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management capacity in Canada
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Highlights of this issue include...
FloodNet in Review: Looking back on the network as we approach the final year of research
activities.
Update on CaSPAr: A noteable outcome of FloodNet, the portal has been live since last year,
and is already processed almost 200, 000 files for users.
Research Summaries: Some updates on the exciting research that is being done as part of
FloodNet.
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Research Outcomes

By the Numbers
Progress

Dissemination
Dissemination

People

60

Planned
hiring

42%

55%

40

THEME 4

There are 15 months remaining in the Network
It took 15 months from the start to sign the
Network Agreement

A feature of the Network is the way
that investigators and partners can
collaborate across themes &
projects. As projects wrap
up, results can inform
further research.
The
below figure shows the
flow of information and
data between projects
as an arc of colour.
Check
out
how
projects 1-1 & 1-2 are
informing 1-6 and
then flowing to 3-5.

The top 5 Journals FloodNet is publishing in are:

Journal of
Hydrologic
Engineering

20

Finished
HQP

0
YEAR 1

11

YEAR 2

YEAR 3

YEAR 4

YEAR 5

Finished HQP are now working at partner
organizations.

Partner collaborations have proven an invaluable part of the network as research
progresses. 85% of projects have
included partner collaboration, including data & model provision, committee
membership and student supervision.
75%

50%

The
top 3 ways
partners
are providing
25%
in-kind
contributions
are:
0

SOFT- STAFF DATA
WARE TIME

2

5

Journal of
Hydrology

30

10

THEME 3

of publications have HQP as the first
author.

The average number of publications per project is

Over 50% of
HQP are now
complete!

50

75%

The launch of CaSPAr (Canadian Surface
Prediction Archive) - a web portal through
which users can access archived weather
prediction data. Read more about this
important tool on Page 8!

INTERNSHIPS

THEME 2

70

JOURNALS

HQP as hired

80

THEME 1

PRESENTATIONS

The training of HQP has been an important focus of the Network. Many HQP came equipped
with external scholarhips, freeing up funding for
more students than initially planned to be hired.
90

IN

CONFERENCE

60%

108 49
207 21
PUBLICATIONS

40%

HQP

PROGRESS ON TASKS PER THEME

PARTNERS

of tasks are complete. The
recent 1 year extension
granted by NSERC will allow
for the remaining objectives to be finished.

UNIVERSITIES

IN V ESTIG AT O R S
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Beyond the academic environment, models
and tools for data analysis that were
developed under the FloodNet umbrella
have been made available through opendata portals as well as provided to partners
for use in flood-forecasting activities. Some
key achievements in research outcomes and
training in Year 5 of the network include:
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Dr. Anctil’s lab out of Laval University has
published the HydrOlOgical Prediction
Laboratory (HOOPLA) toolbox. This tool
consists of MATLAB codes to perform
research
on
multimodel
ensembleprediction systems. Forecasts based on
HOOPLA are now issued each day with the
collaboration of the MELCC. The tool can be
found on GitHub.
Development of the Canadian Flood
Estimation Handbook and Toolbox (CaFEHT)
is now beginning work to incorporate the
research done in projects 1-1 and 1-2, which
will add the latest in estimating extreme
event probabilities for flood and rainfall
events. The enhanced approaches for
quantile estimation will lead to both a more
standardized approach to the estimation of
extreme events and improved preparedness
for extreme events.

NUMBER OF PUBLICATIONS

11

partners have hosted interns in the last three
years. Internships have become an important
method by which the latest research is disseminated
to partners. Read more about this on pages 10 & 11.

Flood Forecasting centres will participate in
3 Provincial
testing of CAFFEWS in the upcoming year.
FloodNet has organized 4 partner-led workshops for

all Network participants with focus on learning models,
data tools, and effective science communication.

The development of the Canadian Adaptive
Flood Forecasting and Early Warning System
(CAFFEWS), has progressed to the point
where testing for operational use is able to
begin. Project 3-5 (Application and Testing of
CAFFEWS in Selected Regions across Canada)
will test the performance of CAFFEWS using
case study locations from different parts of
Canada (New Brunswick, British Columbia
and Quebec). This project will result in a
rigorous evaluation of CAFFEWS for a variety
of Canadian conditions.

Find references for papers, presentations, and links to more information at:

www.nsercfloodnet.ca
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Shift in large-scale atmospheric circulation may
increase January high flow events in southern Ontario
Olivier Champagne & Altaf Arain

Comparison of automatic procedures for selecting flood
peaks over threshold based on goodness-of-fit tests
Martin Durocher, Shabnam Mostofi Zadeh, Donald H. Burn and Fahim Ashkar

Frequency analysis is an important part
of the research effort made for better
understanding and estimating risk
associated with extreme hydrological
events. There are two fundamental
approaches to statistically study the
occurrence of floods: the analysis of
annual maxima or peaks over threshold.

include more than one peak per year
and remove annual maxima that are
not “extreme” from a practical point
of view. This increase in the amount
and quality of the modelled data
associated with the threshold-based
method was shown to lead to more
accurate estimation of the flood risk.

