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Abstract—A World Weather Research Programme (WWRP)
project entitled the Science of Nowcasting Olympic Weather for
Vancouver 2010 (SNOW-V10) was developed to be associated
with the Vancouver 2010 Olympic and Paralympic Winter Games
conducted between 12 February and 21 March 2010. The SNOW-
V10 international team augmented the instrumentation associated
with the Winter Games and several new numerical weather fore-
casting and nowcasting models were added. Both the additional
observational and model data were available to the forecasters in
real time. This was an excellent opportunity to demonstrate exist-
ing capability in nowcasting and to develop better techniques for
short term (0-6 h) nowcasts of winter weather in complex terrain.
Better techniques to forecast visibility, low cloud, wind gusts,
precipitation rate and type were evaluated. The weather during the
games was exceptionally variable with many periods of low visi-
bility, low ceilings and precipitation in the form of both snow and
rain. The data collected should improve our understanding of many
physical phenomena such as the diabatic effects due to melting
snow, wind flow around and over terrain, diurnal flow reversal in
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valleys associated with daytime heating, and precipitation reduc-
tions and increases due to local terrain. Many studies related to
these phenomena are described in the Special Issue on SNOW-V10
for which this paper was written. Numerical weather prediction and
nowcast models have been evaluated against the unique observa-
tional data set now available. It is anticipated that the data set and
the knowledge learned as a result of SNOW-V10 will become a
resource for other World Meteorological Organization member
states who are interested in improving forecasts of winter weather.

Key words: Nowcast, olympic, snow, mountain, weather,
forecast.

1. Introduction

The Vancouver 2010 Olympic and Paralympic
Winter Games represented an excellent opportunity
for international collaboration towards improving
our ability to provide short term weather forecasts
or nowcasts of high impact winter weather in
complex terrain. The Olympic events were held
12-28 February 2010 with the Paralympics being
conducted 12-21 March 2010. The Meteorological
Service of Canada of Environment Canada had the
mandate and contractual obligation to provide
weather support and services for the safety and
security of the public and the effective and efficient
operation of the games. An overall description of
the Canadian activities was described by JoE et al.,
(2010).

The World Weather Research Programme
(WWRP) of the World Meteorological Organization
(WMO) previously endorsed international projects
associated with the Sydney 2000 (KEeenaN et al.,
2003) and Beijing 2008 (Su et al., 2007) summer
Olympic games. WWRP involvement in Vancouver
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2010 was the first collaborative project focused on
nowcasts of high impact winter weather. A workshop
was held in Whistler, British Columbia, during 26-28
March 2008 and a project was initiated entitled the
Science of Nowcasting Olympic Weather for Van-
couver 2010 or SNOW-VI10. Subsequently, the
project was approved by the WWRP steering com-
mittee as an official project. This paper provides an
overview summary of SNOW-VI10, including its
objectives, some of the instrumentation installed for
the project, the numerical weather prediction (NWP)
and nowcast models used during the project, the
participants, and examples of data analysis. It sets the
scene for more detailed descriptions of SNOW-V10
in this Special Issue of Pure and Applied Geophysics.

There have been several recent projects focused on
weather in mountainous regions including the Meso-
scale Alpine Experiment (MAP) (BENoIT et al., 2002),
and its successor, MAP D-phase (RotacH et al., 2009),
both conducted in the Alps as well as the Improvement
of Microphysical Parameterization through Observa-
tional Verification Experiment (IMPROVE) project
conducted in the Cascades (STOELINGA et al., 2003).
However, SNOW-V10 was uniquely focused on now-
casting winter weather in complex terrain.

The World Weather Research Program generally
has two types of projects: Research Development
Projects (RDP) and Forecast Demonstration Projects
(FDP). The Sydney 2000 and Beijing 2008 summer
Olympic projects were mainly FDPs, or demonstra-
tions of existing technology to produce nowcasts of
summer high impact weather affecting high profile
public events. SNOW-V10 involves research to
understand high impact winter weather processes in
complex terrain, as well as efforts to produce now-
casts in real time. There are only a few groups around
the world doing work on winter weather that have
developed prototype nowcast systems. With the
notable exception of the Integrated Nowecasting
through Comprehensive Analysis (INCA) system
validated in the Alps (HAIDEN ef al., 2011), few of
these systems have been tested and compared in
complex terrain. Because the technology has not
matured enough to provide a demonstration of
existing techniques in the same manner as was done
for Sydney 2000 and Beijing 2008, it was decided to
make SNOW-V10 an RDP with FDP components.
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2. Objectives of SNOW-VI10

The main focus of SNOW-V10 is to improve our
ability to produce short term forecasts or nowcasts
(within 6 h) of high impact winter weather over
complex terrain using efforts associated with the
Vancouver 2010 Olympic and Paralympic Winter
Games. The enhanced observing network developed
for the Olympics was augmented by some special
research equipment. Similarly, research NWP models
developed for this area were evaluated and further
developed. The forecasts issued during the Olympics
were evaluated for their accuracy in real time, and
their usefulness to users. As part of the project, arti-
cles have been written (e.g., this Special Issue) and
further analysis is ongoing describing the activities
and results, and training workshops will be conducted
to transfer relevant knowledge to appropriate national
meteorological services.

The specific objectives of SNOW-V10 are as
follows:

e To improve our understanding and ability to
nowcast low cloud and visibility;

e To improve our understanding and ability to
nowcast precipitation amount and type;

e To improve nowcasts of wind speed, gusts and
direction;

e To develop improved nowcast production systems
for winter applications;

e To assess and evaluate value of nowcasts to end users;

e To increase the capacity of WMO member states to
provide nowcasts (training component).

Participants were involved from Canada, the
United States, Australia, China, Austria, Finland,
Germany, and Switzerland. They included scientists
and students from government organizations, the
private sector, and universities.

3. Instrumentation and Monitoring

During the 2010 winter Olympics, there were
approximately 56 auto stations, 14 moveable tripod
stations, and 22 web camera sites (see JOE et al.,
2012). In total, weather observations were received
from over 100 sites. The main instrument sites used
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during the Olympics are listed in Table 1 and some
overview maps are shown in Fig. 1. These sites typ-
ically had temperature, relative humidity, wind
direction and speed, precipitation rate and snow
height sensors. Some specialized instrumentation was
located as follows:

e Whistler (VVO) scanning C-band Radar located at
the junction of the Callaghan Valley Road, and the
Whistler-Pemberton and Whistler-Squamish Valleys
(see Fig. 1a).

e NOAA/OU X-Band Dual-Polarization Radar (NOX)
located at Canada/U.S. Border south of Vancouver as
shown in Fig. 1a (see SCHUUR et al., 2012).

e Vertically pointing X-band Radars were located at
TFL, RND and WWA.

e A 915 MHz boundary layer wind profiler located at
Squamish Airport (XSK).

e A profiling microwave radiometer located at
Timing Flats (TFL).

