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Cloud Product Users

The following list shows potential users based on the assumption that CLAVR-x
users will migrate to IDPS. To date, no user has contacted the JPSS Cloud Cal/Val
Team.

. U S. Users
AFWA — Air Force Weather Agency — (Jeff Cetola)

- NOAA NWP (GFS, NAM and RAP model verification / assimilation)
- National Climatic Data Center (NCDC). Serves AVHRR cloud climate records to multiple users.

- National Renewable Energy Laboratory (NREL). Cloud products used in driving short-term
forecasts.

* |nternational Users

— Community Satellite Processing Package (CSPP). CLAVR-x implemented into IDPS.
— Eumetsat (Cloud Top Height from IDPS)

e User Community

- Navigation, Transportation

- Operational Weather Prediction

- Climate Research through NOAA CLASS.
- DOD
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for Provisional Maturity Status

Product quality may not be optimal

— Product accuracy is determined for a broader (but still limited)
set of conditions.

— No requirement to demonstrate compliance with specifications.

Incremental product improvements still occurring
— DR history and future planned efforts will be shown

General research community is encouraged to participate
in the QA and validation of the product, but need to be
aware that product validation and QA are ongoing

Users are urged to consult the EDR product status
document prior to use of the data in publications

Ready for operational evaluation



mary of Cloud Properties Product
ments Based on JPSS L1RD Thresholds

Cloud Base Height
— Measurement Uncertainty = 2 km

Cloud Cover/Layers

— Total Cloud Cover Uncertainty (not applicable to layers) 0.1 + 0.3*sin(sensor zenith
Angle) of HCS Area

Cloud Effective Particle Size

— Precision & Accuracy: 22% for Water; 28% for Ice ( or 1 um whichever larger)
Cloud Optical Thickness (t)

— Precision = 33%; Accuracy = 24% ( or =1 t, whichever larger for both Prec. & Acc.)
Cloud Top Height

— Precision = 1 km; Accuracy =1 km ( both increased to 2 km for thin clouds, i.e. t
<1)

Cloud Top Pressure

— Precision & Accuracy: 100 mb (0-3km); 75 mb (3-7 km); 50 mb (> 7km)
Cloud Top Temperature

— Precision & Accuracy = 3 K ( both increased to 6 K for thin clouds, i.e. T < 1)

NGAS - E. Wong 5
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VIIRS Cloud Products generated from 6 algorithms.
— Cloud Optical Properties
— Cloud Top Properties
— Perform Parallax Correction
— Cloud Cover Layers
— Cloud Base Height
— Generate Cloud EDRs (aggregated to ~ 6 Km cell)

* Products are
— optical depth
— effective particle size,
— top-temperature,
— top-pressure
— top-height
— cover by layer (up to 5 layers)
base height

. Channels used (7 M-bands, M5,M8,M10,M12,M14,M15,M16)
e Important sensitivities
— Surface albedo and emissivity

— Clear-sky radiative transfer
— Cloud mask and phase errors are hard to recover from

Goto: outline, p.2 6



lIRS Daytime Cloud IP Flow

VIIRS SDR COP LUT Moisture Profiles
Y : Upstream Input
VIIRS Cloud Day Cloud Optical Depth IP, [ Aorithr
Mask " Opticaland |/ _ .
Properties Particle Size IP [ Ancillary Data
VIIRS Cloud Algorithm [ outeut
Phase ; Cloud Top Temperature IP
Day CIOUO! Top / Cloud Top Height and
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Height/Pressure Algorithm
Conversion Logic (includes day
water module) Parallax Cf)rrection
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IRS Nighttime Cloud IP Flow

IR Clear-sky PFAAST RTM

Cloud Optical Depth,
Particle Size, Cloud
Top Temperature IP

: Upstream Input
: Algorithm
: Ancillary Data
I_I Output

VIIRS SDR IR Parameterizations
VIIRS Cloud Nig_ht Cloud
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VIIRS Cloud Algorithm
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: Night Cloud Top /
GFS Profiles > Properties
Algorithm

Cloud Top Temperature,
Top Height and Top
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Product quality may not be optimal

— Optimal would be attaining all of L1B cloud requirements
Incremental product improvements still occurring
— DR history and future planned efforts will be shown
Version control is in effect — IDPS Build number for
Algorithm version and LUTs version identified

General research community is encouraged to participate
- will request feedback from appropriate users for the
products

Users urged to consult the EDR product status document
prior to use of the data in publications

Ready for operational evaluation
— Key end users are identified and feedback requested



aview of Activities Done for Beta Analysis

NPP Daytime COT and EPS Comparison to NASA MODIS
Products over 200 million cloudy pixel samples

NPP Daytime COT and EPS Comparison to NOAA DCOMP
Products for NPP Granules on April 28, 2013 — 2 days after
Updated Cloud LUTs were Operationalized. LUTS based on
NOAA DCOMP.

