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ABSTRACT 

This research investigates the possibility that WTI crude oil and Henry Hub 

natural gas prices share a stable link.  Economic theory suggests that the two 

commodities are linked by both supply and demand given that the commodities can be 

coproduced and many consumers have the ability to switch between the fuels.  In 

general, it would appear that the two commodities support this theory with natural gas 

prices tracking crude oil prices fairly well until late 2008.  However, since the end of 

2008 the two price series have diverged and appear to move independently of each 

other. Reduced fuel switching capabilities in U.S. industry and electric power generation 

coupled with increased technology and production from shale formations have 

potentially changed the driving force behind natural gas prices.  However, a severe 

recession has impacted world economies over the same time period making the cause 

of the disparity between crude oil and natural gas prices unclear.  Therefore, this 

research analyzed the possible long-term link between the two commodities over two 

timeframes.  Using an error correction model that includes exogenous factors affecting 

the short-run dynamics of natural gas prices over the period January 1999 through 

September 2008, I find evidence of a long-run cointegrating relationship between 

natural gas and crude oil prices.  Additionally, crude oil prices are found to be weakly 

exogenous to the system, suggesting causality runs from crude oil to natural gas prices.  

Extending this series through February 2012 yields much weaker evidence of a 

cointegrating relationship and provides evidence for the decoupling crude oil and 

natural gas prices.        
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1.1 Introduction  

In 1859 in Titusville, Pennsylvania the first US commercial oil well was drilled and 

produced a reported 15 barrels per day.  Today, crude oil production in the US 

approaches 2 billion barrels a year.  Lubrication and lighting were the very first uses for 

crude oil and its distillates, as kerosene quickly replaced whale oil.  Discoveries of crude 

oil in California and Texas led to the discovery of many more uses for the product.  

Distillation processes turned crude oil into products that could power factories, 

electrical generating units, automobiles, and locomotives.  In fact, crude oil and its 

derivatives have become the primary transportation fuel globally.  Products include 

asphalt, diesel, fuel oil, gasoline, kerosene, liquefied petroleum gas, lubricating oil, 

paraffin wax, bitumen, and petrochemicals.   

As more uses for crude oil were discovered, dependence on oil increased.  

Currently, oil constitutes approximately 35% of total primary energy use in the U.S.  

Figure 1.1.1 shows U.S. crude oil and field production and imports since 1920.  U.S. field 

production rates increased steadily until the 1970’s, where it peaked at approximately 

310 million barrels per month.  Following the 1970’s, demand for crude oil imports grew 

as production waned.  In fact, crude oil imports have exceeded U.S. production since the 

early 1990’s.  However, within the last five years domestic production rates have been 

on the rise.      
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Figure 1.1.1 

 

Natural gas, on the other hand, was originally viewed only as a by-product of 

crude oil production.  This was mainly due to transportation difficulties.  Pipelines were 

well suited for liquid crude oils but were inefficient at transporting natural gas due to its 

gaseous state.  Natural gas associated with crude oil production was normally flared or 

vented at the drilling rig if a local use could not be found.  Coal gas, or town gas, actually 

preceded the use of natural gas.  It helped establish its usefulness in many areas 

including street lighting, home lighting and heating.  By the late 1930s, issues with the 

pipelines had been resolved and natural gas could now be transported from production 

fields to service areas miles away (Natural Gas Supply Association, 2011).   
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In 1938, the US government regulated the natural gas industry because they 

believed it to be a natural monopoly.  They passed the Natural Gas Act which imposed 

regulations and restrictions on the price of natural gas to protect consumers from 

unreasonably high prices.  The act required companies to obtain a “certificate of public 

convenience and necessity” from the Federal Power Commission (FPC) before they 

could make a sale of natural gas across state lines.  These certificates set the maximum 

prices natural gas could be sold for.  Therefore, if gas flowed from one state to another 

where it was sold to a gas distribution company, the sale by the pipeline would require a 

certificate.  However, sales to retail customers were exempt from the law as well as the 

production and gathering of gas.  Production companies claimed that because of the 

exemption on production and gathering, any sales that took place at the wellhead or 

along the gathering lines were also exempt from regulation.  Exempting wellhead sales 

would allow producers to charge wellhead prices based on market forces.  Consumer 

groups, on the other hand, argued that the Natural Gas Act intended that both 

producers and pipelines should be limited to cost based price regulation, meaning that 

the final price to consumers should represent only the cost of producing, transporting, 

and distributing the gas.  The matter was taken to the Supreme Court in Phillips 

Petroleum Company v. Wisconsin where the court ruled that the sale of natural gas at 

the wellhead was subject to regulation under the Natural Gas Act.  This Supreme Court 

ruling resulted in federal price controls on wellhead gas for the next forty years.  

