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Abstract

This paper reports on the changing dynamics of a small town’s social-ecological system (SES) concerning oil
and gas industry boom-bust economic cycles. It explores both the vulnerability and resilience of the town over
the past 30 years. With the goal to understand how resource-based single industry economies impact social-
ecological systems, we developed indicators of human and environmental well-being and assessed them. Seven
indicators were used including labor force distribution, education, oil price, household income, water quality,
air quality, and land cover land use. Over this period, Drayton Valley, Canada quadrupled in size, with more
than 20% of the population working in the oil and gas sector. Median income rose to 42% above the national
average despite the population lagging behind national benchmarks for educational attainment. There have also
been dramatic fluctuations in levels of fluoride, phosphorus, and other chemicals in water quality samples,
implying a correlation with fossil fuel extractive activities over this period. Land cover land use change analysis
shows a decreased area of water bodies, wetland, and forests, and increased built capital and agricultural land.
While economic boom cycles have led to cash inflows, an exclusive focus on the benefits of the oil and gas
industry may leave those dependent on the industry vulnerable to social and environmental risk factors during
bust cycles that are beyond their control in the everchanging global oil economy. This phenomenon, which has
been referred to as the “resource curse”, suggests the need to anticipate cyclical (or more sustained) periods of
low levels of oil and gas production. These results also point to the impact of single industry boom-bust
economies on social-ecological systems. Therefore, a sustainable development plan that comprehensively
considers not only economic growth, but also diversification, environment protection, and strategic land use
planning is indispensable to ensure the long-term development of communities that depend upon extractive
industries.

Keywords: Boom bust economy, Resilience, Single industry, Social ecological system, Sustainable
development

1. Introduction

Extractive industries offer precipitous influx of revenue that can serve as a valuable development asset to be
translated to multisector economic prosperity and improved social wellbeing during “boom” cycles (Chindo,
Naibbi et al. 2014). However, real-world examples have demonstrated that many resource rich countries/regions
(e.g., Angola and the Democratic Republic of Congo) experienced only temporary economic growth which was
followed by long-term economic vulnerability and social problems (Boschini, Pettersson et al. 2007, O’Leary
and Boettner 2011, Jacquet and Kay 2014), which is the widely recognized “resource curse” phenomenon
(Wright 2001). Though little agreement exists on why “resource curse” happen, two perspectives are often
mentioned in the literature (Findlay and Lundahl 1999, Findlay and Lundahl 2017). The first is an economic
perspective. It considers that sudden influx of resource-based wealth disincentivizes other industries so that
these countries/regions risk their economic prospects by overly relying on a vanishing resource before it is too
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late to diversify economically (Corden and Neary 1982, O’Leary and Boettner 2011). The second perspective
involves political and economic theories and argues that the lack of institutional management of resource
revenue could turn the potential of resources to boost the economy of countries/regions into barriers for diverse
and long-lasting economic strategies (Boschini, Pettersson et al. 2007, Holden 2013).

Socioeconomic changes as a result of boom and bust cycles can be seen in many social indicators, including
population growth, health and income equality, employment opportunities, and education attainment
(Schrecker, Birn et al. 2018). Extractive industries worldwide have been found to have varying degrees of
impact on human health including a toxic work environment (Cartwright 2016) and environmental exposure
(e.g., water and air contamination) (Eisler and Wiemeyer 2004, London and Kisting 2015). An energy boom-
bust study in Western Canada found that(Timoney and Lee 2001) boom-induced labor demands placed greater
impacts on the earnings and employment within energy extraction industries than in other industries and
widened the income gap (Marchand 2012). The counties in West Virginia, U.S that heavily relied on mining
and enjoyed an economic surge during boom periods also experienced higher poverty rates, lower median
incomes, and worse health outcomes during bust years than their surrounding resource-poor counterparts
(O’Leary and Boettner 2011). Further, investment in education was found to be inversely related to the share of
natural resource capital in national revenue across countries (Gylfason 2001). On the other hand, the resource
curse can be avoided, though very rarely, with appropriate institutional management. Norway is a successful
demonstration of the possibility of turning oil endowment into long-term economic and societal prosperity
(Boschini, Pettersson et al. 2007, Holden 2013).

