth at 870 

the followin
loud effectiv

are summariz
based retriev
into daily gl

ed into mont
y averages o
s. 
ed into the 
include the t
f this product

one (toz) dat
een 1997 an
eriment (GO
SAT/SCIAMA
2007-2011) 

dataset for tot
980-2011). 

cument Ref.

sion of the ES
e released to 

 
 

6 of 20 

s) or dust A
(ATSR, PO

us instrument
etween maxim
e retrieval u
the ATSR r
f Swansea U
cy as well a
sts of a long

Radiometer
ime period 
ental Satellite
independent 

ed by the Uni
al. (2015) an
an data cons
years from ei
e time period
riod 2002-20

me series. Var
0aer), fine mo
nm (od870a

ng cloud prop
ve radius, clo
zed in two g
vals (L2 prod
lobal fields 

thly average
of LWP and

ESMValToo
total cloud f
t is 1 month. 

taset consist
nd 2008. Dat
OME) onboar

ACHY (200
are provided
tal ozone col

: 5.1  

SMValTool w
CMUG and 

AOD (from 
OLDER) are 
ts several alg
mizing cove

uncertainties 
radiometers, 

University) do
s informatio
-term climat
r (ATSR) on
1995-2003, 
e (ENVISAT
experts with

iversity of S
nd Popp et a

sider only ye
ither platform
d 1997-2002
003 was foun
riables imple
ode (od550lt

aer). 

perties: cloud
oud liquid/ice
global datase
ducts) are fur
(0.05° resolu

es and histog
d IWP are ca

ol v1.0.2 so 
fraction and 

ts of combin
ta from the 
rd the Europ
03-2007), an
d as a merged
lumns, we us

with ESA CC
ESA CCI tea

Infrared At
 derived or 
gorithms are 
rage and opt
(condensed 
three algori

o perform ve
on content. T
te record bas
n the Europ
and the Ad
T-AATSR), 
h ground-ba
wansea (SU)
al. (2016). In
ears with com
m (1995, 19
. The agreem

nd to be very
emented into
t1aer), absor

d detection (
e water conte
et families, th
rther process
ution, 0.02° 

grams on a g
alculated as 

far consist 
the total clo

ned and harm
three platfo

pean Resear
nd GOME-2
d gridded dat
se data from 

I  
ams 

tmospheric S
estimated b
used in para

timizing qua
into an unc

ithms (ADV
ery similarly,
The ESA CC
sed on data f

pean Remote
vanced Alon
providing d

ased observat
) algorithm a
nto the ESM
mplete data 
96 and 2003

ment of the d
y good makin
o the ESMVa
rption optical

(mask/fractio
ent and clou
he datasets c
sed to: 
for MODIS

global grid w
in-cloud an

of the L3C 
oud fraction 

monized lev
orms/instrum
rch Satellite 
2 onboard th
taset by the E
the combine

Sounding 
by fitting 
allel since 
ality. This 
certainty-

V of FMI, 
, but with 

CI aerosol 
from two 

e Sensing 
ng Track 
data from 
tions, the 
as overall 

MValTool 
coverage 

3) are not 
data from 
ng it easy 
alTool so 
l depth at 

on), cloud 
ud albedo. 
cover the 

 era over 

with 0.5° 
nd all-sky 

products 
standard 

el 3 data 
ments, the 

2 (ERS-
he Metop 
ESA CCI 
ed NIWA 



CMUG 
Number
 
Due dat
Submiss
Edition:

The ESA
covering
Interfero
and Infra
Chemistr
FTS). 

4.4 S
The ESA
thicknes

 d
 g
 b
 d
 b

O
 
The ESA
covering
Both da
hemisph
concentr
ESMVal

4.5 S
The ESA
and is a
0.25°x0.
products
 
Dorigo e
situ obse
large dif
observat
unbiased
agree w
(Alberge
 
The ESA
estimate
ground a
depth th
2011). 

4.6 L
The ESA
informat

Phase 2 De
r:  

e:   
sion date:   
  

A CCI limb g
g the time p
ometer for Pa
aRed Imagin
ry Experime

ea ice 
A CCI sea ic
s (sit) that ar
daily gridded
global maps 
both a SSM/
daily maps o
built upon th
OSI SAF for

A CCI sea ic
g the time pe
atasets provi
here on equ
ration and si
lTool v1.0.2.

oil moist
A CCI soil m
available for
25°. It has 

s from multip

et al. (2014) 
ervation site
fficulties in v
tions (Crow e
d RMSE of 0

with those ob
el et al., 2012

A CCI soil 
s considered
are typically
at are not ex

and cove
A CCI land
tion for thr

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

gridded prof
period 2007
assive Atmo
ng System (O
ent (ACE) sa

ce dataset pr
re based on s
d sic fields b
(both northe

/I and a AMS
of total stand
he algorithm
r their sic dat

ce datasets i
eriod 1992 t
ide monthly
al area grid
ic standard e
. 

ture 
moisture prod

r the time p
been genera

ple satellite m

provide a c
s from 29 d
validating co
et al., 2012),
0.05 m³ m-³. 
btained from
2; Dorigo et 

moisture da
d reliable ar
y masked as 
xpected to pr

er 
d cover prod
ree different

Doc

dvanced vers
d user guide
16 
2016 

file data cons
7-2008 from
spheric Soun

OSIRIS), the 
atellite instru

rovides obse
satellite retrie
ased on pass

ern hemisphe
SR-E dataset
ard error (un

ms and proce
taset (RD-11

implemented
to 2008 and 

y mean sic 
ds at a reso
error from th

duct is the fir
period 1978
ated by merg
missions (Liu

comprehensiv
different obse
oarse resolut
, they conclu
Furthermore
m various r
al., 2012). 

ataset provid
re used to c

well as den
rovide reliab

duct (v1.6.1
t years (20

cument Ref.

sion of the ES
e released to 

 
 

7 of 20 

sist of merge
m the six di
nding (MIPA
Sub-Millim

uments: the A

ervational da
evals. The si
sive microwa
ere and south
t, processed a
ncertainty) an
essing softwa
1). 

d into the ES
the AMSR-
and sic sta

olution of 2
he CCI sea 

rst ever multi
8-2010 on a
ging active 
u et al., 2011

ve validation
erving netwo
tion satellite 
ude that the E
e, it was show
reanalysis pr

des a multitu
reate the da

nse or hetero
ble soil mois

) provides 
000, 2005, 

: 5.1  

SMValTool w
CMUG and 

ed level 3 m
ifferent instr

AS), SCIAM
etre Radiom
ACE Fourier

ata for sea ic
c dataset is (
ave radiomet
hern hemisph
and delivered
nd quality co
are originall

SMValTool 
-E data cove
andard error 
25 km. So 
ice dataset 

i-decadal sat
a daily basis
and passive
, 2012). 

n of the ESA
orks (Dorigo
soil moistur

ESA CCI soi
wn that trend
roducts, pre

ude of qual
ata product. 
ogeneously v
sture estimat

high resolut
2010). This

with ESA CC
ESA CCI tea

monthly and z
ruments GO
ACHY, the 

meter (SMR), 
r Transform 

ce concentrat
(Lavergne an
ter measurem
here) with 25
d separately;
ontrol flags; 
ly developed

v1.0.2 consi
ering the tim

for the no
far, only th
have been i

tellite based 
s and at a 
e microwave

A CCI soil m
o et al., 201
re products w
l moisture pr
ds in the CCI
ecipitation, a

ity flags an
Snow cover

vegetated are
tes (Loew, 2

tion (300 m
s basic lan

I  
ams 

zonally avera
OME, the M
Optical Spec
and the Atm
Spectromete

tion (sic) an
nd Rinne, 20
ments; 
5 km grid spa
 

d at the EUM

ist of the SS
me period 20
orthern and 
he variables
implemented

soil moisture
spatial reso

e based soil 

moisture usin
1, 2013). De
with in situ p
roduct has an
I observation
and vegetati

d only soil 
red areas an
eas with hig
008; Parinus

m) global lan
nd cover pr

aged data 
Michelson 
ctrograph 

mospheric 
er (ACE-

nd sea ice 
14): 

acing; 

METSAT 

SM/I data 
003-2010. 

southern 
s sea ice 
d into the 

e product 
lution of 
moisture 

ng 932 in 
espite the 
point like 
n average 
ns largely 
ion vigor 

moisture 
nd frozen 
gh optical 
ssa et al., 

nd cover 
roduct is 



CMUG 
Number
 
Due dat
Submiss
Edition:

complem
climatolo
vegetatio
water bo
2012). In
global la

4.7 S
The ESA
products
(Rayner 
latitude-
ESMVal
grid reso
Ice Anal
SST ana
resolutio
operation
processin
represen
drifting 
contain b
estimate
based ad
used as 
independ
to and/or
intended
vary (Em
analysis 
Rayner, 
 
Merchan
than 2.4
drifting b
the drifti
(only fro
errors on
equatoria
Regions 
negative

4.8 G
The ESA
specifica
the Earth

Phase 2 De
r:  

e:   
sion date:   
  

mented by 
ogical infor
on data for t
odies at 150 
nformation o
and cover dat

ea surfac
A CCI sea su
s of SST deri
et al., 2015)
longitude gr
lTool diagno
olution of 0.0
lysis (OSTIA
alysis has r

on, and vari
nal OSTIA 
ng (Roberts-

nts the daily v
buoys and b
both the skin
d based on 

djustment to 
input to th

dent of in sit
r incorporate

d to reduce a
mbury et al.,

product inc
2014).  

nt et al. (201
4 million buo
buoys of +0
ing buoy me
om the latter
n space scale
al regions o

persistently
ely biased. 