Additionally, the act also stated that no new interstate pipelines could be built to deliver 

natural gas into a market already served by another pipeline (Natural Gas Supply 



5 
 

Association, 2011).  The act was extended in 1942 to cover any new transmission lines, 

requiring FPC approval before any interstate line was built.     

From the 1950s through the 1970s these price controls prevented the 

widespread adoption in industry due to scarcity issues arising from an inability of 

producers to recover the costs of exploration and production (Breyer & MacAvoy, 1973).  

Gas shortages and price irregularities in the late 1970s and 1980s indicated that a 

regulated market may not be beneficial for both consumers and the natural gas 

industry.  In 1983, Congress ended federal regulation of wellhead natural prices.  

Gradually, the natural gas market strengthened, decreasing consumer prices and 

increasing natural gas discoveries.  Today the natural gas industry is quite competitive.  

Since its replacement of town gas for street lighting and heating, natural gas has been 

adopted by many industries to replace crude oil and its derivatives to fire plants.  Home 

owners have increasingly chose natural gas over fuel oils to heat their homes and many 

appliances such as ovens, ranges, water heaters and boilers have been manufactured to 

run on natural gas.  Touted as a low pollution alternative to coal and fuel oil, natural gas 

has become a popular choice for power generation, providing approximately 25% of 

total electricity generation and costing less than nuclear, solar, and wind technologies.  

Natural gas is even used in the transportation industry to fuel transport trucks and 

industrial equipment.   With all of its uses, natural gas constitutes approximately 25% of 

total primary energy use in the U.S. 
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Figure 1.1.2 shows U.S. monthly natural gas production since 1980.  Similar to 

the trend in crude oil, natural gas production has been on a steady rise over the last five 

years with current total production rates in the U.S. approaching 2.5 Tcf (trillion cubic 

feet) per month.  However, unlike the crude oil industry, imports are relatively small 

compared to domestic production, averaging 11% of production rates since 1980.  

Figure 1.1.2 

 

Although the evolution of the crude oil and natural gas sectors have been 

somewhat different, economic theory suggests crude oil and natural gas can be linked 

through both supply and demand.  The ability of U.S. industry and electric power 

generators to switch between fuels links the two commodities through the burner-tip.  

Many power plants, refiners, factories, and other industries switch between natural gas 
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and petroleum products to fire their plants based on the cost of each energy source, 

demonstrating the price relationship between crude oil and natural gas through 

competition.  The actual process of fuel switching is more involved than simply flipping a 

switch and is a relatively slow process.  Fuel switchers optimize on a weekly to monthly 

basis based on price expectations.  Historically, this would have affected a larger portion 

of the market.  Prior to 1970, approximately 55% of all natural gas-fired power 

generators in the US had the capability to switch to petroleum product fuels.  By the late 

1980s that number had grown to nearly 71%.  The increasing burden of pollution 

legislation and the increase in natural gas power generation have decreased the 

capacity to switch between fuels and narrowed the range of opportunities for direct 

competition between the fuels in the short run.  However, fuel switching is still 

practiced by a significant number of power producers.  As of 2007, 31.5% of all natural 

gas-fired power generators had the ability to switch to petroleum based fuels.  

However, if natural gas prices begin a sustained rise while crude oil prices hold constant, 

it is possible over the long-run that more fuel switching capability could arise (Costello, 

Huntington, & Wilson, 2005).  Hartley, Medlock, and Rosthal (2008) use the concept of 

fuel switching to examine the possible link between natural gas and crude oil prices 

through residual fuel oil prices.  After accounting for the increased efficiency of natural 

gas fired power generators, they argue that the residual fuel oil price is determined by 

WTI and it is through that mechanism that crude oil prices determine natural gas prices.   

On the supply side, the link between the two commodities comes from the 

location and composition of the reserves.  Depending on the drill site, crude oil wells 
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often produce natural gas as a byproduct of oil production called associated gas.  

Associated gas can exist separate from the crude oil in the underground formation or 

dissolved in the crude oil itself.  This gas can be recovered as an energy source used 

directly by the production facilities, commoditized and sold, or flared.1    Although not 

all associated gas is marketed due to flaring or facility use, between 20% and 30% of the 

overall marketed domestic natural gas production is derived from associated gas wells.  