Besides being susceptible to oil and gas price fluctuations, the communities/regions relying on extractive
industries also face challenges associated with degraded ecological systems, including landscape fragmentation,
environmental pollution, biodiversity disturbance, and species endangerment (Lambin and Meyfroidt 2010,
O’Leary and Boettner 2011, Houghton, House et al. 2012, London and Kisting 2015, Kirshner, Castan Broto et
al. 2019). Specifically, the way the oil and gas industry disrupts socioeconomic conditions and causes changes
to forests and agricultural land (Timoney and Lee 2001, Breslow, Sojka et al. 2016), along with the potential for
pollution (Kelly, Short et al. 2009, Breslow, Sojka et al. 2016, Landis, Edgerton et al. 2018) have all been
independently studied but need to be synthesized through interdisciplinary investigation.

Drawing from existing research on boom and bust economies and their impact on SES, wherein studies tend to
separately focus on economic, social, or environmental impacts, our research assesses the interactions between
all these system components using an oil town in Canada as the case study. Our main research question guiding
this study was: how have the boom and bust cycles of the oil and gas industry impacted social and ecological
systems in communities relying on resource extractive industry? This paper is organized as follows: first, we
introduce the study site, with a focus on its historical economic development and its physical geography; next,
we chart historical changes in socio-economic conditions that correspond with fluctuations in boom-bust cycles,
before analyzing water quality, air quality, and land cover land use (LCLU). The final section discusses our
results and their implications for industry, the local municipality, and provincial and federal governments that
seek to support a more sustainable and resilient future for communities with a mono-product economy.

Social-ecological indicator selection

Research on resilience/wellbeing of SES often takes the form of indicator/index development. For instance, a
study on coastal community SES developed indicators of socioeconomic, institutional, physical, and coastal
management aspects of human and environmental systems (DasGupta and Shaw 2015); on a larger scale, the
Canadian Index of Wellbeing includes, but is not limited by, indicators of education, environment and living
standards (University of Waterloo 2016). Our study developed the indicators we used following an approach
that combines indicators from the literature and local context (Bergamini, Dunbar et al. 2014, Sterling, Ticktin
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et al. 2017). Drawing from around 40 indicators identified from the literature (Reed, Dougill et al. 2008, Cabell
and Oelofse 2012, Bergamini, Dunbar et al. 2014, Eaton and Charette 2016, Dong and Hauschild 2017, Town
of Drayton Valley 2017), we decided on indicators that are representative of social, economic, and ecological
systems in the Drayton Valley, Canada case study with input from local stakeholders through our network of
advisory committees (Ungar, McRuer et al. 2020).

With the goal to understand how resource-based single industries impact social-ecological systems, we
emphasized indicators that directly or indirectly link to the oil and gas industry, such as labor force distribution
across industries (this indicator was adopted because it mirrors local industrial structure and working population
profile). Past research has found that job creation within the energy extraction industry during boom periods
help generate jobs within non-energy industries, i.e., every ten jobs created within the energy sector lead to
around three construction jobs, two retail jobs, and four and half service jobs (Marchand 2012). Therefore, labor
force distribution across industries is an important social indicator to contextualize our research and could
reveal the proportion of labor force in each industry and the degree of their reliance on each industry (Kemi
2016). The second indicator of social system functioning is education achievement as it reflects people’s
knowledge, skills, earning prospects, and capacity to adapt during periods of economic fluctuation. On an
individual level, it is a predictor of health, living standards and democratic participation (University of Waterloo
2016). On a societal level, education directly increases the proportion of educated and trained labor force that
can support a more productive economy (Radcliffe 2019).