The annual maxima approach is the
most commonly used in practice
and is praised for its simplicity and
general applicability. In contrast, the
threshold-based method examines
all exceedances above a selected high
threshold and so, depending on the
selected threshold, this method can

This gain of efficiency comes at the
price of selecting a subjective threshold
that directly affects the quality of the
outcomes. Different approaches were
proposed for selecting thresholds more
objectively using visual diagnostics
and expert judgment. However,
these procedures are not easy to

apply systematically on a large
database. For larger analysis,
some studies suggested to
choose thresholds based on a
reasonable number of peaks
per year or flood risk levels.
The difficulty with this strategy
is that the basic assumptions
of the model are not verified.
This study compares automatic
selection methods based on
testing the goodness of fit
of the peak distribution. The
outcomes are evaluated inside
a simulation study and by
examining discrepancies with
those obtained in previous
analysis of Canadian rivers. The
results indicate that in most
cases the automatic selection
method
provides
similar
estimates to those derived from
visual diagnostic methods, while
increasing the model accuracy.
However, in a few cases, the
automatic selection methods
were found to select thresholds
that are too low, which led to
inaccurate estimates. Therefore,
the study developed a criterion
to successfully identify these
anomalies and select a proper
alternative. This results in a
hybrid selection procedure
that is overall more robust
in its selection of a threshold
and that can be safely
applied on large databases.

Durocher, M., Zadeh, S.M., Burn, D.H.,
Ashkar, F. (2018). Comparison of automatic procedures for selecting flood
peaks over threshold based on goodness-of-fit tests. Hydrological Processes.
https://doi.org/10.1002/hyp.13223
Figure: P-values of the goodness of fit test and shape parameters of the Generalized Pareto distribution in
respect of the threshold for the frequency analysis of St-John River (New Brunswick).
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The most significant floods in Southern
Ontario generally occur in March and
April due to snowmelt coupled with
extreme
rainfall
events.
However,
there has been a shift in these trends
over the last three decades with a
decrease in streamflow in March-April
and an increase in January-February.
The aim of this study was to understand
the impact of large-scale atmospheric
circulation on the streamflow observed
in Southern Ontario between 1956 and
2012. The analysis was conducted using
the simulations from Precipitation Runoff
Modeling System (PRMS), applied to four
watersheds (i.e Grand, upper-Thames,
Credit and Big Creek). The evolution of
the atmospheric circulation was assessed
using a discretization of daily geopotential
height at 500hpa level over eastern
North America (Fig.2, Left column). A
new regional weather index, associated
with January-February high flows, was
also created using the Canadian Gridded
data (CanGrid, 8 km resolution) from
the Natural Resources Canada and is
characterized by temperatures higher than
5°C and precipitations higher than 10 mm.
The sensitivity of simulated streamflow
to the temporal shift of weather regime
occurrence
frequency
was
finally
tested. This was done by replacing the
original precipitations and temperatures
datasets (CTL) by regime normalized
climate datasets (EXP) as input in PRMS.

Figure 2: Weather regimes Z500 anomalies (Left) with associated
Wet and warm extreme days index frequency in southern Ontario
(Middle) and evolution of occurrence of weather regimes (Right)

This suggests that the increase of streamflow in January is partly
due to an increase of regime HP frequency bringing more wet
and warm conditions over the region. However a part of the
enhanced streamflow is still happening in the experiment, probably
because of an intrinsic change of weather regimes conditions.

The results show that the wet and warm
extreme events in January-February These results would contribute to improve the seasonal
occur mainly in the southwestern parts forecasting of streamflow and to assess the uncertainty
of this region, in particular during the of the future evolution of streamflow in the region.
high geopotential anomaly regime
(Fig.2, middle column). This regime is
associated with the advection of warm
and wet air masses from the south and is
occurring more frequently recently (Fig.2,
Right column) thereby increasing the
possibility of extreme flows in the region.
This result was confirmed by the
sensitivity
experiment
(Fig.3).
The
simulations using the CTL dataset show
a significant increase in streamflow in
January but a decrease in April (Figure 3a).
With the EXP dataset the change
of
streamflow
in
January
is
not
significant
(Figure
3b).

