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Hail seeding
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Literature
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Performance-based engineering and benefit-cost analysis (FEMA 2012)
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1. Define the 
asset

2. What nature 
does

3. Building forces, 
deformations

4. Damage 
symptoms

5. Dollars, deaths,
downtime, etc.

6. Decision-
making

Hazard analysis:
Storm frequency
Stone size distribution
Hitrate
Duration

Asset analysis:
Building quantity
Roofing material

Damage analysis:
Shingle fragility
Damage | storm

Loss analysis:
Loss | damage

Decision analysis:
EAL as-is, what-if
Benefit
Benefit-cost ratio



Assets: 409,000 single-family-equivalent dwellings
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Hailstorm frequency fh (Etkin 2018)
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Largest diameter, hitrate, & duration (Grieser and Hill 2019)
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Seeding affects vertically integrated liquid (VIL); VIL affects largest diameter DL
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Pirani et al. (2023) avg effect of seeding on 
vertically integrated liquid (VIL) after 30 minutes

Joe (2023) relationship between DL and VIL



Asphalt shingle roof fragility PfL(d) (Porter 2022)
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Repair cost/square
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Method
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Roof repair cost given max hailstone diameter L(d)

PFL(d) = fraction of shingles to be replaced if DL = d

U = unit repair cost

A = roof area

R = repair difficulty factor

E = threshold for replacement
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Probability density function of hailstone size, fDL(d)
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Average roof repair cost per hailstorm per house, E[L]

fDL(d) = probability density function of DL
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No. of roofs in a community, in single-family-equivalent dwellings, NSFED

i = house type

Ni = number of houses of type i

F5i = roof area of type i as fraction of a single-family dwelling
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Average annualized loss in a community, EAL

fh = hailstorm frequency

10/30/2023 Calgary hail seeding benefit-cost analysis 17

 h SFEDEAL f N E L=  



Annual benefit of mitigation B, benefit-cost ratio BCR

EAL = as-is

EAL’ = with seeding

C = annual cost of seeding
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Application
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Calgary hailstorm frequency: fh = 2.35 per year (Etkin 2018)
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Pirani et al. (2023) + Joe (2023): more small hailstones, fewer big ones
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Hazard analysis: 18% reduction in DL, 5% reduction in storm area
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Pirani et al. (2023) seeding & VIL
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Decision-making: benefit and BCR

No seeding With seeding

A. Avg roof repair cost per hailstorm per house, E[L] $293 $155

B. Single-family-equivalent dwellings, NSFED 409,000 409,000

C. Calgary hailstorms per year, fh 2.35 2.35

D. Hailstorm footprint area relative to unseeded 1.0 0.95

E. Annual roof repair cost = A × B × C × D $282 million $142 million

F. Reduced annual roof repair cost = Eno seed – Ewith seed $140 million

G. Reduced annual auto repair cost (by proportion) $90 million

H. Benefit per year = F + G $230 million

I. Seeding cost per year (Tait 2022) $5 million

BCR = benefit (H) ÷ cost (I) 45:1
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Limitations

• Vehicle damage assumed proportional to roof damage, rather than 
modeled more directly 

• Expressing hazard in terms of vertically integrated liquid to estimate 
hailstone diameter adds uncertainty and potential error to the model

• Analysis imputes causation to correlation between seeding and VIL, 
and between VIL and DL

• One can imagine double-blind testing like Kerr (1982)  
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Summary

1. Hail seeding may reduce Calgary loss by ~$200M/year (not eliminated)

2. Several limitations, so maybe actual reduction is less. $100 M/year?

3. Even so, $100 million/$5 million = 20:1 is very good
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Alberta Severe Weather Management Society

10/30/2023 Calgary hail seeding benefit-cost analysis 26



Q&A
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