For economic indicators, past research found oil and gas price historically reflected worldwide supply and
demand of these goods. Thus, oil price has been considered a barometer of the stability of the energy industry
(Marchand 2012). Moreover, the price of oil often follows similar boom and bust cycles as an economy that
relies on an extractive industry (Helliwell 1989, Marchand 2012). Therefore, oil price was adopted as an
economic indicator to capture the economic ups and downs in Drayton Valley. With oil price chosen as a
community level economic indicator, household income was chosen as a household level economic indicator to
reflect the financial status of households. Shifting attention to household level allows for the examination of
wealth distribution as well as identification of income inequality within the community (O’Leary and Boettner
2011).

For ecological indicators, we chose air and water quality because they are essential aspects of an ecosystem,
critical to human wellbeing, and could be impacted by human activities. A large body of research measured
environment quality by measuring the contamination in environmental media and the built environment
(Jakubowski and Frumkin 2010); some scholars investigated the influence of air quality on the environment
(Frank, Sallis et al. 2006, Fiore, Naik et al. 2012). LCLU change has long been considered as a significant
driver of socioecological changes because LCLU could impact the biodiversity of the landscape. Human
activities were found to play a big role in causing LCLU changes (Jingan, Jiupai et al. 2005, Barton, Ullah et al.
2012, Dorresteijn, Loos et al. 2015). Other research has explored the interrelationship between LCLU change
and its environmental impacts (Lambin and Meyfroidt 2010, Arima, Richards et al. 2011, Houghton, House et
al. 2012, Bateman, Harwood et al. 2013). The present study applied remote sensing to quantify and analyze
LCLU changes to provide a more accurate and reliable measure of the changing landscape (Natural Resources
of Canada 2008, National Oceanic and Atmospheric Administration 2020).

2. Study Site and Methods
The town of Drayton Valley is in central Alberta, Canada, and is known for its vast oil fields (Figure. 1).

Located between the North Saskatchewan River to the south and the Pembina River to the north and surrounded
by large areas of provincial parkland and recreation areas Drayton Valley is home to various land use types
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including forest, wetland, agriculture, water bodies, and urban development. Drayton Valley also resides in
Treaty 6 Territory, the traditional home of the Plains Cree and Metis peoples. In the early 20" century, the area
was colonized by European settlers on account of the area’s abundance of natural resources. Farming and
logging were the main economic activities for a half-century until the discovery of one of the Canada’s largest
and most prolific oil fields in 1953 (The Canadian Encyclopaedia 2010).

Drayton Valley was chosen as our study community on account of its resource-based economy and reliance on
oil and gas extraction/production. As a result, it is a community with a high propensity to be affected by SES
changes related to this industry. As shown in Figure 1, oil wells and pipelines are densely located throughout
the region, regardless of whether the land use type is forest, agriculture, or wetland, indicating the potential for
social-ecological impacts.
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Figure 1: The geographic profile of Drayton Valley, Canada
3. Changes to Social Conditions

In determining the temporal scale of analysis, this research selected significant years linked to the oil industry
boom and bust turning points that provided good data availability (i.e., satellite imagery and the population
census). The years were 1986, 1996, 2001, 2006, 2011, and 2016. (Depending on data type and availability,
some of these years required data to be substituted from adjacent years).

Over 30 years, from 1986 to 2016, the town of Drayton Valley increased from 8 km?to 30.72 km?, and the
population increased at an average rate of 6.56% from 5,290 to 7,235 (Statistics Canada 1986, 1996, 2001,2006,
2011, 2016).The average household income in Drayton Valley changed dramatically during these years. As
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seen in Figure 2(a), there was a steadily decreasing number of households in the Under $20k, $20-50k, and $50-
80k annual income brackets; an unchanged number of households in the $80-100k group; and a rapidly
increasing number of households in the $100k and over income bracket. Nearly half of the households had an
annual income of over $100k, and the median household income in 2016 was $100,034, which was 42% above
the national average. As for education (Figure 2(b)), there has been a steady decrease in the number of people
aged 15 years and over with no degree or certificate, and a slow increase in people having at least a high school
diploma or postsecondary degree or certificate. Despite this, the 2016 census shows only 38% of Drayton
Valley residents aged 25-64 have a postsecondary degree or certificate, compared to 50% of Albertans and 54%
of Canadians.

