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What i1s A CDR?

“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.

» Thematic CDR (TCDR): Geophysical variables
derived from FCDRs; may be generated by
blending satellite observations, in-situ data, and
model output.

» 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.

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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NOAAC

(JTo 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.

JTo provide end-to-end CDR data service to various user sectors
(academy, industry, commercial, government, and the pubilic).

Earth
Environment
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NOAA CDR Program (CDRP) is Well-Grounded
Science and External Expert Guidance

National Research Council (NRC) of
US National Academy of Sciences
(NAS) (2004, 2008)

CLIMATE DAIA REC ORDS |

FROM ENVIRONMENTAL SATELLITES |

A &

Global Change Research Program
(CCSP, 2006)

WMO/Global Climate Observing
System (GCQOS,2003)

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




Well Defined Maturity Model (6-Level)

B4 - Benchmark CDR

P4 —Sustained CDR

‘0,
llllll

— Validated CDR

Operations

It

M4 —Provisional CDR

” Y — Experimental CDR

Research

- Y - Initial CDR
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e |nitial Development (ID): Through grant and contract, Pls develop
algorithm, source code, dataset, metadata, and documentation

e Pl brings the product to at least Maturity Level-4

J

e |nitial Operational Capability (I0C): The dataset, metadata, source )
code and documentation are quality checked, archived and made
openly and transparently available for public access at data center.

e P| provides operational support and maintenance/updates y

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

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

8



CDR Product Attributes
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Major NOAA Satellite Epoch

Cover Three
(Sustained in Operational Environment)

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

10



NOAA CDRs Sustain Climate Information

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

Near Real Time

Satellite data

Long-term Information

Fundamental
Climate Data
Records
(FCDR)

Environmental
Data Records

(EDR)

Interim
Climate Data
Records
(ICDR)

Short scale
physical phenomena
monitoring

Operational Climate
Monitoring supporting
Climate Services

Thematical
Climate Data
Records

(TCDR)

Longer term climate variability
& climate change analysis

Major
model-based
Reanalysis

Preservation

User Services

—

Adaptation
+ mitigation planning
(decision making)

11
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e Mission objective of NOAA's CDR Program (CDRP) at NCEI
« Why are NOAA CDRs unique?

« NOAA CDR development, production, sustainment, archive, and
distribution

 NOAA operational CDR products
« CDR application examples
» Future challenge and opportunity

e Summary

12



1
3'}’ X 'l'—' \ e
- J A & Acal

Development, Production, Sustainment, Archive,
and Distribution of CDRs

CDR Production &
Sustainment

Reprocessing
(P1)

CDR CDR
Development Preservation
(grant & PI & Archive
selection) (Data Center)

CDR

mmmg Distribution
(Data Center)

Reprocessing
(Data Center) CDR: Climate Data Record

PI: Principal Investigator

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

TCDR: Thematic CDR

ICDR: Interim CDR

CIR: Climate Information Record

13



R20

Trans

ition Procedures

2) Prepare 3) Transfer 4) Verify 5) Archive 6) Access a
Update source Transfer Verify source Archive Code Code made
code e : Source code L | code package |up Package — > available =
Code A 2
Enter code into Verify
version control ' § ‘README’ i
Create y
Documents |l Conduct
Security Review | Verify Fl
“O S:;graniw Archive Documentation
’ Documentation made available
Documents CATBD, and  fepy =
Maturity Matrix ‘ ‘
Submission
agreement Transfer O '
"‘O ! Documents pr——
)1 Archive Product made
Iterative until all parts Product Data |=J» available U
Data have been verified 'O O
Create A
Data . .
= S Transfer Data Verify Data and Archive
"O Y Metadata ep! Ancillary Data

10C

‘PI ‘Science Branch OOperations Branch ‘Archive Branch OAccess Branch ‘IT Branch OCDRP
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Inventory of

30 CDRs in Ops. now

NOAA CDR Products

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

Current I0C Operational CDRs

Atmosphere

Ocean

— PATMOS-x

|« AVHRR Reflectance |

MW Mean Layer
Temperature
(STAR, RSS, UAH, UCAR)

SST (OISST & Pathfinder &
WHOI)

Surface Reflectance
(AVHRR)

° HIRS Brightness
Temperature (BT)