It is within these reservoirs, where natural gas is coproduced with crude oil that the two 

commodities function as compliments in production.  Therefore an increase in the price 

of crude oil, due to increased demand, would tend to increase the production of natural 

gas as a co-product, thereby decreasing natural gas prices.  

Alternatively, natural gas is also produced from reservoirs that contain only 

natural gas, called dry gas or non-associated gas.  Dry gas accounts for the bulk of 

domestic natural gas production, constituting approximately 75% of overall production.  

With dry gas reserves, producers have to make the decision to develop their dry gas 

assets or to employ their limited capital developing other assets that may contain crude 

oil.  If the price of crude oil increases due to increased demand, producers may 

reallocate capital designated for natural gas production to crude oil production.  Since 

natural gas and crude oil operators compete for similar resources such as labor and 

drilling rigs, the increased production of crude oil would tend to bid up the cost of 

                                                           
1
 Flaring takes place for safety reasons to relieve pressure on the production system.  Natural gas is also 

flared for technical or financial reasons.   Sometimes the volume and/or quality of the gas do not justify 
investing in infrastructure to allow the gas to be sold locally or transported (Natural Gas Supply 
Association, 2011). 
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finding and developing natural gas assets.  As a result, natural gas production would 

tend to decline, exhibiting the two commodities relationship as rivals in production.   

In general, it would appear that natural gas and crude oil support the theory that 

the two commodities are connected in their long term movements.  Although, there 

have been periods when they appear to move independently of each other, especially in 

the last few years.  Figure 1.1.3 displays weekly Henry Hub and West Texas Intermediate 

spot prices from January 1991 to February 2012. 

Figure 1.1.3   

 

Historically, the commodities have maintained approximately a 10-to-1 price 

relationship on average.  This means that natural gas was priced about one tenth the 

price of crude oil.  However, this relationship has been based on observation and not 

statistical inference.  Also, as can be seen in the graph, crude oil and natural gas prices 
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have deviated from this relationship for extended periods of time over the last twenty 

years.  The most notable deviation has been the period following 2008 with peaks above 

40-to-1.     

However, even prior to 2008, the variability in the price relationship between the 

two commodities has interested researchers.  Serletis and Rangel-Ruiz (2004) fail to find 

a long-run relationship between crude oil and natural gas prices after analyzing daily 

data from 1991 through 2001.  They posit that the decoupling of the two markets is in 

response to the deregulation of the crude oil and natural gas markets in the 1980’s.  A 

later study by Villar and Joutz (2006), on the other hand, analyzes monthly data from 

1989 through 2005 and concludes that crude oil and natural gas prices are linked in their 

long term movements.  Their conclusion is reached after accounting for the short term 

variability in natural gas prices and a time trend.  However, the inclusion of a trend term 

has been noted as a drawback to their model.  A study by Bachmeier and Griffen in the 

same year finds only weak evidence of a link between the two commodities and argues 

that the market for energy can only be considered a single market for primary energy in 

the very long run.  Some researchers have noted that earlier models failed to account 

for the short-term fundamental drivers of natural gas prices.  Brown and Yucel (2008) 

incorporate the effects of weather and storage inventories into their model and 

conclude that a stable long-run relationship exists.    

This research is also interested in the relationship between crude oil and natural 

gas prices.  However, unlike Serletis and Herbert (1999) and Hartley, Medlock, and 
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Rosthal (2008) this research focuses on relating natural gas prices directly to crude oil 

prices rather than investigating an indirect relationship through residual fuel oils.  Also, 

while this research follows both Villar and Joutz (2006) and Brown and Yucel (2008) by 

allowing exogenous market fundamentals to influence the short run pricing dynamics 

between crude oil and natural gas prices, it does not include the positive time trend 

used in Villar and Joutz (2006).  Villar and Joutz’s inclusion of the trend term suggests 

that natural gas prices were growing slighter faster than crude oil prices, narrowing the 

gap between the two over time.  However, the growing gap between crude oil and 

natural gas prices since 2008 provides evidence against its validity.  Also, the large and 

sustained divergences in prices post 2008 make the finding by Brown and Yucel (2008) 

unlikely to hold over this period.   

Therefore, what could have changed this relationship following 2008?  Until 

several years ago, references to crude oil and natural gas production usually referred to 

the recovery of crude oil and natural gas through conventional production techniques 

yielding crude oil, associated gas, and dry gas.  However, improvements in drilling and 

recovery technologies, coupled with strong commodity price levels over the last ten 

years, have changed this standard and are possible explanations for the divergence in 

price levels.   