TZ\

1+ N 18.5%
w—w %

EI H hold | [V m Drayton Valloy, Canada(1998-2016) | M t Level of Education of People Age 16 and Over im Drayton Valloy, Canada (1996-2016)
Undor $20K $ 20-50K S50 $30K - 100K >»$100 000 No cectificate, diploma or tigh school diploma or  Postzecondary certificain,
Pren - o dogree equivalunt diploma or degrue
50% ; sgx, J34%
s ““;;‘ I | son R 48.738.9%
3 :f g%
S 38% :; i | 5 0%
) ‘ { Fasn
- 21 = 0%
5£‘~:'§£ || e
St T 20%
3 "%
0%
5%
1 §§;§;§§§§§§§ s

| 2006 SU—20.1%
' 2011 S 23.9%

mo—uw

1996 [ 2. 6%

m'_”-"‘

29‘39—23 %

1 2006 2011 ¢

41.5% 40,57
A5
296% A% e
M.0% 28.5%
"%
I 144% 25
200 1 2016
il Prices.

| (2001 27 5%

Percent Pop
- o -~

EEEEE
1996—20 ™
zoov-ues.
zooi-m.n.

| 200 9 5%

| 2o16 la.5%
| 1996 E 20 5%

i 1996 2001 2006 2011 2016 1596 2001 2006 201% 2016 |

@Ml?menuwunm1!me:!0wrbylndmw mDmmnValUy Casads (1956.2016) l: o o5 and Akerts 00“("‘:‘8’“?
Loellicien =
21 216 0 19
T < ; 40 s W w100
anqandmlaneanmmuon LR ISAN RN -_ 5% I e B e 520 %] o u‘
- w : L 00 20 M2, 0 30 w
Retail trnt [0 116% 00102 U A g1 290 210 02
27 o & 2%0 b 373 o ?77 0
Health care and soclal ummm:lu‘- ln"\ l T .uu . IM N =240 ~sa 723 ” ;w
B 7,
Conructionszn  Jrsn e rav ran 2 20 w2 e LTS PO Py g
it o " | § 120 18419 w0 3
Manulxlunnnl..l . Isr. l&. " ls.l . 'J.IN S %0 w7 0 E
140
Edvcationsl seviess o e Juss Jass e 120 414 oy !
100 »2 o 0
Real estato and rental and leasing 0.6% LI% 05N Lo 8% 0 a5 208 %9 20 S
&0
Agricufture, foresiry, Sishing and henting 1.9% " 1% (T 1A% 0 o 7
N 40%0%  AI%N0%  ADNON  40NGN  40% $99€ 1953 000 2032 2004 X008 2008 2000 04T 014 2006 2018

Sowrces a Household income Distribution in Drayton Vally (Statistic Canada) b. Highest Level of Education Age 15 and over in Drayton Valley, Canada (Statistic Canada) ¢. Labour Foroe 15
Yoars and Over by Industry (Statistic Canada) d, Alberta GDP aod Ol Prices (Albaria Government)

