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Goals of TutorialGoals of Tutorial

�� Provide an overview of the WRF modeling systemProvide an overview of the WRF modeling system
�� Familiarize attendees with the mechanics of Familiarize attendees with the mechanics of 

running WRFrunning WRF
�� Give attendees handsGive attendees hands--on experience in running on experience in running 

WRFWRFWRFWRF
�� OverOver--satisfy NCAR’s suggested workshop satisfy NCAR’s suggested workshop 

prerequisiteprerequisite
�� Leave attendees with all sorts of unanswered Leave attendees with all sorts of unanswered 

questions to explore!questions to explore!
�� Build a population of WRF experts at UAFBuild a population of WRF experts at UAF



Overview of the SessionOverview of the Session
�� Intro to NWP and WRFIntro to NWP and WRF
�� Current WRF activitiesCurrent WRF activities
�� Overview of the WRF modeling systemOverview of the WRF modeling system
�� midnightmidnight logins and environment setuplogins and environment setup
�� Setting up a local case studySetting up a local case study
�� HandHand--holding you through a Hurricane holding you through a Hurricane �� HandHand--holding you through a Hurricane holding you through a Hurricane 

Katrina case studyKatrina case study
�� Quick ‘n dirty visualizationQuick ‘n dirty visualization
�� Running parallel jobsRunning parallel jobs



What is NWP?What is NWP?

�� Numerical Weather PredictionNumerical Weather Prediction
�� Simulate weather systems forSimulate weather systems for

–– Weather forecasting Weather forecasting –– weather models are one weather models are one 
of the main tools used by forecasters to predict of the main tools used by forecasters to predict of the main tools used by forecasters to predict of the main tools used by forecasters to predict 
the weatherthe weather

–– Experimentation (play “what if”) Experimentation (play “what if”) –– use the use the 
computer as an atmospheric laboratorycomputer as an atmospheric laboratory

–– Research Research –– gain greater insight into gain greater insight into 
atmospheric processesatmospheric processes



What is NWP?What is NWP?

�� Numerical solution of equations that define Numerical solution of equations that define 
atmospheric processesatmospheric processes
–– Start with initial conditions and Start with initial conditions and timesteptimestep our way our way 

towards a solutiontowards a solutiontowards a solutiontowards a solution
–– For horizontal dynamics, place a grid on the For horizontal dynamics, place a grid on the 

model domain, calculating new solutions at model domain, calculating new solutions at 
each grid point, at each each grid point, at each timesteptimestep..

–– Higher resolution grids tend to yield more Higher resolution grids tend to yield more 
accurate solutions at greater expense.accurate solutions at greater expense.



Grid Resolutions Grid Resolutions –– Low (60nm)Low (60nm)



Grid Resolutions Grid Resolutions –– Isabelle PassIsabelle Pass



Grid Resolutions Grid Resolutions –– Medium (6nm)Medium (6nm)



Grid Resolutions Grid Resolutions –– High (1nm)High (1nm)



Basic NWP AlgorithmBasic NWP Algorithm
Initialize each grid block with temperature, moistu re, pressure, 
surface parameters

# Timestep from initial conditions 
For t = starttime to endtime step � t

For each horizontal grid block

Compute the new weather at time t+� t as a function of 
the weather at time t in the neighbouring grid blocks

Use the new weather in the grid block to compute ne w 
vertical weather parameters for time t+� t

End For

End For



Grid spacing (resolution) defines the scale of Grid spacing (resolution) defines the scale of 
features you can simulate with the modelfeatures you can simulate with the model



Grid ResolutionGrid Resolution



Good Numerical Forecasts Good Numerical Forecasts 
Require…Require…

�� Initial conditions that adequately represent the state of Initial conditions that adequately represent the state of 
the atmosphere (threethe atmosphere (three--dimensional wind, temperature, dimensional wind, temperature, 
pressure, moisture and cloud parameters)pressure, moisture and cloud parameters)

�� Numerical weather prediction model that adequately Numerical weather prediction model that adequately 
represents the physical laws of the atmosphere over the represents the physical laws of the atmosphere over the 
whole globewhole globe



