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Abstract

This paper gives an overview of the on-line flood warning implementation in the
province of New Brunswick, Canada. The on-line flood warning applications are
available via the “River Watch” website provided by the New Brunswick
Department of Environment. Advanced GIS technology combined with
hydrological modelling, provide a mapping and visualization tool that can be used
by emergency managers and the general public to predict possible flood zones.
The applications developed for “River Watch” support the processing of large
amounts of digital terrain and hydrological data, which are then, quantified and
displayed on digital maps allowing decision makers and the general population to
comprehend and visualize the possible area and impact of the flooding. The
WebGIS applications that are available from the “River Watch” web site provide
snow reports and maps, flood warnings and interactive maps. The searchable
historical database containing reports about the impact of past floods and
estimated damages provides a valuable insight into the past of the province of New
Brunswick and the motivation for development of the system for flood prediction
and management.
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1 Introduction

In the province of New Brunswick (Canada), river valleys and flood plains can
pose a risk because of ice jams, harsh weather and floods of annual spring thaw.
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Another danger comes from hurricanes, tropical storms, erosion, or other harsh
seasonal weather events, which may cause tidal and ice surges in coastal areas (see
Figure 1). All of these can cause a threat of flooding with material damage to
people and even the loss of human lives [1].

In Canada, the province of New Brunswick was the first province to join the
Flood Damage Reduction Program signing General, Mapping and Studies
Agreements in March 1976 [2]. The first outcome of this agreement was mapping
of the flood plain, where one in a 100-year flood was used to delineate and
designate flood plains in 13 areas [2].
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Figure 1: Historic ice jams in the Stain John river basin (from:
http://www?2.gnb.ca/content/dam/gnb/Departments/env/pdf/Water-
Eau/SaintJohnRiverBasin-BassinFleuveSaintJean.pdf).

Within this program, a sub-agreement on structural controls centered on
building sea dykes in the Petitcodiac area was made. This separate agreement for
flood control (where each party assumed one third of the costs in the Marsh Creek
area) was negotiated with the federal and provincial governments and the city of
Saint John. The flood management related works provided by this program
included channel improvements, improvements to outlet control structures, the
construction of a reservoir and the reconstruction of a bridge [2].

Additional studies agreement funded ice research on the Restigouche River and
the international section of the Saint John River [2].
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4News 4 Public Advisories & Alerts

River Watch s A ACIE @ swere mve,
Latest Quick Links
» Public Alerts
19 March 2014 » Flood Alerts

River Watch 2014 advisory - ice movement

o
The following ice-movement advisory was issued today by River Watch 2014. Media Advisories

» Flooded Roads

07 March 2014 » Flood History Database

New ice observation system for River Watch 2014 » Traffic Advisories
Ice observers hired for the spring flood season will have an improved method of reporting what they see » Health Risks of Flooding
this year.

» NB Power Outages

© Public Advisories & Alerts
19 March 2014

River Watch 2014 advisory - ice
movement

MORE ALERTS »

Latest Forecast Flood Information
Emergency Numbers (Toll-Free)
» St. John River Two-Day Forecast » What to do Before and After?
» Upper St. John River Two-Day Forecast » Flood Cleanup: Electrical Systems Emergency Assistance 911
» Hydrometric Stream Gauges » Flood Barriers - Sandbag Dikes River Watch Recorded Message
» Health Risks of Flooding 1-888-561-4048

» Alert Definitions
NB-EMO 1-800-561-4034

Road Report 1-800-561-4063

Environmental Emergencies

1-800-565-1633
Chart / Maps Snow Survey
» Flood Alerts » Snow Depth (cm)
Figure 2: River watch web site (from: http:/www2.gnb.ca/content

/gnb/en/news/public_alerts/river_watch.html).

This sub-agreement on flood forecasting followed by the Geoconnections
funded project on flood prediction and mapping helped the province of New
Brunswick to establish a flood forecasting centre for the Saint John River,
including the required technology development and transfer. The River Forecast
Centre (RFC), located in Fredericton, forecasts river levels and produces
interactive near real time flood maps along the Saint John River and its main
tributaries below Fredericton where the major flood damages are experienced in
the province (see Figures 1 and 2). The RFC provides this service on everyday
basis during the spring freshet as well as during flood events following heavy
rainfall [2].

The basic flood facts [3] are presented here:

e A heavy rainfall can result in flooding, particularly when the ground is
still frozen or already saturated from previous storms, for example the
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flooding that usually happen in spring time [3], sometimes even with the
ice jams (see Figure 3).

e Flash flooding — in which warning time is extremely limited — can be
caused by hurricanes, violent storms or dams breaking, that became more
frequent in recent years [3] what is attributed to the climate changes.

e Many Canadian rivers experience frequent flooding. The potential for
flood damage is very high if residential or commercial development is
allowed on low-lying, flood-prone lands [3]. The regulation for building
permits should exclude construction on the flood plain.

