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NOAA Model Operational Implementation Timeline

UFS-R20 Approved Implementation Schedule FY23-26
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Sample RRFS forecast from HWT

| Date: [2022:0510 | Sector: | Daily Domain #2 v|

Dataset | BL CLUE: Deterministic Flagships /| Comparison: |Composite Reflectivity and UH
Tue 05/10 Wed 05/11
0600 UTC
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Ceiling (kft agl, shaded)

HRRR-NCEP: 20220116 09 UTC
Fcst Hr: 6, Valid Time 20220116 15 UTC
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Sfc Visibility (mi, shaded)

HRRR-NCEP: 20220116 09 UTC
Fcst Hr: 6, Valid Time 20220116 15 UTC
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Ceiling/vis - valid 16 Jan 2022 15Z
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(6-hr forecast)

GOES-16 RGB (channels 1, 2, and 3) visible image

2022-01-16 15:02:36

HRRR captures the clearing in southern GA better than RRFS.

RRFS shows lower ceilings in core of storm over TN Valley.
RRFS ceiling has “speckled” features similar to reflectivity, but
captures cloud waves in Gulf.

HRRR and RRFS visibility are very similar, less influenced
by moisture bias.

RRFS visibility is lower than HRRR in the NW quadrant
but higher in the northern GA sector.

Ceiling (kft agl, shaded)

RRFS_NA_3km: 20220116 09 UTC

N e

Fcst Hr: 6, Valid Time 20220116 15 UTC

Sfc Visibility (mi, shaded)
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Ceiling (kft agl, shaded) Ceiling (kft agl, shaded)
HRRR-NCEP: 20220120 15 UTC RRFS_NA_3km: 20220120 15 UTC

Ceiling/Vis - valid 20 Jan 2022 15Z "=y
(7-hr forecast) | .

GOES-16 RGB (channels 1, 2, and 3) visible image

2022-01-20 22:02:36

Sfc Visibility (mi, shaded)

RRFS_NA_3km: 20220120 15 UTC
Fest Hr: 7, Valid Time 20220120 22 UTC

Sfc Visibility (mi, shaded)

HRRR-NCEP: 20220120 15 UTC
Fcst Hr: 7, Valid Time 20220120

TSk

* RRFS ceilings and visibilities are both lower
than HRRR along coast.
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Research and Development Areas

1. Data Assimilation
. Observations type and use Use cloud base & cloud top data; partial cloud obs
« Algorithm/process for minimization Cloud Analysis and/or variational, ensemble, hybrid
 Background error covariance How to relate observed cloud base to model state

2. Diagnostics

3. Model Representation
 Physics
 Dynamics

4. Verification




RRFSv1 Data Assimilation System

Obs 1-h Obs 1-hr Obs 1-hr Obs 1-hr
forec;m forecast L forecast 4 forecast
A;nteﬁng
RRFS 3-km RRFS 3-km 1-h
HRRRDAS | N | Hybrid Analysis, ——» —™ Control forecast Control foEC;St
3-km Ensemble 1-hr Cloud Analysis HRRR 3-km Hybrid Analysis Hybrid Analysis
Mean spin-up I free forecast
/ voctar DA i i t RRFS34m f RRFS34m
[sate | 0s ] 0% [ | s | oo
Operational HRRRv4 HiRes Ensemble DA RRFSv1 HiRes Ensemble DA
e Ensemble covariances in deterministic analysis e Ensemble covariances in deterministic analysis
e Leverages ensemble mean for deterministic forecast e Ensemble mean recentered from deterministic
e One-way information from ensemble to deterministic analysis
forecast e Two-way information between ensemble and
Deterministic atmospheric forecast not hourly cycled control member
e Non-var/non-hybrid cloud/radar DA in deterministic e Deterministic atmospheric forecast hourly cycled
HRRR e Hybrid cloud/radar DA in deterministic RRFS
e Deterministic forecast can fall outside ensemble e Deterministic/control forecast within ensemble

Of@w %, . i
@ solutions solution space .




