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3DVar and Static B

J(x) = 2(x — x,) "B (x — xp) + 2(h(x) —y)"R 1 (h(x) —y)

3DVar uses B = B;.

B, has a climatological characteristics.
3DVar is computationally efficient.
3DVar is simple in terms of workflow.
The hybrid B can be benefit from Bg.
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B designed and how it operates (1/7)

B =<Xp — X¢,Xp — X >

- Role of B
- weights the importance of x;, for a given y and R.
- spreads the observed information in the vertical and horizontal direction.
- spreads the observed information to other variables.
— Imposes the balance properties.

- It is difficult to know B exactly.
- We don’t know the "true” state, x; .
- The dimension of B is too large.

« Thus, B is modeled in a practical way.

NCAR
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B designed and how it operates (2/7)

- MPAS-JEDI’s By is designed following that of the GSI* (Wu et al., 2002), except
the univariate spatial correlation.

B= K1 KzzCZTKzTK-' T

- It is constructed as linear variable changes (K, , K, and their adjoint) around the
univariate covariance (ZCZT).

« Note that...

— B operates to the MPAS-JEDI’s analysis variable (6x), a set of {6u, v, 6T, §Q, dps} @ cell center.
— ZCZXT is represented with {6, §xy,, 6Ty, 6Q, dps .}

“Gridpoint Statistical Interpolation
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B=K1 KzzCZTKzTK-IT (3/7)

- K, is alinear variable change
from stream function (6y) and velocity potential (6 )
to zonal (6u) and meridional (6v) winds

Suy [—9y —8, 0 0 0[P
ov a, —-9d, 0 0 O ox
ST =] o o I 0 o||léT
a0, 0 0o O0 I 0}|dQ
LOps 0 0 0 0 Illsp,

- K,Tis a corresponding adjoint operator.
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B=K1 KzzCZTKzTK-IT (4/7)
- K, directly operates on the native MPAS mesh.

1. Get the edge normal wind increment (8u.q4e) from 5y and 6y
5uedge = —0,0) — 0,00

, where 6. and §,, represent the difference operators between cell centers and
cell vertices.

2. Then, du and év (at cell centers) can be reconstructed from éu,4,4, by using a
MPAS'’s radial basis function utility.
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B=K,K,ZCZTK,"K,T (5/7)

- K, applies the vertical cross-variable correlation via linear regression
: throuth BUMP Vertical BALance (VBAL) operator

0Pl I 0 0 0 0] 0¥ ]
Sx L I 0 0 O|fld%xu * 0x =0xp +oxy =LoY +dxy
ST|=IM 0 I 0 O0]]| 0T, e 6T =06T, + 6T, =MbY + 6T,
60 0 0 0 I O0f] o0 * Ops = O0psp +0psy = NOY + 6y
opsd LN 0 0 0 Id16pg,.

— Oy is a predictor for the balanced part of 6y , 6T , and 6p;.

- Full matrix for M & N, diagonal matrix for L Following Derber and Bouttier (1999)

K,T is a corresponding adjoint operator.
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B=K1 KzzCZTKzTK-IT (6/7)

- 2CZT represents the univariate covariance for {8y, §x,, 6Ty, 6Q, dps,}. These
variables do not have a cross variable covariance anymore.

« 2 Is a diagonal matrix with error standard deviation
: through either BUMP VARiance (VAR) operator or SABER Stddev operator

- C is a block diagonal matrix. Each blocks represents the spatial correlation for
each variables for {6y, 6x,, 6Ty, 6Q, 6ps )

— through BUMP Normalized Interpolated Convolution from an Adaptive
Subgrid (NICAS; Ménétrier, 2020) operator

- BUMP NICAS directly operates on the MPAS’s unstructured grid.
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B=K1 KzzCZTKzTK-IT (7/7)

- Even with a single variable, the dimension for spatial correlation is still large.
- BUMP NICAS applies the spatial correlation with a subset of full grid (C®), rather

than with a full grid (C).

C =~ C" _ NSCSSTNT N : diagonal matrix for normalization
— _ (to ensure the diagonal component of C equals “17)
l l S = SVSh : Interpolation from sub-sampled to full mesh
Rnxn Rns an Wlth N Kn Full Tqrid and subsar[npled grid for p?i Full glrid and subsanrpled grid for T_u

L 20N e

20N {1

- The correlation function follows T
the shape of Gaspari-Cohn (1999)’s w]
5th order functions, for the given lengths. |

o
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B= K1 KzzCZTKZTK-' T

- In previous slides, we learned how B is designed and each operator works.
- Some of the operators requires the known parameters.

- K, needs the regression coefficients (i.e., L, M, and N).
- The error standard deviation constructs 2.
- The horizontal and vertical correlation lengths are required for C.

How can we estimate these parameters ?
- From samples: proxy of background error characteristics.
- Need to apply the inverse of each operator
(Like GEN_BE in WRFDA )
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B training and tuning

- 366 perturbations (over 3 months) of GFS 48 hour and 24 hour forecast
differences are used to estimate the statistics (i.e., NMC method) at MPAS 60
Km mesh.

- Additional tunings are applied.
— Reducing the error STD for all variables by a factor of 1/3

— Reducing the diagnosed horizontal lengths
for 6y and 6y, by a factor of 1/2

0.6 1
c

NOT supported

(Jung et al., 2023 under review) § 041

O

Sample correlation structure 021
Fitted structure to Gaspari-Cohn’s 5th order function
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Regression coefficients Ratio of balanced variance
at 34.8° N latitude to total variance

(a) OT-dy regression coef. [* 1e-8]

(a) Explained 5T with Sy (6T, 6T)
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Error standard dev.

