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1. Introduction 
 
The National Centers for Environmental Prediction (NCEP) Weather Prediction Center (WPC) 
issues Excessive Rainfall Outlooks (ERO) probabilistically identifying regions over which heavy 
rainfall may exceed NWS River Forecast Center Flash Flood Guidance (FFG) during Days 1, 2 and 
3.  Additionally, WPC staffs a MetWatch Desk responsible for issuing Mesoscale Precipitation 
Discussions (MPDs): short-term (1-6 hours), event-driven forecasts that highlight regions where 
heavy rainfall may lead to flash flooding.  While the goal of the ERO is to provide information 
about flooding rain potential up to several days in advance, MPDs are designed to enhance 
near-term situational awareness among local NWS offices, the media, and emergency 
managers. 
 
In an effort to support the advancement of research to WPC and NWS field operations, the 
Hydrometeorology Testbed at WPC (HMT-WPC) continues to partner with NWS meteorologists, 
hydrologists, and the development and research communities to conduct the Flash Flood and 
Intense Rainfall (FFaIR) Experiment.  
 
The 2018 experiment provided a real-time pseudo-operational environment in which 
participants from across the weather enterprise combined expertise to explore the utility of 
emerging model and ensemble guidance for improving flash flood forecasts.  This year’s 
experiment furthered efforts to rapidly incorporate the latest observational and model 
guidance into the decision making process, while also challenging participants to simulate the 
collaboration that occurs between the national centers and local forecast offices during flash 
flood events. 

 
2. Science and Operations Goals 

 
The 2018 experiment focused on the use of high resolution guidance to synthesize atmospheric 
and hydrologic guidance in an end-to-end forecast process to produce probabilistic flash flood 
forecasts in the short range (6-24 hours).  To simulate the flow of information that occurs from 
a national center (e.g. WPC) to the local forecast offices, this year’s experiment engaged the 
HMT-Hydro participants and the Science and Operations Officer-Development and Operations 
Hydrologist (SOO-DOH) community through screen sharing, video, and teleconference to 
discuss the experimental guidance with the goal of producing a collaborative 6-hour 
probabilistic flash flood forecast. 

 
The goals of the 2018 Flash Flood and Intense Rainfall Experiment were to: 
 

▪ Evaluate ways to maximize the utility of high resolution convection-allowing 
deterministic models and ensembles for short-term flash flood forecasts. 

▪ Evaluate ways to maximize hydrologic guidance for the assessment of flood risk. 
▪ Identify effective methods for synthesizing atmospheric and hydrologic guidance for 

rapid risk assessment and prediction of flash flooding.  
▪ Identify utility of advanced remotely-sensed products and difference fields. 
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▪ Objectively and subjectively evaluate the utility of the Colorado State University 
Machine Learning Probabilities (CSU-MLP) “First Guess Field” for the Excessive 
Rainfall Outlook in the Marginal, Slight, Moderate, High Risk categories at Days 2 and 
3. 

▪ Enhance cross-testbed collaboration as well as collaboration between the 
operational forecasting, research, and academic communities on the forecast 
challenges associated with short-term flash flood forecasting. 
 

 
Table 1.​ Research to Operations Transition Metrics for the 2018 FFaIR Experiment. 

 
 
3. Experiment Operations 

 
Forecast Activities 
 
The experiment was conducted for four weeks beginning June 18, 2018 in the WPC-OPC 
Collaboration Room at the NOAA Center for Weather and Climate Prediction (NCWCP) in 
College Park, MD: 
 

Week 1:  June 18 – 22, 2018 (Monday – Friday) 
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Week 2: June 25 – 29, 2018 (Monday – Friday) 
Week 3:  July 9 – 13, 2018 (Monday – Friday) 
Week 4:  July 16 – 20, 2018 (Monday – Friday) 

 
Each morning, participants were paired with a WPC forecaster as part of a collaborative 
forecast team and were asked to use available experimental guidance to create a Day 1 
Excessive Rainfall Outlook (ERO) defined experimentally as the probability of flooding rains 
occurring within 40 km of a point.  The Day 1 ERO was valid over the contiguous United States 
(CONUS) and valid for a 21-hour period from 15 UTC to 12 UTC, using probability contours of 
5% (marginal), 10% (slight), 20% (moderate) and 50% (high) to convey the risk. 
 
After lunch, the participants also created a short-term, Probability of Flash Flooding (PFF1) 
forecast valid for six hours from 18-00 UTC using probability contours of 10% (slight), 20% 
(moderate), and 50% (high) that conveyed the likelihood of flash flooding occurring within 40 
km of a point.  The forecast was created over a limited domain within the CONUS. 
 
Later in the afternoon, the participants used available experimental guidance to create a 
second short-term, Probability of Flash Flooding (PFF2) forecast valid for the six hours from 
00-06 UTC again using probability contours of 10% (slight), 20% (moderate), and 50% (high). 
And lastly, a PFF3 was created as an update to the PFF1, valid for the three hours from 21-00 
UTC and using the NSSL Experimental Warn-on-Forecast System for ensembles (NEWS-e) 
rapidly-updating ensemble information exclusively.  The PFF exercises were designed to explore 
potential improvements to the WPC MetWatch Desk operations by using experimental 
guidance in a shorter, 6 hour timeframe. 
 
SOO-DOH/HMT-Hydro PFF1 Collaboration and Daily Briefing 
 
Each day an email message was distributed to the SOO/DOH, communities and other associated 
partners inviting all to join an afternoon teleconference call.  Beginning at 12:30 pm EDT, 
interested partners joined remotely through a Mikogo screen sharing session to view N-AWIPS 
data and video broadcast of AWIPS data to collaboratively develop the 6-hour PFF1 forecast 
(valid 18-00 UTC).  At 1:30 pm EDT, a conference call was used to showcase a PowerPoint (PPT) 
presentation that was built throughout the day by the participants.  This PPT highlighted the 
two experimental forecasts (the Day 1 ERO valid 15 - 12 UTC and the 6-hour PFF1 valid 18-00 
UTC) and a sampling of the experimental guidance that supported those forecasts. The product 
creation and briefings were designed to simulate collaboration between a national center and 
the WFO field offices when developing and communicating flash flood forecasts.  
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Figure 1. Left: WPC forecaster, Alex Lamers, utilizes both AWIPS and N-AWIPS to collaboratively 
create the PFF1 in AWIPS with the participants in the room and those on the teleconference. 
Right:  A FFaIR Experiment participant volunteer delivers the forecast PPT briefing via 
teleconference call and Mikogo. 
 
