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Abstract 

Drought has an adverse effect on ecosystems, communities, and economies globally, making it 

difficult to manage water resources. It is vital to comprehend the dynamics of drought and surface 

water extent in Alberta, Canada, where water resources are essential for maintaining ecosystem 

functions and various industries. The frequency and severity of drought occurrences are predicted 

to rise as climate change continues to alter weather patterns, highlighting the critical need to 

comprehend and successfully manage risks associated with drought. 

In my thesis, I focus on the dynamics of drought and surface water in Alberta from 2020 

to 2022, with particular attention to how drought affects surface water availability. The Vegetation 

Health Index (VHI), derived from Advanced Very High Resolution Radiometer satellite data, is 

used to examine patterns of drought, while the Visible Infrared Imaging Radiometer Suite (VIIRS) 

flood index, derived from Suomi-NPP/VIIRS imagery, is used to analyze patterns of surface water 

extent. The data suggests that there were mostly no notable drought conditions in 2020. In contrast, 

there was a severe drought, particularly extreme droughts in Redcliff, Seba Beach, and Alberta 

Beach in 2021. Southern Alberta was the region most affected by drought in this particular year. 

This was demonstrated by the reduced VHI value, which suggested significant stress on the 

vegetation health. Subsequently, conditions improved in 2022, with only Bondiss and Alberta 

Beach experiencing severe droughts, while some areas had mild or moderate drought. Therefore, 

the vegetation health showed signs of recovery based on the VHI results.  

Analysis of surface water extent reveals that surface water extent generally showed a 

relatively constant trend over the research period despite some noticeable variations within the 

province. Compared to its northern areas, the surface water extent in southern Alberta was 
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comparatively less. Also, surface water availability decreased in western Alberta while increasing 

in southern Alberta. 

Lastly, regression analysis is used to identify the relationship between VHI and surface 

water extent. This relationship can provide policymakers with a policy tool. They can anticipate 

regions that might see reduced surface water levels by monitoring the values of VHI through the 

analysis. This can be important for proactive drought management and water resource 

management. 
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1. Introduction 

Climate change has become the most pressing environmental concern we face today (Locke & 

Mackey, 2009). The world is becoming increasingly concerned about it, which is primarily the 

result of human activity. Natural variability or human action has been attributed to the earth's 

climate change throughout history (du Plessis, 2019). It can result in a range of possible 

consequences for the environment, society, and economy (Gahlawat & Lakra, 2020). In particular, 

the economy, the ecology, and human health are all seriously threatened by drought (Ha et al., 

2022). While droughts naturally happen, climate change has usually accelerated hydrological 

processes to cause them to occur more frequently and intensely, with numerous adverse effects 

(Mukherjee et al., 2018). It is possibly the least predictable of all atmospheric risks, emerging most 

slowly and lasting the longest among extreme phenomena (Mishra & Singh, 2010). 

Drought poses a significant challenge to the agricultural heartlands of the Canadian 

Prairies, the three prairie provinces of Alberta, Saskatchewan, and Manitoba. The prairie economy 

is now facing a growing vulnerability exacerbated by the escalating severity of drought events 

(Bonsal & Regier, 2007). The agricultural sector has significant influence on the prairie economy. 

But the Canadian Prairies also rely on other sectors that are affected by drought, such as mining, 

oil, and gas, and energy production. This situation underscores the urgent need to explore the 

regional vulnerabilities specific to drought in Alberta.  

This thesis provides a comprehensive investigation aimed at unravelling the complex 

dynamics of drought patterns within Alberta. By studying drought dynamics, my goal is to equip 

stakeholders with insights that can inform decision-making and proactive approaches to mitigate 

the adverse effects of drought. In doing so, I strive to contribute to the resilience and sustainability 

of the agricultural sector in Alberta. As I investigate, we acknowledge the multifaceted nature of 
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drought and its far-reaching implications. From agricultural productivity to water resource 

management and beyond, the ramifications of drought extend across various sectors, underscoring 

the urgency of our inquiry.  

This study delves into the analysis of agricultural drought in Alberta utilizing the 

Vegetation Health Index (VHI), which is a satellite data, for the summer months of 2020, 2021, 

and 2022. Among these years, the drought of 2021 was the worst in Alberta more than 60 years 

(Logie, 2023). By analyzing the extreme drought occurrence of 2021 in conjunction with the years 

preceding and following it, the study attempts to clarify drought dynamics over a multi-year 

timeframe. By scrutinizing the VHI data, a comprehensive knowledge of the dynamics of drought 

during the research period was attained, allowing for the precise identification of temporal and 

spatial patterns of drought across the region.  

The need for water has grown significantly due to population growth and the development 

of the different sectors including agriculture, and different industries that depend on water. In many 

regions of the world, water scarcity occurs almost every year. Several factors, including climate 

change have exacerbated the shortage of water. Planning and managing water resources requires 

taking droughts into consideration (Mishra & Singh, 2010). 

This study assessed surface water extent in Alberta for the summer months of 2020, 2021, 

and 2022 with the help of the flood index, which is a satellite-derived data. Changes in the surface 

water over time are determined, and transitions of decreasing or increasing surface water extent 

were observed. Lastly, the focus shifts towards elucidating the relationships between drought and 

surface water extent through regression analysis. By comprehending this relationship 

policymakers can improve their ability to anticipate and deal with water scarcity-related situations 

understanding. They can proactively address potential difficulties before they arise by monitoring 
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places with restricted water availability based on VHI findings. To lessen the effects of water 

shortage, they can adopt timely interventions and adaptable solutions thanks to this proactive 

strategy, which encourages the development of more successful water resource management 

techniques.  
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2. Background: Exploring Drought Policies and Water Resource 

Management in Alberta 

2.1 Alberta Water System 

According to the Water Act of 2000, the Crown owns all of the province's water as well as the 

right to divert and utilize it. This implies that using water requires the provincial government's 

approval (Lambert, 2024). The Water Act, a piece of legislation, encourages and supports water 

management and conservation in Alberta. By enacting this legislation, the Alberta government 

commits to preserve current water rights and water supplies for future generations. The Water Act 

includes several methods to control water consumption from surface and groundwater sources, 

such as licensing, registration requirements for traditional agricultural uses, and statutory rights 

for residential usage (Government of Alberta, 2024d).  

 The government has water conservation objectives, which are about preserving natural 

water bodies and their aquatic habitats. These goals cover the amount and quality of water that 

should stay in rivers to protect a natural body of water and its aquatic ecosystem. These flow 

targets, which are applicable to all new licenses and current licenses with a retrofit provision, are 

governed by the first-in-time, first-in-right priority water allocation system (Government of 

Alberta, 2024e). 

There are tens of thousands of surface and groundwater licenses in Alberta. Almost everyone who 

takes or diverts water in any significant amount, including oil firms, golf courses, municipalities, 

and farms, requires a license to do so (Lambert, 2024). Nevertheless, droughts cause water 

shortages for licensed water users in addition to affecting municipal and industrial water supplies, 

lakes, rivers, and reservoirs. The Water Act regulates the distribution of water and the shortage of 

it (Agriculture and Forestry, 2016). 
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2.2 Drought and Water Policies 

Alberta, a province with a variety of ecosystems, from plains to boreal forests, faces a daunting 

task of reducing the effects of drought on its water resources in the face of growing climate change. 

Water resource management has significant challenges when there is a drought. The increased 

occurrence of extreme weather events and the diversity of precipitation patterns make water 

supplies more susceptible to drought conditions.  

Unlike other natural disasters with direct and quick effects, drought can have indirect 

effects that extend over extended periods and large regions, making it more challenging to prepare 

for or respond to effectively (Wheaton et al., 2008). As with other natural disturbances, planning 

and preparation can lessen the effects of droughts (Loucks & van Beek, 2017). Though it is difficult 

to define when a drought exists, it is often more difficult to determine what constitutes an 

appropriate response to the drought. Making decisions at several levels is necessary to decide how 

best to respond to a drought. Private companies and the local, provincial, and federal governments 

may each have some influence on the planning and decision-making process (Wright et al., 1986). 

