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Abstract: In this study, climate change impacts and their economic consequences for Atlantic Canada ground transportation network are analyzed. First, major climate change impacts in the area are identified. Second, the best economic model to evaluate consequences of the climate change impacts is chosen. Third, using the existing literature and studies that describe future climate changes in the region, various scenarios of future challenges for the regional ground transportation network are specified. Finally, economic consequences of the regional climate change impacts on the ground transportation network are evaluated. The above specified consequences are imposed on a dynamic general equilibrium model and their cumulative impacts are traced over time.
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Introduction
C
urrently climate change has become one of the most serious consequences of human activities. According to the IPCC Fourth assessment report, the emission of greenhouse gases (GHG) generated by human activities is the primary cause of the climate change and especially global warming. In general, transportation is one of the areas where climate change problem is the most severe. On the one hand, with passage of time vehicle usage will result in more greenhouse gases, which would contribute to further climate change; on the other hand, climate change itself makes transportation infrastructure, vehicles and operations vulnerable to various impacts. 

      As a matter of fact, very little has been done in order to estimate economic losses due to climate change impacts on transportation. In general, studies on how extreme weather affects highway traffic go back to 1980s (see, for example, Asplund, 1980). And only latest decades brought us better understanding of climate change impacts on transportation. Still quantitative analysis of these impacts in the literature is very limited. There exist several qualitative summaries describing the vulnerabilities of transport-related activities (see, for example, Andrey et al 2003; Andrey and Snow 1998) and some quantitative impact analyses of climate changes on selected transportation infrastructure and operations (see, for example, Millerd 1996; McCulloch and Midgley 2001). However, there is no comprehensive, quantitative assessment of economic losses associated with the climate change impacts on transportation sector. Most of the studies are done in U.S. and Australia. Canada has different weather conditions, transportation system as well as structure of national economy. 

     This study addresses the problems mentioned above: it uses econometric methods to evaluate consequences of the climate change impacts on transportation, and it does it at regional level. In doing so, first methodology to evaluate the consequences of the climate change impacts was designed, and then this methodology was applied to the so-called New Brunswick/Nova Scotia Transport Corridor (NB/NS TC). Since climate change impacts cannot be evaluated as isolated impacts because they affect various aspects of an economic system at the same time, a dynamic General Equilibrium Model (GEM) has been built to address this issue in a dynamic interactive way.
Literature review

Atlantic Canada includes the provinces of Nova Scotia, New Brunswick, Prince Edward Island, and Newfoundland and Labrador. Atlantic Canada, where agriculture, forestry and fisheries make significant contribution to the regional economy, is especially susceptible to the climate change. The predominant concern is associated with the rising sea level as a result of climate change. However, rising sea level is not the only climate change impact in Atlantic Canada. Increasing temperature, changing precipitation patterns as well as increasing frequency of extreme weather events should be also mentioned. All these impacts affect the existing transportation system. As a result of these climate change impacts, there are some rather significant economic consequences for the regional transportation in general and the NB/NS TC in particular. 

      There exists some evidence that temperature in Atlantic Canada is going up: 
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Figure 1: Annual Mean Temperature in Atlantic Canada

Source: Environment Canada, 2013

      The linear trend over last 30 years shows that mean temperature has risen by approximately 1.5℃. This increase in temperature is the main reason behind rising sea level. Richards and Daigle (2011) investigated sea level rise in Atlantic Canada under different scenarios. Their results indicate that sea level will rise by 1.05 meter by 2100. This rising sea level will cause flooding of the area including transportation infrastructure. In fact, there are two important impacts associated with the rising sea level in Atlantic coastal areas: increasing risk of flooding and threat of storm surges.
      It is a well known fact that the water holding capacity of air increases by about 7% per 1°C warming, which leads to increased water vapor in the atmosphere (Trenberth 2011). Hence, intense precipitation events, such as thunderstorms, extra-tropical storms and snow storms are more likely to happen due to increased moisture. Various climate change scenarios were investigated in Atlantic Canada by Richards and Daigle (2011). They used Global Climate Model (GCM) simulations to identify areas where mean precipitation is likely to increase. In New Brunswick, Turkkan, El-Jabi, and Caissie (2011) project that the mean annual precipitation will increase by 9-12% in the future. Therefore, it appears to be that Atlantic Canada is in the zone of increasing annual precipitation. As a matter of fact, according to the precipitation data from Moncton (New Brunswick) station, the annual total precipitation has increased approximately 500 mm since 1898. 

