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Abstract:  Bridgewater, Nova Scotia, is located 20 km inland from the mouth of the 

LaHave River estuary on the Atlantic Coast of Canada. Bridgewater is at risk of flooding 

due to the combined effects of river runoff and a storm surge on top of high tide. Projected 

increases in sea-level and possible increased river runoff with climate change increase the 

risk of future flooding. A set of river and ocean water level simulations were carried out to 

determine the risk of flooding to Bridgewater today and in the future under climate change. 

The hydrodynamic simulation developed incorporates return periods of a time series of 

river discharge measurements for the LaHave watershed, ocean water dynamics at the 

mouth of the river under normal tidal conditions and with two levels of storm surge, near 

shore and river bathymetry, as well as high precision topographic lidar derived ground 

elevations and survey grade GPS. The study was supported by data from two tide gauge 

sensors, and qualitative evidence provided by the community such as historical flood levels 

and photographs. Results show that areas upstream of the town are vulnerable to large 

discharge events of the LaHave River. The downtown waterfront and infrastructure are not 

susceptible to fluvial flooding, but is vulnerable to sea-level rise and storm surge flooding. 

Keywords: flood risk; hydrodynamic modelling; storm surge; lidar; coupled fluvial-tidal 

model; sea-level rise; return periods 
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1. Introduction  

The Town of Bridgewater, Nova Scotia, Canada is located along the banks of the LaHave River, 

about 20 km from where the river meets the Atlantic Ocean. Like many coastal communities, 

Bridgewater is vulnerable to flooding from storm surge and sea-level rise. In addition, high river 

discharge resulting from heavy rainfall and spring melt water can cause the LaHave River to flood, 

potentially putting Bridgewater and the surrounding communities at additional risk. 

This study has been conducted for the Town of Bridgewater to determine the risk of flooding from 

LaHave River runoff and from storm surge. Similar studies of flood risk for communities located along 

major estuaries have been conducted by the Applied Geomatics Research Group as part of the Atlantic 

Climate Change Adaptation Solutions (ACAS) project [1ï4]. Like the previous studies, the flood risk 

analysis of the LaHave River incorporates high-resolution lidar elevation data, bathymetric river data, 

and river cross-section information. These data are merged to generate a seamless digital elevation model 

(DEM) which is used, along with river discharge and tidal elevation data to run an integrated one and 

two-dimensional hydrodynamic model to produce flood risk predictions for the Town of Bridgewater. 

High resolution lidar is an optimal choice for fluvial flood inundation models of urban areas, where 

capturing the complexities of urban topography is critical to model outcome [5ï8]. Lidar-based models 

of coastal vulnerability to storm surge flooding also depend on the resolution of the DEM [9,10]. A 

combination of high-resolution lidar-derived DEMs, and historical high water level data have been 

used to successfully model benchmark coastal storms in Atlantic Canada [11ï13] and elsewhere [14]. 

Bathymetric information is critical to the running of the river and coastal models, and can be 

acquired through various means. Cin et al. [15] combined swath bathymetry and lidar to create a DEM 

to forecast river flooding, and Moore [16] combined channel geometry acquired from river 

bathymetric surveys with lidar to generate a high resolution DEM. Higher quality and resolution 

bathymetry data can improve model results [17,18]. Casas et al. [17] investigated the dependence of 

hydraulic model outcome on digital elevation inputs and show the importance of high quality 

bathymetric data. Cook and Merwade [18] predicted flood inundation area more accurately with 

improved horizontal resolution, vertical accuracy, and the inclusion of river bathymetry in the 

topographic data. Though high resolution topo-bathymetic data is advantageous for developing 

accurate hydrodynamic shallow water and flooding simulations, it is important to minimize data 

density where possible to reduce the CPU time required for the complex calculations. As such, in this 

study we model the lower mouth of the estuary in a coarser grid resolution and nest higher resolution 

simulations for the upstream town area, where a higher resolution flood simulation output is desired. 

For this study a bathymetric survey was conducted using a depth sounder and Real Time Kinematic 

(RTK) GPS to acquire data for the upper sections of the LaHave estuary, and RTK GPS cross-sections 

in the shallower areas of the river. The final DEM used for the river and coastal flooding models 

includes high-resolution lidar on land, bathymetric data for the river channel and coast acquired during 

this study, and a combination of digital and digitized paper charts for the outer estuary where available. 

