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ABSTRACT 
The growing evidence of climate change has posed challenges to environmentalists and general 
population around the world. The climate features which could have possibly changed are shorter 
winter, warmer annual average temperatures, and heavy rainstorms in summer. This study has 
been conducted to evaluate the effect of climate change on quantity and quality of stream flow by 
using Soil and Water Assessment Tool (SWAT) for the Silver Creek watershed, Ontario. The 
historical data (1955-2004) and future climatic data (2015 to 2044) were generated, using future A2 
scenario. Techniques of SWAT calibration for stream flow showed promising results (NSE and R2 
were 0.72 and 0.73, respectively). The comparison of historical and future results showed that the 
annual that future predicted precipitation was -3.28% lower than the historic ones for the study 
watershed. Also, future water balance suggests much less evapotranspiration and surface runoff 
and more groundwater contribution to the system. The results of water quality show tha there could 
be more deposition of sediment in the streams. The amount of total phosphorus and total nitrogen 
also decreased for future period except for spring months.  
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INTRODUCTION Climate change has fascinated many researchers and scientists towards itself 
since recent decades. Improved understanding of these changes, spatially and temporally, is 
essential to understand the current and future climate change. Analysis of meteorological 
parameters has been carried out across the globe to claim that the earth is facing climate change. 
United States Environmental Protection Agency (USEPA) (2013) report states that since 1901, the 
global average surface temperature has risen at an average rate of 0.13°F per decade (or 1.3°F 
per century), and global precipitation has increased at an average rate of 1.9% per century 
(USEPA, 2013).  In addition, sixteen warmest years of the globe occurred during the last two 
decades (WMO, 2011). 

Research of a water resources system in water quality at watershed level may be conducted by 
field experiments or field/watershed scale computer models to simulate the natural hydrologic or 
hydraulic processes. Non point source pollution modeling at watershed scale has been a 
recognized practice for pollutant source and transport to water bodies for the last few decades 
(Oogathoo, 2006). Several hydrological watershed models for long-term continuous analysis are 
introduced and practiced such as AnnAGNPS (Bingner et al. 2005), Areal Nonpoint Source 
Watershed Environment Response Simulation-2000 (ANSWERS -2000), the Hydrological 
Simulation Program-Fortran (HSPF) ((Bicknell et al., 2001), the European Hydrological System 
(MIKE SHE), and Soil and Water Assessment Tool (SWAT) (Arnold et al., 1999). Among the widely 
used hydrologic models at present, SWAT is a powerful hydrologic analysis tool. 

SWAT is a continuous−time, quasi−physically based, distributed model which efficiently predicts 
the long term effects of management practices, climate changes, watershed-scale hydrology and 
non-point source pollution. 

MATERIALS and METHODS Silver Creek watershed (Fig. 1) is a small, primarily agricultural 
watershed located in Southern Ontario. The long term annual average precipitation for the area is 
1096 mm (Environment Canada). The area of the Sliver Creek watershed is 15.5 km2. The UTM is 
1983, and the zone is 17. Data inputs for soil types, land use, crop parameters, tile drainage 
location, temperature, and precipitation were obtained from OMAFRA. Temperature and 
precipitation stations are located at Blyth, Brucefield, Mitchell, and Cromarty, Ontario. HYDAT data 
from Environment Canada were used for flow calibration purposes, and the runoff and base flow 
components were separated using the digital filter method. Limitations to the calibration process 
included lack of wind speed and radiation data (affecting evapotranspiration simulation), and the 
distance of the rain gauges from the watershed. 

 
Figure 1. Silver Creek Watershed- Land use and Sub basin Delineation 

Calibration and validation of SWAT was performed by the trial and error processes based on the 
results of sensitivity analysis for the hydrological parameters. Annual and seasonal water mass 
balances were calibrated and monthly hydrographs of flow were compared to the observed ones. A 
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statistical evaluation of the goodness of fit was also computed. For the water mass budget 
calculation, winter is defined as December, January, and February; spring starts from March to 
May; summer is divided as June to August, and fall covers September to November. For the 
graphical and statistical evaluation of SWAT’s calibration, and validation were implemented at 
specific points within the study watershed with four aspects of focus: 

(1) Water mass balance check for major hydrologic components at annual, seasonal, and monthly 
time steps: 

(2) A comparison of the observed and simulated monthly average streamflow,  

(3) A comparison of the historical and future simulated annual, seasonal, and monthly total 
sediment loads, total phosphorus and total nitrogenloads in stream.and 

Sensitivity analysis is part of uncertainty analysis. According to Shen et al. (2008) there are three 
kinds of uncertainty such as structural uncertainty, input data uncertainty, and parameter 
uncertainty. Sensitivity analysis is an approach for parameter uncertainty analysis, and in SWAT it 
is an automatic process based on the observed daily flow and daily sediment measurement (Arnold 
et al., 2005). Usually the top ten parameters are considered as the most sensitive ones to pay 
attention into the calibration process. However, it is not limited to these parameters because some 
parameters having high sensitivity but low uncertainty may have more impacts on the simulation 
results, for example, the parameters relating snowfall and snowmelt (Chen and Mackay, 2004). 