Sources of error in NWPSources of error in NWP

�� Errors in the initial conditionsErrors in the initial conditions
�� Errors in the modelErrors in the model
�� Intrinsic predictability limitationsIntrinsic predictability limitations

�� Errors can be random and/or systematic Errors can be random and/or systematic 
errorserrors



Some Widely Used Global Some Widely Used Global 
ModelsModels

�� GFSGFS Global Forecast SystemGlobal Forecast System (previously AVN) (previously AVN) --
developed by developed by NOAANOAA -- output is output is freely availablefreely available

�� NOGAPSNOGAPS -- developed by the developed by the US NavyUS Navy to compare to compare 
with the GFS with the GFS -- much data availablemuch data availablewith the GFS with the GFS -- much data availablemuch data available

�� GEMGEM Global Environmental Global Environmental MultiscaleMultiscale ModelModel --
developed by the developed by the Meteorological Service of Meteorological Service of 
CanadaCanada (MSC)(MSC)

�� ECMWFECMWF -- a model run by the a model run by the European Centre for European Centre for 
MediumMedium--Range Weather ForecastsRange Weather Forecasts -- limited limited 
availabilityavailability



Some Widely Used Regional ModelsSome Widely Used Regional Models

�� WRFWRF The Weather Research and Forecasting The Weather Research and Forecasting 
Model was developed cooperatively by NCEP and Model was developed cooperatively by NCEP and 
the meteorological research community. WRF has the meteorological research community. WRF has 
several configurations, including:several configurations, including:
–– WRFWRF--NMMNMM The WRF The WRF NonhydrostaticNonhydrostatic MesoscaleMesoscale Model Model 

is the primary shortis the primary short--term weather forecast model for the term weather forecast model for the 
U.S., replacing the Eta model.U.S., replacing the Eta model.

–– ARWARW--WRFWRF Advanced Research WRF developed Advanced Research WRF developed 
primarily at the U.S. National Center for Atmospheric primarily at the U.S. National Center for Atmospheric 
Research (NCAR) Research (NCAR) WRF Source CodeWRF Source Code



Some Widely Used Regional ModelsSome Widely Used Regional Models
�� NAMNAM The term North American The term North American MesoscaleMesoscale model refers to model refers to 

whatever regional model NCEP operates over the North whatever regional model NCEP operates over the North 
American domain.  Beginning in May 2006, NCEP began American domain.  Beginning in May 2006, NCEP began 
to use the WRFto use the WRF--NMM as the operational NAM.NMM as the operational NAM.

�� MM5MM5 the Fifth Generation Penn State/NCAR the Fifth Generation Penn State/NCAR MesoscaleMesoscale
Model Model MM5 Source Code downloadMM5 Source Code downloadModel Model MM5 Source Code downloadMM5 Source Code download

�� ARPSARPS the Advanced Region Prediction System developed the Advanced Region Prediction System developed 
at the University of Oklahoma is a comprehensive multiat the University of Oklahoma is a comprehensive multi--
scale scale nonhydrostaticnonhydrostatic simulation and prediction system that simulation and prediction system that 
can be used for regionalcan be used for regional--scale weather prediction up to the scale weather prediction up to the 
tornadotornado--scale simulation and prediction. Advanced radar scale simulation and prediction. Advanced radar 
data assimilation for thunderstorm prediction is a key part data assimilation for thunderstorm prediction is a key part 
of the system. of the system. The source code of ARPS is freely availableThe source code of ARPS is freely available..



