
 

 

Advancing Analysis, Forecast and Warning Decision Support Capabilities for 

High Impact Weather Events 
 

Project Areas Being Addressed: 

 

(1) Warn on Forecast for High Impact Events 

(2) Integrated Observing and Analysis System 

 

W. James Steenburgh and John D. Horel 

University of Utah 

 

Final Project Report 

22 Sep 2017 

 

Introduction 

This is the final project report for NOAA Award NA13NWS4680003. Specific goals for this 

project were: (1) to advance short-to-medium range precipitation forecasts over the western U.S. 

with an emphasis on high-impact events associated with the inland penetration of atmospheric 

rivers (ARs) and (2) to improve integrated observing and analysis systems nationwide by 

evaluating the sensitivity to boundary layer data assets during high-impact weather events.  We 

have made significant progress in these areas and others, have summarized below.   

 

1. Advance western US precipitation forecasts with emphais on inland-penetrating ARs 

Atmospheric rivers (ARs) are frequent contributors to hazardous weather over the western 

United States.  We completed a series of studies that quantify the climatological characteristics 

of ARs and their influence on precipitation, including the largest (i.e., top decile) precipitation 

events from the Pacific coast to the western interior (Rutz and Steenburgh 2012; Rutz et al. 2014, 

2015). Results have been diseminated broadely across the National Weather Service (NWS) 

through webinars, seminars, and e-mail correspondence with the Weather Prediction Center 

(WPC), Western Region SOOs, and the Salt Lake City NWS Forecast Office (NWSFO).  



 

 

Amongst the key findings are the imporatance of using integrated vapor transport (IVT) rather 

than integrated water vapor (IWV) for tracing ARs inland, the identification of important 

pathways for AR penetration into the interior, and advances in our understanding of AR 

maintenance and decay processes over mountainous terrain.  The importance of this work is 

highlighted by the 88 citations that Rutz et al. (2014) has received in only 3 years, including 

many additional studies that utilize the techniques we developed to improve AR identification.  

Jon Rutz, who led this work as a graduate student at the University of Utah, is now a 

meteorologist with the NWS Western Region Science and Technology Infusion Division (WR-

STID), and has spearheaded efforts to improve the diagnosis and prediction of major AR events 

over the western U.S.    

 

For example, working with Jon and Trevor Alcott (now at the NOAA Earth Systems Research 

Laboratory), we integrated IVT diagnostics into the Western Region Ensemble Situational 

Awareness Table (http://ssd.wrh.noaa.gov/satable/) and NAEFS Ensemble Graphics 

(http://ssd.wrh.noaa.gov/naefs/) web pages (access may be limited to NWS sites) that are widely 

used by NWS forecasters for identifying potential AR impacts on the western U.S.   Such 

products were used, for example, to anticipate and evaluate forecast confidence during two major 

AR events in Utah and Colorado in late January and early February 2014.  The first event 

produced 3-4 feet of snow in the central Colorado Rockies, whereas the second event produced 

more than 6-inches of water-loaded snow in northern Utah mountains resulting in extreme 

avalanche hazard that forced an extended closure of Utah SR-89 (Logan Canyon) and Utah SR-

92 (American Fork Canyon).   

 

http://ssd.wrh.noaa.gov/satable/
http://ssd.wrh.noaa.gov/naefs/


 

 

During the project periods, it was clear that there was a pressing need for improved knowledge 

of the capabilities and limitations of quantitative precipitation forecasts produced by numerical 

forecast systems over the western U.S., including ensembles and post-processed guidance.  

Model validation is particularly difficult over the western U.S. due to the low density of 

operational precipitation observations and the large spatial variability in precipitation.   

 

To address this issue, we have developed techniques to use observations from upper-elevation 

SNOTEL stations maintained by the Natural Resources Conservation Service to validate 

forecasts produced by National Centers for Environmental Prediction (NCEP) and other 

modeling systems.  This was a collaboration with WR-STID meteorologists Jon Rutz and Trevor 

Alcott involving University of Utah graduate students Wyndam Lews and Tom Gowan.   