Figure 3a/b: Seasonal evolution of simulated streamflow in Big
Creek watershed for (a) the control simulations (CTL) and (b)
without trend of regimes occurrence (EXP). The stars indicate
significant change with the Spearman rank correlation test.
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A multimodel framework coupled with
various statistical post-processing
techniques for improving seasonal ensemble streamflow prediction in the
Canadian Prairie Region
Ameer Muhammad, Tricia A. Stadnyk, Paulin Coulibaly

Figure 1: Geographical location of the Upper Assiniboine River Basin (UARB) with respect to
Prairie Pothole Region (PPR).

Skillful
operational
hydrologic
forecast is vital in water resources
management, agriculture, reservoir
and hydropower operations, and
preparedness against extreme events
that are so common in Canada. In
Canada, provincial government is
mandated with streamflow forecast
and water resources management.
Each province has its own Hydrologic
Forecast Centre (HFC), which uses a
combination of various statistical and
dynamic hydrologic models to predict
streamflow forecast. However, Models
are combinations of mathematical
equations that only approximate
the
reality.
Despite
tremendous
advancement and resource investment
in hydrologic model development, no
one can convincingly claim superiority
of a particular model that would work
for all type of application and under all
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conditions. Consequently, multimodel
techniques are developed, which have
proven useful in improving forecast
and quantify uncertainty. Several
approaches have been developed to
assess uncertainty in hydrological
modeling Among others, the ensemble
streamflow prediction (ESP) (Day, 1985)
approach has gained growing attention
leading towards the development of
Hydrological
Ensemble
Prediction
System (HEPS).
In ESP, hydrologic models are forced
with a historical sequence of climate
data such as precipitation, temperature
and/or potential evapotranspiration
during the time of forecast, providing
a plausible range of future streamflow
states. Unlike Canada, ESP is used
as a benchmark to cross-validate
streamflow forecast in the USA,

Australia, and the UK. In this
research, we plan to develop
a multimodel framework
to improve the seasonal
streamflow
prediction
(volume) considering the
Upper
Assiniboine
River
Basin at Kamasack (Figure 1)
as our test site. Located at
the border of Saskatchewan
and Manitoba, the UARB has
a total area of 13,000 km2
and is monitored by five
streamflow gauging stations
(Figure 1). The basin is of
significant importance as
flow generated in the basin
enters the Lake of the Prairies
(Shellmouth
Reservoir),
which was constructed for
flood mitigation purposes
and is situated approximately
45 km downstream of the
watershed outlet.
Whether
forecasts
are
generated using deterministic
or ensemble methods, raw
forecasts should not be
used directly for operational
decision-making
due
to
their various biases (Li et
al., 2017). Consequently, a
number of post-processing
statistical techniques have
been developed that seek
to obtain consensus from
a combination of multiple
model
predictions
to
compensate errors of one
model by others to improve
the ability of forecast.
Therefore, four statistical
post-processing
[simple
model
averaging
(SMA),
logistic
regression
(LR),
quantile model averaging
(QMA), and Bayesian model
averaging (BMA)] techniques
are examined to combine
multimodel
ensembles
optimally. The framework,
once developed, is envisaged
to be a valuable input to
enhance
decision-making
capacity of the Hydrologic
Forecast Centre (HFCs) in
Canada.

Non‑stationary
analysis of
the frequency
and intensity
of heavy
precipitation
over Canada and
their relations
to large-scale
climate patterns
Xuezhi Tan and Thian
Yew Gan

In recent decades, Canada have
experienced extreme flood events
such as the Saint John River flood in
2008, the Red River Flood in 2009
and 2011, the South Saskatchewan
and Elk River flood in 2013, the
Assiniboine River flood in 2011 and
2014, the Richelieu River flood in
2011, the southern Alberta flood
in 2013 (Milrad et al. 2015), and the
Southeastern Canadian Prairies
(CP, which consists of Alberta,
Saskatchewan and Manitoba) flood
in 2014 (Szeto et al. 2015). These
extreme flood events have caused
substantial damage to Canada,
such as damage to infrastructure,
financial losses, and even loss of
human life. For instance, the total
damage of the June, 2013 flood of
southern Alberta is estimated at
$5–6 billion, making it the costliest
natural disaster in Canadian history.
In recent years, because the
frequency and severity of floods
have increased across Canada,
it is important to understand
the characteristics of Canadian

heavy precipitation.
Long-term
precipitation data of 463 gauging
stations of Canada were analyzed
using non-stationary generalized
extreme value distribution (GEV),
Poisson distribution and generalized
Pareto (GP) distribution. Timevarying covariates that represent
large-scale climate patterns such as
El Niño Southern Oscillation (ENSO),
North Atlantic Oscillation (NAO),
Pacific decadal oscillation (PDO)
and North Pacific Oscillation (NP)
were incorporated to parameters of
GEV, Poisson and GP distributions.
Results show that GEV distributions
tend to under-estimate annual
maximum daily precipitation (AMP)
of western and eastern coastal
regions of Canada, compared to GP
distributions. Poisson regressions
show that temporal clusters of
heavy precipitation events in
Canada are related to large-scale
climate patterns. By modeling AMP
time series with non-stationary
GEV and heavy precipitation with
non-stationary GP distributions,
it is evident that AMP and heavy

