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Executive Summary

This report summarizes the activities during the 2014 field operations of the Alberta Hail Suppression Project.
This was the nineteenth year of operations by Weather Modification, Inc. (WMI) of Fargo, North Dakota under
contract with the Alberta Severe Weather Management Society (ASWMS) of Calgary, Alberta.

This season was the fourth year of the current 5-year contract cycle for this on-going program; WMI has been the
contractor since operations began in 1996. The program was again directed for the ASWMS by Dr. Terry Krauss.
The program continues to be funded entirely by private insurance companies in Alberta with the sole intent to

mitigate the damage to urban property caused by hail.

The cloud-seeding contract with WMI was renewed in 2001, 2006, and again in 2011. Calgary, Red Deer and
many of the surrounding communities have seen significant growth in population and area since 1996. Calgary’s
population exceeded 1 million in 2006, and property values have more than doubled since the program’s
inception. In 2008 it was estimated that a hail storm similar to that which caused $400 million damage in Calgary
in 1991 would now cause more than $1 billion damage. New record Alberta hailstorms have recently occurred in
2009 and 2010, and the severe storm that struck Calgary on August 12, 2012 caused an estimated $500 million

dollars damage, indicating that a billion dollar storm within Calgary is how possible.

A Doppler weather radar replaced the previous unit in 2011, and in 2014, the weather radar was replaced with an
upgraded unit. This latest radar is even more sensitive, better depicting the developing cloud turrets of interest for
seeding, and also has Doppler capability, which provides additional information about internal storm circulations

that would not otherwise be available.

Springbank Airport (CYBW) continued to be the southern operational base in 2014, while the northern base
remained at the Red Deer Regional Airport (CYQF).

The project design has remained the same throughout the period, but a fourth seeding aircraft (Hailstop 4) was
added to the project in the summer of 2008 to increase seeding coverage on active storm days. In 2013, a fifth
aircraft (Hailstop 5) was added, which is another twin-engine turboprop King Air, the same model aircraft as
Hailstop 1 and 3 have been in recent seasons. This fifth aircraft was based in Springbank with Hailstop 1 and

Hailstop 2, and remained there for the 2014 season.
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The program was operational from June 1st to September 15th, 2014. Only storms that posed a hail threat to an
urban area as identified by the project’'s weather radar situated at the Olds-Didsbury Airport were seeded. The
project target area covers the region from High River in the south to Lacombe in the north, with priority given to

the two largest cities of Calgary and Red Deer.

Hail was reported within the project area (protected area and buffer area) on 58 days. The most notable hailstorm
this summer struck Airdrie on August 7. This storm was one of many that occurred during the most active three-
day period of the season.

Larger than golf ball size hail was reported on July 9th west of Eckville. Larger than golf ball size hail was also
reported on the 17th of July in the town of Balzac. The month of August saw larger than golf ball size hail on the
6th north of Airdrie and on the 8th east of Okotoks.

Golf ball size hail was reported or observed by radar signature on July 3rd north of Rocky Mountain House; July
5th near Rimbey; on the 6th of July southwest of Strathmore; the 19th of July east of Olds; July 21st southwest of
High River; the 29th of July south of Rocky Mountain House; and on the 31st of July south of Rocky Mountain

House, east of Red Deer, west of Cremona, southwest of Calgary, and near Three Hills.

The month of August saw golf ball size hail on the 1st east of Red Deer; the 2nd south of Strathmore; on the 3rd
southeast of the town of Caroline, north of Three Hills, and southwest of Calgary; the 4th west of High River and
north of Three Hills; on the 7th in Airdrie and Eckville; the 14th west of the town of Acme; on the 15th southwest of
Calgary; on the 16th north of Rocky Mountain House; the 19th south and southeast of Calgary; north of Lacombe
on the 27th; and the 30th southwest of Caroline.

Walnut size hail was reported or observed by radar signature on June 9th south of Calgary; the 20th of June east
of Lacombe; the 24th of June southwest of Sylvan and in Calgary; on the 27th of June northwest of Sundre; the
16th of July southeast of Beiseker; and on the 23rd of July southeast of High River.

The weather pattern during the summer of 2014 was much more active than the previous summer, close to the
storm frequencies of 2011 and 2012, both very active seasons. All five Hailstop aircraft flew on twelve days and

all five aircraft “seeded” on ten of those days.

In June, 26 seeding missions were flown, and an additional four flights flown for patrol. A “patrol” flight is a flight
flown to check cloud intensity or in anticipation of clouds becoming intense enough to warrant seeding, but during

which no seeding was actually conducted.
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July and August were both quite active. Eighty-four seeding missions were flown, and 14 more patrol flights. A
severe hailstorm moved through Airdrie during the afternoon of August 7th, that city’s second serious storm in two
days! Though seeded by multiple aircraft, larger-than-golf ball hail still fell in the city. Airdrie was also hit by
hailstorms on July 17th and August 6th.

No seeding was conducted in September, and no patrol missions were needed due to unseasonable cold
weather. Measureable snowfall was received in the project area from Sunday evening, September 7th, through

Tuesday, September 9th.

There were thunderstorms reported within the project area on only 65 days this summer, compared with 77 days
in 2013. Hail fell on 58 days. During this season, there were 259.5 hours flown on 37 days with seeding and/or
patrol operations. A total of 101 storms were seeded during 110 seeding flights (262:07 flight hours) on the 32
seeding days. There were 18 patrol flights (25:28 hours), and 24 short “public relations” flights on which one
aircraft was flown to the Olds-Didsbury Airport to be available for viewing by insurance company employees

attending tours of the operations centre and radar.

The amount of silver-iodide nucleating agent dispensed during the 2014 field season totaled 382.5 kg. This was
dispensed in the form of 10,782 ejectable (cloud-top) flares (215.6 kg seeding agent), 1020 burn-in-place (cloud-
base) flares (153.0 kg seeding agent), and 228.6 gallons of silver iodide seeding solution (13.9 kg seeding agent).

Five specially equipped cloud seeding aircraft were dedicated to the project. Two Beech C90A King Airs and one
Cessna 340A were based in Springbank, and a C90A and another C340A were based in Red Deer. The
procedures used in 2014 remained the same as the previous years. The Springbank office and aircraft were at
Springbank Aero Services, at that airport. The WMI Red Deer office was again set up in the Air Spray hangar at

the Red Deer Regional Airport, as had been done in the three previous seasons.

The aircraft and crews provided a 24-hour service, seven days a week throughout the period. Thirteen full-time
pilots and three meteorologists were assigned to the project this season. In addition, WMI’s Chief Pilot, Mr. Jody
Fischer, served as overall project manager. The 2014 crew was very experienced. The Red Deer aircraft team
was led by Mr. Roger Tilbury, who has been flying cloud research and cloud seeding missions since the 1970s,
and Mr. Joel Zimmer who has been with the Alberta program for 12 years. The Springbank team was anchored
by Mr. Jody Fischer and Mr. Jake Mitchem. The radar crew was anchored by WMI's Chief Meteorologist, Mr.
Daniel Gilbert, now with five seasons’ experience in Alberta, in addition to seven seasons’ work in a similar

capacity on a hail suppression program in North Dakota.
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Overall, the personnel, aircraft, and radar performed exceptionally well and there were no interruptions or missed

opportunities.

High speed Internet service was once again obtained at the Springbank and Red Deer offices for the pilots so that
they could closely monitor the storm evolution and storm motion using the radar images on the web prior to take-
off. All of the project’s radar data, meteorological data, and reports have been recorded onto a portable hard
drive as a permanent archive for the Alberta Severe Weather Management Society. These data include the daily
reports, radar maps, aircraft flight tracks, as well as meteorological charts for each day. The data can be made
available for research purposes through a special request to the Alberta Severe Weather Management Society.
In addition, ASWMS Program Director Dr. Terry Krauss was provided the entire season’s TITAN (radar) data, as
he has that software running on a computer in his office. This will enable mutual (WMI and ASWMS) continued

examination of the data set in the off season prior to the 2015 program.
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2015 (top) and July 29, 2014 (bottom). Visitors look over Hailstop 4, the Cessna 340 based in Red Deer (top) and
others get an explanation of the operations room functions and equipment from project meteorologist Adam
Brainard (below). (WMI photographs by Bradley WallEr.) .............eeoiiiiiiiiiiiie ettt 47

Fig. 17. Hailstop 3 flies above the lower cumulus deck at 10:21 PM on August 6, 2014, while en route from one
storm to another in the midst of this extremely busy two-day period. (WMI photography by Joel Zimmer.) ......... 48

Fig. 18. Hailstop 1, one of three King Air C90 aircraft on project, sits on the ramp at the Olds-Didsbury Airport,
awaiting visitors attending an accredited insurance industry tour, on June 23, 2014. A “double-rack” of burn-in-
place cloud seeding pyrotechnics is clearly visible aft of the engine on the near wing. The racks for smaller,
ejectable flares mounted on the aircraft belly are not visible. (WMI photograph by Adam Brainard.) ................... 50

Fig. 19. Hailstop 4, a Cessna 340A seeding aircraft is shown on the ramp in Red Deer. Notable on the aircraft
(and absent from the turboprop aircraft such as Hailstop 3, seen in the background) are the wing-tip ice nucleus
generators, the silver torpedo-like appurtenances below the wing-tip fuel tanks. The photograph was taken just
prior to the daily weather briefing, during preflight inspection. The compressor is used to fill a pressure tank in the
front of the generator that provides the flow of seeding solution to the rear, where it is burned. (WMI photograph
03V T T I T o o O PRSP 51

