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Abstract 

This thesis conducted a limited study of the performance of the RDSS severe 

detection algorithms for the 1999 summer convective storm season, and successfully 

documented Manitoba fariner's views and perceptions of severe weather related issues. 

The successful collection and analysis of available RDSS logged data, radar animations, 

damage assessments, and questionnaire contents have delivered encounging performance 

results for the severe weather detection algorithrns. Obtaining detailed ground truth 

verification data proved cntical in determining the RDSS algorithm's tme performance. 

Emining al1 cases showed that the Hail Probability Algorithm (HPA) over-forecasted 

the occurrence of severe hail for Vertically Integrated Liquid (VIL) density thresholds. 

RDSS detected severe wind gusts ( S O  kmhr) with the highest e ficiency . The supercell 

algorithm also prformed well, detecting approximately 62 percent of cells associated 

with severe weather features. 

Fann operators' views and perceptions of severe weather events in southern 

Manitoba were also successfully documented. Obtained through lengthy interviews, farm 

operators discussed keely about personal experiences and perceptions they have of 

severe weather. The majority of farm operaton had experienced monetary loss due to 

severe weather events, and most had negative comments related to these events. The most 

serious damage resulting fiom these hazards was delivered by hail and standing water. 

The majority of fami operators chose increased amounts of rain and snow as future 

threats to f m i n g  in Manitoba. [nterestingly, climate change was not perceived as a 

fuhrre threat to agriculture in Manitoba with many k m e n  citing a longer growing season 

as the reason. Farmers perceived the frequency of hail and severe rain events as 



increasing, but did not perceive the fiequency of wind and tomadoes as increasing. Farm 

operaton also showed a preference towards weather data provided by Arnerican media 

outlets and the National Weather Service (NWS) over Canadian weather data and media. 

The use of Intemet weather information by Manitoba f m  operaton was found to be in 

its infancy with only one respondent having used it for weather related information. 
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1 Introduction 

it is well established that forecasting rare severe weather events is e?rtremely challenging, 

but equally challenging is the problern of developing meaningfbl radar verification 

techniques (Brooks, et. al. 1998), and documenting farm operators' perceptions and 

views of severe weather (Clyde, 1981). Currently the majonty of severe weather 

ohservations indexed by the Prairie Storm Prediction Centre ( PSPC ) corne frorn volunteer 

weather spotten or casual phone calls from the public. Although valuable, this increases 

the complexity of the verification problem because there are no spatial or temporal 

constraints on the information collected. Information and gound tnith data on severe 

weather occurrences are frequei *ly unavailable where radar fails to detect it. The Prairie 

Storm Prediction Centre (PSPC)_ Iocated in Winnipeg, Manitoba, Canada is in the 

process of verifying the efficacy cf a Radar Decision Support System (RDSS) developed 

for the automated recognition of summer severe weather features. Recognizing that 

random observational reports will not suffice in the improvement of the RDSS prediction 

algorithms, the PSPC suggested this research project, which involves the systematic 

surface validation of suspected storm damage and interviews of residents living in the 

afTected area. 

This thesis will also study the perceptions held by fami operators in southem 

Manitoba during the 1999 convective weather season. The majority of meteorological 

midies exclusively consider the physical aspects of the naturaI hazard problem (Clyde, 

1981). AIthough much work has been done on the socio-economics of natx.mil hazards 

8 



(White, 1974; Farhar, 1977); there is a significant gap in the literature conceming the 

views and perceptions Manitoba f m  operators hold of severe weather. Of particular 

interest, is the perceptions farm operators hold of hazards such as severe wincl, hail, min, 

and tomadoes. 

1.2 Background 

The Radar Decision Support System (RDSS) has been constructed and uscd in the Prairie 

Storm Prediction Centre (PSPC) for three years, but measures of the utility of the system 

have been hampered by the lack of an extensive and reliable database of severe 

convective wenther events. An extensive database could be accumulated through 

systematic surface validation of  severe convective weather events detectrd by RDSS. 

Because the software decision-making follows an "expert systems" approach, there is 

considerable room to improve the accuracy of severe weather detection as additional 

knowledge is acquired. Additional investments in RDSS can only be justified if the 

ability of the system to wam of impending hail, destructive winds and tomadoes can be 

proved. These data would then be used to improve the ability of the RDSS to predict 

severe convective weather phenornena through the modification of several prtdictive 

algorithrns. 

Croplosses due to severe weather are known to be heavy. Paul (1980) estimates 

that crop losses on the Canadian prairies at one-seventh that of the entire United States. 

With such darnsge it is no wonder that weather related folklore has developed among the 

fmers of the Canadian prairies. Yet still, much is rmknown about the perceptions 

Manitoba f m e n  have of severe weather. Fam operaton have unique knowledge and 

views conceming severe weather that rernains untapped. Stones have k e n  passed on 



From generation to generation conceming weather events and trends. Knowledge of this 

type could help Environment Canada in the future development of verification 

procedures, weather warning dissemination techniques, and climate change projects. 

Accordingly, the research undertaken for this section of the thesis was spearheaded with 

the idea of better understanding the farmer's point of view, knowledge and fears. 

1.3 Problem Statement 

Although development of the RDSS was completed in 1998, its severe weather detection 

algorithms although scientifically based have been prone to inaccuracy. More 

specifically. the probability RDSS has ofdetecting severe weather features is hi&, but a 

tendency to over-wam (high rate of false alarms) has left rneteorologists apprehensive in 

its use. Despite many American studies, there is a lack of systematic verification of the 

severe weather detection algorithms in a Canadian setting. 

The dissemination of severe weather waming is one measure taken by the 

Canadian Govemment to protect the public and keep them informed. The çeneral public 

is surveyed frequently, but there continues to be little known of the perceptions Manitoba 

farm operaton hold of Environment Canada and the weather warning dissemination 

techniques uti lized. 

1.4 The Purpose of this Study 

The purposes of this study are to test the validity and reliability of RDSS severe weather 

algorithms, and to document and catalogue the views and perceptions f m  operaton' 

ho ld of severe weather, Environment Canada and current weather waming dissemination 

techniques. 



f.5 Objectives and Scope 

Specific objectives include: 

1. To collect and analyze available RDSS archived data, radar animation 

assessments, and questionnaire contents to ascertain the forecast performance of the 

RDSS severe weather detection algonthrns for the sumrner of 1999; 

2. To determine if farm operators perceive hail. strong winds, heavy rains, and 

tomadoes to be more frequent hazards in the current decade than in previous decades; 

3. To examine the 1999 farm operators' perceptions of the economic impact of hail, 

strong winds, heavy rains, and tornadoes in southem Manitoba; 

4. To examine the 1999 f m  operators perceptions of and preferences for current 

weather waming dissemination techniques; and 

5. To make recommendations that may lead to the improvement of RDSS severe 

weather detection algorithrns, Environment Canada's RDSS verification procedures, 

severe weather waming dissemination techniques, and understanding of Manitoba 

f w  operators' perceptions; 





f .6 Description of the Area 

The Vivian radar station is located 40km east of Winnipeg and has a range which covers 

rnuch of southem Manitoba (Figure 1). The cenaal location of the study area in the North 

Amencan continent has irnparted it with a continental climate with a long cold winter and 

short, hot surnmer. Much of the study area is relatively flat, allowing air masses to cross 

it predorninantly tkom the West. The most southwest portions of Manitoba are located in 

the transitional parklands, made up of broadleaf and mixed forests with an associated low 

population density. The land classification of interest for this study is the grasslands, 

associated with agicultural activity and higher population densities. The Vivian radar 

range, encompasses much OF this region, with a defection radius of 740 kilometers. The 

western extent of the radar range includes portions of southwestern Manitoba where there 

is a large population of farm operators. Nonherly and rasterly regions infnnge upon the 

Canadian shield where population densities are much lower due to large water bodies 

and high concentration of marginal land. Fibwre I shows the Vivian radar range with the 

road network and towns encompassed by it. Similar maps were consulted in the 

verifkation planning stage, to ensure storrn cells were in locations with adequate road 

networks and population density. 



2 Severe Weather 

Manitoba residents may be unaware that we experience natural hazards on a regular 

basis. On television, we are exposed to images around the world of drvastating floods, 

fires, and earthquakes that cause death and destruction. Although prairie residents do not 

live on any active fault lines, every summer they experience severe weather that can 

cause trernendous property damage. Extreme wind hail, and tomadic events can 

transform a crop to a worthless mass in minutes, insurance claims on this damage can nui 

into the hundreds of millions of dollars (Figure 2). Because compensations have been 

made for many decades, hazards are genenlly accepted without any conscious realization 

of the adjustments made to compensate (Clyde, 198 1 ). 

Weather wamings and crop insunncr are some of the compensations that have 

been made to protect lives and livel ihoods of Manitoba residents. Indirectly, throuçh 

information provided to the Canadian Wheat Board (CWB) and grain companies, fam 

operators once dependent on instinct can now plan their seeding and harvest with the use 

of long term forecasts provided by Environment Canada Until recently (August I2', 

2000) remotely sensed images did not make it to the fmer ' s  gate. They are used by 

meteoroiogists in forecasting weather conditions, and indirectly aid the f m e r  in their 

agricultural planning. RDSS radar volume scans (Figure 3) are beginning to be used in 

the issuance of severe weather wamings, while satellite images are used for both severe 

weather predictions and longer terni forecasts. 
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Figure 2: Weather-related insurance costs across Canada (1984-1996). (Source: 
Etkin and Brun, 1999). 

Figure 3: RDSS radar volume scan. (Source: Prairie Storm Prediction Centre) 



A ten to forty percent chance of min in the forecast cm either hasten or delay the 

harvest of a crop. The summer months have a relatively high degree of unpredictability in 

continental interion, resulting in f m  operators using a mixture of instinct, science and 

luck in determining their crop maintenance schedules. 

This chapter will deal with these issues from several angles. Initially the severe 

wealher h m & ,  producrd in Manitoba by severe rhunderstoms wiii be addressed The 

characteristics of these thundentorms will be exarnined in tems of their vanous stages of 

development, intemal structure, radar signatures, and effect on farm operations in 

southem Manitoba. The impact of severe weather events rissociated with thundentoms 

such as hail and wind will be exarnined in more detail. Special consideration will be 

given to previous and current projects involving the improvement of severe weather 

detection algorithms and weather related decision support systems. To address the social 

angle of severe weather, previous studies detailing how fm operators perceive severe 

weather will be reviewed for methodological structure and questionnaire content. 

Drawhg on the rxperience of previous studies, a mrthodology was developed which 

addressed the positive and negative aspects of radar verification and in-person 

questionnaires. 

2.2 Manitoba Severe Thunderstonns 

A thunderstom is a local stom produced by a cumulonimbus cloud, and is always 

accornpanied by lightning and thunder, usually with strong wind, heavy rai% and 

sometimes with hail (Environment Canada, 1982). 

On the Canadian Prairies, thundentorms are associated with the spring and 

surnmer months. During these months, the wanner and moister tropical and polar air 



masses move meridian to raide in mid-latitudes. July is the peak thundentom month, 

with approxirnately one third of the total annual thundentom days. August and June 

have the second most thunderstom days, making up 50%. A srna11 percentage of stonns 

sometimes occur in March and September, but these are rare and seldom occur. 

Thunderstoms, although intriguing to the curious onlouker, may bring with them the 

power to destroy land, livestock and lives. L'hey can be categonzed according to certain 

characteristics they exhibit according to various conceptual rnodels, radar images, or 

visual features (Lemon, 1980). In the following sections, these F'atures will be descnbed 

in terrns of their role in the development of the severe thunderstonn. 

2.2.1 Stages of Development 

Recognizing the concentrations of precipitation in storms, hydrologists have long 

used the term "cell" to describe this phenornenon (Knight, et. al., 1982). One definition in 

particular, formulated by Byen and Braham in 1949, has been the basis on which most 

subsequent thunderstorm projects have been based. Their classic description of how a 

thunderstom develops, identifies through the cumulus, mature, and dissipating stages. 

Under favorable conditions, each of the individual u p d d  areas.. develops into a unit of 
convective circulation characteristic of a thunderstorm. Many of these units are initially detectable 
as separate echoes appearing on a radamope. Aso, if interpreted in terms of like stage 
development, observeci conditions.. . are found to repeat themselves. This leads to the tùndamentd 
concept that in the thunderstorm, there are convective units having similar properties and 
characteristics, which are therefore capable of analysis as a cIass of convective phenornenon. These 
unit5 or subdivisions are called thunderstom cells and are defined as re@ons of local-kation of 
convective activity within the thunderstom. Iust as  in the laboratory experünents with flwds, where 
it is found that the cellular circulation fiequently does not aaend throughout the medium, portions 
of the thunderstorm cloud often cannot be identified as separate cells. nor can they be considered as 
parts of other, well-defined celis.. . üse of the term ceü, as applied to these convective units, is not 
new, many previow investigations have indicated that th= are subdMsions within a thunderstom. 
However, there has been some confirsion concemhg the use of the tenn, since the identiwng 
features of the Lmits dependecl upon the nature of the particular investigation.. . . 



The Byen and Braham investigation was based on rneasurements in 1946 and 

1947 and dealt mostly with large cumulus-type clouds and relatively srnall îhunderstorms 

of the so-called air mass type which fom primarily as a result of surface heating. Their . 

characteristics are not in al1 respects similar to those of severe stoms but are similar in 

some of their major features (EC, 1982). 

The structure is described by three stages of evolution of the thundentorm cell: 

the cumuius stage, the mature stage, and the dissipating stage. They are outlined below 

(extracted corn Byers and Braharn, 1949). 

Cumulus Stage (Fiwe 7) 

a) Circulation 

Upward motion of cloud air (updraft) occurs everywhere in the cell; 

Upward motions varies in time and space; 

Maximum speed in this stage occurs at higher altitudes late in the period; 

Vertical and horizontal air speed can exceed 15 mls wîthin the cell. 

The updraft extends from the surface and is accompanied by horizontal 

convergence at al1 levels. especially at the surface. 

Entrainment m u r s  at the cloud boundaries. 

b) Temperature 

Cell temperature exceeds the environmental temperature at each level. 

The magnitude of these positive temperature anomalies in the updrafi 

increases with time, reaching a maximum at the end of the cumulus stage. 

C) Precipitation 



Greatost concentration of hydrometeors is found at or above the freezing 

1 evel . 

No precipitation reaches the surface of the earth. 

Mature stage (Figure 8) 

With the continual updraft during the cumulus stage, more and more vapor condenses, 

and the water droplets and ice crystals in the cloud become more nurnerous and larger. 

When -'cloud loading" exceeds the updraft strength the drops or ice particles begin to fall 

to earth. The occurrence of precipitation at the surface marks the beginning of the mature 

stage. 

Typical characteristics include the following: 

a) Circulation 

Downdrafts have k e n  initiated at rnid-levels; 

Updrafts continue (locally speeds may exceed 30 mis); 

Downdrafts increase in space and time, becoming a maximum in falling 

precipitation; 

Surface flow associateci with the downdraft (known as outflow) has a 

strong horizontal divergence; 

Surface wind gusts exceed 60 kmlhr; 

Cloud grows physically; 

Maximum turbulence occurs in regions of greatest vertical motion. 

b) Temperature 

Cloud top reaches temperatures less than -40°C; 

Cold anomalies occur at downdrafts, with maximum in low levels; 



Warm anomalies still ocwr in updrafts. 

Precipitation 

Ice crystals are present at the cloud top; 

Low-level precipitation is liquid (solid precipitation is possible); horizontal 

boundary of the surface precipitation roughly marks the downdraft 

boundary; 

Hail, when present. occurs in mature stage. 

As the rainfall continues during the mature stage of the cell, the downdraft increases in 

size until, in the lower levels, it extends over the entire storm cell. This characteristic is 

considered to mark the end of the mature stage, which usually Iasts for a period of 15 to 

30 minutes. During this stage the ce11 reaches its greatest height, which is norrnally about 

12 kilometers. An occasional ce11 may axtend above 18 kilometen while another may 

corn plete its l i  fe cycle without extending over nine kilometers. 

Dissipaihg stage ( Fimire 9 )  

As the downdrafh and precipitation increase to dominate the entire cell, the dissipating 

stage begins. 

