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WSP Canada Inc. (WSP) prepared this report solely for its recipient CHALEUR REGIONAL SERVICE COMMISSION in accordance with 
the Consultant Agreement agreed to by the parties. If a consultant agreement has not been executed, the parties agree that WSP’s General 
Terms and Conditions as consultant will govern the business relationship between the parties, which have been provided to you before the 
preparation of this report. 

This report is intended to be used in its entirety. No excerpt can be considered as representative of the results of the assessment. 

This report’s conclusions are based on the work performed by a technical, trained and professional staff based on their reasonable 
interpretation of current and accepted engineering and technical practices at the time the work was performed. 

The content and opinions expressed in this report are based on observations and/or information available to WSP at the time of its preparation, 
with the application of investigative techniques and engineering analysis methods consistent with those normally used by WSP and other 
engineers/technicians working under similar conditions and subject to the same time, financial and physical constraints applicable to this type 
of project. 

WSP disclaims and rejects any obligation to update the report if, after the date of this report, conditions appear to differ substantially from 
those presented in this report; however, WSP reserves the right to amend or supplement this report based on additional information, 
documents or evidence.  

WSP makes no claim as to the legal meaning of its conclusions. 

The recipient is solely responsible for the disclosure of any information contained in this report. If a third party uses, relies on, makes decisions 
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third party may suffer as a result of the use of this report or for any damages that may result from a decision made or action taken based on 
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services in respect of projects of a similar nature in similar circumstances. WSP and the recipient of this report understand and agree that 
WSP makes no expressed or implied warranties of any kind. Without limiting the generality of the foregoing, WSP and the recipient of this 
report agree and understand that WSP makes no claim or warranty as to the adequacy of its scope of work for the purpose intended by the 
recipient of this report. 

WSP relied in good faith on information indicated as provided by third parties in preparing this report. WSP has reasonably assumed that the 
information provided was correct and as a result, WSP cannot be held responsible for the accuracy or completeness of such information. 

The survey monuments and markers in this report are used primarily to establish differences in relative elevation between sampling sites 
and cannot be used for other purposes. More specifically, they may not be used for grading, excavation, construction, planning, 
development, etc. 

The electronic file that we are sending you will be stored by WSP for a minimum of 10 years. WSP assumes no responsibility for the integrity 
of the file transmitted to you and which is no longer under the control of WSP. Accordingly, WSP assumes no responsibility for any changes 
made to the electronic file after it has been transmitted to the recipient. 

WSP considers these limitations to be an integral part of this report. 



 
 
 

 

EROSION AND FLOODING RISK ANALYSIS 
PORTION OF THE TERRITORY OF THE CHALEUR RSC 
CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

WSP
NO.191-12464-00

PAGE I

PROJECT TEAM 

CHALEUR REGIONAL SERVICE COMMISSION  

Planning Director Marc Bouffard  

 

NEW BRUNSWICK GEOLOGICAL SURVEY  

Coastal Geomorphologist Dominique Bérubé 

 

WSP CANADA INC. (WSP) 

Project Director François Quinty 

Geomorphology Professional Guillaume Jeanmoye-Turcotte 

Geomatics Technician Dominic Delorme 

Editing Linette Poulin  

  

  

 
 
 
 
 

The French version of this document constitutes the official version. In case of conflict of interpretation between the English 

and French versions, the French version prevails. 
 
 
 
 
 

Reference to be included: 

WSP. 2020.  EROSION AND FLOODING RISK ANALYSIS. PORTION OF THE TERRITORY OF THE 

CHALEUR RSC. REPORT PRODUCED FOR CHALEUR REGIONAL SERVICE COMMISSION. 

33 PAGES AND APPENDICES. 
 





 
 

 

EROSION AND FLOODING RISK ANALYSIS 
PORTION OF THE TERRITORY OF THE CHALEUR RSC 
CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

WSP
NO.191-12464-00

PAGE III

TABLE OF 
CONTENTS 

1  INTRODUCTION ........................................................ 1 

  BACKGROUND ........................................................................... 1 

  OBJECTIVES ............................................................................... 1 

2  STUDY SITE DESCRIPTION ..................................... 3 

  LOCATION OF THE STUDIED MUNICIPALITIES ..................... 3 

  DESCRIPTION OF THE PHYSICAL ENVIRONMENT ................ 3 

2.2.1  GEOLOGY ............................................................................................................. 3 

2.2.1  GEOMORPHOLOGY ............................................................................................ 3 

3  METHODOLOGY ....................................................... 7 

  STEREOSCOPIC CHARACTERIZATION .................................. 7 

3.1.1  ACQUISITION AND INTEGRATION OF AERIAL PHOTOGRAPHS ................... 7 

3.1.2  COAST TYPE SEGMENTATION .......................................................................... 7 

3.1.3  IDENTIFICATION OF THE COASTLINE .............................................................. 8 

3.1.4  CALCULATION OF THE HISTORICAL RETREAT RATE ................................... 8 

3.1.5  CALCULATION OF THE MARGIN OF ERROR ................................................... 9 

  COASTLINE PROJECTION ........................................................ 9 

  REPRESENTING EROSION RISK ............................................ 10 

4  HISTORY OF SEDIMENTARY DYNAMICS AND 
COASTAL EVOLUTION ........................................... 13 

  COAST TYPE ............................................................................. 13 

  HISTORICAL COASTAL EVOLUTION BETWEEN 1944 AND 
2018 ............................................................................................ 13 

4.2.1  EVOLUTION OF THE PORT OF BELLEDUNE BETWEEN 1944 AND 2018 .... 13 

4.2.2  CHARACTERIZATION OF COASTAL MOVEMENTS ON THE SEA FRONT 
BETWEEN 1944 AND 2018 ................................................................................ 14 

4.2.3  CHARACTERIZATION OF THE ESTUARY COASTLINE MOVEMENTS 
BETWEEN 1944 AND 2018 ................................................................................ 17 

  HISTORICAL RETREAT RATES COMPARED TO THOSE 
ESTIMATED FROM EXISTING DATA ...................................... 21 



 
 

 

WSP 
NO.191-12464-00  
PAGE IV 

EROSION AND FLOODING RISK ANALYSIS
PORTION OF THE TERRITORY OF THE CHALEUR RSC

CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

TABLE OF 
CONTENTS 
(cont.) 

5  COASTLINE PROJECTION FOR 2050 AND 2100 .. 25 

  PROJECTED COASTLINE FOR THE SEA FRONT ................. 25 

  PROJECTED ESTUARY COASTLINE ..................................... 25 

  INFRASTRUCTURE EROSION RISK INDEX ........................... 29 

6  SUMMARY AND CONCLUSION ............................. 31 

RÉFÉRENCES BIBLIOGRAPHIQUES ............................... 33 

 



 
 

 

EROSION AND FLOODING RISK ANALYSIS 
PORTION OF THE TERRITORY OF THE CHALEUR RSC 
CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

WSP
NO.191-12464-00

PAGE V

TABLE OF 
CONTENTS 
(cont.) 

TABLES 

TABLE 3-1  PHOTOGRAPHS AND AERIAL IMAGES USED 
FOR MULTI-TEMPORAL STEREOSCOPIC 
CHARACTERIZATION. ................................................. 7 

TABLE 3-2  COAST TYPE IDENTIFICATION CRITERIA ................ 8 

TABLE 3-3  GEOMORPHOLOGICAL CRITERIA USED TO 
DETERMINE THE COASTLINE POSITION AS A 
FUNCTION OF COAST TYPE ...................................... 8 

TABLE 3-4 PARAMETERS FOR THE CALCULATION OF THE 
TOTAL MARGIN OF ERROR FOR EACH SERIES 
OF AERIAL PHOTOGRAPHS ....................................... 9 

TABLE 3-5  EROSION RISK INDEX FOR INFRASTRUCTURE 
(CHELBI ET AL., 2019) ............................................... 11 

TABLE 4-1  TOTAL LENGTH AND PROPORTION FOR EACH 
TYPE OF COAST IN THE STUDY AREA ................... 13 

TABLE 4-2  NET MOVEMENT (M) AND RETREAT RATE 
(M/YEAR) OF THE COASTLINE PER 
HOMOGENEOUS SEGMENT FOR THE 
BELLEDUNE AND BERESFORD SECTORS ............. 14 

TABLE 4-3  NET MOVEMENT (M) AND RETREAT RATE 
(M/YEAR) OF THE ESTUARY SHORES PER 
HOMOGENEOUS SEGMENT FOR THE 
BELLEDUNE AND BERESFORD SECTORS ............. 21 

TABLE 4-4  COASTLINE MOVEMENT TRENDS IN CHALEUR 
BAY BETWEEN 1934 AND 2015 ................................ 21 

TABLE 5-1  PROJECTION (M) FOR THE PERIODS 2018-2050 
AND 2050-2100 AND RETREAT RATE (M/YEAR) 
OF THE COASTLINE PER HOMOGENEOUS 
SEGMENT FOR THE BELLEDUNE AND 
BERESFORD SECTORS. ........................................... 26 

TABLE 5-2  PROJECTION (M) FOR THE PERIODS 2018-2050 
AND 2050-2100 AND PROJECTED RETREAT 
RATE (M/YEAR) OF THE ESTUARY SHORES 
PER HOMOGENEOUS SEGMENT FOR THE 
BELLEDUNE AND BERESFORD SECTORS. ............ 26 

TABLE 5-3  INFRASTRUCTURE COUNT BY EROSION RISK 
INDEX IN BELLEDUNE AND BERESFORD ............... 29 

 





 
 

 

EROSION AND FLOODING RISK ANALYSIS 
PORTION OF THE TERRITORY OF THE CHALEUR RSC 
CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

WSP
NO.191-12464-00

PAGE VII

TABLE OF 
CONTENTS 
(cont.) 

