Early Performanes Predictions of Glond Eovironmmentzl Dot ecords for fhe
NPOESS Preparatory Preject VRS Sensor

Heather Kilcoyne, B. Guenther, C. Hoffman, G. Mineart, B. Reed, and K. St. Germain, NPOESS Integrated Program Office (IPO), NOAA, Silver Spring, MD
with contributions from Northrop Grumman Space Technology (NGST) and the NPOESS IPO Cloud Subject Matter Experts

Overview

The VIIRS flight sensor for the
NPOESS Preparatory Project
(NPP) is now undergoing its final
pre-launch characterization and
calibration. The NPOESS
Integrated Program Office (IPO)
Data Products Division (NDPD)
has generated the performance
assessments for the Cloud
Environmental Data Records
(EDRs) of the Visible/Infrared
Imaging Radiometer Suite
(VIIRS). The VIIRS Cloud EDRs
include the Cloud Optical
Thickness (COT), Cloud Effective
Particle Size Parameter (CEPS),
Cloud Top Pressure (CTP), Cloud
Top Height (CTH), Cloud Top
Temperature (CTT), Cloud
Cover/Layers (CCL), and Cloud
Base Height (CBH).

The EDR Assessments were
developed by the NDPD in
consultation with subject matter
experts from government labs
and universities to collect and
track algorithm development
status and expected performance
against contractual specifications
and applicability to user missions.

This poster summarizes the cloud
assessments and provides an
overview of the NPP cloud data
products and predicted
performance for each cloud EDR.

The NPP EDR Assessments are
used to capture and communicate
algorithm issues and expected
performance to the Program
stakeholders and will be updated
as sensor testing and algorithm
development continue.

We predict that the VIIRS cloud
products will approach equivalent
quality as is currently obtained
with the MODIS cloud products
since the spectral, spatial, and
radiometric characteristics of the
VIIRS and MODIS are similar.
Some of the variations arise from
the different Radiative Transfer
Models (RTMs) used for the two
algorithmic approaches.

Cloud Top Parameters
Algorithm Overview
Cloud Top Temperature (CTT), Cloud Top Height (CTH), and Cloud

are determined using assumption of radiative transfer in plane paralll clouds.
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Predicted Performance

All specifications for the Cloud Top Parameter EDRs are not expected
to be met for NPP. It s more difficult to at nadir

Wasmum Loca Avsage Revit Tme e

e

[re= NP 1o

WP 1o

WP 1o,

NPoESS 28 min

NPoESS 28

NPoESS 28 min

Dograded Dayime MoasuramentCondon
Som Gt < 30 03

1 Wossuromen Acoracy er OLOT= 1

= Surtace- 3k 50 b (15%)

aKeR)

sk Svs TeR 01

o a7 Ti0mb (18R]

aKeR)

sk Svs TeR 01

viewing for optically thin clouds (<1), which has been designated a
degraded condition. The precision spec for low water clouds is difficult

pixel scale convective clouds. Conversely, the Horizontal Cell Size
(HCS) for CTP, CTH, and CTT is 4 times better than the government
requirement.

The performance of the Cloud Top EDRs is reliant on successful
retrieval of Cloud Optical Property data products. As shown above, the
temperature is retrieved within the COP algorithm. CTT is most
sensitive to radiometric calibration, and the Window IR algorithm used
to derive CTT requires the radiometric accuracy of the 10.73 um band
0 be less than 0.1% to meet accuracy specification for optically think
clouds with small particles.

needed to fully

dayinight consistency. An altemative approach for retrieving clear-sky
radiances may be necessary to fully meet specifications.

Cloud Cover/Layers

Algorithm Overview

Cloud Cover is defined as the fraction of a given area on the

Earth's surface for which a locally normal line segment,

extending between two given altitudes, intersects a cloud.
Cloud Cover is reported as 0.0 for a horizontal cell that has no

cloud and 1.0 for a horizontal cell that is cloud

© Mo Tk T mb TBR)

EErTT)

Town SvSTER O

2 Noasuromen Acoracy fer LOT <1

= Surtca- 3k b (18R

S TeR)

0w SYsTeR D1

o a7 2i0mb (R

)

0w SveTER D1

= e Tk 50t (TBR)

K TeR)

S0mm SYSTER 0T

3 Wiessrement Preceien

= Swce -3k 75 (o8

23K R

05k SYSTER 01

DR b (9%

23K TR

05k SYSTER 0T

> T oo (58

23K R

05k SYSTeR D1

Dogyades Hossurament Cndion

T Memuromont Acciracy fo CLOT <1

= Sutace 3w

o o3 7k

= Ammse> Thm

Horzona Cll S8 ()

1 Enre Swan

Horzota Reprtng vl

Vs Reporing el

Hozono Conrsge

Verca Coverage

0z

[ ——

0-10HCs Aven

Cloud Base Height
Algorithm Overview

Cloud Base Height (CBH) is defined as the height
above sea level where cloud bases occur. More
precisely, for a cloud covered earth location,
cloud base height is the set of altitudes of the
bases of the clouds that intersect the local vertical
at this location.

