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What will we learn in this lesson:

*Speedy general circulation model.

*3D-VAR implementation formula.

*How to construct the error covariance matrix (the NMC method)

*Characteristics of the error structure

*Response test with 3D-VAR (assimilating only one observation)

*Run 3DVAR for a realistic rawindsonde observation network




Directory description:

/home/$user/SPEEDY DA

B I T I TN T T

— data: topography, albedo, etc.
— run: scripts to obtain the “truth” simulation.

— source: SPEEDY source code.

— update and ver32.input more source and input files



Directory description:

/home/$user/SPEEDY DA

o T T T T

This folder contains the “observation” files. The observations are
generated adding a random noise to the truth simulation. The
random is added on each variable at each vertical level and grid
point. The amplitud of the random noise is different for each

—~ variable (and is defined in the fortran program
letkf/common_speedy.f90 )

A new set of observations can be generated using the script
letkf/create obs.sh



Directory description:

/home/$user/SPEEDY DA

o T T T

This folder contains the “true” evolution of the
atmosphere for the DA experiments. The data is
|, stored every 6 hours (one file per time) and can be
viewed with GrADS. There are two sets of files one
contains the data in the original sigma levels the
other contains the data in pressure levels (*_p)




Directory description:

/home/$user/SPEEDY DA

m.&.m.@rw

Scripts to run the 3D-VAR experiments.

dat_stat : contains the model error statistics
> that are needed to run the 3D-VAR
experiments..




Directory description:

/home/$user/SPEEDY DA

I R T

Scripts to obtain the SPEEDY model error
statistics using the NMC method.

e e

Scripts to run the letkf assimilation
experiments

A



Directory description:

/home/$user/SPEEDY DA

BN R I T T T

3dvar <
» EXP » gues
» anal
» analf
» gS




The SPEEDY (Simplified Parameterizations, primitivE-Equation
DYnamics) model, main characteristics:

*General circulation model.
*Resolution: Spectral T30 (aprox 4°) and 7 sigma vertical levels.
*Available parameterizations (simple schemes):

» Radiation (long wave and short wave)

*Cumulus (mass flux scheme)

*PBL

.Large scale condensation

. and model

*More information available in
http://www.ictp.trieste.it/"moltenif/speedy-doc.html




3D-Var implementation formula

Cost function:

J(0X) = éﬁXTB_lﬁx + é(Hﬁx —d) R (HSx-d)

Sx=x-x" d=y-HE")

Background error covariance is too large to get the inverse,
so we define a variable transformation (Barker et al., 2004):

ox =Uov

J(OV) = %SVTUTB_IUI:SV + é(HUSV —d)' R (HUSV -d)



3D-Var implementation (continued)

In order to make the covariance matrix to be the identity:
B=UU"
J(6v) = %5‘??5‘? + %(HUSV —d)' R (HUSv -d)
The gradient of the cost function is:

VJISv)=6v+ U H' R (HUSv —d)

Using cost function and the gradient of the cost function, we
use a quasi-Newton minimizer to find the solution ov , and
then convert Ov to Ox




Quasi-Newton Minimizer

Quasi-Newton’s method:

ov,.,, =0v, — P (6v,)VJ(Ov,)

Central idea underlying quasi-Newton method is to use an
approximation of the inverse Hessian P

Inverse Hessian matrix here is the second derivative of the
cost function, which is the analysis error covariance in the
data assimilation framework



Construction of the variable transformation

Sx=Uév B=UU'
The essential problem is to construct the variable transformation:

U=VCA



A: Error standard deviation. Each variable is scaled by its own error standard
deviation (wich is a function of lat, lon and sigma level).

C: Horizontal and vertical error correlation. The horizontal error correlation is
assumed to be Gaussian so only the characteristic length scale has to be
determined (the X and Y length scales are computed independantly). The errors
at different levels arent strongly correlated because the vertical resolution of the
SPEEDY model is too coarse. So background errors are assumed to be
uncorrelated in the vertical direction.