Fig. 20. The configuration of the Operations Room. Equipment includes (A) reference manuals, (B) TITAN
displays, (C) CIDD, (D) VHF radio for communications with aircraft, (E) radar log, (F) internet data displays, (G)
telephone, (H) AirLink display, (I and J) forecasting/nowcasting support displays, and (K) radio and radar licenses.
(WMI wide-angle photograph by Daniel GIlDErt.) ..........ooi e 52

Fig. 21. The pedestal for the new radar is lifted into position in May, 2014. A removable panel in the top of the
radome allowed the exchange to be made without additional disassembly. The radar antenna remained the
same. (WMI photograph by BruCe BOE.) ........ooi ittt e e e 53
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Fig. 22. Springbank flight crew pictured left to right: Brian Kindrat, Jacob Eeuwes, Jake Mitchem, Terrence Lin,
Andrew Brice, Andreas Bertoni, and Jenny Thorpe. Not pictured is Brook Mueller...........ccoooiiiiiiiiiiiiiiieieiecece, 56

Fig. 23. Red Deer flight crew pictured left to right: Michael Torris, Jenelle Newman, Joel Zimmer and Roger
LI L0102 PRSP SPURRTRTRPINE 56

Fig. 24. Meteorology Team pictured left to right: Adam Brainard, Daniel Gilbert, and Bradley Waller. ................ 57

Fig. 25. The distributions of flight time during the 2014 season are shown, by purpose. “Public relations” flights
were those from the aircraft’'s base to the Olds-Didsbury Airport on days that insurance industry continuing
education training SESSIONS WEIE QIVEN. ....... e s s s nsnsnsnsnsnnnsnnnnnnssnsnnnnnnnnnnnnnnnnnn 58

Fig. 26. Takeoffs and landings by time of day (Mountain Daylight Time). As has been the history of the project,
most flight operations were conducted during the afternoons and evenings, strongly synchronized with the diurnal
heating, and thus convection. Only one flight was initiated between midnight and the noon briefing times in 2014.
................................................................................................................................................................................. 59

Fig. 27. Amount of seeding material dispensed per operational day in 2014. ..........cccoeeieiiiiiciiiiiee e 60

Fig. 28. The number of flights, by type, is shown for each project day of the 2014 season. Months are shown at
the top of the graphic. The “Insurance Tours” flights were those made to the Operations Centre at the Olds-
Didsbury Airport for the eleven continuing education training sessions certified by the Alberta Insurance Industry.
On four of the eleven days, only one flight is shown in this category because weather developed that caused the
departing flight to be seeding or patrol flIGhES. ..........cooiiiiii e e e e e e e ennnes 65

Fig. 29. Map of all potential hailstorm tracks within radar coverage during 2014, as indicated by a minimum
vertically-integrated liquid (VIL, from the radar) of at least 30. The green boundary is the seeding buffer zone; the
gray quadrilateral within is the protected area. Calgary and Red Deer are outlined in yellow. Axes are longitude
and latitude. This map shows all of the 101 storms seeded, plus others of hail potential that did not move near
cities or towns. All storms must be carefully monitored because as the tracks show, direction of movement often
changes. June storms are green, July red, August blue, and September violet. For each, the lighter color
denotes storms that occurred during the first half of the month. .............ccccoi i 66

Fig. 30. Storm Tracks for the month of June 2014. The first storms of the season having vertically-integrated
liquid values greater than 30 kg m-2, the threshold for plotting storms (minimum hail size), did not occur until June
20th. Thus, all tracks are the darker shade of green. The boundary of the operations area and protected area are
L= L0 o TSR USRS SRRRRRSRRRPRRRRPIR 67

Fig. 31. Storm Tracks for the month of July 2014. The lighter red is those storms occurring in the first half of the
month, the darker shade the latter half. All storms having a VIL of at least 30 are plotted; the boundary of the
operations area and protected area alsSo are SNOWN. ... e 68

Fig. 32. Storm Tracks for the month of July 2014. The lighter red is those storms occurring in the first half of the
month, the darker shade the latter half. All storms having a VIL of at least 30 are plotted; the boundary of the
operations area and protected area alsSo are SNOWN. ... e e 69

Fig. 33. Storm tracks for the first half of September 2014, up to the end of project on the 15th. All storms having
a VIL of at least 30 are plotted; the boundary of the operations area and protected area also are shown. ........... 70
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Fig. 34. The flow chart used to determine if the Hailcast model (Brimelow et al. 2006) should be run. Essentially,
the chart process eliminates the model runs from those days when hail is unlikely. ...........ccccccoeiiiiiiiiiiieeie e, 76

Fig. 35. The atmospheric vertical profiles of temperature, moisture, and winds as shown, as predicted for noon on
F N o 1] A2 0 RSO PURPTTRTRPIRE 88

Fig. 36. The 250 mb level jet stream level winds at 6 pm MDT on August 7, 2014 showed a 90 knot jet streak
nosing into Southern Alberta, enhancing the wind shear in the vertical wind profile. ...........cccccviiiiiiiiciiieeene 89

Fig. 37. The midlevel (500 mb) heights and vorticity at 6 pm MDT on August 7, 2014, showed west-southwesterly
flow and only weak vorticity advection. The 500 mb temperatures were expected to further cool by 1°C by
evening, further destabilizing the atMOSPNEIE. .........oooiii i e e e e e e 89

Fig. 38. The 850 mb low level equivalent potential temperature (Theta-E) chart for 6 pm MDT on August 7, 2014
indicated warm air and moisture influx into Southern Alberta from the southeast. Low-level Theta-E is an indicator
of the amount of moisture (the fuel for thunderstorms) available. .............cccooooiiieiii e 90

Fig. 39. The surface analysis for 6 pm MDT on August 7, 2014 showed a warm front and weak high pressure
L)Y TN ¢ =To 1o o AR TSSO PRSPPI 91

Fig. 40. The Olds-Didsbury radar display at 20:33 UTC (14:33 MDT) indicated a weak convective cell developing
west-northwest of Cochrane, just outside the protected area. Hailstop 2 and Hailstop 5 were launched within
LLATCSTSIE 0 11T (TSRS 92

Fig. 41. Seeding of the developing storm began at 21:02 UTC (15:02 MDT). Hailstop 2 was working at cloud
base, and HailStop 5 @t CIOUA TOP. ...eeiiiiiiiiieie e e e e e e e e e e e e e e e e s areeaeeeeeansnsaeeeaaeeanns 93

Fig. 42. The radar image at 22:24 UTC (4:24 pm MDT) shows five severe storms, all moving generally eastward.
The storm at Airdrie, with radar tops at 12.9 km (over 42,000 ft) was being heavily seeded by Hailstop 5 (top) and
Hailstop 2 (base), while Hailstop 1 was climbing (SW of the storm) to replace Hailstop 5. Further north, Hailstop 3
and Hailstop 4 were teaming up on another impressive cell moving towards Sylvan Lake, Blackfalds and Red
Deer. At this time all five aircraft are @irbOINE. ..........eiiiiiie e e e e e e eneeas 94

Fig. 43. By 22:47 UTC (4:47 pm MDT) storm #2 had moved past Airdrie, and Hailstop 1 and Hailstop had been
redirected to another strong cell approaching Olds. Hailstop 3 and Hailstop 4 continued seeding the cell that was
Lol o1 aTe I Ta T o] o T =To B I 1= PR 95

Fig. 44. The five supercell storms continue to move eastward through the protected area at 23:18 UTC (5:18 pm
MDT). Hailstop 1 and Hailstop 2 were diverted to the cell bearing down on Innisfail, while Hailstop 3 and Hailstop
4 continued working on the Red Deer STOMM. .....coi it ean 96

Fig. 45. By 00:07 UTC (6:07 pm MDT) the first five cells were mostly downwind of cities within the protected area.
The exception was the weakest of the cells, which was still west of Sylvan Lake, and a stronger cell between Olds
and Red Deer which was still being seeded by Hailstop 3 (top) and Hailstop 4 (base). The tracks of Hailstop 1
and Hailstop 2 are shown, as they flew back t0 Springbank. ..........ccoo i e 97
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Fig. 46. Shortly after the first supercells began to exit the protected area a new series of intense storms
developed. Shown here at 1:09 UTC (7:09 pm MDT), these storms developed rapidly, quickly attaining severe
status. At this time, Hailstop 3, still airborne from the previous storms, began seeding a line of cells that extended
from near Red Deer to Sundre. Another intense storm was taking aim at Airdrie and Hailstop 5 was dispatched.

