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ABSTRACT  

The main purpose of this research was to conduct water management during spring-

summer in Regina, Saskatchewan, Canada. Results show that Regina is classified Dfb, 

there is seasonal variation in climate of this city. The total annual precipitation is 386 

mm, which accounts for 77% from April to September. Over the studied time period of 

45 years from 1970 to 2015 multiple climatic parameters are noted to have increase in 

their value e.g., precipitation increased by about 50 mm precipitation, temperature 

increased by 1.1
o
C and relative humidity by 6%. Wind speed has decreased by about -

1.35 km/hr, whereas solar radiations have increased by 4 MJ/m
2
 from 1993 to 2003. 

Furthermore, the runoff coefficient is 0.6 because of the 63% of impervious areas 

(commercial, industrial and residential) and the low hydraulic conductivity of the open 

spaces. This city is flat terrain with overall slope ranging between 0.17% and 0.41% 

which results in water ponding during high intensity and short-term precipitation. 

Additionally, the total volume capacity of all water bodies is 84.0 x 10
6 

m
3 

with most of 

the volume in the Wascana Lake which is about 82% of the total volume. This city has 

recently received severe events which were close to 100 year return period such as floods 

in September 2010 and June 2014, and the drought in 2017. This city is prone to flash 

flooding during spring-summer because the water volume is highly dependent on 

antecedent conditions. The change in storage was found to be negative during spring-

summer. In an average year, this city is experiencing water deficit thus most of the time it 

is under drought-like conditions. 
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1. INTRODUCTION 

1.1 Problem Statement  

The economy, ecology, and environment of Regina are intensely impacted by water 

supply fluctuations and hydrological cycling due to strong seasonality in surface water 

supply, extensive periods of water scarcity and water excess, and an overall dry 

continental climate. The frequency of floods and droughts impacts civil infrastructure, 

agricultural production, and life quality. In the recent years, some major flood events 

were recorded in 1995, 2010, 2011, 2014 and 2015 in southern Saskatchewan (Shook and 

Pomeroy, 2015). The major one was in June 2014 when approximately $3,000 to $15,000 

per house damage was estimated (Regina flooding: Sewers backed up in at least 276 

homes). Unlike floods, droughts are usually multi-year events such as those recorded in 

the 1930s, and 1980s (Wheaton, 2000; Phillips, 1990). The impact of such events can be 

mitigated by understanding the site-specific nature of a watershed. Locally, climate, soil 

type, and topography govern water management.  

The presence or absence of surface water is governed by the interaction of 

atmosphere with the ground, that is, the transformation among precipitation and 

abstractions (infiltration, evaporation, and evapotranspiration). According to the Köppen 

climate classification system, Regina generally falls under a dry continental climate (Dfb) 

with extensive seasonal variation in climatic parameters of precipitation and temperature. 

In Regina the annual average values of meteorological parameters are: 386 mm 

precipitation with most (77%) occurring as rainfall in spring-summer (April to 

September), 2.8
o
C temperature oscillates between positive in spring-summer  and 

negative in fall-winter which is October to March, 2270 hours sunshine, 18.4 km/hr wind 
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speed, and 65% relative humidity (Environment Canada, 2016). The last four parameters 

result in an annual average pan evaporation of 876 mm (more than double the 

precipitation). In general, daily variations in rainfall result in floods whereas monthly 

variations in evaporation cause droughts.  

 Land use and land form are the significant elements that affects the intensity and 

frequency of runoff and infiltration (García-Ruiz, 2010). Land use can modify the 

hydrology of the drainage basin and modify the way water travels through the drainage 

basin. For instance, as open spaces are converted to commercial or residential area, the 

amount of overflow for that land will increase as the amount of impermeable surface 

increases. Rain, which would have once saturated the soils underneath forest floor and 

been absorbed by tree roots, rather flows off impermeable surfaces into the nearest lake 

and streams (Tong and Chen, 2002). Locally, there is more impervious area than pervious 

area so it affects the water flow in the city.  

The infiltration rate and storage capacity is governed by the soil characteristics. 

The local soil is glacio-lacustrine deposit comprising of fine materials (silt and clay) that 

settled in the lake during the Wisconsinan (Ito and Azam, 2013). The hydraulic 

conductivity of the clay is reported to be 5 x 10
-9

 m/sec (Ito, 2009) and therefore it is 

expected to have low infiltration. Furthermore, the expansive nature of the clay results in 

alternate swelling and shrinkage along with cracking and refilling of the cracks due to 

rainfall and evaporation cycles (Ito and Azam, 2009). 

Surface flow is influenced by topography. During the last glaciation period, the 

Regina Proglacial Lake was developed where clay (fine-grained soils) progressively 

stabled at the floor (Ito and Azam, 2009). Due to the high overburden load of glacial ice 
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sheets, the basin floor was preserved as a flat area which potentially contributed to water 

ponding within the various locations of the city.  

1.2 Research Objectives  

The primary purpose of this research was to comprehend water management during 

spring-summer in Regina. The specific objectives are given as follows:  

 To analyse climate trends and climate normals.  

 To identify spatial distribution of land use, land form, and soil type  

 To conduct statistical assessment for floods and droughts 

 To conduct temporal analysis for water budget.  

1.3 Thesis Outline  

Chapter 1 introduces the topic by identifying the engineering problem and defining the 

research objectives. Chapter 2 give a review of the pertinent literature about 

meteorological parameters, land use, land form and soil properties as well as floods, 

droughts and components of water budget. Next, Chapter 3 outlines the research 

methodology of meteorological analysis, analysis of land use and land form, statistical 

assessment for floods and drought, and water budget analysis by using ArcGIS and 

hydrological modelling (HEC-HMS) with assumptions. Chapter 4 presents the results and 

discusses the interpretation and implications of the study. Finally, Chapter 5 summarizes 

the conclusions of this research and provides recommendations for future work. 

Supplementary information is provided in the appendices.  
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2. LITERATURE REVIEW  

2.1 General  

Calculating the hydrological budget in dry flat areas is important as shortage of water and 

climatic unpredictability (intense precipitation or excessive evaporation) lead to extreme 

climate conditions like floods and droughts (Troch, 2000; Guntner et al., 2004). The 

hydrological performance of a dry catchment is directly affected by a multiple 

components such as meteorological parameters, land use, land form, and soil properties. 

Surface water is the key source of water in dry states of the sphere (Guntner et al., 2004). 

Therefore, it is important to understand the effect of the governing parameters on the 

management of surface water.   

2.2 Meteorological Parameters  

The management of water supply and flood resistance structures are reliant on the local 

climate (Riebsame, 1988). Changes in the weather patterns result in regional 

modifications in surface water availability and extremes of flood and drought events. For 

example, intense rainfall events along with unplanned development of cities magnify the 

already serious urban flooding problem and stress the urban water infrastructure. Water 

resources are generally controlled by climatic elements comprising precipitation, 

temperature, relative humidity, wind speed, and solar radiation. 

2.2.1 Precipitation  

Precipitation is the snow and rain that falls from the atmosphere to the ground. Warm 

moist air rises upward because it is lighter than cold air by one of three lifting 

mechanisms: convective (occurs when air rises vertically through the convection), 

orographic (occurs when moist air is forced upwards over rising terrain, such as a 
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mountain), or cyclonic (movement of large air masses from the zone of high pressure to 

lower pressure zone) (Bedient et al., 2013). Several types of non-recording and 

recording gauges are used to measure precipitation. Likewise, Canadian rain gauge is 

used to measure freezing rain and rain (Environment Canada, 2016). 

2.2.2 Air Temperature  

Air temperature is commonly measured weather parameter, it is a measurement of how 

hot or cold the air is (Bunker et al., 2016). Temperature is measured from self-

registering thermometers that measures the maximum and minimum temperature. The 

maximum temperature is measured in the time period of one day that completes in the 

start of following day and minimum temperature is recorded for same time duration. 

The maximum and minimum temperatures are used to calculate the mean temperature.  

Temperature is the key force behind evaporation because the air temperature is related 

to the water holding ability of the atmosphere (Ben et al., 2014).  

2.2.3 Relative Humidity  

In a parcel of air the amount of water actually present relative to the maximum holding 

capacity of that parcel at a given temperature, expressed as percentage, is known as 

relative humidity (Bedient et al., 2013). Relative humidity can be derived from two 

sources i.e. wet bulb and dry bulb temperatures. Changes in the atmospheric 

temperatures cause the changes in relative humidity even if the amount of water 

vapours remains constant in the air. The water content of the air will be higher with 

smaller difference between the temperatures of dry bulb and dew point. At the point 

where temperatures of dry bulb and dew point are equal, the relative humidity is 100%. 

The evaporation rate of the specific place is constantly reliant on the humidity since if 
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the air is previously having enough water vapour, evaporation will occur at an 

extremely slow rate (Zhao et al., 2011).  

2.2.4 Wind Speed  

Wind speed is the moving of air from the higher-pressure zone to lower-pressure zone 

because of the changes in temperature. At the main stations, wind is measured by using 

an anemometer. Wind speed is directly correlated with the evaporation, as the wind 

blows, it sweeps away water particles from the air, this process creates space for extra 

water vapour resulting in continuous evaporation with the wind (Davarzani et al., 2014). 

2.2.5 Solar Radiation  

Solar radiation is the overall incoming direct and diffused shortwave received from the 

sky on a horizontal surface. The standard unit of measurement is the Mega Joule per 

square meter (MJ/m
2
) (Environment Canada, 2016). The rate of evaporation is directly 

correlated with solar radiation (Lindsey, 1997).   

2.3 Land use, Land form and Soil Properties  

The land use development and management of water resource are inter-reliant. 

Watersheds are very sensitive to land use changes that introduce due to the anthropogenic 

activities (Bosch and Hewlett, 1982). Hydrological changes and water response in the 

different stream basins are attracted by land use changes (Wang et al., 2007).  

 Land use mapping can be identified by using the remote sensing techniques. 