We present a unique method to combine the bathymetry and river cross section data with the lidar to 

construct a seamless DEM, which is then used to approximate cross sections for the 1-D upstream 

model in areas where cross sections do not exist, and perform seamless 2-D shallow water and flood 

modelling without complex 1-D/2-D shore linkages and weir flow calculations. 
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A coupled 1-D/2-D model is used here to take advantage of the benefits of each model. The 1-D 

model is best used to represent hydraulic flow through the channel, while the 2-D model is required for 

spatially distributed results, such as flood inundation maps [19]. Previous coupled 1-D/2-D modeling 

studies of coastal flooding focus on the failure of sea defense mechanisms [20,21], and Brown et al. [20] 

and Webster et al. [22] note the significance of forcing inputs, such as coastal water levels, to model 

outcome, and cite the ongoing issue of model sensitivity to spatial resolution of the grid. In this study, 

we have not focused on variations in grid density for the large domain, but rather in selected areas with 

the goal of achieving our desired flood inundation mapping precision for the town while keeping the 

CPU calculation time reasonable for each simulation. 

We analyzed a time series of river discharge records to derive an extreme value model for the 

LaHave River to calculate the discharge for the 50 and 100 year return periods at probabilities of 

occurrence of 65 and 99.5 percent which represents the upstream boundary condition in our 1D model. 

This was coupled with a 2-D coastal model of mean high tide conditions and two elevated sea-levels 

representing storm surge and sea-level rise in the future. 

We employ the Danish Hydraulic Institute (DHI) coupled 1-D/2-D Mike FloodÊ model which 

integrates a one-dimensional numerical model of the river channel with a two-dimensional model of the 

floodplain. This model is a common choice for flood prediction mapping using lidar-based DEMs [23,24]. 

Gilles et al. [23] modeled fluvial flood events in Iowa successfully by calibrating the model to 

measured water levels in the river and floodplain. Patro et al. [24] modeled monsoon flooding on an 

Indian river delta and found the model to be quite satisfactory in simulating river flow and flood 

inundation extent. Sto. Domingo et al. [25] used Mike Flood
 TM

 to do an analysis of flooding from  

sea-level rise and storm surges in major cities under climate change scenarios; and found the coupled 

model to be better than ñTerrain Analysisò approaches at mapping flooding from the sea.  

1.1. Study Area 

The LaHave River watershed covers 1686 km
2
, extending from Riverport at the coast to the south 

side of South Mountain in the Annapolis Valley (Figure 1). The watershed contains a mix of land use, 

including industrial and residential within the Town of Bridgewater, and shifting to mainly forested 

and agricultural in the majority of the watershed. 

The LaHave watershed includes two Ecodistricts, as defined by the Nova Scotia Department of 

Natural Resources [26]. The LaHave Drumlins Ecodistrict is characterized by glacial till drumlins and 

coniferous forests, with soils that are mostly well-drained, except between the drumlins where soil is 

poorly drained. The LaHave River flows through the center of the Ecodistrict until it enters the South 

Shore Ecodistrict near the coast. The South Shore Ecodistrict is composed of a mixture of sandy 

beaches, lakes and streams, and coastal forests. 

Tides are semi-diurnal in the Bridgewater area, with a tidal range of 2.5 m. The tidal influence 

extends ~20 km up the LaHave River, just to downtown Bridgewater. The river does not ice over during 

the winter, but ice does form upstream of the town and in the lakes and throughout the watershed. 
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1.2. Coastal Flooding 

The Canadian Hurricane Center (CHC) states that one or two tropical cyclone events (hurricanes or 

tropical storms) affect Canada per year [27], and the beaches near Bridgewater are regularly battered 

by Norôeasters, tropical storms and occasionally a hurricane. Powerful wind, waves, and storm surges 

can cause damage to dunes and beach infrastructure, coastal properties and roadways. Hurricane 

Hortense (1996), Hurricane Juan (2003), post-tropical storm Noel (2007), and Hurricane Bill (2009) 

caused significant damage to the coast near Bridgewater [28,29]. Bridgewater enjoys some protection 

from coastal storm surge because it is nearly 20 km inland and because of a sharp bend in the LaHave 

River near the coast (Figure 1). However, it is not immune to storm surge-induced flooding. A low 

pressure system brought high winds and heavy rain to the area on 30 October 2011, causing a storm 

surge that flooded some areas of downtown Bridgewater. Unfortunately, there is no tidal record for the 

LaHave River; therefore no storm surge return period analysis has been completed for the Town of 

Bridgewater directly. A 1 m storm surge was measured at the Halifax tide gauge, the closest gauge to 

Bridgewater, during this event located 60 km northeast along the Atlantic Coast (Figure 1). 