Figure 2: Socioeconomic profile of Drayton Valley, Canada

The town’s labor force distribution among major industries is shown in Figure 2(c), with the mining, oil, and
gas industries being consistently the largest employer. Notably, however, from 1986-2016 there was a decrease
in the percentage of the population working in mining and oil and gas extraction industries, hitting a historical
low of 18.4% in 2016. The percentage of the population engaged in manufacturing has also declined from 7.1%
in 1986 to 4.1% in 2016. Meanwhile, real estate has seen a slight increase over time, while other industries such
as agriculture, forestry, fishing, and hunting display a fluctuating labor force. To understand this pronounced
decline in the labor force for the oil, gas, and manufacturing industries, we infer that global market influences
and Gross Domestic Product (GDP) decline are the most likely causes. As shown in Figure 2(d), Alberta’s GDP
correlates strongly (correlation coefficient = 0.74) with a sharp decline in the price of West Texas Intermediate
(WTI), a grade of crude oil used as a benchmark in oil pricing. This correlation implies that the bust of a global
oil-based industry not only has a stark impact on the provincial economy but also on industry structure and
labor force redistribution at the local municipal level. Figure 2(d) shows an overall booming oil economy from
1996 to 2007, but two bust periods occurred around 2008 and 2016, with the latter bust continuing into 2019. A
further discussion on the boom and bust cycles as well as its impacts on SES will be presented later in this

paper.

A comparison of average percent labor force distribution among major industries across Canada, Alberta, and
Drayton Valley is shown in Figure 3 (Statistics Canada 1986, 1996, 2001,2006, 2011, 2016). Notably, Drayton
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Valley had nine and three times higher percent of the labor force than national and provincial levels,
respectively, in the mining and oil & gas extraction industry. Conversely, Drayton Valley had the lowest
percent labor force in all other major industries, including agriculture, forestry, fishing and hunting,
manufacturing, and health care and social assistance.
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Figure 3: Comparison of average labor force distribution ratio among major industries across
Canada, Alberta, and Drayton Valley

4. Water Quality Conditions and Changes

4.1 Water Quality

Alberta Environment and Parks’ Long Term River Network (LTRN) project (Gov. of Alberta and Parks 2017)
takes monthly samples for most water quality variables at 29 sample stations along the major rivers province-
wide. To screen water quality more relevant to Drayton Valley, data between the years 1985 and 2015 were
analyzed from stations within a 200km radius, and through which the North Saskatchewan River runs.
Commonly measured water quality variables were averaged to show the historical annual trend. As shown in
Figure 4, the concentration of most variables had small fluctuations throughout that time with two exceptions:
1) fluoride and phosphorus showed a vibrant fluctuation over the past 30 years, and 2) the years of 1990, 2004,
and 2009 saw a spike in the concentration of all chemicals (marked by an red line).

The main source of fluoride is unprocessed, industrial by-products of the phosphate fertilizer industry, as well
as outputs from hydrogeological processes in certain environments (Oram 2014). Levels of fluoride vary from
0.02 to 1.2 ppm in Canada (Boyle and Chagnon 1995). The recommended maximum fluoride level in drinking
water is 0.7 ppm (World Health 2017, Safe Water 2018) and 2 ppm for agriculture and grazing (Scholz,
Kopittke et al. 2015). The range of fluoride in the Drayton Valley region was 0 ~ 0.15 ppm, thus met the
recommended safety levels, despite fluctuations. Phosphorus levels also went through significant fluctuations,
which could be the result of organic pesticides containing phosphates, or soil erosion related to deforestation or
urbanization (Oram 2014, Survey 2018, Survey 2018). The level of phosphorus in Drayton Valley region water
samples exceeds the recommended aquatic safe phosphorus level of 0.1 ppm (US Environmental Protection
Agency 1986) in the years 1990, 2004, and 2009, posing risks to biodiversity and wetland stability.

Though other water quality variables (e.g., sulphate, chloride, chlorophyll) fluctuated less than that of fluoride
and phosphorus, abnormally high levels occurred between 2004 and 2009. Substantial literature revealed the
impacts of energy production on water quality in rivers and groundwater, including the massive amount of
water consumption and pollution in northern Alberta’s Athabasca River region and central Alberta’s North
Saskatchewan River region (surrounds Drayton Valley) (Griffiths and Woynillowicz 2009). Direct causality has
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not, however, been found between energy production and water pollution possibly due to complex
hydrogeological reasons and inadequate water monitoring techniques.

