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Motivating Questions behind WRF-
Hydro development:

1. What are the essential physical processes
that need to be represented in modern,
physics-based, hydrometeorological
forecasting systems?

2. Are there ways to better facilitate and
support coupling of hydrological models to
WRF and other weather/climate
architectures?
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What is WRF-Hydro Extension
Package?

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

It 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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Motivation for WRF-Hydro:

 Problem Statement: Components of Earth Systems Models are
often stove-piped by geoscience domains which limits inter-
operability with other domains

EITTI]

Noah/MP Noah Noah
WRE- ParFlow
Hydro
Multi-

physics

atmospheric
model

land-atmosphere
parameterization

groundwater

hillslope and/or
channel routing
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Conceptualization of WRF-Hydro:
* Multi-scale/Multi-physics modeling...

Uncoupled Coupled

Gridded Nowcast,
Forcing Weather and Climate

Data Models

WRF-Hydro Driver/Coupler
w/ conservative regridders

Land & Subsurface Channel & Water

Hydro Flow Overland Management

. Flow
Data Routing Routin
Assimilation g
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Philosophy of WRF-Hydro:

 Where appropriate, maintain integrity of the 1-d
column physics structure of individual LSMs while
adding the capability to account for various lateral
redistribution processes:

recipitation Column-

1 Transpiration

Evaporation o e
& 1 Routed flow conceptualization

Throughfall

Sublimation Evaporation s
Surface Fragipan
Melt Infiltration runoff
1 — Soil-bedrock
____________________________ g interface
""""""" Saturated
""""""" fraction
I
Water table —t—
Sub-surface

Unconfined aquifer runoff

©The COMET Program
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Physics Options Currently Available:

* Column land surface models supported: current ‘Regridding’
— Noah...Noah-MP,CLM,RUC in progress

WRF-to-routing grid aggregation/
disaggregation mapping

|

e lLateral flow components:
— Diffusive wave overland flow (gridded)

— Boussinesq/saturated subsurface flow (gridded)

— Baseflow bucket model (lumped to gridded channel)
— Diffusive wave channel flow (gridded)

— Muskingam-type channel flow (reach based)

e Level pool reservoir flow (lumped object)



WRF-Hydro features:

e Several pre- & post-processing tools available

e Can be run ‘coupled’ or ‘uncoupled” to WRF
Separate I/O from WRF (no WRF-registry mods.)
Parallelized for HPC systems:
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Recent Application:
Hyrdometeorology in burned




Fi re I m pa Cts on Fourmle Canyor:#Burn Sekverit .
Hydrometeorology: e -~

* Inserting ‘fire-burned’
landscapes into Noah/
Noah-MP and WRF-Hydro

e 14 active fires now
— 2011 Fourmile Canyon
— 2012 Waldo Canyon
— 2012 High Park
— 2012 Upp. N. Fork

* Use ‘burn-severity’ index
as a ‘'VEGTYP’ category and
calibration filter
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July 13, 2011 Fourmile Canyon Flood Event: Coupled
WRF-Hydro/RTFDDA model prediction...12 hour lead

time




July 13, 2011 Fourmile Canyon Flood

Event: B | _
e Severe fire in Sept. 2010 in the ex-urban interface &

complex terrain
 Between 25-40mm in 1.5 hours over severely burned area
* Flooding and debris flow ensued
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Modeled and Observed Fourmile Canyon Streamflow -
Salina/Logan Mill
July 13-14, 2011
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July 13, 2011 Fourmile Canyon Flood Event: Coupled
WRF-Hydro/RTFDDA model prediction...~12 hour
lead dme




=
-
@
Z
]
-
=0
=]
-
<]
o
Q
()
-
-
@
-~
S
I~
>
—_
=
=]
7]
=
-
(¢°]
-
ot o
()
~
(9
2
(¢°]
=]
1~
()
-

WRF-Hydro Extension Package Status:

* Code & Documentation now available on WRF-Hydro
website: http://www.ral.ucar.edu/projects/wrf hydro/

 Tested on multiple platforms and compilers
(Yellowstone-enabled, XSEDE, Linux-clusters, MAC)

e Test cases available online

* GIS pre-processing tools now available
— Web service for pre-processing coming soon

* User support just now getting going...
 Working group to be convened over the next 6 months




The End...

See you Friday morning!
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http://www.ral.ucar.edu/projects/wrf_hydro/



WRF-Hydro Community of Developers

Past or current implementations

Recently proposed implementations
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July 13, 2011 Fourmile Canyon Flood Event: Coupled
WRF-Hydro/RTFDDA model prediction...12 hour lead

time




WRF-Hydro ‘Hydro-Grid” Web Service:
Tool Output

& RAL Roundcube Webmail :: Welcome... | RAL | | WRF-Hydro Modeling System X l =

RAL home technology people/org publications events pressroom for staff

Home RF-Hydro Modeling System Projects

Terms of Use Melcome HYDROMETEOROLOGICAL PROCESSES AT THE
LAND SURFACE

Overview .

Welcome to the users page for the WRF-Hydro modeling system. S =
Downloads The WRF-Hydro modeling system has been developed by the Current Projects

National Center for Atmospheric Research and its research Colorado Headwaters
Documentation - - - ¢ S Nati A %

partners through the generous support of the U.S. National Water System Program

User Support Science Foundation and through research projects supported by Flash Flood System (

the U.S. National Aeronautics and Space Adminsitration (NASA) !

Related Links and the U.S. National Oceanic and Atmospheric Administration arece
(NOAA) Climate Impacts on local
R management tool: WEAP
Description Past Projects

The WRF-Hydro system was originally designed as a model
coupling framework designed to facilitate easier coupling between

the Weather Research and Forecasting model and components of
terrestrial hydrological models. WRF-Hydro is both a stand-alone

hydrological modeling architecture as well as a coupling Recent Accomplishments and Plans

architecture for coupling of hydrological models vith atmospheric R
i = = Annual Report

models. WRF-Hydro is fully-parallelized to enable its usage on

clusters and high performance computing systems alike. Like the Sponso:
WRF model it does not attempt to prescribe a particular or
singular suite of physics but, instead, is designed to be extensible Need Sponsor Name
to new hydrological parameterizations. Although it was originally

designed to be used vithin the WRF model, it has evolved over

time to possess many additional attributes as follows:

e Multi-scale functionality to permit modeling of atmospheric,
land surface and hydrological processes on different spatial
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