Real-time RRFS Cloud Assimilation

Case study and retrospective experiments

Specific Humidity Differences for RRFS level 54

completed to test the non-variational e
hydrometeor analysis for RRFS. | pr \ »
It is now in the real-time CONUS RRFS runs. e [ g T ALY ek >
Still a few technical issues for the large North a \ /T (T g 11
American domain. ‘& N T 7 R
TR | :, | bWy -2.2
) N | ﬁu’, ::fﬁ.,; ;7"*" -3.3
. Vo :‘Z"' 4 —4.4
- = N e ing
) Difference field for specific humidity showing change that occurs to the analysis when
. the hydrometeor analysis is turned on relative to being turned off.
"./\ ] :\/
N N :‘I I ;’Il , I"- /
{ A/ "”‘.‘ / ) ~ .-"‘: I"\. i,'*\
A . Cloud analysis adds and removes moisture,
: \ A achieves a more skillful & realistic representation
of ceilings; impact on thermodynamic environment
il is positive or neutral.
Critical Success Index (CSl) scores for RRFS forecasts of ceiling below 1000 feet
AGL. Left: 00h analysis. Right: 06h forecasts. Blue: hydrometeor analysis on. Red: 9

hydrometeor analysis off.



Cloud Analysis Publication

Stratiform Cloud-Hydrometeor Assimilation for HRRR and RAP Model Short-Range
Weather Prediction

STANLEY G. BENJAMIN,? ERIC P. JAMES,>® MING HU,? CURTIS R. ALEXANDER,? THERESE T. LADWIG,?
JOHN M. BROWN,® STEPHEN S. WEYGANDT,? DAVID D. TURNER,* PATRICK MINNIS,” WILLIAM L. SMITH JR.,°
AND ANDREW K. HEIDINGERY

A NOAA/Global Systems Laboratory, Boulder, Colorado
Y Cooperative Institute for Research in Environmental Sciences, University of Colorado Boulder, Boulder, Colorado
“NASA Langley Research Center, Hampton, Virginia
dNOAA/NESDIS, Madison, Wisconsin

MWR-D-20-0319.1
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https://journals.ametsoc.org/view/journals/mwre/149/8/MWR-D-20-0319.1.xml

Improved Subgrid-Scale Cloud Representation

Subgrid-Scale (SGS) Clouds
Key Idea: thermodynamic variability within a grid volume may produce
small areas of saturation (clouds)

Variability is subgrid (unresolved): must be parameterized

44 AA A Adapted from Fig. 2 of
q » Ysat\ 1 ) Tompkins (2009)

esolved

SGS

Shallow
Cumulus

PBLH

SGS Stratus

|

Low Surface Heat Flux

------ 4 —==== —-. LCL

High Surface Heat Flux

Key Changes for RAPv5 /| HRRRv4:

Mixing ratio (g qwat @Nd Gugice) Of SGS clouds:

o Removed constraints on g, for stratiform SGS

o Increased coverage of convective SGS via
MYNN mass-flux approach

Cloud fraction:

o Stratiform: slightly reduced, except in high
grid-scale RH

o Use a modified Chaboreau and Bechtold
(2002, 2005) scheme exclusively; discontinue
use of Xu and Randall (1996)

Effective radii (r,) of SGS clouds:

o Water: use Turner et al. (2007)

o lce: use Mishra et al. (2014)

Olson et. al 2019 technical memorandum on the MYNN-EDMF

scheme for more info
(https://repository.library.noaa.gov/view/noaa/19837)



Use of Model Subgrid Cloud Fraction for DA

« Subgrid cloud fraction background is used to determine if the hydrometeor
analysis should modify the model state to build clouds.

« Specifically, if there is a broken or overcast cloud observation, and the subgrid
cloud fraction is greater than 0.45, then the model state is not modified to build
clouds.

« The rationale for this limitation is that the model already has some cloud
representation via the cloud fraction, so the explicit cloud specification is not
needed.

 If the model background cloud fraction is below 0.45, then the cloud building
specification does occur.

