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Abstract 
          Changing in universal climate will cause a major effect on hydrological systems which 

will has a direct impact on ecological, economic and social systems. Climate change will be 

varied from location to another in the globe, therefore a specific site models are important to 

determine the impact on the aimed region. In this study the impacts of climate change been 

analyzed on the Matapedia River watershed located in Quebec, Canada; by developing a 

hydrological process based model to simulate the current and future river flows and the region 

precipitation. Matapedia hydrological model used Canadian Regional Circulation Model 

(CRCM) climate data to simulate future scenario of the watershed. Delta method been used for 

downscaling and Quantile-Quantile method used to correct the model results distributions. Then 

used corrected data for the hydrological model for the stream flow records between (1982-2001) 

to forecast stream flow, precipitations and other climate parameters such as temperature (max, 

min), wind and humidity. Results shows flow increased in future flow simulation even though 

extreme flood discharges by some means decreased in study area during winter and spring 

months due to an  increased in maximum and minimum temperature about (2.65
o
C to 3.02

o
C) 

respectively during (2011-2100) period. Also an increase in precipitation in the future about 

(1.038) in study area headed to make the flood event of 100 and 1000 year return period more 

extreme.    

Key words : Climate Change, Hydrological Model, Delta, Quantile - Quantile, Quebec. 
                         

 الخلاصة 
احجّ انبذذ َذٕ دساست انخغٛشاث انًُبخٛت ػهٗ َطبق انكشة الأسضٛت ٔأرشْب انًببشش ػهٗ انُظبو انٓٛذسٔنٕجٙ ٔانز٘ 

بذٔسِ سٛؤرش ػهٗ الأَظًت انبٛئٛت ٔالاقخصبدٚت ٔالاجخًبػٛت . إٌ انخغٛشاث انًُبخٛت حخخهف يٍ يٕقغ إنٗ آخش ػهٗ سطخ 

ؼٍٛ ػهٗ سطخ الأسض نًؼشفت حأرٛش انخغٛشاث ػهٗ انًٕقغ يٕضٕع انذساست . الأسض , حأحٙ أًْٛت حبُٙ يٕدٚم خبص بًٕقغ ي

حى حذهٛم انخغٛشاث انًُبخٛت ػهٗ دٕض َٓش يٛخببٛذا انٕاقغ فٙ كٛبك انكُذٚت يٍ خلال حطٕٚش ًَٕرج ْٛذسٔنٕجٙ ٚؼًم ػهٗ 

ذو انًُٕرج انكُذ٘ نهخغٛش انًُبخٙ نغشض يذبكبة كًٛبث انجشٚبٌ انذبنٛت ٔانًسخقبهٛت إضبفت إنٗ كًٛبث انسقٛظ ببنًُطقت . اسخخ

انخُبؤ ببنًُبر ٔيذبكبة انخغٛشاث انخٙ سخطشأ ػهٗ دٕض انخغزٚت . اسخخذيج طشٚقت دنخب نغشض حقهٛض َطبق الأبؼبد ٔطشٚقت 

كَٕخبٚم  نغشض حصذٛخ َخبئج حٕصٚغ انًُٕرج . انُخبئج انًصذذت اسخخذيج ببنًُٕرج انٓٛذسٔنٕجٙ يغ بٛبَبث  -كَٕخبٚم 

نغشض انخُبؤ بكًٛبث انجشٚبٌ ٔانسقٛظ ٔببقٙ انؼٕايم انًُبخٛت الأخشٖ   1002 - 2891انجشٚبٌ انٓٛذسٔنٕجٙ نهفخشة يـٍ 

كذسجت انذشاسة انؼظًٗ ٔانصغشٖ  ٔانشٚبح ٔانشطٕبت . أظٓشث انُخبئج صٚبدة بًؼذلاث انجشٚبٌ انًسخقبهٛت ببنشغى يٍ حُبقض 

  2..1خلال فصهٙ انشخبء ٔانشبٛغ َبحجت ػٍ اصدٚبد دسجبث انذشاسة انؼظًٗ بًقذاس  قٛى انفٛضبَبث انقصٕٖ نًُطقت انذساست