Verification 
 
Each day participants subjectively evaluated eleven science questions presented by the testbed 
staff.  These questions included evaluation of the experimental FFaIR forecasts as well as other 
experimental models and tools used during the forecasting process.  Participants used white 
boards to rank each experimental guidance, tool, or forecast on a scale from 1 (very poor) to 10 
(very good).  Individual scores were then recorded each day and used for all statistics. 
Individual model and ensemble names were removed from the titles of the evaluation graphics 
so the participants did not know which model they were assigning scores to each day.  This was 
done to attempt to remove preconceived biases that a participant might hold for any particular 
model.  Table 2 shows the FFaIR forecasts, models, or tools evaluated by the science questions 
and the number of subjective scores each received throughout the experiment.  The total 
number of scores were dependent on both model availability and the number of participants 
providing scores each day. 
 
Table 2  An overview of the science questions and associated total subjective scores in 
parenthesis provided by experiment participants. 

FFaIR Products Evaluated and the Number of Scores for Each Model/Cycle/Parameter 
Evaluated 

PRODUCT MODEL, CYCLE, or PARAMETER EVALUATED (Number of Scores) 

NEWS-E 3HR PMM 
QPF 18 UTC (192) 19 UTC (202)  20 UTC (203) 21 UTC (204)  

HREFv2.1 
Neighborhood/EAS 
Probabilities 

Neighborhood 
0.5" (66*) EAS 0.5" (66*) 

Neighborhood 
1.0" (67*) EAS 1.0" (67*)  

Day 1 QPF 

FV3-GFS 
(Model A) 
(214) 

HRRRv3  
(Model B) (173) 

FV3-CAPS 
Thomp.  
(Model C) (192) 

FV3-CAPS 
NSSL  
(Model D) (204) 

NBMv3.1 
(Model E) 
(194) 

Ensemble 6HR PMM SSEFX LPM HRRRE HREFv2.1 NCAR SSEFX PMM 
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QPF (Ensemble A) 
(212) 

(Ensemble B) 
(191) 

(Ensemble C) 
(135) 

(Ensemble D) 
(146) 

(Ensemble E) 
(212) 

National Water Model 
Parameters 

Peak Flow 
Arrival Time 
(80*) 

High Flow 
Probability (69*)    

CSU-MLP First Guess 
Field Day 1 (201) Day 2 (192) Day 3 (192)   

FFaIR Forecasts 
Day 1 ERO 
(202) PFF1 (181) PFF2 (202)   

*Counts significantly lower due to data outages and transition to collecting comments/feedback only for these 
evaluations. 
 
Quantitative precipitation forecasts (QPF) from the various models and ensembles were 
verified using Multi-Radar, Multi-Sensor Gauge Corrected (MRMS-GC) quantitative precipitation 
estimates (QPE) over the forecast period.  Figure 2 shows an example image of MRMS-GC QPE 
on the left compared to “Model B” (HRRRv3) QPF on the right. 
 

 
Figure 2.  (Right) MRMS-GC 24 hour QPE valid from 12 UTC June 20 - 12 UTC June 21, 2018 and 
(left) 24 hour QPF from “Model B” (HRRRv3) valid over the same time. 
 
Verification of WPC’s operational EROs is based solely on 1-, 3-, or 6-hour Stage IV QPE 
exceeding corresponding 1-, 3, or 6-hour FFG over the CONUS.  For the ERO, PFF, and CSU-MLP 
First Guess Field forecasts issued in FFaIR, the Unified Flood Verification (UFV) system was used. 
The UFV was used for the first time in the 2017 FFaIR Experiment in an effort to expand beyond 
just using FFG to verify the experimental forecasts.  UFV uses a combination of 1/3/6 hour QPE 
> FFG, 1/6/24 hour QPE > 5 year average recurrence interval (ARI), and flash flood/flood LSRs 
and USGS gauge reports.  A 40 km radius is then applied to each point considered a hit and all 
hits are combined and plotted on one map.  An example of how a FFaIR ERO forecast was 
verified in the experiment is shown in Figure 3.  The Day 1 ERO, valid 15 UTC June 20 to 12 UTC 
June 21, 2018 is contoured in panel A and overlaid with the UFV reports (green circles).  Panel B 
in Figure 3 shows the 21 hour QPE valid over the forecast period.  Panel C displays the 
practically perfect analysis which creates a neighborhood probabilistic forecast based on only 
the flash flood/flood LSRs received during the valid time.  Practically perfect uses a 90 km 
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Gaussian smoother on the LSRs and serves as a representation of what the forecast should have 
been if the forecaster had prior knowledge of where the reports would be located. 

 
Figure 3.  (A) The Unified Flood Verification system (green dots) which includes 1-, 3-, 6-hour 
QPE exceeding FFG, 5 year 1-, 6-, 24-ARI exceedance, and flash flood LSRs, flood LSRs, and USGS 
gauge reports, where all hits have a 40 km neighborhood radius filter applied.  The Day 1 ERO 
valid 15 UTC June 20 to 12 UTC June 21, 2018 is overlaid, (B) 21 hour MRMS-GC QPE, (C) 
practically perfect analysis based only on flash flood and flood LSRs. 
 
After the subjective verification, the Method for Object-Based Diagnostic Evaluation (MODE) 
was used to compare various forecasted QPF thresholds from several models to MRMS-GC QPE 
(see Appendix C for WPC MODE settings).  MODE outputs various statistics comparing the 
forecasted objects (model QPF) to the observed objects (MRMS-GC QPE) including centroid 
distance, angle, and intersection area.  The Gilbert Skill Score (GSS) and critical success index 
(CSI), commonly referred to as Equitable Threat Score and Threat score respectively, were also 
computed over the whole domain for several models.  All model QPF and QPE were re-gridded 
to a common 5 km grid with a CONUS mask applied.  An example of the MODE verification for 
the 36 hour forecast from “Model B” (HRRRv3) of 24 hour QPF at the 1 inch threshold valid at 
12 UTC June 21, 2018 is shown in Figure 4.  The overall performance of select models were 
tracked on a daily basis as well as cumulatively throughout the entire experiment using 
Roebber Performance Diagrams (Roebber, 2009), pictured in Figure 5.  A Roebber Performance 
Diagram provides a way to visualize a number of measures of forecast quality including 
probability of detection, false alarm ratio, contingency bias, and CSI in a single diagram. 
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Figure 4.  MODE analysis for the 36 hour “Model B” (HRRRv3) forecast for 24 hour QPF at the 1 
inch threshold valid from 12 UTC June 20 to 12 UTC June 21, 2018.  
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Figure 5.  Example of a Roebber Performance Diagram.  Y-axis is the probability of detection, 
x-axis shows the success ratio (1 - false alarm ratio), dashed diagonal lines represent the bias, 
and curved solid lines represent critical success index. 
 
