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NASA fvGCM’s Operation
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140%105*31 100+100*31
Fig.1: Domain1 (45 k) « Fig. 2: Domain 2 (15 k) »

Schedule for CWB WRF

Phase 1:

Current ~ Oct 2006

— Sengitvity study for WRE model configuration
— Sefup and integrate WRF 1o CWEB's cperational environment
— Testng on the CWEB new HPC system

Phase 2:

Oct 2006 ~ Jun 2007

— Farallzl run in 45/15/5-km resclution

Phase 3:

Jul 2007 ~ Dec 2007

— YWRF operation in 45/15/5km resolution
Phase 4:

Jan 2008 -~

— WRF operation in 27/9/3km resaluton

Activities in phase 1 (1/3)

= Verify WRF performance
— Case study
* MCS
* Tybhcon
* Frontal system
* Local circuiation
— Statistics of the WRF forecast
= Error statistics for a period run {(1~3 months)
— Cold start run (1C from NFS)
— Update cycle run

Activities in phase 1 (2/3)

* Sensitivity study

— Optimal configuration for physical
parameterization scheme
— Domain size and resolution
* In particular in high resolution
— Initial conditions
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Activities in phase 1 (3/3)

= Setup and integrate WRF into CWB’s
operational environment:
— NWP control system
— Data assimilation system
— Verification system
— Product generation
* Typhoon initialization
* Testing on the new HPC system

Goal in phase 1

* To ensure the WRF model is running in a
reasonable way

* To integrate WRF model into CWB’s operational
environment

* To ensure the WRF can be operated well in
CWB's new HPC system

* To well understand the forecast performance
and construct the optimal configuration

Activities in phase 2
(Oct 2006 ~ Jun 2007)

* Parallel run in 45/15/5-km resolution
— Fine tune the computational performance

— Test the integration of WRF model and
operation environment

— Compare the results with NFS and other

Schedule for CWB WRF

* Phase 1:
Current ~ Oct 2006
- Sensitivity study for WRF model configuration
- Setup and integrate WRF to C\/B's operational environment
— Testing on the CWB new HPC system
+ Phase 2:
Oct 2006 ~ Jun 2007

— Parallel run in 45/15/5-km resolution
models + Phase 3:
Jul 2007 ~ Dec 2007
— WRF operation in 45/15/5-km resolution
+ Phase 4:
Jan 2008 ~
— WRF operation in 27/9/3-km resolution
Man power Requirement from CWB
* Regional model team: * Man power
6 -3 more
s Work on WRF: * Topic
w30 — Surface and PBL process

- Microphysics

— Verification

— Product generation

— Typhoon initialization
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{Wu et al. 2005a)

Flow chart of DOTSTAR

- Global/TC model

A,
UEMO, T
l Astra jet EMA |w,
" | NCEP/FNMOC

1

/Eﬁ"ml time
|
I § ey

GPS Dropsande

Global/TC model Ana./Fest.
Satellite comphunication { Inform. Cenier ) { Forecasiing
L center )

l (
On-board data reception NTU/Research team

Archive Rescarch

Results of DOTSTAR in 2003-2005

Onarview of DOTSTAR in 2003-2005: 15 typhoors, 19 missions, S6llight
hours, 312 dropsdonss

International collaboration (HRD, MCEP, FNIMOG, Jhis, URMO)
International Project (OhR-intemational program, US Mawy)

Other data tsers (WTUL RCLL PCCLUL MTHU, UL of Haweii, Gingdas,
Shanghai, Chinese Academy of Sc, NACGR, .}

Real-time data Use at CWE

Surface wind analyses (radius of the gale-force wind)

Dryriarnics ol bourdary Fayer and sirses inlersclion under e yphoon
ermironment

Validation with the remote-sensing data

= Satelite wind and temperature fields

Ll Radar data

= GPSMVET data

Wode! impact study MCER, CWE, FNMOC, A, LKMO) and evaluation
Reseanch on the targeted observation and data assimilation

Radius of gale-force wind estimated based on the DOTSTAR data
Year Typhoon CWBh DOTETAR CWE esimate
2003 Dujuan 3250 kn 350km under

bida Mo Warning
Conson 150 km 100%m OVEr
Mindulel 200 kan 300ken under
Mindulle2 250 kan 350km under
2004 Nindulled 250 km 350km under
IWlegt No Warning
Aere 200 kam 350k under
IUean 200 kin 250km under
Nock-Ten 250 lan 300 km under
Manmadol 250 km 350k under
Haitangl 250 ken 350 km under
Haitang? 250 kn 350 km under
IMatea 200 km 350km under
2005 Sanvu 150 km 150%km in agresrent
Khatun 200 ke 200 ke in agresfoent
Lonpwangl 200:kn 200kt i agreetrent
Longwangl 200 kim 200 km in agreement

