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A Expected Impacts and Consequences

AWhere CAO6s, | ocal mur
partners fit in

A Building a more resilient flood
management systems and watersheds



Grid Point Locations Encompassing Southern Ontario
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climate, long-term monitoring data can shed some insight on
how the climate is changing.
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Expected Impacts of Climate Change

More frequent severe storms and resultant flooding
U local urban and rural flooding
U increased erosion, soil loss
U increased flood operations / staff time

More Lake effect snow in areas prone to this precipitation type
U larger snow melt events
U More uncertainty of snow pack water volume

More mid winter melts/ice breakups
U Increased flood operations
U Erosion and bank sloughing
U Ice breakup and ice jams

Rapid melts and flash freezes
U Frazil ice production increased ice jams
U Increased potential for frozen saturated ground conditions

Severe storms moving into shoulder seasons
U Shift of summer convective event (T-storms) into spring and fall seasons



Major Storms and Flooding Events, Ontario, 2000-2009
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Ontario Precipitation
Normals
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Where do CAO0Os |, L O
and Local Residents Fit In?

A Can we stop or reverse climate change?
I Likely not, our individual efforts may have a marginal effect.

A Can we effect policy change?

I Not the policies needed to stop or reverse climate change. Those are
effected at the Federal Government and International Level.

A Can we mitigate some of the expected consequences
I Yes! How?
A By making the landscape more resilient,
I by implementing tried and true conservation practices

I by implementing risk management programs, policies and plans

I by continuing to provide long term monitoring to help adapt existing
programs

I by having a watershed plan to provide an overall framework to deal
with a range of watershed management issues, one of which is climate
change and climate variability.

I By maintaining flood mitigation infrastructure and being prepared



What are Some Adaptive Strategies?
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Implement effective monitoring network that integrate a range of
Information to make decisions.

Implement good risk management policies, floodplain management,
subwatershed planning, storm water management.

Develop good flood emergency plans with member municipalities.

Maintain our flood mitigation structures and testing them against
new design standard (eg. Dam Safety and Dyke Safety Studies)

Have a current watershed plan and updated hydrology.

Put more storage back on the landscape this may be through
wetlands enhancement and restoration

Implement riparian buffers to reduce erosion and promote self
healing systems.

Reforest.



Long Term Effective Monitoring

A Long term monitoring is a fundamental component of
managing climate change amongst a range of watershed
management issues.

A Efforts are underway to form a partnership with Environment
Canada to share I nformation
Environment Canada to aid in developing better climate
products. Regional IDF Curves are good example.

A Climate products from EC provide information to risk |
management programs implemented by CA's and their
partners.

A Private volunteer observers are an important component of
this program along with emerging technologies like weather
radar.

A Real-time data sharing through Web services combined with
Integrating manual, automated and remote sensed
Information in real-time is becoming more important.



Spatial Snow Informatlon

Modeled Snow Water Equivalent (updated hourly) for 2011 February 9, 0:00 Z
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Merging NOAA remote sensed snow information with CA and MNR bimonthly snow

course information offers an opportunity to create spatial snow information that should
allow better estimate of snow water volume.

Better information would allow for more effective reservoir operations and flood forecasts
from snowmelt or combined snowmelt rainfall events.



Systems Design Approach to
Managing Urban Stormwater
and Associated Risks



Sub watershed Planning

A Important since it provides a systematic approach to managing a
range of issues.

A Links site objectives to watershed objectives.

Delivering storm water safely from the site to an
adequate outlet is one objective.

IDF Design curves are critical to the design process
and ultimately risk management of storm water

Watershed Plan Major system design
standard is 1:100
1 sufficient?

Major Water Courses Continuous simulation to

Sub watershed Plan Major/Minor System Outlet || better test systems

A 4

1

Major/Minor System

A 4

Servicing Plan

Conceptual Design ] , \\
IDF Design Curves
1 Urban Drainage Guidelines}/
\ /

Major/Minor System
Detailed Design

A 4

Site/subdivision Plan




Application of IDF Curves

~

< IDF Curve Parameters
X

Fundamental underpinning of risk management is
based on the assumption IDF curves accurately
Design Storm present the potential risk of an event.

Design Flows > Mitigation Works = SWM Ponds, pipes,
culverts, natural channels

1 1

o Minor System 2 to 5 year Major Minor System Design
9 Major System 1:100 year Criteria (Urban Drainage Guidelines

h 4

1 A group of CAOGs have pilot pro
with Environment Canada to develop Regional IDF Curves.
Regional curve would help better assess risk. A component

of the study is to investigate how climate change should be
iIncorporated into IDF Curves

