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Introduction 

Flood and drought are becoming not only increasingly common, but more intense and less 

predictable. To deal with these extreme climatic events effectively, we need to be able to predict 

these risks, and to be adequately prepared for water shortages or surpluses as they occur. 

The Sustainable Group of Pays du Cocagne, with the collaboration of University of Moncton 

want to create an adaptation plan to climate change in the Cocagne watershed. 

The University of Moncton’s contribution in the project consisted mainly of: 

 analyzing recent climate variability and trends;  

 identifying the various climatic risks at the watershed scale; 

 mapping the most vulnerable areas. 

Statistical approaches with Environment Canada data were used to determine climate 

variability and trends, and to analyze past and future climate conditions in the Cocagne 

watershed. The nature and magnitude of climate change from the 1970s to today were also 

illustrated. 

Furthermore, climate model outputs using various scenarios from the 1970s to the 2100s were 

used to conduct risk analysis based on past and future trends.  

We attempted to assess how the watershed climate might change. 
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1 – Meteorological data 

Daily climatic data around Cocagne watershed were collected from thermo-pluviometric 

stations of the Environment Canada meteorological network. The daily historical climate data 

were downloaded from the following website (link), or at the direct weblink (link) for New 

Brunswick province. 

Bouctouche, Harcourt, Moncton, Parkindale, Rexton and Turtle Creek were the stations 

considered for New Brunswick area. O’Leary and Summerside stations were considered for the 

Prince Edward Island province, as shown in Table 1.  

Figure 1 shows the geographical distributions of the 11 meteorological stations. 

Distance from the watershed (less than 80 km), percentage of missing data (less than 20 %) and 

number of years of collecting data (more than 20 years) were the main criteria for choosing the 

meteorological stations. 

Turtle Creek station is close to the watershed and we chose the dataset because of the high 

number of years recorded, although the percentage of missing data is higher than 20 % for both 

temperature and precipitation data, as shown in Table 2. 

On the other hand, Baltimore station was not considered because of the short period of years 

recorded, despite its watershed proximity. 

During the study period, three stations were relocated within a few meters of the initial location 

(marked on the “Joined” column in Table 1). The historical and current dataset were merged to 

ensure the historical continuity of the three stations. 

 

Table 1 – List of meteorological stations (ID Station) used for this study, divided by Province (Prov.) New 
Brunswick, NB, and Prince Edward Island, PEI; Start date and End date are the date of starting and 
ending station activity, respectively; New end date is the date after joining data set; Tot years is the 
number of years recorded; and Distance from watershed border in km is calculated in the last column. 

Prov. ID Station Start date End date Joined New end 

date 

Tot 

years 

Distance 

[km] 

NB Bouctouche 15 Oct 1965 31 July 1999 
  

34 10.5 

NB Bouctouche CDA 1 July 1982 31 Oct 1991 Bouctouche 

CDA_CS 

current 36 7.5 

NB Harcourt 1 July 1981 31 May 2004 
  

23 36,5 

NB Moncton 10 Apr 1898 31 Dec 2011 
  

113 11,5 

NB Moncton A 1 Dec 1939 6 June 2012 Moncton_INTL_A current 79 18 

NB Parkindale 15 May 1984 28 Feb 2017 
  

33 32 

NB Rexton 18 Sep 1924 31 Dec 2009 
  

85 31 

NB Turtle Creek 1 Jan 1968 

(Prec) 

1 Jan 1980 

(Temp) 

30 June 

2015 

June 1999 

  
47 

19 

18.5 

http://climate.weather.gc.ca/historical_data/search_historic_data_e.html
http://climate.weather.gc.ca/historical_data/search_historic_data_stations_e.html?searchType=stnProv&timeframe=1&lstProvince=NB&optLimit=yearRange&StartYear=1840&EndYear=2018&Year=2018&Month=10&Day=11&selRowPerPage=25


PEI O’Leary 18 Nov 1960 31 Mar 2004 
  

44 42 

PEI Summerside A 1 May 1942 16 Sep 1999 Summerside current 76 56 

PEI Summerside 

CDA 

1 May 1936 31 Mar 1963 
  

27 60 

        

NB Baltimore 1982 1997 Not used 
 

15 
 

 

 

 

 

Figure 1 – Geographical distribution of the meteorological stations used in this study, displaying the 
beginning and final years of data collection. 