¢ A rawinsonde system located at Nesters (VOC).

o Ceilometers located at YVR, WWA, TFL, WSK,
WGP and VOG.

e Recording visibility meters located at VOA, VOL,
RND, VOT, VOG and YVR.

e Hot Plate Precipitation Sensors located at YVR,
VOG, RND, VOA, VOL and TFL.

e Present weather sensors, either the Vaisala FD12P,
Parsivel or POSS located at VOA, VOL, WWA,
WSK, YVR, TFL/VOT, and RND.

e A 3D anemometer located at the ski jump (VOW).

e Temperature, relative humidity and GPS sensors
were installed on the Whistler Village to Round-
house Gondola, and the Whistler to Blackcomb
gondola (see Fig. 1).

e The Roundhouse site, near the helipad, was
instrumented with a significant list of equipment.
(see Table 2 and GULTEPE et al., 2012) as an
extension of the Fog Remote Sensing and Model-
ing Project (FRAM) (GULTEFE et al., 2009).

e Special surface sites measuring temperature and
humidity were installed by the University of
British Columbia up Whistler Mountain (not
shown in Table 1).

e Snow density measurements were made at some
selected sites, mainly VOA, VOL RND and VOC
after significant snowstorms.

e Snow photographs were made continuously at
RND as a special project during some intensive
periods and then irregularly outside those periods.

4. Weather Summary During Olympics
and Paralympics

This section gives a very brief summary of
weather observed during the Olympics and Paral-
ympics. The games were conducted during an El
Nifio period which began in mid 2009 and ended in
approximately May 2010 (see Mo et al., 2012b).
During the January/February/March time frame, the
Oceanic Nifio Index was +1.5. Typically, an El Nifio
period would bring warmer and drier conditions to
the area. Before the Olympics, because of the warm
weather, snow cover at Cypress Mountain disap-
peared from the lower half of the course. Although
there remained some snow over the upper half of the
course, it was inadequate to cover the venue. Con-
sequently, heroic efforts were required in the 2 weeks
before the games and snow was brought in from
elsewhere to prepare for the freestyle events. (see
DovyLE, 2012). However, there was no lack of snow
for the venue locations at Whistler.

Figure 2 shows the temperature, visibility and
precipitation time series for Cypress Bowl South
(VOG, 903 m) and Whistler Mountain Mid Station
(VOL, 1,320 m). The Cypress Bowl South location is
at approximately the same height as the finish line of
many of the events occurring at Cypress. Whistler
Mountain Mid Station is above the finish line of the
Alpine events at Timing Flats (805 m) and below the
start of the men’s downhill near Whistler Mountain
High Level (1,640 m) as shown in Fig. 1b. A quick
glance at the Fig. 2 shows that at these locations
lower visibilities and precipitation occurred regularly.
At Cypress during the Olympics (12-28 February)
even the night time minimum temperature rarely
went below 0 °C which caused significant problems
in maintaining the snow cover. Only with a great deal
of work transporting snow from other locations were
the venue sites kept open (DoyLE, 2012). Conditions
got colder during the Paralympics (12-21 March) but
this location was not used for the Paralympics.
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Table 1

A list of the main Olympic measurement sites

Main Olympic measurement sites Ident Latitude Longitude Elevation (m)
Blackcomb Base Sliding Center Bottom VON 50.106 —122.942 816.6
Blackcomb Base Sliding Center Top VoI 50.102 —122.936 937
Blackcomb Mountain Base/Nesters vVOC 50.129 —122.955 651.5
Callaghan Valley VOD 50.144 —123.109 884
Callaghan Valley Biathlon High Level VOF 50.142 —123.119 882.7
Callaghan Valley Biathlon VOY 50.147 —123.116 870
Callaghan Valley Cross Country High Level VOK 50.143 —123.107 922
Callaghan Valley Low Level VoV 50.140 —123.117 838
Callaghan Valley Ski Jump Bottom VOX 50.137 —123.113 860
Callaghan Valley Ski Jump Top VOow 50.138 —123.110 936
Cypress Bowl Event (Freestyle) vOzZ 49.392 —123.203 969.1
Cypress Bowl Grandstand VWG 49.396 —123.206 968
Cypress Bowl North/Cypress VOE 49.402 —123.208 953
Cypress Bowl Snowboard VWB 49.389 —123.214 1,180.3
Cypress Bowl South VOG 49.379 —123.194 903
Monitoring Operations Centre VMO 49.182 —123.078 16
Mount Washington \o)} 49.747 —125.287 1,473.5
North Cowichan VOO 48.824 —123.719 60
Pemberton WGP 50.303 —122.738 204.3
Pemberton Airport (Wind) WPN 50.301 —122.739 203
Point Atkinson WSB 49.33 —123.27 35
Port Mellon VOM 49.51 —123.48 122.6
Powell River VOP 49.834 —124.500 125
Qualicum VOQ 49.340 —124.394 65
Sechelt VOou 49.456 —123.718 86
Squamish Airport 1 WSK 49.783 —123.161 52.1
Squamish Airport 2-Wind Profiler XSK 49.776 —123.157 52.1
Vancouver Airport YVR 49.190 —123.192 2
Vancouver Harbour WHC 49.295 —123.122 2.5
Vancouver Hillcrest VWC 49.244 —123.106 83.9
West Vancouver WWA 49.347 —123.193 168
Whistler Peak PEK 50.059 —122.957 2,165
‘Whistler Roundhouse RND 50.067 —122.945 1,856
Whistler Mountain High Level (Wind) VOH 50.079 —122.951 1,690
Whistler Mountain High Level/Pig Alley VOA 50.077 —122.948 1,640
Whistler Mountain Low Level/Creekside VOB 50.088 —122.975 933
Whistler Mountain Mid-Station VOL 50.085 —122.964 1,320
Whistler Mountain Timing Flats VOT 50.091 —122.978 804.9
Whistler Timing Flats (SNOW-V10) TFL 50.092 —122.982 776
NOAA X-Pol Radar NOX 48.902 —122.773 168
Whistler Radar VVO 50.0663 —123.110 557

