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The international partnership between NSSL, SPC, and the Met Office has been enthusiastic

and productive, driven by strong mutual interests at a grassroots level and generous

institutional support from parent government agencies.

he National Oceanic and Atmospheric Admin-
istration (NOA A) conducts atmospheric research
and development (R&D) primarily within the
Office of Oceanic and Atmospheric Research (OAR),
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with much of the R&D effort aimed at improving
weather forecasts issued from a separate NOAA
line office, the National Weather Service (NWS).
Although they fall in different NOAA branches, the
designated national centers for both research and
forecasting of severe thunderstorms—OAR’s National
Severe Storms Laboratory (NSSL) and NWS’s Storm
Prediction Center (SPC)—are located side by side
within the National Weather Center in Norman,
Oklahoma. Scientists and forecasters from NSSL and
SPC regularly engage in collaborative R&D as well
as experimental forecasting activities to make con-
tinuous improvements in the products and services
provided to the public and the larger weather enter-
prise (e.g., other government agencies, emergency
managers, and broadcast media).

The Met Office functions much like the atmo-
spheric component of NOAA, conducting R&D in the
atmospheric sciences and providing operational fore-
casting services for citizens of the United Kingdom. As
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with NSSL and SPC, organized collaborations between
the research and forecasting divisions of the Met Office
have been critically important for informing research-
ers where new R&D is needed and for moving the fruits
of that R&D into forecasting operations. As with their
American counterparts, this collaborative strategy re-
sults in considerable benefits for the United Kingdom.

In recent years, severe weather experts from
NOAA and the Met Office have found compelling
reasons to combine efforts in improving forecasts of
high-impact weather. The impetus for this enhanced
collaboration has been a growing recognition on
both sides of the Atlantic of the potential value of
high-resolution numerical prediction systems as
providers of guidance for forecasting high-impact
weather events. Over the last decade the Met Office
has very successfully introduced progressively higher-
resolution operational numerical weather prediction
(NWP) systems into forecasting operations, focusing
on a unified modeling framework, while NOAA has
used somewhat coarser resolution but simultane-
ously developed and implemented multiple high-
resolution NWP dynamic cores. Both organizations
have developed innovative postprocessing strategies
and unique tools for visualization and verification of
model output. Both have also worked with frontline
forecasters to tailor model output for specialized fore-
cast problems. Significantly, much of the development
in the two organizations has been complementary
rather than duplicative, providing extra incentive to
combine efforts for mutual benefit.

The primary venue for recent NSSL, SPC, and
Met Office interactions has been the annual Spring
Forecasting Experiment (SFE), conducted in the
NOAA Hazardous Weather Testbed (HWT). Specific
objectives of the SFE change each year, but the gen-
eral framework for this experiment is to conduct real-
time forecasting exercises in a simulated operational
forecasting environment, with experimental forecast
products prepared jointly by operational forecasters
and “bench” scientists. These exercises differ from
forecasting operations in that the normal set of obser-
vations and model guidance used to inform key deci-
sions is supplemented with new scientific concepts and
guidance products that are under development within
the research community (including SPC’s Science Sup-
port Branch). The utility of emerging techniques and
guidance products is documented during this process
and further assessment of these products is conducted
during postforecasting evaluation exercises. This pro-
cess accelerates the transfer of promising new ideas and
technologies into operations and offers key insights for
further development of others.
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NSSL and SPC have been conducting the an-
nual SFE since 2000 (Kain et al. 2003b; Kain et al.
2006; Clark et al. 2012), and the Met Office became
a contributing partner beginning with the 2012 ex-
periment. The benefits of this partnership have been
substantial for all organizations and for the SFE.
These benefits are discussed herein, beginning with
a brief historical overview, followed by a summary
of positive outcomes from assessing high-resolution
model guidance products from NSSL and the Met
Office, and a summary of the benefits of the strategic
partnership between NSSL, the Met Office, and SPC.