NPP Cloud Top Pressure Comparison to NASA MODIS and
NOAA DCOMP Products

3 months of NPP and CALIOP Cloud Top Height matchups
Qualitatively Comparison of NPP Cloud Cover to that of
MODIS

Sample comparison of VIIRS cloud top and base heights with
CloudSat on 02/17/12, 11:59:16 -12:00:40 UTC



s of Cloud Properties Products Quality @
Assessment at Beta

e Daytime COT - 68% of IDPS within L1RD spec relative to
NOAA DCOMP

e Daytime EPS - 64% of IDPS within L1RD spec relative to
NOAA DCOMP

 Nightlce COT —40% uncertainty relative to MODIS COT
derived from night ice emissivity. Night water COT
comparison not made due to 2 known errors in software

e Cloud Top Pressure -70% of IDPS within L1RD spec
relative to NOAA DCOMP

e NPP Cloud Cover is qualitatively similar to that of MODIS

e From Cloudsat comparison NPP CBH uncertainty is
estimated 2.8 km

11



Some Concluding Remarks at Beta:

— We are confident all products except Nighttime COP
exceed Beta.

— We do feel Nighttime COP could meet Beta but is less
mature than the other algorithms.

— Nighttime COP bugs have been identified and we expect
full beta compliance once implemented.

— Nighttime COP is not a standard product (not available
from MODIS) and we think the community has less
expectations for nighttime COP than daytime COP.

12
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ties Done for Provisional Maturity Review

Presenting Results with Constant Lapse Rate Marine Layer
Cloud logic implemented in CTP (DR 4740)

Assessment of NPP Ice Cloud Top Height after k-ratio update,
with CALIPSO products (DR 7232)

NPP Night COP compared to VIIRS Lunar DNB Reflectance.
Day LWP compared to NESDIS MIRS.

CALIOP/CALIPSO Validation of CTH

CloudSat Validation CBH.

13



ESDIS Operational Cloud Processing @
System for POES

e CLAVR-xis the NESDIS Operational AVHRR Cloud Processing System.

e CLAVR-x runs the cloud algorithms implemented in NDE. Product list also
equivalent to IDPS cloud products.

e CLAVR-x and the NDE algorithms also run on many other sensors (see below)

http://cimss.ssec.wisc.edu/clavr

Geostationary Data

| goes-west ftp | goes-east fip | seviri ftp | not available |

| Polar Orbiting Data

| avhrr-gac ftp | avhrr-hrpt ftp | avhrr-lac fip |




LAVR-x modified for VIIRS

CLAVR-x is the NESDIS Operational AVHRR Cloud Processing
System

Modified for VIIRS in 2011. Can process M-Band, I-Band and
DNB.

Bowtie gaps are filled in and DNB data is remapped to M-bands
CLAVR-x can read in VCM and Cloud Phase from [ICMO files and
use them for product processing (or simply pass through into
output).

CLAVR-x runs the cloud algorithms implemented in NDE.

CLAVR-x also allows for EDR/SDR sensitivity studies.



R-x modified for VIIRS

 Modified for VIIRS in 2011. Can process M-Band, |I-Band and DNB.
* Bowtie gaps are filled in and DNB data is remapped to M-bands

e CLAVR-x can read in VCM and Cloud Phase from [ICMO files and use them
for product processing (or simply pass through into output).
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R-x — Real-Time VIIRS Processing

CLAVR-x does run in Real-Time on NPP JPSS VIIRS Data from from

the UW/SSEC DB Antenna.
CSPP does not yet make IDPS cloud products. When it does, we

can do real-time monitoring.
nppd20140105 21907280 21208523 b1 1356 |evel2.hdf

nppd20140105_£19072B0_e1508523 b1 1356 level2 hdf

Cloud—top Pressure (hPa)

n-u'ssini 1100 g0 fJua] Ei] &30 00
S04 450 400 250 200 250

1.38 um Reflectance (%)
' |

12.00 16.00 70.00

Q.00 4.00 8.00




Outline:

e Performance at Beta
e \Work Done Since Beta

e Performance at Provisional
* Demonstration of low-cloud inversion fix
* Global comparison with CALIPSO/CALIOP
e Impact of microphysical model improvements (k-ratio)

e Planned improvements

CLOUD TOP PARAMETERS (CTP)

18



CTP Performance at Beta

e Cloud Top Pressure -70% of IDPS within L1RD
spec relative to NOAA DCOMP

e Cloud Top Height — 63% of IDPS within L1IRD

accuracy specification relative to CALIPSO (cot >
1.0)

e Cloud Top Height —49% of IDPS within L1IRD

precision specification relative to CALIPSO (cot >
1.0)

19
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Before the fix, we saw this type of bias in the IDPS Cloud Height Product.

IDPS approach applied a top-down solution that gave errors for clouds in marine
boundary layers.

The IDPS code was modified is include logic from NOAA where a constant lapse rate
was assumed and a bottom-up solution implemented.

We may try a more complicated version from NASA.