Various plans, strategies, and policies have been developed to address the drought, primarily 

emphasizing water conservation and management.  

The majority of the water in Alberta comes from rain and snowmelt. The government of 

Alberta uses a network of water and snowpack monitoring stations to keep a close eye on the 

province's snowpack, rainfall, river levels, and water use. Alberta government is collaborating 

closely with all the partners, water users, and communities to take decisive action in anticipation 

of the coming drought. This includes taking practical, collaborative actions to manage and 

conserve water now and in the future, as well as to be ready for any shortages (Government of 

Alberta, 2024g). 
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The government of Alberta implements various strategies to properly manage water 

resources, guarantee sustainable utilization, and overcome the obstacles caused by the shortage of 

water. Some of these are as follows: 

 

Alberta’s Agriculture Drought and Excess Moisture Risk Management Plan 

Agriculture Drought Risk Management Plan was published by the Government of Alberta in 2001. 

The Drought Action Plan advocates for a coordinated, scientifically grounded strategy for 

mitigating the consequences of Alberta's drought. It was updated in 2010 to cover drought 

response, monitoring, and reporting as the primary strategies. The management plan recognizes 

Alberta's recurrent drought event as a phenomenon. Since this time, science has advanced, and the 

knowledge of climate change evolving agricultural practices have led to its reissue (Government 

of Alberta, 2010a).  

The Agriculture Drought and Excess Moisture Risk Management Plan, as it is revised, 

continues to offer a framework for a proactive, coordinated strategy to lessen the immediate and 

long-term impacts of excess moisture and drought on ranchers and farmers in Alberta. In addition 

to helping the agriculture sector to become better prepared and less susceptible to moisture 

extremes, it will direct government agencies in assisting producers to minimize the effects before, 

during, and after an adverse occurrence (Agriculture and Forestry, 2016).  

 

Water for Life 

The Alberta Government developed a Water for Life policy in 2003, which focused on issues 

related to water quantity, quality, and conservation. The policy examines how these factors have 

affected the province's water needs and looks at practical strategies to guarantee water supply for 
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future generations. This policy introduces three primary objectives: secure and safe drinking water, 

healthy aquatic habitats, and reliable, high-quality water sources for a sustainable economy 

(Government of Alberta, 2003). In 2008, the government renewed the strategy; with this renewed 

strategy, the Alberta government is reaffirming its commitment to the Water for Life approach for 

the careful administration of the province's water quantity and quality for the benefit of Albertans 

both now and in the future, in addition to building on the excellent work already done (Government 

of Alberta, 2008). The two main focuses of the updated strategy were accelerating the actions and 

protecting the water supplies (Government of Alberta, 2009). 

Three categories of partnership are identified in the Water for Life strategy. Each of them 

concentrates on involvement on a distinct geographic scale:  

• Alberta Water Council is the level at which the province,  

• Watershed Planning and Advisory Councils are the watershed scale in Alberta,  

• Watershed Stewardship Groups are at the local level (Government of Alberta, 2024f). 

While the government of Alberta is still in charge of managing water and watershed 

management and putting the Water for Life strategy into action, it also takes part as a partner in 

the Watershed Planning and Advisory Council and the Alberta Water Council (Government of 

Alberta, 2024f). 

 

Watershed Resiliency and Restoration Program 

The goal of the Watershed Resiliency and Restoration Program is to use natural watershed 

mitigation techniques to lessen the frequency, severity, length, and effects of floods and droughts 

(Government of Alberta, 2022). Severe flooding occurred in different areas in southern Alberta in 

2013. In response to this disaster, the Alberta government launched many financial initiatives to 
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support various recovery efforts. The province proceeded with initiatives to increase community 

resistance to these disasters in 2014. With restoration, conservation, education, stewardship, 

research, and data, Alberta Environment and Parks' Watershed Resiliency and Restoration 

Program seeks to enhance natural watershed functions to increase long-term resilience to droughts 

and floods (Government of Alberta, 2017). 

 

Alberta Community Resilience Program 

The Alberta Community Resilience Program, launched in the wake of the devastating 2013 floods, 

provides communities with the tools they need to respond to the current challenges by protecting 

essential infrastructure and promoting adaptability to more extreme weather occurrences. As a 

result, the province's overall disaster liability and vulnerability will decrease (Government of 

Alberta, 2019). The Alberta Community Resilience Program is a multi-year grant program that 

promotes integrated planning, healthy, functioning watersheds, and the building of long-term 

resilience to flood and drought disasters. The plan offers funding for initiatives that preserve 

essential facilities from drought and flooding (Government of Alberta, 2015) 

 

Building Resiliency to Multi-Year Drought Project 

The Alberta Water Council board approved it in March 2018. As part of the project, resources, and 

information on multi-year drought management in Alberta were compiled, making easier to deliver 

information obtained from small urban and rural municipalities to support the communities before, 

during, and after a drought. This project also supports Watershed Planning and Advisory Councils 

to effectively prepare, mitigate, respond to, and recover from multi-year droughts by including 

communities and municipalities (Alberta Water Council, 2021). 
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There are four modules in the Building Resiliency to Multi-Year Drought Guide. A 

summary of the multi-year drought in Alberta, definitions, roles and responsibilities, and 

management goals, approaches, resources, and tools are all covered in detail in each session 

(Alberta Water Council, 2020).  

 

Improving Drought Resilience in Alberta Through Simulation 

Drought is a natural occurrence that can have highly detrimental effects. To minimize the effects 

and respond appropriately, managing a drought necessitates extensive monitoring, decision-

making, and communication before, during, and after the drought. However, these are frequently 

challenging to prepare fully in advance of a drought. Simulation exercises are a useful tool to 

assess management structure and communication techniques, as they offer an opportunity to go 

through a scenario that closely resembles an actual event (Alberta Water Council, 2024). 

 

2.3 Policy Summary  

The main findings from the policy analysis are provided in this section, with a thorough 

identification and categorization of all the plans, strategies, and policies related to drought 

preparedness and water management that were part of the policy analysis process. These policies 

included actions to guarantee sustainable management of water resources, encourage water 

conservation and efficient use, lessen the impact of drought, and strengthen community resilience 

to floods and droughts. They were categorized based on their publication year, objectives, and 

primary focus areas (Table 1). 
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Table 1. Classification of plans, policies and strategies related to water and drought in Alberta 

 

Publication 

Year 

 

Plans, Policies, 

Strategies 

 

Objectives 

 

Focus areas 

 

 

 

 

 

2001 

 

Alberta’s 

Agriculture 

Drought and 

Excess Moisture 

Risk Management 

Plan  

 

(The Agriculture 

Drought and 

Excess Moisture 

Risk Management 

Plan) 

Mitigating the impacts of drought and 

excessive moisture on ranchers and 

farmers in Alberta in the short and 

long term, 

 

Preparation, observation, 

documentation, and response to severe 

weather occurrences, 

 

Interacting with the agricultural sector. 

 

 

 

 

 

Drought and Excess 

Moisture Effects 

Mitigation 

 

 

 

2003 

 

 

 

Water for Life 

Safe and secure source of drinking 

water, 

 

Healthy aquatic environments, 

 

Reliable, high-quality water sources to 

support a sustainable economy. 

 

 

 

Water Conservation/  

Reliable Water Supplies 
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2014 

Watershed 

Resiliency and 

Restoration 

Program 

Reducing the occurrence, intensity, 

duration, and consequences of floods 

and droughts 

 

Flood and Drought 

Effects Mitigation 

 

 

2015 

 

Alberta 

Community 

Resilience 

Program 

Encouraging long-term resilience 

planning in Alberta so communities can 

be empowered to reduce risks and 

protect vital infrastructure from drought 

and flooding to promote public safety. 