Figure 3: Ice Jam Flooding: an ice jam in the St. John River caused major
flooding, impacting homes, businesses and public infrastructure in
the Perth-Andover area (from: http://www2.gnb.ca /content
/gnb/en/multimedia/mrenderer .2012.03.2012-03-25 1.jpg.html).

2 The on-line available applications for flood forecasting and
management in “River Watch”

There are several interactive applications available to the users accessing “River
Watch” web site. The general web site (shown on Figure 2) provides the links to
the individual applications about snow (see Figure 4), ice or flood status and
warnings. There is a link to the information about the conditions on the roads
provided by New Brunswick Department of Transport shown on Figure 5. The
additional information about the road accessibility or closure is given in tabular
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March 3-5, 2014
3-5 mars, 2014

Figure 4: The Web map application showing the snow depth for the whole
province of New Brunswick (from: http://www2.gnb.ca/content
/gnb/en/news/ public_alerts/river watch/survey depth cm.html).

form directly at the web site [4]. The interactive maps that show flooded areas in
near real time are updated on a daily basis (see Figure 6). In Figure 7, a more
detailed view of the Saint John River watershed is shown, and Figure 8 shows a
detailed daily flood map for the City of Fredericton, with interactive graphs
providing the readings for water gauges along the hydrographic network.

While the flood maps are produced and updated on a daily basis [5],
hydrological modelling [6] provides the possibility for forecasts for the next two
days of the water levels along the Saint John River (shown on the table in
Figure 9).

A service for reports and warnings about ice jams is developed as well (see
Figures 10 and 11). The valuable knowledge about the past floods and their
impacts to the people living in the province of New Brunswick is compiled and
available via the utilization of the historical database. The database provides
search utilities and reports to the users (see Figures 12 and 13).
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Figure 5: The roads condition in New  Brunswick (from:
http://www1.gnb.ca/0113/en/traffic_advisories/flooding-e.asp).
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Figure 6: Interactive flood warning map for the province of New Brunswick

[4].
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Figure 7: Interactive flood warning map for the province of New Brunswick,
“zoom-in” for Saint John River watershed [4].
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Figure 8: Interactive flood warning map for the province of New Brunswick,
“zoom-in” for the City of Fredericton [4].
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For Residents For Business Visiting NB Your Government Employment u About NB
4News 4 Public Advisories & Alerts 4 River Watch
St. John River Two-Day Forecast a6 ADE G s mvE.

o Historic Water Levels (m)

SAINT JOHN RIVER 2 - DAY FORECAST

FLOWS IN CUBIC FEET PER SECOND AND WATER LEVELS (WIL) IN METERS 19-MAR-2014
LOCATION FLOOD ACTUAL RIVER FORECAST
LEVEL
700 hrs 0700 hrs 0700 hrs
19-MAR 20-MAR 21-MAR
WEDNESDAY THURSDAY FRIDAY
CLAIR/ FORT KENT FLOW - 1,600 1,680 1,590
GRAND FALLS DISCHARGE FLOW - 2,820 2,570 2,590
AROOSTOCK FLOW - 1,100 1,040 991
TOBIQUE FLOW - 1,640 1,570 1,550
BEECHWOOD INFLOW FLOW - 5,800 5,400 5,380
MACTAQUAC INFLOW FLOW - 6,950 6,390 6,330
MCKINLEY FLOW - 2,943
ST. LEONARD wiL 136.0 130.02 -
PERTH ANDOVER WiL 772 73.93 -
SIMONDS wiL 48.5 N/A -
HARTLAND wiL 45.7 41.00 -
WOODSTOCK WL 414 40.50 -
NASHWAAK (Durham Bridge) wiL 210 18.65 18.6 18.6
KENNEBECASIS (Apohaqui) wiL 13.0 8.49 85 88
FREDERICTON WL 6.5 1.22 -
MAUGERVILLE WL 6.0 1.33 -

Figure 9: Two days forecast for Saint John River (from: http://www2.gnb.ca
/content/gnb/en/news/public_alerts/river watch/st john river two
-dayforecast.html).
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For Residents For Business Visiting NB Your Government Employment u About NB
4News 4 Public Advisories & Alerts

Public Advisories & Alerts s & ACE© sere_my

Public Safety and Solicitor General
* Public Alert - River Watch

River Watch 2014 advisory - ice movement

19 March 2014 Media Contact(s)

FREDERICTON (GNB) — The following ice-movement advisory was issued today by River Watch 2014:

Paul Bradley, communications, Department of
Environment Canada has issued a winter storm advisory for Thursday, March 20. In central and northern Public Safety, 506-453-2994,
New Brunswick, this storm is expected to bring 10 - 15 cm of snow with below-fr paul. ca.
Southern New Brunswick can expect 10 - 20 mm of rain with above-freezing lemperalures Condmons for
southern regions of the province are favourable to promote the deterioration of ice covers. This could lead Lisa Harrity, communications, Department of
to break-up and movement of ice covers and, in turn, could cause ice jams and associated flooding along Environment and Local Government, 506-
streams and rivers. 444-2179.