Images below show example NPP scenes used to demonstrate improvement.

nppd201 30329 _t07 40453 0742095 007 348 level2 nppA2G1 30329 0740453 0742095 _h07 348 level2 CALI PSO TraCk

False Color Image Falze Coler Image

Red=3.75 — 11um, Green = 3.75 — 11gm, Blue = 11um (reversed) Red=0.65um, Green = 0.65um, Blue = 11um (reversed) 20



10

d Inversion Logic Impact (DR 4740 )

hppidZD‘l 30329 tD7391 99 907404414b07348

L

T T J T T T T T T T B T T T T T T | T T T T T I T T T T T T
— CTALIPSC Track B CI ud Top Helght —
- . 13, Stats: Count, Accuracy, Precision (kmp —
o 15 Al Stats: Tes S =824 o285 —
1 - —
— = 12, lce Stats: [ R e Mak —
— £ = Water Stats: BG5S zZ.824 0.283 —

T
E = FPhaose P.O.D.: 1.20 hrask PO DL 100
f = Act. Cld Frac: 1.00 Poss., Cld Frac: 1.00
(- : ]
— ol o o —
= Caliop O Liquid Phase = lce_Phase  + lropopause -+ Surface | IDP=

11 m Cloud Emissivity

hpp __d201 30329 tO739‘I 99 eO740441_bO 75348

T RBBI T | 'I T T

Ollud T-:-p Helght

Cloud~top Halght {km

T T T T T T T

18 Stats: Count, Accuracy. Precision {km)
= All Stats: 7es S 0.386 o134

12 Ice Stats: G owmmwmn Mah

b Water Stats: 665 0.386 0.134
S Fhase FP.O.D.: 1.00 Mask P.O.D.: 1.00

= Acst. Cld Frac: 1.00 FPass. Cld Frac: 1.00

11 gam Cloud Emissivity

< Caliop o Liquid Phase X Ice_Phase —+ Tropopause + Surface | IDPs |

— _ - . — ) _ |

- . o s, M_@'—W . o =

T T T T T T T 1 T T T T T T MO
—25 —Z4 — 2’5 — 22 —221

Latitude (deg)

o.8

0.2

0.



n of NOAA CLAVR-x / NDE
Cloud Height

We expect based on CLAVR-x experience to achieve
performance like below.

Same analysis applied to CLAVR-x on SEVIRI shown below.
VIIRS does have different spectral information.

[SEVIRI - CALIOP] CTH Difference (CALIOP CTP < 5km)

—_— Al
— TopLay OD > 1
— TplayOD=<1
Top Lay OD = 1, Bot Lay OD > 1
All clouds
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LIOP CTH product
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Results at Beta Presentation (before low cloud inversion logic)

VIIRS(IP) — CALIOP Cloud Top nght Difference

0.07
—All Clouds
— Night Ice
0.06f| — Day Ice
Night Water

> 0.05} - = =No Flag data
c
@
o
© 0.04f
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o
[0h]
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©
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S
Z 0.02f

0.01F

__________ Sfﬂ
| ————— B T e —
5

U = L 1
-15 -10 -5 0
VIIRS CTH IP — CALIOP 5km CTH

* The global
distribution of CTH
differences
between CALIOP
and VIIRS IP
retrievals is
presented.

e The results from
VIIRS retrievals
indicate a
significant
negative CTH bias
for ice clouds
*Results show a
positive bias for
water clouds.



| CALIPSO/CALIOP Cloud Top Height
ation of the VIIRS IP CTH

Results at Provisional Presentation (after low cloud inversion logic)

0.16 ' - ' ' :
— All Clouds e 4 months of
0.14} _glgh’: Ice 1 collocated CALIOP
N%};]tcve\later 2013 Prow. (lidar) comparisons
0.12F - - - Day Water - with the VIIRS IP
CTH product
0.1 ]l ¢ 20 minute
maximum time
0.08 . separation
e Poles (>60deg lat)
0.06 1 excluded.
* Results show
0.04 1 positive bias for
water clouds has
0.02 ] been largely
removed.

e High cloud bias
5 10 remains.




COptical Depth = 1.0

of the CALIOP vs VIIRS IP CTH differences

o NATIONa, O,

2012 Beta CTH compared to CALIOP

Cptical Depth < 1.0

4 -2

Accuracy CTH

-4 -2
Accuracy CTH

Optical Depth = 1.0

e

2013 Provisional CTH compared to CALIOP

Optical Depth < 1.0

—— .
B :
- -4

-2
ccuracy CTH

4 -10 -8 -6 -4 -2
ccuracy CTH
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Microphysical Model Updates (DR7232)

CTP employs ice scattering models using k-ratios. These
are similar to -ratios used by NOAA.

K-ratios were recomputed using latest scattering models
from Professor Ping Yang from Texas A&M.

Impact was tested on golden granules in ADL.

Results are compared to the IDPS output which uses the
old k-ratios.

Performance gauged against CALIPSO/CALIOP.

26



Day Ice CTH
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Current Baseline (Oct-Nov 2012) Updated (08/22/2013 22:41-23:20,

28 day granules)
MPP Day Ice Cloud Top Height &logrithm Perfarmance with respect to Calipso Data CTH Perfarmance with Updated k-ratio
E T T | T | T T T 4 | T T T T
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2f:
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Cloud Top Height {km)
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» Updated CTH is raised on the average by ~1.0 km from the Baseline,
except for the very high ice clouds
» The update will reduce the current low bias ( -1.84 km) thus bringing day
ice CTH to meeting L1B CTH requirement
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Night Ice CTH
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Current Baseline (Oct-Nov 2012) Updated (08/22/2013 21:49- 22:33,
32 day granules)

CTH Performance with Updated k-ratio

NFP Might Ice Cloud Top Height &logrithm Performance with respect fo Calipso Data 2 :
5 T T T T T T ik : : : :
4
d
2t g
g 2
s 1r =
= £
s 9 <
2 o
e =
e fbeansnii s b i i cesns Bennen e et e 0

- —*— Accuracy
1 —— Precision
1 —*— Uncertainty | :

—*— Accuracy

=3 ——Precision

—*—Uncertainty | .
I

L 2 125 4 B 8 10 12 14
Cloud Tap Height (km) Cloud Top Height (km)

*Updated CTH is raised on the average by ~0.5 km from Baseline, except for high

clouds

*The update will bring night ice CTH closer to meeting L1B CTH requirement
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op Parameters Summary

Improvement in low cloud CTH due to inversion fix demostrated via Ad|
reprocessing and global CALIIPSO verification.