FIGURES 

FIGURE 4-1 SPATIOTEMPORAL EVOLUTION OF THE PORT 
OF BELLEDUNE BETWEEN 1944 AND 2018 ............ 15 

FIGURE 4-2  HISTORICAL COASTAL EVOLUTION OF 
SEGMENTS 14, 15 AND 16 IN THE 
MUNICIPALITY OF BELLEDUNE BETWEEN 
1944 AND 2018 ........................................................... 18 

FIGURE 4-3 HISTORICAL MORPHOLOGICAL EVOLUTION 
OF THE JACQUET RIVER ESTUARY 
(BELLEDUNE) BETWEEN 1944 AND 2018 ............... 22 

 

MAPS 

MAP 2-1 LOCATION OF THE BELLEDUNE AND 
BERESFORD MUNICIPALITIES IN THE 
CHALEUR RSC AND NEW BRUNSWICK .................... 5 

MAP 4-1 COASTLINE MOVEMENT BETWEEN 1944 AND 
2018 IN THE BELLEDUNE AND BERESFORD 
SECTOR ...................................................................... 19 

MAP 4-2 ESTUARY SHORELINE MOVEMENT BETWEEN 
1944 AND 2018 IN THE BELLEDUNE AND 
BERESFORD SECTOR .............................................. 23 

MAP 5-1 COASTLINE PROJECTION BETWEEN 2050 AND 
2100 IN THE BELLEDUNE AND BERESFORD 
SECTOR ...................................................................... 27 

 

APPENDICES 

1  GEOLOGICAL MAPS 

2  SHORELINE MOVEMENT BETWEEN 1944, 1985 AND 2018 IN 
BELLEDUNE AND BERESFORD SECTORS 

3  MOVEMENT OF THE SHORELINE OF THE ESTUARIES BETWEEN 
1944 AN D 2018 IN BELLEDUNE AND BERESFORD SECTORS 

4  PROJECTED SHORELIN INE 2050 AND 2100 IN THE BELLEDUNE 
AND BERESFORD SECTORS 

 





 
 
 

 

EROSION AND FLOODING RISK ANALYSIS 
PORTION OF THE TERRITORY OF THE CHALEUR RSC 
CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

WSP
NO.191-12464-00

PAGE 1

1 INTRODUCTION 

 BACKGROUND 

New Brunswick includes twelve Regional Service Commissions (RSC) whose primary mandate is to provide municipal 

management and land development planning services at the regional level. The Chaleur RSC is located in northeastern New 

Brunswick and takes its name from the Bay of Chaleur, which borders its territory. The Chaleur RSC has taken the initiative 

to develop a regional action plan for adaptation to climate change due to the growing problems of development and public 

safety caused by flooding and coastal erosion. The objective of this plan is to better understand the impacts related to climate 

change and the adaptation strategies applicable to the region (WSP, 2019).  

The initial plan involved two phases that focused on the acquisition of data on coastal and riparian hazards (Phase 1) and the 

development of guidelines or minimum standards for regional adaptation (Phase 2). In particular, the first report revealed that 

there are regional analyses of coastal erosion trends, but that local analyses on the evolution of erosion rates are very 

fragmented (Aubé et al., 2018). The provincial database covered only a small portion of the Chaleur RSC’s territory in 2018 

and many of the calculated erosion rates did not take into account the most recent aerial photos available. This shortcoming at 

the local level limits the scope of the regional plan, making it a priority for further adaptation. 

The Chaleur RSC has mandated WSP Canada Inc. (WSP) to produce high-quality geospatial data for the municipalities of 

Belledune and Beresford, which will be used to identify infrastructures that are potentially at risk from coastal erosion over 

the next few decades.  

 OBJECTIVES 

The goal of the project is to assess the erosion risk based on the current infrastructure position and the past and anticipated 

evolution of the coastline for the entire seafront and certain sections of the estuaries of the municipalities of Belledune and 

Beresford. This multi-temporal characterization provides a more complete picture of the geomorphological context, to better 

understand the past and recent evolution of the coastline. Analyzing coastal dynamics allows the potential for erosion to be 

assessed, to provide information on long-term evolutionary trends that will be used to predict the position of the coastline in 

the years to come. 

More specifically, the objectives of the mandate are as follows: 

— digitize, using ArcGIS software, the coastline position from historical and recent aerial photographs; 

— calculate average annual movement rates from historical plotted coastlines;  

— determine the coastline position in 2050 and 2100 based on the projection of historical movement rates concerning the 

relative sea-level rise and taking into account climate change. 

The geospatial data produced determines the appropriate retreat limits or the risk that elements, such as infrastructures, will 

be affected by erosion and provides a decision support tool for better climate change adaptation (Chelbi et al., 2019). 
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2 STUDY SITE DESCRIPTION 

 LOCATION OF THE STUDIED MUNICIPALITIES 

The two northern New Brunswick municipalities included in this study are Belledune and Beresford. The village of 

Belledune is located along the Chaleur Bay coastline in the northwestern part of the Chaleur RSC. It has a population of 

approximately 1,550 and straddles the counties of Restigouche and Gloucester.  

The town of Beresford is located northwest of Bathurst in Nepisiguit Bay, which is a sub-component of Chaleur Bay. This 

municipality is part of Gloucester County and has a population of approximately 4,400. Part of its coastline is characterized 

by an extensive system of spits and lagoons, the construction of which is a legacy of the Holocene marine transgression 

(Long, 2006). 

The coast of the two municipalities included in this study consists mainly of unconsolidated coasts and sedimentary cliffs 

interspersed with rocky, cliffless coast, often in the form of small points that extend toward the sea. Map 2-1 shows the two 

municipalities included in this mandate.  

 DESCRIPTION OF THE PHYSICAL ENVIRONMENT 

2.2.1 GEOLOGY 

The study area’s bedrock is part of the Appalachian geological province. The two municipalities are located on different 

bedrock types. On the Belledune side, it is composed of sedimentary rocks such as the Lower Silurian La Vieille Formation 

(sandstone), the Upper Silurian South Charlo Formation (conglomerate), the Lower Devonian Jacquet River Formation 

(siltstone) and the Upper Carboniferous Bonaventure Formation (conglomerate).  

Conversely, at Beresford, it is characterized by a mixture of igneous and sedimentary rocks that include the Upper 

Ordovician Little River Formation (basalt), the Upper Ordovician Millstream Formation (shale and siltstone) and the Upper 

Silurian Simpsons Field Formation (sandstone).  

Sedimentary rock formations are sensitive to erosion due to the numerous stratification planes and fracture networks that 

make them vulnerable to congelifraction and wave attack. Igneous rock formations, although fewer in number, are less 

sensitive to erosion. Appendix A presents detailed geological maps. 

2.2.1 GEOMORPHOLOGY 

Deglaciation in Chaleur Bay took place from east to west between 13,500 and 11,500 before present (Dionne, 1977; Veillette 

and Cloutier, 1993 in Richard et al., 1997). In general, the passage of the ice left very little deposit in the region (Pronk  

et al., 1989). 

Following the ice retreat, the Goldthwait Sea that occupied the Gulf of St. Lawrence would have reached a maximum 

elevation of 61 m in the study area. Silt-clay deposits developed on the submerged plains, while deltaic sediments composed 

of sand and gravel were deposited at river mouths.  
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Therefore, in Chaleur Bay, Quaternary deposits reflect the evolution of relative sea-level movements during the Holocene 

period (Long, 2006). The sea level has experienced variations due to isostatic rebound and the water level itself. The addition 

of these two components results in the relative level. Currently, the relative sea level is rising, which promotes erosion. 

According to the generalized geological map of surficial deposits in New Brunswick (Rampton, V.N. 1984), the deposits in 

the region are composed of sand, silt, some gravel and clay with a thickness of 0.5 to 3 m in some areas. 
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3 METHODOLOGY 

 STEREOSCOPIC CHARACTERIZATION 

3.1.1 ACQUISITION AND INTEGRATION OF AERIAL PHOTOGRAPHS 

The historical aerial photographs were chosen to cover the longest possible period at regular intervals for the lowest possible 

water levels at the time the photographs were taken. Thus, two series of aerial photographs and one series of aerial images 

were used in this project, resulting in a 74-year coverage (Table 3-1). 

The oldest aerial photographs date from 1944 and were taken by the federal government’s National Air Photo Library 

(NAPL), while the 1985 series of aerial photographs were taken by the Nova Scotia Geomatics Centre. The other series of 

aerial images dates from 2018 and comes from the collection of the Service New Brunswick office. 

