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WRF-Var in the WRF Modeling System

1. Prepare BE data (initially use default statistics)

Blue = Supported by WRF-Var Team
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2. Prepare background (run Sl/real).
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S,real) |
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3. Prepare observations (run 3DVAR_OBSPROC).
Background ”
Preprocessing
(S,real) |
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Background

Blue = Supported by WRF-Var Team
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Observation Preprocessing (SDVAR_OBSPROC)

= Performs gross QC, e.g. domain/time,
consistency, duplicate, merging.

= Simple thinning option.
= Assign observation errors.

= Qutputs in text “3D-Var format” for further
QC and assimilation in WRF-Var,

= Plots observation distributions.

= Note: Work under way to convert to BUFR,
rather than text files.

Reads in observation files from decoders/GTS.
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4. Run WRF-Var.
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5. Run WRF_BC.
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6a. Run forecast (cold-start mode).
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6b. Run forecast (cycling mode).
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Cold-Start/Cycling Use of WRF-Var

Initial/“*one-off”” tests of WRF-Var and WRF will adopt the “cold-start” method.
However, there are a number of advantages in using the “cycling” approach:

The analysis is better balanced (background/subsequent model are the same).
Typically, the cycled background will contain higher resolution information.
Fewer spin-up problems (e.g. hydrometeors are initialized to zero in Sl/real).
Improvements (and degradations!) will accumulate through subsequent cycles.
The assimilation is cleaner (no danger of assimilating observations twice).

Therefore, cycling WRF-Var/WREF is the ultimate goal!
Warning: If you are only assimilating a sub-set of the observations available to

the cold-start background (e.g. global analysis), you may find you cannot beat
“noobs” (I.e. running WRF from real output). In this case, use “cold-start” mode.
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Background Error (BE) Estimation in WRF-Var
The number 1 question from WRF-Var users is
“What background error covariances are best for my application?”.
Procedure:
1.  Use default statistics files supplied with code (MM5, GFS-based).
2. Create you own, once you have run your system for ~a few weeks.

3. Implement, tune, and iterate.

A new utility gen_be has been developed at NCAR to calculate BEs (see
later in WRF tutorial).
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7. WRF-Var/WRF Ultimate Configuration!
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2. WRF-Var Code Overview
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Setup Frame

a) Readsgrid dimensionsfrom “namelist.input” file.

b) Use WRF framework’sdistributed memory capability
to initialize tile, memory, patch dimensions, etc.



Mesoscale

Microscale Meteorology @ NCAR

NCAR WRF-Var

S, O LT (=l oo\ o LN ;




\ Mesoscale. "2
k Microscale Meteorolog
Read Namelist

a) Reads WRF-Var data assimilation optionsfrom
“namelist.3dvar” file.

b) “namédlist.3dvar” fileiscreated automatically at run-
time by the DA_Run_3DVAR.csh script in wrfvar/run.

c) Performsconsistency checks between namelist options.
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namelist.3dvar

NCAR

&recordl

MODEL_TYPE = 'WRF',
WRITE_INCREMENTS= .FALSE.,
GLOBAL = FALSE.,

PRINT DETAIL =0/

&record2
ANALYSS TYPE = '3D-VAR,

ANALYSS DATE = '2004-05-01_00:00:00.0000',

ANALYSIS ACCU = 900/

&record3

fg_format = 1,
ob_format = 2,

num fgat time=1/

&record4

PROCESS OBS ='YES,
obs qgc_pointer = 0,

Use SynopObs = .TRUE,,
Use ShipsObs = .TRUE.,
Use MetarObs = .TRUE.,
Use PilotObs = .TRUE.,
Use SoundObs = .TRUE.,
Use SatemObs = .TRUE.,
Use_ GeoAMVObs = .TRUE.,
Use PolarAMVObs = .TRUE.,
Use AirepObs = .TRUE,,
Use GpspwObs = .TRUE.,
Use GpsrefObs = .TRUE.,
Use ProfilerObs= .TRUE.,
Use BuoyObs = .TRUE.,
Use SsmiRetrievalObs= .FALSE.,
Use SsmiThObs = .FALSE.,

use ssmtlobs = .FALSE.,
use ssmt2obs = .FALSE.,
use gscatobs = .TRUE.,

use radarobs = .FALSE.,
Use Radar rv = .FALSE,
Use Radar_rf = .FALSE,,
check max_iv = .FALSE,,

use obs errfac = .FALSE.,
put_rand_seed = .FALSE,,
omb_set rand = .FALSE,,
omb_add noise = .FALSE./

&record5
TIME_ WMINDOW = 3,,
/

EPS = 1.E-02, 1.E-02, 1.E-02, 1.E-02, 1.E-02, 1.E-02, 1.E-02,,

&record6b
max_ext its =1,
NTMAX = 100,
NSAVE = 4,

WRITE_SMTCH = .FALSE,

WRITE_INTERVAL = 5/

&record?