EnsemblesEnsembles
�� Do the same simulation several times, with the same Do the same simulation several times, with the same 

model, but with slightly differing initial conditions, then see model, but with slightly differing initial conditions, then see 
how much the model output varies over timehow much the model output varies over time

�� Example Example –– looking at 500mb heights at Forecast Hours 24, looking at 500mb heights at Forecast Hours 24, 
120 and 240120 and 240



A Comprehensive Source of A Comprehensive Source of 
Current Model RunsCurrent Model Runs

�� http://www.meteo.psu.edu/~gadomski/ewall.htmlhttp://www.meteo.psu.edu/~gadomski/ewall.html



�� Next generation mesoscale NWP systemNext generation mesoscale NWP system
�� Designed to support operational forecasting and Designed to support operational forecasting and 

atmospheric research needsatmospheric research needs
�� FeaturesFeatures

–– Nested domainsNested domains–– Nested domainsNested domains
–– Multiple dynamic coresMultiple dynamic cores

–– 33--dimensional variational data assimilationdimensional variational data assimilation

–– Software architecture for computational parallelism and system Software architecture for computational parallelism and system 
extensibilityextensibility

�� Suitable for scales from meters to thousands of kilometersSuitable for scales from meters to thousands of kilometers
�� http://www.wrfhttp://www.wrf--model.org/model.org/



WRF Performance WRF Performance 
BenchmarksBenchmarks



What are we doing with WRF?What are we doing with WRF?



Operational WRFOperational WRF
�� Up until December 2007, we were running WRF Up until December 2007, we were running WRF 

operationally twice a day, 48operationally twice a day, 48--hour forecasts, at hour forecasts, at 
7.5km resolution on 60 7.5km resolution on 60 cpuscpus of of nelchinanelchina..

�� GRIB output files were made available onGRIB output files were made available on--thethe--fly fly 
to WFO FAI for AWIPS, and web products were to WFO FAI for AWIPS, and web products were 
produced for public consumption produced for public consumption 



Value to WFO FAIValue to WFO FAI
�� Forecasters spend a Forecasters spend a 

significant portion of significant portion of 
their shifts working on their shifts working on 
“grids” “grids” –– producing the producing the 
northern Alaska northern Alaska northern Alaska northern Alaska 
contribution to the contribution to the 
National Digital National Digital 
Forecast DatabaseForecast Database

�� Initially populated with Initially populated with 
the output from a the output from a 
weather model, then weather model, then 
fine tuned fine tuned 



Value to WFO FAIValue to WFO FAI
�� Grid resolution is Grid resolution is 

approximately 5km.  approximately 5km.  
The ability to The ability to 
populate with a populate with a 
reasonably accurate, reasonably accurate, 
highhigh--resolution resolution highhigh--resolution resolution 
weather model saves weather model saves 
the forecasters a lot the forecasters a lot 
of time.  In the best of time.  In the best 
case, the model case, the model 
output output isis the NDFD the NDFD 
product.product.



Current Operational WRFCurrent Operational WRF

�� 18/6/2km resolution18/6/2km resolution
�� TwiceTwice--daily runs of approximately 90 daily runs of approximately 90 

forecast hoursforecast hours



Current Operational WRFCurrent Operational WRF



Current Operational WRFCurrent Operational WRF

�� Still in transition.  For the past couple of months Still in transition.  For the past couple of months 
we’ve been testing some approacheswe’ve been testing some approaches

�� A 90A 90--hour forecast requireshour forecast requires
–– PrePre--fetching of GFS 1.0 deg input data.  It takes about fetching of GFS 1.0 deg input data.  It takes about 

an hour to fetch about 1 an hour to fetch about 1 GbyteGbyte of input data (180 of input data (180 an hour to fetch about 1 an hour to fetch about 1 GbyteGbyte of input data (180 of input data (180 
forecast hours) from NCEPforecast hours) from NCEP

–– PrePre--processing processing –– extracting what we need from the GFS extracting what we need from the GFS 
input data and mapping it to our domain of interest input data and mapping it to our domain of interest ––
takes about 40  minutes.takes about 40  minutes.

