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OUTLINE

m Urban Water Management - Challenges and
Issues?

m Climate Variability and Climate Change -
Scale Mismatch?

m Objective: Modeling of Extreme Rainfall
Processes In the Climate Change Context

B Methods and Practical Tools
o

o
B Conclusions
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Urban Environmental Challenges and Issues

m Population Growth: Water Stress
m Urbanization: Land-use Change Impacts

. Impacts:

o : floods, droughts,
water supply, etc.

o : water pollution,
water treatment, etc.

o heat-related mortality, Dkl (K gl TOE iy R SR
spreading of infectious diseases, etc. TAN 8l ial® ST 30 TR A

road maintenance, etc. Figure 1: Population Changes and Carbon Emissions Under IPCC SRES

Scenarios

durability of materials, etc.

s HISTORICAL

— A2

— B2

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

ims) - SPATIAL =1 TIME SCALE
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Climate Variability and Climate Change

m How to Quantify Climate Change?
General CirculationitModels (GCMSs):

> A credible simulation of the “
" seasonal distribution of atmospheric
pressure, temperature, and circulation.

» Climate change simulations from GCMs are
" for impact studies on regional

L4 N {1

scales:
= Spatial resolution ~
= Temporal resolution ~

= Reliability of some GCM output variables
(such as =» precipitation)?
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How to develop Climate Change scenarios for impacts studies
in hydrology?

. ~ a few km? to several 1000 km?
. ~ minutes to years
» A between the information that GCM can
confidently provide and the scales required by impacts
studies.
» are necessary!!!

of Change (%) from 196190 to 2070-99, DJF, BAU

Impact models require ...

300km

GCM Climate
Simulations

Precipitation
(Extremes) at a Local
Site

GCMs or RCMs supply...
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DOWNSCALING METHODS

Stochastic
Weather Impact

Generators Models
(Hydrologic

Models)
Weather Typing or

Classification

Regression
Models

low resolution high resolutin

~ 300 km 1 km
month, season, year day, hour, minute
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FLOODNET - NSERC Canadian Strategic Network
(2014-2020)

e
*

3. FloodNet Team

30
public/private
partners

Federal
Government

(P. Coulibaly, McMaster University)

COD

4. Research Program: Themes/Projects

THEME 4
Risk Analysis of Physical,
Socio-Economic, and
Environmental Impacts
of Floods

THEME 2
Quantifying and Reducing
the Predictive Uncertainty

of Floods

THEME 1
Flood Regimes in Canada:
Learning from the Past and
Preparing for the Future

THEME 3
Development of Canadian
Adaptive Flood Forecasting
and Early Warning System

(CAFFEWS)

4. Research Program: Outcomes

tanle for fland freguency analveic in Canada.

d procedures for updating IDF curves.

Theme 1

Theme2 -+ New optimization framework for multi-reservoirs operation.
* Forecast system evaluation tool and guidelines for the use of ensemble
forecasts in operational flood forecasting.

Data estimation tool for addressing the common issue of the paucity of
monitoring networks.

Canadian adaptive flood forecasting and early warning system
(CAFFEWS).

Theme 3

ntegrated flood vulnerability
making
New knowledge for enhanced understanding of flood impacts on
agricultural lands and aquatic ecosystems.

ndicators for planning and decision
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PROJECT OBJECTIVE AND KEY CHALLENGES

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:
» Downscaling Approaches
» Non-stationarity Process
« Single-Site and Regional Rainfall Modeling:
» Multi-site Modeling Methods
» Regionalization Methods (Ungaged Sites)

&
FloodNet
NSERC




CANADIAN STANDARDS ASSOCIATION - TECHNICAL GUIDE

Bookmarks [

(B (e

EP CSA PLUS 4013:19, TECHNICAL GUIDE Development, interpretation, and use of rainfall intensity-
duration-frequency (IDF) information: Guideline for Canadian water resources practitioners

