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Full OSSEs at NCEP and
Internationally collaborative Joint OSSEs

Full OSSE

There are many types of simulation experiments. We have to call our OSSE
a ‘Full OSSE’ to avoid confusion.

« A Nature Run (NR, proxy true atmosphere) is produced from a free forecast run

using the highest resolution operational model.

. Calibration to compare data impacts between real and simulated data will be
performed.

- Data impact on analysis and forecast will be evaluated.

« A Full OSSE can provide detailed quantitative evaluations of the configuration of
observing systems.

A Full OSSE can use an existing operational system and help the development of
an operational system




Full OSSE at NCEP
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Main components of NCEP OSSE with
ECMWF T213 Nature Run

Nature Run (Becker et al. 1996)

* Wintertime Nature run (1 month, Feb5-Mar.7,1993)
* Produced by ECMWF model T213 (~0.5 degq)

* 1993 data distribution for calibration

Data Assimilation System
« NCEP DA (SSI) withT62 ~ 2.5 deg, 300km and T170 ~1 deg, 110km
Simulate and assimilate level1B radiance

— Different method than using interpolated temperature as retrieval
« Use line-of- sight (LOS) wind for DWL

— not u and v components

e Calibration performed
« Effects of observational error tested
* Nature Run clouds are evaluated and adjusted



OSSE Calibration
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ata sensitivity compared to sensitivity with
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Results from OSSEs for
Doppler Wind Lidar (DWL)

Ultimate DWL that
provides full tropospheric LOS
soundings, clouds permitting.

Upper-DWL: An instrument that
provides mid- and upper-
tropospheric winds down only to
the levels of significant cloud
coverage.

Lower-DWL: An instrument that
provides wind observations only
from clouds and the PBL.

Non-Scan DWL : A non-scanning
instrument that provides full
tropospheric LOS soundings,
clouds permitting, along a single
line that parallels the ground
track.

(ADM-Aeolus like DWL)

Estimate impact of real DWL from
~combination.
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Zonally and time averaged number of DWL
measurements in a 2.5 degree grid box with 50km
thickness for 6 hours. Numbers are divided by 1000.
Note that the 2.5 degree boxes are smaller in size at
higher latitudes.




V 200hPa Analysis

Impact of Radiance

Maximum over tropics

Impact of Hybrid DWL
CTL including Radiance
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Difference in RMSE from the Nature Run for 200hPa meridional wind.
Analysis using 2004 NCEP DAS with T62 model. Top: reduction in RMSE
from the inclusion of TOVS data. Bottom: reduction in RMSE from the addition
of Hybrid_DWL to the CTL run. Averaged between Feb13 and Feb28, with

twice daily sampling.
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Doppler Wind Lidar (DWL) Impact
without TOVS (using 1999 DAS)
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Time averaged anomaly correlations between forecast and Nature Run for
meridional wind (V) fields at 200 hPa and 850 hPa. Experiments are done
with 1999 NCEP DAS withT62 model. CTL assimilates conventional data

-, only.




Doppler Wind Lidar (DWL) Impact

With TOVS (using 2004 DAS)

Hybrid_DWL

Hybrid DWL
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Scan DWL_upper
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Dashed green line is for scan DWL with 20 times less data to make the
observation counts similar to non-scan DWL. This experiment is done with
2004 NCEP DAS with T62 model.




Data Impact of scan DWL
1999 DAS vs. 2004 DAS

2004 DAS CTL - 1999 DAS CTL

Impact of 2004 DAS

(Conventional + TOVS) —— Total scale

2004 DAS Hybrid DWL
- CTL (99)

1999 DAS CTL
_CTL (99) - - -

1999 DAS Hybrid DWL
_CTL (99) - - -

Impact of DWL + better DAS

These experiments are done with T62 model with SSI.

00 mb

Synoptic Scale

N WO 2 DO O
PN T T N T

rfferences in anqmaly correlation

Impact of DWL



/
Data Impact of scan DWL v/g/. | de‘I’R’@ution

Impact of DWL + T170
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Adding Hybrid lidar has large impact on analysis
but increasing the resolution has more impact on
forecast after one or two days.

These experiments are done with 2004 T62 DAS with SSI.



Reduction in RMSE from NR ¢l
control in 72 hour fores

162 V200

More consistent improvement with T170 model
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» Open circles: RAOBs simulated
with systematic representation error

e Closed circles: RAOBs simulated
with random errors

 Green: Best DWL
Blue: Non-Scan DWL

Time averaged anomaly correlations between forecast and NR for
meridional wind (V) fields at 200 hPa and 850 hPa. Experiments are done
with 1999 DAS with T62 model. CTL assimilates conventional data only.



