Evaluation of initial condition
blending within MPAS to
inform RRESv2

McKenzie L. Larson?, Jeff Beck?, Michelle Harrold3, Will M‘ayﬁeld?’,
Craig Schwartz3, Aaron Johnson#, and Vanderlei Vargas®

1Department of Atmospheric and-Oceanic Sciences, University of Colorado Boulder, Boulder, CO
2National-Oceanic-and Atmaospheric’/Administration, Global Systems Laboratory, Boulder, CO
3NSF-Nationat Center for Atmospheric Research, Boulder, CO

4University of Oklahoma, Norman, OK

SCooperative Institute for Research in the Atmosphere, Fort Collins, CO

Center Green Auditorium; Boulder, CO
September 8-12; 2025 ‘(Q UI

4 UIFCW25

A UFS Collaboration Powered by EPIC




Partial Cycling
The i.nterruptior.m of /@\

continuous cycling to
restart and force regional g : B
simulations with global WA SR AN
data to prevent model /

drift @

LBCs
Lateral
Boundary
Conditions
Global
Forecast
System

INCY

\\\* \ <
\;\%

wv‘“v \/J\:\
W

L UIFCW25

A UFS Collaboration Powered by EPIC



Partial Cycling
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Initial Condition (IC) Blending

Blend higher resolution regional ICs with coarser resolution global ICs

3km Ensemble 0.25° (28km)

Kalman Filter Global Forecast

(EnKF) Analyses System (GFS)
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1) Interpolate global ICs (L;) to MPAS native 3km mesh; ’\UIFCW25
the regional ICs (S;) are already on the native mesh -




Initial Condition (IC) Blending

Blend higher resolution regional ICs with coarser resolution global ICs
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2) Upscale the small-scale (S) & large-scale (L) data



Initial Condition (IC) Blending

Blend higher resolution regional ICs with coarser resolution global ICs
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3) Calculate perturbations (A)
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I Control Weights I

Initial Condition (IC) Blending esh weights 14— W

7.5km 0
15km 0
Blend higher resolution regional ICs with coarser resolution global ICs Som 08
120km  0.25
140km 0.5
384km  0.75
480km 1

=
S, Y
= I/ B 3km Blended
MPASICs J
B3 BZ
\ 3kmEnKF ) = wsls = B3onz2 + W2AL;
AS; =S; — S30n2 Y +(1—w3)S5 + (1 —w3)AS,
Native Highest Native Highest
Resolution Mesh Coarsest Mesh Resolution Mesh

4) Downscale & blend data with specified weights (w; Table)




Why does IC blending work?

Blending perturbations (A) store scale-dependent
information and are weighted (w) to tailor
contributions from larger- and smaller-scale
information.

Larger weights are assigned to the datasets that

provide the large-scale fields for a given mesh D
and wavelength. 4 UIFCW25
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Goal of this Study

To inform the development of RRFSv2 about using IC
blending instead of partial cycling

|s there a benefit in using |C blending in our regional
simulations that would allow us to forgo partial

cycling?
2
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Research Questions

Are regional MPAS simulations
sensitive to different
blending weight distributions?

|s there a “best” weighting distribution?

2.
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Simulation Setup - Regional MPAS

Model: MPAS Atmosphere; regional over CONUS

Initialization times: 0000 UTC 01/03/05/07/12 May 2022 (5 days)

Regional ICs: 3km partially cycled Ensemble Kalman Filter (EnKF) analyses from the
RRFS DA system

Global ICs: 0.25° (28km) Global Forecast System (GFS)