      The distribution of precipitation is expected to be uneven which increases the risk of drought and/or flooding events. This means that water-dependent activities such as agriculture and forestry are likely to be greatly affected. Since these sectors of region economy are the largest consumers of transportation similar negative impacts on transportation can be expected.

      Based on recent observations, it is possible to claim that some extreme weather events have changed their frequencies over the last 50 years. As a result, the extreme weather events such as snowstorms, thunderstorms, hurricanes, tornados and others can severely damage transportation infrastructure as well as interrupt vehicle operation. Extreme weather events could affect economic behavior of transportation users causing travel delays and cancellations. For example, in 2003 Hurricane Juan caused $200 million in damages and daily transportation activities were blocked in most Atlantic Provinces (Natural Resource Canada 2008).

      Extreme weather events can increase the number of traffic accidents due to bad driving conditions. There is evidence that weather, especially raining and snowing, is a serious risk factor in road transportation. Collision risk is likely to increase during precipitation; elevated risk during rainfall appears to be related to poor visibility. Empirical studies are consistent in finding that injury rates increase during snowfall relative to normal driving conditions (Andrey 2001). Eisenberg (2005) investigated accidents occurred during snow days and dry days, and the results showed that snow days had fewer fatal crashes but more nonfatal-injury crashes and property-damage-only crashes.

      Analyzing the existing literature, the following major economic consequences of the climate change impacts on transportation were identified: (i) loss in asset value and increase in maintenance costs; (ii) loss in value added by transportation; (iii) loss in travel time, (iv) increasing number of transportation accidents. As already mentioned, there exist just few quantitative estimates of economic consequences of climate change impacts on transportation. That is why a comprehensive analysis of the existing methods to evaluate those consequences has been performed.

      According to the literature, there are four economic models that have been used to assess consequences of the climate change impacts at regional level: (1) Regional growth model (RGM); (2) Partial equilibrium model (PEM); (3) General equilibrium model (GEM), and (4) Input-Output Model (IOM). All these models have their advantages and disadvantages. Below we present a list of major advantages and disadvantages associated with those four models:
Partial equilibrium model (PEM)

Advantage:

· Empirical simplicity. When the links of one market or economic sector with others are weak, then the partial equilibrium effects are a reasonable approximation of the general effects. 

Disadvantages:

· Only the price effect is usually considered. Income and cost changes that shift the demand and supply functions, exchange rate effects, savings-investment, public investments, and government transfers are not taken into account.  

· Assumes many control variables to be constant which means that PEM can be applied only in the short-run.

Regional growth model
Advantage:

· Captures long-run dynamics of an economic system under study and introduces productivity shocks as driving force.
Disadvantages:
· Uses highly aggregated data and ignores explicit and implicit costs and benefits associated with regional activities;

· Lacks microeconomic foundations;

General equilibrium models (GEM)

Advantages:

· Microeconomic foundation; 

· Interaction among different economic sectors;
· Allows tracing the propagation mechanism of shocks throughout the economy;
· Corresponds to the existing regional economic structure and to the impact of future changes in socio-economic variables on regional development; 

· Due to feedback processes the model can be used for long-run analysis;
· Allows simulation of any kind of shock on exogenous variables and their consequences for different endogenous variables. 