 

 

Resilience Planning 

 

 

 

 

2018 

 

Building 

Resiliency to 

Multi-Year 

Drought Project 

Providing thorough information and 

guidance on water management roles 

and actions for municipalities facing 

climate change and drought, while 

emphasizing the significance of multi-

year drought management in Alberta. 

 

 

Drought Effects 

Mitigation 

 

 

2020 

Improving 

Drought 

Resilience in 

Alberta Through 

Simulation 

 

Gathering, incorporating, and 

distributing detailed data, modeling 

outcomes, and suggestions for drought 

control to all relevant stakeholders in 

Alberta and other jurisdictions. 

 

 

Resilience Planning 

 

A review of drought management and water conservation measures indicates that 

governments have taken multiple approaches to minimize the effects of drought and water 

shortages. Implementing detailed management strategies to direct actions during drought events 
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and water shortage is essential. These plans generally involve concerted efforts by communities, 

government agencies, and stakeholders to monitor drought conditions, evaluate water availability, 

and put adaptive measures in place to protect water resources. Financial assistance methods are 

necessary to assist in drought recovery efforts and encourage resilience in affected areas. 

Additionally, ensuring the sustainability and resilience of water systems during periods of drought 

requires policies that tackle the management of water quantity and quality. Drought simulation 

exercises can be useful for enhancing capabilities for drought event reaction and preparedness. 
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3. Measuring Drought in Alberta 

Drought is one of the most devastating disasters in human history, with numerous severe 

consequences, despite the advancements in science and technology (Zhang et al., 2019).  It has a 

complex  evolving character with various degrees of intensity, frequency, spatial extent, and 

outcomes, and it can occur in almost all climatic zones (Ha et al., 2022). It is also a significant 

natural hazard that annually affects millions of people and large regions (Hesham et al., 2013; 

Wilhite, 2000).  

Drought is among the most complicated and least understood natural phenomena since it 

has several contributing elements and underlying causes at various temporal and spatial scales 

(Kiem et al., 2016). The effects of drought are predicted to worsen with climate change (Miralles 

et al., 2019; Teuling, 2018) , rapid population increase, rising water consumption, and restricted 

water supplies (Fontaine & Steinemann, 2009). Alberta has seen the biggest net gain in 

interprovincial migration recently (Government of Alberta, 2024b), which has increased the 

demand for already scarce water resources and worsened the issues faced by drought.  

The Canadian Prairies are prone to droughts; in the last 200 years, there have been over 40 

significant droughts (Environment Canada, 2004). Prairie droughts typically do not result in 

catastrophic injury or death. Still, they have had terrible effects on the socioeconomic and 

environmental circumstances in the provinces as well as Canada's grain sector (Khandekar, 2004).  

Despite the various negative impacts of droughts, the term "drought" does not have a 

universal definition (Hao et al., 2015) and also the definition of "drought" varies depending on the 

context and the location. In this study, drought will be considered a prolonged period (months or 

years) in which precipitation is below average and causes a shortage of water (Cunha et al., 2019).  
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Drought is often categorized into four types: Meteorological, agricultural, hydrological, 

and social-economic (Dracup et al., 1980). Any drought typically begins with a lack of 

precipitation (meteorological drought). If it persists for a longer time, it can also cause streamflow 

issues (hydrological drought) and soil moisture depletion, which is referred to as agricultural 

drought (Van Loon, 2015). A socio-economic drought happens when there is a weather-related 

shortage in water supply, which causes demand for an economic good (water) exceeds supply 

(Mishra & Singh, 2010). Lastly, ecological drought is a recently created term that incorporates the 

ecological, climatic, hydrological, economic, and cultural aspects of drought. It is described as an 

episodic shortage of water that pushes ecosystems over their thresholds of susceptibility, affects 

ecosystem services, and sets off feedback loops in human and natural system (Crausbay et al., 

2017).  

Various operational and research drought monitoring models have been created in recent 

years. However, due to the intricate processes involved in the beginning and development of 

droughts, drought warning and prediction systems remain the least developed among other natural 

disasters (UNEP, 2012). Droughts can occur over short or long periods (a few weeks to decades) 

and cover different areas (a few kilometers to entire regions). Their effects typically take time to 

manifest, are frequently indirect, and might continue long after the drought ends. Thus, drought 

risk often goes unnoticed and remains a "hidden" hazard (Pendergrass et al., 2020; UNDRR, 2019). 

It does not have a single, "straightforward" form. Depending on variables, including the impacted 

area, length, severity, and society's capacity to adjust to water scarcity, each drought presents 

differently. Therefore, while the overall characteristics of a drought often resemble each other, the 

specific characteristics differ from one drought to the next and change during a single drought 

(Bonsal et al., 2011; Evans et al., 2011) 
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Drought indices are widely used for drought evaluation, primarily to determine drought 

characteristics, i.e. their length, intensity, and areal extent (Hesham et al., 2013). Although over a 

hundred drought indices have been created thus far, no single drought measure can adequately 

capture the complex and multifaceted characteristics of drought (Sandholt et al., 2002), and their 

suitability also varies depending on the conditions and the area. For instance, the Palmer Index 

was created especially for dry, sub humid and semiarid regions; it does not account for the surface 

water contributions made by snowmelt, but the important thing is that snowmelt is common in 

Alberta (Shen et al., 2003). 

Over the past few decades, many drought indices have been used remote sensing data (Hao 

et al., 2015), offering valuable insights into droughts' temporal and spatial distribution (Du et al., 

2013). Satellite data is a straightforward, rapid, and affordable tool to observe drought on a regional 

scale (Domenikiotis et al., 2004).  A widely used drought index developed from remote sensing is 

the Vegetable Health Index or VHI. The effectiveness of satellite-based vegetation health indices 

(VHI) over other drought indices makes them a popular tool for monitoring drought and evaluating 

vegetation growth, particularly in areas with limited water resources (Jiang et al., 2021).  

The VHI combines the two other drought indices, the Temperature Condition Index (TCI) 

and the Vegetation Condition Index (VCI) (Hesham et al., 2013; Wang et al., 2014). A study 

evaluating the vegetation health index, vegetation condition index, and temperature condition 

index separately shows that these indices can be utilized to predict the drought four to eight weeks 

ahead of time. Given that TCI and VHI have a significantly positive correlation, it may be able to 

determine when the drought began based on TCI's decline (Jiang et al., 2021). The VHI's capacity 

to identify droughts early can be seen as an additional benefit. 
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My objective is to examine patterns of drought severity spatially and temporally, focusing 

on yearly comparisons to identify notable variations. Understanding the drought pattern has 

become crucial for managing water resources and developing policies related to drought in 

Alberta.  

 

3.1 Study Area 

Alberta, one of the most extensive and varied provinces in Canada, serves as the study area for this 

research. Stretching over 1220 km from north to south, its area of roughly 662950 km2 shares 

borders with the Northwest Territories at 60°N and Montana at 49°N. The western boundary 

stretches northward around 120°W, with British Columbia to the west, after following the top of 

the Rocky Mountains along the Continental Divide to roughly 54°N. Saskatchewan's eastern 

boundary is located at 110°W (Environment Canada, 2020). 

The Canadian Prairies, including Alberta, have a semi-arid climate, partly due to the 

region's location in the rain shadow of the Canadian Rockies. The windward side of the Rocky 

Mountains has orographic precipitation due to the mountains blocking the moist, westerly winds 

from the Pacific Ocean. Nonetheless, Alberta, situated on the leeward side of the Canadian Rocky 

Mountains, remains relatively moist, with an average yearly precipitation of 600 mm or more 

(Mwale et al., 2009). 