After an initial run of SWAT, the automatic sensitivity analysis feature available in SWAT was used 
to identify the most sensitive input parameters. After identifying the most sensitive parameters for 
streamflow or sediment, these parameters were then adjusted within reasonable range for the best 
simulation match with the observed values.  

Model performance evaluation techniques recommended by Moriasi et al. (2007) include three 
quantitative statistics, Nash-Sutcliffe efficiency (NSE), percent bias (PBIAS) and ratio of the root 
mean square error to the standard deviation of measured data (RSR). Additionally, they suggested 
the satisfactory range of each statistic as NSE > 0.50, and RSR <= 0.70, and PBIAS < ±25% for 
streamflow, PBIAS < ±55% for sediment transportation, and PBIAS < ±70% for nutrient 
transportation for nitrogen and phosphorus. 

For this study, the analysis of NSE and the Coefficient of Determination (R2) were used to describe 
the proportion of the variance in the observed data explained by the SWAT model, a R2 value of 
0.60 or greater was considered as satisfactory (Santhi et al., 2001). However, Moriasi et al. (2007) 
found this coefficient was oversensitive to high extreme values and insensitive to additive and 
proportional differences between model predictions and the observations. The comparison of 
observed and simulated results was also evaluated by using the %error difference method for this 
study. Nash-Sutcliffe Efficiency (NSE) indicates how well the plot of observed versus simulated 
data fits the 1:1 line (Eq.1). In this research, a NSE > 0.5 indicates a satisfactory simulation by the 
SWAT model. The Coefficient of Determination is calculated by equation (2). 
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Calibration of SWAT Hydrologic model calibration is a trial and error process involving the 
modification of the sensitive model input parameters within acceptable ranges. Since the studied 
watersheds have significant snowfall and snowmelt during winter and early spring, some 
parameters important to snow water mass balance have been specifically studied for their 
sensitivity to surface runoff, base flow, actual evapotranspiration, and streamflow. These 
parameters are ESCO (soil evaporation compensation factor), SMTMP (snow melt base 
temperature), SFTMP (snow fall temperature), TIMP (snow pack temperature lag factor), SMFMN 
(melt factor for snow on December 21) and SMFMX (melt factor for snow on June 21). 
The model was calibrated using land use, management, soil, rainfall, temperature, and tile drainage 
data from OMARFA; however, when input values were not available, the SWAT-recommended 
values were used for simulations. Due to limitations in the available observed streamflow data, the 
calibration was performed over three years (2005-07), and validation over two years (2003-04).  

Precipitation input to SWAT was on a daily basis, and runoff was simulated using the Curve 
Number method. Evapotranspiration was calculated using Hargreaves method (temperature 
based), and the ‘Variable Storage Method’ was chosen for channel routing. The calibration was 
performed beginning the changing in curve number. Satisfactory results were not achieved by 
altering curve number alone; therefore, the available water capacity was adjusted slightly. 
Groundwater, snowmelt and evaporation (EPCO and ESCO) parameters were then adjusted to 
achieve a realistic spring runoff and yearly evaporation. 

One of the main limitations of the model is snowmelt simulation. Snowmelt during cold months 
consistently gave very high surface runoff and very little baseflow contribution. This weakness has 
also been noted by Ahl et al. (2008). This was addressed by adjusting CNOP values on monthly 
basis and by management practice, which increased the simulation efficiency accordingly. The 
variation of monthly CNOP by land use and soil type and adjusting the CN_2 (curve number for soil 
moisture condition II) on a monthly basis gave significant improvements in monthly and daily 
calibrations. 

The flow calibration for Silver Creek was performed by comparing the observed and simulated 
water yield or streamflow (surface runoff + base flow) and ET for the three years period (2005-07). 
The comparison of annual water yield shows good agreement for all the years (Fig. 1). The overall 
percent error difference in observed and simulated average water yield was -11%. Figure 2 also 
depicts very good comparison of annual observed and simulated ET with overall average difference 
of only 9%. 

The averaged monthly analysis between observed and simulated streamflow shows peak in March 
(Fig. 3). However, model underestimated the peak flow during spring months. Also, Fig. 3 shows 
the model’s overestimation in June-August; whereas, model underestimations occur in October-
December. The simulations for January, February, and September are very close to the observed 
streamflow. 

