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ESRL/GSD, Boulder CO
Earth System Science Interdisciplinary Center, College Park, MD

Taiwan CWB, NOAA (NESDIS, EMC, MDL, NSSL, GSD, PMEL) and CIMSS

2019 Mid-term review meeting

June 16-19, 2019

June 20-22, 2019
CWB Delegates

Mark Cheng, Lee-Yin Shen

June 16 (Sunday)

(arriving Boulder and check in hotel)

June 17 (Monday)

03:40 p.m. —05:00 p.m.

09:00 a.m. —10:30 a.m.

02:30 p.m. — 03:30 p.m.

GSD Activity review (task #4) (DSRC-3B809)

(D. Nietfeld, D. Kingfield, X. Jing, T. Liao) AWIPS 2,
Notification

GSD Activity review (Task #6) (DSRC-3B809)

Machine Learning

(J. Schneider, M. Govett, Jebb Stewart, T. Liao)

IA#31 Overview, Visitor support, The other project discussion
(J. Schneider, D. Nietfeld, D. Kingfield, T. Liao)

June 18 (Tuesday)

09:00 a.m. —10:00 a.m.

10:30 a.m. —11:30 a.m.

02:30 p.m. — 05:00 p.m.

NSSL Activity review (Task #2)

Dual-pol radar QPE enhancements and Machine learning
QPE.

(L. Tang, M. Simpson, K. Howard)

PMEL Activity review (Task #8) (Telephone meeting)

(E. Bernard, V. Titov)

Space Weather Prediction Center Visit (N. Rydell)

June 19 (Wednesday)

(CWB Group arrives DC) (Marriott in Greenbelt)

June 20 (Thursday)

09:00 a.m. —-11:00 a.m.

02:30 p.m. — 04:30 p.m.

NESDIS activity review (task #1) (ESSIC)
(S. Kalluri)

MDL activity review (task #3) (ESSIC)

(S. Smith, L.Xin)

June 21 (Friday)

09:00 a.m. —11:00 a.m.

EMC activity review (task #5) (NCEP)
(V. Tallapragada, D. Kleist)
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distribution; distribution;
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Information, PHI) > MEHAFIRAIRSRA > KRAE A F LR EE WINS S48 HEE T H
SAREH - W R A R B A& T =
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AR GSD NEFFAIIT 48 T KA ZRHEF BT E (LB (The Weather Archive and
Visualization Environment, WAVE > [& 11) > i&&—{# 0] DURF @ ERIRIENT R R AR E
WHEAF R & & 50 S B A DR R SAE - o] DR HHEZEAH5E ~ DRSSV &R R R IIAE
BEAsEaH AT iR SR P R R R R B B R TR R 80 2 275 - h LR S5 WINS # R EiE
Fz1l-

Weather Archive and Visualization Environment
* EXPERIMENTAL - Limited Distribution for Testing *

Dataset: (WPC PWPF | v Init: (2019/04/10 12~ Dataset: (WPC PWPF [ v Init: (2019/04/10 12~ Dataset: (WPCPWPF | v Init: (2019/04/10 12 v
Variable: (24 hr Snowfall Level: (Suface v Variable: (24 hr Snowfal| v Level: (Suface v Variable: (24 hr Snowfall v Level: (Surface 2
il e

View: (Colorado v View: (Colorado v
. - -

(in)

o =

i - 4

11~ KSR A 7B 2 (B R (The Weather Archive and Visualization Environment,
WAVE) -

1~ YRGS WINS 2y S oA R T RS e ivg ) B R HARE

FIRE R SR ET I Z40 (Safe-Weather) MDL 106
AR7K BRI B YEUHI 24478 (FEMP) MDL 107
S o B B RITESF FH 3 £ %78 (SCAN) MDL 108
ZoRAEZESL T A (WarnGEN) GSD 108
LoRERE T H (Al terViz) GSD 106

VO ~ S%fE AWIPS- 1T e R S PR e e BRI TR

BT RSB = (ML) A B & {F3RE - AWIPS-T1 /S K Sa PR e SR
Bh T H U518 MDL 1 {77 Bl h S-SR 5 Jm (R AR AWIPS- 11 Za&fetdi RSt E R AR
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R R EE ARSI ARRECE P R RS E WINS RSHVFFERR K » ¥ AWIPS-11 Z40i#
TT iR AR EE - MDL I o Bl SR R SR [EM It % AWTPS HR A ¥ o3 B B2 BIAS TE#R £ 4 (The
System for Convection Analysis and Nowcasting ; SCAN)HVETEFHE » (FREFE A
H1& BT EHIAE