 

We began with an evaluation of the fidelity of cool-season Global Ensemble Forecast System 

(GEFS) precipitaton forecasts over a three year period using both reforecasts and forecasts of the 

current operational version of the GEFS to ensure forecast rlevance.  We also examined the 

fidelity of statistically downscaled GEFS forecasts derived using the high-resolution (800-m) 

PRISM precipitation climatology and methods similar to those employed in operations by the 

WPC and many NWSFOs.  This work shoed that the GEFS exhbits a widespread dry bias with a 

large underprediction of events > 22.9 mm in the Pacific Ranges (i.e., the Cascade Mountains, 

Sierra Nevada, and Coastal Ranges) and > 10.2 mm over ranges in the western interior.  

Performance metrics like the hit rate and equitable threat score degrade from the coast to the 

interior.  Ensemble validation shows that the GEFS is strongly underdispersive (i.e., 

overconfident), especially at shorter forecast lead times, and by Day 5 the ensemble spread 



 

 

captures only 30% of upper-quartile precipitation events. Downscaling significantly improves 

model biases, equitatable threat scores, and hit rates, with a modest increase in false alarms.   

Results based on this work, summarized in Lewis et al. (2017) were presented to NWSFO-Salt 

Lake City SOO Darren Van Cleave in February 2016, to NCEP and WPC by webinar in April 

2016, and to western region SOOs by webinar in November 2016.  

 

During the past year, we have been conducting an extensive validation of cool-season 

quantitative precipitation forecasts produced by several NCEP operational modeling systems, 

including the HRRR, 3-km NAM, GFS and SREF, as well as a cloud-permitting ensemble run by 

the National Center for Atmospheric Research (hereafter the NCAR ensemble).  This is likely 

the most compreshensive evaluation ever conducted of precipitation forecasts produced by 

operational ensembles and cloud-permitting modeling systems over the western U.S.  Work 

began with the support of  NOAA Award NA13NWS4680003 and continues under 

NA17NWS4680001.  This research clearly shows that higher-resolution models, such as the 

HRRR, 3-km NAM, and NCAR ensemble members, are more skillful than coarser models, 

especially over the interior ranges of the western U.S.  Comparisons between the SREF and 

NCAR ensemble highlight some of the issues with both ensemble systems, the former presenting 

challenges for interpretation due to the unequal likelihood of forecasts produced by the members 

of each dynamical core, and the latter from insufficient spread, and the advantages of a cloud-

permitting ensemble over the complex terrain of the western U.S. Preliminary results were 

shared with WR SOOs and NCEP last winter (during the WPC Winter Weather Experiment) and 

a paper based on this work will be submitted to Weather and Forecasting in the near future 

(Gowan et al. 2017).   



 

 

 

  



 

 

2. Improve integrated observing and analysis systems 

We have continued to work with NWS field offices and MADIS staff to improve access to 

mesonet observations around the nation. This work has  also been supported by the NWS 

National Mesonet Program. We answer questions, identify new data resources, and improve 

software to minimize the latency between when observations are taken and when they are 

available to field offices.  

 

A discussion started during December 2014 with NWS Western Region staff about new database 

procedures that we have implemented to streamline the storage and access to observations 

received continuously as well as those in the ~20 year MesoWest archive. The continued 

development of those application programming interface (api) services (synopticlabs.org) for 

data delivery are now used extensively by the NWS Western Region and other NWS entities (see 

Table 1). The usage of the api services within the NWS has continued to grow during the past 6 

months as developers at the national, regional, and WFO levels become aware of the ease to 

obtain environmental observations from over 40,000 locations nationwide. Overall, NOAA 

applications have made 23 million requests for 117 billion data values during a recent one-month 

period. 

 

Organization Requests Data values 

Total NOAA Usage 23.2 million  117.5 billion 

NWS Western Region 13.9 million 90.3 billion 

Table 1. Usage of the MesoWest api (synopticlabs.org) by NOAA from 17 August – 16 September 2017 



 

 

NWS Enhanced Data 

Display software 

4.2 million 25 billion 

NWS Central and 

Southern  Region  

1.5 million 31  million 

 

 

Extensive work has been underway to implement quality control procedures providing access to 

MADIS QC flags as well as ones we have developed.  A sidebar meeting with MADIS staff was 

held at the 2017 AMS Annual meeting with a follow up meeting in Boulder in May to discuss 

metadata, quality control, and other related issues.  We are implementing the UU2DVAR system 

(Tyndall and Horel 2013) primarily as a quality control tool for publicly-accessible surface 

observations. The analysis system uses the 2.5 km resolution background fields used by the 

RTMA and ~15000 observations available each hour from many different mesonets are then 

used to modify the background grids and obtain hourly analyses.  