Typical features include the following: 

a) Circulation 

Cell is 'collapsing"; 

Downdraf? spread through the entire cell; 

Downdraft speeds are l e s  than in the mature stage; 

Surface wind divergence rapidly decreases; 

Turbulence intensity dirninishes; 

b) Temperature 

Cell temperature falls below that of the environment at each level but 

eventually is equal to the environmental temperature. 
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updraft 

Figure 4: Cumulus Stage. Towering cuaiulus C ~ O U ~ S  indicate rising air. Usually little 
if sny rain dunag this stage. Las& about 10 minutes. Occasional lightning during 
this stage. (Source: Central Institute for Metmrology and Geodynamics (ZAMG), 
1999) 



mature stage 

Figure 5: Mature Stage. Most likely time for hail, heavy rain, frequent lightning, 
strong winds, and tornadoes. Storm occasionally has a black or dark green 
eppearance. Lasts an average of 10 to 20 minutes but may last much longer in some 
storms. (Source: ZAMG, 1999). 



dissipating stage 

Figure 6: Dissipating stage, rainfail decrases in intensity. Lightning remains a 
danger. Some thunderstorms will produce a burst of strong winds during this stage. 
(Source: ZAMG, 1999) 



c) Precipitation 

Ice crystals (cirrus) blow off the cell tops; 

Shower activity is generally light and decreases. 

As this stage continues, high, middle, and low-level clouds may penist. 

New cumulus rnay be developing in the vicinity, partly fed by the 

diçsipating dl's rnoisture and forcetxi by the !ifi above the ml ouMcw air. 

2.2.2 Severe Thunderstorm Structure 

Severe Thunderstorm: a meteorological event consisting of a severe weather occunencr 

(large hail, tomado, etc.) produced by a very large cumulonimbus cloud. The Byers and 

Braham ( 1949) study described in the preceding section presented observations of the 

typical structure of thunderstorms which are generally not severe. Although the 

description is for the most part accurate, there are sigificant features that must be 

included in a description of the severe thundentorm. 

Unlike a typical thundentom, during the mature stage the severe cell becornes 

organized with the environment in such a way that the dissipating stage is postponed 

(Burgess and Ray, 1986). Interaction beiween the cloud circulation and the environment 

perpetuates the mature stage. The updraft is a current(s) of air with marked vertical 

upward motion. It is an intense ascending current of buoyant air extending continuously 

from the horizontal warm and moist "inflow" near the surface upward through the depth 

of the troposphere. This current, at cloud top, foms the ovenhooting top (Figure 7), 

which penetrates into the stable stratospheric air. The updraft exhausts at high levels into 

the upper environmental flow as ice crystal clouds or falls as precipitation. 



Figure 7: Vertical cross section of severe thunderstorm. (A) Represents the back of 
the cell, (B) the front. Dark colours indicate a high radar reflectivity, indicative of 
heavy precipitation. 

The updrafi is sloped with the low-level inflow at one of the cells foreword or 

2.2.3 Thunderston Types 

Each updraft ce11 has associated with it a region of precipitation that can easily tx 

identified on radar (Weismann and Burgess, 1986). Research has shown that cells 

oftentimes elicit repeatedly identifiable patterns on radar. On the basis of these patterns, 

conceptual rnodels have been developed which group convective cells into three distinct 

categories. The breakdown into single cell (Byers and Braham, 1949), multicell, 

(Marwitz, 1 W2b; Newton and Frakhauser, 1975), and supercell (Browning, 1964; Lemon 

and Doswell, 1979), covers the major storm types within the spectnim. 

a) Single cell storms: The single ce11 is the simplest convective storm (Weisman and 

Klemp, 1986). While not normally associated with severe weather, the single ceIl 

storms do produce haii at times and possibly locally heavy rainfall. They are typically 



about five to ten kilometers in horizontal extent, short lived (less than one hou) and 

change rapidly with time. (Chisholm and Renick, 1972). They consist of single 

updrafts, which rise rapidly through the troposphere and produces large amounts of 

liquid and ice. Associated winds are usually light, with little vertical shear. 

b) Multi-cell storm: Of the three types, multi-ce11 storms occur the most frequently. 

Typical multi-ce11 storms consist of a sequence of evolving cells, each p ing  through 

a life cycle similar to that of a single cell storms. It  can be thought of as a cluster of 

short-lived single cells (Weisman and Klemp, 1986). Figures 8 and 9 show the 

sequence of ce11 development in a multicellular storrn. Because of their ability to 

renew themselves Frequently through new ce11 gowth, multi-cell stoms rnay last a 

long tirne (Weisman and Klemp, 1986). Cells typically fonn every five to ten minutes 

and last for 30-60 minutes. As many as 30 or even more cells rnay develop during a 

typical stom's lifetirne (Chisbolm and Renick, 1973, which if moving slowly, may 

present the potential For flooding. Multitell storms are frequently 30-50km in 

horizontal extent and frequently extend several kilometen into the stratosphere. The 

close proximity of updrafls within the multicell cluster storm results in updraft 

cornpetition for the wami, moist low-level air. Thus, updrafts never attain extremely 

strong vertical velocities. 



Figure 8: Time elapsed development of multi-ceUular storms. (Source: University of 
niinoh WW2010 Project, 1997) 



Figure 9: Picture of multi-cellular storms. Alan Moller NOAA 1 NWSFO 

C) Su~ercell Storms [Fimire 111: The "supercell'? tem was first used by Browning 

(1962) to describe a particular form of mature stage of the multi-ce11 storm. nie 

supercell is far larger, more persistent, and gives more severe weather than the normal 

mature cell. It may produce high winds, large hail, and long-lived tomadoes over a 

vide path (Weisrnan and Klemp, 1986). Browning (1968) stated that environmental 

flow, continuously veering with height through the stom-bearing layer, is most 

conductive to producing the supercell thundentorm. The "intense" updraft storm is 

almost invariably associated with the supercell, a stom capable of producing the 

most devastating weather, including violent tornadoes. Brown (1992) characterized 

the supercell by its broad, intense rotating updraft entering its southeast Bank, rising 

vertically and then turning counter-clockwise in the anvil outfiow region. 



Figure 10: Horizontal cross-section of tornadic supercell thunderstorm. Note the 
hook-like appendage on southwest corner of cell. (Source: Ladochy, 1982) 

Figure 11: Claaic SuperceIl. (Source: University of illinois WW2010 Project, 1997) 
(Source: University of Illinois WW2010 Project, 1997) 



A tonadic supercell will usually reach maturity within 90 minutes, with a hook-like 

appendage appearing on the southwest flank of the storm (Figure IO), and a large area of 

middle-level reflectivity overhanging the low-level echo (Weisman and Klemp, 1986). A 

region free of radar echo is a distinct feature of the supercell thunderstom that cm be 

seen on the southeast flank of the storm at the four and seven kilometer levels (Moller, 

Doswe11, & Pr~byiinski, 1990j. ~ u w n  as a Bounded Weaic tcno Region (BkERj, it 

often appears at the middle levels above the edge of low-level reflectivity gradient. It is a 

radar feature that identifies where the strongest updrafl is located in a supercell 

thunderstorm. The weak echo region is bounded when, in a horizontal section, the weak 

echo region is completely surrounded or bounded by higher reflectivity values. (Weisman 

et al., 1983). 

The most severe supercells penist for several hours. According to Mogano 

(1980), this tells us that the thundentorm must have the appropriate interna1 wind 

currents to counterbalance the strong extemal winch that would othenvise penetrate the 

thunderstorm and tear it apart. 

Even though it is a rare storm type, the supercell is the most dangerous because 

of the extreme weather generated. Eagleman (1 990) explained that the supercell?~ updraft 

elements usually merge into the main rotating updrafl and then explode vertically, rather 

than develop into separate and competing thundentorm cells. In effect, the flanking 

updrafb "feed" the superceIl updraft, rather than compete with it In summary, supercells 

are fkequently dangerous, but useful warnings are possible once the storm has been 

properiy identified- 



distant target 

Figure 12: The radar creates an electromagnetic energy pulse that is foeused by an 
antenna and transmitted through the atmosphere. (Source: University of Illinois 
WW2010 Projeci, 1997). 

Figure 13: The receiving antenoa (which is oormally also the transmitting antenna) 
gathers this back-scattered radiation and feeds it to a device called a receiver. 
(Source: University of Ulinois WWZOlO Project, 1997) 



2.2.4 Detecting Storms with Radar 

Radar was developed during WWLl to identib and track warships and aircraft. A radar 

consists of a hansrnitter to produce power at a known fiequency, and an antenna to focus 

the transmitted waves to a beam about one to two degrees wide. When a particle 

intercepts a radio wave, some of the energy is absorbed and some is scattered. The 

amount of energy scattered depends on the dielectnc properties of the particle. Figure 12 

and 13 give a basic visual explmation of how radar works. 

The magnitude of the reflectivity is related to the number and size of the drops 

encountered by the electromagnetic pulse. For this reason, high reflectivity generally 

implies heavy precipitation while low reflectivity implies Iighter precipitation. The radar 

signature of a storm is characterized by a large precipitation area on radar (Cotton, 1990). 

Les Lemon ( 1980) provided a study of waming identitication techniques and 

waming cntena for conventional radar. These techniques are accepted as waming 

rnethods used by Environmant Canada and the National Weather Service. The Lemon 

critena (reflectivity) are used in current RDSS algorithms. 

The first four criteria are indicative of updraft strength. The height of the 50-dB2 

echo generally applies to warning for hail, but the above ground level height is flexible. 

During the warmer months this height cm be 35,000 ft AGL or higher (especially in 

more tropical environments) before the updrafi is considered strong enough for 2 1 mm 

hail formation. This is likely due to the high freezing level during summer. Cntena two, 

three, and four also apply to updraft strength. Middle level echo overhang in a 

thundentom is an indication that the updraft is strong enough to suspend precipitation 

partikles aloit (NWS, 1997). VIP is an acronyrn for Video Integrator and Processor. This 



processor was used on the WSR-57 and WSR-74C radars to indicate rainfall rates. It is 

stili used occasionally on WSR-88D radar products. This processor contours radar 

reflectivity (in dBZ) into six VLP levels. Below are the Lemon criteria as they appear in 

Les Lemon's 1980 paper. 

Table 1: VïP levels of equivalent reflectivity used in the Lemon technique for 
ideotifying severe thunderstorms. (Lemon, 1980) 

Note: VIP levels of equivalent reflectivity. Values in parentheses indicate threshold for 
next higher level (Le., 45.7 dBZ would be VIP 3'46.0 dB2 would be VIP 4. 

VIP Level DBZ 

6 57 or more 

The Lemon criteria for identifjmg a severe thunderstom: 

1. VIP (Table 1) 5 echo at 8km (27,000 R Above Ground Level (AGL)) or 

higher. In the absence of one, all the following must be satisfied: 

2. Peak mid-level 16,000 to 39,000 ft AGL) reflectivities must be >= VIP 4. 

3. Mid-level echo overhang must extend at least six km beyond the outer 

edge of (or beyond the strongest reflectivity gradient 09 the lower level (<= 

5.000 Pt AGL) echo. 



4. The highest echo top rnust be located on the storm flank possessing the 

overhang and be above the low-level refiectivity gradient between the 

echo core and echo edge or lie above the overhang itself. 

Radar indication of a tomado requires the above two, three, and four criteria be satisfied 

and either or both: 

1. A iow-ievei pendant joriented generaily at right angles to Storm motion) 

exists but may be ernbedded within lower reflectivities. (The pendant must  

lie beneath or bound the overhang echo on the west.) 

3. A BWER is detected. 

2.2.5 Effect of Thunderstoms on Farm Qperaton 

Thunderstoms and agn*cultural activity coexist, with the Former occasionally causing 

damage to the latter's property. Kessler ( 1983) described in detail the "social impacts" 

thundentoms have on agricultural activity. 

Severe storms can greatly damage agriccltural production, rspecially if they 

include hail. Hail losses amount to about one percent of the overall agncultural 

production of the United States (Rydant, 1979). Between 1984 and 1996, stom damage 

caused near 200 million dollars in damage in Canada (Etkin and Brun, 1999). The burden 

of many individual losses is distnbuted amoog insurance companies and governrnental- 

sponsored insurance programs (Ladochy, 1985). If a stom occurs Iater in the summer, 

rain and heavy winds flatten many crops, especially those near maturity. This results in 

poor and/or dificult harvest Ripe grain can be shattered fiom the head by wind, min and 

hail (Kessler, 1983). From a social standpoint the signifiant features of severe stonns are 



high wind velocity, lightning, intense precipitation, and hail (Cotton, 1990; Eagleman, 

1990). AI1 these are variable features that appear in many combinations. 

Every severe storm carries benefits and costs for people. Benefits may embrace 

increases in plant growth, nitrogen fixation, reduced risk of implications for grass and 

forest £ires, scouring of Stream channels, and accumulation of surface water. Costs may 

include loss of property and lives from lightning-caused tires, strong winds, and flash 

floods; crop and property damage From hail; and the investrnent made to cope with 

ememe events, including wamings, insurance systerns, control rneasures, and 

readjustments in land use and structures (Kessler, 1983). 

According to Kessler (1983) every society in a ctirnate that spawns severe 

summrr stoms has to make some adaptations to those unpredictable events. Some of the 

adjustments outlined by Kessler include building design, cropping pattern, and 

commercial practices. Social adjustments to thunderstoms are made in the fom of 

research projects l i ke this one, forecasting systems ( RDSS), insurance prograrns 

(LaDochy, 1985), disaster relief actions, building codes, and information prograrns. 

Although adjustments are cornmonly made to mitigate the effects of severe weather 

damage, the psychological rffects can sometimes go unnoticed White ( 1974) listed 

several reasons why the perceptions and estimation of severe weather people make can 

become distorted fiom the actual event characteristics . They include; 

1. The magnitude and frequency of the hazard (extreme event, ordinary 

thunderstom); 

2. Time and frequency of persona! experience, with intemediate frequency 

generating greatest variation in hazard interpretation and expedation; 



3. Importance of the hazard to income or locational interest. Ex: Killed 

livestock to a famer may have more importance than petunias to a city 

dweller for monetary reasons. 

4. Personality factors such as risk-taking propensity and views of nature. 

In North Arnenca, the areas of' the greatest hail fiequency and intensity occur on the 

Great Plains and in the lee of the Rocky Mountains. These occur both in Canada and in 

the United States. The crops most susceptible to hail damage are h i t s ,  vegetables, and 

grains (Visvader and Burton, 1974, p. 726). 

The severe weather hazard of hail has been always been a nuisance to farm 

operators across the North American prairies (Taylor, 1971). Some designate hail as "the 

white plague", since it is more destructive than tomadoes in causing great monetary loss 

in crops and property damage (Flora, 1956). This section briefly reviews the climatology 

of the Manitoba hail season, and the scientific and social adjustrnents we have made to 

mitigate the threat of hail to ow property and lives. More specifically, it will examine the 

changes that farm operators have made to protect theîr crops and property, as well as the 

important scienti fic leaps made in radar hail detection. 

With the prairies in rnind, it becornes evident that greatest threat by Far, is to 

cereal grains. LeDochy ( 1985) descnbes hail is "a thunderstom phenomenon that causes 

great losses in Manitoba's agicultural product". According to Raymond Clyde (1981), 

grains are susceptible to hail pariicularly during the early stages of growth and at harvest 

tirne. Severe hail (Figure 15) can pound a crop into a worthless mas in a few minutes. 



Figure 14: Example of large bail. 2-4 inches in diameter. (Source: Tim Marshall 
http://storm-trackcomninil.htm) 

One of the unfortunate aspects of severe hail is that despite the great leaps in detection 

and warning, the damage caused by hail can not avoided 

There have been several intemationally recognized hail studies conducted in 

Canada. The Alberta Hail Studies project, conducted in 1956, studied the behavior and 

structure of hailstorms as observed by radar. Atmospheric Environment Service (AES) 

meteorologists at Regina conducted an unfinished survey of Saskatchewan farm operators 

in the 1960's. Another project was the Saskatchewan Hail Research Project ( S H A R P )  

that was in operation from 1973 to 1977. The S W  project collected nearly £ive 

thousand hail reports fiom farm operaton in southem Saskatchewan According to Clyde 

(1981), these reports cootained more detail on the hail characteristics and fiequencies 

than can be obtained from AES o b s e ~ n g  stations. Nevertheless, Clyde contends that 

there has been little research on the views and perceptions farm operators have of severe 

hail. h recognition of the lack of qualitative knowledge in severe weather rneteorology, 

Raymond Clyde (1981) conducted a study, which 

fami operators held of hail, drought and fioods. 
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Manitoba Hail C1im;ttolog;v 

Within Manitoba, hail kquencies have been estimated to be highest in the RDSS 

study area. The hail maxima are located in the southem portion of Manitoba (Figure l), 

decreasing towards the north, with one centered around Winnipeg, and the other around 

Rivcrs ( W o c h y ,  1985j. A more recrnt climatoiogy compiied by Etkin and Bnin ( ~YYY) 

revealed that Manitoba hail frequencies are generally under two days annually, with 

relative maxima just southwest of Winnipeg, near Somerset and southwest of Rossburn 

on the southwest portion OF Riding Mountain. The average number of hail days shows an 

irreplar fluctuation through time. 