Disadvantages:

· Poor empirical foundation for calibration; 
· They are not econometrically estimated and use parameter values estimated independently or reported in the literature; 

· Because of the assumption that all markets clear simultaneously, the results of the model do not pretend to forecast reality but rather to indicate long-term tendencies around which the economy will fluctuate; 

· Usually treats shocks exogenously as once and for all shocks.
Input-output models

Advantages:

· Conceptual simplicity and linear nature that leads to easy computation; 
· Models are built on the basis of Social Accounting Matrix (SAM);
· The structure of the input–output model has been incorporated into national accounting in many developed countries;
· Input–output models for different regions can also be linked together to investigate the effects of inter-regional trade, and additional columns can be added to the table to perform environmental input–output analysis. 
Disadvantages:

· Primitive modeling of the consumption side; 

· Absence of explicit economic structure;
· Assumed to be comparative statics models lacking time-dimension; 
· Because of their fixed-price and implicit perfectly elastic assumptions, input-output models are incapable of estimating the potential supply-induced displacement of other economic activity, which leads to overestimated net-benefits.
      Given basic goals of our analysis it seems to be that GEM is the best choice. However, climate change impacts have their own dynamics rather than being a one-time exogenous shock. It means that ideally traditional GEM should be transformed into a dynamic model with dynamic shocks to be able to model the climate change impacts and their consequences.
Methodology

Our methodology includes three major components: (i) identification of economic consequences of climate change impacts on transportation, (ii) modeling regional transportation sector within dynamic GEM, (iii) modeling climate change impacts as productivity shocks. Below all three components are discussed in detail.

Economic consequences of climate change impacts on transportation
Economic consequences in transportation sector associated with climate change impacts can be divided into direct economic effects and indirect economic effects. From an economic standpoint, direct economic effects are associated with the supply side of a transportation sector while indirect economic effects reflect changes on the demand side of the transportation sector.  

      In general, direct economic effects of climate change impacts are associated with direct impacts on productive capital and labour – the factors involved in production. In this regard, direct economic effects of climate change impacts on transportation can be divided into three elements: (i) reduction in asset value and increase in maintenance costs; (ii) loss of value added by transportation, and (iii) deterioration of labour force employed by the sector. 

      As already discussed, climate change impacts such as increased temperature, change in precipitation patterns, increased frequency of extreme weather events and sea level rise directly damage transportation infrastructure and negatively affect vehicle operations, which cause reduction in asset value. On the other hand, because of increased frequency of extreme weather events and greater magnitude of temperature/precipitation change, climate change impacts could also increase maintenance costs of transportation infrastructure and vehicles.  
     Besides the direct impacts on transportation infrastructure and vehicles, climate change impacts cause loss of value added in transportation sector. Any interruptions or delays due to climate change impacts could influence the operation of the regional transportation network which decreases traffic volume with the following decrease in value added by transportation. 

      Another direct effect of climate change impacts on transportation is negative consequences for transportation labour. Climate change impacts increase risk of performing transportation work with negative health effects. Climate change could change the regional structure of the labour force in transportation sector in the long run as well.

      Indirect economic effects are associated with the users of transportation and changes in their behaviour due to climate change impacts. Transportation services are complementary to almost every product. Transportation sector is inter-connected with other sectors of the regional economy, and it is an indispensable component of the other sectors’ production process. Other sectors in the regional economy consider transportation services as an input in their production. In many transportation economics textbooks, the demand for transportation by other sectors and households is regarded as a derived demand. Households mostly consume passenger transportation services while traveling or undertaking other daily socio-economic activities; economic sectors other than transportation mostly consume freight transportation to ship their raw materials and final products. 

      In addition to the decrease in production of transportation services, climate change impacts will cause a decrease in total labour income and profits in other sectors and consequently a decreased demand for transportation services by those sectors and households. It should be noted that this effect will be amplified in self-employed segments of economy because they are highly dependent on transportation offered by a third party. This issue can affect development of medium and small business in Atlantic Canada which carries majority of imports/exports activities in the region. Moreover, interruption of transportation services due to climate change impacts can lead to increased travel time and deteriorated services for all users of the regional transportation network. 

