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Development of generic Earth observation technologies.

Objectives

Assimilation of.satellite-based measurements of integrated water
vapour aboyve land (cloud-free) and water vapour above clouds into
the High Resolution Limited Area Model (HIRLAM) assimilation
scheme 3

Cuygnt stawgﬂ m :' o '__. S
Succe.ssful*pﬁpggatiom for. 'he"*n A e T
assimilation of columnar'; Water, i"ﬁﬂct}qn Plan . " - i
vapour-above land ¢ erived fr A :
MODIS measurements (MODO05) Increastel area / time for
A first assimilation experiment MODIS ob_serv_atlons
showed a nioticeable impact on Bet.ter estlmgtlons of obser-
assimilated specific humidity vation error .

This new data source canigive Bias correction‘for MODIS
additional information in ar ‘observations _
low radiosonde coverage: Improve super-observations

The aﬂdltlona fbrmatlon JW (spatial and time average)
; ** _Include water vapour above

clouds

oy
Pt CLOUDMAP2 Co-ordinator
T . - Prof. Jan-Peter Muller
Department of Geomatic Engineering

FUB: Freie Universitat Berlln University College London

Gower Street

SMHI: Swedish Meteorological London WCAE 68T, UK

. . Tel: +44 20 7679 7227
and Hydrological Institute Fax: +44 20 7380 0453

Email: jpmuller@ge.ucl.ac.uk
www.ge.ucl.ac.uk/research/cloudmap2
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A first test

A first assimilation experiment was car-
ried out for 01. 03. 2001:

MODIS MODO05 data was collected for
this 1/6j HIRLAM area, the experiment
was carried out for a larger area

FUB Water vapour FUB._Water vapour
above clouds aboye land
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Observation errors "% Spatial and time
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HIRLAM 3D-VAR
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Forecast .| Observations between
03,UTG-+ 3h 04:30 and 07:30 UTC

%1% Analysis
06.UTC

. Forecast Observations between
206 UTC+ 3h 07:30 and 10:30 UTC

Analysis
09 UTC

Forecast Observations between
09 UTC + 3h 10:30 and 13:30 UTC

Analysis




Slides page 13/3/03 12:04 pm Page 3

Research Project Contract No. EVG1-CT- 2000-00033 co-funded by the

European Commission, Research Directorate-General F 4 \
5th Framework Programme |
Environment and Sustainable Devel opment 3

Development of generic Earth observation technologies.

Objectives
To develop fast, reliable and accurate algorithms to derive value-added cloud products
within 30 minutes.t6 3 hours of data reception (NRT):

Level-2 cloud micro- and macro- phy5|cal products from direct broadcast MODIS data cov-
ering Europe.and the North Atlantic region
Ground-based cloud data products available in NRT from the Chilbolton Radar Facility for
comparative anaIyS|s .

Val?é-adu{gl' at _.? .

Products from M I%Irb'at ‘,l'
CIoucf detection, -cover, -type aqd- |§;y8ﬂ:al

propertles in varlous map-pro;ect

Products&gm ATSR 2 Data e
Cloud- detecflon and physical propertles ACt'_Qn Planu.

Measurements from radar and Ildar,*.. ;
Vertical dlstnbutlon and physic ]
aries of clouds ~ mplementary

and MODIS ovei’p ses

Integration of cirrus; and contrail-
detection in MODIS- and ATSR-chain

i cIu5|on of AA'FSR and MERIS data

ontlnuous valldatlon of products
-

NRT MODIS and radar cloud pr ducts

FUB: Freie Universitt.Beflin, D '_ B ;m- ==
NRT MODIS and MERIS cloud products P ontact

- CLOUDMAP2 Co-ordinator

. Prof. Jan-Peter Muller
DLR: Deutsches Fernerkundungsdatenzentrum (DFD), D B RS e s matic Engincering

