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Atmos Physics Parameterizations in UFS Applications: Current Status

.
GFSv17 (13km) & RRFSv1 (3-km) HAFSv1 (6/2 km) AQMVT (12km)
GEFSv13 (25km) (single physica ensembie) aka Inline-CMAQ
Deep Convection sa-SAS o, GF? sa-SAS sa-SAS
Shallow Convection sa-SAS MYNN-EDMF sa-SAS sa-SAS
Microphysics Thompson MP Thompson MP A: GFDL MP GFDLMP
(aerosol aware) B: Thompson MP
Radiation RRTIMG RRTMG RRTMG RRTMG
Surface Layer GFS MYNN GFS GFS
PBL sa-TKE-EDMF MYNN-EDMF sa-TKE-EDMF sa. TKE-EDMF
Land NOAHMP RUC NOAH LsM NOAH LSM
oro and non-oro GWD 7 uGWP vl NA nGWPvo uGWPv
Yes Yes No

Yes
|

SS-GWD & TOFD

Components that can be unified:

e Land: NOAH LSM and RUC ==> NOAH-MP
e Radiation: RRTMG ==> RRTMGp
e GWD: uGWDv0 ==> uGWDv1

Components that will likely remain diversified

e Microphysics: Thompson MP, GFDL MP, NSSL MP, MG3 or PUMAS ...
e Deep/Shallow Convection: sa-SAS, Grell-Freitas, Tiedtke, C3, CLUBB, SHOC, UNICON ...
e PBL: TKE-EDMF, MYNN-EDMF, Hybrid-EDMF, SHOC ...
e Aerosols (radiation): MERRAZ2 climatology for GFS
GOCART for GEFS (TBD)
RRFS-SD or CMAQ for RRFS.v2 ?
?7? for SFS
c HO{ZE & ZdFUY S ddsts AFE dst dS
c TES2 ot gots JieEoln, R dhot: D EQl AdChnte= CHE
ZE Ze
+ CCPP(Common Community Physics Package) Sz|u{7|X|E 0|&35t0d, A7 X|Zt
ZEE 28Oz P2ISD MMM YIRS LS RESD US
- (X2 =2
- A48 GNSSRO X2 E 0|7|480lA 2Uste 8
- gl E BEE JIgE S 28 A
« ZCHV| RHQO| 3dVar AR SEOM T|T JE24t0 YaES 0[8sH0] A7t
Ast= 2= JHM F=ZI(Dr. Yokota)
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Formulation of Simplified ETLM  :=saicszac™
1 d: innovation vecior

1
Cost function of 3DVar: /(8x,) = = (8x,)"B *(8x,) + itHd‘xD —d)"R™1(Hox, — d) 0% anatysis increment at time ¢

2
1 1
IFETLM is introduced:  /(8xq) = 5 (§%0)TB(8x;) + 5 (HMSX, — d)"R ™ (HMx, — d)
1 . 1 ;
= E(ﬁx,]’(MBMrJ"[Jx,] +EIH{5x, - d)"R'(Héx, = d) (6%, = Mdx,)
Here, M = (X XJ)(XXL)™! o | (€12 o X, X5 ) (1o XX ?
Localization + + 4+ I
Simplification Identity matrix (to be able 1o compute inverse matrix)
ensemble perturbations at time ¢ (minimum X, XJ is set to [horizontal mean] x 0.01 not to make M 100 large)
‘,.@.:.‘ [6x, - &x[] (¥: ensemble size) normalized localization r{ atrix (realized by recursive filter)

» Cross-variable covariance is included in C'/2 = X, X[ (excluded from | - X, X))
» Control variables (independent in 3DVar) is correlated with each other.

« Ensemble perturbations are input only at reference time (t = 0) and analysis time (t = t)
~ /0 amount is the same as 4DEnVar.

O The next generation data assimilation
system is therefore required to
effectively analyze the state and
quantify its uncertainty across
multiple scales, termed as “multiscale
data assimilation (MDA)".

