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From prehistoric Ice cores to modern satellite
observations climatedata and services from NOA/
National Centers-for Environmental Information

Dr. Ed Kearns, Center for Weather and Climate
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Copernicus Climate Data Store Workshop 3 March 2015

US Department of Commerce | NOAA Satellite and In matl




HistorwyfNCEIl 0s Center f or

1951: National Weather Records Center (NWRC) under the Weather |
Bureau. Consolidated Weather Bureau, Air Force, and Navy records | %
in Asheville, North Carolina. R - 3

1965: Environmental Science Services Administration formed under
the US Department of Commerce (Weather Bureau dissolved)

1970: NOAA is established under Commerce. NWRC renamed to
National Climatic Center (NCC)

1984: NCC renamed National Climatic Data Center (NCDC) to
emphasize the importance of the large quantity data

2015: NCDC merges with other NOAA Data Centers to create
the National Centers for Environmental Information (NCEI)

1980s 1990s

National Weather 400 million punch Transition to tapes;  Millions of pieces oNCDC informationusedtdNat i on 6 s f iNexigdneradion

Records Center cards store scientific research microfilm and  monitor global weather andReference Network  satellites great!

(NWRC) NWRCb&s dat a growth microfiche store datalimate from the stone age station built and increase NCDC
established to the space age operated by NCDC holdings
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NCEI os CWC (for mer |

StewardtheUni t ed Glimaté lafertmation

NCEI CWCissponsible for preserving, monitoring, assessing, and
LINE GARAY 3 LWzt A0 I OO0OSaa a2 0UKS bl
weather data and information.

BetheUni t ed St at &gushorityfon Clsntate dnd
Historical Weather Information

NCEI CWC wile the most comprehensive, accessible, and trusted source
of state-of-the-scienceclimate and historical weather data, information,
and climate monitoring.
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The United States Has Economic Motivations for Incre
Access to Climate Information Products

3 "

U.S. BilliorDollar Weather and Climate Disastel980:2013

Droughts and Heat Winter Storms Tropical Cyclones

4

Flooding Wildfires Severe Local Storms

] 0 T 10 o T 1

170 weather and climate disasters reached or exceeded $1 billion during this perieat{@$éd)
Pleasenote that the map reflects a summation of billidollar events for each statfected
(i.e., it does not mean that each state shown suffered at least $1 billion in losses for eagh event

3/3/2015 Copernicus Climate Data St(tpgtwé(m\ﬁ/.ncdc.noaa.gov/billions/mapping



NCEI Products SgeomLocatoGlobal on Weekly to Decadal Sc
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NCEI Supports the Full Information Life

A Makes foundational investments in climate
information production and preservation.

A Supports othersodo appl
policy/decision-making.
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1,700 Years of Northern Hemisphere Temperature Change from Proxy Datay

Locations and Types of Paleo Record

Location Descriptions
Coral @ Lake @ Borehole 4 Ocean A Fire History A Tree Ring /\ Ice Core

Independent Paleo Record of
Global Temperature Trend
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NCEI

Tl 0\

perates the U.S. Climate Refel
Network (USCRN)

A Follows the GCOS Climate
Monitoring Principles

A Three independent
measurements of multiple
essential climate variables il\

A Well-calibrated and highly
accurate observations ,

A Pristine, stable

n‘
v

USCRN Stations

CCCCC

environments
A The standard for climate b
measurements ST 0 E
I OIS Climate Dafa;-SHﬁaC\/RYBIrSI‘}led Precipitation Gauge at Redding, CA



NCEI Combines Different Data Sources for Climate R

Example: Global Sea Level Rise oot
8 s
> 4t 4 ft
c
M
S 3¢
2
> 2f
~ Satellite Data
g 1F l 1 ft
n Tide Gauge Data 0.66 ft
ot Proxy Records
_1 1 I I 1 1 I
1800 1850 1900 1950 2000 2050 2100
Year
3/3/2015 Copernicus Climate Data Store Workshop



NCEbrovidesational and international leadership in climate dat
Information, science, stewardship, and service/assessmen

e :ﬁ?l‘
M e

A22NI RQa fIFINBSald | NOKA@S 2
environmental information (>18 PB)