Note there were two sites at Whistler Mountain Timing Flats (VOT and TFL) which were close together. See JoE et al. (2012) for a description

of the main sites

At Whistler Mid Station, the temperature fluctuated
above and below 0 °C which meant the forecasts of
precipitation type were a considerable challenge.
Visibility often went below 100 m at both the
Whistler and Cypress sites which caused the Olympic
events some problems. Visibility reductions were due
to the presence of fog or low cloud and precipitation.
Figure 3 shows the cumulative distribution of

visibility at Whistler Mountain Timing Flats (VOT),
Whistler Mountain Mid Station (VOL), Whistler
Mountain High Level (VOA), and Whistler Round-
house (RND) as measured by a Vaisala FDI12P
instrument. More frequent lower visibilities were
observed at VOL where the persistent mid-mountain
cloud, locally known as Harvey’s cloud, was reported
to exist (Mo et al., 2012a). These low visibilities at



SNOW-V10 Overview

g% . Y
h
t’s-.

ckeomb

Figure 1
An overview “Google” map (a) of the sites for the outdoor venues for the Vancouver 2010 Olympic and Paralympic Winter Games. The
straight line distance from Vancouver Airport (YVR) to Roundhouse (RND) on Whistler Mountain is approximately 100 km. The freestyle
events were held at Cypress Mountain, the downhill and sliding events were held at Whistler, and the cross country events in Callaghan
Valley. Only a few of the sites listed in Table 1 are shown in a. The sites in the Whistler area are shown in b including the gondola runs where
temperature, relative humidity and pressure measurements were made. A persistent cloud known as Harvey’s cloud is known to exist near
Whistler Mountain Mid Station (VOL) named after Harvey Fellowes who lived there for several years. See JoE et al. (2012) for a larger
regional map

VOL were generally due to cloud droplets, not falling
snow. This conclusion was reached because the
probability of seeing low visibilities by the OTT
Parsivel probe at VOL, which only sees particles
greater than 200 um, was much lower than that of the
FD12P which can see small cloud droplets.

5. NWP Modeling Work

As part of the RDP, the Chinese Meteorological
Agency (CMA) (CHEN et al., 2012), the Central
Institute for Meteorology and Geodynamics (ZAMG)
of Austria (HADEN er al., 2011, 2012), Weather
Decision Technologies and NanoWeather of the US
(CARPENTER et al., 2009), as well as Canada, provided
modeling products during the project. A summary of

all the model products, their resolution, etc., are given
in Table 3.

Environment Canada (EC) put considerable effort
into producing the best possible NWP models for the
Vancouver 2010 Olympic and Paralympic Winter
Games. The effort is summarized in Fig. 4 and
Marmsot et al. (2010, 2012). There was a 15 km
regional model (MAILHOT et al., 2006), run four times
per day, a 2.5 km high resolution mesoscale model
run twice per day, and specialized high resolution
models including a 1 km version of the atmospheric
model, as well as an offline land surface system
(100 m grid spacing, see BERNIER ef al., 2011, 2012)
which is not shown in Fig. 4. Also not included,
because it was not related to the nowcasting objec-
tives, was a Canadian regional ensemble forecast
run using a 33-km resolution GEM-LAM model
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Table 2

List of instruments at the Roundhouse site which were mainly located on three towers

Instrument Measurement Characteristics Location
FMD fog monitor Droplet/ice spectra <50 micron T3
GCIP probe Droplet/ice spectra 15-960 micron RND-L
OTT parsivel Particle spectra 400-max Tl
CAP aerosol Droplet/aerosol spectra 0.3-10 pum; 8 channels T1
GEONOR Precipitation rate/amount >0.1 mm h™! T3

YU IPC Particle spectra 15-500 micron T2
FDI12P vis Vis/precipitation amount 0.1 mm/h T3
Sentry Vis Vis >10 m T3
DMIST camera Vis and images, extinction For warm fog RND-R
YES TPS Precipitation amount 0.25 mm/h T3
VRG101 Precipitation amount 0.5 mm/h T3
DSCl111 Precipitation amount/friction Surface phase T1
DST111 Surface temperature Surface T/dew point Tl
SR50AT Snow depth —45 to 50 °C T1
Eppley IR/SW Broadband radiative fluxes 10 % T2
Campbell RH/T (2) RH and T 10 % and £1 °C T1 and T2
Young Ultra wind 3D wind and turbulence 4-32 Hz sampling rate T1
SPN-1 Dir, diff radiation, cloud cover 0.4-2.7 micron T1
MRR Rain size spectra, PR, Z For rain/snow T3
RID (IG) 872E3 Icing amount T1
Vaisala WXT P, T, wind, PR PR for rain Tl
CRN1 IR and SW BRF 0.2-3 micron HT1
HSS VPF-730 Visibility/present weather >0.1 mm/h T3
LPM 5.4110 Particle spectra 0.1 mm—cm size range, 22 ch Tl
Axis Camera 3D pictures Zoom/regular T3

SVI (NCAR) Snow shape and spectra >0.5 mm T2-T3
Snow photography Particle shape >100 micron RND
Young 2D anemometer 2D wind speed T2

(based on Li et al., 2008). DoyLE, (2012) shows that
this ensemble system was quite useful for forecasting
weather and snow cover conditions prior to the
Olympics. Results from these NWP runs were sent to
the forecasters in many different products including
meteograms showing time series of significant vari-
ables over the forecast interval as well as many
spatial charts covering areas of interest.

It should also be stressed that the modeling and
monitoring efforts were not isolated one from the
other. The models had data assimilation schemes that
ingested data obtained through the Olympic network,
especially auxiliary upper air sondes released from
Comox and Nesters.

Higher resolution models were necessary in order
to properly resolve phenomena that occur in complex
terrain. Figure 5 shows one example using the GEM
LAM 1 km model output for 21 February 2010. It
shows the surface temperature and wind direction as a
function of time of day along the Sea-to-Sky

Highway that runs from Vancouver to Whistler (see
Fig. 1a). During the day the temperature warmed up due
to the influence of the sun. Coinciding with that warm-
ing, as the valley slopes became warmer, the flow shifted
from drainage towards Vancouver to upslope towards
Whistler. Figure 6 verifies this flow reversal using the
wind profiler data from Squamish (WSK, see Fig. 1a).
This flow reversal was also seen regularly at the ski jump
(see TEAKLES et al., 2012) and occurred quite close to
competition time in many cases, making it an event that
needed special attention. Such wind flows can only be
simulated with a high resolution model since the valley
was several kilometers wide in places.

