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OUTLINE
■ Urban Water Management - Challenges and 

Issues?
■ Climate Variability and Climate Change -

Scale Mismatch? 
■ Objective: Modeling of Extreme Rainfall 

Processes in the Climate Change Context
■ Methods and Practical Tools

n Decision-Support Tool
n Technical Guideline

■ Conclusions
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Urban Environmental Challenges and Issues

■ Population Growth: Water Stress
■ Urbanization: Land-use Change Impacts
■ Climate Change Impacts:

n Water Quantity Issues: floods, droughts,  
water supply, etc.

n Water Quality Issues: water pollution, 
water treatment, etc.

n Public Health: heat-related mortality, 
spreading of infectious diseases, etc.

n Transportation: road maintenance, etc.
n Infrastructure: durability of materials, etc.

HOW TO ASSESS THESE IMPACTS ON 
HYDROLOGIC PROCESSES AT THE 
CATCHMENT SCALE (e.g., “SMALL” 
URBAN AREAS)?

The SPATIAL and TIME SCALE Issues?
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■ How to Quantify Climate Change?
General Circulation Models (GCMs):
Ø A credible simulation of the “average” “large-

scale” seasonal distribution of atmospheric 
pressure, temperature, and circulation.

Ø Climate change simulations from GCMs are 
“inadequate” for impact studies on regional 
scales:
§ Spatial resolution ~ 50,000 km2

§ Temporal resolution ~ daily, month, seasonal
§ Reliability of some GCM output variables 

(such as cloudiness èprecipitation)?

Climate Variability and Climate Change 
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How to develop Climate Change scenarios for impacts studies 
in hydrology?

u Spatial scale ~ a few km2 to several 1000 km2

u Temporal scale ~ minutes to years
➨ A scale mismatch between the information that GCM can 

confidently provide and the scales required by impacts 
studies.

➨ “Downscaling methods” are necessary!!!
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DOWNSCALING METHODS

GCM

RCM or LAM
(Dynamic 

Downscaling)

Statistical 
Models

(Statistical 
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Regression 
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Scenarios
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FLOODNET - NSERC Canadian Strategic Network 
(2014-2020)

(P. Coulibaly, McMaster University)



FloodNet
N S E R C

OBJECTIVE:
Evaluate climate change impacts on 
Intensity-Duration-Frequency (IDF) curves 
and develop new regional IDF curves for 
selected cities in Canada.

KEY CHALLENGES:
• Climate Change Impacts:

Ø Downscaling Approaches
Ø Non-stationarity Process

• Single-Site and Regional Rainfall Modeling:
Ø Multi-site Modeling Methods
Ø Regionalization Methods (Ungaged Sites)

PROJECT OBJECTIVE AND KEY CHALLENGES
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CANADIAN STANDARDS ASSOCIATION - TECHNICAL GUIDE



FloodNet
N S E R C

Xo

Design
Storm

Observed Rainfall Data – Complete Time Series

Probability of extreme rainfall 
occurrence & amount ???

ISSUES:
Ø To analyze a large amount of data for 

different time scales and for different 
stations.

Ø To select a suitable probability 
distribution for a given site or region.

Ø To develop IDF relations for the 
current climate.

Ø To assess the climate change impacts 
on IDF relations.

IDF RELATIONS
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Design Rainfall = to estimate maximum amount of rainfall at a given 
site for a specific duration and return period ⇒ Intensity-Duration-
Frequency (IDF) curves

Extreme rainfall estimation
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15-min

60-min

24-hour

?

?

?
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Statistical Downscaling – Single Site

GCM Climate Predictors

Daily Extreme Precipitations

Is it feasible?

Sub-Daily Extreme Precipitations

Is it feasible?

Local Daily Precipitation Series

Is it feasible?



Data 
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Preliminary 

analysis
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Multisite and Multivariate Statistical 
Downscaling Approach 
• Spatial (between-site) correlation
• Temporal (at-site) correlation
• Correlation between Tmax and Tmin

Daily Extreme Temperatures:
• Khalili et al., Int. J. Climatology, 

2011
• Khalili and Nguyen, ASCE J. of 

Hydrologic Eng., 2018.
Daily Precipitation Series:
• Khalili and Nguyen, Climate 

Dynamics, 2017
• Khalili and Nguyen, Stoch. Env. 

Res. and Risk Ass., 2018



FloodNet
N S E R C

SUMMARY OF RESEARCH PROGRESS:
Climate Change Impacts on Extreme Rainfalls -

SDExRain

(Temporal) SD 
model: Scaling-GEV

Construction of 
IDF relations in 
the context of 
climate change

At-site Rainfall Estimation
for a Gaged Site

(Spatial) SD model: SDRain

Climate change 
impacts on 

daily 
precipitation at 

a gaged site

Climate change 
impacts on daily 
precipitation at 
an ungaged site

(Spatial) SD SDRain
for an ungaged site

Stochastic estimation method
for estimating missing data

Construction of 
missing daily 

precipitation at an 
ungaged site

Regional Rainfall Estimation
for an Ungaged Site

Regionalization method
to identify homogenous daily 

rainfall regions: OFA
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Regional Rainfall 
Estimation

for Multi-sites

Multi-site SD method 
for daily precipitations

Climate change impacts on 
daily precipitations over 
many sites concurrently
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q Significant advances have been achieved regarding 
the global climate modeling. However, GCM/RCM 
outputs are still not appropriate for assessing climate 
change impacts at the regional or local scales.

q Downscaling methods provide useful tools for this 
assessment. 

q In general, statistical downscaling models could 
provide “good” but “biased” estimates of the 
observed statistical properties of the daily 
precipitation and extreme temperature processes at a 
local site. Hence, bias-correction methods are 
required.

q It is feasible to assess the impacts of climate change 
on runoff at small watershed scales using the 
proposed precipitation downscaling methods for 
gaged and ungaged sites.

CONCLUSIONS
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Thank you 
for 

your attention!
Van-Thanh-Van Nguyen
Email: van.tv.nguyen@mcgill.ca
http://www.mcgill.ca/civil/

http://mcgill.ca