  



Table 2 – Percentage of missing data of the meteorological stations (ID Station) in the study area, where 
Tot % is the percentage of missing data of the whole station dataset, and Pr %, Tx %, Tn % are the 
percentages of missing data concerning precipitation, maximum temperature and minimum temperature, 
respectively. 

ID Station Tot % Pr % Tx % Tn % 

Bouctouche 2.67 1.13 0.79 0.75 

Bouctouche CDA 7.61 3.61 2.09 1.92 

Harcourt 1.08 0.07 0.54 0.47 

Moncton 7.61 2.49 2.56 2.55 

Moncton A 0.54 0.22 0.16 0.17 

O’ Leary 0.53 0.46 0.02 0.05 

Parkindale 37.86 12.35 12.80 12.72 

Rexton 6.10 2.39 1.43 2.29 

Summerside A 16.52 5.82 5.39 5.31 

SummersideCDA 6.52 5.33 0.63 0.56 

Turtle Creek 144.73 25.33 59.70 59.70 

 

Webpage and link: 

Environment Canada meteorological stations and the percentage of missing values over the 

reference period (1980−2010) (link) 

 

 

2 – Quality Control 

A Quality Control (QC) analysis was conducted on the daily data series by using the R software 

ClimPACT2 package (Alexander and Herold, 2016) to identify gaps, outliers and erroneous 

values (Acquaotta et al., 2018).  

This algorithm detects incorrect values, such as Precipitation < 0 mm or TX < TN, and provides 

a series of graphical representations in the form of box diagrams in a monthly and annual scale, 

to evaluate discontinuities present in the series (Acquaotta et al., 2016). Outlier values are 

identified through the calculation of the estimated thresholds on the series statistical 

characteristics (Fortin et al., 2016).  

The correction of data is an essential step to ensure there are no outliers and that no more than 

20 % of the data is missing. 

Figure 2 shows an overview of the daily time-series of minimum temperature (TN), maximum 

temperature (TX), diurnal temperature range (DTR) and precipitation, and identifies parts of 

the series which could be problematic. The boxplots identify potential outliers based on the 

interquartile range (IQR), which is defined as the difference between the 75th and the 25th 

percentiles. As can be seen, the boxplots flag temperature and precipitation data as outliers 

(round circles) if temperature values fall outside the range defined by the 25th IQR – 3 

interquartile ranges (lower bound) and the 75th IQR + 3 interquartile ranges (upper bound).  

http://acasav2.azurewebsites.net/data/eng/Climate%20Stations_NB.pdf


 

Figure 2 – Boxplots of temperature and precipitation data of Moncton station. Round circles are the 
outlier values; DTR is the diurnal temperature range, calculated by the difference between the maximum 
(TX) and minimum temperature (TN). 

 

In addition, an example of missing data or unrealistic values (indicated by red circles) of the 

daily maximum temperature of the Moncton time-series is showed in Figure 3. 

 

Figure 3 – Daily maximum temperature of Moncton meteorological station. Red circles indicate 
missing data or unrealistic values. 



Webpage and Link: 

 ClimPACT2 : user manual (link-WMO and github-link)  

 RClimTool : user manual (link) 

 ClimDex (version Extra‐QC) : (link) 

 Quality Control of Daily Climate Data, Introduction : (link-NOAA) 

 

 

3 – Meteorological Indices and Future Scenarios 

The second step of the procedure concerned the checking of the whole dataset. Different 

graphical files with a .csv file containing the index values were provided for the 11 stations. The 

following meteorological indices were selected to climatically characterize the study area: 

 annual total precipitation; 

 consecutive wet days; 

 number of very heavy rain days (10; 20; 30 mm); 

 daily precipitation intensity; 

 annual total snow days; 

 annual percentage of cool and hot days; 

 annual percentage of cold and hot nights; 

 cold spell duration; 

 Growing Degree Days; 

 Growing Season Length; 

 Heatwave: Number; Magnitude; Amplitude; Duration and Frequency. 

The graphs of Moncton meteorological station, which has collected data since 1939 and contains 

the longest and most complete dataset, are presented and used as an example to explain the 

meaning of the indices. 

Daily minimum (TN) and maximum temperature (TX), and precipitation (PR) are the variables 

used to calculate the indices. Daily mean temperature (TM) is calculated from TM = (TX + TN) / 2. 

Each graph header includes station metadata (name, latitude and longitude of the station) and 

climatic index information. Additionally, a linear trend value (linear trend slope, marked as a 

black line), error on the calculated trend (slope error), and statistical significance are provided.  

