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1. Introduction

This is the final project report for NOAA Award NA17NWS4680001, covering the period

from 1 July 2017 — 30 June 2021. Specific goals for this project were:

e To comprehensively verify operational numerical forecast systems and next-generation
convection-allowing models and ensembles to improve forecasts and warnings of high-
impact precipitation and wind events over the western U.S.

e To develop improved techniques for downscaling QPF and PQPF produced by coarser-
resolution numerical forecast systems and ensembles for use in operational forecasts and
hydrologic models over areas of complex terrain.

e To utilize high spatial and temporal resolution mesonet observations to evaluate and
improve data fusion techniques for nowcasting damaging weather conditions arising from
mesoscale convective systems, gravity waves, and terrain-flow interactions.

Significant progress was made in each of these areas, as summarized below. Publications,
presentations, and theses/dissertations may appear more than once if the work spanned multiple

research areas.



2. Verification of operational models and ensembles
a. Accomplishments and contributions

We made significant contributions to knowledge of the capabilities and limitations of
convection allowing models, global precipitation downscaling, and NCEP operational model
upgrades. These contributions focused, in particular, on precipitation and fire-weather
parameters over complex terrain, including the western CONUS and Alaska, providing useful
guidance for operational forecasters and model developers. Students who contributed to this
research are now working in various positions in the weather enterprise including in the
NOAA/National Weather Service: Brian Blaylock (Naval Research Laboratory), Marcel Caron
(NCEP), Kevin Dougherty (NCEP), Tom Gowan (Spire Inc.), Wyndam Lewis (Meteorological
Solutions, Inc.), Taylor Gowan (née McCorkle, DTN Weather), and Mike Wessler (NWS).

Specific contributions to improved forecasting and operational model development
include the following:

e Documentation of widespread dry biases in GEFS cool-season precipitation
forecasts at mountain locations in the western United States and the advantages of
climatological downscaling for reducing such biases and improving forecast skill,
including probabalistic quantitative precipitation forecasts (Lewis et al. 2017).

¢ Identification of the capabilities and limitations of mountain precipitation
forecasts produced by a convective allowing ensemble, the NCAR Ensemble, and
operational forecast systems (e.g., HRRR, NAM, GFS, SREF) over the western
United States. Significant advantages for high-resolution models were identified,

although the 10-member NCAR ensemble was not as proabilistically skillful as



the full 26-member SREF ensemble due to insufficient spread (Gowan et al.
2018).

Analysis of how recent upgrades to the HRRR and GFS affected cool-season
precipitation performance and biases over the western United States. Results were
consistent with steady or improving NCEP model performance and useful to
forecasters concerned with possible shifts in model bias and performance (Caron
and Steenburgh 2020).

Comparison of lightning forecasts from the HRRR with geostrationary lightning
mapper observations, which illustrated a novel way for new observing tools to
validate convective storm forecasts and the need for forecasters to use HRRR
lightning forecasts for general tendencies rather than specific local prediction
(Blaylock and Horel 2020).

Examination of heavy California precipitation events from the HRRR and Navy
COAMPS models that produced new ways to diagnose large volumes of model
data and found that the HRRR model had superior accuracy compared to the
COAMPS and NAM-3km models (Dougherty et al. 2021).

Implemenation of approaches to overcome bottlenecks downloading large
volumes of NCEP model output in GRIB2 format by reformatting GRIB2 model
output to a cloud-compatible file type, Zarr, that is stored using the Amazon Web
Service (AWS) Simple Storage Service (S3) and available publicly through the
Amazon Sustainability Data Initiative and NOAA Open Data Program (Gowan et

al. 2021).
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3. Improved techniques for downscaling
a. Accomplishments and contributions

Early in the project, we completed a major study illustrating the advantages of using
climatological downscaling to improve lower resolution ensemble forecasts over the complex
terrain the western CONUS (Lewis et al. 2017). Such an approach is simple and straightforward
but does not account for variations in orographic precipitation gradient (OPG) from day to day.
Motivated by this work, we completed a detailed study describing the spatio-temporal variations
in orographic precipitation gradients (OPG) over the western CONUS (Bohne et al. 2020a). This
work describes daily variations in OPG, including departures from climatological values, that are
important for operational forecasting. We are now working to develop techniques to apply this
knowledge to operational analyses and forecasts with support from our new CSTAR grant
(NA20NWS4680046). Lucas Bohne who contributed to this research graduated and is now
working as an Environmental Scientist in the Division of Air Quality at the Utah Department of

Environmental Quality.
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4. Data fusion for nowcasting
a. Accomplishments and contributions

Throughout the project, we collaborated with NWS field offices and MADIS staff to
improve access to mesonet observations around the nation from over 50,000 locations. This work
was also supported by the NWS National Mesonet Program via a subcontract with Synoptic
Data, PBC. We answered questions, identified new data resources, and improved software to
minimize the latency between when observations are taken and when they are available to field
offices. This involved typically dealing with more than a dozen issues per week, some of which
were time consuming to resolve or to add data from newly deployed sensors.

We developed procedures to store model datasets in more efficient and acessible formats
to benefit access by operational staff, model developers, and researchers. In particular, we
developed techniques to improve access to archived and real-time HRRR model forecasts, most
recently in highly compressed “zarr” format on AWS cloud resources as part of the NOAA Open
Data Program (https://registry.opendata.aws/noaa-hrrr-pds/). This work is summarized in two
peer reviewed papers (Blaylock et al. 2018; Gowan et al. 2021).

Students who contributed to this research are now working in various positions in the
weather enterprise including Brian Blaylock (Naval Research Laboratory), Taylor Gowan (née

McCorkle, DTN Weather), and Kevin Dougherty (NCEP).
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