NRT MODIS cloud products [ ” University College London
Gower Street

RAL: Rutherford Appleton Laboratory, UK #:.';"m %c;gg%;,ng

NRT ATSR-2, AATSR and radar/lidar cloud Fax: +44 20 7380 0453

products Email: jpmuller@ge.ucl.ac.uk
www.ge.ucl.ac.uk/research/cloudmap2
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ud.Products from MODIS - FUB
_ -.Tl_i_t_tp‘?la‘we‘w.met.fu-berlin.de/nrt

At DLR-DFD MODIS data is being recelved and processed up to At FUB the following experimental cloud products are currently

level-2 and higher in NRT. Presently; the eloud analysis system computed from MODIS NRT data received by the Dundee

includes cloud-detection, a separation between thick and thin Satellite Receiving Station:

clouds, water- and ice;phase and snow-detection. Top pressure - top temperature - phase - effective radius - con-
densed water path - optical depth - droplet concentration - geo-
metrical thickness

e ———— e —— e —

At RAL we produce NRT!ATSR=2 data and shortly AATSR data,
with greater spatial coverage;:for‘many cloud parameters for
Chilbolton'and other areas: 94th tadar andlidar |mages made ’
at the Chilbolton radaf observ map the'vertical B %‘}_
distribution and physical boundariesoficlouds: Fig Ures a
show the cloud top pressure and op}ka dep{h dern/ed from

ATSR-2 data for the 13th of February 2002 at 11:27 UTC. X marks
Chilbolton. The displayed images of radar reflectivity , Figure 3,
and lidar backscatter, Figure 4, show cirrus cloud at the time of
the ATSR-2 overpass (around 11:30 UT) ; they illustrate the
complementary natureof the observations. Figure 3
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Objectives T

1) To develop semi-operational processing systems to provide validated cloud parameters
for the operational NWPand research climate modelling community for Europe and the
North Atlantic by comblnlng satellite and ground-based remote sensing data

2) To create a database of at least 5 years of cloud products from the ERS ATSR2 sensor
and Near Real-time (<1.5 hours) products from Terra-MODIS, ENVISAT-AATSR & MERIS

3) To assess how these cloud products can be used in data assimilation schemes and
subgridscale parameterlsatlon schemes for mesoscale and Global Circulation Models

A) Satelllte-derlved macrophysw!a’l _d_'. .
cloud-top-heights),and microphysi 0.
cloud droplet effective radius) parameters . 51

B) Ground'-rbased radar/lidar, stereo visible, + | -
thermal IR wide-angle and in situ cloud End L!jse_r P'lﬁn
boundary parameters for validation..... KNMI - market sutvey
C) 3D models of cloud-fields for radiative SMHI - data assimilation of columnar WV
transfer simulations and subgrid‘parameteri- above land andiabove clouds

sation of NWP mogels... MI - data assimilation of cloud-fields

+

UCL, UK Co ordlnatlon stereo cloud -top helghts
and winds from ATSR2 and MISR, valldatlpn,

NRT MODIS and radar cloud products - ?‘_"" mt i,u"t'

FUB, D - cloud and WV properties from MODIS Y
and MERIS, validation, NRT MODIS cloud products = v e e

DLR, D - radiative transfer simulations, NRT = Department of Geomatic Engineering
MODIS cloud products, validation : B e - "

ETH, CH - stereo cloud-base heights, validation London WC1E 6BT, UK

KNMI, NL - GOES/MSG cloud products, validation B 0 7oco s

RAL, UK - ATSR2 cloud database, NRT ATSR2 Email: jpmuller@ge.ucl.ac.uk

and AATSR and radar/lidar cloud products www.ge.ucl.ac.uklresearch/cloudmap2
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Technology

Scientific Justificatio . -~ g
ﬁ. : EO and ground-based

Existing climate - ' data will be used in
models parameterise near real-time to pro-
clouds without tak- : vide new value-added
ing into account their -l products for the
variability, ;.nclu;lldg 1 "h.‘: Eur"%eap weather
multiple la ? an : % ‘forecasting community
their.broken . ; £ s '. and climate modellers.
NWP models do nqt 2 o SR 3 .
assmﬂate cloud /4 %

datd. s i

‘ casti dlony
\ 'for storm and flood
. predlct.vbns and
|mproved aV|at|on
ﬂ»forecastmgﬁ
stlmulat-e n wvaIUe-
addlng economic

activities.