The 1944 and 1985 aerial photographs, in paper format, were digitized using a scanner at a resolution of 600 dpi (pixel size 

of 0.8 m2). They were then georeferenced from the 2018 orthophotographs by establishing control points. The average 

georeferencing error is less than 1 m. 

Table 3-1  Photographs and aerial images used for multi-temporal stereoscopic characterization. 

Source Year 
Scale  

or resolution 
Emulsion Roll number Photo number 

NAPL 1944 1:50,000 Black and white 

A7357 

A7402 

A7446 

A7366 

A7971 

54-66 

34-37 

1 

31 

1 

NSGC 1985 1:15,000 Colour 
DNR85504 

DNR85511 

90-163 

44, 64, 86, 105 

SNBO 2018 30 cm Colour N.A. N.A. 

3.1.2 COAST TYPE SEGMENTATION 

The coastline was divided into segments with homogeneous geomorphological characteristics. Segmentation allows the 

analysis of current and past coastal dynamics for each type of coast. The segmentation was performed using the most recent 

aerial images (2018) to reflect current conditions. A coast type was assigned to each of the segments based on a list of 

predefined criteria (Table 3-2). The homogeneous segments are long enough to contain several measurement transects (30 m 

intervals), thus allowing a better understanding of their evolution. A total of 26 segments were thus delimited. 
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Table 3-2  Coast type identification criteria 

Coast type Definition 

Rocky cliff Rocky coast with escarpment (the rocky cliff can be supported by a rock abrasion platform). 

Unconsolidated coast Unconsolidated coast without escarpment and with a gradual slope. 

Unconsolidated cliff Escarpment of unconsolidated deposits (clay, silt, sand, gravel, boulders).  

Spit An accumulation of unconsolidated material that has one end connected to the mainland and one end free. 
Forms where there is a pronounced coastal drift in one direction. 

Artificial Any type of coast modified or protected by man-made structures (e.g. rockfill, wharf, port, etc.). 

3.1.3 IDENTIFICATION OF THE COASTLINE 

The coastline was first clearly defined and then drawn from aerial photographs based on morphological criteria duly 

identified for each type of coast (see Table 3-3). The same geomorphological criteria were applied for each year so that the 

interpretation would be consistent and comparable from one period to the next. Note that, based on the definitions 

considered, the tidal water level, although varying from one photo to the next, does not affect the accuracy of the assessments 

made. The scale of the coastline digitization varies from one series of aerial photographs to the next due to the scale and 

quality of the images. For 2018, we used an arbitrary scale of 1:300. The mapping was performed by stereoscopic (3D) 

photointerpretation directly on screen using the PureView software and ArcGIS. 

The coastline is the maximum limit of the area modelled by extreme processes, such as waves and marine submersion during 

storms. The coastline was defined according to several geomorphological elements that vary according to coast type  

(Table 3-3). 

Table 3-3  Geomorphological criteria used to determine the coastline position as a function of coast type 

Coast type Criteria 

Rocky cliff Cliff top / clear cut of the vegetation. 

Unconsolidated coast Limit of the storm crest on the landward side. Clear cut of vegetation. 

Unconsolidated cliff Cliff top / clear cut of the vegetation. 

Spit At the beach level, behind the spit: upper limit of the storm berm. 

Artificial  Top of the structure. 

3.1.4 CALCULATION OF THE HISTORICAL RETREAT RATE 

A “geodatabase” was developed to ensure cohesion between the different data produced. This type of file makes it possible to 

collect and manage different data types in the same place and to ensure the accuracy of spatial relationships. The geodatabase 

includes shapefiles (.shp) associated with the coastline for each year. 

The coastline movement was calculated using the Digital Shoreline Analysis System (DSAS) software (Thieler et al., 2009). 

DSAS is an extension of the ArcGIS software. A geodatabase that contains the coastline positions at different dates (multi-

temporal) manages all DSAS input data. The software can be used to create a transverse transect of the coastline every 30 m, 

from which movement rates can be calculated to characterize the advance and retreat of the coastline (Boucher-Brossard et 

al., 2013). Each transect was manually validated to ensure that they were consistent and representative.  
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A mean movement was calculated for each coast segment by taking the average of the segment’s transects. Some segments 

had to be subdivided due to excessive variability in the value of the movement or in the presence of factors that could 

influence sediment transit (e.g. presence of a stream or groyne) (Chelbi et al., 2019). 

3.1.5 CALCULATION OF THE MARGIN OF ERROR 

The positioning of the coastline is influenced by three sources of error that can be calculated for each series of aerial 

photographs (Table 3-4). These sources of error are mainly due to resolution and image processing, which induces certain 

deformations proportional to the distance to nadir. For the series of photographs used in this study, these errors are of the 

order of: 

— ±0.1 to ±0.8 m due to the resolution; 

— ±0 to ±1.5 m due to orthorectification: to minimize this error, the characterization was conducted as close as possible to 

the nadir of the photo; 

— ±0.5 to ±2 m potentially for the 2D image interpretation. 

The maximum margin of error between two years of photographs is, thus, the sum of these three sources of error (Table 3-4). 

Therefore, the sum of its three sources of error can confer a theoretical maximum margin of error between the coverage of 

aerial photographs of 3 m on average, which is a value of 0.06 m/year. 

Table 3-4 Parameters for the calculation of the total margin of error for each series of aerial photographs 

YEAR OF 

PHOTOGRAPH 

TYPE OF ERROR 
TOTAL ERROR  

(m) 
RESOLUTION  

(m) 

GEOREFERENCING 

(m) 

INTERPRETATION 

(m) 

1944 0.80 1.5 2 ±4.3 

1985 0.5 1 1.5 ±3.0 

2018 0.10 N.A. 0.5 ±0.80 

 COASTLINE PROJECTION 

The coastline projection can be determined using different approaches depending on the objectives. It requires a level of 

effort that increases with the number of inputs available and a change in the level of analysis that moves from the regional to 

a more specific scale. However, there is no scientific consensus on a method for increasing erosion rates as a function of sea-

level rise. Indeed, a meta-analysis shows that there is no clear indication that sea-level rise is a significant controlling factor 

for coastal erosion rates on a global scale. Indeed, the results differ according to the study sites, which tends to demonstrate 

that the regional coastal context has more influence on the rate of erosion in the medium term than relative sea-level rise (Le 

Cozannet et al., 2014). The same study concludes that modelling-based approaches pose significant challenges, since the lack 

of precision in the models does not allow estimating the evolution of the coastline with sufficient confidence. In this regard, 

we suggest the use of approaches based on recent observations. Indeed, along sandy coastlines, the use of models requires a 

deep understanding of local hydro-sedimentary processes, which can vary over a very short distance (Rosati et al., 2013). The 

evolution of rocky coastlines is generally slower and, therefore, less of a concern for adapting to change. 
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The Laboratoire de dynamique et de gestion intégrée des zones côtières (LDGIZC) of the Université du Québec à Rimouski 

favours the projection of coastlines based on observed rates by projecting erosion rates according to two scenarios (Fraser  

et al., 2017):  

1 a conservative scenario where the future erosion rate corresponds to the average of all historical rates for a uniform 

coastal cell; 

2 a pessimistic scenario corresponding to the maximum erosion rates measured during the diachronic analysis of aerial and 

satellite imagery. The highest historical erosion rate calculated for each type of coast was projected into the future. This 

scenario represents an accelerated rate compared to the historical average. 

As part of this mandate, variants of these two scenarios were examined to illustrate the extent of the changes likely to occur. 

On the one hand, projections of the future coastline position were based on the approach of projecting historical retreat rates 

(discussed above, scenario 1), combined with sea-level rise and a margin of safety. This approach is based on the one used in 

several similar projects along the northeast coast of New Brunswick and used by the LDGIZC.  

On the other hand, projections were made using DSAS and ArcGIS based on the maximum historical rates measured for each 

homogeneous segment. This approach is, therefore, based on the assumption that in the context of the anticipated sea-level 

rise, erosion rates will be accelerated compared to the historical average. 

However, although the literature considers this the preferred approach and consistent with the LDGIZC approach, residual 

uncertainty remains concerning the projections. To promote resilience, a margin of safety was estimated and added to the line 

already projected by historical rates of decline and sea-level rise. Several variables can slow or accelerate bank erosion 

(nature of deposits, urban infrastructure protected by development, etc.). This margin of safety was estimated according to 

different scenarios, which were determined by a multidisciplinary team (coastal engineering, climate change and 

geomorphology) and in collaboration with the client to align this study with those previously carried out for the RSC.  

 REPRESENTING EROSION RISK 

This study uses the erosion risk index established in Chelbi et al. (2019) and is based on the methodology of the 2011 

ACASA-RAC-Acadian Peninsula project (Robichaud et al., 2011). The erosion risk index makes it possible to assess the 

possibility that infrastructure will be affected by the retreat of the coastline in the more or less near future (Table 3-5). The 

index is based on margins of safety and the infrastructure position relative to the projected coastline position at different 

future years (2050 and 2100). 

The current erosion risk (rated 3, high risk) is considered to be a risk for any infrastructure within 5 m of the 2018 coastline. 