« The 0.45 cloud fraction threshold was selected to be slightly bigger than the
experimental ceiling diagnostic threshold of 0.4.




Cloud Fraction Limited Building
Ceiling Bias

Winter RAP Retro

: : : . ~15 days of data (2/1/2019 to 2/15/2019)
« Reduction in high bias for

all ceiling thresholds when
cloud fraction is used to
limit cloud building

RAP < 500ft
RAP < 1,000ft

(dashed)
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Background Error Covariance (BEC) for Clouds

* The use of observational data in challenging geographic situations (e.g. narrow valleys, coastlines) may
benefit from advanced background error covariance modeling that accounts for standing features.
* Long time series that represent climatological features can be used to augment daily ensemble data.

Single Ob Analysis Increments
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Figure 3. Terrain height (gray shaded in meters) and temperature analysis increment (colored
contours) from a single temperature observation at the center of the domain. 14




Representing standing features in BEC

* Retrospective experiments using climatological BEC data show promising increment distributions.
* However the increased fit to the obs creates noise and leads to model drift.
* This BEC data may benefit RTMA.

Control

Water Vapor Increments
Model level 0

BEC Experiment

Zoomed view of RAP water vapor increments at the lowest model level. Model terrain

is also plotted in the grayscale contours.
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Root mean square difference between the Aircraft moisture observations and the
background and the analysis for 8 hours of cycling with the control (blue) and BEC experiment
(red).
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Research and Development Areas

1. Data Assimilation
« Observations type and use
« Algorithm/process for minimization
« Background error covariance

2. Diagnostics Generate C&V from model state

3. Model Representation
 Physics
 Dynamics

4. Verification

16



Ceiling Diagnostics

® Celiling skill depends not only on an accurate model forecast/analysis, but also on the diagnostic
algorithm that computes ceiling

®* Now that the model represents subgrid clouds, that information can be used in diagnostics

Legacy Ceiling Diagnostic Experimental Ceiling Diagnostic #2
For each grid column, ceiling is Combination of explicit and subgrid clouds applying the
diagnosed where: summation principle*, ceiling is diagnosed where:
» grid-scale g, + g;> 108g g™, or « Summation of explicit cloud and/or subgrid cloud fraction
- grid-scale RH at PBL top > 95% > 0.4

* |If an adjoining grid box has a lower ceiling, that lower

value is assigned.
*Sky cover at any level is equal to the summation of the sky cover in the lowest
layer, plus the additional sky cover in all successively higher layers up to and
including the layer in question.

Each diagnostic includes:

» Thin, surface-based cloud layers (< ~80 m deep) are disregarded
= |f grid-scale snow is present, the diagnosed ceiling is lowered

» | egacy and EXP2 available in HRRRv4 output

https://rapidrefresh.noaa.gov/Diag-vars-NOAA-TechMemo.pdf 17




70 —&— Curvel: HRRR_OPS in All HRRR domain, 500 (ceiling <500 ft) Bias (forecast/actual), fest_len: 6h, valid-time: unused, avg: None

| | [ ]
D I a n OStI CS —8— Curvel: HRRR_OPS_exp_diag in All HRRR domain, 500 (ceiling <500 ft) Bias (forecast/actual), fcst_len: 6h, valid-time: unused, avg: None
.
exp Freq. Bias

= legacy 500 ft ceiling
* Legacy ceiling diagnostic 50 |
outperforms the
experimental in cool ”
season due to higher bias i I

. 20| o
in low clouds. W :
« Spikes in bias occur when = - . _, A X1

Y - . - A - ‘-A,é ) R .. -

fewer than 10 stations | e ——

Feb 15 Feb 17 Feb 19 Feb 21 Feb 23 Feb 25 Feb 27 Mar 1

CONUS Wide have Ceiling e 500 ft ceiling events, HRRR domain
below 500ft. “ o exp Number of 500 ft ceiling events

