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What is WRF-Hydro:

WRF-Hydro is a community-based, supported coupling
architecture design to couple multi-scale process models
of the atmosphere and terrestrial hydrology

It also seeks to provide:

1. A capability to perform coupled and uncoupled multi-
physics simulations and predictions

2. Fully utilize high-performance computing platforms

3. Leverage existing and emerging standards in data
formats and pre-/post-processing workflows

4. An extensible, portable and scalable environment for
hypothesis testing, sensitivity analysis, data
assimilation and observation impact research
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WRF-Hydro Operates in 2 Major Modes: Coupled or
Uncoupled to an Atmospheric Model

One-way (' uncoupled ) — « Uncoupled mode critical for
spinup, data assimilation and

model calibration

Met. Forcing

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

* Model forcing and feedback
components mediated by WRF-
Hydro:

* Forcings: T, Press, Precip., wind,
radiation, humidity, BGC-scalars
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* Feedbacks: Sensible, latent,
momentum, radiation, BGC-
scalars




Conceptualization of WRF-Hydro:
* Multi-scale/Multi-physics modeling...

Optional

Standalone Mode
(uncoupled):
Gridded Forcing Data

Spatial ——
Transformation

Optional

Spatial -
Transformation

. COUDiESVMT:e: 2 WRF-Hydro C.ptional
owcast, eather ——— g
. Spatial outi
Climate Models Drlver/CoupIer Transformation OinepdEioss o
ol C‘ptiora'l-' )
Spatial Y Baseflow Model

' Transformation,’

Alternate
Hydrological/Land .~ 'C‘p-:i::;;lh T
Model Drivers (e.g. l’ Spatial | e Ranirgw/
LIS, CESM, CSDMS) e et Sl
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WRF-Hydro Implementation Workflow

Collect & Prepare Prepare
Meteorological Atmospheric
Forcings: Model:
(uncoupled runs) (coupled runs)

Collect geospatial
terrain and
hydrographic data

Prepare: Conduct uncoupled model runs
Land model grids (WPS) -physics selection
Routing Grids/Networks -calibration

(ArcGlIS) -assimilation &/or spinup

Execute uncoupled forecast
cycles:
Nowcasts, NWP QPF

Execute coupled-model
forecast cycles

Create output forecast &
evaluation products




WRF-Hydro Workflow

1. Define the Domain:
WRF-ARW WPS: geogrid.exe
Inputs: namelist wos, geographic data

Dutputs: GEOGRID file
(defines the domain and grid)

[

. . .

2. Define Initial Conditions: 3. Create Hydrologic Routing Inputs: 4, Prepare Metear?dlzgical Forcing Data:
create_Wrfinput.R script . ESMF regridding scripts
inputs: GEOGRID file WRF-Hydro GIS Pre-Processsing Tool inputs: raw met. data, GEOGRID file,
Outputs: wifinput file Inputs: GE?GR“D file, station points, J.l-ﬂ'kES {regridded to match the GEOGRID domain
{initiol conditions for o ‘cold” start and ﬂ“m;ﬁ' Fm_l: dﬂmﬂ_m ﬁff‘ geospa ?ﬂf from step 1.}
other default model parameters) metadata file, Optional routing files Outputs: LDASIN {and optional PRECIP) files

T T T
y

5. Run Model Simulations:
wrf_hydro.exe
inputs: GEOGRID file, fulldom_hires.nc, namelist hridas
hydro.namelist, wrfinput file, Optional routing files, LDASIN &
optional PRECIE files,
Outputs: model outputs

6. Evlauate Model Output:
Rwrfhydro
Inputs: mode! outputs, obsenvations
Outputs: analyses, verifications,
visualizations, etc.