ADL reprocessing indicates new ice models will improve cirrus CTH biases.

Issues remain with Tropopause solutions and will require a new DR.

29



Outline:

e Performance at Beta

e Performance at Provisional

e Comparison with VIIRS Lunar DNB Reflectance
e Comparison with MIRS/ATMS

e Comparison with CALIPSO/CALIOP

* Planned improvements

DAYTIME CLOUD OPTICAL THICKNESS
AND EFFECTIVE PARTICLE SIZE

30



NPP Daytime COT and EPS Comparison to NASA MODIS
Products over 200 million cloudy pixel samples

NPP Daytime COT and EPS Comparison to NOAA DCOMP
Products for NPP Granules on April 28, 2013 — 2 days after
Updated Cloud LUTs were Operationalized

Daytime COT - 68% of IDPS within L1RD spec relative to
NOAA DCOMP

Daytime EPS - 64% of IDPS within L1RD spec relative to
NOAA DCOMP

Note, no new Day COP improvements since Beta.
Following results are new analyses that illustrate
remaining issues.

31



ovisional Cloud Optical Thickness

 Requirements: Cloud Optical Thickness (t)

— Precision = 33%; Accuracy = 24% ( or =1 t, whichever larger for both)

* COT results agree with a bias of 70.2

Cloud Optical Thickness Percent. (similar to Beta analysis)
3000000 200 AT TR / 7

 IDPS shows significant sensitivity to
viewing angle (see below). Will explore

72084 150 In DR.
E %! IDL &
o
17324 &S 100

wn

(n

o

41 | 50 &
Red = NOAA
1 0 / st Blue=IDPS

0 50 100 150 200
DCOMP COT 11

40
angles [3ol,aat]




 Requirements:
* Precision & Accuracy: 22% for Water ( or 1 ym whichever larger)

3000000

72084

1732

41

IDPS EPS [um]

Effective Particle Size Water

/
'

200

150

100

(&3]
o

0 50 100 150 200
DCOMP EPS [uml]

67.6% of the
pixel meet the
specs.

About 25% of the
pixels have
unrealistic high
values for EPS
water phase.




 Requirements:
» Precision & Accuracy: 28% for Ice ( or 1 yum whichever larger)

58.6% of pixels meets the specs.
(similar to Beta Analysis)

Effective Particle Size Ice

3000000 200

Distinctive disagreement features

w=es = 150 in scatterplot density plot:
2
w °
1732 /| & 100 Pattern of very low EPS values
w
a «Density gap between 5um and

41 15um

Q1
o

e e *High EPS values where DCOMP
0 50 100 150 o000 has values between 40 and 80um.
DCOMP EPS [um!
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The following maps show the occurrence for one day of the non-physical daytime COP results.

A. Water clouds with very large effective particle radii ,
B. Ice clouds with very large effective particle radii We have submitted a DR for Issue C.
| ylarg P Unsure if solving C will impact A or B.

C. Ice clouds with very small effective particle radii

Effective Particle Size Ice Effective Particle Size Ice

Effective Particle Size ate 3000000 200 3000000 200

3000000 200

72084 150 720848 150 72084§ 150
T E g
= = =
9 1732 4 100 1732 4 100
1732 & 100 BL w ' w '
w w
g o o
o = ; a
" 50 41 50 41 50
] 0 1 0k . 1 —
0 50 100 15 200 50 100 15 200
0 50 100 150 200 DCOMP EPS luml DCOMP EPS fuml

DCOMP EPS [uml

IDPS EPS ice clouds below 12 micron with disagreement to DCOMP
IDPS EPS lce clouds above 80 micron with disagreement to DCOMP

135 90 45 0 45 9 135




COMPARISON OF DAY COP TO NESDIS
MIRS CLOUD LIQUID WATER PATH
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OP to NESDIS MIRS LWP

NESDIS Microwave Integrated Retrieval System (MIRS) generates a
suite of cloud products including cloud liquid water path (LWP).

LWP is an official VIIRS IDPS product but can estimate by scaling
the product of optical depth and particle size.

We can also assume a particle size and derived optical depth from
MIRS LWP.

CLASS does not archive MIRS from ATMS, so we grabbed MIRS
data from NOAA-19 AMSU on September 21, 2013 when NOAA-
19 and S-NPP were is close proximity.

MIRS does not separate clear and cloudy so the LWP contains
both. So we treated clear VIIRS pixels as having LWP=0.

We aggregated all data into 1x1 degree boxes. Any box with ice
as determined by VIIRS was excluded.