Table 1 shows the statistical analysis of observed and SWAT simulated average monthly, 
seasonal, and annual streamflow for the calibration period for Silver Creek watershed. The analysis 
of average monthly data showed good agreement between the simulated and observed data as 
NSE and R2 were 0.72 and 0.73, respectively. Similar results were observed for the seasonal 
analysis for average streamflow for calibration period with NSE value of 0.83 and R2 with 0.87. The 
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statistical comparison for annual result also showed a good correlation between observed and 
simulated streamflow for the watershed (NSE 0.65 and R2 0.94). 

 
Figure 1. Calibration of annual observed and simulated streamflow for Silver Creek watershed. 

 
Figure 2. Calibration of average annual observed and simulated ET for Silver Creek watershed.  

 
Figure 3. Averaged monthly observed and simulated streamflow hydrographs for calibration of 
SWAT for Silver Creek watershed. 
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Table 1.  Monthly, seasonal, and annual calibration results for Silver Creek Watershed. 

Parameter Streamflow 
Monthly  
NSE 0.72 

R2 0.73 

Seasonal  

NSE 0.83 

R2 0.87 

Annual  

NSE 0.65 

R2 0.94 

% Error -11% 

Validation of SWAT for Silver Creek watershed The model was validated using the data from the 
years 2003 and 2004. The monthly, seasonal, and annual validation results are shown in Figs. 4-6 
and Table 2. 
The comparison of annual simulated and observed streamflow for the 2-year validation period (Fig. 
4) shows good agreement for all the years. The percent error difference in annual observed and 
simulated average streamflow was only 6%, which shows a little bit of underestimation by the 
SWAT model. The difference in average ET for all the years showed an overestimation of 22% 
particularly for the year 2003 (Fig. 5). 
Validation of the average monthly streamflow illustrates that the simulated peak of monthly 
averaged streamflow for March was almost identical to the observed one as shown in Fig. 6. 
However, model overestimated the peak streamflow during the month of June. Also, Fig. 6 shows 
that the model underestimated the streamflow in November and December. Overall, the results for 
validation period were similar to the calibration results for the Silver Creek watershed. 

Table 2 gives the statistical analysis of monthly, seasonal, and annual streamflow for the validation 
period from 2003-04. The average monthly NSE and R2 were 0.69 and 0.70, respectively. Similar 
results were found for seasonal analysis with 0.79 and 0.80 NSE and R2, respectively. The 
statistical analysis for annual results shows NSE of -0.53 and R2 of 1.0. Overall, the results indicate 
that SWAT model performance for Silver Creek watershed was fairly well. However, 
inconsistencies in the results from calibration period to validation period are not surprising. The 
single-basin approach to base flow calculations used in SWAT limits the ability to produce 
consistent base flow results. The statistical results for the monthly, seasonal, and annual 
streamflow for the calibration and validation periods are very similar that shows the model’s 
capability for simulation for the hydrological components for time series data. 
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Figure 4. Validation of average annual observed and simulated ET for Silver Creek watershed. 

 
Figure 5. Validation of annual observed and simulated streamflow for Silver Creek watershed. 

 
Figure 6. Observed and simulated streamflow hydrographs for validation of SWAT for Silver Creek 

watershed.  
Table 2.  Monthly, seasonal, and annual validation results for Silver Creek Watershed. 

Parameter Streamflow 
Monthly 

NSE 0.69 

R2 0.70 

Seasonal 
NSE 0.79 

R2 0.80 



 
 

8 

 

Annual 
NSE -0.53 

R2 1.00 

% Error -6% 

 

Sediment and Nutrient Analysis The SWAT simulated amounts of sediment, phosphorus, and 
nitrogen were also compared with the limited observed data available for the study watersheds. 
Due to the lack of monthly data for the study periods for all the watersheds, it was decided to 
compare the annual load for phosphorus and nitrogen with Pollution from Land Use Activities 
Reference Group (PLUARG) study data (Wall et al., 1988). The following Table 3 shows the 
comparisons of PLUARG and SWAT simulated sediment and nutrient loads for Silver Creek 
watershed.   
Table 3.  The calibration and validation results for Silver Creek watershed. 
Year Sediment  (kg/ha/yr) Nitrogen (kg/ha/yr) Phosphorus (kg/ha/yr) 

 PLUARG 
Range 

Simulated 
Value 

PLUARG 
Range 

Simulated 
Value 

PLUARG 
Range 

Simulated 
Value 

Calibration 
350-475 

382 
15-20 

16 
0.81-1.10 

1.0 

Validation 381 26 0.9 

RESULTS AND DISCUSSIONS This section discusses the application of the swat model results 
for streamflow, sediment yield, and nutrient loads for historical and future weather conditions. 