6. Nowcast Systems
Generally speaking, techniques to extrapolate

observations have greater skill for forecasting on very
short time scales (0-2 h) in comparison to NWP
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Figure 2
A quick glance summary of the weather conditions at VOG (Cyp%ess Bowl South) and VOL (Whistler Mountain Mid Station) from 12
February to 21 March 2010 covering the time period of the Olympics and Paralympics. For these charts visibility and precipitation were
measured using the Vaisala FD12P instrument and were reported at 1 min intervals. For these graphs, visibility is plotted in green,
temperature in red, and precipitation in blue
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Cumulative probability plot for visibility at VOL, VOA, VOT and

RND during the Olympic and Paralympic periods. The OTT

Parsivel, plotted for VOL, does not report visibilities greater than
5,000 m

models (see GoLDING, 1998). Nowecasting systems
have been developed that can blend both observations
and model predictions into shorter term forecast
systems (0—6 h). Short term forecasts of precipitation
such as those developed at McGill University (BEL-
LoN and AusTIN, 1978; TURNER et al., 2004) which
extrapolate radar observations into the future, and
those which use a blend of observations and NWP
(BOwLER et al., 2006) have been utilized. However,
these techniques all need further development in
order to work effectively in areas with significant
radar ground clutter/blockage, as in the case for the
mountainous terrain of the SNOW-V10 project.

A number of nowcast systems were run in real
time during SNOW-V10, and the emphasis was
broadened beyond precipitation nowcasting, which
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has been the main emphasis of most existing systems,
to include significant variables such as precipitation
type, visibility, ceiling, wind gusts, etc. The EC
Adaptive Blending of Observations and Models
(ABOM) (see BAILEY ef al., 2012) was run using
either the EC GEM regional or GEM Olympic 1 km
models. This system uses the past observations and
model data to predict 6 h into the future for a specific
ground site. The Integrated Weighted Model (INTW)
system (HuanG et al., 2012a, b, c) used the GEM
regional, GEM 1 km, and observations to determine a
new integrated model prediction into the future. Both
ABOM and INTW were developed as part of the
Canadian Airport Nowcasting Project (CAN-Now;
Isaac et al., 2012) which followed the Airport
Vicinity Icing and Snow Advisor (AVISA) Project
(Isaac et al., 2006). The NCAR Weather Support to
Deicing Decision Making (WSDDM)
(RasmusseN et al., 2001) used the EC radars to pro-
duce echo motion vectors and short term precipitation
and visibility forecasts. The Austrian Integrated
Nowcasting through Comprehensive Analysis (INCA)
system combined raingauge and radar data, taking
into account intensity-dependant elevation effects
(HampeN and Pistotnik, 2009) and the ECMWF model
to produce short term forecasts of precipitation
(HADEN et al., 2012). The system also provided
nowcasts of temperature, humidity, and wind (HAIDEN
et al., 2011) based on surface observations, and
blended into the ECMWF forecast. The EC radar
point forecast system, based on BELLON and AuSTIN
(1986), was also tested during the Paralympics. With
the exception of the EC radar point forecast system,
all of these techniques are briefly described in
Table 3. The EC CAN-Now project also participated
through the instrumentation of the Vancouver Inter-
national Airport site.

system

7. Real Time Support to Forecasting Team

A password protected SNOW-V10 Web site was
set up to host real time products produced during the
project. This included real time measurements as well
as model products. Specialized products using the
Olympic Whistler 5 cm scanning radar, the three
micro rain radars, the microwave radiometer and the

Pure Appl. Geophys.

wind profiler were available on the site. In addition,
special products from the 3D anemometer used to
support activities at the ski jump were also available.

Forecasters were located at each venue and sup-
ported by a central office in Vancouver. Since they
had little or no experience with many of the new
products, a Research Support Desk (RSD) was run at
the central Vancouver office. This RSD was staffed
by 2-3 scientists who obtained advice from the larger
SNOW-V10 Science Team and gave advice to the
lead forecaster who then distributed that advice, as
and when appropriate, to the venue forecasters.
A Science Team briefing was held each morning
using WebEx technology to allow participants from
across Canada and other countries to participate. The
lead forecasters and sometimes the venue forecasters
signed into these sessions. Later, a similar WebEx
meeting for the forecast team was held which was
attended by the RSD. The co-location of the RSD
with the Olympic Central Office was quite successful
and researchers and operational forecasters learned a
great deal from each other. A schematic of how the
interactions took place is shown in Fig. 7.

Considerable discussions were held with the
Vancouver Organizing Committee for the 2010
Olympics (VANOC) in order to determine the key
weather thresholds relevant for each event. These
critical and significant decision points, and factors to
consider, were used by the forecasters in their inter-
actions with their venue clients who were directing
the events. If the critical decision point or threshold
was exceeded, the event would be postponed. An
example of such thresholds for the downhill and
slalom events is shown in Table 4. These thresholds
have also been used in the selection of categories for
the verification work described later.

Observations at key sites were integrated with
model data to produce time series charts of important
variables. This data could be viewed in a forecast
mode only, showing the past 3 h and the model
predictions for the next 6 h, or verification plots of
the past 24 h. Many of the EC SNOW-V10 now-
casting products on the Web site were modeled after
those used in CAN-Now. Figure 8 shows a sample of
a 24 h plot during the time the Snowboard Men’s
Parallel Giant Slalom was being held on 27 February
2010. It combines the observed visibility and
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Figure 4
A summary of the Environment Canada numerical weather predicti(%n models for the 2010 Olympics (see MAILHOT et al., 2012). The upper-
air initial conditions were obtained from a three-dimensional variational data assimilation performed with the regional 15-km GEM model
(FiLLioN et al. 2010). Although the GEM 15 km system was integrated four times a day at MSC, only two of these runs (at 00:00 and
12:00 UTC) were used to provide initial and lateral boundary conditions for 15-km nested runs, which were used to initialize and drive 2.5-km
nested runs, which were then used to initialize and drive further nested runs at 1.0 km

precipitation rates with the Canadian model output
onto the same plot.

Figure 9 shows a series of WSDDM composite
radar images for 26 February 2010. The flow was
generally from the SW over the Olympic Range of
Mountains to the south of Vancouver. A hole can be
seen in the composites which was due to the shadow
effect of the mountains. The hole moved around in
time and changed shape probably due to changes in
wind direction or other variables. Although this sha-
dow effect is well known, it deserves further study
using high resolution models. The precipitation
amounts at West Vancouver (WWA) at an elevation
of 170 m were often only a fraction of that measured
at Cypress Bowl South (VOG) at 900 m or Cypress
Bowl North (VOE) at 950 m, even though these sites
were only separated by several kilometers. Obviously
the presence of the mountains and complex terrain
made forecasting precipitation by simple translation

of the echoes, as is often done over more even terrain,
problematic. That is why techniques which combine
observations and NWP information to provide a more
realistic prediction of precipitation, like STEPS
(Short-Term Ensemble Prediction System; BowLER
et al., 2006), need to be developed for this area.

