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Abstract 
 

  A boom in natural gas supply caused by increased resource extraction of shale-gas 

plays in North America has created a diversion in global pricing. There exists an 

opportunity for North American markets, specifically Canada, to capture the increased 

market demand of natural gas from overseas regions. This is possible by taking advantage 

of recent advancements in liquefied natural gas transportation and of low prices domestic 

prices, compared to the high price of demand in Asia. I attempt to model the global trade 

of natural gas in its observed state in hopes of creating a useful tool for conducting policy 

simulations, as well as determining the potential for successful, sustainable trade of this 

commodity between Canada and China. 
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I. Introduction 

Since 2008 the price of natural gas in Asia, Europe, and North America has 

diverged.  Technological advances in Canada and the US, such as hydraulic fracking and 

horizontal drilling have led to a boom in shale-gas supply, bringing the price of natural 

gas down in North America from $12/MMbtu (USD) to between $2 - $4/MMbtu. 

Simultaneously, an increased demand for alternative energy in Asia has led to a rise in 

Asian natural gas prices that have been fluctuating between $14 - $18/MMbtu (USD) as 

seen in Figure 1. The market price for natural gas is still relatively young and pricing 

methods have developed differently throughout the world. European and Asian prices are 

indexed against a basket of crude oil prices, linking the volatility of natural gas prices in 

these regions to follow the movements of oil. However, in North America natural gas 

prices have decoupled from oil and are based off of futures contracts or physical market 

exchanges, which have allowed for the fall in prices due to oversupply.  

Figure 1. World Natural Gas Prices 
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The opportunity for price arbitrage has sparked the interest of North American 

producers to explore overseas trade of natural gas via liquefied natural gas, or LNG. 

Liquefied natural gas is created through the process of liquefaction, cooling natural gas to 

-160°C. In liquid form, natural gas is safer and cheaper to transport overseas by LNG 

carrier ships, where it is then regasified at its destination and distributed through 

pipelines. The construction of LNG liquefaction plants requires billions of dollars of 

investments1 and up to five years of construction until operable. To determine the 

possibility of success of this proposed venture, I have applied natural gas data from 

Canada, the United States, OECD Europe, Japan, Korea, China, Malaysia, Indonesia, the 

Middle East, and the Rest of the World (ROW) onto a Spatial Price Equilibrium (SPE) 

model developed by Samuelson (1952) and Takayama and Judge (1971).  The SPE 

model, which is examined in detail in section IV of the paper, uses an objective function 

and natural gas data to determine trade flows between regions of a homogenous good 

(natural gas), prices of trade, and the welfare of each region. Once the model is inputted 

into GAMS (General Algebraic Modelling System) and calibrated, I impose different 

scenarios of trade flows between the nations that are discussed in section VIII and 

observe the changes in pricing and welfare. 

 

The results will be able to help forecast market inefficiencies in LNG trade and 

break-even points of LNG production given varying quantities of trade. This information 

will be valuable to policy makers and governments when making decisions involving 

pipeline infrastructure, increasing taxes on fuel prices, or entering into international trade 

                                                
1	  The	  Kitimat	  LNG	  joint	  venture	  between	  Chevron	  and	  Apache	  Corp.	  is	  projected	  to	  cost	  
anywhere	  from	  $5	  billion	  -‐	  $10	  billion	  dollars	  
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agreements. It will also be of interest to the general public who are concerned with the 

future success of the LNG plants being constructed off the coast of British Columbia, 

which are seen as potentially threatening to marine and forest ecosystems.  This model is 

the first of its kind to use natural gas data in GAMS and can be a valuable tool for policy 

analysis surrounding the international trade of goods.  

  

II. Previous Literature 

 Relative literature for trade models involving natural gas have been limited to 

work undergone by government consulting firms, such as The Baker Institute World Gas 

Trade Model (Hartley & Medlock, 2005) and Macroeconomic Impacts of LNG Exports 

from the United States (NERA Economic Consulting, 2012).  