The red dotted line represents the locally weighted scatterplot smoothing, also called moving 

average, which is a tool used in regression analysis to create a smooth line to see the relationship 

between variables and foresee trends. 

 

A future climate analysis is also presented, and the historical dataset was compared with three 

future periods of thirty years: 2011–2040; 2041–2070; 2071-2100. 

Two Representative Concentration Pathways (RCP), RCP4.5 and RCP8.5 (Moss et al., 2010), 

were analyzed. RCPs are designed to provide plausible future scenarios of human emission 

patterns (Figure 4). Historical simulations are for the period from 1900 to 2005. Future 

projections are for the period from 2006 to 2100 based on three global emission scenarios: low 

(RCP2.6), moderate (RCP4.5), and high (RCP8.5). 

  

https://www.wmo.int/pages/prog/wcp/ccl/opace/opace4/meetings/documents/fiji2015/D2-3-tuesday_stream1.pdf
https://github.com/ARCCSS-extremes/climpact2
http://www.aclimatecolombia.org/download/Investigacion%20Uno/RClimTool_UserManual.pdf
https://www.wmo.int/pages/prog/wcp/ccl/opace/opace2/documents/Aguilar-Nanjing-2013-Presentacion2.pdf
https://www.wmo.int/pages/prog/wcp/ccl/opace/opace2/documents/Peterson-Nanjing-2013-Introduction-to-quality-control.pdf


 RCP2.6: low emission global scenario, requires strong mitigation actions. This scenario 

indicates global average warming levels of 0.9 to 2.3 °C by 2090; 

 RCP4.5: (or B1) medium global emission scenario, includes measures to limit (mitigate) 

climate change, and indicates global average warming levels of 1.7 to 3.2 °C by 2090; 

 RCP8.5: (or A2) high global emission scenario indicates global average warming levels of 

3.2 to 5.4 °C by 2090. 

These scenarios provide a range of possible futures, based on a range of future emissions 

deforestation, population growth and many other factors. 

 

Figure 4 -Change in global average temperature relative to the 1986-2005 reference period. 
[source: Government of Canada] 

 

In this study, RCP4.5 and RCP8.5 were considered for the future forecast predictions. 

 

 

 Annual total precipitation 

Annual total precipitation, with daily values greater than or equal to 1.0 mm, is a measure of 

the quantity of rainfall and snowfall, (Figure 5). The index is important for water management. 

A positive value of the linear trend slope indicates an increase of annual total rain in the 

watershed region, from about 1,000 mm to over 1,250 mm annually. 

 

Figure 5 -Annual total precipitation of Moncton station, during the period 1939-2018. 



In future decades, precipitation is expected to increase across the entire watershed, by about 

150 mm in the RCP4.5 scenario (B1 blue line in Figure 6), and about 200 mm in RCP8.5 scenario 

(A2 red line in Figure 6), with an incremental increase at the end of the century. 

 

a)   b)  

c)  d)  

Figure 6 – Annual total precipitation in Bouctouche (a), Moncton (b), Rexton (c) and Summerside (d) 
stations, in two future scenarios (A2 red line, and B1 blue line), during the period 1971-2100. 

 

The interpolation geo-statistical technique enables visualization of the distribution of 

precipitation inside the watershed. The major increase is expected in the inland region 

according to the two future scenarios, with values around 1,300 mm. Along the coast, the 

quantity of precipitation increases slightly, and values will be less than 1,100 mm (Figure 7). 

 

a)  b)  

Figure 7 – Annual total precipitation forecast in the Cocagne watershed, in two future scenarios RCP4.5 
(a) and RCP88.5 (b), during the period 2071-2100. Spatial resolution: 50 m. 

 



Currently, New Brunswick province receives from about 1,100 to 1,300 mm annually, with the 

wetter areas in the South and drier areas in the North and inland. With increased temperatures, 

a greater proportion of precipitation in future will fall as rain, and less as snow (Figure 8).  

a)  b)  c)  

Figure 8 – Annual total precipitation of New Brunswick province, in the future scenarios B1 (b) and A2 
(c), compared with the baseline period 1971-2000 (a). 

 

Looking more in detail, a seasonal analysis allows to better understand the real impacts of the 

change in precipitation distribution. Precipitation is expected to increase in the Spring, Autumn 

and Winter seasons from 20 to 40 mm, and decrease in Summer particularly towards the end of 

the century. 

