
NASA’s Modern Era RetrospectiveNASA’s Modern Era Retrospective--analysis analysis pp yy
for Research and Applications (MERRAfor Research and Applications (MERRA))

Global Modeling and Assimilation OfficeGlobal Modeling and Assimilation Office

►►Overview and Overview and ValidationValidation
►►Global Water and Energy BudgetGlobal Water and Energy Budget
►►Some Weather FeaturesSome Weather Features

Presented by Michael Bosilovich, Purdue University, West Lafayette IN

September 24, 2009



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

►► When satellite profiles became useful for initializing When satellite profiles became useful for initializing 
weather forecasts the analyses also provided globalweather forecasts the analyses also provided globalweather forecasts, the analyses also provided global weather forecasts, the analyses also provided global 
maps of the circulationmaps of the circulation

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

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

St ti d li d d t i il ti t dSt ti d li d d t i il ti t d►► Static modeling and data assimilation systems were used Static modeling and data assimilation systems were used 
to reto re--analyze the long time series (NCEP, ERA15)analyze the long time series (NCEP, ERA15)

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



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

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

►►GEOS5 system development including NASA global GEOS5 system development including NASA global 
climate model with NCEP GSI data assimilationclimate model with NCEP GSI data assimilation

►►Nov 2007 Nov 2007 –– External User Review Group endorses External User Review Group endorses pp
the Validation Review of GEOS5 for MERRAthe Validation Review of GEOS5 for MERRA

►► Production began in Mar 2008Production began in Mar 2008►► oduct o bega a 008oduct o bega a 008

►►….. And again in May 2008….. And again in May 2008

►►Currently 1979 through 2005 are available onlineCurrently 1979 through 2005 are available online►►Currently 1979 through 2005 are available onlineCurrently 1979 through 2005 are available online



The Changing Observing SystemThe Changing Observing System

1973 – 77K Obs every 6hrs 1987 – 550K Obs  every 6hrs

1979 – 325K Obs  every 6hrs 2006 – 4.2M Obs  every 6hrs



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

►► 19791979--present (continuing as it is feasible)present (continuing as it is feasible)

►►½½°° horizontal resolution (horizontal resolution (7272 model levels, model levels, sfcsfc--stratstrat))

►► 1 hourly1 hourly surface and 2D diagnostic datasurface and 2D diagnostic datayy gg
 Including complete budgets and extensive meteorology, Including complete budgets and extensive meteorology, 

lowest model level stateslowest model level states

►► 6 hourly 36 hourly 3--Dimensional atmospheric analysisDimensional atmospheric analysis

►► 3 hourly 33 hourly 3--D model background including diagnostics,D model background including diagnostics,►► 3 hourly 33 hourly 3 D model background including diagnostics, D model background including diagnostics, 
coarse resolutioncoarse resolution

►►>70 >70 TbsTbs online storage, many portalsonline storage, many portalsg , y pg , y p



MERRA ValidationMERRA ValidationMERRA ValidationMERRA Validation

►►Experiment Review Nov 2007Experiment Review Nov 2007►►Experiment Review, Nov 2007Experiment Review, Nov 2007
►►Included Short Experiments at native Included Short Experiments at native 

resolution (9 months was the longest)resolution (9 months was the longest)resolution (9 months was the longest)resolution (9 months was the longest)
 Long experiment with coarse resolution (Scout)Long experiment with coarse resolution (Scout)

d l d fd l d f►►Radiation, clouds, precipitation, surface Radiation, clouds, precipitation, surface 
temperature, UTH, general circulationtemperature, UTH, general circulation

►►Data sources: SRB, CERES, MODIS, GPCP, Data sources: SRB, CERES, MODIS, GPCP, 
enhanced station obs, existing reanalysesenhanced station obs, existing reanalyses

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



S. Schubert



General Circulation: Tropical MoistureGeneral Circulation: Tropical Moisture

ERA 40 JRA25



Jan/Jul 2004 PrecipitationJan/Jul 2004 Precipitation/ p/ p
a b 

c d 

►►Bosilovich et al.Bosilovich et al.

e f 

►►Bosilovich et al. Bosilovich et al. 
(2008 JHM)(2008 JHM)



BasinBasin--scale Precipitationscale PrecipitationBasinBasin scale Precipitationscale Precipitation
GEOS5