  200. كًب أشبسث إنٗ اصدٚبد كًٛبث الأدذاد انفٛضبَٛت بفخشاث ػٕدة   1200 - 1022نهفخشة  يٍ     2.01ٔانصغشٖ بًقذاس  

         . سُت راث شذة ػبنٛت  2000,  

 كَٕخبٚم , يقبطؼت كٛبك   -كَٕخبٚم , ًَٕرج ْٛذسٔنٕجٙ , طشٚقت دنخب , طشٚقت  انكهًبث انذانت : انخغٛش انًُبخٙ
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Introduction 
Earth orbit climate has been changed constantly over it is age. In the past the earthly changes 

were mostly under the influence of small variations in Earth‟s orbit which induced a change in the 

amount of solar energy received by the plant. While; current changes in warmer climate are 

naturally occurring greatly by human activities which include mostly the burning of fossil fuels and 

land use changes so; these are currently believed the reason of growing the atmospheric 

concentration of greenhouse gases .This will in turn to increase temperature of the atmosphere 

which leads to changing in climate. In result will induce indirect effects in the regional and local 

hydrological regimes. There are many climate-change impact researches on future hydrological 

regimes have been done in last decade for examine, gave explanation and quantify the influence of 

climate changes on hydrological regime in specific regions through analyzing climate variables 

such as temperature and precipitation. Climate variables are usually analysis by applying either 

statistical downscaling or dynamical downscaling to convert Global Climate Models (GCM) output 

results into meteorological variables associated with the selected watershed that can be applying it 

to a local hydrological model. To simulate the current climate and derived scenarios for future 

climate GCMs have been used. Due to the large scale of (GCM ) which is between 250 to 600 km 

latitude and longitude and complexity of climate system resulted un ability to represent local sub-

grid  scale climate variables and dynamics of the climate system. Moreover GCMs are not designed 

to evaluate hydrological reactions to climate change on specific region. Consequently; regional 

climate models (RCMs) are applied to examine the impact of climate change on the local or site 

specific watersheds, thus a hydrological model that simulates sub-grid scale to perform the analysis 

of hydrological response to climate change for the same area. Those models need input data 

precipitation and temperature at similar sub grid scale which are usually obtained by adapting the 

GCM or RCM outputs into trustworthy daily rainfall series at the particular watershed   1 . There 

are two type of downscaling methods are used which is include dynamic and statistical methods to 

adjust GCM and RCM data for local hydrological climate models.  2  explained that GCMs are a 

powerful tool for quantitative analysis of climate change. Though these predictions are fairly 

accurate on a global or large regional level, the coarse grid of GCMs does not provide an accurate 

prediction of future conditions in small watersheds or specific sites. The hydrological models are 

associated to small scale processes and require local climate data as an input, associated to a sub-

grid scale. Therefore, there should be a mean to solve such issue by using a downscaling technique. 

In order to estimate the future climate variables in the watershed, the output from the GCMs must 

be corrected and adapted to the local area; given raise to regional climate models (RCMs). This 

correction must be able to incorporate and consider the future environmental conditions. Several 

downscaling techniques are available in the literature, which are mainly grouped into dynamical and 

statistical downscaling. The Canadian RCM (CRCM) have been used in this work which was 

developed through cooperation between the Canadian Regional Climate Modeling and Diagnostics 

Network funded by Canadian Foundation for Climate and Atmospheric Sciences, Centre for the 

Study and the Climate Simulation at the Regional Scale of University of Quebec in Montreal, 

Canadian Centre for Climate Modelling and Analysis and the Ouranos Consortium.  3  

investigated impacts the climate change on the hydrology in four semi-urban watersheds in southern 

Ontario.Three hydrologic models are  used and coupled with the bias corrected RCMs data to 

simulate current and future flow. Flow simulation results show a good agreement with the observed 

flow for future period (2050s) , also; shows a significant increases in peak and low flow magnitude 

are predicted for higher return periods 20-100 years. Future climate scenario simulation results 

shows increases in annual precipitation between 5-8% , also;  increases in mean annual daily mean 

temperature about 2.6-3.2 
o
C.  4  investigated the uncertainties related to downscaling techniques 

using CRCM for a local watershed in Quebec, Canada. Results shows downscaling methods suggest 

increases in temperature over the basin for the 2085 horizon, where largest increase was predicted 

for the autumn and winter period by regression based statistical method. Predicted changes for 

precipitation were not as unequivocal as those for temperature and the analysis showed prediction 
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of future precipitation is greatly influenced by selection of downscaling method and seasons. 