Featured Guidance and Tools for Experimental Forecasts 
 
In addition to the full multi-center suite of operational deterministic and ensemble guidance, 
the 2018 FFaIR Experiment featured several experimental ensemble systems including the 
experimental Storm-Scale Ensemble Forecast (SSEFX) from the University of Oklahoma (OU) 
and Center for Analysis and Prediction of Storms (CAPS), the High-Resolution Rapid Refresh 
Ensemble (HRRRE) from Earth Systems Research Laboratory (ESRL), and the Experimental High 
Resolution Ensemble Forecast (HREFv2.1) provided by the Environmental Modeling Center 
(EMC).  The experiment also featured several deterministic high-resolution models, including 
the High Resolution Rapid Refresh (HRRRv3) provided by ESRL and two 3-km FV3 CAM variants 
provided by OU/CAPS.  Additionally, the experiment featured forecasts and probabilities 
derived from the National Water Model provided by the The Office of Water Prediction (OWP), 
the GFS run of the FV3 dynamical core provided by EMC, the National Blend of Models version 
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3.1, and the NSSL Experimental Warn-on-Forecast System for ensembles (NEWS-e).  Table 3 
summarizes the model data that was the focus of the experiment.  More detailed information 
about each model is provided in Appendix C. 
 
Table 3. Featured 2018 FFaIR deterministic and ensemble model guidance (Experimental 
guidance is in the darker shade) 

Provider Model Resolution Forecast Length Notes 

RFCs 
Flash Flood 
Guidance 

5 km 
01, 03, 06, 12 and 

24 hour values  

CONUS mosaic grid created by 
compiling individual RFC-domain 

grids 

OWP 
National Water 
Model (NWM) 

250 m 
1 km 

18 hours 
10 days 
30 days 

Hourly, uncoupled analysis and 
forecast system that provides 

streamflow for 2.7 million river 
reaches and other hydrologic 

information on 1 km and 250 m 
grids. 

NSSL/HDSC/NERFC
/CSU 

Precipitation 
Recurrence 

Data (Atlas 14) 
5 km 

6 and 24 hour  
(2, 5, 10, 25 and 

100 year intervals) 

Precipitation frequency 
estimates based on historical 

observations. 

OWP 

National Water 
Model (NWM) 
Post-Processed 
Visualizations 

250 m 
1 km 

From 1 hour to 10 
days (product 
dependant) 

Utilize a dataset of recurrence 
flows for each stream reach 

derived from a 23-year 
retrospective analysis of the 

NWM (v1.0) 

ESRL/GSD HRRRv3 3 km 

Hourly out to 36 
hours every 3 

hours 
Hourly out to 18 
hours every  hour 

Experimental version of the 
HRRR, hourly updating, 

convection allowing 

ESRL/GSD 
HRRR Ensemble 

(HRRRE) 
3 km 

36 hours at 00 
UTC 
18 hours at 12 
UTC  

9 forecast members, 36 DA 
members , Full-CONUS domain 
at 00 UTC, Sub-CONUS domain 
at 12 UTC, stochastic.  00/12 

UTC cycles 

NCAR NCAR Ensemble 3 km 

36 hours at 00 
UTC 
24 hours at 12 
UTC  

9 forecast members, 80 DA 
members, Full-CONUS domain 
at 00 UTC, Sub-CONUS domain 
at 12 UTC, continuously cycling 

initial conditions. 00/12 UTC 
cycles 

EMC HREFv2.1 3 km 36 hours 

Experimental version of HREF 
with 10 members which 

produces ensemble mean precip 
in three different forms, and 
precipitation probability of 

exceedance of QPF, FFG, and 
RIs. 00/12 UTC cycles 
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OU/CAPS SSEFX 3 km 60 hours 
15-member (13 ARW+2 FV3) 
ensemble forecast). 00 UTC 

cycle 

EMC FV3-GFS 13 km 10 days 

3D hydrostatic dynamical core; 
vertically Lagrangian; GFS 

analyses initialization/physics. 
00 UTC cycle. 

MDL NBMv3.1 2.5 km 
Hourly out 36 hrs 

3-hrly to Day 8 
6-hrly Days 8-10 

Runs every hour with 15 
different deterministic and 

ensemble systems 

NSSL NEWS-e 3 km 

6 hour forecasts 
initialized every 

hour starting from 
1800 UTC out o 

0400 UTC 

HRRRE analysis/boundary 
conditions; regional domain, 

every 15 min,  EnKF assimilation; 
forecast files every 5 minutes 

 
Synoptic Overview and Highlights of Daily Impacts Throughout the Experiment 
 
Throughout the four weeks of the 2018 FFaIR Experiment, the participants dealt with a wide 
variety of forecasting challenges including mesoscale convective systems (MCS), deep tropical 
moisture, and monsoon activity in the Southwest United States.  Figure 6A shows the 500 hPa 
heights over the United States during the first half (June 18-29, 2018) of the experiment and ()B 
shows the 500 hPa height anomalies.  The highest geopotential heights at 500 hPa were 
suppressed to the southern tier of the United States.  A slight trough is evident in the 
Northwest as well as off the coast of New England.  The first two weeks were dominated by 
unusual summertime synoptic scale low pressure systems that moved through the Central 
Plains and anomalous tropical moisture that brought extremely heavy rainfall to the Texas Gulf 
Coast during week 1.  The 500 hPa geopotential height anomalies in Figure 6B highlight the 
slightly lower than normal heights associated with the low pressure systems in the central U.S., 
particularly when considering that the majority of CONUS experienced positive height 
anomalies.  A WPC surface analysis in Figure 7 shows an occluded 1000 hPa low in the central 
U.S. analyzed at 12Z on June 21, 2018.  The low associated with the tropical moisture in Texas is 
also evident; this system meandered across the region for several days.  During the second 
week, another large scale occluded low pressure system tracked across the central U.S., 
although it was more progressive bringing heavy rainfall both out ahead of the associated 
fronts and around the low center.  Figure 8A shows 1000-500 hPa total column precipitable 
water anomalies over the first half of FFaIR.  Most of the eastern half of the United States had 
anomalously high precipitable water values, particularly the Texas Gulf Coast region, the upper 
Mississippi Valley, and the Midwest. 
 
Figure 6C shows the 500 hPa heights over the United States during the second half (July 9-20, 
2018) of the experiment and 6D shows the 500 hPa height anomalies.  Compared to the first 
half (Figure 6A), much higher 500 hPa heights extended north over most of the country with a 
large ridge in the central U.S. and minor troughs off both the Northeast and Northwest coasts. 
Height anomalies were above normal over the entire U.S. with the highest positive anomalies in 
the Northwest.  During the second half of the experiment, the Southwest monsoon was 
extremely active with heavy rainfall and flash flooding reports occurring each day.  The 
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precipitable water anomalies in Figure 8B for weeks three and four of FFaIR illustrate the 
extremely moist monsoonal environment over the Southwest.  Other areas that had 
anomalously high precipitable water values included the central Gulf Coast north into the 
Central Plains. 

 
Figure 6.  (A) 500 hPa mean geopotential height and (B) 500 hPa geopotential height composite 
anomalies for the first half of FFaIR covering June 18 - June 29, 2018.  (C) 500 hPa mean 
geopotential height and (D) 500 hPa geopotential height composite anomalies for the second 
half of FFaIR covering July 9 - 20, 2018.  Images generated from the NCEP/NCAR Reanalysis 
provided by NOAA/ESRL/Physical Sciences Division 
(http://www.esrl.noaa.gov/psd/data/composites/day/). 
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Figure 7.  WPC surface analysis valid at 12Z June 21, 2018. 
 