Targeted DWL experiments

(Technologically possible scenarios)

Combination of two lidars

DWL-Upper: An instrument that provides mid- and
upper-tropospheric winds only to the levels of significant
cloud coverage.

Nnerates or 0%, (naossih n to 209%) of the time. Switched on
des wind
JIUSCI V& v v I y DUV AU v L.

Operates 100% of the time and keeps the instruments warm as well
as measuring low level wind

DWL-NonScan: DWL covers all levels without scanning
(ADM mission type DWL)
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/ better han DWL- Non Scan in the analysis

cl

DWTL-Non-Scan performs somewhat better than
Targeted 10% DWL-Upper in 36-48 hour
forecast

100% Lower + 100% Upper

100% Lower + 10% Targeted Upper

100% Lower + Non-Scan

100% Lower + 10% Uniform Upper

100% Lower

Non-Scan only

No Lidar (ConventionaIC-l_-I_EOAAH and NOAA12 TOVS)



)ata and model resolution

OSSEs th Uniform D

More d or a better mo

| 1cci Grid used in the uniform

40 levels of equally-spaced data
100km, 500km, 200km are tested

Skill is presented as Anomaly Correlation %
The differences from selected CTL are presented

Time averaged from Feb13-Feb28
12-hour sampling
200mb U and 200mb T are presented

data c
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ious scenarios
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This experiment is done with 2004 T62 DAS with §S1. Significant

changes are expected with newer DAS with higher resolution models.
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Hybrid-DWL has much more impact compared to non-scan-DWL with the same
amount of data.

If the data is thinned uniformly, 20 times thinned data (U20) produces 50%-90% of
impact.

20 times less weighted 100% data (R495) is generally slightly better than U20 (5%
of data)

Four lidars directed 90 deg apart (N4) showed significant improvement to D4 only
at large scales over SH but is not much better over NH and at synoptic scales.

Without additional scan-DWL,10min on 90 off (S10)sampling is much worse than
U20 (5% uniform thinning) with twice as much as data.

The results will be very different with newer assimilation systems and higher
resolution model.



NCEP OSSE demonstrated that when using Full OSSE,
various experiments can be performed and compared.

OSSE with one month long T213 Nature Run is limited.
Better Nature Runs are needed.

Internationally collaborative Joint OSSE which shares
same Nature Runs has emerged.

The results from the NCEP OSSE have to be
confirmed by Joint OSSEs with Joint OSSE NRs



Need for collaboration

N¢ed one 3:;0 new Nature Run which \Lv ed by
many OSSEs, including regional data assimjiatipn
Share the simulated data to compare the O$SE|results
frgm variolis DA systems and gain confidenge if results.

O$SEs requife many experts and a wide range of resot

Extensive|international collaboration within the Mgteogfological
Commungih/ is|essential for timely and reliable OS{Es o
influence decisions.




ive Joint

f future obse

arch/JointOSSEs
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[1INOAA/NW S/National Centers for Environmental Preg
[2INASA/Goddard Space Flight Center (

[3INOAA/ NESDIS/STAR, Camp

[4]ECMWEF, Reading,

[5]NOAA/Earth System Research Laborato

[6]SWA, Charlottesville

[7]Royal Dutch Meteorological Institute (KN

[8]Mississippi State University/GH
[9]JCSDA, MD

[10]University of Utah,

p Springs, MD,

Other institutes express

[11]NOAA/OAR/AOML, Mig

[12]Environment of Canada, Ont

[13]JMA, Tokyo, Japan, [14]University of Tokyo, Japa
[17]INCAR, Boulder CO, [18]Norsk Institutt for

STEC, Japan,



Core members who have been involved from the early stage
L.-P. Riishojgaard[10,2], M. Masutani||1,10],
J. S. WOOI:IEn[l], Y. Xie[5] N. Prive[5], 1. Zhu[3],
R. Errico[2], R. Yang[2],
A.Stoffelen|7], G.-J. Marseille[7], E. And¢rsson[4],
G. D. Emmutt[6], S. Greco[6], S. A. W@od[6],
F. Weng[3], HSon[3,], T. J. Kleespies[3,10]} Y. Song[1,]
O. Reale[2,], T. W. Schlatter[5], S.J. ILord[1],

http://www.emc.ncep.noaalgov/research/JointOSSEs
Meeting summary, Discusgion forums, References, FAQ foff OSSE, GSI, and CRTM
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Archive and Distributioﬂ
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Supplemental low resolut
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Potential temperature level data: 315,330,35(,370,530

Selected surface data for T511 NR.
MSLP,T2m,TD2m, U10,V10, HCC, LCC, MCC, TCC

T511 verification data is posted fror
Archive. Data set ID ds621.0. Currej

access.

