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 Project Overview and Summary

 Approach (1slide)

 Algorithm/Product Maturity

 Outstanding issues, activities, or risks

 Research-to-Operations Results (1-3 slides)

 Lessons Learned and recommendations

Outline



3

 Goals and Benefits 
 Extend HIRS OLR CDR time series 

 Improve OLR algorithm and relevant processes

 Establish Operational OLR CDR production 
system 

 Develop OLR algorithms for future sounders for 
sustainability

 Performance baseline
 Accuracy and stability assessed against 

broadband observations 

 Comparable stability with ERBS Non-scanner. 
Agree to broadband products within 
uncertainties.

 Comparison to CERES is an ongoing activity

Project Overview and Summary (1)
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 Deliverables
 HIRS OLR Time Series (1979 to 2010, monthly 

mean)

 HIRS OLR CDR Production System

 ATBD, OAD, Submission Agreement

 IASI/CrIS OLR Algorithms (preliminary 
evaluation)

 ECVs addressed: OLR (component of TOA 
ERB).

 Current/expected user communities:
GCOS, CPC, CDC, GEWEX RFA, (ERB, ENSO, 
MJO, Tropical dynamics, …)

Project Overview and Summary (2)
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Algorithm & Product Maturity

 OLR Retrieval Algorithm: 
 Ellingson et al. (1989, 1994) – HIRS OLR

 Lee et al. (2010) – IASI OLR

 OLR CDR production: Lee et al. (2007)
 Radiance calibration (McMillin, revised)

 Inter-satellite calibration

 Diurnal models (regional & monthly)

 Validated with ERBE and CERES

 OLR Algorithm Improvements
 Detector Nonlinear Response

 Hyperspectral sounders

 Band-by-band spectral flux estimation
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Level Sensor Use Code 
Stability

Metadata & 
QA Documentation Validation Public 

Release
Science & 

Applications IV&V

1 Research Mission
Significant 

changes 
likely

Incomplete Draft ATBD Minimal
Limited data 
availability to 

develop familiarity
Little or none

2 Research Mission
Some 

changes 
expected

Research grade 
(extensive) ATBD Version 1+

Uncertainty estimated 
for select 

locations/times

Data available but 
of unknown 

accuracy; caveats 
required for use.

Limited or 
ongoing

ATBD 
Review

3 Research Missions
Minimal 
changes 
expected

Research grade 
(extensive); 

Meets 
international 

standards

Public ATBD; Peer-
reviewed algorithm and 

product descriptions

Uncertainty estimated 
over widely distribute 

times/location by 
multiple investigators; 

Differences 
understood.

Data available with 
known accuracy; 

caveats required for 
use.

Provisionally 
used in 

applications and 
assessments 

demonstrating 
positive value.

NOAA 
Operations 

Review

4 Operational Mission
Minimal 
changes 
expected

Stable, Allows 
provenance 
tracking and 

reproducibility; 
Meets 

international 
standards

Public ATBD; Draft 
Operational Algorithm 

Description (OAD); 
Peer-reviewed 

algorithm and product 
descriptions

Uncertainty estimated 
over widely distribute 

times/location by 
multiple investigators; 

Differences 
understood.

Source code 
released;  

Data available but 
of unknown 

accuracy; caveats 
required for use.

Provisionally 
used in 

applications and 
assessments 

demonstrating 
positive value.

5

All relevant research 
and operational 

missions; unified and 
coherent record 

demonstrated across 
different sensors

Stable and 
reproducible

Stable, Allows 
provenance 
tracking and 

reproducibility; 
Meeting 

international 
standards

Public ATBD, 
Operational Algorithm 
Description (OAD) and 
Validation Plan; Peer-
reviewed algorithm, 

product  and validation 
articles

Consistent 
uncertainties estimated 

over most 
environmental 

conditions by multiple 
investigators

Source code 
portable and 

released; Multi-
mission record is 
publicly available 

with associated 
uncertainty estimate

Used in various 
published 

applications and 
assessments by 

different 
investigators

CDR 
Certification 

Review

6

All relevant research 
and operational 

missions; unified and 
coherent record over 

complete series; record 
is considered 
scientifically 

irrefutable following 
extensive scrutiny

Stable and 
reproducible; 
homogeneous 
and published 
error budget

Stable, Allows 
provenance 
tracking and 

reproducibility; 
Meeting 

international 
standards

Product, algorithm, 
validation, processing 

and metadata described 
in peer-reviewed 

literature

Observation strategy 
designed to reveal 
systematic errors 

through independent 
cross-checks, open 

inspection, and 
continuous 

interrogation

Source code 
portable and 

released; Multi-
mission record is 
publicly available 
from Long-Term 

archive

Used in various 
published 

applications and 
assessments by 

different 
investigators

CDR Maturity Matrix
v. June 2010
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Research- to- Operations Results