Greenhous
A CCI GHG 
ally created f
h System Gr

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

information 
rmation of v
the period 19
m resolution

on the accura
tasets is prov

ce tempe
urface temper
ived from inf
 are generate

rid (0.05°). A
ostics. The L
05°. The inte
A) with impro
relatively go
ies with the
products (D

-Jones et al.
value of SST
bucket obser
n (radiometri
radiative tra
the 20 cm d

he L4 SST 
tu data, and u
e in situ data
liasing of th
, 2012b). Al
cludes an op

14a,b) provid
oys from di
.05 K is obs

easurements)
r part of the 
es of ~1000 k
overall (rela
y affected b

se gases
Level 3 (i.e.
for comparis
rid Federatio

Doc

dvanced vers
d user guide
16 
2016 

on land c
vegetation s
998-2012. In
n derived fro

acy of the ES
vided by Tse

rature 
rature (SST)
frared bright
ed at full sen
A gap-filled

L4 SST analy
erpolation sy
oved covaria
ood feature 
 density of 

Donlon et al
., 2012), no 
T at a nomin
rvations. Thi
ic) temperatu
ansfer physic
depth SST at 

analysis. Th
useful as a co
a. The standa
he diurnal cyc
l SSTs are p
perationally 

de an assessm
ifferent obse
served, with 
) of 0.28 K. T

record) give
km range fro

ative to mea
by mineral 

s 
. gridded) da
sons with cli
on (ESGF) a

cument Ref.

sion of the ES
e released to 

 
 

8 of 20 

cover condit
state, snow 
n addition a 
om microwa

SA CCI land 
ndbazar et al

 dataset (Me
tness tempera
nsor resolutio
d (‘L4 SST a
ysis is a daily
ystem is the O
ance paramet

resolution, 
satellite co

l., 2012) an
in situ data

al depth of 2
is is possible
ure of the oce
cs (e.g., Emb
a standardiz

his means th
omparison p
ardization of 
cle into false
provided wit
produced es

ment of the 
ervational ne
a standard d
The compari
es +0.04 K a
om -0.5 K to
asurements o
atmospheric 

ata products i
imate model
alongside CM

: 5.1  

SMValTool w
CMUG and 

tions at 1 
and fire o

high resolut
ave observati

cover produ
l. (2015). 

erchant et al.
atures measu

on (1 to > 4 k
analysis’) pr
y optimal int
Operational S
terization (R
which is n

overage (Rey
nd the older 
a are used in
20 cm, repres
e because th
ean surface a
bury et al., 
zed time of d
hat the L4 
oint for the m

f the adjustm
e long-term t
th estimates 
stimate of s

accuracy of 
etworks. A g
deviation (inc
ison with Ar
and 0.26 K 

o +0.5 K, wit
of the globa

aerosol, pa

implemented
 output and 
MIP output 

with ESA CC
ESA CCI tea

km resoluti
ccurrences 
tion informat
ions is provi

uct in compar

, 2014a,b) pr
ured from sat
km) and are a
roduct is cur
terpolation o
Sea surface T

Roberts-Jones
nonetheless 
ynolds et al

OSTIA-bas
n this CCI p
sentative of t

he lower-leve
at the time o
2012a), and 

day. The adju
SST analys

many SST pr
ment with resp

trends, as sa
of total unce

sea ice conc

f this product
global media
cluding the ~
rgo measurem
respectively
th positive b
al tropical m
articularly S

d into the ES
are available
in the same 

I  
ams 

ion which 
derived from
tion layer fo
ided (Bontem
rison to other

rovides mult
tellites. SST
averaged on 
rrently used 

of satellite da
Temperature
s et al., 2016)
lower than 
l., 2013). U
sed observat
product. The
the SST mea
el SST CCI 
f satellite ob
a turbulenc

usted SST es
is can be tr
roducts that 
pect to time 

atellite overp
ertainty, and

centration (G

t by compar
an differenc
~0.2 K unce
ments at ~ 5
. Systematic
ias of +0.09 
moored buo
Saharan dust

SMValTool h
e from obs4
format as th

comprise 
m SPOT 
or surface 
mps et al, 
r existing 

ti-decadal 
 products 
a regular 
with the 

ata with a 
e and sea-
). The L4 
the grid 

nlike the 
tional re-
e product 
asured by 
products 

bservation 
ce-model-
stimate is 
reated as 
are tuned 
of day is 
ass times 

d L4 SST 
Good and 

ring more 
e against 
rtainty in 

5 m depth 
c regional 

K across 
oy array). 
t, appear 

have been 
MIPs via 
he CMIP 



CMUG 
Number
 
Due dat
Submiss
Edition:

model o
(2015) a

4.8.1 C
The ESA
SCIAMA
(Kuze et
of CO2 d
can be fo
 
XCO2 is
range us
the Algo
each ind
1°x1°) to
sparse an
 
The Lev
CRDP3 
sensor/al
generate
retrieved
CO2 Mo
from eac
further c
from the
avoid po
in the ov
offset co
value in 
total un
procedur
ppm) and
 
An XCO
valid da
observat
mode ob

4.8.2 C
A solid 
output a
altitude 
observat
model ou
the mod
products

Phase 2 De
r:  

e:   
sion date:   
  

utput. A det
and Buchwitz

Column-a
A CCI GHG
ACHY/ENV
t al., 2009). X
divided by th
ound in Buch

s retrieved fr
sing (mostly)
orithm Theo

dividual Leve
o ensure bet
nd thus noisy

vel 2 input d
dataset and

lgorithm Le
ed as follows
d products, a
odel (SECM)
ch L2 produc
considered ha
e reported L2
otential disco
verlap period
orrections are

a given grid
ncertainty is 
re has been 
d total uncer

O2 uncertaint
ata (XCO2_n
tions over lan
bservations ar

Considera
comparison 
t the exact t
dependent s

tions around 
utput. The a

dels’ vertical
s should be 

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

tailed descri
z et al. (in pre

average dr
G XCO2 prod
VISAT (Bove

XCO2 is a d
he vertical c
hwitz et al. (2

rom radiance
) Optimal Es
retical Basel

el 2 data prod
tter noise su
y due to very

data used to 
d are descr

evel 2 (L2) 
s: to correct f
all products h
) described i
ct by averagi
aving a stan
2 uncertainti
ontinuities in
d using the m
e typically sm
d cell is com

the root-m
applied to re

rtainty (1.8 p

ty value (XC
nobs > 0). 
nd due to th
re only avail

ations for 
between mo

times and loc
sensitivity of
local noon w

altitude sensi
l profiles. In
used. Note 

Doc

dvanced vers
d user guide
16 
2016 

ption of the
eparation). 

ry-air mole
duct is retrie
ensmann et a
dimensionles
column of dr
2005). 

e spectra in th
stimation (Ro
line Docume
duct. Note th
uppression (n
y strict qualit

create the o
ribed in Bu
XCO2 inpu

for the use o
have been b
in Reuter et 
ing all sound
dard error sm
ies and a term
n the obs4MI
mean of the
mall and rang

mputed as the
mean-square 

emove “unre
ppm) of each 

CO2_stderr) 
Note that p

he solely ava
lable after m

model-ob
odels and th
cation of the
f the satellit
which also n
itivity can be
n this case, 

that the XC

cument Ref.

sion of the ES
e released to 

 
 

9 of 20 

 underlying 

e fraction 
eved from m
al., 1999; Bur
ss quantity (u
ry air (i.e., a

he near-infra
odgers, 2000
ents (ATBD

hat a resolutio
note that the
ty filtering). 

obs4MIPS L
uchwitz et 
ut data the 
of different C
rought to a 
al. (2012). 

dings onto a 
maller than 2
m accountin
IPs time seri
 products as
ge between -
e mean of the
of the indi

eliable” grid 
cell. 

is contained
prior to mid
ailability of S
id 2009). 

bservation
he ESA CCI 
e satellite ob
e retrieval. T

needs to be c
e considered
all available
CO2 Level 2

: 5.1  

SMValTool w
CMUG and 

Level 2 dat

carbon di
measurements
rrows et al., 
unit: mol/mo
all air molecu

ared/short-wa
0) retrieval a

Ds) available 
on of 5°x5° h

e underlying 

Level 3 produ
al. (in pre
Level 3 (L

CO2 a priori 
common a p
After this a 
5°x5° month
2 ppm. The 

ng for potenti
es, each L3 

s reference (
-0.4 ppm and
e individual 
vidual L3 u
cells consid

d in the obs4
d-2009 the 
SCIAMACH

n comparis
XCO2 prod

bservations a
The satellite
onsidered w

d by applying
e Level 2 (i.
2 product u

with ESA CC
ESA CCI tea

ta is availab

ioxide (XC
s of the two
1995) and T

ol) defined a
ules except 

ave infrared 
algorithms. F

from the G
has been sele
individual s

uct are all p
eparation). F
L3) obs4MIP
assumptions

priori using t
gridded L3 

hly grid. Onl
grid cell unc
ial regional /
product has 
conserving t

d +0.6 ppm. T
L3 values a

uncertainties
dering the ov

4MIPs file fo
obs4MIPs p

HY data (GO

sons 
duct requires
as well as tak
e retrieval is

when compari
g the satellite
.e., individu

used for the 

I  
ams 

le in Buchw

CO2) 
o satellite ins
TANSO-FTS
as the vertica
water vapor)