–– The actual simulation runs for 11 h 40mThe actual simulation runs for 11 h 40m
–– In general, we’re fully utilizing the 320 In general, we’re fully utilizing the 320 cpuscpus for 22h 30m for 22h 30m 

per day and preprocessing with 16 per day and preprocessing with 16 cpuscpus for 80m per dayfor 80m per day



Implementing Daily Operational Implementing Daily Operational 
Runs Runs –– lots and lots of pieceslots and lots of pieces

�� RequirementsRequirements
–– Completely handsCompletely hands--offoff
–– Portable (architecture and model domains)Portable (architecture and model domains)

�� Daily tasksDaily tasks
–– Get current input dataGet current input data–– Get current input dataGet current input data
–– Data preData pre--processingprocessing
–– Simulation (typically on parallel computers)Simulation (typically on parallel computers)
–– Data postData post--processingprocessing

�� Production of graphicsProduction of graphics
�� Extraction/Interpolation of point dataExtraction/Interpolation of point data

–– Posting of outputPosting of output
–– CleanupCleanup



ShortShort--term Plans for Operational term Plans for Operational 
WRFWRF

�� Get input data from UAF sources rather than Get input data from UAF sources rather than 
NCEPNCEP

�� Two runs daily with just the 18km and 6km Two runs daily with just the 18km and 6km 
nests for about 96 forecast hours [last tests nests for about 96 forecast hours [last tests nests for about 96 forecast hours [last tests nests for about 96 forecast hours [last tests 
showed that this should take 6showed that this should take 6--7 hours7 hours

�� Use the 6km forecasts to drive a large 2km Use the 6km forecasts to drive a large 2km 
forecast in between the operational runs, for forecast in between the operational runs, for 
research purposesresearch purposes



MediumMedium--term plans for term plans for 
Operational WRFOperational WRF

�� Find ways to optimize the input data fetching Find ways to optimize the input data fetching 
and the preand the pre--processingprocessing

�� Incorporate data assimilation Incorporate data assimilation –– we’ve been we’ve been 
talking about this for three years now!talking about this for three years now!talking about this for three years now!talking about this for three years now!

�� To accomplish all this, we’re going to need To accomplish all this, we’re going to need 
to revamp our driving scripts with some to revamp our driving scripts with some 
good software engineering methodology good software engineering methodology ––
we need plug ‘n play objects for versatilitywe need plug ‘n play objects for versatility



Operational WRF in MontanaOperational WRF in Montana
�� 7272--hr forecast run hr forecast run 

once a day with 06Z once a day with 06Z 
start timestart time

�� 36 / 12 / 4km nests36 / 12 / 4km nests�� 36 / 12 / 4km nests36 / 12 / 4km nests
�� 42 42 cpuscpus of Cray of Cray 

XD1, takes 2XD1, takes 2--3 3 
hourshours



NRMM’s HistoryNRMM’s History

�� Autumn 2003 Autumn 2003 –– planning, MM5 and WRF planning, MM5 and WRF 
tutorials, getting up to speedtutorials, getting up to speed

�� Autumn 2004 Autumn 2004 –– sabbaticalsabbatical
�� Early 2005 Early 2005 –– automated daily runsautomated daily runs�� Early 2005 Early 2005 –– automated daily runsautomated daily runs

–– Gene Petrescu SupercomputerGene Petrescu Supercomputer
–– Cray ComputerCray Computer



Initial PrototypingInitial Prototyping
�� Daily 60km with 20km nestDaily 60km with 20km nest

–– 1 GHz Pentium III1 GHz Pentium III
–– 7272--hour forecast took about 7½ hours hour forecast took about 7½ hours 



Gene Petrescu Gene Petrescu 
SupercomputerSupercomputer

�� Daily 7.5km (73x86x75 grid)Daily 7.5km (73x86x75 grid)
–– Linux cluster, 4Linux cluster, 4--CPU, 2.8 GHz Intel XeonCPU, 2.8 GHz Intel Xeon
–– 7272--hour forecast took about 12 hourshour forecast took about 12 hours



NRMM’s HistoryNRMM’s History

�� Summer 2006 Summer 2006 –– parallel work for WFO parallel work for WFO 
Fairbanks, current implementation starts Fairbanks, current implementation starts 
running with incorporation into MSO AWIPS running with incorporation into MSO AWIPS 
(NRMM gets named!)(NRMM gets named!)(NRMM gets named!)(NRMM gets named!)