DOTSTAR Dropsondes data impact
in numerical models, 2004

Forecast Time (hr) | 12] 24] 36 48] s0] 7m2[avE
Global Model Track Exror Reduction (%)
NCEP GF3 1 9 4| I -5 18 15
FMMOC NOGAPS 15 ] g & 22| 43| w7
Jes GEM 3L% 5 19 21 14 14 20
E’Ixzsgxgble of three Global 20+ wl el g 10e 10 o
Regional Model Track Error Reduction (%)
GFDL 2| -0 -9 T 14| s 1
WEFAVEIO) 4% 23 22 29 12 11 18
WERFAVHMHIDVAR) 10 13 14 9 1] 7 8
HFS(With Bogus somnding) -1 -6 -G -18 =26 -17 -13
HEE(Witheut Bogus sourding) g 9 17 -1 = 4 &

2004 NWP TC Forecast Verification

ki (case number)

Fevazast Deriod (1)

Model I 12 24 43 72
UK B33 157(301) 34262 381(213)
GFS 21337 13(314) 25258 3510207)
G5 (DOTSTAR cases, ND) (107 13%%) 24608 294(6)
GFS(DOTS TAR cases, WD) &0r103 124%) 18108 428

NOGAPS

NOGAPS(DOTS TAR cases, NIV 950101 1679) 367(8) Eetes)
HOGAFS(DUTS TAR casts, WD) 310101 1553) (8 367
M4 GEM 189(313) 385257 38r211)
TMADOTETAR cases. HD) 151(5) 355(5) A054)
THEACDOTE Th R cases, WIN 114(5) 279(5) 554

Courtesy fram CVWB
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« Higher sensitivity to the north of Typhoon Meari

« Mare Impact on the mendional movement

« Thesensitive areas match some of the dropsondes deploymeant
locations in DOTSTAR

Dennis 2005070700

AL E B
LOERC R

* Dropsopnde/asrosonde Rt R A EHER (It
would be helpful to Improve the eye and eyewall
observation, and conduct the targeted observation
over the sensitive area)

r WEEHEA

- FFEEEWMES
- wind profilers® i
- ol Rh BE
 BEFHZESL

7wt & B

BB A% A,

B E AN ERA: NFS, WRF and other models
(The first step 1s to truly understand and determime what
community model is. CWB zhould exploit a community
model that has been proven by operational test and check-
out, is capable of producing better operational products,
manageable by CWB modelers and programmers, satisties
the execution time requirement, and has potential for
further mprovement).

« i E LR ¢ 3D-VAR, 4D-VAR
« BAE TEAR A ALO0E Roomputer upgrade

AL B

BB
4B, TR0 s
0-30 h — ramnfall and wind (mesoscale features and the
terram effect are very important). The estimation of the

accumulated ramfall of a storm over a city/region is another
very important task for CWB.

24-72h — track - including the improving the consensus
track forecast (specifically designed ftor Taiwan) for
operational forecasting, while trving to obtain more ugeful
model outputs (such as IMA’s typhoon track model and others
o Address the uncertainty of the forecasts appropriately, and
1in%)clit to the disaster mitigation agencies, media, and the
public.

G R o
e L 74

- Who are CWE”s customners? -- Disaster mifigation agencies are on the
top imnportant lists
« What are CWE’s customers' needs? — The mitigation agencies need the
information as where, when and what ameount of the heavy rainfall will
happen. This critical information will help the decision-making of the
optimal arrangement of the mitigation efforts (such as the relocation of
tlth; wrater pumps from some areas of less threat to ofher areas under

aat.
« WWhat are the goals of trphoon forecast improvaments in the next five
years?
« What can or should the CWE do in the mitigation aspect of the disaster
prevention process?
+ Evaluation of current forecast/cperation process.
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Summary statements:

CREAGEIHERE T S ERAAAL AR AHLEFRER
NBFEFBRILEEERR - o - HBRELRTER - BELUA
z)\i%ﬁ%ﬁi’% BB RSEAE - b BMERALAERZE
cBE - RRALAEREZESAESRE -

CEERAE G — EARERFARFEAEARMBRMN LA
£ A o B R FE R AR A (Including targeted
observations for the initial sensitive areas and the observations near the
eyeandeyewall) ~ M FLEAHMESTHETEREIRAZLS -
CRRARTE T - AR - BAAN - HEEEETHEREMER
2 H 4 FRAERKE L VGEMGERSE M - BB RATERZRE X
ook

SR H AR A B AP RSN EERAL  LAME
HARAE LA LA R BRI TR -

Summary statements:

= Transition from research to operation

= The road map to guide the above process and
a mechanism to facilitate it. ITow, where, who,
and when?