precipitation of Canada show
strong non-stationarities (abrupt
and slowly varying changes) likely
because of the influence of largescale climate patterns. AMP in
southwestern
coastal
regions,
southern Canadian Prairies and
the Great Lakes tend to be higher
in El Niño than in La Niña years,
while AMP of other regions of
Canada tends to be lower in El Niño
than in La Niña years (Gan et al.,
2007). The influence of ENSO on
heavy precipitation was spatially
consistent but stronger than on
AMP. The effect of PDO, NAO and
NP on extreme precipitation is
also statistically significant at some
stations across Canada.
Tan, X., and Gan, T. Y., 2017, Non-stationary analysis of the frequency & intensity of heavy Precipitation over Canada
and their relations to large-scale climate patterns, 1-19, Climate Dynamics, DOI: 10.1007/s00382-016-3246-9

7

The Canadian Surface Prediction
Archive (CaSPAr)
Juliane Mai, Kurt Kornelsen, Bryan Tolson, David Schäfer,
Nicolas Gasset, Vincent Fortin, Michael Leahy, and Paulin
Coulibaly

Environmental models are tools
for a wide range of applications
such as flood and drought
monitoring, carbon storage and
release estimates, predictions of
power generation amounts, or
reservoir management amongst
others. All these models have
in common that they rely on
environmental input data from
ground observations such as
temperature and precipitation to
force the model. If the same model
is run in forecast mode, numerical
weather predictions (NWPs) are
needed to replace these ground
observations. Therefore, it is
critical that NWP data be available
to develop models and validate
forecast performance.
These data are provided by the
Meteorological Service of Canada
(MSC) on a daily basis. MSC provides
multiple products ranging from
large scale models (∼50km) to high
resolution pan-Canadian models
(∼2.5km). Operational products
providing forecasts in real-time
are made publicly available only at
the time of issue through various
means with new forecasts issued
2-4 times per day. Unfortunately,
long term storage of these data are
offline and effectively inaccessible
to the research and operational
communities.
The
new
Canadian
Surface
Prediction
Archive
(CaSPAr)
platform is an accessible archive
of 8 of MSCs NWP productsnamely GDPS, GEPS, RDPS, REPS,
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HRDPS, CaLDAS, CaPA (2.5km) and
CaPA (10km). CaSPAr will be live
when it is presented by Julie Mai
at CGU on June 12, 2018. Details
about the products can be found
on our webpage (www.caspardata.ca). To date CaSPAr contains
117TB of archived data with 8.5TB
being added every month. CaSPAr
provides a user-friendly frontend
where users can specify the domain
of the data they are interested in
as well as specifying the variables,
forecast horizons, issues and time
period of interest. After the userspecific processing of the data, the
user receives a link to download
the data. The data are all in CF-1.6
compliant NetCDF format ready to
be used in several hydrologic and
land-surface models.
The customizable user-specific
requests in CaSPAr help to reduce
the data amount users have to
handle. For example, with CaSPAr,
for 1 month of the GEPS product
containing 4 (of 55) variables and
a 12h (of 84h) forecast for all 2
issues and 21 ensemble members
for the Hudson Bay (5.2x106 km2)
the user is provided data totaling
only 573MB.
Without CaSPAr,
users interested in this same 1
month of data from current ECCC
operational source (data older
than one month is inaccessible)
would be required to download
the entire product (all variables
across the entire GEPS domain
of coverage), thus increasing the
data downloaded by 4 orders of
magnitude to 4.6TB.

Figure 1: Spatial variability of trends in precipitation indices (left) and
temperature indices (right) from 1951 to 2013 using data from 1969 grids
of CanGrid data in the study area.
Extreme events have serious
impacts on communities and
vulnerable
populations.
In
recent years many indices have
been developed to describe and
characterize
extreme
weather
events. However, the limitations
and the applicability of these
indices have not been evaluated
at regional and local scales and/
or using observed and simulated
climate data.

Figure 1: The coverage of the CaSPAr products available: (A) GDPS and GEPS, (B) REPS,
(C) RDPS, (D) HRDPS, CaLDAS, and CaPA
2.5km, and (E) CaPA 10km. Details can be
found on www.caspar-data.ca.

