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POLDER Earth Radiation Bugdet, Water Vapor
and Cloud Products

Multiangle cloud remote sensing from POLDER 1 and 2

Instrumental background
*POLDER ERB,WYV and Clouds Products
> Outline of Processing line and product
- Level 2, Level 3 and Joint Atmosphere Product

~Products quality, potential biases and Guidelines

~Data availability and Tools




°POLDER instrument LOA/CNES

" Platform Adeos 1 — Adeos 2

" Mission
"POLDER 1 : Nov 1997 — June 1997
"POLDER 2 :Jan 2003 — Oct 2003

" Main caracteristics :

"Wide field of view + CCD array

" Multispectral : 443 nm - 910 nm

" Multidirectionality

"Polarisation in 3 bands : 443, 670, 865 nm
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POLDER ERB,WYV and Clouds Products
Outline of processing path and selected products



3" AEROCOM — Dec 2004, GISS

POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Level 2, Level 3 and Joint Atmosphere Product

An improved version of the algorithms have been applied to ADEOS 2 -
POLDER data. The major improvements of collection 2 algorithms are :

- a better spatial resolution of the ""ERB, WV & clouds"" products

- a better cloud detection, especially in presence of dust events and over
ice/snow surfaces.

- a reduction of the bias in total water vapor content by determining the
reflectance ratio to water vapor parameterization directly with respect to
SSMI water vapor observations and by taking into account the effect of
surface spectral variability.

- a more complete determination of the cloud thermodynamic phase

- a better retrieval of the ice cloud optical thickness

- a drastic reduction of the number of abnormally high values of retrieved
cloud top pressure.

- a more accurate derivation of the spectral albedoes and the calculation of a

monthly averaged reflected shortwave flux. L/A c'kﬂ .i usm.
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"ERB, WV & Clouds" algorithm documents for POLDER 2

All files available for download on this page are stored in the PDF format.

Level 1 Product (POLDER radiances)

\ v

Gaseous absorption correction alzorithm for POLDEE.-2
v
Apparent Oxveen pressure algonthm for POLDEE-2

v

Cloud detection algonthm for POLDEE-2

Cleat-sky onby
v ¥

Water vapor content iZloud thermodynarmic phase aloorithim for POLDER-2
algonthm for POLDER-2
+ Ice clu:uudslu:unl}r

Spectral albedo and cloud optical
thiclness algonthm for POLDEE-2

Microphysical index
alzonthm for POLDER-2

¥ ¥ ¥

Spectral albedo intesration Cloud Bavleich pressure Cloud Oxveen pressure
alzorthm for POLDEER-2 alzonthm for POLDEE-2 alzonthm for POLDEER-2

v \ v

Level 2 (orbital swath) Product

v ¥

Ionthly means algonthm for Temporally averaged reflected 37
POLDEER-2 fux alporithim for POLDEE.-2

\ \

Level 3 (monthly) Product
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

POLDER ERB,WYV and Clouds Products

Cloud Cover (25/06/2003)

Image LOA - Mpol Msphinx Software
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POLDER ERB,WYV and Clouds Products

Cloud Phase (25/06/2003)

nan
Unknown

Mixed

Image LOA - Mpol Msphinx Software
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POLDER ERB,WYV and Clouds Products

Optical Thickness (25/06/20053)

Image LOA - Mpol Msphinx Software
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Image LOA - Mpol Msphinx Software
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

POLDER ERB,WYV and Clouds Products

Image LOA - Mpol Msphinx Software
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Image LOA - Mpol Msphinx Software
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

POLDER ERB,WYV and Clouds Products
—

Shortwave Albedo (25/06/2003)

Image LOA - Mpol Msphinx Software
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Level 2, Level 3 and Joint Atmosphere Product