 
Figure 8.  1000 - 500 hPa precipitable water composite anomalies for (A) the first half of FFaIR 
(June 18 - June 29, 2018) and (B) the second half of FFaIR (July 9 - 20, 2018).  Images generated 
from the NCEP/NCAR Reanalysis provided by NOAA/ESRL/Physical Sciences Division 
(http://www.esrl.noaa.gov/psd/data/composites/day/). 
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There were a number of high impact flash flooding events that occurred during the four weeks 
of the 2018 FFaIR Experiment.  Tables 4-7 in Appendix A give a weekly overview of the forecasts 
issued each day, the geographic areas highlighted, and any noteworthy impacts.  During week 
one, multiple days of heavy rain from persistent tropical moisture led to over a foot of rain in 
many Texas Gulf Coast locations.  Figure 9 shows the accumulated rainfall in that region from 
12Z June 18 - 12Z June 22, 2018.  Flash flood emergencies were issued in the far southern part 
of the state as well as to the north in Rockport and Port Aransas, TX.  
 

 
Figure 9.  MRMS-GC QPE valid 12Z June 18 - 12Z June 22, 2018. 
 
Also during week one, high impact events occurred in both Rockford, IL and Pittsburgh, PA 
where heavy rainfall in a short amount of time led to multiple water rescues and road closures 
in both cities.  Week three saw multiple flash flood reports throughout the Southwest United 
States associated with monsoonal moisture.  On July 12, multiple hikers had to evacuate the 
Havasu Falls portion of the Grand Canyon due to flash flooding.  Finally during the fourth week 
on July 17, a cold frontal passage produced storms with very heavy rainfall out ahead and along 
the front in New England and the Mid-Atlantic.  Particularly hard hit were areas in 
Massachusetts and also in Washington D.C. area where 25 vehicles were stranded due to flood 
waters on a highway in northern Virginia. 
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4.  Atmospheric Guidance Results 
 
Deterministic Models and National Blend of Models v3.1 Performance 
 
Several deterministic models were featured during the 2018 FFaIR experiment both for forecast 
guidance and evaluation.  A primary science goal was to determine the utility of Day 1 
high-resolution deterministic QPF from the 13-km FV3-GFS, 3-km HRRRv3, and two 3-km FV3s 
from OU/CAPS:  One utilizing Thompson microphysics and the other with NSSL microphysics.  
 
The participants were presented with a display of Day 1 24-hour QPFs (Figure 10B) alongside 
the MRMS-GC QPE (Figure 10A) for that same time period and asked to evaluate the QPF on a 
scale from 1 (very poor) to 10 (very good) based on factors such as areal extent, magnitude, 
placement, and timing.  Subjective scores and comments were collected for available guidance 
each day during the experiment. 
 

 
Figure 10. An example of a how the experimental model QPF was evaluated with (A) 24-hr 
MRMS-GC QPE and (B) 24-hr deterministic model QPF from HRRRv3 (“Model B”) in this 
comparison. 
 
FV3-GFS Findings 
The participants scored the FV3-GFS an average of 6.28, with the lowest score being a 2 and the 
highest a 10 (the only deterministic model to receive the highest possible score of 10).  A box 
plot of all subjective scores for all the models tested is shown in Figure 11 with the FV3-GFS on 
the far left. 
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Figure 11.  Box plot of the subjective scores for the FV3-GFS, HRRRv3, FV3-Thompson, FV3-NSSL, 
and NBMv3.1 24-hour QPF over the course of the experiment.  Red plus symbols denote outliers. 
 
The model did exceptionally well capturing the areal extent and location of precipitation 
events. The FV3-GFS had the coarsest resolution among the experimental models and is not 
convection-allowing, therefore, as expected, there were frequent comments regarding 
magnitudes of precipitation that were too low, or underdone, especially in regions of 
convection.  These characteristics and a dry bias are shown in the performance diagram in 
Figure 12A for a 0.5 in. and more noticeably in (B) at the 1.0 in. threshold, where the FV3-GFS is 
the dark green circle in the diagrams.  
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Figure 12.  Performance diagram displaying the FV3-GFS (dark green), HRRRv3 (red), FV3-NSSL 
(blue), FV3-Thompson (yellow), NBMv3.1 (light green), and the operational GFS (magenta) over 
the four weeks of the 2018 FFaIR Experiment.  
 
HRRRv3 Findings 
The experimental HRRRv3 became operational midway through the FFaIR Experiment.  It 
received the highest subjective average score, 6.54 out of 10, among the deterministic high 
resolution guidance, but had the fewest scoring opportunities due to sporadic outages.  The 
highest score it received was 9 and the lowest a 2. 
 
The HRRRv3 was considered favorably the majority of test days, however, participants often 
noted that the QPF was underdone, especially for more marginal or weakly-forced events. 
Conversely, in areas of strong synoptic forcing or enhanced convection, the magnitude of the 
precipitation would often be too high.  Figure 13 is an example from June 28-29 where both of 
these issues were prevalent.  From the performance diagrams in Figure 12, the HRRRv3 (red) 
had a slight dry bias at the 0.5 in. threshold and a slight wet bias at the 1.0 in. threshold.  The 
model had the second highest CSI value among the experimental models tested at both 
thresholds. 
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Figure 13.  (A) The WPC surface analysis valid 00z June 29, 2018 (mid-way through the 24 hour 
valid period), (B) 24 hour MRMS-GC QPE, and (C) 24 hour QPF from the HRRRv3, both valid from 
12 UTC June 28 - 12 UTC June 29, 2018.  Yellow circles highlight areas where the HRRRv3 QPF (B) 
was lighter than the QPE (A) and red circles indicate areas where the QPF was heavier than the 
QPE in this example. 
 
FV3-NSSL and FV3-Thompson Findings 
Two 3-km deterministic FV3 models were provided by the OU CAPS team, one with NSSL 
microphysics and the other with Thompson microphysics.  The FV3-NSSL achieved an average 
score of 5.89 out of 10, and the FV3-Thompson slightly lower at 5.57 out of 10. 
 
The FV3-NSSL regularly struggled to produce organized precipitation over the CONUS. 
Participants frequently commented on the low magnitude and scattered nature of the 
precipitation.  Figure 14 shows a MODE analysis of 24 hour QPF from both the FV3-Thompson 
and FV3-NSSL at the 0.5 in. threshold with three separate areas highlighted in the red circles 
where MRMS-GC QPE was not matched by MODE to QPF from either model.  At times, 
erroneously high QPF maxima would occur related to certain features which the participants 
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found distracting and could be misleading in the forecast process.  The FV3-Thompson, likewise, 
often struggled to produce precipitation leading to low magnitudes and scattered 
representations but did slightly better than the FV3-NSSL in organization, timing and location 
accuracy.  Figure 15 shows that the the FV3-Thompson had slightly higher CSI values at the 
0.5/1.0/2.0 in. thresholds when compared to the FV3-NSSL.  There were days when the FV3 
models performed well, as both models were given scores as high as a 9 out of 10 for some 
events, but the erratic errors in the rainfall prediction tended to create forecaster distrust in 
the both FV3 models over the experiment.  
 