Trending the six methods showed a general increase in discharge was reported for winter period 

while decreases in summer. Further trend analysis of the six downscaling techniques indicated that 

results in the precipitation are highly dependable on the applied downscaling methodology.  5  

examined the hydrological regimes of the St. Lawrence tributaries (Quebec, Canada) in case of  

future changes under the influence of climatic and hydrological data from 1932 to 2005 and future 

flows and precipitation in the 2020s, 2050s and 2080 by using the delta method as a downscaling 

approach. Results indicated that the increase in air temperature during the winter/spring period 

(February to April) will cause a significant decrease in the proportion of precipitation falling as 

snow, which will cause a reduction in the volume of water stored into snow pack and lead to 

increases in winter runoff of hydrological regime for Lawrence St. watershed. Aim of this work is 

to validate a created process based hydrological model and address the impact of climate change on 

climate variables such as precipitation and temperature. Future flows through the Matapedia river 

watershed located in Quebec, Canada will be predictedand compared with local hydrological 

models. In addition assessments on the impact of climate change on the nearby regions 

environment, social and economic are discussed.  
 

 

2. Methodology 
2.1 Study Area 

This research is carried out on the Matapedia river watershed which is located in south- central 

of Quebec (Canada) as shown in Figure 1. The flow station 01BD008 located  near Amqui in 

Quebec, Canada with latitude 48°29'30.0¨ N and longitude 67°26'60.0¨ W .  
 

2.2 Data Presentation 
The flow station 01BD008 data were obtained from Environment Canada‟s national water data.  

This  data used for developing the climate change model with Daily historical records between 

(1982-2001) and  total drainage area 558 km
2 

for the Matapedia river watershed . Due to long time 

series to present here in this research; although the daily data will be used in hydrological model, 

nevertheless mean monthly records will be presented in Table 1. Climate station (Lac humqui) been 

used for validation which is located neighbor to the watershed with records between (1972 – 2006). 

The climate station data been acquired from the Canadian Daily Climate Data (CDCD) database, so 

climate data extracted by using Green Kenue software.  Green Kenue is an advanced data 

preparation, analysis, and visualization tool for hydrologic modelers, which provides an interface to 

Environment Canada's hydrometric station database (HYDAT) as well as the Canadian Daily 

Climate Database (CDCD). Stations are queried interactively and available time series data can be 

extracted, re-sampled, analyzed, and processed with various editors and calculators. Lac humqui 

station chooses due to it meets the necessary criteria which has a distance less than 50 km , has a 

natural regulation with a drainage area less than 1000 km
2
, an active station and has continuous 

flow and level measurements. In addition the Canadian Regional Circulation Model (CRCM) output 

was uploaded and used to extract future time series of the CRCM data at the chosen climate station. 
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Figure 1. Illustrate The Matapedia River Watershed, Quebec, Canada. 
 
 

  2.3 Hydrological Model Development 
          Hydrological models are a way that can enable transforming observed precipitations into 

stream flow at given point for given climatic condition and simulate stream flow by performing an 

analysis on the climate over a given watershed. Since stream flow is not directly related to 

precipitation the recreation of the hydrological cycle is complex and thus the simulation of stream 

flow is not without its challenges. A common hydrological model is process based model. To create 

a good process based hydrologic model requires improve of many fundamental challenges.(i) to 

simulate the energy ,momentum and water flux for different subsystem within the domain of the 

model needs definition of appropriate equations; (ii) the hydrological variability with the processes 

biophysical of across a hierarchy of  scales must be representing ; (iii) the equations of model must 

be solve; (iv) the model parameters and input data should be estimating; and (v) uncertainty 

characterizing model. Numerous of these challenges were expressed by  6  and have taken the 

hydrological  research attention over community the last decades  7  8  9  10  11 . Such a 

model is used to describes the movement of water above and under the soil surface. 
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Table 1. Mean Monthly Records for Flow Station 01BD008 in Matapedia River  Watershed  ( m
3
/sec) 