In this study, a suite of climate
indices derived from daily observed
and simulated temperature and
precipitation data, has been
computed and analyzed for
southern Ontario, Canada. Annual
indices for the period 1951 to 2013

Historical spatial
and temporal
climate trends in
southern Ontario
Hussein Wazneh, Altaf Arain and
Paulin Coulibaly
are gridded to explore the historic
spatial and temporal variability
of climate trends. Trends in the
gridded fields are computed and
tested for statistical significance.
A decrease in the frequency of
cold temperature extremes and

Wazneh, H., M.A. Arain, and P. Coulibaly, 2017: Historical Spatial and
Temporal Climate Trends in Southern Ontario, Canada. J. Appl. Meteor.
Climatol., 56, 2767–2787,https://doi.
org/10.1175/JAMC-D-16-0290.1

an increase in the frequency of
warm
temperature
extremes
was observed in the region.
Nighttime warming was greater
than daytime warming. The
annual total precipitation and the
frequency of extreme precipitation
also increased. Spatially, for the
precipitation indices, no significant
trends were observed for annual
total precipitation and extremely
wet days in the southwest and the
central part of Ontario. Regarding
temperature indices, cool days and
warm night have significant trends
in more than 90% of the study
area. Generally, spatial variability of
precipitation indices is much higher
than of temperature indices.
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Benefits of Bayesian Processor
with Raw/Bias Corrected Ensemble
Weather Predictions
Shasha Han & Paulin Coulibaly

HAN, S., and COULIBALY, P. (2019).
Probabilistic Flood Forecasting Using Hydrologic Uncertainty Processor
with Ensemble Weather Forecasts.
Journal of Hydrometeorology, https://doi.org/10.1175/JHM-D-18-0251.1.

FloodNet UNU-INWEH Joint
Science to Policy
Workshop

Figure 1: Comparison of energy distance score for raw GEPS and bias corrected
GEPS
Ensemble
weather
predictions
(EWP) have been largely used for
probabilistic and ensemble hydrologic
forecasts despite their inherent
uncertainty. Bias correction is often
needed to correct the EWP before
use in hydrologic applications.
Here we assess how to properly biascorrect the EWP from the Global
Ensemble Prediction System (GEPS).
We also investigate the benefits of using
Hydrologic Uncertainty Processor
(HUP) with raw or bias corrected
GEPS data. The results show that:
• Bias-correcting each individual
member of the GEPS data appears
the best approach as shown by
the energy distance score (Figure
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Over reading week in February of 2018, we were lucky
to host a workshop entitled: “Bridging Flood Science
in Canada with Policy and Practice.”
Presented in
partnership with the United Nations University – Institute
for Water, Environment and Health (UNU-INWEH). The 2.5day workshop welcomed FloodNet researchers, students
and partners to learn about how best to communicate
research results in a way that is of use to policy makers.
A team of 20 participants worked through the knowledge
transition process to develop a research summary and
provide a brief presentation to policy makers.
UNU-INWEH partnered with the Canada-wide FloodNet
research program led by McMaster University - to help
FloodNet researchers identify policymakers’ needs in flood
disaster risk reduction and build their skills in effectively
communicating research results to policymakers.

1). The mean of the bias-corrected
members is good as well.
• Although
bias-correcting
the
mean of the raw GEPS data
(namely GEPS-BC-Mean in Fig. 1)
does improve the mean, it remains
the poorer approach. Taking the
mean of the individually biascorrected members is preferable

During the workshop, a team of 20 FloodNet researchers
extracted policy-relevant messages from their technical
work and created 5 research-to-policy tools. The policy
documents are included in the following pages.

• Using HUP with raw or biascorrected GEPS improve the
forecast skill as shown in Figure 2.
• Best
improvement
achieved
by
using
with
bias-corrected

is
HUP
GEPS.

Further details about this study
results are available in the cited paper.

Figure 2: Comparison of skill score between using GEPS data only (GEPS-raw and GEPS-BC) vs.
combining GEPS with HUP (other five scenarios).
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Interactive tool for better flood risk assessment in Canada

New integrated model brings enhanced flood forecasting capacity for Canada

Web-based resource helps planners, professionals and households better understand and address flood risks

A tool for more accurate profiling of diverse watershed conditions to improve flood early warning predictions

CAFFEWS allows to link both historical
forecasted weather data and stored
forecast flows, giving planners continual
re-evaluation and improvement of
their forecasts.

infrastructure planning. Better
social memory of flooding
can help discourage dwelling
and investment in high
flood risk areas.

CAFFEWS is also a nation-wide
collective data management system
that facilitates data exchange and better
communication between curators (in
forecasting and conservation agencies)
of neighboring or transboundary
watersheds all across the country, and
with the Environment and Climate
Change Canada.