Precipitation
(PERSIANN)

Sea Ice Concentration

Snow Cover Extent (NH)

e  SSMI(S) BT
(CSU, RSS)

Cloud Properties
(PATMOS-x AVHRR)

Ocean Surface Heat Fluxes

NDVI (AVHRR)

e  VIIRS C-RDR (*)

OLR
(Monthly - HIRS
& Daily - GridSat)

Ocean Near-surface
Atmospheric Properties
(T, V, specific humidity)

LAI/FAPAR (AVHRR)

. MSU/AMSU BT

Aerosol Optical
Thickness (AVHRR)

e  GOES BT (GridSat)

Ozone (ESRL)

° Solar Irradiance
(total & spectral)

*http://www.ncdc.noaa.gov/data-access/satellite-data/satellite-data-access-datasets/c-rdr-viirs
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Research-to-Operation CDRs (work-in-progress)

Atmosphere

CMORPH, NEXRAD)

. Precipitation (MSPPS/MIRS, GPCP,

Ocean

Sea Level
Height

Geo-Surface Reflectance

° Cloud Properties (ISCCP & CERES)

Ocean Color?

Snow and Ice Concentration

° Ozone (CPC)

° Earth Radiation Budget (ISCCP-ERB)

17



A Suite of Producls
FCDR—CDR—TCDR—CIR

AVHRR Ch-1 Reflectance (FCDR); Sept. 2009 AVHRR Cloud Fraction (CDR); Sept. 2009
NG T _ T o . < T
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Example

of OLR CDR Application

(Assessment of Climate Analysis)

Difference of Global OLR Anomalies

(Long-term Historical HIRS CDR vs Short-term

Current CERES CDR)

Global OLR Anomaly [2000.03-2012.06]

E RS Daily 41,2,3¢ (blue)
L EBAF EdL6r (red)
[ HIRS—EBAF {green)
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OLR DHFf [Wm ™)
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Difference of Global OLR Anomalies
(Reanalysis minus HIRS CDR )

OLR (Wm™)
=

Global Anomalies differences referenced to HIRS Daily OLR V1.2.3c

MERRA-H123¢c

4 ——ERAI-H123¢c

4L
1979 1584 1989 1994 1999 2004 2009

Date

Slope of OLR anomalies diff = 0.03 = 0.09 Win**/decade with 2-sigma

(Courtesy of Dr. Hai-Tian Lee)
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Example of AVHRR AOT CDR Application

(AeroCom: Model Evaluation)

L WNP

1 o6 ENP

(Chin et al., 2014)
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Example of NDVI/LAI CDRs Application

(Forest Change Detection)

Percent Tree Cover Change in Amazon Basin

—

1990 (AVHRR CDRs) 2000 (MODIS Data) 2010 (MODIS Data)

]
J )

e
i f".’.

T Fercent Tree Couer

u} 25 S0 100

(Courtesy of Dr. Eric Vermote)
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2012 drought
monitored by
the Vegetation
Index CDR in
the context of
climate
anomaly

R ¥ Yo

NDVI CDR Application
(Supporting Farming and Agribusiness)

Exampl

o
e

}) 250 500
[ e G

¥

-~ -4

NDVI Anocmaly

Yy less average more

" _J

# o ’ |

NDVI time series - example in Kansas

NDVI
cooo
N~ =
PR T T B |

AnNno
=== Current season 2012
=== Average season 2000-2012

) Fu [ — — O 2 > O
T &8 o © 5 2 8 § & & o
r = < s S5 I »w O = A

(Courtesy of Dr. Eric Vermote)

Primary U.S.
corn and
soybean region
(Ohio, Indiana,
lowa)

24



Example of

FC

DRIC

[ b 5

DR/CIR Application

(Disaster Management Support)

GridSat FCDR

o
o

o
c

=

Blended TCDR

08-16-92

150

x
~ 50
0

?hwoo;/N/
8%

PDI (10" m’s?)

0.6 Satellite-based reanalysis

°sf(Kossin et al., 2007

o
=

o
w

CIR

North Atlantic

Best Track

1]
1970 19¥5 1980 1985 1990 1985 2000 2005 2010

Year
Western North Pacific

Best Track
Satellite-based reanalysis J|

0.2
1970 19¥5 1980 1985 1990 1985 2000 2005 2010

ear

(decision support
information)
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Future Challenge and Opportunity

Extend the operational CDRs
seamlessly to new NOAA
satellite observations.

