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But this is a modeling conference!

• Statistical analysis methods might be of interest to modelers

• Properly funded SWM means better SWMM, 
therefore SWUs are good news

• Explanation: 

• Having a sustainable and dedicated funding program to support the municipal 
StormWater Management program is a good thing for modelers, because…

• It means more money to do StormWater Management Modeling right

• StormWater Utilities (aka user fees) have tripled in Canada in the last decade



Municipal stormwater funding options

• Taxes: mandatory levies not related to a 
specific benefit or government service 
(i.e., for the public good)

• Fees: payments made to offset specific 
service costs and payable by those who 
benefit from the service

• Special levies that have specific 
designations and limitations for usage

• Other means (e.g., public-private 
partnerships, debt-financing, grants, etc.)

• Or any combination of the above

Property Taxes User Fees

Fund 

Purpose

To raise revenue for general 

services and activities

To recover or offset the costs of 

specific services and activities

Payment 

Obligation

Compulsory for taxable property 

owners
Compulsory for service users

Charge 

Allocation

Product of assessed property 

value times municipal tax rate

Proportionate to usage/demand 

or contribution

Charge 

Reduction
Property value re-assessment

Reduce usage or contribution; 

qualify for rebates or credits

Fund 

Segregation
Not required Required

Fund 

Distribution

Based on priorities; apportioned 

based on Council discretion

Based on needs; apportioned 

based on service delivery costs

User Fee / Stormwater Utility defined:
A revenue generating mechanism 
to support the municipal stormwater program 
based on runoff contribution
rather than assessed value (i.e., taxation) 



Impervious area as the charge basis

• Charge based on impervious area measurements:
• Rooftops

• Driveways

• Parking areas

• Patios, sheds, and sidewalks

• Proven in courts to be fair & equitable basis for fee
• Based on property’s contribution of runoff volume 

and pollutant loading

• Not assessed value, frontage, zoning type, lot size, 
number of water meters, number of parking spaces, 
etc…

Impervious Area Types

Airport Apron

Airport Runway

Driveway Paved

Driveway Gravel

Parking Lot Paved

Parking Lot Gravel

Road Paved

Road Gravel

Sidewalk Paved

Sidewalk Gravel

Building

Pool

Tank

Other Structure

Baseball Infield

Basketball Court

Tennis Court

Other Recreation

Concrete Pad

Paved Area

Patio

Plaza / Commons

Gravel
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U.S. stormwater utilities in 2020

• 1,807 utilities in all but 8 states (AK, HI, LA, MS, NH, NJ, RI, WY) 
representing approx. 35% of the population 

• For details see https://digitalcommons.wku.edu/seas_faculty_pubs/3

U.S. State Utilities

Alabama AL 6

Alaska AK 0

Arizona AZ 6

Arkansas AR 2

California CA 59

Colorado CO 39

Connecticut CT 1

Delaware DE 3

Florida FL 185

Georgia GA 74

Hawaii HI 0

Idaho ID 4

Illinois IL 29

Indiana IN 97

Iowa IA 109

Kansas KS 38

Kentucky KY 11

Louisiana LA 0

Maine ME 5

Maryland MD 18

Massachusetts MA 17

Michigan MI 11

Minnesota MN 204

Mississippi MS 0

Missouri MO 5

Montana MT 7

Nebraska NE 2

Nevada NV 3

New Hampshire NH 0

New Jersey NJ 0

New Mexico NM 1

New York NY 1

North Carolina NC 84

North Dakota ND 5

Ohio OH 118

Oklahoma OK 22

Oregon OR 59

Pennsylvania PA 36

Rhode Island RI 0

South Carolina SC 42

South Dakota SD 4

Tennessee TN 32

Texas TX 121

Utah UT 41

Vermont VT 5

Virginia VA 30

Washington WA 127

West Virginia WV 10

Wisconsin WI 133

Wyoming WY 0

District of Columbia DC 1

Total 1,807

Bellevue WA and
Boulder CO

(established 1974)

https://digitalcommons.wku.edu/seas_faculty_pubs/3


Canada stormwater user fees in 2020

• 48 user fees in half the provinces (not in MB, NB, NL, PE, QC) 
representing 25% of population

Note: the City of Lloydminster spans
two provinces (half points awarded)

Canadian Province User Fees

British Columbia BC 13

Alberta AB 15½

Saskatchewan SK 2½

Manitoba MB 0

Ontario ON 16

Quebec QC 0

New Brunswick NB 0

Prince Edward Island PE 0

Nova Scotia NS 1

Newfoundland and Labrador NL 0

Total 48



Summary of Canadian user fees

• Monthly charge (typical detached home): $10.73 average ($2.58 – $38.35)

• Year started: 2012 average (1994 – 2021)

