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INTRODUCTION

In this opinion note, we present a brief overview of the paradigm shift in the Toronto's Don River floodplain management by examining the alteration systems over time, in particular before and after the 1954 flood caused by Hurricane Hazel, the only such storm to impact Toronto area in recorded history. Don River has a long history of floods, ice jams, and sedimentation, influenced by a feedback loop between human attempts to control the river's flow, the ensuing natural responses of the river, and further attempts to tame the flow. The river valley was home to a variety of industrial uses, including sawmills, paper mills, and brick manufacturing, which were bolstered by the alteration and straightening of the Don River in 1888 (Bonnell, 2014) with the intention of reducing the risk of flooding by increasing the speed of the water flow and potentially allowing for steamship transport up the river. The project went significantly over budget and failed to perform as anticipated, resulting in a massive “boondoggle” at the time, as well as the loss of ecological function (Kuriqi et al., 2021).

Evidence of tools used by local indigenous peoples trace back the human settlement to 7,000 years ago in the Don Valley, a river system that has been vital in Toronto's development in the province of Ontario, Canada. Increasing urbanization put tremendous pressure on the Don Watershed (Toronto Region Conservation Authority, 2021a) (it is 85% urbanized today and home to 1.4 million people). The rapid urbanization combined with the loss of flood plain due to industrial development near the river mouth resulted in a tendency toward flooding and erosion. The Port Lands was constructed in the early 1900s through the infilling of one of the largest coastal wetlands on Lake Ontario, Ashbridges Bay Marshlands (The Port Lands, 2021). Once the wetland was infilled and the mouth of the Don River channelized and redirected into the Inner Harbor through the Keating Channel (Keating Channel, 2021), the heavy sediment load from the Don that previously made its way into the wetland now was deposited in both the Keating Channel and Inner Harbor, to the detriment of navigation. Flooding was compounded by the design of the Keating Channel, built in 1922, which makes a sharp right turn before going into the lake; an inefficient alignment resulting from a land dispute with an oil company located there.

Empowered by natural heritage-conscious planning policies, Toronto has taken a leap forward in correcting past practices that demonstrated shortcomings on several fronts by utilizing improved understandings of the lost biodiversity, impacts of human modifications, growing urban sprawl, and an ever-increasing demand for economic opportunities. By way of this article, we aim to provide encouragement for other regions in similar situations to take bold steps toward better floodplain management and reduce flood risk for their population.



20TH CENTURY PART I—WAKEUP CALL

The Don River mouth has had a long history of modification. Coastal wetlands of Lake Ontario became an outlet for the growing city's sewerage, while industrial pressures called for the filling of shorelines to accommodate deeper berths to support the shipping industry. The Port Lands were thus created with a mix of industrial uses, including storage facilities for coal and oil that contributed to extensive contamination of the land and water.

Hurricane Hazel, which struck the Toronto area on 15–16 October 1954, served as a wakeup call, and consideration of natural hazards in land use planning was re-evaluated. The storm, which remains Toronto's worst natural disaster, caused widespread flooding along the Don River and record flooding on the neighboring Humber River. This dreadful storm left 81 dead, nearly 1,900 families homeless and incurred damages worth up to $100 million at the time (the modern-day cost is estimated at over $1 billion) (Marsh, 2015). Although Conservation Authorities had existed in Ontario since 1946, their responsibilities were amended by the province in the aftermath of Hurricane Hazel. They were empowered to acquire lands for recreation and conservation purposes and to regulate land for the safety of the community. The Metropolitan Toronto Region Conservation Authority [now Toronto Region Conservation Authority, or TRCA (Toronto Region Conservation Authority, 2022)] was amalgamated in 1956. After Hurricane Hazel, development in river valleys became subject to greater regulation, and a scheme of drainage and flood control measures was adopted, including the construction of G. Ross Lord Dam (Toronto Region Conservation Authority, 2021b) on the West Don River, which provides some local attenuation. Typical flood protection measures at the time included constructing straight channels with localized drop structures for a faster water flow, with no consideration of ecological or geomorphological conservation, and collecting floodwaters in reservoirs.



20TH CENTURY PART II—DYNAMIC MOVES

Flooding along the straightened Don River continued to occur from ice jams and severe thunderstorms. Over time, updated sewer systems improved the air and water quality, the former industrial uses waned, and the value of the land—so close to Toronto's commercial core—increased. A tussle between various perceptions and visions for the Lower Don River followed. Competing ideas included developing the valley as a corridor for transportation vs. a place for recreation or restoration (Colton, 1980), ending in favor of the highway, Don Valley Parkway (DVP) construction in 1961 and altering the natural landscape. This north-south artery increased the amount of winter road salt, intensifying salinity in the Lower Don River, further upsetting the aquatic habitat, and increasing sedimentation in the Keating Channel by 4-fold. Meanwhile, portions of the land adjacent to the river were acquired by the public sector, recognizing the possibility of remediating the land to develop social housing. Concerned stakeholders, including conservationists, geographers, urban planners, and hydrologists, all agreed that the highly altered landscape within the Lower Don's floodplain was a constraint on the river's ability to move the flood swell into Lake Ontario with minimum flooding. Significant floods in 1976, 2005, and 2013 (Nirupama et al., 2013; Armenakis and Nirupama, 2014) emphasized the continued urgency for innovative flood protection measures in the area. Plans to remediate the Don stemmed from extensive citizen engagement. In the ensuing years, special task forces to “Bring Back the Don” were developed, all of which centered around flood protection and river naturalization.