® 0:06:27 / 1:16:07

Q In the operational 4DEnVar, horizontal
localization functions are scale-invariant
at each level

O A simultaneous multiscale DA using scale
dependent localization (SDL) in 4DEnVar
for NCEP FV3-based GFS is implemented

+« ensemble perturbation
scale decompaosition;

+ scale dependent and
cross scale covariance
localization

J(x!,4) = %3,(:1)’8;'(:{”%ﬁ'}(i@(i)

Scale 1

106

Scale 2

'iv’ INTE -1, 1} 20 40 80 BO 100 20 40 60 B0 0O
-n-i-m(yl -Hx))'R, (v, —Hx)),

- (NH=2E 2 K2 S35

« AIRSE 0|28t x| 4

2

=25

HI
4



& T2 EH2 Soff olE JHM

(Dr.Ming Hu, EMC)

in |

Soil “surgery

” to initialize the soil fields from RAP/HRRR s

Surface RMSE and BIAS time series against METAR observations for RRFS 3-|

2-mT 2-m Dewpoint

SstT JEDI = oM T F



WoOFS data assimilation within nested
3-km, 1-km and 500-m grid spacing

| GSI-EnKF Data Assimilation (15 minute cycli |
I I I T 1111100011 -

1500Z 15152 1530Z 1545Z 1600Z -~ --------0300Z
MEtER t f f f ——HHHHHHHH—
142 HRAR 1-hour WoFS Data
forecast vaiid at 152 . .- - O e e e e e Ansimilation Systam
WoF5-0A%)
i | 1 I |
Sr—
+ GEFS parturbations.
0 aw S
- (Yarg o)
- Mot MES Fof YFo| 22| HESE 88 B
— (7—IZ)
(=K<
* MODEZt= H{H HAE =7E 0/83510, 232 nZER o5 ZchaAZ ez

H=
(=K}

Classified object from
contiguous points
exceeding convolved field
threshold
(25 dBZ used throughout,
WLOG)

| Comven hul

[FreE———

Object complexity = (A-a,)/A

Not shown: quantiles of field
3 » f within object (95" percentile used
LR T throughout; near-max reflectivity)

for. q
R T |
i v fromar,— | for=Tiami.
i w4 Bolrdiry S, racepe e coqers ol B | (0.1 o)
i e I srimntintiis angle o# abjecty ~ e
4 satsitionnper | Caffrrunce Jidtnees shiest soect reties g
£ |wmeris i i o)
4 e =
- e i b ke okt G0
2 el sy rase of oty i [oara]
& |[comubany rati o3l of chbect cuimpimtien ooy
T ity efceriile it | Fatie ol pXvale o :
[ itile it :'“-:‘:ﬂ e of safect? (34 persestie b e comporta | BGL0]
50D forces this w2t 10 b £ [0,1], ana mill i hen |
L!'Ihrzlp,hl. idlirrnhd'ﬂnd'dmﬁm-

O\I
it
FEl



AR OBJECT DETECTION—- MET MODE TOOL APPLICATION

GRS NCAR's Method for Object-Based Detection

o nm‘_wcgamgm,_g_m and Evaluation (MODE) package from Model
¢ ?f; Evaluation Toolkit (MET) applied to ARs via
e fields of integrated vapor transport (IVT)

120-hr forecast of
SN 1 | IVT from GFS modal

.: 3 Object-based detection allows comparison
Nt - between analysis and forecast gridded fields
e Nlh . "; without significant penalization if objects
l p! - don't match up perfectly in space/time
¢ w
am ! N
- 300
_ %
N T o
160°W 150°W 140°W 130'W 120°W 10'W
MODE-detected object using
&_ 500 kg m"' s threshold N =
* AMDARE 0|83t dAHZE =% =Y AAS =2 d4F 3&(Jason M. English,

CIRES/NOAA GSL, Boulder, CO, USA)

“Theta-Increase” Method

e Take an ascending or descending flight profile
e Convert pressure altitude (hPa) to altitude (m)
e Convert temperature (K) to potential temperature (K)

Typical Daytime Theta Profile Theta-increase method ex: le
« Step 1: Define alt_base (200 m)

+ Step 2: Determine lowest theta value
below alt_base (2908 K)

An_PBLH + Step 3: Specify theta-increase (PT_delta)

6-PBLH = 292.3K value (1.5 K)

+ Step 4: Find first instance where theta

exceeds theta-base + theta-increase
(290.8+1.5=292.3K)

Step 5: PELH is determined to be the

Potental T (K)

Scatterplot at Denver (1-31 July. 2022)

4| PT deita=1.25K I

= closest value
@ Interpolated value

55 (m
[kap between computed PBLH level and the next lowest flight data point]

A few outliers of large negative gaps due to occasional quick flight ascents/descents
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(unified system)g 7=