RF_PASSES =6,
VAR _SCALING1 = 1.0,
VAR _SCALING2 = 1.0,
VAR _SCALING3 = 1.0,
VAR _SCALING4 = 1.0,
VAR _SCALING5 = 1.0,
LEN_SCALING1 = 1.0,
LEN_SCALING2 = 1.0,
LEN_SCALING3 = 1.0,
LEN_SCALING4 = 1.0,
LEN_SCALING5 =1.0/

&record8

def sub_domain = .FALSE.,
X_start_sub_domain = 55.0,
y_start sub_domain = 35.0,
x_end sub_domain = 80.0,
y _end sub_domain = 60.0/

&record10

Testing 3DVAR = .FALSE,,
Test_Transforms= .FALSE.,
Test Statistics= .FALSE.,
Interpolate Sats= .TRUE. /

&recordll
minimisation_option = 2,
write_outer loop = .FALSE.,
lat_stats option = .FALSE.,
calculate cg cost_function = .FALSE.,
cv_options = 3,
cv_options_hum= 3,

check rh =2,

= 0.25,0.75, 1.5,

= 0.25,0.75, 1.5,

= 0.25,0.75, 1.5,

= 0.25,0.75, 1.5,

= 0.25,0.75, 1.5,
sfc_assi_options= 1,

set omb _rand fac = 1.0,

seed arrayl =0,

seed array2 =0/

BERBRE

&recordl2
balance type =1/

&recordl3
vert_corr = 2,
vertical_ip =0,

vert_evalue =1,

max_vert varl = 99.0,
max_vert var2 = 99.0,
max_vert var3 = 99.0,
max_vert var4 = 99.0,
max_vert var5 = 99.0/

&pseudo_ob nl

num pseudo =0,
pseudo x = 165.0,
pseudo y = 65.0,
pseudo z = 15.0,
pseudo val = 1.0,
pseudo err = 1.0,
pseudo var ='u'/
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Setup First-Guess (Background)

Readsin thefirst-guessfield.

Format depends on namelist option “fg format” —1 =
WRF, 2=MMH5, etc.

Extracts necessary fields.

Creates background FORTRAN 90 derived data type
“xXb” e.g. xb % mix, xb % u(:,:,:), ....
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Microscale Meteorology @ NC AR

Setup Background Errors

Readsin background error statistics.

Format depends on namelist option “cv_options’ —2=MM5, 3 =
GFS-based, 4=Global, 5=WRF regional.

Extracts necessary quantities — elgenvectors, eigenvalues,
lengthscales, regression coefficients, etc (see gen_betalk).

Creates background error FORTRAN 90 derived data type “ be’
e.g. be % v1 % evec(:,:), be% v2 % eval(:), etc, ....
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Setup Observations

a) Readsin observations.

b) Format dependson namelist variable“ob format” —1
= BUFR, 2 =ASCII “WRF-Var” format.

c) Createsobservation FORTRAN 90 derived data type
“ob” e.g. ob % num_gpspw, ob % metar(:), ob %
sound(:) % u(:), €tc, ....
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NCAR WRF-Var
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Calculate Innovation Vector (O-B)

a) Calculates“modéd equivalent” B of observation O
through inter polation and change of variable.

b) Computes observation minusfirst guess (O-B) value.

c) Createsinnovation vector FORTRAN 90 derived data
type“iv”’ eg.iv % metar(:), iv% qgscat(:) % u, etc, ....
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Minimize Cost Function

I nitializes analysis incrementsto zero.

Computes cost function.

Computes gradient of cost function.

Uses cost function and gradient to calculate new value of control
variablev

Iterate b) to d).
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‘ Control Variable (CV) Transform: x'=Uv

del (LM) Integration: X

apow e A-Qf Ul Uo Yo)Ims

Observation Operator: y'=Hx’

Cost Function J = Jb(v) + Jo(y’)

Adjoint Observation Operator: X' . =H"Yy ‘

M Integration; X t

Adjoint CV Transform v ;=U"X

-C9ZIWIUIN

Cost Function Gradient = Jo(v) + Jo(V,) |
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Compute Analysis

a) Once WRF-Var hasfound a converged control
variable, convert to model space analysisincrements.

b) Calculate analysis = first-guess + analysis increment.

c) Performsconsistency checkse.g. remove negative
humidities from analysis.
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Compute Diagnostics

a) Compute O-B, O-A statisticsfor all observation types
and variables.

b) Compute A-B (analysisincrement) statisticsfor all
model variables and levels.

c) Statisticsinclude minimum, maximum (and ther
locations), mean and standard deviation.

d) Also compute” specialist diagnostics’ for error tuning
(fort.47, fort.48, fort.50).
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Output Analysis

a) Outputsanalysisin native model format. Choice made
by namelist option fg format —1=WRF, 2=MMH5, etc.

b) Also output analysisincrements (for diagnostic

purposes) in native model format. Switch off by setting
DA WRITE INCREMENTS =.FALSE. In
namelist.3dvar.
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Tidy Up

a) Deallocate dynamically-allocated arrays, structures, etc.

b) Timing information.

c) Clean end to WRF-Var.
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Source Code 1: wrfvar

| wrfvar

Q.- local disks

chem

-

.

convertor

=

dyn_em

3

frame

-

Makefile

.