 

 The model by Hartley and Medlock (2005) is a dynamic spatial general 

equilibrium model algorithm that is built off of forecasting demand and supply 

regressions for natural gas that are dependent upon population, economic development, 

resource endowments, specific country attributes, and relative price of alternative sources 

of energy and technological advancements.  In their model they incorporate the use of 

various transport links such as pipelines and LNG carrier ships that involve varying 

transportation costs and transferable quantities. They run a base case of the model that 

shows natural gas supply and demand projections for various regions and predicts that 

North American supply will not be able to keep up with domestic demand, surpassing 

Japan as the top LNG importer. China and India will also increase their demand for 

natural gas and are predicted to rival Japanese LNG imports, but China also turns toward 
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natural gas imports via pipeline. The model also predicts the convergence of natural gas 

prices overtime and the heavy use of backstop technologies due to rising extraction costs.  

  

 NERA Economic Consulting (2012) constructs a similar model in which they run 

sensitivity analysis on 16 different scenarios that have the potential to effect the export of 

LNG from the United States, in hopes of discovering at what prices various quantities of 

LNG can be exported at and what are the economic impacts of LNG trade. NERA 

concluded that US trade of LNG would only be sustainable if global demand remained 

high or US cost of production was lower than current levels. In each of the scenarios 

where trade occurred the US economic welfare was seen to increase, but consumers were 

forced to incur higher domestic natural gas prices.  

 

 One of the few models in academia of natural gas trade by Egging, Holz, and 

Gabriel (2010), The World Gas Model: A multi-period mixed complementarity model for 

the global natural gas market, uses objective functions and constraints built from 

consumption and production projections from an energy systems model. Egging et al. 

(2010) establish that an increase in global natural gas trade will occur in the next decade, 

however this increase will not be sustained after 2020, particularly in LNG trade.  It also 

predicts that Asia will become the top importer of natural gas.  

  

 These three models all use varying sources of data, regions included in their 

models, and constraints when examining world trade of natural gas, but each of their 
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results are helpful in understanding potential trade scenarios and are useful for comparing 

with the outcomes of my SPE model.  

 

III. Data  

 I compiled global data on natural gas in the form of quantities measured in million 

cubic meters (mcm) and prices or costs in $USD/mcm. The final goods consumption, 

production, export, and import quantities, as well as import prices, and transportation 

costs for each region used in my model were obtained from the Natural Gas Information 

(2012) publication reported by the International Energy Agency (IEA). The IEA data 

ranges from 2009 to 2011, but I will only use the most recent, 2011 data, in my SPE 

model construction.   

  

 A summary of natural gas consumption and production quantities from 2009 to 

2011 for Canada, the United States, Japan, Korea, and China are depicted in Figure 2 

And Figure 3. The consumption of natural gas is found to be the highest in the United 

States, but this region is also responsible for the largest production. Although China does 

produce some quantities of natural gas, it is costly to extract and will not be enough to 

sustain the projected growth in demand as the country attempts to transition away from 

the use of coal as an energy source. Canada’s current production levels exceed its 

consumption of natural gas, enticing the opportunity of increasing exports to nations 

overseas in addition to its current trade partner, the United States.  
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Figure 2.Natural Gas Consumption from IEA Statistics 

Figure 3. Natural Gas Production from IEA Statistics 

  

 In order to correctly calibrate the SPE model, which is described in section VI, 

existing trade flows between each region, represented in Figure 4, are necessary. 

Currently trade takes place mostly between the big natural gas consumers such as, 

Canada, the United States, the Middle East, and Europe. Countries like Japan, Korea, and 

China exhibit very minimal international trade of natural gas, consuming mostly only 

what they produce.  
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Figure 4. Trade Flows between Canada, US, Europe, MidEast, Indonesia, and China 

  

The final parameter necessary to build the SPE model is elasticity of demand 

estimates for each region. These estimates are taken from Krichene’s paper (2002), 

World crude oil and natural gas: a demand and supply model, where he uses time series 

properties of world outputs and prices for natural gas between 1918 to 1999 to create a 

demand and supply model. This model is used to generate short run and long run 

elasticity estimates both with a base model and erorr correction model. The demand for 

natural gas is a function of natural gas output, expexted real prices, and real GDP. Supply 

is a function of it’s expected real price lagged one period, the output of crude oil as a 

substitution fuel, and a dummy variable that represents large volatility in natural gas 

prices. Although there is not a large variation available, as elasticities are measured for 

only the world and North America, the estimates of long-run demand elasticities are 

significant with a value of -1.1 for the world and -0.63 for North America. The world 

demand elasticity is elastic, indicating that demand is responsive to price changes. These 

elasticities are used to calculate the intercept and slope parameters used to maximise the 

objective function detailed in the model section below.  