In Spring, total precipitation, which is the average total of rainfall and snowfall for the months 

of March, April and May, is expected to increase in both the RCP4.5 and RCP8.5 scenarios, 

except for the Moncton area which shows an opposite trend in the more optimistic scenario, 

RCP4.5. 

Despite an initial slight increase, Summer total precipitation, which is the average total of 

rainfall and snowfall for the months of June, July and August, is expected to decrease in the 

last 30 years of the century. Due to the reduction of water during the growing season, it will 

have consequences for the environment and the agriculture sector. 

Autumn total precipitation is the average total of rainfall and snowfall for the months of 

September, October and November, and is expected to increase in all areas. This pattern is 

expected to persist in the last 30 years of the century. 

Higher temperature in Winter will affect precipitation characteristics. Future scenarios show a 

reduction of snowfall, which will be substituted by rainfall. Winter total precipitation is the 

average total of rainfall and snowfall for the months of December, January and February, and 

it is expected to increase. 

  



 Consecutive wet days 

This index calculates the maximum annual number of consecutive wet days, with daily values 

greater than or equal to 1.0 mm. It is an indirect measure of the intensity of precipitation events 

(Figure 9). 

During the period 1939-2018, the number of consecutive wet days recorded in Moncton area did 

not change significantly, as shown by an almost null value linear trend (Figure 9). 

 

Figure 9 - Maximum annual number of consecutive wet days recorded in Moncton station during the 
period 1939-2018. 

 

 

 Number of very heavy rain days (10; 20; 30 mm ) 

The index linear trend indicates a significant increase in the number of very heavy rain days. 

The annual number when precipitation values are greater than or equal to 10 mm (a), 20 mm 

(b) and 30 mm (c) is increasing, and this pattern is also expected in the future.  

In the period analyzed, almost 6 more days recorded a precipitation equal to 10 mm, 5 more 

days recorded 20 mm, and 4 more days recorded 30 mm. This index is indirectly linked to the 

intensity of the precipitation, and because the total precipitation is expected to increase, the 

intensity of the rainfall will also be higher, as shown in Figure 10. In other words, it will rain 

more, but concentrated in a shorter number of days, with consequent reduction of soil capacity 

to drain water. 

a)  b)  c)  

Figure 10 - Annual number of days when precipitation values were greater than or equal to 10 mm (a), 20 
mm (b) and 30 mm (c), recorded in Moncton station during the period 1939-2018. 

 

  



In New Brunswick, the frequency of extreme rainfall events and the number of days with 

measurable rain show a general increase in future scenarios (Figure 11). The greatest totals are 

found close to southern coasts and the lowest totals in inland locations (Figure 12). 

a)  b)  

c)  d)  

Figure 11 – Annual total rain days in Bouctouche (a), Moncton (b), Rexton (c) and Summerside (d) 
stations in two future scenarios (A2 red line, and B1 blue line), during the period 1971-2100. 

 

 

a)  b)  c)  

Figure 12 – Annual total rain days in New Brunswick province in the future scenarios B1 (b) and A2 (c), 
compared with the baseline period 1971-2000 (a). 

  



 Daily precipitation intensity 

As previously described, the trend of daily precipitation intensity is increasing (Figure 13). The 

index is calculated by dividing the annual total precipitation when the value is greater than or 

equal to 1.0 mm, by the number of wet days. In the period considered, the amount of 

precipitation increases by 1.0 mm per day. 

 

Figure 13 - Annual total precipitation divided by the number of wet days (when total precipitation ≥ 1.0 
mm), recorded in Moncton station during the period 1939-2018. 

 

In addition to the volume, the frequency of rain affects tourism, outdoor events, recreation, 

farming, construction, and building maintenance.  

Increased frequency of rainfall is likely to be accompanied by other changes. Higher 

temperatures may mean that wet surfaces dry more rapidly, while more intense falls may be 

less beneficial for many crops. 

 

  



 Annual total snow days 

Around the Cocagne area, the models show a drastic reduction in the annual total snow days, 

which is the average number of days per year with at least 0.2 cm of snowfall (Figure14). 