(Cohen & Goward, 2004). Remote sensing and ArcGIS techniques have been extensively 

used cooperatively in land use classification because of the; availability at reduced cost, 

efficient mapping, and quantifiable mapping (Melesse et al., 2007). Anderson 

classification scheme for classification code are listed in Table 2.1 (Bedient et al., 2013). 

http://www.sciencedirect.com/science/article/pii/S2095633916301538#bib8
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 Urban improvement gives a valuable representation of some of the apparent 

effects of land use transformation on the management of water. Vegetated soils are 

changed with impervious surfaces, reducing penetration and increase in the overflow and 

bypassing the natural storage. Furthermore, the movement of overflow to watercourses is 

improved. Surface runoff is collected by piped drainage systems and transported quickly 

to the nearby river. The outcome of which is a large amount of overflow in a short period 

of time, leading to intensely flood peaks (Rawat and Manish, 2015). 

 In the previous three decades, the summer fellow has changed into the 

continuous annual cropping. It is the main land use change in the Canadian prairies 

summer transpiration has increased due to the large area of cropland which changed the 

summer-season weather over the Prairies, mainly from middle of June to middle of July 

(Gameda et al., 2007). Net radiation and daily temperature have decreased and 

precipitation has increased, mainly at the growing season during July (Raddatz, 1998).  

 Land form is the distribution of the part or topographies on the surface. It plays 

significant role in distribution flux of water. There are three elevation models in GIS such 

as; Digital Elevation Model (DEM), Digital Surface Model (DSM) and Digital Terrain 

Model (DTM). Digital Elevation Model is specifically useful in soil, hydrology and land 

use planning (Isioye et al., 2012). A raster DEM can be used to delineate the watersheds 

area, water channel network and hydrological characteristics of watersheds in the ArcGIS 

software (Bedient et al., 2013). Digital elevation models (DEMs) are ranges of frequently 

spread out height values referenced parallel to a (UTM) projection or to a geographic 

coordinate system. 
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Table 2.1: Anderson land use classification code from (Bedient et al., 2013). 

Level 1 

1 Urban or Built-up Land 

 

 

 

 

 

 

 

 

2 Agricultural Land 

 

 

 

 

 

 

3 Rangeland 

 

 

4 Forest Land 

 

 

 

5 Water 

 

 

 

 

6 Wetland 

 

 

7 Barren Land 

 

 

 

 

 

 

 

8 Tundra 

 

 

 

 

 

 

9 Perennial Snow or Ice  

 

 

Level 2 

11 Residential 

12 Commercial and Services 

13 Industrial 

14 Transportation, Communication, and Utilities 

15 Industrial and Commercial Complexes 

16 Mixed Urban or Built-up Land 

17 Other Urban or Built-up Land 

 

21 Cropland and Pasture 

22 Orchards, Groves, Vineyards, Nurseries, and 

Ornamental Horticultural Areas  

23 Confined Feeding Operations  

24 Other Agricultural Land 

 

31 Herbaceous Rangeland 

32 Shrub and Brush Rangeland  

33 Mixed Rangeland  

 

41 Deciduous Forest Land  

42 Evergreen Forest Land  

43 Mixed Forest Land 

 

51 Streams and Canals  

52 Lakes 

53 Reservoirs 

54 Bays and Estuaries 

 

61 Forested Wetland 

62 Non-forested Wetland 

 

71 Dry Salt Flats. 

72 Beaches 

73 Sandy Areas other than Beaches 

74 Bare Exposed Rock 

75 Strip Mines Quarries, and Gravel Pits  

76 Transitional Areas 

77 Mixed Barren Land 

 

81 Shrub and Brush Tundra 

82 Herbaceous Tundra 

83 Bare Ground Tundra 

84 Wet Tundra 

85 Mixed Tundra 

 

 

91 Perennial Snowfields 

92 Glaciers  
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Topography, especially the slope, of the land affects the surface flow. The high 

slope results in greater runoff due to greater velocity as compared to flat slope. During 

the last glaciation period, the Regina proglacial was developed where clay (fine-grained 

soils) steadily established at the floor (Ito and Azam, 2009). Due to the high overburden 

load of glacial ice sheets, the basin floor was preserved as a flat area which accelerated 

water ponding.  

Soil is the upper level of the earth's surface consisting of organic materials, humus 

and rocks. There are three main soil classes such as sand, clay and silt (Figure 2.1). 

According to Natural Resources Conservation Service soil is classified into four 

hydrological groups. The basis of this classification is runoff potential and infiltration 

potential. Group A is the sand, loamy sand and sandy loam which has high infiltration 

and low runoff. Next, Group B is the silt, silt loam and loam which have modest 

infiltration and moderate runoff. Further, Group C is the sandy clay, sandy clay loam 

which has low infiltration and moderate to high runoff. Finally, Group D is the clay, silty 

clay, silty clay loam and clay loam. It has very low infiltration and high runoff (Bedient 

et al., 2013).  

There is a high quantity of expansive clay deposits in local soil of Regina. These 

minerals progressed in geologic time under a dry climate. According to soil classification 

systems clay particles are having an effective diameter of 0.002 mm. The areas with the 

higher evapotranspiration then precipitation have expansive soils (Chen, 1988). 

2.4 Statistical Assessment  

Statistical assessment is the collection, examination, summarization and interpretation of 

quantitative data to determine its fundamental cause and trends. Furthermore, forecasting 
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of flood and drought events can be possible to aid a proper engineering decision-making 

process.  

2.4.1 Floods  

Flood is an overflow of water that suppresses the land; it happens as an overflow of water 

from water bodies, it can also occur in the river when discharge exceeds the volume 

capacity of water bodies. The Intensity Duration Frequency (IDF) curves are the 

relationship between duration of rainfall, rainfall intensity, and reoccurrence period. 

Their derivation is discussed by Mcpherson (1978). Figure 2.1 shows the IDF curve for 

Regina developed by the City of Regina. The critical characteristics of these curves are 

that the intensities do not signify the actual events of rainfall, intensities are averaged 

over durations and these are smooth curve because they represent data from several 

storms.  

 In Canadian parries, three large flooding events are examined in 2005, 2010 and 

2014 (Shook and Pomeroy, 2015). According to Shook, the high stream flows and floods 

in the summer of 2005 were the results of four large storms (Shook, 2014). Substantial 

flooding in the South Saskatchewan River Basin caused by heavy precipitation in late 

June 2014, affecting thousands of families all over the region, causing in the loss of four 

lives, displacing thousands from their homes, disrupting businesses, and causing major 

damage to property, infrastructure and agriculture land (Water Smart, 2013). From June 

25 to July 1, 2014 heavy rainfall in Saskatchewan and Manitoba caused substantial 

flooding, damage to property and infrastructure. According to the Saskatchewan Ministry 

of Agriculture, 49%, 61%, 55% and 66% of fall cereals, springs cereals, pulse crops and 

oilseeds, respectively, are behind regular crop growth.  
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Figure 2.1: USDA Soil classification chart (Soil Survey Division Staff, 1993) 
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2.4.2 Droughts  

Drought is the prolonged period of low rainfall, which can result in shortage of water. 

Drought mostly occurs in low-rainfall areas or dry regions of the world.  On the other 

hand, the anthropogenic activities and degradation of the natural environments can 

change the climate, which cause drought in certain areas. There are different categories of 

droughts such as Meteorological drought, Agricultural drought and Hydrological drought 

(Table 2.2). 

 Statistical assessment of drought can be determined by Severity Duration 

Frequency curves by using standardized precipitation index. This is a tool developed for 

monitoring and defining the droughts. The analyst can determine the severity of drought 

by using Standardized Precipitation Index (SPI).  

 The calculation of SPI depends on the long-term historical data of precipitation 

record. This long-term record is fitted to a probability distribution, this probability 

distribution is changed into a normal distribution (Edwards and McKee, 1997). SPI with 

positive values demonstrate wet periods and SPI with negative values demonstrate dry 

periods. For any given drought event, a duration is defined when the SPI reduces below -

1 and the SPI become positive as the commencement and the completion of a certain 

drought event, respectively (Table 2.3). 

 Canadian Prairies are more vulnerable due to their high unpredictability of 

rainfall. Drought events were observed in the 1930s and 1980s in Canadian parries 

(Phillips, 1990; Wheaton, 2000).  There is a huge impact of drought on the quality of 

drinking water that leads to the water related diseases (Prothero, 1994). The concentration  
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Figure 2.2: Intensity Duration Frequency curves of Regina (City of Regina, 2010) 
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Table 2.2: Drought categories with respect to durations (Edwards and McKee, 1997) 

Duration Categories Definition  

3-Month Meteorological It happens when dry weather pattern dominate an area  

6-Month Agricultural 
It refers to conditions when moisture content in the soil is 

insufficient and results in the deficiency of crop growth  

9-Month 
Hydrological 

It refers to low water in the water bodies.  

12-Month 
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Table 2.3: Relationship between standardized precipitation values and drought categories 

from (Juliani and Okawa, 2017) 

SPI values Categories  Normal distribution cumulative  

probability  

0.00_ -0.99 Near normal                       0.500 

-1.00_-1.49 Moderate drought                        0.158 

-1.50_-1.99 Severe drought                       0.066 

-2.00 and less Extreme drought                       0.022 
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of contamination in ground and surface waters can increase due to the reduced water 

level and stagnation during drought period (Kampbell, 2003). The soil can become more 

compacted during drought event (Semenza et al., 2012). According to (Wittrock, 2007) 

$3.6 billion in losses in agricultural production were recorded due to the drought event of 

2001-2002 in Canada. Drought also has a large impact on infrastructure, for example 

droughts can damage the building foundation due to the ground shrinkage, forest fires can 

also increase due to the drought and it reduces the quality and quantity of water resource 

which can ultimately impact on hydro-power (Freeman, 2001).  

2.5 Components of Water Budget  

Water budgeting plays vital role in the water source management along with much of the 

science of hydrology. Water budget is calculated by using equation: 

  –    –    –    –                 [1] 

2.5.1 Precipitation  

The analysis of precipitation is the most vital factor in water balance estimations. There 

are different precipitation analysis methods available for describing meteorology in HEC-

HMS model (Table 2.4).  

 In the Canadian prairies, rainfall occurs mainly from the start of May till July 

which provides water for the vegetation growth. Seasonal evaporation consumes most of 

the rainfall, which prompts a slight surface overflow during the summer season. During 

early summer, most rainfall events on the prairie occurs due to the frontal weather system 

(a weather front is a boundary which separates the different densities of air masses), 

whereas the utmost extreme short-term rains are correlated with local storms that are 

caused by convection (Gray, 1970). 
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2.5.2 Runoff  

Runoff processes are affected by two main factors: (i) rainfall characteristics such as 

depth, intensity, distribution over an area and over time; and (ii) catchment characteristics 

such as topography, area, shape, soil conditions, land use, storage and management. The 

amount of runoff is increased with increase in amount of rainfall and the degree of slope 

and is decreased with increase in the density and roughness of the surface cover and the 

rate of infiltration (Baver, 1956).  