WRF/WRF-Hydro

™i Inbox | A (99+)

=  HowToBuildandRunWRFHydroCoupledtoWRF.pdf

ASO_Feather 2022...pdf  ~

E £ Type here to search

Ridwe | B Grour | B Prope | B NCAR | [ NcAR | @ WRFI | @ borco | @ WRF/ | @ NCO | @ WRF/ | % Techn @ Hox + v

C' @ ralucaredu/sites/default/files/public/HowToBuildandRunWRFHydroCoupledtoWRF.pdf = % ¥ O o

100% + 3 o

How To Build and Run WRF-Hydro V5 Coupled to the Weather
Research and Forecasting (WRF) Atmospheric Model

N4

~—
VWRFEHydro

Creation Date: 26 October 2018
WRF-Hydro Development Team

Overview

In the fully coupled configuration, WRF-Hydro serves as a hydrological extension package to the Weather
Research and Forecasting (WRF) atmospheric model for the purpose of performing hydrometeorological (e.g.
rainfall, runoff, groundwater flow, streamflow) simulations and predictions. Before beginning the process of
building the coupled WRF | WRF-Hydro system, make sure that the standalone versions of WRF and
WRF-Hydro successfully build and execute on your system. Debugging problems with the coupled model
is much easier once any potential issues with the standalone models have been exposed and addressed. We
also recommend that you recompile and test the standalone version of WRF-Hydro if any changes or model
developments are made to the WRF-Hydro code. These steps will help ensure that the coupled version will
compile and execute successfully and will help with troubleshooting any problems that may arise.
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NCAR

Introduction to the Weather

Research and Forecasting Model
(WREF)

April 2022

David J. Gochis
National Center for Atmospheric Research
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Weather Research and Forecasting Model (WRF):

» Modeling system for atmospheric research and
operational prediction

= Provide many core functionalities:
« 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
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WRF Model Structure:

WRF Software Infrastructure

Digital
Filter
WRF-Var Data
Analyses / Assimilation
Forecasts

Observations Physics Interface
Physics Packages

WRF
Preprocessing
System

Post Processor

Verification

WRF-
Chem

Figure 1.1: WRF systemn components.
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Model Structure: 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.
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Model Structure: Model 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 zome, the topography is
linearly weighted between the coarse grid and the fine grid.

=
[g»]
-
jas]
-+
s
(]
=
|—-'
jus]
o
&
[g»]
—
)
=
T
L1
=,
=
=
~
|
—
[
2
v
i 7
P
—
[g»]
5y
—
oy
o,
[g»]
o]
g
o
L
|
o
—

NCAR



Model Structure: Model Domain
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Model Structure: Model Domain

NCAR

Lateral
‘ Boundary

Conditions

Lateral ———
Boundary
Conditions

Lateral
Initial > Boundary
Conditions Conditions

Lateral
Boundary
Conditions
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Model Structure: Initial and 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
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WRF Model Workflow:

=

(gv]

_ <

. Pull/point to data for 6. Run ‘ungrib.exe’ from the =
‘geogrid.exe’ execution: this is WPS directory to prepare =
the WRF-WPS database data for metgrid. =

. Dynamically edit the 7. Execute ‘metgrid.exe’ to r_?
‘namelist.wps’ file prepare atmospheric o

. Execute ‘geogrid.exe’ to boundary conditions s
create surface data 8. Edit principle WRF model =

. Get meteorological boundary namelist for model setup E
condition data from a global (namelist.input) o
server 9. Run executables: ‘real.exe; -

. Pull/point to data for and ‘wrf.exe’ s
‘metgrid.exe’ 10. Post-process results... ;
(gn]

S




The National Center for Atmospheric Research
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WRF Model Products:




Advancing Multi-scale Water Cycle Predictions:

* Conceptual Framework:

Hydrologic Cycle Components

\ “,"%Pmc’i ation

Spring ‘
Infiltration

Groundwater
discharge

@The COMET Program

Hydrologic cycle is a fundamental
component of weather and climate
systems and...the basis for life.

Linking the Water Cycle Across Scales...

Tight coupling between energy and
water cycles at multiple scales
' Local Land-Atmosphere Interactions

urtesy: M.
Ek

Components of Runoff Precipitation
Evaporation

?

Depression tTraMpIraﬂon
Infiltration storage t

Overland s
flow

v ¥ Interflow N

L Percolation

X Stream flow
.
Groundwater N

Baseflow -

@The COMET Program

Fine-scale process drivers....