Considering the RCP8.5 (or A2) scenario the reduction is around one third of the annual total 

snow days. Higher temperatures can explain this reduction in snow days, in fact snow fall will 

be converted into rainfall, as predicted by the increase in total winter precipitation. 

a)  b)  

c)  d)  

Figure 14 – Annual total snow days in Bouctouche (a), Moncton (b), Rexton (c) and Summerside (d) 
stations, in two future scenarios (A2 red line, and B1 blue line), during the period 1971-2100. 

 

Figure 15 shows the reduction in the number of annual total snow days in two future scenarios 

in New Brunswick province. In the last 30 years of the century, a decrease of about 10-12 annual 

total snow days is expected. The reduction will be more significant along the border of the 

province, except in the South West area, where the number of days with snow will remain 

similar. 

a)  b)  c)  

Figure 15 – Annual total snow days in New Brunswick province in the future scenarios B1 (b) and A2 
(c), compared with the baseline period 1971-2000 (a). 



 

There are some indirect effects. More freeze-thaw cycles may require increased use of road salt. 

Increased freeze-thaw activity in winter can be harmful for plants and wildlife by breaking 

dormancy and increasing the damage caused by subsequent cold spells. The effects are likely to 

impact the maple syrup industry, forest management, road maintenance, and vehicle weight 

restriction periods. 

 

 

 Annual percentage of cool and hot days 

The amount of cool days, which is the percentage of days when the maximum temperature is 

lower than the 10th percentile, and the amount of hot days, which is the percentage of days when 

the maximum temperature is greater than the 90th percentile, are shown in Figure 16. 

A positive linear trend value (Figure 16, b) means an increase in days with a high maximum 

temperature. This index is directly linked to heatwaves. On the contrary, a negative linear trend 

value (Figure 16, a) for the percentage of cool days means a reduction of days with low maximum 

temperature values. Both indices show that the maximum temperature distribution at day time 

is shifting toward warmer temperatures, hence it means that days are getting warmer. 

a)  b)  

Figure 16 – Annual percentage of cool days (a) and annual percentage of hot days (b), recorded in 
Moncton station during the period 1939-2018. 

 

 

 Amount of cold and hot nights 

The amount of cold nights, which is the percentage of days when minimum temperature is lower 

than the 10th percentile and the amount of hot nights, which is the percentage of days when 

minimum temperature is greater than the 90th percentile, are shown in Figure 17. 

These two indices describe the behavior of the temperature at night time and they are related 

to the previous indices. A positive linear trend value for the percentage of hot nights (Figure 17, 

b) means an increase in nights with a high minimum temperature. On the contrary, a negative 

linear trend value (Figure 17, a) for the percentage of cold nights means a reduction in nights 

with low values of minimum temperature. Both indices show that the minimum temperature 

distribution at night time is shifting toward warmer temperatures, hence it means that nights 

are getting warmer. 



a)  b)  

Figure 17 – Annual percentage of cold nights (a) and annual percentage of hot nights (b), recorded in 
Moncton station during the period 1939-2018. 

 

 

 Cold spell duration 

Cold spells, the annual number of days for which at least two consecutive days record minimum 

temperatures lower than the 10th percentile, are shown in Figure 18.  

Despite an almost null linear trend value, the locally weighted scatterplot smoothing, or moving 

average (red dotted line), shows an opposite trend before and after the year 1980. Closer to the 

present time the trend is significantly negative with a reduction in the number of days with 

minimum temperature values lower than the 10th percentile. The reduction is more than 15 

days. That means the minimum temperature values are increasing and getting warmer, and 

there are less prolonged periods with low temperature. Hence, in winter and spring seasons, 

this causes a melting of snow more frequently, and consequently, it increases the flooding events 

caused by melting ice jam. 

 

Figure 18 – Annual number of cold spells recorded in Moncton station during the period 1939-2018. 

 

  



 Growing Degree Days 

The Growing Degree Days (GDD) are calculated as the cumulative sum of productive 

temperatures for crop growth. In other words, vegetation growth will only occur if the mean 

temperature exceeds a minimum development threshold called the base temperature (Tb). Tb is 

determined experimentally, varies with species and possibly cultivars, and likely varies with 

growth stage or the process being considered (Wang, 1960).  

In Figure 19, the Tb value is equal to 10 °C. Hence, if the daily mean temperature is 15 °C, for 

example, this indicates a growing degree day total of 5 for that day. 

A positive linear trend means that daily mean temperature is increasing, and the difference 

between daily mean temperature and Tb is larger. 

