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Abstract 

Climate change is posing a major challenge to our environment and economy. Climate 

change is considered to be more intense for northern regions including Alberta, Canada. 

Adapting to climate change is essential to mitigate the negative impacts and maintain 

prosperity for society. However, the lack of regional knowledge of economic impacts of 

climate change may stall or slow the adaptation. Using a novel approachðthe VARX (vector 

autoregression with exogenous variables) modelðthis study traces out the quarterly response 

of economic growth (i.e., total GDP growth, agricultural GDP growth and non-agricultural 

GDP growth) to two climatic shocks: temperature and precipitation shocks (based on 

quarter-to-quarter fluctuations in temperature and precipitation) in Alberta, Canada over the 

period from 1986 to 2007. Our specification of VARX model is based on the theoretical and 

empirical economic growth literature, thereby, allowing us to isolate climate change effects 

from other growth determinants. We pay particular attention to controlling for the effect of oil 

price changes since Alberta is an energy-based province with the largest share of GDP due to 

the energy sector. The VARX model is able to capture the simultaneous effects of climate 

change on different economic sectors. We use population-weighted climate variables to 

account for the different distributions of economic activities and climate variables.  

The results indicate that temperature shocks tend to induce significant and negative 

impacts on the three types of GDP growth; precipitation shocks tend to result in overall 

positive (but not significant) impacts on economic growth. The agricultural sector is more 

sensitive to climatic shocks. Considering both climatic shocks together, we conclude it is 
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more likely that expected future climate change would result in a net negative impact on 

economic growth, particularly in the agricultural sector, for Alberta. Moreover, the results of 

a novel in-sample simulation exercise conducted using the VARX model estimates suggest 

that a 30% increase in temperatures leads to an average reduction of 2% on quarterly 

agricultural GDP growth during growing season. Precipitation increases may partially 

alleviate negative impacts from extreme high temperatures especially for agricultural 

production.  

The results shed light on significant linkages between climate change and its economic 

impacts as they permeate through output and input markets (viz., and captured in our GDP 

growth specification). However, climate change could also affect non-market activities such 

as human health and ecosystem services. It is, therefore, important for future research to 

investigate the social welfare impacts of climate change that include these non-market effects.
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1. Introduction  

1.1 Climate Change and the Economy 

Climate change is a combination of natural climate variability and the effects of human 

activities on the environment. Scientific evidence suggests that the global temperature will 

increase from 0.3 to 0.7°C for the period between 2016 and 2035 relative to 1986 to 2005. 

(IPCC 2014). The rate of increase in temperature is faster than what has ever been observed 

historically. Human activities produce greenhouse gas emissions causing increased 

concentration of carbon dioxide (CO2) in the atmosphere, which is considered the main factor 

behind global warming
1
 over the past 50 years (NASA 2015). Climate change is causing a 

host of changes such as a rise in global sea levels, increase in acidity of surface ocean waters, 

decline in arctic ice sheets and retreating glaciers (Church and White 2006; Kaser et al. 2006; 

Kwok and Rothrock 2009; NASA 2015; NOAA 2015; UNEP 2015). Climate change could 

also change the intensity, spatial extent, duration and/or timing of extreme weather events 

(e.g., floods, droughts, heat waves and storms) (IPCC 2012). Moreover, warming tends to 

increase the probabilities of these extreme weather events.  

Climate change will induce different impacts across different regions and countries. This 

is because, overall, the northern regions have been undergoing more rapid warming than 

other parts of the world (IPCC 2013). Countries with different levels of development, 

economic structures, and climate policies will  be affected differently by climate change. The 

impacts of climate change will  also differ across different economic sectors. The economic 

impact of climate change is important to understand due to its long time scale, nature of 

uncertainties, international scope and uneven distribution of corresponding benefits and costs 

across space and time. 

The agricultural sector is considered the most vulnerable and sensitive sector to climate 

change. This is because climatic conditions such as temperature and precipitation are direct 

                                                 
1 Climate change is defined as a significant variation from average weather conditions such as temperature, precipitation 

and wind pattern in the long term (IPCC 2007). Global warming is to describe the observed rise in the average temperature 

of the earthôs climate system. 
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inputs to agricultural production. Due to its vulnerability and sensitivity, the agricultural 

sector has drawn a great deal of attention from scholars. Researchers have utilized various 

approaches (e.g., biophysical crop models, production functions, profit functions, and 

hedonic approaches) to analyze the impacts of climate change on agriculture. The impacts of 

climate change on agriculture will be passed on to other sectors indirectly and other sectors 

also are affected by climate change directly at the same time. Looking at the agricultural 

sector in isolation misses general equilibrium effects that emerge from the interactions among 

diverse sectors and may mask a truly response to climate change for each sector.  

Recent work has also conducted economy-wide analysis by using modelling approaches 

(e.g., computable general equilibrium (CGE) models and integrated assessment models 

(IAM)) to investigate such impacts on agricultural output and total output. However, these 

approaches tend to be based on strict neoclassical assumptions or make strong assumptions 

on the interactions between economic variables and climate variables, which may lack 

adequate economic and scientific knowledge to support them (e.g., Pindyck 2015). In 

addition, the different approaches tend to differ in the structure, equations, parameters, and 

data used in the model. Some previous research is policy focused in nature and produces 

findings that support specific policy recommendations (Nordhaus 2008). Because of these 

issues, no consensus on the economic impact of climate change has been reached.  

Climate change is deemed to be one of the most challenging threats facing society. The 

impacts of climate change permeate economic activities, human health, and ecosystems. The 

challenge of coping with climate change is difficult because it spans various disciplines, 

many parts of society, and different jurisdictions. Inaction to climate change could be 

catastrophic. It is estimated that if no mitigating actions are taken, the overall cost of climate 

change will be at least 5% of global GDP each year, as reported by Stern (2006), and the 

present value of climatic change damage may be $22.6 trillion (in 2005 U.S. dollars), as 

found by Nordhaus (2008). Adapting to climate change is important to mitigate its negative 

impacts and lowering costs. With limits to our current knowledge, there is no clear answer on 



 3 

how much effort countries (regions) should take to slow down climate change, and how the 

reductions of CO2 should be distributed among industries and regions.  Information on the 

economic impacts of climate change is a necessary component of the information required to 

make such decisions.   

The need for new information on the economic effects of climate change is particularly 

important for Canada. Most Canadian studies are dated and only a few of them are 

economy-wide and have analyzed the impacts of climate change at the regional level 

(Ochuodho and Lantz 2015). Regional studies are required to reveal the hidden details in the 

aggregation and therefore to produce more targeted policies. More specifically, no studies 

have examined the effect of climate change on Albertaôs economic growth despite the 

immense relevance of this issue for Albertaôs economy. 

1.2 Overall Goal and Research Objectives 

Using the VARX (i.e., vector autocorrelation regression with exogenous variables) model, 

this study aims to shed light on the impacts of climate change on GDP growth in a Canadian 

provinceðAlberta. GDP is an important indicator to measure the health of a regionôs 

economy. Understanding GDP growth conditioned on climate change is of paramount 

importance to the nation and the province. It raises the awareness of the potential threats by 

climate change. It disseminates knowledge to stakeholders interested in climate change policy. 

It provides information for decision makers to design and evaluate climate policies and 

instruments that are aiming to adapt to, or mitigate factors leading to, climate change. It 

provides information to complex mathematical modelling approach to produce more accurate 

implications. The lack of empirical work on this issue is especially striking since economists 

have been modelling the determinants of economic growth in Canada for decades. The 

number of studies on this issue (reviewed in an upcoming section) is considerable. However, 

none of the studies that we are aware of include climate change as an explanatory variable in 

their economic growth models
2
. If climate change has a significant effect on GDP growth, as 

                                                 
2 Recent studies (e.g., Dell et al. 2013 and Moyer et al. 2014) have demonstrated the climate impacts on economic growth. 
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hypothesized in this thesis, then the Canadian economic growth literature, taken as a whole, 

has ignored a potential source of omitted variable bias in their estimates.  

The overall goal of this study is to investigate how climatic shocks affect economic 

growth in Alberta. The climatic shocks considered in this study include temperature and 

precipitation shocks. Specific objectives of the study include: 

1) To analyze the quarterly response of Albertaôs agricultural, non-agricultural, and total 

GDP growth to temperature and precipitation shocks. 

2) To evaluate the application of population-weighted climate variables to account for the 

different distribution of climate variables and economic activities. 

3) To simulate the economic impacts under different climate change scenarios, particularly 

the impacts of the temperature-precipitation interactions on GDP growth. 

1.3 Contribution to the Literature 

At a provincial level, a VARX model based on population-weighted climate variables is 

used to account for the different distribution of climate and economic activities across the 

province. Using a time series model rather than an econometric model identified by economic 

assumptions, the VARX model is based on statistical regularities instead of uncertain 

assumptions. Given our limited knowledge of the structure of economy-climate relationships, 

the VARX model is flexible and more suited to examining the economic impacts of climate 

change. A novel VARX approach would provide different perspectives and insights that 

cannot be obtained from the other methods discussed above.
3
 This study is, to the best of our 

knowledge, the first to provide knowledge on economic impacts of climate change in terms 

of GDP growth in a Canadian context by using the VARX model. This knowledge is essential 

for Alberta (Canada) to better understand the potential threats posed by climate change. 

Decision makers can also utilize the knowledge for policy designed to adapt to climate 

                                                 
3 Traditional IAMs assume climate change only affects the level of GDP not its growth rate. The distinction between the 

level effects and the growth effects is that the former is transitory, while the latter is persistent and carried into the future 

(Moore and Diaz 2015). The VARX results may be helpful in modifying the assumptions in the IAMs.   
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change.  

1.4 Outline of the Study 

This study is organized in six chapters. Chapter 2 provides an overview of the relevant 

literature on climate change and its potential economic impacts, describes the study 

areaðAlberta in terms of economy and climatic conditions, outlines the strengths and 

limitations of common approaches in previous literature and describes a promising 

approachðthe VARX (i.e., vector autocorrelation regression with exogenous variables) 

model to investigate economic effects of climate change. The third chapter presents the data 

and methods. Chapter 4 provides the findings of this study. Chapter 5 provides a summary 

and the main conclusions. The last chapter highlights the limitations and possible extensions 

to this study. 
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2. Literature Review 

2.1 Climate Change and Its Potential Economic Effects 

2.1.1 Climate Change 

Climate change is defined as a significant variation from average weather conditions 

such as temperature, precipitation and wind pattern for a long-term period of time (IPCC 

2007). Global warming is a key effect of climate change. Scientific studies indicate that 

accumulated greenhouse gases including water vapour, carbon dioxide, methane and nitrous 

oxide are important driving factors of global warming (IPCC 2007). The increased level of 

heat-trapping greenhouse gases blocks the transfer of infrared energy through the atmosphere 

(NASA 2015). It is widely acknowledged that greenhouse gas emissions induced by human 

activities are the main cause of the global warming observed for the past 50 years (NASA 

2015).  

Climate Change 2014, the Fifth Assessment Report of the Intergovernmental Panel on 

Climate Change (IPCC 2014), estimates that the global temperature will increase from 0.3 to 

0.7°C for the period between 2016 and 2035 relative to 1986 to 2005. Over the last century, 

the burning of coal and oil driven largely by economic expansion and population growth has 

dramatically increased the concentration of atmospheric carbon dioxide (CO2) (IPCC 2014). 