Future erosion risks were assessed based on the coastline position, as projected for 2050 and 2100, with a 5 m margin of 

safety. 

Infrastructures located more than 5 m from the projected 2100 coastline are considered risk-free (zero risk) (Chelbi  

et al., 2019). 

All infrastructure located within an area defined by a line 5 m behind the projected 2050 coastline and a line 5 m behind the 

projected 2100 coastline is rated 1 (low risk). 

All infrastructure located within an area defined by a line 5 m behind the projected 2018 coastline and a line 5 m behind the 

projected 2050 coastline is rated 2 (medium risk). This infrastructure should be monitored as a priority in addition to 

infrastructure with a rating of 3 (Chelbi et al., 2019).  
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Table 3-5  Erosion risk index for infrastructure (Chelbi et al., 2019) 

Risk rating Risk definition 

3 Present erosion risk (high risk) 

2 Erosion risk to 2050 (medium risk) 

1 Erosion risk between 2050 and 2100 (low risk) 

0 Without risk to 2100 (no risk) 
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4 HISTORY OF SEDIMENTARY DYNAMICS 
AND COASTAL EVOLUTION 

 COAST TYPE 

The coastline characterized in the study area is 29,569 m long and is mostly dominated by unconsolidated coasts (36.8%), 

spits (23.3%) and unconsolidated cliffs (19.4%) (Table 4-1). All three types of coasts are sedimentary and are therefore very 

sensitive to either erosion (movement) or accumulation changes.  

Table 4-1  Total length and proportion for each type of coast in the study area 

Coast type 
Total length of segments 

(m) 

Proportion 

(%) 

ARTIFICIAL 3,303.0 11.2 

UNCONSOLIDATED CLIFF 5,739.2 19.4 

ROCKY CLIFF 2,769.3 9.4 

SPIT 6,877.6 23.3 

UNCONSOLIDATED COAST 10,879.9 36.8 

TOTAL 29,569.1 100 

 HISTORICAL COASTAL EVOLUTION BETWEEN 1944 AND 
2018 

4.2.1 EVOLUTION OF THE PORT OF BELLEDUNE BETWEEN 1944 AND 2018 

This portion of the coastline (Port of Belledune) was not included in this study because it is a large port complex that is not 

likely to move in the coming decades (see Figure 4.1). Furthermore, the construction of the complex over the years would 

have biased the analysis since a large area of land has been reclaimed from the sea. This would have induced a false advance 

of the coastline. However, the visual analysis of the aerial photographs provides information on some aspects of the 

spatiotemporal dynamics of the area.  

In the 1944 aerial photographs, this sector of Belledune is very poorly developed and the port facilities are not present. We 

can observe the presence of a triangular-shaped sedimentary point with a lagoon. This triangular salient presents an 

asymmetrical shape due to the meeting of a dominant longshore drift (east-west) and a secondary longshore drift (west-east). 

Tree vegetation is present on this point and Route 134 can be seen.  

In the 1985 photograph, the Port of Belledune is visible. It was built in 1968. Terminal 1, a 155 m long infrastructure, is 
visible. The Port of Belledune area is highly developed, with tanks and industrial facilities present (Port of Belledune, 2020). 
The coastline is artificial and, therefore, protected from movement. 
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On the 2018 orthophotograph, there are many changes in the location of port facilities. Several expansions have been 
completed with the addition of several terminals. The sedimentary point is now connected to the port and appears to be more 
rounded. There is significant riprap covering the entire coastline of this sector. 

4.2.2 CHARACTERIZATION OF COASTAL MOVEMENTS ON THE SEA FRONT 
BETWEEN 1944 AND 2018 

Table 4-2 shows the coastline movements between 1944 and 2018 for the 26 homogeneous segments (1 to 26) of coastal 
change delineated along the Belledune and Beresford coastline. Map 4-1 provides an example of the mapping result (all maps 
are presented at Appendices 2, 3 and 4). The segments are numbered from southeast to northwest. Homogeneous areas were 
determined based on the type of coast, its shape and the homogeneity of the coastal evolution over time. The calculation 
results for the coastline movements are detailed for each segment for the different periods analyzed, i.e. 1944-1985, 
1985-2018, and 1944-2018. A positive movement represents an accretionary zone, while a negative movement represents an 
eroding zone. 

Table 4-2  Net movement (m) and retreat rate (m/year) of the coastline per homogeneous segment for the 
Belledune and Beresford sectors 

HOMOGENEOUS 
SEGMENT 

COAST TYPE 

PERIOD 

1944-1985 1985-2018 1944-2018 

(m) (m/year) (m) (m/year) (m) (m/year) 

1 Spit -6.92 -0.17 4.53 0.14 -2.40 -0.03 

2 Spit N.A. N.A. N.A. N.A. N.A. N.A. 

3 Spit -3.78 -0.09 2.15 0.07 -1.63 -0.03 

4 Artificial -12.03 -0.29 -4.98 -0.15 -17.01 -0.23 

5 Artificial -8.37 -0.20 -2.92 -0.09 -11.29 -0.15 

6 Artificial -8.25 -0.20 -0.85 -0.03 -9.10 -0.12 

7 Unconsolidated coast -1.63 -0.04 -0.23 -0.01 -1.85 -0.03 

8 Rocky cliff -2.51 -0.06 -1.47 -0.04 -3.98 -0.05 

9 Artificial -6.39 -0.16 -3.97 -0.12 -10.36 -0.14 

10 Unconsolidated coast -2.48 -0.06 -2.05 -0.06 -4.54 -0.06 

11 Rocky cliff -5.35 -0.13 -3.99 -0.12 -9.33 -0.13 

12 Unconsolidated coast 2.39 0.06 13.42 0.41 15.81 0.21 

13 Unconsolidated coast -9.47 -0.23 -9.03 -0.27 -18.50 -0.25 

14 Unconsolidated coast -1.48 -0.04 -4.18 -0.13 -5.66 -0.08 

15 Rocky cliff -1.72 -0.04 -1.23 -0.04 -2.95 -0.04 

16 Unconsolidated cliff -1.40 -0.03 -3.53 -0.11 -4.93 -0.07 

17 Rocky cliff -2.14 -0.05 -0.46 -0.01 -2.60 -0.04 

18 Unconsolidated cliff -2.60 -0.06 -0.45 -0.01 -3.05 -0.04 

19 Rocky cliff -3.54 -0.09 -0.07 0.00 -3.61 -0.05 

20 Unconsolidated cliff -6.13 -0.15 -0.93 -0.03 -7.06 -0.10 

21 Rocky cliff -3.02 -0.07 0.10 0.00 -2.92 -0.04 

22 Unconsolidated coast -26.13 -0.64 -0.11 0.00 -26.24 -0.35 

23 Artificial -47.73 -1.16 -0.73 -0.02 -48.47 -0.65 

24 Spit -23.39 -0.57 4.64 0.14 -18.75 -0.25 

25 Unconsolidated coast -2.52 -0.06 -0.05 0.00 -2.57 -0.03 

26 Unconsolidated cliff -9.05 -0.22 -9.41 -0.29 -18.46 -0.25 

AVERAGE   -6.17 -0.15 -1.05 -0.03 -7.22 -0.10 

For the presentation of the results, the study area was divided into three zones: Beresford, East Belledune (east of the Port of 
Belledune) and West Belledune (the coastline west of the Port of Belledune). Note that segment 2 was excluded from the 
analyses since it corresponds to the tidal gully that separates the north and south spits at Beresford.   
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Figure 4-1 Spatiotemporal evolution of the Port of Belledune between 1944 and 2018 

  



 

 

WSP 
NO.191-12464-00  
PAGE 16 

EROSION AND FLOODING RISK ANALYSIS
PORTION OF THE TERRITORY OF THE CHALEUR RSC

CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

BERESFORD (SEGMENTS 1 TO 5) 

The Beresford sector is characterized mainly by its system of spits (segments 1 and 3) that extend over a length of 5,500 m of 
the municipality’s coastline. Between 1944 and 1985, the two segments corresponding to this system experienced a 
significant retreat of 0.17 m/year (-6.92 m in 41 years) for segment 1 and 0.09 m/year (-3.78 m in 41 years) for segment 3. 
However, between 1985 and 2018, significant progradation was made in both segments. For segment 1, a rate of 0.14 m/year 
(4.53 meters in 33 years) and for segment 3, a rate of 0.07 m/year (2.15 meters in 33 years). 

Segments 4 and 5 correspond to coastline segments that have been artificialized by the implementation of erosion protection 
infrastructures. These two segments cover 2,300 m of the municipality’s coastline. Both segments suffered significant retreats 
between 1944 and 2018. For segment 4, a retreat rate of 0.23 m/year (-17.01 m in 74 years) is observed, while for segment 5, 
a retreat rate of 0.15 m/year (-11.29 m in 74 years) is observed. 