Timeframe Chaose when (time in UTC) NOAA 19 status

() Real-time 2013 Sep 21

Solar zenith angle limited to 70 degress. MIRS has no product
over land.

v 20M022 (3| Az2828° E:-378°

Lon: 100.2°W Lat: 12.2°N

() From file
@ Manual @ Sat Range: 4923nm Alt: 467.2nm

37



of Day COP to NESDIS MIRS LWP

MIRS can see LWP that is covered by
higher ice clouds. VIIRS can not.

MIRS also misses thin clouds that are

detected by the VIIRS product.

VIIRS will saturate above 300 g/m”2

miseing

100

Microwave MIRES LWP

IDFS VYIRS IWEF

Claud Water Path (g/m~2]

20 a0

100 120 140 160 180 200 2R0 300

IDES VIIRS LWF

miszing

100 120 140 160 180 200 2R0 300 38



IDPS LWP g,/m~2
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These density plots show the variation of the VIIRS IDPS LWP with the MIRS LWP (left).
The NOAA DCOMP algorithms results are shown on left for reference.

Impact of high particle size for water clouds seen in IDPS result but correlation is good
and we will continue to extend this analysis over many more days.

MIRS LWP g/r2

Bios (y — x) = 27.58 Correlation = 0.57
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Day COP Summary

* Provisional analysis repeats findings at Beta but has revealed these
additional issues that will be addressed.
» COP daytime retrieval meets the specs at about two third of pixels
* COP retrieval shows partly artificial and unrealistic features
* QF definition should be revised and coordinated with user feedback.

* Requirements were tested by evaluation of one full day of observations against
PATMOS-x DCOMP algorithm. That's why this cannot be seen as a fully independent
evaluation since DCOMP uses a similar retrieval approach.

« MIRS LWP shows good correlation for relevant cloud types and shows expected
biases due issues raised above.

« We think some of the issues we see are due to the lack of treatment of water vapor
absorption.

e Cloud Optical Thickness
— 70.6 % of COT product fulfill the requirements

— Stats for range [1,50]: accuracy: 19,5%, precision: 49.7%, bias: 2.01. Possible reason
may be the underestimation of atmospheric absorption by water vapor.

« Effective Particle Size:
— Liquid: 67.6 % of EPS water phase pixels fulfills the requirements.
— Ahigh number of EPS Water phase have unrealistic high values
— Range [1,40] : accuracy: 23.6%, precision: 31.7%, bias: 5.3um
— Ice: 58.6 % of EPS water phase pixels fulfills the requirements.
— Range [1,80] : accuracy: 23.2 %, precision: 39.7%, bias: 6.03um



Outline:

e Performance at Beta
e \Work Done Since Beta

e Performance at Provisional
e Comparison with Water COT with VIIRS Lunar DNB Reflectance
e Comparison with of Water COT and LWP with MIRS/ATMS
e Comparison of ICE COT with CALIPSO/CALIOP

* Planned improvements

NIGHTTIME CLOUD OPTICAL THICKNESS
AND EFFECTIVE PARTICLE SIZE

41



COP Performance at Beta

 Night lce COT —40% uncertainty relative to MODIS
COT derived from night ice emissivity.

* Night water COT comparison not made due to 2
known errors in software

42



of DR 7231 on Night COT
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Baseline COT Modified COT VIIRS DNB Reflectance (%)
20W 100 W 120W 100 W 80 W 8 W 100W 80 W
! ] . : 140
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* These results generated by implementing DR 7231 into ADL for 03/29/2013, 0727-0749 UTC

* Modified nighttime cloud COT results in more reasonable values (DR 7231)

e Modified COT show a strong zenith angle pattern that limits spatial correlation with VIIRS DNB
Lunar Reflectance (left).
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Comparison with MIRS LWP
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LWP (g/m?) computed from modified
COT, assuming EPS =10um
e Conversion from COT to LWP indicates much smaller values compared to

microwave sensor, due to algorithm limitations to retrieve large COT for water
clouds.

e Spatial correlation between Modified LWP and MIRS LWP still less than expected.

MIRS NOAA-19 LWP (g/m?)
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e Same analysis as previous slide applied to Day COP.

 Much better spatial correlation in Day than Night. Confirms our
suspicion that Night Water COP requires continued effort.




O lIR Track Product

Calipso IIR COP Products are derived from combining IIR and Lidar observations of

Calipso
e Algorithm is based on the determination of k-ratios, i.e. $(12/10) and B(12/08)

where 12, 10 and 08 are the lIR bands at 12, 10 and 8 micron
e Effective Particle Diameter are retrieved based on LUT of the B computed for

several crystal models of Yang 2005.

Version 3 IR - Effective size (microns) - August 2007
High semi-transp. cloud High dense cloud

[14-18 km

10-14 kmi
i TR

[7-11 km|

Ganier,A. et al “Retrieval of Cirrus Cloud Properties from combined IIR, Lidar s
and WFC Observations®, Int. Sym. On the A-Train Sat. Constellation 2010



ALIPSO IIR Product

arison of Updated NPP Night Ice cloud Effective Particle Size

*lIR is a IR imager on CALIPSO from CNES.
Measures 8.5, 11 and 12 um and IR COD
and CEPS are made. Similar to IDPS.