Figure 1. The Town of Bridgewater is an inland coastal community located along the banks 

of the LaHave River in the southern region of Nova Scotia, Canada. A: AGRG Cherryfield 

weather station; B: Environment Canada water level gauge; C: AGRG Marine Terminal tide 

gauge; D: AGRG Kraut Point tide gauge; E: AGRG Hirtles Beach weather station. 
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1.3. Sea-Level Rise and Climate Change 

The global climate is changing due in part to the increase of greenhouse gas emissions, and the 

resulting warming trends will contribute to an increase of global sea-level [30]. Future projections of 

sea-level change depend on estimated future greenhouse gas emissions and are predicted based on a 

number of scenarios [31]. Global sea-level rise, as predicted by climate change models, will increase 

the problem of flooding and erosion making more coastal areas vulnerable. The third assessment of the 

Intergovernmental Panel on Climate Change (IPCC), AR3, indicated that there will be an increase in 

mean global sea-level from 1990 to 2100 between 0.09 m and 0.88 m [32]. The fourth IPCC 

Assessment Report (AR4) projected global mean sea-level to rise between 0.18 and 0.59 m from 1990 

to 2095 [33]. However as Forbes et al. [34] point out, these projections do not account for the large ice 

sheets melting and measurements of actual global sea-level rise are higher than the previous 

predictions of the third assessment report. The most recent IPCC estimates for global sea-level rise 

were available in a preliminary document, the Summary for Policymakers [30], at the time of 

submission. The authors project a sea-level rise for 2046ï2065 of 0.17 m to 0.38 m (lower bound 

higher than AR3 and ~same as AR4) and for 2081ï2100 of 0.26 m to 0.82 m (upper bound slightly lower 

than AR3, 0.23 m higher than AR4); these projections do include the effects of melting ice sheets. 

Rahmstorf et al. [35] compared observed global sea-level rise to that projected in the third IPCC 

assessment report and found it exceeded the projections. They have suggested a rise between 0.5 and 

1.4 m from 1990 to 2100. This projected increase in global mean sea-level and the fact that many 

coastal areas of Maritime Canada have been deemed highly susceptible to sea-level rise [36] has led to 

various studies to produce detailed flood risk maps of coastal communities in Prince Edward Island, 

New Brunswick, and Nova Scotia [9,37ï39]. The most recent set of flood risk maps for coastal 

communities in Nova Scotia has been produced during the Atlantic Climate Adaptation Solutions 

(ACAS) project [2,4]. 

In addition to global sea-level rise, local crustal dynamics also affect relative sea-level (RSL). The major 

influence on crustal motion for this region is related to the last glaciation that ended ca. 10,000 years  

ago [40ï42]. The areas where the ice was thickest were depressed the most and peripheral regions 

where uplifted, termed the ñperipheral bulgeò. The ice was thickest over Hudson Bay in central 

Canada, where the crust was most depressed, however today this area is still rebounding from the 

removal of the ice load and continues to uplift. The Maritimes represent part of the peripheral bulge 

and southern New Brunswick and Nova Scotia are subsiding [42]. Subsidence rates vary across the 

region with Nova Scotia having a rate of ~15 cm per century [34]. The subsidence of the crust is 

important for coastal communities in that it compounds the problem of local sea-level rise and must be 

considered when projecting future flood risk. Global sea-level rise and crustal subsidence must both be 

considered to produce a potential increase in RSL in the next century. This does not include the 

possibility of increased storm intensity or frequency. Although the CHC states that hurricane 

frequency follows a 25-year cyclical pattern, and we are now in a more active cycle, others claim that 

hurricane frequency and intensity are increasing with climate change [43,44].  

We have selected a conservative and a higher rate of global sea-level rise to illustrate the impacts of past 

storms into the future. We use global mean sea-level projections from the third IPCC assessment [33] 

(AR4, A1F1 scenario) as the conservative rate (0.57 m); the higher rate (1.3 m) comes from  
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Rahmstorf [35]. Assuming a crustal subsidence rate of 0.16 m [34] the upper limit of relative sea-level 

rise projections for 2100 are 0.57 m + 0.16 m = 0.73 m [33] and 1.3 m + 0.16 m = 1.46 m [35]. 