8. Verification

It was understood from the beginning that verifi-
cation metrics for the forecasts would need to be
developed as has been done in previous Olympic

Figure 5
GEM LAM 1 km for points along Sea to Sky highway showing
flow reversal with day time heating. The fop panel shows
temperature as a function of time of day and distance along the
highway. The bottom panel shows wind direction in the same
format. Note 23 Z is 15 local time
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Figure 6
The Squamish (WSK) wind profiler measurements for 00:00 UTC 21 February to 00:00 UTC 23 February showing the flow reversal at that
site near 20:00 21 February and ending about 03:00 22 Feburary. Diagrams for 21 and 22 February have been merged together which accounts
for the mis-match in the middle. Note also that there were flow reversals the previous afternoon and the following afternoon

WWRP projects (EBErT et al., 2004; ANDERSON- model time steps, etc., it was decided to present the
BERRY et al., 2004). Such verifications gives users maximum and minimum of variables such as ceiling,
more confidence in using forecasts, gives developers and visibility, as well as precipitation rates and
information on what needs improving, and provide accumulations during the intervals shown. This helps
measures of success. The errors associated with the to resolve difficulties regarding matching observa-
data sets must be assessed and ultimately our ability tions with models when meteorological parameters
to nowcast precipitation (e.g., PIERCE ef al., 2004) and vary rapidly and observations and model sampling
other variables must be determined. frequencies are not the same.

Forecasters at each venue produced a Sport Such tables were also considered important for
Forecast Table showing forecasts of important vari- verification and intercomparison of the various
ables each hour. These were made available to their products. So all the forecasts produced for these
clients (for example, the venue managers) who were tables have been verified against observations and
usually on site. In order to assist the forecaster, it was compared with the Sport Forecasts for the time per-
decided to produce such a Table for many locations iod: 5 February to 22 March 2010. For continuous
shown in Table 1 with a 15 min resolution for the variables, various standard tests have been per-
first 2 h and then hourly after that. Examples of such formed. For non-continuous variables, the Sport
tables are given in Tables 5, 6, 7, and 8 for the LAM Thresholds (e.g., Table 4) were used to design cate-
1 km, ABOM, INTW, and INCA nowcast methods, gories for which statistical scores such as the

respectively. Because of possible differences between multicategorical Heidke Skill Score (HSS) could be
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Figure 7
A diagram showing how SNOW-V10 (right side) interacted with the operations group (left side) who were responsible for delivering the
forecasts
Table 4

Thresholds for the downhill and slalom events

Threshold matrix for downhill, slalom and giant slalom (from Chris Doyle)

New snow (24 h) Wind Visibility Rain

Critical decision >30 cm Constant above 17 m/s <200 m on the entire course 15 mmin 6 h

point or gusts >17 m/s Lower thresholds for GS...course or less

dependant but ~100 m for GS

Significant 15 and <30 cm, >10 Constant 11 m/s to 200 m on portions of the course Mixed

decision point and <30 cm Paralympics 17 m/s < precipitation
Factor to consider >5 c¢m, >2 cm within 6 h Gusts above 14 m/s >200 but <500 m on whole or

of an event but <17 m/s part of the course

calculated (see Table 9). See the WWRP/WGNE Joint
Working Group on Forecast Verification Research
web pages for the definition of this score (http:/www.
cawcr.gov.au/projects/verification/verifwebpage.html).

The multi-categorical (M-C) HSS score answers
the question ‘what was the accuracy of the forecast in
predicting the correct category, relative to that of
random chance?’ with one indicating a perfect score
and zero, no skill. Table 10 shows the verification of
the Canadian 1 km model using Table 9 and

determining the HSS scores for relative humidity
(HSS: 0.28), visibility (HSS: 0.1) and precipitation
type (HSS: 0.54) for Whistler Mountain Mid Station
(VOL) for the Olympic period. The tables show some
interesting information. For example, the model ten-
ded to under forecast relative humidity as compared
to the observations when the observed relative
humidity was over 94 %. The model did not forecast
low visibilities (between 50 and 200 m) very well,
and more frozen precipitation was observed than


http://www.cawcr.gov.au/projects/verification/verifwebpage.html
http://www.cawcr.gov.au/projects/verification/verifwebpage.html
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Examples of real time products that were available during SNOW-V10 from Cypress Bowl South (VOG) combining observations and model

data. The diagrams show the Canadian model predictions, the most current for that time, plotted along with the observations (dotted lines)

from various instruments. The left panel shows precipitation rate from the models and the Vaisala FD12P, and the POSS. The right panel

shows the visibility as predicted from the models using two different parameterizations, as well as the observations from the Vaisala FD12P.
The Snowboard Men’s Parallel Giant Slalom final on 27 February 2010 occurred near the middle of these 24 h plots

forecast by the model. Similar results were found at
many of the other SNOW-V10 locations.

Examples of error analyses are shown in Fig. 10
and Table 11. Figure 10 shows the mean absolute
error (MAE) for the three Canadian models and the
US RUC model for wind gusts at Vancouver Airport.
The RUC model is used in the Canadian Airport
Nowecasting System (Isaac et al., 2012) and has been
described by BEnjamiN et al. (2004, 2006). The higher
resolution LAM 2.5 km model clearly has larger
MAE values than the coarser resolution GEM REG
which is somewhat surprising. However, in general,
the higher resolution NWP did have lower MAEs
than their lower resolution counterparts (see MAILHOT
et al., 2012; HuanG et al., 2012a, b; CHEN et al.,
2012). The persistence forecasts, assuming the fore-
cast value remains the same as the start point,
beginning at 3, 9 15 and 21 UTC show that persis-
tence is difficult to “beat” for short term forecasts, at
least on the average. Table 11 shows that for a 6 h
forecast, the INTW nowcast system had the lowest
mean absolute errors in relative humidity, even
beating persistence for most SNOW-V10 sites.

It is also interesting to compare how the Sport
Forecasts produced by the human forecasters com-
pared with the unadjusted NWP model output,
persistence and the INTW nowcast scheme. Figure 11

shows some examples of performance as a function of
forecast lead time out to 12 h. This is somewhat unfair
for the NWP models because of potential spin up
problems but these can easily be filtered out visually,
for example, LAM 2.5 km for temperature at VOL
and VOT. For the six sites for which sport forecasts
could be verified against SNOW-V10 observations,
the forecaster had a better mean absolute error than
the Canadian NWP models, for 16 of 24 charts for
four variables (temperature 6/6, relative humidity 4/6,
wind speed 1/6 and wind gust 5/6) for the first few
hours. Generally as forecast lead time increased, the
differences between the forecaster and NWP model
diminished. However, both persistence and the INTW
nowcast technique were superior to the NWP models
and the forecaster for the first few hours, in all ana-
lyzed cases. One might jump to the false conclusion
that the human forecaster did not add any value to the
forecasts. However, they were certainly necessary at
all outdoor sites in order to interact with venue man-
agers/officials. These people relied heavily on their
advice and many important decisions were made
based on short term and longer term forecasts, as
explained and interpreted by the human forecaster.
Figure 12 compares all the NWP models for
temperature, relative humidity, wind speed and wind
direction for Whistler Mountain Mid Station (VOL)
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Figure 9
Shows the composite radar image as produced using the WSDDM system using the Canadian C-Band radars. Three different times (11:59,
14:59 and 17:59) are shown for 26 February 2010. The panel on the lower right shows a Google map of the area surrounding the Cypress
Mountain venue