(NIR/SWIR
For details w
GHG-CCI we
ected (instead
satellite retri

part of the G
From the in
Ps product h
s in the indep
the Simple E
product is g

ly those grid
certainty is c
/ temporal b
been offset 

the mean va
The obs4MIP

and the corre
s. Finally a 
verall noise e

or each grid 
product is li
OSAT ocean 

s sampling th
king into acc

s limited to 
ing satellite 
e averaging 
al observatio
described o

witz et al. 

struments 
S/GOSAT 
al column 
). Details 

R) spectral 
e refer to 
ebsite for 
d of, e.g., 
ievals are 

GHG-CCI 
ndividual 
has been 
pendently 
Empirical 
generated 
d cells are 
computed 
biases. To 
corrected 
lue). The 
Ps XCO2 

esponding 
filtering 

error (1.6 

cell with 
imited to 
sun-glint 

he model 
count the 
clear sky 
data with 
kernel to 
ons) data 
obs4MIPs 



CMUG 
Number
 
Due dat
Submiss
Edition:

product 
generate
 
Due to t
informat
this prod
especiall
applying
2014). H
priori GH
larger th
other er
represen
 
Another 
represen
given mo
observat
that the 
typically
represen
which is
of 0.29 
obs4MIP
than app
values (
uncertain
 
Note, ho
carried o
products
potential
For exam
SCIAMA
XCO2 v
ESA CC
of XCO
(around 
TANSO

5 Ex
ES

The imp
temperat
impleme

Phase 2 De
r:  

e:   
sion date:   
  

are the ones
ed using diffe

the gridding 
tion is not av
duct. Typica
ly the case in
g the averagi
However, how
HG profile (

his difference
rror sources

ntativity error

source of u
ntativity error
onth in a giv
tions, i.e., are
agreement w

y within 0.29
ntativity error
s 0.4 ppm (1
+/- 1.2 ppm

Ps product fi
proximately 2
(differences 
nty range of 

owever, that 
out yet. The
s. No obviou
l issues (dep
mple, the num
ACHY/ENV

values over th
CI record. Av

2 over the o
10:00 a.m. 

-FTS/GOSA

xamples
SMValTo

plementation
ture, ozone g
ented within 

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

s from GHG
erent algorith

/ averaging 
vailable in th
ally, howeve
n the lower 
ing kernel ty
w large this “
(i.e., CO2) u
e, the larger t
s are likely
r. 

uncertainty is
r originates f
ven grid cell
e not represe
with ground
9 +/- 1.2 ppm
r as well as o
-sigma) for C

m (1-sigma) 
file. It can th
2-3 ppmv po
are signific
[-2.1 ppm, 2

the obs4MI
e product ha
us issues ha

pending on d
mber of obs

VISAT. Anot
he ocean to m
veraging over
ocean. Note 
local time 

AT). 

s of usi
ool 

n of the ESA
greenhouse 
the ESMVa

Doc

dvanced vers
d user guide
16 
2016 

-CCI and th
hms. 

process appl
he obs4MIPs 
er, the satel
troposphere,
ypically chan
“correction” 
sed for satel
the averaging
y more rele

s the spatial 
from the fact
l but the obs
entative for t

d-based obse
m (1-sigma)
other error so
CO2. It is re
and/or the r

herefore be e
oint to signifi
ant at the 5

2.7 ppm]). 

IPs product 
as been gen
ave been ide
data usage / a
ervations dro
ther importan
model outpu
r the whole E
also that th

for SCIAMA

ng ESA

A CCI data
gases, and l
alTool. Work

cument Ref.

sion of the ES
e released to 

 
 

10 of 20 

hat the other 

lied to gener
data produc

llite XCO2 
, where the C
nges the XC
is depends a

llite retrieval
g kernel corr
evant for u

and tempora
t that the “tr

s4MIPs value
the “true” m

ervations (no
). These diff
ources (e.g., 
commended
reported unc
expected tha
icant differen
5% significa

is new and 
nerated by m
entified so f
application) 
ops at the be
nt point to k
ut is that data
ESA CCI pe
he satellite o
ACHY/ENV

A CCI da

asets aerosol
land cover w
k in the rem

: 5.1  

SMValTool w
CMUG and 

products (fr

rate obs4MIP
t and also av
averaging k
CO2 variabil

CO2 values b
also on the di
l and the res
rection. If th
using the o

al representa
rue” respectiv
es are derive

monthly mean
ot considerin
ferences ther
the uncertai

d to use the r
certainties fo
at model min
nces between
ance level if

that not all 
merging an e
far but it ca
introduced b

eginning of 2
keep in mind
a are only av
eriod will the
observations 

VISAT and a

atasets w

l, cloud, sea
were the first
maining time 

with ESA CC
ESA CCI tea

rom NIES an

Ps product, d
veraging kern
kernel is clo
lity is typica
by less than 
ifference bet
spective mod
e model prof

obs4MIPs p

ativeness of 
ve GHG fiel
ed from aver
n value of a 
ng averaging
refore includ
nty of the re

reported over
or each grid 
nus satellite 
n the modele
f outside of

possible as
ensemble of
annot be exc
by merging t
2012 due to 
d when comp
vailable for t
erefore result

are obtaine
around 1:00

with the

a ice, soil m
t of the ESA
of CMUG 

I  
ams 

nd NASA) h

detailed time
nel is not (ye
ose to unity
ally largest. T

1 ppmv (D
tween the res
del GHG pro
files are “rea

product such

the measure
ld is variable
raging sparse
given grid c

g kernels) fo
de to some e
eference obse
rall uncertain
cell as give
differences 

ed and observ
f the 2-sigm

sessments h
f underlying
cluded that 
the different 
the loss of d
paring clima
the second h
t in an overe
ed around lo
0 p.m. local 

e 

moisture, sea
A CCI datas
will focus o

have been 

e/location 
et) part of 
. This is 
Therefore 

Dils et al., 
spective a 
ofile. The 
asonable” 
h as the 

ments. A 
e within a 
e satellite 
cell. Note 
or CO2 is 
extent the 
ervations, 
nty range 
en in the 
of larger 

ved GHG 
ma (95%) 

have been 
Level 2 

there are 
datasets. 

data from 
atological 
alf of the 
stimation 

ocal noon 
time for 

a surface 
sets to be 
on further 



CMUG 
Number
 
Due dat
Submiss
Edition:

scientific
updates o
 
Figure 2
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Phase 2 De
r:  

e:   
sion date:   
  

c interpretat
of the ESA C

 and  

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

tion of the r
CCI datasets 

Doc

dvanced vers
d user guide
16 
2016 

results abov
as outlined i

cument Ref.

sion of the ES
e released to 

 
 

11 of 20 

ve and on th
in the propos

: 5.1  

SMValTool w
CMUG and 

he integratio
sal. 

with ESA CC
ESA CCI tea

on of additio

I  
ams 

onal diagnostics and 



CMUG 
Number
 
Due dat
Submiss
Edition:

 
Figure 3
Figure 4
more det
preparati
 
In order
ESMVal
were obt
available
models f
the best 
the year
Pathway
An asses
variables
reasonab
Hageman
of Flato 
from CM
 
If there 
ensembl
which w
members
averaged
“NHpola
dataset a
results ar
 
Figure 2
mean err
worse th
to the gr
starting p
varies ac
variable 
that have
(sm), sea
from par
nm (od8
average 
(od550lt
individu
 
For calc
abs550ae
dataset (

Phase 2 De
r:  

e:   
sion date:   
  

: caption nex
4 are shown e
tailed scienti
ion). 

r to demons
lTool, we us
tained from 
e through th
from the “his
record of na
r 2005, we 
ys 4.5 for the 
ssment of th
s such as EC
ble starting p
nn et al., 20
et al. (2013)

MIP5 simulat

are multiple
e member “

we picked the
s use pre-sc
d over the wh
ar”) and 60°
and where d
re averaged o

2 provides a 
ror. The figu
han the other
rid of the re
point to inve
cross the mo
and another 
e been show
a ice concen
rticles smalle
870aer), AO
temperature

t1aer_Glob), 
al model. 

culating the 
er, and od87
(upper triang

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

xt page. 
exemplary to
ific interpreta

strate the ev
e the output 
the World C

he Earth Sys
storical” mod
tural and ant
use results 
years 2006-

he agreemen
CVs (GCOS, 
point for the
13; Eyring e
), we calcula
tions compar

e ensemble m
r1i1p1” in o
e ensemble 

cribed ozone
hole globe. S
S to 90°S (A
ata are avail
over the year

synoptic ov
ure provides a
r models. Th
eference data
estigate the r
odels and var

model perfo
wn in Flato e
ntration (sic)
er than 1 μm

OD at 550 n
es at 200 hP

and sea ice 

performanc
70aer shown
gles) are use

Doc

dvanced vers
d user guide
16 
2016 

o summarize
ation of the r

valuation of 
from 50 mod
Climate Res
stem Grid F
del runs - twe
thropogenic 

from simu
-2013 (Clarke
nt of simulate

2010; Bojin
e evaluation 
et al., 2016b)
ate the relativ
red with obse

members av
our analysis. 
members wi

e climatolog
Sea ice exten
Antarctic, “S
lable to an a
rs with obser

verview of th
a relative me

he data have 
a using a bil
reasons for d
riables, with 
orming bette
et al. (2013) 
), total ozone

m (od550lt1ae
nm (od550ae
Pa (ta_Glob-

(sic_NHpol

ce metrics 
n in Figure 2
ed. Shown ar

cument Ref.

sion of the ES
e released to 

 
 