Hailstoms have been found to be associated with isolated supercell stoms, 

multicell thundentomis, and squali lines (Flora, 1956). The appearance ofa thundentom 

that develops hail is unlike an ordinary thundemorm. The optical chmcter of sunlight 

stiking a hailstorm causes a dark blue-green color. The explanation for this turquoise 

colour is unknown, but it is likely due to water loading. Due to temperature differences in 

the atmosphere, the climatology of hailstorms in Canada are difFerent than those required 

in the Southern US. Ln Canada, a thunderstorm that reaches a height of eight to 10 

kilometen has a 50% chance of producing hail, whereas in Texas a storm reaching a 

height of 17 km has the same probability (Cotton, 1 990). A severe thundentom produces 

min, hail, and tomadoes in specific areas within the thunderstorm. Hail nomally falls in 

the central part of a thunderstom with the major min area in the leading part of the 

thundentom. The major hail area in the central part of the storm (Figure 10) is related tu 

the thermal updraft and the flow of air within the thunderstom" (Eaglernan, 1990). When 



crops corne under the central part of a storm, substantial damage can be done, depending 

on the susceptibility of the crop. 

Hewitt and Burton ( 197 1 ) state that agrïcultural hail damage is characterized by: 

1. Bruising flattening, stripping of crop plants; 
2. Dents, punctures, fractures in construction material; 
3. Maiming and the occasional death of small animals. 

The amount of darnage depends pnmarily on: 

1. The number, spacing, size, impact velocity, and the impingement 
direction of the stones; 

7. Whether strong winds accompany the hail; 
3. Duration and real extent of fall; 
4. The hardness of the stones and the susceptibility of objects to the hail 

damage; 

The strongest effect of hait is in agriculture. Across much of Canada, the annual 

harvest of srnall grains lies under an omnipresent threat of loss to hail by lodging of stalks 

and shattering of seed. In an attempt to adjust to the threat of hail farmen sometimes 

decide to plant hail-resistant crops and scatter the location of cultivated fields to reduce 

the danger of losing large portions of the harvest to one storm (Kessler, 1983). M e n  

available, many farmen invest in crop hail insurance. 

Detectinn Hail with Radar 

Since the advent of radar and its use in meteorology, many efforts have been 

made to predict which cells will cause severe and damaging hail. While p s t  methods 

have focused on the structure of the storm ceIl radar signature (Lemon, 1980), recently 

developed methods and techniques have focused on parameters such as temperature, echo 

tops, temperatures al04 Vertically Integrated Liquid (VIL) and VIL density (Troutman 

and Rose, 1998; Roeseler and Wood, 1998; Taggart, 1998). These techniques will be 

discussed in the following section. 



Lemon Technique 

Along with determining stonn ce11 severity, the "Lemon technique" is aiso used in 

the Forecasting of severe hail. Lemon's (1980) technique for determining if a cell was 

capable of producing severe hail involved the use of multiple criteria related to the 

structure of the storm cell. Two of these criteria were characterized by high reflectivities; 

I .  Uetlectivities of 50dBz or greater at 27,000 feet or higher above ground level (AGL). 

2. Peak mid-level (16,000 to 39,000 feet AGL) reflectivities mut be greater than the 

WP 4 (40-50dBz) pre-88D radar level. 

Although the criteria put fourth by Lemon in the early eighties continues to be used 

today, the reliability of using reflectivities and Weak Echo Region (WER) to predict 

severe hail has been found to be low. "While high reflectivities aloR and hi& WERs are 

almost always associated with severe hail, the optimum height of the 50dbz core and the 

extent of the WER (updrafi strength) are not always consistent" (Lewis III, 1998). With 

these weaknesses identifie& scientists have continued to develop and improve other 

methods of identiQing cells with the capacity to deliver severe hail. 

With no apparently reliable method of detecting or predicting hail, new methods 

are continuously being developed and tested. The testing of algorithms using Vertically 

Integrated Liquid (VIL) density as a "severe hail indicator" has been the subject of many 

research papen in the 19903, and continues to be in the twenty-fint century. Currently 

there is no apparently reliable method of detecting or predicting bail. Described in the 

following section is the method utilized by RDSS to detect severe hail, VIL density. 



ViL and VIL Densitv 

Vertically Integrated Liquid (VIL) is a measure of water content inside a column 

of air directly above any given point (RDSS technical manual). It is used to: 

1. indimte presence and approximate size of hail (used in conjunction 
with spotter reports); 

2. locate the most significant thunderstorms or areas of possible heavy 
rainfalt. 

Douglas Green and Robert Clark developed the method RDSS uses to calculate VIL. 

Where r, are the reflrctivity values taken at one-kilometer intervals in the vertical 

direction and VIL is rxpressed in kg/rn2 (RDSS Technical Manual). Ambum and Wolf 

(1996) described VIL density as VIL divided by the Echo Top. The quotient is multiplied 

by 1000 to yield uni& of dm'. VIL density is used by RDSS to compute the hail 

probability. 

VIL density = (Vn/Echo Top)*Iûûû 

The vertically integrated liquid water product has long been used by forecasters 

for estimating severe thunderstom potential and hail threat. But the utility of VIL varies 

day to day depending on airmass characteristics. At times taIl thunderstoms with large 

VIL do not produce large hail, while on other days short thunderstoms with small VIL 

may produce large hail (Amburn, S.A., and P.L. Wolf, 1996). Studies of VIL density 

have shown a relationship between ViL density and severe hail probability and hail size 

(Amburn and Wolf, 1997; Troutman and Rose, 2000). Figure 15 and 16 illustrates the 

relationship between Va density and severe hail size. In the Ambun and Wolf (1996) 

study, the resuits identified a VIL density of 3.5 g/rn3 as correctly identitjn'ng over 90% 

of the severe cases in Oklahoma The resdts of the T r o ~ a n  and Rose (2000) study 



VIL V a h  (i@n1) 

Figure 15: VIL Density Chart (rnodified for NWSFO LIT) shows that heil sizes 
become larger when ML is increased and echo tops remain constant (from Amburn 
and Wolf, 1996). (Source: b tta:/ lwww.srh.noaa.eov/ft~root/1zklhtml/h 

Hail Size vs. VIL Density Regresçion Line 
(for Nashville , Tennessee) 

3 0.75 1.25 1.75 2.25 2.75 3.25 3.75 4.25 
Hail Size (diameter in inches) 

Figure 16: VIL Density vs. hail size regression line used as "quick reference" in 
determining large haii potential (Source: Trontman & Rose. 2000) 



identified a VIL density of 3.5 g/mJ identifjmg 79% of ail severe hail cases. The Roesler 

and Wolf (1997) study conectly identified R%, and a study conducted by Taggart (1997) 

matched the Anburn et al study with a detection of 90% of al1 cells containing severe hail 

(Table 2). These studies were al1 conducted in different part of the US resuiting in 

different performances of the VIL density as a severe hail predictor. Roesler et al ( 1997) 

syyzsied in k i r  srudy rhat a \TL density of 3.75 grn '  to 4.25 g/m' may decrease the 

FAR while remaining an efficient severe hail predictor. Figure 15 and 16 are VIL density 

charts that illustrate the relationship between VIL densities and hail size. 

As can be seen, VIL and VIL density have been found to be of great importance 

in several different hail studies (Baumgardt and King, LSE local hail study). 

Table 2: Cornparison of results for studies employing a 3.5 g/m3 ML density. The 
algorithm consists of a straightforward cornparison of VIL density values against 
threshold values (RDSS Technical Manual). 

Study 

Roesler and Wood (1997) 

Troutman and Rose (2000) 

Amburn and Wolf (1996) 

Due to the problems associated with using VIL and VIL density to predict severe 

VIL density 

hail, other methods have been devetoped to capture the atmospherîc effect on VIL values 

Percent Detected 

3.5 glm3 

3.5 g/m3 

3.5 g/m3 

90% 
1 

(the thickness of the atrnosphere changes moving poleward). The vertically integrated 

liquid (VIL) guideline for large hail is usually referred to as the "VIL, of the Day," (Figure 

L 7) which is a locally determined VIL based on environmental conditions of the &y. 

72% 

79% 

90% 

Taggart (1997) 3.5 g/m3 



- -. - 

VIL Estimation Chart 1 

Figure 17: VIL of the Day Chart (Wiiken, 1994) shows that the bail threat increases 
with colder temperatures at SOO mb and/or increasing Vas. Diagonal lioe is the 
threshold for large bail. (Source: 
http://www.srh.noaa.pov/ftr>root/lzklhtmVhaiIfig(l. htmj 



Paxton and Shepherd ( 1993) provided the following formula for VIL of the Day: 

VIL of the Day = 750 1 [(T500tT400) 1 2) 

where TSOO = absolute value of 500 mb temp(C), and T4OO = absolute value of 400 rnb 

temp(C) VILS of this value or higher would suggest hail 34411 in diameter or larger. 

According to Lewis ( 1996), if VIL density and VIL of the day techniques are used 

in concert, more accurate hail s i x  prcdiaions iould bc made. '&Me VIL is w s y  io use, i t  

has a weakness. The moisture used in the VIL calculation is entrained into a 

thunderstom by updrafts that Vary in strength as the seasons change. With moisture most 

plentiful in the warm months (stronger updrafts), VILS would ordinarily be highrst in the 

sumrner. 

Several studies have successfully Iinked VIL to hail size and probability of hail, 

other studies have not been as conclusive. Billet, DeLisi, and Smith ( 1997) attempted to 

predict hail size and the probability of large hail from a set of independent variables that 

included the VIL, the 850-hPa (The hectoPasca ( P a )  is equivalent to the previously 

used millibar). The research revealed little success in preaicting hai1 Stone size but 

showed some ski11 in deteminhg the probability of severe hail. 

Although tremendous improvements have k e n  made in methods used to forecast 

severe hail events, there has yet to be extensive testing of al1 the predictive models. From 

the studies reviewed, it is evident that the use of VIL density has some promise, but in 

general W I L  density are regarded as having marginal utility. 

Forecasting severe hail is a tricky field of business which has yet to develop any 

reliable predictive models. 



Convective downbursts are considered to be a hazard worldwide, wreaking havoc on 

farm operaton, pilots and recreationists alike. Al1 thunderstoms have outflow winds, 

most are weak, but some are strong enough to inflict damage on ground level (Smith, 

Elmore, Scharenberg, 1998). This section will focus on the nature of severe convective 

winds, as weii as the scientific and technical advances that have been made in the 

detection of severe winds. 

A downburst is defined as a rapid downdraft of wind fiom a single ce11 

thundentom that produces a sudden outflow of horizontal winds at the surface (Fujita 

198 1). They can be interpreted visually using radar data and conceptual models. 

Contact Stage Outburst Stage 

Figure 18: Visual depietion of a downburst. (Source: University of [Ilinois WWZOlO 
Projeet, 1997) 

A low-level divergence of winds will occur as the downburst contacts the ground 

(Fujita 1981). According to Byen and Braharn (1949), as the storm ce11 grows and a 

downdrafl develops, the surface winds take on an entirely different character, becoming 

strong and gusty as they flow outward fiom the downdraft region (Figure 1 8). 

Convective windstoms are driven by downdrafts, the physics of wbch are 

relatively simple and correspondingly well understood The downdraft is a main 

descending current of negatively buoyant air originating at high to mid-levels of the 



cloud which incorporates drier environmental air at mid-levels and then descends 

adjacent to the updraft to the surface (Fujita, 198 1 ). The strongest downdrafis are usually 

encountered within the main precipitation fallout zones. The vertical velocity of these 

downdrah varies, but tends to be roughly half as strong as the updrafls. Some localized 

regions of more intense downdrafts c m  occur. The cold descending air diverges in ail 

direciions ai Lhe surFdcr. At its ieading ecige, this cold outflow forms the "gust front" or 

"meso-cold front". Damaging downdrah are now often refened to as downbursts, and 

occur over a range of scales. Downbursts are made up of a range of intensities, and even 

relatively mild convective windstorms can be a danger in some societal settings. High- 

based cumulonimbi may produce light but measurable min at the surface and taise clouds 

of blowing dust, as in whrre a rain shower has spawned a "gustnado" (gust front tomado) 

(Doswell, 1997). Although the effects of downbursts are commonly known, they remain 

difficult for operational forecasters to predict and detect (Smith, Eimore and Scharfenerg, 

1998). 

Wind Gust Analysis 

In an effort to undentand and predict damaging many studies have k e n  

conducted. Studies conducted by Roberts and Wilson (1989) and Elits (1997) identified 

several radar signatures that precede the occurrence of severe wind events. 

They inchde: 

Descending reflectivity cores (Figure 19): The most significant radar 

precursors are convergence near or above cloud base and a 

descending refledvity a r e  (Eilts et al. 1996). Although descending 

reflectivity cores are relatively small in size, they tend to be reliable 



microburst predictors and forecasters need to monitor cell tendeucies 

very closely. About 86 % of surface damage events reported in Ontario 

to the severe weather log were coincident with the descent of a 

maximum reflectivity core (Joe, 1 997). 

Figure 19: WSR-88D radar image. A dowodreft rapidly deseending as indicated by 
narrow 34dBZecho "shaft" ertending dowoward. Horizontal axis units are dB2 
and vertical uni@ are Mt (ft*lOOO). (Source: Stewart, 1999). 

lnfiow Notch: A radar signature characterized by an indentation in the 

reflectivity pattern on the infiow side of the stom. 

Increasing radial convergence within the cloud: Radial convergence in 

Doppler velocity most reiiably marked the gust front. which amassed 

insects, dust. and hydrorneteors in its leading circulation. 

Rotation 



Using these signatures, the Darnaging Downbunt Prediction and Detection Algorithm 

Probability of 

Detection 

(DDPDA) was designed The algorithrn attempts to locate downburst precursors, events 

that cm be detected in the middle and upper levels of a storm prior to the onset of strong 

surface winds. Early venions have fiocused on predicting damaging wind evenü from 

short-lived thunderstoms. To test the DDPDA algorithrn, Smith et al ( 1998) conducted a 

study, which e.iiluated tlirty high ïcflcctivit-y do~nburst twnts and i97 non-severe ceiis 

from eight different days. Table 3 displays the performance statistics for the DDPDA. 

The researchers felt that the algorithrn performed relatively well considering the small 

sample size. 

Table 3: Performance statistics for the DDPDA (Source: Smith et al, 1998). 

l Misses 

Average Lead Time 

(minutes) 

False Alarms Correct Nuli Events I 

False ,4larm 

Ratio 

51% 

RDSS employs a similar algorithm for the detection of darnaging convective winds. The 

Wind Gust Potential (WGP) algorithm uses a measure of the rn~urnum dotvndraft that 

c m  occur in a pulse type thundenton as a result of cloud penetrative downdrafts. 

Criticai Success 

Index 

39% 

Heid ke's Skiil 

Statistic 

0.566 



The method RDSS uses to calculate Wind Gust Potential was developed by Stacy R. 

Stewart (RDSS technical manual) and uses the following equalion to calculate a value 

that c m  be associated with a column of air. 

~~P=3.6d2t%8571 VIL 3.125 E? 
'Where 
WGP = Wind Gust Potential 
VIL = Vertically Integrated Liquid 
ET = Echo Top 

RDSS provides an automatic severity rating for stoms basrd on characteristics that can 

be associated with wind gusts. A rating between zero (low severity) and three (hi& 

severity) is assigned depending on the structure and characteristics of the ce11 ( Appendix 

C). As a ce11 exhibits radar characteristics indicative of an impending downburst, the ceil 

is assigned a severity level depending on the strength and number of characteristics 

exhibited. 

In general, convective on their own, inflict some damage to property (Etkin 

and Brun, L999). but with the relatively high frequency of hail with severe wind, further 

tesûnç and study of severe wind detection algorithms is warranted. 

2.5 Surface Validation in Meteorology 

"Ground tnrth" plays an important role, before, during, and after a meteorological event. 