►► CPC US ¼ gridded gauge dataCPC US ¼ gridded gauge data
►► Daily, Jan 1 Daily, Jan 1 –– Sep 30 2004Sep 30 2004
►► Consider all of the Mississippi River Basin domainConsider all of the Mississippi River Basin domain
►► Comparable to NCEP, UKMO operational analysesComparable to NCEP, UKMO operational analyses



0-6Z 6-12Z 12-18Z 18-0Z
Diurnal Cycle of PrecipitationDiurnal Cycle of Precipitation
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MERRA Water and Energy MERRA Water and Energy 
BB d td tBBudgetsudgets



Vertically-Integrated Water 
Vapor Budget for July 1991
Vertically-Integrated Water 
Vapor Budget for July 1991
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►► Complete budgets Complete budgets 
are available are available 
including all including all 
t d i dt d i dtendencies and tendencies and 
analysis incrementsanalysis increments

►► Water (all phases), Water (all phases), 
O one KE EnthalpO one KE EnthalpOzone, KE, Enthalpy,  Ozone, KE, Enthalpy,  
IncludedIncluded

►► Also, landAlso, land--only only 
budgetsbudgetsbudgetsbudgets

►► Tremendous effort Tremendous effort 
by Max Suarez, by Max Suarez, 
Larry Takacs andLarry Takacs andLarry Takacs and Larry Takacs and 
Randy KosterRandy Koster





Trends in the Water and Energy CyclesTrends in the Water and Energy Cycles
Global Precipitation Ocean Precipitation ( mm day-1)Global OceanGlobal Precipitation
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Land Precipitation ( mm day-1)Land

►►Global P trend mostly Global P trend mostly 
over Oceanover Ocean

Land Precipitation ( mm day )
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►► Land, taken together, Land, taken together, 

are comparable with are comparable with 1.6
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Ocean only P and EOcean only P and EOcean only P and EOcean only P and E
Ocean Precipitation ( mm day-1)
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4 2
4.4

P E

3 2
3.4
3.6
3.8
4.0
4.2

3 2
3.4
3.6
3.8
4.0
4.2

2.4
2.6
2.8
3.0
3.2

97
9

98
0

98
1

98
2

98
3

98
4

98
5

98
6

98
7

98
8

98
9

99
0

99
1

99
2

99
3

99
4

99
5

99
6

99
7

99
8

99
9

00
0

00
1

00
2

00
3

00
4

00
5

00
6 2.4

2.6
2.8
3.0
3.2

79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06

►►The Upward trend in P exceeds EThe Upward trend in P exceeds E
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►►The Upward trend in P exceeds EThe Upward trend in P exceeds E
►►AllAll reanalyses show upward trend in ocean reanalyses show upward trend in ocean 

evaporation (most also show increasing P)evaporation (most also show increasing P)evaporation  (most also show increasing P)evaporation  (most also show increasing P)



Global water BalanceGlobal water BalanceGlobal water BalanceGlobal water Balance
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►►Nov98 NOAA15Nov98 NOAA15
►► Jul99 QSCATJul99 QSCAT
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Net Surface and TOA ImbalanceNet Surface and TOA ImbalanceNet Surface and TOA ImbalanceNet Surface and TOA Imbalance

Net Heating Sfc and TOA MERRA Ocean Sfc Anomalies (W m-2)g
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►►Global surface net imbalance is improving in time, Global surface net imbalance is improving in time, 
mostly changing over Oceanmostly changing over Ocean

►►The Ocean net imbalance is decreasing inThe Ocean net imbalance is decreasing in►►The Ocean net imbalance is decreasing in The Ocean net imbalance is decreasing in 
incoming SW radiation and increasing LEincoming SW radiation and increasing LE



Spatial Distribution of Linear TrendsSpatial Distribution of Linear Trends
P EP E

ANADYN ANADYN



Central Africa Water BudgetCentral Africa Water BudgetCentral Africa Water BudgetCentral Africa Water Budget



Water Vapor  Before and AfterWater Vapor  Before and After



SummarySummary
►►MERRA Precipitation shows skill compared to MERRA Precipitation shows skill compared to 

GPCP, relative to other reanalyses, the trends are GPCP, relative to other reanalyses, the trends are 
th d f th l b t th bi ith d f th l b t th bi ion the order of other reanalyses, but the bias is on the order of other reanalyses, but the bias is 

much improvedmuch improved
►► Energy balance looks reasonable in recent periodEnergy balance looks reasonable in recent period►► Energy balance looks reasonable in recent period, Energy balance looks reasonable in recent period, 