EAST BELLEDUNE (SEGMENTS 6 TO 10) 

The area east of the Port of Belledune is characterized primarily by an unconsolidated coastline (unconsolidated cliffs) 
(segments 7 and 10) that extends nearly 2,200 m in length. There is also a 540 m long rocky cliff segment (segment 8) and a 
600 m long artificially created coastline (segments 6 and 9). In the unconsolidated coastline segments (7 and 10), the average 
rate of change is negligible. Indeed, between 1944 and 2018, both segments experienced a retreat of 0.03 m/year (-1.85 m in 
74 years) for segment 7 and 0.06 m/year (-4.54 m in 74 years) for segment 10. These rates are equal to or less than the margin 
of error. Similarly, segment 8 (rocky cliff) has a retreat rate which is less than the margin of error, i.e. 0.05 m/year (-3.98 m 
over 74 years). This can be explained by the fact that some areas have undergone advances (sedimentation) while others have 
undergone retreat (erosion). These two phenomena, therefore, balance each other and give a low average. 

Concerning the artificial segments (6 and 9), protective infrastructures were installed between 1944 and 1985 to counter 
erosion phenomena. Indeed, the two segments retreat at a similar rate of 0.12 m/year (-9.10 m over 74 years) for segment 6 
and 0.14 m/year (-10.36 m in 74 years) for segment 9, presumably before the construction of these infrastructures. 

WEST BELLEDUNE (SEGMENTS 11 TO 26) 

The coast in the west Belledune sector is the most diverse as it is composed of an unconsolidated coastline including 

unconsolidated coast, unconsolidated cliff and spit (segments 12, 13, 14, 22 and 25) covering a length of 8,640 m, rocky 

cliffs (segments 8, 11, 15, 17, 19 and 21) covering 2,200 m, unconsolidated cliffs (segments 16, 18, 20 and 26) 5,740 m, a 

spit (segment 24) 1,315 m, and an artificial coastline (segment 23) 327 m. 

The unconsolidated coastline segments are generally susceptible to erosion and sedimentation. Moreover, a significant 

spatiotemporal dynamic is observed in the unconsolidated segments between 1944 and 2018. To begin with, segment 12 

experienced progradation between 1944 and 2018 with an accretion rate of 0.21 m/year (15.81 m over 74 years). This is the 

only segment that prograded. This accretion can be attributed to the movement of sediments from the adjoining segments 13 

and 14 that suffered significant retreats between 1944 and 2018. Indeed, segment 13 experienced a retreat rate of 0.25 m/year 

between 1944 and 2018 (-18.5 m in 74 years), while segment 14 declined by 0.08 m/year (-5.66 m over 74 years).  

Segment 22 experienced a significant retreat of 0.35 m/year between 1944 and 2018 (-26.24 m in 74 years), while 

segment 25 declined by 0.03 m/year (-2.57 m over 74 years), which is below the margin of error. 

The rocky cliff segments all eroded negligibly (below the margin of error), except segment 11. Segments 15, 17, 19 and 21 

all have retreat rates between 0.04 and 0.05 m/year for the period 1944 to 2018. This is due to their increased resistance to 

erosion, as they are more cohesive. Segment 11 experienced a retreat rate of 0.13 m/year (-9.33 m over 74 years). 
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The unconsolidated cliff segments also suffered erosion. Overall, segment 16 retreated at a rate of 0.07 m/year (-4.93 m in 

over 74 years), segment 18 at a negligible rate of 0.04 m/year (-3.05 m over 74 years), segment 20 at a rate of 0.10 m/year 

between 1944 and 2018 (-7.06 m over 74 years) and segment 26 at a rate of 0.25 m/year (-18.46 m in 74 years). Being less 

cohesive material than the bedrock cliffs, it is normal that these segments have experienced more erosion.  

The coastline spit at the mouth of the Jacquet River was very dynamic between 1944 and 2018. Between 1944 and 1985, it 

retreated by 0.57 m/year (-23.29 m in 41 years) while between 1985 and 2018, it prograded by 0.14 m/year (4.64 m over 

33 years). This trend is the same as Beresford’s spit, i.e. a retreat between 1944 and 1985 and an accretion between  

1985 and 2018. The reasons for the progradation are different: more natural in Belledune (accumulation following certain 

storms), and anthropogenic in Beresford due to the installation of several protective structures between 1944 and 1985. 

Segment 23 (artificial) has experienced the greatest retreat along the entire Belledune and Beresford coastline. Indeed, 

between 1944 and 1985, the coast experienced a retreat rate of -1.16 m/year (-47.73 m in 41 years). Protective infrastructures 

were subsequently implemented and between 1985 and 2018, the retreat was negligible (0.02 m/year, -0.73 m over 33 years). 

This gives a retreat rate of 0.65 m/year (-48.75 m in 74 years) for the entire period covered. 

SYNTHESIS  

Overall, the coastline in the study area was mainly in retreat throughout the entire analysis period. The highest rates of retreat 

were recorded in the unconsolidated segments (unconsolidated coast and unconsolidated cliffs) which are, by their nature, 

more dynamic. Artificialized segments experienced more erosion between 1944 and 1985 than between 1985 and 2018. This 

difference is explained by the relatively recent construction of the majority of the protective structures, which substantially 

reduced erosion. The coastline spits have experienced a dynamic process that appears to be different from the other segments, 

probably because they are more sensitive to coastal drift and lateral movement. Rocky cliffs were more stable than other 

types of coasts with the lowest rates measured. 

4.2.3 CHARACTERIZATION OF THE ESTUARY COASTLINE MOVEMENTS BETWEEN 
1944 AND 2018 

Map 4-2 (serving as an example) and Table 4.3 show the coastline movements of estuaries in the study area between 1944 
and 2018. Four homogeneous segments of coastal evolution were defined (1 to 4) along the coastline of the estuaries. The 
homogeneous zones were determined according to the type of coast and the homogeneity of coastal evolution over time.  

The calculation results for the coastline movements are detailed for each homogeneous zone for the different periods 
analyzed, including 1944-1985, 1985-2018 and 1944-2018. A positive movement represents an accretionary zone, while a 
negative movement represents an eroding zone.  

Segments 1, 2 and 3 correspond to the coastline behind the Beresford spits. Segments 1 and 2 show movement rates  
of -0.10 and +0.15 m per year between 1944 and 2018 (-7.28 and +10.99 m in 74 years), respectively, while segment 3 shows 
a movement rate below the margin of error. Segment 4 corresponds to the mouth of the Jacquet River with movements that 
are negligible and below the margin of error. Thus, no significant change has occurred in this segment and equilibrium 
prevails.  

To conclude, the movements in estuaries are homogeneous over time. Indeed, the average rates are -0.04 m per year and are 
identical between each period analyzed. This rate is below the margin of error of 0.06 m and is negligible and corresponds to 
spatiotemporal stability.  
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Figure 4-2  Historical coastal evolution of segments 14, 15 and 16 in the Municipality of Belledune between 1944 and 2018 
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Table 4-3  Net movement (m) and retreat rate (m/year) of the estuary shores per homogeneous segment for the 
Belledune and Beresford sectors 

HOMOGENEOUS 

SEGMENT 

COAST 

TYPE 

PERIOD 

1944-1985 1985-2018 1944-2018 

(m) (m/year) (m) (m/year) (m) (m/year) 

1 Estuary -6.28 -0.15 -0.99 -0.03 -7.28 -0.10 

2 Estuary 25.61 0.62 -14.62 -0.44 10.99 0.15 

3 Estuary 0.52 0.01 -0.97 -0.03 -0.45 -0.01 

4 Estuary -0.58 -0.01 -1.33 -0.04 -1.91 -0.03 

AVERAGE   -1.48 -0.04 -1.22 -0.04 -2.70 -0.04 

 

 HISTORICAL RETREAT RATES COMPARED TO THOSE 
ESTIMATED FROM EXISTING DATA 

The New Brunswick Department of Natural Resources and Energy Development (DNRED) is responsible for compiling 

coastline and shoreline movement data for the entire province. Several sets of data are therefore available for the Chaleur Bay 

coastline (cliffs and dunes), including the Belledune and Beresford sectors. The historical retreat rates produced in this study 

were compared to those found in the provincial database. However, the provincial statistics on coastal movement trends were 

last updated in 2015 and do not incorporate rates calculated since that date. Indeed, nearly 13,000 new movement rates were 

calculated over the past few years by university researchers and consultants, including several for the Chaleur Bay coastline, 

which could cause the statistics for the region to vary. However, any change would be minor and would not affect the 

historical trend. 

For the cliffs (rocky and unconsolidated), 1,862 values are included in the statistics for the Chaleur region and show an 

average movement rate of -0.16 m/year. For the dunes, 1,084 values were considered and give an average retreat rate  

of -0.06 m/year. Although the margins of error associated with these statistics are larger than those of this study, due mainly 

to the technological limitations of older studies, there are nevertheless similarities in the calculated rates.  

Table 4-4 shows the average coastline movement rates along cliffs and dunes compiled before 2015 by the DNRED and 

including only data sets that cover periods of more than 15 years. 