Until recently, severe thundentom (STS) forecast venfication involved time-consuming 

manual processing and ofFered Iittie reward for forecasters because there is no established 

procedure for tirnely, regular diagnostic feedback. in a study conducted by Hoium 

(1 997), an evaluation of the warning process was conducted. This study examined the 



Figure 20: Line plots are False Alam Ratio, Probability of Detection and Critical 
Succeas Index. Blue bars represent percent of convective activity whicb occurred 
over given population density regions (relative to entire radar domain). (Source: 
Wyatt & Witt. 1997) 



decision process by documenting the types of information leading to warning decisions. 

Even though the radar used in the study was extremely sophisîicated, Hoium (1997) 

found that ground truth was the most vital part of the verification systern. Without 

reliable ground tmth data, the timely issuance and dissemination of watches and warnings 

would be impeded It has k e n  proven that improved forecasts, advances in waming 

technology, and improved ground truth venfication techniques, have contributed to a 

considerable deciine in severe weather related deaths. Although ground verification 

techniques have proved very usehl in meteorology, they also have their associated 

shortcomings. Some of these deficiencies can be attributed to the spatial and temporal 

heterogeneity of the hwnan and physical landscape (Wyatt and Witt, 1996). It can be 

expected that a hail event o c c h n g  in an agicultural area in the spring may not elicit the 

same reaction as an event in the fall, due to the difference in focused weather awareness 

between these dates. As an example, Maximum Expected Hail Size (MEHS) was 

compared for two regions where spotter activity was "low" and "high". The resulting 

analysis made it quite obvious that MEHS output performed much better in the spotter 

region characterized as "high" in activity (Baumgardt, 1998). 

ûther studies also found that a major weakness in Severe Thunderstom (STS) 

verification is the jack of (quality) verimng data, especially in spanely populated areas. 

Even where STS are observed, reports of tomadoes and estimates of hailsize and wind- 

gust intensity are oAen subjective and prone to inaccuracy (Mfiod, 1998). Hoium (1997) 

encountered similar issues in verification projects. In this midy, a higher probability of 

detection (POD) was expenenced in areas with higher population densities. As well, 

significantiy more warnings were issued for more highiy populated regions, where 



presurnably, verification is more likeiy (Hoium, 1997). In addition, a study conducted by 

Wyatt and Witt ( 1997), revealed that the FAR decreases and CS1 increases as population 

densities increase (Figure 20). 

2.6 Meteorological Decision Support Systems 

Weather warning systerns have been developed in an effort to increase the lead-time 

rneteorologists have in issuing a weather waming. The mathematical algorithms used to 

analyze radar and satellite images are being continuously upgraded (Baumgardt & King, 

1998). Decision suppon systems are the most recent development in the battle tu wam 

citizens of irnpending severe weather (Sharp, 1997). Intelligent radar data processing 

modules have been designed to help the user analyze information and make quicker 

decisions (Keck and Legal, 1996). In meteorology, decision support is needed to 

detemine if a weather waming is wananted or not. A computer can now interpret 

information in seconds, which previously could take up to fifteen minutes For a 

meteorologist to collect and digest. These systems can also monitor and track many 

storms simultaneously. 

Theirauf (1988) defines decision support systerns as tools which allow the 

decision-maker to combine persona1 judgment uith computer output in a user-machine 

interface to produce meaningful information for suppon in the decision-making process. 

Such systems are capable of solving a11 types of problems (structureci, semi- 

structured, and unstcuctured) and use query capabilities to obtain information by request 

As deemed appropriate, they use quantitative models as well as database elements for 

problem solving. From an enlarged perspective, decision support systems are an integral 

part of the decisiowmakers' approach to problem solving (Mittra, 1986). Fundamentdly, 



the RDSS is a systern that has been designed to support the decisions of severe weather 

rneteorologists and some operating personnel. Revious to the advent of Decision Support 

Systerns, personnel in many diflerent fields were required to conduct lengthy manual data 

processing. Systems such as RDSS and WDSS assist organization personnel to reach 

effective decisions that contain elements of subjectivity and objectivity. The capability of 

conbining sübjcctivi~ (iiidividual juilgrntnt j ith objeciir iiy jliie corn puter's output j 

permits a more thorough exploration of the problem (Theirauf, 1988). 

Environment Canada's Radar Decision Support Svstern (RDSS) 

The Radar Decision Support System (RDSS) program is one of the most critical 

projects underway at Environment Canada (McCarthy, 1997). In 1996 the fint 

ventication project was undertaken, SMART96. SMART'96 had two primary objectives: 

1 .  Ground-mith the RDSS by collecting real-tirne and postevent storm data. 

2. Enhance the region's severe weather pro- by providing pre-stom data, and reai- 

time weather and storm data back to the local weather centen (McCanhy, 1997). 

To fulfill these hvo objectives, the Prairie Northem Region's (PNR) Techniques, 

Technology and Training Division (TT & T) collected severe weather data focusing 

mainly in southem Manitoba The project had mixed success, although information that 

was gathered in the pre-storm phase proved to be valuable, the lirnited number of severe 

weather events did not allow for the adequate verification of the RDSS. 

SMART'97 (the follow-up to SMART96) was EC's second RDSS venficatioa 

project. Similarly to SMART'96, the 1997 projectrs main objectives were to ground-truth 

the latest version of RDSS by collecting accurate and detailed storm data (oflen referred 



to as Gold Standard Data or GSD). GSD are needed to deternune accurately the storm's 

behavior, evolution and RDSS performance (McCarthy, 1997). 

The real-time investigators followed significant thunderstoms and recorded their 

observations. Observations were both visual (storm structure, storm evolution, tornado 

sightings, etc.), and measured (hail size, wind speeds, temperatures. location and extent 

oc h a g  tracks, etc.) (McCanhy, i997j. From these previous studies, it becornes 

evident that a significant nurnber of events are needed to adequately ver@ the utility of 

the radar system. The summers of 96 and 97 did not supply an adequate arnount of çtotm 

cells for study. 

National Weather Service's (NWS) Waminn Decision Su~wrt Svstem ( WDSS) 

In modemizing the National Weather Service (NWS), the United States has also 

developed a sirnilar twl to the RDSS. The American Weather Decision Support System 

(WDSS) is similar to the Canadian RDSS in that it tries to puts the right information in 

the han& of the meteorologist to rnake timely decisions (Theirauf, 1988). More 

specifically, the WDSS is a system that incorporates data !tom available weather sensors 

and mode1 outputs, interpets these data (through a variety of severe-weather detection 

algorithms), and displays the information (both sensor and algorithm output) using 

unique interactive display concepts (Naistat & Stumph, 1996). In a study spearheaded by 

the National Severe Storm Laboratoiy, enhanced algorithms were developed and used to 

help detect severe weather occurrences (Eilts, M., Johnson, J., Mitchell, E., Sanger, S., 

Stumpf. G., Witt, A., Thomas, K., Hondl, K., Rhue, D., & Jaïn, M. 1996). Uniike the 

RDSS, WDSS has the ability to intepte ciatastreams such as surface observations, 



satellite imagery and ground stnke locations fiom the National Lightning Detection 

Center (Sharp, 1997). 

Another Amencan WDSS research project also involved algorithm evaluation. 

Sirnilar to this proposed research study, "the aigorithms were evduated qualitatively via 

feedback questionnaires From NWS personnel. Also, National Severe Storm Laboratory 

(NSSLj siaR assisteci the NWS star? in coiiecting real-time venfication data and 

conducting pst-storm darnage surveys to enhance the quality and quanti& of ground 

truth" (Stumpf & Foster, 1996). Sirnilar tests have been conducted elsewhere (Naistat & 

Sturnph, 1996; Johnson et al. 1997). The NSSL also conducted a proof-of-concept test of 

their severe weather WDSS. It tested the enhanced Doppler radar-based algorithms in the 

southern plains in a spnngtime environment during actual National Weather Service 

(NWS) operations (Stumpf and Foster, 1996). ûther studies on the operational 

assessrnent of the WDSS have also been undertaken. Sharp ( 1997) had ail operators of 

the WDSS fil l  in forms outlining improvernents that could be made to the display and the 

user fnendliness. 

In 1995 the National Severe Storms Laboratory published the algorithms and 

capabilities of WDSS (Stumph, 1995). These include; 

An enhanced mesocyclone detection algorithm (MDA), which includes a 

3D integrated strength index (MSI), Neural Network derived probability 

functions (Le., the probability of severe weather or tornadoes in the next 

20 minutes associateci with each circulation), and a tracking function. 

An enhanced tornado detection algonthrn (TDA) and a tornado tracking 

function. 



An enhanced Hail Detection Algorithm (HOA) with the probability products 

and near-stom environmental temperature data input. 

An enhanced stom cell identification and tracking (SCIT) algorithm. 

A lightning Association Algorithm (MA) which associates lightning ground- 

strike and polanty data with stom cell. 

DDPDA 

(Stumph, 1995). 

Conclusions 

This chapter has examined severe weather from srveral angles. The characteristics of 

thundentoms wrre exarninçd in terms of their various stages of development, intemal 

structure, radar signatures, and effect on farm operations in southem Manitoba. Particular 

focus was piaced on previous and cunent projects involving the improvement of severe 

weather detection algorithms and weather related decision support systems. The social 

angle OF severe weather, detailinç how farm operaton perceive severe weather  vas 

reviewed for methodological structure and questionnaire content. Drawing upon the 

achievements of previous studies, a methodology was developed which capitalizes on the 

methodological advantages and acknowledges the disadvantages inherent in 

meteorological studies. 



3 Methodology 

The purpose of this chapter is to discuss methods used to gather data for the venfication 

of Environment Canada's RDSS. The methodological scope can be separatrd into three 

distinct operations. The first area will focus on the use of Environment Canada's digital 

information, such as event log databases and on-screen-visual radar data. The second area 

will concentrate on swface validation rnethodologies such as damage assessments. The 

final area will outline the elements of the interview questionnaire in tems of its 

composition and delivery. In addition, a review of related literature, from books, articles, 

and web sites wilI aIso be conducted. 

Prior to outlining the methodologies used in this study, certain qualifications must 

be made. It must be recognized that severe weather venfication has an inherent level of 

subjectivity with regard to the reporting of these events. Event repons are susceptible to 

variations in population densities and the collection process itseif. Lt is recognized that 

hail sires in the data set may be the largest reported but, not necessarily the largest the 

stom produced. Baurngardt (1998) discovered in a study that there is a tendency for 

spotten to report golf-bal1 sized hail (1.75 inches) once the diameter exceeds one inch. 

The estimation of wind speeds is also very subjective, especially where instrumentation is 

not available as a supplement. 



3.1 Radar Volume Scan Archive Analysis 

The very first step involved in the verification of the RDSS, is the analysis of the 

matched ceil archive. The RDSS has a Radar Data Information Manager (RDiM) which 

is capable of maintaining a data storage for raw radar volume scans and data products. 

The data archive of interest in this study is the "cell-ends-log" archive. This archive is a 

"matched cell archive", which documents the t h e  sequence and severity level 

information for each tracked cell. Matched cells are stored according to the maximum 

severity value (wind, cell, hail) that was assigned at any point during the lifecycle of the 

storm cell. The matched cell archive provides the time the cell started, the time the ce11 

deceased, the rnuirnum superceil severity rating assigned the maximum wind gust 

severity nting assigned, the highest probability of large hail assigned, and the location 

where the ceIl started in q and geopphic co-ordinates (Figure 2 1 ). 

A storm ce11 need not be severe to be mcked by RDSS, but it must demonstrate 

that it has potential to become a severe storm. Because a storm is tracked despite its 

severity level, hundreds of cells may be archived in a shon penod of time with the bulk 

of the cells being non-severe. Environment Canada is interested prirnarily in stom cells 

achieving a minimum severity rating of two and those demonstrating a minimum hail 

potential of 50. Therefore, cells not demonstrating EC's minimum requirements must be 

filtered frorn the stom cells of interest This was achieved by importing the 

"ceil-ends.log'- file into a spreadsheet application and sorting the data according to date, 

ûme, severity level, and hail potential (RDSS technical Manual). Following this 

procedure allows for a better visual representation of the severity and temporal 



Figure 21: Event log imported into Microsoft Excel (CelIJ3nds.Log) Note: provides 
information on severity leveb and spatial location. Spatial location is separated into 
Degrees O), Minutes (M), and Seconds (S). 



characteristics of the cells. But benign cells rnay still characterize a portion of the 

database despite the removal of those not meeting severity level requirements. 

Anomalous propagation is a problem often encountered when dealing with radar 

r e m  archived data Anomalous propagation occurs when radar waves are refracted 

either tnwardc or îway h m  the earth depending on the Qnsity of the amiosphere. Whcn 

radar waves are rehcted towards the earth they return and are sometimes interpreted as 

severe thunderstom cells. When a radar transmits energy, targets on the gound, such as 

buildings, trees, cars, or other objects, rnay intercept part of it. The retumed signals from 

these objecü is called "gound clutter". Due to anomalous propagation many of the cells 

in the archive view demonstrate the minimum severity requirements but do not 

demonstrate other comrnon characteristics of severe stonn cells. Returns in the matched 

cell archive that are indicative of "gound clutter" are removed from the database 

In sumrnq, to remove cells not characteristic of severe stonn cells, the following 

was done: 

1 .  Matched ce11 archive was imported into a databasr application (Microsofl 

Excel2000). 

2. Cells were sorted according to severity level, duration, date and tirne. 

3. Cells not meeting the minimum severity requirements were removed. 

4. CeIls with a duration of zero to five minutes were also deleted (severe storm 

ceIl last longer than Ave minutes on average). 

5. Cells with a spatial location in Ontario, the United States, or in areas of 

extremel y low population densities were removed 



Upon completion of this operation, the remaining cells can then be examined using the 

RDSS user interface. 

3.2 On-screen Radar Volume Scan Analysis 

Upon the examination and exclusion of cells detected by RDSS that failed to meet the 

examination criteria, we are left with cells which are worthy of further examination. The 

completion of the previous step allows the progression from the examination of the 

"cell-ends-log" database to the interaction with the RDSS user interface. The following 

section will concentrate on the use of on-screen visual observation of the detected storm 

cells, and the steps required tu analyze this information and proceed to the "surface 

validation process. 

The first step required to use the RDSS user interface is to load the RDSS 

archived view program. This application allows the user to gain access to historical radar 

data catalogued by the RDSS. The user is prompted for such information as: 1) the radar 

rang of interest, 2) the starting date and time of the storm cell, 3) the end date and time 

of the stom cell, 3) and the method the user would prefer the system to analyze the 

archived data (manual or automatic). 

Afier this information is accepted by RDSS, it begins a "volume scan7- of the data 

of interest, and consequently presents the information visuaily, allowing the user to 

interact with, and analyze the available information. When the RDSS client is started up, 

the first window displayed is the "Main Window" (Figure 22). 

The RDSS Main Radar View is the section of the main window most important to 

the venfication exercise. This feahire is the most useful, because it gives an overview of 



Figure 22: RDSS main window. Note: Section depicting storm ce11 and geographic 
overlay Y the main radar view. 



ail other image products. The Main Radar View of the RDSS Main Window was used as 

the central control panel for the spatial andysis of severe stonn cells wisthin a radar space. 

One important feature in the Main Radar View was the cunor position and value display. 

The cunor position and value display a m  were used to display the location of the stom 

sèll respective LU the Virian radar stitiim iocaiion. Data are ofireci in a distance anci 

degree format When a cell of suficient seventy was located, and brought up on the Main 

Radar View, the cursor was placed on the ceil boundary and the range values (km, 

degrees) were noted. Generally the progression of a sufficiently severe stonn cell could 

be virwed as an animation and important range values would consequently br recorded 

for each M e  in the animation. 

To attain more detail or the current spatial location and refiectivity characteristics 

of the cell, the user can simply "click on the cell of interest in the main radar view. A 

more detailed view of the cell is then made available. If the RDSS algorithm 

characterizes the ce11 as having downburst potential, then the Wind Gust View will open 

(Figure 23). If the ceIl is charactenzed by reflectivities indicative of a supercell, then the 

supercell window will open (Figure 24). 

3.3 Surface Validation Procedure 

One of the most important aspects of verifying severe weather events is the planning of 

the surface validation exercise. Hours, if not days can be saved through the careful 

planning of this step. When a severe s tom ce11 is identified by the RDSS event log, and 

is brought up on the user interface, it must be tracked fiom the point of origin to the point 

of its expiration. These points are then be entered into a GIS environment and visudy 



Figure 23: Wiod-pst potential screen. Note: Provides information to meteorologkt 
on VIL, BWER, max-R height, wind p s t  potential, and ecbo top. 