 

Increasing attention is being placed on improving access to observations from surface-based 

remote sensors (sodars, ceilometers, radiometers, profilers, etc.). Observations have been sent to 

MADIS for use in data assimilation and other applications. Access to graphics is available online 

at http://asn.synopticdata.com. Leclair-Marzolf et al. (2018) describe procedures in place to use 

ceilometers to monitor boundary layer heights. 

 

A necessary step  to integrate existing and future networks into a national network of networks is 

to assess the impact of existing mesonets. The adjoint of the two-dimensional variational analysis 

system developed at the University of Utah of surface weather parameters has been used to 

assess objectively the sensitivity of the resulting CONUS-scale analyses to the source of the 



 

 

observations used in the analyses. The sensitivity of the differences in weather parameters 

between the resulting analyses and the background fields are examined as a function of the 

various data assets: NWS; RAWS; Air quality; Agriculture and hydro; Transportation; Local, 

state and regional networks (e.g., West Texas Mesonet or Oklahoma Mesonet); Buoys and 

coastal observations; Public (typically weather hobbyists); and other federal and commercial 

networks. Statistics for individual stations as well as for entire networks are obtained that help to 

identify network characteristics that strongly influence analyses. 

 

As an illustration of the utility of MesoWest activities to the National Weather Service, severe 

thunderstorm reports were facilitated by the dense observing network in northern Utah that we 

have fostered on 22 September, 2016. Nearly all of the reports cited in the Storm Reports for that 

day involved University of Utah sensors or ones we send to MADIS.  



 

 

 



 

 

 

 

3. Additional activities 

With support from the National Science Foundation, we conducted an extensive observational 

and numerical modeling study of  lake-effect storms east of Lake Ontario, including 

enhancement over Tug Hill Plateau (Veals and Steenburgh 2015; Minder et al. 2015; Campbell 

et al. 2016; Welsh et al. 2016; Kristovich et al. 2017; Campbel and Steenburgh 2017; Steenburgh 

and Campbel 2017).  In particular, we show that previous conceptual models emphasizing the 

lifting of the caping inversion and invigoration of convection as the causes of enhancement over 

Figure 4. Severe thunderstorm warnings on 22 September 2016 were facilitated by utomated high wind reports 

available via MesoWest. 



 

 

Tug Hill are innacurate.  Instead, a convective-to-stratiform transition occurs, with radar echoes 

shallowing, but precipitation becoming more persistent  We also idenify a strong dependence of 

enhancement over the Tug Hill Plateau on lake-effect mode, with enhancement strongest during 

non-banded lake-effect periods and smallest during banded periods.  Finally, we show that the 

shoreline of Lake Ontario, especially bulges in the south and north shoreline, play a major role in 

the initiation of lake-effect, as well as enhancement over the Tug Hill Plateau.  Much of this 

work has strong operational forecasting implications.  We have shared results on several 

occaisions with the Buffalo NWSFO.   

 

We have also validated simulations of Great Salt Lake-effect snowstorms and have shown that 

there is great sensitivity to the microphysics parameterization, with the relative generation of 

snow vs. graupel strongly influencing the amount and distribution of precipitation (McMillen 

and Steenburgh 2015a).  We have also analyzed reforecasts of 11 banded and 8 non-banded 

Great Salt Lake-effect precipitation events and have shown that (1) the Weather Research and 

Forecast model (WRF) typically generates banded precipitation features even when non-banded 

features are often observed, (2) WRF lake-effect precipitation is typically displaced to the right 

(relative to the flow) and downstream compared to observed, and (3) WRF forecast accuracy for 

lake-effect precipitation is comparable to that of warm-season convection (McMillen and 

Steenburgh 2015b).  These results paint a somewhat sobering perspenctive on our ability to 

forecast the Great Salt Lake effect and results have been shared with the Salt Lake City NWSFO.   

