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MERRA heat, moisture, and momentum budgets are always balanced…

…but at the expense of the increment forcing the first guess to the analysis 





Net Surface Heat Flux and 
Implied Northward Ocean Heat Transport 1999-2005 

MERRA  

SRB, OAFLux        ISCCP-FD, OAFLux  

Flux uncertainties yield transport uncertainties of order 1 PW  

CERES SRB,OAFLux  SRB, RSS LHF, OAFLux So

MERRA (9.1)
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CERES, OAFlux (28.4)
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SRB, RSS LHF, OAFlux So (18.0)

Ocean Transports (PW) with Corrections (Wm-2)
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• Transport calculation:
where net flux is corrected by a constant  offset , α

• Compared to MERRA, satellite retrievals biased toward 
equatorward heat transport in Southern Ocean (SO) 

• MERRA LHF > OAFlux  in SO; RSS LHF > OAFlux in tropics
• CERES Sfc Radiation > SRB, ISCCP
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Impact of Time-Varying Observational Data Streams 
on MERRA Fluxes

• Time-dependent biases in qv, T, u, v analysis increments result from 
varying satellite information content interacting with a constant but 
imperfect GEOS5 assimilation model 

• Model physics respond to this varying “forcing” with artifacts in fluxes



Time Dependent qv Analysis Increments Affect Rainfall
Zonal Mean Time Series (Mean Annual Cycle Removed)

• Onset of ATOVS data in 1998 increases convective moisture source (SSMI in 1988 less 
so).  Temperature tendency (not shown) also impacts precipitation

• Leading mode of precipitation variability is non-physical trend, strongly coupled to the 
moisture increment

Vert Integ zonal mean dqvdt-ana Zonal mean MERRA precip

SSMI

ATOVS



SVD Analysis May Enable                                 
Removal of Spurious Precip Signal to First Order

1. Perform  singular value decomposition (SVD) analysis of zonal mean vertically-
integrated dqv/dt and precipitation.  This largely isolates the artifact common to both

2. Regress precipitation fields onto the leading zonal singular vector of dqv/dt mode 

3. Time-dependent correction field is the product of the zonal singular vector and 
regression pattern that is then eliminated from the precipitation.  

Precipitation regression map
Zonal mean dqvdt (black) and 

SVD modes (green is 1st)



Results of Correction by Linear Regression to 
Remove Artifact with Leading dqvdt-ana Mode 



Ocean 45 N/S Precipitation mm d-1

MERRA  Corrected MERRA, GPCP, RSS Hilburn/Wentz

SRB Net Rad Cooling suggests 
GPCP maybe too high 1984-86



Summary Points:

MERRA produces balanced budgets of water, heat, radiation within an 
assimilation framework that minimizes spinup / shock  MERRA fields 
smoothly varying on sub-daily time scale.  WEC flux estimates in recent 
years (2000 & beyond) are likely as good or better than other recent 
reanalysis efforts.

Because of evolving observing system time dependent corrections to model 
first guess through analysis increment tendency have induced non-physical 
trends in fluxes.  Techniques for isolating instrument-related step functions 
in fluxes and q, T increments show promise for minimizing reducing these 
artifacts.

NEWS Challenge:  To what extent can NEWS flux retrievals, reanalyses, and 
model experiments be integrated to  comment on big questions:  Is WEC 
changing regionally, globally?  How has Walker / Hadley varied over the satellite 
record?  Can we reconcile model / observed WEC scaling relationships?
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