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Outline
What is Climate Data Record (CDR) and NOAA's
CDR Program (CDRP) at NCEI (formerly NCDC)?
Why are NOAA CDRs good for Climate Reanalysis?

How NOAA CDRs are produced, sustained,
archived, and distributed?

Current operational CDRs and some application
examples.

Future opportunity & summary




What Are CDRs"?

“A Climate Data Record (CDR) is a time series of measurements of sufficient length,
consistency, and continuity to determine climate variability and change” (US National
Academy of Sciences, 2004)

Application Specified definitions:

» Fundamental CDR (FCDR): Calibrated/homogenized observations for a family of sensors
together with the ancillary data used to calibrate them (such as Radiance/Brightness
Temperature) — Applications: e.g., Data Assimilation for Radiance/BT

» Thematic CDR (TCDR): Geophysical variables derived from FCDRs; may be generated by
blending satellite observations, in-situ data, and model output (such as Sea Surface
Temperature) — Applications: e.g., Model evaluation , climate analysis, and data assimilation
for geophysical variables

» Climate Information Record (CIR): A time series derived from TCDRs and related data that
provides specific information about an environmental phenomena of importance to science and
society (such as Arctic Sea Ice Extent) — Applications: e.g., Model evaluation and climate
analysis.



| NOAA CDR Program (CDRP s Well- Grounded |n ‘
Science and External Expert Guidance

National Research Council (NRC) of
US National Academy of Sciences

(NAS) (2004, 2008) “ i e O
CLIMATE DATA RECORDS !
Global Change Research Program O S

(CCSP, 2006)

WMO/Global Climate Observing
System (GCQOS,2003)

US EOP/Office of Science and
Technology (OSTP), NOAA/NESDIS

guidance




NOM CDRP S |\/|ISSIOn Objechve

dTo develop and implement a robust, transparent, sustainable,
and scientifically defensible approach for developing, producing,
preserving, and provisioning CDRs generated from NOAA
operational satellite observations and in-situ measurements.

dTo provide end-to-end CDR data service to various user sectors
(academy, commercial, government, and the public).

Observftions Recolds [al]ol[l=1il«1; - Reports (T[] B Decisions
(Climate [ o i —
and other (Climate
SBAs) and other
SBAs)

Earth
Enwr-:unment




NOAA’s CDR Requirements

™

A Climate Data Record is a time series of
measurements of sufficient length, consistency,
and continuity to determine climate variability and
change (NRC, 2004).

To achieve this, a Climate Data Record shall

be:
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What is Climate Data Record (CDR) and NOAA's
CDR Program (CDRP) at NCEI (NCDC)?

Why are NOAA CDRs good for climate reanalysis?

How NOAA CDRs are produced, sustained,
archived, and distributed?

Current operational CDRs and some application
examples.

Future opportunity & Summary



Why Are NOAA CDRs Unique?

NOAA'’s satellite CDRs comprise its
longest record of global
operational satellite
measurements. By applying
knowledge gathered over time
about instruments’ performance
and sensor characteristics, the
data are reprocessed to create
consistent and homogenized long-
term records.

NOAA CDRs are sustained in an
operational environment, which is
critical for supporting decision-
making in a changing climate, and
thus for the world’s resilience to
climate changes and variability.

Inter-calibration and Homogenization in CDRs Reduce
Artifacts Imparted by Observing Systems in EDR,
Facilitating Meaningful Comparisons in Space and Time.
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Example of EDR Deficiency for Climate Analysis

Evident effect of Equator
Crossing Time (ECT) on the
Mode 4 of Rotated EOF for
monthly AVHRR OLR (EDR)
anomaly.

Mode 4 account for 3.4% of
total variance.

Spatial distribution of Mode 4
shows strange patterns (e.g.,

substantial land-sea contrasts).