 

Figure 19 - Annual difference between mean temperature (TM) and base temperature (Tb), where Tb is a 
location-specific base temperature (10 °C in the graph), and TM is greater than Tb, recorded in Moncton 

station during the period 1939-2018. 

 

In the future predictions (Figures 20 and 21), GDD values rise everywhere and are expected to 

increase for both scenarios RCP4.5 (B1) and RCP8.5 (A2). Central areas will have the highest 

totals. In the following graphs (Figure 20) and in Figure 21, mean temperature was calculated 

against a baseline temperature (Tb) of 5 °C.  

GDD above 5 °C is an index of the growing climate for most cool temperate crops, including 

pasture. 

  



a)  b)  

c)  d)  

Figure 20 – Growing Degree Days forecast, calculated with a Tb threshold greater than 5 °C in 
Bouctouche (a), Moncton (b), Rexton (c) and Summerside (d) stations, in two future scenarios (A2 red 

line, and B1 blue line), during the period 1971-2100. 

 

 

a)  b)  c)  

Figure 21 – Annual Growing Degree Days with Tb = 5 °C in New Brunswick province in the future 
scenarios B1 (b) and A2 (c), compared with the baseline period 1971-2000 (a). 

 

  



 Growing Season Length 

Growing Season Length (GSL), which is the annual number of days between the first occurrence 

of 6 consecutive days with mean temperature (TM) greater than 5 °C and the first occurrence of 

6 consecutive days with mean temperature (TM) lower than 5 °C, is shown in Figure 22. In other 

words, it is the period between the beginning and end date of the growing season, characterized 

by the consecutive number of days with TM greater or lower than 5 °C, respectively. 

GSL is strictly related to mean temperature, with a threshold of 5 °C, and in conjunction with 

Growing Degree Days, adds information of interest to farmers and growers. 

 

Figure 22 - Annual number of days between the first occurrence of 6 consecutive days with mean 
temperature (TM) greater than 5 °C and the first occurrence of 6 consecutive days with mean 
temperature (TM) lower than 5 °C, recorded in Moncton station during the period 1939-2018. 

 

In future, the GSL is expected to increase in all provinces. By the end of the century, the season 

in the North of New Brunswick will be longer than currently seen anywhere in the South.  

A significantly longer growing season is likely to offer new opportunities for farmers, 

horticulturists and gardeners. At the same time, growers will need to be prepared regarding 

how to deal with new pests, diseases, and water management methods suited to a warmer 

environment. Competition for water resources may be expected to increase, while 

simultaneously the available water resources may diminish. 

a)  b)  c)  

Figure 23 – Growing Season Length in New Brunswick province in the future scenarios B1 (b) and A2 
(c), compared with the baseline period 1971-2000 (a). 

  



 Heatwave: Number, Magnitude, Amplitude, Duration and Frequency 

A heatwave refers to a prolonged period of hot weather, which may be accompanied by high 

humidity. The World Meteorological Organization (2015) guidance about the definition of a 

heatwave is: marked unusual hot weather over a region persisting for at least two consecutive 

days during the hot period of the year, based on local climatological conditions, with thermal 

conditions recorded above given thresholds.  

Heatwaves will become more frequent, drawn-out and intense due to climate change. Heat 

stroke, dehydration, cardiovascular disease, and other temperature-related illnesses are on the 

rise. Globally, the number of people exposed to heat waves between 2000 and 2016 increased by 

an estimated 126 million. 

In Figure 24 five graphs describe the heatwave index by the number, magnitude, amplitude, 

duration, and frequency of heatwave events, recorded by Moncton meteorological station. 

a) The number of individual heatwaves that occur each summer (from May to September 

in the northern hemisphere), is defined as three or more days where the Excess Heat 

Factor (EHF) is positive, maximum temperature (TX) is greater than the 90th percentile 

of TX, and minimum temperature (TN) is greater than the 90th percentile of TN.  

b) Heatwave magnitude is defined as the mean temperature of all heatwaves identified by 

heatwave number.  

c) Heatwave amplitude is the peak daily value in the hottest heatwave and is defined as 

the heatwave with the highest heatwave magnitude. 

d) Heatwave duration is calculated as the length of the longest heatwave identified by 

heatwave number. 

e) Heatwave frequency is the number of days that contribute to heatwaves as identified by 

heatwave number. 