2015
2010 o \ -
2008 ’ > | 1 -

2006 |
2004

2000 |
1995 |

1990 ) g = | >

0204 § 100 5 005 0150 10 2000 02 0.00 0.100 50 0 2000 200 05 1.0
Ammonia Chioroph Magnesiu Phosphor Total Total Total
NH Chioride y! Fluoride mbD Nitrate - us Sulphate Alkalinity Hardness Nitrogen

Figure 4: Water Quality of River Stations in Drayton Valley Region
4.2 Air Quality

For this study we included fine particulate matter (PM2.5) data from the Drayton Valley region collected
between 2005 and 2015 to retrospectively understand air quality trends (The World Air Quality 2018). Monthly
average PM2.5 in Drayton Valley had significant fluctuations throughout the years 2011, 2013, and 2014 which
witnessed huge monthly average PM 2.5 spikes (Figure 5) and approached the World Health Organization’s
ceiling of 25 pg/m?® (World Health 2005). These fluctuations could be signs of air quality disturbances due to
human activity and industry operations. The three big troughs of PM 2.5 levels could be the result of local
traffic or fire smoke; however, a direct causal relationship cannot be established without enough tracked records
to accurately locate the source of air pollutants. To augment historical data, we installed an air quality monitor
in an open green space close to the center of the town where roads traverse. Besides being a supplementary air
quality data source for research purpose, this air quality monitor can serve as an educational tool to raise
environmental awareness while providing real-time air monitoring for the community.
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Figure. 5 Air Quality in Drayton Valley (2005-2015)
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5. Land Cover and Land Use Change

Using multiple satellite images from the U.S. Geological Survey website, we quantified, analyzed, and
visualized historical LCLU change (US Geological Survey 1986) . For the years without available satellite
images, data from adjacent years were used (i.e., years 2002, 2014, and 2018 were replaced by 2001, 2011, and
2016 respectively). Satellite images with a spatial resolution of 30 meters are obtained from Landsat 4 and 5.
The satellite images were analyzed in ArcGIS Pro and supervised classification was applied to generate LCLU
maps (Senseman, Bagley et al. 1995, Thomlinson, Bolstad et al. 1999, Foody 2008).

Figure 6 shows maps of the spatial distribution of five LCLU categories: waterbodies, built-up/urban, barren
and wetland, forest, and agriculture. Figure 7 shows the area trend of each LCLU type across selected years. As
is shown in Figure 6, the area of water (e.g., lakes and rivers), barren and wetland areas (e.g., unused open
area), and forest decreased, which could be evidence of land reclamation and deforestation. However, built-up
(e.g., urban and industrial sites) and agriculture land increased.

The impact of the oil and gas industry on LCLU lies in two main aspects: the size of land converted from other
LCLU types to industrial land, and land reclaimed from industrial operations. An oil or gas drilling well
occupies at least 30 square meters of land (Oil Education 2019), and as of 2016, there had been approximately
15,000 wells drilled in the Drayton Valley area (Town of Drayton 2016), which makes the total impacted land
area to be at least 450,000 square meters or 111 acres. As for land disturbance, researchers argue that even
though ex-situ (e.g., pumpjack) or in situ extracting methods (e.g., deep underground steam injections) require
less land per unit production than surface mining operations (e.g., oil sands), their spatial footprints are more
scattered and collectively leading to widespread land fragmentation (Jordaan, Keith et al. 2009).
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Figure 7: Area of land use land cover change in Drayton Valley
6. Impacts of boom and bust cycles

