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1 Experiment Overview

In support of the ongoing mission to improve National Weather Service (NWS) products and services
for winter weather, the Hydrometeorology Testbed (HMT) within the Weather Prediction Center
(WPC) conducted the 15t annual Winter Weather Experiment (WWE) during the 2024-2025 winter
season. The WWE provides a collaborative research to operations (R20) experience, bringing
together members of the forecasting, research, and academic communities to evaluate and discuss
winter weather forecast challenges. Recent WWE successes include improvements to the National
Blend of Models, incorporation of snow squalls to the mPING crowd-sourcing observation app, and

increased discussion on the creation of winter specific verification metrics.

As the WWE completed its 15" year, HMT staff sought to continue evaluations on the next
generation of NWS deterministic and ensemble forecast systems. As in the 14" WWE, this year
included evaluation of forecast thermodynamic profiles based around capabilities developed within an
interactive sounding viewer webpage. Building on the success of previous years, the WWE utilized
virtual experiment activities and analyzed retrospective case studies to perform the experiment

objectives.

2 Science and Operations Objectives

The objectives of the 15" Annual Winter Weather Experiment were:

e Evaluate and compare the utility of snowfall and precipitation type forecasts from operational

and experimental deterministic high-resolution convection-allowing models (CAMs)
* Explore modeled and observed thermodynamic profiles via an interactive sounding viewer tool

e Compare CAM snow to liquid ratio (SLR) forecasts to machine learning post-processed SLR

forecasts

e Evaluate the accuracy of a gridded freezing rain analysis compared to available observations
and CAM forecasts

e Explore experimental CAM ensemble probabilistic forecast products and machine learning

post-processing guidance for winter precipitation

» Use event verification to assess the performance of experimental datasets



3 Season Summary

Unlike the previous winter season (2023-2024), the winter of 2024-2025 had near-normal snowfall
amounts in many areas of the Continental U.S., including some regions (Gulf Coast, Southeast) that
had largely missed out on winter precipitation the last few seasons. Figure 1 shows the seasonal
total snowfall estimated by the National Snowfall Analysis (provided by the National Operational
Hydrologic Remote Sensing Center, hereafter, NOHRSC) for the November 2024 through April 2025
period. Despite the increase in winter weather overall, some localized areas, such as parts of the

Midwest, remained in a snow drought this season.
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Figure 1: Summary of estimated winter 2024-2025 snowfall using NOHRSC 24h snowfall analysis data, from
1 November 2024 through 1 April 2025.

Figure 2 shows the number of four-inch snowfall days observed this season, across the Con-
tinental U.S. Outside of the Intermountain West, Great Lakes, and Northeast, most regions saw
fewer than two moderate snow cases. Despite the relative lack of cases, which is becoming a theme
of recent years (e.g., Bartolini et al., 2025), the snowfall events observed were still relatively heavy.
For example, the Gulf Coast received one four-inch snowfall event this season in late January, but

with maximum snowfall amounts exceeding 8 inches near the coast (climatologically rare).
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Figure 2: Number of 24h days exceeding 4 inches of snowfall using winter 2024-2025 NOHRSC snowfall
analysis data, from 1 November 2024 through 1 April 2025.

Figure 3 shows the maximum 24h snowfall amount estimated by NOHRSC, with many lo-
calized areas receiving at least six inches of snow in their heaviest event, including portions of the
Southern Plains, Gulf Coast, and Southeast this year. Nonetheless, the spatial area covered by indi-
vidual six-inch events is still quite limited in spatial extent with no single swath of 6-8 inch snowfall

amounts spanning more than a few hundred kilometers in width.

In terms of freezing rain, mixed precipitation accompanied many of the events studied this
winter, with freezing rain extending unusually far south and east into the Gulf Coast and Southeast.
Figure 4 provides an estimate of the flat ice accumulations from the Freezing Rain Accumulation
National Analysis (FRANA) dataset. The FRANA estimate spans the period from 2 October 2024
through 16 March 2025.

Figure 5 shows the areal extent of different freezing rain amounts throughout the season, using
the FRANA dataset. Several more-active periods are evident in this view, as Arctic air intrusions are
more active for days to weeks across the Continental U.S. The period with the highest freezing rain
activity was from mid-December 2024 through mid-January 2025, then an outbreak of continental

Arctic air in late January provided plenty of cold weather but decreased the amount of moisture
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Figure 3: Maximum 24h snowfall using winter 2024-2025 NOHRSC snowfall analysis data, from 1 November
2024, 2024 through 1 April 2025.

available for freezing rain. This coincided with the Gulf Coast snow and ice event on 21-22 January
2025, which was spatially limited to the coastal areas. Another more-active period for freezing rain

occurred in mid-February 2025.