 

The EHF is the difference between two Excess Heat Indices, EHI (Nairn and Fawcett, 2013):  

EHI1 = [(TMi + TMi-1 + TMi-2) / 3] – [(TMi-3 + … + TMi-32) / 30]  

EHI2 = [(TMi + TMi-1 + TMi-2) / 3] – TM90  

Where TMi represents the average daily temperature for day i and TM90 is the 90th percentile of 

TM which is calculated within a user-specified base period, over the calendar year and using a 

15-day running window. TM is calculated via TM = (TX + TN) / 2.  

 

Trend recorded in the period 1939-2018 shows an increase in heatwave events in terms of 

number, amplitude, duration, and frequency. Since the 1980s the heatwaves in Moncton have 

increased, and it is expected that this trend will continue in the future. 

Longer and more intense heatwaves are associated with an increase in heat-related illnesses 

and deaths, especially amongst vulnerable populations. Extended heat also increases the 

demand for cooling, which in turn increases electricity costs in summer, and the risk of food and 

water-borne contamination. 

  



 

a)  b)  

c)  d)  e)  

Figure 24 – Number (a), magnitude (b), amplitude (c), duration (d), and frequency (e) of the heatwave 
events, recorded in Moncton station during the period 1939-2018. 

 

 

Webpage and link: 

Statistically downscaled climate scenarios 

i) RCP Climate data: tools to extract and download climate data in the Cocagne 

watershed, specifying the date ranges and climatic variables: link 

ii) Subsets of individual statistically downscaled global climate model output: link 

iii) New Brunswick Climate Futures: link 

iv) Climate Trends and Variations Bulletin: link 

v) Scenarios and climate models: link 

 

  

https://climate-change.canada.ca/climate-data/#/downscaled-data
http://climate-scenarios.canada.ca/?page=bccaqv2-data
http://www.acasamaps.ca/
https://www.canada.ca/en/environment-climate-change/services/climate-change/science-research-data/climate-trends-variability/trends-variations.html
https://www.canada.ca/en/environment-climate-change/services/climate-change/canadian-centre-climate-services/basics/scenario-models.html


Drought indices: SPI - SPEI 

The Standardized Precipitation Index, SPI, (McKee et al., 1993) classifies the precipitation sum 

of a specific period with respect to the sum of the same month in all years of the measurement 

record. The precipitation sums of the whole record within one month around the respective date 

are transformed into a standard normal distribution around zero. SPI quantifies a deficit or 

surplus of precipitation over mean values at different time scales (1, 3, 6, 12, 24 and 48 months), 

using a probabilistic approach. The SPI value thus directly indicates the frequency of the 

observed precipitation amount in the corresponding month, as estimated from the whole 

observation record.  

The Standardized Precipitation Evapotranspiration Index, SPEI (Vicente‐Serrano et al., 2010) 

is calculated similarly to the SPI, with sensitivity to change in evapotranspiration demand, and 

is calculated on the basis of thermal variability. The SPEI hence represents the standard-

normal distributed water balance. The potential evapotranspiration (PET) has been estimated 

with the Hargreaves method (Hargreaves and Samani, 1985).  

Classification of the annual values of the SPI and SPEI indices in terms of “very wet” to “very 

dry” or “drought” conditions are shown in Table 3. 

 

Table 3 – Classification of wet and drought periods based on SPI and SPEI indices, according to McKee 
et al. (1993) and Vicente-Serrano et al. (2010), respectively. 

Category Indices (SPI or SPEI) 

Extremely wet ≥ 2.00 

Severely wet 1.5 – 1.99 

Moderately wet 1.00 – 1.49 

Close to normal -0.99 – 0.99 

Moderately dry -1.49 – -1.00 

Severely dry -1.99 – -1.50 

Extremely dry ≤ -2.00 

 

SPI trends recorded in Moncton station during the period 1939-2018 show progress towards a 

“normal” condition, for both the 3-month and 6-month time scales, and towards “moderately wet” in both 

the 12-month and 24-month time scales (Figure 25). While this result agrees with the increasing 

trend in precipitation amount, it alternates with “moderately dry” and “severely dry” conditions. 

The same characteristics are observed with the SPEI. The index trend shows a future generally 

wet condition, alternating with dry conditions (Figure 26). 

a)  b)  



c)  d)  

Figure 25 – Standardized Precipitation Index, SPI at different time scales: 3-month (a), 6-month (b), 12-
month (c), and 24-month (d), recorded in Moncton station during the period 1939-2018. 