FEARAEES (& 1M30) > RREE WL &FETREE BRI 245
(AutoNowcaster ; ANC) BB A ERRAY TANC 5 107 - HUC NCAR - RiCASHY ANC _E4R(E
¥ ETTTRETREMETE R o TR E T AR R EN B F - FERRREE
(machine learning ; ML)FEHKENEBIEIE T2 ERIP A AT SETHHR A+ » DI b PR
FHIR - A (108)4F 3 HHAJZETTIRIE Roebber B BlEtE+3 G » 1% ML £l Ei =& 12 %
TERGOE TR AR ET G ML DT EBEREY > RS R TEHRE A EEE T R 2]
RERKRNI AR B EDRHILE DT TS s T AR 107 45 5 AZ 10 AR ENRER DM B
ZEEU0H ~ EEEEUH - A EEUNERE TR BT UNE - DU B o 1 B 3 A o b RS TR R
IR THE - DI WINS MR AWIPS- 11 St K R TE T fhdm g 4mis T H -

1~ S — R E RIS TN Z G B R BN AT 245

HER &SR 2EHEE EMC F#3/ Dr.Vijay Tallapragada B2 Dr. Daryl Kleist » B F—F%
NGGPS HYEEZE e T F - NGGPS Y 2 stat ~ 8@ ~ BT —(EHHY ~ JERF S AT B AED /7
AR B YIS 2O R S TR > Wi B R EM bRl - DU — R EZE
KIERTER - EEAHERBIL—4E (unified) WERBE 2B AKEER » BEEEH
TS AEA 2 R i85 BE (T (035 5 NCEP ~ NCAR ~ GFDL ~ FNOC)#2fit 5 {Ef = » LOmEEn
2 4 2 PRERREEE (Serf @ iixoL - PR BER S ) > PRI GFDL HY FV3GES =i Ry i it
HE S FV3GES B CATESHN 6 A e L4 T > B NCEP BRA M (EE
12 Fs& A NGGPS #RENHY &L SE - TR b e st R S IR A &
Dr. Vijay Tallapragada #EfTRAST » % FV3GFS AV EEDN - W EE KPR RS
IR RIS R T -

5= B B 2 IR B TH e 0 (NCEP) » &R ZERY T — (U2 Bk E = (FiniteVolume Cubed-
Sphere Dynamical Core Global Forecast System; FV3GES) V1.0 o H/KSE#EMTE B C768
(13 ANE) EEEE 64 Jg @ BUZTH 0.2hPa o PRERFIESFE L FV3CES B17#% 0
RHEREEE N — U ekEATHHR AL -
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NGGPS Prediction Model Components
- e ™\

Aecrosols/
Atm Composition
(GOCART/MAM)

I
NEMS/ESMF/NUOPC Assimlation
| | | | o

Land Surface Ocean Wave Sealce

\ ("oﬁ';)'“"’ (:'Jgﬁg) (WW3) (CICES5) /

NGGPS prediction model will consist of fully coupled components representing different

parts of the Earth system.
All components will be based on community codes.
3rd Taiwan West Pacific Global Forecast System Development Workshop, Taipei, June 19, 2018 4 "Q, = (B
|

12 ~ &4 A NGGPS AREIHY BB H 1 -

FV3GES #EREEJE AR Geophysical Fluid Dynamics Laboratory (GFDL) ZHAFREEFE
7% (finite volume method) 758K (cubed sphere) FEAERY&ERIFE=EN 1%L » 45 & NCEP
2 TEYE S T7 75 48 NCEP iYRFLLIR g HH 2 (8 e AR B A R sl XAy =t - FV3GFS
SR IEAF ) (non-hydrostatic) & WIS AETEAVESE - STREICRRET LA
A4 ARG EET - A E R IR Z TR E IR T e & R EP s i -
MEFEERE IR R E S — NE I - WP RIS IR RS E A A -

