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NASA’s Modern Era Retrospective-analysis for
Research and Applications (MERRA)
When satellite profiles became useful for initializing

weather forecasts, the analyses also provided global
maps of the circulation

After some time passed and there were years of
analyses, the data were analyzed for climate studies

Changes in the modeling systems, lead to changes in the
resulting climate so that these data were unreliable for
climate studies

Static modeling and data assimilation systems were used
to re-analyze the long time series (NCEP, ERA15)

Currently, many new observations are being made and
assimilated into the Earth system




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

2002 Proposed Objective: Improving the water and
energy cycle representation in a reanalysis

GEQOSS system development including NASA global
climate model with NCEP GSI data assimilation

Nov 2007 — External User Review Group endorses
the Validation Review of GEOS5 for MERRA

Production began in Mar 2008
And again in May 2008
Currently 1979 through 2005 are available online




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

1979-present (continuing as it is feasible)

1%° horizontal resolution (72 model levels, sfc-strat)

1 hourly surface and 2D diagnostic data

Including complete budgets and extensive meteorology,
lowest model level states

6 hourly 3-Dimensional atmospheric analysis

3 hourly 3-D model background including diagnostics,
coarse resolution

=70 Tbs online storage, many portals




MERRA Validation

Experiment Review, Nov 2007

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

Long experiment with coarse resolution (Scout)

Radiation, clouc
temperature, U

S, precipitation, surface
'H, general circulation

Data sources: S
enhanced statio

RB, CERES, MODIS, GPCP,
n obs, existing reanalyses

Increments (e.g. P-E), Indian Monsoon




TOA LW interannual variation (W/m~2)
CERES ERBE-like Merra Merra—CERES
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General Circulation: Tropical Moisture
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Jan/Jul 2004 Precipitation
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Basin-scale Precipitation

Mississippi River Sub—Basins on GEO0SH5 grid

Noow 115W 110W 105W 100W 95W 8 3 10 12 14 16
GE0S5 (b10p15)

CPC US ¥4 gridded gauge data

Daily, Jan 1 — Sep 30 2004

Consider all of the Mississippi River Basin domain
Comparable to NCEP, UKMO operational analyses




Diurnal Cycle of Precipitation




JJA v-wind at 850mb (9-yrs)
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MERRA Water and Energy
Budgets




= MERRA WATER BUDGET PLOTS http://gmao.gsfc.nasa.gov/merra
Vertically-Integrated Water ... soons: e ve 2500

MERRA TOTALDOQWVDT Mean: 0020587

Vapor Budget for July 1991
V V
a =E-P-V.-qv+— a

Complete budgets B e m— (L

are available
Including all
tendencies and
analysis increments

Water (all phases),
Ozone, KE, Enthalpy,
Included

Also, land-only
budgets

Tremendous effort
by Max Suarez,
Larry Takacs and
Randy Koster
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Ocean Precipitation ( mm day™)
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Global Precipitation
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ttle apparent trend

Global P trend mostly

over Ocean
Land, taken together,

are comparable with
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Ocean only P and E

Ocean Precipitation ( mm day’) Ocean Evaporation ( mm day'l)

The Upward trend in P exceeds E

reanalyses show upward trend in ocean
evaporation (most also show increasing P)




Global water Balance

Nov98 NOAA15
Jul99 QSCAT
Jan01 NOAA16
Aug02 NOAA17
Oct02 AIRS
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Net Surface and TOA Imbalance

Net Heating Sfc and TOA . MERRA Ocean Sfc Anomalies (W m™)

| AA h—p Ak AA A-Ak Ap kA Ak

Ak A al

Global surface net imbalance is improving in time,
mostly changing over Ocean

The Ocean net imbalance is decreasing in
Incoming SW radiation and increasing LE




Spatial Distribution of Linear Trends

MERRA Evap Trend (mm day™* per 10 years)




Central Africa Water Budget

Central Africa (lon, 0—30; lat, 0—20)




Water Vapor Before and After
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Summary

MERRA Precipitation shows skill compared to
GPCP, relative to other reanalyses, the trends are
on the order of other reanalyses, but the bias is
much improved

Energy balance looks reasonable in recent period,

~8Wm-2 imbalance (recent period, mostly ocean)

Remaining issues in reanalyses: trends apparently
related to the changing observing system,
affecting water and energy cycles, and ultimately
regional dynamics

Regionally, researchers must evaluate the
processes important to their project




Some Weather




President’s Day Snow Feb 19, 1979

GOES IR 17:30Z19FEB1979 MERRA Clouds, Wind and SLP, 17:30%19FEB1979

85W aow ) (4.4 70W 65W 6OW

(Barbs every other grid space)

Break In MERRA cloud fraction seems
apparent in GOES IR




“Storm of the Century”

MERRA Clouds, Wind and SLP
56N
50N
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Figure 10.30. Cross section through a tropopause fold for 0000 GMT, 13 March 1978.

Potential temperature (K) is indicated by thin solid lines; wind speed ( m s=1) by thick

dashed lines; Sabreliner flight track by thin dashed lines; tropopause defined in terms of

potential vorticity (100 X 10~7 K mb~! s~1) by thick solid line. The troposphere is stippled.
+ (From Shapiro, 1980.)




TROPOPAUSE FOLD

MERRA 12Z13MAR1993, 90.625 W: Wind Sp (Black), EPV (colc
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Andrew Aug 24, 1992

Andrew Landfall (MERRA ANA) 06Z24AUG92
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Production Monitoring
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Ozone response to questionable data
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Flawed sounding:
Azores
1979-1980: A

persistent sounding
west of Portugal Is

very different from

others nearby

The result is a
persistent counter-
Increment that affects
energetics and
moisture budgets
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& GMAQD - MERRA
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NASA Goddard Space Flight Center
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MERRA MULTI-STREAM VISUALIZATION

See README - MERRA Progress & Events
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Updated regularly
with monthly
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existing reanalyses
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observed data sets

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

Comments Welcome
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Example figures from the Atlas

500mb Eddy Height vs JRA25
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Thank You

Home - http://gmao.gsfc.nasa.gov/merra/
Data -
Discussion —

nttp://merra-reanalysis.blogspot.com/

merra-questions@listserv.gsfc.nasa.gov
Michael.Bosilovich@nasa.gov




MERRA Documentation

GEOS5 Model and Assimilation Document,
Rienecker et al.

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

MER
Valid
MER

RA Validation, (Results of the GEOS5
ation Experiments, prior to beginning

RA production)