Mon Directional Parameters: 1 Select all

e

9[ChU]: Dbzervation UT time hours

10[ChU]: Obzervation UT time minutes

11[ChUT: Mumber of available viewing directions

12[ChUT: Mumber of directions uzed for Rayleigh pressure
12[ChU]: Indices of the first / last direction contamina
14[ChUT: Cosine of solar zenith angle for the central pi
15[SkUT: Mean spectral albedo at E70 nm [land] and 865 n
1E[ChUT: Relative Spatial dispersion of the albedo (base
17[ChUT: Relative Angular dispersion of the albedo (base
18[ChUT: Albedo quality index (0:bad liexcellent) =
19[5hU]: Scene albeda

20[ChUT: Relative Angular dispersion of the sceme albedo
21[ChU]: Clear albedo {modeled, independent of POLDER me
22[5hU]: Shortwave albeda

23[ChU]: Clear shortwave albedo (modeled, independent of
24[ChU]: Cloud Cover

Z5[ChU]: Fraction of obs classification from uncertain,
ZB[ChUT: Cloud cover quality index (0:bad 1:excellent)
27[ChUT: Water wapor column (g,cm-2)

28[ChU]¢ Standard dewiation of water wapor estimates (g,
23[ChU]: Cloud pressure derived from Oxygen channels, (h | ¢

| I -

lirectional Parameters: - select all

=

BSIChU]: Relative azimuth angle (for the central pixe

h 1 1 ( b. 1 h) d BE[SHU]: Reflectance corrected for gasz absorption at |
T e eve \Or ]'ta Swat e pro UCtS 1 Spectral albedo estimated from the above ref
+ Reflectance corrected for gas absorption int

contain about thirty non-directional G9[SHL]: Stortuave albec

[5hU]
[5hU]
[ShU]
[ShU]
70[ChU]: Polarized normalized radiance at 865 rm, cor
[Chu]
[ChU]
[Chu]

t Mumber of cloudy / clear pixels

parameters and ten directional parameters 72LCHU]: Directional spsarent, cloud cover

¢ Spectral cloud albedo (mean on cloudy pixels '}

- ISTL
=

(for each of the 14 viewing directions).
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Level 2, Level 3 and Joint Atmosphere Product

Record Mumber in the file | 2=RecHum=Nrec+1

Standard Dewiation of the Clear Sky 5W Albedo

Length of this record (bytes) 84

Line MNum. of the pix. in POLDER medium res. grid

Monthly mean of the Clear SW albedo, based on

radiative transfer simulations only

Col. Mum. of the pix. in POLDER medium res. grid

TOA monthly-mean incoming solar Flux [Woon®)

Mean pixel altitude from the DEM in the 3x3 super

pixel (meters)

TOA monthly-mean reflected Fhox [W.om™*]

Monthly-mean SW cloud forcing [W.m™]

Land, Water, Mixed indicator!!

Monthly mean cloud cover

Mumber of days w ith POLDER measurements

Standard Deviation of cloud cover estimates

MNumber of observations (there may be several

observation within a single day at high latitudes)

MNumber of observations with snow / ice indicator

Mumber of observations with clear sky

M, ¢ Frachion of observations classified from
“umcertain” to “cloudy”

M Fraction of observations classified from
“tmeertam” to “clear”

Four bit each: One byte contains 16 CMN, + O

Mumber of observations with cloud presence.

Monthly mean water vapor column [g cm2)

Mumber of cloud optical thickness estimates

Stdd. deviation water vapor column [g cm™)

Mumber of oxygen pressure estimates

Mumber of Ray Ieigh pressure estimates.