A comprehensive, community-by-community report prepared for ACAS by Richards and Daigle [45] 

provides estimated extreme total sea-levels, using Rahmstorf et al. [35] as a basis for sea-level rise 

projections. Estimates for Lunenburg, a neighboring community along the South Shore of Nova Scotia 

located northeast of the mouth of the LaHave estuary, are presented for 10, 25, 50 and 100-year return 

periods, for years 2000, 2025, 2055, 2085 and 2100.  

For Lunenburg, this means that a 10-year storm could result in a sea-level of 3.29 m by 2025, 0.86 m 

higher than HHWLT (Higher High Water Large Tide). A 100-year storm in 2055 would increase water 

level to 3.80 m. The water levels in Table 1 are referenced to Chart Datum (CD), which is the same datum 

used for a hydrographic chart showing depths in the offshore and for tide tables. Note that CD typically 

represents the lowest possible tide in a local region, whereas topographic maps on land and lidar terrain 

models for this study are referenced to the Canadian Geodetic Vertical Datum of 1928 (CGVD28); water 

levels for this study have been converted from CD to CGVD28 using the offset of 1.01 m. 

Table 1. Estimated extreme total sea levels (Higher High Water Large Tide  

(HHWLT) + Sea-Level Rise + Storm Surge) for return periods of 10, 25, 50 and 100 years 

for years 2000, 2025, 2050, 2085 and 2100. Lunenburg, HHWLT 2.43 m (Chart Datum), 

return period levels estimated as per Halifax tide gauge. From Richards and Daigle [45]. 

Error estimates are from [46] and represent 95% confidence intervals. 

Extreme Total Sea Level [meters Chart Datum (CD)]ðLunenburg 

Return Period Residual Level 2000 Level 2025 Level 2055 Level 2085 Level 2100 

10 Years 0.71 ± 0.20 3.14 ± 0.20 3.29 ± 0.23 3.57 ± 0.35 3.97 ± 0.56 4.20 ± 0.68 

25 Years 0.81 ± 0.20 3.24 ± 0.20 3.39 ± 0.23 3.67 ± 0.35 4.07 ± 0.56 4.30 ± 0.68 

50 Years 0.88 ± 0.20 3.31 ± 0.20 3.46 ± 0.23 3.73 ± 0.35 4.14 ± 0.56 4.37 ± 0.68 

100 Years 0.95 ± 0.20 3.38 ± 0.20 3.53 ± 0.23 3.80 ± 0.35 4.21 ± 0.56 4.44 ± 0.68 

1.4. Fluvial Flooding 

Fluvial flooding is a common occurrence in the LaHave watershed. Fluvial flooding is caused when 

high or intense precipitation, or snow and ice melt within the watershed flows into the river, causing it to 

overtop its banks. High or intense precipitation is defined using Environment Canadaôs Rainfall Warning 

Criteria, wherein warnings are issued when 25 mm or more of rain is expected in one hour, when 50 mm 

or more is expected within 24 h or 75 mm or more within 48 h during the summer, or when 25 mm or 

more of rain is expected within 24 h during the winter [47]. While flooding from snow and ice melt can 

be predicted, flash flooding from sudden downpours can be more of a challenge to forecast [48].  

The permeability of the land affects the ability of the land to absorb water and contributes to the 

severity of a fluvial flood. Frozen or saturated land could have temporary low permeability, while 

developed land or rocks such as shale and unfractured granite have permanently low permeability. 

Land cover such as pavement, ditched farmland, and deforested areas contribute to the amount of 

runoff entering a river, and can worsen the severity of fluvial flooding. For the LaHave River watershed, 

an analysis of satellite images to detect land use change indicated that approximately 75 km
2
 of land was 

clearcut between 2004 and 2009, or about 4% of the area of the watershed. Land cover and deforestation 
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can also affect evapotranspiration, the total amount of moisture removed from the drainage basin by 

evaporation and plant transpiration. 