 

 

 

Canada United)States
Canada 72587 26535
United)States 87834 623610Importing)
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Exporting)Country)(mcm))2011)
OECD)Europe Middle)East Indonesia
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0
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Exporting)Country)(mcm))2011)
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(mcm))2011

272973 46600 0
0 408338 0
0 0 56281

0
0
0

China 0 130

Importing)
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130 9970 5680 103053
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IV. Theoretical Model 

The Spatial Price Equilibrium model was first introduced by Samuelson (1952) 

and later revised into a more concrete model by Takayama and Judge in their book, 

Spatial and Temporal Price and Allocation Models (1971). The model was developed 

and is used to represent trade flows of a single or multiple commodities between two or 

more regions that are spatially separated. Each region is subject to per unit transportation 

costs that are independent of the volumes of bilateral trade. Using the theoretical model I 

am able to obtain competitive equilibrium prices in each region, the level of exports and 

imports between the regions, and the welfare values of consumer and producer surplus 

for each region. 

 

In the single commodity case I assume the potential for trade to occur between n 

regions and estimate the inverse linear supply and demand functions of each of these 

regions in the following form: 

 
 𝑆𝑢𝑝𝑝𝑙𝑦:          𝑃!" =   𝑎! + 𝑏!𝑄!"                                                         𝑖 = 1,2,3……𝑛 regions 
 𝐷𝑒𝑚𝑎𝑛𝑑:   𝑃!" = 𝑒! − 𝑓!𝑄!"                                                           𝑖 = 1,2,3……𝑛 regions 

  

Transportation costs are displayed as 𝐶!!𝑥!"!! , the sum the amount traded between 

region i and region j, multiplied by the cost of transportation between the respective 

regions. In my model transportation costs involve the transport of natural gas from the 

wellhead to the LNG liquefaction plant, the cost of liquefaction, and then final 

distribution to the regasification terminal.  
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Psi is the supply price in the ith region, Qsi is the quantity supplied in the ith region, Pdi is 

the demand price in the ith region, and Qdi is the quantity demanded in the ith region. Both 

𝑎! and 𝑒! represent the intercept parameters for the respective functions and 𝑏! and 𝑓! 

represent the slope coefficients. 𝑥!" represents trade quantities from region i to region j 

(quantity exported from the supply region or quantity imported from the demand region) 

and 𝐶!" is the cost of transportation between each region.  

 

The supply and demand functions are used to construct estimates of the intercepts 

and slopes for each region dependent upon their given price, quantity, elasticity of 

demand, and elasticity of supply. In this model, I use the 2011 natural gas prices and 

quantities from the IEA Natural Gas Information data set, elasticity of demand is taken 

from World Crude Oil and Natural Gas: A Demand and Supply Model (Krichene, 2002), 

and elasticity of supply is assumed to be equal to one. When there is not sufficient 

information present while conducting a Spatial Price Equilibrium model, it is common to 

assume that the elasticity of supply will equal one and the function will go through the 

origin (intercept, 𝑎!= 0). Calculating the slope parameter estimates involves the known 

elasticity of demand 𝜀!", 𝑃!" , and 𝑄!", which are all present in the elasticity of demand 

formula:   

 

𝜀! =
𝑃!
𝑄!

𝜕𝑞!
𝜕𝑝!

 

 

It is now possible to incorporate the downward demand slope into this formula and solve 

for 𝑓! after a few algebraic derivations:  
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Slope:          (1)   − 𝑓! =

!!!
!!!

 
 

2 −
1
𝑓!
=
𝜕𝑞!
𝜕𝑝!

 

 
 
 
 

Elas. Of Demand:       1   𝜀! =
!!
!!

!!!
!!!

 
 

2     𝜀! =
𝑃!
𝑄!

−
1
𝑓!

 

 

3     𝑓! = −
𝑃!

𝑄! 𝜀!
 

  

The elasticity of supply of one is also used to calculate the parameter for slope of supply 

in the same way, except instead of 𝜀! being a previously tabulated value, 𝜀! = 1, 

therefore 𝑏! =
!!
!!

. 