= Look for support for all the above items.
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3.

WSNO3 recommendation-2

E. Howcasting systems - O dl ding

Chocsing the approprials balance between HWE, Exi polation and Conceplual Medels. BT is certainly

umngxq)lelw capebility af the Aaue scals, and proj ections indicats thab itwill be passile ta miake ey

ot st VB Pmori ssatlabl e iTlots g bions of Aottt . T e cisisa) area nending frrthe
evslopmt S5 1 VAL Ak aset L L oF i scale observaions. Balh o sepolabortant cancepl
wordel worg oufelnatly m sl lochuiques, wlil: e beo copio duvad stousslivally wih vasyig desgoes
of axcam. Bo sxposiod to rolan azolo innowousiing for load lim o shostor than the propsonisg
Gime for NWP. (1. 1 hatay, They slso penvide & chosy ateiagive ta TP far Encifi. prokloms Tle
antom ecion of extrapalat.on hesheen generally successful, there are Few ez emples of the Sbocessiul
embaimaion of conceptonl s 0cela. Thissiay be relaed 1o he difieuly of patesn ircoguton, gcblam s
ariang from tis artificial lmmit to peitermne that fit, or to the inheren: inserity of intaractice with the
emtommen, In general, it woul appr (at nortincar moddling o a hetter ASproarh 10 Aot these
protisns

Fale of the b an
Presentations at the symposiim provice a wide spectnm of wiews on the rale of the human in mweasting
Thezeis  deas'ssug diout e Scope OFZesperabally: Wil e areolest Dol Sound wiiere manval
resporisbility is 1estai cied Lo asather anall sea—perieps b ange of one tadar A relaed ssue isthal,
whiereas an ezpes enced forenasler can routinely improve on mzumaie.ipmmm, maypen enced forecasters
can el raitinely degcs then, co that theie 1= & substartisl additional cart o lengfhy taning if all
oporatioral inputis 1o be o expetieced staff. o olher words, a fuman role agpos to be justified oy
the cost of the hunan sesource is anall weel/ai the potentiol benefits lage, Whers the 3ff cost ialuzh or the
westher impacis ara m odest, autom ation sppears toba the prefarred soute. How ver, even in this sintation,
there iz strong evicence of a cortimirg néed for human quality contsol of the Final Wertings, and of maman
inderpr elabion o i foresests for sensilive users

Mositaring
Amomstert system s neec to have amuch higher degree of reliatility than those tet mersly foem aninput to
the Forecaster. 1o particulas sutomatsd moritoning s quality conirol of swem ated end products will be
nce

WSNO5 recommendation-3

Issnes on WP and datz assinilabion- Koz
1. IWP and data assimilation are required to provide reliable atmospheric
stabes i a limely manner Tn order bo meel the requurements, sside fom
improving NWEP made] and data assirilation system themselves, we are to
exploit all available chservational data (net only radar reflectivity)
Z. Currently many people seem o thinlt that time-zonsuming data assimilation
method lcedD-Var is ot practical to be used in noweasting” very-short-range-
forecasting centert. How ever, since " cross-over zone' from extrapalation to
WP is currently Jater than 3 hours, timeliness of WP forecast does not seem
o be S0 urgent requirement as ils accuracy, which suggests that time-
2 data agsimilation methods (4D Var, engemble Kalman filter stc)

g evern in ancas‘tmg,’very-shor‘t range-forecasting context

3. Estimating and providing "Uneertainty" of madel forecasts i3 getting mors
and mere imp ortant. However, there i3 no standard methed to estimate 4 yet
Sine model ermors for mesoscale events can luve quite ill-shaped (2 g not
Graussian] probability distribution, it is not guaranteed that "ense‘nble method!
prowides appmpnate estimation of model ervers. Exror estimation methods and
therr lrmitations are to be mnvestigated

&

=l

WSNO3 Recommendation-4

Vel ficai on— Ebert.