AadzZ GALIX S G R@rdsds, edgiempérRilireNR €

A Frequent papers in major scientific journals

Al SFRSNAKALI AY 2ahX D/ h{Zx

A US National Climate Assessment \\

A BAMS State of the climate

A US Global Change Research Program leadership since Ol

A Extensive involvement in US national media -,

|

i

b/ 9L I N’ (KS -td GentarsSdrretfospecive 4 Rm -
weather and climate data e
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3/3/2015 Copermcus Climate Data Store Workshop
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NCEI Produces the @Imhdard Global Land
Surface Temperature Dataset

A NCEI monitorshanges in global land surface temperature
using the Global Historical Climatology Netwknthly
(GHCNV) dataset

A This dataset provides monthly average temperatures from
over 40,000Gstations, some of which contain records back
more than 300years

A Considered the most comprehensive suite of global
temperature and precipitation observations in the world

Temperature (Monthly Dataset) Precipitation (Daily Dataset)

50 75 100
Number of years of data for each station

3/3/2015 Copernicus Climate Data Store Workshop
11
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N C EOperational Climate Data Records)(CDI

A By applying knowledge gathered over time about
AYVAUNHzYSydaQ LISNF2NXI YOS |
environmental dataare reprocessed to create consistent
and homogenized lorterm records.

Abh! 1 Qa aluaStfAdS /5wa O2YL
global operational satellite measurements.

A NOAA satellite, in situ, and blended CDRs are sustained
In anoperational environmentwhich is criticalor
supporting decisiommaking in a changing climate, and
0 Kdza 7T 2 NJresdili€rse td dimbteRidaility
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Current NOAA Operational CDR Inventory (>.
Spans the Environment

Changes in
Solar Inputs

Pilewski

Atmosphere- Kummerow

Ice Precipitation
Interaction Evaporation

Clayson
Heat Wind
Exchange Stress

Hydrosphere:
Qeean

ce-Ocean Coupling

Changes in the Ocean:

Circulation, Sea Level, Biogeochemistry - Orography, Land Use, Vegetation, Ecosystems

Changes in the Atmosphere: Changes in the
Composition, Circulation Hydrological Cycle
Ho Menzel
Ferraro Kato
Luo Zou
Clouds
Atmosphere e e Fony Ty
ATtk il inni
Rosenlof T A A A Minnis
Ny O 01 Volcanic Activi o
H,0, CO,, CH,, N,0, 0,, etc. Vi P
Aerosols [ " Atmosphere-Biosphere

Flynn

Lee
Terrestrial

Radiation i man Influences

Interaction

Land Surface

| Changes in the Cryosphere:
‘Snow, Frozen Ground, Sea Ice, Ice Sheets, Glaciers

Sorooshian

Hydrosphere:
Rivers & Lakes

" Vermote

Changes in/on the Land Surface: Key

3/3/2015

Copernicus Climate Data Store Workshop
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What Is the advantage of using NCEI C

(High Quality Data Inter-calibration and Homogenization Reduce Artifacts Impakg®bserving Systems,
Facilitating Meaningful ComparisomsSpaceand Time)

Tb (K)

Th (K)

HIRS BT Timeseries, before inter-calibration

Operational weather products

" Wi are produced rapidly to
S potentially save life and
SR ] property
g | | Mol e Mo A
| T o Climate Data Records (CDRS)
HIRS BT Timeseries, after inter-calibration . .
- describe climate through
A TR A rigorous crossalibration
[ 4= and reprocessing with
2 | = per| = Nis advanced algorithms,
e || M|l ancillary data and evolved
Instrument understanding.
3/3/2015 Copernicus Climate Data Store Workshop
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NCEI| Dataccess

Climate Data Online (CDO) System

A www.ncdc.noaa.gov
A Centralizecaccess to numerous US
and global datasets and products

A Web Services allow users direct
machineto-machine access for use
In applicationgWMS WFS,
KML/KMZ, etc.)

A Underlyingstructure includes

Oracle databases with tiered server
Infrastructure

A Services continue to be buitiut for
additional datasets and products

Climate Data Online

Climate Data Online (CDO) provides free access to NCDC's archive of historical weather and
climate data in addition to station history information. These data include quality controlled
daily, monthly, seasonal, and yearly measurements of temperature, precipitation, wind, and
degree days as well as radar data and 30-year Climate Normals. Customers can also order most
of these data as certified hard copies for legal use.

DATASETS
Browse documentation, samples, and links

HELP
Get answers to questions

DISCOVER DATA BY

m CERTIFICATION
Get data orders certified

ORDER STATUS

SEARCH TOOL

Search for and access past weather and
climate data by station name or
identifier, ZIP code, city, county, state, or

MAPPING TOOL

Find and view past weather and climate
data by station name or identifier, ZIF
code, city, county, state, or country.