— Suomi-NPP/JPSS, JASON-3
and GOES-R series

Expand CDR to REDR

— Reference Environmental Data
Record (REDR) is a time series of
scientifically-based measurements
of the Earth’s environment with
sufficient length, consistency, and
continuity to provide stakeholders
and decision-makers with timely,
relevant, and reliable information.

— REDR includes remote sensing,
in-situ, and blended observations.

Distribute CDRS/REDRS to
broader user communities in
a more convenient & efficient
way.

Quality for Climate Applications

From CDR to REDR to Serve

EDRs/SDRs

Near-rgal Time

algorithn as-is,
sensor-unique

Broader User Communities

Interim CDRs

Medium Term
Decision Support
(routine, complete,
timely, climate
processing,
consistent in
time/space/resolutio
n over period-of-

record)

CDRs

Long Term
Research &
Decision Support
(Epoch
reprocessing of
complete period
of record,
complete, State-
of-the-art)

Minutes

Days

Weeks Years

Decades

Latency (logarithmic scale)

26



Summary

The NOAA CDR Program 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 30 satellite data

CDRs in operations, and is preparing CDR data, algorithms, workflows,
and documentation for broader user applications.

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

CDR will be expanded to REDR to serve broader user communities
(academy, industry, commercial, government, public).

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

27
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Example
of FCDR

O N A

NOAA’
Record

. SSMI(S) BRIGHTNESS TEMPERATURE

Climate Data
(CDR) Program

COLORADO STATE UNIVERSITY

- SSMI(S) - CSU

S5MI(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
= Mavy-NMESDIS Special Sensor
Microwave Imager/Sounder [SSMI{S]]
Antenna Tem perature

Some Uses oF THE S5MI(S)
CLumMATE DATA RECORD
= [nput into Precipitation Products
= Determining Sea Surface Winds
= Calculating Sea lce Extent and Snow Cowver
= Long-term Global Climate Applications
= Estimating Cloud Liguid Water

SSMI(S) CumMmATE DATA RECORD
http:/fwww.nedo.noaa.gov/cdrfoperationalcdrs.html

CumaTe DATA RECORD

PrROGRAM INFORMATION
http:/f'www_ncde_noaa gov/fcdrfindex. htmi

30



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

RS >
b g e

N AT I oNA.L | S K

I M1 A T I € D A T A C E M TER

NOAA’s Climate Data
Record (CDR) Program

OUTGOING LONGWAVE
RADIATION - DAILY

OLR

Iy

OLR - Dany CLIMATE DaTA RECDORD

SPECIFICATIONS

- Giobal Coversge

= 1 0wl O Degres Equa-Angle Grid

= Duiy Mean Froduct

= 1575 — Present

= Intenm COR Availsbie witven 48 Hours of Obeensastom
INPUTS TO THE CLR - DANY

CLIMATE DATA RECORD

= High-resolution infrened Rsdintion Sounder [HIRS]
Level1h Detn

= iGridSat Genstationsny kmager Brightness Tempemures

= IE5IP {E0ES Surface and Insoistion Product] for
Interim CORA

= IDLR Regression Costficents

= Calibration Fredichion Coefficents
H.H‘-ﬂﬂrlt mﬂm

weawLCl mate. gov
WAL RCOC oS EDY

50mME USES OF THE OLR - DAY

CLMATE DiaTa RECORD
= Input into Radistion Budge: Studies
= Werifyng Mumevical Models
= Sudying Short-Term and Long-Tenm Cimate Varishiity
= Preparing Dingnastics and Forecasts of the M50 and.
Tropicol Waves

~ Aralyring and Predicting Globel Precipistion Pattems
= Fregicting Globat Tropical Cyoione Actiity

OLR - Dy CLIMATE DATA RECORD
itpswwsnodc noan pon’odnoperationa lodrs himl

CUMATE DATA RECORD
PROGRARM [NFORMATION
Intepeffwww nodc noea mony'odefindex. hbmi
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Example of
Ocean CDR
(CMIP5/0b
s4MIPS

Candidate)

AT A C ENTER

e Data

M oA M AT C ¥

NOAA’s Climat

Record (CDR) Program

85T (°C)