for the Olympic period. This is only a limited period
and stating one model is superior to another is not
possible. In addition, model forecast lead times are
different as a function of time of day. However, it is
obvious that all models have a difficult time pre-
dicting relative humidity and wind direction at this
site. MaILHOT ef al. (2012) using the larger Olympic
data set came to the same general conclusion for the
Canadian models. Periods when the observed winds
were low (<5 kn) were removed from the wind
direction verification analysis. The wind direction
errors might be due to representativeness of the

observation sites in complex terrain but similar errors
were found for Vancouver International Airport
where terrain influences would not have been a
problem (e.g., Isaac et al., 2012).

Although some useful generalizations are possi-
ble, the statistical verifications described above were
done over a small data set and no significance tests
have been applied. It should also be mentioned that
forecast accuracy in high impact events (high winds,
low visibilities, heavy precipitation, etc.) is most
critical and any success criteria for performance must
take this fact into consideration.
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Table 5

Example of online table showing how users could select for various sites and different models. The models from left to right were the Adaptive

Blending of Observations and Models (ABOM) using either the GEM 1 km or GEM REG, the CMA model, the INTW nowcasting technique,

the Canadian models (LAM 1 km, LAM 2.5 km and the REG), the WDTUSL model and the two Austrian INCA outputs. The values in the table
refer to the LAM 1 km predictions for VOG (Cypress Bowl South site). See also Tables 6, 7 and 8

'SNOW-V10 : Science of Nowcasting Winter Weather for Vancouver 2010

ABOMLAMIKM ABOMREG M INTW [Tk ] Lamzsk REG WDTUSL WSDDM ZAMGINCA ZAMGINCARR
PEK RHD VOA VOB voc Voo VOE | VoG | oI VoL VON voT vow VOX vozZ VWE WGP WS5K Wwa ¥VR
LAM1K VOG Forecast download csv model descriptions back to snow-v10 o
runtime valid time (UTC) Clouds Temp. Dew Pt RH  Wind (“/kts) Visibility (km) Ceiling (km)  Precip. Type Frozen/Solid Rain Frozen Liquid Al Precip. Liquid
(uTe) «© %) Equiv.

dir speed max inst. min max inst. min max [ch::;) A?:':';' (l:::l:ﬂ "f;;? I:::;J ‘::.I:‘m' ("R::‘:‘} "f:';?‘

20Z 2010-02-25 03:15:00 1010 1.7 99172 31 85 Wf Inf Inf Inf Inf Inf 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
202 2010-02-25 03:30:00 107110 17 100 172 32 87 Inf Inf Inf0.90090 128 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20Z 2010-02-25 03:45:00 1010 1.7 100 178 35118 027 027 Inf 0.02 0.02 0.80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20Z 2010-02-25 04:00:00 1010 18 100 181 37126 0.22 0.21 0.27 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20Z 2010-02-25 04:15:00 1010 18 100 182 4.3 138 0.18 0.18 0.22 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20Z 2010-02-25 04:30:00 1010 18 100 180 4.4 14.0 0.14 0.14 0.18 0.02 0.02 0.02 Drizzie 000 0.00 0.01 0.00 0.00 0.00 0.01 0.00
20Z 2010-02-25 04:45:00 1010 18 100 181 4.7 146 0.13 0.13 0.14 0.02 0.02 0.02 0.00 0.00 0.04 0.00 0.00 0.00 0.04 0.00
20Z 2010-02-25 05:00:00 1010 1.8 100 184 51 158 0.13 0.13 0.13 0.02 0.02 0.02 Rain 0.07 0.00 0.52 0.10 0.24 0.00 076 010
20Z 2010-02-25 06:00:00 10/10 18 100 194 56 18.7 0.14 0.13 0.14 0.02 0.02 0.02 Rain 030 0.00 1.85 1.00 1.04 0.50 3.00 1.70
20Z 2010-02-25 07:00:00 1010 13 100 211 45183 0.13 0.13 0.15 0.02 0.02 0.02 Rain/drizzle & snow  0.86 0.00 165 240 1.55 200 313 4.40
20Z 2010-02-25 0€:00:00 1010 14 100 293 3.7 10.8 0.14 0.13 0.14 0.02 0.02 0.02 Ran 011 0.00 1N 110 0.53 0o 224 1.80
20Z 2010-02-25 09:00:00 10110 08 100 208 21 9.90.16 0.14 0.16 0.02 0.02 0.02 Rain o0.02 0.00 0.14 0.80 0.04 0.60 0.18 1.50
20Z 2010-02-25 10:00:00 10/10 08 100 207 21 68 0.18 0.16 0.18 0.02 0.02 0.02 0.00 0.00 0.01 0.10 0.00 0.00 0.01 0.10
20Z 2010-02-25 11:00:00 1010 08 100 183 2.0 21 0.23 0.18 6.66 0.02 0.02 228 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
202 2010-02-2512:00:00 10110 08 100 180 3.2 9.2 0.20 0.19 0.23 0.02 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20Z 2010-02-25 13:00:00 910 1.0 100 170 26 9.1 0.16 0.15 0.20 0.02 0.02 0.02 Drizzie  0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00
20Z 2010-02-25 14:.00:00 1010 08 100 158 38 9.3 0.14 0.14 0.17 0.02 0.02 0.02 Drizzle  0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00

Table 6
The ABOM nowcast output using the LAM 1 km model for the same time and location as Table 5