Orbit Drift Effect on the EOF of
AVHRR/OLR (EDR) Anomaly
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Example of CDR Advantage for Climate Analysis

OLR {Wm™2)

Difference of Global OLR Anomalies
(Long-term HIRS CDR vs Short-term CERES CDR)

Global OLR Anomaly [2000.03-2012.06]
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Difference of Global OLR Anomalies
(Reanalysis minus HIRS CDR )

Global Anomalies differences

4 ——ERAI-H123¢c MERRA-H123¢c —

referenced to HIRS Daily OLR V1.2.3¢c

OLR (Wm™)
=
e

1994 1999 2004 2009

Date

1984 1989

Slope of OLR anomalies diff = 0.03 + 0.09 Win*/decade with 2-sigma
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Operahonal CDRs W|I'I Cover Three I\/IaJor NOAA

Satellite Epochs

1970 1980 1990 2000 2012 2020 2030
POES/GOES/DMSP NPP JPSS/JASON-3/GOES-R
\ } \ }
\ |
Reveal latent climate trend information Extend CDRs
in four decades of heritage operational data using future
Sensors

Ensure climate quality data from new operational
system and extend CDRs period of record
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NO CDs Sustain CIiate Information

(critical for improving science understanding of climate changes and the world’s resilience to climate changes and variability)

Near Real Time Long-term Information
Preservation

Essential Climate
Sateilite data Variables

Fundamental
Archives msiisl  Climate Data
Records
(FCDR)

) Interim Thematical "
e e Climate Data Climate Data oot
Records Records

(EDR) (ICDR) (TCDR)

User Services

-

Major

SCOPE« iy

Short scale Operational Climate . R Adaptation
physical phenomena Monitoring supporting Loal"lg?_r telr:!n (;‘Ilmale vanal'gllmj + mitigation planning
monitoring Climate Services climate change analysis (decision making)
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What is Climate Data Record (CDR) and NOAA's
CDR Program (CDRP) at NCEI (NCDC)?

Why are NOAA CDRs good for climate reanalysis?

How NOAA CDRs are produced, sustained,
archived, and distributed?

Current operational CDRs and some application
examples.

Future opportunity & summary
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Initial Development (ID): Through grant and contract, Pls develop
algorithm, source code, dataset, metadata, and documentation

Pl brings the product to at least Maturity Level-4

J

Initial Operational Capability (I0OC): The dataset, metadata, source )
code and documentation are quality checked, archived and made
openly and transparently available for public access.

Original Pl provides operational support and maintenance/updates)

Full Operational Capability (FOC): CDR is systematically and )
routinely generated by NOAA using codes and systems that conform
to the NOAA CDR Program’s IT security, coding and documentation
standards

CDR operational support and maintenance/updates can be
accomplished independent of the original PI [Maturity Level-6] )

14



Operations

6-Level Maturity Mod

Research

N Y — Sustained CDR

IR 4 - Validated CDR

Y — Provisional CDR

' ¥ Y Experimental CDR

- V - Initial CDR

el of NOAA CDRs

R4 - Benchmark CDR
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CDR Production

reprocessing

CDR cOR

Development . o
Preservation .
Distribution

(grant & PI !
selection) & Archive

reprocessing CDR: Climate Data Record

Pl: Principal Investigator

IOC: Initial Operational Capability
FOC: Full Operational Capability
FCDR: Fundamental CDR

TCDR: Thematic CDR

ICDR: Interim CDR

CIR: Climate Information Record
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A Suite of Products
FCDR—CDR—TCDR—CIR

AVHRR Ch-1 Reflectance (FCDR); Sept. 2009
- 9 ; V)
- %=

AVHRR AOT Trend
R,

17



What is Climate Data Record (CDR) and NOAA's
CDR Program (CDRP) at NCEI (NCDC)?

Why are NOAA CDRs good for climate reanalysis?

How NOAA CDRs are produced, sustained,
archived, and distributed?

Current operational CDRs and some application
examples.

