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Abstract: The 2007-2008 La Niña event was characterized by an abnormally snowy 2008 winter and an abnormally rainy 
2008 spring in Quebec. These abnormally wet conditions led to abnormally high spring flows. The goal of the study 
was to test whether the geographic location of dams affects spring flows (April to June) released downstream from 
these structures. We compared flows measured downstream from two dams located in the upper portion (Gouin and 
Châteauvert) and two others located in the lower portion (Taureau and La Gabelle) of the watershed of the Saint-
Maurice River (44,000 km²), one of the main tributaries of the St. Lawrence River in Quebec. This comparison using 
several statistical tests revealed that spring flows are abnormally high downstream from dams located in the lower 
watershed, but abnormally low downstream from dams in the upper watershed. This difference between the two 
portions of the watershed is due to the fact that, to control flooding in the lower watershed, much more water derived 
from snowmelt and rainfall was stored in reservoirs located in the upper part of the watershed, leading to extreme 
hydrological drought despite abnormally high winter snowfall and spring rainfall. 
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1. INTRODUCTION  

There are two theses in the science literature about the relationship between climate and flows 
downstream from dams. The first thesis, which may be referred to as the “flow independence and 
homogeneity thesis”, holds that climate has little or no impact on flows downstream from dams 
(flows are independent of climate) (e.g., Lopez-Moreno et al., 2009; Poff et al., 2007). This leads to 
flow homogeneity downstream from dams, regardless of climate conditions in the area where these 
dams are built (Poff et al., 2007). On this, Poff et al. (2007) noted that “by strongly modifying 
natural flow regimes, dams have the potential to reduce these natural regional differences and thus 
impose environmental homogeneity across broad geographic scales”. The second thesis contends 
that flows downstream from dams are also affected by climate (“flow dependence and heterogeneity 
thesis”), so that there are significant links between the temporal variability of flows and that of 
climate downstream from dams, among other places (e.g., Fortier et al., 2010; Naik and Jay, 2011).  

The existence of these two theses, which have never been confronted in the science literature, 
raises the following fundamental question: how could climate affect flows downstream from some 
dams, but not downstream from others? The influence of numerous factors could be invoked to 
answer this question, including dam management mode, the type of hydrological variable analyzed, 
the spatio-temporal scale of analysis, the geographic location of the dams and reservoirs in a given 
watershed, the size of the watersheds, dam and reservoir characteristics, etc. The fundamental 
question which the study addresses is the following: does an extreme hydrologic event such as 
flooding (exceptionally high spring freshet of 2008) produce the same hydrological impacts 
downstream from all dams located in the same climate setting and in the same watershed? 
According to the first thesis, the independence and homogeneity thesis, flows downstream from all 
dams in a given watershed and in the same climatic setting should be homogeneous, i.e. flooding 
should occur downstream from all dams. According to the second thesis, flows downstream from 
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dams located in the same watershed and the same climate setting may be heterogeneous depending 
on the human and/or physiographic factors (climate-independent factors) that influence them. The 
goal of this study is to confront these two theses for the first time by comparing spring daily flows 
released downstream from four dams located in the same watershed, the Saint-Maurice River 
watershed in Quebec, and the same climate setting during the 2007-2008 La Niña event.  

2. METHODOLOGY 

2.1 Choice of gauging stations 

One of the main tributaries of the St. Lawrence River on its north shore, the Saint-Maurice River, 
drains a 44,000 km2 area (Fig. 1). To analyze the effects of the geographic location of reservoirs and 
hydroelectric power plants on spring flows, three reservoirs and one power plant were selected. 
Two of these reservoirs are located in the upper part of the watershed. These are the Gouin 
(Watershed surface area: 9473 km²; Total storage capacity: 14200 ha) and Châteauvert (Watershed 
surface area: 456 km²; Total storage capacity: 3200 ha) reservoirs. The former was built in the 
headwaters of the Saint-Maurice River proper and is the largest reservoir in the watershed. The 
latter was built on the Manouane River, one of the main tributaries of the Saint-Maurice River. The 
Taureau reservoir (Watershed surface area: 4070 km²; Total storage capacity: 9505 ha), on the 
Matawin River, and the La Gabelle power plant (watershed surface area: 42223 km²; Total storage 
capacity: 300 ha), on the Saint-Maurice River, both located in the lower part of the watershed, were 
also selected. The La Gabelle power plant is located near the confluence of the Saint-Maurice and 
St. Lawrence Rivers. The choice of these four dams is based on the existence of continuous daily 
flow data going back to the time they were built.  

Aside from flows measured downstream from dams, spring flows and winter (from January to 
March) and spring (from April to June) precipitation (the results of precipitations are not presented 
in this article) measured at the Saint-Michel-des-Saints station (1390 km²), as well as spring flows 
in the Vermillon River (2670 km²), one of the main tributaries of the Saint-Maurice River, were 
also analyzed. The Saint-Michel-des-Saints station is located upstream from the Taureau reservoir 
on the Matawin River (lower portion of the watershed), whereas the Vermillion River station is 
located in the upper part of the watershed. 

