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1960: Earth Observations From Space

~ FIRST TELEVISION PICTURE FROM SPACE -
TIROS | SATELLITE . APRIL 1.1960

Despite massive infrastructure and crude
cameras, “climate” begins to be recorded




The Global Climate System

Atmosphare-lce

Pracipitatian
Interaction

Evaporation

Heaat
xehang Strass

Sea lce l

l_t Hydrosphere:
i. Ccean

lce-Ocean Coupling

Compaosition, Circulation

Changes in the Atmosphere:

Atmosphere

Ng. 02. Ar,

H,0, CO,,CH,, N,0, O, etc.
Aerosols

Terrastrial
Radiation

Volcanic Activity

Hydrosphere:
Rivers & Lakes

Changes in the Ocean:

Circulation, Sea Level, Biogeochemistry

Changes in the
Hydralagical Cycle

Clouds -

Atmospheare-Biosphers

Interaction

Soil-Biosphare
Interaction

Land-
Atmosphere
Interaction

Y
| Land Surface |

Cryasphere:
Sea lee, lee Sheets, Glaciers

Changes infon the Land Surface:
Orography, Land Use, Vegetation, Ecosystems




Development of New Observing Technology
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New Approach for Climate Science

Operational weather or hazard approach:
1. Identify needs for real-time products |
2. Minimize latency and delivery speed 4R,

3. Ensure ability to ingest data into
weather forecasts

4. Past data is of little relevance a\ A

Climate needs are different:
e New sensors in 1’s or 2’s not sufficient — need many in series

e Climate change signals tend to be smaller and require the highly
advanced processing of decades-long, coherent records
 Reasonable lags in processing are acceptable

e Changes or on-orbit degradation in observing systems impart
unacceptable biases for more rigorous climate science requirements
* e.g.combining JPSS with relevant heritage data sets




Multiple Decades of Data using Older Systems
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Climate Data Records development requires
homogenization across different Data “Epochs”

Uncorrected Data Time Series Contain Both Environmental
Information and Satellite-induced Artifacts

Operational weather/hazard
by 1 products are produced
) , / rapidly to potentially save
. "H lln | '| ‘ life and property
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Top of Atmosphere

Climate Data Records
Top of Canopy Vegetation Index : prOVide Iong term prOdUCt
_ consistency through
r Al || E— retrospective reprocessing
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Instrument understanding.
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What is a climate data record?

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

!CLIMATE DATA RECORDS

=  FCDR: Calibrated signals for a family of sensors together with
the ancillary data used to calibrate them. (e.g. brightness
temperatures, TOA radiances)

= TCDR: Geophysical variables derived from FCDRs; May be
generated by blending satellite observations, in-situ data,
and model output (e.g., Aerosol Optical Depth, SST)

A Climate Information Record (CIR)
provides specific information about an
environmental phenomena of importance
to science and society (e.g., Hurricane
tracks, Arctic Sea Ice Extent, Incidence of
disease)
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Solar Irradiance Record From Research Satellites
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Weather vs. Climate Processing

Time-tagged
° We”_deflned Geo-Referenced
Sensor Data
e Mature Records (SDRs)
" Homogenization
°
Rapld and Calibration with heritage data sets
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Upper Tropospheric Water Vapor EDRs from HIRS
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Due to the independence of individual HIRS instrument’s calibration, biases exist

from satellite to satellite.
These intersatellite biases have become a common source of uncertainty faced by

long-term studies.




Intersatellite Calibration and Correction Provides FCDR

Biases minimized.

Temperature
dependent biases
accounted for.

Similar overall
variances
between HIRS/2
and HIRS/3.

Time series can
be extended as
variance
preserved.
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Example: Unifying the Patchwork of Historic

Geostationary Satellite Observations of Clouds
\Missing

Navigation

Geostationary satellite
cloud products were stored
without stewardship for ~15
years.

Merged data from 29
satellites, stored in 9 data
formats, 7 location
reference systems, and
multiple calibrations into a
single commonly-formatted
and accessible data record.
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Revealing Climate Information Within Archived Data

Raw 30 Year CIR: Global and Basin
Satellite Fundamental Objective Hurricane
Data CDRs Intensity Trends
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Challenges

Can we fly sensors with sufficiently accurate on-
board degradation/stability checks to enable easy
(easier?) CDR production?

Can we avoid gaps in key measurements (e.g. solar
irradiance) in order to preserve the CDR time series?

Can we archive climate data in a thoughtful manner,
and with sufficient metadata, to best facilitate future
research?

Can avoid operational conflicts for missions with
both climate and weather/hazard requirements ?



Questions?
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Merging NASA/NOAA/USGS Data Will Provide

Information at Climate Time Scales and Quality
Global Essential Climate Variables (ECVs) with Heritage Records
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JPSS(NPOESS) Standalone Climate Sensor Recoveries (As Of February 2009
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Ocean Height CIR and Models Reveal
Similar Rise From Melting and Expansion

e Critical indicator of climate change and its potential impacts on coastlines

 Global record began in early 1990s

 The Ocean Surface Topography Mission (OSTM) or “Jason 2” launched in 2008
and will provide altimetric data through 2011 and possibly through 2013

NOAA and partners currently studying a follow-on flight
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Ozone CIR Used To Validate Models and
Verify International Treaties
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Arctic Sea Ice Extent CIR:
Thaw Rate Exceeds Predictions

Arctic September Sea Ice Extent:
Observations and Model Runs
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Maturity Matrix Identifies Milestones and

Research-to-Operations Transition Points
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Candidate Climate Information Records (CIRs)
from JPSS

Discipline
Area

Primary Sensor
Dependencies

CIRs (list names)

Climate Information Record (CIR)

A Climate Information Product is a __
time series derived from CDRs and
related long-term measurements to
provide specific information about

environmental phenomena of

particular importance to science and IR
: :
society. CIRs are often designed to
convey key aspects of complex
. ;
environmental phenomena in a
manner useful to a variety of user
Zat

communities.
I
-]

Drought coverage/intensity VIIRS, CrIMMS, MIS
Flood monitoring VIIRS, CrIMMS, MIS

VIRS

Terrestrial - .
Soil Moisture
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