     Special consideration should be given to the link between climate change impacts and transport accidents. Literature on transport accidents suggests that an increase in precipitations, temperature and frequency of extreme weather events lead to an increase in the number of transport accidents. These accidents are associated with all users of a transportation network – producers of transportation and consumers of transportation – and as such should be also incorporated into our framework. 
Dynamic general equilibrium model

Since transportation sector is a part of regional economy, it cannot be treated as a separate market. A more appropriate approach is to analyze this sector in interaction with other regional sectors. That is why in our study transportation sector is treated as the central point of regional economy, and the idea of the method can be described as presented by the following figure:
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Figure 2: Flow Chart of the General Equilibrium Model
     Interaction between supply of transportation and demand for transportation determines the price of transportation services P. Other sectors who are consumers of transportation services take P as given and choose their production output Yi. Due to some feedback mechanism, transportation sector receives information sent by output of each sector Yi and adjusts its market demand. Therefore, current production influences consumption and production of transportation services in the next period. It means that our GEM is set as a dynamic model with feedbacks. 

Climate change impacts as productivity shocks

Climate change impacts are introduced in our dynamic GEM as productivity shocks to the demand-supply of transportation system. As already described, there is the feedback mechanism associated with other sectors of regional economy - consumers of transportation. Climate change impacts directly affect supply of transportation services and indirectly demand for transportation services. After receiving a new price signal due to climate change impacts, users of transportation adjust their consumption. This adjustment further influences the demand for transportation, and this process then repeats or it is inter-temporal. In this study, climate change impacts on transportation were modelled as a constant over time aggregate productivity shock. It means that every year the volume of transportation is reduced by some amount due to climate change impacts with further internal market adjustments. 
Data and estimation

Canadian National Highway System is the primary transportation network in Atlantic Canada. This System links the four Atlantic Provinces to the rest of the world. As an important part of the National Highway System, New Brunswick/Nova Scotia Transport Corridor (NB/NS TC) is the key component to connect North American markets. NB/NS TC is located at the throat of Atlantic Provinces and, as the only arterial highway that connects New Brunswick and Nova Scotia, it is one of the busiest transportation routes within the so-called Atlantic Gateway.
      The data needed for econometric estimation and GEM modelling of the climate change impacts on the NB/NS TC was obtained from the following sources:

      Data on traffic volume was provided by the New Brunswick Department of Transportation (NBDOT). The traffic flows were counted daily at the border between New Brunswick and Nova Scotia and then converted into annual values to be consistent with other variables. The data covers period from 1991 to 2008.  

      The data on prices of transportation in the region was extracted from the Transport Canada annual reports. The data covers period from 1991 to 2011.

      The consumer price index (CPI) reflects prices of all other goods and services in the regional economy. The data on CPI in the region was taken from the Canadian macroeconomic database CANSIM, and it covers period from 1991 to 2008. Change in consumer price index is a proxy for inflation.
      In our study, we identified four largest consumers of transportation in the region. They are: manufacturing, forestry and logging, retail trade and wholesale trade. Value added by these four sectors was obtained from CANSIM for the period from 1991 to 2008. Government appears to be another large consumer of transportation, and the value added in public sector was also obtained from CANSIM from 1997 to 2008. Regional income was approximated by the sum of the values added by the four mentioned sectors plus public sector. 
      Oil price was used as a proxy for the costs of transportation. The data was extracted from the Transport Canada annual reports. The data covers period from 1991 to 2011.
      The demand and supply of transportation services as well as income in regional economy depend on population, and therefore, data on population was taken from CANSIM. It covers period from 1991 to 2011.

      Once our data set was complete, econometric estimation of the demand-supply system in transportation as well as in already mentioned four sectors has been performed using Vector Autoregression (VAR) and Seemingly Unrelated Regressions (SUR). VAR was used to estimate demand-supply of transportation, and it was specified in terms of two endogenous variables – volume of transportation and price of transportation - as well as CPI, oil price, regional income, and population as exogenous variables. SUR was applied to the four largest regional sectors with value added by a sector as dependent (endogenous) variable and sectoral price, CPI, price of transportation, regional GDP and population as independent (exogenous) variables. All variables were expressed in logarithms to capture growth rates rather than absolute values of these variables. Logarithmic transformation also helps avoid some econometric problems.
      Our estimation showed that all variables described above are statistically significant, and our econometric tools produced high R-squared adjusted. Then all these regressions were used in our GEM to simulate evolution of our economic system and trace consequences of climate change impacts on NB/NS TC over time.