SNOW-V10 : Science of Nowcasting Winter Weather for Vancouver 2010

ABOMLAM1KM ABOMREG CMA INTW LAMI1K LAM2.5K REG WODTUSL WSDDM ZAMGINCA ZAMGINCARR
PEK RND VoA VOB voc VoD VOE VvOG vol VoL voT vow Vox WGP WSK WWA YVR
Adaptive Blending of Observation and Models using GEM LAM1k VOG Forecast download csv model descriptions back to snow-v10 »
runtime wvalid time (UTC) Clouds Temp.® Dew Pt. RH  Wind (*/kts) Visibility (km) Ceiling (km) Precip. Frozen/Solid Rain Frozen Liquid Equiv.  All Precip. Liquid
(uTC) c %) Type Equiv.
Rate Accum. Rate Accum. Rate Accum. Rate Accum.
dir speed max Inst. min max inst. min max (emih) (em) (mmrh) (mm) (mmih) (mm) {mmih) (mm)
03:05 2010-02-25 02:15 19 122 302 008 [111e] 0.04
03:05 2010-02-25 03:30 19 122 302 0.08 0.03 0.04
03:05 2010-02-25 03:45 19 122 3.02 007 003 0.04
03:05 2010-02-25 04.00 19 123 302 007 o003 0.04
03:05 2010-02-25 04:15 19 122 302 007 003 0.04
03:05 2010-02-25 04:30 19 123 302 0.06 003 0.04
03:05 2010-02-25 04:45 1.9 125 294 0.08 003 004
03:05 2010-02-25 05:45 20 130 293 0.08 0.03 0.04
03:05 2010-02-25 05:45 20 146 457 0.08 0.03 011
03:05 2010-02-25 0745 19 174 313 007 003 0.15
03:05 2010-02-25 08:45 19 123 247 0.08 0.03 018
03:05 2010-02-25 09:45 19 123 236 0.07 0.03 0.04
9. Summary games was highly variable with many periods of low
visibility, low ceilings and precipitation in the form
The World Weather Research Project (WWRP) of both snow and rain. Some preliminary conclusions

on the Science of Nowcasting Olympic Weather for can be made from the SNOW-V10 experiment.
Vancouver 2010 (SNOW-V10) provided an excellent
opportunity to demonstrate existing capability in
nowcasting winter weather and to develop better
techniques for short term (0—6 h) nowcasts of winter
weather in complex terrain. The weather during the

e Several important physical processes and phenom-
ena were documented during SNOW-V10
including diabatic effects due to melting snow,
wind flow around and over terrain, diurnal flow
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Table 7
The INTW nowcast output for the same time and location as Table 5

SNOW-V10 : Science of Nowcasting Winter Weather for Vancouver 2010

ABOMLAMIKM ABOMREG cMA INTW LAMIK LAM2Z.5K REG WDTUSL ZAMGINCA ZAMGINCARR
PEK RND VOA voB voc VoD VOE VoG VoI voL voT vow Vo WGP WSK  WWA YVR
Integrated Weighted Model using LAM1k Regional and Observations VOG Forecast download csv model descriptions back to snow-v10
run time  valid time (UTC) Clouds Temp. ® Dew Pt. RH  Wind (“fkis)  Visibility (km) Ceiling (km) Precip. FrozeniSolid Rain Frozen Liquid Equiv. Al Precip. Liquid
(uTe) c ) Type Equiv.
Rate Accum. Rate Accum. Rate Accum. Rate Accum.
dir speed max Inst. min max Inst. min max cmm) (cm) | (mmm) () | (mmm)  (mm} | (umn) | (mm)
03:05 2010-02-25 02:15 1F 167 455 6822753 1.36 0.02
03:05 2010-02-25 03:30 17 156 457 676 2817 1.36 0.02
03:05 2010-02-25 02:45 1.7 158 474 83 107 1.36 0.02
03:05 2010-02-25 04.00 18 158 486 867 0.00 1.36 0.03
03:05 2010-02-25 04:15 18 156 515 920 0.00 1.36 0.08
03:05 2010-02-25 04:30 18 184 521 945 591 1.16 0.15
03:05 2010-02-25 04:45 18 153 54 982 495 1.15 024
03:05 2010-02-25 05:00 18 153 56 105 435 0.87 057
03:05 2010-02-25 05:15 18 185 597 1147 401 0.97 0.58
03:05 2010-02-25 06:15 18 159 6.01 1182 525 079 248
03:05 2010-02-25 07:15 11 169 4988 826 416 0.36 orr
03:05 2010-02-25 08:15 1.0 179 498 869 172 0.14 247
03:05 2010-02-25 09:15 08 183 406 729 127 0.00 320
Table 8

The INCA nowcast output for the same time and location as in Table 5. The results have been terminated at 15 UTC but the actual output
went until 21 UTC

SNOW-V10 : Science of Nowcasting Winter Weather for Vancouver 2010

ABOMLAMIKM ABOMREG CMA INTW LAMI1K LAM2.5K REG WDTUSL WSDDM ZAMGINCA ZAMGINCARR
PEK RND Vo voB voc VoD VOE VoG Vol VoL VON voT vow VOx WGP WSK WwWa
INCA VOG Forecast download csv model descriptions back to snow-v10 »
run  wvalid time (UTC) Clouds Temp. Dew Pt. RH Wind ("/kts)  Visibility  Ceiling (km) Precip. Type FrozeniSolid Rain Frozen Liquid Al Precip. Liquid
time E ) (km) Equiv. Equiv.

= dlir speed max Inst. min max Inst. min max (En | oouss | e | oo, | ais | Acow. | ate | deci.
03Z 2010-02-25 03:15 MNone 0.00 000 000 000 000 0.00
032 2010-02-25 03:30 None 0.00 000 000 000 000 0.00
03Z 2010-02-25 03:45 None 0.00 000 000 000 000 0.00
03Z 2010-02-25 04:00 Mone 0.00 000 000 000 000 0.00
037 2010-02-25 04:15 None 0.00 000 000 000 000 0.00
037 2010-02-25 04:30 None 0.00 000 000 000 000 0.00
03Z 2010-02-25 04:45 None 0.00 000 000 000 000 0.00
03Z 2010-02-25 05:00 MNone 0.00 0.00 0.00 0.00 0.00 0.00
03Z 2010-02-25 06:00 PPN - slight/moderate 260 100 000 000 260 1.00
03Z 2010-02-25 07:00 Rainidrizzle & snow mixed - heavy 1.40 210 000 000 140 210
03Z 2010-02-25 08:00 Rain/dnzzle & snow mixed - heavy 020 030 000 000 020 0.30
037 2010-02-25 09:00 Rain/drizzle & snow mixed - heavy 0.30 030 010 000 030 0.30
03Z 2010-02-25 10:00 Rain/drizzle & snow mixed - heavy 030 030 010 010 030 0.30
03Z 2010-02-25 11:00 Rain/drizzle & snow mixed - heavy 020 030 010 010 030 0.30
03Z 2010-02-25 12.00 Rainidrizzle & snow mixed - heavy 0.20 020 0.10 010 0.30 0.30
037 2010-02-25 13:00 Rain/drizzle & snow mixed - heavy 0.30 030 020 020 050 0.50
03Z 2010-02-25 14:00 Rain/drizzle & snow mixed - heavy 030 030 020 020 050 0.50
03Z 2010-02-25 15:00 Raindrizzle & snow mixed - heavy 030 030 020 020 050 0.50

reversal in valleys associated with daytime heating
and precipitation reductions and increases due to
local terrain influences, etc. Some of these phe-
nomena has been described by MILBRANDT ef al.
(2012), Mo et al. (2012a), TEAKLES et al. (2012),
and THERIAULT et al. (2012a, b).