A BRIEF HISTORY. Collaborations between NSSL
and Met Office scientists on operationally relevant
research topics date back to at least the early 1990s,
when short-range ensemble forecasting was a topic of
mutual interest. In 1994, NSSL and the U.S. National
Meteorological Center cohosted a workshop on this
topic (Brooks et al. 1995) at which Met Office scientists
David Richardson and Mike Harrison participated. Gil
Ross from the Met Office also visited NSSL around this
time to collaborate on research interests related to mod-
el verification and ensemble forecast systems (Harold
Brooks, NSSL, 2015, personal communication).

NSSL also had ongoing collaborations with SPC in
the late 1980s and early 1990s (e.g., Lewis et al. 1989;
Johns and Doswell 1992), and the breadth of these
interactions increased dramatically in 1997 when SPC
relocated from Kansas City, Missouri, to a specifically
designed workspace within NSSL facilities in Norman,
Oklahoma. The proximity of SPC operations and
support scientists invigorated NSSL research and that
burst of activity included studies evaluating the use of
ensemble forecast systems to improve the prediction
of severe weather (Stensrud et al. 1999, 2000; Stensrud
2001; Stensrud and Weiss 2002; Bright et al. 2004),
which provided a scientific foundation for the imple-
mentation of an operational short-range ensemble
forecasting (SREF) system (Tracton et al. 1998; Duand
Tracton 2001) at the Environmental Modeling Center
(EMC), which, like SPC, is part of the NWS’s National
Centers for Environmental Prediction (NCEP).

The Met Office started developing a nonhydrostatic
version of the Unified Model (MetUM) in the mid-
1990s (Davies et al. 2005), with the first operational
forecasts from this model produced in 2003. In 2005,
the first convection-allowing (also called convection
permitting) operational forecast was made using a4-km
configuration of the MetUM over the United Kingdom.
This was followed in 2009 by a U.K.-wide model with
variable resolution (UKV; Tang et al. 2013), having
1.5-km grid length in the interior stretching to 4 km



at the boundaries; the UKV currently operates with
a 3-h three-dimensional variational data assimilation
(3D-Var) analysis cycle, which at the time of writing is
about to include a 1-h four-dimensional varjational data
assimilation (4D-Var) analysis cycle for short-range fore-
cast (outto T'+ 12 h). Along with the deterministic UKV,
the Met Office also uses the Met Office Global and Re-
gional Ensemble Prediction System (MOGREPS; Bowler
etal. 2008) to drive a 2.2-km downscaled ensemble over
the United Kingdom called MOGREPS-UK (Golding
etal. 2016). A more detailed review of the development
and use of convection-allowing models (CAMs) within
the Met Office can be found in Clark et al. (2016).

Within their jointly occupied facility, NSSL and
SPC conducted the inaugural SFE in 2000. Mesoscale
deterministic NWP provided the foundation for the an-
nual experiment through 2002 (e.g., Kain et al. 2003a),
but SFE leaders shifted gears to focus on mesoscale
ensemble forecast systems, such as EMC’s SREF in 2003
(Bright etal. 2004; Homar et al. 2006). A key participant
in the 2003 SFE was Ken Mylne, who had worked for
6 years as an operational forecaster in the Met Office
before assuming responsibility for the Met Office’s
ensemble forecasting team in 1999. Ken contributed his
insights for a full week during the SFE (Fig. 1).

The SFE continued dur-
ing 2004 and 2005, with a
primary focus on experi-
mental CAM forecasts that
were generated by collabora-
tors at EMC and the Nation-
al Center for Atmospheric
Research. After witnessing
firsthand the potential im-
pact of CAMs in the 2005
SFE, EMC scientists began
generating daily contiguous
United States (CONUS)-
scale CAM forecasts for the
SPC on an experimental
basis: the first such effort
in the United States and a
harbinger of things to come.
There was a 1-yr hiatus of
the SFE in 2006 owing to the
relocation of both NSSL and

initiatives focusing on applications of CAMs for
the prediction of localized high-impact weather.
Innovative Met Office concepts in representing
uncertainty and in verifying high-resolution model
output (e.g., Roberts 2005; Roberts and Lean 2008) in-
formed ongoing research at NSSL (e.g., Schwartz et al.
2010). Meanwhile, seemingly contradictory results
related to resolution sensitivities (Kain et al. 2008;
Schwartz et al. 2009; Roberts and Lean 2008; Lean
etal. 2008) begged further investigation on both sides.