V: Intervariable correlation. A certain group of non-correlated variables should
be selected to descrive the atmosphere state. In this case Ps, T, q, Uu and Vu
are used. Where Uu and Vu are the umbalanced components of the wind
defined as:

Uy = U — T1Ug(Ps, 1)

Uy =V — Talg(ps. 1)

Where r1 and r2 are the correlation coefficients between the U and V
components of the wind and the geostrophyc wind.




Creation of the transformation matrix Ubased
on NMC method (Parrish and Derber, 1992)

The structure of the forecast error covariance is estimated as
the average over many differences between two short-range
model forecasts verifying at the same time.

1. The blue dashed lines represent the difference between
18hr forecast and 24hr forecast.

2. Based on these forecast differences, we can calculate all
the statistics (A, C, V) need to construct the background
error covariance B




/home/$user/SPEEDY_DA

BTN R A I e T T

Go to the tdvar_stat folder, you will find the following scripts:

-tdvar_nmc.sh : This script runs a data assimilation cycle for one month using
3DVAR. It also computes 24 hour forecast started from the analysis that will be used
to get the error statistics using the NMC method.

In this assimilation cycle we don’t know anything yet about error correlations so the
standard deviation of the errors is assumed to be constant for each variable.

The horizontal correlation is assumed to be Gaussian with a prescribed length scale
(the same for X and Y direction).

The intervariable correlation is assumed to be 0 (however this is not true as we will
see later).

- nmc_stat.sh : This scripts compiles and runs the nmc_stat.f90 program that will
compute the error standard deviation, the horizontal length scale and the correlation
between the wind and the geostrophic wind from the forecast obtained with the
previous script. The results will be available in tdvar_stat/dat_stat and can be viewed
with GrADS.




Exercises: Background error structure

Make plots of the results (use grads commands):

In the folder tdvar_stat/dat_stat you will find GrADS scripts to plot the results

—=grads

The regression coefficient between v and
=>red.gs > L

geostrophic wind background errors

=~>XCOoIT.gs
4>| Correlation of the background errors in the x and y direction |

=>YCOIT.JS

:}stde’u_gs >| Background error standard deviation |
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Inter-variable background error
relationship (geostrophic balance)

REGRESSION COEFFICIENT {Uuq) REGRESSION COEFFICIENT (vwg)
f 1 B




3D-Var estimated background error
standard deviation

SPEECY BGERR STOEV NWC_METHOD (T,sigma=0.51) SPEEDY BGERR STDEV NMC_WETHOD {U,sigmao=0.51})

120E 180 1200 G0

EE] %] oo [=X] [EE=) 1

Strong spatial dependence of the background error standard deviation
for both temperature (left panel) and zonal wind (right panel).



Zonal error correlation between adjacent grid points

SPEEDY BGERR HORIZOWTAL CORREL MWMC_WETHOD (T sigma=05'SPEEDY BGERR HORIZONTAL CORREL NWC_WETHOD (U sigma=051)
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meridional error correlation
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Almost has no dependence on height

The correlation decreases to zero beyond the second grid points



3D-VAR Response to a single observation

/home/$user/SPEEDY DA

BN R O i T T T




Response experiment:

Analisys

\ 4

6 hour forecast with

SPEEDY
y Observation: 1
3D-VAR ) observation of a single
assimilation variable at a single
level and grid point.

\4

Analysis increment due to a
single observation

( analysis- first gues )




Observation location:

This is controled by the ex_0bs.f90 file.

FROGEAM ex_obs
IMPLICIT NOME

Sets a single observation
experiment

LOGTCAL .PRRAMETER $#7Mew_test-  TRUE,

LOGICAL PARAMETER €3 mew_real-,FALSA,
LOGICAL .PRRAMETER N mew_dnsabs=, FALSE.
INTEGER . PARAMETER 33

[MTEGEE, PARAMETER 3 nlat=48
[MTEGER,PARAMETER 3 nlew=7

IMTEGEE ## ilon,ilat,.io=s
CHARACTERELO) ¢ ctmpl,ctmpZ
[MTEGER 23 i,.k

IMTEGER #: ex_ulnlon.nlat,.nlew) = 0

[MTEGER ## ex_winlon.nlat.nlew) = O

[MTEGER ## ex_ti{nlon.nlat.nlew) = O

INTEGER 33 ex_ginlon.nlat,nlev) = 0 h rvation | ion
[MTEGER 21 ex_ps(nlon,nlat) = O Sets the observation locatio
IMTEGEE *+ v precinlon.nlat) = 0

(mzw_test)
ex_ui76,30,4) - 1
(msw_real )

OPENT Torf+e—Th=mark.g=z")
READCLO, (A"
READCLO, (A"
READCLO, (A"
READCLO, (A"
READCLG, "A!
READCLG, "CA

SPEEDY has 96x48 grid points
starting at the South Pole in Y
and at Greenwich in X. It also
has 7 sigma vertical levels.