Cloud pressure based on oxvgen channels (mon thiy
mean weigh ted by cloud cover) [hPa]

Mumber of clowud phase estimates

Standard Deviation of Oxygen Cloud pressure [hPa]

MNiumber of water vapor coliimn estimates

Cloud pressure based on Rayleigh method (monthly
mean weigh ted by cloud cover) [hPa]

Monthly mean of the cosine of the solar zenith angle

Std. deviation of Ravleigh cloud pressure [hPal

Mean cloud optical thickness

Monthly mean of the spectral!? Albedo

Relative dispersion of cloud optical thickness [ %]

Standard Deviation of the spectral Albedo

Mean cloud optical thick., liquid phase ocourences

I'vlcrnﬂily Mean Clear Sky spectral Albedo

Mean cloud optical thick,, ice phase occurences

Standard Dev. of the Clear Sky spectral Albedo

Mean cloud optical thick.,, mixed phase ocourences

Monthly mean of the Clear spectral albedo, based on

radiative transfer simulations only

Mean Spherical Albedo

Standard deviation on spherical albedo

Monthly mean of the SW Albedo

Relative frequency of phase [%]. Bins are

“Unknown”, “Liquid”, "lee” and “Mixed ™13,

Relative frequency of ice cristal shapes [%]




POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Level 2, Level 3 and Joint Atmosphere Product
Projection Lat-Lon 1080*2160 ( 1/6°)

Local Daily Synthesis (observation ~ 10h30 H solar local time)

BR2
0C2

TE2

3" AEROCOM — Dec 2004, GISS

Daily
synthesis

BR3
0C3

PR3

Reformatted

products in

HDF file format

Monthly

synthesis

Set of gif images
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Level 2, Level 3 and Joint Atmosphere Product

POLDER Earth Radiation Budget, Water Vapor and Cloud Products

3" AEROCOM — Dec 2004, GISS

UT Universal Time D TOTFRE |Percent. of successful Phase retrievals M
MASK Coastline LIQFRE |Liguid Phase Frequency M
cC Cloud Cover D ICEFRE |Ice Phase Frequency M
QCC Cloud Cover Quality Index D MIXFRE | Mixed Phase Frequency M

LIQTAU | Liquid Water Cloud Optical Thick M
WV Total precipitable Water Vapor D A e s

— ICETAU | lce Cloud Ogtical Thickness M

SDWV Standard Deviation of Water Vapor D

MIXTAU [ Mixed-phase Cloud Optical Thickness M
PHASE | Cloud thermodynamic Phase D .

FINC Shorwave Incident flux M
IFeY  |soueiiokaliinckies ] FREFL  |Shorwave Reflected flux M
PRAY|[ColdiEy sl 0 FCLEAR |Clearsky Shortwave Reflecied Flux M
POXY Cloud Oxygen Pressure L TAUA | Aerosol Optical Thickness at 865 nm D | M
AVIS Albedo at 670/865 nm D ANG Angstrom Coefficient D | M
QAVIS Albedo Quality index D TAUAFM | Aerosol Opt. Thick. (865nm Fine Mode) | D | M
AVISCL | Clear-sky Albedo at 670/865 nm ANGFM | Angstrom Coefficient for Fine Mode D (M
ASW Shortwave Albedo D INDA Aerosol Index DM
ASWCL | Clear-sky Shortwave Albedo IQA| Aerosol Inversion Quality Index D

[S— il

_ -

—_

iTL
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POLDER ERB,WYV and Clouds Products
Products Accuracy
Potential and Known Biases - Guidelines
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Image LOA - Mpol Msphinx Softwa
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Clouds / Aerosols : Products consistency

Polder clouds and aerosols June 2003
products are provided at the
same resolution (3x3 L1) but POLDER s Jun 200, nd
use different cloud mask. _ o 5 g
@ i ~ o)
= o] o [— F
8 o6l c’? é.l
< 0_01 S
““’;L

0 10 20 30 40 50 60 70 80 90 100
Cloud cover [%]

Aero cortevals performed
when at least 5 over 9 pixels
are clear

POLDER data June 2003, ocean

Whenever 1 pixel is cloudy
neighbors are rejected from
the “clear” list

Aerosol restitution




POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Cloud products contamination by aerosols

MODIS (infrared day cloud fraction) - POLDER

Latitude

Latitude

90N

BON | s

30N A

m
[=]
L

305 1

B0S 1

90S
180

120W 6OW 0

90N

50N~il~
30N

EQ -
308 1

60S

90s
180

120W 60W 0

Longitude
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AATSR fire, june 2003

