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Background and Motivation

Goddard Earth Observing System (GEOS) products:

 Reanalysis

Modem-Era

« Weather analysis and prediction (no land analysis)

« SMAP Level-4 Soil Moisture (land-only!)
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Objective

Goddard Earth Observing System (GEOS) products:

—>+ Reanalysis

—>+ \Weather analysis and prediction (no land analysis)
-[- SMAP Level-4 Soil Moisture (land-only!) ]

i

Modem-Era Analysis for
and Applications, Version 2

NASA/GMAO - GEOS Forecast Initialized on 00z 03/29/2022
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Development Overview

Draper and Reichle 2019 (MWR):
 First GEOS Land-Atmosphere DAS (LADAS)
« ~GEOS 5.12.4 (MERRA-2) model and ADAS (3D-Var)
* SMOS and ASCAT soil moisture retrieval assimilation (1D-EnKF)
* Experiment: MJJA 2013 at 0.5 deg

Reichle et al. 2021 (IEEE):
« GEOS 5.26.4 in 3D-Var configuration
« SMAP radiance (Tb) assimilation as in SMAP L4_SM (3D-EnKF; Reichle et al. 2019)
» Experiment: JJA 2017 at 0.5 deg

Recently:
« GEOS 5.29.x in 4D-Hybrid-EnVar configuration
 SMAP radiance (Tb) assimilation as in SMAP L4 _SM (3D-EnKF)
» Experiment: JJA 2017 at 0.5 deg (incl. forecasts)
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Land-Atmosphere Data Assimilation System (LADAS)

ADAS (3D-Var):

- 6-hour AGCM forecast

from previous cycle.

(GSI):
Compute atmospheric analysis

iIncrements.

3. Corrector: Re-integrate 6-hour
segment with atmos. corrections.

® Background (Predictor) States ;E

@ GSI Analysis

Initial States for Corrector
4 Analysis Increment for Corrector
| Analysis Tendencies for Corrector

Corrector Segment

GMAO

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov

UL

3 hourly

| GEOS Land Model
i and Assim System

observations

| GEOS Atmos.
:Model and Assim

increment

(IAU)

Land DA (EnKF)

land
background
from offline
ensemble

~increment .

LADAS:

3. Add soil moisture
corrections.

Atmosphere and land
analysis are weakly coupled
through model physics.

Same general approach with
4D-Hybrid-EnVar (but need
two LDAS instances).



Notation for Results Slides .

“ADAS” = CTRL (no SMAP assim.)

‘LADAS” = Experiment (with SMAP assim.)
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Impact on Screen-Level Specific Humidity (g2m)

Surface soil moisture error at OK Mesonet WAUR (34.17N, 97.99W) Reichle

— et al.
—===ADAS (bias=-0.065, ubRMSE=0.055) 2021

=== | ADAS (bias=-0.043, ubRMSE=0.040

©
N

Soil moisture error (m*m-3)

Improved soil
moisture translates
into improved g2m.
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Reichle Draper & Reichle 2019
et al. SMOS+ASCAT DA for 2013

2021 e) Mean SM incr Jun [mm/day])

Consistent with L4 _SM
diagnostics.

More spatio-temporal variability
than seen in (Draper & Reichle
2019).

- August 2017
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GMAO

a)

0.3

d)

0.8
0.6
0.4

0.2

In Situ Soil Moisture Validation

Surface Soil Moisture (N,.=360, N.,.=12)
Correlation (-) b) ubRMSE (m?® m-3)

sparse core 0  sparse core

Root-zone Soil Moisture (Ng,,=228, N,,.=6)
Correlation (-) e) UbRMSE (m?3 m3)

sparse core 0  sparse

Global Modeling and Assimilation Office

gmao.gsfc.nasa.gov

Reichle

Soil moisture skill
improvements over ADAS
(consistent with L4 _SM
improvements over land
model-only simulation).