Figure 24: Supercell assessrnent screen: Note: Provides information to the 
meteorologist on VTL, gradient, overhang/BWER, and spatial location of cell. 





depicted along with towns, rivers, lakes, land class and population density (Figue 25). A 

visual representation of the storm track, along with its spatial location relative to terrain 

not conducive to human habitation, allows the elimination of areas from the surface 

validation procedures. 

Once aii çails tinat are not conaucive to the stuciy are removeci, the trip can be 

planned in a fashion that would aflow for the most interviews in the shortest amount of 

time. Figure 25 illustrates how a RDSS radar animation can be georeferenced into a GIS 

environment to aid in planning of the surface validation exercise. 

The Interview Questionnaire 

The pnmary goal of the questionnaire was to provide surface validation of severe 

weather events, determined by RDSS to have passed over the interviewees' location. as 

well as subjective suggestions, complaints, and anecdotes concerning Environment 

Canada's summer severe weather warning dissemination techniques. 

Before the project could be initiated, the questionnaire was subject to the Natural 

Resources Institute7s Ethical Review Process. The ethical review is designed to ensure 

that the questionnaire conforms to acceptable standards for scientific research and is 

ethically sound. 

The criteria used to select which individuals were to participate in the RDSS study were 

as foI tows: 

1) the individual's residence is located in the immediate vicinity of the 

detected severe weather event are identified, 



2) individuals present at their residence dunng the severe weather event. If 

there was more than one person at the residence. the group was 

intewiewed. or an individual muld represent the group. 

3.4 Questionnaire 

The questionnaire (Appendix A) produced information on the time and date of the event, 

the observed severity of the event, and subjective views and perceptions respondents hold 

of severe weather and aspects of Environment Canada. 

The respondents were led through a logical senes of questions beg i~ ing  with simple 

closed-ended questions conceming the severity of the event, to open-ended questions 

conceming experiences, observations and opinions. The closed-ended questions were 

important in the verification of RDSS algorithms, while the open-ended questions 

provided important information on penonal observations and exposure to severe weather 

experiences. 

The closed-ended questions were adapted from the Environment Canada severe 

weather repon forms used in the meteorological oflice during the convective season. 

Questions were quantitative in this section, focusing on weather observations and 

measurements such as hail size (mm) and wind speed (kmhr). The second part of the 

questionnaire used open-ended questions that allowed respondents to express their 

opinions on certain subjects. The main objective of ths section was to document the 

views and perceptions Manitoba residents had of severe weather and of Environment 

Canada's severe weather dissemination techniques. Following a mode1 used in a similar 

study (Clyde, 198 1), questions proceeded fiom factual questions to questions requiring 

opinions and thought. 



The fint version on the questionnaire was pre-tested on colleagues in an effort to 

remove any ambiguous questions that may mislead the respondent. Modifications were 

made to the question format, resulting in a final questionnaire ready for distribution. 

The responses to the questio~aire were digitized and results were generated and 

are presented in the resuits sections. The answers to the closed-ended questions were 

digitized and anaiyzed and tabies and graphs were generated. 

3.5 Data Analysis 

The Probability of Detection (POD), false alarm ratios (FAR) and credibility (CRED) 

will be deciphered for each verification technique using a 2 x 2  contingency table. The 

Probability of Detection (POD) is a verification mesure of forecast performance equal to 

the total number of correct event forecasts (hits) divided by the total nurnber of events 

observed. Simply stated, it is the percent of events that are forecast. FAR is the percent of 

events that are forecast by RDSS but do not occur. The credibility is a measure which 

indicates the likelihood that a RDSS detection will make a reliable forecast. The 

following fornulas will be used, and the resultant information will be arranged in a 

contingency table similar to Table 4. 

POD = Probability of Detection = x/ (x+y)and 

FAR = False Alarm Ratio - z / (z+ x), where 

CRED = Credibility - - 1- FAR = x / (x+z) 

x represents correct Severe Thunderstom (STS) forewts or 'hits", 

y represents unverified STS forecasts, or "missesf); and 

z represents "fdse darm STS detection's" (Aifrod, 1998) 



Table 4: Adapted from Alfrod, 1998 

1 RDSS severe weather 1 No RDSS severe 1 

observed in veriQing 1 I misses) 1 Detectioa = x / (x+ y) 
Severe Weather 

The "X" table entry is the number of event forecasts that correspond to event 

observations, or the number of hits; entry "Y" is the number of event forecasts that do not 

correspond to observed events, or the number of false alarms; enûy "2" is the numkr of 

no-event forecasts corresponding to observed events, or the number of misses; and entry 

"N" is the number of no-event forecasts corresponding to no events observed, or the 

number of correct rejections. Alfrod's modified PODFAR table (Table 4), the utility of 

each verifkation technique will be determined with subsequent recomrnendations for 

each. The credibility (CRED) of the rneasure is of particular interest to the operational 

meteorologist. This calculation indicates the prospect of a correct RDSS forecast in a 

particular situation. If the credibility of the forecast is low, the operational meteorologist 

may delay on putting out a waming. Convenely, if the credibility of the RDSS forecast is 

hi& the meteomlogist rnay decide to immediately put out a warning Credibility is 

inversely correlated to FAR, thus as the credibility of RDSS for- increased, the FAR 

decreases. The POD and FAR are important to the public, on account of the need for of 

forecast (yeliow-red) 
x (RDSS forecast hits) 

' ares 
No severe weather 
observai in verifying 
area 

weather forecast 
y (RDSS forecast POD =Probability of 

FAR = Fabe Alam 
Ratio = z/ (Y + Z) 

CRlflD = 1-FAR 
= x / (x+z) 

z (RDSS unveri fied 
forecast) 

n, [difficult correct 
nul1 detection) 



accurate wamings. If the POD is high and the FAR is high then issued wamings would 

hold litile use to the public. On the other hand, if the POD is high and the FAR is low, 

then the public wodd have more confidence in the weather wamings. 

Upon completion of the data collection, the quantitative database of information 

collected will be examined by the tield researcher and the performance of the RDSS and 

çérifisaiion techniques wili br  determineci. As wdl, the qualitative information coiiected 

ivill also be andyzed. Both quantitative and qualitative data will be used to provide 

recornmendations for improvernents in EC's severe weather warning system. An intenrn 

report was also prepared outlining the preliminary discoveries and performance 

characteristics of the RDSS algorithrns and validation techniques. 



4 Results and Discussion 

4.1 RDSS Severe Weather Forecast Results 

4.11 Introduction 

The severe weather detection algorithrns were evaluated in tems of their ability to detect 

severe wind, hail, and tomadic events. Although hundreds of cells were tracked across 

the prairies, those events falling within the Vivian Radar Range in southem Manitoba 

were used as the dataset of concentration. 

In this section the Probability of Detection (POD), Faise Alam Ratio (FAR) and 

Credibility ( I-FAR) were computed for the Hail Probability Algorithm (HPA), the Wind 

Gust Detection Algorithm. and the Supercell Automatic Severity Rating. It is important 

that these values are computed correctly due to the nature of severe weather meteorology. 

The HPA was assessed in detail through the use of two value thresholds. The relationship 

between the probability of detecting severe hail and the size of hail observed was also 

examined. As well, the Supercell Automatic Severity Rating was examined in terms of its 

relationship to the occurrence of severe weather such as wind and hail. Furthemore, 

tomadic events were examined in tems of their association with RDSS Supercell and 

Windgust automatic seventy ratings. Through the examination of the results, 

recommendations were made to improve the validity and reliability of the RDSS's severe 

weather detection algorithrns. 

Environment Canada considers a storm to be "severe" if any of the following are 

associated with the eveng 
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a) Surface winds greater than 9Okmlhr. approximately 50 knots; 
b) Hail diameter of ZOmm, about % of an inch; 
C) Rainfall accumulation rate greater than 50mmBr or 75mm over three 

hours. 
d) One or more tornado or waterspout. 

These conditions are directly observed at meteorological recording sites or reported by 

weather watchen. It is common practicr to use evidence of damage related to severe 

weather IO estimate the intensity of the event (EC, 19 ü2) 

RDSS Severe Hail Forecasting Results 

Numerous large hail events (hail ZOmm in diameter or more) were studied across 

the range of the Vivian radar during the summer of 1999. The RDSS Hail Probability 

Algorithm (HPA) uses a straightforward comparison of Vertically lntegrated Liquid 

(VIL) density values against threshold values. The thresholds for 50% and 90% 

probability of hail were examined through the comparison of RDSS forecasts and 

validated severe hail events. Due to the small sample size for the 50% threshold, it would 

not provide any significant information thus it has been removed from the analysis. It was 

found that for this verification exercise, useful relationships could be obtained when a 

range of possible thresholds, from low to high is examined. Previously, dime sized hail 

(18mrn) was considered to be "severe" by Environment Canada but this definition has 

since been changed to îOrnm. With this in min& the analysis was done twice, with the 

threshold for severe hail set at 18mm (dime), and 20mm respectively. 

Currently there are two value thresholds used by the RDSS. The first threshold (A) is 

associated with a 50% probability of large hail, while the second threshold (B) is 

associated +th a 90% probability of large hail. If RDSS detects a VIL density value of 



Table 5: RDSS Bail Potential90 forecasts and their sudace validation statistics. 
HP90 uses a VU, density of 4.0 g/ m3 as the value thres hold. 

1 1 RDSÇ Hail Potential90 

Reported severe 

Table 6: Performance results of the HP90 threshold. 

I 

hail occurrence at 
surface 

HP90 Performance 45% 27% I 

yes 

Table 7: WSS forecast statistics for incrernental hail size. 

No 

13 

no 

Z= false 
alarms 
POD 

16 

X= hits 

* 

18mm-20mm 20mm-22mm 22mm-26mm 26mm-38mm 38mm 
(dime) (EC (nickel) (quarter) + 

threshold) 
16 13 13 9 4 



3.5 g/m3 in a ceIl, then the condition for threshold A is met, and if RDSS detects a VIL 

density of 4.0 d3 or greater, then the condition for threshold B is met. 

Cells e.xamined exhibiting the RDSS HPA conditions for a 90% probability of severe 

hail (n=39), disclosed a POD of 45% and a CRED of 37% (Figure 26; Table 6). 

Tne xnsitivity UT the W B  was examinai through the use of incrrrnentai haii size 

and the POD and CRED associated with this size increase (Figure 27: Table 7). From the 

data it is not clear that any trend exists. As hail size increases. the probability of detection 

remains fairly constant until the larger (38mm and larger) are considered. The POD at 

hail size 18mm is 579/0, as hail size increases to 38mm (ping-pong ball), the POD 

increases to 67% (Table 7, Figure 77). These results are not surprising considering a large 

arnount of work has bcen done develop methods that may better predict severe hail 

occurrence, but there has yet to be an extremely reliable one. 

As a supplement, the POD and CRED of former EC criteria for severe hail ( 18 mm), 

was compared to current criteria (20 mm) usinç the 90% probability of hail data (Figure 

27. When using previous EC severe hail criteria, the POD is 57?6; the CRED is 46%. 

When current EC severe hail criteria are esmineci, the POD remains constant at 54%, 

with CRED decreasing slightly from 46% to 41%. But when 20 mm hail is compared to 

22 mm hail there is a large increase in CRED, fiom 41% to 87%. This is an interesting 

result that warrants Further examination due to its possible ramifications on future severe 

hail size. 



RDSS Severe Wind Forecasts 

Dunng the sumrner storrn season, RDSS detected many stonns meeting the criteria 

necessary to producc severe wind W. Within RDSS, Wind Gust Potential (WGP) is a 

measure of the maximum downdraft that can occur in a pulse type thunderstom as a 

result of cloud top penetrative downdrafts. RDSS provides an automatic severity ratkg 

Tor storms baseci on c'naractenstics that can be associated w t h  wnd gusts. Seventy level 

one indicates that the storm has the potential to create moderate wind p s t  if part of the 

ceIl core were to descend. The wind speed threshold is 60 km/hr for severity level one. 

Srverity levels two and three both have a wind speed threshold of 90 km/hr, the 

ditierence being that severity levrl three must meet threr of four wind p s t  conditions 

(Table 8). For the purposes of this study, only severity levels 2 and 3 will be considered. 

Verifiing actual wind speeds proved to be challenging during this project. 

Assessing property darnage and observer reports added an obvious subjective variable to 

the projrct. Because of these challenges, and because wi-nd measurements are not 

generally available. algorithm performance was related to the physical damage observed 

at the site. Using EC's wind damage requirements, assessments were made based on 

damage done to trees and structures thai met the expected damage due to 90kmhr winds. 

Despite these limitations, the wind gust detection algorithm displayed a high probability 

of detecting damagîng wind gusts. The probability of detecting severity levei three wind 

gusts (>90km/hr) was the highest of the three detection algorithms at 95%, the CRED 

was also the highest with a value of 9 1% (Table 8). 



S upercell Assessrnent 

RDSS provides an automatic severity rating for stoms based on supercell characteristics. 

Severity level one (green) indicates that the stom is large but Iacks the structural 

charactenstics of a really severe storm or that it potentially has structure, but lacks size. 

Level two (Yellow) indicates that the storm is large and potentially has structure 

indicating a more severe storrn. Levei three (Ked) indicates that there is a significantly 

large Bounded Weather Echo Region (BVER) in the storm. This indicates a trndency 

towards very strong updrafis, which is ofien associated with the wont kind of stons. For 

the purposes of this study, the superccll severity ratings were examined in ternis of their 

relation to severe weather events such as damaging wind, and severe hail. 

In this section of the study, the POD and FAR will be calcuiated in terms of the 

superceIl3 severity rating and its relationship to severe windhai 1 or tomadic events 

(Table 10). If the supercell severity b e l  reached two or higher along with a minimum 

hail potential nting of 50 andlor a minimum wind gust severity two, then it was 

considered a correct detection (hit). If the supercell severity rating reached two or higher 

without any associated severe weather events, then it waç considered a false detection 

(miss). Using these critena, the probability detecting a supercell associated 



Table 8: PODlFAR and credibility of RDSS wind detection algorithms. 

Table 9: RDSS Superceil Furwutu and iheir assueirtiua with observed events. 

RDSS Severe Su~ercell Forecast 

RDSS Supercell Severity 2/3 Forecast 

Reported Severe 

Table 10: POD and CRED values for RDSS cels  associated with any severe weather 
phenornenon (hail, wind. and tornado). 

POD 
5 8?/0 

95% 

FAR 
42% RDSS - 

Severitv Level 

Weather? 

CRED 
58% 2 

3 

Yes 

Table I l :  Statistics for tornadic events and correct RDSS forecasts osing Wind Gust 
and Supercell severity levels two and three. 

No 

1 1 RDSS Level2,3 

9% 

Yes 
56 

CRED 

62% RDSS Severe Weather (Hail, Wind, Tornado) 

Reported Tomadic Event NU 

60% 

91% 

No 
68 

28 

POO 

45% 

* 



with severe weather is 45%, and the CRED is 67% (Table 10). It should be qualified that 

the frequency of stoms with a supercell seventy level of two made up 80% of the total 

sample. Of the storms chosen for verification, only two had a seventy level of three. 

Tornado Detection 

In the summer of 1999, several funnei clouds and tomadoes were observed. As a 

suppleiiièni io ~ h z  previous &h inkrprzkiitions, i t  wÿs also or interest to determine if the 

occurrence of tornadoes or funnel clouds were related to any RDSS severe weather 

detections. As a preface to any data interpretation. it must be qualified that the 

fiequencies of occurrences of tornado or funnel cloud observations were low. Of the 

many obsewer reports about severe weather, only ten reports of tornadoes or hnnel  

clou& were within the Vivian Radar range (Table 1 1). 

Of the ten reports, four were not associated with any RDSS severe weather detection. 

but three of the four tomado producing cells were tracked by RDSS. A cell that is tracked 

rnay not have the components to be considered -'severe", but it may have achieved an 

intensity level that warrants the attention of an operational mrteorologst. Tomadic cells 

are occasionally not particularly intense, funnels and waterspouts can develop from 

cumulus clouds. The remaining six observations were associated with a wind gust 

severity level three, and a supercell severity level two (Table 1 1). 



six + 

Figure 26: 
HP50 uses 

POD and CRED of detectiog severe bail using VIL density threshofds. 
3Sg/mJ and H P90 uses 4.0g/m3. 

Figure 27: Depictioa of POD and CRED values with incremental hail size. Note: 
Values ealculated using VIL density of 4.0glm3. 



4.2 Questionnaire Results 

This section introduces the results of the questionnaire survey and reports the 

perceptions of the relative importance of the three severe weather hazards in question 

(hail, wind, tomadoes), to famien. As well this section reports F'armea use of severe 

weather warnings, their perception of the dissemination techniques, and their 

observations of apparent changes in weather patterns. 