FloodNet is developing an
online flood risk assessment
tool to equip planners and
the public with practical
information that is expected
to increase understanding of
flood risks and enhance risk
management decisions.
Flood hazard map for Canada, classified into five hazard levels.

A new interactive tool, now in development by the
FloodNet Research Team, will soon be available to help city
planners, professionals and households better assess flood
risk–nationally and locally.
Currently, Canada has no comprehensive flood hazard and flood
risk maps. To fill this gap, the FloodNet Research Team is creating
a web-based tool that provides flood risk information for the
entire country. When completed, water resources professionals,
municipal planners, businesses and households will have a new
resource to increase flood awareness and better manage risk.
As Canada’s population grows, urban development is increasing,
with some infrastructure expanding on flood-prone areas. Despite
the fact that flood risk areas are known, the lack of social memory
of recent disasters results in continued development in high-risk
areas. Recent serious flood incidents in Toronto and Calgary are
important examples of the effect that natural disasters can have on
new infrastructure that has not accounted for flood risks.
Social memory–community recollection of recent disasters–helps
develop capacity and the ability to recover from flooding disasters;
however, evidence suggests that the memory of floods is lost where
engineering flood solutions, such as dykes, and bypasses, are
well developed. Publicly available planning tools, such as online
maps and databases make flood risk information accessible to
everybody, which helps preserve the memory of recent disasters,
improve awareness of flood incidents and contributes to effective

The FloodNet tool is based on
validated large-scale scale risk maps that can present information
at national and local scales. Canada-wide flood information
shows possible flood inundation and risk to help prioritize areas
that need risk mitigation. Local-scale flood information helps
pinpoint possible flooded parcels, probability of flooding,
and expected damage to life and property. This information is
presented in an interactive web-based tool that communicates
flood hazard and risk anywhere in Canada. Users merely have to
enter information about their location, and the tool estimates
flood frequency and associated financial risks. The tool will
be extended to address climate change concerns, projecting
flood frequency and projected flood insurance costs under
various economic scenarios.
The tool will provide strategic planning information to:
•
•
•

•

Real estate professionals and developers, to assess
flood risk and present information to clients.
Insurance professionals, to inform clients of flood risks.
Government
agencies, to support flood risk
communication strategies and inform policies to
encourage citizens to address realities of flood risk.
The tool helps agencies reduce the public costs of
damage assistance payouts and better manage costs for
infrastructure investment.
Households, to better assess household risks, and to
plan for risk management through insurance or other
mitigation measures

With CAFFEWS, forecasters will improve
the quality of their technical analysis,
producing more accurate flood warning
information, and giving planners longer
CAFFEWS – Advanced flood alert system will enhance flood forecasting capacity in Canada with significant benefits for
lead time (3-5 days) to respond to critical
flood mitigation [Coulibaly and FloodNet Team, 2015]
situations. The tool’s improved access
to data and cross-model comparison,
support greater confidence in emergency preparedness decision
A new flood forecasting tool being developed by the FloodNet
making in floodplains. This helps authorities have a positive
Research Team is the first of its kind to offer planners a flexible
impact on people’s lives, mitigate property damage and reduce
hydrological modeling framework that can be applied in all
economic losses.
Canadian settings, across the country. It allows planners to more
accurately profile diverse watershed conditions to improve flood
CAFFEWS was developed based on a consultation with 10
early warning predictions.
Forecast Centers and Conservation Authorities across Canada. In a
FloodNet survey, these authorities voiced a need for more precise
Called, CAFFEWS – for Canadian Adaptive Flood Forecasting
tools and data to improve their flood early warning systems.
and Early Warning System – the model is the result of close
collaboration between FloodNet and several Forecast Centers. It
The survey gives a picture of how flood forecasting is currently
integrates data from selected watersheds, combining emerging
practiced in Canada. Key findings are:
information with existing watershed data, across different models .
CAFFEWS is a framework that integrates data and functions of
different hydrological models. It allows forecasters to try emerging
models alongside their centers’ current forecasting systems
– to display a comprehensive overview of flow forecasts from
various sources. The system also opens access to improved
weather forecast data.
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Research Theme Leaders: Marguerite Xenopoulos, Trent University; Amin Elshorbagy, University of
Saskatchewan
Article Authors: Niko Yiannakoulias, McMaster University, yiannan@mcmaster.ca; Amin Elshorbagy,
Saskatchewan University, amin.elshorbagy@usask.ca

•
•
•

Centers have a strong interest in testing new
forecasting tools;
Current weather forecast resources are inadequate;
There is no facility to evaluate past flood forecasts;
There is a lack of coordination and data sharing among
forecasting agencies.

Currently, centers do not typically save historical forecasts and
so have no method of evaluating past flow forecast accuracy.

