WRF & WRF-Hydro model coupling

‘/’:“|

National Center for Atmospheric Research




Uncoupled WRF-Hydro Workflow
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1. Define the Domain:
WRF-ARW/WPS: geogrid.exe
Inputs: namelist.wps, geographic data

Outputs: GEOGRID file
(defines the domain and grid)
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2. Define Initial Conditions: 3. Create Hydrologic Routing Inputs: 4. Prepare Meteorological Forcing Data:
create_Wrfinput.R script WRE-Hvdro GIS Pre-p ine Tool ESMF regridding scripts
Inputs: GEOGRID file -fiydro Gl> Fre-Frocesssing 100 Inputs: raw met. data, GEOGRID file,
Outputs: wrfinput file Inputs: GEOGRID file, station points, lakes (regridded to match the GEOGRID domain
o - P Outputs: Full domain file, geospatial
(initial conditions for a ‘cold’ start and d i ional e il fromstep 1.)
other default model parameters) metadata file, Optional routing files Outputs: LDASIN (and optional PRECIP) files
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5. Run Model Simulations:
wrf_hydro.exe
Inputs: GEOGRID file, fulldom_hires.nc, namelist.hrldas
hydro.namelist, wrfinput file, Optional routing files, LDASIN &
optional PRECIP files,
Outputs: model outputs

6. Evlauate Model Output:
Rwrfhydro
Inputs: model outputs, observations
Outputs: analyses, verifications,
visualizations, etc.




1. WPS: geogrid.exe
Inputs: namelist.wps, geog
data
Outputs: geogrid file
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3. WPS: ungrib.exe,
metgrid.exe
Inputs: namelist.wps,
geogrid file, met data
Outputs: intermediate met
files

Coupled WRF-Hydro & WRF Workflow

4. real.exe
Inputs: namelist.input
geogrid file, met files
Outputs: wrfinput file,

wrf_bdry files

2. wrf_hydro.a library file
all prepared WRF-hydro
files
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5. wrf.exe
Inputs: namelist.input
hydro.namelist, wrfinput,
wrf_bdry, routing file
Outputs: model outputs




Two Modes of WRF-Hydro

One-way (‘uncoupled’) - e Uncoupled mode critical for
spinup, data assimilation and

model calibration

Met. Forcing

e Coupled mode critical for land-
atmosphere coupling research
and long-term predictions

 Model forcing and feedback
components mediated by WRF-
Hydro:
e Forcings: T, Press, Precip., wind,
radiation, humidity, BGC-scalars

* Feedbacks: Sensible, latent,
momentum, radiation, BGC-
scalars



Conceptualization of WRF-Hydro

e Multi-scale/Multi-physics modeling...

Gridded .
Meteorological Analyses/Re-analyses/ Weath.er and Climate
Nowcasts/Forecasts Prediction Models
One-way coupling Two-way coupling

WRF-Hydro Driver and
Data Assimilation Components

Conservative regridding and downscaling tools
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Intro to the Weather Research & Forecasting

Model (WRF)



Weather Research and Forecasting Model (WRF)

= Modeling system for atmospheric research and operational prediction

= Provide many core functionalities:
e Data pre-processing (model initialization and boundary conditions)
3-d non-hydrostatic, multi-physics, multi-scale atmospheric model
Fully-parallelized for high performance computing applications
Data assimilation frameworks (EnKF, grid nudging, 3d/4d variational analysis)
Post-processing to produce standardized datasets for ingest into many analysis and visualization software

= Directly ingestible into the Model Evaluation Tools (MET) software for verification



WRF Model Structure

WRF Software Infrastructure

Digital
Filter
WRF-Var Data
Assimilation

Physics Interface
Physics Packages

WRF
Preprocessing
System

Post Processors
Verification

Analyses /
Forecasts

Observations

Figure 1.1: WRF system components.



WRF Model Physics

= Microphysics: Schemes ranging from simplified physics
suitable for idealized studies to sophisticated mixed-
phase physics suitable for process studies and NWP.

= Cumulus parameterizations: Adjustment and mass-flux
schemes for mesoscale modeling. (dx > ~5km)

= Surface physics: Multi-layer land surface models ranging
from a simple thermal model to full vegetation and soil
moisture models, including snow cover and sea ice.

= Planetary boundary layer physics: Turbulent kinetic
energy prediction or non-local K schemes.

= Atmospheric radiation physics: Longwave and
shortwave schemes with multiple spectral bands and a
simple shortwave scheme suitable for climate and
weather applications. Cloud effects and surface fluxes
are included.




WRF Model Structure: Domain

Fine Grid - ZONE 2
Fine Grid - ZONE 1

Coarse Grid

Figure 7.6: Zones of topographic blending for a fine grid. In the fine grid, the first zone is
entirely interpolated from the coarse grid topography. In the second zone, the topography is
linearly weighted between the coarse grid and the fine grid.



WRF Model Structure: Domain




WRF Model Structure: Domain
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WRF Model Structure: Domain
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WRF Model Structure: Initial & Boundary Conditions

= |nitial conditions: Provides the initial ‘state’ of the atmosphere
and land surface at time = 0.

= Lateral boundary conditions: Provides ‘forcing’ to the
regional domain from the ‘sides’ of the model, necessary
condition for any forward-integrating numerical modeling
problem

= The impacts of initial conditions can be very important or not
very important depending on the problem and the variable of
interest.