TEAGTESTEN » NCEP/ENMC K ag B i B R a3 e N & - 28 NGGPS HUTE3E
MEBR I TAF - EEIIRAE - FRREFERESETIE CBE T —R2IREEE A%
FYEET] - JGER NOAA 775 NGGPS RS MRS/ EZRLLER - tAE¥ NGGPS stE&EATRMATERL -
NCEP/EMC 1,6 =7 ¢ B 2 Bl vp 53 52 o) BRIV A S 2 PR IE S e - ShitsT it R
S e B E B A EMC BHEER » [E2EKTH# A S (Global Forecast System s GFS)E#d4Ek
ZEETHE 2.4 (Global Ensemble Forecast System ; GEES)4EI » #EfTRMEHISREL/E2ELKERY
A E) o AR TIENAEES » RS EN S i85 (108)4E 5 H B NCEP/ENMC #Y
BRI AT 9 AN TR/ NERES B TR @ IVERAE - DURARTGEN S TR E
TTENEIA e M iR E RN A -
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7N~ RS 4

R SRS EZE T A E RN HIMERE TAE P R TE R R R B 2 RT3 e
FIEA » £ S BRI AR S » R ZE T AR 228040 (NOAA/ESRL/GSD ) #& {1781 4% £
el O DURTH RS =M T B S S R - FRESETE L 2R AR ER )
Hh LR R AN E FE AT TIE LR S 8% AR BT A AWIPS - 1T $RAS R AE B B ) I 4R B
T2 &P R R RFHE A - B RS R KR TR KO SR 24805
HE ° MEAN o W ER B PR EES IR L » BRE AR SRS EUHIER (Deep-ocean
Assessment and Reporting of Tsunamis ; DART) % & (buoy ) s BEHIMHRBHTL T » DARAMEEME
FEEREME(Ocean Data Assimilation)AYR[TTHEAE 52 - JBHEORIEEBEM Tsunami
Warning Enhancement Efforts for Taiwan (TWEET - [& 13) » HFEEEM{3T DART Sl
BRI EE THE S, - FIRE R ST SR R R AN A SR - DUE BT EEAE
I THHE A -

TWEET Deliverable #1

e Construct Hualien tsunami flooding model
* Model results tested in Tweb environment

13 ~ FEEHEHE Y Dr. Vasily Titov #1Dr. Eddie Bernard &fim @i nfsa=EE -
T HEREGTERE

TR RS ERERFE R EN > TR RRERET AENTT FEEFE A R
E > i H RS AR B R A0 - BB FEAE R R T BRI E, » PRI AR TGN E T pg aais » IRFE
&5 7 NOAA Climate Prediction Center » EAgZ (s Director Dr. DeWitt jA5k{& > CPCHEFIKk
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B 3 IRIETTHIIVE SR » HASE | i@ S/t OB RSB THER(EZE - BE28 TR
EARSHI(ENSO forecast and monitoring) ~ B2 BEFIR M THERAIPKER (Some challenges of ENSO
and climate forecast) ~ ENSO BB on R g THE R E e o © 25 2 (I R EHRLLEN
E SR TEHR (MJO simulation and prediction » ENSO bias in CES)Hihiisg G54y 24K
B > AGETEm CESv2 B ENTHHE T EL 7 AR E TSRV A 5 5 3 LR R R B R R
BR > A B e 2 EREHER iR m A A 2 ERHE TR E &R
EAh LR RS 2 FE SR EDAE R} ~ A BRI ETIRE ~ FlrsOm o MR AR AT
ZE {5 FH K S [ (R e b I ) PR R E RV AR B - ARGkt 8 GSD SfamElE ka2 E
(Machine Learning)ffly - HAS A2 - K B ERSE S HEE R BRI
KRR -

= I LEEe

ARG HERR P IR TN GER T R R G G SRR E TIERR - et
SERNEERTET TIFERE R N FENEERNE - EEET G ES TIEEMB A
BESHVERET - JEEIT SRR RO R B R BB 4L ER - A IR TR R EAERE LR
ARAEEIEE o DU TN aRBIERITREHY O B -

— ~ SHEENEETE > IR TIEER A8 K lE

RS ERT R B R R E N EE R - RS s it s By TIEE
FRILFESELGTIGAF o SZOTRA NG EE & #E M 2 IHBIER TR - R TES R s K
FS BB Tan AT - AR A s A (E Sk TAE ARG PR AR B e T B A R 2R - AH