�� Spring 2007 Spring 2007 –– NRMM gets respectNRMM gets respect



Operational WRF Operational WRF –– Missoula NRMMMissoula NRMM

500 mb RH from NRMM, FH 15 Satellite view of cumulus for same time



Operational WRF Operational WRF –– Missoula NRMMMissoula NRMM

NRMM FH 15 3hr precip contours superimposed on actual radar



Operational WRF Operational WRF -- PreprocessingPreprocessing
�� Automatically retrieve input dataAutomatically retrieve input data
�� Map input data from its own grid to the operational gridMap input data from its own grid to the operational grid
�� Create files for initial and lateral boundary conditionsCreate files for initial and lateral boundary conditions

NAM-WRF 45km resolution ARSCwrf 7.5km resolution



Case Studies Case Studies –– Tanana WindsTanana Winds
�� Don Morton and Nicole MoldersDon Morton and Nicole Molders
�� Gauge effectiveness of WRF in capturing Gauge effectiveness of WRF in capturing 

Tanana Winds at different resolutionsTanana Winds at different resolutions



Case Studies Case Studies –– Tanana WindsTanana Winds

27km Resolution 1km Resolution



Case Studies Case Studies –– Isabelle PassIsabelle Pass
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Case Studies Case Studies -- InversionsInversions
�� Gene Petrescu and Don MortonGene Petrescu and Don Morton
�� Evaluate WRF’s ability to deal with winter Evaluate WRF’s ability to deal with winter 

inversions in “rugged” locations like inversions in “rugged” locations like 
Missoula and FairbanksMissoula and Fairbanks



PAFA SoundingsPAFA Soundings



Fairbanks Area Fairbanks Area ObsObs



Fairbanks Area Fairbanks Area ObsObs

Fairbanks Area Obs
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Model vs. Sounding at PAFAModel vs. Sounding at PAFA
02Feb07 00Z02Feb07 00Z

Sounding

arscWRF 1km, 28 levels



Missoula InversionsMissoula Inversions



Oops!Oops!

27 km  - KMSO Skew-T
Init Time 07/12 UTC

9 km - KMSO Skew-T
Init Time 07/12 UTC

KMSO Actual Report – Temp -7C / DP -7 C / Wind – Calm / Dense Fog



Oops!Oops!

3 km - KMSO Skew-T
Init Time 08/00 UTC

1 km - KMSO Skew-T
Init Time 08/00 UTC

KMSO Actual Report: Temp -5F / DP -6F / Wind Calm / Patchy Fog



Major Problem!Major Problem!

�� Current Technique in WRF does a Very Current Technique in WRF does a Very 
Poor Job in Vertical Interpolation in Poor Job in Vertical Interpolation in 
Mountain Valleys with InversionsMountain Valleys with Inversions
–– Super adiabatic lapse rate produced when Super adiabatic lapse rate produced when –– Super adiabatic lapse rate produced when Super adiabatic lapse rate produced when 

strong Inversions presentstrong Inversions present
–– 27 km init is actually the closest to reality (but 27 km init is actually the closest to reality (but 

there is no MSO valley at this resolution!)there is no MSO valley at this resolution!)



WRF ArchitectureWRF Architecture



A Typical WRF Run on A Typical WRF Run on midnightmidnight
(Overview)(Overview)

�� Run a script to install template directories in you r Run a script to install template directories in you r 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary conditionsGet input data for initial and lateral boundary conditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilitiesunderstood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the model Extract and interpolate the input data to match the model 

domaindomain
�� Extract initial and lateral boundary conditions from input Extract initial and lateral boundary conditions from input 

data and modify vertical coordinate systemdata and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



Install Template Directories in Your Install Template Directories in Your 
FilesystemFilesystem

�� There is a centralized version of WRF installed on There is a centralized version of WRF installed on 
midnight.  midnight.  

�� However, WRF is set up such that you need to be doing However, WRF is set up such that you need to be doing 
your runs in the same directory as the executables.your runs in the same directory as the executables.