 

Calculating the intercept parameter of the demand function is derived in a similar 

manner by rearranging the function to solve for 𝑒! =   𝑃!" + 𝑓!𝑄!". All of the components 

necessary for simultaneously equating the solution of each region’s potential trade values 

are now present and can be cast into an objective function that maximizes various regions 

welfare. The objective function, motivated by Samuelson (1952) and Takayama & Judge 

(1971), optimizes the Spatial Equilibrium Model and solves the equilibrium problem by 

applying the concepts of first welfare theorem and Pareto efficiency. The first welfare 

theorem is described, as any competitive equilibrium will lead to a Pareto efficient 

allocation of resources, where no one is made worse off when someone is made better 
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off. The markets will naturally allocate efficiently given competition and there will be 

“no money left on the ground”. This efficient allocation occurs at the same quantity and 

price that maximizes welfare, welfare being equal to consumer surplus and producer 

surplus.  

 

Objective Function:  
 

𝑀𝑎𝑥 (𝑒! − 0.5𝑓!
!

𝑄!"! )   − 𝑎! + 0.5𝑏!𝑄!"!

!

− 𝐶!"𝑥!"
!!

 

 

The various constraints on the model are as follows:  

Demand Constraint: Incoming shipments must be greater than or equal to regional 
quantity demanded.  

𝑄!" ≤ 𝑥!"
!

 

 
Supply Constraint: Outgoing shipments must not exceed regional supply quantities  
 

𝑄!" ≥ 𝑥!"
!

 

 
Non-Negativity 
 

𝑄!" ,𝑄!" , 𝑥!,! ≥ 0 
 

Other conditions include the possibility of markets clearing at zero quantity traded 

due to the 𝑃! ≥   𝑃! and trade will only occur if prices between regions must be greater 

than or equal to transportation costs. The results from maximizing the objective function 

provide us with the bilateral trade flows 𝑥!", the commodity price at its destination and 

origin, 𝑃!!and 𝑃!!, and the consumer and producer surplus of each region. 
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V. Diagrammatic Representation  

One of the efficiencies of the Spatial Price Equilibrium model is its ability to be 

represented graphically and by mathematical formulas that can be used in linear and non-

linear programming. The graphical illustration demonstrates the stages of inter-regional 

trade between two regions, but can be applied mathematically with n regions.  

 In Figure 5, the two regions used to represent inter-regional trade are Canada and 

China. With domestic demand of each region labelled DCAN, DCHI and domestic supply 

given by SCAD, SCHI. In the absence of trade, Canada and China will both exhibit 

equilibrium consumption quantities and prices, Q*, PCAN, Q’, and PCHI. The total welfare 

of Canada is depicted by consumer surplus, areas a, and producer surplus, areas b. 

Subsequently, consumer surplus, areas Α, and producer surplus, areas B give the total 

welfare of China. When free trade is introduced, because goods are valued higher in 

China, PCHI > PCAD, goods will flow from Canada into China to be sold for the price of 

trade in Canada plus transportation costs, 𝑃!"#! + 𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑎𝑡𝑖𝑜𝑛  𝐶𝑜𝑠𝑡𝑠 = 𝑃!"#! .  
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Figure 5. Introduction of international trade between Canada and China 

Incorporating free trade and introducing an international market will cause the 

Canadian domestic price of the good to rise, eliminating a portion of consumer surplus. 

The Chinese domestic price will fall, allowing the Chinese consumers to capture a larger 

area of the market. This Canadian decrease in consumer surplus can be compensated by 

the gain in producer surplus due to an increased production of goods from Q* to 𝑄!"#! , 

from which producers will trade the amount (𝑄!"#! − 𝑄!"#! ) abroad.  

 

Overall the international market depicts the effects of trade between the regions 

subject to transportation costs, as a net gain to each region can be seen as areas 𝛿 for 

Canada and area 𝜃 for China. These two areas are what the objective function maximizes 

minus what is lost to transportation costs. Each region experiences a different 

international price, but the quantity traded between the two is QT. Both regions 

experience benefits from trade, as their overall total welfare will increase.  

 

VI. GAMS & Calibrating the Model 

In order to maximize the quadratic objective function of bilateral trade I use a 

General Algebraic Modelling System, or GAMS. GAMS incorporates the use of solvers 

to allow for mathematical programming and optimization of models to be calculated. It is 

also easy to conduct sensitivity analysis, imposing different scenarios on a model and 

interpreting the results. This form of modelling application is very useful for determining 

the consequences of different policy implementations or shocks to a market.  
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When dealing with trade, it is important to accurately model trade flows, therefore 

we calibrate the model to ensure that outputs from the model are representative of 

realistic values. Calibrating the model relies on the use of practical trade flows of exports 

and imports between regions, obtained from the IEA Natural Gas Information (2012) as 

mentioned in the data section. Although our model relies on observed data for prices, 

transportation costs, consumption, and production quantities, calibrating the model 

accounts for any misspecification of parameters that might occur in the imprecision of 

data, or specializations imposed by GAMS in the mathematical programming process, 

ensuring efficient policy analysis is available.  