Fig. 47. At 1:59 UTC (7:59 pm MDT), as the Sundre-to-Red Deer storms weakened, Hailstop 3 flew to
Springbank, circumnavigating the cell being seeded by Hailstop 4 and Hailstop 5, which was still moving toward
o[4TSR 100

Fig. 48. The second wave of storms had moved mostly east of cities in the protected area by 3:12 UTC (9:12 pm
MDT). However, because a possibility remained that Strathmore might be hit, Hailstop 4 remained on station,
seeding until 9:13, until it was clear that Strathmore would be inthe clear............ccccoooieiiiiiiiiie e, 101

Fig. 49. August 7, 2014, the day when storms would not end, continued. Shown here, at 4:59 UTC (10:59 pm
MDT), a cluster of thunderstorms developed over northern Calgary and Airdrie. Though less-energetic than their
earlier-day predecessors, Hailstop 1 was launched at 9:48 pm MDT and top-seeded over Calgary from 10:29 to
11:33, until the storm was below hail CHteria. ........o o eiiiiiee e e e 102

Fig. 50. AirLink GPS aircraft seeding tracks for the entire storm day of August 7, 2014. Track colors are as
follows: Hailstop 1, white; Hailstop 2, orange; Hailstop 3, light blue; Hailstop 4, green; and Hailstop 5, pink. The
WMI AirLink aircraft tracks show that the storms that moved through Airdrie, Calgary and Red Deer were well-
seeded, with constant passes upwind of the protected cities. The onset of seeding occurred at the appropriate
time for effects in the ProteCted CIlIES. ........eiiiii e e e e e e e e e e e e e e eaaeeaaas 104

Fig. 51. Composite maximum radar reflectivity plot for the entire storm day of August 7, 2014.........cccccvveeeeee.. 105

Fig. 52. The maximum vertically-integrated liquid (VIL) measured by the radar is shown. VIL is well-correlated
with hail size. For most of the seeded storms, VIL values (and hail size) decreased significantly after the onset of
seeding, meaning the hail damage could have been worse, particularly over Red Deer, Innisfail, and Olds. The
trend is less obvious over Airdrie. However, VIL values were considerably higher east of Strathmore after

seeding ended and the storm reverted to its natural state. ... 105
Fig. 53. Daily and accumulated rainfall for Calgary from January 22, 2014 through January 21, 2015. ............. 106
Fig. 54. Daily and accumulated rainfall for Red Deer from January 22, 2014 through January 21, 2015. .......... 107

Fig. 55. Pacific Ocean sea surface temperature (SST) anomalies for the period November 2013 to October 2014.
For additional information see http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/lanina/enso_evolution-
status-fcsts-web.ppt, and http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/enso_update/ssttlon5_c.gif.
............................................................................................................................................................................... 108

Fig. 56. Alberta Financial Services Corporation straight hail insurance loss-to-risk statistics for the entire Province
of Alberta from 1978 through 2014 . ... ... ettt e et e e s e e e e e e asa e e e s anneeeean 109
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1.0 introduction

Hail has long been a problem for both agriculture and municipalities in the Province of Alberta. Figure 1 shows
the average number of hail days throughout Canada. It is notable that there is a bull's eye on the area from
Calgary to Red Deer, which also coincides with the greatest population density of the province, which continues to
increase. In 1956, under the aegis of the Alberta Research Council, a research program was undertaken that
sought to develop and evaluate the effectiveness of cloud seeding from aircraft to mitigate crop-hail damage.
Though never “operational”, the program continued to research the hail problem and ways to reduce the hail

impact on agriculture until 1985, when it was discontinued.

The hail problem did not end with the hail
research program, and in 1991 a severe
hailstorm caused several hundred million
dollars damage in the City of Calgary and
adjacent metropolitan areas. This storm,
though by no means the first of its kind, was
of sufficient magnitude to rekindle interest in
hail damage mitigation through cloud

seeding.

Fig. 1. Hall climatology for Canada. The
average number of hall davs per yesr, based
o the 18511880 olimate nommal of
bnvironment Canada (1087, from Eikin and

Legend v Brun (1998},
Hail — Average Number of Days Annually

A consortium of underwriters of property and

[ | greater than b

casualty insurance in Alberta was formed in
the wake of the 1991 Calgary storm, and
named itself the Alberta Severe Weather Management Society (ASWMS). From its formation, the ASWMS was
focused on establishing a renewed Alberta Hail Suppression Program through cloud seeding, but this time, the
focus was to be on protecting municipalities, not crops. The necessity for such a program was presented to the
Insurance Bureau of Canada (IBC), and though the IBC was encouraging it offered no financial support. The
Province of Alberta was itself approached for funding of the program. Though the need was acknowledged by the

provincial leaders funding was not forthcoming.
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In 1995 the ASWMS developed a protocol through which its members would pay into a common project fund,
amount proportional with market share, and the current Alberta Hail Suppression Project finally became possible.
An international tender was issued, and Weather Modification, Inc. (WMI) was awarded an initial five-year

contract to conduct operations from June 15 through September 15 each summer, beginning in 1996.

The goal of the project from the beginning has been the protection from the ravages of hailstorms to property
concentrated in urban areas, to the maximum extent technology and safety will allow. The two largest such areas
within the project target area are Calgary and Red Deer, but there are dozens of additional cities and towns that
also warrant attention. To do this, the project established a weather radar and Operations Centre at the Olds-
Didsbury Airport, approximately halfway between the two largest metropolitan areas. Two aircraft were based in
Calgary, a third in Red Deer. At the conclusion of the initial five-year period the contract between the ASWMS
and WMI was renewed for a second 5-year period (2001-2005), a third (2006-2010), and in 2011, a fourth.

Six significant changes have been made to the project scope during the first nineteen seasons. Early on (season
2) it was recognized that the hail problem begins earlier in the year than June 15, so since 1998, the project has

begun each season on June 1.

Beginning in the 2006 season the protected area was expanded somewhat to the east, to include the town of

Strathmore and communities east of Calgary.

The third change did not occur until the 13th season, 2008. The unrelenting expansion of the metropolitan areas
within the project area meant increasing risk, and a fourth cloud seeding aircraft was added to the project. This

aircraft is based in Red Deer.

The fourth change was the replacement in 2011 of the aging WR-100 weather radar with a new set built by WMI.
This radar possesses significantly increased sensitivity which means that clouds are detected sooner than they
were previously (earlier in their development), and Doppler capability means that internal storm motions can also
be observed.

The fifth change was implemented in 2013, with the addition of a fifth aircraft to the project, another King Air,
based at the Springbank Airport.
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The last significant change occurred this season, with the replacement of the 2011 Doppler radar with a newer
Doppler weather radar. The new Doppler weather radar was installed in May, prior to the project start.
Improvements, in addition to the new transmitter and receiver, included a new radar pedestal. The pedestal
precisely rotates and elevates the radar antenna. This new system was developed and is supported by Advanced
Radar Corporation (ARC), of Boulder, Colorado. During the two previous seasons there were pedestal drive
failures that had to be repaired “on the fly”, while operations were imminent. Though operations those seasons
were not impaired, the upgrade included the new pedestal in part to avoid any further gear failures. The new
radar performed well once the software engineering was completed that allowed the radar to communicate with
the TITAN software, but little glitches persisted through much of the summer. One of these was that portions of
volume scans would occasionally be missing, resulting in incomplete storm recording. This generally did not
occur in consecutive scans, but since all data are archived, these instances infrequently resulted in small gaps in

the radar data archive.

g, 2 In isle May 2074, WM
tachnician Todd Bchulz replaces and
seals the radome cap aller the new
antenna pedestal was lowered within
by crane. (WMI pholograph by Daniel
Gilbert)

Improvements realized from the radar
included implementation of the latest
version of the TITAN radar software,
state-of-the-science radar antenna
control, and improved data processing.
The last allowed the time required for

each volume scan to be decreased

from five to less than four minutes,
which meant the radar updated 15 times per hour, rather than 12. In addition, the porting of data to the WMI

website was also improved.

A recalibration at the end of the project season revealed that during the 2014 season the radar was calibrated
about 3 dB too high, meaning the reflectivities recorded and displayed were more intense than the storms actually

were. The new calibration will be re-checked prior to the 2015 season, and implemented at that time.

This final operations report summarizes, in detail, all the activities during the 2014 field operations of the Alberta
Hail Suppression Project, the nineteenth summer of operations by Weather Modification, Inc. (WMI) of Fargo,
North Dakota under contract with the Alberta Severe Weather Management Society (ASWMS) of Calgary,
Alberta.
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2.0  The 2014 Field Program

The program again conducted operations to mitigate hail storms threatening cities and towns from June 1st
through September 15th, 2014. Only those storms posing hail threats to an urban area were treated by the
project aircraft. The project target area covers the region from High River in the south to Lacombe in the north,

with priority given to the two largest cities of Calgary and Red Deer.

The weather pattern during the summer of 2014 was much more active than the previous summer, close to the
storm frequencies of 2011 and 2012, both very active seasons. Hail was reported within the project area on 58

days this past summer.

The present program utilizes the latest cloud seeding technology available, incorporating several notable

improvements over previous projects in the province. These improvements include:

« Fast-acting, high-yield mixtures for the silver-iodide flares and the liquid seeding solution. The flares are
manufactured by lce Crystal Engineering (ICE) of Kindred, North Dakota. The new generation ICE
pyrotechnics produce >1011 ice nuclei per gram of Agl active at a temperature of -4°C, and produce
between 1013 and 1014 ice nuclei per gram of pyrotechnic active between cloud temperatures of -6°C
and -10°C. Colorado State University (CSU) isothermal cloud chamber tests (DeMott 1999) indicate that
at a temperature of -6.3°C, 63% of the nuclei are active in <1 min, and 90% active within 68 seconds.
This high-yield, fast-acting agent is important for hail suppression since the time window of opportunity for
successful intervention of the hail growth process may be less than 10 minutes for each maturing cloud
turret.

* Use of the latest GPS tracking and advanced TITAN (Thunderstorm Identification Tracking Analysis and
Nowcasting) computer software to accurately display the aircraft locations on the radar displays to
improve the controlling of aircraft and facilitate the direction of seeding operations to the most critical
regions of the storms.