• Population: 190,000 average (3,300 – 1,239,200)
British Columbia Alberta

Abbotsford $8.88 2001 141,400

Chilliwack $8.99 83,800

Delta $5.70 102,200

Langley Township $10.03 2003 117,300

Maple Ridge $3.86 2013 82,300

North Vancouver $3.54 52,900

Penticton $2.58 2019 33,800

Pitt Meadows $7.42 2009 18,600

Richmond $12.92 2006 198,300

Surrey $19.08 2002 517,900

Victoria $21.65 2016 85,800

West Vancouver $32.94 2008 42,500

White Rock $38.35 2004 20,000

Alberta Saskatchewan

Calgary $16.21 1994 1,239,200

Chestermere $14.75 19,900

Cochrane $4.92 2016 25,900

Devon $8.00 2018 6,600

Edmonton $19.87 2003 932,500

Morinville $7.50 2021 9,800

Okotoks $6.93 2020 28,900

Penhold $4.25 3,300

Spruce Grove $7.30 2020 34,100

St. Albert $16.15 2003 65,600

Stony Plain $8.59 2020 17,200

Strathcona County $8.05 2007 98,000

Strathmore $3.00 2020 13,800

Sturgeon County $15.00 2019 20,500

Wainwright $5.00 2019 6,300

Saskatchewan

Lloydminster $13.00 2017 31,400

Regina $17.95 2001 215,100

Saskatoon $7.78 2002 246,400
Ontario

Aurora $7.09 1998 55,400

Brampton $7.42 2020 593,600

Guelph $6.40 2018 131,800

Kitchener $16.39 2011 233,200

London $17.13 1996 383,800

Markham $4.25 2015 329,000

Middlesex Centre $15.37 2017 17,300

Mississauga $9.20 2016 721,600

Newmarket $6.64 2017 84,200

Orillia $3.00 2017 31,200

Ottawa $12.90 2017 934,200

Richmond Hill $6.16 2013 195,000

St. Thomas $11.36 2000 38,900

Vaughan $4.46 2017 306,200

Waterloo $13.64 2011 105,000

Whitchurch-Stouffville $8.00 2019 45,800

Nova Scotia

Halifax $5.58 2013 403,100



Cross-country comparison

• USA:CAN ratio currently 38:1 (was 70:1 in 2010)

• Since 2010… 200% growth in Canada, 63% U.S.A.

• Comparison by charge basis…
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U.S.A. Canada

Fee Type / Basis of Charge U.S. Utilities CDN User Fees

Assessed value 0 0% 7 15%

Flat rate 227 13% 11 23%

Flat rate (by customer type) 105 6% 15 31%

Water service connection 19 1% 2 4%

Land use 9 0% 0 0%

Property size 40 2% 3 6%

Impervious area 36 2% 1 2%

Avg. residential impervious area 864 48% 3 6%

Tiered impervious area 258 14% 4 8%

Runoff potential 134 7% 2 4%

(no information) 102 6% 0 0%

(repealed) 13 1% 0 0%

Total 1,807 100% 48 100%

<only in BC



Impervious statistics

• From 11 Ontario 
municipalities in past 
11 years (2010-2020)

• Represents 24% of 
population, but only 
1% of land area

• Measured impervious 
area from selected 
detached homes       
(n = 264-600)

• …among many other 
measurements

Ontario Census Land Area Total Detached Det. Home

Municipality Population km
2

mi
2

Properties Homes Samples

01_120k 119,677 67 26 37,900 25,900 302

02_160k 161,531 3,228 1,246 63,600 45,200 338

03_70k 73,368 223 86 29,300 21,700 264

04_110k 107,909 328 127 44,300 32,700 412

05_140k 141,434 99 38 49,100 33,500 331

06_100k 97,496 72 28 34,400 24,500 351

07_130k 131,794 87 34 41,900 27,600 300

08_930k 934,243 2,790 1,077 318,300 162,400 329

09_720k 721,599 292 113 206,100 92,300 600

10_230k 233,222 137 53 73,600 41,800 400

11_540k 536,917 1,117 431 166,800 114,100 600

Average 296,300 767 296 96,800 56,500 384

min 73,400 67 26 29,300 21,700 264

max 934,200 3,228 1,246 318,300 162,400 600

>85% of these 
measurements 

done by Don



Sampling methodology

• Demonstrate unbiased sampling in at least 3 ways

• Location: confirm equal representation by geography or [human] population

• Age & assessed value: match sample distribution to [statistical] population

Ward Detached Homes Impervious Area Samples

Number Count % Count % Δ

1 9,311 36% 97 32% -4%

2 8,235 32% 101 33% 2%

3 8,318 32% 104 34% 2%

Total 25,864 100% 302 100% 0.0%
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Percentile analysis

• X-percentile is the percentage of dataset ≤ X

• 50th percentile (aka the median, splits dataset in half)

• 25th and 75th percentiles (aka lower & upper quartiles)

• Typically use 10%-ile & 90%-ile values for user fees 

• But there’s a lot more flexibility for modelers…

Confidence Percentile Frequency

Interval 1 in ...