 What is the deliverable: 
 HIRS OLR Time Series (1979 to 2010, monthly 

mean)

 HIRS OLR CDR Production System

 ATBD, OAD, Submission Agreement

 See System Diagram next page. 



8

HIRS OLR CDR Production System Diagram
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Research- to- Operations Results 
(cont.)

 Post-award plans: 
 One-year extension granted for delivery of the 

system

 Science maintenance – CDR (~0.25-0.5 FTE)

 IASI OLR validation – Other

 HIRS radiance – CDR/Other

 NOAA Points-of-Contact: 
 Need a PoC for HIRS OLR CDR at NCDC

 GridSat – Ken Knapp

 NCEP/CPC – Pingping Xie, Shi-Keng Yang
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Research Results
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Validation Results (1)

The GEWEX RFA 
inter-comparisons 
show that the
HIRS OLR agrees 
very well to the 
composite broad-
band OLR time 
series in variability 
and in absolute 
radiometry in the 
tropics.

HIRS OLR has a 
stability 
comparable to the 
ERBS non-scanner 
(WFOV) OLR 
product, within 0.3 
Wm-2/decade.
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Validation Results (2)

Blue: HIRS OLR
Green: CERES TRMM
Red: CERES Terra
Yellow: CERES Aqua

• Very good agreement 
between HIRS and CERES 
TRMM, Terra and Aqua 
OLR product in the 
Tropics. STD Diff = ~0.7 
Wm-2

Correl. = 0.97, 0.92, 
0.92

• HIRS-CERES(Terra) has a 
slope of about 0.15 Wm-

2/yr

• Most differences can be  
attributed to the errors in 
CERES Ed.2 product 
(instrument degradation; 
~0.15 to 0.2 Wm-2/yr 
error unaccounted for in 
2000-2005, level off 
afterwards)

Tropical Mean OLR (1998- 2008)

Tropical Mean OLR Differences



13

Validation Results (3)
• CERES Ed2.5-beta  for 

Terra using Edition 3 
calibration algorithm is 
released June 2010

• HIRS-CERES agreement 
improved, but only ~1/3 
of trend seen in Edition 2 
was removed.

• Mean diff = 0.5 Wm-2

STD diff = 0.7 Wm-2

Corr Coef=0.925
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Validation Results (4)
• Very good agreement in 

Tropical OLR anomaly

• About 1 Wm-2/decade in 
tropical OLR anomaly 
difference remains, with 
STD of difference at ~0.5 
Wm-2.

• Corr. Coeff.=0.922 
(0.936) for SSF (SYN).

• Note that for HIRS minus 
ERBS-NS, the STD of 
tropical OLR anomaly 
difference is ~1 Wm-2.
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Validation Results (5)
• OLR ratio is derived 

using CERES Edition 2 as 
the common 
denominator, for HIRS 
(brown), Ed2.5-beta (red), 
and Ed3_Grant (green) 
respectively.

• A test algorithm for 
CERES Edition 3 
processing, Ed3_Grant, 
seems to lead to a better 
agreement with HIRS.

• Ed2.5-beta seems to 
agree well with AIRS OLR 
(not shown here)

• To be continued …..
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Inter- satellite Calibration Results 
(1)

• Most Inter-satellite calibration is performed 
with data collocated in polar region.

• Investigation of inter-satellite calibration to 
a fuller extend using the rare opportunities 
of overlapping orbits.
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Mean diff = 0.7 Wm-2 (0.3%)
STD diff = 1.1 Wm-2

10° zones

Proportionality !!!