The pattern of climate change is not uniform across the globe. The northern regions on earth 

have experienced more rapid warming compared to their counterparts (IPCC 2013). In terms 

of precipitation, annual mean precipitation is likely to increase in the high latitudes, 

equatorial Pacific and the mid-latitude wet regions; while many mid-latitude and subtropical 

dry areas are likely to experience decreased annual mean precipitation (IPCC 2014).  

Climate change could alter the frequency, intensity, spatial extent, duration and/or timing 

of many climate-related extreme weather events (e.g., floods, droughts, heat waves and 

storms) (IPCC 2012). Global warming will shift the distribution of temperatures and there 

will be more extreme hot days and fewer extreme cold days (IPCC 2014). Warmer days tend 
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to increase the likelihood of the occurrences of these extreme weather events.  

There is also other evidence that climate change is occurring. The global sea level rose 

about 17 cm in the past century (Church and White 2006). The rate of sea level rise in the last 

decade was almost double compared to that of the last century (Church and White 2006). 

Human activities induce more carbon dioxide emitted into the atmosphere and hence more 

CO2 is absorbed by seawater. As the result, the acidity of surface ocean waters has increased 

by about 30 percent since the starting of the Industrial Revolution (NOAA 2015). Climate 

change also poses threats to potential water availability. The Greenland and Antarctic ice 

sheets have declined significantly, with losses of 150 to 250 cubic kilometers of ice per year 

from 2002 to 2006 for Greenland and 152 cubic kilometers between 2002 and 2005 for 

Antarctic (NASA 2015). Arctic sea ice has also declined rapidly over the past few decades 

(NASA 2015). The peak winter thickness in the Arctic Ocean had declined, with a value of 

3.64 m in 1980 to that of 1.89 m in 2008. This reduction represents a 48% decrease in 

thickness (Rothrock and Kwok 2009). Retreating glaciers around the world (in the Alps, 

Himalayas, Andes, Rockies, Alaska and Africa) also provide clear evidence of climate change. 

Overall, the cumulative average ice loss over the past six decades exceeds 20 meters of water 

equivalent
4
 (UNEP 2015). The annual contribution of glaciers and ice caps to sea level rise is 

estimated to be at one-third of a millimetre between 1961 and 1990; the rate is doubled for 

the period from 1991 to 2004 (Kaser et al. 2006) and increased to one millimetre per year for 

the period from 2000 to 2006 (UNEP 2015).  

Evidence of climate change is also seen in Canada. The annual mean surface air 

temperature had increased by 1.5°C over the period between 1950 and 2010 (Vincent et al. 

2012). Based on historical data, Vincent et al. (2015) find that warming is more significant in 

western Canada and total precipitation has increased mainly in the north. It is reported that 

Canadaôs High Arctic ice cap started to shrink in the late 1980s but the loss has accelerated 

rapidly since 2005 (Statistics Canada 2013). Recent work by Clarke et al. (2015) reports that 

                                                 
4 The meter water equivalent (m.w.e.) is a common measurement of mass balance of glaciers. It is the amount of water 

contained within the snowpack. For example, the density of water is 1 g/cm3, 1 m of water gives an interaction depth of 1 

hectogram per square centimeter (hg/cm2).  
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glacier ice in western Canada will shrink by 60% to 80% relative to the level in 2005, which 

will induce significant impacts on ecosystems and water availability. For extreme events, 

Wang et al. (2015) use the 95
th
 percentile of Fire Weather Index (FWI95) and the number of 

spread days to study the frequency of extreme fire weather events in Canadian forests. They 

report that the frequency will increase under the impact of climate change. 

Climate change has created challenges for Canadian climate policies (Government of 

Canada 2015). The Intergovernmental Panel on Climate Change (IPCC) has urged a broad 

range of mitigation measures, such as climate policies, performance regulations and standards, 

voluntary agreements, information instruments, promotion of programs and financial 

incentives to control and reduce Greenhouse gases emissions (Kato et al. 2013). This would 

lead to a tendency for the Canadian economy to change to a low-carbon-intensive economic 

structure, thus affecting relevant economic outcomes (e.g., GDP and unemployment rate) 

(Government of Canada 2015).  

2.1.2 Potential Economic Effects of Climate Change 

Climate change is not only an environmental issue but also a global challenge for the 

economy. Economic growth and climate change are increasingly seen as being inextricably 

linked (see for example Uzawa 2003; Stern 2007; Greiner and Semmler 2008; Nordhaus 

2008; Weitzmann 2009). It is estimated that if no specific actions are taken, the overall cost 

due to climate change will be at least 5% of global GDP each year (Stern 2006).  

The economic impacts of climate change are not homogenous across sectors and regions. 

Agricultural productivity is affected by several climate factors, such as precipitation and 

temperature (Kaiser 1993), which makes agriculture one of the sectors most sensitive and 

vulnerable to climate change. Variations in temperature and precipitation would have 

significant impacts on crop and livestock production. Climate change is posing greater threats 

to developing counties than to developed countries. Firstly, most developing countries are 

located in warmer geographic regions. Secondly, developing countries, particularly the 

poorest, are heavily dependent on their agricultural sectors. The impacts due to climate 
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change are therefore considered to be worse and more persistent for developing countries 

(Kousky 2012).  

In contrast, climate change may initially have small positive effects on some economic 

activities in developed countries in higher latitudes. Small increases in temperature may lead 

to benefits through higher agricultural yields, lower winter mortality, lower energy 

requirements for heating and a possible boost to tourism (Stern 2006). However, extreme 

weather tends to happen more frequently with warming, which in turn may offset some of the 

benefits from climate change.  

Clearly, given the vulnerability of the agricultural sector to climate change, 

understanding the potential impacts on the sector is important for world food supply and 

security. There is growing policy concern around the potential economic impact of climate 

change on agriculture (Fisher et al. 2012; IPCC 2014). Further, given the heterogeneous 

effects of climate change across regions and economic sectors, it is important to assess such 

impacts regionally and also to disaggregate total GDP impacts into agricultural and 

non-agricultural components (Fomby, Ikeda and Loayza 2013).  

Climate change has both direct (e.g., on crop yield) and indirect impacts (e.g., spill-over 

effects through international markets) on the economy. The difficulty in differentiating these 

two types of impacts has led the existing literature to focus primarily on the direct impacts of 

climate change. Different approaches have been used to quantify the direct impacts of climate 

change on the agricultural sector. Early works utilized biophysical crop models estimating the 

impact of variations in temperature and precipitation on plant growth (e.g., Adams et al. 1990; 

Kaufmann and Snell 1997). These models only capture limited adaptation from producers to 

climate change, which may lead to overestimation of negative impacts (Deschenes and 

Kolstad 2011). Other studies have used production or profit functions to estimate the impacts 

of climate change. Production functions are estimated for specific crops as a function of 

climatic variables. For example, Schlenker and Roberts (2009) analyze the potential impacts 

of climate change on crop yields (for corn, soybeans and cotton) in the US. Crop yield is 
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estimated as a function of temperatures and precipitation as well as other control variables. 

The authors argue that similar average temperatures may result from different temperature 

variations. Using averaged temperatures may mask the true response of crop yields to 

temperatures, because more exposure to extreme temperatures coming from wide temperature 

variations could have significant influence on crop yields. Instead, they use the total time 

length that each crop is exposed to each one-degree Celsius temperature over the growing 

season (e.g., the total hours that a crop is exposed to 21°C during the growing season). The 

results indicate that there is a non-linear relationship between crop yields and temperatures, 

and crop yields increase until a maximum temperature threshold is reached. Holding current 

land use fixed, they find that average yields for the major US crops would decrease by 30% 

to 46% before the end of this century even under the slowest warming scenario.  

Major shortcomings of the production function approach are that it does not capture 

adaptations to climate change (e.g., farmers may change their mix of crops or use of 

fertilizers according to a change in climate) (Deschenes and Greenstone 2007). In addition, 

the variables are usually jointly determined and the potential of omitted variable bias occurs 

in the econometric model.  

A profit function formulation may help address some of the potential problems in the 

production function approach. The profit function approach measures the economic impacts 

of climate change for a specific crop as a function of input and output prices, together with 

variation in weather. For instance, Desch°nes and Greenstone (2012) estimate the effect of 

random year-to-year variation in temperature and precipitation on agricultural profits to study 

the economic effect of climate change. This model imposes a short run assumption of 

non-substitutability between crops. Using long-run climate change projections, the authors 

report warming will introduce a net loss to annual agricultural sector profits. Fisher et al. 

(2012) argue that with access to storage farmers are able to smooth weather-related shocks in 

time (i.e., based on the market price, farmers storage more and sell less in good years with 

postitive weather conditions while storage less and sell more in bad years with negative 
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weather conditions). But the role of storage may not be captured by the profit function 

approach.  

The Hedonic (or Ricardian) approach, introduced by Mendelsohn et al. (1994), attempts 

to link the value of the land and the characteristics of the land. The hedonic model is based on 

the notion that the prices of land reflect the net present value of all the expected future profits 

Ricardo (1817). Farmers maximize profits by allocating land to different economic activities 

and adjusting inputs and outputs. Therefore, the Hedonic approach is able to capture 

adaptation in contrast to production or profit functions. For example, Mendelsohn and 

Reinsborough (2007) study the response of agriculture to climate change between Canada 

and the United States. They apply a standard Hedonic method with a quadratic formulation of 

two climatic variables (seasonal temperatures and seasonal precipitation). The results suggest 

that the Canadian agricultural sector will not be stressed by warming and would benefit from 

more precipitation. In contrast, US farms are more sensitive to temperature rise and gain less 

from increased precipitation. The authors noted the difference between the two countries 

comes from the fact that Canada is colder and drier relative to the US. A key concern noted 

by Desch°nes and Greenstone (2007) is that the hedonic approach may confound climate 

with other unmeasured land characteristics, which lead to unknown bias in the sign and 

magnitude of the resulting omitted variables.  

Agriculture is the sector that has been most extensively studied to explore the economic 

impacts of climate change (Fisher et al. 2012). However, due to its complexity, consensus on 

the potential economic impacts of climate change on agriculture is still far from being 

achieved (Desch°nes and Greenstone 2012; Fisher et al. 2012). Zhai et al. (2009) and 

Ochuodho and Lantz (2015) find that the impacts of climate change on agriculture may not 

have a similar direction with that on other economic activities (e.g., total GDP). IPCC (2007) 

notes climate change will affect various sectors simultaneously. Climate change would affect 

other sectors either through direct or indirect effects. A growing body of research has turned 

to explore the overall economic impacts of climate change for the economy as a whole. 
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Understanding the overall economic impact requires an integration of data and models and 

knowledge about the relationship between climate change and the economic outcomes. 

Several modelling approaches have been used to pursue this avenue of research. For 

example, a computable general equilibrium (CGE) model consists of equations describing 

model variables and a corresponding database to characterize the interactions between 

different economic activities. A CGE model may be effective to assess two future outcomes 

with and without climatic shocks.  

Ochuodho and Lantz (2015) utilize a CGE model to estimate the economic impacts of 

climate change on agricultural crops across provinces in Canada for the period between 2006 

and 2051. They report gains for most Canadian provinces and for the nation as a whole in 

terms of induced output and welfare. Ochuodho and Lantz (2015) also argue that GDP and 

welfare impacts do not necessarily follow a similar direction due to climate change. For 

example, Alberta shows gains on both GDP (2.51%) and welfare (1.86%); Manitoba and 

Saskatchewan instead would experience gains on GDP (1.33% and 0.54% for Manitoba and 

Saskatchewan, respectively) but losses on welfare (-0.05% and -0.45% for Manitoba and 

Saskatchewan, respectively).  