The 2007 SFE featured the first demonstration
and evaluation of CAM-based ensembles, generated
for the experiment by the University of Oklahoma
Center for Analysis and Prediction of Storms (CAPS;
see Xue et al. 2007). Ken Mylne returned for another
week of participation to exchange knowledge about
ensemble forecasting, both the convection-allowing
and convection-parameterizing varieties, sharing his
perspective on how ensemble systems should be con-
figured, interpreted, and evaluated. His immersion
in the SFE’s application of convection-allowing en-
sembles for severe convection forecasting influenced
his decision to give added weight to the preexisting
plans for the development of CAM-based ensemble
systems for the Met Office. In 2009, another Met

SPC to the National Weather
Center building. During this
period there was diminished
formal interaction between
NSSL/SPC and the Met Of-
fice, but the organizations
conducted parallel research

FiG. I. A forecast team composed of research scientists and operational
forecasters examines experimental model guidance during the 2003 SFE.
Team members included (left to right) John Gaynor (NWS/U.S. Weather
Research Program), Dave Sills (research forecaster, Meteorological Services
of Canada), Jim Hansen (postdoctoral fellow, Massachusetts Institute of
Technology), Ken Mylne (then manager, ensemble forecasting team, Met
Office), Greg Mann (science and operations officer, NWS forecast office),
and Harold Brooks (research scientist, NSSL).
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Office scientist, Nigel Roberts, visited the SFE for
1 week to explore further development of both de-
terministic and ensemble configurations of CAMs.
Over the next couple of years, Met Office, NSSL,
CAPS, SPC, and EMC scientists continued to explore
new forecast applications using their CAMs and they
worked on the development and optimization of CAM-
based ensemble systems. This resulted in the first use of
areal-time year-round CAM ensemble by SPC forecast-
ers in 2011 (Jirak et al. 2012), with membership derived
from operational forecasts at EMC and semi-operational
runs at NSSL. In addition, NSSL and SPC collaborators
developed new diagnostic strategies and postprocessing
routines that were specifically designed for CAMs and
the severe weather forecasting challenges faced by the
SPC (e.g., Sobash et al. 2011; Kain et al. 2010; Clark et al.
2012). These tools were migrated to SPC operations and
were soon embraced by the SPC forecast staff.
Complementary knowledge bases and skill sets
were being developed by NSSL/SPC and the Met Of-
fice during 2010/11, yet formal interactions between
NOAA and the Met Office again waned. However,
in 2012 the Met Office made a bold move to provide
real synergy to the collaboration by assigning two top
severe weather forecasters—Steve Willington and Dan
Suri—to participate for a week in that year’s SFE and
for the full 5 weeks of the experiment in 2013 (Fig. 2). In
addition, beginning in 2013 the Met Office increased
its investment by generating real-time CAM forecasts
for the SFE, using operational versions of the MetUM,

and executing the model forecasts on high-priority,
continuously supported operational computing sys-
tems. Furthermore, they began assigning a broader
group of scientists and forecasters to participate in
the SFE, contributing personnel for every day of the
experiment in 2014 and 2015. The MetUM CAMs have
provided an important dataset for comparison with
CAMs that have been run by NOAA for the SFE, and
Met Office personnel have provided unique and valu-
able perspectives on forecasting and high-resolution
NWP, no doubt elevating the positive impact of the
experiment on the broader meteorological community.

POSITIVE EARLY OUTCOMES. New diagnostic
tools, visudlization strategies, and related initiatives. In their
efforts to help operational forecasters extract the most
useful severe weather guidance from high-resolution
NWP models, NSSL and SPC have developed nu-
merous visualization and postprocessing tools (e.g.,
Karstens et al. 2015). One positive outcome of Met
Office interactions with NSSL and SPC has been the
migration of diagnostic tools and visualization strate-
gies into the MetUM diagnostic toolkit. For example,
simulated radar reflectivity was one of the first—and
most revealing—diagnostic output fields to emerge
from early CAM testing in the United States (e.g.,
Koch et al. 2005), and it was quickly adopted by the
operational forecasting community in this country.
However, when Met Office participation in the SFE
ramped up in 2013, simulated reflectivity was not avail-
able in the MetUM’s opera-
tional diagnostic package (al-
though offline code existed
so it could be generated from
other MetUM output fields;
e.g., see Stein et al. 2014). The
pervasive use and obvious
value of simulated reflectiv-
ity as a diagnostic tool in the
SFE provided motivation for
the Met Office to incorpo-
rate this field as a standard
diagnostic in the MetUM,
facilitating direct compari-
son with the U.S. models.
These comparisons revealed
previously undetected, high-
er-than-expected graupel
concentrations associated
with the operational MetUM
microphysical parameteriza-