Check the status of a current order

DATA TOOLS

s past weather and climate data

ion of spedialized tools.

country.

Search Tool » Mapping Tool »

Data Tools »

M Climate Data Online Search

Start searching here to find past weather and climate data. Search within a date range
and select specific type of search. All fields are required.

Select Weather Cbservation Type/Datasete

Sea

Select Type/Dataset

Records of observations including details such
as precipitation, wind, snowfall, and radar data.
Read more about the datasets and view data

Select 5 Dataset... ¥
Select Date Range e samples.
Select & Date Range. =]

Search Fore

Enter a Search Term®

Select Date Range

Defaults to the latest available year for the
selected dataset or product but can be set to
any date range within the available period of
record

Search For
Stations: Enter name, WBAN, GHCND, FAA, ICAO,

NW5LI or COOP identifiers.

Locations: Enter name of city, county, state,
country or other geographic location. ZIP &
codes and FIPS 5 identifiers are also valid

15


http://www.climate.gov/

P 2

NBr and

www.climate.goywww.drought.qgoy
nomads.ncdc.noaa.gogpsic.org,
www.ncdc.noaa.gov/customesupport/world-data-
centers

Ongoing development, integrated to provide ene
stop access to widely distributed datasets, products,
services

Drought Portal geared toward providing critical
information to decisiormakers

Climate.gov Portal designed to reach a very wide
segment of usersg scientists, businesses,
decision/policymakers, news media, publietc

Model Portal provides access fi@analysesand
numerical model output

Many partners involved across NOAA, other agencies,

regional/statelevel,international

deés PI$

a
NOAA Climate.gov Portal, Drought Portal, Model Portal

& Climate gov



http://www.climate.gov/
http://www.drought.gov/

| NCEI Is Respondlng to an Acceleratlr
User Demand

A Now serving over 5 petabytes of climate data annually
A Provide safe storage of over 18 petabytes
A Service over 20,000 personal contacts with users across

economic sectors, regions, and societal challenges

6
[®) T Types of Data Delivered:
O g hé\ w:[ S I satelite
Water Energy , Transportati Academia
A R
f‘i T i B Radar
NGO Federal Gove t State, Local, Tribal g I:I Model
Government % 3 - Ground Based and Ocean Based
R — 3
" 6]_')
South Central West Northeast Alask: Pacific Islands 2
Marine Coastal Resilience Water Resources Extrem Health 0
. _ ) FYO8 FY09 FY10 FY11 FY12 FY13 FY14
o/3I1ZU15 Copernicus Climate Data Store VVOFKSﬂOp
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Fraction
(%)

70

15

15

3/3/2015

Stereotypical | Dataor Info Preferred

High

Low

High

User Need Format Volume | Frequency
Pointand
Low Bu_smess_, Qualitative C“Ck.’ Low
media,public graphics,
assessments
Researchers, Digital
High Cllmate. Quantitative downloads High
consultancies
Valueadded
: Providers L Digital
High (database Quantitative downloads Low
scrapers)

Copernicus Climate Data Store Workshop
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Most Users Increasingly Only Want Expert Interpretatic

Divisional Minimum Temperature Ranks
September 2014

Bt A Aspects of Monitoring
i Average values (13.3/C)

i Measures of difference (+1.8AC
above normal)

i Measures of unusualness (much
above average = top 10%)

I Measures of trend (increasing at
0.5/C per century)

I Measures of impact (34% of corn
reported in poor condition)

Services and Stewardship: NCEI provides authoritative services
In climate, science, data, and information preservation.

3/3/2015 Copernicus Climate Data Store Workshop o
1



NCEI Users of Climate Data From All Sec

Nonprofit
Other

CEIl CWOnline User Profile

NonstandardData
Requests by Sector

~ Government
Academic 4%

4%
Unclassified
11%

3/3/2015

Copernicus Climate Data Store Workshop

For past 12nonths
Calls: 15,588
EMails: 7,056
Faxes: 223
Letters: 236

A Water resource managers

rely on the information to
help officials and planners
make informed decisions
about a finiteresource

The Americarsociety of
Heating,Refrigeratingand
Air Conditioningengineers
uses the data to develop
heating/cooling
engineeringstandards