Slides page 13/3/03 12:04 pm Page 7

Research Project Contract No. EVG1-CT- 2000-00033 co-funded by the
European Commission, Research Directorate-General

5th Framework Programme

Environment and Sustainable Development

Development of generic Earth observation technologies.

Objectives ~al

The creation of many new prototype processors for the routine automatic
derivation of macroscopic and microscopic cloud properties from new (e.g
AATSR, MERIS, SEVERI, MSG) and existing (e.g. ATSR-2, MISR, MODIS, and
MOS) Earth Observing mstrumenfs

r

“ﬁw Paréﬁ'&rs

=

. #Cloud top height/pressure

* Cloud amount*

FUB has develo.ped algorl'thms for the remote sens- A CIOLId t‘ype
ing of clouditop heights / pressure using oxygen !
(MOS, MERIS) or CO2-absorption (MODIS) and * Cloud top motion

cloud mlcrnphysu:al parameters (MERIS,‘ATSR T Cloud'top-.temperature

MODIS) such as cloud droplet numben"ooncentra- ;
tion as shown below. g, * Cloud Optical Depth

* Cloud albedo
e Cloud droplet effective radius
. Cloud droplet/crystal size
F .dlstrl_bu_tlor_l_ .
PR o

b

Cloud-top Pressure Cloud droplet number = .  CLOUDMAP2 Co-ordinator

from MOS concentration (MOS) Prof. Jan-Peter Muller _ _
3 Department of Geomatic Engineering

- ﬂﬂr " University College London
e e

| Gower Street
London WC1E 6BT, UK
Pa rtners Tel: +44 20 7679 7227
Fax: +44 20 7380 0453
Email: jpmuller@ge.ucl.ac.uk

FUB, RAL, DLR, ETH, UCL www.ge.ucl.ac.uk/research/cloudmap2
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Geocoded Imagerx.fﬁ

ETH has developed algorithims for georefer-
encing images acquirediwith linear'array sen-
sors with along-trackéstereo viewing (figure
1). Images consistiof lines independently
acquired with adifferent sensor external ori-
entation (position, attitude). According to the
available data on the sensor orientation, a
direct or an indirect approach (figure 2) ean

be used to georeference points on clouds. ;.__ i

o Jeri
ZF

Figure 2

Sy Y Research Project Contract No. EVG1-CT- 2000-00033 co-funded by the
s European Commission, Research Directorate-General

FW%%mgtion

RAL model has developed an ‘Optimal Estimation’ (OE)
method for parameter retrieval enabling the extraction of
information from all channels simultaneously. OE allows us to
characterise the error for.each parameter in each individual
observation under the assumption that the cloud observed is
consistent with the modelled cloud. Quality control and a pri-
ori information is applied which enables us to resolve most
cloud parameters in most situations. At RAL we are compiling
a data set of.cloud pa:ameters from ATSR-2 and AATSR data
fl;qm 1995 to-the present day: The figures below show exam-

""' -Eples of rweved parameters from-ATSR2.

-.| e
ATER- T o Dpsce @ | BETEH
- [

etrieved optical-depth Particle size (ATSR2)
_(ATSR2)

| =

_UCL has developed an automated processing system
in IDL for extracting Cloud-Top Heights (CTHs) and a
Cloud Mask from ATSR-2 stereo images. This is being
applied. to the production of a six-year dataset of all
ATSR-2-data over Europe and North Atlantic region.
Figure 1 shows Cloud -top heights derived using the
11 um brightness temperatures from the ATSR-2.
Jemperatures: have been converted into geopotential
height using the closest in time ECMWF objective
analysis values. Note the lack of very high clouds in
the SE quadrant. Figure 2 shows the Stereo-derived
cloud-top heights using the 11 um Forward/Nadir
channel from the ATSR-2. Note the very high clouds
observed in the stereo product but not seen at 11 um
in the brightness temperature derived CTH.
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Objectives

il

A) Combine satellite and ground-based information to determine
three-dimensional cloud structure and microphysics
B) Study the remote sensing of inhomogeneous clouds and their
influence on the radiation budget
C) Visualise three-dimensional cloud structures
: A g D, S i“