(normal dist'n) (inside range) (outside range)

μ ± 0.5σ 38.3% 1.6

μ ± 1σ 68.3% 3.2

μ ± 1.5σ 86.6% 7.5

μ ± 2σ 95.4% 22.0

μ ± 2.5σ 98.8% 80.5

μ ± 3σ 99.7% 370

μ ± 3.5σ 99.95% 2,149

μ ± 4σ 99.994% 15,787

μ ± 4.5σ 99.9993% 147,160

μ ± 5σ 99.99994% 1,744,278

μ ± 5.5σ 99.999996% 26,330,254

μ ± 6σ 99.9999998% 506,797,432

Confidence Percentile Expected

Interval Frequency

(± σ) (inside range) (outside range)

0.01 1% 99 in 100

0.03 2% 49 in 50

0.06 5% 19 in 20

0.13 10% 9 in 10

0.19 15% 17 in 20

0.25 20% 4 in 5

0.32 25% 3 in 4

0.67 50% 1 in 2

1.15 75% 1 in 4

1.28 80% 1 in 5

1.44 85% 3 in 20

1.64 90% 1 in 10

1.96 95% 1 in 20

2.33 98% 1 in 50

2.58 99% 1 in 100

2.81 99.5% 1 in 200

3.29 99.9% 1 in 1,000

3.89 99.99% 1 in 10,000

4.42 99.999% 1 in 100,000

4.89 99.9999% 1 in 1,000,000
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Sample Geographic Population

Set Region Range

01_120k GTHA (100-150k)

02_160k Northern (150-550k)

03_70k Northern (<100k)

04_110k Northern (100-150k)

05_140k Central/Eastern (100-150k)

06_100k Southwestern (<100k)

07_130k Southwestern (100-150k)

08_930k Central/Eastern (>550k)

09_720k GTHA (>550k)

10_230k Southwestern (150-550k)

11_540k GTHA (150-550k)

Back to 
Ontario 
datasets



Histograms and boxplots
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Total Impervious Area (m2)

01_120k

02_160k

03_70k

04_110k

05_140k

06_100k

07_130k

08_930k

09_720k

10_230k

11_540k



Sample Detached Home Impervious Area (sq.m.) Res'l Imp. (sq.m.)

Set Average Median (vs Avg.) 10%-ile (vs Avg.) 90%-ile (vs Avg.) 90:10

01_120k 229 219 1.0 143 0.6 317 1.4 2.2

02_160k 341 284 0.8 179 0.5 541 1.6 3.0

03_70k 328 292 0.9 194 0.6 505 1.5 2.6

04_110k 336 281 0.8 164 0.5 600 1.8 3.7

05_140k 236 222 0.9 161 0.7 314 1.3 2.0

06_100k 259 244 0.9 163 0.6 365 1.4 2.2

07_130k 250 241 1.0 175 0.7 327 1.3 1.9

08_930k 254 205 0.8 134 0.5 373 1.5 2.8

09_720k 267 250 0.9 184 0.7 364 1.4 2.0

10_230k 259 237 0.9 168 0.7 344 1.3 2.0

11_540k 301 259 0.9 131 0.4 502 1.7 3.8

Average 278 248 0.9 163 0.6 414 1.5 2.6

min 229 205 0.8 131 0.4 314 1.3 1.9

max 341 292 1.0 194 0.7 600 1.8 3.8

Applications for stormwater rate setting

• Central tendency: ratio of median to average (use median if <0.9)

• Tiered classes: ratio of 90-percentile to 10-percentile (use three or more if >2.2)

“County-like” 
municipalities

Tiers may be 
warranted



And one more thing…

• Whenever statistics are used as the basis for charge, 
consider that people will look out their window and 
ponder “why am I paying the same as my neighbor?”

Sample Detached Home Impervious Area (sq.m.) Res'l Imp. (sq.m.)

Set Average Median (vs Avg.) 10%-ile (vs Avg.) 90%-ile (vs Avg.) 90:10

01_120k 229 219 1.0 143 0.6 317 1.4 2.2

02_160k 341 284 0.8 179 0.5 541 1.6 3.0

03_70k 328 292 0.9 194 0.6 505 1.5 2.6

04_110k 336 281 0.8 164 0.5 600 1.8 3.7

05_140k 236 222 0.9 161 0.7 314 1.3 2.0

06_100k 259 244 0.9 163 0.6 365 1.4 2.2

07_130k 250 241 1.0 175 0.7 327 1.3 1.9

08_930k 254 205 0.8 134 0.5 373 1.5 2.8

09_720k 267 250 0.9 184 0.7 364 1.4 2.0

10_230k 259 237 0.9 168 0.7 344 1.3 2.0

11_540k 301 259 0.9 131 0.4 502 1.7 3.8

Average 278 248 0.9 163 0.6 414 1.5 2.6

min 229 205 0.8 131 0.4 314 1.3 1.9

max 341 292 1.0 194 0.7 600 1.8 3.8
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Thank you for your attention!