�� We have set up a system that will create template We have set up a system that will create template �� We have set up a system that will create template We have set up a system that will create template 
directories in your own filesystem for WPS and WRFdirectories in your own filesystem for WPS and WRF

�� For each domain that you work with, you’ll set up your own For each domain that you work with, you’ll set up your own 
WPS/WRF template directoriesWPS/WRF template directories
–– Example Example –– for a 10km domain over Alaska, you might have your for a 10km domain over Alaska, you might have your 

work in directories work in directories WPSWPS--Alaska10kmAlaska10km and and WRFRunWRFRun--Alaska10kmAlaska10km



Run the Setup ScriptRun the Setup Script



A Typical WRF Run on A Typical WRF Run on midnightmidnight
(Overview)(Overview)

�� Run a script to install template directories in your Run a script to install template directories in your 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary conditionsGet input data for initial and lateral boundary conditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilitiesunderstood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the model Extract and interpolate the input data to match the model 

domaindomain
�� Extract initial and lateral boundary conditions from input Extract initial and lateral boundary conditions from input 

data and modify vertical coordinate systemdata and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



Create a Model DomainCreate a Model Domain

�� This step sets up the model domain boundaries, This step sets up the model domain boundaries, 
resolution, topography, nests and creates the resolution, topography, nests and creates the 
static file (land use, soil type, etc.) needed by a static file (land use, soil type, etc.) needed by a 
model runmodel run

�� We only do this once for a given model domainWe only do this once for a given model domain�� We only do this once for a given model domainWe only do this once for a given model domain
�� ProceduresProcedures

–– Define your domain Define your domain –– lat/lon, size, resolution, projection, lat/lon, size, resolution, projection, 
etc.etc.

–– Edit a namelist file (specifying domain parameters)Edit a namelist file (specifying domain parameters)
–– Run Run geogrid.exegeogrid.exe to create the domainto create the domain
–– Verify successful creationVerify successful creation



NamelistNamelist file for Domain Creationfile for Domain Creation

namelist.wps



Create the DomainCreate the Domain

netCDF file produced bynetCDF file produced by
geogrid.exe



Create the Domain, Then VerifyCreate the Domain, Then Verify
�� Run Run geogrid.exegeogrid.exe –– this program looks at parameters in this program looks at parameters in 

namelist.wpsnamelist.wps, then generates the domain in a netCDF file, , then generates the domain in a netCDF file, 
geo_em.d01.ncgeo_em.d01.nc

�� This file is viewable with various tools, including This file is viewable with various tools, including ncviewncview



Height from Height from geo_em.d01.ncgeo_em.d01.nc



Or, Generate Map OutlineOr, Generate Map Outline

NOTE – you may need to run 

module load ncl-5.1.0

before idt will work



Nested Domain for Northern US Nested Domain for Northern US 
RockiesRockies



Nested Domain for AlaskaNested Domain for Alaska

9 km 3 km



A Typical WRF Run (Overview)A Typical WRF Run (Overview)

�� Run a script to install template directories in your Run a script to install template directories in your 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary Get input data for initial and lateral boundary 

conditionsconditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form �� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the model Extract and interpolate the input data to match the model 

domaindomain
�� Extract initial and lateral boundary conditions from input Extract initial and lateral boundary conditions from input 

data and modify vertical coordinate systemdata and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



Get Input DataGet Input Data

�� Numerous sources of different typesNumerous sources of different types
–– Reanalysis for historical runsReanalysis for historical runs

�� Global Final Analysis (FNL) Global Final Analysis (FNL) –– global coverage, 1global coverage, 1--
degree resolutiondegree resolutiondegree resolutiondegree resolution

�� North American Regional Reanalysis (NARR) North American Regional Reanalysis (NARR) 

–– Recent model output for realRecent model output for real--time runstime runs
�� North American Mesoscale model (NAM)North American Mesoscale model (NAM)
�� Global Forecast System (GFS)Global Forecast System (GFS)

–– Observations for data assimilationObservations for data assimilation



NAM Grid 216 (AWIPAK)NAM Grid 216 (AWIPAK)