~8Wm~8Wm--22 imbalance (recent period, mostly ocean)imbalance (recent period, mostly ocean)
►►Remaining issues in reanalyses: trends apparentlyRemaining issues in reanalyses: trends apparently►►Remaining issues in reanalyses: trends apparently Remaining issues in reanalyses: trends apparently 

related to the changing observing system, related to the changing observing system, 
affecting water and energy cycles, and ultimatelyaffecting water and energy cycles, and ultimatelyaffecting water and energy cycles, and ultimately affecting water and energy cycles, and ultimately 
regional  dynamicsregional  dynamics

►►Regionally, researchers must evaluate the Regionally, researchers must evaluate the g y,g y,
processes important to their projectprocesses important to their project



Some WeatherSome WeatherSome WeatherSome Weather



President’s Day Snow Feb 19, 1979President’s Day Snow Feb 19, 1979
GOES IR 17:30Z19FEB1979

►►Break in MERRA cloud fraction seemsBreak in MERRA cloud fraction seems

(Barbs every other grid space)

►►Break in  MERRA cloud fraction seems Break in  MERRA cloud fraction seems 
apparent in GOES IRapparent in GOES IR



“Storm of the Century”Storm of the Century



TROPOPAUSE FOLD



TROPOPAUSE FOLD



Andrew Aug 24, 1992Andrew Aug 24, 1992



Andrew Aug 24, 1992Andrew Aug 24, 1992

►►Contaminated ERS1 data is usedContaminated ERS1 data is used
►►Resolution still too coarse for small TCsResolution still too coarse for small TCs



Production MonitoringProduction MonitoringProduction MonitoringProduction Monitoring



Scout SBUV Assimilation Statistics, Mar 1992



Ozone response to questionable data Ozone response to questionable data 
Increments OzoneIncrements OzoneIncrements           OzoneIncrements           Ozone



Flawed sounding: Flawed sounding: 
AAAzoresAzores

►►19791979--1980: A1980: A►►19791979 1980: A 1980: A 
persistent sounding persistent sounding 
west of Portugal iswest of Portugal iswest of Portugal is west of Portugal is 
very different from very different from 
others nearbyothers nearbyothers nearbyothers nearby

►►The result is a The result is a 
persistent counterpersistent counterpersistent counterpersistent counter--
increment that affects increment that affects 
energetics andenergetics andenergetics and energetics and 
moisture budgets moisture budgets 



MERRA MERRA 
OnOn--LineLineOnOn--Line Line 

AtlasAtlas
►► Updated regularly Updated regularly 

with monthly with monthly 
comparisons versus comparisons versus 
existing reanalyses existing reanalyses 
and some global and some global 
observed data setsobserved data sets

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

►► Comments WelcomeComments Welcome

http://gmao.gsfc.nasa.gov/research/merra/prequel/view.php 



Example figures from the AtlasExample figures from the Atlas
500mb Eddy Height vs JRA25

Precipitation Taylor Diagram, All 
Reanalyses using GPCP as the reference



Thank YouThank YouThank YouThank You

►►Home Home -- http://gmao.gsfc.nasa.gov/merra/http://gmao.gsfc.nasa.gov/merra/oo p //g ao gs asa go / a/p //g ao gs asa go / a/

►►Data Data -- http://disc.sci.gsfc.nasa.gov/MDISC/http://disc.sci.gsfc.nasa.gov/MDISC/

►►Discussion Discussion ––

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

►►merramerra--questions@listserv.gsfc.nasa.govquestions@listserv.gsfc.nasa.gov
►►Michael.Bosilovich@nasa.govMichael.Bosilovich@nasa.gov@ g@ g



MERRA DocumentationMERRA DocumentationMERRA DocumentationMERRA Documentation

►►GEOS5 Model and Assimilation Document,GEOS5 Model and Assimilation Document,►►GEOS5 Model and Assimilation Document, GEOS5 Model and Assimilation Document, 
Rienecker et al.Rienecker et al.

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

►►MERRA Validation, (Results of the GEOS5 MERRA Validation, (Results of the GEOS5 
Validation Experiments, prior to beginningValidation Experiments, prior to beginningValidation Experiments, prior to beginning Validation Experiments, prior to beginning 
MERRA production)MERRA production)