_ 1_.:_?.'—"

R i T, o aliee + s 3 R - S

_—t 1
GrAD: Clln\,ﬂEES AH=10-17-11:57
POLDER aerosols

products retrieved
when cn>99.9
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Multiangle polarisation measurements and Cloud Phase

i

-
A
kMR

DL]-D [ = R ] Liquide

thG]HCE
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POLDER Multiangle observation for dummies

A
-.- N —

GLACE

LIQUIDE

X

All directional observations are relocated on the surface
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POLDER Multiangle observation for dummies

Old level 2

rd

ST T T T F—FF—F—F New level 2
ST 7 TFET 77T ‘

Level 1 data

[ /S S LSS S S
[ S S

A NI :6.2kmx6.2km
3 RESOLUTIONS Ay 20km x 20km
/7 N2:60km x 60km

Products are retrieved and delivered at lower resolution
to reduce relocation noise and biases
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

POLDER Multiangl

b

e observation for advanced users
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Image LOA - Mpol Msphinx Software

Differential absorption is used to infer cloud top (middle) pressure - 763nm and 765 nm

Directional product — Retrieval is performed in up to 14 directions

r J
; % L =
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Image LOA - Mpol Msphinx Software

Cloud optical thickness is retrieved under up to 14 directions

Directional product provided at 670nm (land) and 865 nm (ocean)

USTL
28
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Testing cloud models from multiangle observation

Wlolécules
_ 8,0y Gireas . Rit@) (==
Citrus I
3@y Molécules Ri@)
5.0 + (&)
ijt £ Adrosols Marins . <
Sal PS: 0.06
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Testing cloud models from multiangle observation

0.30 T | | 0.30 T oy |

(a) 10 novembre 10 novembre

0.2~ N 020~

6,,= 00269




POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Difference d’albedo spherique relative

Difference d’albedo spherique relative

-0.00 -

Testing cloud models from multiangle observation

025 ——

020 -
0.5
0.10 -

0.05 -

005 -
0.0+
015+

020+

\
120°

Angle de diffusion ©

Ditference d’albedo spherique relative

Ditference d’albedo spherique relative

000 ———

-0.00 —
005 -

0.0~

0235 EE— . — S . . —
020~ DSIHC ]
015+ T

010~ =i

0.05— |

D_'Zjl_. S . . .

020~ Polyctistaux
0.15 ~
0.10 ~

0.05

1 - ? | i 1
60 9c° L2 150° 180°
Angle de diffusion ©

Difference d’albedo spherique relative

Difference d’albedo spherique relative

-0.00 —
005 -
010 -

D5 -
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020 — Large bullet rosette -
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0.05
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Image LOA - Mpol Msphinx Software

I =443 nml 200-550n

3 Spectral
1 670 nm 0 550 -700
Cloud Albedo

I 865 nml0 700 —-4000n

SW CLOUD ALBEDO
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Liquid Particles effective rachus retrievals from multiangle
multispectral polarisation measurements

' ] T T T T T T
034 078 ] - 1

T
0.54 087 0.6z 0.94 { 074 0.8%

061 085 ] 020F
082 0.8z

102 098 1 qaok 100 095 |

1.20 0.88 -

07 o0et J ogash

0.5 0.73 1.10 0.80

gual= 3.18 ] Py, quol= B.41

qual= 574 ]

.00 1 omb
1 r 1 —g.05f

—0.051 1 —oosf

] £ 2N
—Q.1C L L L 1 —q.10L I =010 L —0.05
145 150 185 160 168 145 150 155 160 168 145 150 160 164

443nm 670nm 865nm  Scattering Angle ]