12 of 20 

e the main re
results for th

f ESMs with
dels from the
search Progr
Federation (E
entieth-centu
climate forci

ulations forc
e et al., 2007
ed climatolo

nski et al., 20
of ESMs (e

). Following 
ve space-tim
ervations for

vailable for a
The only e

ith interactiv
ies. All vari

nt is averaged
SHpolar”). Th
alternative ob
rvational dat

he relative m
etric assessin
been normal
linear interp

differences b
some model
r for a differ
and adds va

e columns (t
er), absorptio
er), and sea 
-200), aeroso
lar, sic_SHpo

for the fou
2 the ESA C
re only CMI

: 5.1  

SMValTool w
CMUG and 

esults from L
he individual

h the ESA 
e CMIP5 (Ta
ramme’s (WR
ESGF). Here
ury simulatio
ing. In order

ced under th
7; Smith and 
ogical mean 
014) with ob
e.g., Gleckler

Gleckler et 
me RMSD of 
r selected var

any given m
xception to 

ve ozone che
iables excep
d over the lat
he model res
bservationall
ta available. 

model quality
ng whether a 
lized with th
olation meth
etween mod
ls comparing
rent variable
ariables for E
toz), aerosol
on AOD at 5
surface tem

ol optical de
olar), the mu

ur aerosol v
CCI dataset (
IP5 models w

with ESA CC
ESA CCI tea

Lauer et al. (i
l CCIs, we re

CCI data im
aylor et al. 2
RCP) CMIP
e, we analyz
ons for 1850-
r to extend th
he Represen
Wigley, 200
state and se
servations is
r et al., 200
al. (2008) an
the climatol

riables. 

model, we on
this is the a
emistry as a
pt for sea ic
titude band 6
sults are com
ly based dat

y compared w
specific mod

he centered m
hod. As such

del and obser
g better with
. The figure 
ESA CCI da
l optical dep
550 nm (abs

mperature (ts
epth of fine 
ulti-model m

variables od
(lower triang
with interact

I  
ams 

in preparatio
efer to Lauer

mplemented 
012). The m

P5 data archi
ze results o
-2005 condu
he model run
ntative Conc
06; Wise et a
easonal cycle
s commonly 
8; Flato et a
nd similar to
logical seaso

nly consider
analysis of o
all “r1i1p1” e
ce coverage 
60°N to 90°N
mpared to a 
aset. For the

with the mu
del performs
median and r
h it can be s
rvations. Perf
h observation

includes all 
ata, i.e., soil 
pth (AOD) at
550aer), AO
s). Except fo

particles at
mean outperfo

550aer, od5
gles) and the
tive aerosols

on). For a 
r et al. (in 

into the 
model data 

ive made 
f CMIP5 

ucted with 
ns beyond 
centration 
al., 2009). 
e for key 
seen as a 

al., 2013; 
o Fig. 9.7 
onal cycle 

r the first 
ozone, for 
ensemble 
(sic) are 

N (Arctic, 
reference 
e models, 

ulti-model 
s better or 
regridded 
seen as a 
formance 

ns for one 
variables 
moisture 

t 550 nm 
OD at 870 
for global 
t 550 nm 
forms any 

550lt1aer, 
e MODIS 
s, models 



CMUG 
Number
 
Due dat
Submiss
Edition:

using pr
agree on
models f
should b
550 nm. 
 
For tota
calculate
GFDL-C
against t
cloud co
as well a
the tropi
models t
ESA CC
assessme
satellite 
comparis
evaluatio
 
The perf
NIWA (u
CM5, G
total colu
both refe
(Bodeke
overestim
underest
 
For sea i
NT (Wal
that the 
reproduc
datasets 
observed
 
The inter
underest
however
same qu
consisten
Qualitati
overestim
northern
 
Typical 
subtropic
performi

Phase 2 De
r:  

e:   
sion date:   
  

re-scribed ae
n the basic 
for absorptio
be noted that 

l cloud cove
ed performan
CM3 and som
the data from
over in the su
as off the co
ical Pacific w
typically stru
CI data is t
ent, however
overpass tim
son of total c
on of the ESM

formance m
upper triang

GFDL-CM3, 
umn ozone i
erence datase
er et al., 2
mation of to
timation of o

ice extent (s
lsh et al., 20
choice of th

cing the obs
are in rather

d sea ice con

r-model spre
timate soil m
r, that a quan
uantity as s
nt among th
ively, many
mate the soi

n part of Cana

biases in th
cal stratocum
ing worse t

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

rosol climat
properties o

on AOD (abs
the observat

er (clt), the 
nce of the i
me of the H

m MODIS. Th
ubtropical st
ast of Austra
with frequen
uggle to repr
therefore lar
r, requires a
mes and low
cloud cover 
Ms. 

metric of tota
le) data is sh
GISS-E2-H,
s quite simil
ets are based
005; Loyol
otal ozone 

ozone in Anta

sic), the ESA
15) observat
he reference
served sea i
r good agreem
centration in

ead for soil m
moisture throu

ntitative com
imulated by

he models an
y models s
il moisture 
ada. 

he geograph
mulus region
than the mu

Doc

dvanced vers
d user guide
16 
2016 

ologies have
of the AOD 
s550aer) and 
tional uncert

choice of t
individual m

HadGEM mo
he ESA CCI
tratocumulus
alia. In contr

nt deep conve
roduce the o
rger than co
application o
wer cut-off th

done here sh

al column oz
hown in Figu
, GISS-E2-R
ar with respe

d on the same
la et al., 2
in high nor

arctica during

A CCI SI SSM
tions are used
e dataset doe
ice concentr
ment. Most C

n the Antarct

moisture (sm
ughout the gl
mparison is d
y the model
nd the satel
uch as the
particularly 

ical distribu
ns as well as
ulti-model m

cument Ref.

sion of the ES
e released to 

 
 

13 of 20 

e not been ta
distribution
AOD of fin
ainties for th

the reference
models. A nu
odels compa
I cloud data s
s regions off 
rast, cloud am
ection (-10 t
observations.
ompared wit
f a satellite 
hresholds, w
hould therefo

zone with re
ure 2 only fo

R). The perfo
ect to both ob
e satellite ob
2009).Typica
rthern latitu
g summer (N

M/I and the 
d for compar
es not impa
ration signif
CMIP5 mod
ic (SH) than 

m) is large and
lobe compar
difficult as t
ls. Furtherm
lite observat

e FGOALS,
in higher la

ution of the 
s a cold bias

mean (Figure

: 5.1  

SMValTool w
CMUG and 

aken into acc
n (od550aer)
e particles (d

hese quantitie

e dataset ca
umber of m

are worse ag
show slightly
f the west co
mounts in th
to -20%). Th
. The averag
th the MOD
simulator in

which is beyo
ore only be s

espect to the
or models wi
ormance of t
bservational 

bservations fr
al model bi
udes (> 60°N
November to 

National Sn
rison with th

act the result
ficantly. Thi
dels show a b

in the Arctic

d most mode
ed with the E
the observati

more, the lay
tions (see al
, GFDL, H
atitudes in A

simulated S
s in the equa
e 2) include

with ESA CC
ESA CCI tea

count. Even 
), the relativ
d < 1 μm, od
es are also la

n make som
models such 
gainst the ES
y higher valu
asts of North

he ESA CCI 
hese are also 
ge model bia
DIS data. A
n the models
ond the scop
seen as a star

e ESA CCI 
ith interactiv
the individua
datasets. Th

rom GOME-
iases includ
N) througho
January). 

now and Ice 
he CMIP5 mo
ts for the m
s suggests t

better perform
c (NH, Figur

els tend to sy
ESA CCI dat
ions do not 
yer thicknes
lso Lauer et

HadGEM, an
Asia, as wel

SST include 
atorial Pacifi
e, for instan

I  
ams 

though mos
ve spread am
d550lt1aer) is
arger than for

me differenc
as, for insta

SA CCI dat
ues (10-15%)
h and South 
data are sma
regions in w

as compared
An exact qu
s to take into
pe of this st
rting point fo

(lower trian
ve chemistry 
al CMIP5 m
his is not surp
-2 and SCIA
de, for inst
out the year

Data Center
odels. Figure

model perform
that the two
mance in rep
re 2). 

ystematically
ta. It should 
represent ex
ss considere
t al., in prep
nd MIROC
ll as Alaska

a warm bia
fic. Individua
nce, the CS

st models 
mong the 
s large. It 
r AOD at 

e for the 
ance, the 
taset than 
) for total 
America 

aller over 
which the 
 with the 
antitative 
o account 
tudy. The 
or further 

ngle) and 
(CNRM-

models for 
prising as 
MACHY 
ance, an 
r and an 

r NSIDC-
e 2 shows 
mance in 
o sea ice 
producing 

y over- or 
be noted, 

xactly the 
ed is not 
paration). 