Table 4-4  Coastline movement trends in Chaleur Bay between 1934 and 2015 

Average rate and 

number of transects 

Coastline 

Cliff Dune 

Rate (m/year) 
Margin of 

error (m/year)
N % 

Rate 

(m/year) 

Margin of 

error (m/year) 
N % 

All rates -0.16 ±0.15 1862 100 -0.06 ±0.14 1084 100 

Negative rates -0.23 ±0.16 1433 76.96 -0.40 ±0.14 593 54.70 

Positive rates +0.10 ±0.12 343 18.42 +0.36 ±0.14 465 42.90 

Neutral rates 0.00 ±0.15 86 4.62 0.00 ±0.19 26 2.40 

Total - - 1862 100 - - 1084 100 
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Figure 4-3  Historical morphological evolution of the Jacquet River estuary (Belledune) between 1944 and 2018 
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5 COASTLINE PROJECTION FOR 2050 
AND 2100 

 PROJECTED COASTLINE FOR THE SEA FRONT 

Map 5-1 (serving as an example) and Table 5-1 show the coastline projections for the 2018-2050 and 2050-2100 periods. As 

mentioned in the methodology, two scenarios were developed since it is difficult to predict how an environment will respond 

accurately to future climate change. The first is a projection with historical rates (continuation of trends) and the second is a 

pessimistic scenario where the worst retreat rates recorded in the past occur in the future. The same 26 homogeneous 

segments of coastal evolution were used (1 to 26).  

The calculation results for the coastline projections are detailed for each segment for the periods 2018-2050 and 2050-2100. 

A positive movement represents an accretion projection while a negative movement represents an erosion projection. 

The results show that if the trend continues, the coastline will retreat on average at a rate of 0.10 m/year. This corresponds to 

an average retreat of -3.17 m for the period 2018-2050 and -4.96 m for the period 2050-2100. Under a pessimistic scenario, 

the retreat rate will be 0.42 m/year or -13.43 m for the period 2018-2050 and -21.01 m for 2050-2100. 

Belledune is projected to experience the largest retreat of the two municipalities due to a longer waterfront (12,000 m) that 

includes unconsolidated coast. Belledune also has more diverse coast types, making it more vulnerable to present and future 

climate change. Nevertheless, the density of buildings is much lower in Belledune than in Beresford. Beresford, on the other 

hand, has only 5,500 m of frontage and is in the coastline spit segments where the changes will be most noticeable. These 

segments are also densely populated, which means they will require monitoring.  

Depending on the type of coastline, the retreat will be more or less significant. For example, unconsolidated coasts and 

unconsolidated cliffs will experience a greater retreat, while rocky cliffs, being much more cohesive than unconsolidated 

deposits, will be less affected.  

The detailed data is included in the geodatabase and allows users a better understanding of the scope and extent attributed to 

future coastal erosion in the territories of the two municipalities. 

 PROJECTED ESTUARY COASTLINE 

Table 5-2 presents projections of the estuary coastline for the periods 2018-2050 and 2050-2100, based on historical average 

and pessimistic rates.  

The results show that if the trend continues, estuary coastlines will retreat at an average rate of -0.04 m/year. For the  

period 2018-2050, this corresponds to an average retreat of -1.17 m and for 2050-2100, a retreat of 1.83 m. Under a 

pessimistic scenario, the retreat rate will be -0.33 m/year, which corresponds to retreats of -10.59 m for the period 2018-2050  

and -16.55 m for 2050-2100. 
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Table 5-1  Projection (m) for the periods 2018-2050 and 2050-2100 and retreat rate (m/year) of the coastline per 
homogeneous segment for the Belledune and Beresford sectors. 

Homogeneous 

segment 
Coast type 

Period (rate) 

2018-2050  

 (historical rate) 

2018-2050  

 (pessimistic rate) 

2050-2100  

 (historical rate) 

2050-2100  

 (pessimistic rate) 

(m) (m/year) (m) (m/year) (m) (m/year) (m) (m/year) 

1 Spit -1.04 -0.03 -5.93 -0.19 -1.62 -0.03 -9.27 -0.19 

2 Spit N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A. 

3 Spit -0.71 -0.02 -12.69 -0.40 -1.10 -0.02 -20.00 -0.40 

4 Artificial -7.36 -0.23 -1.74 -0.05 -11.50 -0.23 -2.71 -0.05 

5 Artificial -4.88 -0.15 -3.04 -0.10 -7.63 -0.15 -4.76 -0.10 

6 Artificial -3.94 -0.12 -1.17 -0.04 -6.15 -0.12 -1.84 -0.04 

7 Unconsolidated coast -0.80 -0.03 -3.98 -0.12 -1.25 -0.03 -6.21 -0.12 

8 Rocky cliff -1.72 -0.05 -5.57 -0.17 -2.69 -0.05 -8.70 -0.17 

9 Artificial -4.48 -0.14 -2.13 -0.07 -7.00 -0.14 -3.33 -0.07 

10 Unconsolidated coast -1.96 -0.06 -11.11 -0.35 -3.07 -0.06 -17.36 -0.35 

11 Rocky cliff -4.04 -0.13 -11.83 -0.37 -6.31 -0.13 -18.49 -0.37 

12 Unconsolidated coast 6.84 0.21 -2.48 -0.08 10.68 0.21 -3.87 -0.08 

13 Unconsolidated coast -8.00 -0.25 -40.61 -1.27 -12.50 -0.25 -63.45 -1.27 

14 Unconsolidated coast -2.45 -0.08 -12.15 -0.38 -3.82 -0.08 -18.99 -0.38 

15 Rocky cliff -1.28 -0.04 -3.39 -0.11 -2.00 -0.04 -5.30 -0.11 

16 Unconsolidated cliff -2.13 -0.07 -10.77 -0.34 -3.33 -0.07 -16.82 -0.34 

17 Rocky cliff -1.13 -0.04 -3.84 -0.12 -1.76 -0.04 -6.00 -0.12 

18 Unconsolidated cliff -1.32 -0.04 -3.20 -0.10 -2.06 -0.04 -5.00 -0.10 

19 Rocky cliff -1.56 -0.05 -1.61 -0.05 -2.44 -0.05 -2.52 -0.05 

20 Unconsolidated cliff -3.05 -0.10 -4.19 -0.13 -4.77 -0.10 -6.55 -0.13 

21 Rocky cliff -1.26 -0.04 -1.26 -0.04 -1.97 -0.04 -1.97 -0.04 

22 Unconsolidated coast -11.35 -0.35 -15.27 -0.48 -17.73 -0.35 -23.86 -0.48 

23 Artificial -20.96 -0.65 -11.84 -0.37 -32.75 -0.65 -18.50 -0.37 

24 Spit -8.11 -0.25 -23.55 -0.74 -12.67 -0.25 -36.80 -0.74 

25 Unconsolidated coast -1.11 -0.03 -13.02 -0.41 -1.73 -0.03 -20.35 -0.41 

26 Unconsolidated cliff -7.98 -0.25 -15.61 -0.49 -12.47 -0.25 -24.38 -0.49 

Average 
 

-3.17 -0.10 -13.43 -0.42 -4.96 -0.10 -21.01 -0.42 

 

Table 5-2  Projection (m) for the periods 2018-2050 and 2050-2100 and projected retreat rate (m/year) of the 
estuary shores per homogeneous segment for the Belledune and Beresford sectors. 

Homogeneous 
segment 

Coast type 

Period
2018-2050 (historical 

rate)
2018-2050 

(pessimistic rate)
2050-2100 (historical 

rate)
2050-2100 

(pessimistic rate)
(m) (m/year) (m) (m/year) (m) (m/year) (m) (m/year)

1 Estuary -3.15 -0.10 -8.32 -0.26 -4.92 -0.10 -13.00 -0.26
2 Estuary 4.75 0.15 -4.15 -0.13 7.43 0.15 -6.48 -0.13
3 Estuary -0.19 -0.01 -10.14 -0.32 -0.30 -0.01 -15.85 -0.32
4 Estuary -0.83 -0.03 -12.39 -0.39 -1.29 -0.03 -19.36 -0.39

Average -1.17 -0.04 -10.59 -0.33 -1.83 -0.04 -16.55 -0.33
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 INFRASTRUCTURE EROSION RISK INDEX 

We performed an erosion risk analysis on all available infrastructure data for the municipalities of Belledune and Beresford. 

It is based on infrastructure position relative to the projected coastline in 2050 and 2100 according to the index described in 

the methodology (see section 3-3). Table 5-3 presents the number of infrastructures at risk based on the type of infrastructure 

and the risk index calculated according to the historical projection (maintaining the current trend). 

A total of 274 infrastructure elements were identified as potentially at risk of erosion by 2100 (index 1 to 3), of which 99 are 

at current risk based on their proximity to the 2018 coastline (Table 5-3). 

Table 5-3 indicates that buildings represent the type of infrastructure most at immediate risk with 76, followed by utility 

poles with 20. Sewers and water pipes count 2 and 1 pieces of infrastructure at immediate risk respectively.  

It is important to consider that these are summary results in both tabular and graphical form. The geodatabase produced for 

this project as well as the .mxd file generated by the data allows for a more precise geographical analysis and the precise 

location of the infrastructures at risk. 