*Updated NPP Night Ice cloud EPS
approximately correlate with CALIPSO IIR
retrieved Ice cloud EPS

eUpdated NPP Night Ice cloud EPS ~ a factor
of 2 of IIR retrieved EPS

*Ganier et al “Retrieval of Cirrus Cloud
Properties from combined IIR, Lidar and
WFC Observations” indicates IIR ice cloud
EPS global distribution is ~ 60% lower than
MODIS day ice cloud EPS.

*This implies that NPP night ice cloud EPS
retrievals are comparable to that retrieved
by MODIS day algorithm

MNPFP Eff. Farticle Diameter (micron)
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of Night Ice COT between Updated NPP,NLCOMP and
aset on 03/29/13, 07:13-07:58
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Caomparizon of Night ice COT between Calipso and Updated NPP-20130323 Camparison of Might ice COT hetveen Calipso and NLCOMP- 03/23/13

12 T ; T T T 12

MPP COT
MLCOMP COT
[=7]

Lunaf\r Refébase(

P .............. .............. : COD .............. S
1] Z 4 3] il 10 1e
CALIPSO COT CALIPSO COT
* As shown Calipso COT data have large uncertainty |
for COT > 3. CALIPSO COT >3 should be ignored. grof 1 e
* In this limited COT range NPP retrieves 20 NN IO 155 9005 PO S :
comparable values of COT, and are fairly well B L
Correlated With Calipso data PN (N .‘.:I‘._._;:..'.T' ................ I ..........................................

e NLCOMP COT also well correlated over the |
CALIPSO range (0-2). Higher value are expected
since CALIPSO saturates above 2-3.
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Night COP Summary

ADL reprocessing confirms the fixes outlined in DR moved the night COP optical
depth and particle size into expected ranges.

Visual inspection of reprocessed ADL granules shows lack of correlation for night
COP water cloud optical depths.

e NESDIS MIRS LWP

e VIIRS Lunar Reflectance from Day-Night Band.

CALIPSO/CALIOP COD values due show correlation over the narrow range
retrieved by a LIDAR.

The accuracy of NPP night COT and EPS cannot be fully assessed due to lack of
validation data. However, it may require an investigation into the atmospheric
and clear sky radiative transfer for better performance.
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Outline:

e Performance at Beta

e Performance at Provisional
e Comparison with CloudSat for CTH within Specification

e Summary

CLOUD BASE HEIGHT (CBH)
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CBH at Beta

From Cloudsat comparison NPP CBH uncertainty
is estimated 2.8 km

CBH issues driven by CTH issues.

For Provisional Analysis, we decided to focus of
CBH with CTH was meeting its specification.
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VIRS CBH (MSL) (km)

All Clouds CBH statistics
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- g ' ; to more observed high (ice) clouds ] ;
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CloudSat CBH (MSL) (km) CloudSat CBH (MSL) (km)
Histogram of CloudSat CBH (MSL) and VIRS CBH WSy Histogram of CloudSat CBH (MSL) and VIRS CBH (MSL)

Low cloud bias removed since Beta

Matchup periods examined 6 9
Valid matchup points 36,314 56,655
Percentage of valid points where CTH is “within spec” 40.4% 37.6%

Percentage of valid points where CBH error < 2 km 50.6% 44.6%



oen CBH Statistics when CTH is “within spec”

* CIRA continues to validate CBH using CloudSat.

* CTH issue continue to drive CBH performance.

e Results show CBH has skill when CTH is within Spec
e Slight improvement since Beta Analysis (left)

All Cloud Types All Cloud Types
All Clouds

P
All Clouds
T T T

2 U T T T T T T T T | 2 ” T T T T T T T T |
E £ 8L
- LD
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= T S e °F
T s F T S
o = L
O 4= - &) 4
= 34 = 3P
0 I []
0 5 10 15 20 0 5 10 15 20

CloudSat CBH (MSL) (km) CloudSat CBH (MSL) (km)
Histogram of CloudSat CBH (MSL) and VIRS CBH (MSL) Histogram of CloudSat CBH (MSL) and VIIRS CBH (MSL)



istics when CTH is “within spec”

Average error: 0.5 km r’ value: 0.551 Average error: 0.2 km r’ value: 0.595

Standard deviation of error: 2.2 km N: 14689 Standard deviation of error: 2.1 km N: 21307

Median error value: —0.1 km Median error value: —0.1 km

RMSE: 2.3 km RMSE: 2.1 km

FPercentage of pixels with CBH within 250 m of CloudSat: 14.6% Percentage of pixels with CBH within 250 m of CloudSat: 22.9%

CloudSat — VIRS All CBH histogram CloudSat — VIIRS All CBH histogram
Ao T T T T T T T T Qoo T T T T T T
12001 R 2500 F n .
1000 - [ ]
] 2000 1

800 |- N
600 - n

CBH error (km) CBH error (km)
VIIRS Cloud Optical Thickness VIIRS Cloud Optical Thickness

0 0 20 30 40 50 60 YO BO 890 100 0 w200 30 40 50 60 70 BO 90 100

Negative errors indicate CloudSat CBH was lower than VIIRS CBH
(VIIRS biased high relative to CloudSat)



Istics when CTH is “within spec
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When the CTH retrieval
Is within the error
specifications, the CBH
retrieval performs
better.