C models 
a and the 

as in the 
al models 
IRO, the 



CMUG 
Number
 
Due dat
Submiss
Edition:

FGOAL
model sh
North At
 
A widely
individu
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Phase 2 De
r:  

e:   
sion date:   
  

S, and the M
hows a warm
tlantic. 

y used way t
al models ar

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

MRI models
m bias in the

to summarize
e Taylor diag

Doc

dvanced vers
d user guide
16 
2016 

s. The reaso
e North Pacif

e overall com
grams (Taylo

cument Ref.

sion of the ES
e released to 

 
 

14 of 20 

ns for this a
fic whereas t

mparisons of 
or, 2001). Th

: 5.1  

SMValTool w
CMUG and 

are rather di
the FGOAL

f annual mean
he Taylor dia

with ESA CC
ESA CCI tea

ifferent, for 
S model sho

n properties 
agrams show

I  
ams 

example the
ows a cold b

with observa
wn in  

e CSIRO 
ias in the 

ations for 



CMUG 
Number
 
Due dat
Submiss
Edition:

 
 
Figure 3
Figure 4
variabilit
observed
the x axi
coordina
mean-sq
the gray 
over all m
shown i
(RMSE)
the ESA
sigma of
of a giv
estimate 
 
For total
model ar
models a
aerosol p
spread. B
1-sigma 
the diffe
being clo
models w
showing
mostly b
than the 
surface t
and 0.98
by many
of the SS
with the 
observed
uncertain
latitudes
CO2 con
with the 
the syste
differenc
where th

Phase 2 De
r:  

e:   
sion date:   
  

: caption nex
 give the stan
ty calculated
d values, so 
is at x = 1. T
ate. The linea
quare error (R

circles cente
models with 
n Figure 2 
. The observ

A CCI dataset
f the total sta
en model co
of the obser

l cloud cover
re/are not ou
and the obse
properties ae
Because of th
measuremen

erences betw
ose to 1-sigm
with the ESA

g also differe
be used for q

RMSE of m
temperatures
8. SST in the
y models, tho
ST in the eq
ESA CCI d

d spatial stan
nty estimate
 where the m

ncentrations, 
ESA CCI da
ematical ov
ces in the ge
he models sho

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

xt page. 
ndard deviat
d from multi
the observed

The pattern co
ar distance b
RMSE) and c
ered on the o
data availab
(red star). T

vational unce
ts. The green
andard error 
ompared wit
rvations if the

r, the model 
utside of the 
ervations can
erosol optica
he large obse
nt uncertaint
een the ESA
ma of the E
A CCI data, 
ences in the 
qualitative as
many of the i
s from the m
 subtropical 

ough. Anothe
quatorial Pac
ata are quite

ndard deviati
 of the obse
models tend 
the correlat

ata are typica
erestimation
eographical p
ow distinct l

Doc

dvanced vers
d user guide
16 
2016 

tion and linea
i-year annua
d climatolog
orrelation is 
between the 
can be estim

observational
ble (black sta
The green c
ertainty estim
n circles show
normalized 

th the observ
e model lies 

show a large
1-sigma unce

nnot be solely
al depth (AO
ervational un
ty making qu

A CCI datase
ESA CCI unc

however, is 
geographica

ssessments o
individual m

models high c
stratocumulu

er typical mo
cific. The cor
e high with m
ion being clo
ervations. D
to underesti

tion coefficie
ally quite low

n of XCO2 
patterns such
ocal maxima

cument Ref.

sion of the ES
e released to 

 
 

15 of 20 

ar pattern co
al means. Th
y is represen
given in this
observations

mated in mult
l dots. The m

ar). Where av
ircles show 

mates are pro
w the multi-y
by the stand
vations is th
within the g

e spread in p
ertainty estim
y explained b
OD) at 550 
ncertainties, 
uantitative as
et and the MO
certainty esti
smaller than

al distributio
of the models
models. The g
correlation w
us regions as
odel bias fou
rrelation coe
most models 
ose to 1. All 

Differences a
imate the to
ents of the r
w and range 
concentratio
h as, for exa
a that are not

: 5.1  

SMValTool w
CMUG and 

orrelation wit
he standard d
nted in each 
s polar-stereo
s and each m
tiples of the 

multi-model m
vailable an al

estimates o
ovided by th
year global a

dard deviation
herefore smal
green circle. 

pattern correl
mate showing
by measurem
and 870 nm

most models
ssessments d
ODIS data f
imate. The l
n that of the 
on of the sim
s as the obse
geographical
with the ESA
s well in the 

und in many 
efficients of t

above 0.9 an
models are,

are found, fo
tal ozone co
results from 
between 0.2

ons by most
ample, in no
t clearly visib

with ESA CC
ESA CCI tea

th observatio
deviations ar
panel by the

ographic proj
model is pro
observed sta
mean values 
lternative ref

of the observ
e ESA CCI 

average unce
n of the obse
ller than the

lation betwee
g that the dif

ment uncerta
m also show
s lie within t

difficult. This
for AOD wit
linear pattern
ESA CCI da

mulated AOD
ervational un
l annual mea

A CCI data r
Southern Oc
simulations 
the modeled
nd a ratio of
, however, o
or instance, 
olumns. For 

the emissio
2 and 0.6. Th
t CMIP5 m

orthern Europ
ble in the ES

I  
ams 

ons of the tot
re normalize
e filled black
jection by th
portional to 
andard devia
have been c

ference datas
vational unc
teams and ar

ertainties giv
ervations. Th
e 1-sigma un

en 0.2 and 0.
fferences bet

ainties. The i
w a large int
the green circ
s is also supp
th the MODI
n correlation
ata and MOD
D. Soil moi
ncertainties a
an patterns o
ranging betw
cean is overe
is an undere

d total ozone
f the modeled
utside of the
in the north
the column-

on driven sim
his is partly c

models and p
pe or Southe

SA CCI data.

tal spatial 
ed by the 
k dots on 

he angular 
the root-

ation with 
calculated 
set is also 
certainties 
re part of 
en as one 
he RMSE 
ncertainty 

.85. Most 
tween the 
ntegrated 
ter-model 
cle of the 
ported by 
IS RMSE 
n of most 
DIS (0.8) 
sture can 
are larger 
of the sea 
ween 0.94 
estimated 
stimation 
 columns 
d and the 
e 1-sigma 
hern high 
-averaged 
mulations 
caused by 
partly by 
east Asia 
 



CMUG 
Number
 
Due dat
Submiss
Edition:

Figure 2
seasonal
data ava
indicatin
diagonal
triangle)
available
been use
ice conc
particles
(od870ae
preparati

Phase 2 De
r:  

e:   
sion date:   
  

2: Relative sp
l cycle of the
ailable and ar
ng better and 
l split of a gr
 and the alt
e for the giv
ed as referen
centration (s
 smaller tha
er), AOD at
ion). 

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

pace-time ro
e CMIP5 sim
re summariz
 red shading

rid square sho
ternate data
en model an

nce data (low
sic), total oz
an 1 μm (od5
t 550 nm (o

Doc

dvanced vers
d user guide
16 
2016 

ot-mean squ
mulations. Th
zed in Table 1

g indicating w
ows the relat
set (upper l

nd variable o
wer right tria
zone column
550lt1aer), a
od550aer), a

cument Ref.

sion of the ES
e released to 

 
 

16 of 20 

uare deviation
he years aver
1. A relative
worse perform
tive error wit
left triangle)
or no alternat
angle) for the
ns (toz), aer
absorption A
and sea surf

: 5.1  

SMValTool w
CMUG and 

n (RMSD) c
raged depend

e performanc
mance than t
th respect to 
). White box
te dataset ha
e following v
rosol optical

AOD at 550 n
face tempera

with ESA CC
ESA CCI tea

calculated fro
d on the yea

ce is displaye
the median o
the referenc

xes are used
as been used
variables: so
l depth (AO
nm (abs550a
ature (ts) (fr

I  
ams 

om the clima
ars with obse
ed, with blue
of all model r
ce dataset (lo
d when data
. ESA CCI d

oil moisture 
OD) at 550 
aer), AOD at
rom: Lauer 

 
atological 
ervational 
e shading 
results. A 

ower right 
a are not 
data have 
(sm), sea 
nm from 
t 870 nm 
et al., in 



CMUG 
Number
 
Due dat
Submiss
Edition:

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3

Phase 2 De
r:  

e:   
sion date:   
  

: caption nex

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

xt page. 

Doc

dvanced vers
d user guide
16 
2016 

cument Ref.

sion of the ES
e released to 

 
 

17 of 20 

: 5.1  

SMValTool w
CMUG and 

with ESA CC
ESA CCI tea

I  
ams 



CMUG 
Number
 
Due dat
Submiss
Edition:

Figure 4
in compa
aerosol o
and g) c
(extende
emission
been cal
datasets 
(RMSE)

Code

The enha
report in
updated 
and from
the Soft
documen
(doi:10.1
contribut
more in-

Refer

Albergel
Wagn
based

Bodeker
Phys.

Bojinski
Essen
Mete

Bontemp
Defou
comm

Bovensm
and G
56, 12

Buchwit
Goed
and c
transp

Phase 2 De
r:  

e:   
sion date:   
  

4: Taylor dia
arison with E
optical depth
column aver

ed with RCP4
n driven hist
culated over
are also show
 (from: Laue

e Availa

anced versio
ncluded is re
user’s guide

m github (htt
ftware result
ntation pa
17874/ac854
te to this eff

-depth diagno

rences 

l, C., P. de R
ner, Evaluati
d in situ obse

r, G. E., H. 
., 5(10), 2603

i, S., M. Ver
ntial Climate
or. Soc., 95, 

ps, S., M. H
urny: Revis

munity, Biog

mann, H., Bu
Goede, A. P.
27-150, 1999

tz, M., de Be
de, A. P. H., 
carbon diox
port models, 

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

grams showi
ESA CCI dat
h at 870 nm
raged CO2 
4.5), panel f)
torical simul
r all models w
wn (red stars
er et al., in pr

bility 

on of the ESM
eleased under
e will be ava
tps://github.c
ting in pres

aper (Eyrin
48f0315) and
fort and to jo
ostics for ES

Rosnay, C. G
ion of remot
ervations, Re

Shiona, and
3-15, 2005. 

rstraete, T. C
e Variables in

1431-1443, 

Herold, L. Ko
iting land c

geosciences, 9

urrows, J. P.
. H.: SCIAM
9. 

eek, R., Burr
Bergamasch

xide from SC
Atmos Chem

Doc

dvanced vers
d user guide
16 
2016 

ing the mult
ta for a) tota
, d) soil moi
concentratio

f) historical s
lations (exten
with data ava
s). The green
reparation). 