EF Standards Update Service
[:F' Preface

»> EF 1 INTRODUCTION TO THE GUIDELINE

> [:F 2 EXTREME RAINFALL — METEOROLOGICAL ASPECTS

> EF 3 RAINFALL OBSERVATIONS & NETWORKS

» EF 4 DERIVATION AND DISSEMINATION OF IDF VALUES

> EF 5 CLIMATE CHANGE AND RAINFALL PROJECTIONS

»> [:F 6 APPLYING IDF INFORMATION FOR CURRENT AND FUTURE CLIMATES: A PRACTITIONERS' GUIDE

EF' Appendix 1 MEMBERS OF THE IDF WORKING GROUP
|:P Appendix 2 TYPES OF NATURAL VARIABILITY IN THE CLIMATE SYSTEM (ENSO, PDO, NAQ, etc.)

EP Appendix 3 LIST OF ENVIRONMENT CANADA QUALITY CONTROL CHECKS FOR TBRG DAILY AND
HOURLY DATA

[:P Appendix 4 RETURN PERIODS AND THEIR INTERPRETATION

EF Appendix 5 DISCUSSION OF EXTREME VALUE THEORY AND DISTRIEUTIONS
U‘J Appendix 6 GLOSSARY OF TERMS

I} Appendix 7 LIST OF ACRONYMS

EF' Appendix 8 REFERENCES BY CHAPTER

w B8 &
e/
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(IDF) information: Guideline for Canadian
water resources practitioners
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Opserved Rainfall Data — Complete Time Series

IDF RELATIONS
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Extreme rainfall estimation

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

Short Duration Rainfall Intensity-Duration-Frequency Data 2012/02/09

Données sur l'intensité, la durée et la fréquence des chutes de pluie de courte durée

600
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GCM Climate Predictors

Is it feasible?

Local Daily Precipitation Series

Is it feasible?

v

Daily Extreme Precipitations

Is it feasible?

Sub-Daily Extreme Precipitatiorns
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Impacts of Climate Change on Rainfall Extremes and Urban

methodologies and relevar

nt results related to the
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Impacts of Climate
Change on Rainfall

Extremes and Urban
Drainage Systems

By P. Willems, J. Olsson, K. Ambjerg-Nielsen,
S. Beecham, A. Pathirana, I. Bulow Gregersen,
H. Madsen and V.T.V. Nguyen
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Software Description

Freq. of Occurence

40

4| MainGUI

A Decision-Support Tool for Estimating Extreme Design Rainfalls
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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 lemperatures:

» 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

Tl
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SUMMARY OF RESEARCH PROGRESS:

Climate Change Impacts on Extreme Rainfalls -
SDEXxRain

for a Gaged Site for an Ungaged Site Estimation

¢ ¢ for Multi-sites

[ At-site Rainfall Estimation [ Regional Rainfall Estimation Regional Rainfall

. ) Regionalization method
[ (Spatial) SD model: SDRain } to identify homogenous daily

l rainfall regions: OFA

‘ Multi-site SD method
Stochastic estimation method for daily precipitations
(Temporal) SD
model: Scaling-GEV

for estimating missing data

(Spatial) SD SDRain l

for an ungaged site

Construction of Climate change Climate change impacts on
IDF relations in i i Tofreth
h f |mpatits on Construction of Climate change daily pr.eC|p|tat|ons OVEr
the context o daily missine dail . ts on dail many sites concurrently
climate change recipitation at =oe aaty impeets On Aty
precip dsi precipitation at an precipitation at
CIERE LS ungaged site an ungaged site

Y
FloodNet

= McGill



©)
CONCLUSIONS cHom

O Significant advances have been achieved regarding
the global climate modeling. However, GCM/RCM
outputs are still for assessing climate
change impacts at the regional or local scales.