* Injection of the seeding material directly into the developing cloud turrets as the most frequent seeding
method.

» Use of experienced meteorologists and pilots to direct the seeding operations.

* Sensitive, state-of-the-science Doppler weather radar.
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The target or "protected" area presently focuses on the area from Lacombe in the north, to High River in the
south, with priority given to the cities of Calgary and Red Deer. In 2006, the target area was increased slightly
towards the east to include the town of Strathmore and some of the smaller towns east of the QE Il highway. Five
aircraft specially equipped to dispense silver iodide were used. Three aircraft (two Beech King Air C90s and one
Cessna 340, or C340) were based in Springbank west of Calgary, and two aircraft (one Beechcraft King Air C90
and one C340) were based in Red Deer. The radar remained located at the Olds-Didsbury airport. The radar
coordinates are 51.71 N Latitude, 114.11 W Longitude, with a station elevation of 1024 m above sea level. The
WMO station identifier is no. 71359 and the ICAO identifier is CEA3. The project area dimension is approximately
240 km (N-S) by 120 km (E-W) or 28,800 square km.

3.0  Project Objectives

The project has two main objectives:

. To conduct cloud seeding operations to suppress hail and reduce property damage, and
. To develop a data archive that may eventually be used for the scientific assessment of the program’s
effectiveness.

The first of these is met by using five aircraft and experienced pilots and meteorologists to identify potential
threats and react appropriately. The second is being achieved through the operation of a C-band Doppler
weather radar with full archival, and the collection of other weather information by project meteorologists. These
efforts include the comprehensive archival of all project decision records, as well as a wealth of additional weather

data from the internet and other sources.

The project operations area is illustrated in Figure 3. The boundaries of flight operations (actual seeding) are
indicated by the broad yellow line, which actually includes the foothills of the Rocky Mountains, west of the
protected area. This is very important, for the foothills are an important zone for storm genesis. The broad green
line denotes the boundary of the protected area, i.e., storms threatening any of the communities within this area

will be seeded, as resources allow.
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4.0 Priorities

Cities and towns are protected according to priority and proximity of aircraft, with greatest attention given to
Calgary and Red Deer. Priority is determined based on rank in population, as shown in Table 1, below. Since
2006 Calgary has grown 11%, Red Deer 9%, Airdrie 47%, Okotoks 43%, and Chestermere 49%. Most storms
are not seeded after they cross the QE Il highway, except for storms east of Airdrie and Calgary that might

threaten Strathmore.

Table 1. AHSEP Priority List Based on City Population,

Population Population Percent

Priority City/Town Name 2011 2006 Change
1 Calgary 1,096,833 988,812 10.9%
2 Red Deer 90,564 83,154 8.9%
3 Airdrie 42,564 28,927 47.1%
4 Okotoks 24,511 17,150 42.9%
5 Cochrane 17,580 13,760 27.8%
6 Chestermere 14,824 9,923 49.4%
7 High River 12,920 10,716 20.6%
8 Sylvan Lake 12,327 10,250 20.3%
9 Strathmore 12,305 10,280 19.7%
10 Lacombe 11,707 10,752 8.9%
1 olds 8,235 7,253 13.5%
12 Innisfail 7,876 7,331 7.4%
13 Rocky Mountain House 6,933 6,874 0.9%
14 Blackfalds 6,300 4,618 36.4%
15 Didsbury 4,957 4,305 15.1%
16 Turner Valley & Black Diamond 4,540 3,808 19.2%
17 Carstairs 3,442 2,699 27.5%
18 Crossfield 2,853 2,668 6.9%
19 Sundre 2,610 2,523 3.4%
20 Penhold 2,375 1,971 20.5%
21 Bowden 1,241 1,210 2.6%
22 Irricana 1,162 1,243 -6.5%
23 Eckville 1,125 951 18.3%
24 Bentley 1,073 1,083 -0.9%
25 Beiseker 785 804 -2.4%
26 Linden 725 660 9.8%
27 Acme 653 656 -0.5%
28 Caroline 501 515 -2.7%
29 Cremona 457 463 -1.3%
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5.0  The Scientific Basis for Hail Suppression

Hail is formed when small ice particles known as hail embryos are held aloft by strong thunderstorm updrafts
within regions of unfrozen supercooled cloud water. This supercooled cloud water is collected by the hail
embryos and freezes to them, resulting in growth to hail (greater than 5 mm diameter) sizes. Growth continues
until (1) the supporting updraft weakens, (2) the in-storm motion of the growing hailstone moves it to the
downdraft side from whence it can fall, or (3) the hailstone grows so large that the updraft can no longer support
it. In most situations the subcloud layer is relatively warm (much warmer than 0°C) so hailstones begin to melt
during the final portion of their plummet to earth, but in many cases the hailstones are too large for melting to be

complete, and hail reaches the ground.

The Formation of Hail

Understanding of the development of hail includes knowledge gained from work in Alberta by Chisholm (1970),
Chisholm and Renick (1972), Marwitz (1972a, b, and c), Barge and Bergwall (1976), Krauss and Marwitz (1984),
and English (1986). Direct observational evidence from the instrumented aircraft penetrations of Colorado and
Alberta storms in the 1970s and early 1980s indicates that hail embryos grow within the evolving main updraft of
single cell storms and within the updrafts of developing feeder clouds (the cumulus towers) that flank mature
multi-cell and supercell storms (see e.g. Foote 1984, Krauss and Marwitz 1984). The computation of hail growth
trajectories within the context of measured storm wind fields provided a powerful new tool for integrating certain

parts of hail growth theories, and illustrated a striking complexity in the hail growth process.

Some of this complexity is reviewed in the paper of Foote (1985) that classifies a broad spectrum of storm types
according to both dynamic and microphysical processes thought to be critical to hail production. Small
precipitation embryos that eventually grow into hailstones are called hail embryos. Hail embryo sources identified

by Foote (1985) include the following:

*  Embryos from first-ice in a time-developing updraft

»  Embryos from first-ice in the core of a long-lived updraft

«  Embryos from flanking cumulus congestus

»  Embryos from a merging mature cell

*  Embryos from a mature cell positioned upwind

* Embryos from the edges of the main updraft

» Embryos created by melting and shedding

«  Embryos from entrainment of stratiform cloud

*  Embryos from embedded small-scale updrafts and downdrafts

» Recirculation of embryos that have made a first pass through the updraft core
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Fig. 4. Aline of thunderstonms threalsen several municineliies in the protected area on August 8, 2074, This
view, taken from Mailstop 3 at 817 PM MDY during active on-top seeding, Taces the north, {WMI photograph by
Jost Zimmer)

Hail embryos grow into hailstones by collecting unfrozen, supercooled liquid water through collisions. This water
freezes to the already-frozen embryo, increasing the size, weight, and fall speed, and also the potential for
damage at the surface. This growth to large hail is theorized to occur primarily along the edges of the main storm
updraft where the merging feeder clouds interact with the main storm updraft (WMO 1995). However, the mature

hailstorm most certainly consists of complicated airflow patterns and particle trajectories.

Studies of the internal structure of large hailstones in Alberta and elsewhere have shown that hailstones can have
either a graupel (snow pellet) embryo or a frozen drop embryo. The different hail embryos indicate different

growth histories and trajectories and illustrate the complexity within a single hailstorm.
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Hail Suppression Concepts

The hail suppression conceptual model utilized in the Alberta Hail Suppression Project is based on the results of
the former research program of the Alberta Research Council and the experiences of WMI in the USA, Canada,
Argentina, and Greece. It involves the use of glaciogenic (ice-forming) materials to seed the developing feeder
clouds near the -10°C level in the upshear, new growth “propagation” region of hailstorms. The glaciogenic
reagents initiate the rapid development of small ice particles through the condensation-freezing nucleation
process, and thus produce enhanced concentrations of ice crystals that compete for the available, supercooled
liquid water in storms. This helps prevent the growth of large, damaging hail. The seeding also stimulates the
precipitation process by speeding the growth of ice-phase hydrometeors, initially into snow pellets (also called
graupel) which fall from the cloud earlier, melt, and reach the ground as rain, instead of continuing to grow into

large ice particles that reach the ground as damaging hail.

The present seeding methodology modifies the graupel embryo hail development process. Frozen drop hail
embryos are thought to originate from secondary sources (shedding from large existing hailstones, or via a
recirculation process at the edge of the main updraft). Cloud seeding can only reduce the hail that grows from
frozen drop embryos if the available liquid water can be reduced to limit their growth, or if the dynamics of the
storm can be affected to eliminate the recirculation processes that formed the drop embryo in the first place. Both

are extremely complex, and are not the focus of the Alberta project.