(Contact Harper.Pryor@nasa.gov)
(Also available from NCEP HPSS, ESRL,
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Utilize Goddard’s cyclone
tracking software (Terry and Atlas,

AMS conf, Aug 1996):

a distinct eye-Jike feature and'a@ | monthrand season)

very prominent:warm core.’ 3
Structure even more ¢ :
impressive than the systém

observed in Adgust. Low-level
wind speed excéeds'55 m/s.

L.

g

* Identifies and tracks mOjrfh;=
extratropical cyclones (cutgff at 2
Comparison deg N/S latitude)
between the NR * Interfaces with GrADS cqntourijpg
ECMWF T511 algoriihm
* Uses SLP field at 4hPa gpntou
.Natur.e Run interval
against climatology Find roid of i t
20050601-20060531, exp=eskb, * FInds centroid of Inner-mps
cycle=31r1 MODIS closed isobar n'|_
AdrlaEnC'K/(I)Vr{\/Eklns, + Tracks the centers using
extrapolation and 500hPa steering
NR-MODIS
Tropics
Oreste Reale (NASA/GSFC/GLA)

. P E _ ;'; Cyclo.'ne tracks generated:
\s/r?g/lvcsalef\tlgcgr:hgfdae Hrlégg(;tex Y a ; _ i: - Nature Run at one degree for
resolution of 1 deg g E "] Jun 2005 to May 2006 (each

:
i

« NCEP: operational analysis at
. one degree for 2000 to 2006
% (each month, 68 of 84 months
'wi\‘r%re available)
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T511 Nature Run is found to be representative of the real
atmosphere and suitable for conducting reliable OSSEs for
midlatitude systems and tropical cyclones. (Note: MJO in T511
Nature Run is still weak.)

There are significant developments in high resolution forecast
models at ECMWF since 2006 and a more realistic tropics for T799
Nature Run is expected with a newer version of ECMWF model.

ECMWEF agreed to generate a new T/799 NR, when the Joint
OSSE team has gained enough experience in OSSEs with
T511NR and is ready to make the best use of the high resolution
Nature Run.

For the time being, the Joint OSSE team will concentrate on
OSSEs using T511 Nature Run.



Simulation of Observations for calibration

The output data is saved in BUFR format which can be rea
Gridpoint Statistical Interpolation (GSI). GSl is a DAS usec
GMAO and ESRL. The codes are flexible and include marj
parameters.

Initially observational error will not be added.

GMAO will provide software to add random error.

Simulated observations will be posted from NASA/NCCS p
GMAO will provide calibrated simulated observations.

NCEP-NESDIS will provide additional data which are not sj
GMAO.
Some calibration will be performed but users are expected

perform their own calibrations. Some simulation by GMAO 1
repeated for the complete period.

Each group will make separate directories for simulated ob
the NASA portal.

1e
EP,
ble

2d by

ons at




GM bservation Simulator for Joint OSSE

« Software for generating conventional obs (observatio[m typelincluded in
NCEP prepbufr file). Surface data are simulated at NR surfacg height.

« Software for simulating radiances: Code to simulate HIRS2/3, AMSUA/B,
AIRS, MSU has been set up. Community Radiative Transfer I\,lLodeI (CRTM)
is used for forward model. Random sampling-based usgs High, Mid, Low
level cloud cover, precipitation to produce a realistic disfribution of cloud
clear radiance.

« Software for generating random error.

« Calibration is performed using Adjoint technique.
Distribution

Simulated observations will be calibrated by GMAO before bec:(wjming gvailable.
Limited data are now available for people who contribute to valigation and calibration.

Contact:
Ron Errico: ronald.m.errico@nasa.gov




Simulation of radiance data at NCEP and NESDIS

Step 1. Thinning of radiance data based on real use

For development purposes, 91-level ML variables are prpcessgd at
NCEP and interpolated to observational locations with alf the information
need to simulate radiance data (DBL91). DWL91 will b¢ post¢d from
NASA portal.