 
Figure 14. Objective MODE performance of the 24-hour 0.5” QPF from the FV3-Thompson (left) 
and FV3-NSSL (right) both valid at 12 UTC July 20, 2018.  Noted in the red circles are areas of 
MRMS QPE that were not matched by MODE to the model QPF. 
 
National Blend of Models v3.1 Findings 
The National Blend of Models version 3.1 (NBMv3.1) was examined with the deterministic 
guidance in order to evaluate its 24 hour mean QPF over the entire CONUS.  The NBMv3.1 had 
an average subjective score of 6.47 out of 10, with a highest score of 9 and lowest of 3.5.  The 
NBMv3.1 QPF achieved the best CSI score among the deterministic models at both the 0.5 in. 
(0.263) and 1.0 in. (0.156) thresholds as shown in Figure 15. 
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Figure 15.  CSI values of the 0.5”, 1” and 2” QPF thresholds from the experimental deterministic 
models and NBMv3.1 evaluated during the 2018 FFaIR Experiment. The operational GFS model 
is included as well for comparison. 
 
The NBMv3.1 received frequent praise throughout the experiment for its accurate prediction of 
areal extent, location and overall representation of the main areas of precipitation over the 
CONUS.  Figure 16 shows a MODE analysis of the 24 hour QPF at the 0.5 in. threshold for the 
NBMv3.1 valid at 12 UTC June 21, 2018.  Object 3 (light blue) in particular shows how well the 
NBMv3.1 (outline) matched with the MRMS-GC QPE (shaded) in terms of areal coverage.  The 
forecast object’s centroid distance was offset by just 3.33 grid squares, the major axis angle 
difference was only 3.46 degrees, and 62% of the forecast area intersected the observation 
area.  The NBMv3.1’s CSI value for this example was 0.435.  Participants noted that for several 
events the extent of the light precipitation was too large and diffuse.  Despite the inclusion of 
the high-resolution convective-allowing models through the first 36 forecast hours, the 
NBMv3.1 QPF was often underdone with the highest areas of precipitation, often in convective 
environments.  The subjective results aligned with the objective results as the NBMv3.1 had the 
highest CSI values at both 0.5 in. and 1.0 in. but the most highest dry bias at 0.5 in. and second 
highest at 1.0 in. 
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Figure 16.  MODE results of 24-hr NBMv3.1 0.5” QPF (contoured) compared to the MRMS-GC 
QPE (shaded) valid 12 UTC June 20 - 12 UTC June 21, 2018.  
 
Recommendations 
The HRRRv3 went operational during the experiment in July, however it is recommended that 
future versions examine the low bias cases in the Southwest monsoon environment and several 
of the cases where the HRRRv3 had a high bias in convective or strongly forced regions.  The 
NBMv3.1 is scheduled to be operational in early fall 2018.  WPC-HMT recommends improving 
the low bias of the higher QPF thresholds (participants noted this factor most often) for future 
versions of the NBM.  The FV3-GFS is also scheduled to be operational in the winter of 2018/19. 
Despite the small sample size of 26 cases, WPC-HMT recommends monitoring the dry bias 
noted in the FV3-GFS compared to the operational GFS at the 0.5/1.0/2.0 in. thresholds moving 
forward.  Continued development work is needed for high resolution FV3 members from CAPS 
using the NSSL and Thompson microphysics.  A much longer testing period is recommended to 
thoroughly investigate the issues highlighted in the limited (20) cases evaluated during FFaIR. 
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Ensemble Guidance Performance 
 
Ensemble Local Probability Matched Mean and Probability Matched Mean Performance 
The probability matched mean (PMM) QPF was evaluated from four different ensemble 
systems:  the SSEFX, the HRRRE, the NCAR ensemble, and the HREFv2.1.  In addition to the four 
PMMs, a local probability matched (LPM) mean method from the SSEFX was also assessed.  The 
LPM mean method calculates the PMM over smaller sub-domains rather than in the entire 
model domain.  More information on both the LPM method from the SSEFX and the other 
ensemble systems can be found in Appendix C.  For each ensemble, the 18-24 hour forecast 
was subjectively evaluated with a 1 (very poor) to 10 (very good) score and the forecasts were 
valid from 18-00 UTC over the same region the participants made their PFF1.  Each ensemble 
QPF was shown separately alongside the MRMS-GC QPE, an example of which is in Figure 17. 
The names of each ensemble system were replaced by generic names on the images.  Due to 
data availability issues at times throughout the experiment, Figure 18 shows the number of 
scores collected for each ensemble system throughout the four weeks of the experiment. 
 

 
Figure 17.  (A) Six hour MRMS-GC QPE valid 18 UTC June 21 - 00 UTC June 22, 2018 and (B) Six 
hour LPM QPF from the SSEFX (Ensemble A) valid over the same time period. 
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Figure 18.  Number of subjective scores recorded for each ensemble system throughout the four 
weeks of the experiment. 
 
Findings 
Figure 19 is the box plot for all the subjective scores for the five PMM/LPM QPFs from the four 
ensembles.  The SSEFX LPM method had the highest average subjective score at 6.03.  The 
HREFv2.1 PMM had the next highest average score of 5.80, followed by 5.16 from the SSEFX 
PMM, 4.83 from the HRRRE PMM, and 4.50 from the NCAR PMM.  Participants found that the 
SSEFX LPM method worked well in many cases in reducing the magnitude of the QPF when 
comparing it directly to the SSEFX PMM and the other ensemble PMMs.  Figure 20 shows one 
example where the PMM from the SSEFX was significantly heavier than the LPM in the 
highlighted region of southern Wisconsin/northern Illinois.  A common observation between 
the other three ensemble systems (HREFv2.1, HRRRE, NCAR) was that the PMM QPF often had 
high magnitudes when compared to the observations.  Participants found the spatial extent of 
the overall areas of precipitation was handled well for most of the ensemble systems.  The 
NCAR PMM struggled the most with structure and spatial coverage with the most common 
feedback from participants being the areal extent was too narrow.  Figure 21 shows an example 
where the NCAR PMM did not have enough coverage, especially in southeastern Texas. 
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Figure 19.  Box plot for all the subjective scores over the four weeks of the experiment for the 
SSEFX LPM, HRRRE PMM, HREFv2.1 PMM, NCAR PMM, and SSEFX PMM 6 hr QPF valid 18-00 
UTC.  Red plus symbols denote outliers. 
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Figure 20.  (A) 6 hour MRMS-GC QPE valid from 18 UTC June 18 - 00 UTC June 19, 2018, (B) 
SSEFX LPM 6 hour QPF, and (C) SSEFX PMM 6 hour QPF valid over the same time period. 
 
