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1 Introduction

The Hydrometeorology Testbed (HMT), which is part of the Weather Pre-

diction Center (WPC), has hosted the Flash Flood and Intense Rainfall (FFaIR)

Experiment annually since the summer of 2012. This year’s experiment explored

identifying regions where 6-h rainfall would be extreme for the Day 1, 2, and

3 time periods. The expansion to the Day 2 and 3 time periods was chosen to

analyze the utility of Convective Allowing Models (CAMs) and Ensembles out 60+

hours. FFaIR ran 4 week-long all virtual sessions, but collected data and cases from

mid-May through the beginning of Aug. The dates FFaIR was in session were:

Week 1: June 19 - 13

Week 2: June 23-27

Week 3: July 14-18

Week 4: July 28-Aug 1

2 Overview of the Operations and Science

This section briefly highlights the science goals and operations of the 2025

FFaIR Experiment; for an in-depth description of FFaIR activities, evaluated

guidance, and goals please refer to the 2025 FFaIR Operations Plan (Trojniak and

Correia, Jr., 2025).

2.1 Guidance Evaluated

Table 1 shows the configurations for the experimental models and ensembles

that were evaluated; note that the HRRR is listed even though it is an operational

model since it is part of the Rapid Refresh Ensemble Forecast System (REFS).

In the REFS, the sources of spread in the ensemble are: Ensemble Kalman Filter

(EnKF) Initial Conditions (ICs), Global Ensemble Forecast System (GEFS) Lateral

Boundary Conditions (LBCs), time-lagging, multi-physics, stochastic parameter

perturbations (�), and fixed parameter perturbations (#). The products from the

REFS were generated by the Environmental Modeling Center (EMC). The Global

Systems Lab (GSL) provided two versions of the Model for Prediction Across
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Figure 1: Domain bounds for the three preset regions over which 24-h QPF clustering was performed
on the 28-member time-lagged REFS ensemble forecast each day of the FFaIR experiment.

Scales (MPAS), referred to as MPAS and MPASA, that were identical aside from

their IC/LBCs; MPAS used RAP/GFS and MPASA used RRFS/RRFS. For the

data provided by the Center for Analysis and Prediction of Storms (CAPS) at the

University of Oklahoma (OU), the first member (CAPS01/CAPSdet) in the CAPS

Ensemble, hereafter CAPSe, was evaluated as a deterministic model. Ensemble

members 1-4 (CAPS01 - CAPS04) were used for generation of machine learning

(ML) forecast products provided by CAPS. Members 5-8 (CAPS05 - CAPS08)

were configured identically to the ML members, but with the saSAS deep cumulus

parameterization scheme.

Additionally, a QPF clustering methodology was applied to the REFS member-

ship, combining 4 cycles (the most recent cycle and 3 time-lagged cycles), to create

a 28-member ensemble (Table 2). From there, a clustering approach based on the

2 leading Empirical Orthogonal Functions (EOFs) was applied to 24-h QPF from

this time-lagged ensemble dataset over 3 preset domains (Fig. 1). For each of these

domains, four clusters were generated from the ensemble membership for Day 1

and 2 lead times. As the two oldest initializations in the time-lagging configuration

did not contain members that extended all the way through the Day 2 time frame,

Day 2 REFS QPF Clusters were conducted solely on the 14-member traditional

REFS configuration.

The first 4 members of CAPSe were combined with 8 of the members from

the High Resolution Ensemble Forecast (HREF) to create a Machine Learning
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Table 1: The con�gurations for the experimental models and ensembles that were evaluated in
the 2025 FFaIR Experiment. � indicates stochastic parameter perturbations and # indicate �xed
parameter perturbations. AI-# indicates the member is part of the CAPS ML System.
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Table 2: Table depicting time-lagging con�guration to expand the REFS ensemble from a 14-
member forecast system to a 28-member forecast system, enabling the use of a cluster approach
given an ensemble of su�cient size.

Product (MLP) that was referred to as the CAPS MLP (referred to as the HREF+

ensemble by the CAPS team). Another MLP was evaluated, provided by the team

at Iowa State University (ISU). This product, referred to as the Bias Corrected

HREF MLP, or simply the ISU HREF MLP or ISU MLP, was designed to improve

the errors of HREF forecasts in QPF from Mesoscale Convective Systems (MCSs)

for both location and magnitude. QPF aspects of version 5.0 of the National

Blend of Models (NBMv5.0...referred to as NBMX in FFaIR) were also evaluated.

In addition to the experimental models listed, participants also had access to

operational models/ensembles such as the HREF and its membership. Finally,

the FFaIR team also provided two Artificial Intelligence (AI) global models, the

GraphCast-IFS and GraphCast-GFS (Lam et al., 2023). These were not formally

evaluated but during their forecasting activities participants filled out a response

as to how or if they used the AI models.

2.2 Activities and Goals

This year, participants created an Excessive Rainfall Outlook (ERO) for Day 1,

Day 2 and Day 3. The EROs mimicked WPC’s operational EROs and are defined as

the probability of exceeding flash flood guidance (FFG) within 25 miles of a point.

The ERO risk categories are as follows: Marginal (5%-15%), Slight (15%-40%),

Moderate (40%-70%), and High (>70%). The Day 1 ERO for this experiment is

valid from 16 UTC to 12 UTC and the Day 2 and 3 EROs are valid from 12 UTC

to 12 UTC. In addition to the categorical risk contours the participants were also
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