Timing, distribution and availability
of water

Co-evolved with landcape patterns
Predominantly responsible for
flooding impacts



1. Multi-scale Modeling:

Shortwave Radiation v#

Longwave Radiation v
Transpiration ¢ /

Canopy Water+ Prempnatlom
Evaporation

Canopy Water +
Drip

+Sensible Heat Flux

+ Sublimation
v Deposition

+Direct Soil Evaporation

Interception ¥ vCondensation

Runoff / Infiltration Excess

Baseflow
Discharge ™| Subsurface Routin
D Underground iz 9
runoff

@ Channel Routing

Rummler et al., 2019 :
’ optional loss
1( P ) Ponded Water

Multi-spatial framework support

WRF-Hydro Community Model Ecosystem

r ~ Observations (satellite, in-situ, derived prqduqté) —

/Atmc;spherlc Geospatia
Forcings: Pre-Processmg

GISPp N 5]

P

\r;

Ik
I_..-

WRF NWP, Python-

Column Land. .~ .
Surfacke Models ’ ‘

L

i T

. Terrain Routing
B Modules

Channel & Reservoir
Routing Modules

MODEL PHYSICS

\

State of the art column land surface physics
Dynamic, hyper-resolution terrestrial overland, sub-surface and channel routing

Interfaced with modern data assimilation systems (DART, JEDI)

Data Assimilation:
streamflow nudging,
HydroDART, JEDI

Model Evaluation &
Calibration:
Rwrfhydro,
PyWrfHydroCall

Web-Mapping and
Data Vlsuallzatlon -




1. Multi-scale Modeling: WRF-Hydro Model Predictions...International Research Applications %i

Fully coupled WRF/WRF-Hydro Applications: (Senatore et al., 2016)
* Enhanced terrestrial flow routing provides enhanced /localization of spatial and temporal patterns
and magnitudes of soil moisture, surface temperature, precipitation and runoff

Surface skin temperature (deg K) Latenfv Heat Flux (W/m*2)

Accumulated runoff (mm)
. VODIS
700 | WRF-only
B WRF-Hydro mm 01 e WRF-only
200 80 A WRF-Hydro 0000000000000
15" 709 —w—Observed ¥
MODIS LS'P , 0 =]
2 ! ]
2 f 160 E a0 o ahAAsAsAAAAAAAALA
2 400 40" a0 304 (1010 /
2 140 204 LI ' A
g
-m it 2 %o bt VY YV VY VVYVYVYVVYVYYVYVVYYY
-,._,9 o H 120 120 olweeneX
05 £ 20
[: 305308 L 100 100 o e a:;::&zw
704
100 80 80 sg 1 v observed
- n 501 eoooo
0= - 3 39° @ 39" o E 04 e edid
ol 30411455 .
- r’ i R I A N RF-onI 0% 40 0 1
) k d- « & & & & y < S » C) peadTEILS
[ A Surface temperature (K) olerereres !#W
17 8 9 n :1 s s z 15 15 7|

Hours of the day (UTC)

See also: Yucel et al., 2015; Givati et al., 2016; Fredj et al., 2016; Verri et al., 2017; Li et al., 2017; Arnault et al., 2016



1. Multi-scale Modeling: WRF-Hydro Model Predictions...International Research Applications

=

Fully coupled WRF/WRF-Hydro Applications:

» Enhance flow routing provides enhanced localization of spatial and temporal patterns and magnitudes of soil

moisture, surface temperature, precipitation and runoff

» Internal variability caused by routing physics can, in certain situations, drive “potential” large changes in storm
tracks, atmospheric water vapor fluxes and regional moisture recycling...

6-11 July 2005
55°N

Black — ERA

45°N . Blue — WRF-Hydro|
p ) W

35°Nf km

Black — ERA

T,

L 0.02

i
£ 0.00
£

-0.02

Blue — WRF-Hydro

Orange - WRF

;

Rummler et al., 2019

0.08 q
0.06

0.04 4

—0.04 -

—0.06 -

Water Budget Decomposition
WRF-Hydro minus WRF

0.4+

0.31 /\

/ 0.2 1 |
0.1 ) a

\

1

—0.08 -

01 15 29 13 27 10 24 07
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=N R
\/V\ - \V
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-0.44

/

EEm Precipitation (Near-) Surface Runoff
AStorage I Evapotranspiration
B Underground Runoff