Future opportunity & summary
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NOAA CDR Products

http://www.ncdc.noaa.gov/cdr

of
24 CDRs in Ops. as of 2014

Current I0C Operational CDRs

'e  AVHRR Reflectance |

— PATMOS-x

Atmosphere

° MW Mean Layer

Temperature (4)

Ocean

. SST (OISST &

Pathfinder)

Surface Reflectance (AVHRR)

° HIRS Brightness
Temperature (BT)

° Precipitation

(PERSIANN)

. Sea lce

Concentration

Snow Cover Extent (NH)

e  SSMI(S) BT
(CSU,RSS)

° Cloud Properties

(PATMOS-x)

NDVI (AVHRR)

e  VIIRS C-RDR (*)

e  OLR (HIRS & GridSat)

LAI/FAPAR (AVHRR)

. MSU/AMSU BT

° Aerosol Optical

Thickness (AVHRR)

° GOES BT (GridSat)

Research-to-Operation CDRs (work-in-progress)

Atmosphere

Ocean

[ o Solar Irradiance . Earth Radiation Budget (ISCCP- . Surface . Geo-Surface Reflectance
(total & spectral) ERB) Fluxes
° Precipitation (GPCP & CMORPH, . Sea Level . Snow Concentration
NEXRAD) Height

Cloud (ISCCP & CERES)

Ozone (ESRL & CPC)

*http://www.ncdc.noaa.gov/data-access/satellite-data/satellite-data-access-datasets/c-rdr-viirs
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Operational CDRs

NATIONAL CLIMATIC DATA CENTER

Developmental CDRs Opportunities Library

| » ene

CLIMATE DATA RECORD PROGRAM

» Serving the Public

» Data

Operational Climate Data Records (CDRSs)

In addition to embracing the National Research Council COR definition (Climate Data Records from Environmental Satellites: Interim
Report 2004) , NOAA operational CDRs are routinely assessed for quality and systematically generated. The first step in establishing an

» Development Guidelines

) Contact Us

News

New AVHRR Cloud Properties -

PATMOS-x CDR

New Qutgoing L ongwave
Radiation (OLR) - Daily CDR

sl @ [ O @ bl ] 3l

operational COR includes public posting of the source code that generated the COR dataset, the dataset itself, and supporting
documentation through a six-phase Research-to-Operations process that is described in the Developers Guidelines.

Once posted to the NCDC webpage, the CDRs are grouped by Fundamental CDR's and Thematic (Atmospheric, Oceanic, and Terrestrial)
CDRs. Fundamental CDRs are sensor data (e.g. calibrated radiances. brightness temperatures) that have been improved and quality
controlled over time, together with the ancillary data used to calibrate them. Thematic CDRs are geophysical variables derived from the
FCDRs, such as sea surface temperature and sea ice concentration, and they are specific to various disciplines. Thematic CDRs are often
generated by blending satellite observations, in-situ data, andf/or model output.

Atmospheric CDRs Information E‘:—Ir;:lr:_; D':r::ig::ﬁ Sgs‘;{ée Documentation
T Use Agreement Algorithm Description
AMSU-A Ch7 Mean Temperature Contact Us i THREDDS I% Data Flow Diagram
Registration ETP Maturity Matrix
Overview Use Agreement Algorithm Description
AMSU-A Ch9 Mean Temperature Contact Us THREDDS = Data Flow Diagram

Reqgistration ETP Maturity Matrix

Algorithm Description

Overview
SNETNTEVYE Use Agreement . ,
AVHRR Aerosol Optical Thickness Contact Us TP Data Flow Diagram

Registration Maturity Matrix

se Agreemen Algorithm Description

. Overview FTP Recent Files _ .
AVHRR Cloud Properties - PATMOS-x  Contact Us = Data Flow Diagram
. : Order Data . .
Registration Maturity Matrix
Sample Data

Overview Use Agreement Algorithm Description
Mean Layer Temperatures - RSS Contact Us THREDDS B Data Flow Diagram