EARLY 21ST CENTURY—RETURNING TO THE RIVER

Through the early 2000s, all three levels of government created Waterfront Toronto, which would lead the remediation and flood protection of the Port Lands. The project also helped the 2015 Pan American Games in Toronto. Actively underway, the Port Lands Flood Protection (The Port Lands, 2016) project consists of several components, all aimed at (i) River Naturalization, (ii) Flood Protection, and (iii) Working within the existing urban environment to—remediate the soil, create recreational and cultural opportunities, and work with other planning initiatives and sustainability frameworks. The cost of making all this happen was prohibitively high. However, as the vision proceeded through an Environmental Assessment process that informed the international design competition, the preferred design of a 3-outlet river mouth emerged, coincidentally aligning with the “Room for the River” (Room for the River Program, 2019) model. The new river mouth is expected to improve the river's capacity and ability to flow freely, people's access to the river and its ecological function, all while optimizing the mixed land uses—from port uses to film studios to homes and enabling placemaking with signature bridges.

As a brownfield site with a history of land uses that brought about wide-suite of contamination, a key component of the project included assessing and implementing remedial technologies for the soils. The award-winning Don Mouth Naturalization and Port Lands Flood Protection Treatment Technology Evaluation Program (PLFPTTEP) (Toronto Region Conservation Authority, 2021c) included the assessment and documentation of 11 innovative technologies, which had the potential to be included as part of the final remedial action plan for the Port Lands and whose assessment could be leveraged for other brownfield sites across North America. The criticality of this aspect of the project must not be overlooked; it provides sustainability and longevity to the naturalization process.

Flood protection components include a Flood Protection Landform (FPL) and a Valley Wall Feature (VWF) (Toronto Region Conservation Authority, 2014)—with specified materials, sizes, and slopes, designed to be resilient against the modes of failure that more traditional berms and dikes are prone to. They form a large landform by extending the confining river valley southward and removing the risk of flooding to nearly 300 hectares, including the East Harbor Flood Protection Landform (EHFPL) (“F” in Figure 1) and Eastern Avenue Flood Protection (EAFP) (“I” in Figure 1).


[image: Figure 1]
FIGURE 1. The Port Lands Project for naturalization of the lower Don River (Source: Waterfront Toronto).


The project, at the cost of over 1.2 billion Canadian dollars and targeted to complete in 2024, will overcome both the technical complexity and iterative process necessary for natural physical processes and dynamics of the remediation of flood risk. Although originally driven by citizen environmental activism, the significant public ownership of the lands and their proximity to Canada's primary urban economic center played a key role in seeing the project come to fruition. A 2016 Due Diligence Report (DDR) (The Port Lands, 2016) identified that the project would result in significant value-added to the Canadian economy and revenue (Figure 1). For future residents and visitors, though, the most striking features are likely to be the cycle of interaction between humans and the water systems people have sought to live symbiotically with.



DISCUSSION

Flooding is among the most common and costly natural hazards in Canada (Government of Canada, 2016). Historical settlements near rivers, streams, lakes and coasts have resulted in high exposure to floods (The Geneva Association, 2020) that became worse over the course of history where humans interacted with floodplains in differing ways. Upon reflections on the past practices, it is now being realized that the best way forward would be to navigate the reshaping of tools and measures to co-exist with the rivers instead of never-ending attempts to control them. In Toronto, Canada, although the post-Hurricane Hazel landuse framework played a key role in carefully assessing new development, the remediation of existing flood risk has remained a challenge. Nature-based solutions for flood protection that are rooted in the very basics of geomorphology and physical processes make the most sense, as evident in the literature (The New York Times, 2021). The Don River naturalization project appeared daring at first thought, almost impossible at times, but is ready to deliver on the literal meaning of the word “naturalization”. The remediation work represents a modern approach to flood risk reduction that brings alignment of growth, public concern, and agency investment. The renewed mouth of the Don River will provide sufficient space in the valley to pass massive floods and improve the quality of life while incorporating an ecologically “rough” natural landscape. Actual examples of large and expensive projects intended to reverse past actions are necessary for broader engagement and encouragement in societies around the world. The gaps between new knowledge and past/current practices have to be bridged in order to reduce hazard risk in general. With this brief note, we continue to expect that the naturalization of the Don will withstand the test of time and inspire and reassure other regions to take assertive steps toward lowering flood risk for their people, eventually leading to cordial and trusting dynamics between society and authorities.
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