Safety information

With the onset of the spring freshet season, people living or working along streams, tributaries and rivers
in the province are asked to be on the alert for ice movement and the possibility of ice-jam formation
resulting in rapid water-level increases.

A change in weather conditions could lead to localized flooding in areas where drainage systems are
blocked by ice and snow.

Individuals living or working in areas that are prone to localized flooding should remain aware and take
the proper precautions to safeguard their homes and possessions.

The use of ice crossings by recreational vehicles should be avoided due to these conditions.

Figure 10: Ice movement warnings (from: http://www2.gnb.ca/content
/gnb/en/news/public_alerts/public_alert.2014.03.0266.html).
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Environment and Local Govemment, March 18, 2013 - Stanley
Update / River Watch advisory

An ice jam along the Nashwaak River caused localized flooding in the Stanley area late in the
day on March 14 and overnight. The Stanley Fire Department relocated residents of 10
homes and one business. The fire hall is also affected by flooding but services are continuing
to operate. Schools in the Stanley area are closed because of water on local roads.

Figure 11:  Ice jam in Stanley, NB (from: http://www?2.gnb.ca/content
/gnb/en/multimedia/mmrenderer.2013.03.2013-18-03_3.jpg.html).
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Environment and Local Government

AboutUs v Services Publications Envil it Local G Efficiency NB

<Envi and Local 4«Flood History Database

Flood Details - 2008-04-23 - 2008-05-02

Affected Places Causes Damage Amount
Show Affected Places Heavy rain $23,288,000.00
Freshet
Snowmelt
Mild Weather » Switch Basemap
Snowfall
Description

This was the worst spring flooding in 35 years along the entire
St. John River. The high runoff resulted in flooding in the
northwest parts of the province, and all along the Saint John
River to southern New Brunswick.

The flood event was as big as 1973 in some places. 60 people
and 140 farm animals had to be rescued from rising waters.

Rising water levels flooded communities along the St. John River
as a result of melting snow and rain. Rising waters threatened to
swamp bridges and forced closures of dozens of flooded roads.
The communities of Maugerville, Jemseg, Clair, and Barkers
Point saw the worst of the flooding. In the Maugerville area, the
rising water engulfed farmhouses and covered roads. About 50
streets were completely or partially closed in Fredericton.
Sections of secondary roads throughout western New Brunswick
were blocked to through traffic. Across the province, 1,000
people were evacuated from their homes and at least 2,000 ;
people were affected by flooding along the St. John River and its
tributaries.

Cause

Record breaking snowfalls in winter - some 50 percent above
normal, a late spring thaw and heavy rain combined with warm
weather caused water levels to rise rapidly along the St. John
River and its tributaries.

Magnitude

Northern areas of the province had very high runoff from heavy

Figure 12:  Detailed report about flooding in 2008 (from: http://www.elgegl
.gnb.ca/0001/en/Flood/Details/304).
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« and Local « 4Flood History Database
Search

Location Name "tredericton | Minimum Damages

Occurred Before [e g: 2012-12-31 | Occurred After

Text Search Flood Cause
((Search)
Results (88)

Start End Damage
s Date Date s b 4 Photos ¢ Description +

Details 1759-11-03 1759-11-04 0 Fundy Coast: At Saint John, a "Saxby" type combination of windstorm and tides caused

extensive damage.
Details 1768-01-01 1768-12-31 0 A store at Fredericton was swept away by ice.
Details 1798-10-01 1798-10-03

o

At Fredericton and Maddeskesway (Keswick) and along the Nashwaak and Oromocto rivers,
many families lost stock and provisions.

Details 1831-04-11 1831-04-11
Details 1846-03-20 1846-04-05
Details 1851-10-31 1851-11-04
Details 1854-05-01 1854-05-31
Details 1857-04-01 1857-04-01
Details 1887-04-25 1887-05-14 $500,000.00

There is some confusion in the newspaper reports regarding the year.

Saint John River Basin: A bridge was destroyed on the Aroostook River.

Saint John River Basin: A rapid rise of water occurred at Grand Falls on October 31
No reports were available from 1854 describing this flood or the damages caused.

Fredericton Area: Piling up of drifting ice caused flood damage in and around Fredericton.

» o o o o o

Saint John River Basin: On April 26, the ice began running above Andover.

Figure 13:  Historical database of floods in NB (from: http://www.elgegl.gnb
.ca/0001/en/Flood/Search?LocationName=fredericton).

3 Conclusions

An overview of the flood prediction and mapping applications available on-line
from the “River Watch” web site has been presented. The online applications allow
access to flood forecast data and mapping services for ice jams, roads accessibility
or closure and near real time flood plain delineation. The historical database
provides the utilities for search and access to data about past flood events and
damages that were caused. The flood prediction and mapping applications and
other services provided by “River Watch” are accessible to the decision makers
and general public in order to assist them to comprehend the impacts and potential
damages of the flooding.
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