Overall, the Canadian prairies are known for their highly variable precipitation both 

geographically and temporally, a characteristic known as non-stationarity, which can occasionally 

result in endemic droughts (Mwale et al., 2009; Nkemdirim & Weber, 1999). The precipitation in 

northern Alberta varies from approximately 400 mm in the northeast to over 500 mm in the 

northwest. In contrast, in southern Alberta, it varies from less than 350 mm in the southeast to 
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approximately 450 mm (Mwale et al., 2009). The Rocky Mountains are influenced by changes in 

the Pacific Ocean’s Sea surface temperature, which in turn generate precipitation variability. These 

variations are frequently caused by large-scale climate anomalies such as El Nino Southern 

Oscillation (ENSO) (Nkemdirim & Weber, 1999).  

 

3.2 Data  

Remote sensing data have recently been utilized to create drought indices (Gouveia et al., 2017; 

Kogan, 1997). Remotely sensed satellite data offers substantial benefits and is essential for 

monitoring drought, specifically its temporal and spatial dynamics (Quiring & Ganesh, 2010).  

Several satellite drought monitoring indices are created using data from the Advanced Very 

High-Resolution Radiometer (AVHRR) of the NOAA (National Oceanic and Atmospheric 

Administration) polar-orbiting satellite series, MODIS (Moderate Resolution Imaging 

Spectroradiometer), and other satellites. These indices, which often use radiometric measurements 

of the state and dynamics of the vegetation, take advantage of the distinct spectral signatures of 

the canopy elements, especially in the red and near-infrared (NIR) regions of the spectrum (Huete 

et al., 2002). This study uses AVHRR satellite data to identify and monitor agricultural droughts 

in Alberta. 

 

3.3 Vegetation Health Index 

The VHI, one of the remotely sensed drought indices, is essential for determining agricultural 

drought because it considers thermal and vegetation conditions (Bhuiyan et al., 2006; Kogan, 

1995a). VCI evaluates the vegetation state based on the Normalized Difference Vegetation Index 

(NDVI) (Bento et al., 2018). The basis for TCI is the AVHRR thermal band translated to brightness 
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temperature (BT), and TCI is used to quantify the stress on vegetation brought on by excessive 

wetness and heat (Singh et al., 2003).  

The NDVI obtained from NOAA/AVHRR has been widely used in crop yield evaluation 

and forecasting, and vegetation monitoring (Kogan, 1995a, 1995b). The contribution of 

geographical resources to the amount of vegetation is correlated with the fluctuation of NDVI 

values. This contribution varies greatly depending on a region’s geography, vegetation, soil, and 

climate. High NDVI values may be found in tropical rainforest regions due to the abundance of 

tropical forest flora, but low NDVI values are typical in desert regions. The effects of the weather 

are not the cause of these differences (Domenikiotis et al., 2004). Weather and environment make 

up the NDVI. The combined area of the weather and ecosystem components is smaller in vegetated 

regions, so it is challenging to identify weather-related NDVI variations. Therefore, when using 

NDVI for weather influence on vegetation studies, the weather and ecosystem components must 

be kept apart. Estimating the effect of weather on vegetation has been done using the VCI (Kogan, 

1995a), which is provided by the equation: 

 

VCI =  100 
NDVI − NDVImin

NDVImax − NDVImin
     

    

where NDVI, NDVImax, and NDVImin represent the multi-year maximum NDVI, multi-year 

minimum NDVI, and smoothed weekly NDVI for each grid cell. The VCI ranges from zero for 

severely unfavourable circumstances to 100 for ideal circumstances (Kogan, 1997).  

As the drought gets worse, the land surface will experience thermal stress. Therefore, a 

thermal stress indicator based on remote sensing, the TCI, is suggested to identify temperature-

related drought phenomena (Kogan, 1995a).  
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The VCI and the TCI algorithms are similar. Likewise, years with favourable conditions 

tend to produce the greatest vegetation, whereas years with exceptionally unfavourable weather, 

which is mostly dry and hot, produce the least amount of vegetation. Therefore, extreme weather 

events (drought and no drought conditions) are contained in the absolute maximum and lowest BT 

(brightness temperature), estimated over several years. The maximum and minimum values 

produced can be used as standards to measure a region's environmental potential (Kogan, 1995a, 

1997). The following equation represents: 

 

TCI = 100 
BTmax − BT

BTmax − BTmin
    

     

where BT, BTmax, and BTmin represent the weekly radiant temperature that has been smoothed 

and the multi-year maximum and minimum for each pixel in a specific location. Like the VCI, 

TCI values range from 0, which indicates highly unfavourable conditions, to 100, which indicates 

optimal circumstances; greater TCI values indicate healthy vegetation (Kogan, 2001). 

The VCI and TCI are frequently estimated using the NDVI and BT, respectively. Usually, 

it is unknown what the ideal weights for TCI and VCI should be, so VHI is calculated by giving 

both components the exact weight of 0.5 (Hesham et al., 2013; Wang et al., 2014): 

 

VHI = 0.5 (VCI + TCI)  

       

VHI has been widely used for early drought warning, crop yield and production 

monitoring, irrigated regions and excessive wetness evaluation, and vegetation cover and 

temperature anomalies (Karnieli et al., 2010; Seiler et al., 1998). According to (Kogan, 2001), the 
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vegetation state of VHI is divided into five classes: severe, extreme, moderate, mild, and no 

drought (Table 2). 

 

Table 2. The classification of drought based on the VHI (Kogan, 2001)  

VHI Values Drought Classes 

<10 Extreme drought 

<20 Severe drought 

<30 Moderate drought 

<40 Mild drought 

>40 No drought 

 

3.4 Spatial Analysis 

This study uses publicly available satellite data from the National Oceanic and Atmospheric 

Administration (NOAA). Specifically, the data are part of the VIIRS program with observations 

characterized by Advanced Very High Resolution Radiometer (AVHRR) of polar-orbiting 

satellites. The format of the raw data is at the 4-kilometer geographical resolution. 

Quantum Geographic Information System (QGIS) software was used for processing and 

analyzing the raw data and aggregate the information to Alberta census subdivisions. The VHI 

data and the Alberta census subdivision shapefiles were used to obtain the weekly average VHI 

values for each subdivision.  The study concentrated on the summer months of June through 

August, which are crucial for vegetation development and drought monitoring. Three years of 

consecutive temporal and geographical aggregation were conducted to identify annual and spatial 
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trends in drought conditions and vegetation health. This approach produced spatial maps with the 

summertime average VHI values for every subdivision and every year examined (2020-2022).  
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4. Identifying Surface Water Extent in Alberta  

Surface water is defined as water that is present on the earth's surface. This includes any water that 

gathers on the ground or in a river, lake, or wetland. Rain and snowfall provide an annual 

"renewed" supply of this water, which is also naturally lost through evapotranspiration (plant 

moisture loss) and subsurface recharging into the groundwater (Government of Alberta, 2010b). 

Surface water resources provide most of the water used by Alberta's industry and people. 

In addition to supporting business, agriculture, and leisure pursuits, this essential resource gives 

us access to clean drinking water. The aquatic ecosystem, our economy, and human health depend 

on a clean, plentiful supply of surface water (Government of Alberta, 2010b). The semi-arid 

Canadian Prairies are highly dependent on surface water supplies (Gan, 1998). Surface water 

resources, which are primarily supplied by snowpacks in the Rocky Mountains, provide for around 

97% of Alberta's water allocations. Although it only has 5% of the province's population, the 

Oldman River basin in southern Alberta produces roughly 25% of all water allocations in the 

province (Dixon et al., 2014). 

Although surface water is the subject of this study, groundwater plays a crucial role in the 

hydrological cycle that must be acknowledged. Particularly in dry spells, groundwater is an 

essential reserve that helps restore surface water resources including lakes, rivers, and wetlands. 