Improvements statistically
significant for surface soill
moisture correlation.
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Screen-Level Humidity (g2m) vs. HadISD

3D-Var (Reichle et al. 2021)
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Screen-Level Daily Max Air Temperature (T2m,,,) vs. GHCN
3D-Var (Reichle et al. 2021)

4D-Hybrid-EnVar (in prep)
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Atmospheric Profiles

OmF Specific Humidity OmF Air Temperature Retin;le
et al.

ADAS: a) Mean (g kg') b) Std-dev (g kg") ¢) Mean (K) d) Std-dev (K)

-0.4 04 0.1 0.9 1.7 -0.5 05 05 1 1.5
300 300

400 O-minus-F stats
for radiosondes
over continental
land.

2021

500

700 :
Improvements in

850 850 specific humidity
ptter. extend into the
1000 1000 1000 lower troposphere

40 2 0 2 -20 10 0 10 20 -2 -1 0 1 2 (below ~700 mb)_
Relative Skill Difference = [ |[Metric(LADAS)| — |Metric(ADAS)| ] / |Metric(ADAS)|  (percent)

Negative: LADAS is better. Positive: ADAS is better.

Global Modeling and Assimilation Office
G M A O gmao.gsfc.nasa.gov 12
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Weakly-coupled LADAS vs. land-only LDAS

ARMS Tb OmF (LADAS — LDAS ) Reichle

2021

Weakly coupled system

Better Tb forecasts in (land-only) LDAS ;mprovles land surface
orcing!
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4D-Hybrid-EnVar LADAS and CTRL vs ECMWEFE (Jun 21-Aug 31, 2017)

Pressure
Level

Forecast Day

Variable

10
70

Ge?_ipeoi;ehr;tial ;gg 4 it B E Standard GEOS score
700 card does not get close
18:;)0 - to the surface...
70
100
250
500
700
850

Specific
Humidity

Temperature

far better, significant (99.99% confidence)

better, significant (99% confidence)

slightly better, significant (95% confidence)

no significant difference

V-Wind

slightly worse, significant (95% confidence)

worse, significant (99% confidence)

far worse, significant (99.99% confidence)

Global Modeling and Assimilation Office
gmao.gsfc.nasa.gov
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D-Hybrid-EnVar LADAS and CTRL vs ECMWEF (925 mb, NH
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4D-Hybrid-EnVar LADAS and CTRL vs ECMWEF (Screen-Level, Global)
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Screen-Level Specific Humidity (q2m) vs. ECMWF

Analysis (0z) 2.5-day Forecast
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Screen-Level Specific Humidity (q2m) vs. ECMWF

Analysis (0z) 5-day Forecast
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Screen-Level Air Temperature (T2m) vs. ECMWF

Analysis (0z) 2.5-day Forecast

ADAS t2m RMSE Gmean= 1.47 Difference in t2m RMSE Gmean= -0.0 Difference in t2m RMSE Gmean= -0.05
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Screen-Level Air Temperature (T2m) vs. ECMWF

Analysis (0z)

e —

ADAS t2m RMSE Gmean= 1.47 Difference in t2m RMSE Gmean= -0.0

5-day Forecast
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Current Work and Next Steps &

« Conducting 4D-Hybrid-EnVar experiments at 0.25 deg resolution for SMAP Tropical Cyclone project.
» Adding screen-level verification into standard package for die-off curves and score card.

« Connecting ADAS and LDAS ensembles.
» Investigate surface turbulent flux estimates.

* Include and verify in formal “X” experiment for system development.
« Add plumbing for near-real time SMAP Th.

« Test in “parallel” operations.
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Connect ADAS and LDAS Ensembles

ADAS central C180 LDAS C180
deterministic forcing

A}

1
i re-center !