Fic. 2. NSSL Laboratory Director Steve Koch (left) and Met Office Chief
Forecaster Steve Willington (right) discuss collaborative activities in the
HWT, with SPC operations room visible in the background.

tion. As a result, additional
testing and research was
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FiG. 3. Forecast domains used for CAMs discussed herein. The blue border encloses the NSSL-WRF domain, which
uses 4.0-km grid spacing; the black border denotes the 4.4-km MetUM domain, which was used for the 2013 and
2014 SFEs; the red border marks the outer limits of the 2.2-km MetUM domain, which was used in 2013-15; and
the green border outlines the I.1-km grid mesh used by the MetUM in 2015. Note that NSSL runs a full |0-member
ensemble over NSSL-WRF domain, but only the control member of this ensemble is discussed here.

conducted, eventually leading to important adjust-
ments and improvements to the representation of
microphysics in the MetUM. The Met Office is now
routinely outputting the reflectivity fields from its U.K.
NWP suite. Several MetUM users outside of the United
Kingdom have also started to make use of the simulated
reflectivity for verification and forecasting purposes.

Another widely used CAM diagnostic field, up-
draft helicity (Kain et al. 2008), has also become part
of the output diagnostic suite in the MetUM. This
field has proven to be valuable for identifying and
tracking supercell-like features in high-resolution
model forecasts, which is significant because, among
all thunderstorms, supercells are associated with a
disproportionate share of severe weather reports (e.g.,
Duda and Gallus 2010; Smith et al. 2012).

The HWT experience has also inspired comple-
mentary research initiatives within the Met Office.
For example, Met Office scientists have simulated
several high-profile tornado events from the 2013
season using a domain with 100-m grid spacing
nested within the 2.2-km grid that they used in real
time during the 2013 SFE. At 100-m grid length the
MetUM is able to produce realistic supercells with
tornado-like vortices (Hanley et al. 2016).

AMERICAN METEOROLOGICAL SOCIETY
Brought to you by

Comparison of model performance 2014—15. CAM fore-
casts from numerous contributors were considered in
the annual SFE during 2014 and 2015 (e.g., Jirak et al.
2014), but the focus here is on comparisons of those
generated by NSSL and the Met Office. Scientists from
both organizations initialized their CAMs daily at 0000
UTC, deriving initial and lateral boundary conditions
by simply downscaling from coarser-resolution opera-
tional models. Specifically, the NSSL CAM was initial-
ized using EMC’s 12-km North American Mesoscale
Model (NAM) (Rogers et al. 2009), while initial condi-
tions for MetUM CAM configurations were derived
from operational global versions of this model, which
had 17-km grid spacing during this time period.

The NSSL CAM was a 4-km configuration of the
Advanced Research version of Weather Research and
Forecasting (WRF) Model (WRF-ARW; Skamarock
et al. 2008) with 35 vertical levels (NSSL-WRF). It
has been run year-round by NSSL in support of SPC
operations since late 2006 (Kain et al. 2010), and the
configuration was held constant during 2014 and
2015. The Met Office used multiple CAM configura-
tions over these 2 years, with each configuration be-
ing a high-resolution, slightly modified version of the
operational MetUM, including 70 vertical levels. Two
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Fic. 4. An example of 24-h forecasts of |1-h accumulated
precipitation from the (top) MetUM 2.2 km, (middle)
NSSL-WRF 4 km, and the (bottom) National Centers
for Environmental Prediction hourly accumulation
radar composite valid at 0000 UTC 17 May 2015.
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different configurations were used in 2014. The first
had 4.4-km grid spacing and was downscaled directly
from the global MetUM, while the second had 2.2-km
spacing and was nested within the coarser-resolution
(4.4 km) domain. In 2015, three different configura-
tions were used. Specifically, there were two 2.2-km
versions with identical forecast domains and identical
initial conditions derived from the global model, but
one differed by using an experimental parameteriza-
tion of partial cloudiness (labeled PC2 in graphics