 In the Canadian prairies, the water is put away as lake, snow, and ground ice in 

the season of winter, in late-winter, the water supply is received from fast snowmelt 

bringing about most spill over; in pre-summer and late-spring, water put away as surface 

water and soil moisture, maintained by rainfall (Gray and Landine, 1988). In any case, 

because of the dryness, moderate topographical features of the prairie and drainage 

structures are inadequately created, separated and scanty, bringing about overflow that is 

limited by occasional and spatially (Gray, 1970). Current drainage events have 

incremental overflow to rivers in a few areas. 

2.5.3 Infiltration  

Infiltration is the process by which water on the surface flows into the soils. It is 

influenced by the properties of soil, storage capacity, permeability, frozen soil and 

moisture content. There are different methods to calculate infiltration in HEC-HMS 

(Table 2.6). 

In the mid-year of Canadian parries, infiltration from precipitation is by and large 

improved when the soil is defrosted, and this generally cause insignificant overflow.  The 
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Table 2.4: Precipitation analysis methods available for describing meteorology from 

(Bedient et al., 2013) 

Precipitation methods Description  

Frequency storm 

Used to develop precipitation event where depths for 

various durations within the storm have consistent 

exceeding probability  

Gage weight Users specified weights applied to precipitation gage  

Gridded precipitation  Gridded precipitation such as NEXDAR radar 

Inverse distance  
Calculate precipitation by inverse squared weighting with 

gages.  

SCS storm SCS method over a day total storm depth 

Specified hyetograph Applies to a user defined hyetograph  

Standard project storm index precipitation depths  
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local soil is glacio-lacustrine deposit comprising of fine materials (silt and clay) that 

settled in the lake during the Wisconsinan (Ito and Azam, 2013). The hydraulic 

conductivity of the clay is reported to be 5 x 10
-9

 m/sec (Ito, 2009) and therefore it is 

expected to have low infiltration. 

2.5.4 Evaporation  

Evaporation from the large water bodies is known as potential evaporation (Tran, 2015). 

In dry zones, evaporation and transpiration commonly account for at least 95% of the 

precipitation. Evaporation is a main process which has significant influence over the 

environment, agriculture, and hydrology.  

 The potential evaporation rate is usually assessed by evaporation pans (Fu et al., 

2009) or estimated by different models using measured meteorological data. There are 

different types of models that are used for the calculation of evaporation. These models 

are reliant on available data and specifications of site (McKenney and Rosenberg, 1993).  

2.5.5 Evapotranspiration  

Evapotranspiration (transpiration and dissipation) is the evaporation of water from soil 

surface with vegetation (Tran, 2015). Solar radiation is the main driving force for 

evapotranspiration to the land and by the convection of water vapour from wet surfaces to 

the generally dry environment.  

 In the mid of summer, evapotranspiration devours most precipitation on the 

prairies and happens rapidly by means of direct evaporation from water bodies (lakes, 

river, streams), precipitation blocked on vegetable canopy and wet surfaces. It happens 

all the more gradually, dissipation from uncovered soils and as transpiration (Granger and 

Gray, 1989).  

https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014WR015523#wrcr21069-bib-0017
https://agupubs.onlinelibrary.wiley.com/doi/full/10.1002/2014WR015523#wrcr21069-bib-0036
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Table 2.5: Runoff method in HEC-HMS from (Bedient et al., 2013).  

Methods  Description  

SCS unit hydrograph  The method based on dimensionless hydrograph 

Clark hydrograph method Use the time area method 

Synder unit hydrograph It based on the synthetic unit hydrograph  

Kinematic wave transform  It based on the concept of kinematic wave  

ModClark  It based on the clark conceptual unit hydrograph  
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Table 2.6: Infiltration methods in HEC-HMS from (Bedient et al., 2013). 

Infiltration Description 

Initial and constant  
Preliminary loss volume is satisfied, and then constant losses are 

initiated. 

HEC exponential  Antecedent soil moisture conditions are related to loss function.  

SCS curve number Initial loss is satisfied before calculating cumulative runoff. 

Holton method Infiltration rate is computed from Holtan’s equation  

Green and Ampt 
Infiltration rate is calculated from Green and Ampt equation as a 

function of soil moisture and hydraulic conductivity  

Deficit/Constant 
First an initial deficit storage is filled, and then infiltration rate can 

be specified on monthly basis  

SMA 
Soil moisture accounting assigns a value of initial storage to all 

layers of the ground using a gridded method  
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 Evaporation,  primarily from exposed soils and  then by transpiration, pulls back 

soil moisture reserves and, in the long run, results in soil drying up if there are no 

additional contributions of water from precipitation. By and large, occasional 

evapotranspiration loss is near regular precipitation in Saskatchewan, with sums not as 

much as precipitation happening in incredibly wet or cools years, particularly in the east 

and north of the farming district. It must be accentuated that actual evapotranspiration is 

quite often under potential evapotranspiration and that this distinction increases with 

dryness (Granger and Gray, 1989).  

2.5.6 Change in Storage  

Change in storage is the product of the water budget equation. Positive change in storage 

means water surplus. In extreme condition it can be floods. The negative change in 

storage is water deficit with extreme and long-term conditions; it can be drought (Bedient 

et al., 2013). 

2.6 Summary  

This literature review indicates that the local watershed has possessed a dry climate, flat 

terrain and clayey soil. Climate unpredictability results in high intensity rainfall and 

water shortage happens due to the high rate of evaporation in dry climate. Furthermore, 

topography, especially the slope of the land, affects the surface flow. Flat topography 

results in flash floods during high-intensity rain.  Land use and soil are other factors to 

affect water management such as impervious area and clayey soil with low hydraulic 

conductivity results in higher runoff and low infiltration.  The water budget has to be 

studied in light of the above-mentioned unique features of Regina.  
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3. RESEARCH METHODOLOGY  

3.1 General  

A research methodology was ratified to achieve the objective of this research, as 

summarized in Figure 3.1. This research was divided into four categories i.e., climatic 

analysis, watershed geometry analysis, statistical assessment, and hydrological analysis.    

3.2 Climate Trends and Climate Normals  

The monthly total precipitation and average data of all the other meteorological 

parameters such as mean temperature, wind speed and relative humidity over the period 

of 45 years from 1970 to 2015 and solar radiation from 1993 to 2003 were acquired from 

Environment Canada website and Department of Geography of the University of Regina. 

Meteorological data from 1970 to 2007 were acquired from the Regina international 

airport station (50°26’00.000” N, 104°40’00.000” W) and the date from 2008 to 2015 

were acquired from the Regina RCS station (50°26’00.000” N, 104°40’00.000” W). 

 For the analysis of climate trends, the least square method was used because of 

its simplicity with maximum likelihood solutions (Least Squares, 2018). The annual 

averages for temperature, wind speed, relative humidity, solar radiation and annual total 

for precipitation were used. Likewise, climate normals were estimated by calculating the 

means of each month over the 45 years period for which the meteorological data were 

collected.  

3.3 Spatial Distribution of Land Use, Land Form and Soil Properties  

Landsat TM 4-5 (30 m resolution) imageries for the year 2010 (August) were acquired 

from the United States Geological Survey (USGS). It was processed by the supervised 

classification method using ArcGIS 10. The Land Use/Land Cover (LULC) 
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Figure 3.1: Model outline 

 

 

 

 

 

 

 



Water Management during Spring-Summer in Regina  

25 

 

classification method, put forwarded by Anderson et al., (1976), was adopted for 

simplicity. The band combination used for classification was 7, 4 and 2 because it shows 

the natural colour reflection of land use. Five classes were identified for analysis. These 

included areas with water, commercial, industrial, residential activities and open spaces. 

Statistical processing was used for comparing every pixel of image with various 

signatures and assigned to the closest signature. An in-built maximum likelihood 

procedure was used to ensure precision and accuracy of the classified image, 

respectively. Subsequently, area covered by each class was calculated in ArcGIS. 

 Areas of watersheds, elevation contours, water channels and average slopes were 

included in the geometry of watershed. The areas of watershed were attained from the 

Agriculture and Agri-Food Canada. Elevation contours with the interval of 10 m, and 

water bodies were identified by using the digital elevation model (30 m resolution) in the 

software ArcGIS 10.  

Watershed average slope, y is calculated as follows: 

    
  

 
       [2] 

where    is the elevation difference between the inlet and outlet of a channel and   is the 

length of basin. Watershed length is the straight-line distance along the stream flow, and 

it was calculated as follow:  

  [(     )
  (     )

 ]
 

     [3] 

where   ,    are the X-coordinates and   ,    are the Y-coordinates of higher and lower 

elevation points (all calculations are provided in Table A-1 of Appendix A).  

 Depth of Wascana Creek and Pilot Butte Creek as well as of the storm channels 

and retention ponds were obtained from City of Regina, Water Security Agency and field 
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measurements in the month of June 2017 with respect to the ground level duly calibrated 

to the mean sea level (   ) Regina, Google map was used for the measurements of the 

width. Trapezoid shape was assumed to calculate the cross-sectional area of a water 

channel as follows;  

     
(     )

 
      [4] 

where   is cross sectional area,   is depth,   is the width of bottom and   is the width of 

top. Furthermore, the volume of a water bodies was calculated by multiplying the length 

with cross sectional area. 

3.4 Statistical Assessment of Floods and Droughts  

Rational method was used for the calculation of flood discharge curves which was based 

on the Intensity Duration Frequency curve (IDF) (City of Regina, 2010). Peak discharge 

from watershed runoff was calculated for 5 years, 25 years, and 100 years of return 

periods with the duration of 10 minutes, 100 minutes, 1000 minutes and 1440 minutes, as 

follows: (Bedient et al., 2013):  

               [5] 

where    is peak discharge,   is runoff coefficient which varies for different land use in 

accordance with the Table 3.1 provided by ASCE and WPCF (1969). For example; 

industrial is 0.8 (light areas with intense development); commercial is 0.85 (downtown 

area and neighbour area with high development); residential is 0.7 (multiunit and 

apartments dwelling areas), open spaces is 0.35 (park and playground). Whereas,   is 

intensity of rainfall, and   is the area of watershed.     