A) 3D cIoud characterlsatloh ﬁ,; A
B) Simulation o.fr*sateff . 3

observations
onP
C) Impro%gd knowledge about the Ac‘t' n Ian

remote sensing of inhomogeneous A Determlne 3D &8ua Spificeire

clouds and their '"ﬂ“\é“ h. L B) Simulate radiation field

radiation b%t-? : ., _..C) Compare with‘remote sensing
1‘] N Calculate radiation budget

k &4

e A

CLOUDMAP2 Co ordinator

Prof. Jan-Peter Muller

Department of Geomatic Engineering
University College London

Gower Street

London WC1E 6BT, UK

Tel: +44 20 7679 7227

Fax: +44 20 7380 0453

Email: jpmuller@ge.ucl.ac.uk
www.ge.ucl.ac.uk/research/cloudmap2




Slides page 13/3/03 12:05 pm Page 10

Research Project Contract No. EVG1-CT- 2000-00033 co-funded by the

European Commission, Research Directorate-General * 1\
5th Framework Programme

Environment and Sustainable Development

Development of generic Earth observation technologies.

3D radiative transfer
simulation

. Drig

.. Arigorous 3D radia
H model (MYSTIC) is &

géne‘@us:c ds and-their influ- -
ence’on the radiation budget. '
'he.ft Photograph of a broken cloud
Iayer (top) in comparison with a
simulated image; cloud data were
extracted from stereo camera obser-
vations and used as input to MYSTIC
(bottom). :
Right: MYSTIC calculation of the
nadir radiance over a simulated
cumulus cloud system.
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Objectives Aﬁ.’-:—-

Collect user requirements for application of CLOUDMAP2 data to meteorology and cli-
mate research in general and for Numerical Weather Prediction (NWP) and Global Climate
Modelling (GCM) data assimilation in particular.

Anticjﬁéd end-useJ . ’ - Action Plan 4
A) Numerical Weather Pr tloﬂ"‘- b= _f, User requiréments are collected through
(NWP) modelling: The use Sat§| e g following mechanisms:
data by NWP mo L§ has thieﬂrap_p - - w_ : “Organising user workshops
tions each having theif own rbquuierﬁent8* B) Interviews with individual user
concernlng the cloud data: .= - §° 3 2 e)dperts Tl
* Use for |n|t|aI|sat|Qn of. P-m ' C) Literature stud
(datar ass_lmllatlon) .l‘iW % ) . A
* Use for rrhprovement of physical para ' .
meterisation of NWP models (model Partner.list -
validation). &= Sy
* Use for, monltorlng of NWP! ok
analysis/forecast fields. \3 - A) KNMI
B) Climate reséarch in‘general: T B) SMHI.
Global Cllmatemodelllng (GCM) in
particular: 3
» Research oh- theu 'ehf clouds in:=
climate change is |2
cloud obseryations.

N models
C) Weather Nowcastlng I Very short | A/ S -
term forecasting by operatlonal . -~ - "EMQntgﬁf.'i' -

meteorologists e
ﬂjﬁ -~ CLOUDMAP2 Co-ordinator

New generation operational weather :dﬂf Prof. Jan-Peter Muller

Department of Geomatic Engineering

satellites (MSG and Metop) will encour= partm
. . o ! University College London
age a more quantitative use of satellite Gower Street
1 London WC1E 6BT, UK
data by forecasters. Direct use of el

CLOUDMAP?2 products helps‘forecasters Fax: +44 20 7380 0453
to prepare for MSG and Metop. Email: jpmuller@ge.ucl.ac.uk

www.ge.ucl.ac.uk/research/cloudmap2
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Ho