The governing premise of the Alberta cloud seeding operations is the cloud microphysical concept called
beneficial competition. The premise of beneficial competition is that the well-documented natural deficiency of ice
nuclei (ice-forming particles) in the atmosphere can be corrected by the release of additional ice nuclei
(glaciogenic seeding material) into developing storm clouds. This is done by the combustion of small amounts of
reagent and/or solutions containing silver iodide (Agl), either as pyrotechnics (flares) or from wing-borne solution-
burning ice nucleus generators. With either method, from 10" to 10" (or from 10,000,000,000,000 to
100,000,000,000,000) ice nuclei are produced for each gram of silver iodide burned, e.g., see Figure 11. This
potentially increases greatly the number of precipitation embryos in the cloud. These natural and human-made
ice crystals, many of which become precipitation, then “compete” for the available supercooled liquid cloud water
within the storm. Because the total amount of supercooled liquid remains essentially unchanged, that same mass
is divided among the increased number of embryos, meaning the final maximum size of each individual ice
particle is significantly decreased. Hence, the hailstones that form within seeded clouds will be smaller and
produce less damage if they should survive the fall to the surface. If they are sufficiently small, they will melt

completely in the warmer subcloud layer and reach the ground as rain.
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Fig. B, A heilistorm looms, west of the Olds-Didsbury Alrport 8t 701 PM on July 8, 2044, The dark, heaviby-
shadowed cloud base reflecls the verlical exient of the cloud above. In general, the darker the base the ialler
{and likely more infense) is the storm. (WM pholograph by Bradiey Waller)

Cloud seeding alters the microphysics of the treated clouds, assuming that the existing precipitation process is
inefficient due to a lack of natural ice nuclei. This deficiency of natural ice has been documented in the new
growth zone of Alberta storms (Krauss 1981). Cloud seeding does not alter directly the energy or dynamics of the
storm. Any alteration of the storm dynamics that does occur results as a consequence of the increased ice crystal

concentrations and the development of additional precipitation-sized ice particles earlier in the cloud’s lifetime.

Because the mature hailstorm consists of complex airflows and precipitation trajectories cloud seeding does not
affect all hail embryo sources. It does, however, modify the primary hail formation process. In other words; the

cloud seeding cannot eliminate all of the hail, but can reduce the size and amount of hail.
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A schematic diagram of the conceptual storm model showing the hail origins and growth processes within a
hailstorm is shown in Figure 6. The cloud seeding methodology applied to the new growth zone of the storm is
illustrated. As mentioned previously, cloud seeding cannot prevent or completely eliminate the occurrence of
damaging hail. We presently do not have the ability to predict with any certainty exactly the amounts and sizes of
hail that would occur if cloud seeding did not take place. Therefore, we do not have the ability to predict with
certainty the net effect of the seeding. The new growth zones of potential hailstorms are seeded, and the
amounts and types of precipitation at the surface are observed, as well as the radar reflectivity characteristics of
the storm before, during, and after seeding. It is anticipated that the successful application of the technology will
yield a decrease of damaging hail by approximately 50% from what would have occurred if seeding had not taken
place.

s
i 5§ v B e T

Fig. 8. The conceptual modsl for hall suppression is Hlustrated graphically {adapted from WMO 18855 This
schematic shows generalized cloud seesding flight paths al feeder-cloud tops and below cloud bases, those
typically emploved Tor mature thunderstorms.

This expectation is consistent with the results reported in North Dakota (Smith et al. 1997) and in Greece
(Rudolph et al. 1994). The decrease in hail can only be measured as an average over time (e.g. 5 years or more)
within the operations area, and then compared with the historical values for the same area. Because of these
uncertainties, the evaluation of any hail mitigation program requires a statistical analysis. The characteristics of

both seeded and unseeded storms vary considerably, such that any storm trait can be found in either category.
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A meaningful evaluation of the project might be feasible if insurance loss data for hailstorms was made available,
and a step in this direction was taken in 2011 when two of the companies participating in the AHSP through the
ASWMS provided limited storm loss data to Dr. Terry Krauss, the ASWMS Director. However, such data are
considered proprietary and the other companies have not yet followed suit. (This kind of evaluation is mentioned
further in the recommendations at the conclusion of this report.) An additional complicating factor is that hail, by
itself, is not always differentiated as the cause of the insured damage, e.g., a window might be broken by hail,
high winds, or by surface-based debris borne by the high winds, and to the insurance adjuster it makes little

difference; storm damage has occurred.

Effects of Hail Suppression Efforts on Rainfall

A common question about cloud seeding concerns the effect on the rainfall. The effects of seeding to mitigate
hail damage on storm rainfall are not dramatic, but slightly positive. The target area specifically, and Alberta as a
whole, lack the high density time-resolved precipitation measurements necessary to provide a scientifically-
meaningful rainfall analysis. However, evaluation of another long-term hail suppression program in neighboring
North Dakota that does have such a precipitation network found that rainfall is increased about 5 to 10 percent
compared to that from similar unseeded clouds (Johnson 1985). Since methodology, seasons, and seeding
agents are the same, and since the storms themselves are very similar, it is reasonable to believe that effects in
rainfall in Alberta are similar. All this is wholly consistent with the concept that the number of precipitation

embryos is increased by glaciogenic seeding.

100 TR : :
_ _ _ ] ® Newton (1966)
There is a common (yet quite false) belief by much of - # Chisholm {1968)
the public and even a few meteorologists that = | © Auer & Marwitz (1968)
5 % Chisholm {1870}
thunderstorms operate at near 100% efficiency in o + Hartzell {1970)
@ -
producing rainfall.  This is not logical, for 100% & zgiﬁ?gﬁgg}wﬂ
=
efficiency would require that all moisture processed £ 3 o o\go * Foote & Fankhauser (1973)
) 2 o w Chalon et al. (1976)
by a storm would fall to the ground; no cloud, even, g 50 b
could remain. This is far from the case. There have % N o
been numerous studies of the fluxes of air and water ‘%
vapor through convective clouds; these are ﬁ.
Q
summarized in Figure 7. E -
Fig. 7. Precipitation efficiency for High Plains N T T T
convective storms. Known supercell hallsiorms are o 0 2 4 é 8
labeled *57. Slorms thal produced rain only are Wind shear(ie'aﬁec'i)

labeled "R {Figure from Browning 1877, copyright
Armarican Meleorological Society, Boston, MA, used
by permission.)
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Precipitation efficiencies can vary widely from as little as 2% for storms studied by Marwitz (1972) and Dennis et
al. (1970) to near 100% for a select few. Marwitz (1972d) and Foote and Fankhauser (1973) show that in the
case of High Plains storms there is an inverse relation between the precipitation efficiency and the environmental
wind shear in the cloud-bearing layer. [Wind shear is the change in wind speed and direction at various altitudes.]
The least efficient storms tend to be supercell hailstorms; the highly efficient storms tend not to produce hail at all.
The average wind shear on hail days in Alberta is approximately 2.5 x 103 sec'. This average shear value
corresponds to an average precipitation efficiency of approximately 50% (see again Figure 7). For reasons
previously stated, it logically follows that the production of large, damaging hail is largely a result of natural storm
inefficiency.

Krauss and Santos (2004) performed an exploratory analysis of the project volume-scan C-band radar data, using
the TITAN storm tracking software, to obtain radar-derived rainfall from 160 seeded and 1167 non-seeded storms,
on 82 days with seeding, during the summers of 2001 and 2002 in Alberta. The seeded storms (stratified
according to maximum radar-derived cell top height) had greater mean durations (+ 50%), greater mean
precipitation fluxes (+ 29%) and had greater mean total area—time integral of precipitation (+ 54%). There was
statistical evidence to support the claim that seeding caused an increase in rainfall. The seeding effect was
estimated to be a factor of 2.2 increase in the mean rainfall volume (averaged for categories 7.5-11.5 km height
storms) with an average 95% confidence interval of (1.4, 3.4). The effect on point rainfall is less than the effect on
rain volume because the seeding effect is composed of increases in the mean area and duration of the
precipitation as well as the flux. The average increase in rainfall depth was approximately 12% which agrees well

with the results from North Dakota.

The introduction of more precipitation embryos through seeding earlier in a clouds lifetime is highly advantageous,
reducing the amount and size of any hail, and making the cloud more efficient as a rain producer in the process.
Seeding a hailstorm means that less water is lost via the entrainment of dry environmental air through the sides

and top of the cloud, or lost by ice crystals vented through the cloud anvil at high altitudes.

Tel: 1-701-235-5500 Fawe 1-700-235-8717 3802 20" Street N Farpo, ND 58102 USA

www. weathermodification.com

000030



The ALBERTA HAIL SUPPRESSION PROJECT

A
PRl OPERATIOMS REPORT 2014

=

Page 30

6.0  The Operations Plan

Identification of Hail Producing Storms

The height of the 45 dBZ contour (a radar echo-intensity level) was a criterion tested in a Swiss hail suppression
program. The Swiss research found that all hailstorms had 45 dBZ contours above the altitude of the -5°C
temperature level (Waldvogel et al. 1979). There was a False Alarm Rate (FAR) of 50%, largely because some
strong rainstorms also met the criterion. However, it is much preferable to make an error and assume that a
heavy rainstorm is going to produce hail than to mistakenly believe that a hailstorm is only going to produce heavy
rain. Studies of Alberta hailstorms also indicated that 50% of all Alberta hail storms had a maximum radar
reflectivity greater than 45 dBZ, above the -5°C level (Humphries et al. 1987). The Russian criteria for hail
identification stated that the height of the 45 dBZ contour had to exceed the height of the 0°C isotherm by more
than 2 km (Abshaev 1999). Similarly, the criteria used by the National Hail Research Experiment in the USA
(1972-1974) for a declared hail day was defined by radar maximum reflectivity greater than 45 dBZ above the -
5°C level (Foote and Knight 1979). Our experience suggests that the Swiss/Alberta/Russian/USA criterion is
reasonable (Makitov 1999). The physical reasoning behind it is simply that radar reflectivity (245 dBZ) implies

that significant supercooled liquid water exists at temperatures cold enough for large hail growth.