MValTool w
r the Apache

ailable from 
com/ESMVa
sentations o
ng et al
d version nu
oin the ESM
SM evaluatio

Gruhier, J. M
tely sensed a
emote Sensin

d H. Eskes, I

C. Peterson, 
n Support of
doi: 10.1175

ooistra, A. v
cover observ
9, 2145-2157

, Buchwitz, 
MACHY: Mi

rows, J. P., B
hi, P., Korner
CIAMACHY
m Phys, 5, 94

cument Ref.

sion of the ES
e released to 

 
 

18 of 20 

ti-year annua
l cloud amou
isture, e) sea

on. Panels a
simulations w
nded with R
ailable (black
n circles sho

ith a subset o
e License, V
the ESMVal

alTool-Core/E
or papers ar
l., 2016a) 
umber. The 

MValTool dev
n. 

Muñoz-Sabate
and modelled
ng Envir., 118

Indicators of

C. Richter, 
f Climate Re
5/BAMS-D-

van Groenest
vation to a
7, doi: 10.51

M., Frerick, 
ission Objec

Bovensmann
r, S., Heiman
Y satellite d
41-962, 2005

: 5.1  

SMValTool w
CMUG and 

al average pe
unt, b) aeroso
a surface tem

a) to e) show
with interacti
RCP8.5). The
k stars). Whe
w estimates 

of the ESA C
VERSION 2.
lTool webpa
ESMValToo
re kindly a

alongside
wider clima

velopment te

er, S. Hasena
d soil moistu
8, 215-226, 2

f Antarctic O

A. Simmons
esearch, Appl
13-00047.1, 

tijn, A. Hart
ddress the 
94/bg-9-214

J., Noël, S.,
tives and M

n, H., Warnek
nn, M., and S
data: initial 
5. 

with ESA CC
ESA CCI tea

erformance o
ol optical de

mperature, f)
w CMIP5 h
ive ozone ch
e multi-mod
ere available
of the observ

CCI Phase 2 
.0. This enha
age at http://w
ol) in fall 20
asked to cit
e with t
ate commun
eam for contr

auer, L. Isak
ure products 
2012. 

Ozone Depl

s, and M. Ze
lications, and
2014. 

tley, O. Arin
needs of th

45-2012, 201

, Rozanov, V
easurement 

ke, T., Noth
Schulz, A.: A
comparison 

I  
ams 

of the CMIP
epth at 550 nm
) total colum
historical sim
hemistry, and
del mean val
e alternative 
rvational unc

data describ
anced versio
www.esmva

016. Users w
te the ESM
the Softwa
nity is encou
ribution of a

ksen, Y. Kerr
using global

etion, Atmo

emp, The Co
d Policy, Bu

no, I. Moreau
he climate m
2. 

V. V., Chanc
Modes, J At

olt, J., Meiri
Atmospheric

with chem

5 models 
m, and c) 

mn ozone, 
mulations 
d panel g) 
lues have 
reference 

certainties 

ed in this 
on and an 
altool.org/ 
who apply 
MValTool 
are doi 
uraged to 
additional 

r, and W. 
l ground-

os. Chem. 

oncept of 
ull. Amer. 

u, and P. 
modeling 

ce, K. V., 
tmos Sci, 

ink, J. F., 
c methane 
istry and 



CMUG 
Number
 
Due dat
Submiss
Edition:

Buchwit
P., B
A., C
Frank
M., K
S., N
green
and fu

Buchwit

Burrows
Abso

Clarke, L
green
Asses
Chan

Crow, W
and J
coars
10.10

de Leeuw
Heck
N. Pa
T.H. 
aeros
162, 2

Defourn
and V

Dils, B.,
Blum
O. P.
V., a
valida
retrie
1744,

Donlon, 
Surfa
140-1

Dorigo, 
Chun
based

Dorigo, 
Evalu
Res. L

Phase 2 De
r:  

e:   
sion date:   
  

tz, M., Reute
ovensmann, 
Crevoisier, C
kenberg, C., 
Kaminski, T.
otholt, J., Pa

nhouse gas p
future plans, 

tz et al., Rem

s, J. P., Holzl
orption Spect

L. E., J. A. 
nhouse gas 
ssment Prod

nge Research

W. T., A. A. 
J. P. Walker
se-resolution 
029/2011RG0

w, G., T. Ho
kel, S. Kinne,
ascal, C. Pou
Virtanen, W

sol optical de
295-315, doi

ey, P., et al.
Version numb

, Buchwitz, 
menstock, T., 

, Heymann, 
and Wunch, 
ation of GH

eval algorithm
, 2014. 

C. J., M. Ma
ace Temperat
158, 2012. 

W., A. Grub
ng, R. Parinu
d observation

W., R. de 
uating global
Lett., 39, L1

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

er, M., Schne
H., Brunner

C. D., Gonz
Hahne, P., H

, Kuhlmann,
almer, P., Par
project of ES
Int. Arch. Ph

mote Sensing 

le, E., Goede
trometer for A

Edmonds, H
emissions a

duct 2.1, Cl
h, Washington

Berg, M. H.
, Upscaling 

satellite 
000372, 201

olzer-Popp, S
, L. Klüser, P
ulsen, D. Ra

W. von Hoyn
epth retrieva
i: 10.1016/j.r

: ESA Land 
ber> via Cen

M., Reuter,
Burrows, J. 
J., De Mazie
D.: The Gr

HG-CCI SC
m products 

artin, J. Stark
ture and Sea

ber, R. De J
ussa, and R. K
ns, Remote S

Jeu, D. Ch
l trends (198
8405, 2012. 

Doc

dvanced vers
d user guide
16 
2016 

eising, O., Bo
r, D., Buchm
zi, S., De M
Hasekamp, O
, G., Laeng, A
rker, R., Sch
SA’s climate
hotogramm. 

of Environm

e, A. P. H., V
Atmospheric

H. D. Jacoby
and atmosph
imate Chang
n DC, 2007. 

. Cosh, A. L
sparse groun
soil moistu
2. 

S. Bevan, W
P. Kolmonen
amon, M. Sc
ningen Huene
al algorithms
rse.04.023, 2

Cover Clim
ntre for Envir

, M., Schnei
P., Butz, A.

ere, M., Noth
reenhouse G

CIAMACHY
with measur

ka, J. Robert
a Ice Analysi

Jeu, W. Wag
Kidd, Evalua
Sensing of En

hung, R. Par
88-2010) in h

cument Ref.

sion of the ES
e released to 

 
 

19 of 20 

oesch, H., Ab
mann, B., Bu

Mazière, M
O. P., Hews
A., v. Leeuw
holze, M., St
e change ini
Remote Sen

ment (in prep

Visser, H., an
c Chartograp

y, H. Pitcher
heric concen
ge Science 

Loew, B. P. M
nd-based soi
ure produc

W. Davies, J. 
n, P. Litvinov
chulz, R.Sidd
e, M.Vounta
s for climate

2015. 

mate Change 
ronmental D

ising, O., B
, Deutscher, 

holt, J., Sussm
Gas Climate 
Y/ENVISAT 

rements from

s-Jones, E. F
s (OSTIA) s

gner, T. Stac
ation of the E
nvironment, 

rinussa, Y. 
harmonized m

: 5.1  

SMValTool w
CMUG and 

ben, I., Alex
rrows, J. P., 

M., De Wach
on, W., Hey

wen, T. T., Li
iller, G. P., W
itiative (GHG
s. Spatial Inf

paration). 

nd Fricke, W
phy, Acta Ast

r, J. M. Reil
ntrations, Su
Program an

Mohanty, R. 
il moisture o
cts, Rev. 

Descloitres,
v, D. Martyn
dans, L. Sog
as, S. Pinnoc
e analysis, R

Initiative (E
Data Analysis

oesch, H., P
N. M., Fran

mann, R., W
Change Ini
and TANS

m the TCCO

Fiedler, and W
system, Rem

cke, T., A. L
ESA CCI soi
162, 380-39

Liu, W. Wa
multi-satellit

with ESA CC
ESA CCI tea

e, M., Arman
Butz, A., C

hter, E., De
ymann, J., H
ichtenberg, G
Warneke, T.
G-CCI): ove
f. Sci., XL-7/

W.: Sciamachy
tronaut, 35, 4

lly, and R. R
ub-report 2.1
nd the Subc

Panciera, P
observations 
Geophys., 

 R.G. Graing
nenko, P.J.R
gacheva, D. 
ck, Evaluatio
Remote Sens

SA LC_cci) 
s, <date of ci

Parker, R., G
nkenberg, C.,

Warneke, T., G
tiative (GHG

SO-FTS/GOS
ON, Atmos M

W. Wimmer,
ote Sensing 

Loew, C. Alb
il moisture p
5, 2014. 

agner, and D
te surface soi

I  
ams 

nte, R., Berg
hevallier, F.

etmers, R., 
Houweling, S
G., Marshall,
, and Zehner
erview, achie
/W3, 165-17

y - Scanning
445-451, 199

Richels, Sce
1a of Synth
committee on

. de Rosnay,
for the vali
50, RG200

ger, J. Gries
R. North, B. O

Tanré, G.E. 
on of seven E
sing of Envi

data: <Prod
tation>, 201

Guerlet, S., 
 Hase, F., H

Griffith, D., S
G-CCI): com
SAT CO2 a
Meas Tech, 

, The Operat
of Environm

bergel, L. Br
product using

D. Fernánde
il moisture, G

gamaschi, 
, Chédin, 
Dils, B., 

S., Hilker, 
, J., Noël, 
r, C.: The 
evements 

72, 2015. 

g Imaging 
95. 

enarios of 
hesis and 
n Global 

, D. Ryu, 
dation of 
02, doi: 

sfeller, A. 
Ovigneur, 

Thomas, 
European 
ironment, 

duct name 
5. 