350

« Experimental is able to . legacy

capture some low ceiling = — i
events that the legacy #,.l\ '
misses and it has more WAL

potential because it is bt and) VINREAN o S\

2/15/22 2/16/22 1 218/ 2 /1922 222 Jyayn Jun 22322 2/24f22 24522 2/26/22 2R 2/28/22 3122 3/2/22

based on subgrid clouds. e

(top) 500 ft ceiling frequency bias for 6h forecasts, from HRRR legacy (red) and
experimental (blue) diagnostics, and (bottom) number of forecasted events over the same time
period, compared with the number of observed events (black).
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Experimental Ceiling Diagnostic

« Experimental is sensitive to cloud fraction threshold. Cloud fraction threshold 0.6 (60%)
i | = A
b) Nl : T _ o
- . T LI -
1h HRRR forecasts of cloud ceiling height Py ; ANMYD .S g
using the exp2 diagnostic ol ANRFECT ¥y o
valid at 11 UTC 10 Mar 2022. : mEgs -7 y
K v . % — e
operational setting e e _a—i i
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i . IE=CEEEERD et | o e o 1 _
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Experimental Ceiling Diagnostic

« Experimental is sensitive to horizontal a) ¥
search radius.

1h HRRR forecasts of cloud ceiling height il
using the exp2 diagnostic
valid at 11 UTC 10 Mar 2022. o
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HRRR (blue) and RRFS (red) visibility forecasts for 3h forecasts over the CONUS
domain during 14 Feb - 1 Mar 2022. Frequency bias (left) and (right) critical success index
(right), for occurrence of visibilities less than 1 (top), 3 (middle), and 5 miles (bottom). Note that
the CSI panels also show the hourly difference between HRRR and RRFS (HRRR minus RRFS,
with positive values indicating superior performance by HRRR, in orange).




Research and Development Areas

1. Data Assimilation
 Observations type and use
« Algorithm/process for minimization
« Background error covariance

2. Diagnostics

3. Model Representation
 Physics
o DynamiCS Represent explicit & subgrid clouds; thermodynamic environment; PBL

4. Verification
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Recent Accomplishments

Physics Development

Physically-based enhancements result in improvements in practically all
forecast variables
Eliminated much of the gap between RRFS and HRRR performance

Refined treatment of clouds / ceiling from partial cloudiness
Improved conservation of heat and moisture
SPP stochastic physics implemented in RRFS (FV3) for ensembles

Highly improved surface aerosol emissions for Thompson-Eidhammer
microphysics (with NCAR)

Testing of inclusion of mixed physics in storm-scale ensemble forecasts &
Recent work to add CLM small lake model and FVCOM large lake model & &

12Z 12 July 2021 + 12h HRRR fcst
vertically integrated smoke
and 00z visible satellite image



Improved Cloud Morphology

GOES-16 combined (ch1, 2, 3) visible albedo
20:52:35 24 Jun 2020 21 UTC 24 June 2020 MOdel runs
R: =) 3 VTN Py _ s % initialized at 09
' i ‘ \ UTC 24 June 2020
\ 12-hr forecast valid
at21 UTC:

An example of improvements to the subgrid-scale clouds for
a variety of cloud types:

»  Shallow-cumulus fields have improved coverage

«  Convective clouds over over West are more robust

- Atlantic marine clouds better match satellite imagery

»  Cirrus over NW US is improved but still under-
represented




Cloud Regime Diagnostic

GOES-16 combined (ch1, 2, 3) visible albedo

21 UTC 24 June 2020

20:52:35 24 Jun 2020

) rﬂ B

*  Meant to help categorize model biases by cloud
regime to better uncover the sources of model errors

clear Sh-Cu  Sh-Cu Sh-Cu broken overcast cirrus  fog
0-25% 25-50% multi-layer 50-99%  99%+



Thank you!
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" Global Systems Laboratory

Research today for better forecasts tomorrow

This research is in response to requirements and funding by the Federal Aviation
Administration (FAA). The views expressed are those of the authors and do not
@, necessarily represent the official policy or position of the FAA.
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