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Motivation

Four-dimensional data assimilation (FDDA) was previously implemented

in the Model for Prediction Across Scales – Atmosphere (MPAS-A) model

using an analysis nudging technique with guidance based on the National

Center for Environmental Prediction (NCEP) FNL (Final) meteorological

analyses produced for 0000, 0600, 1200 and 1800 UTC each day. The

FNL analyses are based on all information that eventually feeds into

NCEP’s Meteorological Analysis and Data Ingest System (MADIS). The

6-h data frequency is generally considered the minimum necessary to

resolve diurnal meteorological cycles. It stands to reason that improved

model accuracy could be achieved with more frequent updates to FDDA

guidance. Of course, this reasoning is based on the assumption that the

source of guidance information is more accurate.
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NCEP also provides initial and forecast fields from the Global Forecast

System (GFS) which is applied at the same 6-h time interval as the FNL

analyses. The GFS forecast fields include T+3 hour simulation results.

Because GFS initial fields must be available before each scheduled model

start time, they are often developed from less observational data than the

FNL analyses. Nonetheless, these GFS data products offer the ability to

update FDDA guidance every 3 hours. This work addresses two basic

questions: Are MPAS-A simulations degraded by the use of GFS initial

fields instead of FNL analyses? How does adding 3-h GFS forecast fields

to the FDDA guidance affect model accuracy?

Investigation

MPAS-A simulations of calendar year 2016 were produced with FDDA

guidance updated at 6-h intervals (the original frequency) first from FNL

analyses and second using GFS initialization fields. MPAS-A was also

applied for all of 2016 with 3-h FDDA updates produced two ways; 1)

using GFS initial and T+3 hour forecast fields, and 2) using a mix of FNL

analyses and GFS T+3 hour forecast fields.

A 92-25 km variable-resolution mesh with its origin positioned at 40° N,

95° W was used for all simulations. The physics options employed were a

special suite of options developed to support air quality simulations.

These include the Pleim-Xiu land surface model with soil temperature and

moisture nudging (Xiu and Pleim, 2001; Pleim and Xiu, 2003; Pleim and

Gilliam, 2009), Pleim surface layer scheme (Pleim 2006), Asymmetric

Convective Model, version 2 (Pleim 2007a,b) for the planetary boundary

layer, and a modified Kain-Fritsch convection scheme using trigger 1 with

sub-grid cloud radiation and mass-flux based convective time scale

(Bullock et al., 2015). The radiation schemes used were RRTMG-LW and

RRTMG-SW (Iacono et al., 2006). The microphysics scheme used was

WSM6 (Hong and Lim, 2006). All simulations were evaluated against

surface and upper air observations using the Atmospheric Model

Evaluation Tool (AMET) described in Appel et al. (2011).

Comparing Results using FNL vs. GFS for FDDA guidance (Standard 6-hour updates)

Conclusion

Comparison of results obtained with 6-h FDDA updates based on FNL 

analyses versus those obtained with 6-h FDDA updates from GFS initial 

fields showed very little difference in the context of monthly average 

error.  However, the GFS guidance produced some spurious increases in 

daily-average error compared FNL guidance.  These excursions of error, 

when they did occur, tended to be on the 16th day of the month.

Tests with 3-h FDDA updates from GFS initial and T+3 hour forecast 

fields showed some error reduction relative to standard 6-h FNL updates. 

Best accuracy, by a very small amount, was obtained with 3-h FDDA 

updates from a blend of FNL analyses and T+3 hour GFS forecast fields.  

Comparing Standard 6-Hour FNL Updates to Two Methods for 3-Hour Updates

Method 1:  GFS initialization fields and GFS 3-hour forecast fields (GFS3) Method 2: FNL analysis fields and GFS 3-hour forecast fields (MIX3)
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