3.1 Overall Case Summary and Intensive Weeks

Overall, this year’s WWE season was much more active in terms of winter weather than in past
years. In particular, January brought a notable cold wave with well-below-normal temperatures
to much of the Eastern U.S., with multiple snow and mixed precipitation events in regions that
had not experienced winter weather for several years (Gulf Coast, Southeast). From 1 November
2024 through 1 April 2025, a total of 11 cases were selected for analysis during WWE, with 9 cases
(highlighted in bold in Table 1) studied in-depth during three intensive WWE weeks.
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Figure 4: Summary of estimated winter 2024-2025 freezing rain (flat ice) using the Freezing Rain Accumu-
lation National Analysis (FRANA) dataset.

Number \ Case Dates \ Location \ Case Type
1| 7-9 Nov 2024 | C. Rockies, High | Snow
Plains
2 | 22-23 Nov 2024 | N. Appalachians Snow
3 28-29 Nov NY, New England Snow
4 | 29 Nov - 1 Dec | G. Lakes Lake-E ect Snow
5 14-15 Dec Midwest Freezing Rain
6 18-20 Dec Upper Midwest Snow
7 5-6 Jan 2025 C. Plains to Ohio Val- | Snow, FZRA
ley
8 6-7 Jan 2025 Ohio Valley to Mid- | Snow, FZRA
Atlantic
9 9-11 Jan S. Plains to Southeast | Snow, FZRA
10 20-22 Jan Gulf Coast Snow, FZRA
11 13-14 Feb Pac. NW / Sierras Snow, FZRA

Table 1: All cases span a 24 h valid time period from 12 UTC to 12 UTC, except for cases 7 and 8 which
ended at 00 UTC on their respective dates. Rows in bold denote cases selected for in-depth study during
intensive weeks.
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Figure 5: Time series of the spatial coverage of ice during winter 2024-2025 using the FRANA estimated
freezing rain (flat ice) dataset. 24-h days are counted starting and ending at 1200 UTC. The same data is
presented using a (top) logarithmic y-axis and (bottom) linear y-axis scale.

3.2 Other Notable Cases

After this year’s WWE ended, there was one more widespread, late-season mixed precipitation event
on March 29-31, with significant freezing rain accumulations in excess of one inch of flat ice across
portions of the Great Lakes and interior Northeast. HMT did not collect datasets for this case, due
in part to its timing late in the season as well as outages in the model and gridded analysis datasets

we evaluated during the season.

4 Experiment Data Summary

WWE participants evaluated a variety of experimental data, which are listed in Figure 6. As in
previous years’” WWEs, the development of the future Rapid Refresh Forecast System (RRFS) was
at the center of evaluation activities. The core of this system is a Limited Area Model (LAM) that



has the finite volume cubed-sphere (FV3) dynamic core. The deterministic flagship CAM, referred
to as the RRFSpl or “m1” in Table 4 (also known as “RRFS_A"), was still in active development
during the winter season; thus, the deterministic and ensemble model configuration underwent some
changes during the fall and early winter. More information about the experimental guidance that
was evaluated can be found in Figure 6. For more detailed descriptions of these products, please

refer to Section A of the Appendix.

Provider Resolution Forecast
Length

FV3-LAM and OU CAPS 3 km 84 hours Membership and

MPAS Ensemble configurations

(10 members) may change

ML Snowfall OU CAPS 3 km 36 hours ML input from
CAPS FV3 Ens.
and HREF

RRFS FV3-LAM EMC 3 km 60 hours

Ensemble (14

members incl. TL

and HRRR)

ML SLR Univ. of Utah 3 km 60 hours

MPAS GSL 3 km 60 hours Config. may
change

FRANA CIWRO/NSSL 1 km - Analysis product,
evaluation only

Figure 6: Summary of ensemble, machine learning post-processing, and analysis datasets planned for eval-
uation in this year’s WWE.

