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Where is Caledon?

• 55% of the total area in Peel Region

• Slightly smaller than Berlin

• 6.5 times larger than Paris
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Future Caledon Official Plan
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Flood Hazard Identification and 
Mapping Program (FHMIP)

Growth happens, Floods shouldn’t
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Historical Rainfall Events - GTA
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Historical Intensity-Duration-Frequency Caledon

EC data - Guelph O.A.C

1881 to 1973

Rainfall Intensity (mm/h)

Duration 2 year 10 year 50 year 100 year

5 min 114.3 169.6 215.8 239.4

10 min 85.7 134.2 176.2 196.5

15 min 69.0 111.4 149.1 166.9

30 min 44.4 74.6 102.5 115.3

1 hr 26.6 45.7 63.6 71.7

2 hr 15.3 26.4 36.6 41.2

6 hr 6.1 10.3 13.9 15.5

12 hr 3.3 5.6 7.4 8.2

24 hr 1.8 3.0 3.9 4.2
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100 Year IDF Comparison
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Challenges in Updating IDF Curves

Historical IDF Curves

• Data gaps, short records, and gauge malfunctions

• Sparse data coverage

• Limited sub-hourly rainfall observations

Projected IDF Curves

• Global and Regional Climate Models too coarse to capture local rainfall 

extremes

• Raw model outputs require adjustment due to systemic biases
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Overview of Historical Rainfall Datasets

Data Source

No. of 

Total 

Stations

Years of Data

Frequency of Data< 10 

years

10–20 

years

20-30 

years

>= 30 

years

ECCC Historical Data 114 49 31 20 14 1-hr

ECCC Annual Maxima 49 - 21 10 18
5, 10, 15, 30-min  

1, 2, 6, 12, 24-hr

TRCA 38 4 33 1 - 5,15, 30-min 

CVC 16 2 11 1 - 5,15, 30-min 
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ECCC Rain Gauges Ranking
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TRCA Rain Gauges Ranking
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CVC Rain Gauges Ranking
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Ranked Gauges within 100 km of Caledon
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Regional Frequency Analysis  (RFA) 

• Estimate design storms in partially/ ungauged regions by 
combining storm event data from hydrologically similar gauge 
stations instead of relying on just one station.

• It groups stations with similar rainfall characteristics, pool their 
annual-maximum rainfall series, and fits one optimal regional 
curve.
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Station Selection-Return Period Estimation

• Compare each station rainfall 
patterns to neighbor stations
• Remove outlier station

• Test if stations behave 
similarly as one region
• If too mixed

• Refine the group before pooling

43 Stations with total 747 years data for  24-h events  
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Regional frequency analysis Statistics Summary
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RFA vs. At Site Estimates 

Red circled stations showed a larger difference;

• Have relatively larger variation in rainfall characteristics from the homogenous region

• Located more than 30 km distant from the Caledon

• Have less than 20-year gauge data
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IDF comparison: At-site and Regional Frequency Analysis

• Across most of the durations, both show good agreement   

• For some durations, At-site IDF shows a certain degree of inconsistency
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IDF comparison: At-site and Regional Frequency Analysis

▪ At-site IDF requires further smoothing

▪ RFA-based IDF is more consistent across different durations 
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Radar and Satellite Gridded Resources 

Refining 

historical 

IDF 

curves
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Future Rainfall Intensity Estimation
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Future IDF Curve Development

Why use temperature-based scaling?

• Climate models do not reliably 
resolve short-duration extremes. 

• Biases in model precipitation are 
large, especially for convective 
storms that dominate IDF curves.

• Temperature projections are 
more robust and physically 
constrained

• Observed thermodynamic 
response is well-established, with 
extreme rainfall increasing as the 
atmosphere warms.
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Estimate future rainfall intensities based on projected 
temperature change (temperature scaling).

Data: 

• Projected mean temperature (extracted from 
climatedata.ca)

• Derived from an ensemble of 26 CMIP6 General 
Circulation Models)

• Downscaled by BCCAQv2 using NRCANmet  +   
ECCC historical IDF database.

Two Approaches: Power-law scaling

𝑅𝑃𝑟𝑜𝑗 = 𝑅𝐻𝑖𝑠𝑡 × (1+scale)Δ𝑇

• Clausius–Clapeyron scaling (scale=0.07), 

• Based on CONUS II (High resolution climate 
simulations based on WRF)* (variable scales based 
on rainfall duration and return period)

Future IDF Curves under climate 
change

The Clausius–Clapeyron relationship describes how 

the atmosphere’s capacity to hold water vapor 

increases with temperature.
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Baseline period is different for 
each station 

• Based on the available 
ECCC historical IDF)

Bars show Median value 

• 10th and 90th percentile 
range representing the 
uncertainty in climate model 
projections. 

Projected IDF Curves-Temperature change in Ice-free season
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• Clausius–Clapeyron-based 
scaling using the (1.07)Δ𝑇

rule (temperature-
dependent increase).

• Rainfall extremes 
accelerate faster under 
stronger warming 
scenarios (SSP585)

Percentage changes in rainfall extremes
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• CONUS II method

• Variable scaling for 
different durations and 
return periods 

• The historical RP100 curve 
nearly overlaps with the 
future RP10, showing 
temperature change can 
considerably change the 
future design storm.

Toronto Int. Historical vs Future IDF
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• Sue Grange Farm has 
approximately 20 years of 
local rainfall data.

• Through RFA, the effective 
record length can be 
extended to 1990–2020, 
integrating information from 
over 500 station–years of 
data*

Sue Grange Farm station within Caledon
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• Combining long-record ECCC stations with nearby TRCA and CVC gauges improves 
historical IDFs by integrating both temporal depth and local spatial relevance.

• Regional Frequency Analysis strengthens limited station records by pooling hydrologically 
similar sites, reducing uncertainty in extreme rainfall estimates.

• Warm-season temperature increases are robust across CMIP6 scenarios and may reach 
about +6 °C under SSP5-8.5 by late century.

• Future rainfall intensification follows the Clausius–Clapeyron relationship (~7% per °C), with 
additional refinement from CONUS II scaling rates that vary by duration and return period.

• At-site projections indicate a major shift in design storms, with the historical 100-year event 
approaching the intensity of a future 10-year event.

• A combined at-site and regional approach offers the most reliable climate-adjusted IDFs by 
balancing local accuracy with regional statistical stability.

Conclusions
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Questions?
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Appendix
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❖ Guideline for IDF Analysis:
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