Oil price was used as a proxy indicator of the boom and bust economic cycle to explore its potential impacts on
SES, and its correlation with average household income, household debt, and various LCLU types. Oil price
referred to West Texas Intermediate (WT]I) crude oil prices per barrel (Macrotrends 2019). Drayton Valley’s
average household income is strongly and positively correlated with oil price (correlation coefficient =0.73)
(Figure 8(a)) and has been rapidly increasing. Debt service ratio at the household level is a measure of the
household’s ability to produce enough income to cover its debt payments, and thus can serve as an indicator of
the stress level that directly relates to the wellbeing of household members (Canada 2017). A correlation
coefficient of 0.78 between oil price and household debt service ratio (Figure 8(b)) indicates that oil prices
positively correlate with Albertans’ debt level, implying that people tend to have more debt as the oil economy
booms, and therefore take more loan risks and are likely to suffer more stress when the oil economy experiences
a downturn.

Figure 8(c) indicates that the built-up area (i.e., urban expansion) of Drayton Valley has been rapidly increasing
with the growth of the oil economy. Notably, however, a significant decline in the growth of the built-up area
occurred in the year 2000, almost three years after a bust period in the global oil economy. This indicates a lag
in the increase of the built-up area in response to oil prices, which may relate to construction project
continuance despite market influence. Figure 8(d) shows that agricultural expansion is, unexpectedly, positively
correlated with the price of oil, with steady growth amount of land under cultivation despite a small decline
during oil industry boom periods. This correlation may be due to agriculture supporting a larger population or it
may be a sign of diversification efforts taking advantage of a better economy to incentivize new industries.
Unlike the other variables we assessed, the areas of wetland, barren area, and forests, however, show a negative
correlation with the oil price, namely, they have decreased while oil prices experienced boom and bust cycles
and built-up areas increased in size (Figure 8 (g, f)).

These results suggest that boom-bust cycles in Drayton Valley are closely correlated to many aspects of SES.
When Alberta oil price is used as the proxy for the condition of the economy, the correlation coefficients
between oil price and other variables are as follows: average household income (0.73), debt service ratio (0.78),
area of built-up land (0.68), area of agriculture (0.77), area of wetland and barren areas (-0.59), and area of
forest (-0.93). On one hand, these correlations imply that sole dependence on the oil and gas economy helped
the town advance urbanization and financial status, and on the other hand increased the town’s debt and
decreased wetland and forest areas.
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Figure 8 Indicators’ correlation with oil price
Discussion

Every type of economy is bound to have positive or negative, and strong or weak impacts on local SES. This
relationship, however, has been more theorized than empirically tested. The present study demonstrates how
multiple data sources can be brought together to track co-occurring changes in SES and their relationship with
economic fluctuations. We believe tracking these changes will be particularly relevant to oil and gas industry-
dependent towns which are experiencing stress as global demand and price for these resources changes rapidly.
Although Drayton Valley shares some common impact characteristics with other resource-rich regions, it also
has unique qualities. Similar to what has been found in the literature regarding resource-dependent economies,
Drayton Valley displays educational attainment scores lower than the national average, a widening rich-poor
gap, very little diversification of its local economy, and the gradual degradation of its ecological environment
(Sachs & Warner 1995; Timoney & Lee 2001; Boschini et al. 2007; Murshed & Serino 2011; Breslow et al.
2016). Although other resource extraction economies tend to have lower economic growth, Drayton Valley has,
however, enjoyed more than 50 years of mostly oil booms and occasional busts contributing to many social
benefits for the local population, including well-paying employment opportunities for those holding lower
educational qualifications (Sachs and Warner 1995, Heidenreich 2018). Due to the susceptibility of oil prices
fluctuating with global production and demand, geopolitics, and other factors at the global level, populations at
the local level relying on an extraction-based economy are becoming more vulnerable to industry boom-bust
cycles (Freudenburg 1992, Breslow, Sojka et al. 2016). Interestingly, what has made Drayton Valley’s situation
seem different from other resource extraction communities (i.e., Angola and the Democratic Republic of
Congo) is the fact of more boom and fewer bust cycles across a smaller timescale. If viewed on a larger
timescale (e.g., over a century), Drayton Valley may expect similar economic growth patterns to other resource
extraction-based economies.