01 15 29 13 27 10 24 07
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1. Multi-scale Modeling: WRF-Hydro Predictions...Coupled atmo-hydro prediction in the pre-Alpine

Temperature Error
B) — wrrr re| T\
— WRF.SA | T

* TERRENO-preAlpine
multiscale observation
campaign (southern

800 1

Elevation a.s.l. (m)
o S ™ &
o o o o o
o o o o o
/\
=

0.650.68 0.72 ;fo 15 20 25 30 -2f0 25 30 35
Germany) p ME () MAE (K)
idity E
* Compared: _o0fd) © 7
iy S 4 ] ]
® Traditional 1-d LSM (NoahMP) =
@ 1200 A 1
® Fully coupled WRF/NoahMP/WREF- £ ool |
Hydro g 800+ :
®* Modeled surface energy and oo ]

. 02 03  -1.1-1.0-09-08-07-0.6 1.251.30 1.35 1.40 1.45
mass fluxes vs. field re ME (gm?) MAE (gm)
observations: J

jun Jul Aug Sep Oct e o g Sep oot B

®  Fully coupled model outperformed - 2 A A A = oo [al0
trgdltlonal WRF-Ism configuration § AULALLAL A AL %:’i:A _/\_ ﬂ - g
with respect to: 3 o0 —= R = A~ T A Il & I A~ [ [
® Evapotranspiration, i AL A A A AR e A A A A 2oz
o 0 £ 004 A 0 =
® Sensible and ground heat fluxes . %Mj of 3
. XI i i 100 ug: 0.24 A \ : a0
2m mixing ratio, air temp TN A LAL LALLAL /\/\_ﬂ_‘/\_ﬂ'ﬁ

(] PBL a|r temp and hum|d|ty prOflle 00 06 12 18 00 06 12 18 oohzzrw(a_ljé) 00 06 12 18 00 06 12 18 0000 0800 1200 1800 G000 0600 12:00 1880 éh";.,r;ﬂm} 000 0800 1200 1500 0009 0600 1200 16.00

Fersch et al., 2019 HESS



WRF Model Resources and Training:

@ WRF Model Users Site - Mozilla Firefox = e |
Eile Edit View History Bookmarks Tools Help

LS Bhiip:/ /v mmm.uc: < | B - WRF model

I WRF Model Users Site | o

= \Web site for code,
" documentation, data,
real-time forecasts, etc.

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
community use. It is designed to be a flexible,
state-of-the-art atmospheric simulation system
that is portable and efficient on available
parallel computing platforms. WRF is suitable
for use in a broad range of applications across
scales ranging from meters to thousands of
kilometers, including:

» Training material, model tutorials are
available through website

= ropimrto » Lots to WRF model utility tools

- Parameterzation ressarch

Registration for the January

?R?:im%“mm R il OPE Cik e L available through the website

e WRF Version 3.5.1 Relesse
20222013

| s » WRF model development team holds

The Mesoscale and Microscale Meteorology WRF Users' Workshop

Division of NCAR is currently maintaining and presentztions. "

supporting @ subset of the overall WRF code 2 k-I t t I 2

Hipoong 3 swase o S week-long tutorials 2x per year

- WRF Software Framework (WSF)

- = Annual WRF User’'s workshop

s riging Please see our new Fiequently
" WRF Fre-Frocessing System (WFS) Asked Questions page for WRF

olEl@e] J55 e = Many international training workshops
each year
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MET for all things Verification:

= Suite of data processing
and analysis tools to
2] provide:

fww. dtcenter.org/met/users/ (< El'taoru\og\calEvaluatmntoo\kltp 4+ H

{1 DTC|| MET Users Page

£

% http:,

= Standard verification scores
comparing gridded model data to
point-based observations

= Standard verification scores
comparing gridded model data to
gridded observations

= Spatial verification methods
comparing gridded model data to
gridded observations using
neighborhood, object-based, and
ST intensity-scale decomposition
" approaches

» Ensemble and probabilistic
verification methods comparing
gridded model data to point-based or
gridded observations
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WRF-Hydro Performance Speedup

Time of Sequential Run

Time of Parallel Run
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Thank you!

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