1. The chservations used to werify noweasts and very short renze Srecasts almost always
contan same Level of nacertainty, but thiz is not gencrally takten into asconntin
vertfication, The umpact oF the ohservazond error s to artfiaally merease the app went error
ofthe farecast, maliag :t look worse than it actaally 13, Methods ar= aceded ba quantily the
tmpact of ubsewahuui error on the verification resulte, This iz currently an area of research,
i s metaads progoce oo fr reqaining an acsursts measurement of he obcerion ot
against come ' gol

2. When meymf forecasts and especially when comp armF forecast systems against each
other, it 15 adwisable to quantifr the uncertainmy (due to sanpling ero) o the verificaion
results themselves, One approachis to estumate confidence mbcrvals on the results using
resarrpling tech ques

3. A5 the spatial and teraporal resolution of forscasts conhnuss t increacs and forecacts

ear more redishic (compared to redar Gata, for ewample), 1t 19 becoming clear that
Yerandard" veri fication metrics like RM S and CS1 do not reflect the increased value ofthe
forecasts. Indeed, the fracifional scores freqnently get warse o higher resclution as it
hecomes more difficult for the foracast to achieve a perfect mateh. Mew venficaton methods
that talce ceale inta account, either through scale decomposition or nemg multiple scales, are
able to Euannfy the skil] of the brecests af time ad space scales that are predictable, Oblect-
oriented technigues verify the location, size, smplitude, and other properties of weather
enitities (stotros, for swamile) in 2 holhetic way, as apposst to theusual gridaaint-ta-gridpoint
comparizons. The uss ofthede new ver: foation approaches siould he ensorage:

4. Decision makers, whether they be operational forecasters or cxtemal users of forccasts,
beneEt fom wend calion information that gees beyond simple accuracy measues
Venfication informaion that1s Scused on hping the user to make a citer deoision 1s
needed One exampls is the sssezamont of forccast walus a5 2 function of costlossratio. Other
metrics and diagnostics may be determined by wordong close v wath he users to vaderstand
their decision making processes

WESNO5 recommendation-3

- E Tedbede . Walt Dakberdt

- EREES ﬁ:cc'f“cr 1esearch projects, we are £
fn'scsshngw- & synoptic szele doserving syztem

= 2. Challenge: how to mateh scale and eocpe of operdional dhcorving rysten awith the ace de for modeling aad
aralysis 7

= 3. Two broad sategories of ismies — teohni calisoientific issites and ‘pragmatic’ isaies
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Data Assimilation Strategy at CWB

I. Data Assimilation at CWB (2005/07/12)
Issues:
® Current Status of DA at CWB?
DA development and models (localized vs. nonlocal)?
Priority of data ingestion for regional model?
Priority of data ingestion for global model?
DA system for regional model (WRF vs. NFS)?
DA system for global model (NCEP GSI vs. SSI) or others
® FORMOSAI-3 RO data assimilation of CWB global/regional model?
Discussions:
#fHAM: DA knowledge and control of data resource, new DA skills, NRL connection for improving DA at
CWB and keeping DA updated (S. Chang). CWB will rely on CWB’s staffs in developing DA and
enhancing capacity. More flexibility of DA for regional models but less for global models.

FEK[E - Tests on global model with typhoon bogussing. Track prediction is not superior to international
level. Currently, OI is used in the regional model initialization. Dropsonde data impacts on typhoon
track predictions at CWB are not obvious. Tests on WRF 3DVAR will be a focus. Background error
covariances will be investigated. FORMOSAT-3 data impact will be studied through WRF 3DVAR to
NFS. Radar-retrieved wind will be ingested into NFS. Improvement on regular ensemble methods is
expected.

@78 © Regional DA will move to WRF 3DVAR for NFS. Consider new observations, especially for
satellite data resource. DA for various data in WRF 3DVAR needs to be developed.

ZWEK ©  Need more focuses. Disaster mitigation in Taiwan emphasizes 0-12 h forecast on small-scale
phenomena. Radar data usage is at top priority. Model ensemble forecast has resulted in
improvement. DA is a key issue to typhoon prediction.

SRVREL : Echo the importance of 0-12 h forecast. Supporting observations, DA, models and resolution for
small-scale local prediction all are important. Predication of mesoscale structures in large-scale
environment is essentially important.

BH#EE: Dropsonde data do have some impact in international hurricane models. Need to investigate why
CWB models have no impact.

JE]BH®EE : Both 0-12 h and 24-72 h predictions are important and need to be improved.

FK[E : Need more fare evaluation for CWB intense rainfall forecast.