Table 5-3  Infrastructure count by Erosion Risk Index in Belledune and Beresford 

Infrastructure Index 0 Index 1 Index 2* Index 3* Total 

Buildings 4915 73 71 76 5135 

Geodetic marks 196 1 0 0 197 

Sewers 137 0 0 2 139 

Radio antenna 98 0 2 0 100 

Pumping 9 0 1 0 10 

Utility pole 2906 18 9 20 2953 

Water pipe 128 0 0 1 129 

Total 8389 92 83 99 8663 

* Infrastructure to monitor 
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6 SUMMARY AND CONCLUSION 
This study focuses on the development of erosion scenarios and the identification of infrastructures at risk by 2100 for the 

municipalities of Belledune and Beresford. It used the most recent data available, including the Chaleur RSC infrastructure 

layers as well as proven methods.  

The geospatial data produced in this study can be used as a decision-support tool to determine which infrastructures are at 

risk of erosion, identify the most vulnerable sectors and help Chaleur RSC in its efforts to adapt and build resilience to the 

consequences of climate change. Furthermore, it is also possible to create educational material showing the coast’s evolution 

and the distribution of infrastructures at risk of erosion by sector of the study area based on geospatial data, to raise public 

awareness of this issue.  

The scientific community recognizes that the coastal sedimentary dynamics will face an increased future imbalance due to a 

eustatic rise, an increase in high-intensity events (storms) and a decrease in the winter ice coverage that serves as a protection 

for the coast. The historical coastline movement rates presented in this report reflect past and current environmental 

conditions, but these rates may be higher in the next century. For this reason, we developed a pessimistic scenario to take into 

consideration this potential acceleration in erosion rates. However, the risk of erosion varies across sectors in the study area.  

The coastline projection scenarios developed in this study are considered conservative as they are based on past data and a 

pessimistic scenario. They raise a spectrum of possibilities that only the future can confirm. Other coastal sediment dynamic 

scenarios are possible.  

Regardless of historical and projected erosion rates, strong focus should be placed on expected extreme future conditions 

(WSP, 2019). Indeed, if climate change materializes as predicted, the number of low-repeating but high-intensity events will 

increase. Storms cause significant destruction in a short period as they erode much coastal sedimentary material and cause 

significant property damage.  

The segments located in the municipality of Beresford are mainly composed of coastline spits and segments protected by 

protective infrastructure (riprap). The installation of protective structures in the study area indicates that erosion is a problem 

that has already been recognized in the region. Historical erosion rates measured in these segments are lower than those 

measured in the north (Belledune) where the coastline is natural (less protected) and composed mainly of unconsolidated 

coastline and rocky cliffs. Considering that Beresford’s spit system is densely inhabited, an increase in the monitoring of 

sedimentary dynamics is important, as the spit is very active according to the results obtained in the present study. This could 

include, for example, sedimentary balances of the submerged and exposed parts, longitudinal sedimentary transfer studies 

related to coastal drift, transverse sedimentary transfer studies related to overflowing during storms, monitoring of the impact 

of the presence of coastal seawalls on sedimentary transfer, etc. 

In the Belledune municipality the segments of unconsolidated coast cover a long waterfront. In doing so, they are more likely 

to face more erosion problems in the future. Note, however, that the Belledune coastline is less densely populated than that of 

the Municipality of Beresford. The Municipality of Belledune segments cover a longer portion of the coastline.  

As far as infrastructures are concerned, the erosion risk indices demonstrate that, although the vast majority of infrastructures 

on the territory of both municipalities are not at risk, several infrastructures are at risk of erosion.  

Finally, the method used should be reassessed for spits because of their lateral mobility. Indeed, the present method mainly 

takes into account coastal advances and retreats, but not lateral movements that are specific to environments such as spits. 





 
 
 

 

EROSION AND FLOODING RISK ANALYSIS 
PORTION OF THE TERRITORY OF THE CHALEUR RSC 
CHALEUR REGIONAL SERVICE COMMISSION – SEPTEMBER 2020

WSP
NO.191-12464-00

PAGE 33

RÉFÉRENCES BIBLIOGRAPHIQUES 
— AUBÉ, M., HÉBERT, C. ET SONIER, T. (2018). Plan d’action régional en matière d’adaptation aux changements 

climatiques – Phase 1 : Analyse de risques et vulnérabilités. Institut de Recherche sur les Zones Côtières. 59 p. 

— BOUCHER-BROSSARD, G. et BERNATCHEZ, P. 2013. Analyse historique et récente de l’érosion du talus côtier, 
secteur des Cayes, municipalité de Rivière-Saint-Jean, Côte-Nord. Laboratoire de dynamique et de gestion intégrée des 
zones côtières, Université du Québec à Rimouski. Rapport de recherche remis au ministère des Transports du Québec, 
Direction de la Côte-Nord, 37 p. 

— CHELBI, M., SIMARD, I., ET ROBICHAUD A. (2019) Infrastructures à risque face à l’érosion côtière pour les 
municipalités de Petit-Rocher et Pointe-Verte, Nouveau-Brunswick. Groupe RègeNord. 

— DIONNE, J. 1977. La mer de Goldthwait au Québec. Géographie physique et Quaternaire, 31 (1-2), 61-80. 

— FRASER, C., BERNATCHEZ, P., ET DUGAS, S. (2017). Development of a GIS coastal land-use planning tool for 
coastal erosion adaptation based on the exposure of buildings and infrastructure to coastal erosion, Québec, Canada. 
Geomatics, Natural Hazards and Risk, 8(2), 1103-1125. 

— Le COZANNET, G., GARCIN, M., YATES, M., IDIER, D., ET MEYSSIGNAC, B. (2014). Approaches to evaluate the 
recent impacts of sea-level rise on shoreline changes. Earth-science reviews, 138, 47-60. 

— LONG, B. F. 2006. Étude hydrodynamique, sédimentologique et biologique des sites de Maria, Saint-Siméon, 
Bonaventure, Newport et Cap-d’Espoir dans la baie des Chaleurs, Québec, Canada. Rapport pour le Ministère des 
Transports du Québec. INRS-ÉTÉ, Québec, Canada. 121 p et annexes. 

— PORT DE BELLEDUNE (2020). The port, Facilities. Consulté le 12 novembre 2019 URL : 
http://www.portofbelledune.ca/facilities.php 

— PRONK, A., BOBROWSKY, P. ET PARKHILL, M. 1989. An Interpretation of Late Quaternary Glacial Flow Indicators 
in the Baie des Chaleurs Region, Northern New Brunswick. Géographie physique et Quaternaire, 42 (2), 179-190. 

— RAMPTON, V.N. 1984. Generalized surficial geology map of New Brunswick / Carte géologique généralisée des dépôts 
superficiels du Nouveau–Brunswick. New Brunswick Department of Natural Resources and Energy ; Minerals, Policy 
and Planning Division, Map NR-8 / Ministère des Ressources naturelles et de l'Énergie du Nouveau–Brunswick ; 
Division des minéraux, des politiques et de la planification, 

— ROBICHAUD, A., I. SIMARD, A. DOIRON et M. CHELBi (2011) Infrastructures à risque dans trois municipalités de 
la Péninsule acadienne; volet 3 du projet SACCA-Péninsule acadienne. Rapport préparé pour l’association 
interprovinciale Solutions d’adaptation aux changements climatiques pour l’Atlantique (SACCA) dans le cadre du 
programme d’Initiatives de collaboration pour l’adaptation régionale (ICAR - Ressources naturelles Canada) de 
l’Atlantique; 54 p. 

— ROCHES MAGNIFIQUES (2020). L’exploration du Nouveau-Brunswick. Consulté le 23 novembre 2019 URL : 
http://magnificentrocks-rochesmagnifique.ca/ 

— ROSATI, J. D., DEAN, R. G., et WALTON, T. L. (2013). The modified Bruun Rule extended for landward transport. 
Marine Geology, 340, 71-81. 

— SYVITSKI, J. P. M. 1992. Marine Geology of Baie des Chaleurs. Géographie physique et Quaternaire, 46 (3) : 331-348. 

— THIELER, E.R., HIMMELSTOSS, E.A., ZICHICHI, J.L., et ERGUL, AYHAN. 2009. Digital Shoreline Analysis 
System (DSAS) version 4.0—An ArcGIS extension for calculating shoreline change: U.S. Geological Survey Open-File 
Report 2008-1278. 

— WSP. 2019. Adaptation aux changements climatiques, Plan d’adaptation régional, Région de Chaleur. Rapport produit 
pour CSR Chaleur. Réf. WSP : 181-12146-01. Nombre de pages et tableaux, figures, cartes et annexes. 