Aben, I., 
asekamp, 
Sherlock, 
mparative 
and CH4 
7, 1723-

tional Sea 
ment, 116, 

rocca, D. 
g ground-

ez-Prieto, 
Geophys. 



CMUG 
Number
 
Due dat
Submiss
Edition:

Dorigo, 
Meck
A dat
Scien

Dorigo, 
Zamo
moist
10.21

Embury,
from 
Envir

Embury,
from 
variab

Eyring, V
E. L. 
M. Ju
Maso
Walto
perfo
Dev.,

Eyring, V
of th
organ

Flato, G
Emor
Rumm
Basis
Panel
Bosch
Camb

GCOS, 
UNFC

Gettelma
W., a
Mode

Gleckler
Res., 

Good, S
201, h

Hageman
energ

Phase 2 De
r:  

e:   
sion date:   
  

W. A., W. W
klenburg, P. v
ta hosting fa
nces, 15, 167

W. A., A. 
ojski, C. Cor
ture data f
136/vzj2012.

, O., C. J. M
the Along-

ronment, 116

, O., C. J. M
the Along-T

bility, Remo

V., M. Righi
Davin, C. D

uckes, S. Kin
on, A. S. Ph
on, S. Wan

ormance metr
, 9, 1747-180

V., S. Bony, 
he Coupled 
nization, Geo

G., J. Marotzk
ri, V. Eyring
mukainen, E
s. Contributio
l on Climate
hung, A. Na
bridge, Unite

Implementa
CCC, Augus

an, A., Eyrin
and Li, Z.: 
el Dev., 5, 10

r, P. J., K. E
113, D0610

, and N. Ray
http://www.e

nn, S., A. Lo
gy fluxes, J. A

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

Wagner, R. 
van Oevelen

acility for glo
75-1698, doi:

Xaver, M. 
rdes, W. Wa
from the in
0097, 2013. 

Merchant, and
-Track Scan
6, 32-46, doi

Merchant, and
Track Scann

ote Sensing o

i, A. Lauer, 
Deser, C. Ehb
ndermann, J

hillips, S. Re
ng, and K. D
rics tool for 
02, doi: 10.5

G. A. Meeh
Model Inte

osci. Model D

ke, B. Abiod
g, C. Forest, 
Evaluation o
on of Worki
e Change, S
auels, Y. Xi
ed Kingdom 

ation Plan f
st 2010, 2010

ng, V., Fisch
A communi
061-1073, 20

. Taylor, and
4, 2008. 

yner, Product
esa-sst-cci.or

oew, and A. A
Adv. Model.

Doc

dvanced vers
d user guide
16 
2016 

Hohensinn, 
n, A. Robock
obal in situ s
 10.5194/hes

Vreugdenhi
agner, and M
nternational 

d M. J. Filipi
nning Radiom
: 10.1016/j.r

d G. K. Corle
ning Radiom
of Environme

M. Evaldsso
brecht, P. Fri
J. Krasting, D
ead, C. Rio, 
D. Williams
routine eval
194/gmd-9-1

hl, C. A. Seni
ercomparison
Dev., 9, 1937

dun, P. Brac
P. Gleckler

f Climate M
ing Group I 
Stocker, T. 
ia, V. Bex, 
and New Yo

for the Glob
0. 

her, C., Shio
ity diagnosti
012. 

d C. Doutria

t Specificatio
rg/PUG/docu

Andersson, C
 Earth Syst.,

cument Ref.

sion of the ES
e released to 

 
 

20 of 20 

S. Hahn, C. 
k, and T. Jack
soil moisture
ss-15-1675-2

il, A. Grube
M. Drusch, Gl

soil moistu

iak, A reproc
meters: basi
rse.2010.10.0

ett, A reproc
meters: initial
ent, 116, 62-7

on, S. Wenze
iedlingstein, 
D. Kunert, R

R. Roehrig
s: ESMValT
luation of Ea
1747-2016, 2

ior, B. Steven
n Project P
7-1958, doi: 

connot, S. C
r, E. Guilyar

Models. In: C
to the Fifth 
F., D. Qin, 
and P. M. M

ork, NY, USA

bal Observin

na, H., Cion
ic tool for c

aux, Perform

on Documen
uments, 2014

Combined ev
, 5, 259-286, 

: 5.1  

SMValTool w
CMUG and 

Paulik, A. X
kson, The int
e measureme
2011, 2011. 

er, A. Hegy
lobal automa
ure network

cessing for c
is in radiativ
016, 2012a. 

cessing for c
l validation, 
78, doi: 10.1

el, C. Jones, 
P. Gleckler, 

R. Levine, A
g, D. Senftle
Tool (v1.0) 
arth System 
2016a. 

ns, R. J. Stou
Phase 6 (CM

10.5194/gm

C. Chou, W. 
rdi, C. Jakob
Climate Cha
Assessment 
G.-K. Platt

Midgley (Ed
A, 2013. 

ng System 

nni, I., Neish
chemistry cl

mance metrics

nt, Project D
4 (accessed 1

valuation of 
doi: 10.1029

with ESA CC
ESA CCI tea

Xaver, A. G
ternational so
nts, Hydrolo

yiová, A. D
ated quality 
k, Vadose 

climate of sea
ve transfer, 

limate of sea
accounting 

016/j.rse.20

A. Anav, O
K.-D. Gotts
. Loew, J. M
ben, A. Ster
– a commu
Models in C

uffer, and K.
MIP6) exper
d-9-1937-20

Collins, P. 
b, V. Kattsov
ange 2013: T

Report of th
tner, M. Tig
d.), Cambrid

for Climate

h, M., Morge
limate mode

s for climate

ocument SST
13 July 2016

MPI-ESM la
9/2012MS00

I  
ams 

Gruber, M. D
oil moisture 

ogy and Earth

D. Sanchis-D
control of in
Zone Journ

a surface tem
Remote Se

a surface tem
for skin an

11.02.028, 2

O. Andrews, I
chaldt, S. Ha

Mäkelä, G. M
rl, L. H. van
unity diagno

CMIP, Geosc

. E. Taylor, O
rimental de

016, 2016b. 

Cox, F. Drio
v, C. Reason
The Physical
he Intergove
gnor, S. K. 
dge Universi

e in Suppor

enstern, O., W
el validation

e models, J. G

T_CCI-PSD
6). 

and surface w
00173, 2013.

Drusch, S. 
network: 
h System 

Dufau, D. 
n situ soil 
nal, doi: 

mperature 
ensing of 

mperature 
d diurnal 
012b. 

I. Cionni, 
agemann, 

Martin, E. 
n Ulft, J. 
ostic and 
ci. Model 

Overview 
sign and 

ouech, S. 
n, and M. 
l Science 
ernmental 
Allen, J. 

ity Press, 

rt of the 

Wood, S. 
, Geosci. 

Geophys. 

-UKMO-

water and 
. 



CMUG 
Number
 
Due dat
Submiss
Edition:

Hollman
Versi

Kuze, A
obser
green

Lauer, A
ESM

Lavergn
(PUG

Liu, Y. Y
McCa
active
doi: 1

Liu, Y. Y
and A
retrie

Loyola, 
Lerot
for 
10.10

Merchan
McLa
applic
Geos

Merchan
McLa
(ESA
24th F

Popp, T
Grain
Litvin
D. St
Y. Xu
Satell

Rayner, 
UKM

Reuter, M
Griffi
Schne
atmos
measu
2011

Phase 2 De
r:  

e:   
sion date:   
  

nn, R., et al.: 
ion number>

A., Suto, H., 
rvation Four
nhouse gases

A., et al.: Be
ValTool, Re

e, T., and E. 
G), Doc Ref: 

Y., R. M. Pa
abe, and J. P
e microwave
10.5194/hess

Y., W. A. Do
A. I. J. M. va
evals, Remote

D. G., R. M
t, D. Balis, a
predictions, 

080/0143116

nt, C. J., O. 
aren, N. Ray
cations from
cience Data 

nt, C. J., O. E
aren, N. A. R

A SST CCI): 
February 20

., G. de Lee
nger, J. Grie
nov, L. Mei,
tein Zweers, 
ue, Developm
lite Observat

N, S. Good
MO-201, http

M., H. Bove
fith, J. Heym
eising, V. Sh
spheric CO2
urements an
. 

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

ESA Cloud 
> via Centre f

Nakajima, M
rier-transform
 monitoring,

enchmarking
emote Sensin

Rinne, ESA
SICCI-PUG

arinussa, W. 
P. Evans: De
e satellite-ba
s-15-425-201

origo, R. M.
an Dijk: Tren
e Sensing of 

M. Coldewey
and M. Kouk

Internation
60902825016

Embury, J. 
yner, S. Mora
m Phase 1 of

Journal, 1, 1

Embury, J. R
Rayner, and 
Analysis lo

14, doi: 10.5

euw, C. Bin
sfeller, A. H
, P. North, S
G. Thomas, 

ment, Produc
tions (Aeroso

d, T. Block, 
://www.esa-

ensmann, M
mann, G. Ke
herlock, V. 

2 with enhanc
nd compariso

Doc

dvanced vers
d user guide
16 
2016 

Climate Cha
for Environm

M., and Ham
m spectrome
, Appl. Opt., 

g CMIP5 mo
ng of Environ

A Sea Ice Clim
G-13-07, Vers

A. Dorigo, 
eveloping an
ased retrieva
11, 2011. 

. Parinussa, R
nd-preservin
f Environmen

y-Egbers, M.
kouli, Global
nal Journal
6, 2009. 