 The severity duration frequency (SDF) curve was developed by using 

Standardized Precipitation Index (SPI) method to rank drought events during 3, 6, 9, and  
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12 months’ periods (McKee et al., 1993). Long term precipitation data (over 45 years) 

was used for the calculation of SPI to obtain a gamma cumulative distribution function 

(Teodoro, 2015). The SPI was obtained by converting this function to a standard normal 

cumulative distribution function (SNCDF) having a mean value located at zero and a 

standard deviation of one (Edwards and McKee, 1997). The detail of this transformation 

is documented by Edward (1997) and an execution program (SPI_Sl_6.exe) was used for 

this process. This mean value of precipitation indicated an SPI value of zero and any 

precipitation values diverting from this mean value was considered as positive SPI or 

negative SPI values. Since the SPI values corresponded to the abscissa of the SNCDF, 

cumulated probability values were theoretically determined for various SPI ranges (Table 

2.3). For any given drought event, a duration was defined when the SPI went below -1 

and the SPI became positive as the commencement and the completion of a certain 

drought event, respectively. To determine the drought severity, the lowest consecutive 

precipitation values and monthly average values were found for each 3, 6, 9, and 12 

months. Furthermore, each drought event classified in different durations were ranked 

based on its severity and probability of its occurrence was calculated using the following 

equation: 

             
   (    )

  
      [6] 

where   is the rank of each event and   is the number of events. Finally, the inverse of 

probability function was used to derive the return periods of drought as known as the 

SDF curves. Further details can be found in Juliani and Okawa (2017). 

3.5 Temporal Water Budget  

Water budget was calculated with the following assumptions. First, precipitation was 
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considered constant over the entire city because of a concentrated watershed with no 

orographic precipitation. Second, inflow and outflow were assumed to be insignificant 

due to the flat topography over the entire city. Third, no base flow was assumed because 

of the lack of shallow groundwater in the watershed. Additionally, due to the modelling 

limitation snow melt was not considered, although it is 23% of the total precipitation. 

Change in storage was calculated by using the following water budget equation; 

  –    –    –    –              [7] 

Where   is precipitation,   is runoff,   is infiltration,   is evaporation,    is 

evapotranspiration and    is change in storage. 

3.5.1 Precipitation  

The precipitation data were acquired from Environment Canada website from 1970 to 

2015 for the following six months: April, May, June, July, August and September.  

3.5.2 Runoff and Infiltration  

HEC-HMS (4.2) was used for the calculation of Runoff and infiltration for the different 

watersheds (Bedient et al., 2013). SCS curve number, SCS (Soil Conservation System) 

unit hydrograph methods were used to account for land used and soil characteristics. 

Precipitation loss is the main factor that influences direct runoff in the basin. Normally, 

precipitation loss is caused by interception, storage, evaporation, and infiltration, 

however only infiltration is considered as a precipitation loss factor for event simulation. 

The SCS curve number method requires only rainfall amount and curve number. The 

equation for the SCS curve number method is as follows: 

     
(  –   )

 

  –       
         [8]  
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where,   is the cumulative runoff,   is the rainfall depth,    is the initial abstraction 

(infiltration) and   is potential maximum retention.  

   and   are calculated as follows:  

                   [9] 

    
    

  
         [10] 

A composite CN for a watershed that consists of different land uses is calculated from 

following equation: 

     ∑
     

 
         [11] 

where,     is weighted curve number,    is area for land use type and     is curve 

number for land use type and   is the total area of the watershed. Curve numbers were 

used from curve number tables (Table 2A of Appendix), land use map was used for land 

use type. All calculations are provided in Table 3.1.   

 Direct runoff was calculated by using SCS unit hydrograph. The watershed lag 

time is the factor of SCS UH model. Lag time of Watershed was estimated by using this 

formula (Bedient et al., 2002):  

   
    (   )

(         )

 
    [12]  

where    is lag time (hr),   is watershed length,   is average watershed slope,   is 
    

     
, 

and    is curve number for various land use. Table 3.2 shows the calculation of lag time. 

Muskingum method was used for reach element route flow for simple approximation of  
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Table 3.1: Runoff curve number of different watershed 

Watersheds  Land use  Soil 

group  

Fraction of 

area  

CN  Composite CN  

I Commercial  D 0.21 95 88 

Residential D 0.54 87 

Open spaces  D 0.25 84 

II Commercial  D 0.03 95 85 

Residential D 0.58 87 

Open spaces  D 0.38 84 

III Commercial  D 0.04 95 87 

Residential D 0.23 87 

Open space   D 0.76  84 

IV Commercial  D 0.08 95 86 

Industrial  D 0.07 93 

Residential  D 0.45 87 

Open spaces  D 0.4 84 

V Commercial  D 0.25 95 89 

Industrial  D 0.05 93 

Residential  D 0.35 87 

Open spaces  D 0.34 84 

VI Commercial  D 0.08 95 88 

Industrial D 0.22 93 

Residential D 0.4 87 

Open space  D 0.3 84 
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attenuation. Muskingum routing is the storage routing method based on the storage 

equation: 

  –      
 

 
     [13]  

where   is the inflow rate,   is the outflow rate, t is the time, and   is the storage.  

In the expression for storage in a reach of a stream used in the muskingum method is:  

       [    ( –  )   ]    [14] 

  is the travel time of flood wave passing over the reach (s) and   is the degree of storage 

which varies from 0 to 5. Travel time was calculated using the following equation; 

  
 

 
      [15] 

where L is the length of watershed and V is the velocity of water channel that calculated 

by the following manning’s equation; 

    
 

    

(
 
 )
  √ 

      [16] 

where   is manning value (0.060 for main channel with some weeds and stones, selected 

with the suggestion Wascana authority),    is hydraulic radius calculated from the A/p 

and   is average watershed slope.  

X is calculated by using the following equation 

    ( )[
(  –   )

(        )
]      [17] 

where    is the discharge,   is top width of channel,   is channel slope,   is flood wave 

speed,    is length of the routing sub reach. Calculations are provided in Table 3.3.  
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Meteorological model was created by specifying a of rainfall data (mm).  

Table 3.2: Lag time of different watersheds 

Watersheds  Watershed 

length (ft)  

Average 

watershed 

slope (%) 

Curve 

number  

Potential 

watershed 

Storage (S)* (in)  

Lag time 

(hr) 

I 3800 0.41 88 1.36 3 

II 1000 0.36 85 1.76 1 

III 4000 0.30 87 1.49 4 

IV 4000 0.20 86 1.62 4 

V 6000 0.18 89 1.23 5 

VI 80000 0.17 88 1.36 6 
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Table 3.3: Calculation of Muskingum parameters 

Water 

channel 

Area 

(A) 

Wetted 

perimeter 

(P) 

Hydraulic 

radius 

(Rh) 

Slope  Velocity 

of 

channel  

Length 

of 

channel 

(L) 

Lag time 

of channel 

(K) 

A-B 1.1 5.8 0.189655 0.41 0.35 3800 2.7 

B-C 2 5.1 0.392156 0.36 0.53 1000 0.5 

C-D 2.6 6.3 0.41269 0.30 0.50 1000 0.5 

D-E 38 23.9 1.58995 0.28 1.2 2000 0.5 

D-F 169 88.9 1.90101 0.27 1.3 2000 0.5 

F-G 1258 263 4.7832 0.21 2 4000 1 

G-J 34 25.7 1.32295 0.18 0.8 3000 1 

J-K 23 20.6 1.11650 0.18 0.8 3000 1 

K-L 52 54.5 0.95412 0.17 0.7 8000 3 

L-M 2.2 6.2 0.32483 0.21 0.38 3500 2 
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3.5.3 Evaporation and Evapotranspiration  

The Meyer’s equation was used as it is found to give close estimate of evaporation for 

Canadian Prairies (Martin, 2002). The mathematical form of the equation is as follows:  

       (   –   )(       )(        )   [  ] 

  

where   is lake evaporation,    is a randomly chosen coefficient calibration,    is the 

saturated vapour pressure,    is the actual mean vapour pressure,   is the mean wind 

speed,    is the elevation above mean sea level,   is a coefficient of           and   is 

  coefficient of          . 

 Water temperature for stations was estimated using the following air/water 

temperature relationship:  

                     [19] 

 Where    is monthly mean surface water temperature,    is the monthly mean 

air temperature,   is the intercept value corresponding to the month under consideration. 

Saturated vapor pressure is determined using Goff-Gratch formulation; 

               (
  
 
  )

           (
  
 
)             (  

     (  
 
  
)
  )       

     (         (
  
   

)   )           

[20] 
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 Where    is saturated vapour pressure (mbar) over a surface of pure liquid 

water,    is the steam-point temperature (373.16 
0
K) at one standard atmosphere,   is 

absolute monthly mean water temperature, in 
0
K,     is saturated pressure (1013.246 

millibars) of pure liquid water at steam-point temperature of one standard atmosphere. 

 Monthly mean actual vapor pressure values were adjusted to the 7.62-metre 

level using the following relationship:  

          (                         )    [21] 

 Where    is actual daily vapor pressure, in millibars, in the atmosphere at 7.62 

meters above ground level,     represents monthly vapor pressure, in millibars, derived 

from meteorological observations assumed to be at the 1.22-metre level, and      

represents mean of the April to October values of     for the calendar year. The vapor 

pressure     was multiplied with corresponding relative humidity values in order to 

obtain an appropriate vapor pressures values. Wind speed,   was calculated using the 

following relationship: 

       (
    

   
)            [22] 

 Where   is mean wind speed in kilometers per hour at 7.62 meters above 

ground level,    is recorded mean wind speed in kilometers per hour and     is height of 

anemometer above ground which is 10m. It was assumed that for city of Regina, lake 

evaporation is almost equal to actual evaporation and this has been confirmed by Ito 

(2009) who modeled climatic conditions of Regina. The calculated lake evaporation from 

Meyer’s equation was taken to represent actual field conditions. Finally, 

evapotranspiration was calculated by multiplying lake evaporation with 0.76 a (pan 
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coefficient) that was measured for (central Tunisia) under dry climate, as reported by 

Alazard et al. (2015).  