 

Two papers evaluating the 1 December 2011 downslope windstorm along the Wasatch Front 

have been published (Lawson and Horel 2015a,b). This event was well forecast by the SLC 



 

 

NWSFO and one aspect of this study was to examine why the predictability horizon for this 

mesoscale event was much longer than usual. 

 

Support from the Joint Fire Science Program allowed for the development of verification of spot 

forecasts for prescribed and wild fires. Lammers and Horel (2014) describe this system available 

online at http://meso1.chpc.utah.edu/jfsp/. Matt Lammers presented a Western Region 

SOO/DOH webinar on this project. Staff from the NWS Performance Branch visited the 

University of Utah in June 2015 to discuss how to transition this research and software to 

operations. Nauslar et al. (2016) extended this work to examine the accuracy of spot forecasts of 

boundary layer height and other above-the-surface parameters critical for fire weather 

professionals. 

 

Graduate student Alex Jacques studied mesoscale pressure perturbations originating from a 

variety of atmospheric processes (e.g., convective systems, gravity waves, frontal passages, etc.) 

with collaborative support from the NSF (Jacques et al. 2015, 2016, 2017). He used the 

UU2DVAR variational approach to combine numerical grids of surface pressure (at high spatial 

resolution) with observations (at high temporal resolution) to produce analysis grids that can be 

temporally filtered to isolate mesoscale perturbation features in space and time. The surface 

pressure observations utilized arise from a unique field campaign focused on seismic research. 

Background grids are generated from the first guess and analysis surface pressure grids of the 

hourly Real Time Mesoscale Analysis (RTMA) to produce analysis grids at five-minute 

intervals. Analysis grids are filtered to identify prominent perturbation features over the central 

U.S. region.  

http://meso1.chpc.utah.edu/jfsp/


 

 

 

The experimental High-Resolution Rapid Refresh – Alaska (HRRR-AK) modeling system 

developed to provide high spatial (3 km horizontal) and temporal (hourly out to 36 h) forecast 

guidance for weather conditions over Alaska has been evaluated (McCorkle 2017, McCorkle et 

al. 2018). The model’s ability to forecast the evolution, intensity and timing of weather systems 

was assessed on the basis of surface pressure observations assimilated during its production 

cycle (e.g., from NWS stations) and those not assimilated (from USArray Transportable Array, 

TA, stations).  Observations from both the NWS and TA networks were used to evaluate 265 

complete 0-36 h forecasts of altimeter setting initialized at 00 or 12 UTC.  Throughout the seven-

month study period (December 2016-June 2017), systematic differences in altimeter setting 

between the HRRR-AK analyses and the assimilated NWS (unassimilated TA) observations 

were small (large). Upon removal of these initial biases from each of the subsequent 1-36 h 

altimeter setting forecasts at the observation locations, model errors at the NWS and TA 

locations were comparable, which suggests limited sensitivity locally to the assimilation of the 

pressure data. When aggregated over the entire state, forecast errors were highest during the 12-

15 February period associated with a complex synoptic environment that led to downslope 

windstorms in the lee of the Alaska Range.  

 

Co-PI Horel co-chaired the AMS Forum on Observing the Environment from the Ground Up 

held March 8-9 in Washington D.C.. The Forum with over 100 attendees from the government, 

commercial, and academic sectors of the atmospheric science community built on efforts over 

the past decade to develop an integrated, multi-purpose observing system focused on the 

conditions from the surface through the atmospheric boundary layer. The objective of the Forum 



 

 

was to discuss innovative observing efforts underway nationwide, prospects for taking advantage 

of new technologies, improving coordination among the diverse efforts throughout the 

environmental observing enterprise, and meeting the multiple and ever growing needs of the 

users of environmental information. Participants evaluated the Forum as being very useful. 

Follow on presentations about the Forum were made at the 2017 AMS Annual Meeting by Curtis 

Marshall in the Observation Symposium and by a panel including J. Horel as part of the Fifth 

Symposium on the Weather, Water, and Climate Enterprise 
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