These patterns are most evident when multiple social and ecological factors are tracked at the same time,
contributing to the complex multisystem models which have been defined as panarchy (Berkes and Ross 2016).
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In this study, we have focused on labor force distribution, education, the price of oil, household income,
education, water quality, air quality, and LCLU change. The integration of secondary data from government and
other sources proved to be effective in tracking changes to the SES. However, one major concern identified
from this research is that the current environmental monitoring systems are not adequate to provide complete,
clear, and frequent data related to water, air, biodiversity and land use. For instance, there are insufficient
number of province-wide river monitoring stations, which are not enough to monitor the quality of major
tributaries that run through areas in higher need of water quality monitoring, e.g., high industry zones (Gov. of
Alberta 2017). Despite this shortcoming, our examination of environmental indicators like water quality in the
region shows that levels of fluoride, phosphorus, and other chemicals fluctuate dramatically, which suggests a
possible correlation with fossil fuel extractive activities. LCLU change analysis shows a decreased area of water
bodies, wetland, and forest and increased area of built-up and agricultural land, which is evidence of land
reclamation and deforestation for development, particularly related to growth in the oil and gas industry.

Reviewing patterns in our data, we find support for efforts to decrease the impact of oil and gas extracting
activities on ecological environments through the implementation of initiatives like the pre-defined land-use
frameworks developed by the Government of Alberta that delineate different land use zones to minimize
interference (Gov. of Alberta 2008). The Government of Alberta released a new Land Use Framework (LUF) in
2008, which divides Alberta into seven regions to achieve Alberta’s long-term social, economic, and
environmental development goals (Jordaan 2012). Although the LUF calls for a regional plan for each of the
seven regions, only two regions have developed plans to date and Drayton Valley is in neither of those two
regions.

An analysis of 30 years of satellite images using remote sensing techniques shows the importance and
significance of understanding LCLU change in terms of the size and spatial distribution of each LCLU type.
Such visualizations are helpful and necessary when comparing LCLU types to the dynamics of a boom-bust
economy. For future research direction, remote sensing analysis, specifically texture analysis, can be further
applied to detect oil and gas operation sites more accurately, and thus offer an in-depth understanding of the
expansion of the oil and gas industry as well as its impact on the surrounding environment.

Conclusion

This paper focuses on the changing dynamics of SES in Drayton Valley by analyzing seven key indicators of
human and environmental well-being throughout economic boom-bust cycles during the past 30 years. With the
help of a flourishing oil and gas industry, Drayton Valley quadrupled in size, raised its median income well
above the national average, and attracted more than 20% of the population into oil and gas sectors, yet failed to
reach national education attainment scores. An analysis of labor force distribution and GDP reveals a strong
economic dependence on the oil and gas industry, and an absence of diversified development in other industries.
The lower than the national average educational attainment scores, widening rich-poor gap, and debt service
ratio dependent upon the oil economy all support the notion that Drayton Valley may be beginning to
experience the effects of the “resource curse”, leaving those who are heavily dependent on the oil and gas
industry to become even more vulnerable to future economic downturns.

Given the complex and interdependent relationship between SES and boom-bust cycles in single-industry
towns, it is vital to develop sustainable development plans that comprehensively consider economic growth and
diversification, social wellbeing, environment protection, and strategic land use planning. Towns like Drayton
Valley do not need to turn away from the ‘blessings’ they receive from their rich resource extraction industries
but do need to explore other sectors and interests that will benefit them in the future. As our study has shown,
the effects of boom-bust cycles are measurable through a variety of indicators, and therefore long-term and
cross-dimensional monitoring of SES using more accurate tools are needed to gauge impacts of boom and bust
periods and inform future social and environmental policies.
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