One major shortcoming of a CGE model is that the neo-classical assumptions made in 

the model are often charged as being incredible in many economic settings. In addition, as 

noted by Ochuodho and Lantz (2015), studies using CGE models usually do not capture the 

simultaneous impacts of climate change on the agricultural sector and other sectors. Instead, 

the estimates of potential impacts on agriculture such as crop yields and land value are often 

based on other previous research and applied to a CGE model as changes to the system, and 

then sectorial GDP impacts are calculated. Ignoring the simultaneous impacts may lead to 

imprecise estimates (Ochuodho and Lantz 2015).  

An Integrated assessment model (IAM ) can be used to build an interrelated system to 

link economic variables to biophysical response under the framework of climate change. An 

IAM  can be defined as a model that combines scientific and socio-economic aspects of 
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climate change for conducting an integrated assessment. An IAM  is a mathematical 

computing model based on explicit assumptions on the built system about the atmosphere and 

oceans, land cover and land use, economic growth, fossil fuel emissions, population growth 

and technological change. IAMs have been used by several intergovernmental agencies and 

research institutions, such as IPCC, Interagency Working Group and National Round Table 

on the Environment and the Economy (NRTEE).
5
 Common IAMs

6
 include DICE (Dynamic 

Integrated Climate and Economy), PAGE (Policy Analysis of the Greenhouse Effect), and 

FUND (Climate Framework for Uncertainty, Distribution, and Negotiation).
7
  

Paying the Price: The Economic Impacts of Climate Change for Canada by the NRTEE 

(2011), is the first study investigating the comprehensive economic costs of climate change in 

Canada. NRTEE (2011) employs the PAGE model to evaluate the costs of climate change for 

Canada. It is reported that climate change would impose costs from an average of $5 billion 

per year in 2020 to a range between $21 billion and $43 billion per year (equivalent to 0.8% 

to 1% of GDP) by 2050 to Canada.  

Using IAMs, researchers are able to estimate the social cost of carbon (SCC) and 

evaluate tax and abatement policies. But the estimates are wide-ranging (Pindyck 2015). For 

example, using the DICE model, Nordhaus (2011) reported a SCC of $11 per ton. In contrast, 

Stern (2007) reported a SCC of $200 per ton using the PAGE model. The main reason for this 

difference is due to the different discount rates used in the model (Nordhaus used a higher 

discount rate compared to Sternôs) (Pindyck 2015). IAMs are complicated and large systems 

(i.e., expensive to construct) and the results obtained from IMAs can be misleading and 

illusory. Pindyck (2015) and Pindyck (2013) argue that the knowledge about climate 

sensitivity and damage functions (e.g., the link between increasing temperature and GDP 

growth) is still quite limited. Different IAMs tend to have different assumptions in terms of 

functional forms, parameter values and discount rates. But these factors have large impacts 

                                                 
5 The National Round Table on the Environment and the Economy (NRTEE) was an independent policy advisory agency to 

the Government of Canada.  
6 These three IAMs have been used by Interagency Working Group. 
7 For descriptions of the models, please see Nordhaus (2008), Hope (2006), and Tol (2002).  
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on the estimates. On the other hand, Wilkerson et al. (2015) argue that despite the limitations 

of IAMs, they can provide insights into the climate change problem that are not available 

through other analytical and decision-making models.  

In summary, existing methods face formidable challenges in quantifying the effects of 

climate change. In comparison, A VARX (i.e., vector autocorrelation regression with 

exogenous variables) approach is an attractive alternative that is based on statistical 

regularities rather than relatively strong assumptions to examine the impact of climate change. 

It also enables the study of the overall effect of climate change on the economy while 

incorporating exogenous variables. The next section provides discussion of the VARX 

model. 

2.2 A VARX Model 

As mentioned earlier, the previous literature mainly uses production functions, profit 

functions, hedonic methods and mathematical modelling approaches (e.g., CGE models and 

IAM models) to estimate the economic impacts of climate change. However, these 

approaches are restricted by the underlying assumptions concerning the production structure 

and market clearing processes that are often not supported by empirical data (Foley and 

Michl 1999). In contrast, little economic theory is imposed a priori on a VAR (vector 

autocorrelation regression) model. Instead, the main idea of a VAR model is to assume that 

past and current values of data contain information to predict the future values of variables of 

interest. The important aspect of this approach is that the characteristics of the processes are 

based on statistical regularities rather than economic assumptions (Anon 2014). Previous 

literature showed that a parsimonious VAR approach often outperforms other complicated 

econometric models when it comes to forecasting (G¿rkaynak, Kēsacēkoĵlu and Rossi 2013). 

For this reason, the VAR model has a long history of application in macro-economic 

problems (Anderson 1979; Sims 1980; Litterman 1986; Partridge and Rickman 1998; 

Jimenez-Rodriguez and Sanchez 2005; Love and Zicchino 2006; Erdil and Yetkiner 2009; 

Geamanu 2014; Nick and Thoenes 2014). A VAR model is able to incorporate structural 
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change and adaptations. However, a VAR model is not a panacea. VAR models are limited in 

terms of the ability to provide structural explanations of economic causes (Anderson 1979).   

In particular, VAR models have been used to address interesting research questions in the 

context of climate change. Policy proposals, such as a carbon tax, have been developed by 

the Intergovernmental Panel on Climate Change to mitigate global warming (IPCC 2007). 

Kato et al. (2013) perform a VAR analysis with output and employment data from nine 

industrialized countries to examine the short-term effect of a carbon tax on output and 

employment. Both output and employment are grouped into high-carbon intensive and 

low-carbon intensive industries, respectively. They impose a simultaneous policy shock using 

impulse response analysis in which a carbon tax is levied on high-carbon intensive industries 

and the tax revenue is reallocated to low-carbon intensive industries. Technically, a carbon 

tax is translated as a negative shock on high-carbon intensive sectors (for both output and 

employment) while a redistribution of the tax revenue is translated as a positive shock on 

low-carbon intensive sectors. They find that this policy introduces net gains in terms of 

output and employment.  

Some recent works also make use of the VAR framework to analyze the direct impacts of 

climate change on economic activities, such as crop production and per capita GDP (see for 

example Baig and Amjad 2014; Janjua, Samad and Khan 2010). However, when climatic 

variables come into play, a VAR framework may be problematic. One issue of incorporating 

climate variables under a VAR framework is that all variables in a VAR assumed to be 

endogenous. Endogeneity implies variables included in the system can influence each other. 

But the relationship between climate variables and economic outcomes is not two-way at 

least for a small economy. For example, climate conditions, such as variations in temperature 

and precipitation would have an impact on agricultural production, but agricultural 

production in a small economy would have little effect on the climatic conditions. In a 

non-standard VAR, strictly exogenous variables may be included, but there is no way of 

simulating the time path or response of shocks to these exogenous variables on the system. In 
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that sense exogenous variables have been introduced into a VAR strictly as control variables 

and not part of dynamic simulations and forecasts. 

In order to deal with this issue, recent research has used VARX models to explore the 

impacts of climate change on economic variables. The difference between a VARX model 

and a VAR model is that a VARX model is able to differentiate between endogenous 

variables and exogenous variables. However, while a VARX model allows exogenous 

variables (and their dynamics) to appear as control variables in the system, it does not allow 

calculation of responses of the endogenous variables in the system to shocks in the 

exogenous variables. That is, a standard VARX model, like the standard VAR model, allows 

calculation of impulse responses only to shocks to endogenous variables. One improvement 

in this regard is the VARX model used by Fomby, Ikeda, and Loayza (2009; 2013), which 

develops a new econometric approach that allows for calculation of responses of shocks to 

exogenous variables of a VARX model to measure the marginal effect of exogenous shocks 

over the time path. In this thesis, I follow that approach.   

Cu¶ado and Ferreira (2011) use a VARX model with country fixed effects to estimate the 

economic impact of floods (as exogenous variables) on GDP growth. GDP growth is 

examined and is disaggregated into agricultural GDP growth and non-agricultural GDP 

growth. They use 3,184 large flood events in 118 countries between 1985 and 2008 and 

denote floods in three different measurements including number of floods, average magnitude 

of floods and number of deaths by floods. For other endogenous variables, they include a 

corruption indicator, ethnic tensions, domestic credit and gross fixed capital formation to 

account for the differences across countries. Overall, they find that floods tend to have a 

positive effect on GDP growth, with a cumulative (for 10 years) average impact of 1.5 

percent. When separate regressions are run for developing and developed countries, they find 

floods do not have a significant impact on GDP growth in developed countries. The authors 

also investigate the impact of floods on agricultural GDP and find that the impact is negative 

but insignificant in the first year but positive in the second. However, it is worth noting that 
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GDP is simply a measure of economic activity, not social wealth or welfare (Kousky 2012). 

In addition, GDP and welfare impacts may follow different directions due to some changes 

(e.g., climate change) to the economic system (Ochuodho and Lantz 2015; Zhai et al. 2009). 

Using the same method, Fomby, Ikeda, and Loayza (2009; 2013) conduct a 

comprehensive cross-country analysis on the link between four types of natural disasters (i.e., 

droughts, floods, earthquakes and storms) and GDP growth. They set themselves apart from 

the literature by using bootstrap corrections and examine the different effects of severe vs. 

moderate natural disasters. In particular, Fomby, Ikeda, and Loayza (2013) include six 

endogenous economic variables (i.e., capital formation, inflation, trade openness, government 

consumption, financial depth and GDP/agricultural GDP/non-agricultural GDP). For 

exogenous variables, other than natural disaster variables, they also include the worldôs GDP 

per capita and the terms of trade (TOT) to capture interactions among countries, shifting in 

the world business cycle and the demand for a countryôs exports (Fomby, Ikeda, and Loayza 

2013). The main findings conclude that natural disasters have stronger effects on developing 

than on developed countries. Severe disasters often bring about worse impacts than moderate 

effects do. Droughts have an overall negative effect on GDP growth. But floods tend to 

induce positive effects on GDP growth. Earthquakes tend to have a positive effect while 

storms tend to have a negative effect on GDP growth. The impacts due to earthquakes and 

storms are weaker in terms of magnitude and significance. The authors also argue that 

pooling cross-country data can mask important country-specific differences and only present 

mean responses (by averaging repeated experiences). Individual country (or region) analysis 

will be useful to account for this point. 

There is a relatively rich literature on the economic impacts of natural disasters 

compared to that due to climate change. However, economic research in this field is still 

considered in an early stage and researchers have not come to a consensus (Fomby, Ikeda, 

and Loayza 2013). As mentioned, climate change could alter the frequency, intensity, spatial 

extent, duration and/or timing of extreme weather events. But natural disasters only represent 
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one aspect of climate change. In contrast, temperature and precipitation are the main 

indicators for climate change. Analyzing the economic impact due to climate change from 

temperature and precipitation shocks in a sense provides a net response of GDP growth to 

climate change, which presents a broad picture of the issue. 

2.3 Economic Growth Theory 

This section provides an overview of the determinants of economic growth and related 

li terature and it mainly focuses on the Canadian context to help us decide which variables to 

incorporate into the model employed in this study. The Solow (1956) model is the standard 

theoretical model in economic growth theory. This neoclassical model assumes diminishing 

returns to capital and labour. Economic growth is a process of capital accumulation and is 

sustained by exogenous technological development. A major shortcoming of the Solow 

model is that it lacks explanation of the sources of technological change. Unsatisfied with the 

assumption of exogenous technological change, the Solow model has been developed into 

models of endogenous growth driven by factors including human capital, technology and 

knowledge (Lucas 1988; Romer 1990; Grossman and Helpman 1991).  