In times of low precipitation, it serves as a buffer, preserving surface water levels and ecological 

balance. 

The geographical diversity of Alberta contributes to the fluctuation in water availability. 

Northern Alberta is characterized by abundant natural lakes and expansive rivers, whereas 

southern Alberta possesses fewer and smaller waterways. These disparities underscore the 

complexity of water management within the province, exacerbated further by environmental 
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phenomena such as droughts, which can swiftly deplete water reserves and disrupt the delicate 

balance of water ecosystems. The northern region of the province provides 80% of the water 

supply, whereas the southern half of the province supplies 80% of the water demand (Government 

of Alberta, 2010b). 

Alberta’s water resources face pressures from human activities such as urbanization, 

industrialization, and agricultural expansion (Ahopelto et al., 2019; Kummu et al., 2016). Water 

supplies may also be stressed by growing sectors like as mining and oil and gas extraction, which 

require water for industrial processes and wastewater production. For example, fracking is known 

for using a lot of water. It uses a modest amount of water compared to regional water demand, yet 

it can nevertheless put stress on already water-stressed areas and degrade aquifers (Hitaj et al., 

2020). The fracking process can require billions of gallons of water, placing significant pressure 

on local water supplies and ecosystems (Freyman, 2014). In Alberta, a province with a thriving oil 

and gas industry, fracking is a major factor in extracting resources from underground reservoirs. 

This important function increases the demand for the area's water supplies. 

Drought, a natural phenomenon, poses a significant challenge to water availability, 

reducing accessible water over extended periods, often months or even years (Ahopelto et al., 

2019). Severe droughts that destroy water reserves can result in shortages, declining water quality, 

and even supply disruptions (Ding et al., 2011).  

The ramifications of water scarcity and drought extend far beyond environmental concerns, 

impacting communities’ access to vital water resources for domestic, agricultural, industrial, and 

infrastructural needs. During droughts, communities may face stringent water use restrictions, 

soaring water prices, and even the depletion of essential water sources like wells, posing profound 

challenges to livelihoods and economic stability. Nevertheless, water shortage is expected to 
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worsen due to population growth and rising living standards (Chen & Li, 2016; Lehner et al., 2006; 

Rosegrant et al., 2009).  

Canadian farmers and rural residents need to have access to enough high-quality water for 

a range of purposes. Water is necessary for agriculture to function in different aspects such as 

industrial uses in the agricultural sector; cleaning and waste management; crop productivity and 

health; livestock production; agricultural chemicals and fertilization; industrial uses for food and 

non-food agricultural products; drinking water and quality of life (Corkal & Adkins, 2008). 

Agriculture, a cornerstone of Alberta’s economy, can significantly impact water availability.  

Monitoring surface water dynamics is essential for managing water resources, agriculture, 

predicting droughts, and climate change. It is now feasible to assess surface water dynamics 

spatially and temporally with the help of remote sensing satellite data (Dastour et al., 2022).  

This study examines the surface water extent pattern in Alberta from 2020 to 2022 using 

VIIRS (Visible Infrared Imaging Radiometer Suite) data. My objective is to understand surface 

water coverage through satellite-based data.  

 

4.1 Methods 

In this study, I used data collected from satellites. Analyzing water extent patterns utilizing VIIRS 

imagery primarily relies on datasets derived from the Suomi-NPP/VIIRS instrument. Specifically, 

data from imager bands 1 (600~680 nm), 2 (850~880 nm), 3 (1580~1640 nm) and 5 (1050~1240 

nm) are utilized, each offering a resolution of 375 x 375 meters pixels. These spectral channels, 

spanning the visible, near-infrared, and short-wave infrared ranges, provide crucial physical 

information essential for surface water identification.  
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The decision-tree technique integrates reflectance values from VIIRS imager channels with 

a suite of spectral indices. These indices are crafted based on established research methodologies, 

as documented in studies by (Li & Sun, 2021). The resulting information is the share of the pixel 

that is covered by water. The water index I use to examine surface water in Alberta is in percentage 

terms, i.e. can take values from 0 (no water in the pixel) to 100 (pixel is completely covered by 

water). 

Harnessing the wealth of information provided by VIIRS data, I generate temporal and 

spatial insights into water extent across Alberta’s subdivisions. 

 

4.2 Spatial Analysis 

The publicly available data were collected from VIIRS NOAA & GMU and consist of satellite-

based information from Suomi-NPP/VIIRS imagery. The raw data has a resolution of 375 m and 

represents the surface water. As with vegetation analysis, Quantum Geographic Information 

System (QGIS) software was used to process and analyze spatial data and to produce annual maps. 

Again, the geocoded raw data is aggregated into spatial units corresponding to Alberta's 

subdivisions to enable regional analysis. The water data jointly with the Alberta census 

subdivisions shapefile allows us to obtain daily average surface water availability values for each 

subdivision.  These units serve as localized zones for assessing water extent, offering a fine-

grained perspective for understanding surface water dynamics at a local scale. 

The study concentrated on the summer months of June through August, which, as discussed 

before, is a key period for vegetation and drought monitoring. The sampling period is again 2020-

2022, which allows for identifying temporal and geographical trends in surface water availability. 
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This information is summarized in various maps that showed the dispersion of average 

summertime surface water extent.  
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5. Regression Analysis 

This work tests the hypothesis that drought conditions influence surface water extent in Alberta 

during 2020-2022. A regression analysis was carried out to investigate the relationship between 

the vegetation health index (VHI), which is a widely used index for detecting, monitoring and 

evaluating the drought impact on vegetation health, and the availability of surface water resources. 

Because we are interested in understanding water fluctuations, the VHI is the independent variable 

and surface water availability is the dependent variable.  

The following linear regression model was used to evaluate the association between VHI 

and surface water availability:  

 

Wi =  β0 + β1VHIi +  εi 

 

where Wi represents water availability reflecting the water extent in the census subdivision i (from 

0-100), the VHIi is the vegetation health index of census subdivision i representing the drought 

measure (from 0-100), β0 and β1 are coefficients for the intercept and slope, respectively, and ε is 

the error term. The regression uses observation weights based on the area of each census 

subdivision. To explore the period with the most variation, only data from 2021 was used. While 

we discuss statistically significant results from the analysis of the 2021 data, the analysis of the 

three years, or that of 2020 and 2022 individually, do not show statistically significant relationships 

between surface water and drought. 
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6. Results 

6.1 Droughts 

Droughts and water deficit impact ecosystems, economics, and livelihoods, posing serious 

difficulties by declining water availability, reducing agricultural productivities, negatively 

affecting different industries such as agriculture, oil and gas, tourism, energy sector. This thesis 

delves into the patterns of agricultural drought, changes in surface water extent, and the 

relationship between drought and surface water availability. The frequency and intensity of 

drought occurrences are expected to increase in Alberta because of the dry years and El Nino, 

which has exacerbated vulnerabilities and highlighted the urgent need for efficient mitigation and 

adaptation measures.  

The VHI data for the summers of 2020, 2021, and 2022 in Alberta indicates different 

drought severity trends, with significant variations across the province over the years. Figure 1 

shows the VHI for Alberta’s CSDs for the years of 2020-2022. The results are based on the VHI 

index for the summer of each year. 

In 2020, my investigation found that Alberta experienced mostly no agricultural drought, 

with a few locations showing some stress on the health of the vegetation. Extreme and severe 

drought conditions were not recorded in 2020. Red Cliff was the only census subdivision (CSD) 

dealing with a moderate drought. Except for Red Cliff, four CSDs reported mild drought conditions 

and the remaining areas did not experience any drought conditions. These four census subdivisions 

are: Medicine Hat, Banff, Rainbow Lake, and Fox Creek. 