 

In GAMS, I calibrate the transportation costs, which are generally estimated with 

inaccuracies, in a method referred to as positive mathematical programming (PMP).  

PMP involves a calibration constraint that can be included in the objective function and 

when solved, the model will replicate the observed values of trade flow exactly. The 

prices of demand and supply, as well as consumer and producer surplus, are now 

accurately represented and useful for interpretation.  

 

Calibration in Phase 1 of the PMP model is included as a constraint, 𝑥!" = 𝑥!", 

where 𝑥!" represents the observed trade flows taken from IEA data. In Phase 2, the 

calibration is included in the objective function in the form of shadow prices, extracted 

from the dual variable of the trade flow constraint in Phase 1. Shadow prices of the 

constraint represent the amount that the optimal value of the objective function, total 
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welfare, would change, per unit increase in trade flows. 𝜆!" will represent the shadow 

price of the calibration constraint.  

𝑀𝑎𝑥 (𝑒! − 0.5𝑓!
!

𝑄!"! )   − 𝑎! + 0.5𝑏!𝑄!"!

!

− (𝐶!" + 𝜆!")𝑥!"
!!

 

VII. Base Model & Results 

 The base model represents the calibrated maximization of the objective function 

without altering any quantities of trade flows, consumption, or transportation costs. 

Because of calibration the trade flows that exists are identical to those observed. Prior to 

calibrating the model trade flows observed between regions can be seen in Table 1 and 

compared to the results of model calibration in Table 2.  

Table 1. SPE model outputs from GAMS with no calibration 

Table 2. SPE model outputs from GAMS including calibration 

 The most noticeable difference between the calibrated model and the uncalibrated 

model is the imports of natural gas from the United States and the Middle East into 

Canada US Japan Korea Europe Middle2East China
Canada 107,125.10(
US 50,486.20((( 644,262.60(((((
Japan 1,445.90((((((( 198,968.10((((
Korea 199.60((((((((( 73,587.40((((((
Europe 152,957.30(( 607,684.50((((
Indonesia 37,231.00((((((
Malaysia 32,387.10((((((
China 174,727.60(((( 41,827.90(((

Exporting(Countries((mcm)

Importing(
Countries(
(mcm)

Canada US Japan Korea Europe Middle2East Indonesia Malaysia China
Canada 72,587&&&&&&&& 26,535&&&&&&&&& 155&&&&&&&&&&&&&&
US 87,834&&&&&&&& 623,610&&&&&&& 430&&&&&&&&&&&&&& 4,277&&&&&&&&&&&
Japan 510&&&&&&&&&&&&&& 3,333&&&&&&&&&& 481&&&&&&&&&&&&&& 34,338&&&&&&&&& 11,068&&&&&&&& 21,176&&&&&&&&
Korea 259&&&&&&&&&&&&&& 452&&&&&&&&&&&&& 605&&&&&&&&&&&&&& 19,581&&&&&&&&& 10,131&&&&&&&& 5,210&&&&&&&&&&
Europe 249&&&&&&&&&&&&&& 272,973&&&&&&& 46,600&&&&&&&&&
Middle2East 408,338&&&&&&&
Indonesia 56,281&&&&&&&&
Malaysia 8,500&&&&&&&&&& 50,737&&&&&&&&
China 130&&&&&&&&&&&&&& 130&&&&&&&&&&&&&& 9,970&&&&&&&&&&& 5,680&&&&&&&&&& 18,043&&&&&&&&

Exporting&Countries&(mcm)

Importing&
Countries&
(mcm)
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Canada. The United States also exports to China and there is more trade activity seen 

from Indonesia and Malaysia.  