BFB#: QPE before QPF needs further improvement. Dual polarization radar at Chi-Ku may be desirable
for improving QPE and QPF.

@78 © Need powerful computers for small-scale prediction.

B E L ¢ NCEP GSlis still under evaluation, but CWB has interest.

F{E& : Radar data exchange with China will be helpful for CWB weather prediction.

II. Data Assimilation at CWB (2005/09/02)
(Some idea based on a meeting with Bill and Terng on 08/27/2005 at Boulder)
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® Items scheduled to be committed
® 2006/7: WRF VAR on line
® 2007/6: WRF 45/15/5 on line
® 2008/1: WRF 27/9/3 on line with all current CWB data.
® [tems suggested for DA
® 4DVAR/EnKF implementation for regional prediction.
® EnKF for global prediction
) GSI vs. SSI for global model. GSI should be evaluated.
®  Priority of Data for DA
®  Satellite radiance currently available
® Radar radial wind and reflectivity echo
® GPS RO (for FORSAT-3/COSMIC) and GPS PW (network)
® Automated soundings
® Training and collaborating related to DA
® Two key workers to collaborating units (6 months to one year) per year
® Involved in international developments
® Bi-lateral or own projects (Hurricane-WREF, DA with GPS PW and RO, etc.)
® Issues to be concerned about for CWB
® Are CWB own global models necessary? (from web site supports)
® Are 4DVAR and EnKF to be implemented? (WRF 4DVAR 2007-fall)
® [sland-wide GPS PW sites (with surface measurements) on line?
® New island-wide automated soundings (wind profiles as meso net)?
® Dropsonde data for operational mode?
Summary:

CWRB is facing a much greater challenge on DA, mainly due to new data sources to be assimilated for

improvement on both global and regional predictions. CWB must consider its own man power and future

capacity to adjust itself ready for such improvement. The issues listed remain to be pondered over. In

short, CWB has its own missions with expected performances that are subject to international comparisons.

The community just wants to see its success under smooth transition, and more important, with feedbacks to

and from the community.

II1. Data Assimilation at CWB (2005/10/20)

WRF VAR

WREF VAR is the preprocessor of WRF that can assimilate a variety of types of data for providing better
initial conditions in a regular run or a cycling run. The WRF VAR should be maintained as a standard
operation level as possible with improving model background error covariance statistics and various
observation error covariance statistics. The time table for operational WRF VAR (by next July) is
sound, in terms of the transition of both computer and model assimilation system. However, the
current CWB lacks of manpowers in optimizing a localized WRF VAR and thus should re-group related
staffs and full-time research assistants. Although questions on WRF VAR have been raised by panel

members, the background information can be used from any global model assimilation with a number
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of types of satellite data. WRF VAR, still under development, will be very potential and promising to
meet our expectation for providing powerful initialization. In particular, WRF 4DVAR has been nearly
completed and can be used in nearing future. WRF 4DVAR is believed to serve a prototype of tool for
short-term small-scale prediction, despite some arguments on current WRF VAR by a panel member.
According to the NCAR WRF VAR team, WRF-Var has many other capabilities that many other

operational systems do not have:

- Ground-based and space-based GPS data assimilation
- Radar data assimilation (assimilating both radial velocity and reflectivity)
- a general framework that support 3D-Var and 4D-Var assimilation
- WRF 4D-Var will be available in about one year.
- NCAR s also actively developing an ensemble Kalman Filter data assimilation system based on
WRF
- Capability to perform data assimilation from cloud-scale to mesoscale
and global scale (this requires the use of a non-hydrostatic model, such
as the NCAR WREF).
Thus, the completed WRF VAR would allow a user to compare 3D-Var, 4D-Var, and EnKF systems to
assimilate the same data, using the same forecast model. This would open the door for many exciting
research, particularly, in the area of mesoscale and cloud-resolving scale data assimilation. It would

also have important applications to nowcasting and very short range forecasting.

FORMOSAT-3 I0P Campaign & FORMOSAT-3/COSMIC Missions

CWB should take an active role in FORMOSAT-3 IOP Campaign to show the impact of FORMOSAT-3
IOP data on regional as well as global prediction. It should also be kept in the way of better usage of
all FORMOSAT-3 data during the satellite mission. CWB may help provide a complete evaluation of
the satellite observations from a constellation of six LEOs, to fulfill the motivation of the mitiated
national program by demonstrating the VALUE in real-time application.