" | ens-pert forcing C180

ADAS atm_ens C90
ensemble forcing LDAS €90

Global Modeling and Assimilation Office
G MAO gmao.gsfc.nasa.gov 23
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Experiment Setup &es
Reichle et al. 2021 Draper & Reichle 2019

« GEOS ADAS version 5.26.4 (ca. 2020): « GEOS ADAS version 5.12.4 (ca. 2014):
 AGCM: ¥2-deg resolution, 72 levels (to 0.01 hPa)
« Atmos. analysis: GSlI, 3D-Var

« Land analysis (as in L4 _SM Version 4):  Land analysis:

« 3d-EnKF » 1d-EnKF

« SMAP L1C TB « SMOS + ASCAT s.m. retrievals

» Seasonally-varying Tb scaling « Cdf-matching (impose obs seasonal cycle)
» Experiment period: JJA 2017 (LADAS init. Apr 1) » Experiment period: MJJA 2013
« Validation: « Validation:

« SMAP core validation sites i coro el e tion ctee

» Sparse networks » Sparse networks

« HadISD g2m * HadlSD g2m

« GCHN T2m « GCHN T2m

« Radiosonde observations - Radiosonde-observations
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Monthly Mean Profile Soil Moisture Increments SOII MOiStU re AnaIySiS Increm entS

Draper & Reichle 2019
SMOS+ASCAT DA for 2013

e) Mean SM incr Jun |[mmy/day|

Consistent with L4 _SM
diagnostics.

Somewhat more spatio-
temporal variability than seen
in (Draper & Reichle 2019).

- August 2017
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Global Modeling and Assimilation Office
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Soil Moisture Analysis Increments

Std-dev Surface Soil Moisture Increments

Draper & Reichle 2019
SMOS+ASCAT DA for 2013 Profile s.m.!

t) Stdev SM incr Jun [mm/day) Different units!
June only!

JJA 2017

120E

0.03 (M*m=

Largest impact from SMAP in transition zones between wet and dry climates (consistent with L4 _SM).

Pattern quite different from that seen in (Draper & Reichle 2019).

Global Modeling and Assimilation Office
G M A O gmao.gsfc.nasa.gov 26
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In Situ Soil Moisture Validation

Surface Soil Moisture (N,.=360, N.,.=12)
a) Correlation (-) b) ubRMSE (m?® m-3)

Soil moisture skill
improvements over ADAS
(consistent with L4 _SM
improvements over land
model-only simulation).

0.3 sparse  core 0  sparse  core Improvements statistically

Root-zone Soil Moisture (N,,=228, N, .=6) significant for correlation.
d) Correlation (-) e) ubRMSE (m?3 m=3)

0.8
0.6
0.4

0.2

sparse core 0  sparse

Global Modeling and Assimilation Office
G M A O gmao.gsfc.nasa.gov 27
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Screen-Level Humidity and Air Temperature

g2m metrics vs. HadlSD T2m,,,, metrics vs. GHCN

a) RMSE ADAS

b) ARMSE (LADAS - ADAS)
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Atmospheric Profiles

OmF Specific Humidity OmF Air Temperature

ADAS: a) Mean (g kg') b) Std-dev (g kg") ¢) Mean (K) d) Std-dev
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300 300
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850 850
gtter.

1000 1000 1000
40 -2 0 2 -20 10 O 10 20 2 -1
Relative Skill Difference = [ |[Metric(LADAS)| — [Metric(ADAS)| ]/ |Metric(ADAS)|

Negative: LADAS is better. Positive: ADAS is better.

Global Modeling and Assimilation Office
G M A O gmao.gsfc.nasa.gov 29
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2

O-minus-F stats for
radiosondes over
continental land.

Improvements in
specific humidity extend
into the lower
troposphere (below
~700 mb).
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SMAP Tb Assimilation Diagnostics

Statistics of LADAS Tb OmF and OmA residuals

B RMS OmF I

B RMS OmA
Mean OmF
Mean OmA

(o))

Consistent with Th
assimilation diagnostics
in L4 _SM
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4D-Hybrid-EnVar LADAS and CTRL

JJA
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(JJA 2017)
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