Weather changes rapidly in complex terrain and it
is necessary to obtain good measurements at time
resolutions of 1-15 min. SNOW-V10 attempted to
get measurements at 1 min resolution where
possible.

e Because of the rapidly changing nature of the

weather, weather forecasts also must be given at
high time resolution.

Advances were made in forecasting non-traditional
variables such as visibility, cloud base, wind gust,
and precipitation type in complex terrain. In
addition, the difficulties of verifying non-continu-
ous variables such as visibility and precipitation
type were addressed. It should be mentioned that
visibility and cloud base are considered non-
continuous variables because they can jump to
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Table 10

Shows the verification of the Canadian 1 km model at Whistler Mountain Mid Station (VOL) for relative humidity (top), visibility (middle) and
precipitation type (bottom). For example, there were 143 observations of relative humidity between 90 to 94% with a forecast of 65 to 90%

Lam I km relative humidity (%) at VOL HSS = 0.275 (Observations in Columns)

Forecasts in Rows <30 30<x<65 65 <x <90 90 <X <9 94 < x <98 >98

<30 3 12 0 0 0 0
30 < x <65 21 854 227 19 14 5
65 <x <90 0 525 729 143 253 700
90 <x<9% 0 1 85 53 72 253
94 <x <98 0 12 51 44 181 525
>98 0 2 23 26 131 514
Total 24 1,406 1,115 285 651 1,979

Lam 1 km minimum visibility (m) at VOL HSS = 0.104 (Observations in Columns)

Forecasts in Rows <30 30 <x< 50 50 < x <200 200 < x < 300 300 < x <500 500

<30 0 0 0 0 0 0
30 <x <50 0 0 0 0 0 0
50 < x <200 0 0 52 20 22 43
200 < x < 300 0 0 76 18 19 103
300 < x < 500 0 1 26 15 12 60
>500 0 9 762 236 165 3,743
Total 0 10 916 289 218 3,949

Lam 1 k minimum precipitation type at VOL HSS = 0.539 (Observations in Columns)

Forecasts in Rows No precip Liquid Freezing Frozen Mixed Unknown
No precip 3,054 83 1 428 0 20
Liquid 127 126 3 80 0 3
Freezing 8 0 1 33 0 1
Frozen 244 16 2 963 0 8
Mixed 37 30 3 109 0 2
Unknown 0 0 0 0 0 0
Total 3,470 255 10 1,613 0 34

The verification was done at 15 min intervals for the whole 19 h of each model run between 12 February 2010, 0 UTC and 22 March 2010,

0 UTC

For visibility, the minimum visibility in that 15 min interval was used for the verification

“unlimited” values which are not accurately mea-
sured or reported by an observer.

e There are many difficulties in measuring parame-
ters, especially winds, precipitation amount and
precipitation type in this environment (see GULTEPE
et al., 2012). For example, special scanning
strategies were necessary for the scanning radar
placed at Whistler because of beam blockage.
Significant differences were observed with differ-

ent types of surface precipitation sensors placed at
the same location (e.g., BoupaLa et al., 2012).
Measurement of winds in complex terrain is
extremely difficult because flat areas with a
suitable fetch are not available.

e Some of the nowcast techniques (e.g., INTW,

ABOM and INCA) showed skill as shown by
HuaNnG et al. (2012a, b), BAILEY et al. (2012) and
HapeN et al. (2012). However, precipitation now-
casting based on radar echo extrapolation did not
work well because of terrain influences (see
Fig. 9).

Over time the experimental data set gathered

during SNOW-V10 will help improve techniques
related to nowcasting during the winter season, and it
will become a resource for other interested WMO
member states. A WMO endorsed project entitled the
Forecast and Research Olympic Sochi Testbed
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Continuous Variable Error Analysis for Max Wind Speed (Gust) at CYVR:
December 1, 2009 - March 31,2010
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Figure 10
The mean absolute error of wind gust for Vancouver Airport for 1 December 2009 to 31 March 2010 for the GEM REG, GEM LAM 2.5 km,
GEM LAM 1 km, and US RUC model versus persistence

Table 11

A comparison of the mean absolute error (MAE) averaged over the first 6 h forecast for relative humidity (%) for the GEM LAM 1 km, GEM
LAM 2.5 km and GEM REG models, the INTW nowcast technique using these three models, and the persistence error (PERS) at the indicated
site

MAE in relative humidity (%)

Site Altitude (m) LAM 1 K LAM 2.5 K REG INTW PERS
Vancouver (YVR) 2 6.9 8.1 8.5 52 6.4
West Vancouver (WWA) 168 10.1 11.6 10.9 7 7.5
Cypress Bowl North (VOE) 953 6.7 7.6 9.1 4.7 5.5
Squamish Airport (WSK) 52.1 11.8 13.1 10.2 6.2 8
Pemberton Airport (WGP) 204.3 159 16.7 10.8 6.8 9.1
Callaghan (VOX) 860 12.3 104 9.1 6.7 7.8
Callaghan Ski Jump Top (VOW) 936 9.8 9.6 12.5 5.7 59
Callaghan Valley (VOD) 884 12.9 10.4 8.9 7.1 8.6
Blackcomb Mountain/Nesters (VOC) 651.5 104 8.3 7.8 5.8 8.2
Whistler Mountain Timing Flats (VOT) 804.9 9.3 8.2 10.3 5.8 7.9
Whistler Creek side (VOB) 933 8.6 8.7 12.2 52 59
Blackcomb Sliding Centre (VOI) 937 8.9 8.2 11.1 54 7.4
‘Whistler Mountain Mid Level (VOL) 1,320 9.1 8.6 15 54 4.7
Whistler Mountain High Level (VOA) 1,640 7.7 8.8 10.5 5.6 6.8

The period 5 February to 21 March 2010 was chosen for this comparison (see HUANG et al., 2012b)
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MAE v. Lead Time for Mid-Station (VOL) Temperature (deg)
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Figure 11

Shows the errors in temperature and wind speed for Whistler Mountain Mid Station (VOL) and Timing Flats (VOT) as a function of forecast lead
time out to 12 h for the three Canadian NWP models, the SPORT forecasts, INTW, and persistence. This analysis was done for the Olympic Period

(FROST-2014) is now under active planning for the
Sochi Olympic Winter Games in 2014 KIKTEV et al.,
(2012). Many SNOW-V10 participants are actively
involved in that project.
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