 The prices related to the uncalibrated model in Table 1 and the calibrated model 

in Table 2 are similar, but overall uncalibrated prices are lower compared to those in the 

calibrated model. The prices are given in $USD/MMbtu to make it easier to compare 

between the prices of trade quoted earlier in the introduction. It can be seen that the 

calibrated model prices closely represent the observed data of natural gas markets. A 

similar pattern between consumer and producer surpluses is seen with the two models, as 

there is not large variation except for when more trade occurs in the calibrated model in 

regions such as Europe, Indonesia, Malaysia, and China. The prices can be compared 

below in Table 3 and consumer and producer surplus in Table 4 and Table 5. 

 

 

Table 3. SPE model output prices from GAMS 

 

 

 

Uncalibrated Calibrated
Canada 3.0811111111111111111111 3.28111111111111111111111111
US 3.9611111111111111111111 3.71111111111111111111111111
Japan 5.5511111111111111111111 13.161111111111111111111111
Korea 5.6611111111111111111111 12.411111111111111111111111
Europe 5.3511111111111111111111 5.91111111111111111111111111
Middle2East 3.5911111111111111111111 1.67111111111111111111111111
Indonesia 5.2011111111111111111111 9.89111111111111111111111111
Malaysia 5.2011111111111111111111 3.55111111111111111111111111
China 5.2011111111111111111111 12.271111111111111111111111

Price2of2Demand2($USD/MMbtu)
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Table 4. SPE model output of consumer surplus 

Table 5. SPE model output of producer surplus 

VIII. Varying Trade Flows & Results 

 As seen in the calibrated base model, no trade currently occurs between Canada 

and any of the Asian countries, our particular interest being with China. In order to 

determine the influence that introducing natural gas trade between Canada and China 

would have on each region, we alter trade flows to allow for 4,500 mcm of natural gas to 

be exported from Canada and slightly increased US exports to 700 mcm. All other trade 

flows are held constant. Transportation costs between Canada and China are also slightly 

reduced from $6.15/MMbtu to $3.77/MMbtu, a rate that is comparable to transportation 

costs between Canada and Europe. The results of this addition to trade flows are 

Uncalibrated Calibrated
Canada 188.532222222222222 175.25222222222222222222
US 1,566.65222222222 1,688.79222222222222222
Japan 1,335.63222222222 477.96222222222222222222
Korea 488.582222222222222 201.81222222222222222222
Europe 3,481.15222222222 3,183.75222222222222222
Middle2East :222222222222222222 302.71222222222222222222
Indonesia 504.512222222222222 289.43222222222222222222
Malaysia 371.752222222222222 435.48222222222222222222
China 1,471.06222222222 589.48222222222222222222

Consumer2Surplus2($USD2million)

Uncalibrated Calibrated
Canada 169.942222222222222222 177.912222222222222222
US 897.502222222222222222 961.232222222222222222
Japan 2.6622222222222222222222 15.93222222222222222222
Korea 0.4022222222222222222222 2.0422222222222222222222
Europe 289.432222222222222222 2,873.072222222222222
Middle2East 1,603.822222222222222 411.582222222222222222
Indonesia 69.04222222222222222222 517.792222222222222222
Malaysia 39.83222222222222222222 541.692222222222222222
China 77.00222222222222222222 464.682222222222222222

Producer2Surplus2($USD2million)
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Price&of&Demand&
($USD/MMbtu)

Calibrated
Canada 3.31----------------------
US 3.75----------------------
Japan 13.16--------------------
Korea 12.41--------------------
Europe 5.91----------------------
Middle&East 1.67----------------------
Indonesia 9.89----------------------
Malaysia 3.55----------------------
China 11.82--------------------

represented by demand prices in Table 6, consumer surplus in Table 7, and producer 

surplus in Table 8. 

 

 

 

 

 

 

Table 6. SPE model output prices for trade with China 

As expected, price of demand in both Canada and the United States rose slightly 

from $3.28/MMbtu to $3.31/MMbtu in Canada and from $3.71/MMbtu to $3.75/MMbtu 

in the US. This price increase, due to the introduction of trade with China, is caused by an 

increase in production outputs and exports from Canada and the US, which increase 

marginal extraction costs as it becomes more difficult to drill for natural gas and maintain 

a constant supply.  The price of demand in China fell from $12.27/MMbtu to 

$11.82/MMbtu, which is because of increased supply of natural gas to consumers. These 

price changes cause fluctuations to occur in the consumer and producer surpluses of 

Canada, the United States, and China. A fall in consumer surplus occurs in Canada and 

the US, but is slightly compensated for by a rise in producer surplus, and the opposite can 

be seen happening in China (rise in consumer surplus, fall in producer surplus).  Overall 

the total welfare of Canada (consumer plus producer surplus) is positively impacted, 

increasing from $353,160,000 to $361,130,000, as is the total welfare of the United 

States, gaining $58,420,000 in welfare from a rise in quantity traded with China. The 
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total welfare in China also rises slightly by $15,930,000 with most of the gains being 

captured by Chinese consumers.  

