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GODDARD o Model Based OSSEs

GMAO

A framework for numerical experimentation in which observables are simulated from fields

generated by an earth system model.

Simulations are performed in support of an experimental goal.
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GMAO OSSE Framework for Retrieval Studies

GEOS Nature Run Gridded
Atmospheric Profile Properties

* Aerosols (5 species)
T P, Winds

Gridded Land & Ocean
Properties
* Water leaving radiance
 Land surface reflectance
kernels
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Sample the Model Along the Instrument Field of View

* Sun-sensor geometry
* Spectral aerosol optical property profiles (7,q, Waep

Paer)
* Spectral trace gas optical properties (Trayieighs Tabs

PRaerigh)
 Spectral surface reflectance (glint, glitter)
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MODIS Cloud and Aerosol Retrieval Simulator

GMAO

Aerosol and Atmosphere Only Simulated Comparison of Retrieved

AOD and Model Ground Truth

Real Comparison of Retrieved AOD
and Observed Ground Truth

“Brazil 2” without cloud
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Evaluation of whether TEMPO UV-Vis capabilities can augment GEOS-R longwave (2250 nm)

Absorbing Aerosol Index
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o Algorithm Development

Global Ocean Radiance Simulation Gregg & Rousseaux, Frontiers

in Marine Science (2017)
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Simulated PACE L1b Granule

TOA Reflectance 550

T

G5NR AOD 550

»
i, 1 Example of hyperspectral OCI
j #1113 simulations at TOA vs multispectral
U
HEN data
W Y
§ i
i %
'
%\
k:
y.ﬂ
bk
“ﬁh\)-( ____________ )
250 500 750 1000 1250 1500 1750 2000 2250

Wavelength (nm)

0.10

0.08

0.06

0.04

0.02

0.00

0.25

0.20

0.15

0.10

0.05

0.00

Surface Reflectance 550

T

G5NR RH

0.05

0.04

0.03

0.02

0.01

0.00

100

80

60



GOLRARE - PACE OCI Retrieval Algorithm Evaluation
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550 nm AOD Retrieval Hyperspectral Water Leaving
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Microphysics

G5NR surface and aerosol fields
for 13:30 Sun synchronous orbit

Over 120,000 polarimeter retrievals performed
covering range of AODs and aerosol types in August
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Note that many individual orbits overlap at this scale
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VLIDORT
Forward Calculation

Synthetic Polarimeter Measurements (I, Q, U)
10 angles over 57 degrees in VZA

8 wavelengths spanning 0.36 pum to 1.6 um

Simulated Truth Noise
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G&DDARD Global Scale Retrieval Evaluation
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 The GEOS 7 km Nature Run has served us well over the years, but lack of realistic
cloud properties has been a road block

* Cloud downscaling algorithms lacked realism at km scale

* Land surface reflectance is not prognostlc and I|m|ted to observed cllmatology of
specific channels aaa & sl

+ e.g. MODIS, TOMS




GODDARD DYAMOND Runs Phase Il

GMAO '
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* Traditional I/O based approaches for Nature Run
generation are not practical.

* 1-km model requires exabytes of storage for 1 year
simulation

* Developing two-phase workflow for generating Nature
Run datasets

1. Model is spun up in a run with limited output except
for frequent checkpoints and browse products

2. Model is run from checkpoints with on-line sampling of
geophysical variables at user specified observation locations

* Flexible API for custom geo-location samplers, allowing
maximum flexibility: ground stations, aircraft trajectories,
satellite swaths

Storm Resolving Nature Run

Brightness Temperature 10.5 microns [K]

Nature Ru@”

24N

22N

" o
115E 120E 125E 155E

Credit: Bill Putman




R Hyperspectral BRDF from MODIS Products

: .
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* Hyperspectral Surface BRDF (RTLS) . e - - .
parameters are generated based onthe |-~ AN TS
corresponding MODIS (MCD19)
products and the Aster/ECOSTRESS
spectral library S e B

- The data are provided on geographic ) e s
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‘Prognostic'Land Surface Reflectance Model

Driver Inputs

Gridded Annual
CO,

Gridded Soil
texture

Data

Gridded Latitude
and Longitude

LPJ-Prosail

50km? grid cell

Gridded Climate >

f(Latitude, TOD)

* Solar Zenith Angle

* Relative Azimuth Angle
* SKYL

Abiotic processes

* Soil hydrology

* Thermodynamics

* Fire

Biotic processes

* Plant Functional Types
* photosynthesis and respiration

+ establishment, growth, mortality
+ competition
* Heterotrophic Respiration
* litter and soil dynamics
Daily step—d

4SAIL Inputs

-

Annual step =——

Credit: Ben Poulter

Sun-Observer Zenith Anggl

Leaf area index

Soil reflectance

Hot spot parameter

Leaf angle
distribution

PROSPECT Inputs

-

Leaf structure
(n_layer)

Chlorophyll a + b
(Cab)

Carotenoids
(Car)

Brown pigment
(Cbrown)

Equivalent water
thickness (Cw)

Dry matter (Cm)

e Simulates global dynamic surface reflectance data for
spaceborne imaging spectroscopy missions.

e Dynamic global vegetation model, LPJ + canopy radiative
transfer model, PRO4SAIL.

e Gridded input variables drive process-based vegetation
dynamics of 10 plant functional types and downstream
biogeochemical and hydrological cycling.

o Atmospheric Inputs: CRU, MERRA-2 or km-scale Nature
Run (in progress)

o HWSD or USDA global soils

o CO,

o LUH v2 land use change data

e Variables cross-walked between LPJ and PROSAIL (greenin
the diagram) to estimate globally-gridded, top-of-canopy
reflectance data at the same time step as LPJ.

e Reflectance (Level 1) data products:

o Globally-gridded top-of-canopy reflectances for 1980-
2021.

o Daily or monthly time step

o 0.5° globally gridded

O 400-2500NM @ 10NM
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GMAO

e The GMAO OSSE framework based on the 7 kmm GEOS Nature Run has been the basis of
several retrieval algorithm evaluation studies

* The simulated observations have allowed us to:
 Test hypotheses for mechanisms that can explain known retreival biases
« Evaluate the synergy between instuments
« Demonstrate the feasibility of heritage retrieval algorithms on new sensors
« Exercise retrieval algorithm software before launch
 Derive global statistics of the accuracy of a multi-angle polarimeter retrieval

* Next generation km-scale cloud resolving Nature Runs will allow for demonstrating cloud effects
* New /O paradigm will enable easier handling and sharing of this very large dataset

* Collaboration with the SBG team’s developments of hyperspectral and prognostic land surface
refletance will further the realism of our simulated observations and bring the observation
simulator closer to a true Earth system digital twin