 

25 



 
Figure 21.  (A) 6 hour MRMS-GC QPE valid from 18 UTC July 9 - 00 UTC July 10, 2018, (B) NCAR 
PMM 6 hour QPF valid over the same time period. 
 
The 6 hour PMM and LPM QPF from the four ensemble systems were objectively verified over 
the four weeks of the experiment.  It is important to note that the objective verification was 
done over the entire CONUS domain and not just in the limited domains assessed during the 
subjective evaluation.  Figure 22 shows the performance diagram for each ensemble at the 0.5 
in. (A) and 1 in. (B) thresholds and Figure 23 highlights just the CSI values of each ensemble at 
the same thresholds.  At the 0.5 in. threshold, all except for the NCAR PMM are above the 0.1 
CSI threshold.  The SSEFX PMM and HREFv2.1 PMM had the highest CSI but also a wet bias.  The 
HRRRE PMM and SSEFX LPM both had lower CSI values but had very little bias.  At the 1.0 in. 
threshold, all ensemble systems have a CSI below 0.1, but still have very similar results to those 
at the 0.5 inch threshold.  The SSEFX PMM and HREFv2.1 PMM have the highest CSI but the bias 
is wetter than at the 0.5 in. threshold.  Similarly, the SSEFX LPM and HRRRE PMM have lower 
CSI values and exhibit a slight wet bias.  The NCAR PMM has a dry bias and lowest CSI value at 
each threshold. 
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Figure 22.  Performance diagrams for the SSEFX LPM (magenta), SSEFX PMM (green), HRRRE 
PMM (red), HREFv2.1 PMM (blue), and NCAR PMM (yellow) 6 hour QPF over the four week 
experiment at (A) 0.50 inch and (B) 1.0 inch threshold. 
 

 
Figure 23.  CSI values for the SSEFX LPM, SSEFX PMM, HRRRE PMM, HREFv2.1 PMM, and NCAR 
PMM over the four weeks of FFaIR at 0.5 in. (blue) and 1.0 in. (red). 
 
Recommendations 
The SSEFX LPM method had the highest subjective average score and best bias in the objective 
results.  Its CSI value was similar to the HRRRE and slightly lower than the HREFv2.1 PMM and 
SSEFX PMM.  WPC-HMT recommends that other ensemble systems begin testing and using the 
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LPM method in the calculation of the PMM as it has shown promise in bringing down the higher 
values seen at times in the traditional PMM method.  WPC-HMT also recommends the 
HRRRE/NCAR to run on a full CONUS domain for all cycles.  Newer 12 UTC guidance was often 
used for the PFF1 and PFF2 products in the afternoon, but for areas in the Southwest, these 
ensembles could not be used because a full CONUS domain was only available at 00 UTC.  With 
a full CONUS domain for all cycles, future evaluations of the 12 UTC cycles in comparison with 
the 00 UTC cycles would be useful. 
 
HREFv2.1 Neighborhood Probability and Ensemble Agreement Scale (EAS) Probability 
Evaluation 
 
Two different methods for displaying probabilities of QPF from the HREFv2.1 were tested 
during the 2018 FFaIR Experiment.  The first is the more traditional 40 km neighborhood 
probability method.  A 40 km neighborhood probability represents the fraction of ensemble 
members that exceed a specified threshold anywhere within 40 km of a point.  The second 
method tested was the Ensemble Agreement Scale (EAS) (Blake et al. 2018; Roberts and Lean 
2008).  EAS probabilities are effectively point probabilities that acknowledge the existence of 
spatial uncertainty in a forecast.  They represent the fraction of points from all members within 
a radius of influence around each grid point that exceed a threshold.  The size of the 
radius/filter is variable, and is determined by EAS similarity criteria - the smallest possible radius 
exists where the ensemble members have the highest agreement.  More details on this and the 
HREFv2.1 can be found in Appendix C.  Each probability method was evaluated by participants 
at two different thresholds:  0.5 in./6 hours and 1.0 in./6 hours.  The probabilities were 
compared to MRMS-GC QPE and participants were asked to comment on each probabilistic 
method at each threshold and give opinions on how useful each might be in the forecast 
process.  Figure 24 is an example of how the two probability methods from the HREFv2.1 were 
evaluated during the experiment. 
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Figure 24.  (A) 6 hour MRMS-GC QPE >=0.5 in. values; (B) HREFv2.1 6 hour 40 km neighborhood 
probabilities for 0.5 in. QPF; (C) HREFv2.1 6 hour EAS probabilities for 0.5 in. QPF; (D) 6 hour 
MRMS-GC QPE >=1.0 in. values; (E) HREFv2.1 6 hour 40 km neighborhood probabilities for 1.0 
in. QPF; (F) HREFv2.1 6 hour EAS probabilities for 1.0 in. QPF; all valid 18 UTC June 20 - 00 UTC 
June 21, 2018. 
 
Findings 
Comparing the two different probability methods from the HREFv2.1 generated abundant 
discussion and opinions among the FFaIR participants.  The QPF threshold and the synoptic 
setup were two of the biggest factors that forecasters weighed when giving their opinions on 
the method.  At the lowest threshold of 0.5 in./6 hours, participants favored the EAS method 
because the overall coverage of the higher probabilities was typically more narrow and more 
focused, especially in strongly forced scenarios.  Figure 25 is an example of a strong synoptic 
scale cold front that moved through the Mid-Atlantic and New England where at a 0.5 in./6 
hours, participants felt that the EAS probabilities in panel C did a better job at focusing the 
higher probabilities rather than having a very broad >=95% area like the neighborhood 
probabilities in panel B.  
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Figure 25.  (A) 6 hour MRMS-GC QPE >=0.5 in. values; (B) HREFv2.1 6 hour 40 km neighborhood 
probabilities for 0.5 in. QPF; (C) HREFv2.1 6 hour EAS probabilities for 0.5 in. QPF all valid 18 UTC 
July 17 - 00 UTC July 18, 2018. 
 
In more weakly forced regimes, such as the Southwest monsoon shown in Figure 26, the EAS 
(panel C) was preferred again at 0.5 in./6 hours.  Despite the probabilities being lower for the 
amount of activity, participants liked how there was less noise than the neighborhood method 
in panel B where there are many individual high probability areas throughout the domain with 
no clear signal. 
 

 
Figure 26.  (A) 6 hour MRMS-GC QPE >=0.5 in. values; (B) HREFv2.1 6 hour 40 km neighborhood 
probabilities for 0.5 in. QPF; (C) HREFv2.1 6 hour EAS probabilities for 0.5 in. QPF all valid 18 UTC 
July 11 - 00 UTC July 12, 2018. 
 