 

a)  b)  

c)  d)  

Figure 26 – Standardized Precipitation Evapotranspiration Index, SPEI at different time scales: 3-
month (a), 6-month (b), 12-month (c), and 24-month (d), recorded in Moncton station during the period 

1939-2018. 

  



4 - Geomorphic Flood Area 

The Geomorphic Flood Area, GFA, is a tool that provides a user-friendly strategy to map flood 

exposure over large areas. GFA has been implemented in the QGIS environment, and it is an 

automated DEM-based procedure that exhibits high accuracy and reliability in identifying 

flood-prone areas.  

GFA is a geomorphic method to provide useful information about flood hazard exposure and 

flood risk areas in data-scarce environments, such as ungauged basins or large-scale analyses. 

Cocagne watershed does not contain meteorological stations to record the precipitation value 

and flood risk assessment. Data-poor environments pose a great challenge that requires the 

development of new tools and algorithms for the mapping of flood-prone areas (Samela et al., 

2017). 

This geomorphic approach requires two main sets of input data: 

i. a Digital Elevation Model (DEM) to calculate a Geomorphic Flood Index; 

ii. a detailed flood hazard map derived from hydraulic models based on 3 layers as input data 

in the plugin interface:  

a. a depressionless DEM;  

b. a flow direction raster; 

c. a flow accumulation raster. 

In order to obtain the GFA input data, a terrain preprocessing procedure using ArcGIS has been 

followed, with the following processes: 

i. creating a new DEM mosaic, with a 10 m spatial resolution; 

ii. filling sinks within the DEM manipulating command; 

iii. flow direction command by using filled sinks product; 

iv. flow accumulation command by using flow direction; 

v. stream definition command; 

vi. stream segmentation command; 

vii. catchment grid delineation; 

viii. catchment polygon processing; 

ix. adjoint catchment processing; 

x. drainage point processing 

The procedure has been already applied within projects of the Southeast Regional Service 

Commission of Moncton.  

All the new products created have a spatial resolution of 10 m and georeferenced within the 

coordinate reference system: EPSG:2953 - NAD83(CSRS) / New Brunswick Stereographic. 

Furthermore, a flood frequency analysis has been calculated based on sea level data of Shediac 

Bay station (decimal degrees: 46.227º N, 64.546º W; Station Inventory Data Station: SHEDIAC 

BAY 1805 link), in order to estimate the sea level rise at 100 m, the worst-case scenario. 

Using the curve in Figure 27, it is possible to predict streamflow values corresponding to any 

return period from 1 to 100.  

This is the last input data for the GFA procedure (in “Calibrate threshold” section of the GFA 

QGIS tool). 

 

http://www.isdm-gdsi.gc.ca/isdm-gdsi/twl-mne/inventory-inventaire/interval-intervalle-eng.asp?user=isdm-gdsi&region=ATL&tst=1&no=1805


 

Figure 27 – Flood frequency curve based on return periods displayed from 1 to 100 in log scale. The 
orange line represents the theoretical distribution and the blue dots represent the fit of the annual peak 

streamflow data with respect to a Gumbel distribution. 

 

 

The following maps were determined for a return period of 100 years by applying a combination 

of distributed hydrologic and hydraulic models. They provide a rough description of flood hazard 

along the main rivers of the Cocagne watershed, with a spatial resolution of 10 m (Figure 28). 

The first (Figure 28 a) provides an overview of the flood risk areas in the watershed. The second 

and third maps (Figures 28 b and c) provide a more detailed view of the most at risk areas for 

flooding, illustrating the dimensions of the flood risk areas. The final two maps (Figures 28 d 

and e) illustrate a reduction in flood risk in the upper levels of the watershed, although localized 

flood risk can be observed, particularly around stream sources and confluences.  
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b)  

c)  

d)  



e)  

Figure 28 – Flood hazard maps along the main rivers of the Cocagne watershed, determined for a 
return period of 100 years by applying a combination of distributed hydrologic and hydraulic models. a) 
an overview of the flood risk areas; b) and c) provide a more detailed view of the most at risk areas; d) 

and e) illustrate a reduction in flood risk in the upper levels of the watershed. 

 

 

Webpage and link: 

i) the GeoNB Data Catalogue: link 

ii) Digital Elevation Model, DEM, with a spatial resolution of 1 m: link 

 

  

http://www.snb.ca/geonb1/e/DC/catalogue-E.asp
http://geonb.snb.ca/nbdem/
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