The main empirical model of the economic growth literature is due to Barro (1991). In 

the Barro (1991) model, annual and multi-year average growth rates of per capita real GDP is 

regressed on a set of determinants based on theory for ninety-eight countries in the period 

from 1960 to 1985, while keeping constant other variables such as trade openness and 

government consumption (as a share of gross domestic product). Barro (1991) reports that the 

growth rate of real GDP per capita is positively related to initial human capital and political 

stability, but inversely related to the initial level of real GDP per capita, government 

consumption and market distortions. Human capital is the key input that underlies 

technological progress. Poor countries tend to grow faster if they have a high human capital 

level. 

A large empirical literature has also investigated economic growth across countries and 

across regions within a country. It is noteworthy that variables investigated are different in 
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various research contexts (e.g., international versus within country studies). Overall, in 

cross-country study, there is an emphasis on the variables that can account for different 

institutional and political contexts for different countries. The key growth determinants for 

cross-country studies include human capital, inflation, trade openness, government 

consumption, financial depth and the investment rate (e.g., Mankiw, Romer and Weil 1992; 

Levine, Loayza and Beck 2000; Fomby, Ikeda, and Loayza 2013).   

For the purpose of this analysis, we focus on the economic growth literature in Canada, 

which in turn aids our choice of variables and validation of our empirical model by 

examining the results. A general theme in the Canadian literature is to identify the 

determinants of the regional economic growth and to analyze whether there is the presence of 

convergence (i.e., regions with relatively low initial incomes tend to grow faster to catch up 

with the other regions) for regions in Canada (Matejovsky, Mohapatra and Steiner 2014). 

There are also many qualitative studies that mainly review relevant literature for OECD 

countries to gain insights for Canadian policy. For example, Coulombe (1999) argue that 

human and physical capital tend to accumulate more quickly in poor regions, while the 

disparities between rich and poor regions are due to industrial structure and institutional and 

political context (e.g., governmental redistribution programs). This argument is also 

supported by DeJuan and Tomljanovich (2005) who state that government redistribution 

programs (i.e., tax on richer provinces and transfer to poorer provinces) help the convergence 

process in Canada. Coulombe and Tremblay (2009) review the literature on human capital 

and growth for OECD countries and argue that human capital has a significant effect on 

economic growth.  

The quantitative studies are similar in terms of estimating a growth regression following 

Barro (1991). These Canadian studies are different in terms of the set of determinants chosen 

to explain regional growth. For example, Coulombe (2000) analyzes the role of urbanisation 

by using the conditional convergence model for the relative change of per capita income 

across Canadian provinces. Urbanization is denoted as the share of the population living in 
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urban area in a province relative to the provincial average. The author reports that the 

provinces have converged at a rate of about 5% per year. Coulombe (2000) also notes that 

Alberta is Canadaôs major oil producing province and the oil-price shock in 1973 was a 

disturbance in the convergence process between Alberta and the other provinces.  

 Lee (1996) studies provincial data from 1968 to 1992 in Canada. The author divides the 

time series into three sub-periods: 1968-1976, 1976-1984 and 1984-1992 to mitigate degrees 

of freedom problems. Lee (1996) finds that there is a tendency for poorer provinces to catch 

up to richer provinces, especially when industrial structure, human and physical investments 

are accounted for (i.e., conditional convergence). In addition, inter-provincial migration and 

public investment tend to have a positive impact on provincial economic growth while 

government consumption is inversely correlated with economic growth. Lee (1996) also 

argues that it is impossible to eradicate the disparities among Canadian provinces, due to the 

fact that key aspects in the industrial structure differ from resource endowments, climate and 

preference differences. These aspects are beyond the control of government.  

A study from Coulombe and Tremblay (2009) also find a similar result to Lee (1996) on 

migration that interprovincial migrants have a positive effect on the mean skill level of labour 

in the host province. However, Helliwell (1996) holds a different opinion that interprovincial 

migration happened as more people from the poorer provinces are attracted by the relatively 

high incomes and low unemployment rates in the richer provinces. This may in turn have a 

negative impact on economic growth in the richer provinces and contribute to the process of 

convergence. Coulombe (2003) conducted a convergence regression test for Canadian 

provinces between the periods from 1981 to 1999. He found that both international and 

interprovincial trade tend to have a positive and significant effect on regional GDP per capita, 

productivity and employment.  

Recent work by Matejovsky, Mohapatra and Steiner (2014) provides a summary of the 

Canadian economic growth literature. They distinguish their work from the existing literature 

by testing the role of entrepreneurship on regional growth. They report that entrepreneurship 
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has a positive effect on growth. Other variables in the regression model include the 

employment rate (a positive effect), net trade (insignificant effects), migration (a negative 

effect) and minorities (a positive effect).  

To date, no existing Canadian study that we are aware of investigates the relationship 

between climate change and economic growth. This study focuses on how climate change 

affects Albertaôs economic growth. In contrast to other Canadian literature, this study only 

examines economic growth conditioned on climate change for a single provincial economy of 

Alberta. Two groups of growth determinants are included to build an economic system for the 

province. The first group of variables represents domestic conditions and policies; the second 

group of determinants captures the effect of external conditions that affect the Alberta 

economy. Details on the variables are presented in the Data and Methods section (Section 3). 

2.4 Alberta 

2.4.1 Albertaôs Economy 

This section provides an overview of Albertaôs economy and climate. Alberta is the 

fourth-most populous province with a population of 4,160,044 as of January 2, 2015 in 

Canada (Statistics Canada 2015). The population is not distributed evenly across the province. 

There are 19 Census Divisions (CD)
8
 in Alberta. The capital city, Edmonton is in CD11 and 

the largest city, Calgary is located in CD 6. Populations in these two CDs account for about 70% 

of total population in Alberta in 2013 (Alberta Treasury Board and Finance 2015). Regional 

economic activity is highly correlated with its population size in Alberta. Edmonton and 

Calgary metropolitan areas accounted for 60.4% of provincial GDP in 2009 (Statistics Canada 

2015). 

Alberta has led the nation in economic growth over the past 20 years, with an average 

annual GDP growth of 3.5% per year between 1993 and 2013 (Government of Alberta 2015a). 

Alberta is considered a resource-based economy. In 2013, total exports of goods in Alberta 

                                                 
8 According to Statistics Canada, a Census Division is a group of neighbouring municipalities for the purpose of regional 

planning and managing common services 
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were $103.7 billion (compared to $338.2 of total GDP), among which crude petroleum alone 

accounted for about 62.1% of total exports (Government of Alberta 2015a). Indeed, the 

energy sector is Albertaôs driving economic force. But the structure of the economy has 

become more diverse over the past three decades. For example, the energy sector accounted 

for 36.1% of total GDP in 1985, while this figure dropped to 23.1% in 2013. During the same 

time, the share of agricultural GDP relative to provincial GDP also decreased from 3% to 2%. 

Other sectors, such as tourism, manufacturing as well as retail and wholesale trade have 

increased during the period (Government of Alberta 2015a).  

The Agricultural industry in Alberta consists of crop production, animal production, 

fishing, hunting and trapping activities and relevant support services. Alberta farms produce 

an abundant supply of agricultural commodities including beef, cattle, wheat, canola, barley, 

hogs and milk (Government of Alberta 2015a). Although agriculture in Alberta only accounts 

for a small share of total GDP (Government of Alberta 2015a), it is considered a major 

economic driver in the region (Kulshreshtha 2011). At the national level, the agricultural 

sector directly and indirectly employed over two million people (AAFC 2012). Albertaôs 

agricultural sector is also essential for the local as well as national food supply system 

representing 22.4% of the national industry total (Statistics Canada 2015). Crop production is 

estimated at $5.9 billion (22.4% of Canadian crop production) and livestock production at 

$6.4 billion (22.4% of Canadian livestock production) (Statistics Canada 2015). On the other 

hand, Agriculture is the largest water user in Alberta. In 2014 it accounted for about 65% of 

total provincial water use (Faramarzi et al. 2015). Climate change alters water availability 

and the hydrology of the region, which could pose threats and uncertainty to Albertaôs 

agriculture, as well as other sectors of the economy. 

2.4.2 Albertaôs Climate  

Alberta is Canadaôs second most western province and the fourth largest province with 

an area of about 666,000 km
2
. It is located between 49-60

 
°N and 110-120

 
°E. The altitude 

varies from 152 metres (above sea level) in the Slave River-Wood Buffalo National Park in 
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the northeast to 3,747 metres in the Rocky Mountains along the south-western border. 

Although most parts of Alberta could be classified as semi-arid, its climate varies 

considerably with temperature and precipitation. Temperatures are generally higher in 

southern than northern Alberta. In January, the daily mean temperature ranges from -24°C in 

the north to -10°C in the south. In July, the average daily temperature ranges from 13°C in 

the north to 18°C in the south (Government of Alberta 2015b). The extreme temperatures can 

go down to -54°C in the winter for northern Alberta and go up to 40°C in southern Alberta 

(Government of Alberta 2015b). Overall, precipitation is the highest along the Rocky 

Mountains and into the west central part of the province (Government of Alberta 2015b). 

Average annual precipitation ranges from 300 mm in the southeast to 600 mm in the 

Mountains (Alberta Environment 2008).  

Several changes of climate in Alberta have been observed. Surface air temperatures in 

Alberta increased from 1.3 to 2.1 °C over the period from 1895 to 1991 (Shen et al. 2005). 

The average temperature increased by 1.6°C between 1953 and 2005 in the Prairies
9
 

(Wheaton and Kulshreshtha 2010). There are trends toward fewer days with extreme low 

temperature but more days with extreme high temperature, longer frost-free days and 

growing degree days (Wheaton and Kulshreshtha 2010). These trends are projected to 

continue for Albertaôs future climatic conditions (Kulshreshtha 2011). At the same time, the 

pattern of precipitation tends to be more uncertain. It is reported that precipitation during 

May to August in Alberta increased by 14% from 1901 to 2002 (Shen et al. 2005). In contrast, 

Wheaton and Kulshreshtha (2010) report that precipitation during the spring season had 

shown decrease in central Alberta; according to the projections by Barrow (2010), the annual 

mean precipitation would decrease from 0% to 10% across the Prairies.  