O Downscaling methods provide useful tools for this

assessment.
0 In general, statistical downscaling models could
provide “good” but “ ” estimates of the

observed statistical properties of the daily
precipitation and extreme temperature processes at a
local site. Hence,

altis to assess the impacts of climate change
on runoff at small watershed scales using the
proposed precipitation downscaling methods for
and sites.

16




PUBLICATIONS

Herath, S.M., Sarukkalige, P.R., and Nguyen, V-T-V. (2016), A spatial temporal downscaling approach
to development of IDF relations for Perth airport region in the context of climate change,
Hydrological Sciences Journal, 61:11, 2061-2070, DOI:10.1080/02626667.2015.1083103.

Yeo, M, and Nguyen, V-T-V. (2016), Downscaling of daily rainfall process at an ungaged site, Chapter

20 in Advances in Hydroinformatics, Gourbesville, P. et al. (eds.), Springer Water, DOI: 10.1007/978-
981-287-615-7_20.

Khalili, M. and Nguyen, V-T-V. (2017), An efficient statistical approach to multi-site downscaling of

daily precipitation series in the context of climate change, Climate Dynamics, DOI: 10.1007/s00382-
016-3443-6.

Nguyen, T-H., El Outayek, S.; Lim, S-H., and Nguyen, V-T-V. (2017), A Systematic Approach to
Selecting the Best Probability Models for Annual Maximum Rainfalls — A Case Study Using Data in
Ontario (Canada), Journal of Hydrology,553, pp. 49-58
http://dx.doi.org/10.1016/j.jhydrol.2017.07.052

Khalili, M. and Nguyen, V-T-V. (2018), Efficient Statistical Approach to Multisite Downscaling of
Extreme Temperature Series Using Singular Value Decomposition Technique, ASCE Journal of
Hydrologic Engineering. 23(6), DOI:10.1061/(ASCE)HE.1943-5584.0001662.

Khalili, M. and Nguyen, V-T-V. (2018), A Perfect Prognosis Approach for Daily Precipitation Serles in

Consideration of Space-Time Correlation Structure, Stochastic Environmental Research a
* 'Assessmentlpglw.10.1007/500477 -018-1625-y.



http://dx.doi.org/10.1016/j.jhydrol.2017.07.052

10.

11.

PUBLICATIONS

Nguyen, T-H. and Nguyen, V-T-V. (2019), A Decision Support Tool for Constructing Robust IDF Relations
in Consideration of Model Uncertainty, ASCE Journal of Hydrologic Engineering, 24(7),
DOI:10.1061/(ASCE)HE.1943-5584.0001802.

Hassanzadeh, E., Nazemi, A., Adamowski, J., Nguyen, T-H., and Nguyen, V-T-V. (2019), Quantile-based
downscaling of rainfall extremes: Notes on methodological functionality, associated uncertainty and
application in practice, Advances in Water Resources, 131, 13 pages,
https://doi.org/10.1016/j.advwatres.2019.07.001.

Yeo, M-H., Nguyen, H-L., and Nguyen, V-T-V. (2019). A Statistical Tool to Modelling of Daily Precipitation
Process in the Context of Climate Change, Journal of Water and Climate Change,
https://doi.org/10.2166/wcc.2019.403

Nguyen, T-H., and Nguyen, V-T-V. (2020). Linking climate change to urban storm drainage system

design: An innovative approach to modelling of extreme rainfall processes over different spatial and
temporal scales, Journal of Hydro-environment Research, 29: 80-95.D0I:10.1016/j.jher.2020.01.006.

Yeo, M-H, Nguyen, V-T-V., and Kponodu, T. A. (2020). Characterizing extreme rainfalls and constructing
confidence intervals for IDF curves using scaling-GEV distribution model, International Journal of
Climatology (in press).



https://doi.org/10.1016/j.advwatres.2019.07.001

Thank you
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Van-Thanh-Van Nguyen
Email: van.tv.nguyen@mcgill.ca
http://www.mcgill.ca/civil/
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