In Alberta, the TITAN cell identification program is set to track any cell having more than 10 km3 of 40 dBZ
reflectivity, extending above 3 km altitude (MSL). Each such cell tracked by TITAN is then considered to be a
potential hail cell; therefore, this represents our seeding criterion. A storm is a candidate for immediate seeding if
the storm cell (as defined by TITAN) is moving towards, and is expected to reach, a town or city within the target

area in less than 30 min.

Onset of Seeding

In order for cloud seeding to be successful, it is the goal of the program to seed (inject ice nucleating agents) the
developing "new growth" cloud towers of potential hail-producing storms at least 20 minutes before the storm cell
moves over a town or city within the target zone. For the Alberta project, the principal targets are the towns and
cities within the project area (Table 1). Since 20 minutes is the minimum time reasonably expected for the
seeding material to nucleate, and have the seeded ice crystals grow to sufficient size to compete for the available

supercooled liquid water (and yield positive results), the 30 minute lead time is generally thought to be advisable.
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Cloud Seeding Methodology

Radar meteorologists are responsible for initiating cloud seeding and patrol flights, alerting air crews of the
presence of developing weather sufficiently in advance that aircraft will be ready for immediate flight when that
time comes, in accordance with operational protocols. The meteorologists advise the Hailstop aircraft when to
takeoff, and guide them to the storms of concern. Patrol flights are often launched before clouds within the target

area meet the radar reflectivity seeding criteria, especially over or near the cities of Calgary and Red Deer.

These patrol flights ensure a quicker response to developing cells. In general, a patrol flight is launched in the
event of visual reports of vigorous towering cumulus clouds, or when radar cell tops exceed 25 kft (7.6 km) height
over the higher terrain in the western part of the operations area, especially on those days when the forecast calls

for hailstorms.

Fig, 8 Top  seeding  regquires
panetration of supercoclad doud tops,
ared the supsrcooled cloud droplets
freere on contact with the aireraft. The
windshield of Maisiop 3 here has
accumulaled ce over the course of
several penelrations on August 4, 2014,
(W ohologranh by Joel Jimmer)

Launches of additional aircraft are
determined by the number and spacing
of storms and the flight time required for
each seeding aircraft to reach the
desired location and altitude. Overlap
of coverage (airspace) and on-station time are also considered. In general, to avoid collisions and for air traffic
control (ATC) considerations only one aircraft can work safely at cloud top for each active thunderstorm complex.
If multiple storms develop that are sufficiently spaced, more than one aircraft can work at cloud top
simultaneously. Horizontal separation must be sufficient to ensure there is no chance of either aircraft impinging
on the other's assigned airspace. [Cloud top seeding is always done under instrument flight rules (IFR), so

separation is required by regulation as well as for safety.]
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When the storm clouds of interest are relatively small (especially common when storms first develop), there is
often room only for one seeding aircraft to operate beneath the rain free cloud base as well. However, when
storms are larger and visibility is good, multiple aircraft can often be used safely at cloud base on the same
complex. This is possible because flight operations below cloud base are usually conducted under visual flight
rules (VFR) and out of cloud, so separation of aircraft can be ensured visually. To accomplish this, all cloud base
seeding aircraft must be constantly aware of each other’s locations. In addition, a landing light may be turned on
to aid spotting by other Hailstop aircraft. Responsibility for safe separation of aircraft is not a responsibility of the
project meteorologists, though they can usually monitor the relative positions in real-time through the AirLink
tracking system. Rather, the flight crews have this responsibility. Multiple aircraft are most often used on the
same storm when the storms assume a linear structure and develop new growth (towering cumulus) along the
leading edge of the line. The project utilizes five aircraft to provide uninterrupted seeding coverage (at either

cloud-base or cloud-top) and/or to seed multiple storms simultaneously, if required.

Factors that determine which seeding strategy is used (cloud top or cloud base seeding) include: storm structure,
visibility, cloud base height, and/or time necessary for Hailstop aircraft to reach seeding altitude. Cloud base
seeding is conducted by flying just below the cloud base within the developing inflow of growing cumulus
congestus (towering cumulus) clouds, or the inflow associated with the new growth zone in advance of the shelf
cloud located on the upshear side of linear multi-cell storms (squall lines). Care is taken not to seed the strong
updrafts of mature storms, for such clouds are too advanced in their development and hail development, if it has

occurred, is too far advanced to be averted.

Seeding Procedures

Cloud top seeding is usually conducted at altitudes where cloud temperatures are between the -5°C and -15°C
and closer to the former when possible, typically at altitudes of about 16,000 to 18,000 feet MSL. Cloud top
seeding is done primarily with small pyrotechnics, comprised of 20 grams of silver iodide seeding agent, which
are ejected into updrafts in the upper regions of developing supercooled cloud towers. Each flare burns for ~37
seconds, while falling about 2,700 ft (0.8 km). Nevertheless, a minimum 3,000 ft vertical separation (~1.5 km) is

always maintained between cloud top and cloud base seeding aircraft (Figure 9).

The cloud top seeding aircraft penetrate or skim the tops of developing, supercooled, largely ice-free (and
therefore free of radar echo), cumulus congestus cells as they mature. When multicell storms are present or
when more isolated storms have feeder clouds, the seeding aircraft penetrate or skim the tops of the developing
cumulus towers as they grow up through the -10°C flight level. The direction of flight is determined by the location

of any more mature, adjacent cells, which cannot be safely penetrated.
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When the growing cells of interest are embedded within surrounding cloud, and also with most convective
complexes at night, there are no clearly defined feeder turrets visible to the flight crews. Seeding aircraft can use
their on-board weather radars to help position themselves in these cases; however, aircraft radars are designed
for weather avoidance, not for the detection of non-precipitating clouds, and so “see” only mature cells - those
beyond the growth stage where seeding can be effective. In these instances, seeding aircraft will skim the storm

edge at altitudes between -5°C and -10°C, near the region of tightest radar reflectivity gradient.

000 foot block altitude for
ding operations, Wmi} top-
the next usable ait

Fig. 9. Separation of aircralt by altilude. This diagram lHustrales how the separation of cloud-base and cloud-lop
seeding alroraft i achieved. (WM graphic by Brucs Boe.)

Tel: 1-701-235-5500 Fawe 1-700-235-8717 3802 20" Street N Farpo, ND 58102 USA

www. weathermodification.com



The ALBERTA HAIL SUPPRESSION PROJECT

A
PRl OPERATIOMS REPORT 2014

=

Page 34

Seeding is done primarily by ejecting multiple 20-gram flares into cloud elements when updrafts and liquid water
are encountered. A burn-in-place flare may be ignited also, especially when turrets are closely spaced and
seedable cloud volumes are frequently encountered. Nocturnal seeding may also be performed from below the

cloud base altitude when visibility is sufficient.

An idea of what night seeding is like is provided by Figure 10. Lightning can often help provide illumination at the
cloud base and at cloud top, but such illumination is irregular, very brief, and by nature, “flat’, meaning that human
eyes struggle to perceive much depth and distance perception. Nevertheless, lightning does help in conducting
nocturnal operations. On occasion, additional illumination may be provided by moonlight, especially if the upper
reaches of the storm anvil do not shadow the developing turrets. In any case, the seedable clouds are those that
have not yet produced precipitation, and therefore those devoid of radar echoes. For safety reasons flight
operations require aircraft to avoid heavily electrified regions, and also close proximity to known hail and hail aloft,
as indicated by the project radar. Wind shear and terrain clearance pose additional hazards. Though operations
after dark are infrequent in Alberta because of the long summer days and lingering twilight hours, seeding
operations are conducted whenever storms develop, even in the wee hours of the morning. Typically, this
happens only a few times each season, though the number of such flights had been increasing recently (2011,
2012).
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VIEW FROM
AIRCRAFT,
AT SEEDING
ALTITUDE

SEEDABLE CONVECTIVE
TURRETS
{NO RADAR ECHOES)

VIEW FROM
GROUND

UNSEEDABLE CONVECTIVE TURRETS
{TOO MATURE, BUT NOT YET ECHOING)

4 \

"SEEDABLE CONV VE
TURRETS
{NO RADAR ECHOES)

RAINFREE CLOUD BASE

Fig. H} When seeding nocturnal thunderstorms lighining 8 a friend. It Hluminales, If only sporadically, many
cloud delalls thatl would otherwise go unseen. The single lighining flash in the upper image reveals a developing
cloud turret at airorafl seeding aliifude, while the mulliple flashes In the lower tme-axposurs from the ground
reveal much more: the rain-free cloud base {(near which base-seeding alrorall would operale). smaller, developing
turrets that might be seedable I cold encugh, larger maturing cells that are 100 cold and we-aden {and close o
being detecited by radar), and the malure thundersiorm behind thal has produced the lighining, (WM
photographs: Matthias Morel, top; and Bruce Boe, botlom.)
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Cessation of Seeding

If the radar reflectivity criteria continue to be met, seeding of all cells still in a position to threaten damage to towns
or cities is to be continued. However, seeding is effective only within cloud updrafts and in the presence of
supercooled cloud water, i.e. the developing stage in the evolution of the thunderstorm. The mature and
dissipating stages of a storm cannot be effectively seeded because seeding only works by enhancing ice
development in clouds that are primarily ice-free, characteristics which only are manifest in developing cloud
turrets. Storm complexes having no new development are destined for decay. While a few storms simply
develop, mature, and decay without initiating secondary development, those that have the potential to produce
hail almost always produce cool outflows that initiate more new growth adjacent to the mature and dissipating
portions of the storm. This new growth extends storm life and is seedable, so aircraft must operate in some
proximity to mature, electrified clouds and dangerous wind shears, which include violent up and downdrafts.
Safety thus becomes of paramount importance. The history of aviation is filled with accounts of aircraft destroyed

by thunderstorms, and the potential today is just as real as ever.