SWAT simulation for future weather scenario After calibration and validation of the SWAT model 
using the historical observed streamflow, sediment, and nutrient data, the future weather daily data, 
including mean precipitation and maximum/minimum temperature from 2015 to 2044, were 
imported as the weather input to the SWAT model. The SWAT simulation was run for the study 
period (2010 to 2044) without changing any calibrated input parameters. Regarding the potential 
land use or cover changes, according to personal communication with Kevin McKague of Ministry 
of Agriculture and Food of Ontario (OMAFRA), it was assumed that the land use change in the last 
30 years for the study area may not be changed significantly. Therefore, no future scenarios were 
simulated except for the weather change. Similar to the historical simulation, water mass balance, 
outflow discharge rate, sediment yield, and nutrient loads were the main focus of the output for the 
future period. 
In order to compare the future results to the historical ones, in the beginning, the averaged annual 
and monthly precipitations for future (from 2015 to 2044) and respective historical periods for the 
Silver Creek watershed were analyzed as shown in Figs. 7 and Table 4. The monthly averaged 
precipitations showed decreasing trends for all the months except April and June-August for the 
future period (Figs. 7) when compared with the historical monthly averaged precipitation. The 
annual analysis for historical and future precipitation indicates that future predicted precipitation 
was -3.28% lower than the historic ones for Sliver watershed (Table 4). The amount of streamflow 
was higher for late spring for future due to more precipitation in these months (Fig. 8). The fall and 
winter showed low streamflows for future period due to less rain in these seasons. 

The amount of future ET was lower than the historical ET. The amount of surface runoff (SRO) and 
groundwater (GW) showed consistent trends; however, SRO indicated a decreasing trend and 



 
 

9 

 

groundwater showed an increasing trend for the watershed (Table 4). Therefore, due to the higher 
groundwater contribution and precipitation amount, overall the average future streamflow for the 
watershed was higher than the historical streamflow. The amount of sediment yield for future was 
also higher during spring when compared with historcal ones (Fig. 9). Figure 10 shows that 
phosphorus also followed the pattern of sediment yield which is understandable due to phosphorus 
affiliation with sediment in surface runoff. Nitrogen load in Figure 11 shows that future streamflow 
would have more nitrogen amount during spring. It is also confirmed by the more groundwater 
contribution to the system in Table 4.  

 
Figure 7. Averaged monthly historical (1955-2004) and future (2015-2044) precipitation for Silver 
Creek watershed. 

Table 4. Water mass balance for historical (1955-2004) and future (2015-2044) periods for Silver 
Creek. 

Silver  Precip (mm) ET 
(mm) 

SRO 
(mm) 

GW 
(mm) 

SF (mm) 

Historical 945 507 314 110 425 

% of Precip  54 33 12 45 

Future 914 396 191 298 491 

% of Precip  43 21 33 54 

 
Figure 8. The comparison of averaged monthly historical (1955-2004) and future (2015-2044) 
streamflow for Siver Creek watershed.  
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Figure 9. The comparison of averaged monthly historical (1955-2004) and future (2015-2044) 
sediment yield for Siver Creek watershed. 

  
Figure 10. The comparison of averaged monthly historical (1955-2004) and future (2015-2044) total 
phosphorus for Siver Creek watershed. 

 
Figure 11. The comparison of averaged monthly historical (1955-2004) and future (2015-2044) total 
nitrogen for Siver Creek watershed. 

Table 5. The SWAT simulated average results for sediment and nutrient loads for Silver Creek 
watershed. 

Watershed 

  

Sediment Yield 
(kg/ha) 

Total P (kg/ha) Total N (kg/ha) 

Hist Future Hist Future Hist Future 

Silver 333 264 3.2 2.7 62.3 58.5 

CONCLUSIONS The results of the study are: 
The annual analysis for historical and future precipitation indicates that future predicted 
precipitation was -3.28% lower than the historic ones for the study watershed. SWAT simulation of 
stream flow suggests that much less evapotranspiration and surface runoff is expected in future. 
Therefore, more groundwater contribution is possible in future. Sediment analysis shows that the 
amount of future sediment yield decreased significantly which could be due to the less precipitation 
and consequently less surface runoff in future. It also shows that there could be more deposition of 
sediment in the streams. The amount of TP and TN also decreased for future period. The 
comparison of the historical and future monthly averaged total nitrogen loads showed higher loads 
for future period for April to July. The overall analysis shows that without consideration of land 
management factors, sediment deposition and nutrient contamination may be aggravated in future. 
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Also, the modeling approaches used in this study showed the potential of hydrological modeling to 
evaluate the effect of change in climate.  
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