In most cases, errors
have been reduced, the
error standard deviation
and RMSE have been
reduced, the
percentage of “correct”
retrievals has increased
and the correlations
have increased
compared to 2012. The
exception is “overlap”
clouds where the VIIRS
retrievals are expected
to perform poorly.

Percentage of valid points (%)
Average Error (km)

Median Error (km)

Standard Deviation (km)
RMSE (km)

Percentage within 250 m (%)

R-squared correlation (-)

Percentage of valid points (%)
Average Error (km)

Median Error (km)

Standard Deviation (km)
RMSE (km)

Percentage within 250 m (%)

R-squared correlation (-)

All Clouds
100
0.5
-0.1
2.2
2.3
14.6

0.551

All Clouds
100
0.2
-0.1
2.1
2.1
229

0.595

Opaque Ice
0.1
1.7
1.9
2.9
3.4
4.8

0.199

Opaque Ice
4.2
0.5
0.2
2.4
2.4
10.9

0.190

2012

Cirrus
321
1.6
1.2
2.7
3.1
8.1

0.149

2013

Cirrus
28.6
1.0
0.9
2.7
2.8
7.3

0.208

Water
32.8
-0.6
-0.6

0.7
0.9
22.5

0.712

Water
31.1
-0.2
-0.2
0.6
0.7
44.4

0.814

Mixed-phase

17.8
-0.7
-0.5
1.5
1.7
17.2

0.191

Mixed-phase
19.3
-0.7
-0.4

1.5
1.6
26.5

0.224

Overlap
16.7
1.6
1.4
2.2
2.7
9.4

0.400

Overlap
16.6
0.8
0.5
2.8
2.9
8.1

0.181

Green values indicate improvement compared to 2012
Red values indicate reduced performance compared to 2012
Black values indicate no change compared to 2012



CBH Summary

* CIRA continues to validate CBH using CloudSat.

e CTH issues continue to drive CBH performance.

e Results show CBH has skill when CTH is within Spec
e Slight improvement since Beta Analysis

e CIRA is investigating using some NWP data (LCL, CCL)

to add skill to CBH. This is done in the NOAA
Algorithm.

56



Outline:
e Future Work
e Extra Material

CONCLUSIONS
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Provisional Recommendations

We feel all cloud products except Night COP for Water
Clouds are provisional.

We do feel that remaining issues with Day COP are
significant enough to prevent Validation Stage 1.

We need global assessment of k-ratio updates to
Day/Night CTH to assess if the biases are sufficiently
reduced for Validation Stage 1.

We would like to also recommend a user review of the
QF’s with an eye towards user application — not
validating L1RD specs.
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Future Plans and Issues

We have transitioned these changes into IDPS
— An update to remove sun glint overland as degraded condition
— A nighttime water cloud COP error fix.

We plan to implement these fixes
— Update k-ratio parameterization for ice cloud CTT.
— Update COP with more accurate surface albedo.
— Update COP for more accurate clear sky radiances.
— CBH modification of LWC/IWC values used for the various cloud types.
— Modification of quality flags.

Future Work

— Several issues remain without identified causes.
— Nighttime COP and cloud base continued work.

— We do think most new changes will require new capabilities and
ancillary data. 59



Extra Material
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me COP comparison to CERES pixel leveig
SSF products %

e Limitation of Night time COP

* NPP Night Time COP relies on signals from 2 thermal IR bands as with other IR
based algorithms

* The retrieval of NPP COT depends on the accuracy of the internally calculated cloud
emissivity, the value of which approaches 1 as COT reaches ~ 6, or smaller value
with increasing viewing angle

* We therefore expect night COT ( and EPS) to be accurate only for semi transparent
clouds ( COT ~ 6 at Nadir)

e There is a lack of validated night time COT and EPS products for
assessment

e Courtesy of the CERES Science Team (P. Minis, S. Szedung, W. Miller)
pixel level night COT/EPS data files used for the generation of CERES
SSF product were provided for comparison with NPP night COP

e As noted by the CERES science team their night COT/EPS retrievals
are expected to be good at COT <6, beyond which default values are
used for EPS
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*The average NPP COT ~ 5 while CERES shows average of ~4

*The 2 IR based algorithms behave similarly and retrieve approximately the same level of
coT

|t may be concluded that NPP night water cloud COP works equally well to other IR
based method
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rediction of Calipso CTH of Marine
ds — Presented at Beta
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Multilayer cloud
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\l/ Black = Calipso
" Green = NPP
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-47.5 -47
Latitucle {degh

Cloudy pixels
undetected by
VCM

* NPP CTH for marine layer cloud (MLC) over-predicts Calipso

CTH
* Both NPP VCM and Calipso indicates cloud phase as water

cloud
*Calipso indicates semi-transparent cloud of COT 2.6-5.0

E. wong, NGAS



Baseline Updated

companson aof NFP and I:alesc: CTH 201 2-06-06TO7 -15-26

comparlson aof MFF and Callpso CTH - 2012-06-0BTOY -15-26

=42

1 1 S—

eConstant lapse rate at 9.8 deg K/km is used in the

MLC update
*The Update places MLC just below the Calipso cloud

top height



VIIRS CTH (k)

cnnadancement witn iviarine rayer Cioud update > < /

ith Calipso CTH on NPP data of 08/14/12 15:02: W.4:

16:25 R
After update

MNPF marine layer CTH based on -3.8271 Kfkm constant lapse rate

Before update

T T T T T .
marine layer cloud height based on basleine CTF algarithm : : : . i e
T T T T : : o

constant lapse rate ¥ v

5__8821[18ng+ ...... o R e al
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YIRS CTH (km)

Calipso CTH (km Calipgo CTH (km)

» Average bias error changes from +0.5 km to -0.3
km

» Lapse rate may need to be adjusted if further
comparison to CALIPSO data continues to show low
bias
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d Base Height Evaluation

: - : CBH algorithm for liquid clouds:
The cloud base height for liquid clouds is

defined at right. Cloud base height definition LWP

for ice clouds is similar, except the average ice .
water content is temperature dependent. CBH = CTH — (

e

CBH requires upstream retrievals of cloud top er‘r
height (CTH), cloud optical depth (1), effective LWP = —°%
particle size (r,) and cloud type, which is used 3

to determine the LWC value to use.
Red variables come

Errors in CBH are directly proportional to from upstream retrievals
errors in each of these values. Issues in

upstream retrievals directly impact CBH LWC is pre-defined
retrieval. average value based on

cloud type; cloud type
comes from upstream
retrieval
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Gray shading represents vertical extent of clouds from CloudSat cloud mask. Colored
areas represent vertical extent of clouds from VIIRS CTH and CBH retrievals, sorted
by VIIRS cloud type retrieval (from COP).



ues caused by cloud type retrieval

CloudSGt Cloud Mask 2015/09/07 OD 25 04 UTC CloudSGt Cloud MCISk 2015/09/10 1654 16 UTC
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Gray shading represents vertical extent of clouds from CloudSat cloud mask. Colored
areas represent vertical extent of clouds from VIIRS CTH and CBH retrievals, sorted
by VIIRS cloud type retrieval (from COP). Black line denotes surface elevation.



e The VIIRS CBH algorithm has been evaluated for two

groups:
— All clouds observed by CloudSat and VIIRS

— Only those clouds where the VIIRS CTH retrieval is within the
error specifications (aka “Within Spec”)

e Error specifications: CTH must be within 1 km if the COT is greater
than 1, or within 2 km if the COT is less than 1

Thus, “All Clouds” results show the general performance
of the CBH retrieval, “Within Spec” results show the
performance of the CBH retrieval when the CTH retrieval
IS accurate

— CBH accuracy is very closely related to CTH accuracy

CBH is within the error specifications if CBH error is less
than 2 km



louds CBH statistics

Average error: 1.1 km r’ value: 0.212 Average error: 0.8 km r’ value: 0.188
Standard deviation of error: 3.3 km N: 36314 Standard deviation of error: 3.6 km N: 56623
Median error value: 0.5 km Median error value: 0.6 km
RMSE: 3.4 km RMSE: 3.6 km
Percentage of pixels with CBH within 250 m of CloudSat: 1.2% Percentage of pixels with CBH within 250 m of CloudSat: 1.6%
CloudSat — VIRS All CBH histogram CloudSat — VIRS All CBH histogram
QT T T oo L e e e e L s e e I
3000 F .
2000 F :
oooF .
O:
10 10
CBH error {km) CBH error (km)
VIIRS Cloud Optical Thickness VIIRS Cloud Optical Thickness
0 0 20 30 40 50 60 YO 8O 890 100 o w20 3 40 50 60 YO 80 90 100

Negative errors indicate CloudSat CBH was lower than VIIRS CBH
(VIIRS biased high relative to CloudSat)
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2012

All Clouds Opaque Ice Cirrus Water Mixed-phase Overlap

Overall, the average error Percentage of valid points (%) 100 0.6 295 25.7 19.2 25.0
(blaS) haS been Sllghtly Average Error (km) 11 14 2.2 0.4 0.2 0.5

Median Error (km) 0.5 1.1 2.2 -0.6 -0.2 0.4
reduced compared to o

Standard Deviation (km) 3.3 3.2 3.1 2.9 2.5 3.8
2012. RMSE (km) 3.4 35 3.8 3.0 2.5 4.0

Percentage within 250 m (%) 1.2 0.1 2.4 2.3 1.5 1.6
Sma” increases in the R-squared correlation (-) 0.212 0.092 0.136 0.087 0.030 0.007

error standard deviation
and RMSE are primarily 2013

due to relatlvely poor All Clouds Opaque Ice Cirrus Water Mixed-phase Overlap

performance of the CTH Percentage of valid points (%) 100 5.5 36.6 18.9 14.4 246

retrleval for Ice CIOUdS- Average Error (km) 0.8 -1.1 1.7 0.9 -0.2 0.6
Median Error (km) 0.6 -1.0 2.2 0.0 -0.3 1.2
Standard Deviation (km) 3.6 3.4 3.5 2.9 2.5 4.2

Ice clouds are a Iarger RMSE (km) 3.6 3.6 3.9 3.0 2.5 4.3
Percentage within 250 m (%) 1.6 0.9 1.6 4.3 19 1.4

proportion of the total

clouds observed in 2013 R-squared correlation (-) 0.188 0.030 0.093 0.124 0.066 0.000

compared to 2012. . _
Green values indicate improvement compared to 2012

Red values indicate reduced performance compared to 2012
Black values indicate no change compared to 2012
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