5 possible variables U, V, T, Ps
and qg.

T T W T T




Once the location is set we must tell the 3D-VAR that the observational increment is
going to be fixed. (edit the tdvar.f90 file)

“ROGRAM tdwar

[PURPOSE:] Main program of 3IMAR for the SPEEDY model

1072172004 Takemaza Migyoshi  created

!
!
!
!
| [HISTORY:]
|
|
|

SE common

ISE common_speedy
I5E tdwar_tools
I5E minimizelib

IMPLICIT MOME .
LDEIEHL,PHRHHETEW’ Set the variable msw_test as .TRUE.
IMTEGER . PARAMETER :3 maxiter

REALr_size) :: ulnlon,nlat,.nlew)
REAL(r_zize) :: winlon.nlat.nlew)

t+ tinlon.nlat, nlew)
++ ginlon.nlat, nlew)
¢ psgnlnn,nlat}

Set the value of the observational increments
,| for each variable (only one of this variables is
actually being observed, the one selected in

ex_0bs.f90)

obs = obs - gues
CALL reshape_gpwlobs u.v,t,q,.ps)




Before running the experiment :

Edit the tdvar_response.sh script

#1/bindsh
# for 3dvar cycle
-&

F_UFHTEMDIAN=big
GFORTRAM_COMVE

#Experiment name

iler 1) ifort 27 gfortran 3) pg
compiler=1

TIVAR=/home/${USERTSPEEDY _DA tdwvar
DA TA=/home S USERFASPEEDY _DASDAS_result 2dvar S EXPT
ini=/homes$LUSER-/SPEEDY_DAAtdvar/initial #Initial

OBSDIR=r,home,${USERTSPEEDY _DIA-abs
GUESDIR=%DATA gues

[ IFR=$DATAS anal
AMAL <LIATASanalf
mkdir -p $AMALFITE

mkdir -p $AMALDIR
mkdir -p $GUESTIR

cp $initfctl ¥, ctl $DATARS

$TIVAR
zource timeinc,sh

# Initial date of analyziz cucle
[ Y=1982
THH=t1

Compiler number:
1) Ifort 2)gfortran 3)PG

Use Ifort in the lab machines




To run the experiment :
Jtdvar_response.sh name_of the _experiment (for example “response”).

You will see something like this:

F#2END BULLULING SPEELY MULEL
#22BEGIN COMPUTATION OF 1382/01/01/00

real 67 =
LSEr O, B21=
B I Qml), 0h4=
TEST MODE (tdwar)

| W | BG COST IOBS COST | COST | MAXCIGRADI) | MAXCICTRELL) | IFLAG |

1 0.00E+00 5,00E-01  5,00E-01 9.85E-01 B.B3E-01 1
2 B,00E-01 1,11E-01 B,11E-01 1, 13E+00) 2.11E-01 1
5 1,08E-01 4,93E-02 1,58E-01 2, 2507 2.11E-01 0

real i), B40=
LSEr Qi) , 202=
B I Qml), OB3s
EDEHHL END

......... Moo 4.1+ N

The results will be available in DAS_result/3dvar/’name_of the experiment”

The files analysis.grd and gues.grd contains the analysis and first gues respectively
and they can be opened with GrADS.