Insuranceand reinsurance
companies make use of
weather and climate data
to calibrate their
catastrophemodels

20



National placement of NCEI climate staff to help provi
services and gather requirements

Alaska
RCSD@ Western RCSD

Northeast
RCC D @Eastern RCSD

Western High Plains  p.fvectern 2;

RCC
L] RCC[ ] RCC[ ]

Central @
Cooperative RCSD Southeast

Institute 2%7_41 [ree
Pacific Q

Southern
RCSD
@ Southern

ReC D Cooperative Institute




NCEI| Monitors the State of the Clir

Global Temperature Trends
19792012

-~ >

+++++

°F per Decade

| . —— |
125 -1 -08-06-05-04-03-02-01 0 0.1 02 03 04 0506 08 1 125

Statewide Average Temperature Ranks
September 2014

National Climatic Data Cenler
Mon Oct 6 2014

Decadal Trends in Very Heavy
Precipitation

&~
o

Relative Number of Extreme Events (%)
o

A
S

1900s 1910s 1920s 1930s 1940s 1950s 1960s 1970s 1980s 1990s 2000s

RiverFlow Trends in Annual Maximum
for 85¢127 Year&ndingin 2008




NCEI Assessésh e Elanate With s
International, Natioaalkl Annual Assessments

CLIMATE CHANGE IMPACTS
ON THE UNITED STATES Sl Oﬁgg‘ﬁzcuM“E

Overview = = EXPLAINING EXTREME
ATREIP AN

e AR 2

< ¥y 3 \
5 BeE T3NS

MANAGING THE RISKS OF EXTREME

‘I( i.; EVEN AND DISA R QO ADVAN
THE ipcc
A IMENTAL PAN u climate chanee

Global Climate Change Impacts

in the United States ALONGFOR

STATE ORTHE CLIMATE TE Ik

IN 2013

N o
“ap N

CLIMATECHANGE 201355
a P :._‘ 3 —

Pl 1 Journal
of
Climate

EXPLAINING
EXTREME EVENTS
OF 2013

International Assessments National Assessments
A Three NCEI lead authors and A NCE| provides leadership Annual Assessments  Journal Articles

review editors on Fourth and lead authors foall A NCEtoordinates 425 A NCEpublishes over
Assessment Report National Climate authors from 57 50 articles annually
A TwoNCElead authors on Assessments countries in leading scientific
Fifth Assessment Report A NCEhosts National A Covered by all major journals such as
A TwoNCElead authors on l 3a4SaayYSyudQa ¢®uskeroms, priefed Nature, Science,
Special Report on Extremes Support Unit to US Congressional staff and BAMS
3/3/2015 Copernicus Climate Data Store Workshop
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NCEI Tracks Dfoh Throug heNti0|
Integrated Drought Information System (N

A NCEI hosts Drought.gov and tracks state of drought weekly throt
the U.S. Drought monitor in partnership with other agencies

A Expanded to North America through our international partnershiy

Valid 8 a.m. EDT September 30, 2014

Released: Friday, October 10,2014

http:/Avww.ncdc.noaa.gov/nadm.html
Analysts:

U.S. Drought Monitor rmmemes o INOFth American Drought Monitor

¢ Responsible for collecting analysts'
input & assem bling the NA-DM map)

Intensity. Ty
DO Abnormailly Dry
D1 Drought - Moderate
M o Drought - Severe
- D3 Drought - Extreme
- D4 Drought - Exceptional

Drought Impact Types: Drought Impact Types.
7 Delineates dominant impacts ~ Delineates dominant impacts

S = Short-Term, typically less than S = Short-Term, typically <6 months
6 months (e.g. agriculture, grasslands) (e.g. agriculture, grasslands)

L = Long-Term, typically greater than L= Long-Term, typically =6 months
6 months (e.g. hydrology, ecology) {e.g. hydrology, ecology)

Intensity:

The Drought Monitor
focuses on broad-scale
conditions. Local

Author: [] DO Abnormally Dry conditions may vary.
Michael Brewer [] D1 Moderate Drought ok See accompanying text
NCDC/NOAA ] D2 Severe Drought ;\ for a general summary.

