
Coupling RRFS to a NWM configuration of  WRF-Hydro 
and Evaluating Warm Season Convective Forecasts

Jason M. English1,2, Dan Rosen3, David J. Gochis3, Terra Ladwig1, Ryan Cabell3, 
Rocky Dunlap3, Curtis Alexander1

1NOAA Global Systems Laboratory, Boulder, CO             *correspondence: jason.english@noaa.gov
2Cooperative Institute for Research in Environmental Sciences (CIRES), University of  Colorado, Boulder, CO   3National Center for Atmospheric Research, Boulder, CO

2022 CIRES Rendezvous EOMFS

1. Introduction
• Land/atmosphere processes are complex 

and important to lower atmospheric 
evolution

• Many important hydrologic processes are 
missing or over-simplified in current Land 
Surface Models (LSMs) 

• The current NOAA National Water Model 
(NWM) (based on WRF-Hydro) includes 
these processes, but is not yet coupled to 
the Rapid Refresh Forecast System 
(RRFS)

7. Summary / Next Steps

2. The Coupled RRFS-NWM System

NWM

• The National Water Model (NWM) 
utilizes atmosphere and land data to 
calculate soil moisture/runoff  (terrain 
routing grid) and stream inflows 
(channel/reservoir grid)

• The NWM is based on WRF-Hydro, 
which ingests forcing from various 
data/verification sources and 
atmosphere models, including the GFS, 
RAP, and HRRR

• WRF-Hydro works with the existing 
Noah-MP LSM

• We started with 1km/1km routing/land 
grids and moved to 300m/3km 
routing/land grids

5. Improved Model (Preliminary)

3. NOAA GSL Research Plan
NOAA GSL Role: Evaluate/improve

RAP/HRRR forecasts of  AR Events in CA

• We successfully coupled the state-of-the-art RRFS to the NWM, using the
ESMF/NUOPC community modeling framework

• Preliminary results suggest the coupled model produces significant changes to
relevant land-atmosphere fields, as expected (soil T/moisture, surface temperature, 
latent/sensible fluxes

• Next Steps
• Complete the 15-20 Jun 2019 test period uncoupled and coupled (v3) runs
• Compare soil moisture, surface T, and latent/sensible fluxes to observations
• Run a longer ”real-time demo” time period during spring 2023
• Check in a model version that is available to the community
• Feed insights into RRFS model development
• Submit 1-2 manuscripts on this work

3. Project Goals and Plan

Research Plan

• Choose a ~1-week test period with 
convective events across the CONUS
ü 15-20 Jun 2019

• Conduct initial coupled model stability 
tests (grids mapped w/bilinear 
interpolation) over this period
ü v2_uncoupled
ü v2_coupled

• Implement model improvements/bug 
fixes and re-run test period
ü v3_uncoupled
ü v3_coupled

• Preliminary results (1-day only; 4 cycles) suggest the new model is working as 
designed

• The cold bias over water is eliminated compared to the uncoupled model
• Redistribution remapping successful, and has several advantages over bilinear 

interpolation (faster, mass/energy conservation)
• Key land/atmosphere fields all show differences in the coupled model over the

central CONUS, where precipitation is occurring on this day
• Soil temperature has odd lines in the difference map (TBD)

• Many aspects of  the coupled model seemed to behave well:

• Most model variables unrelated to the hydro model were unchanged

• There were differences in expected variables (soil moisture/temperature, surface
temperature, latent/sensible fluxes) at appropriate times/locations (where 
precipitation occurred) [compare spatial maps of  surface temperature and soil 
temperature to the weather map above]

• Several things were identified that needed to be addressed:

• The model occasionally crashed, due to issues with atmosphere/ice/water flags 
passing data between land/atmosphere/hydro model components

• Since the land/atmosphere/hydro grids were different shapes and grid spacing, 
bilinear interpolation was utilized to pass data between model components, 
which is not ideal and may not conserve mass/energy

• Large cold biases over water in the coupled model were identified, and due to 
improper flags between water and atmosphere

• To address the issues related to bilinear interpolation, we moved from a 1km/1km 
routing/land grid to a 300m/3km routing/land grid to allow grid redistribution, a 
superior remapping technique which enables conserving mass/energy and a more 
direct coupling between model components
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Project Goals 

• Create new instance of  the Rapid Refresh Forecast System (RRFS) with coupled 
NoahMP/WRF-hydro land surface component (done)

• Coordinate NoahMP component with other UFS applications (in progress)

• Conduct science test cases for documenting the influence of  enhanced 
hydrologic process representation of  coupled behavior (this poster)

• Test new RRFS/NWM system in a limited-duration, CONUS real-time mode (2023)

• This is a NOAA FY20 Joint Technology Transfer Initiative (JTTI) Project
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RRFS 

• The Rapid Refresh Forecast System (RRFS) is the next-generation high-resolution 
numerical weather prediction (NWP) model

• RRFS is replacing the RAP/HRRR model
• The current version, RAPv5/HRRRv4,

became operational in Dec 2020

RRFS-NWM Coupling

• The new RRFS-NWM model
follows the United Forecast
System (UFS), based on 
ESMF/NUOPC’s community 
modeling infrastructure 
framework 

• All components exchange data 
via NUOPC Connectors, which 
regrid data when necessary

• RRFS includes the atmosphere 
and FV3 dynamical core

• The Common Community 
Physics Package (CCPP) 
includes many packages 
including the NoahMP LSM
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4. Initial Model Stability Tests

NOAA OWP

Daily Weather Map (16-Jun-2019)

Coupled (RRFS-NWM) – Uncoupled (RRFS)Uncoupled (RRFS)
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24-h forecasts, 15-20 Jun 2019, initialized 4 times/day (00, 06, 12, 18 UTC)

Coupled (RRFS-NWM) – Uncoupled (RRFS)Uncoupled (RRFS)
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24-h forecasts, 15 Jun 2019, initialized 4 times/day (00, 06, 12, 18 UTC)
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