It is important to point out that flows measured at the Saint-Michel-des-Saints station are not 
affected by the Taureau reservoir (Assani et al., 2002) and that this station is the reference 
hydroclimate station for the Saint-Maurice watershed (e.g., Assani et al., 2002). Thus, flow 
measurements at these two stations reflect natural hydroclimate conditions in the Saint-Maurice 
River watershed. Data on amount of snow for 2008 were taken from a Quebec-scale map 
(http://www.mddelcc.gouv.qc.ca/climat/surveillance/precipitation-neige2007-2008.pdf).  

2.2 Analysis of flow data 

To highlight the effect of dam location on spring flows during the 2007-2008 La Niña event, we 
compared flows measured during the spring of 2008 (April to June) with those measured in the 
spring of 2007 and mean spring daily flows calculated over a 30 year period (1979-2008) 
downstream from these four dams and in natural rivers (Matawin station upstream from the dam 
and Vermillon station). Four hydrological variables were used for this comparison: monthly 
averages (April, May, and June) of spring flows calculated from daily flows, monthly maximum 
daily flows (Max; highest daily flow measured over a month), monthly minimum daily flows (Min; 
lowest daily flow measured over a month) and the total number of days without flow release (zero 
flow) downstream from a dam or reservoir (ZFD). Monthly average values were compared using 
the analysis of variance (ANOVA) with a single classification criterion parametric test and the 
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Kruskal-Wallis non-parametric test. The other three variables were not compared using a statistical 
test because only one value is measured for each of these three variables each month. Finally, it 
should be mentioned that the 2007-2008 La Niña event was one of the most intense observed during 
the 2000 decade. It started around summertime and continued until December 2007 in the Tropical 
Pacific Ocean. From a hydrologic standpoint, the impacts of El Niño and La Niña events are mainly 
observed during the following spring in Quebec. This is why we refer to it as the 2007-2008 La 
Niña. Flow data measured at the Saint-Michel-des-Saints and Vermillon stations were taken from 
the website of the Ministère de l’Environnement du Québec’s Centre d’expertise hydrique 
(http://www.cehq.gouv.qc.ca, viewed on May 20, 2014). As for flows measured downstream from 
the dams, the data were kindly provided by Hydro-Québec, which manages these dams.  

 

Figure 1. Location of studied dams and flow-gauging stations in the Saint- Maurice River watershed. 

3. RESULTS AND DISCUSSION 

3.1 Analysis of spring daily flows in pristine station  

We compared spring daily flows measured at the Saint-Michel-des-Saints station (Matawin 
River) and on the Vermillon River (Table 1). It may be seen that mean values of spring daily flows 
for 2008 (La Niña year) were systematically higher than those measured in 2007 and over the 30-
year period for both rivers. As far as monthly maximum daily flows are concerned, they were 
higher than those measured the previous spring (2007) only in April and May at the Saint-Michel-
des-Saints station, but for all three spring months in the Vermillon River (Fig. 2). Finally, the same 
trend is observed for minimum daily flows, which were higher in spring 2008 than in spring 2007, 
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except in April at the Saint-Michel-des-Saints station. Thus, in natural rivers, the relatively high 
amounts of winter snow and spring rain produced much higher spring daily flows in 2008 than in 
2007. Such exceptionally high spring flows were observed in many watersheds in Quebec in 2008, 
and led to extensive flooding and numerous landslides (e.g., http://ici.radio-canada.ca/regions/est-
quebec/2008/05/04/003-transport-ferroviaire_n.asp.).   

 
Table 1. Comparison of spring daily flows (m³/s) in two pristine stations and downstream from four dams in the Saint-

Maurice River watershed  

Dams Mean Maximum Minimum ZFD 
 2007 2008 1979-2008 2007 2008 1979-2008 2007 2008 1979-2008 2007 2008 

April 
Vermillon 73.7 158.2a 91.7 205.9 314 403 19.7 31.6 85.2 0 0 
Matawin 
(upstream 
from dam) 

 
63.2 

 
90a 

 
64.9 

 
172 

 
218.2 

 
236.2 

 
16.7 

 
12.5 

 
49.3 

 
0 

 
0 

Gouin  168.9 65.7a 55.4 398.6 334.1 398.6 6.6 6.4 6.4 0 0 
Châteauvert 24.1 11.8a 26.5 79.7 53.1 153 0 0 0 18 21 
Taureau 7.2 29.3a 37.7 38.9 84.7 245 0 0 0 24 11 
La Gabelle 895 1449a 1019 1735 3200 3050 560 431 752 0 0 

May 
Vermillon 63.2 93.7b 105.6 150.4 233.8 337 30.7 42.1 74 0 0 
Matawin 
(upstream 
from dam) 

 
49.3 

 
61.5b 

 
59 

 
140.1 

 
171.2 

 
240 

 
18.4 

 
29.3 

 
46.3 

 
0 

 
0 

Gouin 189.1 14.2a 35.8 401.6 99.6 401.6 6.7 6.7 0 0 0 
Châteauvert 9.8 0a 16.7 38 0 221 0 0 0 15 31 
Taureau 9.3 97.9a 49.3 68.3 151 453 0 0 0 24 2 
La Gabelle 824 1274a 1221 1515 2998 3871 549 681 1841 0 0 