Polarized
Reflectance

Based on the directional signature of the polarized reflectance
Believed to be very accurate (multiple internal consistency
check)
Requires very specific conditions
- Multi-Directional polarized reflectance measurements
- Homogeneous cloud field over 150x150 km?
- Narrow size distribution
Sampling biased to specific cloud types
Some clouds, such as the broken cumulus of the tropics, are
never sampled
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Liquid Particles effective radius retrievals from multiangle
multispectral polarisation measurements

POLDER vs MODIS comparison

a a o 12 14 13 3 a 1o 12 14 13 a a 1 12 14 13
MODIS MODIs MAaDis

] 20 =0 B0 B 100

Excellent correlation, except for small droplets
2 pm bias (MODIS > POLDER)
Little correlation over land (small droplets according to POLDER)
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Liquid Particles effective radius retrievals from multiangle
multispectral polarisation measurements

Hypothesis for bias Summary - Conclusions

' " POLDER polarizati ts provide
Ve[‘tlcal profﬂe Of CDR polarization measurements provi
an alternative to the MODIS spectral method

Hejght N for the estimate of CDR in clouds.
L
POLDER Requires specific cloud and viewing geometry
MODIS o : :
conditions. Climatological means to be used
with cautions as the sampling may be biased
., CDR

Comparison with MODIS coincident
POLDER samples the very cloud top (opt. th.~#1) retrievals. High correlation for range 9-15 pm

while MODIS probes the cloud deeper. But,a | but bias 2 pm. Poor correlation for smaller

decrease of CDR with depth is expected. radii.

=>Bias of opposite sign.

NT

OR: Different process at the very cloud top No-satisfactory exptamation for bias-and poor
(evaporation) ?7?? F.M. Breo . fﬁ?ﬁ?‘l@&ﬁ@%g Ref r/ %f %L““

I 4
F 4




POLDER Earth Radiation Budget, Water Vapor and Cloud Products 3" AEROCOM — Dec 2004, GISS

POLDER ERB,WYV and Clouds Products
Products Availability
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Products availability

POLDERI1 : November 1996 to June 1997
POLDER2 : April 2003 to October 2004

Levell : calibrated georeferenced data

Level2 : daily products — one file per orbit swath

Level3 : monthly products

Joint Atmosphere product (selected daily and monthly products)

Data processed with collection 2 algorithms for POLDER 2 and
under reprocessing for POLDER 1

Data ordering interface from the CNES POLDER web portal ...

B % o)
= 37




POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Web POLDER

Multiple angle ... and multiple web portal

Poltier Home - Mozilla

0
cnes

WELCOME | NEWS | OBJECTIVES

Stop
wWfBookmarks 4 Red Hat, Inc. ¢ Red Hat Netwark (2 Support ¢ Shop (2§ Products (Z Training

M File Edit Yiew Go Bookmarks
Back | Forward Reload =
©| % Home

SATELLITE

POLDER - Mozilla

Tools  Window Help

A htip:srsmsc.ones P OLDERYindeshim

INSTRUMENT | GROUND SEGMENT | ORGANIZATION | CONTACTS | GALLERY

=3 .

Print

RELATED SITES

CALIBRATION Y SCIENTIFIC PRODUCTS Y PUBLICATIONS Y POLDER USER SERVICES

CHARACTERISTICS]
POLDER 2 Instrument set up
on board J&RA ADEOS-2
Satelite.

Wice fisll of view imaging
raiometer

Ta chaerveimessure
aerosols,
r

land! surfaces S
5"
S clouds and

oceans

Altitudte of the ADEDS-2
satellite : 602.9 km

Launch on the 14122002

Useful lifetime of the
FOLDER-2 instrument
7 months

POLDER 1 Instrument et up
on board J&XA ADEDS
Satellite.