Relative Importance of Hail, Wind, Rain. and Tomado to Farmers 

Table 12 shows that of 229 respondents, 64 viewed hail as the most damaging to 

crops and ihis exceeds that of any other severe weather occurrence. 58 of the respondents 

viewed min as the second most darnaging to crops, and 3 1 viewed wind as the most 

damaging. Intrrestingly, the option for "othef' hazards was the highest at 76. When asked 

what the "other" severe event was, almost al1 respondents responded with "standing 

watei'. In hindsight, this would appear to be a logical answer considenng much of 

southeastern Manitoba was flooded past the maximum seeding date during the spring and 

summer of 97, 

Table 13 addresses flooding and standing water more effectively than Table 12 

due in part to the separation of flooding and severe weather. This question addresses the 

main disadvantages farmen have of f m i n g  in souîhem Manitoba Respondents in 

southem Manitoba found flooding to be the biggest disadvantage, with 104 (45%) 

respondents. Second to flooding, fmers found kost to be the next larçest disadvantage 

(24%), with severe weather coming next +th 19 respondents. 



Table 12: What do you perceive as the greatest hazard to your crops? Note: This 
question inquires as to the hazard that affeets the crops the most, in terms of 
damaging affects. 

Greatest Hazard 1 Nurnber pf Res~onses - 

Other 1 76 

Hail 
Wind 
Rain 

Total - I 229 

64 
31 
58 

Table 13: Main disadvantages of farming in southern Manitoba as perceived by 
respondents. 

Table 14: Main disadvantages of farming in southeastern Saskatchewan as 
perceived by respondents. Source: Questionnaire Su rvey, 1978. 

Too Drv 

Floods (Standinq w a m  
J 
1 

Others 

2 1 
56 
1 04 
10 
19 
30 

Table 15: Aes water been a more frequent problem in the 1990% than previous 
decades? 

Disadvantage 
Too Dry 

Frost 
Floods 
lnsects 

Number of Responses 
134 
85 
33 
23 

a 
Yes 

Severe Weather 
Others 

Number of Res~onses 
161 

L 

19 
68 

No 
Do not Know 

38 
29 



The prevailing anomalous weather appears to have an extremely large impact on the 

respondents. In a previous fmer perception study conducted by Clyde in 1981, 

Saskatchewan farmen perceived drought as the greatest disadvantage to faming in 

Saskatchewan (Table I-l j. Sauthzni blaniiuba s p r i n ~  Iiavz k n  çharücterized as wet 

from 1997 (IJC, 2000), with predominant flooding and standing water. During the 

Saskatchewan €'armer study, standing water and tlooding was not a significant factor in 

the late 70's. Excess water was a significant factor in t!e mid-70's (Clyde, 198 1 ), and the 

results may have been different, had the study been conducted at this time. 

Drought in fact was the axperience of many Saskatchewan Famers in 1977-1980, 

and these memories may have been fresh in the minds of the respondents (Table 14). 

When we compare the Manitoba study to the Saskatchewan study, we can see that the 

prevailing weather conditions were different, which rnay have led to the differing 

opinions. As mentioned earlier, questioning these data is very important. Why have 

f m e r s  changed in their views conceming disadvantages to farming? 

Weather conditions are different during both of the studies in question. The prevailing 

weather conditions could be characterized as wet during the Manitoba study, and dry 

drrring the Saskatchewan study. 

Farmers from different geographic locations rnay have different views and 

perceptions based on environmental, cultural, or economic factors. 



Hai 1 - 

This section is an attempt to determine the respondents' experience and perceptions 

of hail as a hazard in southem Manitoba. Property damage due to hail varies from year to 

year, but is estimated that it accounts for nine percent of the annual Canadian total 

property darnage (LaDochy, 1985). Although hail events do account for property 

damage, the reason why srusre weatner is nor reponed more frequently continues to be of 

interest to Environment Canada (McCarthy, 1999). In previous studies, it appeared that 

many respondents were not reporting the occurrence of a -'few" hailstones as 'hailfail' 

(Clyde, 198 1 ). In order to gain information on the experience and opinions of the 

respondent, numerous questions were included in the questionnaire. 

1. What they consider to br a -%ailstorm". 

2. Why they choose to report or not report a particular hail event. 

3. If they perceivc the frequency of hailstorms in the 1990's to be higher or lower than 

in previous decades. (In view of the attention paid to climate change over the 

previous decades, the perceived Frequency of severe hailstoms is also of interest). 

The first question asks respondents how they define a severe hailstorm. Modeled after 

a question in the Clyde ( 198 1)  study, the objective was to gain insight into the reason 

why f m e n  fail to report severe hail. Respondents tended to consider a storm benign 

unless damage occurred to property and crop. Of the 239 respondents only three 

considered a hailstorm to consist of a few hailstones. As the severity of the hailfall 

increases, so does the percentage of fm operaton who consider it a "hailstom". 1 18 of 

229 respondents considered it a haiistorm if the ground was covered, while 104 (45%) 

considered it a hailstom if buildings were darnaged When croploss was used as the 



defining variable, 11 1 of the 229 (48%) respondents considered it to be a severe 

hailstorm (Table 16). This is interesting in that it shows the importance of the crop to the 

f m e r .  The number of responses dropped off for the remaining options (Table 16). The 

results of the question pertaining to the instance of hail being a more frequent occurrence 

in most recent decade, than decades before revealed some interesting results. In Clyde 

( i 98 i j, rhr majority of' rrspondrnts ( 6 W %  j k i t  that haiisrorms were not more frequent 

in the 1970's than in previous decades. In this study, 87 of 229 (38%) respondents Felt 

that severe hail was a more frequent occurrence in the 1990's than in previous decades 

(Table 17). The last national hall climatology of Canada was based upon the 195 1-1980 

time period. From 1977 to 1993, many more stations reported days with hail than prior to 

1977. However, Manitoba stations reported a slight decrease in average hail days fiom 

1977 to 1993 (Figure 28). The reliability of this hail data is questionable due to the 

differing collection rnethods over the previous fi@ years. Unfortunately, afier 1993 the 

o b s e ~ h g  network beçan to be replaced by automatic stations that do not report hail, and 

therefore an analysis cm only effectively use the time period of 1977- 1993. 



Figure 28: Average Manitoba bail frequency. Only stations with a full period of 
record were used, in order to create a hornogeneous data series. Note that these 
nurnbers do not represent average bail frequencies for the province, but ooly of the 
availa ble stations. 

Table 16: What do you consider a hailstorm to be? Note: CoIumos one and two are 
grouped as one set of options and column two and three are grouped as second set of 
options (respondents answer once for each set). 

Parameter 

A few hailstones 

Ground wvered by 
hail 

Table 17: Has hail been a more frequent problern in the 1990's than in previous 
decades? 

Buildings damaged 
Hail fell, but no crop 

loss 

Number of R e s ~ o n s e s l  

Number of 
Res  ons ses 

3 

1 18 

I Yes 187 I 

104 
4 

I Do not Know 177 I 

Parameter 

1-30% crop 
damage 

30-70% damage 

Number of 
Res~onses 

1 1 1 

78 
4 

t 

70-90% damage 
100% damage 

29 l 

12 



W ind 

Even though most respondents had just expenenced a severe wind event in the 

previous 24 hours, the majority did not feel that wind events were more prevaient in the 

1990's (Table 18). This is interesting due to the results obtained with severe hail events. 

Using White's (1974) guidelines it can be understwd that perhaps farmer perceptions 

~ z r e  not niodifid by Liiz wind evoni, because olminimal monerary ioss. 

When addressing wind damage, 5 1% of respondents felt that severe wind damage 

had not increased in the most recent decade over previous decades. When asked if 

tomadoes were a more fiequent occurrence in the most recent decade than in previous 

decades, the great majonty of respondents felt that they were not (5496). In addition, a 

large proportion "did not know' if there had been an increase in tomado activity, but 

many shared their anecdotes about previous tomado activity (Table 19). Figure 29-34 are 

some rxamples of the damage caused by severe weather hazards over the summer of 

1999. 

When asked what they felt was the greatest threat to crops, the majority (47%) felt 

that increased arnounts of rain is the most threatening. Severe weather, was the second 

most threatening with 28% of respondents replying (Table 19). Upon examining the 

Clyde ( 1981) results dong wi-th these, it becornes evident that the fam operaton' have 

certain perceptions based on recent experiences and how those experiences are tied to 

their livelihoods (White, 1974) 



Table 18: Has wind damage k e n  3 more frequcnt probfcm in the 1990's than in 
previous decades? 

Res~onses Num ber of Res~onses, 
Yes 60 

Table 19: Have tornadoes been more of a probtem in the 1990's than in the past? 
r * 

No 
Do not Know 

L R e s ~ o n s e s l  Num ber of Resoonses_l 

118 
5 1 

I I - ues 
- 

13 1 

1 Do not Know 1 63 1 



Figure 29: Bail damage to Canola crop Southwest of Morden Manitoba. 

Figure 30: Hemp crop destroyed by bail and strong winds. Southetut of Morden 
Mb. 



Figure 31: Wind damage to Oak tree. Emerson Manitoba 

Figure 32: Crops flatteneci by strong winds. Near Piney, Mb. 
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Figure 33: Toraado dsmage to 1200sq. ft. steel shed. Note: White bags of seed et Ieft 
of photo were inside shed before shed was destroyed away by the tornado. The shed 
was found 200 yards away in a field. 

Figure 34: 1 2 0  sq ft steel shed dropped 200 yards away from its original position. 

92 



When asked how they obtain weather data, there was almost an even split 

between television and radio (Table 2 1 }. Many respondents repliai that they do not really 

have a preference between the television or radio, but al1 respondents had never used the 

lnternet for severe weather information. 

'Mim iiidividuals werc asked L w  thry k i t  about the accuracy of Environment 

Canada's warning systern, most respondents were positive. 172 of 229 (53%) respondents 

rated the performance of the wming system between satisfactory and excellent Along 

with the positive feedbac k, numerous expressed negative feelings of EC7s weather 

waming dissemination techniques. 108 of 229 (17%) respondents rated the warning 

performance as poor (Table 32). Evidently From much of the feedback received from 

respondents, problems may exist in the weather waming system. it must be qualified that 

many respondents believed EC and the media as a single entity. The negative cornments 

inc luded: 

I often find myself checking the American stations, because EC dors not show that 

weather crosses the border, and that most of the weather begins in Montana. 

1 swathed my hay yesterday because the forecast did not mention any chance of rain 

or a storm, and a huge stom came through and blew al1 of my mws away. Every day 

1 check the forecast to see if it is a good time to swath, this seemed like a good time, 

but it was not. Can you do something about this? 

1 never check the EC forecast, 1 always check the US forecasts, because they are 

usuaily right, and they have better weather 

where the storm is going to hit.. . 1 like that- 

shows. They have linle maps showing 



1 phone my daughter in Winnipeg to tell me about the weather. because the radio 

station out here is not very good. 

You know, 1 really get histrated when 1 have to wait to find out the weather. You 

always put the weather at the end of the show. If you guys keep putting the weather at 

the end of the show, 1 will put in a cornplaint. 

1 don? know why the govemment puts any money into projects like this. If there 1s 

one thing 1 know, it is that you can't predict the weather. They are good at giving me 

the temperature, but they aren't gwd at predicting stoms. If this is what you are 

doing, then I think ynu are wasting your tirne. 

The final question asked respondents about their future likelihood to use the 

Intemet in ascertaining weather data (Table 24). Over the past decade, the use OF the 

Intemet has increased rnarkedly, especially in areas of information dissemination and e- 

commerce. Environment Canada has a web site (www.ec.gc.ca), which includes 

information on current weather conditions and advisones, five-&y forecasts and long- 

term forecasts, allowing Canadians and individuils worldwide to query Canadian weather 

conditions. Weather warning information is also available, but its use for those in the 

agricultural community is questionable. When asked if they will use the Intemet for 

weather information in the future, 64 respondents said yes, 24 said no and 141 did not 

know (Table 24). Although not an overwhelming rnajority, 30% of f m e r s  suggesting 

future use of intemet weather data may warrant further development of the internet as a 

warning dissemination technique. 



Table 20:What weather phenornenon do you perceive as most tbreatening to crops 
in the future? 

Number of 1 

Changing Climate 
Severe Weather (more frequent) 

Table 21: How do you obtain weather data? 

4 
65 

lncreased amounts of rain 
lncreased amounts of snow 

Heavy runaff% 

1 Method 1 Number of 

1 07 
44 
9 

Radio 1 1 03 
Te levision 

1 Other 1 6 

-s 
115 

Table 22: How would you rate the accuracy of Environment Canada's Severe 
Weather Warnings? 

1 Answer 1 Nurnber of 1 
I Excellent 1 29 1 

Good 
Sat isfactory 

Poor 
Terrible 

Total 

47 
46 
79 
29 
229 f 



Table 23: Do you have an Internet connection? 

1 Res~onses 1 Number of - - - -  ! 
1 Yes 1 27 f 

Table 24: Do you see yourself using the Internet for weather information in the 
future? 

1 Do not Know 1 141 1 

Responses 

Yes 

Nurnber of 
R e s s  

64 



This result appears promising, considering at the time of the interview only 1 1% 

of respondents had Internet connections (Table 23). As ruml dial-in servers become more 

cornmonplace, allowing nval usen the ability to dial in without long-distance charges, 

the use of the Intemet for weather information could be expected to increase. 

Some of the responses accompanying the reiated questions were: 

1 didn't even know you could get that kind of information. 1 still need a computer 

though. 

1 don3 have an tntemet connection because it is too expensive. We would have to dia1 

into Winnipeg to get the service, and that would cost us long-distance. 

1 have a connection, but what is the EC website'? 1 will check it out. 

Of the 27 respondents that had an Intemet connection, one penon had used it for 1 

related information. Many of the Farm operaton who had an lntemet connection 

mentioned that they rarely use it, and that it is used almost exclusively by their kids. 

Figure 35 provides an example of the information provided by US news stations and the 

National Weather Service. Websites such as that provided by WRAL-TV allow the user 

to interactively view Doppler radar scans while simultaneously receiving weather- 

waming information. The EC website also provides the user with a user-fnendly display, 

but does not provide the user with Iive radar volume scan animations. 

Unlike the radar information the NOAA provides Free of cost, "real-tirne" 

meteorological information is commercialized and unavailable to the Canadian public. 

Figure 36 is the display the user encounters when querying weather-wuning information 



Figure 35: Example of online weather information available in the US. Note: Maoy 
news sites provide up to the minute Doppler radar volume scans. (Source: 

Figure 36: Example of Canadian Online Weather Warning System. Note: Each 
dot represeats a warning districtSource: 
httD://www.mb.ec.~c.ca/ENGLISBIWEATHERnV~CSNYarnin~.html 

blue 



The user is then prompted to 'click' on the area they are interested in, resulting in a 

display that lists the wamings for that pamcular area Although usehl, the coaneness of 

the map (Figure 36) does not provide a live view of their area of residence. From the 

interview questionnaire it 1s evident that f m  operators hunger for the avaiiability of live 

radar scans for their own interpretation. The EC web site is currently undergoing 

revisium ihaî wili provide inore rssoiution T'r ils users, and hem is a possibiiity that 

radar images may be available during weather warning and watches in the future. 



5 Summary, Conclusions and Recommendations 

5.1 Surnrnary 

This document has Focused on two main areas of interest to Environment Canada. 

The main objectives of this research were to venfy the utility of the RDSS severe weather 

detection algorithms, and to document and analyze t k  views and perceptions Manitoba 

f m  operaton hold of severe weather, Environment Canada and aspects of weather 

waming dissemination techniques. The thesis was sepanted into two main sections, each 

concrntnting on related objectives. The objectives rclating to the veri fication OF the 

RDSS severe detection algorithms were addreued through the use of statistical 

techniques common in meteorology. The results uncovered the strengths and weaknesses 

associated with most aspects of the detection procedure, allowing researchen the ability 

to improve the RDSS ventkation algorithms, user-interface and verification operations. 

The objectives related to the documentation of farmer perceptions were addressed 

through the use of systematic interviews. The views and perceptions collected from f m  

operators on severe weather, Environment Canada, and weather warning dissemination 

techniques, may guide Environment Canada or other Federal depamnents in related 

projects in the future. 