Horizontal corr. lengths

Vertical corr. lengths
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Single T obs test
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YAML configuration for 3DVar (1/6)

cost function:
cost type: 3D-Var
window begin: 2018-04-14T21:00:00%
window length: PT6H
analysis variables: &incvars
[spechum, surface pressure, temperature,uReconstructMeridional, uReconstructZonal]
background:
state variables:
[spechum, surface pressure, temperature,uReconstructMeridional, uReconstructZonal, theta, rh
o,u,qv,pressure, landmask, xice, snowc, skintemp, ivgtyp,isltyp, snowh,vegfra,ull,v10,lai, smo
is,tslb,pressure p]
filename: ./bg.2018-04-15 00.00.00.nc
date: &analysisDate 2018-04-15T00:00:002%
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YAML configuration for 3DVar (2/6)
cost function: B=K1 KZZCZTKZTK1T

background error:

covariance model: SABER

saber central block:
(: saber block name: BUMP NICAS

. more config ...
saber outer blocks:
Z — saber block name: StdDev

. more config ...

F( - saber block name: BUMP VerticalBalance
2 . more config ...
linear variable change:
F(1 linear variable change name: Control2Analysis
. more config ...
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YAML configuration for 3DVar (3/6)

background error:
covariance model: SABER C
saber central block:
saber block name: BUMP_ NICAS
active variables: &ctlvars
[stream function,velocity potential, temperature, spechum,surface pressure]
read:
i0:
data directory: ./BUMP files/bump nicas
files prefix: bumpcov nicas
drivers:
multivariate strategy: univariate
read local nicas: true
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YAML configuration for 3DVar (4/6)

background error:
covariance model: SABER Z ZT
saber central block:
saber block name: BUMP NICAS
. more config ...
saber outer blocks:
- saber block name: StdDev
read:
model file:
filename: ./BUMP files/stddev/mpas.stddev 0p33.2018-04-15 00.00.00.nc
date: *analysisDate
stream name: control
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YAML configuration for 3DVar (5/6)

- saber block name: BUMP VerticalBalance
read: B K K T
i0: :2 :2
data directory: ./BUMP files/bump vertical balance
files prefix: bumpcov vbal
drivers:
read local sampling: true
read vertical balance: true
vertical balance:
vbal:
- balanced variable: velocity potential
unbalanced variable: stream function
diagonal regression: true
- balanced wvariable: temperature
unbalanced variable: stream function
- balanced variable: surface pressure
unbalanced variable: stream function
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YAML configuration for 3DVar (6/6)

background error:
covariance model: SABER K K T
saber central block: 1 1
saber block name: BUMP NICAS
more config
saber outer blocks:
— saber block name: StdDev
more config .
- saber block name: BUMP VerticalBalance
more config
linear variable change:
linear variable change name: Control2Analysis
input variables: *ctlvars
output variables: *incvars
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YAML configuration for Hybrid-3DEnVar (1/2)

- 3DVar uses - 3DEnVar uses
background error: background error:
covariance model: SABER covariance model: ensemble
. more config ... ... more config ...

« We can configure the hybrid covariance as a linear combination of other Bs !

Bhybrid = aBgiatic + BBensemble

(Hamill and Snyder, 2000)
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YAML configuration for Hybrid-3DEnVar (1/2)

- 3DVar uses - 3DEnVar uses
background error: background error:
covariance model: SABER covariance model: ensemble
. more config ... ... more config ...

« We can configure the hybrid covariance as a linear combination of other Bs !
background error:
covariance model: hybrid
components:

- weight: Bhybrid = aBstatic + ﬂ Bensemble
value: 0.5
covariance:

covariance model: SABER
. more config

- weight:
value: 0.5
covariance:

covariance model: ensemble
... more config ...
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2-stream 1/0 (1/3)

 In early days of MPAS-JEDI, “restart” stream was used for cycling exp. With
moving toward higher resolution mesh, the issue of memory usage and disk
storage arose.

- The idea is: Keep only the necessary fields and separate the static fields.

- “static” stream
* Includes the mesh, some of sfc input variables (landmask, shdmin, albedo12m,
etc) and parameters for gravity wave drag over orography.

- “da_state” stream (eventually used for “input” stream)

« Includes fields needed for DA purposes (either analysis variables or fixed input

needed for CRTM or other obs operators).
Defined in the MPAS-Atmosphere Registry (MPAS/src/core _atmosphere/Registry.xml).

NCAR
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2-stream 1/0 (2/3)

- For cold start FC, both “static” and “input” stream file should be set to the
“init.nc” file, generated by MPAS init_atmosphere executable.

— In “namelist.atmosphere”
&restart
config do DAcycling = false
/

- For FC step of cycling exp, “input” stream should point the file generated from

“da_state” stream. Usually we keep using “init.nc” for “static” stream

— In “namelist.atmosphere”
&restart
config do DAcycling = true < Different initialization of land use fields

/
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2-stream 1/0 (3/3)

- For DA step of cycling exp, “input” stream should point the file generated from
“da_state” stream. Usually we keep using “init.nc” for “static” stream

— In “namelist.atmosphere”
&restart
config do DAcycling = true
/
&assimilation

config jedi da = true

/ t
Whether this run is within the JEDI data assimilation framework.
Add/define additional variable (such as temperature, stream_function . . .)

- This 2-stream 1/0 capability will be merged into official MPAS-Model
repository in near future.
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