—
-2 & 15 24 32

Diaba Minkrum = -2, Maximum = 32

SomEe USES OF THE OISST

OISST CunaarTe DaTa

RECORD SPECIFICATIONS CumaTe Data RECORD
= Global Product = predicting El Mifio and La Mina Events
= 025 Degres Resolution = Forecasting Typhoon Intensity and
= Daily Product kionsoon Raindall
= 1981-Present = predicting Fishery vields

= Updated Daily = Studying Coral Reef Bleaching

INPUTS TO THE OISST OISST CumATE DATA RECORD

CLMATE DATA RECORD hittp-/fwwnw nodc noaa_gowfcdrfoperational cdrs_himl
= Buoy Data
= ship Data CumaTE DATA RECORD
embEsii R R PROGRAM INFORMATION
Radiometer [&VHRR) 5atellite Data hittp-/fwww.ncde noaa_gov/cdrindes_himl E

= 5g3 lce Data

@ wwnw climate_gowv
V www_nodc.noaa.gov

32



Example of
Ocean CDR
(CMIP5/0bs4MI
PS Candidate)

O N A L T L ¥ M A T I C

NOAA's Climate Data
Record (CDR) Program

CECONEENTRATION

D A T A

SIC CLIMATE DATA RECORD SOME USES OF THE SiC CLIMATE

SPECIFICATIONS DaTA RECORD
= Polar Coverage fabose 31°N and = Stedying, Modeling, and Roniboring Of mate Uanrabaity
beioa 39°5) = Providing midance for National Deferce Onipping industry,
= FRRme23km Resalution and Policy Mokers
= [Daily = Bdorthiy Froducts = Reporting EFfects on Fishenes, MNatunsl Respurces, and
= 1578-3M2 Heftive Communities
= Uipdeted Cpsarterdy = Studying Impacts to Cryosphene, Ooean, and Atmosphens

= Informing Educetors, Students, Media, and the
INPUTS TO THE SIC Genernal Fublic
CLIMATE DATA RECORD
= Special Sensor Microwese BTepenSounder
[E=RANSY Daily Polar Gridded Brisheness
Tempenatunes
= NASH Team Sea lo= Concentrations
- Bootstrap Ses Ios Concentrations CUMATE DATA RECORD
= Sruoww et Onset Estimestes PROGRAM INFORMATION
Ummmmlummmsulmw:kfﬂdlm Rt e motic noea. posforin/Tnces: ktmil

Bna snd Sinsks v

weaw Ciimarte. pow S B
WAAWLRCOC. NOSE EOV - kL % k

5IC CLiMATE DATA RECORD
Rt Riodc noes. pow o rfoperationsiodes. htmi
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Example of
Land CDR
(USGS /EROS
GEO TIFF
product
candidate)

1 C D AT A L&

N A1l °C A

NOAA’s Climate Data
Record _(CDR) Program

AVHRR SURFACE _

-,

AVHRR SuRFACE REFLECTANCE CLIMATE SOME Uses oF THE AVHRR SURFACE

y DATA RECORD SPECIFICATIONS REFLECTANCE CLIMATE DATA RECORD
.."_— = Global Coverage = Input to derive climate data records of:
= 0.05x0.05 Degree — MNormalized Difference Vegetation Index [NDVI),
- = Daily Product — Leaf Area Index [LAI],
. = 1981—Present — Fraction of Absorbed Photosynthetically Active
i,_.. = Routinely Updated (10 day latency) Radiation (FAPAR)
:"- = Smdying long-term climate variability
= Verifying and validating global climate models
InPUTs TO THE AVHRR SURFACE
REFLECTANCE CLIMATE DATA RECORD AVHRR SURFACE REFLECTANCE
= AVHRR Global Area Coverage Level 1b data CLumMATE DATA RECORD
¥ st Sineome: tata htp: ffwww.ncdc_noaa.gov/odrfoperationalcdrs. himl
- MCEP water vapor data
USGS digital elevation model

MODIS land/water mask, BROF database, CLUMATE DATA RECORD

and BRDF-correctad reflectance climatology PROGRAM INFORMATION
http: ffwww.nedc_noaa_gov/cdrfindex_html

www.climate.gov
W wcdc.noaa.gov
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