Roberts-Jon
ak-Bozzo, an
f the Europe
79-191, doi:

Roberts-Jone
C. Donlon: 

ong term pro
5285/878bef4

ngen, C. Brü
Heckel, S. K
S. Pinnock, A
 L. Gijsbert 
ction and Ev
ol_cci), Rem

SST CCI P
sst-cci.org/P

. Buchwitz, 
eppel-Aleks, 
Velazco, T. 
ced accuracy

on with mode

cument Ref.

sion of the ES
e released to 

 
 

21 of 21 

ange Initiativ
mental Data A

mazaki, T.: T
eter on the 
48, 6716-67

odels with a
nment (in pre

mate Change
sion: 2.0, Da

R. A. M. de
n improved s
als, Hydrolog

R. A. M. de 
g blending o
nt, 123, 280-

 Dameris, H
l long-term m
l of Rem

nes, E. Fiedle
nd C. Donlon
ean Space A
: 10.1002/gdj

es, E. K. Fied
ESA Sea Su

oduct version
44-d32a-40cd

ühl, V. Cape
Kinne, L. Klü
A. Povey, C. 
Tilstra, S. V

valuation of A
mote Sensing

Product Use
PUG/docume

J. P. Burrow
J. Messersc
Warneke, P

y and precisi
el results, J. 

: 5.1  

SMValTool w
CMUG and 

ve (ESA Clo
Analysis, <d

Thermal and
Greenhouse

733, 2009. 

a subset of E
eparation). 

e Initiative: P
ate: 29 Augus

 Jeu, W. Wa
soil moisture
gy and Earth

Jeu, W. Wa
of passive an
297, doi: 10

H. Garny, A.
monitoring o

mote Sensin

er, C. E. Bu
n: Sea surface
gency Clima
j3.20, 2014a

dler, C. E. B
urface Tempe
n 1.0, NERC
d-a02d-49b6

elle, A. Ched
üser, M. Kos
Robert, M. 

Vandenbussch
Aerosol Clim
, 8, 421, doi:

r Guide, Pro
ents, 2015 (ac

ws, B. J. Co
chmidt, J. N
P. O. Wennb
ion from SCI
Geophys. R

with ESA CC
ESA CCI tea

oud_cci) data
ate of citatio

d near infrar
e Gases Ob

ESA CCI Ph

Phase 1, D3.4
st 2014. 

agner, A. I. J
e dataset by 
h System Sc

gner, M. F. M
nd active mic
.1016/j.rse.2

 Stenke, M. 
of the ozone 
ng, 30, 15

ulgin, G. K. 
e temperatur
ate Change I
a. 

Bulgin, G. K.
erature Clim

C Earth Obse
6286f0ea4, 2

din, L. Clari
smale, P. Ko
Schulz, L. S
he, P. Veefk

mate Data Re
: 10.3390/rs8

oject Docum
ccessed 13 Ju

onnor, N.M. 
Notholt, C. P
berg, and D. 
IAMACHY:

Res., doi: 10.

I  
ams 

a: <Product n
on>, 2015. 

red sensor fo
bserving Sat

hase 2 data u

4 Product Us

J. M. van Di
blending pas

ciences, 15, 

McCabe, J. P
crowave soil 
012.03.014, 

Van Rooze
layer - a pre

5, 4295-43

Corlett, S. G
re datasets fo
Initiative (SS

. Corlett, S. 
mate Change 
ervation Dat
014b. 

isse, O. Dub
olmonen, L.
Sogacheva, K
kind, M. Vou
ecords from E
8050421, 201

ment SST_C
uly 2016). 

Deutscher, D
Petri, J. Robi

Wunch: Ret
 Validation w
1029/2010JD

name and 

or carbon 
tellite for 

using the 

ser Guide 

ijk, M. F. 
ssive and 
425-436, 

P. Evans, 
moisture 
2012. 

ndael, C. 
erequisite 
18, doi: 

Good, A. 
or climate 
ST CCI), 

Good, A. 
Initiative 
a Centre, 

bovik, R. 
 Lelli, P. 

K. Stebel, 
untas, and 
European 
16. 

CCI-PUG-

D. W. T. 
inson, O. 
trieval of 
with FTS 
D015047, 



CMUG 
Number
 
Due dat
Submiss
Edition:

Reuter, 
Bove
backg

Reynold
Objec
Clima

Roberts-
Rean
10.11

Robert-J
param
117-1

Rodgers
Publi

Sandven
v1.11

Smith, S
Speci

Taylor, K
Res., 

Taylor, K
Amer

Tsendba
of Gl

Van Roo
name
<DOI

Wagner,
passiv
moist
Scien
Austr

Walsh, J
1850 

Wise, M
and J
1183-

Phase 2 De
r:  

e:   
sion date:   
  

M., Buchw
ensmann, H.
ground conce

ds, R. W., D.
ctive Determ
ate, 26, 2514

-Jones, J., E.
alysis for 

175/JCLI-D-

Jones, J., K. 
meters and as
138, doi: 10.

, C. D.: Inve
ishing, 2000.

n, S., et al.: 
1, via Centre 

S. J., and T. 
ial issue, 3, 3

K. E., Summ
106 (D7), 7

K. E., R. Sto
r. Meteor. So

azar, N.-E., S
lobal Land C

ozendael, M
e and Versio
I>, 2015. 

, W., W. Dor
ve microwa
ture, ISPRS
nces, Volume
ralia, 2012. 

J. E., W. L. 
Onward, Ve

M., K. Calvin
J. Edmonds, I
-1186, 2009.

eliverable  
D5.1 v2: Ad
datasets and
30 June 201
30 August 2
1.0.2 

witz, M., Sc
, and Burro
entrations, A

 B. Chelton,
mination of 
4-2533, doi: 

. K. Fiedler,
1985–2007 
11-00648.1, 

Bovis, M. J
ssessing thei
1016/j.rse.20

erse Method
. 

ESA Sea Ic
for Environm

M. L. Wigle
373-392, 200

marizing mul
183-7192, 20

ouffer, and G
oc., 93, 485-4

S. de Bruin, S
Cover Dataset

., et al.: ESA
on number>

rigo, R. de Je
ave observat
S Annals of
e I-7, 2012, 

Chapman, a
ersion 1, Bou

n, A. Thomso
Implications
. 

Doc

dvanced vers
d user guide
16 
2016 

hneising, O
ows, J. P.: A
Atmos Meas T

, J. Roberts-J
Feature Res
10.1175/JCL

 and M. J. M
Using the

2012. 

J. Martin, an
ir impact in t
015.12.006, 2

ds for Atmos

ce Climate C
mental Data 

ey, MultiGas
06. 

ltiple aspects
001. 

G. A. Meehl, 
498, 2012. 

S. Fritz, and 
ts, Remote S

A Ozone Cli
> via Centre

eu, D. Fernan
tions to crea
f the Photo
XXII ISPRS

and F. Fetter
ulder, Colora

on, L. Clark
s of limiting C

cument Ref.

sion of the ES
e released to 

 
 

22 of 22 

O., Hase, F.,
A simple em
Tech, 5, 134

Jones, M. J. 
solution in T
LI-D-12-007

Martin, Daily
e OSTIA S

nd A. McLa
the OSTIA s
2016. 

spheric Soun

Change Initi
Analysis, 16

s forcing sta

s of model p

An overview

M. Herold, 
Sens, 7, 1580

imate Chang
e for Enviro

ndez, J. Benv
ate an Esse

ogrammetry, 
S Congress, 

rer, Gridded
ado, USA, 20

ke, B. Bond-
CO2 concent

: 5.1  

SMValTool w
CMUG and 

, Heymann,
mpirical mod
9-1357, 2012

Martin, D. M
Two Sea Su
87.1, 2013. 

y, Global, H
System, J. 

aren, Estimat
ystem, Remo

nding: Theor

iative (ESA 
6 Feb 2016, 2

abilization wi

performance 

w of CMIP5

Spatial Accu
04-15821, 20

ge Initiative 
onmental Da

veniste, E. H
ential Climat

Remote Se
25 August -

d Monthly Se
015. 

Lamberty, R
trations for la

with ESA CC
ESA CCI tea

 J., Guerlet
del estimatin
2. 

Menemenlis
urface Temp

High-Resolut
Climate, 2

ting backgro
ote Sensing 

ry and Pract

Seaice_cci) 
2015. 

ith minicam

in a single d

 and the exp

uracy Assess
15. 

(ESA Ozone
ata Analysis

Haas, M. Ertl
te Variable 
ensing and 
 01 Septemb

ea Ice Exten

R. Sands, S. 
and use and 

I  
ams 

t, S., Cogan
ng atmosphe

, and C. J. M
perature Ana

tion SST and
25, 6215-62

ound error co
of Environm

tice, World S

data: ESA 

, The Energy

diagram. J. G

periment desi

sment and In

e_cci) data: 
, <date of c

: Fusion of a
data record
Spatial Inf

ber 2012, M

nt and Conce

J. Smith, A.
energy, Scie

n, A. J., 
eric CO2 

Merchant, 
alyses, J. 

d Sea Ice 
232, doi: 

ovariance 
ment, 176, 

Scientific 

CCI SIC 

y Journal 

Geophys. 

ign, Bull. 

ntegration 

<Product 
citation>, 

active and 
d on soil 
formation 
elbourne, 

entration, 

. Janetos, 
ence, 324, 