| Control Weights I Weights 6 | Weights 9 | Weights 13 I Weights 14
Mesh  Weights [Mesh Weights [Mesh  Weights [Mesh =~ Weights [Mesh =~ Weights
3km 0 3km 0 3km 0 3km 0 3km 0
7.5km 0 7.5km 0 7.5km 0 7.5km 0 7.5km 0.1
15km 0 15km 0 15km 0 15km 0.1 15km 0.2
30km  0.05 30km 0 30km 0 30km 0.2 30km 0.4
60km 0.1 60km 0 60km 0 60km 0.4 60km 0.5
120km  0.25 120km 0.1 120km 0 120km 0.5 120km 0.6
140km 0.5 140km 0.25 140km 0.1 140km 0.6 140km  0.75
384km  0.75 384km 0.5 384km  0.25 384km  0.75 384km 1
480km 1 480km 0.75 480km 0.5 480km 1 480km 1
960km 1 960km 1 960km 1 960km 1
1920km 1 1920km 1 @
4Q
Less global . More global UIFCWZS
information information
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Mid-Level: 500-hPa U-Wind over CONUS
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Mid-Level: 500-hPa Specific Humidity over CONUS
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After 21 hrs,
weightsl4 has the
lowest bias likely
because it includes
the most global
information
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Low-Level: Reflectivity East of the Rockies
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Research Questions

Are regional MPAS simulations
sensitive to different
blending weight distributions?
Yes!
|s there a “best” weighting distribution?

More research is necessary to determine which weights
distribution leads to the best model performance.
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Current/Future Work

Findings indicate that the introduction of global information from the
GFS twice daily through partial cycling in the EnKF analyses

Fractions Skill Score
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limits the ability of IC blending to improve results

We ran continuously-cycled global MPAS v7.0 simulations
that use regional 3DEnVar and global GFS blended ICs

FSS 95th Percentile

FSS 97.5th Percentile

FSS 99th Percentile

05 05
LN
WA '\
v
&&\ 0.4 0.4
” [ N - =z 1
/»Q\ //\/\\
\Szy\% 037, 0.3
0.2 NN 0‘22@&
N\ ~ 77

0.1 0.1 %
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 00+ s (U0
17577971317 21 25 29 33 37 41 45 579 1317 21 25 29 33 37 41 45 17579 1317 21 25 29 33 37 41 45

Forecast Hour

— weights_control —— weights_6

—— weights_9

Forecast Hour

— weights_13 —— weights_14

noblend_onlyEnVar

Forecast Hour

noblend_onlyGFS 16



Current/Future Work

Findings indicate that the introduction of global information from the
GFS twice daily through partial cycling in the EnKF analyses
limits the ability of IC blending to improve results

We ran continuously-cycled global MPAS v7.0 simulations
that use regional 3DEnVar and global GFS blended ICs

We see greater sensitivity with continuously-cycled ICs, and we are
investigating whether this sensitivity is variable dependent.

The larger goal of this research is to inform the development of

, . RRFSv2 via the replacement of IC partial cycling with IC blending @
| @ UIFCW25
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Thank you! Questions- esearchiGucstions
Are regional MPAS simulations
- mckenzie.larson@colorado.edu sensitive to different
O O mckenzielarson.github.io blending wenghtI distributions?
es!
S UIFCW25 @mlarson_wx.bsky.social Is there a “"best” weighting distribution?
o mckenzie—larson More research is necessary to determine which
weights distribution leads to the best model
performance.
/\
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Simulation Setup - Global MPAS

Model: MPAS Atmosphere; global
Initialization times: 0000 UTC 01-14 May 2019 (14 days)

Fractions Skill Score

0.5

o
w

o
[N]

o
=

0.0

°
N

Regional ICs: 3km 3DEnVar

Global ICs: 0.25° (28km) Global Forecast System (GFS)

FSS 95th Percentile

FSS 97.5th Percentile

FSS 99th Percentile

Forecast Hour

—— weights_control —— weights_6

—— weights_9

Forecast Hour

—— weights_13 —— weights_14

noblend_onlyEnVar

0.51 0.51
TN
// ‘\
e
. 0.41 0.4
N == I
Ner=s 037 0.3
‘ S VAN
Il = \ N,
i ‘/*‘h N ) |
0.11 011 %
---------------------------------------------- O e e B B e 0B T e e e B B S
1 5 9 13 17 21 25 29 33 37 41 45 5 9 13 17 21 25 29 33 37 41 45 1 5 9 13 17 21 25 29 33 37 41 45

Forecast Hour

noblend_onlyGFS 19



Fractions Skill Score
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Mid-Level: 500-hPa Specific Humidity

Again, we see
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