Computer simulation on the basis of the GEM

In order to evaluate the consequences of climate change impacts on the NB/NS TC under different economic conditions, computer simulations have been performed under three scenarios using our dynamic GEM. In these scenarios, the estimated traffic volume was evaluated and compared to the traffic in our transportation system without climate change impacts. As a result, all scenarios were expressed in terms of the loss in volume of transportation as compared to the “no impacts” situation. As well, the loss in traffic volume was expressed in monetary terms. 

      First of all, the base case scenario was constructed. This scenario is based on the existing macroeconomic situation extended into the future from 2013 until 2100. The other two scenarios are associated with two extremes: (i) high oil price scenario, and (ii) economic slowdown scenario. This approach gives us additional information about sensitivity of the loss in volume of transportation due to climate change impacts with respect to changes in some macroeconomic variables given exogenously. In this study, the following economic indicators were chosen to reflect regional macroeconomic environment: inflation rate, GDP growth rate, population growth rate and oil price. 
      Inflation rate was selected based on the inflation target published by the Bank of Canada. In Canada, inflation targeting has been the cornerstone of Canadian monetary policy since 1991. The inflation target is to keep inflation at the 2% midpoint of an inflation-control target range of 1% to 3% per year (Bank of Canada, 2012).

      According to Statistics Canada, the average GDP growth rate in Atlantic Canada has been approximately 2.6% during the past two decades. In Nova Scotia and New Brunswick, the average GDP growth rate has been 2.26% and 2.35%, respectively. Therefore, a 2.5% real GDP growth rate was selected in the base case scenario.

      In Canada, natural growth of population is very small, especially in Atlantic Provinces. For example, the natural population growth rate in Nova Scotia and New Brunswick were under 0.01% in 2012. Although the natural population growth is small, the recorded average population growth has been approximately 1% during the past 20 years in Canada. This is mainly due to the Canadian immigration policy. According to the records from Statistics Canada, Atlantic Canada attracted less immigrants and showed lower population growth compared to the rest of Canada. From 1991 to 2012, the average population growth rate in Nova Scotia and New Brunswick has been 0.19% and 0.10% respectively. Therefore, in the base case scenario population grows of 0.15% per year was assumed.

     Since oil price is one of the most important determinants in transportation, oil price change was used to capture this determinant in the model. Oil price has steadily increased in the last two decades. Although the average growth rate of oil price was approximately 6%, the significant rise came after 2000. In the 1990s, oil price has been increasing at a rate of approximately 3.5% per year. Therefore, oil price was assumed to increase at annual growth rate of 3% in the base case scenario.

     The other two scenarios were formulated as follows:

High oil price scenario: (i) 2% inflation rate, (ii) 2.5% real GDP growth rate: (iii) 0.15% population growth rate, and (iv) 5% growth in oil prices.
Economic slowdown scenario: (i) 2% inflation rate, (ii) 1.0% real GDP growth rate: (iii) 0.15% population growth rate, and (iv) 5% growth in oil prices.
     Economic consequences of the climate change impacts on NB/NS TC were previously estimated in Yevdokimov (2012) as separate annual shocks. In this study, it was shown that approximately 1.5% of the volume of transportation would be lost annually due to climate change impacts such as an increase in temperature, change in precipitation pattern, rising sea level and an increase in frequency of large weather events in Atlantic Canada. The 1.5% annual loss in traffic volume was used as aggregate productivity shock imposed on the NB/NS TC, and consequences of this shock were traced with the help of our dynamic GEM under above mentioned scenarios. Generated time paths of the volume of transportation under three scenarios with aggregate climate change shock were compared to the initial time path under base case scenario but without the shock.  