Registration ETP Maturity Matrix

Overview Use Agreement Algorithm Description
Mean Layer Temperatures - UAH Contact Us THREDDS B Data Flow Diagram

Reqgistration ETP Maturity Matrix

Algorithm Description

Overview Use Agreement . N
MSU Mean Layer Temperature - NOAA  Contact Us TP Data Flow Diagram
Registration Maturity Matrix
Overview Use Agreement Algorithm Description
Outgoing Longwave Radiation - Daily Contact Us THREDDS = Data Flow Diagram
Reqgistration ETP Maturity Matrix
Overview Use Agreement Algorithm Description
Outgoing Longwave Radiation - Monthly ~ Contact Us THREDDS Data Flow Diagram
Reqgistration ETP Maturity Matrix
Use Agreement Algorithm Description

Overview
— N . TUNCNNCc =x [ PRUONG o PRI & T Op—

]

AR o &y O LI 7 ol ) ey B
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Example
of FCDR

N A L C

NOAA’s

. SSMII(S) BRIGHTNESS TEMPERATURE

M A T 1T C D ATA

Climate Data
Record (CDR) Program

COLORADO STATE UNIVERSITY

) - CSU

SSMI(S) CLimATE DATA RECORD

SPECIFICATIONS
Global Coverage
Resolution varies by Channel (14 x 16 km,
45 x 70 km)
101 Minutes Per Orbit
1987—Present
Updated Daily

INPUTS TO THE SSMI(S)

CLiMATE DATA RECORD
= Navy-NESDIS Special Sensor
Microwave Imager/Sounder [SSMI(S)]
Antenna Temperature

www.climate.gov
www ncdc.noaa.gov

SoMmE USES OF THE SSMI(S)
CLIMATE DATA RECORD

Input into Precipitation Products
Determining Sea Surface Winds
Calculating Sea ice Extent and Snow Cover
Long-term Global Climate Applications
Estimating Cloud Liquid Water

SSMI{S) CLMATE DATA RECORD
http://www.ncdc.noaa.gov/cdr/operationalcdrs.htmi

CumMATE DATA RECORD

PROGRAM INFORMATION
http://www.ncdc.noaa. gov/cdr/index.html

Protesting the prot.. Rerealiog

21



Example of
Atmospheric
CDR
(CMIP5/0bs
4MIPS
Candidate)

N AT IO N AL CLY MR-T 3K D A TA CiE--N T & R

NOAA'’s Climate Data
Record (CDR) Program

OUTGOING LONGWAVE
_RADIATION - DAILY

Rl

OLR - Daity CUMATE DATA RECORD

SPECIFICATIONS

= Giobal Coverage

= 1.0x10 Degres Equai-Angle Grid

= Daidy Mean Product

= 1579 — Present

= Updated Quarterty

= interim CDR Available within 48 Hours of Cbservation
INPUTS TO THE OLR - DALy

CLIMATE DATA RECORD

= High-resolstion infrared Raciation Sounder [HIRS)
Lever1b Dats

= GridSat Geostationary kmager Brightness Temperatures

- GSIP {GOES Surface and Insolation Product] far
interim CDR

= OLR Regression Coefficents

« Calibration Prediction Coefficents

« inter-satedite Bias Corrections

OD ==

SOME USES OF THE OLR - DAy

CUMATE DATA RECORD
= Input into Radiation Budget Studies
- Veritying Numesical Models
= Studying Short-Term and Long-Term Oimate Varisbiity
= Prepering Dingnastics and Forecasts of the MO and

Tropical Waves

= Analyong and Predicting Globe! Precpitation Petterns
= Fredicting Global Tropical Cydone Activity

OLR - DALy CUMATE DATA RECORD
nttpf/www.ncoc noss gow/odnoperationalcdrs. it

CumATE DATA RECORD

PROGRAM INFORMATION
nttp:f/www.ncdc nose gowfoda/index. htmi
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Example of
Ocean CDR
(CMIP5/0b
s4MIPS