 
 

Hydrological simulations were performed with the process based model. This model tries to 

represent the physical process of hydrological cycle over catchment area, hence the processes and 

the equations governing the model depends of the model inputs and climate variation. This model 

focuses on convince hydrological processes and linked them with runoff model based to simulate 

flow on the aimed watershed. Thus, for the current study the Seidou model was chosen due to the 

fact that it was created for a watershed within close proximity of the Matapedia river watershed. 

The Seidou model focuses on certain hydrological processes and combines them with a runoff 

model based on the unit hydrograph to simulate stream flow for a given watershed Figure 2 shows 

the flow chart that illustrated the relations in the hydrological model components.            
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Figure 2. Process Based Model Components Flow chart. 
 

The generated process based model contains three main storage units which is canopy storage, 

surface storage and soil storage. Flows of precipitation, groundwater flow and runoff then either 

provide for these storage units or are created when there is an excess of water or a specific condition 

is met. The inputs for this model are daily averages of precipitation, minimum temperature, and 

maximum temperature, wind and relative humidity. These daily time series should be taken from 

meteorological stations that are within 50 km of the studied watershed and contain sufficient 

overlapping climate data. In addition reference evapotranspiration (ETo) should be calculated that 

can be used in the process based model which is compute by using the following equation: 
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Where  :  

ETo =  Evapotranspiration . [mm day
-1

] , Rn  =  Crop surface net radiation [MJ m
-2

 day
-1

] 

G = soil density heat flux  [MJ m
-2

 day
-1

] , T = Temperature  of air at height of 2 m [°C], 

U2 =  Velocity of wind  at 2 m height [m s
-1

]  , es = Vapour pressure saturated  [kPa], 

ea = Vapour pressure actual [kPa]  ,  es - ea = Deficit of vapour pressure saturation  

∆ = Slope curve for vapour pressure [kPa °C
-1

] .  
 

Parameters such as storage volumes, infiltration and percolation, as well as snowmelt and base 

flow coefficients can be modified by the user in order to attain an optimum simulation. For study 

area which is the Matapedia river watershed the climate data was taken from a single climate station 

closest to the stream flow gauging station. Observed discharge was taken from the Environment 

Canada's hydrometric station database (HYDAT) and is compared to the discharge simulated by the 

model. 
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2.4 Downscaling methods  
Downscaling is a way to obtain higher spatial resolution output based on GCMs. It is used due 

to  GCM consider the precipitation and temperatures over a 300 km by 300 km and several 

watersheds are much smaller and spatial variability is important for simulation of hydrological 

variables. There are two downscaling methods are commonly used. The first type of technique is 

dynamic downscaling, which corrects the GCM‟s coarse grid (300 km) to a finer grid (10-50 km) 

by solving the process based physical dynamics associate to a regional climate system. The second 

downscaling technique considers statistical relationships between the local variables and the Global 

or Regional output. It is establish quantitative relationship between model predictors and local 

variables using historical observed and model predicted data in order to adjust the future prediction 

in the zone to the local watershed. Statistical downscaling is preferable over dynamical downscaling 

as it is easy to apply and does not require much computational power. For the purposes of this 

project, we chose to use statistical downscaling based on the transfer function method. Since the 

Canadian regional climate model (CRCM) simulation is available for the area of interest and time 

span selected for the study, we chose to use this data for our simulations. Two statistical 

downscaling methods are used:  the delta method and the Quantile-Quantile (QQ) method. 
 
 
 
 

2.4.1    Delta Method  
            The delta method is the simplest, flexible and easy statistical downscaling method to use for 

variety of application. Also this method can generate large number of realization in order to assess 

uncertainty. This approach estimates the future climate variables by scaling the historical observed 

climate data in the reference period using a “delta value”. This perturbation is calculated by 

comparing the observed and the simulated values for the different future scenarios. The reference 

period selected for the study comprises of the years from (1960-1990).. This choice of range of 

years is justified by several reasons. The delta values obtained for each scenario have been 

calculated by averaging the value of each climate variable over the entire periods considered as 

shown below. Depending on the variable analyzed the delta value is calculated as a difference or a 

ratio. For temperatures (maximum and minimum), the perturbation is found by using a difference as 

expressed in equation (2). For the precipitation, the perturbation is presented as a ratio shown in 

equation (3). 
 