Safety of project aircraft and crews is ensured by strict adherence to flight policies that are designed to keep

aircraft from ever entering mature portions of the storms, and from flying into extreme winds, hail, and lightning.

Strong radar reflectivities can only persist when new cloud development continues; when it doesn’t, decay is
inevitable. Thus, when storms maintain their intensities, developing cloud regions must exist, even though it is
sometimes hard to find them. Such mature storm complexes are seedable only when the developing clouds are
accessible to the seeding aircraft. If they are embedded within the mature clouds, hidden by decaying clouds,
and cannot be approached from below (cloud base), seeding cannot safely occur. Storm cells being tracked by
radar are not seeded if there are no indications of developing updraft or supercooled liquid water, or when the
storm does not threaten a town or city.

Seeding Rates

Silver iodide is dispensed in three ways: (1) a seeding solution can be burned from wing-tip-borne ice nucleus
generators, (2) pyrotechnics can be burned “in place”, while held to special racks affixed to the trailing edges of
the aircraft wings, and (3) small pyrotechnics can be ignited and ejected into cloud tops from racks mounted on

the belly of the aircraft fuselage.
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A seeding rate of one 20 gram flare every 5 sec while in supercooled updraft is typically used during cloud
penetrations. A higher rate is used (i.e. 1 flare every 2 to 3 sec) if updrafts are very strong (i.e. greater than 2000
ft/min) or if the storm is particularly intense. Cloud seeding passes in the same region are immediately warranted
if there are visual signs of continued new cloud growth or if the radar reflectivity gradient of the parent cell remains
tight (indicative of continued growth and persistent updrafts). If not, a 5 to 10 min waiting period may be used
between penetrations, to allow the seeding to take effect and for visual signs of glaciation to appear, or for radar
reflectivities to decrease and gradients to weaken. Such waiting reduces the amount of seeding material used.
Calculations show that the seeding rate of one flare every 5 sec will produce >1300 ice crystals per litre averaged
over the plume within 2.5 min. This is more than sufficient to deplete the liquid water content produced by
updrafts up to 10 m s-1 (2000 ft/min), thereby preventing the growth of hailstones within the seeded cloud volumes
(Cooper and Marwitz 1980).

For effective hail suppression, sufficient dispersion of the particles from consecutive flares is required for the Agl
plume to overlap by the time the cloud particles reach hail size. The work by Grandia et al. (1979) based on
turbulence measurements within Alberta feeder clouds indicated that the time for the diameter of the diffusing line
of Agl to reach the integral length scale (200 m) in the inertial subrange size scales of mixing, is 140 seconds.
This is insufficient time for ice particles to grow to hail size, therefore, dropping flares at 5 sec (assuming a true-
airspeed of 80 m s) intervals should provide sufficient nuclei and allow adequate dispersion to effectively deplete
the supercooled liquid water and reduce the growth of hail particles. The use of the 20 gram flares and a frequent
drop rate provides better seeding coverage than using larger flares with greater time/distance spacing between
flare drops. In fact, the above calculations are conservative when one considers that the centre of the ice crystal
plume will have a greater concentration of ice crystals.

For cloud base seeding a seeding rate using two solution-burning generators or one burn-in-place flare is typically
used, dependent on the updraft speed at the cloud base. For an updraft >500 ft min-', generators and
consecutive flares per seeding run are typically used. Cloud seeding runs are repeated until inflow (updraft area)
has diminished or until the storm of concern has passed all urban areas. Solution-burning ice nucleus generators
are used to provide continuous silver iodide seeding if extensive regions of light or moderate updraft are found at
cloud base in advance of the shelf cloud region. Base seeding is not conducted if only downdrafts are

encountered at cloud base, since this would waste seeding material.
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Seeding Agents

The cloud seeding pyrotechnics used by WMI are exclusively silver iodide formulation flares manufactured by Ice
Crystal Engineering (ICE) of Kindred, North Dakota. The ejectable flares contain 20 grams of seeding material
and burn for approximately 37 sec and fall approximately 3000 ft before burning up. The burn-in-place (BIP)
flares contain 150 grams of seeding material, and burn for approximately 4 min. Arrangements were made with
Solution Blend Services, a Calgary-based company, to pre-mix all seeding solution from reagent grade raw
materials provided by WMI. All handling, mixing, storage, and labelling requirements established by law and

regulation were fully satisfied.

The Cloud Simulation and Aerosol Laboratory (SimLab) at Colorado State University (CSU) has tested the ice
nucleating ability of aerosols produced from cloud seeding flares and solutions for many years (Garvey 1975,
DeMott 1999). [Note: The SimLab is now closed and no longer performs such tests; a new testing facility to
conduct these standardized tests is not yet available.] The current ICE pyrotechnics were tested at CSU in 1999
as reported by DeMott (1999). Aerosols were collected and tested at nominal temperatures of -4, -6 and -10°C.
At least two tests were done at each temperature, with greater emphasis placed on warmer temperatures. The
cloud chamber liquid water content (LWC) was 1.5 g m= for most tests, but 0.5 g m-3 for some, enough to confirm
the dependence of nucleation rate upon cloud droplet concentration. The primary product of the laboratory
characterization is the "effectiveness plot" for the ice nucleant which gives the number of ice crystals formed per
gram of nucleant as a function of cloud temperature. Yield results for the ICE flares at various sets of conditions

are shown in Figure 11 and are tabulated in Table 2.
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Table Z. Yisld {per gram) of the [CE Glaciogenic Pyrotechnic (Delott 1998
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Temp Lwc Raw Yield Corr. Yield Raw Yield Corr. Yield Yield

(°c) em?) (" Agl) (" Agl) (** pyro) (** pyro) (per pyro)
-3.8 1.5 3.72x1011 3.87x1011 4.01x1010 4.18x1010 8.36x1011
-4.0 1.5 9.42x1011 9.63x1011 1.02x1011 1.04x1011 2.08x1012
-4.2 1.5 1.66x1012 1.70x1012 1.80x1011 1.84x1011 3.67x1012
-4.3 1.5 2.15x1012 2.21x1012 2.32x1011 2.39x1011 4.77x1012
-6.1 1.5 6.01x1013 6.13x1013 6.49x1012 6.62x1012 1.32x1014
-6.3 1.5 5.44x1013 5.56x1013 5.87x1012 6.00x1012 1.20x1014
-6.4 1.5 6.22x1013 6.34x1013 6.72x1012 6.85x1012 1.37x1014
-10.5 1.5 2.81x1014 2.85x1014 3.03x1013 3.07x1013 6.15x1014
-10.5 1.5 2.34x1014 2.37x1014 2.87x1013 2.91x1013 5.81x1014
-4.2 0.5 1.41x1012 1.45x1012 1.53x1011 1.57x1011 3.14x1012
-6.0 0.5 7.42x1013 7.73x1013 8.01x1012 8.34x1012 1.67x1014
-10.5 0.5 2.38x1014 2.41x1014 2.91x1013 2.96x1013 5.92x1014

Tests were also performed using the method of DeMott et al. (1983) to determine the characteristic times for

effective ice nuclei activation; these are summarized in Figure 12 and Table 3. The primary results of the CSU

SimLab tests of the glaciogenic cloud seeding pyrotechnics manufactured by ICE are summarized as follows
(from DeMott 1999):

e The aerosol particles produced by the new ICE pyrotechnics were highly efficient ice nucleating aerosols.

Yield values were approximately 1x10'2, 5x1013 and 3x10'4 ice crystals per gram pyrotechnic effective at -

4, -6 and -10°C in 1.5 g m= clouds in the CSU isothermal cloud chamber. Improvement compared to the

previous pyrotechnic formulation used by ICE was modest at -6°C, but most significant (factor of 3

increase in yield) at -4°C.

e The ICE pyrotechnics burned with a fine smoke and a highly consistent burn time of ~37 s.

e Rates of ice crystal formation were very fast, suggestive of a rapid condensation freezing process. The

balance of observations showed no significant difference in the rate data obtained at varied cloud

densities, supporting a conclusion that particles activate ice formation by condensation freezing.
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Table 3. Activation Rate of Nuglel Produced by Pyrotechnic (DeMotl 1989),
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Temp LWcC k kdil kact T1/e T90% Yield
(°C) (gm?) (min™) (min™) (min™) (min) (min) Correction
-4.0 1.5 1.093 0.023 0.935 0.94 4.32 1.023
-4.2 0.5 0.713 0.019 0.694 1.44 5.71 1.028
-6.3 1.5 1.775 0.038 1.737 0.48 1.12 1.020
-6.0 0.5 0.724 0.028 0.696 1.43 5.21 1.041
-10.5 1.5 3.200 0.045 3.155 0.32 0.73 1.014
-10.5 0.5 2.488 0.040 2.448 0.41 0.94 1.016

The CSU isothermal cloud chamber tests indicate that, on a per gram basis of pyrotechnic, these values are

comparable to the best product available worldwide in the pyrotechnic format. High yield and fast acting agents

are important for hail suppression since the time-window of opportunity for successful intervention of the hail

growth process is often less than 10 minutes. More information about the ICE glaciogenic pyrotechnics can be

found on the internet at www.iceflares.com.
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Suspension

Criteria are in place that define when seeding should be stopped, or not be conducted. These criteria were
developed in accordance with the Weather Modification Association (WMA) statement recommending such
criteria be established for all projects. The specifics of the WMA statement can be found by visiting the following
link: http://www.weathermodification.org/standards_ethics.php

The ASWMS suspension guidelines are as follows:

The following criteria and procedures for suspending operations in the face of impending severe weather to avoid

contributing to, or appearing to contribute to, damaging weather situations shall be followed:

1. An emergency shutdown of seeding operations can be declared when there is a situation that
poses an immediate threat to life and property. A logical criterion would be when a community is
under a declared State of Emergency for flooding or tornado.