GFS SSIvs. GSI

The SSI is an out-of-date product and NCEP is no longer supportive of its maintenance. Therefore, it
is strongly suggested that SSI be replaced in nearing future by GSI with more recent assimilation
operators. Comparisons between SSI and GSI performances should be extensively made with a
careful check-out for useful prediction indices.

Radar data assimilation

All the panel members realized the importance of radar data assimilation for short-term rainfall forecast.
To raise QPF capability, CWB is working hard to blend radar data into model information, but not in a
3DVAR fashion. It is suggested that CWB should form a permanent radar assimilation team to fully
exploit the DA skill and build its own error statistics. This task is believed to play the critical role in
QPF associated with typhoons impinging Taiwan area.

Ground-based GPS PW assimilation

With the island-wide ground-based GPS PW observations, useful moisture information is available for
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QPF over Taiwan. Japan also has an island-wide and denser GPS PW stations, but not in a real-time
mode. CWB must take this advantage and begin to set up the automated island-wide surface stations,
which are very helpful for reconstruct initial moisture conditions over Taiwan and should lead to
improvement of QPF capacity.

Satellite radiance assimilation (SRA)

Most of satellite radiance data in different usage can be assimilated by updated WRF VAR shortly.
Thus, CWB-related people may need to get involved in the new WRF Var infrastructure for such SRA
in order to modify the codes for optimal application. SRA is also a very important task in operational
global models. The current CWB SSI has some capacity of SRA but faces to an update by a new
analysis scheme (GSI). It is suggested that CWB should get involved in GSI and make decisions on
its update very soon. Does the CWB people need to maintain an operational global model or even
keep developing an updated one? This is a matter of DA since DA is critical to global prediction.
WRF 4DVAR

WRF 4DVAR will become available by 2007. A beta version of WRF 4DVAR can be tested prior to
formal release and can be provided by NCAR by the next summer. With much improved computational
power, WRF 4DVAR should deserve an investment, in particular, for severe weather near Taiwan.
Cycling 3DVAR is workable for larger-scale initialization and prediction. The model constraint is
much more important when spatially and temporally dense data (e.g., radar observations) are to be
assimilated for QPF on small scale. CWB may begin to build up an environment for the advent of
WRF 4DVAR.

Hurricane-WRF with bogus DA

With vortex bogussing through 4DVAR, the initialized hurricane may be more truly resolved by the
model, thus producing more consistent prediction. This task may combine dropsonde observations and
other satellite information for optimizing vortex profiles. Therefore, a portion of the dropsonde
information should be very desirable once BDA becomes matured and the seasoned modelers are well
trained by the predictions sampled from different BDA methods. Hurricane-WRF with bogus DA will
act to potentially replace current operational typhoon model. It tells no season why WRF cannot be
applied to typhoon predictions with WRF VAR. The work of ensemble WRF runs at CWB is a step to
reveal potential shortages of WRF. However, WRF VAR with BDA is still little experienced and
CWB may start to investigate a potential operational typhoon model. This issue is more relevant to

typhoon model development and improvement, in spite of that such initialization is also a matter of DA.
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NOWCASTING
BREdTa4R 4 &

OCTOBER 2003

Very Short-Range Forecasting (VSRE)
System(2002-2008project)

* Dealing with 0-12hr short-term quantitative
precipitation forecasts (QPF) on severe
weather systems

— MCS in Mei-Yu fronts
— Typhecons
* Approaches
— Radar (0-3hr)— QPESUMS
— Meodel (3-12hr)— LAPS-MMS5/WRF

(hot-start MM5/WRF)
B
HA05

OUTLOOK of QPESUMS

= 0-3hr QPF on-line eperation & verification
— System improvement
* Lightening data *
— Convective precipitation
= Dual polarization data and technique :
— Precipitation type (solid, liquid, etc.)
— Convective & stratiform precipitation
* Custemer-oriented QPESUMS products
— For different disaster mitigation agencies

OUTLOOK of VSRF
— LAPS-MMS

= Real-Time verification system on-line
— Syslem improvement
= [ntroducing non-conventional source :

— Model atmosphere closer to reality
« Satellite winds
* Sea surface winds (QuikScat, WindSat, etc.)
« COSMIC (Constellation Observing System for Meteorology,
Tonosphere & Climate)
= 3DVAR
— Model atmosphere closer to reality

* LAPS-WRF on-line
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WSNO35 recommendation- |

A, Science issues - Zawackeki and Wilson
1. The crossover point where N'WP improves over extrapolation depends
more on the radar coverage than model resolution. This iz one way to say that
the extent and resolution of the observations and the model science are more
important than model resolution.