= PRRSREET TIEER - AT ERARR T RS Rlad: - DIEH eSS TAEE
DB mBIF ORI - R E AR TENER - ISR E R ZEEEE I
o (P RRARHERRIATIEYIEIR T - AtV SR 0 8 555 S R fr - FEHEAT
B SRR M (F 2 S A3

= EIRBEESS > RS R R AR - SRS R

T SRR 8 - Ml S RSRER A AR BB » i A R AR E R
— 7 B R R R URSR A B HIRE T > [FIRF s (b RN 2 TR RIATHERAE ] - Rofe
e B ML PSR ] e 2 ) R SR SR M L [l - T SR SR SR AH A (WO ) th i 25 B SR SR
PR > TRECETTESESF - DERTHERRHY SRR MERAE ] - REIHEERIIRE T EBINS 8 B2
FIRS - EAERGAERR L BREE ERBUFNFFESCR N R R EE S 2R &

W55 - SR B NEISARRT S (FS T E - R R Radlr - (EREE
ERGPIERT R F SR B EE — 2 BB S - RRIEEELE L - ek

HiE sk > DU ORI S8 i > 5 E RS B R G ERYRES » FraER Ao RN
RECIMTRE SIS A EREAREA IR RGN F AV E B - At BRI RS 54 8l
EEET) - WD REREN RS BB S = 22 -
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fiigs— - BErh R BB EIERYE TR EE S

EREF LA RSEFE (National Oceanic and Atmospheric Administration ; NOAA)
ZEBREEEFTEEE > NOAA (HARRIREANMAIE 1-1 - Bl @ R S & ER AL 3 R E I E
FiEY 3 {lEfRs « BHZ2f 2 S (National Environmental Satellite, Data and Information
Service ; NESDIS) ~ JEHELAEMTFERE (Oceanic & Atmospheric Research 5 OAR) K SEERIER

AZEF(National Weather Service ; NWS) °
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Bl 1-1~ NOAA ZHARZEAE -

R K AMTFERE (Oceanic & Atmospheric Research ;5 OAR)#E NAY(Earth System
Research Labortary ;s ESRL) % T 2 FKEDHI4H (Global Monitoring Division ; GMD) ~ #7734
FIE82H (Physical Sciences Division s PSD) ~ {bEZ#IE84H (Chemical Sciences Division s
CSD) fz GSD 55 4 [ EE A7 (4H AR 2R E AFT ] 1-2) o FHAHY GSD FREFE AWIPS A NE R
BRI IIREAYREE » AR RO R G m TR B RN EE R TE S 2 B a0
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ST EYESE A B ZE EZ R EEZE (National Severe Storm Laboratory;NSSL) »
BB RS AT EZELRFNERSE - BRIBIER -

18



Oceanic & Atmospheric Research (OAR)
Organization Chart

Assistant Administrator
Oceanic & Atmospheric Research (OAR)
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1
| 1
Deputy Assistant Administrator Deputy Assistant Administrator
Programs & Administration Science
Ko Barrett Dr. Gary Matlock
| | | 1
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FiffE 1-2 ~ OAR

AR -

FEIEZ RS s (National Weather Service 5 NWS) &t HY4H SRR AN &l 1-3 s » B
SRR R RN R S RE | B Z IR U 0 (NCEP) NEEEREEH = 40 (BMC) B SR B TR
AIHUCN(CPC) » 43 A E R SE THRBUE A =08 8 DA S A SR TEURIEY A BEAh » RIERELR fify
AN (OSTL E N AR R SR B 5= (MDL) HI| & & AWIPS S8 NSRS 18 900 2~ 8%

National Weather Service (NWS)
Organization Chart
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| Assistant Administrator -t

for Weather Services

Office of Infemational |
Affairs

Office of Chief Learning §
Officer

Audit Office
B  Office of the Assistant
Chief Information Officer
B Office of Organizational
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Service ; NESDIS)#E Ay 2 E 2240 (Center for Satellite Applications and
Research ; STAR) VAHARZEAEAINTIE 1-4 o » Brp gL @ R o e T S M E R S5 U AH RE B AT B0FE

STAR T E RS K AfFE4A (Satellite Meteorology & Climatology Division 5 SMCD) » DL
Rz B STAR K& 1ERZEs1EE (Cooperative Research Program s CRP) T H B &TEAIE ERER
EEWTZERE (Cooperative Institute for Meteorological Satellite Studies ; CIMSS) e