3. Data and Methods 

We use a quarterly dataset including average maximum temperature, total precipitation,  

                                                 
9 The Prairies is a region in western Canada. It comprises the provinces of Alberta, Saskatchewan, and Manitoba. 
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Table 1:  Description of Variables Used in VARX Model, 1986 Q1 ï 2007 Q4 

Variable Definition Source 

GDP  Real GDP at Basic Prices for all 

industries in Alberta (Chained 

$ 2007) 

The Conference Board of Canada 

Agr. GDP  Real agricultural GDP at Basic Prices 

in Alberta (Chained $ 2007) 

The Conference Board of Canada 

Non-agr. GDP 

per capita 

Real non-agricultural GDP at Basic 

Prices in Alberta (Chained $ 2007) 

The Conference Board of Canada 

Fixed capital 

formation 

Gross fixed capital formation as 

percentage of GDP in Alberta 

(Millions, Chained $ 2007) 

The Conference Board of Canada 

Unemployment 

rate 

Unemployment Rate in Alberta  

(%) 

The Conference Board of Canada 

Trade openness The sum of exports and imports as 

percentage of GDP in Alberta 

(Millions, Chained $ 2007) 

The Conference Board of Canada 

Net migration  Net provincial migration in Alberta 

(persons) 

The Conference Board of Canada 

Oil price West Texas Intermediate (WTI) oil 

price ($ per barrel) 

US Energy Information 

Administration 

World GDP per 

capita 

Real World GDP per Capital 

(Chained $ 2005) 

World Development Indicators 

Temperature Average maximum temperature (°C) Faramarzi et al. (2015) 

Precipitation Total precipitation (mm) Faramarzi et al. (2015) 

 

and seven macroeconomic variables (see Figures 16 to 25 in Appendix D for the plots of the 

raw data). We trace the response of agricultural and aggregate GDP growth to two climatic 

shocks based on quarter-to-quarter fluctuations in temperature and precipitation for Alberta, 

Canada. Our dataset covers the period from 1986 to 2007. The data for this study are from 

five sources. Table 1 presents the definition and the data source for each variable. In our 

VARX model defined in Equation 4 (discussed below), we have five endogenous variables, 

including growth rates of total GDP, agricultural GDP and non-agricultural GDP, fixed capital 

formation, unemployment rate and trade openness, and net migration (in levels) (see Figures 

26 to 34 in Appendix D for the plots). The discussion below outlines the rationale for the 

selection of climate and economic variables.  
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3.1 Economic Variables 

Following Fomby, Ikeda and Loayza (2013), we define three growth variables: the 

growth rates of real GDP per capita, real agricultural GDP per capita and real non-agricultural 

GDP per capita. All these growth rates are measured as the log difference of per capital 

output (in 2007 Canadian dollars), where per capita output is obtained by dividing output by 

the total population. Population information is based on Statistics Canada (Canadian 

Socio-economic Information Management System (CANSIM) Table 051-0005). Quarterly 

data of the three GDPs, fixed capital formation, unemployment rate, trade openness and net 

migration in Alberta are obtained from the Conference Board of Canada. These economic 

variables are based on our overview of determinants of economic growth in Canada (see 

Literature Review section for more discussion) and data availability aiming to form the 

endogenous economic system for Alberta.  

Stern (2010) and Aghion and Howitt (2009) argue that most of the literature on energy 

and economic development discuss how development affects energy use and not the other 

way around. In this study, oil price is included in our VARX framework for two reasons. First, 

oil price (an input factor) is an important factor of the consumption of energy. Second, 

Alberta is an energy-based province with the largest share of GDP due to the energy sector. 

Thus, to capture external interactions with Albertaôs economy, we also include two 

exogenous macroeconomic variables: oil price and the world GDP per capita. Oil price is 

based on the US Energy Information Administration. Annual world GDP per capita is 

obtained from the World Development Indicators of the World Bank and we convert it to a 

quarterly series by applying cubic spline interpolation (i.e., ócubic match lastô
10

 within 

EViews 8). Most of the economic variables are measured as the log difference due to the 

presence of unit roots and for ease of interpretation. Discussion of unit root tests follows in 

the Diagnostic Tests section. 

                                                 
10 The fundamental idea of cubic spline interpolation is to draw smooth curve passing through each of the observations to 

convert data from annual to quarterly. Under ócubic match lastô, the annual data for a specific year becomes the data for the 

last quarter of the same year, and a cubic piecewise polynomial function draws a seamless curve connecting the 

observations. 
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3.2 Climatic Variables 

Table 2.1: Descriptive Statistics of Variables in Levels, 1986 Q1 ï 2007 Q4 

Variable Mean Std.Dev. Min Max 

GDP per capita 59,065 7,886 46,896 72,527 

Ag GDP per capita 1,018 133 628 1,233 

Non-Ag GDP per capita 58,047 7,846 45,820 71,428 

Fixed capital formation 0.2380 0.0564 0.1547 0.3591 

Unemployment rate 0.0660 0.0208 0.0320 0.1053 

Trade openness 0.23 0.05 0.08 0.32 

Net migration  12345 20958 -56696 66916 

Oil price 36.28 14.99 15.65 92.74 

World GDP per capita 6304 612 5364 7647 

Temperature 7.09 10.24 -8.97 21.70 

Precipitation 109.67 54.69 34.57 211.26 

Weighted Temp. 70.51 70.89 -40.24 203.03 

Weighted Prec. 892.53 522.05 195.91 2077.10 

 

Table 2.2: Descriptive Statistics of Variables in Growth Rates, 1986 Q1 ï 2007 Q4 

Variable Mean Std.Dev. Min Max 

GDP growth 0.0039 0.0167 -0.0464 0.0458 

Agr. GDP growth 0.0049 0.1111 -0.5384 0.3100 

Non-agr. GDP growth 0.0039 0.0171 -0.0500 0.0469 

Fixed capital formation growth 0.0061 0.0443 -0.1383 0.1169 

Unemployment rate growth -0.0114 0.0593 -0.1647 0.1554 

Trade openness growth -0.0100 0.1188 -0.4783 0.2849 

Oil price growth 0.0090 0.1430 -0.4306 0.3533 

World GDP per capita growth 0.0041 0.0024 -0.0012 0.0080 

Data Source: The Conference Board of Canada (2015); US Energy Information 

Administration (2015); World Development Indicators (2015); Faramarzi et al. (2015) 

Note: There are 88 observations for each variable. 

 

For climatic variables, daily temperatures and precipitation are available at a station level 

across the province. However, our economic variables are quarterly and at a provincial level. 

In order to be consistent with the economic variables, the two climatic variables used in our 

model are the population-weighted
11

 average maximum temperature and total precipitation 

for each quarter at a provincial level. Temperature and precipitation are the common 

                                                 
11 Population-weighted climate variables are also used by Dell et al. (2012). 
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indicators of climatic conditions used in the literature of climate impacts on economic growth 

under economy-wide analysis (e.g., Dell et al. 2012; Moore and Diaz 2015). Total 

precipitation presents water availability for production as well as the potential risk of floods. 

Similar average temperatures may result from different temperature variations (Schlenker and 

Roberts 2009). Average maximum temperature is a better alternative to average temperature 

to capture cropsô sensitivity to extreme temperatures and indicates the potential occurrence of 

droughts. The climate conditions as well as economic activities are not homogenously 

distributed across the province. Thus, it may be inappropriate to simply use the average 

provincial climatic conditions for the analysis. In order to better understand the impacts of 

climate change on the economic growth, we use population-weighted temperature and 

precipitation. We weight our climatic variables by the population of each Census Division 

(CD) from the previous year and then convert them to a provincial level.
12

 The rationale 

behind this practice is that the distribution of population is highly correlated with GDP for 

each CD.  

3.3 Summary Statistics 

We plot the variables used in our VARX model defined by Equation 4 (see Figures 26 to 

34 in Appendix D). The figures illustrate some degree of persistence and indicate the 

appearance of heteroscedasticity. However, considering heteroscedasticity in a VARX system 

is challenging. Therefore, potential autoregressive conditional heteroscedastic (ARCH) 

effects are out of scope of and not investigated in this study. 

Descriptive statistics of the variables are presented in Table 2.1 and Table 2.2. We 

highlight some key points here. During the period between 1986 Q1 and 2007 Q4, the mean 

GDP per capita was $59,065, while the agricultural GDP per capita (i.e., $1,018) is much 

lower. However, as for growth rates, on average, quarterly agricultural GDP had been 

growing at a faster rate (i.e., 0.49%) compared with the GDP growth rate (i.e., 0.39%) and 

non-agricultural GDP growth rate (i.e., 0.39%). Due to the small share of the agricultural 

                                                 
12 We used population of each CD as our weight, because GDP data are not available at a regional level. We used the 

information from last year, so that the climatic variables can still be considered as exogenous. 
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sector relative to total GDP, statistics for GDP and non-agricultural GDP are quite similar. 

The average (maximum) temperature is 7.09°C, with a minimum of -8.97°C and a maximum 

of 21.70°C and the average (total) precipitation is 109.67mm, with a minimum of 34.57mm 

and a maximum of 211.26mm.  

As indicated in Table 3, the correlation between the growth rate of total GDP with 

population-weighted temperature and precipitation is -0.2619 and -0.2166, respectively (see 

the scatterplot in Figure 35 in Appendix D). The correlation between the growth rate of 

non-agricultural GDP with population-weighted temperature and precipitation is -0.2703 and 

-0.2295, respectively (Figure 37 in Appendix D). In contrast, the correlation between the 

growth rate of agricultural GDP with population-weighted temperature and precipitation is 

positiveð0.0868 and 0.1243, respectively (Figure 36 in Appendix D). In addition, the 

correlation between the growth rates of the non-agricultural sector with the agricultural sector 

is quite low (i.e., -0.0465). We suspect that the climatic shocks may produce different 

dynamic effects on different sectors of the economy. The correlation between temperature 

and precipitation is 0.8479, indicating that warming has been associated with more 

precipitation. 
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Table 3: Pairwise Correlation among Variables in VARX Model, 1986 Q1 ï 2007 Q4 

 GDP 

growth 

Agr. GDP 

growth 

Non-agr.GDP 

growth 

Fixed capital 

growth 

Unemployment 

growth 

Trade openness 

growth 

Net 

migration  

Oil price 

growth 

World GDP 

growth 

Temperature Precipitation 

GDP growth 1           

Agr. GDP growth -0.0039 1          

Non-agr. GDP growth 0.9933 -0.1183 1         

Fixed capital growth -0.0084 -0.1788 0.1252 1        

Unemployment growth -0.2481 0.0469 -0.2534 -0.1766 1       

Trade openness growth -0.2578 0.0375 -0.2623 -0.1021 -0.0442 1      

Net migration  0.0381 -0.1113 0.0508 0.0219 -0.0684 0.1074 1     

Oil price growth 0.2088 0.0540 0.2005 -0.1109 -0.1111 -0.3278 0.0165 1    

World GDP growth 0.1426 0.0081 0.1420 0.1009 -0.3290 -0.1673 -0.0412 0.2093 1   

Temperature -0.2619 0.0868 -0.2703 -0.0009 -0.0115 0.0899 0.1737 0.1670 0.0577 1  

Precipitation -0.2166 0.1243 -0.2295 0.0065 0.0484 0.0544 0.2675 0.1898 0.1095 0.8479 1 

Data Source: The Conference Board of Canada (2015); US Energy Information Administration (2015); World Development Indicators (2015); 

Faramarzi et al. (2015) 

Note: There are 88 observations for each variable. 
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Table 4: Unit Root Tests for Variable in VARX Model  

Variable With Intercept With Intercept and Trend 1
st
 Order Difference 

 ADF PP ADF PP ADF PP 

GDP per capita   0.0809 0.0994 0.0000 0.0000 

Ag GDP per capita   0.0000 0.0000 0.0000 0.0001 

Non-Ag GDP per capita   0.0935 0.1055 0.0000 0.0000 

Fixed capital formation 0.9679 0.9929   0.0000 0.0000 

Unemployment rate   0.5684 0.5854 0.0000 0.0000 

Trade   0.1643 0.1372 0.0000 0.0000 

Net migration    0.0000 0.0000 0.0000 0.0000 

Oil price 0.7078 0.7038   0.0000 0.0000 

World GDP per capita 0.8722 0.8698   0.0000 0.0000 

Temperature 0.0000 0.0000     

Precipitation 0.0000 0.0000     

Note: ADF and PP stand for the augmented Dickey-Fuller test and the Philips-Perron test, 

respectively. The figures reported in the table are P values. 