Drought conditions mostly were not seen in northern Alberta in 2021, but in western 

Alberta in moderate and mild cases and some locations in southern Alberta in severe cases. I found 

that Redcliff, Seba Beach, and Alberta Beach CSDs experienced the extreme drought conditions. 
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Alberta Beach is notable among these places for having experienced the worst drought. Twenty 

CSDs have severe droughts with VHI between 10-20. These are the following: Medicine Hat, 

Barnwell, Duchess, Champion, Vulcan, Calgary, Didsbury, Innisfail, Sylvan Lake, Sunbreaker 

Cove, Rocky Mountain House, Mannville, Ma-Me-O Beach, Thorsby, Stony Plain, Bondiss, 

Banff, Valleyview, Wembley, Grande Prairie. Some of the CSDs experiencing moderate drought 

are: Edmonton, Cypress County, Newell County, Brooks, Acadia No.34, Special Area No.3, 

Special Area No.4, Vulcan County, Wheatland County, Red Deer County, Lacombe County, 

Brazeau County Parkland County, also some CSDs having mild drought include Warner County 

No. 5, Cardston County, Pincher Creek No. 9, Willow Creek No. 26, Provost No. 52, Stettler 

County No. 6, Ponoka County, Clearwater County, Minburn County No. 27.  

 

 

Figure 1. Temporal and spatial analysis of drought occurrences over the period 
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In 2022, Alberta had ideal agricultural conditions with no drought stress except for a few 

places. The vegetation looks healthier than in previous years, indicating better agricultural 

possibilities. Bondiss and Alberta Beach had severe drought conditions, with no census 

subdivisions of extreme drought in 2022. Additionally, I found that some CSDs had moderate 

drought. These are: Medicine Hat, Redcliff, Champion, Calgary, Sunbreaker Cove, Rocky 

Mountain House, Banff, Grande Prairie. 

Regional differences are emphasized by the spatial distribution of drought intensity. 

Comparing these three-year periods of data highlights the considerable differences in the severity 

of the drought and how it affects the health of vegetation in Alberta. While there was mostly no 

drought in 2020 and 2022, there was more drought in 2021, particularly in southern Alberta. 

By comprehending the spatial and temporal dynamics of drought severity, individuals and 

organizations may better predict and adapt to changing conditions. Effective water management 

may need an understanding of the dynamics of drought. Droughts can impact water availability 

(see section 6.3 Regression Estimates).  

 

6.2 Surface Water Extent 

The surface water extent data for Alberta's 2020, 2021, and 2022 summers indicate variations 

across the province. Figure 2 shows the temporal and spatial data of surface water extents for 

Alberta’s CSDs in these years. The figure presents quantile classifications by dividing the data into 

equal-sized groups, with quantiles based on the aggregated data from all years. With this approach, 

we examine variability across time and space. Equal-sized groups ensure consistency and 

comparability in the analysis, making creating visualizations that maximize variance 

representation easier. 
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Figure 2. Temporal and spatial analysis of surface water extent over the period 

 

A key outcome of the research is the development of a classification map elucidating the 

spatial distribution of surface water coverage. In this representation, lighter areas indicate 

relatively lower water levels, while darker regions signify higher water availability. The findings 

reveal a generally stable trend in surface water extent over the study period, although there are 

notable differences across different regions of the province.  

In 2020, 22% of the CSDs fell into the first quantile, representing the lowest level of surface 

water extent. They include Redcliff, Barnwell, Champion, Stony Plain, Duchess, and Vulcan. 18% 

of the CSDs, for example, Thorsby, and Valleyview were in the second quantile. The third quantile 

included 20% of the CSDs, indicating moderate levels of surface water extent, such as Medicine 

Hat, Banff, Rocky Mountain House, Innisfail, Calgary, and Mannville. 20% of the CSDs were 

classified into the fourth quantile. Didsbury, Sylvan Lake, Wembley and Grande Prairie were some 
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CSDs that fell into this quantile. Lastly, 20% of the CSDs were in the fifth quantile, reflecting the 

highest levels of surface water extent, such as Alberta Beach, Sunbreaker Cove, Ma-Me-O Beach, 

Seba Beach, and Bondiss. This classification highlights the significant variations in surface water 

extent across different CSDs. 

In 2021, the pattern of surface water extent changed as follow: 23% of the CSDs fell into 

the first quantile such as Redcliff, Barnwell, Champion, Stony Plain, and Duchess. The second 

quantile saw 17% of the CSDs. Some are Thorsby, Rocky Mountain House, Mannville, and 

Didsbury. The third, fourth, and fifth quantiles remained consistent at 20% of the CSDs. In the 

third quantile, notable CSDs such as Valleyview, Innisfail, and Calgary were represented. 

Medicine Hat, Banff, Sylvan Lake, Wembley and Grande Prairie were included in the fourth 

quantile. Finally, the fifth quantile consisted of Vulcan, Alberta Beach, Sunbreaker Cove, Ma-Me-

O Beach, Seba Beach, and Bondiss,  

In 2022, the first quantile saw a decrease in the surface water extent compared to previous 

years, with only 15% of the CSDs felling into this category. Barnwell, Champion, Duchess, and 

Vulcan were some of these CSDs. The second quantile, including such as Stony Plain, Thorsby, 

Alberta Beach, Redcliff, Didsbury, Calgary, and Mannville experienced an increase, comprising 

26% of the CSDs. The third quantile included 21% of the CSDs and included Rocky Mountain 

House, Innisfail, and Grande Prairie. The distribution of the fourth and fifth quantiles, each at 19% 

of the CSDs, was recorded. Medicine Hat, Banff, Sylvan Lake, and Wembley were some CSDs 

felling into the fourth quantile. Sunberaker Cove, Ma-Me-O Beach, Seba Beach, Bondiss, and 

Valleyview were in the fifth quantile.  

In all years, the two top quantiles were predominantly composed of subdivisions in 

Northern Alberta, whereas the lower quantiles were more common in Southern Alberta. From 
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2020 to 2022, Western Alberta moved down to a lower quantile in the distribution of surface water 

extent, while southern Alberta moved up to higher quantiles. Census subdivisions in the Northeast 

consistently rank in the top quantile. 

 

6.3 Regression Estimates 

The regression analysis of the 2021 VHI and surface water availability data revealed statistically 

significant relationship between the two variables. Surface water extent and the VHI are positively 

correlated, as illustrated by the indication that a linear regression analysis coefficient is greater 

than zero (β1>0). I found a 0.24 percentage point decrease in water extent for every percentage 

point decrease in the VHI (Table 3). This suggests the following relationships: as drought 

conditions get worse, vegetative health declines and leads to a decline in surface water.  

 

Table 3. Regression analysis of vegetation health index (VHI) on surface water extent 

Water Coefficient Std. Err.  t- value P-value 95 % Conf. Interval 

VHI 0.241705 0.016832 14.36 0.000 0.208610 0.2748011 

Constant 14.78128 0.684737 21.59 0.000 13.43501 16.12755 

 

The results can inform water management and policy development. The estimates in Table 

3 indicate to the government the magnitude of the impact of droughts on water supply and as such 

may play a crucial role in shaping the policy decisions concerning water distribution, drought 

control, and conservation of the environment. Through targeted measures and early warning 

system development, policymakers may mitigate the detrimental impacts of drought periods by 

prioritizing initiatives and implementing these findings. 
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In summary, this thesis advances our knowledge of drought dynamics and the availability 

of surface water in Alberta. By describing the interactions between drought and surface water 

extent, this study provides important information for stakeholders, researchers, and policymakers 

responsible for managing water resources in drought-prone regions.  
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7. Conclusion 

7.1 Discussion 

Understanding the trends and dynamics of vegetation health index and surface water extent is 

important for making informed decisions on various factors, including incorporating regional 

vulnerabilities to drought and water deficit into existing policies or formulating new policies 

accordingly. The data on these variables are displayed in the tables below, providing information 

on their trends and variability throughout the given time frame.  