Flow in the LaHave River follows a typical pattern, with maximum flow occurring in the spring and 

minimum flow occurring in the summer. An analysis of the 95-year LaHave River flow time series 

derived from the Environment Canada water level gauge in West Northfield (Figure 1) shows that 

almost 80% of the floods during that time period occurred during winter or spring, times when snow 

melt is likely to have contributed to the flood [49]. Maximum Instantaneous Peak Flow was highest on 

10 January 1956 (1080 m
3
/s) and second-highest on March 31, 2003 (663 m

3
/s). Both of these floods 

were caused by heavy rain and melting snow and caused the highest water levels ever recorded (5.73 m 

and 5.17 m for 1956 and 2003, respectively), 1.5 to 2.0 m higher than any other flood event in the 

LaHave River watershed ([49]). Two fatalities occurred upstream of Bridgewater in 2003 when a car 

was swept into the flooded river [50].  

1.5. Precipitation and Climate Change 

As is the case with temperature and sea-level, precipitation and river discharge patterns are 

changing with climate change. In studies of precipitation in Atlantic Canada during the last half of the 

20th century, Bruce et al. [51] report an increasing trend in the number of daily precipitation events 

>20 mm, and Mekis and Hogg [52] note an increase in the fraction of total precipitation falling in 

heavy events.  

There are many different scenarios for how precipitation patterns will change with climate change, 

although there does seem to be consensus that there will be much more variability in the amount and 

frequency of intense rainfall in Nova Scotia [45,51,53] and in the Northeastern United States [54ï56]. 

Richards and Daigle [45] project a variety of climate variables into the future based on an ensemble of 

several climate models. For Bridgewater, they predict an annual increase in precipitation; most of that 

increase is predicted to occur in the winter and spring, with minimal increase in summer and fall 

precipitation. Extreme rainfalls that happened only once every 50 years in the last century could occur 

once every 10 years in this century [57], and precipitation is expected to vary more from season to season 

and from year to year. Natural Resources Canada (NRCan) [53] predicts that Atlantic Canada will have 

hotter and drier summers, warmer winters, and more precipitation to fall as rain rather than snow. 

Conversely, Bruce et al. [51] predict a slight decrease in precipitation in the southern Maritime Provinces.  

A study on global warming and precipitation in the United States reports that snowstorms and 

rainstorms have already become 30% more frequent and more severe than in 1948, producing 10% 

more precipitation, on average [54]. Of particular note to Atlantic Canada is the reported 85% increase 

in frequency of extreme rainfall and snowfall events in New England, meaning that a storm that used 

to occur every 12 months now occurs on average every 6.5 months. Singh et al [55] also predict an 

increase in precipitation amounts and frequency in coastal areas of the Northeastern United States, and 

Toreti et al. [56] use high resolution global climate models to predict a significant intensification of 

daily precipitation extremes for all seasons.  

Studies of streamflow patterns during the last 50 years show that maritime rivers in the Atlantic 

provinces have been experiencing lower summer flows, but higher flows in early winter and spring [58,59]. 

Streamflow is expected to increase with temperature and precipitation in the Atlantic region [60], and 
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spring flood could become more common due to changes in late-winter early-spring precipitation 

patterns [61]. 

2. Methods 

2.1. Hydrology Data 

The factors driving the potential for flood risk in the Town of Bridgewater include weather, river 

stage and tides; these data are required to run the hydrological model and predict flood risk. 

Environment Canada monitors the water level or stage of the LaHave River and through the use of a 

rating curve and publishes discharge for the river [49], (Figure 1B). We have used these discharge data 

as the main input to the one dimensional river runoff model. Two water level sensors (tide gauges) 

were deployed by AGRG: one at the Marine Terminal within the Town of Bridgewater to measure 

water level in the town (Figure 1C) and one at Kraut Point to measure the water level near the mouth 

of the river (Figure 1D). Two AGRG weather stations were deployed: one at Cherryfield in the center 

of the watershed (Figure 1A) and another at Hirtles Beach along the Atlantic coast (Figure 1E). The 

station at Hirtles Beach was used to monitor the coastal conditions, and the measured barometric 

pressure was used to compensate the Kraut Point tide gauge. A barometric pressure sensor was 

deployed at the Marine terminal and used to compensate the tide gauge located there. 

2.2. DEM Development 

An accurate representation of bathymetry and topography is essential for successful hydrodynamic 

flood risk modeling. In this study bathymetry data from a combination of data sources were combined 

with topographic lidar data to generate a continuous DEM that was used in the model. 