APPENDIX 
 

 

1 GEOLOGICAL MAPS 











CARTE GÉOLOGIQUE GÉNÉRALISÉE DES DÉPÔTS 
SUPERFICIELS DU NOUVEAU-BRUNSWICK

GENERALIZED SURFICIAL GEOLOGY 
MAP OF NEW BRUNSWICK

NR-8

Hummocky, ribbed, and rolling ablation moraines: loamy ablation till, some lodgment till, minor silt,
sand, gravel, and boulders; generally greater than 1.5 m thick
aMm - mainly stony till (more than 35% of clasts pebble-sized and larger);
bMm - mainly bouldery till (more than 25% of clasts boulder-sized)

Blanket and veneer: loamy lodgment till, minor ablation till, silt, sand, gravel, rubble
Mb - blanket, generally 0.5 to 3m thick
Mv - discontinuous veneer over rock, less than 0.5m thick
sMb, sMv - mainly sandy till (sand content greater than 50%)
aMb, aMv - mainly stony till (more than 35% of clasts pebble-sized and larger)
bMb, bMv - mainly bouldery till (more than 25% of clasts boulder-sized)

WISCONSINAN

GLACIOFLUVIAL SEDIMENTS: sand, gravel, minor silt and till; deposited in front of, at the margin
of, within and under ice of Wisconsinan age

Outwash: sand, gravel, minor silt
Gp - plains and valley trains, generally more than 1.5 m thick;
Gd - deltas, generally more than 5 m thick

Ice-contact deposits: eskers, kames, kame and kettle complexes; sand, gravel, minor silt;
generally more than 2 m thick

MORAINAL SEDIMENTS: lodgment till, ablation till, and associated gravel and sand deposited
directly by Wisconsinan ice or with minor reworking by water

Rolling and ribbed ablation moraines: loamy ablation till, some lodgment till, minor silt, sand,
gravel, and boulders; generally greater than 1.5 m thick
aMb - mainly stony till (more than 35% of clasts pebble-sized and larger)

Blanket and veneer: loamy lodgment till, minor ablation till, silt, sand, gravel, rubble
Mb - blanket, generally 0.5 to 3  m thick
Mv - discontinuous veneer over rock, less than 0.5  m thick
aMb, aMv - mainly stony till (more than 35% of clasts pebble-sized and larger)

WISCONSINAN AND/OR PRE-WISCONSINAN

GLACIOFLUVIAL SEDIMENTS, ice-contact: eskers, kames, kame and kettle complexes: sand,
gravel, minor silt, and till; generally more than 2 m thick; deposited at the margin of, within and
under ice of unknown age

MORAINAL SEDIMENTS: rolling and ribbed ablation moraines: stony ablation till, some lodgment
till, minor silt, sand, and gravel, more than 35% of clasts pebble-sized and larger; generally
greater than 1.5 m thick; deposited directly by ice of unknown age or with minor reworking by
water
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bedrock, and isolated boulder fields, undifferentiated; mixture of deposits formed directly from ice
of unknown age and materials produced by weathering processes; generally greater than 1 m
thick
aM.Cb - mainly stony deposits (more than 35% of clasts pebble-sized and larger)
sM.Cb - mainly sandy deposits (sand content greater than 5%)
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Rock: various lithologies and ages; generally weathered and partially disintegrated, glacially
moulded surface; few localities show glacially scoured and polished surfaces
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QUATERNARY
COLLUVIAL SEDIMENTS: blanket deposits of silt, sand, rubble (angular pebble- through boulder-
sized clasts), including minor till and gravel; generally 0.5 to 1.5 m thick, mainly materials derived
from subaerial weathering processes but includes minor deposits relating to glaciation(s) of
unknown age

HOLOCENE

MARINE SEDIMENTS: sand, gravel, silt, clay, minor peat and organic sediment; deposited in
beach and intertidal environments at or near present sea level

Beaches, bars and spits: gravel, sand, minor silt; generally more than 1 m thick

Intertidal plains and salt marshes: clay, silt, some fine sand, minor peat and organic sediment;
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ALLUVIAL SEDIMENTS: terraces and floodplains: sand, gravel, some silt, minor clay and organic
sediment; generally more than 2 m thick; deposited as channel, overbank, and floodbasin
deposits at or near present base level

ORGANIC SEDIMENTS: bogs, fens, swamps: peat, muck, minor silt and fine sand; generally 1 to
5 m thick; deposited in shallow basins and on poorly drained surfaces

LATE WISCONSINAN AND/OR EARLY HOLOCENE

LACUSTRINE SEDIMENTS: sand, silt, gravel, and clay deposited in shallow lake basins which
were in part formed by retreating Late Wisconsinan ice

Blankets and plains: sand, silt, minor clay and gravel, patchy thin veneer of organic sediment; generally
0.5 to 3 m thick

MARINE SEDIMENTS: sand, silt, gravel, and clay; deposited in shallow marine water, locally
deep, which submerged coastal areas and sections of many valleys during and following Late
Wisconsinan deglaciation

Blankets and plains: sand, silt, some gravel and clay; generally 0.5 to 3 m thick

LACUSTRINE AND MARINE SEDIMENTS: undifferentiated

Blankets and plains: sand, silt, minor clay and gravel, patchy thin veneer of organic sediment;
generally 1 to 10 m thick

LATE WISCONSINAN

GLACIOFLUVIAL SEDIMENTS: sand, gravel, minor silt and till; deposited in front of, at the margin
of, within or under retreating Late Wisconsinan ice

Outwash: sand, gravel, minor till
Gp - plains and valley trains, generally thicker than 1.5 m
Gd - deltas, generally thicker than 5 m

Ice-contact deposits: eskers, kames, kame and kettle complexes; sand, gravel,
minor silt and till, generally more than 2 m thick

MORAINAL SEDIMENTS: lodgment till, ablation till, and associated sand and gravel deposited
directly by Late Wisconsinan ice or with minor reworking by water
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détritique de ta ille allan t de  celle de ca illoux à celle de b locs), y com pris un peu de till e t de
gravier; il s ’ag it principalem ent de m atériaux de 0,5 à 1,5 m  d’épaisseur, en général, issus de
processus m étéoriques subaériens, m ais aussi de petits dépôts issus d’une ou de p lusieurs
glaciations d ’époque inconnue

HO LO CÈNE

SÉD IM ENTS M ARINS : sable, gravier, s ilt, arg ile , un peu de tourbe a insi que des sédim ents
organiques; dépôts de p lage et d’environnem ents intertidaux, au niveau actuel de la m er ou près
de ce n iveau

Plages, rem blais et flèches : gravier, sable et un peu de silt; épaisseur de p lus de 1m , en généra l

P la ines et m arais salants de form ation intertida le : arg ile, s ilt, un peu de sable fin et de tourbe,
ainsi que des sédim ents organiques; épaisseur de plus de 2 m , en général

ALLU VIO N S : terrasses et lits de hautes eaux : sab le, gravier, un peu de tourbe a insi que des
sédim ents organiques; de plus de 2 m  d’épa isseur, en généra l; dépôts de chenaux, d ’inondations
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G d – deltas, de plus de  5 m  d’épaisseur, en généra l
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sable, gravier et blocs; de plus de 1,5 m d’épaisseur, en général
aMm – surtout du till pierreux (dont plus de 35% consistent en fragments détritiques de
dimensions égales ou supérieures à celles de galets)

Couverture et placage: till de fond loameux, un peu de till d’ablation, silt, sable, gravier et
pierraille
Mb – de 0,5 à 3 m d’épaisseur, en général
Mv – placage discontinu recouvrant la roche; de moins de 0,5 m d’épaisseur,
aMb, aMv – surtout du till pierreux (don’t plus de 35% consistent en fragments détritiques de
dimensions égales ou supérieures à celles de galets)

WISCONSINIEN  ET/OU PRE-WISCONSINIEN

SÉDIMENTS FLUVIO-GLACIAIRES, de contact : eskers, kames et complexes de kames et
kettles: sable, gravier, un peu de silt, et till; de plus de 2 m d’épaisseur, en général; déposés au-
dessous ou en bordure de la glace d’âge inconnu

SÉDIMENTS MORAINIQUES : Moraines d’ablation ondulées et striées : till d’ablation pierreux,
un peu de till de fond et de silt, sable, et gravier, dont plus de 35% consistent en fragments
détritiques de dimensions égales ou supérieures à celles des cailloux; de plus de 1,5 m
d’épaisseur, en général; déposés directement ou avec un léger remaniement par la glace d’âge
inconnu

SÉDIMENTS MORAINIQUES ET COLLUVIONS : till et colluvions loameux, rigolites, socle
désagrégé, et champs de blocs isolés, indifférenciés; mélange de dépôts formés directement par
des glaces d’âge inconnu et de matériaux issu de processus météoriques; de plus de 1 m
d’épaisseur, en général
aM.Cb - surtout des dépôts pierreux (dont plus de 35% consistent en fragments détritiques de
dimensions égales ou supérieures à celles des galets)
sM.Cb - surtout des dépôts sablonneux (dont la teneur en sable est supérieure à 5%)

PRÉ-QUATERNAIRE
Roche : lithologies et âges divers; généralement désagrégée et partiellement désintégrée, à
surface façonnée par les glaces; roche à surface décapée et polie par les glaces à quelques
endroits

Mm2
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2 SHORELINE MOVEMENT BETWEEN 
1944, 1985 AND 2018 IN BELLEDUNE 
AND BERESFORD SECTORS 
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3 MOVEMENT OF THE SHORELINE 
OF THE ESTUARIES BETWEEN 
1944 AN D 2018 IN BELLEDUNE 
AND BERESFORD SECTORS 
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4 PROJECTED SHORELIN INE 2050 
AND 2100 IN THE BELLEDUNE AND 
BERESFORD SECTORS 
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