3.6 Summary  

A complete research methodology including computational modeling was devised to 

develop a fundamental understanding of the water management in flat clayey terrain 

under dry climate. Satellite image analysis and digital elevation model was used to define 

classification and distribution of land form in ArcGIS 10 software. Furthermore, Intensity 

Duration Frequency curves and Severity Duration Frequency curves were developed for 

floods and droughts assessment. Likewise hydrological model (HEC-HMS) with 

numerical modeling was used to calculate water budget for the city.  
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4. RESULT AND DISCUSSION  

4.1 General  

This chapter first presents the trends and normal of different meteorological parameters. 

Then it presents the land use followed by the watershed geometry to give an 

understanding of distribution of different land use, slopes and volume of water channel. 

Finally, it presents the results of floods and droughts with respect to return periods and 

results of water budget components within the last 45 years.  

4.2 Climate Trends and Climate Normals  

Figure 4.1 shows the variation in meteorological parameters over the time period of 1970 

to 2015. The data were examined in terms of the following; annual means, standard 

deviations, the best fits linear equations, coefficients of regression, maximum and 

minimum values. Furthermore, high and low data were identified for values above and 

below standard deviation, respectively. In general, the annual mean values and the best-

fit climate trends are close (although low statistical significance, as indicated by R
2
 ≤ 

0.34). The current work is similar to the research conducted in Kentucky, United States, 

the long term trend analysis depicted a low R
2
 values due to the inherent seasonality in 

atmospheric parameters (Chattopadhyay and Edwards, 2016).  

 The mean annual precipitation (Figure 4.1a) was found to be 385.7 mm (SD = 

±79.9 mm) with four high precipitation years (1993, 1995, 2010 and 2014) and four low 

precipitation years (1971, 1979, 1984 and 2003). The mean annual temperature (Figure 

4.1b) was found to be 2.8
o
C (SD = ±1.1

o
C) with two high temperature years (1987, 2007) 

and four low temperature years (1972. 1979, 1982 and 1996). The mean annual relative 

humidity (Figure 4.1c) was found to be 69.9% (SD = ±3.5 %) with three high relative 
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humidity years (1999, 2005 and 2014) and three low relative humidity years (1980, 1988 

and 1990). The mean annual wind speed (Figure 4.1d) was found to be 18.3 km/hr (SD = 

±0.9 km/hr) with one high wind speed year (1971) and one low wind speed year (1993). 

The mean annual solar radiation (Figure 4.1e) was found to be 13.6 MJ/m
2
 (SD = ±0.5 

MJ/m
2
) with two high solar radiation years (1997, 2001) and one low solar radiation year 

(1995). However, over the studied time of 45 years from 1970 to 2015, the increments of 

about 50 mm in precipitation, 1.1
o
C in temperature, 6% in relative humidity are recorded. 

Wind speed has decreased by about -1.35 km/hr, and solar radiations have increased by 4 

MJ/m
2
. 

 Figure 4.2 shows the climate normals of precipitation, temperature, relative 

humidity, wind speed, and solar radiation over the investigation time of 45 years. The 

data were analysed by following; annual means, standard deviation, maximum and 

minimum values. The maximum and minimum values are also given. Furthermore, high 

and low data were identified for values above and below standard deviation, respectively. 

 The monthly mean precipitation (Figure 4.2a) was found to be 32.1 mm (SD = 

±20.8mm). The precipitation was lower than mean value from October to March and 

higher than mean value from April to September, in June it was higher than SD. The total 

annual precipitation for Regina was 386 mm with most of the precipitation in spring 

summer (April to September). The amount received during this period was found to be 

292 mm and this is accounted for 77% of the total precipitation. The monthly mean 

temperature (Figure 4.2b) was found to be 2.8
o
C (SD = ±12.6

o
C). The temperature from 

November to March was negative and from April to October it was positive, in July and  
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Figure 4.1: Trends of meteorological parameters: (a) annual total precipitation; (b) annual 

average temperature; (c) annual average relative humidity; (d) annual average wind 

speed; (e) annual average solar radiation. (Data obtained from Environment Canada and 

Department of geology of University of Regina).   
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Figure 4.2: Climate normals of meteorological parameters: (a) monthly average 

precipitaion; (b) monthly average temperature; (c) monthly average relative humidity; (d) 

monthly average wind speed; (e) monthly average solar radiation. (data obtained from 

Environment Canada  and Department of Geography of the University of Regina 
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August it was higher than the SD and in January, February and December it was below 

the SD. The monthly mean relative humidity (Figure 4.2c) was found to be 69.5% (SD = 

±12.6
o
C). The monthly relative humidity from November to March was higher than the 

mean value and lower than the mean value from April to October, in May it was lower 

than the SD. The monthly mean wind speed (Figure 4.2d) was found to be 18.4 km/hr 

(SD = ±1.4) 

The monthly wind speed was lower than mean value in June, July, August and rest of the 

months had higher wind speed with respect to the mean value, in July and August it was 

lower than the SD. The monthly mean solar radiation (Figure 4.2e) was found to be 13.6 

MJ/m
2 

(SD = ±7.1 MJ/m
2
). The solar radiation was higher than the mean value from 

April to September and lower than the mean value from October to March, in July it is 

above the SD and in November and December it is below the SD.  

 The last four meteorological parameters were used in calculating evaporation. 

Based on climate normals, Regina is classified as Dfb which accounts for dry continental 

zone. For the symbol Dfb, the letter D refers to average temperatures in five months that 

is above 10°C and in the coldest month that is below -3°C. The letter f refers to having 

precipitation throughout the year, and letter b refers to average temperatures in the 

warmest month (for example in July) that is below 22°C.  

4.3 Spatial Distribution of Land Use, Land Form and Soil Properties 

Figure 4.3 shows the classification of land use. Residential and open spaces are the larger 

areas of the city. The corresponding areas are about 46 km
2
 which is 37% of the total area 

and 43 km
2
 which is 36 % of the total area, respectively. Industrial area is located at the 

northeast, likewise, residential area is distributed in the entire city, and commercial area 
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is mainly in the downtown (middle) as well as with the residential areas. Open spaces 

which are parks and fields, backyards and front lawns of residential area are not 

considered as open spaces. These are located in-and-around the city as well as water 

channels mainly in the south-east. The weighted average runoff coefficients value of 0.6 

was obtained for discharge calculation using the rational method (as given in Figure 4.4).  

Land use is the important factor affecting the intensity of runoff and infiltration 

(García-Ruiz, 2010). Impervious areas which are residential, industrial, and commercial, 

and about 63% of the entire city contributes to runoff. On the other hand, open spaces 

which takes about 35% of the total area contribute to infiltration and evapotranspiration 

with the remainder reporting as runoff. Furthermore, water bodies which accounts for 2% 

contribute to evaporation. Infiltration is expected to be low because of the low hydraulic 

conductivity of Regina clay (5 x 10
-9

 m/s) (Ito, 2009).  

Figure 4.4 shows the characteristics of all the watersheds in Regina. Watersheds 

V which is about 39.9 km
2
, is located in the south, south-west and centre. Watershed VI 

which is about 49.3 km
2
, is located

 
in

 
the north, these two watersheds contribute to the 

major area of the city. Smaller watersheds i.e., I which is about 8.2 km
2
, II which is about 

1.8 km
2
, III about 8.8 km

2
, and IV which is about 15.8 km

2
 are located in the south to 

south-east and centre. The inconsequential areas nearby the city limits are considered not 

important. 

Figure 4.5 shows the elevation changes from 600 m to 570 m with the low lying 

areas (570 m to 590 m) in the south-west and high lying areas (600 m) in the north-east. 

During the Wisconsinan period, this directional elevation change is accredited to the 

substitute glacial improvements (Christiansen and Sauer, 2002).  
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Figure 4.6 shows the water bodies, slope and flow directions of water within a city.  

There are two creeks in the city, the Wascana Creek (E to L) and the Pilot Butte Creek (A 

to D) merging into the former at D. There are three storm channels (I-J, H-J and M-L) in 

the city. The slope of Wascana Creek (E to L) is gradually decreasing along the main 

channel, the slope is 0.28% at E and it is gradually decreasing to 0.17% at L. The slope of 

Pilot Butte Creek is also decreasing with the slope is 0.41% at A and it is decreasing to 

0.30% at D. The slopes of storm channel (I-J, H-J and M-L) are 0.29%, 0.36%, and 

0.21%, respectively.  These storm channels are used for snow dumping in winter. Finally, 

the retention ponds (Lakewood, Lakeridge and Rochdale and Windsor) are located in the 

north-west.  

Figure 4.7 represents the width (m), depth (m), cross sectional area (m) and 

volume (m
3
) of Wascana Creek. In the current figure, horizontal axis shows the length of 

Wascana Creek with respect to inlet and outlet points of different watersheds 

(Appendices 3A, 4A, 5A and 6A) and vertical axis shows the width, depth, area and 

volume. The width and depth at point E to F of Wascana Creek are between 20 m to 135 

m and 2 m respectively, cross sectional area and volume are between 20 m
2
 to 265 m

2
 

and 200 m
3
 to 2650 m

3 
respectively. In contrast, the width and depth of point F-G are 

between 30 m to 484 m and 5 m respectively, cross sectional area and volume are 

between 90 m
2
 to 2370 m

2
 and 900 m

3
 to 23700 m

3
. From points G to L the width and 

depth are between 5 m to 115 m and 1.5 m to 1.3 m respectively, cross sectional area and 

volume are between 2 m
2
 to 165 m

2
 and 22 m

3
 to 1650 m

3
 respectively.  Furthermore, the 

total volume of Wascana Creek is 82.7 x 10
6
 m

3
 with most of the volume from point F-G 

which is 84 % of the total volume of Wascana Creek. 
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 Land use  Area (km
2
) (%) Runoff coefficient 

 Industrial  14.0 11.4 0.80 

 Commercial   18.0 14.6 0.85 

 Residential  46.0 37.4 0.70 

 Open spaces  43.0 35.5 0.35 

 Water bodies    2.5 2.5  

  Total 124 100 0.60 

Figure 4.3: Spatial distribution of land use 
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Figure 4.8 represents the width, depth, cross sectional area and volume of Pilot 

Butte Creek. In the current figure, horizontal axis shows the length of Pilot Butte Creek 

with respect to inlet and outlet points of different watersheds (Appendices 1A and 2A) 

and vertical axis shows the width in m, depth in m, area in m
2
 and volume in m

3
. The 

overall width and depth of the creek are between 1.5 m to 20 m and 0.2 m to 0.5 m 

respectively. The cross-sectional area and volume are between 0.22 m
2
 to 6.6 m

2
 and 2.2 

m
3
 to 66 m

3
. Furthermore, the total volume of Pilot Butte Creek is 0.1 x 10

6 
m

3
.  