CBH = (CTH)-(Cloud Thickness)
+CTH (Cloud Top Height) is a VIIRS EDR
+ Cloud Thickness (CT) is derived from the VIIRS Cloud Effective Particle
Size (ret) and Cloud Optical Thickness (1) EDRs and the VIIRS Cloud
Type IP as follows:

+ Water Clouds: CT=Liquid Water Path (LWP) over Liquid Water
Content (LWC); where W is determined by cloud type, and is
0.293g/m3 for stratus, 0.455g/m3 for altocumulus and altostratus,
and 0.588g/ma3 for cumulus clouds
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* Ice Clouds: CT=lce Water Path (IWP)/lce Water Content (IWC);
where [T| is the cloud temperature
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Predicted Performance

Analyses indicate that the specifications for CBH will be met for NPP in most conditions.
This includes the 2 km uncertainty specification for single-layer cloud systems. NGST
analyses predict uncertainty to be 1.4 km for ice clouds and 0.8 km for water clouds. The
Horizontal cell size (HCS) is 4 times better than Government requirement.

Degraded conditions include multiple cloud layers, sun glint, and highly reflective surfaces
(e.g. snow, sparse vegetation). Mean cloud temperature must be used for approximation,
and this is problematic in multiple cloud layers with highly variable temperatures. Instances
where the algorithm is limited at the cold end by extreme mean ice cloud temperatures
(<-60 deg C) are expected to be rare. Due to external limitations, the cloud thickness cannot
exceed 4 km. This can lead to large errors in CBH for mature convective clouds (state-of-
science issue). Therefore, performance for convective clouds needs additional analysis.
Comparison to CALIPSO/CloudSat cloud boundary data using MODIS data is needed.

Cloud Optical Properties

Algorithm Overview

The VIIRS cloud retrieval algorithm for simultaneously retrieving cloud optical thickness (COT) and cloud effective
particle size (CEPS) contains two basic retrieval approaches: solar retrieval and infrared retrieval. In addition, except
for daytime water clouds, cloud top temperature (CTT) is retrieved.
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~Group pixels based on vertical location, cloud phase, and

values of CTH, COP, and CEPS.

~Cluster pixels within the horizontal cell (~6km) with similar Cloud

Top Heights and Phases (up to 9 clusters) and regroup by
assigning each pixel to closest cluster center

+Adjacent cells used as well to smooth layer analysis.

+Compute new cluster centers as centroid of the clusters, and

repeat assigning of pixels to clusters to minimize distance error.
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radiative transfer parameterizations.
«CTT is retrieved simultaneously, except for optically thick water
clouds where a window channel is used to infer CTP.
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Algorithm was initially similar in theory to heritage
MODIS approach, but were enhanced to exploit VIRS
unique data, such as the 0.412 ym band

~Retr loud properties at night, though at a reduced

using the spectral dependence of the properties and
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level, and MODIS does not retrieve CEPS

+Uses UCLA Line-by-Line Equivalent to generate LUTs for
optically thin clouds and uses Asymptotic Theory for optically
thick clouds
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and removing outlier clusters.
*Determine cloud type of cluster

« Evaluate Cloud Top Height, Effective Particle Size, and Optical
Thickness values against pre-determined cloud type definitions

*Determine cloud fraction
+Compute ratio of number of cloudy pixels of that
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+Cloud Mask and Cloud Type information used to

total number of all pixels within the horizontal cell

Predicted Performance

The specifications for the Cloud Cover Layers EDR are expected to
met under most conditions The HCS is 4 times better than
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requirement. The algorithm derives heritage from the SERCAA clou
products that have proven useful for the U.S. Air Force.

The quality of the retrieval is dependent on COP and CTH retrieval
quality, and cloud identification by the VIIRS Cloud Mask. The

methodology is an extension of the clustering technique used in the
heritage SERCAA approach, but uses CEPS for retrieval of layers.

CTT, upon which CTH is dependent, is used in the current clustering
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-Remeval strategies differ for day and night retrievals of
‘water and ice (Cirrus) clouds

«Clear-sky radiance obtained using i
nearby cloud-free pixels; MODIS uses a pre-:omputed
clear-sky reflectance map

Predicted Performance

COT is expected to meet specifications, but the CEPS will need additional analysis to meet specifications in all
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Though, in both cases, the Horizontal cell size (HCS), 6 km, is 4 times better than the Government
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technique at AFWA. Any problems with the CC/L
will affect the layering resuits, but not the total cloud cover amount.

Additional analyses are needed for a complete

products
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is directly related to the ability of the Radiative Transfer Model to accurately characterize cloud
pamcls size, shape and distribution, which is more difficult for ice than water clouds. No IR (ice and water night)
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including the VIIRS and MODIS algorithms, are applicable to areas where clear radiance is less than
cloud radlance such as during polar winter. This is state-of-science issue, as well as application to areas of multi

verification. Performance comparisons with heritage algorithm

implemented in AFWA Cloud Depiction and Forecasting System Il are.
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planned, as well as testing with MODIS data. Comparison to
CALIPSO/CloudSat is needed to fully esbabhsh and

Sublect Matter Experts are concerned that the VIIRS approach involves items not yet demonstrated

025 DamacoT= 10

credibility.
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Therefore, global testing is needed. Results will depend critically on LUTs,
|nferenoe of clear-sky reflectance's and algorithm |mplemenla(|on Comparison to MODIS data will be useful for

for clear sky radiance may be necessary to fully
meet specifications.