 

3.4 Diagnostic Tests 

3.4.1 Unit Root Tests 

The VARX model is dependent on the assumption of stationarity of the variables. The 

augmented Dickey-Fuller (ADF) test and the Philips-Perron (PP) test are utilized to 

determine the stationary form of the variables in the VARX model. The unit root tests are 

dependent on the deterministic parts (i.e., regression forms) of the unit root test equations 

(Fomby, Ikeda and Loayza 2013). Including unnecessary deterministic trends lead to lost 

power, while missing necessary trends biases the test in favour of the null hypothesis of a unit 

root (Elder and Kennedy 2001). Based on Verbeek (2012) and Fomby, Ikeda and Loayza 

(2013), we test the significance of the trend for our variables by testing the significance of the 

intercept in the following the second-order autoregressive process (i.e., AR (2)) for the above 

12 series.  

ɝὤ ‌ ‍ὤ ‎ɝ: ‐             (1) 

where ὤ denotes the variables of VARX model and ɝ is the first-difference operator. A 
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second-order autoregression, AR(2), is aming to ensure that the residuals of the above 

equation are white noise, thus the OLS t-statistics would be appropriate to test for the 

presence or absence of a trend. If ‌ is significantly different from zero (at the 0.05 level), 

we conclude that a deterministic trend is present in the level of ὤ.  

Based on the tests, six variables including GDP per capita, agricultural GDP per capita, 

non-agricultural GDP per capita, unemployment rate, trade openness and net migration are 

found to have a time trend, whereas the tests for the rest of the varables indicate absence of 

such deterministic trends. Therefore, we proceed with the ADF and PP tests by including an 

intercept and a deterministic trend for the series with trends, while only including an intercept 

for the series without trends.  

In Table 4, we summarize the results of tests based on the 0.05 level of significance from 

the ADF and PP tests as follows: 

¶ Agricultural GDP per capita and net migration are trend stationary; 

¶ GDP per capita, non-ag GDP per capita and fixed capital formation, trade openness, 

unemployment rate, oil price and the world GDP per capital clearly fail to reject the 

null hypothesis of nonstationarity. After first differencing, they appear to be 

stationary.  

¶ Temperature and precipitaion are stationary. 

Since most of the economic series are not stationary in their levels, we decided to 

measure all the economic variables but net migration as log differences to have a stationary 

form and also to apply a very straight-forward interpretation, namely percentage change or 

growth rate to each log differenced variable. Net migration is measured in levels because of 

the negative values contained in this variable. For climatic variables, temperature and 

precipitation are entered in the model in levels. 
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Table 5: Lag Stucture Selection for VARX Models 

VARX Model  Number of Lags 

  p = q= 1 p = q= 2 p = q= 3 p = q= 4 

GDP growth AIC -11.4995 -11.4915 -11.7544* -11.513 

 SBC -10.0823* -9.36573 -8.92006 -7.97002 

Agr. GDP growth AIC -7.25805 -7.22336 -7.40322 -7.41989* 

 SBC -5.84086* -5.09758 -4.56884 -3.87691 

Non-agr. GDP growth AIC -11.4818 -11.4709 -11.7283* -11.5102 

 SBC -10.0646* -9.34512 -8.89391 -7.96722 

Note: AIC and SBC stand for Akaikeôs information criterion and Schwarzôs Bayesian 

information criterion, respectively. p and q represent the number of lags for the endogenous 

and exogenous variables, repectively. * indicates the mimumum AIC and SBC. 

 

3.4.2 Lag Structure Selection 

To determine the lag structure of the VARX model, we employ two well-known model 

selection critera: Akaikeôs information criterion (AIC) and Schwarzôs Bayesian information 

criterion (SBC).  

AIC (Akaike 1973) is given by 

ὃὍὅÌÏÇВ Ὡ                (2) 

and SBC (Schwarz 1978) is given by 

ὛὄὅÌÏÇВ Ὡ ÌÏÇὔ                              (3) 

where N is the number of observations and K is the number of parameters in the VARX 

model.  

We denote p and q as the number of lags to be included for the endogenous and 

exogenous variables, respectively. For the sake of parsimony, we specify the maximum 

number of the lags to be four and set p equal to q across models with three different GDP 

growth rates. Clearly, the SBC tends to favour more parsimonious models than the AIC, since 

a larger penalty is imposed by the SBC for increasing the number of lags. We summarize the 

information of the AIC and the SBC in Table 5. The results are mixed. SBC statistics suggest 
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the selection of p = q= 1, while the AIC suggests p = q= 4 for the model with agricultural 

GDP growth rate and p = q= 3 for models with total GDP growth rate and non-agricultural 

GDP growth rate. Since the purpose of this study is to analyze the dynamic effects of climate 

change, we decide to use the lag length of four for all the models. The justification of doing 

so is two-fold. Firstly, since we use quarterly series; a longer lag length provides richer 

dynamics (four quarters include information over a two-year period) and secondly, it will  

simplify interpretation and comparision with the same structure of lag length across the 

models. 

3.5 Econometric Method 

We specify a VARX model as follows: 

ὣ ‌ ‍ὣ ‍ὣ ‍ὣ ‍ὣ ‎ὢ ‎ὢ ‎ὢ ‎ὢ ‎ὢ ‐ (4) 

where ὣ represents the υ ρ vector of endogenous variables, including growth rates of 

total GDP, agricultural GDP and non-agricultural GDP, fixed capital formation, 

unemployment rate and trade openness, and net migration (in level). ὢ denotes the τ ρ 

vector of exogenous variables, including growth rates of oil price and per capita world GDP, 

total precipitation and average temperature (in level). ‌ is the υ ρ vector of intercepts; 

‍ôs are the υ υ matrices of coefficients ; ‎ôs are the υ τ matrices of coefficients 

and ‐ is the υ ρ vector of errors. 

Sims (1980) and Sims, Stock and Watson (1990) argue that the goal of a VAR is to 

analyze the interrelationships among the variables, rather than to determine the parameter 

estimates. In addition, the variables in a VAR system are likely to be highly correlated. T-tests 

on individual coefficients are not reliable (Enders 2014). For these reasons, the coefficient 

estimates obtained from the model are therefore difficult to interpret and they are usually not 

used for interpretation. Instead, impulse response functions (IRFs) are used to trace out the 

response of the shocks on the variables contained in the VAR system. Since some of the 

correlation coefficients between the error terms in Equation (4) are deemed to be 
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significant,
13

 we follow the usual procedure to obtain the IRFs for our endogenous variables 

using a particular ordering (i.e., the orthogonalized impulse response functions). The 

orthogonalized impulse response functions define the response of three types of GDP growth 

from one-unit standard deviation increase in the endogenous variables over the time path. 

Basically, the orthogonalized impulse response functions assume that the variables 

earlier in the ordering affect the subsequent variables contemporaneously and with a lag; 

while the variables later in the ordering only affect the preceding variables with a lag. Based 

on Granger Causality Tests
14

 and relevant literature, we use the following ordering for the 

endogenous variables: trade openness, GDP, unemployment rate, fixed capital formation and 

net migration. After estimating Equation (4),
15

 IRFs are employed to trace out the effects of 

shocks on the endogenous variables and the mean responses of shocks on the exogenous 

variables are computed based on the following Equations ( 5 through 8). The ordering only 

affects IRFs not the calculation of the response of GDP growth to the exogenous shocks 

defined by Equation 8. Equation 8 is to calculate the mean response or marginal effect of 

GDP growth to the exogenous shocks (i.e., one standard deviation to the exogenous variables) 

over the time path not traditional IFRs.  

Equation (4) can be written in a more compact form as 

) ‍ὒ ‍ὒ ‍ὒ ‍ὒ ὣ ‌ ‎ ‎ὒ ‎ὒ ‎ὒ ‎ὒ ὢ ‐ (5) 

where L is the lag operator. Equation (5) can be represented using lag operations (L) as  

ɮὒ ὣ  ‌ ɜὒ ὢ ‐ (6) 

where ɮ and ɜ are each lag polynomials of order L. 

Inverting Equation (6) yields the multiplier form as 

ὣ ɮὒ ɜὒὢ ɮὒ ‐ (7) 

                                                 
13 As recommended by Enders (2014), if the correlation coefficient is greater than 0.2, the correlation is considered to be 

significant. An ordering of variables is used to obtain the IRFs. The results are presented in Appendix B. 
14 See Appendix B for details. 
15 It is estimated using STATA 12. See details in Appendix A. See Stata code in Appendix F.  
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Using Equation 7, the mean responses of GDP growth to the exogenous shocks defined 

by ɰ16, can be computed by taking the derivative of Y with respect to X as 

 ɰ ɮὒ ɜὒ (8) 

Equation 8 is at the crux of our empirical analysis. It defines the impacts on GDP growth 

from a one standard deviation increase in the exogenous variables. To assess uncertainty and 

draw inferences, the Monte Carlo procedure
17

 based on asymptotic theory is used to 

construct 90% confidence intervals around the response curve and to identify the 

significances of the responses.  

4. Results and Discussion  

This section presents the results of the VARX model presented in the previous section. 

The main focus of this study is to trace the response of GDP growth to two climatic shocks 

(i.e., temperature and precipitation shocks).
18

 We first present results on the link between 

GDP growth and oil prices as a way to validate our VARX system. Then we proceed to report 

on the economic impacts of GDP growth due to temperature and precipitation shocks using 

population-weighted climate variables. After this, for a comparison, the results using 

unweighted climate variables are presented. Lastly, we conduct simulations based the VARX 

model under different climate change scenarios to investigate the economic impacts of 

temperature-precipitation interactions.  

For each climatic shock, we depict the mean responses of per capita total GDP growth 

and of two types of sectorial GDP growth (i.e., agricultural and non-agricultural GDP growth) 

to the climatic shocks. The solid line in the figures denotes the mean response curve and the 

two dotted lines represent the 90% confidence interval. We also report on the cumulative 

effects (as a summation of mean responses for each period) for a period of four years (16 

quarters) starting from the climatic shocks.  

                                                 
16 It is estimated using MATLAB 2014. See MATLAB code in Appendix F. 
17 However, it is noted by Sims and Zha (1999) and Benkwitz, Neumann and Lütekpohl (2000) that confidence intervals 

computed by asymptotic theory may not be reliable for a small sample. 
18 We present the model estimates and selected IRFs of the endogenous variables in Appendix A and Appendix E.  
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A VARX model is promising at forecasting but it is not capable of explaining the direct 

factor(s) leading to the path of the adjustment due to the climatic shocks. In order to better 

understand our results, we include relevant literature into the discussion for each climatic 

shock and we focus on the agricultural sector. 

4.1 Oil Price Shocks 

Given the fact that Alberta is an energy-based economy, oil prices have been considered 

as an important factor to the provincial economic growth. Prior to presenting our findings for 

the main focus, we show the response of GDP growth to the oil price shocks. This can be 

used to validate the model specification and see if the relationship is reasonable. Figure 1 

depicts the dynamic path of GDP growth to oil prices shock. Oil prices have positive effects 

on the growth rates of total GDP, agricultural GDP and non-agricultural GDP. The positive 

impacts are not significant until the third quarter after the oil price shock for both total GDP 

growth and agricultural GDP growth, and the fourth quarter for non-agricultural GDP growth, 

indicating the presence of delayed effects. The positive effect peaks three quarters after the 

event for agricultural growth, and seven quarters after for GDP growth and non-agricultural 

growth. The reasons for the peak coming earlier for agricultural growth are likely that higher 

oil prices indicate higher demand for both agricultural commodities and oil products (both 

from domestic and international markets), while new oil projects may take more time to plan 

and build. The positive relation is not surprising as the energy sector accounts for the largest 

share of total GDP; oil prices have significant impacts on the energy sector and the energy 

sector will carry spill-over effects on to the other sectors (e.g., the service and transportation 

sectors) in the economy.  