Figure 4.9 represents the width, depth, cross sectional area and volume of storm 

channel. Horizontal axis shows the length of different storm channel and vertical axis 

shows the width in m, depth in m, area in m
2
 and volume in m

3
. The width and depth of 

storm channel (J-I, J-H and L-M) are about 7 m to 9 m and 0.5 m, respectively, cross 

sectional area and volume are 3 m
2
 and 30 m

3
 respectively. Furthermore, the total volume 

of these storm channels is 0.2 x 10
6
 m

3
.  

Figure 4.10 represents the width, depth, cross sectional area and volume of 

retention ponds. Horizontal axis shows the length of different retention ponds and vertical 

axis shows the width in m, depth in m, area in m
2
 and volume in m

3
. The width and depth 

of Rochdale pond are between 40 m to 160 m and 1.6 m respectively, the cross-sectional 

area and volume are between 100 m
2
 to 300 m

2
 and 500 m

3
 to 2500 m

3
 respectively. 

Likewise, the width and depth of Lakewood, Lakeridge and Windsor ponds are between 

40 m to 80 m and 1.6 m to 1.8 m respectively and the cross-sectional area and volume are 

between 40 m
2
 to 150 m

2
 and 500 m

3
 to 1500 m

3
 respectively. Furthermore, the total 

volume of these retention ponds is 1.1 x 10
6 

m
3
.  
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 Watersheds 

 I Pilot Butte Creek at No. 33 Highway  

 II 
Pilot Butte Creek at Assiniboine 

Avenue  

 III 
Wascana Creek at No. 1 Highway 

Bypass 

 IV Wascana Creek below Wascana Lake  

 V Wascana Creek at Regina  

 VI 
Wascana Creek at Joanna Goulet Golf 

Course  

  Insignificant smaller watersheds 

Figure 4.4: Watersheds of Regina 

 

 

 



Water Management during Spring-Summer in Regina  

47 

 

 
 

 

Contours (m) 

 570 

 580 

 590 

 600 

Figure 4.5: Contours for the city of Regina 
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Figure 4.6: Water bodies and flow directions 
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The total volume of all water bodies is 84.0 x 10
6 

m
3
. The total volume of 

Wascana Creek is 82.7 x 10
6
 m

3
 with most of the volume from point F-G which is 84 % 

of the total volume of Wascana Creek. Retention ponds contribute 1.3% of total volume 

and storm channels and Pilot Butte Creek contributes 0.4% of the total volume. The 

volume of water of 9.9 x 10
6
 m

3 
of 2014 flood could be accommodated at 0.4 m lower 

depth than the total capacity. Conversely, in this case the water level was must be high in 

the streams. Furthermore, 10 x 10
6
 m

3
 is the volume of water from snow melt. 

It is a product of twelve-monthly total snow (93 mm), watershed area (124 km
2
), and 

volume correction for stage change (0.9). In spring the volume of snow melt does not 

account for flood because of the dissipation time of 2-4 weeks. 

4.4 Statistical Assessment of Floods and Droughts  

Figure 4.11 illustrates the rainfall intensity and discharge volume curves for 

different return periods of 5 years, 25 years and 100 years. According to City of Regina 

the 5 years is good for gutters, sewers, and inlets, 25 years is good for watercourses, 

roadways, and 100 years is good for detention facilities (City of Regina, 2010). The 

intensity of rainfall (Figure 4.11a) at 5 minute duration at return periods (5 years, 25 

years, and 100 years) was found to be 130 mm/hr, 200 mm/hr and 220 mm/hr, 

respectively and at 1440 minute duration was found to be 3 mm/hr, 4 mm/hr, and 5 

mm/hr, respectively (City of Regina, 2010). The discharge volume (Figure 4.11b) at 5 

minute duration at return periods (5 years, 25 years, and 100 years) was found to be 0.8 x 

10
6
 m

3
, 1.2 x 10

6
 m

3
/s, and 1.3 x 10

6 
m

3
/s, respectively and at 1440 minute duration was 

found to be 4.9 x 10
6
 m

3
, 7.1 x 10

6
 m

3
, and 9.1 x 10

6
 m

3
/s, respectively.    
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Figure 4.7: Geometrical characteristics of Wascana Creek from point E to point L: (a) 

width, (b) depth, (c) cross sectional area, (d) volume 
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Figure 4.8: Geometrical characteristics of Pilot Butte Creek from point  A to point D : (a) 

width, (b) average depth, (c) cross sectional area, (d) volume 
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Figure 4.9: Geometrical characteristics of storm channels: (a) width, (b) average depth, 

(c) cross sectional area, (d) volume 

 

 

 

 

 

 

 

 

 

 

 



Water Management during Spring-Summer in Regina  

53 

 

 

 

 

Figure 4.10: Geometrical characteristics of retention ponds: (a) width, (b) average depth, 

(c) cross sectional area, (d) volume 
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Both figures show that the 5-minute duration have the highest intensity of (rainfall and 

discharge) and decrease over time. 1440-minute duration (equivalent to 24 hour) have the 

minimum intensity for all the return periods. Furthermore, the actual floods of 06 

September 2010 resulted in the water volume of 9.6 x 10
6
 m

3 
(Environment and Climate 

Change Canada, 2010) and 28 June 2014 resulted in 9.9 x 10
6
 m

3
 of water with the 

duration of one day, respectively. While, the IDF curves do not represent actual rainfall 

histories, these events were found to be close to the 100 year return period. 

For aforementioned return periods, the curves were developed for the 3-months, 6-

months, 9 months and 12 months durations (Table 2.2) (Edwards and McKee, 1997). 

 The cumulative precipitation at 3 months duration at return periods (5 year, 25 

years and 100 years) was found to be 21 mm, 14 mm, and 7.3 mm respectively and at 12 

month duration was found to be 259 mm, 234 mm, and 214 mm, respectively. According 

to Saravi et al. (2009), droughts become less frequent and their durations increase at 

longer time scales. The drought analysis of a semi-arid region in current studies is similar 

to the research conducted in Minas Gerais, Brazil (Juliani and Okawa, 2017), which 

depicted that the meteorological drought (3 months duration) is more intense as compared 

to hydrological drought (12 months duration). For example, with the 5 year return period 

the precipitation within 3 month and 12 month was found to be 21 mm and 259 mm, 

respectively. However, the actual drought events over 12-month were found to exceed the 

25 and 100 years return period. These drought events were in 1984 resulted in 225 mm 

and 2017 resulted in 125 mm of precipitation, respectively (Lizée, 2018).  
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Figure 4.11: Rainfal intensity and discharge volume curves for different return periods 
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Figure 4.12: Severity duration frequency curve 
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4.5 Temporal Water Budget  

4.5.1 Precipitation  

Figure 4.13 shows the monthly gross precipitation for April to September from 1970 to 

2015. The data was analysed in terms of the following; annual means, standard 

deviations, maximum, and minimum values. Furthermore, high and low data were 

identified for values above and below standard deviation, respectively. Figure 4.19a is 

analysed in terms of average monthly volume of precipitation from 1970 to 2015. This is 

achieved by multiplying the corresponding area of precipitation as discussed in Figure 

4.3.  

 Figure 4.13 displays the precipitation in mm and Figure 4.19a display the 

precipitation in m
3
. Figure 4.19a shows that the volume increase from April (3.1 x 10

6
 

m
3
) to June (8.9 x 10

6
 m

3
) and then decrease in September (4.2 x 10

6
 m

3
). The mean 

precipitation for April (Figure 4.13a) was found to be 25.7 mm (SD = ±18.6 mm) with 

one high precipitation year (2006) and one low precipitation year (1984). The mean 

precipitation for May (Figure 4.13b) was found to be 52.8 mm (SD = ±31.4 mm) with 

five high precipitation years (1978, 1986, 2004, 2010 and 2012) and three low 

precipitation years (1971, 1980 and 2015). The mean precipitation for June (Figure 

4.13c) was found to be 73.6 mm (SD = ±45.9 mm) with four high precipitation years 

(1975, 1976, 1991 and 2014) and two low precipitation years (1982 and 2015). The mean 

precipitation for July (Figure 4.13d) was found to be 63.1 mm (SD = ±39.2 mm) with 

five high precipitation years (1983, 1993, 2001, 2008 and 2015 and four low precipitation 

years (1975, 1986, 2006 and 2014). The mean precipitation for August (Figure 4.13e) 

was found to be 47.0 mm (SD = ±35.5 mm) with six high precipitation years (1974, 1993, 
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1995, 2002, 2009 and 2014) and two low precipitation years (1983 and 2001). The mean 

precipitation for September (Figure 4.13f) was found to be 34.7 mm (SD = ±22.2 mm) 

with one high precipitation years (2010) and three low precipitation years (1976, 1990 

and 2011).  

The precipitation in April requires 0.5 m total depth lowering that the antecedent 

height to accommodate both snow melt and the April volume of precipitation and it is 

enough for the remainder of the spring-summer season. Conversely, the precipitation of 

June 28, 2014 and September 06, 2010 was not accommodated due to the flat 

topography. It can happen with high-intensity and short-term precipitation events.  

4.5.2 Runoff  

Figure 4.14 shows the estimated monthly gross runoff for April to September from 1970 

to 2015. The data was analysed in terms of annual means and standard deviations from 

the means as well as the maximum and minimum values are also given. Furthermore, 

high and low data were identified for values above and below standard deviation, 

respectively. Figure 4.19b is analysed in terms of average monthly volume of runoff from 

1970 to 2015. This is achieved by multiplying the corresponding area of runoff as 

discussed in Figure 4.3. 