Unfortunately, data quality and availability issues for several datasets prevented a larger
effort to complete seasonal verification statistics this WWE season. The RRFS ensemble (REFS)
was completely unavailable from 3 December 2024 through 29 March 2025 while EMC performed
retrospective period simulations, which limited our ability to do a December-February evaluation
of that dataset as well as that of the Utah ML SLR project which was configured to do post-
processing from the REFS data. Issues with the Univ. of Oklahoma Center for Analysis and
Prediction of Storms (CAPS) ensemble dataset related to ensemble membership and post-processing
also prevented us from doing a seasonal evaluation of the CAPS data, as bug fixes were applied in
between winter season cases. The Global Systems Laboratory (GSL) MPAS model configuration

was also updated during the experiment, with bug fixes to several snow and ice fields.


https://www.emc.ncep.noaa.gov/users/emc.campara/rrfs/log.html

5 Experiment Findings and Results

5.1 Experiment Format

This year’s WWE continued with the successful remote interactions of past years of the WWE and
Flash Flood and Intense Rainfall Experiment (FFaIR). The team hosted three week-long WWE
sessions during the weeks of February 10, February 24, and March 10, 2025. As described
above, experiment activities were based on retrospective cases captured during the 2024-2025 winter

season.

Intensive week attendees across the three weeks represented each of the four CONUS NWS
regions, as well as several NCEP centers and NOAA laboratories. Several university/academic part-
ners, including graduate students, also attended the intensive weeks. Figure 7 shows the geographic

diversity of the overall attendee list during the 15th WWE intensive weeks.
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.\ L4 7

CR STI

I 1 Participant
I 2 Participants
[ 3 Participants

I 4 Participants
B 5+ Participants
Figure 7: Map of participant affiliations attending the 15th WWE intensive weeks. WFO polygons are color-

coded by total attendance counts according to the legend, while research lab and university attendance counts
are color-coded by their text box.

Session days were led by the WWE team roughly as follows: each day began with a brief
synoptic overview and forecast discussion to orient experiment participants to the forecast setting
and predictability challenges of a retrospective case study. The majority of the time was spent

analyzing forecast data and discussing the case in terms of footprint, amounts, and timing of winter



precipitation. During snow-focused cases, participants completed their own forecast consisting of a
snowfall footprint and two higher-amount contours based on their confidence in the forecasts, and
mark where they forecast the largest snowfall to occur over the region of interest. During mixed
precipitation cases, participants did a similar activity forecasting freezing rain footprint, higher
amounts, and timing. In addition, participants did a complementary activity forecasting winter
precipitation timing for several point locations of interest. Along with plan view maps, participants
used thermodynamic profiles from an interactive sounding viewer tool to forecast onset and duration
of winter precipitation or the timing of mixed precipitation changeover in certain cases. Each case
concluded with a verification activity and time reserved for open-ended discussion of winter weather
forecast challenges. Figure 8 shows the general structure of one of the intensive weeks, with a mix

of forecasting, evaluation, and discussion activities.

ondey | Tussiny | Wodnestoy | Tourdey oty |

1415 UTC: Ice Breaker 1430 UTC: Case 1 1430 UTC: Case 2 1430 UTC: Case 3 1430 UTC: Case 3

and Orientation Day 2 Verification Day 1 Briefing Day 3 Briefing Day 1 Briefing
1600: WWE Web 1545: Case 1 Day 1 1500: Case 2 Day 1 1500: Case 3 Day 3 1500: Case 3 Day 1
Tools Demo Verification MSTP and Timing MSTP and Timing MSTP and Timing
1630: Case 1 Day 2 1630: Case 1 1630: Case 3 Day 2 1630: Case 3 Day 3
Briefing Discussion Briefing Verification
Orientation/
Demos 1700: Lunch 1700: Lunch 1700: Lunch 1700: Lunch 1700: Lunch
Day 3 Activity 1800: Case 1 Day 2 1800: WWE/PEAR 1800: Case 2 Day 2 1800: WWE/PEAR 1800: Case 3 Day 3,
MSTP and Timing Seminar Verification Seminar Day 2 Verification
Day 2 Activity  1930: Case 1 Day 2 1845: Case 2 Day2  1930: Break 1845: Case 3 Day 2 1930: Case 3 Day 1
Science Discussion Briefing MSTP and Timing Verification
Day 1 Activity
2030: Break 1915: Case 2 Day 2 1940: Case 2 Day 1 2020: Break 2030: Break
- MSTP and Timing Verification
2040: Case 1 Day 1 2030: Break 2115: Case 2 2030: Case 3 Day 2 2040: Case 3, End-of-
Seminar Model Evaluation Discussion Science Discussion Week Discussion
Lunch/Break 2200: End 2040: Case 2 Day 2 2200: End 2200: End 2200: End

Science Discussion

Figure 8: Schedule of activities during one of the 15th WWE intensive weeks.