Adequate Outlet




Weather Radar 1 Hour Highest Intensities
1996 to 2008 Buffalo Radar

% _Untitled - ArcMap - ArcInfo M=} B3

J File Edit Yiew Insert Selection Tools Window Help

IDEE&E| ) B RX| v o259 AR Y=l
J Bl
J Editor ¥ | r |2 Tak Iliireate Mew Feature LI | Target: l j I_/ (= |G ‘
| & |[BeBEEDE|S ]| &g
x a 4]
= £# Layers
= [ sde._grea.GRWATERSHED_SOURCE_proTECTION LN | &
CE_PROTECTION : : /
= ql_simple am /
- ]
El M rastert_max20081_gout
GiZO120000 &
I -7.215090 - -2.597660 =
[7]-2.597659 - 0.264051
[]0.264052 - 3.182500 1=
[ 3.182501 - 6.483970 |3
B 6.483971 - 12,424800
= rastert_max20081 Lid
GRIDCODE a4
Me-19 s
[20-28 =
[29-38 4
[[39-53 T—
Ml s4-94
Possible Lake Breeze Effect Area
Knowledge of these areas has
implications with respect to design
standards and mitigation approaches -
< | >l pd|
Display |Source] Selection | an|&u 4 | 3d|
J[_)rawingv kf:i@ll:l'A'Eljo]Arial L”w:lnlgév &vgl_v;v‘

[ [540226.81 4769614.44 Meters | 4



MTO IDF Project

A

A Developed a GIS based Regression Analysis approach
to estimating IDF

A Developed by Rick Soulis and Grad Students at the
University of Waterloo

A WATMAPPR (Waterloo Multiple Physiographic
Parameter Regression) Model

A Uses selected physiographic parameter calibrated to IDF
stations to create a GIS based tool to estimate IDF
parameters

A Described in technical brief RT16-4.PDF handed out
today


http://www.mto.gov.on.ca/IDF_Curves/
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Figure 2: Example site location: QEW near Hamilton.
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Figure 3: Graphical presentation of the IDF curve by the interface tool.

Annual Maximum Rainfall Intensity [mm hr']

: Starm Duratien [hi)
H"“'"h,,';"""d 0083333 | 0.166667 | 0.2 05 1 5 g P 5
(Fmin)  {10-min) | (13-min}  {30-min)

2 104.0 7e.0 1.k 9.8 24.3 4.2 B0 a4 1.8

5 124.8 B3 T4.4 510 322 19.2 B.3 4.6 25

10 1624 107 4 90.0 EQ0 3Ta 221 53 532 28

a5 1776 1273 1002 752 4519 266 103 57 39

50 196.8 H22 1216 4.0 a0l 5 246 113 6.3 14

100 2172 15T B 1340 = 6.7 326 124 6.5 T

Figure 1: A sample Intensity Duration Freguency (IDF) curve.




Adaptive Strategies to Deal with Flash Flooding

Quick effective distribution of flood warning messages (achieved through email
distribution)

Means of detecting severe events, rain gauge network augmented by weather radar

information with automated alerting to flood warning staff and municipal partners

Means of quickly assessing extent of events, real-time weather radar tool fills this
gap.
Proactive planning from the sub watershed plan stage thru to site plan stage.

Objective to safely convey storm water from the site through a major flow system to
safe outlet.

Management and regulation of floodplains to keep people and property out of harms
way.
Public education of flash fl ood potenti al

Pre-run flood inundation maps indicating potential depth and extend for specific

rainfall durations and volumes.



Presentation of Information In a
Form to Make Decisions and Align
with Design Information



GRCA river data:

River flows River flow, water quality and weather data

- ature
Wind speed
Barometric pressure

Reservoir levels River and creek flows Weather Reservoirs

Flow augmentation
Hydro production s Flow summary Current _-_;tnrage
Lake Erie level « WSC gauge summary o perature Reservoir summary
Water quality s Wind 5pe?d Flow augment?tmn
River safety Upper Grand s Barometric pressure Hydro production
Data Terms of Use Central Grand

Central Lower Grand Shand Dam
Lower Grand Conestogo Dam
Conestogo Guelph Dam
Nith Luther Dam
Speed & Eramosa Damascus Dam
Canagagigue Woolwich Dam
Laurel Laurel Dam

Click on a link to see data from the last seven days



http://www.grandriver.ca/

Weather Radar Maps Unde 4

Information organized to echo IntenS|ty
Duration Frequency Information Used in
Design of Systems

GRCA river data:

River flows
Flow summary

Radar
Radar -
Radar -
Radar -
Radar -
Radar -
Radar -
Radar -

1 hour
3 hour
12 hour
1 day
2 day
4 day
5 day

Radar - 7 day

Barometric pressure
Reservoir levels
Flow augmentation
Hydro production
Lake Erie level
Water quality