5.2 Conclusions 

This thesis conducted a lirnited study of the performance of the RDSS severe detection 

algorithms for the 1999 sumrner convective stom season. The successfid collection and 

analysis OF available RDSS logged data, radar animations, damage assessments, and 
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questionnaire contents have delivered encouraging performance results for the severe 

weather drtection algorithms. Obtaining detailed ground truth venfication data proved 

cntical in determining the RDSS aigorithm's tme performance. Examining al1 cases 

showed that the algorithm over-forecasted the occurrence of severe hail, with a 

Credibility (CRED) of 27%. RDSS detected severe wind gusts (>90km/hr) with the 

highest efficiency: the wind y s t  dgonthm was tound to be supenor in POL) and CKEL) 

compared to the other algorithms. The supercell algorithm also performed satisfactorily 

with the lowest POD (45%) and the highest CRED (67%). A lack of gound truth 

observations in areas of low population density and lack of ground truth data in the U.S. 

may have contributed to these results. As well, the high frequency and large spatial 

difference of these storms made it difficdt for a single penon to vrrify every severe 

weather event that occurred within a 24-hour period. Furthemore, i t should be noted that 

the sample size used in this study was relatively small and the results presented here are 

preliminary. 

Fam operaton' views and perceptions of severe weather rvents in southem Manitoba 

were also success full y documented. During lengthy interviews, farm operaton discussed 

freely their persona1 e..cperiences and the perceptions they have of severe weather. Do 

farm operaton fear severe weather? The definitive answer was no, but the rnajot-ity of 

f m  operaton had experienced monetary loss due to severe weather events, and most 

had negative comments related to these events. The most serious damage resdting fiom 

these hazards was delivered by hail and standing water. Commentary and anecdotes 

offered by most respondents related to hail or Iightning events that had occurred on their 

property or neighbors. Several noted different lightning patterns that had ken occurring 



over the most recent surnmen. When asked what severe event they perceive as the most 

threatening in the future, the majority of f m  operaton chose increased amounts of min 

and snow, but many wondered why drought was not an option. Interestingly, climate 

change was not perceived as a future threat to agriculture in Manitoba with many f m e r s  

citing a longer growing season as the reason. 

This sludy aiso successfuiiy docwnrnted L m  operators' percepiions and views 

conceming current severe weather frequency pattern. The majority of f m  operaton felt 

that hail events had been more fkequent occunence in the most recent decade than in past 

decades. As with the hail results, water was identified as a problem for many Manitoba 

farm operators in the 1990's. therefore it is no surprise that it was considered to be a more 

frequent event in the 1990's. Unlike the hail and water results, rnost farm operators felt 

that the fiequency of severe wind events had not increased in the most recent decade. 

Similarly, the frequency of tomadoes was not seen as a more frequent event in the 

1990's. Can, these opinions be verified? Considering the shon and variable nature of 

weather data from year to yrar, it is difficult to discount the opinions provided by farrn 

operators. 

The research projcct also e.xamined the views and perceptions that farm operators 

hold of Environment Canada and current weather waming dissemination techniques. The 

questions pertaining directly to Environment Canada spawned interesting reactions From 

respondents. Some provided a positive assessrnent of EC's severe weather warnings, 

while others displayed mistration and disdain. The balance of suggestions for 

irnprovement were generally reserved for the availability of weather information in a 

format which is easier to consume by fanners. Farm operaton showed a preference 



towards information provided by the N W S  over Canadian sources. In tems of weather 

waming dissemination techniques, the results showed a preference toward using 

television and radio. The use of the Intemet for weather information by Manitoba Fm 

operators was found to be still in its infancy with only one respondent having used it for 

weather related information. 

4 

i he finai objective, ro make recommendations that may lead to the improvement of 

RDSS severe weaîher detection algorithms, Environment Canada's RDSS verificaîion 

procedures, severe weather waming dissemination techniques, and understanding of 

Manitoba fam operaton, is outlined below. 

5.3 Recommendations 

Although previous RDSS verification studies have been attempted, very little research 

has been published on how the Manitoba farm operator perceives and adjusts to severe 

weather hazards. Moreover, little has been done to document the views and perceptions 

that Manitoba fami operaton hold of Environment Canada and current severe weather 

waming dissemination techniques. A study of this type will not only help EC improve the 

RDSS, but may also help assess the need for closer relations with Manitoba famiers. This 

study has several recommendations related to each individual objective. 

In terms of impruvi ng RDSS, this study recommends that Environment Canada: 

1. Use the results of this study to increase the validity and reliabilitv of RDSS severe 

weather forecasts. 

The results of the algorithm verification section of this study indicate that although the 

RDSS severe weather detechon algorithms performed satisfactorily, improvements need 



to be continually made. In particular, the Hail Detection Algorithm (HDA) was found to 

--overwarn" the instance of severe hail, warranting Further study and fine-tuning. 

3. Develo~ VIL density guidelines soecific to the Manitoba atmospheric conditions. 

As described in the review of literature, VIL density has been cornrnonly studied in 

resrarcn conductea by the hWS. One concem with using V L  density as a hail indicator, 

was that its performance is correlated to spatial location. Studies conducted further south 

gnerally had higher success rates. The probability of detecting severe hail could possibly 

be increased and the False Alarm Ratio could be decreased, if VIL density thresholds 

refiected the Manitoba climatology. 

3 Increase EC severe hail diameter requirement fiorn 20mm to 3 1 -5mm (nickel sized). 

From the results of this study there are indications that current EC severe hail 

measurement requirements are inadequate. Hail meeting current severe standards remains 

difficult for RDSS to detect with sufticient efficiency. If severe hail size were increased 

From 20mm to 2 1 S m m  (nickel), the credibility of RDSS forecasts would increase h m  

24% to 82%. This increase in credibility is invenely correlated to FAR, thus as the 

credi bi 1 ity of RDSS forecasts increased, the FAR dec reases. 



Figure 37: Nexrad Radar volume scan integrated into e GIS environment, Intriasic 
GIS functioris are also shown for user selection of county polygons and marking of 
the selected county records in an attacheci relational database. (Source: Shipley, et 
a l  1996). 



3. Continue with RDSS verification, using an increased number of personnel. 

The verification of the RDSS algorithms proved to be a daunting task for one field 

technician. In further venfication projects it is recommended that on any severe weather 

day, at least three verification technicians should be used. To remain cost-effective, the 

+n ibaiii - COUM SC made up of one senior tcchniciaii, and xvenl sumiiicr nudents ~ i i h  

interests in meteorology. 

5. Environment Canada improve the RDSS user-interface by: a) conducting vearlv 

feedbac k forums with severe weather rneteorologists: b) enabling the seamless 

transk of information to GIS application package (Figure 37). 

The RDSS usminterface is relatively user friendly, but conversations with several severe 

weather meteorologists indicate that some drawbacks exist. It is recommended that an 

operational assessrnent be conducted, which includes a workstation assasment. Of 

concem to RDSS verification studies, it is recommended that radar volume scan 

animations be GIS compatible. Radar animations can currently be downloaded from 

RDSS in GIF89 format, which is not georeferenced. 

In tenns of citizen and f m  operator involvement, this study recommends that: 

Environment Canada increases the citizen and f m  operator involvement in the 

development of severe weather dissemination techniciues. 

This thesis indicates that such programs wodd be well received by Manitoba fami 

operators. Although many provided negative feedback of EC's severe weather 
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dissemination techniques, these individuals showed a willingness to help through their 

suggestions and cornments. Developing relationships with Manitoba farm operaton also 

stands to increase severe weather reporting. Other benefits and opportunities not 

mentioned in this study may also surface. 

knowledge and perce~tions of severe weather 

The results of this study indicate that Manitoba f m  operaton have specific concems and 

perceptions of severe weather. Many feel that severe weather events have increased over 

the last decade and have had a negative impact on their livelihoods. Many f m  operaton 

feel that information on global climate change and their effect on Manitoba agiculture 

should be readily available. Research could be improved with persona1 interviews and a 

larger population sample. As well, the questioning could include areas of interest tu 

Environment Canada. This could foster a better relationship between farm operators and 

govemment, resulting in mutually beneficial relationshi p. 

8. lncrease the availabili~ of "real-time" radar volume scans to the ~ublic. 

Interviews with Manitoba f m  operaton indicate a hunger for weather information. 

References to Amencan weather data as "bette? than Canadian was a common sentiment 

among f m  operators in southem Manitoba Farmers and public alike enjoy a sense of 

control. Seeing a severe ce11 coming towards ones area on the internet or television would 

not only give the public a sense of control through knowledge, but would give 

Environrnent Canada a level of credibility in their forecasts. 



Note: Just prior to the publication of this document, Environment 
Canada released the following on their wcbsite 

OTTAWA - Au* 16, 2000 - Environment Minister David Anderson 
is pl& to announce that radar weather displays fiom the 
Meteorological Service of Canada (MSC), a branch of Environment 
Cana& are now available on the Intemet. 

~Minister Anderson explained that % a d  on the public's interest to see 
weather systerns for themselves, we developed a site providing this 
service to Canadians. The public wants this san of information to make 
plans whether it'q playing golf nr travelling or, mnre impnantty, Cn 
take protective actions. " 

-4s of July 19, 2000, MSC has been uploading weather radar displays 
onto its Web site. 

The system uses radar antennae, similar to the kind used for tracking 
airplanes. to detect raindrops and clouds. The antennae emit beams of 
microwave energy, which get scattered when they corne into contact 
with weather phenornena nich as min, snow or ice particles. As the 
beams scatter, some of the energy is retlected back to the radar detector 
as an "echon. The "echo" is then picked up and the image is displayed 
on a radar screen. The radar syaem can d e t h n e  a system's location 
based on the tirne it takes between sending the signai and recaing the 
retlected signal back again. Radar can aIso help detennine the severity 
of a weather system by the shape and intensity of the =ho. 

Canada has 22 radar stations across the country that provide weather 
data covering 90 to 95 percent of the population. Each station is 
capable of monitoring weather in a 240 kilometre radius. 

The new service features hourIy images taken fiom each radar station 
and posted to the Web site. A specid feature dows  visitors to click on 
an "animation" link which activates a playback of how a weather 
system has moved over the previous ftve hours. 
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Appendix A: Questionnaire 

Dear, Sir/'Madam, 

Attached you will find a four page swey .  The purpose of this s w e y  is to gather 

infimnation about ~èvere cunvective weather occurrences in southern Manitoba as weii as 

information on the use of current severe weather reporting options. This information is 

needed to venS, the utility and function of Environment Canada's (EC) newly developed 

Radar Decision Support System (RDSS), and to improve current severe weather warninç 

methods. 

In order to complete this survey please answer al1 questions as they pertain to 

your observations and experiences during the severe convective weather occurrence. This 

will take approximately five to 10 minutes. All persona1 information included in any 

responses will remain, at al1 times, confidential. 

The survey is part of a thesis research through the Natural Resources Institute 

(NRI) in working toward the degree of Master of Natural Resources Management 

(W. The study has received sponsonhip from Environment Canada. 

Additional information on this snidy, or a sumrnary of the results of the survey 

may be obtained by contacting Ryan T. Tombs at either of the following locations: 

Natural Resources Institute 
University of Manitoba 
70 Dysart Road 
Winnipeg Manitoba 
R3T 2N2 
Ph: (204) 474-8373 

Prairie Storm Prediction Centre 
(PSPC) 
Environment Canada 
Ph: (204) 983-8856 



1. Name of observer 
1 f 

2. Address: 

Phone lu'umber: 

Tl 
Time and Date of the Event: 

r i 

5.  Location: 
i 

Did you experience a severe weather occurrence? (Hail, Wind, Rain, Tomado) 

a) Yes b) No C) 1 don't know 

7. If YS, proceed with following questions 

8. How did you detemine the iime of the event? 

a) stopped dock b) power failure c) memory 

Rain 
9. Was there any min? 

a) Yes b) No 

10. If yes, how much? 

Measured 

C) 1 don3 know 

d) other tirne fixing 
event 

1 1. How long did it rain? (hr, min) 



12. Do you have any additional rernarks or comments about the rainfall? 

a) Yes b) No 

13. If yes, use space below 

14. Was there any hail? 

a) Yes b) No 

15. If yes, how much'? 

Estimation Measured 
(cm)- 

16, How big were the hailstones? 

a) Pea b) ( m e  
e) Tennis Bal1 f )  ûther 

17. How Ions did it hail? (hr, min) 

c) I d o i t  know 

c) Walnut 
g) Unknown 

d) Golf bal1 
h) Other 

18. Do you have any additional rernarks or comments about the hail stom? 

a) Yes b) No 

19. If yes, use space below 



Wind 
20. Did you experience any strong winds? 

a) Yes b) No 

3 1. If YS, what was the winds estimated speed? 

77. In which direction was it blowing? 

a) North b) East C) South d) West 

23. How long did the winds lasta? (hr, min) 

24. Do you have any additional rernarks or comments about the strong winds? 

a) Yes b) No 

25. If yes, use space below 

Tornado 
26. Did you see a funnel cloud? 

a) Yes b) No 

27. If yes, was it touching the ground? 

a) Yes b) No 

28. In which direction was it moving? 

a) North b) East C) South 
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29. What shape was the tomado? 

a) b) Smokr- c )  d) Cone e) Rope- f) g) aller 
Multiple like Col urnnar like Unknown 

30. Do you have any additional remarks or comments about the tomado? 

a) Yes b) No 

3 1. If yes. use space below 

Severe Weather Views and Perceptions 

32. What do you perceive as the greatest hazard to your crops? 

a) Hail b) Wind c )  Rain d) Tomado e) Other 

33. What do you perceive as the main disadvantages of farming in Southeni Manitoba? 

a) Too d q  b) Frost c) Floods d) lnsects e) Severe f) Other 
weather 

34. Has water been more of a problem in the 1990's than in previous decades'? 

a) Y= I b) no 1 C) do not know 

35. What do you consider to be a hailstorm? 

a) A few hailstones 
b) Ground covered by hail 
c )  Buildings damaged 
d) Hail fell, but no crop loss 

a) 1-30s crop loss 
b) 30-70% damage 
C) 70-90% damage 
d) 100% crop loss 



36. Has hail been a more frequent problem in the 1990's than in previous decades'? 

a) y= b) no C) I don't know 

37. Has wind been a more fiequent problem in the 1990's than in previous decades? 

a) yes b) no c) 1 don3 know 

35.  Have tornadocs bccn o morc %quent problern in thc 1990's than in pmious 
decades? 

a) yes b) no c) l donTt know 

39. What weather phenornenon do you perceive as mon threatening to crops in the 
future? 

a) Changing b) Severe weather c )  Increased d) increased e) heaw nin-off's 
climate (more frequent). amounts of snow amounts of rain 

d) other 

40. How do you usually hear of warnings'? 

a) Television b) Radio c )  Intemet 

4 1 .  Do you have an [ntemet connection? 

a) Yes b) No 

42. Do you see yoursel f using the intemet for weather information in the future? 

a) Yes b) No c) I do not know 

43. Have you ever reponed a severe weather occurrence? 

a) Yes b) No 

44. If yes, why? 



If no, why not? 

45. How would you rate the accuracy of Environment Canada's severe weather 
warnings? 

a) Excel 1 ent b) Gwd c ) Satistàctory d) Poor C) Terrible 

46. How would you improve the way Environment Canada purs out severe weather 
warnings? 



Appendix 6: Glossary of Terms 

Aduptedfrorn "Radur for ikîeteordogists ", R. E Rinehurl. < hpyight (c) 199 1, Honuld 
E. Rinehurt. 

Degree of conformity oFa measure to a standard or mie value. 

unornuiouï propugur ion (A PI : 

When nonstandard re fractive index distri butions prevai 1, "abnormal" or "anomalous" 
propagation occuts. 

A change in wind direction in a counterclockwise sense representiny cold air 
advection. 

hackscut ter: 

That portion ot' power scattered back in the incident direction. 

The layer of a fluid adjacent to a physical boundary in which the fluid motion is 
affected hy the houndary and has a mean veiocity less than the stream value. 

A core of weak equivalent refiectivity in a thunderstom that identifies the location of 
a strong updrak The updrafk is so mong that large precipitation particles do not have 
time to form in the lower and mid-levels of the storm and are prevented From falling 
back into the updraft core fiom above. The weak echo region is bounded when in a 
horizontal section, the weak echo reijon is completely surrounded or bounded by 
higher reflectivity values. 

probability ofüL.tect ion (POLI): 

A verification maure  of categorical forefast performance equal to the total number 
of correct event forecasts (hits) divided by the total number of events observed. 
Sirnpiy stated, it is the percent of events that are forecast With respect to the 2x2 
verifkation problem example outlined in the definition of con~gency table, P O P  
(A)/( A+C). 

fulse aiam ratio (FAR): 
A verïfication measure of categorical forecast performance equal to the, n q b e r  of 



false alarms divided by the total number of event forecasts. With respect to the 2x2 
verification problem example outlined in the definition of contingency table, FAR= 
(R)/(A+E3). 

bow echo: 

Rapidly rnoving, crescent shaped echo that is convex in the direction of motion. 
Typically associated with strong, straight-line winds. 