CIMSS 388 25 B T B = - 2R A A B2 (University of Wisconsin-Madison : UW-Madison)

£ 1980 FHE T - 2Rl d R EL (UW-Madison) ~ BIZRE1EEE KRALEE (NOAA) M BRI = fize &
K2z (National Aeronautics and Space Administration ; NASA)&{ERYIT - FfflEl 1-4
NESDIS/STAR 4H&HZH -

National Environmental Satellite, Data & Information Service(NESDIS)
Center for Satellite Applications and Research(STAR)
Organization Chart
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1

1
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BffE 1-4 - NESDIS/STAR 4H4%42HE
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fifgk— - 82 NCEP S{FpAs RSB TIEa o & 2019 F&RE TIEAE

2019 EP R R 1TH &
S2I-23 B /AEH
Schedule for EMC NWP and DA experts :

Date Time Program
May 21 09:30-10:45 | Seminar 1 - Vijay Tallapragada & Fanglin Yang R310
(Tue) Overall updates of the NCEP FV3GFES modeling system
FV3GES T20

10:45-11:00 | Break

11:00-12:00 | Guo-Yuan Lien R310

Current status of the use of FV3GFS at CWB
14:00-16:30 | Group 1-R501 Group 2-R311

Vijay. Yuejian, Tom (, Jessica) Fanglin, Daryl, Wen

Discussion — Global modeling and | Discussion — Data assimilation (I)
nested tile of FV3GFS (1)

18:00 Dinner
May 22 | 09:30-10:15 | Seminar 2 - Daryl Kleist R310
(Wed) Overall updates of the NCEP FV3GES data assimilation system & JEDI

10:15-11:00 | Seminar 3 - Yuejian Zhu R310
Overall updates of the NCEP FV3GFES ensemble prediction system for
3-4 week forecast

11:00-11:15 | Break

11:15-11:45 | Seminar 4 - Jessica Meixner R310
Coupled modeling and benchmark testing

14:00-16:30 | Discussion -R501 NCEP tutorials R617
3-4 week ensemble forecasts UPP (Wen Meng)
rocoto & workflow (Fanglin
Yang)
May 23 09:30-10:45 | Seminar 5 - Tom Black & Daryl Kleist R310
(Thu) FV3-SAR development and testing

DA for FV3-Regional

10:45-11:15 | Break

11:15-12:00 | Seminar 6 - Daryl Kleist & Vijay Tallapragada R310
FV3-Chem, Air Quality, and Aerosols

14:00-15:00 | Seminar 7 - Vijay Tallapragada R310

Operational Tropical Cyclone Modeling Advancements at NCEP:

Current Status and Future Plans for Development of the Next
Generation Hurricane Analysis and Forecast System

15:15-16:30 | Group 1 —R501 Group 2 —R311
Discussion — Global modeling and | Discussion — Data assimilation
nested tile of FV3GFS (II) (1I)
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Summary & Action Items
for May 2019 EMC-CWB Meeting.

*Modeling-

«Data request+
® Fanglin will provide many data+

B [Done] Fix data at vaniouszesolution.+
B [Done] Sample codeto directly read pemsig data.+
B [Ask for help] Thenew version FV3GFS output (parallelrun) from2019021900to
2019022818 (fourrunper day).¢
® CWBresearchers would like to request some nemsio initial condition data for case study
expenments. Specific request hist will be collected later+

*FV3 nested tile and SAR+

® [Done] Tomwill provide the 3-kmFV3-SAR configuration currently used at NCEP.+~

®  [Ask for help] Tomand Fanglin will addresstheissue thatthe global andnestedtiles currently
share the same DT for physics (dt_atmosmmaodel _configure).+

® CWBresearchers wmill get andinstall a new version of ESMF (v8.0.0 beta), andthenuseit to
install a recent version ofthe FV3GFS, in which the "wnte_gnd" component output for
nestedtiles is supported; namely, the global-regional nestedjob canbe run with combined
Gaussian-gnd outputs and the UPP canbe used.+

® CWBresearchers are encouraged to push any changes associated with hardware/software
compatibility back to NCEP Vlab (and ESMF organization).+