Candidate)

NOAA’s Climate Data
Record (CDR) Program

C =

SST(*C)

—— )
-2 6 15 24 32

Data Minkmum = -2, Masimam = 32

OISST CuimaTe Data Some UsSEs OF THE OISST

RECORD SPECIFICATIONS CumATE DATA RECORD
= Global Product = pPredicting El Nifio and La Nina Events

* 0.25 Degree Resolution = Forecasting Typhoon Intensity and
= Daily Product Monsoon Rainfall

= 1981-Present = Predicting Fishery Yields

= Updated Daily = Studying Coral Reef Bleaching

INPUTS TO THE OISST OISST CumaTe DATA RECORD

CumMATE DATA RECORD http//www.ncdc noaa.gov/cdr/operationalcdrs_html
= Buoy Data
= Ship Data CumaATte DATA RECORD
S ROisaices Very AR Resohon PROGRAM INFORMATION

Radiometer (AVHRR) Satellite Data
= Sea Ice Data

http//www.ncdc noaa.gov/cdr/index.htmi

/ www._climate gov Pretesting
www.ncdc.noaa.gov et

23
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NOAA’s Climate Data

C D ~

Record (CDR) Program

ICENCONCENTRATION

Example of
Ocean CDR
(CMIP5/0bs4aMI
PS Candidate)

\

SIC CumATE DATA RECORD

SPECIFICATIONS
= Polar Coverage (above 31°N and
below 35°S)
= Zma2Skm Resoktion
= Daily and Monthiy Products
= 1578-2012
= Updated Quarterty

INPUTS TO THE SIC
CLIMATE DATA RECORD

Temperatures

= NASA Team Sea lce Concentrations

2 = Bootstrap Ses Ice Concentrations
3 = Snow Meit Onset Estimates

- Cimatol

ReEsnandiand Masks

www cimate.gov
WWW NCOC.Noss ZoV

= Specal Sensor Microwsve kmager/Sounder
[SSMIS) Duily Polar Gridded Brightness

jogical Minemum Sea loe Mask (OVIN]  mttpcSerww. nodc noss. gowfcdr/index htmi

- N b

SOME USES OF THE SIC CLIMATE |

DATA RECORD
- _,'_vl- 'vm" i ,onmz_v-.riui'zy
= Providing guiciance for [ we, Shipping ¥y
and Policy Mokers
= Reporting Effects on Fisheries, Natural Resources, and
Nattive Communities

= Studying Impacts to Cryosphere, Ocean, and Atmosphere
= Informing Educators, Students, Media, and the
General Public

SIC CLiMATE DATA RECORD
ntto/feww.nodc.noss. gowcdr/operationaiodrs. hemi

CUMATE DATA RECORD
PROGRAM INFORMATION

24



Example of
Land CDR

MR F F G D ATA CE NT E R

NOAA’s Climate Data
Record _(CDR) Program

-,

AVHRR SURFACE REFLECTANCE CLIMATE

DATA RECORD SPECIFICATIONS
= Global Coverage
= 0.05x0.05 Degree
= Daily Product
= 1981—Present
= Routinely Updated (10 day latency)

INPUTS TO THE AVHRR SURFACE

REFLECTANCE CLUMATE DATA RECORD
= AVHRR Global Area Coverage Level 1b data
= TOMS ozone data
= NCEP water vapor data

USGS digital elevation model
= MODIS land/water mask, BRDF database,
and BRDF-corrected reflectance climatology

www.climate.gov
www.ncdc.noaa.gov

?3"

AVHRR'SURFACE _

SomE Uses oF THE AVHRR SURFACE
REFLECTANCE CLIMATE DATA RECORD

= Input to derive climate data records of:
—Normalized Difference Vegetation Index {NDVI),
— Leaf Area Index (LAI),
— Fraction of Absorbed Photosynthetically Active
Radiation (FAPAR)
= Studying long-term climate variability
= Verifying and validating global climate models