 

 

 

 

 

 

 

 

Table 7. SPE model consumer surplus output for trade with China 

 

Table 8. SPE model producer surplus output for trade with China 

 

IX. Conclusion  

 When modeling inter-regional natural gas trade with the Spatial Price Equilibrium 

model as our tool, using GAMS to optimize the maximization function, it is evident that 

the output values tabulated by GAMS are very similar to observed trade data found in 

Producer(Surplus(
($USD(million)

!Calibrated!
Canada 188.53!!!!!!!!!!!!!!!!!!!!
US 1,040.89!!!!!!!!!!!!!!!!!
Japan 15.93!!!!!!!!!!!!!!!!!!!!!!
Korea 2.04!!!!!!!!!!!!!!!!!!!!!!!!
Europe 2,873.07!!!!!!!!!!!!!!!!!
Middle(East 411.58!!!!!!!!!!!!!!!!!!!!
Indonesia 517.79!!!!!!!!!!!!!!!!!!!!
Malaysia 541.69!!!!!!!!!!!!!!!!!!!!
China 438.13!!!!!!!!!!!!!!!!!!!!

Consumer)
Surplus)($USD)

million)
Calibrated

Canada 172.6000000000000000000
US 1,667.5500000000000000
Japan 477.9600000000000000000
Korea 201.8100000000000000000
Europe 3,183.7500000000000000
Middle)East 302.7100000000000000000
Indonesia 289.4300000000000000000
Malaysia 435.4800000000000000000
China 631.9700000000000000000
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natural gas markets today. This indicates that the natural gas trade SPE model can be 

used as an accurate representation of global trade and when calibrated, can conduct 

precise policy simulations.  

 

 The main interest of this model was to determine the potential success of 

Canadian producers being able to export natural gas, via LNG carrier ships, to China and 

potentially other Asian countries in the future. Our base model calculated that involved 

observed trade flows from 2011 did not include trade with China, but when trade was 

introduced all members involved experienced gains to total welfare. Canada’s producers 

were able to capture the demand of a new market and Chinese consumers needs for 

natural gas as a transition fuel away from coal were met. Some policy implementations 

that might model the event that trade with China does exist could be the introduction of 

carbon tax in China, forcing industries to drastically increase their demand for natural gas 

as it emits half the amount carbon compared to that of burning coal. This high demand, as 

mentioned by NERA Economic Consulting (2012), would be necessary to sustain trade 

with North America. Another policy that would influence producers choices to engage in 

trade would be to lower the transportation costs of natural gas, either from the wellhead 

to the LNG liquefaction plants, or by lowering the cost of liquefaction all together. This 

cost decrease might be possible by encouraging Chinese foreign investment in Canada 

through the use of FIPA, Foreign Investment Promotion & Protection Agreement that 

was recently established between China and Canada in 2014. The FIPA agreement allows 

for Chinese foreign investors to be treated like domestic investors, giving them access to 

the same opportunities and encourage foreign involvement in the Canadian economy. 
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FIPA creates the potential for Chinese investors to secure a stable supply of natural gas 

from Canada by investing in the various proposed LNG projects and providing capital for 

costs such as transportation and liquefaction. These forms of policy have the ability to 

stimulate trade between Canada and China, which based on my natural gas SPE model 

have favourable outcomes for all regions involved.  

 The natural gas SPE model would be of interest to governments and policy 

makers as a tool to observe the results of various shocks to the natural gas market or 

discover the influence of new trade patters that can be created between regions. It is also 

important for individuals who are interested in the debate of Canada undergoing LNG 

trade as they now have the opportunity to observe the potential benefits to producers and 

costs to domestic consumers when trade is introduced. There are several other scenarios 

and upstream fluctuations (extraction prices, pipeline construction/capacity) prior to trade 

occurring that could dramatically alter natural gas markets. I have created a simple model 

incorporating transportation costs and one simulation option that can now be altered to 

include different complexities or policy simulations.  
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