| BAMS MAY 2017
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shown here). The third configuration used in 2015
had 1.1-km grid spacing, non-PC2 physics, and was
nested within the non-PC2 2.2-km grid, from which
it drew its initial and lateral boundary conditions
forecasts. The forecast domains are shown in Fig. 3.
A pair of 24-h forecasts from the 2.2-km MetUM and
4-km NSSL-WRF models is shown in Fig. 4, indicat-
ing that both CAMs are capable of generating rainfall
fields with a great deal of realism.

SUBJECTIVE EVALUATIONS OF RADAR REFLECTIVITY FORECASTS.
A staple of the SFE is the systematic subjective assess-
ment of weather forecasts, which is a forecast from both
NWP models and human forecast teams (Kain et al.
2003a). In the 2014 SFE, this included a direct compari-
son of daily NSSL-WRF and 4.4-km MetUM forecasts
of high-impact weather. Specifically, SFE forecast
teams were asked to indicate (retrospectively) which
CAM provided better guidance for the high-impact
convective weather that occurred, that is, which model
forecasts of convective storms corresponded better
with observed radar. As shown in Fig. 5, the MetUM
forecasts were judged to be superior 50% of the time,
compared to 30% for the NSSL-WREF. Neither one was
considered better than the other on 20% of the days. In
addition to this simple either/or assessment, the teams
were asked to note distinguishing characteristics of and
differences in CAM forecasts. This information has
proven to be very useful over the years for identifying
and documenting systematic biases, strengths, and
weaknesses of different modeling systems.

OBJECTIVE VERIFICATION OF QUANTITATIVE PRECIPITATION
FORECASTS. Precipitation forecasts from the CAMs
were examined during the SFE on a daily basis, and
after the experiment they were objectively verified in
an aggregate sense, using precipitation observations
from the Multi-Radar Multi-Sensor system developed
by NSSL (Zhang et al. 2016; Smith et al. 2016). Results
from three different metrics are shown here.

The first metric is the equitable threat score (ETS;
also called the Gilbert skill score), which has been
used in the United States as a bellwether metric
for precipitation forecasts for decades (e.g., Olson
et al. 1995; Baldwin and Kain 2006). It provides a
measure of the degree of spatial overlap between
forecasted and observed precipitation events. It is
commonly agreed that, for CAM forecasts, it is use-
ful to compute this score on a “neighborhood” basis,
where exact gridpoint correspondence is relaxed,
owing to inherently low predictability on the small
scales of individual forecast grid points (Roberts and
Lean 2008; Ebert 2009). Here, ETSs are measured by



ETS

BIAS

comparing CAM forecasts and observations at the
grid point [radius of influence (ROI) of zero] and
within a radius of 24 km, focusing on the 2014 results.
Not surprisingly, the scores are consistently higher
with the nonzero radius (Figs. 6a—c), regardless of
precipitation threshold. Another obvious systematic
difference is higher ETSs for the MetUM during the
first 12 h of the 36-h forecasts, both for the 4.4- and
2.2-km configurations. The ETSs are quite similar for
all CAMs during the 12-36-h period of the forecasts.

The second metric is frequency bias (commonly
referred to as simply the bias), which is often used
in combination with ETS. The bias is a ratio of total
areal forecast coverage to observed coverage, without
consideration of location. With a perfect bias being
1, it is evident that both of the MetUM CAM:s tend
to overestimate the areal coverage of precipitation
for the entire forecast period, but the high bias ap-
pears to be more pronounced at higher precipitation
thresholds and particularly during the first 12 h
(Figs. 6d-f). These scores are from 2014, but the same
tendencies were noted in 2015 (bias scores from 2015
are not shown).