 (2) 

     (3) 

 

2.4.2    Quantile - Quantile method 
       This technique builds a correspondence between the output of CRCM and the observed data. 

This is a statistical downscaling technique, based on the bias correction approach. This method is 

described by  11  as a correction applied to the CRCM simulated data at the future, based on “a 

point wise daily constructed empirical cumulative distribution function”.This method is used to 

infused or seasonal forecasts adjusting coarse-resolution with information of basin-scale for  the 

flow of river Wood  12 . Advantage for this method that the downscaling refers can estimated for 

ensemble of climate models and emission scenarios, thereby characterizing the extent of uncertainty 

in the downscaled quantity. This technique proceeds in four steps  13 . First, observed large-scale 

atmospheric variables are chosen that offer the strongest and most plausible predictability of the 

local property of interest the variables. Process of screening can be follow by crossing correlation 

with the variables and the available predictors. Second, both the variables with selected predictor(s) 

of GCM are converting into quintiles with their respective 0
th

 to 100
th

 percentiles. The third , pairs 

of predictor variables percentiles are matched empirically by using analysis of regression. Future of 
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local values can be derived from relationship of the same empirical scaling given the predictors of 

large scale for specified percentiles. In the present study, the QQ method is applied for 

precipitation. 
 

3.   Result and Discussions  
 

3.1  Process Based Model   
Climate data were collected for climate station located near Amqui, Quebec to develop a 

process based model to predict flows over study area watershed. The flow station for Matapedia 

River compiled data records were from 1982 to 2001 whereas the climate station compiled data 

from (1972 to 2006). Therefore; the process based model predicted flows from (1982 to 2001); 

however, the overlapping period for analysis is limited by the flow station .Figure 3 illustrated that 

the model was able to predict and simulate the flow in study area watershed except the period 

between November 1995 to September 1996 which due to a missing data in flow station records. 

Also; it is clear that the extreme flood event happened between April to June which is due to 

snowmelt period and rain season in Matapedia river basin and the model was able to simulate  . 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3. Process Based Model Simulation with Observed Records. 
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3.2  Delta Downscaling Method 
In order to determine the impacts of climate change in Matapedia river basin  the simple 

statistical downscaling method has been applied between current scenario which is the period 

between (1960-1990) and future scenario represented in the period between (2011-2100). Results 

shows that delta future increased in maximum and minimum temperature were (2.65 
o
C) and (3.02 

o
C) respectively whereas delta precipitation ratio in the future will be (1.038).Also; by applying 

those values to the watershed climate data and substitute it into process based hydrological model to 

adjusting the simulated model for future scenario; so future flow values shows an increased in the 

future low flows simulation , even though; the  model appeared a decreased with an extreme flow 

peaks  as shown in Figure 4. As a result there is a climate change impact on flow discharges and 

flood peaks in this watershed due to  maximum and minimum temperature increasing in the future 

in addition to precipitation furthermore reference evapotranspiration (ETo) average increased in 

future than current scenario about 14% .  
 

 
 

 
 

Figure 4. Process Based Model Simulation with Delta Downscaling Applied. 
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3.3 Quantile-Quantile Transformation   
         To compare the regional climate model with current precipitation (observed precipitation) 

distributions the Quantile-Quantile transformation was used to downscale global climate model 

output. This method is used to correct the distribution of the RCM output and builds a 

correspondence table between the magnitude of a simulated data and the true magnitude .Figure 5 

shows that RCM outputs have statistical distributions different from those of the observations which 

lead to a distortion of the simulated flows, and especially the extreme flows. Therefore; Quantile-

Quantile method been used to correct such distortions and it is performed well, as shown in Figure 

6. which is illustrated that the statistical distributions of the corrected RCM outputs are well 

reproduced and the probabilities of precipitation are  
 

 
 

Figure 5. Observed Precipitation vs RCM Precipitation for Period (1972-2006). 
 

