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Current GEOS-5 Development:
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Current GEOS-5

Aerosol Data Assimilation

Focus on NASA EOS O Simultaneous estimates of
instruments, MODIS for now background bias (Dee and

da Silva 1998)

O Adaptive Statistical Quality
Control (Dee et al. 1999):

O State dependent (adapts to
the error of the day)

O Background and Buddy
checks based on log-
transformed AOD innovation

Global, high resolution 2D

AOD analysis _

3D increments by means of O Error covariance models
Local Displacement (Dee and da SI/VE:) 1999)'
Ensembles (LDE) O Innovation based

O Maximum likelihood



Data Type

Quality control and Data Assimilation
methodologies assumes Gaussian statistics

AOD (and errors) is not normally distributed

Log-transformed AOD has better statistical
properties:

Log ( 0.01 + AOD)

This 0.01 factor is determined from goodness-
of-fit considerations




Analysis Variable: |17=log(t+0.01)
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Analysis Splitting
3D Aerosol Concentration Analysis

2" =2/ + PTHT (HPHT + R) ™ (y° — Ha') = 2f + 62"

where y is AOD, and x is aerosol concentration.

2D AOD Analysis

Since the AOD observable is 2D is common to solve the AOD analysis equation:

y* = Ha" =y/ + HP'H” (HP'HT + R)™ (y° — Hal) =y + 6y°

Projecting AOD into Concentration Increments

The 3D concetration increments is related to the 2D AOD increments by:

sa* = PPHT (HPTHT) ™' 6y°

For efficiency, this last equation can be solved in 1D (vertical).



Analysis Splitting

with Ensembles

If the background error covariance P/ is parameterized in terms of ensemble
perturbations, say

X = (xr1 22 -+ zp)
Y = HX
= (Hx;y Hxo -+ Hzxp)
= (yl Yya - yE)
so that
P~ xXXT

it follows that ,

oz = XY (YY) " 6y°

This is the well known (unbiased) linear regression equation.



Local Displacement

Ensembles (LDE)
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GEOS-5 Meteorological DAS
Hybrid 3D-VAR/EnKF
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GEOS-5 Aerosol Assimilation

Phase I: EnKF Only
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In Development:

GEOS-5 Aerosol EnKF

Based on Whitaker & Hamill (2002) formulation

Same codebase as GEOS-5 EnsVar System
Aerosol ensembles

produced by GEOS-5 EnsVar system

32 or 64 members

~ 50 or 25 km resolution (central analysis: 12.5 km)
Aerosols impact GSI observation operators (for IR
channels) but no aerosol increments produced.
Adaptive maximum-likelihood estimation of error
variances and localization functions
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Summary of GEOS-5

Reanalysis Activities

MERRA-1 50 km 1979-present  NONE now
MERRAero 50 km 2002-present  MODIS Cg now
FP for Inst. 50 km 1997- MODIS Csg In progress
Teams
NCA 25 km 2010-11 MODIS Cg, MISR Now
MERRA-2 50 km 1979-present  AVHRR, MODIS Summer 2015
Cs,
MISR,AERONET
MERRA-2 12.5 km 2000-2015 AVHRR, MODIS Q4 2015
Dynamical C5/C6, MISR,

Downscaling AERONET
15



AERONET-MODIS/MISR
Joint PDF

Original MODIS
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NRL Empirical AOD Corrections
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Neural Net for
AOD Empirical Retrievals

[0 Ocean Predictors [0 Land Predictors
B Multi-channel B Multi-channel
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[0 Solar [0 Sensor
0 Sensor B Cloud fraction (<85%)
B Cloud fraction (<85%) B Climatological albedo
B Wind speed 0 <0.25
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® Log(AOD+0.01) ® Log(AOD+0.01)




Observational Bias

ORIGINAL MODIS AOD BIAS CORRECTED AOD
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PATMOS-x

AVHRR Pathfinder Atmospheres - Extended

Documentation |
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CDR 75

AVHRR NOAA CDR AOD -4

MERRAero, AERONET Comparison
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AVHHR Dust Aerorol Optical Depth (2008)
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PATMOS-x

AVHRR Pathfinder Atmospheres - Extended

PATMOS-x Dataset

L
L

O

Version 5 Level 2B

0.1 degree sampling (not
average)

Period: 1978-2009

Inter satellite calibration
(MODIS reference)

Bayesian probabilistic
cloud detection (CALIPSO
reference)

B cpd <0.5%

Neural Net Retrival
[0 Ocean Predictors
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Ocean albedo (wind)
Solar and sensor angles

GEOS-5 fractional AOD
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0%\QIHHR Carbonaceous Aerorol Optical Depth (2008)

AVHHR Dust Aerorol Optical Depth (2008)
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CDR Ty

AERONET Validation

CDR AVHHR Aerorol Optical Depth

NNR AVHHR Aerorol Optical Depth
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Coastal and Island Stations for 2003-2009




MERRA-2 Global AOD
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Data Assimilation and

Field Campaigns

Assimilation of localized field campaign datain a
global modelis of limited utility

Impact is often downstream of measurement
However, field campaign data provide a great

opportunity for DA algorithm development
Produce analysis along a flight curtain
Use model state sampled at curtain as prior

Include measurements from multiple sensors
polarimeters, radiometers, LIDAR

Update model state, verify against in-situ payload



HSRL/Dial & GEOS-5 During SEAC4RS

DIAL/HSRL 532 nm Aerosol Backscatter on 2013-08-19
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GEOS-5 Species:

GEOS-5 OC Concentration (zg/m?) on 2013-08-19

GEOS-5 BC Concentration (zg/m®) on 2013-08-19
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DIAL HSRL: 12-D Var

Observables:
Backscatter: 532 nm and 1064 nm

Extinction: 532 nm
Control variables:

GOCART species (dust, sea-salt, BC, OC, SOg4)
Observation operators:

Rely on prescribed Aerosol Optical Properties (AOP)
In principle AOP’s should be jointly estimated



Identifiability Issues

Example: aerosol extinction coefficient

€ — jg: ,f(n87TsaA)p8

Specles

Typically AOP fis prescribed and p. is the
control variable

Satisfying backscatter and extinction
observational constraints is not so trivial if
AOPs are not adequate

Tracer Concentration




OBS

MODEL

Analysis
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Limit Case: Small Obs Error
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at the expense of negative mass.

OCPHOBIC
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Work in progress ...

Joint estimation of concentrations and optical
properties

Not yet clear whether simplified optical models in
GOCART will be sufficient

Additional number concentration control variable in
new aerosol microphysical module may prove
essential.

Similar challenges are likely present in assimilation
of multi-spectral AOD/reflectances



Concluding Remarks

AEROSOLS IN GEOS-5 GEOS-5 EVOLUTION

The GEOS-5 Earth Modeling
System includes data assimilation
of its major components
Aerosols are an integral part of
the GEOS-5 NRT and re-analysis
systems

GEOS-5 OSSE activities in
support of new NASA observing
missions

Builds on NWP capabilities, extends it
to constituents and other components

Aerosol/cloud processes evolving
from bulk to modal/2-moment
schemes

Aerosol assimilation evolving
into a EnKF sub-system within
the atmospheric 4D-EnVar
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