- 07t B2 mYs Helsied S HHREHA, 12719 22 S 871 O|stE E0LI| 28,
olsh&A &2l olsiE TFot=tl B2 =3 &8 § FAE stIUS(HGMERAL

Applications in
yellow boxes all use
the CCPP for
atmospheric physics

The simplification of
NCEP production
suites presents an
opportunity and also
a challenge to
simplify and unify,
to the extent
possible, physics
packages used by
different UFS-based
applications

22 YT wen SUN AlAHe HEe T HEsf 242l ostmof (FV3%H MPAS)S

585ks Zo2 £77kD YD S| RE| 0|5 Hoks MPASE £YSHE Zol 278 £1

d|

2 (MPAS o Z2| FV37F 372 U5AIAE 2eojof 3, 48 SHMgioz Hojs| ofze

2H; vi2tn 2 #HaoF s Xofl 23Us AR xe] EMY =5 *UAS; VJ Tallapragada)

—

Hypothesis: Impact from Horizontal Divergent Damping?

S

FV3 uses two-d | divergent damping to remove grid-scale noise
While 20 div-damping is used in many models, the coefficient controlling
the damping Is very large relative to other models

Higher-order divergent damping (FV3 & RRFS use V#(Div)) helps to only
remove smallest scales.

Toy Cloud Model
\.Vertical Profiles of W

Test the impact of two-dimensional divergent damping on updrafts,

Amoist X-Z toy cloud model is used with a simple bubble and no vertical
wind shear. (model is on C-grid).

Moving from acoustic damping to horizontal-only divergent damping

HGT (m)

(HoDD):
HoDD changes the height of the masmurn updraft
HoDD increases the updralt inlensity
HoDD aiso delays the development of the updrah (by 1-2 minutes) /[f'lf:-’:'m':m..
B oy W crder Ove Dampeng (1) vomt

This suggests thal large values of HoDD can impac! updraft dynamics in
ways not previously considered? W (m/s)




+ Despile the FV3 designers' best well-intentioned efforts, using the horizontal D-grid for convective-scale predichon, inevitably
+ Dogrid reauires o large arourt of 20 dwvergend dampirg (an wed 3 ofher fiters) 10 stabilre mode! sokubons (Much more Mevrg Man WHE or MPAS)
+ More Altering wacs 10 larper storms Puradoncaly, 10 divergence damping creates deeper updrafts which can be inftially very intonse.
+ Result: FY) convective siorma are often foo lavge & infense a0d have excessive'ertreme precipitabion rates (parouarly 1 ow shear srvronments
+ Full mitigation of these Issues Iikely requires & new dynamical core. What is costbeneft of bulkding vs. choosing an existing model?
+ Further An FV3 varsion of NSSL's Wam on Forecas! ensemble prediction system was lested in 2022-2023 on a sel of cases
¢ RACHO Ba Marlaton (@ 15 M Cycing) of waelie BC Tl Ceates Lirge MO0e! ITDAINCES WK QRrINY £ACHINE KLU0 CONVTON MEhI FV)

Due to this evidence: NSSL's WoFS group is now testing NCAR's regional MPAS model for our next ganeration WoFS system |

o o
- EMCE YAfE XBSSt X3t WoloR o AN, He 53] ujgel IXEE FElE MY
yy 5

Scale-Dependent Localization

(Buehner and Shlyaeva 2015, Tellus, Hua

(E, ‘f:;' . 1)

K
1 1 1
J(8%s5.ay, ... ax) = 5 Bs(8%5)BT(8x,) + EZIﬂe(akJTA“(ak)l +5 (Hox — d)'R™ (Hox — d)
-
X k=1 |
ox = 8x, + z (a oxf) Static background Localization Observation Innovation
t =t error covariance error covariance

Analysis  Control k-th ensemble
increment vector perturbations

In SDL, A, x}, and a, are separated to large and small scales as
1/2 1/2 " large
Ao Ai.ngu A’l Ig!'ASIIhIH X% = [ F (Xy) & =t laq”w ]
1/2 Al/2 k e r(xt k small
'Asm.'lll arge Asmall Xk !‘(xk) a?""”
| [»
a ° Xj Low-pass filter
s =

- arrgr - F(X;) +.as€na“ o {x_; - F(x;_)l

xg = F(x})
Approximately
Gaussian also
in wave-space

® 0:21:18/ 1:16:07
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