June 
Vermillon 45.9 74.8a 45.2 95.9 111.1 145 26.9 39.5 49.5 0 0 
Matawin 
(upstream 
from dam) 

 
29.1 

 
38.4a 

 
25.6 

 
58.6 

 
55.6 

 
70.4 

 
14.7 

 
29.2 

 
30.8 

 
0 

 
0 

Gouin 133.1 43.8a 88.4 300.2 169.3 583 6.8 6.8 0 0 0 
Châteauvert 43.8 17.8a 26.6 88.5 31.6 158 10.2 0 0 0 0 
Taureau 77.4 116.5a 59.3 118.8 246 246 0 52 0 0 0 
La Gabelle 620 796a 652 1034 1216 2530 301 564 852 0 0 

a = the mean value of flows for 2008 (La Niña year) is statistically different from those for the other two periods at the 5% level;  
b = the mean value of flows for 2008 (La Niña year) is statistically different from those for 2007 at the 5% level;  
ZFD = Number of zero-flow days.  

 

Figure 2. Comparison of spring daily flows at the Vermillon station. 
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3.2 Comparison of the spatio-temporal variability of spring daily flows downstream from dams 

Data for the four hydrological variables measured downstream from the dams are shown in 
Table 1. As far as mean daily flows are concerned, they were much lower in 2008 than in 2007 
downstream from the Gouin (Fig. 3) and Châteauvert reservoirs located in the upper watershed. In 
fact, downstream from the Châteauvert reservoir, the mean daily flow for the month of May was 
zero. In other words, no water was released during that whole month. In contrast, these flows were 
much higher in 2008 than in 2007 downstream from the Taureau reservoir (Fig. 4) and the La 
Gabelle power plant located in the lower watershed. The same trend is also observed for maximum 
daily flows. For minimum daily flows, there is very little difference between dams and, therefore, 
between the upper and lower portions of the watershed. Finally, the comparison of the total number 
of days with zero flow downstream from the dams reveals that zero flows occur only downstream 
from the two reservoirs built on tributaries, namely the Châteauvert reservoir on the Manouane 
River and the Taureau reservoir on the Matawin River. In spring 2008, the number of days with 
zero flow was higher than in spring 2007 downstream from the Châteauvert reservoir for the 
months of April and May, whereas the opposite was true downstream from the Taureau reservoir, 
located in the lower watershed.  

 

Figure 3. Comparison of spring daily flows at the downstream from Gouin reservoir on the St. Maurice River. 

 

Figure 4. Comparison of spring daily flows at the downstream from Taureau reservoir on the Matawin River. 
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The results highlight the marked difference in amount of flows released downstream from dams 
between the upper and lower portions of the watershed during the spring of 2008. Thus, 
downstream from both reservoirs located in the upper watershed, spring flows were lower in 2008 
than in 2007. In fact, there was an extreme hydrological drought downstream from the Châteauvert 
reservoir during the months of April and May even as a very strong freshet was occurring in natural 
rivers in the area. In contrast, downstream from both dams located in the lower watershed, spring 
flows were much higher in 2008 than in 2007. This difference in observed flows between the two 
parts of the same watershed is due to the fact that the winter and spring of 2008 were much snowier 
and rainier than in 2007. To avoid serious flooding along the Saint-Maurice River, nearly all water 
derived from snowmelt and rainfall was stored in reservoirs in the upper portion of the watershed, 
while large amounts of water were released downstream from dams located in the lower watershed. 
This led to an abnormally severe hydrological drought in the upper watershed despite abnormally 
high snowfall and rainfall. These results clearly highlight the influence of dam location on the 
relationship between spring flows and climate conditions. Dams located in the upper watershed 
produced an extreme hydrological drought in the spring of 2008 despite very wet conditions 
(abundant snow in winter and rain in the spring) which prevailed in the watershed, whereas those 
located in the lower watershed were characterized by very wet conditions.  

4. CONCLUSION 

The relationship between streamflow downstream from dams and climate is very complex due to 
the influence of numerous factors. Among these factors, the location of a dam in a relatively large 
watershed can be crucial during extreme hydroclimate events. The 2007-2008 La Niña event was 
characterized by a very snowy winter and rainy spring in the Saint-Maurice River watershed. 
Despite these abnormally wet hydroclimatic conditions, however, spring flows were not 
homogeneous downstream from all dams and reservoirs in this watershed. To mitigate the effects of 
the spring freshet resulting from these large amounts of snow and rain in the lower part of the 
watershed, large amounts of water were stored in reservoirs in the upper part of the watershed, 
leading to a very intense hydrological drought downstream from these reservoir, and inhibiting a 
correlation between the exceptionally wet climate conditions and spring flows. This lack of 
correlation is not observed over the whole watershed, however. The study shows for the first time 
that both the climate-dependent flow and climate-independent flow theses for flows downstream 
from dams may be valid in a single watershed depending on the geographic location of the dams. It 
is important to take this factor into account when predicting extreme flows during extreme 
hydrological events in the Saint-Maurice River watershed.  
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