Altitucde: of the ADEDS
satellite | 798.75 km

Useful lifetime af the
FOLDER-1 instrument

8 months

The project main steps

Studies Development | Inflight
operation |

Palder
Scientific data use

POLDER-1 § '
06/97

o 4o  a

08/96

POLDER-2

12/02 10/03

POLarization and Directionality of the Earth's Reflectances

The French space agency, CMES, has developed the POLDER instrument, which flaw
on ADEOS (ADvanced Earth Observation Satellite), developed hy the Japanese space
agency, JAXA. This was the first FrenchiJapanese cooperative project in the area of
Earth ohservation

A second, identical instrument flew on ADEQS-2, successor to ADEOS, until October
2003

POLDER is a wide field of view imaging radiometer that has provided the first global,
systematic measurements of spectral, directional and polarized characteristics of the
solar radiation reflected by the Earthfatmosphere system. Its ariginal ahservation
capabilities have opened up new perspectives for discriminating the radiation scattered
in the atmasphere fram the radiation actually reflected by the surface

Pictures of POLDER 2 sensar integrafion phase on ADEOS-2
@)

NEWS

* 2004/08 : Start of POLDER 2
data distribution.

* 2004/07 : POLDER Z Scientific
Validation Review.

* 2004/01 : Calibration Summary
Repaort.

Z003A0 : Loss of ADEOS-2

satallite.

* 2003/07 : 2 months of POLDER 2

data.

2003704 : First POLDER Z Daily

Syntheses.

2003702 : First POLDER 2

images.

L4

L4

r

E3|

M File Edft Yiew Go Bookmarks Tools Window Help

&
Reload  Siop

- v
Back Forward

J; http:/fpolder.cnes.f'endindes.iim

" ahHome | Wb Bookmatks g2 Red Hat, Inc. g2 Red Hat Network (24 Suppont (4 Shop (4 Products (4 Training

3" AEROCOM — Dec 2004, GISS

Home Information

LATEST POLDER NEWS

£ Start of POLDER 2 dlata. tistibution
E Calibration Summary Report

£ Loss of ADEQS-2 satsllte

More hews

$OLOER 2 on AIRONT - EEE - NAREA:

Galery

Latest website news € Cpening of the POLDER Website

POLarization and Directionality of the Earth's Reflectances

Fields Products  User Desk Contact A Qﬂ T
ED\UE?’@CSI.CHESfr
Select afield of

interest to access
POLDER products

COLOR
G

bt

LEVEL 1 DATA

)

CNBS o ces 2o

Latest update July 15th,
Site Security Policy )

. s

http://polder.cnes.{r



http://smsc.cnes.fr/POLDER/index.htm
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

"POLDER Single Orbit Browses" - Mozilla

P1L1TBG1003164HD"

14711 /1996

{vas¥n saRD) T

(¥oT woag saen3Fes TodH)
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products

Data format and Tools
Mpol

B?c'k T Fo%ru ) R::l:!'a\u S%o%’p fdl riton i [+]]p. searen P—:il

v ZhHome | yfBookmarks ¢ Red Hal, Inc. 4 Red Hat Metwork 2§ Support 2 3hop 2§ Products (2 Training

Mpol (version 4.0Beta)
Mpol: a multi functional analysis and interpretation tool

Visualize/Extract data from
POLDER file (binary format) | | s |

Generalities

# lntroducton
* Platfornms

* Glossary

Sequence Creator/naVigatOr Level 1 data

# Multiangular data analysis
< features over clonds

< Sun glint
RGE composite from Radiances and Polarization effects
: - Direct link with the
Dump data to bin/hdf file
POLDER Main window and zoom capabilities
(data main geometry is integerized sinusoidal)
¢ Msky

2 || Atrue color composite quick look image can be displayed for the orbit to help in data interpretation and scene selection,

Levelnandoidale Both orbit and sequences true color images are built from atmospheric corrected reflectances for an improved view of land, aerosols and

cloud features.
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POLDER Earth Radiation Budget, Water Vapor and Cloud Products 3" AEROCOM — Dec 2004, GISS

Conclusions / Perspectives

The bad news :

No long time serie available

The good news :

One more chance to go in December
to join A-Train
(Parasol, MODIS, Cloudsat, Calipso)
Very nice research instrument and still no equivalent
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