README_test_cases

=

share

clean

-

Cvs da_3dvar

29 items, 1.04 GB available
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AR Sour ce Code 2: \Arrfvar/da_dear

—  da_3dvar -
e h
CVS Makefile module_da_gen_be_stats_
interface.F
- LS .

module_gen_be_esmf_sup module_gen_be_top.F module_wrf_3dvar_interfa module_wrf_3dvar_io.F
ﬁ!- dmbarker er.F
A Applications L.
h Documents

module_wrfvar_esmf_sup module_wrfvar_top.F

er.F

— 12 items, 1.04 GB available
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e |_sre - e
Cvs DA_Airep DA_Bogus da_bufrlib
DA_Constants DA_Define_Structures DA_Dynamics da_fftpacks
L’ 'j’ = ] L’ = -'j'_ }' j"' 1 - j‘_ ]
DA_Gen_Be_Stats DA_GeoAMY DA_Gpspw DA_Gpsref

-

DA_Interpolation

W)

DA_PolarAMy

|

DA_Recursive_Filter

DA_Sound

1 FE \

i L i

il i )
9 a

par_util

W)
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DA_Profil
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W

da_spectral

\

2 =
AN

DA_Minimisation

DA_Var_IO

DA_Setup_Structures

DA_Statistics

DA_VToX_Transforms

50 items, 1.04 GB available
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——— — _da_gscat =

CVs DA_Calculate_GradY_Qsca da_calculate_jo_and_grad
tinc y_gscat.inc

L L N
da_calculate_residual_gsc da_check_max_iv_gscat.in da_get_innov_vector_gsca

e at.inc C tinc

- N N (N

| da_oa_stats_gscat.inc da_ob_stats_gscat.inc da_print_stats_gscat.inc

| - L N

da_gscat.F da_transform_xtoy_gscat_ da_transform_xtoy_gscat.i
adj.inc nc

=) 12 items, 1.04 GB available
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Sour ce Code 5: wrfvar/da_3dvar/src/da_gscat/da_qgscat.F

22Nz

_ | da_qgscat.F

modu le da_gscat

USE DA_Constants

USE DA_Define_Structures
ISE DA_Interpolation

ISE DA_Stotistics

USE DA _Tools

ISE PAR_UTIL

I' The "statz_gscat_twype" is OMLY wsed locally in DA_Qscot:

THPE residual_gscatl_tvpe

REAL HHEY I u-wind.
REAL HHIRY I w—wind.

EMD TYPE residual_gscatl_tvpe

TYPE maxmin_gscat_stats_type

TYPE {maxmin_type T

EMND TYPE maxmin_gscat_stats_type

THPE statz_gscat_tvpe

TYPE {moxmin_gzcot_statz_twpe))
TYPE {residual_gscotl_type)

END TYPE stotz_gzcat_type

COWNTAINS

#include
#include
#inc lude
#include
#include
#inc lude
#include
#inc lude
#include
#include

"da_calculate_jo_and_grady_gscat.inc"
"da_calculate_residual_gscat.inc”
"da_check_max_iv_gszcat . inc"
"da_get_innov_vector_gscat.inc"
"da_og_stats_gscat.inc”
"da_ob_stats_gscat.inc"
"da_print_stots_gscat.inc"
"da_transform_xtov_gzcat.inc"
"da_transform_xtov_gscat_adj.inc”
"DA_Caloculate_Grady_Qscat.inc®

end module da_gscat

omaximum, mininum
Il aQverage, Irms_err

"
L

1 [
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DA Run WRF-Var.csh (su
# USER: Define non-default job via environment variables:

e.g.: setenv START_DATE 2004050200 overrides the default.

#USER: DO NOT MAKE CHANGES BELOW (if you do, you're on your own!)

#[1.0] Specify default environment variables:

eg.if (! $?START _DATE) setenv START _DATE 2004050100  # Analysis date.
# [2.0] Perform sanity checks:

e.g. check input observation file exists

#[3.0] Prepare for assimilation:

Create WRF-Var V2.1 namelist file (namelist.3dvar).

Create WRF V2.1 namélist file (namelist.input).

#{4.0] Run WRF-Var:

e.g. mpirun -v -np 16 -nolocal -machinefile hosts ./wrfvar.exe >&! /dev/null
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Learning To Use 3ADVAR

a) Consult the documentation at:

http://wrf-model .org/devel opment/group/WG4

b) Run through the Online 3ADVAR Tutorial at

http://www.mmm.ucar.edu/wrf/\WG4/tutorial /wrfvar_tutorial.ntm

c) If still confused, ask questions - wrfhelp@ucar.edu