The response curves show long decay rates, meaning that the effects of oil price shocks 

on Albertaô GDP growth tend to die out slowly. As indicated in Table 6, oil prices tend to 

have longer lasting effects (in terms of significance) on total GDP growth and 

non-agricultural GDP growth than on agricultural GDP growth. The effect is still significant 

after 16 quarters from the oil price shock for total GDP growth and non-agricultural GDP 
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growth. Also, the cumulative effect is larger for agricultural GDP growth (19 percentage 

points (pp)) than for total GDP growth (3 pp). This may be because increased oil price is an 

indicator of good macroeconomic conditions, with positive impacts on agricultural 

production. The agricultural sector only accounts for a small share of total GDP and is more 

sensitive to oil prices. In summary, the positive relationship between oil prices and GDP 

growth is as expected in the model.
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Figure 1: Response
19

 of GDP Growth to Oil Price Shock

                                                 
19 The response of total GDP growth/agricultural GDP growth/non-agricultural GDP growth to shocks in the exogenous 

variables (Figure 1 to Figure 9) is calculated based on Equation 8, which defines the impacts on GDP growth from one 

standard deviation increase in the exogenous variables (i.e., oil price, temperature and precipitation) over the time path. 
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Table 6: Mean Response of GDP Growth to Oil Price and Climatic Shocks 

  Mean response of 

  GDP growth Agr. GDP growth Non-agr. GDP growth 

Oil price Quarter 0 0.0007 0.0047 0.0005 

 Quarter 1 0.0009 0.0052 0.0007 

 Quarter 2 0.0020* 0.0149* 0.0018 

 Quarter 3 0.0024* 0.0179**  0.0023* 

 Quarter 4 0.0026* 0.0177* 0.0025* 

 Quarter 5 0.0024* 0.0148* 0.0023* 

 Quarter 6 0.0028**  0.0161* 0.0027**  

 Quarter 7 0.0029**  0.0153* 0.0029**  

 Quarter 8 0.0022* 0.0123 0.0022* 

 Quarter 9 0.0024**  0.0131* 0.0024**  

 Quarter 10 0.0022**  0.0109 0.0022**  

 Quarter 11 0.0019**  0.0097 0.0019**  

 Quarter 12 0.0015 0.0066 0.0014 

 Quarter 13 0.0016* 0.0090* 0.0017**  

 Quarter 14 0.0014* 0.0077 0.0014* 

 Quarter 15 0.0014* 0.0074 0.0015* 

 Quarter 16 0.0013* 0.0057 0.0013* 

 Cumulative effect 0.0327* 0.1890* 0.0321* 

Temperature Quarter 0 0.0022 -0.0003 0.0021 

 Quarter 1 -0.0044 -0.0366* -0.0048 

 Quarter 2 -0.0008 -0.0199 -0.0009 

 Quarter 3 -0.0006 -0.0185 -0.0007 

 Quarter 4 -0.0042 -0.0295 -0.0042 

 Quarter 5 -0.0058 -0.0345 -0.0053 

 Quarter 6 -0.0066*  -0.0451* -0.0067* 

 Quarter 7 -0.0103**  -0.0591**  -0.0104**  

Note: * and ** indicates statistical significance at the 10% level and 5% level, respectively. 
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Table 6: Mean Response of GDP Growth to Oil Price and Climatic Shocks (Continued) 

  GDP growth Agr. GDP growth Non-agr. GDP growth 

Temperature Quarter 8 -0.0056 -0.0403 -0.0053 

 Quarter 9 -0.0067**  -0.0412*  -0.0069**  

 Quarter 10 -0.0049*  -0.0261 -0.0048*  

 Quarter 11 -0.0046*  -0.0344*  -0.0047*  

 Quarter 12 -0.0028 -0.0137 -0.0029 

 Quarter 13 -0.0044*  -0.0295*  -0.0046*  

 Quarter 14 -0.0034 -0.0219 -0.0035 

 Quarter 15 -0.0038*  -0.0225*  -0.0040*  

 Quarter 16 -0.0035*  -0.0181 -0.0036*  

 Cumulative effect -0.0700 -0.4911 -0.0711 

Precipitation Quarter 0 0.0020 0.0109 0.0021 

 Quarter 1 0.0012 0.0069 0.0011 

 Quarter 2 0.0000 -0.0038 -0.0002 

 Quarter 3 -0.0001 0.0001 0.0000 

 Quarter 4 -0.0038 -0.0181 -0.0038 

 Quarter 5 0.0008 0.0071 0.0010 

 Quarter 6 0.0019 0.0168 0.0020 

 Quarter 7 -0.0013 0.0040 -0.0013 

 Quarter 8 0.0008 0.0099 0.0007 

 Quarter 9 0.0009 0.0127 0.0007 

 Quarter 10 0.0005 0.0120 0.0006 

 Quarter 11 0.0003 0.0037 0.0002 

 Quarter 12 0.0005 0.0112 0.0004 

 Quarter 13 0.0001 0.0040 0.0000 

 Quarter 14 0.0003 0.0055 0.0002 

 Quarter 15 0.0003 0.0058 0.0003 

 Quarter 16 0.0001 0.0040 0.0002 

 Cumulative effect 0.0044 0.0927 0.0040 
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Figure 2: Response of GDP Growth to Temperature Shocks 
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4.2 Temperature Shocks 

Figure 2 presents the responses of the growth rates to temperature shocks. Temperature 

shocks tend to show negative impacts on economic growth. The shocks tend to introduce 

similar response patterns and long lasting impacts for total GDP growth as well as both types 

of sectorial growth. The effect is not significant in the quarter of the shock but becomes 

significant only for agricultural growth after one quarter, which indicates the sensitivity of 

agriculture to temperature shocks. It becomes more significant in about one year after the 

event, signalling the presence of delayed effects. The peaks of the impacts appear after seven 

quarters from the shock for all the growth rates. The effect is stronger for agricultural growth, 

with a cumulative effect (absolute value) of 49 pp, compared with 7 pp for aggregated GDP 

growth and 7 pp for non-agricultural GDP growth (again, indicating that the agricultural 

sector is more sensitive and vulnerable to temperature changes). In addition, there is no sign 

of recovery but a build-up of negative responses to the growth rates in time. 

It is reported that higher winter temperature is beneficial through lower feed 

requirements and reduced energy costs (Rotter and van de Geijn 1999) and longer frost-free 

days and growing season. But warming during summer is stressful for animals (e.g., deaths, 

low appetite and reduced weight gain) (Adams et al. 1999). Heat also becomes harmful to 

crops when it passes certain thresholds (Schlenker and Roberts 2009). Higher temperature 

would increase the number of days with excessive heat and lead to a negative impact on crop 

yields (Kulshreshtha 2011). Together with these arguments, Wheaton and Kulshreshtha (2010) 

report trends toward fewer days with extreme low temperature but more days with extreme 

high temperature in the Prairies. More extremely hot days will be stressful for agricultural 

production, which may explain why temperature shocks tend to introduce a significant 

negative impact on Albertaôs economic growth.  

In addition, warming tends to come with higher probability of extreme weather events, 

such as droughts and heat spells. Fomby, Ikeda and Loayza (2013), Cu¶ado and Ferreira 

(2011) and Hochrainer (2009) report that droughts have an overall negative effect on  
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Figure 3: Response of GDP Growth to Precipitation Shocks 
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economic growth, particularly for agricultural growth. For example, Kulshreshtha and 

Marleau (2005a; 2005b) report that the 2001 drought lead to a loss of $0.27 billion to crop 

production and $0.07 billion to the livestock sector in Alberta, and the 2002 drought resulted 

in $1.3 billion loss to crop production and $0.06 billion loss to the livestock sector in Alberta. 

Also, increased temperature may also lead to a higher likelihood of water scarcity. Given the 

fact that Alberta is a semiarid province, water scarcity has been a serious challenge for its 

agriculture as well as the entire society (Kulshreshtha 2011).  

4.3 Precipitation Shocks 

Figure 3 depicts the path of economic growth to precipitation shocks. The results are 

weaker in terms of statistical significance compared to that of temperature shocks. 

Precipitation shocks tend to induce volatility of growth but an overall positive effect on 

growth. Specifically, the mean response of growth is positive until the second quarter after 

the shock (for all three growth rates). The negative impacts only persist for about three 

periods. Examining the cumulative effects, again, the agricultural sector tends to be more 

sensitive to precipitation shocks, with a larger cumulative effect (of 9 pp) than total GDP 

growth and non-agricultural GDP growth. The sensitivity of agriculture to precipitation 

shocks is also seen by the longer decay rate for agriculture shown in the graph.  

Given the climatic nature of aridity for Alberta, we expected increased precipitation 

would introduce significantly positive impacts on agricultural growth (for instance, increased 

precipitation leads to more stream flow and more water available for irrigation). However, 

the non-significant results may be because precipitation shocks could come in different 

frequency and duration (which offset some of the benefits from more precipitation). For 

example, heavy rainfall may result in floods. Floods could reduce seeded area; changing the 

time of seeding and harvesting for crops (Kulshreshtha 2011). Heavy precipitation could also 

damage infrastructure (e.g., the transportation sector, such as roads and railways). For 

example, the 2013 Alberta floods are estimated to have resulted in damages of $5 billion 

(Government of Alberta 2014). However, when considering the impact of floods on GDP 
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Table 7: Mean Response of GDP Growth to Oil Price and Climatic Shocks (Using Unweighted Climate Variables) 

  Mean response of 

  GDP growth Agr. GDP growth Non-agr. GDP growth 

Oil price Quarter 0 0.0006 0.0062 0.0005 

 Quarter 1 0.0010 0.0071 0.0009 

 Quarter 2 0.0018* 0.0125* 0.0017 

 Quarter 3 0.0023* 0.0169**  0.0023* 

 Quarter 4 0.0024* 0.0162* 0.0023* 

 Quarter 5 0.0027**  0.0176**  0.0026**  

 Quarter 6 0.0029**  0.0187**  0.0028**  

 Quarter 7 0.0029**  0.0178**  0.0029**  

 Quarter 8 0.0021**  0.0147**  0.0021* 

 Quarter 9 0.0023**  0.0156**  0.0024**  

 Quarter 10 0.0019**  0.0119**  0.0019**  

 Quarter 11 0.0017**  0.0107**  0.0017**  

 Quarter 12 0.0012* 0.0072 0.0012* 

 Quarter 13 0.0012* 0.0091**  0.0012* 

 Quarter 14 0.0011* 0.0080**  0.0011* 

 Quarter 15 0.0010* 0.0065* 0.0010* 

 Quarter 16 0.0008* 0.0052 0.0009* 

 Cumulative effect 0.0301* 0.2017**  0.0295* 

Temperature Quarter 0 0.0003 -0.0043 0.0001 

 Quarter 1 -0.0038 -0.0306 -0.0040 

 Quarter 2 -0.0008 -0.0169 -0.0008 

 Quarter 3 -0.0049 -0.0361 -0.0048 

 Quarter 4 -0.0060 -0.0465 -0.0060 

 Quarter 5 -0.0082 -0.0556 -0.0079 

 Quarter 6 -0.0114**  -0.0735*  -0.0114*  

 Quarter 7 -0.0146**  -0.0898**  -0.0148**  

Note: * and ** indicates statistical significance at the 10% level and 5% level, respectively. 
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Table 7: Mean Response of GDP Growth to Oil Price and Climatic Shocks (Continued) 