® CWBresearchers shouldtake a look at the newly added ufs_utils directory. It contains several
useful utilities for unning SAR and nested tiles.+

*UPP post-processing+
®  \WenandFanglin explamedhowto choose output vanables by the control files for UPP. CWB
researchers are suggested to first use comrect settings for FO0 andlater forecast times and see
the results.«

B [Ask for help] However, aftera quick test at CWB afterthe meeting, the output vanables
in the GRIB2 files generatedby UPP are still different fromthose providedby NCEP's
operation. CWB researchers would like to ask Wen to pomt out which UPP control files
arebeing usedin the current NCEP operation.+

* Surface static data+

® For CWB's work onusing high-resolution landuse and soil type data (from WRF dataset)in
the FV3 nestedtile, Fanglin suggested to create the mput NetCDF files offline by any

nterpolation code (using nearest neighbor scheme), instead oftrying to modifyingthe
global chgres codeto read fix data with only regional content .«
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® NCEPis smitching to GMTED2010 for terain data (fix_fv3_gmted2010). CWB may
considerto use GMTED2010 aswell ¢

*TiedTke scheme in FV3GFS+

® CWBresearchers are strongly encouragedto implement TiedTke cumulus parametization
scheme to FV3GFS andtest the results.+

*Vertical resolution settings in FV3GFS«

®  [Ask for help] CWB researchers would like to knowthe vertical-level settings for higher
vertical resolution with higher model top currently tested at NCEP.+

« Microphysics in CWBGFS+

®  [Ask for help] Fanglin will help to connect with Ruiyu Sun to provide changes associated
with additional precipitation processin Zhao-Camrmicrophysics scheme.+

Data assimilation.

«EFSOI+

® CWBresearchers will summanze and document the changes and bugfixs we havemade and
report themto Daryl. Possibly we canpushthe changesinto a new branchin Y1ab .+

®  [Ask for help] Daryl wll provide an example of howthe satellite channels that are not
assimilated nthe EnKF could cause problemin the EFSOI results.«

® CWBresearchers should think about howto use EFSOI in a hybnd systemmore carefully.«

*Himawari-8 AHI assimilation+

®  [Ask for help] Daryl will pointus to the NCEP personwho is working on the same topic.
NCEPwill provide thenew AHI BUFR format data processed by NESDIS; note that
assimilating these new data may require new version of GSI.+

® CWBandNCEP should keep shanng the progress.+

*FORMOSAT-7/COSMIC-2 assimilation+

® CWBresearchers are encouragedto push any code changesthey have made for FORMOSAT-
7/COSMIC-2toNCEP V1 ab.+

®  We should keep sharing the results about the OSE and the observation error estimation forthe
FORMOSAT-7/COSMIC-2 data .+

® CWBresearchers are suggested to check the comrectness ofthe bending angle operator:+
B Compare the increments made by refractivity andbending angle assimilation.+
B Look atthe coderelatedto the bending angle operator+

* Observation availability issue at CWB«

® Darylsuggested CWB couldtry to use NCEP dump data, which are the raw data and are also
available onNOMADS, if CWB is lack ofthose data sources and they would like to process
the data by themselves.+
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AWIPS S KRR B R B 2047 (Advanced Weather Interactive Processing
System)

AWIPS-1T |26 R #E K RS N E HH 248 (The 2rd Gen Advanced Weather
Interactive Processing System)

CWB rhouE 25 (Central Weather Bureau)

EMC IR0 (BEnvironmental Modeling Center)

ESRL HhER 245 E 7z (Barth System Research Laboratory)

GFE B TEER 4R #EGraphical Forecast Editor)

GSD 2FR £ 4540 (Global Systems Division)

MDL R EEEE (Meteorological Development Laboratory)

MiRS Ol E RE 24 (Microwave Integrated Retrieval System)

NWS EEHEZ AEE(National Weather Service)

NOAA EREFERFLEZ (National Oceanic & Atmospheric Administration)

NCEP B R iE R 0 (National Centers for Environmental Prediction)

NESDIS B Z 2 F(National Environmental Satellite, Data, and Information
Service)

NSSL EFFHFEIFEZEEEZE (National Severe Storms Laboratory)

OAR TEEELREMTSE (Oceanic & Atmospheric Research)

SOA AR5 a1 28k (Service-Oriented Architecture)

STAR B ER S (Satellite Applications and Research)
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