2.594 m

Instructions: Using the NSSL Interactive
Experimental Data Explorer, and focusing on
areas of interesting weather, compare the
MetUM forecasts to the NSSL-WRF forecasts.
Responses: 20

MetUM similar to NSSL-WRF [N

MetUM worse than NSSL-WRF [N

MetUM better than NSSL-WRF [N

0% 10% 20% 30% 40% 50% 60%

Fic. 5. Subjective comparison of daily MetUM and
NSSL-WREF forecasts during the 2014 SFE.

The third metric used here is the fractions skill score
(FSS; Roberts and Lean 2008), which provides infor-
mation about the degree of correspondence between
forecast and observed features as a function of spatial
scale. Focusing now on 2015 results, Fig. 7 (left) shows
that FSSs measured using a 16 mm (24 h)* accumula-
tion threshold improve when assessed over increas-
ingly larger scales. The MetUM scores are somewhat
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FiGc. 6. (a)-(c) Aggregate neighborhood equitable threat scores and (d)-(f) frequency bias scores from NSSL-
WRF and MetUM (Met Office) model forecasts during the 2014 HWT SFE as a function of forecast hour for
different hourly accumulation thresholds.

MAY 2017 BANS | 943
Brought to you by NOAA Central Library | Unauthenticated | Downloaded 09/24/21 07:35 PM UTC

AMERICAN METEOROLOGICAL SOCIETY



1.0

0.0

FiG. 7. Fractions skill score for 24-h precipitation accumulation using a (left) 16-mm threshold and (right) 64-mm
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threshold for the NSSL-WRF and MetUM model forecasts during the 2015 SFE.

Number of storms

higher than the NSSL-WREF on all scales. For a higher
threshold of 64 mm (24 h)~!, the NSSL-WRF outscores
the MetUM at all but the smallest scales. The relatively
low ESS from the MetUM for larger scales and higher
accumulation thresholds may reflect the model’s high
bias at these thresholds, as high bias tends to have a
negative impact on FSSs, especially on larger scales
(Mittermaier and Roberts 2010).

In combination, these ETS, FSS, and bias scores
reveal important systematic differences in model
performance. For example, both of the MetUM
configurations appear to “spin up” precipitation at
the start of the forecast period much more quickly
than the NSSL-WREF does. Yet, this more timely
adjustment appears to come at a cost: overprediction
of precipitation coverage. It seems likely that these
systematic biases result from some combination of

HWT 2015 (23th April - 5th June )

31623.0 usl area : 43 cases : > 1 mm/hr

10000.0
3162.0
1000.0

316.0
100.0

32.0

us 2.2km op - 39968 storms

us 2.2km pc2 - 43991 storms
us 1.1km op - 49269 storms

nssl-wrf 4km - 62157 storms
Radar - 32608 storms

10.0

30

11111

o o o o o o o Q o ] ol
S + L £ < L : i
Storm equivalent diameter (km)

100000.0

deficiencies in model physics and initial conditions.
Whatever the source, it is important to understand
the physical reasons for these systematic differences
and find an optimal balance between rapid spinup
and appropriate coverage/intensity.

Further objective information can be obtained
by examining the characteristics of the rainfall cells
(Fig. 8). The MetUM 2.2- and 1.1-km CAMs and NSSL-
WRF 4-km CAM all produce too many small cells, and
the NSSL-WRF tends to produce too few larger cells
(diameter > 250 km). The NSSL-WRF 4-km model
produces too many cells of all intensities, whereas the
MetUM models are closer in number for the very light
showers but have noticeably too many very heavy rain
cells even beyond values measured by radar. Once
again this provides more insight into the differing
behavior of the models, tying in with the findings

HWT 2015 (23th April - 5th June )
usl area : 43 cases

10000.0
1000.0°

100.0

®-8 us 2km op - 39968 storms
®-8 us 2km pc2 - 43991 storms
@0 us 1km op - 49269 storms
@9 nssh-wrf 4km - 62157 storms
o Rador - 32608 storms.