Use in NWP mg‘o‘l%-—: %‘s.iin Climate Research

User requirements of NWRmodels to satellite
cloud data are not yéet deflned due to the fact
that not much experience is available yet
(except for the input of cloud motion vectors).
Within the CLOUDMAP2 project further
research and experiments.on the aSS|m|Iat|on
of CLOUDMAP products lnelzﬁls bemg car—
ried out. This work will hopefully tesult
refinement of the following bas,gﬂn_ N V
Frequency of product: 1x-per. hour ‘i‘gf
Tlmellnessof product: 1 hour™ =
Horizontal resolutlon 5-10 km
Vertical resalut}o‘h 50 - 100 hPa

.

v

'_.. Er
-

i.“’
agme ™

ine NWP__ ' .
requwgménts to cloud data:, i -f'""~ i,,

Frequency of roduct: 4x per hour

Timeliness of product: 5 minutes

The first CEOUDMAP2 user workshop

* resulted in the following preliminary

requirements:

¢ Climatologists need global coverage
of the earth.

* Cirrus information is relevant for
researohlng'the impact on temperature

£ %d raqiance balance.
=3

climate research community has a
Iarge interest in independently

w obseryed CTH data.:

¢ Climate, researchers showed a high
interest In microphysical cloud
parameters.

Baseline requirements:

Frequency of product: 1x per hour

Horizontal r_esolution:-§ =10 km

Vertical resolution: 50 =400 hPa

-

Forecasters are satisfied with the present’ resolutlon of the
NOAA-AVHRR (1 km). Higher resolutions are of course
appreciated but do not have a high priority. Higher vertical
resolutions certainly have a high priority. A high vertical resolu-
tion for low clouds and fog is very important for aviation
meteorology and has therefore a direct economical impact (50
to 100 m is needed). An accuracy of at least 10% is required for
an acceptance of quantitative cloud products by forecasters.
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B

Objectives

e
A) Comparison_of multiple cIoud products from the same EO sensor
B) Comparison between different EO sensors (cross-calibration)

C) Validation with ground-based and airborne data

D) Comparison with NWP models (model valldatlon)

Valug-added Data | muc

A) Vah;iatedWB}ﬁEre&hey _' s

and winds e

B) Validated MERIS cloud ptddiicts

C) Validated ATSR2 and AN
cloud pljéducts

D) Validated:MODIS cloud products

E) Validated radiosonde demved
cloud boundanes N

.|._..

A) University College London

B) Freie Universitat Berlin

C) Rutherford Appleton Laboratory

D) Royal Netherlands Meteorological
Institute (KNMI)

E) Swiss Federal Institute of Technology
Ziirich (ETH)

.-f:“’ it

”"ﬁ' Plan,. ‘"84,
A) Validation of MISR stereo heights
and winds (UCL+ PSU+ETH)
B) Vallda.tlon of MERIS and MODIS
new cloud products and intercom-
parison (FUB)
C) Validation offATSR2 and AATSR

cloud products and comparison
with MODIS and MISR

(RAL+FUB+UCL+ETH)

Comparison between GOES CTH
and radar over SGP (KNMI)
E) Comparison of-radar and

-radiosonde derived cloud bound-

aries (UCL+PSU)

: -r"‘*’F‘C'ontaﬂ: “

CLOUDMAP2 Co-ordinator

Prof. Jan-Peter Muller

Department of Geomatic Engineering
University College London

Gower Street

London WC1E 6BT, UK

Tel: +44 20 7679 7227

Fax: +44 20 7380 0453

Email: jpmuller@ge.ucl.ac.uk
www.ge.ucl.ac.uk/research/cloudmap2
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GOES M@DIS
CO2 slicing CO2 slicing

MISR CTH

ATSR2

stereo - Intercomparison

- Comparison with
Ground Baseéh-—

3 ments

Radat Chilbelton Radlosonde& '._
(UK) and ARM- sﬁ# and stations
Jsites JUSA) -3, 48 globaﬁy

Wi]‘;,h,the multl-V|ew capablllty 0

- estlmated akmultaneeuslg-
L

ATSR2 Stereo CTH

Meteosat-6 CTW, converted into
motion-corrected [m]

ATSR2 CTH correction [m]