 

Table 4. Vegetation health index (VHI) trends over three years 

VHI      2020       2021        2022 

N 389 389 389 

Mean 63.706 36.080 50.470 

Median 64.119 36.119 49.652 

STDEV 12.641 11.625 12.612 

Min 25.835 1.401 17.562 

Max 97.243 86.452 87.525 

 

There is a decline in the mean and median from 2020 to 2021, followed by an increase in 

2022. This indicates a fluctuating pattern in drought over the three years under study. Based on the 

standard deviation, it indicates that the variability in VHI is relatively consistent across the three 

years, with slight fluctuations. The wide range between the minimum and maximum values 

suggests that drought varies from year to year, indicating that the state of vegetation health is not 

stable (Table 4). 
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Table 5 specifically highlighted census subdivisions with severe or extreme drought 

conditions in any year of the research period which was developed to provide a focused analysis 

of drought patterns across census subdivisions for 2020, 2021, and 2022. Researchers and 

decision-makers can use this knowledge to enhance the effectiveness of drought management and 

resilience-building approaches by allocating resources and interventions to regions susceptible to 

severe or extreme drought conditions.  

Given that Redcliff has had a drought for the past three years, Table 5 may suggest that 

this area is prone to continuous drought. Vulcan, Didsbury, Manville, Wembley did not experience 

drought in 2020, extreme drought in 2021 and no drought again in 2022; this shows a variable 

sensitivity to drought events over time. However, this does not imply there was no issue in 2022 

for these CSDs. The fact that there was no severe drought in the years that followed does not lessen 

the importance of the severe drought that occurred in 2021. CSDs may not suffer a severe drought 

in later years, but the consequences of the severe drought might still be felt. Consequently, even 

though specific observations could differ from year to year, this knowledge can help examine the 

general pattern of drought consequences and formulating plans to strengthen community resilience 

in the face of climate variability. 
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Table 5. Drought patterns with severe or extreme drought  

Dissemination 

Geography 

Unique 

Identifier  

(DGUID) 

Census Subdivision 

(CSD) 
2020 2021 2022 

4813012 Alberta Beach No drought Extreme Severe 

4815035 Banff Mild Severe Moderate 

4802023 Barnwell No drought Severe Mild 

4813053 Bondiss No drought Severe Severe 

4806016 Calgary No drought Severe Moderate 

4805004 Champion No drought Severe Moderate 

4806032 Didsbury No drought Severe No drought 

4802036 Duchess No drought Severe Mild 

4819012 Grande Prairie No drought Severe Moderate 

4808008 Innisfail No drought Severe Mild 

4811008 Ma-Me-O Beach No drought Severe Mild 

4810034 Mannville No drought Severe No drought 

4801006 Medicine Hat Mild Severe Moderate 

4801018 Redcliff Moderate Extreme Moderate 

4809015 
Rocky Mountain 

House 
No drought Severe Moderate 

4811038 Seba Beach No drought Extreme Moderate 

4811048 Stony Plain No drought Severe Mild 

4808027 Sunbreaker Cove No drought Severe Moderate 

4808012 Sylvan Lake No drought Severe Mild 

4811021 Thorsby No drought Severe Mild 

4818018 Valleyview No drought Severe Mild 

4805006 Vulcan No drought Severe No drought 

4819011 Wembley No drought Severe No drought 

 

Error! Reference source not found. shows very slight variations in the mean and median s

urface water extents over the three years. The average values of surface water extents exhibit 

overall stability despite minor fluctuations that typically stay within a small range. The standard 

deviation values vary over time but always remain within a close range, indicating gradual rather 

than significant shifts in the variability of surface water extents. However, there are variations in 
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the minimum and maximum values throughout the years, showing variations in the availability of 

surface water each year. 

 

Table 6. Surface water extent trends over three years 

Water 2020 2021 2022 

N 423 423 423 

Mean 27.382 27.802 27.186 

Median 22.012 21.912 21.887 

STDEV 13.833 15.064 14.219 

Min 18.734 19.120 19.210 

Max 86.525 99.666 82.468 

 

The variations observed in surface water patterns can be attributed to a multitude of factors, 

including regional characteristics, climatic variability, and human activities. While most of 

Alberta's population and water demands are in the southern half of the province, the majority of 

the province's water is found in its northern half. Furthermore, the water consumption for 

agricultural and animal use is greater in the Southern Alberta, relative to Northern Alberta. Finally, 

Southern Alberta typically receives less precipitation than Northern Alberta. All these factors can 

contribute to the drought conditions in the Southern Alberta.  

Water issues become evident that proactive water management strategies, informed by 

interdisciplinary research and community engagement, are imperative to ensure the sustainable 

utilization of water resources in Alberta and beyond. This necessitates the adoption of innovative 

technologies for water conservation, the implementation of policies promoting water efficiency, 

and the establishment of collaborative governance frameworks that integrate the needs of diverse 
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stakeholders while safeguarding the integrity of ecosystems. Only through concerted efforts can 

the government, non-governmental organizations, and Albertans address the challenges of water 

deficit and ensure the resilience and well-being of present and future generations.  

It has been argued in the literature that the VHI can warn decision-makers early, assisting 

them in putting preventive measures in place before drought occurrences (Jiang et al., 2021). In 

addition to using the VHI, my research offers new insights about droughts in Alberta. The 

regression analysis investigation of the relationship between the VHI and surface water extent 

shows that variations in drought conditions can be indicative of changes in surface water 

availability. The slope (0.24) represents the rate of change in surface water availability for a given 

change in the VHI (Table 3). For every percentage point decrease in the VHI, there is a 

corresponding decrease of 0.24 percentage points in water extent. By quantifying this relationship, 

we can predict the extent of the correlation between drought conditions and surface water. This 

relationship can help policymakers with early detection of water shortage. Early action may be 

taken to manage water resources in the areas where water shortage is detected. This finding will 

help policymakers identify patterns of declining water availability in targeted regions, enabling 

them to detect drought early and recognize the impacts of drought on water. Policymakers can 

more efficiently direct their attention and resources toward regions facing reduced water supply 

by comprehending the relationship between VHI declines and water shortage. 

 

7.2 Recent Policy Developments 

As discussed above, the Water Act of Alberta is a prior allocation act that grants competing water 

users precedence based on first in time. The Act does not prioritize uses according to their intended 

use (e.g. municipal uses over irrigation uses). Large volumes and senior permits on some of the 
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most significant streams and rivers in southern Alberta, such as the Bow, Oldman, St. Mary, Belly, 

and Waterton, are held by only a few of Alberta's irrigation districts. While there is usually enough 

water to accommodate all licensed users (even though not enough to guarantee the health of aquatic 

ecosystems in all places through adequate instream flows), in drought years, the shortage of water 

implies that the actual water availability is below the maximum water consumption volume granted 

by their water licenses. Even during droughts, the Water Act permits senior license holders to 

freely allocate their water allowances and discontinue the water availability of other license 

holders. However, in recent years, senior license holders have supported to "share the shortage," a 

system in which each participating licensee accepts a corresponding reduction in their allocations, 

rather than asserting their entire legal entitlement (Bankes, 2024).  

The "Drought Command Team" was formed by the Minister of Environment and Protected 

Areas, who gathered the major water license holders to negotiate water sharing agreements. In 

addition, the Alberta government created a new Water Advisory Committee to provide 

recommendations on handling an upcoming drought and hired consultants, WaterSMART 

Solutions, to lead the talks about water sharing and participate in modeling exercises (Bankes, 

2024). 

The Alberta government and owners of water licenses have been working together to create 

voluntary water-sharing agreements. Ensuring everyone has access to water is the goal of water-

sharing agreements (RMA, 2024). Water levels are monitored bi-weekly and, based on this 

information, the agreements are activated when and where necessary. 