    The following figure illustrates loss in traffic volume due to climate change impacts for the base case scenario:
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Figure 3: Loss in Traffic Volume due to Climate Change Impacts
The very same simulations were performed for the other two scenarios as well.
Conclusions

As shown in this study, climate change impacts affect NB/NS TC via increased temperature, change in precipitation pattern, increased probability of flooding and more frequent extreme weather events. These impacts affect NB/NS directly and indirectly. Since NB/NS TC is linked to other regional sectors, consequences of the climate change impacts were evaluated with the help of dynamic GEM.  
      In this analysis, NB/NS TC was treated as the central module in our GEM with other major regional economic sectors as feedback modules.  Climate change impacts and exogenous regional economic growth were simultaneously introduced into the model. Based on our GEM, traffic volumes from 2013 to 2100 under different scenarios were generated. Based on the existing economic situation and our expectations, three different scenarios were formulated.  According to the results of our computer simulation, it is possible to make the following conclusions.

      Climate change impacts could greatly reduce the volume of transportation associated with the NB/NS TC. They result in approximately 2.82% decrease in volume of transportation every year beginning in 2023. The decreasing rate due to climate change impacts from 2013 until 2023 (10 years) is in the interval of 1.48% to 2.82% per year. The rate eventually stabilizes around 2.82% (±0.10%) per year from 2023 until 2100. 

      As a result, climate change impacts could reduce the volume of transpiration associated with the NB/NS TC by 0.07 to 0.14 million vehicles per year compared to the current volume of 4.89 million. Moreover, transportation network is expected to expand in the following 100 years, and the losses in volume of transportation would be much larger by the year 2100.
      Climate change impacts on the NB/NS TC slow down the transportation related economic activities in the region and eventually lead to great economic losses. Climate change impacts could lead to the following economic losses: loss of asset value associated with transportation infrastructure and vehicles; loss of value added by transportation due to decreasing traffic volume; travel time loss due to interrupted traffic and delays; extra costs of increasing number of accidents. 
      As a result of our simulation, the expected economic loss in value added by transportation due to climate change impacts on the NB/NS TC is more than $11.136 million per year. Cumulative total loss until 2100 could reach $0.98 billion in 2013 dollars. 
      It should be also noted that the loss in value added by transportation in the NB/NS TC due to climate change impacts calculated in this study is the minimal guaranteed loss. If other consequences of the climate change impacts such as loss of asset value, loss of travel time and an increase in number of accidents were taken into account, the overall annual loss could be significantly higher. Based on the dynamic properties of our model, mitigation measures taken in the first 10-year period would be the most effective. As a result, appropriate mitigation measures could avoid approximately $11.136 million per year in 2013 dollars.
      As a matter of fact, dynamic adjustment in other regional sectors can reduce the effect of climate change impacts. For example, aggregate shock of a 1.5% decrease in volume of transportation in the first year resulted in 1.48% decrease in volume of transportation next year. Regional sectors’ adjustment reduced the effect of initial shock. This adjustment mechanism works through prices. By the year 2021, price adjustment can reduce losses in volume of transportation due to climate change impacts by 4%. 
      Sensitivity analysis was performed in each scenario. In this analysis, decrease in the volume of transportation due to climate change impacts varied from 0.5% to 2.5% per year. The results showed that extra 0.5% decrease in volume of transportation would lead to approximately $3.7 million more in losses in the base case scenario. As well, extra 0.5% decrease in volume of transportation results in $2.1 million in extra loss in the high oil price scenario and approximately $3.5 million in economic slowdown scenario. 
      As our simulation has shown, change in current macroeconomic conditions will result in different volumes of transportation in the future. Even though, the decreasing rate of the volume of transportation is similar in all simulated scenarios, the loss in volume varies. For example, high oil price results in up to 30% higher loss in volume of transportation compared to the base case scenario. In turn, slower economic growth leads to approximately 1.7% higher loss in volume of transportation in 2100. This is due to the fact that higher oil price and slower economic growth could result in lower market output and eventually lead to lower volume of transportation.  
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