  GDP growth Agr. GDP growth Non-agr. GDP growth 

Temperature Quarter 8 -0.0066 -0.0486 -0.0062 

 Quarter 9 -0.0104**  -0.0612*  -0.0106**  

 Quarter 10 -0.0069*  -0.0395 -0.0067*  

 Quarter 11 -0.0067*  -0.0476*  -0.0067*  

 Quarter 12 -0.0038 -0.0192 -0.0037 

 Quarter 13 -0.0051*  -0.0393**  -0.0051*  

 Quarter 14 -0.0040 -0.0300*  -0.0040 

 Quarter 15 -0.0041*  -0.0261*  -0.0043*  

 Quarter 16 -0.0031 -0.0213 -0.0032 

 Cumulative effect -0.1000 -0.6859 -0.1001 

Precipitation Quarter 0 -0.0005 0.0015 -0.0004 

 Quarter 1 0.0003 0.0029 0.0003 

 Quarter 2 -0.0002 -0.0019 -0.0003 

 Quarter 3 0.0014 0.0099 0.0017 

 Quarter 4 -0.0017 -0.0055 -0.0016 

 Quarter 5 -0.0002 0.0059 0.0000 

 Quarter 6 0.0026 0.0249 0.0027 

 Quarter 7 0.0003 0.0091 0.0001 

 Quarter 8 0.0011 0.0123 0.0012 

 Quarter 9 0.0010 0.0123 0.0009 

 Quarter 10 0.0012 0.0123 0.0013 

 Quarter 11 0.0007 0.0055 0.0006 

 Quarter 12 0.0006 0.0083 0.0006 

 Quarter 13 0.0005 0.0059 0.0005 

 Quarter 14 0.0006 0.0069 0.0006 

 Quarter 15 0.0004 0.0052 0.0004 

 Quarter 16 0.0004 0.0043 0.0004 

 Cumulative effect 0.0085 0.1195 0.0088 
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Figure 4: Response of GDP Growth to Oil Price Shocks Using Unweighted Climate 

Variables  
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Figure 5: Response of GDP Growth to Temperature Shocks Using Unweighted Climate 

Variables 
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Figure 6: Response of GDP Growth to Precipitation Shocks Using Unweighted Climate 

Variables 
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growth, Fomby, Ikeda and Loayza (2013), Cu¶ado and Ferreira (2011) and Hochrainer and 

Mechler (2009) find that floods tend to have a positive effect on economic growth after the 

floods. The authors note that this may be due to potentially beneficial effects on land 

productivity on the following harvest cycle and it may also result from the importance of 

transmission mechanisms. For example, abundant water supply boosts electricity generation, 

which in turn facilitates the overall economic performance through industrial and service 

expansion (Fomby, Ikeda and Loayza 2013). Reconstruction (for the infrastructure) efforts 

may also lead to growth rebound. However, it is worth noting again that GDP is simply a 

measure of economic activity, not social wealth or welfare (Kousky 2012). GDP and welfare 

impacts may follow different directions due to changes in the economic system (Ochuodho 

and Lantz 2015; Zhai et al. 2009). Natural disasters will certainly bring about other negative 

impacts (e.g., deaths, injuries and interruption of public services), which will be harmful to 

social welfare.  

4.4 Unweighted vs. Population-Weighted Climate Variables 

The climatic conditions (in terms of temperatures and precipitation) vary considerably 

across the province. However, as discussed earlier, the majority of Albertaôs GDP is 

generated from the central and southern parts of the province. Using the normal climate 

variables at a provincial level is not appropriate due to the difference in the distribution of 

economic activities and climatic conditions across the province. As shown in Figures 4 to 6 

and Table 7, the responses of growth due to both climatic shocks tend to be larger when 

considering the unweighted climate variables relative to the population-weighted climate 

variables for all three growth rates. For example, the cumulative effect (absolute value) on 

agricultural growth from temperature shocks using the unweighted climate variables is 19 pp 

larger than that of using the population-weighted climate variables; the cumulative effect on 

non-agricultural growth from precipitation shocks using the unweighted climate variables is 

0.5 pp larger than that of using the population-weighted climate variables.  

Using the population-weighted climate variables is certainly not perfect relative to 
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Table 8: Mean Response of GDP Growth to Oil Price and Climatic Shocks (With p=q=3 for GDP Growth and Non-agr. GDP Growth) 

  Mean response of 

  GDP growth  Agr. GDP growth (p=q=4) Non-agr. GDP growth 

Oil price Quarter 0 -0.0002 0.0047 -0.0004 

 Quarter 1 -0.0003 0.0052 -0.0005 

 Quarter 2 0.0010 0.0149* 0.0009 

 Quarter 3 0.0011 0.0179**  0.0011 

 Quarter 4 0.0013 0.0177* 0.0012 

 Quarter 5 0.0008 0.0148* 0.0007 

 Quarter 6 0.0011 0.0161* 0.0011 

 Quarter 7 0.0015* 0.0153* 0.0015* 

 Quarter 8 0.0014* 0.0123 0.0014* 

 Quarter 9 0.0009 0.0131* 0.0008 

 Quarter 10 0.0010 0.0109 0.0009 

 Quarter 11 0.0008 0.0097 0.0008 

 Quarter 12 0.0006 0.0066 0.0006 

 Quarter 13 0.0006 0.0090* 0.0006 

 Quarter 14 0.0007 0.0077 0.0007 

 Quarter 15 0.0006 0.0074 0.0006 

 Quarter 16 0.0005 0.0057 0.0005 

 Cumulative effect 0.0132 0.1890* 0.0123 

Temperature Quarter 0 0.0005 -0.0003 0.0005 

 Quarter 1 -0.0046*  -0.0366*  -0.0048*  

 Quarter 2 -0.0009 -0.0199 -0.0010 

 Quarter 3 -0.0023 -0.0185 -0.0024 

 Quarter 4 -0.0055*  -0.0295 -0.0058*  

 Quarter 5 -0.0049*  -0.0345 -0.0049*  

 Quarter 6 -0.0055*  -0.0451*  -0.0054*  

 Quarter 7 -0.0071**  -0.0591**  -0.0072**  

Note: * and ** indicates statistical significance at the 10% level and 5% level, respectively. 
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Table 8: Mean Response of GDP Growth to Oil Price and Climatic Shocks (Continued) 

  GDP growth Agr. GDP growth (p=q=4) Non-agr. GDP growth 

Temperature Quarter 8 -0.0059**  -0.0403 -0.0058**  

 Quarter 9 -0.0035 -0.0412*  -0.0034 

 Quarter 10 -0.0034*  -0.0261 -0.0033*  

 Quarter 11 -0.0032*  -0.0344*  -0.0032*  

 Quarter 12 -0.0029*  -0.0137 -0.0028*  

 Quarter 13 -0.0031**  -0.0295*  -0.0031**  

 Quarter 14 -0.0028**  -0.0219 -0.0028**  

 Quarter 15 -0.0024*  -0.0225*  -0.0024*  

 Quarter 16 -0.0021*  -0.0181 -0.0020*  

 Cumulative effect -0.0596 -0.4911 -0.0598 

Precipitation Quarter 0 0.0022 0.0109 0.0023 

 Quarter 1 0.0023 0.0069 0.0024 

 Quarter 2 0.0005 -0.0038 0.0005 

 Quarter 3 0.0010 0.0001 0.0011 

 Quarter 4 0.0014 -0.0181 0.0015 

 Quarter 5 0.0027 0.0071 0.0029 

 Quarter 6 0.0013 0.0168 0.0014 

 Quarter 7 0.0016 0.0040 0.0016 

 Quarter 8 0.0017 0.0099 0.0018 

 Quarter 9 0.0017 0.0127 0.0018 

 Quarter 10 0.0012 0.0120 0.0013 

 Quarter 11 0.0011 0.0037 0.0011 

 Quarter 12 0.0009 0.0112 0.0009 

 Quarter 13 0.0009 0.0040 0.0010 

 Quarter 14 0.0009 0.0055 0.0010 

 Quarter 15 0.0008 0.0058 0.0009 

 Quarter 16 0.0007 0.0040 0.0007 

 Cumulative effect 0.0230 0.0927 0.0242 
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Figure 7: Response of GDP Growth to Oil Price Shocks Using p=q=3 
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Figure 8: Response of GDP Growth to Temperature Shocks Using p=q=3 
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Figure 9: Response of GDP Growth to Precipitation Shocks Using p=q=3 

 

having sub-provincial climate variables, but it is a remedy to mitigate the potential bias given 

the current limited dataset to investigate economic impacts of climatic shocks.  

4.5 Robustness Checks 

Lastly, we test the robustness of our models by using the lag length suggested by the 

AIC.
20

 We run models for total GDP growth and non-agricultural GDP growth using p = q= 

3. As indicated in Figures 7 to 9 and Table 8. The results are basically similar to those using 

the preferred lag length of four. The main difference is that with the shorter lag structure, the 

cumulative response due to precipitation shocks tends to be larger compared to those in the 

                                                 
20 Since the data are quarterly, the lag structure of p = q= 1 suggested by BIC is considered too restrictive. 
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models with a lag length of four (but still not statistically significant); the mean responses due 

to temperature shocks tend to become significant in the earlier quarters while the cumulative 

response becomes smaller than the results using the prefered lag length. For oil price shocks, 

the mean responses and cumulative responses are smaller and less significant. In particular, 

the significant impacts are only shown in quarter 7 and quarter 8 after the shock.  

4.6 Simulation of Climate Change on Economic Growth 

We estimated the responses of GDP growth due to climatic shocks by isolating 

temperature and precipitation conditions. The response of GDP growth to 

temperature-precipitation interacted shock is challenging to estimate within the VARX 

framework (not studied in this research), although it is plausible that precipitation may 

partially alleviate negative impacts of extreme high temperatures on economic growth, 

especially for agricultural production. In this section, we utilize simulation within the VARX 

model to examine the impacts of temperature-precipitation interactions on GDP growth. 

Based on the coefficient estimates of our VARX model, we consider four climate change 

scenarios. For the purpose of this study as well as due to the limited information on the future 

values of our variables, we conduct an in-sample analysis for the period from 2000 Q1 to 

2007 Q4 rather than an out-of-sample forecast. In Scenario 1, we assume a 30% increase
21

 in 

temperatures for each quarter within the forecast period. In Scenario 2, an assumption of a 30% 

increase in precipitation is made. Two scenarios (Scenarios 3 and 4) are constructed to 

consider temperature and precipitation changes at the same time. Scenario 3 is to show the 

mitigation of precipitation to increased temperatures on GDP growth. We assume both 

temperatures and precipitation go up by 30% in Scenario 3. For Scenario 4, we assume a 30% 

increase in temperatures and a 30% decrease in precipitation.  

Prior to our simulations, we examine the performance of our VARX model by plotting  

                                                 
21 The average maximum temperature from 1986 Q1 to 2007 Q4 was about 7°C (see Table 2.1), so 30% increase in 

temperature is 2°C. This may be an extreme case in the short run. However, the purpose of this section is to examine the 

temperature-precipitation interactions, not scenario analysis.  The average total precipitation during the same period was 

about 110 mm (see Table 2.1), so 30% increase in precipitation is 33 mm.  
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Figure 10: Static and Dynamic Forecasts of Total GDP Growth, 2000 Q1 to 2007 Q4 (In- 

Sample Forecast) 

 

 

Figure 11: Static and Dynamic Forecasts of Agricultural GDP Growth, 2000 Q1 to 2007 Q4 

(In-Sample Forecast) 






















































































