At the higher threshold of 1.0 in./6 hours, participants preferred the neighborhood probabilities 
more often as the EAS probabilities often struggled to produce high enough probabilities.  This 
is likely due to the EAS probabilities being based on point probabilities, resulting in a lower 
chance of getting a hit among the ensemble members at higher QPF thresholds  Often the EAS 
probabilities did not go higher than 30%.  Figure 27 is an example where the neighborhood 
probabilities in panel B were much preferred over the EAS probabilities in panel C.  Figure 28 is 
another example in a more weakly forced regime where the EAS probabilities (panel C) at 1.0 
in./6 hours give less than 5% probabilities in Georgia and Alabama where widespread areas of 
rainfall of at least an inch was observed in the QPE.  The neighborhood probabilities in this 
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example (panel B) were much preferred by the participants due to the coverage and values of 
the probabilities in Georgia and Alabama. 
 

 
Figure 27.  (A) 6 hour MRMS-GC QPE >=1.0 in. values; (B) HREFv2.1 6 hour 40 km neighborhood 
probabilities for 1.0 in. QPF; (C) HREFv2.1 6 hour EAS probabilities for 1.0 in. QPF all valid 18 UTC 
June 18 - 00 UTC June 19, 2018. 
 

 
Figure 28.  (A) 6 hour MRMS-GC QPE >=1.0 in. values; (B) HREFv2.1 6 hour 40 km neighborhood 
probabilities for 1.0 in. QPF; (C) HREFv2.1 6 hour EAS probabilities for 1.0 in. QPF all valid 18 UTC 
June 25 - 00 UTC June 26, 2018. 
 
Recommendations 
WPC-HMT recommends that both the neighborhood and EAS probability methods be made 
available as options for forecasters.  Both proved to have positive and negative feedback for 
different situations and overall participants felt each could contribute positively to the forecast 
process.  The EAS method was generally favored at lower thresholds and in both strongly and 
weakly forced regimes.  In weakly forced patterns, the EAS method often had probabilities that 
were too low but still focused on the correct areas whereas it was often difficult to discern 
focus areas using the neighborhood probability method at lower thresholds.  At a higher 
threshold of at least 1.0 in./6 hours, the neighborhood probability method was more generally 
preferred as the probabilities in the EAS method were often below 30% in all situations.  Ideas 
for further research and development include exploring changing the similarity criteria in the 
EAS method to allow for higher probabilities for higher QPF thresholds and possibly differing 
the similarity criteria by regions in the United States. 
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NEWS-e Performance and Results 
 
Multiple cycles of the NEWS-e were subjectively and objectively evaluated during the 2018 
FFaIR.  The NEWS-e was run every hour beginning at 18 UTC and provided hourly output out to 
six hours.  The domain was limited to a 900 km square area chosen daily by the FFaIR 
participants.  For the evaluation, the 3 hour PMM QPF valid 21-00 UTC was subjectively 
evaluated on a scale from 1 (very poor) to 10 (very good) from the 18, 19, 20, and 21 UTC cycles 
to determine whether the newer cycles benefited from the real-time observational data that 
feeds into the ensemble system.  More detailed information on the NEWS-e can be found in 
Appendix C.  Figure 29 is an example image of how the NEWS-e data was presented to 
participants during subjective evaluation.  The 3 hour MRMS-GC QPE was in the top left, 18 UTC 
3 hour PMM QPF top center, 19 UTC 3 hour PMM QPF top right, 20 UTC 3 hour PMM QPF 
bottom center, and 21 UTC 3 hour PMM QPF bottom right. 
 

 
Figure 29.  (A) 3 hour MRMS-GC QPE valid 21 UTC June 19 - 00 UTC June 20, 2018; (B) 18 UTC 3 
hour PMM QPF, (C) 19 UTC 3 hour PMM QPF, (D) 20 UTC 3 hour PMM QPF, and (E) 21 UTC 3 
hour PMM QPF all valid over the same time period. 
 
Findings 
All four NEWS-e cycles were rated similarly in the subjective evaluation.  Figure 30 shows a box 
plot of the 18 to 21 UTC NEWS-e subjective evaluation scores that were evaluated over the four 
week experiment.  The latest cycle, 21 UTC, had the highest average score of 6.99 out of 10. 
The 20 UTC cycle had the next highest average score at 6.69 followed by the 18 UTC cycle at 
6.62 and finally the 19 UTC cycle at 6.53.  The 21 UTC cycle also had the smallest standard 
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deviation of all the cycles at 1.37 compared to the 18 UTC cycle that had the largest at 1.48. 
Participants often found very subtle differences between the four cycles which led to scores 
being very similar.  The two later cycles from both the scores and comments were found to be 
consistently better, however there were a few cases in which the two later cycles scored worse. 
An example of one such instance is Figure 31 where the NEWS-e produces too much QPF in the 
main band of rainfall circled in red in each newer cycle.  
 

 
Figure 30.  Box plot of the subjective scores for the 18/19/20/21 UTC cycles of the NEWS-e 
throughout the four weeks of the experiment.  Red plus symbols denote outliers. 
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Figure 31.  (A) 3 hour MRMS-GC QPE valid 21 UTC July 13 - 00 UTC July 14, 2018; (B) 18 UTC 3 
hour PMM QPF, (C) 19 UTC 3 hour PMM QPF, (D) 20 UTC 3 hour PMM QPF, and (E) 21 UTC 3 
hour PMM QPF all valid over the same time period.  The yellow box indicates the extent of the 
NEWS-e domain for this day. 
 
The case in Figure 31 was unusual and participants often noted that if the NEWS-e 
overpredicted in earlier cycles it would adjust to lighter values by the 20 UTC and 21 UTC model 
runs.  It was also noted that in lighter precipitation events the model struggled to produce 
areas of precipitation early on, but tended to adjust correctly with time.  Despite later runs 
adjusting QPF correctly towards heavier or lighter precipitation forecasts, the NEWS-e 3 hour 
PMM tended to remain overall too heavy in convective areas and too light in more weakly 
forced or stratiform regimes.  Figure 32 shows performance diagrams valid for all four weeks of 
the experiment for all four NEWS-e cycles at four different thresholds:   (A) 0.1 in., (B) 0.25 in., 
(C) 0.50 in., and (D) 1.0 in.  
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Figure 32.  Performance diagrams for the 18 UTC (magenta), 19 UTC (green), 20 UTC (red), and 
21 UTC (blue) valid for all four weeks of FFaIR at (A) 0.1 in., (B) 0.25 in., (C) 0.5 in., and (D) 1.0 in. 
 
The objective verification supports the participant feedback showing that at lighter thresholds 
of 0.1 in. and 0.25 in., all four cycles have a noticeable dry bias and at the higher threshold of 
1.0 in., all four cycles have a wet bias.  The objective results also show that each newer cycle 
had an overall better CSI score, where 18 UTC is magenta, 19 UTC is green, 20 UTC is red, and 
21 UTC is blue in the figure.  Figure 33 shows the CSI values of the 18/19/20/21 UTC NEWS-e 
cycles at the 0.1 in. (blue), 0.25 in. (red), 0.5 in. (yellow), and 1.0 in. (green) thresholds. 
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Figure 33.  CSI values for the 18/19/20/21 UTC cycles of the NEWS-e 3 hour QPF valid 21-00 UTC 
throughout all four weeks of the experiment at 0.1 in. (blue), 0.25 in. (red), 0.5 in. (yellow), and 
1.0 in. (green). 
 