1'9.0 2.0 3.0
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18.0
Mean accumulation in cell (mm/hr)
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FiG. 8. Cell statistics showing (left) the numbers of cells with different diameters for rainfall exceeding | mm h™!
and (right) the numbers of cells with different mean accumulations over an hour from the MetUM I.I- and
2.2-km, NSSL-WRF 4-km, and the NCEP composite radar. All the processing was done on a common 4-km grid.
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from the verification scores, and is 100 L 16
useful when delving deeper into the a

physical processes responsible.
NSSL-WRF

VERTICAL PROFILES. Severe weather
forecasters rely heavily on soundings
from raobs and from model forecast 200 | 12
soundings [point forecast soundings
(PFCs)] to help them diagnose and 250 ¥i0980
predict the likelihood of initiation,
potential intensity, mode of orga-
nization, and likelihood of hazards
such as tornadoes, large hail, high
winds, and/or heavy rain associated
with deep convection (e.g., Baldwin
et al. 2002; Coniglio et al. 2013).
Consequently, corresponding PFCs
from the NSSL-WRF and MetUM
were compared during the 2014 SFE.
A glaring difference was revealed  gsp |
in this comparison, particularly in

environments with a convective T T " T As ¥ 1/ T
boundary layer topped by a sharp,

stable transition to an elevated

mixed layer (commonly referred to

as a capping inversion). The NSSL-

WREF tended to provide an overly

smooth depiction of this capping 150 |
inversion or convective inhibition
(CIN) layer (e.g., Fig. 9a), while the
MetUM often represented this with
noticeably greater fidelity (e.g.,
Fig. 9b). This difference is especially
important because the structure of
the CIN layer is believed to play an
important role in modulating the
timing, location, and incidence of 400 |
convective initiation. The undesir-

able tendency for the NSSL-WRFto 500 |
smooth out the vertical structure is

the subject of ongoing investigation.

Early testing suggests that this ten- 700 |
dency cannot be avoided by simply
increasing the vertical resolution of
the model. 1000 |

i |
T

P (hPa)

(wy) sy
T
o

400 17640

500 5920 X ‘ ! 4

<5

700 ;- 3184
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200 ¢
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SUMMARY. The NOAA HWT Temperalure (C)

pr OVides. a stimulating eTlVir or%rr.le'nt Fic. 9. An example showing corresponding PFCs (24-h forecasts) for the (a)
that cultivates collaborative activities NSSL-WRF and (b) MetUM, overlaid on observations (thick black profiles).
between meteorological researchers

and practitioners. For more than a decade this test appreciate the insights, skills, and efficacy of the other,
bed has provided an environment in which individu- enhancing collaborative relationships and resulting
als from these groups of professionals have learned to  in operational forecasting practices that more quickly
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adapt to emerging technologies and scientific advances
while better informing operationally relevant research
initiatives. The enhancement of complementary re-
search-to-operations (R20) and operations-to-research
(O2R) interactions is a core mission of NOAA test beds
(Ralph et al. 2013).

The underlying enthusiasm for activities in the
HWT is fuelled by a compelling mutual interest in
applied research related to prediction of high-impact
weather. In the HWT’s annual SFE, this grassroots
enthusiasm has its foundation in interactions between
NOAA’s national centers for expertise in severe
weather research (NSSL) and forecasting (SPC), with
additional contributions from other domestic agen-
cies. In recent years, the SFE has been invigorated
by contributions from the Met Office, which in 2013
initiated a strong commitment to the SFE that sig-
nificantly expanded international participation and
provided complementary insight and technical skills
in both forecasting and research. Specifically, the Met
Office brought expertise gained from its efforts us-
ing CAMs to better represent the convective storms
that bring flash flooding in the United Kingdom.
The infusion of Met Office models and perspectives
dovetailed exceptionally well with the rapidly grow-
ing NSSL and SPC proficiency in using CAMs to help
predict tornadoes, large hail, and damaging winds.

The challenges associated with prediction of these
and other high-impact weather phenomena are too
great to be addressed entirely by any single institution.
The successful collaborative efforts of the HW'T, NSSL,
SPC, and Met Office are demonstrating that interna-
tional collaboration can provide synergy, efficiency,
and important scientific advances when it is strongly
supported at both grassroots and institutional levels.
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