This summary is based on the FloodNet Research ‘Development of Canadian Adaptive Flood
Forecasting and Early Warning System (CAFFEWS)’. www.nsercfloodnet.ca

This summary is based on the FloodNet Research ’Risk Analysis of Physical, Socio-Economic, and
Environmental Impacts of Floods’. www.nsercfloodnet.ca

This summary is the product of joint UNU-INWEH - Floodnet research synthesis workshop, hosted by
McMaster Health Forum

•

This summary is the product of joint UNU-INWEH - Floodnet research synthesis workshop, hosted by
McMaster Health Forum

Research Theme Leaders: Paulin Coulibaly, McMaster University, Weihua Zhuang, University of Waterloo
Article Authors: Paulin Coulibaly, McMaster University, couliba@mcmaster.ca; Zahra Zhamatkesh,
McMaster University, zahmatkz@mcmaster.ca
Partners’ Contribution: Joanne Mchenry and Matthew MacDonald, Ontario Power Generation.
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New, easy-to-use hydro-meteorological system helps flood forecasting in data-scarce areas

Standards for urban infrastructure design in Canada need to be updated

New tool helps town planners quantify and reduce predictive uncertainty of floods, in areas where meteorological
gauging is low

100-year extreme events that are the basis for infrastructure planning have recently occurred every 10 years
billion CAD. Edmonton was badly flooded
in 1995, 2004 and 2012. According to the
city’s current design standards, these were
supposed to be 100 or 200-year floods.
Based on these observations, the research
team says that the design standards for
urban infrastructure in many Canadian
cities are likely to be faced by more
acute weather events with the potential
intensification of climate change.

local population. Many smaller
municipalities do not have the
means to employ experts and have
to manage flood forecasting and
face floods without optimal stream
flow forecasting systems, and the
ability to rapidly interpret data.
This tool now under development
by the FloodNet Research Team
aims to improve the capacity
of data-scarce towns to better
anticipate floods and strengthen
their emergency response – an
urgent need for many data-poor
communities near rivers across
Canada.
This streamflow forecasting system
is fully automatic. It is specifically
designed for use by officials
that are not specialized in flood
forecasting. When completed, it
Map of Quebec and neighbouring provinces showing flow gauges’ locations.
will be available to support datascarce towns across the country to
A new streamflow forecasting system specially designed to
help them better anticipate floods and strengthen their emergency
improve forecasting in data poor watershed is being developed
response. In Quebec, an estimated 100000 residents can benefit
by the FloodNet Research Team. It will help planners and flood
from the system. Across the country, potentially a million people
forecasters in locations that have a low density of meteorological
living in data-poor river areas can be better protected.
stations to improve flood prediction and planning. When
completed, the tool will offer a simple interface that an untrained
The system merges ensemble meteorological forecasts,
forecaster or support staff can use to collect and interpret data to
probabilistic data assimilation, multiple hydrological models, and
share with local planners.
post-processing to present accurate predictions. The approach
accounts for uncertainties at several levels and scales – including
Streamflow forecasting systems are an important tool to
meteorological, initial conditions, hydrological models, and
help municipalities predict and manage flood risks. Typically,
low data quality, respectively. To date, it has been tested in 38
these systems are designed to process data from high-quality
catchments (18 with low data quality) and has demonstrated that
meteorological forecasts and collected stream flow data from
it maintains the same level of accuracy in data poor areas as well
a dense network of gauges that is operated by highly-trained
as in data scare areas.
experts. In situations where only, lower data quality is available
these experts can use their experience to make credible decisions.
The system is currently at prototype stage. The FloodNet Team is
assessing how to create a simple graphic interface suitable for use
But in many flood-vulnerable areas of Québec, where this tool
by non-experts. This will allow the user to automatically retrieve
is being designed and tested, the density of the ground-based
data, run stream flow forecasting and output useful charts and
meteorological network is low. This means that municipalities
displays to illustrate potential risks in their municipality.
only have access to lower-quality data, which is a risk to the

Calgary flooding in 2013: In recent decades, extreme storm events across Canada have occurred more often than
urban planning standards predict, causing severe damage at a cost of billions of dollars to properties and the
population. This research suggests that municipal planning criteria (IDF curves) need to be reviewed and regularly
updated to reflect the current reality.