Observations — For exampl e the rezolution of cbeervations of water vapor or the
resolution of boundary layer divergence just may be more important than
model resolution in pin pointing the future location and intensity of convective
storms.

science — For example is the model microphysics good enough to determine the
timing and characteri stics of thunderstorm outflows. These items are critical
for determining storm evolufion and secondary initiation.

¢+ 2. We need to quantify the uncertainties in Nowcasting o we can define in a
probabilistic manner the nowcast. For example there may be a developing
storm for which we want to define its likelihood to become severe. There are
conceptual models based on years of research to do just this. These models
include meteorol ogical variables like CAPE, vertical wind shear and radar
characteristics. What is neededis quantification of how variations in the
magnitude of these parameters effect the probability of the storm becoming
severe. We note that ensembles and fuzzy logic are well suited for deriving
nowcasi probabilities.
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3.

WSNO3 recommendation-2

E. Howcasting systems - O dl ding

Chocsing the approprials balance between HWE, Exi polation and Conceplual Medels. BT is certainly

umngxq)lelw capebility af the Aaue scals, and proj ections indicats thab itwill be passile ta miake ey

ot st VB Pmori ssatlabl e iTlots g bions of Aottt . T e cisisa) area nending frrthe
evslopmt S5 1 VAL Ak aset L L oF i scale observaions. Balh o sepolabortant cancepl
wordel worg oufelnatly m sl lochuiques, wlil: e beo copio duvad stousslivally wih vasyig desgoes
of axcam. Bo sxposiod to rolan azolo innowousiing for load lim o shostor than the propsonisg
Gime for NWP. (1. 1 hatay, They slso penvide & chosy ateiagive ta TP far Encifi. prokloms Tle
antom ecion of extrapalat.on hesheen generally successful, there are Few ez emples of the Sbocessiul
embaimaion of conceptonl s 0cela. Thissiay be relaed 1o he difieuly of patesn ircoguton, gcblam s
ariang from tis artificial lmmit to peitermne that fit, or to the inheren: inserity of intaractice with the
emtommen, In general, it woul appr (at nortincar moddling o a hetter ASproarh 10 Aot these
protisns

Fale of the b an
Presentations at the symposiim provice a wide spectnm of wiews on the rale of the human in mweasting
Thezeis  deas'ssug diout e Scope OFZesperabally: Wil e areolest Dol Sound wiiere manval
resporisbility is 1estai cied Lo asather anall sea—perieps b ange of one tadar A relaed ssue isthal,
whiereas an ezpes enced forenasler can routinely improve on mzumaie.ipmmm, maypen enced forecasters
can el raitinely degcs then, co that theie 1= & substartisl additional cart o lengfhy taning if all
oporatioral inputis 1o be o expetieced staff. o olher words, a fuman role agpos to be justified oy
the cost of the hunan sesource is anall weel/ai the potentiol benefits lage, Whers the 3ff cost ialuzh or the
westher impacis ara m odest, autom ation sppears toba the prefarred soute. How ver, even in this sintation,
there iz strong evicence of a cortimirg néed for human quality contsol of the Final Wertings, and of maman
inderpr elabion o i foresests for sensilive users

Mositaring
Amomstert system s neec to have amuch higher degree of reliatility than those tet mersly foem aninput to
the Forecaster. 1o particulas sutomatsd moritoning s quality conirol of swem ated end products will be
nce

WSNO5 recommendation-3

Issnes on WP and datz assinilabion- Koz
1. IWP and data assimilation are required to provide reliable atmospheric
stabes i a limely manner Tn order bo meel the requurements, sside fom
improving NWEP made] and data assirilation system themselves, we are to
exploit all available chservational data (net only radar reflectivity)
Z. Currently many people seem o thinlt that time-zonsuming data assimilation
method lcedD-Var is ot practical to be used in noweasting” very-short-range-
forecasting centert. How ever, since " cross-over zone' from extrapalation to
WP is currently Jater than 3 hours, timeliness of WP forecast does not seem
o be S0 urgent requirement as ils accuracy, which suggests that time-
2 data agsimilation methods (4D Var, engemble Kalman filter stc)

g evern in ancas‘tmg,’very-shor‘t range-forecasting context

3. Estimating and providing "Uneertainty" of madel forecasts i3 getting mors
and mere imp ortant. However, there i3 no standard methed to estimate 4 yet
Sine model ermors for mesoscale events can luve quite ill-shaped (2 g not
Graussian] probability distribution, it is not guaranteed that "ense‘nble method!
prowides appmpnate estimation of model ervers. Exror estimation methods and
therr lrmitations are to be mnvestigated

&

=l

WSNO3 Recommendation-4

Vel ficai on— Ebert.