In addition to dry gas reserves that contain primarily methane, natural gas is also 

produced from wet gas plays, or “liquids rich” plays.  Wet gas is natural gas that contains 

hydrocarbons known as natural gas liquids (NGLs).  NGLs include ethane, propane, 
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butanes, and natural gasoline.  They are used to produce a variety of products including 

fuels, paints, synthetic rubber, refrigerants, aerosols, and plastics.  Due to mandated 

pipeline specifications, most natural gas liquids must be removed from the gas stream 

before entering the pipeline system, the exception being ethane.   

The benefit of wet gas to a producer is that it is typically worth two to three 

times the value of dry gas when the NGLs are accounted for, drastically increasing the 

value of a drill site.2  With natural gas prices averaging approximately $4 per MMBtu 

since January 2009, interest in NGL recovery and wet gas plays has skyrocketed.  

Exploration and production (E&P) companies are increasingly targeting liquids rich 

supply basins due to higher crude prices, which influence the value of NGLs, and weak 

natural gas prices (U.S. Energy Information Administration, 2012).  However, as NGL 

production increases, natural gas production increases as a by-product.  The increasing 

supply of natural gas due to NGL production could negatively pressure natural gas 

prices, causing them to remain low relative to crude oil.   

Additionally, advancements in drilling and extraction techniques over the last ten 

year have allowed E&P companies to economically recover crude, natural gas, and 

natural gas liquids from shale rock formations.  These rock formations are typically 50 to 

350 feet thick and can cover huge expanses of land.3  Conventional vertical wells are 

inefficient at recovering hydrocarbons from shale formations.  In a conventional play, 

the fuels pass through porous material and collect in large reservoirs that are capped by 

                                                           
2
 NGL prices are highly correlated to crude oil prices. 

3
 As an example the Barnett Shale formation covers more than 5,000 square miles in the Fort Worth 

Basin. 
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impermeable rock formations.  Vertical wells drilled directly into these large reservoirs 

are very efficient at recovering the resources.  Alternatively, shale traps the fuel within 

itself, not allowing the fuels to collect or pool.  Therefore, conventional vertical wells 

through shale formations typically yield little crude oil or natural gas.  

While the E&P industry has been aware of large shale reserves since the 1960’s, 

cost effective means of extraction have not.  However, advancements in horizontal 

drilling and extraction techniques have recently allowed drillers to tap these untouched 

reserves.  Horizontal drilling allows a driller to take advantage of the much larger 

horizontal dimension of shale plays, exposing significantly more reservoir rock to the 

well bore than would be the case with a conventional vertical well.  Most shale plays 

require horizontal drilling techniques coupled with a process called hydraulic fracturing 

or “fracing”.  During the “fracing” phase, mixtures of water, mud, and chemicals are 

forced through the bore hole at high pressure, fracturing the shale formation, and 

releasing the resources.  These rock formations that were once too expensive to drill are 

now being exploited.    

The timeline and extent to which E&Ps have utilized these technologies can be 

seen in Figure 1.1.4 below which illustrates the total weekly rig count by trajectory.  

Additionally, analyzing drilling operations by the type of drilling technique allows one to 

determine the types of reserve formations that E&Ps are developing.  The number of 

drilling rigs using directional, vertical, and horizontal drilling techniques are displayed 

below.  Directional, or slant, drilling is primarily used on offshore reserves.  This 
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technique involves drilling non-vertical bore holes from a single platform to reach 

different areas of a crude oil or gas field.       

Figure 1.1.4 

 

Prior to the advancements in horizontal drilling and hydraulic fracturing 

techniques, E&Ps primarily focused on resources that could be extracted using 

conventional vertical drilling or directional offshore drilling.  However, this trend began 

to change in the mid 2000’s as shale reserves became economically viable due to strong 

commodity prices and improved drilling and extraction techniques.  Currently, 

approximately 60% of all oil and natural gas wells are being drilled in formations that 

require horizontal drilling, mainly shale.  In fact, North Dakota, the location of the 

Source:  Baker Hughes North America Rotary Rig Count 
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Bakken shale formation, has recently passed Alaska to become the second leading oil 

producing state in the nation behind Texas.  Shale dry gas production has grown from 

6.5% (3.5 Bcf per day) to 35% (24 Bcf per day) of total production since January 2007 

while overall production has increased by 32% (16.7 Bcf per day) over the same time 

period.  By 2035 the EIA estimates that shale gas will account for almost 50% of 

domestic natural gas production.  Current recoverable reserves of shale gas are 

conservatively estimated to be 750 trillion cubic feet and shale oil reserves are 

estimated to be near 24 billion barrels (U.S. Energy Information Administration, 2011).  