NAM Grid 212 (AWIP3D)NAM Grid 212 (AWIP3D)



Observations for Data AssimilationObservations for Data Assimilation



AVN Input Files for 2005AVN Input Files for 2005--0808--28_00Z28_00Z



Domain of an AVN Input FileDomain of an AVN Input File



A Typical WRF Run (Overview)A Typical WRF Run (Overview)

�� Run a script to install template directories in your Run a script to install template directories in your 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary conditionsGet input data for initial and lateral boundary conditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre --processing utilitiesprocessing utilitiesunderstood by WRF preunderstood by WRF pre --processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the model Extract and interpolate the input data to match the model 

domaindomain
�� Extract initial and lateral boundary conditions from input Extract initial and lateral boundary conditions from input 

data and modify vertical coordinate systemdata and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



Modify Modify namelist.wpsnamelist.wps



Make Link to Appropriate Make Link to Appropriate VtableVtable



Make links to the input filesMake links to the input files
Contents of   /datadir/morton/TutorialData/KatrinaAVN



Run Run ungrib.exeungrib.exe

Ungribbed files



A Typical WRF Run (Overview)A Typical WRF Run (Overview)

�� Run a script to install template directories in your Run a script to install template directories in your 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary conditionsGet input data for initial and lateral boundary conditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilitiesunderstood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the  Extract and interpolate the input data to match the  

model domainmodel domain
�� Extract initial and lateral boundary conditions from input Extract initial and lateral boundary conditions from input 

data and modify vertical coordinate systemdata and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



Extract and Interpolate Degribbed Extract and Interpolate Degribbed 
Data to Match Model DomainData to Match Model Domain

�� So far, we’ve managed to convert the original So far, we’ve managed to convert the original 
input data to an intermediate forminput data to an intermediate form

�� Next, we extract data from the intermediate files Next, we extract data from the intermediate files 
that correspond to our selected domain.  Where that correspond to our selected domain.  Where that correspond to our selected domain.  Where that correspond to our selected domain.  Where 
necessary, we interpolate so that the resulting files necessary, we interpolate so that the resulting files 
consist of input values matched to our specific gridconsist of input values matched to our specific grid

�� To do all this, we modify namelist.wps (though it’s To do all this, we modify namelist.wps (though it’s 
typically already set up correctly for this), and then typically already set up correctly for this), and then 
we run we run metgrid.exemetgrid.exe



Run Run metgrid.exemetgrid.exe
netCDF files containing input
data translated and interpolated
for our particular grid



A Typical WRF Run (Overview)A Typical WRF Run (Overview)

�� Run a script to install template directories in your Run a script to install template directories in your 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary conditionsGet input data for initial and lateral boundary conditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilitiesunderstood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the model Extract and interpolate the input data to match the model 

domaindomain
�� Extract initial and lateral boundary conditions fro m Extract initial and lateral boundary conditions fro m 

input data and modify vertical coordinate systeminput data and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



Extract Initial and Boundary Extract Initial and Boundary 
ConditionsConditions

�� The files we created with The files we created with metgrid.exemetgrid.exe represent represent 
the input data mapped to our specific domain gridthe input data mapped to our specific domain grid

�� The next step is to extract what we need from this The next step is to extract what we need from this 
input data for initial and lateral boundary input data for initial and lateral boundary 
conditionsconditionsconditionsconditions

�� To do this, we To do this, we 
–– Change to our WRFRun directoryChange to our WRFRun directory
–– Edit namelist.inputEdit namelist.input
–– Copy the met_em* files produced with metgrid.exeCopy the met_em* files produced with metgrid.exe
–– Run Run real.exereal.exe, and get two files that will contain the , and get two files that will contain the 

boundary conditions for running WRF boundary conditions for running WRF –– wrfbdy_d01wrfbdy_d01 and and 
wrfinput_d01wrfinput_d01