 NWP —‘initial value problem’, meaning the impact of initial
conditions plays a ‘dominant’ role in the model solution along with
model physics

 ‘Climate modeling’ — ‘boundary value problem’, meaning the final
solution is not as sensitive to initial conditions but, instead, more
sensitive to boundary forcing and the model physics



WRF Model Workflow

Compile required libraries and set environment variables for WRF and WRF-Hydro
Compile WRF (builds WRF-Hydro as a library) and WPS

Pull/point to data for ‘geogrid.exe’ execution: this is the WRF-WPS database
Dynamically edit the ‘namelist.wps’ file

Execute ‘geogrid.exe’ to create surface data

Get meteorological boundary condition data from a global server

Pull/point to data for ‘metgrid.exe’

Run ‘ungrib.exe’ from the WPS directory to prepare data for metgrid.
Execute ‘metgrid.exe’ to prepare atmospheric boundary conditions

10.Edit principle WRF model namelist for model setup (namelist.input)

11.Run executables: ‘real.exe’ and ‘wrf.exe’

12.Post-process results
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WRF Model Products

= Detaliled,
physically-robust
depictions of
atmospheric
phenomena for
research and
prediction
applications




WRF Model Resources & Training

Pt === a \\ebsite for code,
“( documentation, data,
real-time forecasts, etc.

v | B weF model

-~/ WRF MODEL USERS PAGE

Welcome to the users home page for the
Weather Research and Forecasting (WRF)
modeling system. The WRF system is in the
public domain and is freely available for

i ed to be a ible,

- = Training material, model tutorials are
available through website

= Lots to WRF model utility tools
available through the website

= WRF model development team holds
2 week-long tutorials 2x per year

= Annual WRF User’s workshop

is currently maintaining and
supporting a subset of the overall WRF code
(Version 3) that includes:

- WRF Software Framework (WSF)
- WRF (ARW) i
inciuding one-way, two-way nesting and moving nests,
arid and observation nudging

| ETMOI ' wrermeom ©  Many international training workshops

each year

http://www.mmm.ucar.edu/wrf/lusers



MET for all things Verification

= Suite of data processing
69?;::9??::::{ ABOUT ~ TESTING REVALUATION  COMMUNITY CODES  VISITORPROGRAM  NEWS  EVENTS and an aIySI S tool S to

provide:

Home

.. _MODEL EVALUATION TOOLS EVENTS o
S Welcome D = Standard verification scores

Welcome to the users page for the Model Evaluation Tools (MET) H H
Fonnie=ar verification package. MET was developed by the National Center for ANNOUNCEMENTS CO m pa'rl n g g rl d d ed mOd el d ata to
Documentation Atmospheric Research (NCAR) Developmental Testbed Center (DTC) MET Version 7.0 Release

User Support» through the generous support of the U.S. Air Force Weather Agency 03.05.2018 poi nt—based Observations

(AFWA) and the National Qceanic and Atmospheric Administration (NOAA).

Related Links End-To-End NWP Container Tutarial

Descipion = Standard verification scores
MET is d d to be a highl figurable, state-of-the-art suite of . 1 1
veriﬁfatiiil?:gsls. ?t \::3 dfveT;:::j‘izir:g oeutspjtirSm t:eaWeSaL;;ﬂzro E\OE!E.SZEOE:; e ol the R ssen Com parl ng g rldded mOdeI da-ta- to

Research and Forecasting (WRF) modeling system but may be applied to

the output of other modeling systems as well. MH NEWS g ridded Observations
MET d iety of verification techni , including: ; 1 1F1 1
provides a variety of verification techniques, including i:nwr;f:b;::aindc\l;ei;;‘:;‘tga\ln;:sers e wich o ™ S patlal Verlflcatlon methods

kip buildi d install MET
* Standard verification scores comparing gridded model data to point-based < ety el ity

comparing gridded model data to

* Standard verification scores comparing gridded model data to gridded MET SPONSORS

obssrvations National Center for Atmospheric Research g ridded Observations USing

* Spatial verification methods comparing gridded model data to gridded (NCAR)

observations using neighborhood, object-based, and intensity-scale 1 h b h d b H t_ b d d
decomposition approaches h NCAR n e I g Or OO ] O JeC ase ] a.n
* Ensemble and probabilistic verification methods comparing gridded model

data to point-based or gridded observations National Oceanic an d Atmospheric Administ tration I ntenSIty-ScaIe decom pOS Itlon

® Ageregating the output of these verification methods through time and space (NOAA)

R approaches

,r = Ensemble and probabilistic
verification methods comparing
gridded model data to point-based or

http://www.dtcenter.org/met/users/ gridded observations
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WRF-Hydro
® Technical Description and Users’ Guide

WRF and WPS

® Technical Description
e Users’ Guide
e Tutorials (online, in person, slides from previous tutorials)

Model verification
o MET


https://ral.ucar.edu/projects/wrf_hydro/technical-description-user-guide
http://www2.mmm.ucar.edu/wrf/users/docs/technote/contents.html
http://www2.mmm.ucar.edu/wrf/users/docs/user_guide_v4/contents.html
http://www2.mmm.ucar.edu/wrf/users/supports/tutorial.html
https://dtcenter.org/community-code/model-evaluation-tools-met
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\WWREHydro

MODELING SYSTEM

WRF-Hydro: http://www.ral.ucar.edu/projects/wrf _hydro/



http://www.ral.ucar.edu/projects/wrf_hydro/
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