 
Figure 6. Observed Precipitation vs corrected Quantile-Quantile Precipitation for Period (1972-2006). 
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the same both for the observed and corrected RCM between observed and Q-Q precipitation 

even with extreme precipitation events. The statistical comparison of data distributions indicated 

that the median monthly precipitation of the future for 10 years low values  is lower than the median 

monthly precipitation for current period for all months except month of June which is future slightly 

higher than current as shown in (Figure7). Moreover the watershed will experience a significant 

decrease in precipitation in all other months except April which slightly equal precipitation.  

Whereas; analysis of the 100 and 1000 year extreme events illustrated in (Figure 8) which 

shows the predicted future 100 year extreme event will be higher than the predicted current 100 

years extreme events during all months except July and August will be lower. This will impact 

floods on structural design and ecology through the watershed and should be planned for and 

managed to prevent negative impacts on the residents and environment. As same as the predicted 

future 1000 year extreme events gave a similar trend which is a median future higher than a median 

current in all months except January and July will be less as shown in Figure 8. Since most civil and 

environmental design is based on the 100 year events, mitigation strategies should  
 

 
 

Figure 7.  Median Precipitation for Current and Future Based on Quantile-Quantile Simulation. 
 

 

Figure 8. Median Precipitation for Current and Future Based on Quantile-Quantile Simulation for 

Extreme Events 100 and 1000 Years 
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proceed with caution in regards to the 1000 year events. Trend analysis shows the Matapedia 

river watershed, Quebec is subject to similar affects as the St. Lawrence tributaries in the future  5 

. The hydrological effects associated with the temporal and precipitation effects are more prevalent 

in high flow events with an increase in mean annual discharge. Regions in Southwestern Quebec are 

expected to see same dramatic temperature increase of 3°C for maximum and minimum 

temperature increases, however, the same hydrological effects will be observed with increased 

winter discharge  4 . The application of the process based model created for this location would 

likely be statistically relevant for regions in Eastern Canada as they will have similar or easily 

modified parameters (soil characteristics, tree cover, etc.).  From the analysis of this model, as well 

as others in Quebec, it is unlikely climate change will have a significant negative impact on the 

regions environment, social or economic system. Measures should be taken to account for the 

variation in snow fall as well as increased flows, however, simple mitigation strategies with 

infrastructure should allow for minimal effects. 
 

4. Conclusion 
Climate change became a progressive concern in the globe in last decades due to it is an impact 

on environmental, social and economic which is varies depending on site. The goal of this work was 

to find out the effect of climate change on the Matapedia river watershed, located in Quebec, 

Canada. A process based hydrological model was used to simulate the current and future 

hydrological scenario for the watershed using data obtained from CRCM and Environment 

Canada's hydrometric station database (HYDAT). Hydrological model gave a good result 

simulation for reference and future scenario and indicate a decrease future flow simulation 

especially with an extreme flow events discharges in the watershed. Downscaling using the delta 

method and quantile-quantile simulation showed climate change will have an effect on the 

watershed with a predicted increase in temperature (2.65 
o
C to 3.02) for the period (2011 to 2100).  

Moreover delta precipitation ratio will be (1.038) in the future for the same period simulation and 

median precipitations varying from month to month. Comparing the median current and median 

future precipitations indicated that the median monthly precipitation of the future for 10 years low 

values  is lower than the median monthly precipitation for current period for all months except 

month of June which is future slightly higher than current. Likewise the watershed will experience a 

significant decrease in precipitation in all other months except April which slightly equal 

precipitation. Furthermore, the analysis for both the 100 and 1000 years extreme events shows all 

the months will have significant increases in precipitation except for the months of July and August 

for 100 years events will be lower, while; 1000 years events January and July will be less. This will 

impact floods on structural design and ecology through the watershed and should be planned for 

and managed to prevent negative impacts on the residents and environment. Furthermore, this 

model should be expanded to different regions in Canada and the northern United States to 

determine the sensitivity of localized models to decrease the over development of models. 
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