I D3 Extreme Drought
I D4 Exceptional Drought

The Drought Monitor focuses on broad-

scale conditions. Local conditions may
- o § s;m.; acconpanying text summary for l_J§DA @. CONAGUA
~ < USDA ; N\ [ e S b e
& o g i}-_l-':?‘: E @ @ 2 Agroutrsand  Agrioulture ot
o 4 - —/’— s B V @ Bl Zrdiie At canaa
., ¢
-

Nl & =

<> http://droughtmonitor.unl.edu/ HGTd 46 SECITuAT biarTagidns
3/3/2015 Copernicus Climate Data Store Workshop
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NCElI Produces th

Authoritative Climblimrmals

A Used extensively by agriculture, engineering, energy planners, and others
A Below: shifts in plant heartiness zones

Zone Changes in Past 10 Years Zone Changes in Next 30 Years
In color of New Planting Zone In color of New Planting Zone

Average Annual Extreme Minimum Temperature by Climate-Related Planting Zone

B No Change in Zone Zone5(-19t0-10°F)  Zone7 (1t010°F) I Zone 9 (21 to 30 °F)

B Zone 4 (-29 t0 -20 °F) Zone 6 (9t0 0 °F) Zone 8 (111020 °F) M Zone 10 (31 t0 40 °F)
3/3/2015 Copernicus Climate Data Store Workshop -



Challenges and Opportunities

How can NCEI best meet the growing demand for data access?
I Demands are currently overtaxing our personnel and computational capabilities

How to meet the growing demand for expert monitoring and assessment
capabilities
A President Obamads Climate Data I nitiative
A Science-certified services for U.S. Government, Industry, and the public

How does NCEI best identify user requirements in an emerging and evolving
community of practice?

i Climate information industry is growing, but slowly

i Production of climate information records and summaries

I Feeding of data-hungry applications

I Regional and local interest in tailored/downscaled products

How to best work with our international and national partners on providing
climate data and services?

3/3/2015 Copernicus Climate Data Store Workshop
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Help comlng from emerglng
climate information platforms?

A Climate information fiplatformso are
US industry and government to aid in data analysis and distribution. (Some
technical advances will be discussed in other US presentations in this

workshop.)

NCEI 0s responsibility encompasses th
the algorithms, code, docs involved in a climate data records 7 and will
needed by future climate information platforms.

While NCEI waits for the infrastructure to be available from/with NOAA and
its industry partners, the NCEI is focusing on:

I Ensuring operational sustainment of its CDRs and information products

I Making the data ready/portable for dissemination (standards)

i Describing the data well (documentation, metadata) to enable discovery

I Preserving and describing the algorithms, workflows, and ancillary data

I Identifying and supporting uses (user requirements)

3/3/2015 Copernicus Climate Data Store Workshop
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Questions?

3/3/2015 Copernicus Climate Data Store Workshop
28



Backup slides

3/3/2015 Copernicus Climate Data Store Workshop
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CDRS Support DeC|S|on Support Appllcatlons
at Time Scales Longer than a Week

1
Operatlional Weather

Sensotunique)
I

Quality (accuracy, completeness, etc.)

CDRs- Research Support

(Epoch reprocessing of
complete period of record,

. Complete, Statef-the-art)
Interim CDRS- Decision Support

(Routine, Complete, Timely, Climate
processing, Consistent in
time/space/resolution over periowf-
record)

(Quick,'Robust, Data-as
available, Algorithm as,

Minutes Days

Time past observation (lo

3/3/2015 Coperni

Weeks Years Decades

%arithmic scale)

cus Climate Data Store Workshop
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NCEI CDRs Support

ExampleNVDI Provides

historical context for Drought

A 5 km resolution,

agkdofl £t t e o3t 201

A Historical record from 1981

to current

A Collateral products
Surface Reflectance
Leaf Area Index (LAI)
FPAR

Primary U.S. corn
and soybean region

3/3/2015 Copernicus Clima

«CBR (July 17)

NDVI Anomaly

i |

NDVI time series - example in Kansas

NDVI

© o000
NA OO D
1

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

Jan

© > O
S < s S5 - S:S % O

Nov

(e Data S10

(W4

less average more

Dec




o

CDRs are being used to improve
Monthly to Seasonal forecasts

oA s

NOAAGs Outgoing Longwave Radiati on ( OLI®ian O€clld&oni s U S ¢
(MJO) evolution

Reanalysis leads to estimates of the future MultiVariate Pacific-North American (MVP) index
A MJO plus MVP provides a useful forecasting tool for future extratropical responses over US

Courtesy of Dr. Cahreck

3/3/2015 Copernicus Climate Data Store Workshop 2