5.1.1 Maximum Snowfall and Timing Product (MSTP)

In order to facilitate the NWS objective of increasing impact-based decision support services (IDSS)
activities, we have employed a number of exercises for our experiment participants. The MSTP
forecast activity has two objectives: 1. Give participants a reason to scrutinize various aspects of
the model forecasts and challenges, and 2. actually use the model or ensemble data to make specific
decisions. This activity allows forecasters to build a little knowledge on the utility of experiment data
for specific forecast issues like amount, timing, and location rather than just providing subjective
comments about the overall “goodness” of the snowfall. Feedback from developers has indicated
that statistics based only on the “goodness” of the forecast, though helpful, does not provide enough

information about the deterministic or ensemble model forecast. Developers are interested in things



like “if the model had the right idea but had the footprint shifted” or “if snowfall or freezing rain
amounts are too high or low”. Along with drawing their own forecast, participants were required to
fill out a survey stating which deterministic or ensemble model they based their forecast on, why they
forecast what they did, and any other notes they felt might be useful. The MSTPs were evaluated
and verified subjectively and objectively using the MODE verification toolkit (Bullock et al., 2016)
and NOHRSC and FRANA data.

The MSTP activity had participants draw an area representing the minimum snowfall (typ-
ically 1 inch) /freezing rain (typically .01 inches) threshold or what we called the footprint. This
allowed HMT to verify the forecast and evaluate forecasts objectively on the low end. Participants
were also asked to draw two additional contours for snow (usually, 4 and 12 inches) and freezing rain
(0.1 and 0.25 inches) if applicable for a given case. Each participant was further asked to identify
and locate the maximum value of 24h snow or freezing rain they felt would occur for each event.
Probabilistic activities included participants assigning a value to each of their snow or freezing rain
contours, the probability that each of the three given snow or freezing rain forecast thresholds would
occur. These activities provide a basis for estimating the utility or relative value of the various mod-
els and their specific predictions which should complement objective verification. Figure 9 shows the
newly-redesigned web interface that participants used to select the activity and enter their forecast

values.
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Figure 9: Website interface used by participants in this year’s WWE, displaying the forecasting activity

questions.
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5.1.2 Forecast Sounding and Precipitation Timing Activity

As in last year’s WWE, participants also used a mix of plan view forecast maps as well as forecast
sounding profiles in an activity designed to assess model thermodynamic profiles and relate them to
plan view maps of forecast winter precipitation type. HMT used model forecast information from
BUFR profiles at over 300 sounding site locations across the continental U.S. to display individ-
ual member forecast profiles from the HREF and REFS ensemble members, including the HRRR,
NAMnest, and RRFSpl. An interactive sounding viewer webpage was maintained by HMT staff,
using a code base from collaborations with David Harrison and Israel Jirak at SPC, with sounding

displays tailored to winter weather forecasting including specific indices for winter weather.

For the activity, participants were given a list of sounding sites near and within the MSTP
regional domain for a specific intensive week case, and instructed to choose 3 sites to forecast for
(first-come, first-served). The objectives included forecasting the onset time, duration of all winter
precipitation, and total duration of individual winter p-types (snow, ice pellets, freezing rain) at
specific forecast locations near and within the MSTP regional forecast domain. These objectives
were defined to capture different types of winter weather events. For example, in the case of an all-
snow event, the onset time would be the onset of any precipitation. In the case of rain transitioning
to a winter mixed precipitation event, the onset time would be the onset of freezing rain or snow as
the rain-snow transition reached a specific site. During the evaluation activity, participants used a
METAR precipitation-type viewer created by HMT to assess their site onset and duration forecasts.
While designed to get participants to think about the winter weather uncertainty at specific sites,
another objective of this activity was to generate conversation about other goals of this year’s WWE,
and drive discussion about SLR, p-type, freezing rain, snow squalls, and other forecast information

that heavily relies on sounding profile analysis.

Following the success of previous years, the WWE also hosted a seminar series with invited
presentations throughout the winter season. These presentations were hosted on Google Meet on
Tuesdays and Thursdays at 1 pm EST (1800 UTC) and advertised to all NWS personnel. Pre-
sentation files were saved from each seminar, and are available to all on our HMT seminar webpage
under “2024-2025 Winter Weather Experiment (WWE) Seminars”. New this year, seminars were

also recorded and are available on the same page to individuals with a NOAA account.

5.2 Featured Cases

In this section, several cases are discussed that were studied during the WWE intensive weeks. The
selected cases represent high-impact winter weather events that capture some of the key themes and

forecast insights of this past winter’s experiment.
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https://www.wpc.ncep.noaa.gov/hmt/seminars.shtml