The agreements have been signed by municipalities, irrigation districts, and industrial 

participants regarding four sub-basins: the Red Deer River, the Bow River, the Oldman River 

mainstem, and the upper tributaries of the Oldman River (King, 2024). The sub-basins are a 
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component of the broader South Saskatchewan River Basin, which supplies water to Red Deer, 

Calgary, Lethbridge, Medicine Hat, and other major cities in Alberta. The river basin spans the 

boundary between Saskatchewan and Alberta (Dryden & Turner, 2024). If drought circumstances 

continue, 38 of the largest and oldest water license holders in these basins have voluntarily 

committed to reducing their water usage.  Recognizing that water used for human consumption is 

the most important use, municipalities have committed to reducing their usage by 5 to 10% (RMA, 

2024). These municipalities are Calgary City, Lethbridge City, Medicine Hat City, Lethbridge 

County, Red Deer City, County of Red Deer, Drumheller town, Town of Stettler, Warner County 

(Dryden & Turner, 2024). 

These agreements have been designed  to be proactive, risk-aware, and flexible enough to 

be modified quickly when situations change (Government of Alberta, 2024c). Every two weeks, 

the agreements' actual water amounts will be revised by the most recent water supply prediction. 

Advanced and extremely sophisticated drought modeling was carried out by WaterSMART 

Solutions, which produced a range of hypothetical river flow scenarios and conditions. To ensure 

that water use doesn't exceed supply, the precise amount of water used for the next two weeks will 

be modified as necessary based on this information and the state of the environment (Government 

of Alberta, 2024c). 

A report released on May 2024 by the Government of Alberta states that water levels in 

certain reservoirs located in southern Alberta are significantly lower than average for this season. 

Based on the bi-weekly observation, the agreements for the Oldman South Saskatchewan River 

basin and its southern tributaries have been activated. No activation of the agreements had occurred 

for the Red Deer River basin or the Bow River basin (Wichers, 2024).  
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Alberta also has a 2024 Drought Response plan. This strategy will assist in directing the 

province through all drought circumstances. This strategy addresses everything from water-

sharing agreements and conservation plans to announcing an emergency and giving water the 

highest priority for the health and safety of people. This initiative aims to provide communities, 

businesses, farmers, ranchers, and Albertans with the necessary support (Government of Alberta, 

2024a).  

The plan has a five-stage drought response strategy. The plan's goals are to: protect 

Albertans' health and safety from the effects of the drought; reduce the effects of the drought on 

the province's communities, economy, and environment; implement a proactive, risk-based 

approach to quickly assess, prepare for, and respond to the effects of a drought. Additionally, the 

plan aims to ensure that responses to drought conditions are flexible and adjusted in real-time as 

information changes, empowering all Albertans to take appropriate action, conserve water, and 

cooperate (Gibson, 2024).  

Currently, Alberta is in Stage 4 of the drought response plan. The government is currently 

collaborating with large water users to make use of all available regulatory and non-regulatory 

measures. There are a few examples of plans for responding to water shortages, quick approvals 

for temporary water diversion from new sources, and water-sharing agreements (Government of 

Alberta, 2024a). 

 

7.3 Limitations and Future Research 

There are numerous other methods and indices for evaluating drought conditions, even if the focus 

of this thesis is on using the Vegetation Health Index (VHI) as a measure of drought. Although the 

VHI is a useful tool for evaluating drought circumstances, it is important to understand that 
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evaluating drought conditions can be complicated and may require taking into account several 

different indices. It would be helpful to investigate how the VHI can be integrated with other 

drought indices to provide a more comprehensive picture of drought conditions. Some studies 

highlight the significance of combining several indexes (Alahacoon et al., 2021; Han et al., 2020; 

Nam et al., 2015). 

While surface water extents are the focus of this theory, it's crucial to recognize that 

drought affects a broader range of hydrological phenomena than only surface water. Groundwater, 

for example, was not the focus of my investigation. Although surface water extent offers important 

information on water availability, groundwater analysis in my study is a crucial part of managing 

water resources. A study conducted in the western United States shows that interactions between 

surface water and groundwater have a significant impact on water management in the semi-arid 

region (Helmus et al., 2009). Another study shows that groundwater acts as a natural buffer against 

climate change, including drought because it reacts to weather conditions far more slowly than 

surface water (Macdonald et al., 2012). The complexity of managing water resources is highlighted 

by the interdependence of surface water and groundwater during drought conditions (Thatch et al., 

2020). Therefore, it may be crucial to comprehend this relationship for water management. Also, 

it is still uncertain if variations in groundwater levels are responsible for the observed patterns of 

drought, which were especially noticeable during the severe drought of 2021. The lack of 

groundwater data is a drawback of this research, as it could potentially impact the comprehension 

of water availability and drought events in the studied region by influencing groundwater 

dynamics. 

One of the significant limitations of my thesis is the temporal scope, which only covers the 

period from 2020 to 2022. Although there was a severe drought in 2021, the differences in surface 
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water extent were not observed. This may indicate a possible lag effect, whereby the impacts of 

drought on water resources can appear later. The three-year duration of this study may not be 

sufficient to adequately capture these lagged effects. 

The combination of satellite and ground data can greatly enhance future research on 

drought monitoring. The limits of in situ monitoring are mitigated by satellite data, which provides 

a wide range of relevant metrics at high spatial and temporal resolution (Rassl et al., 2022). The 

study demonstrates the significant potential for integrated analysis of satellite and ground-

measured data in drought monitoring (Jain et al., 2010). While satellite data by itself may provide 

insightful information, combining it with other data sources and ground-based observations can 

greatly improve drought monitoring.  

Future studies could examine variables that influence surface water extent variations, such 

as changes in land cover, precipitation patterns and human activities. Some studies have focused 

on what affects surface water and consequently emphasized human activities and climate 

variability. If these causes are studied in addition to my research, the reason for the variability of 

surface water situations in census subdivisions could be identified in Alberta.   

This study looks at how Alberta's water supplies are impacted by drought through VHI. 

My goal is to quantify the correlation between surface water availability and droughts. It's also 

critical to recognize that surface water may also influence the VHI. Variations in surface water 

levels and groundwater availability, for example, can have a significant effect on vegetation health, 

which is reflected in VHI values. This bidirectional link underscores the interdependence of 

drought and water, emphasizing the need for taking into account both viewpoints for a thorough 

examination. Comprehending the impact of water availability on drought could enhance the 

precision of drought monitoring and offer important insights into the adaptability of ecosystems. 
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7.4 Final Remarks 

The Vegetation Health Index (VHI) could be used to integrate the government's current practice 

of regularly evaluating and reporting on soil moisture conditions as part of Alberta's Agriculture 

Drought and Excess Moisture Risk Management Plan, which could greatly increase the 

effectiveness of this policy. The VHI offers important insights into patterns of agricultural drought, 

which are indicative of deficiencies in soil moisture. By combining VHI data with currently 

conducted soil moisture monitoring efforts, policymakers can better understand drought conditions 

and their effects on agricultural productivity. 

 My research demonstrates the correlation between VHI and surface water extent. By 

incorporating this information into current risk management practices in Alberta's Agriculture 

Drought and Excess Moisture Risk Management Plan, policymakers will be better equipped to 

predict and handle issues related to water shortages. They can keep a close eye on areas with less 

water available and act proactively to address the possible problems before they become more 

serious.  

In light of this, including VHI data in current monitoring methods for soil moisture not 

only offers insights into patterns of agricultural drought but also makes it easier to implement early 

intervention techniques to address issues with water availability. Reactive approaches and 

emergency reactions are expensive and usually only offer temporary solutions (Agriculture and 

Forestry, 2016). In contrast, taking proactive steps based on the knowledge gained from VHI data 

enables more efficient long-term planning and resource allocation, which reduces the need for 

expensive emergency actions and provides long-term solutions to problems with drought and water 

shortages. 
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