A compact region of relatively strong vertical air motion (at Ieast 10 m / s ) .  

Echoes that interfere with observation of desired signals on a mdar display Usually 
appl ied to ground targets. 

ctjnvect ion: 

In rneteorology, the ascent of air which is less dense than its sunoundings, usually 
because of thermal (temperature) diflerences. Clouds and storms are known as moisr 
convection because the condensation of water v a p r  releases latent heat, which 
furtha heats the ascending air and rnakes it more buoyant. 

A measure of the contraction of a vector field. In meteorology, usually refers to wind, 
or mas, convergence, when observed near the ground, it is  associated with updrafts. 

A masure of the similari- between variables or functions. 
criticcil szrccess inderr (C'SI). 

Also called the threat score (TS), is a verification measure of categorical forecast 
performance equal to the total number of correct event forecasts (hits) divided by the 
total number of storm forecasts plus the nurnber of misses (hits + false alarms + 
misses). The CS1 is not affected by the number of non-event forecasts that ver@ 
(correct rejections). However, the CS1 is a biased score that is dependent upcm the 
frequency of the event. 

A two-dimemio~f 'kquure" table (with kxk entries) t h t  dispfays the dtscrete joint 
distribution of forecasrs and observations in tems offequencies or relative frequencies. 
For dichotomou~ categorical foreca~ts, h z n g  oniy two possible ou1come.v (Yex or Ni$. 
the fdowing 2x2 contingency table c m  be dejined: 





fdse ularm ruîio (FAR).: 

A verification measure of categorical forecast performance equal to the nurnber of 
false alarms divided by the total number of event forecasts. 

The number of recurrences of a periodic phenomenon per unit time. Electromagnetic 
energy is usually specified in Hertz (Hz), which i s  a mit of Frequency equal to one 
cycle per second. Weather ndzrs typically operate in the GigHertr rmge (GHz). 

Global Positioning System. A network of satellites which provide extremely accurate 
position and time information. Useful in remote locations or for moving platforms. 

The pattern of radar echoes fiom 6xed ground targets. 

An individual cell or a group of cells that are identifiable and separate from other 
cells in a geographic area. 

Large downburst with 4 km or larger outflow size, with damaging wind lasting 5-20 
minutes. 

A 3-dimensional region in a storm that rotates cyclonically (countercloc)iwise in MI) 
and is closely correlated with severe weather. 

Precipitation systems 20 to 500 hm wide tthat contain deep convection. Examples in 
mid-latitudes are large isolated thunderstoms, squall lines, Mesoscale Convective 
Complexes, and rainbands. 

Plan-Position hdicator. An intensity-modulated display on which echo signals are 
shown in plan view with range and azirnuth mgle displayed in polar coordinates, 
foming a maglike display. Each PPI is taken at a single, fixed elevation angle, and 
thus foms a cone of coverage in space. PPIs may be run in sequence, creating a 
"volume scan". 

probabÎMy of deteclibn (PûD).: A verification measure of categorical forecast 



performance equal to the total number of correct event forecasts (hits) divided by the total 
number of events observed. Simply stated, it is the percent of events that are fmecast. 

Transmission of electrornagnetic energy as waves through or dong a medium. 

rudur crciss section: 

The area of a fictitious, perfect retlector of  electromagnetic waves (cg.. metal yhere) 
that would reflect the same arnount of energy back to the radar as the actual target 
(e-g., lurnpy snowflake). 

The sum of al1 backscattering cross-sections (e.g., precipitation particles) in a pulse 
resolution volume divided by that volume. The radar reflectivity can be related to the 
radar reflectivity factor through the dielectric constant tenn IKIA2, and the radar 
wavelength. 

Distance fiorn the radar antenna. 

A measure of the fraction of radiation retlected by a given surface; defined as a ratio 
of the radiant energy reflected to the total that is incident upon that surface. 

A line or narrow band of active thunderstoms. 

Any disturbed state of the atmosphere, especially affecting the Earth's surface, and 
strongly implymg destructive and otherwise unpleasant weather. Stoms range in 
scale fiom tornadoes and thundentoms through tropical cyclones to widespread 
extratropical cyclones. 

sîorm motion: 

The velocity at which a storm travels. 

A large, long-lived (up to several houn) cell consisting of one quasi-steady updraft- 
downdrafl couplet that is generally capable of producing the most severe weather 
(tomadoes, high winds, and giant hail). 



A local, abrupt lowering of a min-free cumulonimbus base into a low-hanging 
accessory cloud, from 2 to 6 km ( 1 to 4 miles) in diameter. The wall cloud is usually 
located in the southwestern part of a severe thunderstom in the main updraft to the 
southwest of the main precipitation region. Rapid upward motion and visible rotation 
may be seen in wall clouds from seveml km away. Almost al1 strong tomadoes 
deveiop from wall clouds. 

weak echo region WER): 

Within a convective echo, a localized minimum of equivalent reflectivity associated 
with the strong updraft region. 

WSR-9XD systern: The summation of dl hardware, software, facilities, communications, 
logistics, staffing, training, operations, and procedures specifically associated with the 
col Iection, processing, analysis, dissemination and application of data from the WSR- 
88D unit. 

critical success inclex (CS[).: 1s a verification rneasure of categorical forecast 
performance equal to the total number of correct event forecasts (hits) divided by the total 
nurnber of storm forecasts plus the nwnber of misses (hits + false alarms + misses). 



Appendix C: RDSS User Interface 

Note: The following user-interface description was compüed by Anthony Keck 

(1998). 

The RDSS user interface consists of two window types ... 

1. Main Radar View: This window is used to show full radar views showing the 
locations of stom ce&. It is also used to display general produd 
information The user can use this window to select a stom region or ceii, 
upon which detailed region data analysis resdts will be shown in an 
appropriate stom cell window. 

2 Storm CeU Window: This type of window is used to display detailed r e d t s  
from stom ceU analysis. 

Ali windows have a titie made up of  the name of the radar source and the time associated 

with the latest radar scan obtained. 

 main Radar View 

The "Main Radar View" window consists of two main viewing areas, a set of pulldown 

menus, and a scrolling text area. The viewing areas can be used to display single views 

of radar data as well as animation loops showing how radar data is changing over time. 

One of the views is used for displaying the locations of storm cells, which are color- 

coded according to their perceived level of potential for causing severe summer weather 

events. The other view is used for displaying "Product" information. The user can use 

the rnouse to select a storm ce11 from the fim view, upon which a "Storm Cell Window" 

will appear with information about the ~ l e c t e d  cell. Both windows have the following 



Title - identifies the type of information king displayed and the 
time it was obtained from the radar, 

Radar Image - a color-coded or gray xale image or movie loop 
showing radar data and product information, 

Geography Overlay - an optional geography overlay, which iç 

mapped onto the radar image, 

Color Key - a color key explaining what colors used in the radar 
image dispiay represent, 

Image Save Controls buttons for saving images and animations in 
GIF and animated GIF format files; individual images can be saved 
in GIF or animated GIF files using a right mouse click (GE) or 
modified (shift, ctrî, or lock) nght didc (animated GE) on the image 
to be saved, 

Movie Controis - buttons used for pausing and resuming movie 
loops, stepping forward and backward in movie loops, and skipping 
to the end of movie loops, 

Progress Gauge - shows the location of the m e n t  movie hame in 
the movie loop, 

Mouse Location/Value Reporting - the user ge6 a report in a 
display field that identifies the Location and data value associated 
with the current mouse pointer location, 

Mouse Based Geography Report - the user gets a report in a display 
field that identifies aties, towns, W r t s ,  and possibly 0 t h  
important landmarks that are dose to the current mouse pointer 
location. 

The pull-down menu includes options for changing the radar source, selecting specific 

volume scans, requesting specific product information, and for tuniing on and off 

geographical overlays. 

The scrolling t ea  area is used for reporting non-pictorial information and supplying 0 t h  

statu information. 



Storm CeU Window 

When the user uses the mouse to select a stonn ce11 fiom the "Main Radar View" 

window, a "Storm Cell Window" will appear. " S m  Cell Windows" provide more 

detailed information about the selected Storm ceI1. "Storm Ceil Windows" have been 

desi~ned for Iwo types of analyses; super-ceil anaiysis, and wind gust anaiysis. 

"Storm Ce11 Windows" have the following elements; 

Cell Core / Composite Product View - a view containing an image 
or movie loop showing the relative locations of the storm cell core 
and prodnct-based features, as well as stom tilt and motion vectors, 

Product h a g e  Views (Figure û-1) - views containing images or 
movie loops showing product information in the region of the storm 
ceU, 

Figure 0.1: Storm ceIl composite image. 

Cell Profile View (Figure b2)- a view containing two profile image 
displays; an image or movie loop showing automatically selected 



vertical profiles of product data taken in the direction of the cell's tilt 
vector, and a display for user selected profües, 

Figure 0.2: Ceil Profile View. 

Stom Parameter vs. Tirne Graphs (Figure 0-3) - time 
important storm ceU parameters, 

Figure 0.3: Time Graphs 

Lmage Save Controlç a buttons for saving images and animations in 
GIF and animated GIF format files; individual images cm be saved 
in GIF or animated GE files using a right moue click (GE) or 
modified (shift, ctrl, or lock) right di& (animated G E )  on the image 
to be saved, 

Movie Controls - buttons used for pausing and resuming movie 
loops, stepping forward and backward in movie loops, and skipping 
to the end of movie loops, 

Mouse Based Geography Report - the user gets a report in a display 
field that identifies aties, t o m ,  airports, and possibly other 
important landmarks that are dose to the current mouse pointer 
location, 

M o u e  Pointer Linkage - the location of the mouse pointer when it is 
over an image display is mirrored in ail of the other image dûplays 
to help the user correspond locations of product features, 

Storm Selection Display - a miniature dûplay of the full radar field, 
complete with ail storm cells that cm be used to select other storm 
ce& using the mouse. 



The "Cell Core / Composite Product" view, "Product" image views, and "Cell Profile" 

view al1 have the following elements; 

Title - identifies the type of information king displayed and the 
time it was obtained from the radar, 

Color Key - a color key explainhg what colors used in the radar 
image display represent, 

Rogress Gauge - shows the location of the m e n t  movie hame in 
the movie loop. 

The "Cell Core i Composite Productif view and "Product" image views also have the 

following elements; 

Mouse Location/Value Reporting - the user gets a report in a 
display field that identifies the location and data value associated 
with the curent mouse pointer location, 

Zoom Button - can be used to obtain an enlarged view of the image 
or movie loop contained in the view. 



Appendix D: Algorithm Condition Statements 

Super Assessrnent 

RDSS provides an automatic seventy rating for stoms based on supercell characteristics. 
Pt 

1 nese are appiied to eacb CeiiSnapshot. A rating between U and 3 1s asslgned using a two 

step process. 

Steo l 

The foilowing conditions are evaluated and assigned a value of Tme or False. 

Condition 1 :  Volume of cell core above height 7.0km AGL (above ground 

level) > 2 0 h 3  and Cell core area at height 7.0 km AGL > 10 km2 

Condition 2: Volume of cell core above 7.0km > 150km3 

Condition 3: Echo top within 2km of highest echo, overhang low level 

gradient > 2, occur within 2km. 

Condition 4: BWER footpnnt covers area > lOkm2 

The above section can be interpreted as follows. Condition one is used to make sure the 

refleaivity core meets the minimum requirement that it have enough of its ce11 core 

above the minimum altitude. Condition 2 is used to determine whether or not the ceIl cm 

be considered to have a large arnount of ce11 core above the minimum height (Threshold 

C is typically set much higher than threshold A). Condition 3 is used to detennine if the 

storm cell has the son of structure where high echo tops, reffectivity overhangs, and 

strong low-level reflectivity gradients occur in close proximity. This implies that the 

storrn might have the kind of structure related to strong supercells, as indicated by 

Lemon. Condition 4 provides as much indication that a very strong updraft is feeding the 

Storm, 



Step 2 

A severity mting is assigned through the prograssive application of a set of logical 

expressions involving the above conditions. The highest level of which the associated 

expression evauates to TRUE will be assigned to the storm cell. 

Level O: Default 

Severity Level 1 : Condition 1 AND 2 OR condition I and 3 

6 Seventy Level2: Condition 1 AND condition 2 AND condition 3.  

Seventy Level3: Condition l and 4 

The above ratings can be interpreted as follows. Level O indicates that 

the ce11 is not large enough to be considered a supercell. Level one 

indicates that the storm is large but lacks the structural characteristics 

of a really severe storm or that it potentially has structure but lacks 

size. Level 2 indicates that the stonn is large and potentially has 

structure indicating a more severe storm. Level3 indicates that there is 

a significantly large BWER in the storm, which tends to indicate a 

very strong updraft, which is o h  associated with the wom kids of 

storms. 

Wind Gust Assessrnent 

The following conditions are evaluated and assigned a value of TRüE and FALSE. 

Condition 1 : Wind Gust Potential (Stewart) > 6Olanihi 

Condition 2: WGP (Stewart) + Storm Ce11 Velocity > 90kmihr 

Condition 3 Decreases in Maximum VIL > IOkg/m2 

Condition 4: Decreases in height of Ma-R > 2km 



Condition one involves oniy the most recent ce11 snapshot. It is assessed using the 

maximum wind gust potential that appears in the region of intereg used to mate the 

wind gus? product for the cell snapshot. Threshold A is chosen so as to represent a 

moderate wind e s t  potential. 

Condition 2 assumes tiat any aowndrafi that would occur wouid acid to the wind caused 

by the motion of the ce11 itself It is used to assess whether the combined wind would 

exceed a hi& velocity, either because the downdraft wind could be iarge ador the wind 

from the ce11 motion is large. 

Condition 3 and 4 are calcuiated using the latest cell snapshot and the previous ce11 

mapshot and are used as indicaton that the stom ce11 core mi@ be in descent. indicating 

that a downdraft could be occurring. Condition 3 is assessed using the maximum VIL that 

occun anywhere in the region of interest used to create the VIL product for each cell 

snapshot. Condition 4 is assessed using the maximum height of all Mau-R values over 

45dBz tat occur in the region of intaest used to neate the MAX-R and Height product 

for each cell snapshot 

S t e ~  2 

A severity rating is assigned through the progressive application o f  a set of logcal 

expressions involving the above conditions. The highest lwel for which the associated 

expression evaluated to TRüE will be assigned to the storm. 

Seventy Level O : Default 



Severity LeveI 1: Condition 1 

Severity Level 2: Condition 1 AND Condition 2 OR Condition 1 and 

Condition 3 OR Condition 1 and Condition 4. 

Sevet-ity Level 3: Condition 1 AND Condition 2 AND Condition 3 OR 

Condition 1 AND Condition 2 AND Condition 4 

The above ratings can be interpreted as follows. 

Level O indicates that the cell is not likely to cause to cause strong wind gusts in the near 

future. 

Level I indicates that the storm has potential to create a moderate wind gust if part of the 

ce11 care were to descend. 

Level 2 indicates that one of several scenarios could exist. They are that the storm has the 

potential to create strong wind guns if part of the cell were to descend, he cell is moving 

fast and has the potential to prduce a strong wind due to the addition of a moderate 

downdraft or that the potential for a moderate gust due to a downdraft has been detected 

and there is an indication that the ce11 core might be descending. 

Level 3 indicates one of two things; the potential for a mong wind gust due to a 

downdraft has been detected and there is an indication that the ce11 core might be 

descending, or the ce11 i s  moving fasr, has the potential to produce a strong wind due to 



the addition of moderate downdraft and there is an indication that the cell core might be 

descending. 

Hail Probabiltty Algorithm (HPA) 

RDSS provides indicators for the possible presence of large hail. The algorithm consists 

of the straightforward cornparison of VIL density values against threshold values. The 

greater the VIL density, the higher the probability of severe hail occming. Currently 

there are two threshold values king used by RDSS. The first threshold (A) is associated 

with a 50°/0 probability of large hail. while the second threshold (B) is associated with 

90% probability of large hail. 

Hail indicaton are produced for each Cell Snapshot, and consist of a set of fiags that are 

used to indicate whether or not the thresholds are exceeded. 