Note:  CDR intersat bias = 0.4 Wm-2

Inter- satellite Calibration Results 
(2)

• N15 and N16 on  
overlapping orbits in Aug 
2008 (ECT 17:00)
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Mean diff = 0.6 Wm-2

(0.3%)
STD diff = 0.2 Wm-2

10° zones

Proportionality ???

Note:  CDR intersat bias = 0.4 Wm-2

Inter- satellite Calibration Results 
(3)

• N17 and M2 on overlapping 
orbits in April 2009. (ECT 
9:30)
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Lessons Learned and 
Recommendations 
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Scientific Challenges

 Validation and Absolute References: 
 Calibration problems in the broadband products, 

which are considered the “ground truth”

 Inter-satellite calibration - causes not yet 
traced

 Radiance calibration
 Lack of access to Pre-launch Thermal Vacuum 

Chamber test data which is necessary for 
instrument characterization (nonlinearity)

 Uncertainties in Polar application
 Require OLR algorithm improvements to provide 

robust estimate in polar regions
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Recommendations

 Transition procedures/paths

 Host environment 
 Standards, Limitations, Preferences

 Sustainability in product science support

 CDR Quality
 Long incubation time for CDR to mature, e.g., 

ERBS, CERES

 Rigorous cross-check with independent data sets 
and applications is the ultimate QA 

 Pre-scope reprocessing at ~3 yr/edition 
(cf. NWP Re-analysis at ~6-8 yr/edition)
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Backup Slides
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Schedule

 Establish HIRS OLR CDR Operational Production System at 
CICS and ready for deliver to the NCDC

 Generate HIRS OLR CDR Product (1979-2010) in netCDF4 
format

 Conform to Climate Forecasting (CF) metadata format 
following ISO 19115-2 procedure

 Prepare Technical Documents – ATBD, OAD

 Prepare source code package for OLR CDR production

 NOAA-NP (N-prime, NOAA-19) OLR production offline 
processing

 Continue HIRS OLR algorithm improvements following the 
nonlinear multi-band regression experiments reported in Lee 
et al. (2009).

 Evaluate IASI OLR

 Prepare journal articles and conference presentations

 Prepare Submission Agreement

FY2011 Tasks
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HIRS Observations



25

Validation Results (4)

• Did not find obvious 
errors in HIRS OLR in 
individual satellite 
retrievals

• Inter-satellite calibration 
works excellently

Blue: HIRS OLR
Red: CERES Terra SSF Ed2.5-beta
Cyan: Unadjusted HIRS OLR
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Results/Accomplishments (1a)

 Radiance calibration
– Overhauled McMillin method

– Investigated calibration methods

– Developing nonlinear calibration

F represents the “True” calibration function
L is the linear approximation of the calibration 
function
W = IWT scan
S = space view scan
Cw = Internal Warm Target (IWT) view count
Cs = Space view count
G = background radiance 
R = IWT radiance determined via PRT

Calibration Coefficients
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Results/Accomplishments (1b)

OLR Differences (McMillin minus Operational)

* One orbit per satellite

Relative Differences of Radiance  (McM minus Oper)/Oper
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Results/Accomplishments (2)
OLR Algorithm Improvement

Multi-band OLR Models with polynomial predictors

W
in

do
w

N
on

-W
in

do
w

F∆v = aij (θ) ⋅
i=0

N

∑ N j (θ)( )i
j=1

M

∑

Red: clear sky
Blue: low & mid cloud
Green: cirrus

To eliminate Scene and 
Angular dependent 
biases

Solid: Original
Dotted: New

Test on Antarctic Profiles
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Results/Accomplishments (3)
IASI OLR Model

ln(Fν ) = aij (θ) ⋅
i=0

N

∑ ln(Ivj
(θ))( )i

j=1

M

∑

M=1, N=2, LZA=0°

Regression 
Error

Mean 
Spectrum

Fν = 2π Iv (θ)
0

π
2∫ cos(θ)sin(θ)dθ

IASI

N=3192
Mean = -0.01 Wm-2

STD Diff = 0.24 Wm-2

RMS Diff = 0.24 Wm-2

• Extremely accurate!  With a 0.2 Wm- 2 rms regression error in OLR.
• Issues

1. Near normal error distribution, slightly skewed.
2. Possible negative bias error in warm (desert) scenes

∆v = 0.5cm−1

645 - 2760

For apodized IASI L1C radiance
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