The DBL91 are for quick work and also used for developmentjof CRTM.
GOES and SBUV are simulated as they are missing from GMAO dataset.

AMSUA, AMSUB, GOES data have been simulated for éntire 511 NR
period. DBL91 for HIRS2, HIRS3 are also prepared, sayed and will be
posted. DBL91 for AIRS will not be saved.

Step 2. Simulation of radiance data using ¢loug¢ly radiance

Cloudy radiance is still under development. Accuracy of GMAOjdata will be
between Step1 and Step2.
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Simulation of SBUV ozone data
Jack Woollen (NCEP}

Real 3 ]

Plot produced by By
Jack Woollen




Further Considerations

Data distribution depends on atmospheric conditions.

Aircraft data are heavily affected by Jet Stream location.
Location of Jet in NR must be considered.

Scale of RAOB drift becomes larger than model resolution.
Cloud Motion Vector is based on Nature Run Cloud.

Microwave Radiative Transfer at the Sub-Field-of-View Resolution
(Tom Kleespies and George Gyno)

The ability to integrate high resolution databases within a given field-of-
view, and perform multiple radiative transfers within the field of view,
weight according to the antenna beam power, and integrate.



Calibration

GMADO is conducting calibration using adjoint method.
Focused on July August 2006 and December 20005-Janyary 2006.

ESRL and NCEP are working on calibration using data denial method.
Using simulated data by GMAO and additional data fromy NCEP.
Focused on July-August 2005.
GSI version May 2007.

NCEP is working on upgrading OSSE system to newgr GSI jo
accommodate DWL and flow dependent error covariances. Some
calibrations will be repeated.
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Planned experiments-

OSSE for GNSS Radio-Occu
observations
Lidia Cucurull (JCSD/

Several options for a future operat

(COSMIC follow-on) regarding orhit configurations,
secondary payload vs. dedicated

What is the optimal choice?

CEOS action WE-07-03 on ‘evalug

OSSEs’ given to NOAA/NESDIS.
These actions have recently been

— International Joint OSSE project set up;
— 2-yr full time post-doctoral sci¢

Funding made available by NOAA

jional GPS Radio

ystem, efc.

ation of the requir

completed:

ntist will conduct]

INESDIS: hire in

It

n

en

pr

(RO)

h system
satellites,

conduct RO




OSSEs to invesftigate GQES data us3ge

and prepare for GOES-R

Tong Zhu (CIRA/§¥SU),Jfuzhong Weng (NOAA/NESDIS),
Jack Woollen (NOAA/EMC), Michiko Mgsutafti (NOAA/EMC), [fhomas J. Kleespies(NOAA/NERDIS),
Yong Han(NOAA/NESDIS), Quanhua, Liu ({§SS),]pid Boukabara (NOAA/NESDIS),Steve Load (NORA/EMC),

173

This project involves OSSE valuate gurrent usage of GDES data

Simulation of GOES-12 Sounder Observed GOES-12 Soulhder

Nature Run hurricane generated on September Obsgrved GOES-12 18 bands on
27. At 1200 UTC October 1, it is located at about 023f) UTC October 01, 2005 for
43 W, 20N. The high moisture air mass associated North Atlantic Ocean section.

with the hurricane is shown clearly.
by Tong Zhu
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Summary

OSSEs are a cost-effective way to optimize investment in
future observing systems

OSSE capability should be broadly based (multi-agency)

— Credibility
— Cost savings

Joint OSSE collaboration remains only parti| Inded

but appears to be headed in right direction

GMAO software to calibrate basic data is ready for rels

Additional software being developed at NCEP, NESDI| iL and
GMAO

Database and computing resources have been set up for DWL
simulation and SWA, KNMI receiving ESA funding for DWL simulations

Preliminary versions of some basic datasets have been simulated for
entire T511NR period




Using Full OSSE, various experiments can be performed and various
verification metrics can be tested to evaluate data impact from future
instruments and data distributions.

It was noted that that while OSSEs can be overly optimistic about the
impacts of new observations evaluated in the current data assimilation
system, advances in data assimilation skill usually allow us to make better
use of observations over time. These advances may, to some extent, be
an offsetting factor in that they can help achieve greater impact from new
observations in the long run. (From Workshop summary)

Theoretical predictions have to be confirmed by full OSSEs. The results
are often unexpected. OSSE results also require theoretical back ups.

OSSE capability should be broadly based (multi-agency) to enhance
credibility and to save costs.