There is compelling evidence that current design criteria for
municipal infrastructure – the essential elements needed to
mitigate and manage water-related damage to extreme weather
events – need to be revisited. Studies by the FloodNet Research
Team show that, while infrastructure planning is based on a
100 to 200-year return period, the reality is that these extreme
events have been occurring in several Canadian locations
once every 10 years.
Studies were across Canada. An example is Central Alberta,
which experienced several extreme weather events in 1995,
2004 and 2012. It shows that, in this context, the current design
criteria for the City of Edmonton are obsolete, as its current
infrastructure design standards do not reflect the reality of
extreme weather events.
The study also refers to extreme flood events of Calgary and
Toronto in 2013, ranked as the first and third largest natural disasters
in Canada. In Calgary some 10,000 basements were flooded and
100,000 people evacuated, with total damage exceeding $5

This summary is based on the FloodNet Research ‘Quantifying and Reducing the Predictive Uncertainty
of Floods.’ www.nsercfloodnet.ca
This summary is the product of joint UNU-INWEH - Floodnet research synthesis workshop, hosted by
McMaster Health Forum
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To decrease potential damage expected
from anticipated more frequent intensive
storms, FloodNet Team recommends
that municipal design standards are
updated. Specifically, this research
team calls on city planners and national
infrastructure decision makers to revise
Intensity-Duration-Frequency
(IDF)
curves that are the basis for long term
infrastructure and design.

To minimise the future risk of flood
hazards, municipal decision makers need
to revisit current policies on drainage services for Canadian
cities. New policies should require that municipal engineers and
planners periodically update urban infrastructure design
standards to include the latest observed data available.
For municipal engineers, this means updating the IDF curves.
The update and approval by municipal policymakers should be
done every decade, to ensure that future urban infrastructure
is designed to reflect the probability of more frequent extreme
weather events. A further ongoing task for municipal planners is to
regularly review the safety of existing infrastructure and take action
if designs and structures do not reach the new standards. Actions
can include enlargement of existing flood drainage infrastructure
or mitigation measures such as replacing concrete with permeable
or perforated pavements in areas classified as floodplains or
high-risk flood areas.
The FloodNet Team is currently working in developing a Canadian
Flood Estimation Handbook and Toolbox that will facilitate the
evaluation and updating of urban infrastructure design standards.

This summary is based on the FloodNet Research ‘Flood Regimes in Canada: Learning from the
Past and Preparing for the Future.’ www.nsercfloodnet.ca
This summary is the product of joint UNU-INWEH - Floodnet research synthesis workshop, hosted by
McMaster Health Forum

Research Theme Leaders: Donald Burn, University of Waterloo, Van-Thanh-Van Nguyen, McGill University.
Article Authors: Thian Yew Gan, University of Alberta, tgan@ualberta.ca; Ana Requena Rodriguez, McMaster
University/University Waterloo, requena@mcmaster.ca
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A new local climate change data package for improved planning and disaster management
For city planners, this tool uses local data to help create precise scenarios of potential water and weather events – for
improved planning and disaster management
A practical new tool to help local planners and municipal authorities
to better forecast and plan for potential extreme weather and
flooding events caused by climate change has been developed by
the FloodNet Researcher Team.
This is a ‘climate assessment package’ that gives a local view
for any location in Canada, that city planners can use to better
assess potential local impacts of climate change – for example
to identify local increases in warming. It gives quantitative
estimates and spatial maps based on indicators that the user can
define to forecast changes in temperature and precipitation. The
package has been tested over the past two years by authorities
in Hamilton, in the planning process to modernize the city’s flood
management plan.

Select a region (example: Hamilton)

Probably the first tool of its kind in Canada, the package offers a
simple, low-cost solution for planners to use rich local geographic
and environmental data to generate forecast scenarios.
The package benefits the work of local climate coordinators,
whose task is to be well informed of upcoming climate conditions
and potential risks, as they plan responses for future needs of
their city – including – public health issues or urban storm water
management. Using the tool, forecasting teams can prepare a
range of plausible scenarios which can form the basis of specific
solutions and policies. Here, high quality data is key.

5

Example of local views: Red points represent the centroid where local data are available.
Zooming in to municipal level in Hamilton.

Display of temporal and spatial variations of selected indices – Hamilton Ontario

For planners, the tool offers simple and low-cost solution that
brings rapid gains in planning efficiency. It is designed for easy
adoption by municipalities or conservation authorities to directly
improve the quality of their climate forecast scenarios, to support
better quality decisions. The benefits of more precise planning
that is informed by more realistic scenarios that the package
generates, include the mitigation of costs of system failures
caused by extreme events and a public service that is more
responsive to citizens’ needs.

Example of a display from the tool - Temporal and spatial variation of Annual Total precipitation
for Hamilton using available Global Climate Models for Representative Concentration
Pathways (RCP) 4.5 and 8.5.

This summary is based on the FloodNet Research ‘Flood Regimes in Canada: Learning from the Past
and Preparing for the Future’. www.nsercfloodnet.ca
This summary is the product of joint UNU-INWEH - Floodnet research synthesis workshop, hosted by
McMaster Health Forum
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