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NASA’s Modern Era Retrospective-analysis for
Research and Applications (MERRA)

Retrospective-analyses use a fixed Global Atmospheric
Model and Data Assimilation System to analyze the
histerical satellite and conventional data records into a
continuous global gridded data set including a multitude
of ancillary weather and climate diagnestics

MERRA uses the latest release of the GMAQO Global Earth
Observing System Data Assimilation System (GEOS-5)
and will'analyze the period firom 1979 — present,
assimilating satellite radiances and conventional
observations

A NASA contribution to CCSP Synthesis and Assessment
Product 1.3: Re-analyses ofi historical climate data for
key atmospheric features. Implications for attribution; of
causes of observed change.




Satellite Radiance Data Streams
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MERRA will analyze radiances from these satellites, and also several satellite
retrieved data products as well as conventional observations (e.g. sondes)




The Changing Observing System
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NASA’s Modern Era Retrospective-analysis for
Research and Applications (MERRA)

Objective: To Improve the water cycle representation
In reanalyses, and support NASA Earth science and
application activities

1979-present (continuing as It Is feasible)
Y- horzontal resolution (72 model levels, sic-strat)

1 hourly surface and 2D diagnostic data

6 hourly 3-Dimensional atmospheric analysis

=150 Tlbs online storage, many: portals

Production Began May 2008 (complete Fall-2009)
Home - http://gmao.gsfc.nasa.gov/merra/

Data -

Discussion - http://merra-reanalysis.blogspot.com/




MERRA Production Status

Nearly 17 years MERRA Production Streams

complete and
shipped to DISC

ctream 2
19940718

Stream 3
20020511
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This figure Is updated regularly at:
hitp://dmao.gsfc.nasa.gov/research/merra/progress-events. phy




MERRA Validation

Experiment Review, Nov 2007

Included Short Experiments at native
resolution (9 months was the lengest)

Long experiment with coarse resolution (Scout)

Radiation, clouc
temperature, U]

S, precipitation, surface
'H, generall circulation

Data sources: S

RB, CERES, MODIS, GPCP

existing reanalyses
Increments (e.g. P-E), Indian Monseon




TOA LW interannual variation (W/m~2)
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See also S. Schubert presentation provided in the Docs folder of the flash drive




Global mean precipitation
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Effect of Water VVapor Analysis

Global mean P—E
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Taylor diagrams for tropical precipitation. GPCP merged precipitation is the reference data set. The diagrams
compare spatial correlation (to GPCP) of the analysis to standard deviation normalized by the reference data set.
If a field exactly duplicated GPCP, it would be at the 1,1 point. Linear distance to the 1,1 point is a measure of
skill in reproducing the reference data set (annual 1979-2005).
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See also: Bosilovich et al (2008, JAMC)




General Circulation: Tropical Moisture
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Basin-scale Precipitation

CPC US Y4 gridded gauge data

Daily, Jan 1 — Sepi 30 2004

Consider all of the Mississippl River Basin domain
Comparison with CEOP Multi-Models in Poster session




Diurnal Cycle ofi Precipitation
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JJA v-wind at 850mb (9-yrs)
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Jul 2004 TOA LW diff from CERES ERBE-like (W/m~2)

GEOS5 MERRA
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All reanalyses get similar patterns as observation.
eThe difference between observations can be a
reference for the uncertainty in reanalyses.

eFor all reanalyses, strongest error happens over

tropical convective regions.
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TOA LW
comparison

of
reanalyses

MERRA TOA LW flux bias mean and standard

deviation are moderate among reanalyses.

TOA LW Jan, 2004 Jul, 2004
difference
(W/m2) Ave | STD | Ave | STD
CERES Terra - -0.8 24 -0.7 2.5
Aqua

MERRA - CERES 54 9.1 25 12.8
ECOPS - CERES 8.9 7.3 7.6 6.8
JRA25 - CERES 16.2 9.0 15.8 10.3
NCEP1 - CERES -0.5 11.4 -0.9 11.5
NCEP2 - CERES 4.6 14.4 4.1 14.4

From Junye Chen




TOA LW-SW Joint Frec

01/04—07/04 TOA LW—SW Joint frequency distribution

NCEP2
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. Distribution

L W-SW Joint
Frequency
Distribution (JFD)
shows the
relationship of LW
and SW under
different atmospheric
states.

eThe shape and
location of MERRA
LW-SW JFD is closer
to CERES
observation, while
the MERRA pattern is
a little stretched.

eFrom Junye Chen
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Trends in the Water and Energy Cycles

Water Vapor Increments

Precipitation
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Net Surface and TOA Imbalance

Net Heating Sfc and TOA N Ocean Sfc Anomalies (W m©)
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MERRA WATER BUDGET PLOTS http://amao.gsfc.nasa.gov,/merrg

Vertical Iy_ I ntegrated Water MERRA DOVDTMST (PRECIP) Mean: —2.59147 MERRA TOTALDOVDT Mean: 0.029587
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Complete budgets
are available
iIncluding all
tendencies and
analysis increments

Water (alll phases),
Ozone, KE, Enthalpy,

MERRA DOVOTANA Mean: -0.162696
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Included ——r ~—r
Also, land-only
budg’ets MERRA DOQVDTDYN Mean: —0.000646021 MERRA SUM Mean: —0.000155246

Tremendous effort
by Max Suarez,
Larry Takacs and
Randy Koster
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Presidents Day Snow Felb 19, 1979

GOES IR 17:30Z19FEB1979

7oK

(Barbs every other grid space)

Much fewer olbservations early in the
record, still weather can be reasonable




Presidents Day Snow Feb 19, 1979

MERRA Clouds, Wind and SLP, 00:30Z139FEB1979
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Andrew Augl 24, 1992

Andrew Landfall (MERRA ANA) 06Z24AUG92 Andrew Landfall (MERRA) 0630Z24AUG92
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Andrew Aug 24, 1992
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All ozone data (Global)
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Ozone response to guestionable data
Increments Ozone
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Flawed sounding:
AZOlEes

1979-1980: A
persistent sounding
west of Portugal IS
very different firom

others nearby.

The result 1s a
persistent counter-
Increment that affects
energetics and
moisture budgets
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MERRA Hourly Basin Average

MERRA: Amazon River Basin (T850 hourly aave)

Major “Black
Frost” episode

JUL JAN JUL
1981




& GMAO - MERRA

€« C | % nhttp//gmao.gsfcnasa.gov/research/merra/prequel /view.php?&mstream=d5_ P | [0~ K~

HASA Goddard Space Flight Center
GLOBAL MODELING AND
ASSIMILATION OFFICE

MERRA MULTI-STREAM VISUALIZATION

See README - MERRA Progress & Events
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On-Line
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Upadated regularly
with monthly
comparisons Versus
existing reanalyses
and some global
observed data sets

More comparisons
being added and will
be redone at the
completion of MERRA

Comments Welcome
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Example figures firom the Atlas

500mb Eddy Height vs JRA25
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MERRA Documentation

GEOSS5 Model and Assimilation Document,
Rienecker et al.

MERRA File Specification, Suarez et al.
(Outlines the output data format, and
Information on variables)

MERRA Validation, Boesilovich et al. (Results
of the GEOSS5 Validation Experiments, prior
to beginning MERRA production)