2.2.1. Bathymetric Survey 

A bathymetric grid was compiled from a variety of sources to accurately represent seabed and river 

channel bathymetry and geometry. Depth soundings from nautical charts produced by the Canadian 

Hydrographic Service (CHS) were used for offshore and tidal areas. The digital Chart 4381 

information at a scale of 1:38,900 covered the offshore and the mouth of the LaHave River to 

approximately Kraut Point. These data were supplemented by digitizing additional soundings from 

the paper chart at a scale of 1:38,900 which extended from Kraut Point to Upper LaHave (Figure 2). 

Additional depth soundings were collected using a 15 foot aluminum boat and depth sounder for the 

section of the river from Upper LaHave to the northern town limits where the river becomes too 

shallow to safely navigate a boat (Figure 2a). For the areas upstream of Bridgewater a combination 

of depths were measured using the depth sounder mounted on a canoe and for extremely shallow 

locations RTK GPS and depth measurements were obtained manually by walking across the  

river (Figure 2b).  
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Figure 2. Topobathymetric data sets amalgamated in this study include high precision 

airborne lidar, Canadian Hydrographic Service (CHS) bathymetric charts, and bathymetric 

data collected by boat using depth sounder (a) and survey grade Real Time Kinematic 

(RTK) GPS (b). The extent of this figure is shown on Figure 1 as Area 1. 

 

2.2.2. Lidar Survey 

The coastline of Lunenburg County was surveyed with lidar in 2009 as part of the Atlantic Climate 

Adaptation Solutions (ACAS) project [1]. In order to conduct a flood risk study for the Town of 

Bridgewater a lidar survey was conducted in 11 and 12May 2012 by Leading Edge Geomatics (LEG) 

under contract to AGRG. The lidar survey area was from New Germany to East LaHave where it 

overlaps the coastal lidar acquired in 2009 (Figure 2). The lidar was collected with a ground point 

spacing of ~1 m and covers the major floodplain of the LaHave River and the entire Town of 

Bridgewater. LEG performed their own internal quality assurance on the data by comparing 26 point 

locations obtained with survey grade GPS to the lidar and reported a vertical Root Mean Square Error 

of 5 cm and a 9 cm error at the 95% confidence interval. The lidar point data were classified as 

ñgroundò and ñnon-groundò by LEG and delivered to AGRG. Two surface models were constructed 

from these data; a Digital Surface Model (DSM) which incorporates all the points and a bare-earth 

DEM which incorporates only the classified ground points. The lidar vertical accuracy was 

independently validated by AGRG who also collected survey grade GPS measurements to test the 

accuracy of the lidar. GPS points were collected along the roadway for the length of the survey. The 

GPS points were compared with the lidar DEM and the difference in elevation was calculated. The 
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mean difference between the DEM and GPS points was ī0.05 m with a standard deviation of 0.06 m, 

which is consistent with the results of LEG.  

2.2.3. LidarðBathymetry Integration 

The LiDAR survey provides sufficient detail to model the floodplain but it does not penetrate the 

water surface, and must be combined with the bathymetry data to generate a seamless topo-bathymetric 

DEM that represents the topography above and below the water line. To achieve this, the river surface 

was delineated and removed from the terrestrial lidar dataset by sampling river elevations from cross 

sections along the length of the river, and intersecting the elevation model with the linear interpolation 

of the series cross sections per their minimum elevation plus 20 cm (Figure 3a). The resultant water 

surface polygon was then buffered by 5 m to classify river bank locations which were then 

amalgamated with all river bathymetric point data (Section 2.1) into a single point cloud of water 

depth, where river bank points (inside the 5 m buffer) were attributed 0 m depth. The bathymetry point 

cloud was sampled into a 10 m cell raster using average depth (Figure 3b). The 10 m binned depth 

average data were then interpolated into a continuous 1 m bathymetric raster surface using the 

minimum curvature spline method (Figure 3c). The river depth raster was then subtracted from the 

previously delineated lidar water surface raster (with a low pass filter applied) to generate a seamless 

hybrid topo-bathymetic elevation model of the river channel and surrounding topography with all 

elevations referenced to CGVD28. 

Figure 3. A section of the LaHave River lidar elevation model (a) showing the cross 

sections used to procedurally delineate the water surface; (b) integrated bathymetric data 

and river bank points sampled to a 10 m average depth grid, and; (c) the interpolated 1 m 

river depth raster surface. The extent of this figure is shown on Figure 1 as Area 2. 

 