2. If the field meteorologist has any doubt about whether suspension criteria are met, he or she

should order seeding stopped, and then contact the Project Director for clarification.

3. The Alberta Severe Weather Management Society policy of suspension of seeding during severe

weather activity is strictly for reasons related to public perception and aircraft safety.

4. Resumption of normal seeding operations would be conditional on the emergency situation no
longer posing a reasonable threat, such as a declared State of Emergency being lifted. However,
if a storm forecast is of significant threat (3.3 cm diameter hail or greater), the Project Director has

the authority to resume operations at any time.
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7.0 Program Elements and Infrastructure

Infrastructure

The flow of information within the project is illustrated in block diagram form in Figure 13. The focal point of the
project is the Operations Centre, located at the Olds-Didsbury Airport, approximately halfway between the two
largest metropolitan areas, Calgary and Red Deer.

The ASWMS Board is comprised of individual insurance industry employees nominated by their respective
companies. The ASWMS President serves as the primary liaison between the Board and Weather Modification,
Inc. (WMI), though all Board members receive the project summary reports compiled and disseminated weekly by

WMI during the operational period, which is June 1 through September 15, annually.

President, Board of Directors
Chief Financial Officer

DAILY, CONTINUQUS

FRIOR TO AND DALY
 DURING OPERATIONS | l

Canada
TITAN / CIDD Radar
AirLink Flight Tracks
UpperAirSoundings | ~— | B g g 2 .. @ AS NEEDE
Prognostic Charts (Models} ] - |
Surface Weather Reports z W STAFF 5
Uppe?zg.?:!g;r:?;?: gharts g L dPngramhi;ﬁanagelr & %
Pilot Reports 5 ead Project Meteorologist Qo .
Visual Observations {everybody} Project Meteorologists % % pﬁg;;?;g‘gggg;?g;
Lightning Data %g Calgary ATC
S
P

Aircraft Maintenance Organization (AMO),

HALSTOP 1 Seeding Equipment, Radar, Computers,

HAILSTOP 2 Springbank Communications
HAILSTOP 5

HAHLSTOP 3

HAILSTOP 4 — Red Deer

Fig. 13 Schematlic of Program Infrastruciure. Though program obisctives and directives originate with the
project sponsor, the Alberia Severe Westher Management Sociely {(ASWNEL the majorlty of project
communications occur among the melsorologists (Operalions Cenlre), pilots (Calgary/Springbank and Rad Deer),
and the various maintenance providers, The approximate freguencies of these interactions are also shown.
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The Operations Centre

Environment Canada operates two weather radars in Alberta, one in Carvel, near Edmonton, and the other at
Strathmore, east of Calgary. While good for surveillance of the province, neither provides the detail and flexibility
needed for hail suppression operations in the target area. Thus, radar support for the project required that a third
radar be installed. Since the project’s inception in 1996 the Operations Centre and radar have been based at the

Olds-Didsbury Airport, centrally located in the target area (see again Figure 3).
An illustrated schematic diagram (Figure 14) of project activities occurring at and around the Operations Centre

provides more detail about the origins and flow of data critical for operations. Technical specifications of all

project-operated facilities and equipment are given in the appendix of this report.
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3 processing
N Py and
., display Project
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Red Deer (YQF)

processing

Fig. 14, Alberta Hall Suppression Program operational elements. Position and seeding data from each of the
four alrorall are telemetered in realtime, Ingested, and displaved. Positions are plotled directly on the radar
display o optimize pllobmeteorologist interactions.  Updated radar images are sent o the intermet every five
minuies, and are thus avallable o any Hight crews not vel airborne. The only regular upper alr sounding in
Alberia is released from kdmonion, well north of the protected area. so modelderived soundings are used for
operational forecasting.
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All project operations are directed and monitored from the WMI radar installation at the Olds-Didsbury Airport
(official airport identifier: CEA3). Project offices for radar operation and monitoring, weather forecasting,
recordkeeping, and overall administration are located on the airfield just south of the main ramp. Immediately

adjacent to the Operations Centre offices is the easily recognizable radar tower and radome (Figure 15).

The project control room contains the following: radar displays and processing computers, the AirLink flight
telemetry system, computers with internet connectivity for access to external weather data, VHF radios for direct

communication with project aircraft, and telephone.

- Fig, 18, The WML oroleot
Operations Centre s located at the
Cids-Didsbury Alrport, about 70 km
{44 milesy north of the Calgary
Alrport, roughly halfway  belwesan
the projects most Imporlant cilies:
Calgary and Red Desr. Ths raday
antanna s housed within the dome,
and the ransmitter and recelver in
the shed at the lower base.
Operations are  conducted  from
within  the melsorciogical office
housed within the adiacent hangsr
(WM photograph by Bruce Boe)
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Digital Weather Radar

The primary radar display and control is achieved through the Thunderstorm Identification, Tracking, Analysis,
and Nowcasting (TITAN) acquisition and processing software. The TITAN software processes and displays the
full-sky volume scan radar data, producing a variety of graphical images that are useful in real-time as operations
are conducted, and also in post-analysis. [Note: the term volume scan refers to radar data collected during a
complete set of 360°, full-azimuth scans, each at progressively higher antenna elevation angles. About four

minutes are required for the radar to complete each volume scan.]

The TITAN software helps the meteorologists identify potential hailstorms and, with the flight tracks of project
aircraft superimposed, improves the guidance of aircraft to the hail-growth regions of active thunderstorms. The
primary (and largest) TITAN display window is referred to as the RVIEW window. The operator can select the
RVIEW window to display any of a number of TITAN parameters either as observed for specific constant altitude
plan views (called CAPPIs), or as a composite view, that shows the maximum value observed at each coordinate
anywhere above the surface. Composite reflectivity TITAN images are sent to the WMI web server after the

completion of each volume scan.

Operating in tandem with TITAN is the Configurable Interactive Data Display (CIDD) radar processing system.
The CIDD is similar to TITAN in function. There are advantages to both systems, so WMI uses both. The CIDD

is typically set up to run a continuous animated 1-hour movie loop.

Both TITAN and CIDD are available in the operations room on dedicated displays, that is, flat-panel monitors
dedicated full-time to those purposes. In addition, a supplemental TITAN RVIEW window is not used
interactively, but used to port (send) TITAN data to the web upon the completion of each complete radar volume

scan. This is done to ensure that the web image is consistent from scan to scan.

Ground School

A ground school was conducted prior to the commencement of the project field operations on May 28, 2014, for
project personnel at the Intact Insurance training room in downtown Calgary. Operational procedures about who
does what, where, when and why, as well as general conduct and reporting requirements were presented and
reviewed at the ground school. A representative of NAV Canada’s Air Traffic Control Unit for Calgary participated
in the ground school. A copy of the ground school program and samples of the flight log and radar log forms, are

included in the appendices.
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The pre-project ground school training topics included:

i.
ii.
iii.
iv.
V.
Vi.

vii.

viii.

iX.
X.
Xi.

Xii.

Xiii.

Xiv.

Public Relations

program overview and design, project area, target areas, and priorities

overview of operations and procedures

cloud seeding hypotheses for hail suppression

cloud seeding theory and techniques

aviation weather problems and special procedures
aircraft controlling techniques and procedures
seeding aircraft equipment and characteristics
weather radar equipment and basic principles

basic meteorological concepts and severe weather forecasting
weather phenomena, fronts, and storms

daily routines and procedures

communications procedures

computers, documentation, and reporting procedures

safety, security precautions and procedures

Page 46

A total of eleven groups toured the project Operations Centre at the Olds-Didsbury airport as part of the Alberta

Insurance Council accreditation program.

The tours, organized and led by Ms. Ashley Batke of Intact, each included a presentation by ASWMS Program

Director Dr. Terry Krauss, a tour of the radar control room and equipment used to direct the cloud seeding

operations, and a chance to see one of the project aircraft and its associated equipment (Figure 16).

Recent

storms were also replayed on the radar. Approximately 180 persons took part in this program, which helps those

working in the industry understand the program.

In addition to the equipment used in the project, attendees learn about Alberta’s long history in hail suppression

research and operations, the scientific basis for the program, and how the seeding agent (silver iodide) functions

to reduce hail.
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Fig, 16,0 Insurance  indusiry
agrmplovess  visit  the AMSP
Operations Cender al the Olds-
Didsbury Almport on July 21,
2005 (opy and July 28, 2044
(bottorn).  Visiors ook over
Hallstop 4, the Cessna 340
based in Red Deer {op) and
others gel an explanation of the
opsrations oom funclions and
squinmend from mroisct
meteorologist  Adam  Brainard
{(below). (WM photographs by
BEradley Waller)
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