1. The chservations used to werify noweasts and very short renze Srecasts almost always
contan same Level of nacertainty, but thiz is not gencrally takten into asconntin
vertfication, The umpact oF the ohservazond error s to artfiaally merease the app went error
ofthe farecast, maliag :t look worse than it actaally 13, Methods ar= aceded ba quantily the
tmpact of ubsewahuui error on the verification resulte, This iz currently an area of research,
i s metaads progoce oo fr reqaining an acsursts measurement of he obcerion ot
against come ' gol

2. When meymf forecasts and especially when comp armF forecast systems against each
other, it 15 adwisable to quantifr the uncertainmy (due to sanpling ero) o the verificaion
results themselves, One approachis to estumate confidence mbcrvals on the results using
resarrpling tech ques

3. A5 the spatial and teraporal resolution of forscasts conhnuss t increacs and forecacts

ear more redishic (compared to redar Gata, for ewample), 1t 19 becoming clear that
Yerandard" veri fication metrics like RM S and CS1 do not reflect the increased value ofthe
forecasts. Indeed, the fracifional scores freqnently get warse o higher resclution as it
hecomes more difficult for the foracast to achieve a perfect mateh. Mew venficaton methods
that talce ceale inta account, either through scale decomposition or nemg multiple scales, are
able to Euannfy the skil] of the brecests af time ad space scales that are predictable, Oblect-
oriented technigues verify the location, size, smplitude, and other properties of weather
enitities (stotros, for swamile) in 2 holhetic way, as apposst to theusual gridaaint-ta-gridpoint
comparizons. The uss ofthede new ver: foation approaches siould he ensorage:

4. Decision makers, whether they be operational forecasters or cxtemal users of forccasts,
beneEt fom wend calion information that gees beyond simple accuracy measues
Venfication informaion that1s Scused on hping the user to make a citer deoision 1s
needed One exampls is the sssezamont of forccast walus a5 2 function of costlossratio. Other
metrics and diagnostics may be determined by wordong close v wath he users to vaderstand
their decision making processes

WESNO5 recommendation-3

- E Tedbede . Walt Dakberdt

- EREES ﬁ:cc'f“cr 1esearch projects, we are £
fn'scsshngw- & synoptic szele doserving syztem

= 2. Challenge: how to mateh scale and eocpe of operdional dhcorving rysten awith the ace de for modeling aad
aralysis 7

= 3. Two broad sategories of ismies — teohni calisoientific issites and ‘pragmatic’ isaies

- 4. Technicalfesiertific issncs and conu eats (persaining o the opor dional oaservational challengs).

Namrcasts and short-raage mesoscals foceceats are sbservations limited

Heed e and beiler ohservatiors; Denser nelworks Cace the rurse of dimensionality (md associabed costg)

Need *approgrsate’ measuyem arts, VWater vapor i3 prody sanpled

Sam ¢ for 30 temperatire field; Microphysical shservations

PEL 1 & opestal and very tupartant case; Statis ve dymanic sanpling

Eotter lins: we don't have a good mderstending of the sendtivity of irsprovom ents in feracaate improvemortoin the
sheerving ey ems

= 5. Pragmeticismes pertaining to anproved cperstional obsernng systeme

Nosd to nrederstend who are the tsers of enalys s and Farocast produsts, Heed o ndsr tand what infomn ot on they w et

nssd; Mesdl to optimize choernangadtwosketo solve uese’ probleme
" ; e " .

i e e Sl iR e

Mesdto devilep alliances among the vaious Federal, mate and Local agencies

Nesto devilop effecive purinsiships u cng fhe puklic privess and ogademic seotary: the o of i e oved dserving
mystem s aie ton grest 1o be home hythe pubiic sacter alone, alen, fhere 15 o sagls "killer sppication” — nead b
reilE penas i bl e e e

= 6. Bottom Line testherds provide the mechanism to effectivelyrasnlie the teckmical end pragm atic ismues leading
o imErovett operat el Gseving SRS e Gl yses e freeasts

= 7. Stakeholckrs andusess shoald be invoived in all theses

= 2 Testhecs are long term entarprises, camnot be suoesssful if fhey are short lived

to do hires

£ end shart-rangs mesoscal
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