River safety

Data Terms of Use

Location

Caution: Data is provisional. For more information read our Data Terms of Use

Previous Rainfall Totals for Selected Periods

6/14/2010 16:21 1hr 6hr 12hr | 1-day | 2-day | 3-day | 4-day | 5-day | 6-day | 7-day
(mm) [ (mm) | (mm) | (mm) | (mm) [ (mm) | (mm) | (mm) [ (mm) | (mm)
Dundalk 0.0 0.0 0.0 0.0 0.6 3.8 3.8 5.2 8.6 8.6
Luther 0.0 0.0 0.2 0.2 5.0 17.4 17.4 224 28.2 28.2
Arthur 0.0 0.2 0.2 0.2 0.8 10.0 10.0 15.0 22.2 22.2
Shand 0.0 0.0 0.2 0.2 6.8 17.0 17.0 224 30.0 30.0
Elora 0.0 0.0 0.0 0.0 0.2 1.8 2.0 74 16.8 16.8
Conestogo 0.0 0.0 0.0 0.0 0.2 14 14 9.2 18.2 18.2
Woolwich 0.0 0.2 0.2 0.2 0.4 2.8 2.8 12.6 21.2 21.2
Bridgeport 0.0 0.0 0.0 0.2 1.2 1.2 1.2 8.4 24.2 24.2
Laurel Creek 0.0 0.0 0.0 0.0 0.2 1.8 1.8 10.0 21.0 21.0
Guelph 0.0 0.0 0.0 0.0 0.6 1.4 1.4 7.2 17.6 17.6
Road 32 Speed River 0.0 0.0 0.0 0.0 0.0 2.6 2.6 11.2 22.2 22.2
Millbank 0.0 0.0 0.2 0.8 1.0 1.6 1.6 8.2 21.0 21.0
0.0 0.0

Glen Morris

0.0

0.0

1.0

2.6

2.6

8.4

204

204




/-Day Weather Radar Rainfall Accumulation
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Weather Radar June 3" 2010
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Integration of Flood Warning with
Municipal Emergency Response
Plans



Updated Provincial Flood Forecasting and Warning Guidelines

A Updated provincial flood
k™ .o o - forecasting and warning

guidelines are available.

A They provide a

P ~ comprehensive approach
to designing a flood
warning program.
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Reducing Flood Damages

Structural Approaches Non-Structural Approaches

CROSS SECTION OF TYPICAL WATERCOURSE

- Fill Regulated Area >

Floodplain >

sam Channel

Wetland
Natural Hazard Regulation
| T - T ey =y
Flood Forecastlng and Warnlng
A
.
k




GRCA Flood Warning Message Fan-Out Areas Policed by OPP (Draft Work In Progress)

Email/Fax Voice Call and
Confirmation of Receipt

Flood Warning Email/Fax Voice Call and

Confirmation of Receipt

Email/Fax

Email/Fax

Email/Fax

Social Media Plays an important Role in warning

Making message terminology easily understood is

important.

Need robust back up measures if normal communications

are interrupted

GRCA Press Release

Email/Fax > | M /évision, Radio, Print > Public
/

N/

y4

GRCA Web Site Posting

GRCA Email Subscription Service

GRCA Twitter

GRCA RRS Feed

/

Internet Internet Users Public at Large

1

Email GRCA Email Subscriber

Twitter Feed GRCA Twitter Subscriber

Internet GRCA RRS Feed Subscriber




Integration of Flood Warning with
Municipal Emergency Response

Plans

Municipal Emergency Plan With Respect to Floods

Flood
Warning

—

Floodplain Residences
and businesses that
need to be warned

Expected Transportation
Affected

Expected Critical
Infrastructure affected

—

Declaration of an
emergency

Evacuation of residents

Closure of roads, streets,
bridges

Critical infrastructure
shutdown

Documenting process and procedures supports succession planning, business continuity
and preparedness in general.

Updated flood damage estimates would support cost benefit analysis of flood mitigation
works, support Ontario Disaster Relief applications and provide for a quick estimate of
flood damages after a flood has occurred.

2010 MNR SWOORP Arial photography will hopefully form the basis of new digital elevation
models to facilitate producing flood inundation mapping for emergency response planning




LEVEL 3 WARNING
DRAYTON

FLOOD INNUDATION MAPPING
SCALE 1:3000

¢

Roads_level3
Depth
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floodplain_houses_level3
Action

I Evacuate
Warn

DRAFT
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Translating Monitoring Information
to Risk Management



Monitoring for Resource Management

Information for Programs & Policies
e.g. floodplain regulations

Adaptive Environmental Management

Knowledge Plan
e.g. likelihood of floods

Practice

Evaluate Governance Act

Analysis Tools
e.g. Hydrologic models Monitor

Long -Term Monitoring
e.g. stream flow

Long Term Monitoring I s the foundati on
partners have had a long history of monitoring climate and water-related information



History of Flooding Provides Context

450
425
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324
300
275
260
224
200
175
150
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Fis
a0
24
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Flow (m3/s)

December 2008 343 m°/s

Maximum Annual Instaneous Flow Mlain |
Grand River at Marsville 1948 to 2010
Basement issues May 2000 225 m%/s January 2008 225 m®/s
Village of Waldemar 186 m®/s July 2000 270 m3/'s April 2008 342 m°/s Feh 2009

219 m*/s

Multiple floods in one year only select one flood
per year with traditional signal station frequency
analysis. Are we under estimating existing risk?

Year




Information Presentation

Year of Annual Maximum

2013
2010
2005
2000

1995 -

1990
1983
1980
1975
1970
1965
1960
1935
1950
1945

1940

Grand River at Marsville Annual Maximum by Day of Year

Date

Quick view summary of information
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