 Figure 4.14 shows the runoff volume in mm and Figure 4.19b shows the 

runoff volume in m
3
. Figure 4.19b show that the volume increase from April (0.9 x 10

6
 

m
3
) to June (4.6 x 10

6
 m

3
) and then decrease in September (1.6 x 10

6
 m

3
). The mean 

runoff for April (Figure 4.14a) was found to be 7.4 mm (SD = ±9.8 mm) with one high 

runoff year (2006). The mean runoff for May (Figure 4.14b) was found to be 22.9 mm 

(SD = ±20.5 mm) with five high runoff years (1978, 1986, 2004, 2010 and 2012). The 
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mean runoff for June (Figure 4.14c) was found to be 37.6 mm (SD = ±34.2 mm) with 

four high runoff years (1975, 1976, 1991 and 2014). The mean runoff for July (Figure 

4.14d) was found to be 29.7 mm (SD = ±27.8 mm) with five high runoff years (1983, 

1993, 2001, 2008 and 2015. The mean runoff for August (Figure 4.14e) was found to be 

20.3 mm (SD = ±23.5 mm) with six high runoff years (1974, 1993, 1995, 2002, 2009 and 

2014). The mean runoff for September (Figure 4.14f) was found to be 12.8 mm (SD = 

±13.1 mm) with one high runoff year (2010).  

The maximum surface runoff is 5.5% in June with respect to the (84 x 10
6
 m

3
) 

which is total volume capacity, because of the flat topography. This discharge is 

controlled by using stop logs which is about 0.385 m high steel panels at selected 

locations within the city to store the sufficient water volume.  

4.5.3 Infiltration  

Figure 4.15 shows the estimated monthly gross infiltration for April to September over 

the time period of 45 years. The data were analysed in terms of following; annual means, 

standard deviations, maximum, and minimum. Furthermore, high and low data were 

identified for values above and below standard deviation, respectively. Figure 4.19c is 

analysed in terms of average monthly volume of infiltration from 1970 to 2015. It was 

obtained by using corresponding area which was about 43 km
2
 as mentioned in Figure 

4.3. 

Figure 4.15 shows the infiltration in mm and Figure 4.19c shows the volume of 

infiltration in m
3
. Figure 4.19c indicates that the volume increase from April (0.6 x 10

6
 

m
3
) to June (1.1 x 10

6
 m

3
) and then reduce in September (0.7 x 10

6
 m

3
). The mean 

infiltration for April (Figure 4.10a) was found to be 4.0 mm (SD = ±6.9 mm) with one 
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high infiltration year (2006) and three low infiltration years (1983, 1984 and 2015). The 

mean infiltration for May (Figure 4.10b) was found to be 23.4 mm (SD = ±6.6 mm) with 

five high infiltration years (1978, 1986, 2004 and 2010) and five low infiltration years 

(1971, 1980, 1981, 2013 and 2015). The mean infiltration for June (Figure 4.10c) was 

found to be 26.5 mm (SD = ±5.8 mm) with four high infiltration years (1975, 1976, 1991 

and 2014) and four low infiltration years (1972, 1974, 1982 and 2015). The mean 

infiltration for July (Figure 4.10d) was found to be 25.0 mm (SD = ±6.4 mm) with three 

high infiltration years (1983, 1993, 2001, 2008 and 2015 and four low infiltration years 

(1975, 1986, 2006 and 2014). The mean infiltration for August (Figure 4.10e) was found 

to be 21.0 mm (SD = ±7.9 mm) with six high infiltration years (1974, 1993, 1995, 2002, 

2009 and 2014) and seven low infiltration years (1971, 1976, 1983, 2001, 2003, 2006 and 

2013). The mean infiltration for September (Figure 4.10f) was found to be 18.0 mm (SD 

= ±6.6 mm) with one high infiltration year (2010) and three low infiltration years (1976, 

1990 and 2011). 

As mentioned before, infiltration is low due to a low hydraulic conductivity of 5 x 10
-9

 

m/sec (Ito, 2009). The maximum infiltration is 1.3% of the total volume capacity.  

4.5.4 Evaporation  

Figure 4.16 shows the estimated monthly gross evaporation for April to September over 

the time period of 45 years. The data were analysed in terms of the following; annual 

means, standard deviations, maximum, and minimum values. Furthermore, high and low 

data were identified for values above and below standard deviation, respectively. Figure 

4.19d is analysed in terms of average monthly volume of evaporation from 1970 to 2015. 

This is achieved by multiplying the corresponding area of evaporation as discussed in 
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Figure 4.3. 

Figure 4.16 shows the lake evaporation in mm and Figure 4.19d shows the 

volume of lake evaporation in m
3
. Figure 4.19d indicates that the volume increases from 

April (0.1 x 10
6
 m

3
) to July (0.3 x 10

6
 m

3
) and then reduces in September (0.2 x 10

6
 m

3
).  

The mean evaporation for May Figure 4.16b) was found to be 148.9 mm (SD = ±17.7 

mm) two high evaporation years (1980 and 1986) and one low evaporation year (1996). 

The mean evaporation for June (Figure 4.16c) was found to be 169.1 mm (SD = ±24.2 

mm) with two high evaporation years (1972 and 1988). The mean evaporation for July 

(Figure 4.16d) was found to be 184.6 mm (SD = ±21.5 mm) with one high evaporation 

years (1987). The mean evaporation for August (Figure 4.16e) was found to be 178.9 mm 

(SD = ±28.3 mm) with two high evaporation years (1970 and 1971) and two low 

evaporation years (2002 and 2004). Overall, Figure 4.19e indicates low evaporation 

volumes due to the low area of water bodies. The maximum evaporation is 0.4% of the 

total volume capacity.  

4.5.5 Evapotranspiration  

Figure 4.17 shows the estimated monthly gross evapotranspiration for April to September 

from 1970 to 2015. The data was examined in terms of the following; annual means, 

standard deviations, maximum, and minimum values. Furthermore, high and low data 

were identified for values above and below standard deviation, respectively. Figure 4.19e 

is analysed in terms of average monthly volume of evapotranspiration from 1970 to 2015. 

It was obtained by multiplying the corresponding area of evapotranspiration as mentioned 

in Figure 4.3. 

Figure 4.17 shows the evapotranspiration in mm and Figure 4.19e shows the 
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evapotranspiration in m
3
. Figure 4.19e indicates that the volume increase from April (2.2 

x 10
6
 m

3
) to July (6.0 x 10

6
 m

3
) and then decrease in September (4.1 x 10

6
 m

3
). The mean 

evapotranspiration for May (Figure 4.17b) was found to be 113.1 mm (SD = ±13.5 mm) 

two high evapotranspiration years (1980 and 1986) and one low evapotranspiration year 

(1996). The mean evapotranspiration for June (Figure 4.17c) was found to be 128.5 mm 

(SD = ±18.4 mm) with two high evapotranspiration years (1972 and 1988). The mean 

evapotranspiration for July (Figure 4.17d) was found to be 140.3 mm (SD = ±16.3 mm) 

with one high evapotranspiration years (1987). The mean evapotranspiration for August 

(Figure 4.17e) was found to be 136.1 mm (SD = ±21.5 mm) with two high 

evapotranspiration years (1970 and 1971) and two low evapotranspiration years (2002 

and 2004). 

4.5.6 Change in Storage  

Figure 4.18 shows the monthly gross change in storage for April to September from 1970 

to 2015. The data were analysed in terms of the following; annual means, standard 

deviations, maximum, and minimum values. Furthermore, high and low data were 

identified for values above and below standard deviation, respectively.  

 Figure 4.18 and Figure 4.19f show that the mean values were always negative 

highlighting a net water deficit during spring-summer. This increase from April which is 

about - 0.7 x 10
6
 m

3
 to August about - 3.8 x 10

6
 m

3
 and back to September with- 2.5 x 10

6
 

m
3
 with mainly follows the evaporation and evapotranspiration trends .The mean change 

in storage for April (Figure 4.18a) was found to be -0.5 x 10
6
 m

3
 (SD = ±2.2 x 10

6
 m

3
) 

with one high change in storage year (2006) and one low change in storage year (1984). 

The mean change in storage for May (Figure 4.18b) was found to be -1.4 x 10
6
 m

3
 (SD = 
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±2.2 x 10
6
 m

3
) with five high change in storage years (1978, 1986, 2004, 2010 and 2012) 

and three low change in storage years (1971, 1980 and 2015). The mean change in 

storage for June (Figure 4.18c) was found to be -1.0 x 10
6
 m

3
 (SD = ±3.1 x 10

6
 m

3
) with 

four high change in storage years (1975, 1976, 1991 and 2014) and two low change in 

storage years (1982 and 2015). The mean change in storage for July (Figure 4.18d) was 

found to be -2.0 x 10
6
 m

3
 (SD = ±2.6 x 10

6
m

3
) with five high change in storage years 

(1983, 1993, 2001, 2008 and 2015 and four low change in storage years (1975, 1986, 

2006 and 2014). The mean change in storage for August (Figure 4.18e) was found to be -

2.9 x 10
6
 m

3
 (SD = ±2.8 x 10

6
 m

3
) with six high change in storage years (1974, 1993, 

1995, 2002, 2009 and 2014) and two low change in storage years (1970 and 1971). The 

mean change in storage for September (Figure 4.18f) was found to be -1.9 x 10
6
 m

3 
(SD = 

±1.7 x 10
6
 m

3
) with one high change in storage year (2010) and three low change in 

storage years (1976, 1990 and 2011). 

In the month of April, the lower height is 0.01 m due to the result of negative 

change in storage in the surface water bodies. This indicates that for the accommodation 

of April volume and snow melt, the calculated lowering height of 0.5 m (Figure 4.13) 

must be required.  