Plotting the results:

In DAS_result/3dvar/response you will find a GrADS script to plot the results (

DA2008 response.gs )
Beinit’
* 1htormat

var_obz="ps’
lev_obz=4

w_obs=7¥h
_obs=24

(

ezpohze information,

R Information about the observed
variable (level, x and y location)

Yar_tesponze='ps’
lev_rezponze=4

(

(war_response=ps )

*The rest of the script
*Select the color =scale
(var_response=u | var_response = v )
levels_response='-1 -0.0h 0,25 -0,1 -0,05 0,06 0,1 0,25 0,5 1"
colors_response="49 47 40 43 41 0 21 23 25 27 29°

v

levels_response="-00 -2h =10 -5 -1 1 5 10 25 &'
colors_response="49 47 40 43 41 0 21 23 25 27 29°

At which variable and level you
want to plot the response




Results...

Response in PS for a single PS observation.

Obs:ps at Z:4 (count) REﬁ?onse ps ut Z:4 (sha)
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Results...

Response in U (at Z=4) for the same single PS observation.

Obs:ps at Z:4 (count) Response: u at Z:4 (sha)
JOVAR OBS LOC X:76 Y:10

2051
503-;
3551 0.5

405 0.25

+E|S..i...........................-....
Sl L 0.05

555
: — —{.05

60s |

EES..é....:....:...:....:....:....-....:. ..:....I....:
- —0.25

7054 -
: ~0.5
755 1=

8035 1

R T R S R

1ISW 1 10U 105 100 95 DOW BSW B0W 75W FO0W B5W BOW 55U SCW 45W




Run 3D-Var of rawinsonde observation network

(REALISTIC RAWINSONDE NETWORK NOBS=415)

d"' = o "'-.':_ i




Edit ex _0bs.f90 in the tdvar folder

FEOGEAM ex_obs
IMPLICIT WOWE

/

Set msw_test as .FALSE. and msw_real
as .TRUE.

[CAL,PARAMETEE $3 mew_test= FALSE,
NICICAL, PARAMETER 3 msw_real=,TRUE,
ICAL ,PARAMETER z: msm_dnsnhs4:EfEEE;——”’,/’
INT + nlon=96
IMTEGER ,PARAMETEE I3 nlat-4%
INTEGER , PERAMETER 2z nlew=7¥

IMTEGER #* ilon,ilat,ios
CHARACTEREAO) 13 ctmpl,ctmp2

IMTEGER $3 i,j.k
IMTEGER t: ex_ulnlon,nlat,nlew) = 0
IMTEGER t: ex_winlon.nlat,.nlew) = 0
[MTEGER 22 ex_tinlon.nlat,.nlew) = 0
IMTEGER t: ex_ginlon,nlat, nlew) = 0
IMTEGER :2 ex_psinlon.nlat) = 0
IMTEGER :* ex_precinlon,nlat) = O
(mzw_test)
ex_U(76,30,4) = 1
(msw_real)

OPEM(A0D,file="obsmark,gs')
READELO, "(A)"
READCLO, " (A)"
READCAG, (A
READLL0, "(A)"
READELO, "(A)"
READELO, "(Ad"

T T T e e T

READCLO, "Cado, 12,41, 12) ' I0STAT-i0=s) ctmpl,ilon,ctmp2.ilat

= )

! FRIMT *,ilon,ilat,ios
ex_ubilon,ilat,linlew) = 1
ex_wiilon,ilat, l:nlew) = 1

! ex_thilon,ilat,l:nlew) = 1

! ex_qlilon,ilat,l:nlew) = 1

Choose the variables that are going to be
observed by uncommenting the lines
corresponding to each variable

@n,ilat} 1
rnc ¥




Set the msw_test parameter as .FALSE. In the tdvar.f90 program

You can run the tdvar_response.sh to do only one assimilation or run the tdvar.sh
script to start and assimilation cycle.

To run an assimilation cycle type:

Jtdvar.sh exp_name

Where exp_name is the experiment name. The results will be stored in a folder with
the name of the experiment under DAS_results/3dvar.

In the tdvar.sh script there is a variable “STORE” that controls the amount of output
generated by the assimilation cycle. If it set to 0, then only the first gues and the
analysis in pressure levels will be stored, else first gues, analysis and filtered
analysis will be stored in sigma and pressure levels. (do not set store = 1 in the
computers of the lab since we don’t have enough storage capacity)




SPEEDY—-3DVAR ANALYSIS—GUESS (U at sigma=0.51)

BOM

J0M

EG 4

303

605

Miyoshi (2005)
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