Recommendations 
WPC-HMT recommends the NEWS-e for further testing.  One major limitation this year was that 
the NEWS-e was initialized off of the HRRRE which did not cover the full CONUS in its domain. 
This prevented any NEWS-e domains west of the Rocky Mountains and therefore no Southwest 
monsoon cases were able to be evaluated.  WPC-HMT would like to see Southwest monsoon 
cases from the NEWS-e as they are important in terms of impacts and difficult in terms of 
predictability.  Cases like the one highlighted in Figure 31, where the newer cycles were worse 
than the earlier cycles, should be examined more closely to see if a cause can be determined. 
Because of the similarity between four consecutive cycles that was seen in this year’s subjective 
evaluation, it is recommended that a future evaluation examines cycles with greater lead time 
in order to examine the effects of the assimilation of observations.  It is also recommended that 
future examinations explore some of the probabilistic products. 

 
5.  Hydrologic Guidance Results 
 
National Water Model Experimental Products Feedback 
 
Due to the complexity of the National Water Model (NWM) access and products available 
during the 2018 FFaIR Experiment, the collection of data focused on comments regarding 
performance and utility to the flood forecast process rather than scoring and metrics.  This 
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section will highlight the collection of comments from the participants over the course of the 
2018 FFaIR Experiment.  Comments focused on the High Flow Potential, High Flow Probability, 
and Peak Flow Arrival Time products. 
 
Overall comments on the NWM included a need for the products to be aligned scientifically and 
temporally so they can be used in better concert with one another.  The varying calculations, 
calibration, forcings, colors and units resulted in participant confusion and steep learning curves 
that took time away from the overall forecast process.  Requests were made for a more flexible 
legend that can be customizable and take up less space, the capability to filter stream reaches 
that are already reacting to high flow and the highest order mainstem rivers, more information 
about water exceeding bankfull (inundation), more overlays such as hydrographs and USGS 
stream gauges, and more variable QPF forcings other than the HRRR and GFS.  Forecasters 
desire stream information that has a direct relationship with impacts, which is generally not 
provided by flow anomalies.  It was noted often that the relationship of stream response to 
flash flooding is not always one to one, so these products cannot aid in the prediction of flash 
flooding.  Many felt the NWM products provided additional situational awareness but can 
rarely be used as key guidance for flash flood forecasting. 
 
High Flow Potential 
The High Flow Potential product depicts stream reaches expected to be above their 1.5-year 
recurrence flow as an estimate of bankfull discharge, an example of which is shown in Figure 
32.  The short range forecast is forced by the operational deterministic HRRR QPF. 
 

 
Figure 32.  An example of a short-range High Flow Potential forecast valid 10 UTC June 20, 
2018.  Note the magenta streams currently above the 5 year recurrence flow at the time of the 
forecast initialization. 
 
Findings 
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The High Flow Potential product was deemed to have the most forecast utility among the 
available NWM products due to its relationship with streamflow ARIs, improved calibration 
against the 24-year NWM climatology, and situational awareness.  The potential for streamflow 
to exceed ARI thresholds draws the eye to areas vulnerable to flooding.  To maximize its utility, 
it is best used in concert with other products such as soil moisture, QPF, and FFG.  For quick 
decision making related to triggering flash flood warnings, forecasters found this less useful.  
 
Recommendations 
High Flow Potential was often confused with High Flow Probability.  A more intuitive name 
suggestion is “High Flow Magnitude.”  The ability to click on and view associated hydrographs 
as a reference would be preferred to increase confidence.  Longer temporal range with the 
short-term forecast would be preferred for those cycles where the HRRR goes out 36 hours 
(0000 UTC, 0600 UTC, 1200 UTC, and 1800 UTC).  References to flood stage would add value.  A 
rate of change in flow (perhaps a difference field) relative to flood benchmarks and/or previous 
forecast runs is desired to pull out more targeted information related to flood risk. 
 
High Flow Probability 
The High Flow Probability product depicts the probability that stream reaches will be at or 
above their 1.5-year recurrence flow between 6 and 8 hours beyond the forecast initialization 
time.  An example of this product is shown in Figure 33.  The short-range High Flow Probability 
forecast is forced by the QPF derived from a time-lagged HRRR ensemble comprised of the past 
9 operational HRRR runs. 
 

 
Figure 33.  An example of a High Flow Probability short-range forecast initialized 18 UTC June 
20, 2018 and valid between 00 UTC-02 UTC June 21, 2018. 
 
Findings 
The NWM’s version of the time-lagged ensemble HRRR as a QPF forcing increased forecaster 
confidence in the High Flow Probability as opposed to the deterministic NWM suite of products. 
Participants agreed that the probabilities highlighted the regions of hydrologic concern over 
QPF alone, especially when zooming in to smaller reaches.  Some forecasters felt they could 
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trust the spatial distribution of the QPF to fall in the correct basin(s); this product provides 
useful detail to the county level. However, others felt that heavy rainfall and hydrologic 
response is too regional for this product to be useful.  
 
Recommendations  
As stated earlier, High Flow Probability was often confused with High Flow Potential, therefore 
a more intuitive name is recommended.  Participants felt the arbitrary 6-8 hour valid time is 
limiting and would prefer flexibility with the time range selection.  Although the time-lagged 
HRRR is an improvement on a single deterministic run and ensemble probabilities are 
preferred, participants desired a different ensemble forcing, namely the HREF.  
 
Peak Flow Arrival Time 
The Peak Flow Arrival Time product, an example of which is shown in Figure 34, depicts the 
time when stream reaches are expected to be at or above their peak flow based on the 1.5-year 
recurrence flow.  The short range product is forced by the deterministic HRRR QPF. 
 

 
Figure 34.  An example of a Peak Flow Arrival Time short-range forecast initialized 18 UTC June 
20, 2018 and valid for 18 hours. 
 
Findings  
The Peak Flow Arrival Time had a small amount of forecast value for providing the ability to 
zoom down to small reaches and identify detailed stream response (“hot spots”) at small scales, 
dependant upon the HRRR QPF.  The forecasters noted that the metadata contained within the 
streams reaches, especially the “Time to Return to Normal Flow” estimation, was useful when 
determining the time scale of the high flow and possible flash flood vulnerability of the basin. 
This product was best used in tandem with the High Flow Arrival Time, ARIs, FFG, and QPF 
products rather than on its own.  The information provided is not enough to be a useful product 
when discerning or communicating potential flooding impacts.  Participants felt that given the 
time scales within which they have to assess flood risk and make decisions, there are too many 
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