4.6 Water and Snow Management  

The water storage in Regina is managed by detention ponds, retention ponds, increased 

infiltration and other measures, as summarized in Table 4.1. Likewise, storm channels are 

used to dump the snow in winter and the discharge from snow melt and runoff is 

controlled by using stop logs which is about 0.385 m high steel panels at selected 

locations.   
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4.7 Summary  

Results including computational modelling were presented to develop a fundamental 

understanding of the water management in flat clayey terrain under dry climate. The 

results of meteorological analysis shows that Regina is classified as Dfb and there are 

increasing trends of precipitation, temperature, relative humidity and solar radiation and 

decreasing trend in wind speed. Next, the results of land use and land form shows that the 

runoff coefficient of 0.6 because of the 63% of impervious areas and the low hydraulic 

conductivity of the open spaces. This city is flat terrain with overall slope 0.17% to 

0.41%. Furthermore, statistical assessment of extreme event presented that this city has 

received severe floods and droughts (close to 100 year return period). Moreover the 

change in storage found to be negative during spring-summer.  
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Table 4.1: Some alternatives for control of urban runoff quantity  

Measure  Description  

Detention ponds  
Water is detained and released downstream after attenuation for example  

the Wascana lake (Figure 4 A) 

Retention ponds  

Water is retained and removed only by infiltration and evaporation for 

example the four retention ponds (Rochdale, Lakeridge, Lakeview and 

Windsor) and the three storm channels located in the city (Figure 4.6) 

Increased 

infiltration   

Impervious area decreased for example through porous pavements and 

plant beds in parking lots located across the city (Figure 7 A ) 

Others  Green roof such as at the University of Regina (Figure 8 A ) 
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Figure 4.13: Observed total monthly precipitation from April to September (data from 

Enviornment Canada) 
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Figure 4.14: Estimated total monthly runoff from April to September 
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Figure 4.15: Estimated total monthly infiltration from April to September 
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Figure 4.16: Estimated total monthly evaporation from April to September 
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Figure 4.17: Estimated total monthly evapotranspiration from April to September 
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Figure 4.18: Estimated total monthly change in storage from April to September 
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Figure 4.19: Estimated average total volumes of water budget components 
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5. SUMMARY AND CONCLUSION  

The foremost determination of this research was to conduct flood-drought hazard 

assessment under dry continental zone, flat topography with clayey deposit which 

governs water management in Regina. The research was accomplished by these methods: 

(i) analysis of meteorological parameters, (ii) analysis of land use and land form, (iii) 

statistical assessment of extreme weather events such as floods and droughts, and (iv) 

analysis of temporal water budget. The main conclusions are given below: 

 Regina is classified Dfb, there is seasonal variation in climate of this city. The 

total annual precipitation is 386 mm, which accounts for 77% occur from April to 

September. Over the studied time of 45 years i.e., from 1970 to 2015, about 50 

mm precipitation, 1.1
o
C temperature, 6 % relative humidity has increased. Wind 

speed has decreased by about -1.35 km/hr, and 4 MJ/m
2
 solar radiations have 

increased from 1993 to 2003.  

 The runoff coefficient of 0.6 because of the 63% of impervious areas 

(commercial, industrial and residential) and the low hydraulic conductivity of the 

open spaces. This city is flat terrain with overall slope 0.17% to 0.41% results in 

water ponding during high intensity and short-term precipitation. Pilot Butte 

Creek and storm channels have higher slopes than Wascana Creek, so all the 

water from Pilot Butte Creek and storm channels are moving towards the 

Wascana Creek. The total volume capacity of all water bodies is 84.0 x 10
6 

m
3 

with most of the volume in the Wascana Lake which is about 82% of the total 

volume.  
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 This city has recently received severe events which were close to 100 year return 

period such as floods in September 2010 and June 2014 and the drought in 2017. 

This city is prone to flash flooding because the water volume is highly dependent 

on antecedent conditions during spring-summer (April to September).  

 The change in storage was found to be negative during spring-summer. In an 

average year, this city is experiencing water deficit thus most of the time it is 

under drought-like conditions.   
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RECOMMENDATION  

 Hydrological modelling of snow data should be conducted to understand the 

situation of water budget in winter and snow melt should be conducted to 

understand the water volume condition in spring season. 

 Analysis of spatial water budget should be conducted to understand the situation 

of water management with respect to different location within the city.  

 Risk assessment should be conducted for the extreme weather events (floods and 

droughts).  
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APPENDICES 

Table 1 A: Geometrical characteristic of watersheds of Regina   

Watersheds  Point  Elevation  

(m) 

X coordinate 

(m)  

Y coordinate  

(m)  

Average 

distance (L)* 

(m) 

Average 

Slope (S)* 

(%)  

 

I 

A 598 533578 5589365 3181 0.41% 

B 585 531825 5589511 

Diff* 
13 1753 2655 

 

II 

B 585 531825 5589511 838 0.36% 

C 582 531338 5586028 

Diff* 

3 487 682 

 

III 

C 582 531338 5586028 1307 0.30% 

D 579 531748 5584786 

Diff* 4 -410 1242 

D 579 531748 5584786 2177 

 

0.28% 

E 573 533780 5584003 

Diff* 
6 2032 -783 

D 579 531748 5584786 2196 0.27% 

F 573 529779 5585760 

Diff*  6 1969 -974 

 

IV 

F 573 529779 5585760 2866 0.20% 

G 567 527271 5587148 

Diff*  6 2508 -1388 

 

V 

G 567 527125 5587173 3877 0.18% 

K 560 523861 5589267 

Diff*  7 3264 -2094 

H 
577 526909 5584460 

3987 0.37% 

J 
562 524954 5587935 

Diff* 15 1955 -3475 

I 
574 525258 5583895 

4051 0.29% 

J 562 524954 5587935 

Diff*  12 304 -4040 

 

VI 

K 560 523861 5589267 4066 0.17% 

L 553 520623 5591727 

Diff* 7 3238 -2460 

M 578 531953 5591482 11331 0.21% 

L 553 520623 5591727 

 25 11330 -160 

Diff = E2-E1, x2-x1, y2-y1 
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Average distance (L) = [(x2-x1)
2 
+ (y2-y1)

2
]

1/2
 

Average Slope (S) = E2-E1/ L*100  

 

Table 2 A: Runoff Curve Numbers for Selected Agriculture, Suburban, and Urban Land 

Use (Antecedent Moisture Condition 2 and Ia= 0.2S) 

Land Use Description Hydrologic Soil Group 

A B C D 

Cultivated land
1 

: Without conservation treatment 

72 81 88 91 

With conservation treatment 62 71 78 81 

Pasture or range land: Poor condition 68 79 86 89 

Good condition 39 61 74 80 

Meadow: Good condition 30 58 71 78 

Wood or forest land: Thin stand, poor cover, no mulch 

Good cover
2
 

45 

25 

66 

55 

77 

70 

83 

77 

Open spaces, lawns, parks, golf courses, cemeteries, etc.     

Good condition Grass cover on 75% or more of the area 39 61 74 80 

Fair condition Grass cover on 50% to 75% of the area 49 69 79 84 

Commercial and business areas (85% impervious) 89 92 94 95 

Industrial Districts (72% impervious) 81 88 91 93 

Residential:
3
 (house + drive + lawn)     

Average lot size Average % Impervious     

1/8 acre or less 65 77 85 90 92 

1/4 acre 38 61 75 83 87 

1/3 acre 30 57 72 81 86 

1/2 acre 25 54 70 80 85 

1 acre 20 51 68 79 84 

Paved parking lots, roofs, driveways, etc.
5
 98 98 98 98 

Streets and roads: 

Paved with curbs and storm sewers
5
 

 

98 

 

98 

 

98 

 

98 

Gravel 76 85 89 91 

Dirt 72 82 87 89 
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Table 3 A: Runoff coefficients (bedient et al., 2015) (ASCE and WPCF (1969). 

Description of area  Runoff coefficient  

Industrial   

Light areas  0.50-0.80 

Heavy areas  0.60-0.90 

Residential   

Single-family areas 0.30-0.50 

Multi-units  0.60-0.70 

Apartments dwelling areas   0.50-0.70 

Residential (sub urban)  0.25-0.40 

Commercial   

Downtown areas  0.70-0.95 

Neighbourhood areas  0.50-0.70 

Open spaces   

cemeteries 0.10-0.25 

Playgrounds  0.20-0.35 

Unimproved areas  0.10-0.30 
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Table 4 A: Commulative precipitation in different duration 

Ranked 

events  

cumulative  precipitation (mm)  

3 month 

6 

month 9 month 12 month 

1 7.3 29 60 214 

2 10 37 104 229 

3 14 47 117 234 

4 14 47 122 237 

5 14.7 52 126 239 

6 18 54 134 249 

7 18 55 142 250 

8 20 56 143 255 

9 21 56 145 259 

10 21 57 151 259 

11 21 60 161 259 

12 22 61 162 266 

13 22 64 166 272 

14 23 65 176 273 

15 25 67 180 274 

16 25 68 185 276 

17 25 71 198 277 

18 26 73 201 280 

19 27 80 212 280 

20 27 81 220 281 

21 27 89 220 281 

22 27 92 222 282 

23 35 97 227  

24 41 106   

25 41 106   

26 45 108   

27 49 114   
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28 52 119   

29 55 126   

30 56 139   

31 56 154   

32 58 159   

33 59 169   

34 61 182   

35 62    

36 73    

37 78    

38 94    

39 98    
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Point (A) Inlet  Point (B) Outlet 

  

Figure 20 A: Photograph of inlet and outlet points of the watershed, Pilot Butte Creek at 

No. 33 highway 
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Point (B) Inlet  Point (C) Outlet 

  

Figure 21 A: Photograph of inlet and outlet points of the watershed, Pilot Butte Creek at 

Assinibione avenue  
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Point (C) Inlet  Point (D) Intersection  

  

Point (E) Inlet Point (F) Outlet 

  

Figure 22 A: Photograph of inlet and outlet points of the watershed, Wascana Creek at 

No. 1 highway bypass 
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Point (F) Inlet  Point (G) Outlet 

  

Wascana Lke   

 

 

Figure 23 A: Photograph of inlet and outlet points of the watershed, Wascana Creek 

below Wascana Lake 
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Point (G) Inlet  Point (H) Storm channel 

  

Point (I) Storm channel Point (J) Intersection 

  

Point (K) Outlet  

 

 

Figure 24 A: Photograph of inlet and outlet points of the watershed, Wascana Creek at 

Regina 

N 
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Point (K) Inlet  Point (L) Outlet 

  

Point (M) Storm channel  

 

 

Figure 25 A: Photograph of inlet and outlet points of the watershed, Wascana Creek at 

joanne goulet golf course 
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Porous parking  Plant beds in parking  

  

Figure 7 A: Photograph of examples of increased infiltration in Regina  
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Green roof   

 

 

Figure 8 A: Photograph of examples of green roof in University of Regina  

 

 