AVHRR SURFACE REFLECTANCE
CumMATE DATA RECORD —

http://www.ncdc.noaa.gov/cdr/operationalcdrs.html

CumATE DATA RECORD

PROGRAM INFORMATION
http://www.ncdc.noaa.gov/cdr/index_html
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Examples of CDR Applications
(MVP Index CIR Application-Provides Commercial Benefit)

MJO Based Reanalysis Using MVP & OLR CDR

T T T T T T

45E  90E 135E 180 135W 90W 45W 0

P) NY;IVIEXIHenrY Hubl NG ilzuturels Pricle

0

Dollars per Million BTU

BN | | [

40 32 24 -6 -8 0 8 16 24 32 40
(Courtesy of Dr. Carl Shreck)
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CDRs Supporting Resource Management
(Example: Forest Change Detection Using NDVI/LAlI CDRs)

Percent Tree Cover Change in Amazon Basin

—

2000 (MODIS Data)

I~

" araziLi

o

BN Gl

W Percent Tree Cover

u] 25 S0 100

(Courtesy of Dr. Eric Vermote)
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Records-to-Information: Hurricane Trends

GridSat FCDR Blended TCDR

1

PDI (10 m’s?)

-
©0°

DI (10 m’s?)

CIR

North Atlantic

Best Track
0.6l Satellite-based reanalysis

70 1975 1980 1985 1990 1995 2000 2005 2010
Year

Western North Pacific

Best Track
Satellite-based reanalysis |

0.2
1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

(decision support
information)
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Comparison and Model Improvement
(AeroCom: AVHRR AOT CDR vs GOCART Model)
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What is Climate Data Record (CDR) and NOAA's
CDR Program (CDRP) at NCEI (NCDC)?

Why are NOAA CDRs good for climate reanalysis?

How NOAA CDRs are produced, sustained,
archived, and distributed?

Current operational CDRs and some application
examples.

Future opportunity & summary
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Future Opportunity and Collaboration

Distribute CDRs to climate reanalysis community to promote wider
discovery and use (e.g., identify use cases).

Increase interoperability of CDRs with other data types (e.g.,
reanalysis data, health, business, agriculture) and multiple CDRs
applied to targeted societal issues.

Extend the operational CDRs seamlessly using new NOAA satellite
observations from Suomi-NPP/JPSS and GOES-R series.

|dentify collaboration projects for potential CDR Program
sponsorship.
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Summary

The NOAA CDR Program is well-grounded in science, is reaching out
to address users’ needs, and continues to improve open & transparent
stewardship practices for satellite data, non-satellite data and blended
products.

— Includes CIRs, and interim CDR products.

The NOAA CDR Program at NCEI is now sustaining 24 satellite data
CDRs in operations, and is preparing CDR data, algorithms, workflows,
and documentation for future deployment to a climate information
platform and for broader user applications.

— CDRs include not just the data, but the algorithms, workflows, and
documentation as well.

CDRP is seeking collaboration on using CDR products for end-user
applications (including climate re-analysis application).

http://www.ncdc.noaa.gov/cdr



Thank you'

Questions?
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CDRS Sprtg Farmg and Agnbumess

Example: historical context

* 5 km resolution,
“wall-to-wall” (globally)

e Historical record from 1981-
to current

e Collateral products
— Surface Reflectance
— Leaf Area Index (LAI)
— FPAR (photosynthetically
active radiation)

Primary U.S. corn
and soybean region

2012 drought depicted by Vegetation Index CDR (July 17)

NDVI Anomaly
B . |

average

NDVI time series - example in Kansas

- Ano
i === Current season 2012
i == Average season 2000-2012

S > 0 S o o B
Q. ] S = 24

NDVI

cooo
NBAO -
[

Jan
Feb
Nov
Dec
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