Get Value of Get Value of num_metgrid_levelsnum_metgrid_levels

Use ncdump to query one of the met_em* files



namelist.inputnamelist.input



namelist.inputnamelist.input



Copy the Copy the metgridmetgrid output to output to WRFRunWRFRun
directorydirectory



Run Run real.exereal.exe (or (or realreal--serial.exeserial.exe))

From WPS

Lateral BC’s

Initial conditions



PSFC from PSFC from wrfinput_d01wrfinput_d01
(Verify with (Verify with ncviewncview))



A Typical WRF Run (Overview)A Typical WRF Run (Overview)

�� Run a script to install template directories in your Run a script to install template directories in your 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary conditionsGet input data for initial and lateral boundary conditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilitiesunderstood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the model Extract and interpolate the input data to match the model 

domaindomain
�� Extract initial and lateral boundary conditions from input Extract initial and lateral boundary conditions from input 

data and modify vertical coordinate systemdata and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



Run the ModelRun the Model
�� Use the same Use the same namelist.inputnamelist.input from the from the 

previous step (previous step (real.exereal.exe).  In most cases you ).  In most cases you 
won’t need to modify anything.won’t need to modify anything.

�� Run Run ./wrf.exe (or ./wrf./wrf.exe (or ./wrf--serial.exe)serial.exe)





A Typical WRF Run (Overview)A Typical WRF Run (Overview)

�� Run a script to install template directories in your Run a script to install template directories in your 
filesystemfilesystem

�� Create a model domainCreate a model domain
�� Get input data for initial and lateral boundary conditionsGet input data for initial and lateral boundary conditions
�� UngribUngrib the input data to an intermediate standard form the input data to an intermediate standard form 

understood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilitiesunderstood by WRF preunderstood by WRF pre--processing utilitiesprocessing utilities
�� Extract and interpolate the input data to match the model Extract and interpolate the input data to match the model 

domaindomain
�� Extract initial and lateral boundary conditions from input Extract initial and lateral boundary conditions from input 

data and modify vertical coordinate systemdata and modify vertical coordinate system
�� Run the modelRun the model
�� Do something with the outputDo something with the output



PostprocessingPostprocessing

�� The default output file is a netCDF file, The default output file is a netCDF file, 
named something likenamed something like

wrfout_d01_wrfout_d01_20052005--0808--28_00:00:0028_00:00:00
�� Numerous utilities exist for viewing in native Numerous utilities exist for viewing in native 

Start
time

�� Numerous utilities exist for viewing in native Numerous utilities exist for viewing in native 
netCDF format, or converting to other netCDF format, or converting to other 
formats (e.g. GRIB, Vis5D, BUFR)formats (e.g. GRIB, Vis5D, BUFR)



ncviewncview Model OutputModel Output
�� Using a quick and dirty netCDF viewer to Using a quick and dirty netCDF viewer to 

look at model outputlook at model output



Running Running wrf.exewrf.exe in Parallelin Parallel

wrfrun.pbs



Submitting PBS JobSubmitting PBS Job



Viewing Viewing stdoutstdout



Viewing Viewing stdoutstdout



ResourcesResources

�� ARSCARSC--WRF Google Group WRF Google Group ––
http://groups.google.com/group/arschttp://groups.google.com/group/arsc--wrfwrf

�� WRF Users Page WRF Users Page ––
http://www.mmm.ucar.edu/wrf/users/http://www.mmm.ucar.edu/wrf/users/http://www.mmm.ucar.edu/wrf/users/http://www.mmm.ucar.edu/wrf/users/

�� WRF ARW Users Guide WRF ARW Users Guide ––
http://www.mmm.ucar.edu/wrf/users/docs/user_guide_V3/contents.htmlhttp://www.mmm.ucar.edu/wrf/users/docs/user_guide_V3/contents.html

�� WRF ARW Online Tutorial WRF ARW Online Tutorial ––
http://www.mmm.ucar.edu/wrf/OnLineTutorial/index.htmhttp://www.mmm.ucar.edu/wrf/OnLineTutorial/index.htm



WRF PortalWRF Portal
http://www.wrfportal.orghttp://www.wrfportal.org