The increased development of shale resources is likely to improve drilling and “fracing” 

techniques, reducing costs.  As the cost of extraction falls, the required commodity price 

level at which shale is economically recoverable also falls.  As a result, natural gas 

production is likely to continue to increase keeping natural gas prices low.     

This research analyzes the possible link between WTI and Henry Hub spot prices 

using a Vector Error Correction framework.  Reduced fuel switching capabilities in U.S. 

industry and electric power generation coupled with increased technology and 

production from shale formations have potentially changed the driving force behind 

natural gas prices.  However, a severe recession has impacted world economies over the 

last several years making the cause of the disparity between crude oil and natural gas 

prices unclear.  Specifically, if the divergence of the two prices series is due to reduced 

fuel switching opportunities, improved technology and production growth then the 

change can be seen as permanent.  On the other hand, if the divergence is due to the 

effects of the global recession then the change would be temporary and the two price 
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series would gradually return their long-run relationship following the end of the 

recession.  Therefore, this study investigates the presence of a stable link between the 

two commodities over the period January 1999 through the third quarter of 2008, 

before commodity prices were possibly impacted by the global recession, and extends 

the analysis to cover the entire period through February 2012.  Unlike Hartley, Medlock, 

and Rosthal (2008) who examine the possible link between natural gas and crude oil 

prices through residual fuel oil prices, this research investigates the presence of a direct 

link between crude oil and natural gas.      

Using an error correction model that includes exogenous factors affecting the 

short-run dynamics of natural gas prices over the period January 1999 through 

September 2008, I find a long-run cointegrating relationship between natural gas and 

crude oil prices.  Crude oil is found to be weekly exogenous to the system, suggesting 

that causality runs from crude oil to natural gas prices.  Given the market structure of 

the two commodities, this causal finding makes economic sense.  WTI crude oil is 

internationally shipped and traded and serves as an international benchmark of crude 

oil while Henry Hub natural gas is a regional commodity with a miniscule export market.  

Therefore, the global nature of WTI makes it less susceptible to shocks affecting the 

regional natural gas market.  Specifically, I find that natural gas prices adjust to shocks to 

the long-run relationship at a rate of 9.11% per week.  This implies that half-life of a 

shock to the long-run relationship is 7.6 weeks.  Additionally, factors such as weather, 

seasonality, and natural gas storage levels are found to significantly affect the short-run 

dynamics of natural gas prices.  Extending this analysis through February 2012 yields 
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much weaker evidence of a cointegrating relationship between the two commodities.  

The resulting speed of adjustment is estimated to be 2.88% per week for the longer 

series which translates into a half-life of approximately 24 weeks.  However, the weak 

evidence of cointegration is likely a result of the strong relationship between the two 

series through September 2008.  Therefore, an argument is made that the two 

commodities have actually decoupled following September 2008.   

An explanation for the decoupling of the price series is that advancements in 

drilling and extraction techniques have allowed producers to access resources in shale 

formations that were once too expensive to develop.  This increased production via 

shale coupled with the decreased ability of U.S. industry and electric power generators 

to switch fuels has possibly changed the pricing dynamics of natural gas permanently.  

However, testing for structural breaks within the model is unlikely to yield definitive 

evidence due to the presence of a global recession covering the same time period.  As a 

globally traded commodity, West Texas Intermediate (WTI) is much more likely to be 

affected by international events and monetary policy as well as domestic events.  

Therefore, it is plausible that WTI prices have been upheld by international efforts to 

boost economies.  Henry Hub, on the other hand, does not benefit from international 

intervention given the regional nature of the commodity.  Therefore, the recession in 

the U.S. is likely to depress Henry Hub prices relative to WTI, given the lack of response 

to international stimuli by natural gas.  In this case the decoupling of the two 

commodities would be temporary and natural gas prices would eventually adjust 

toward the long-run equilibrium following economic recovery in the U.S.  However, 
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investigation of prior periods marked by recessions provides little evidence of price 

divergence in the oil and natural gas markets, weakening the argument that the 

observed price divergence since 2008 is due to the global recession.  In fact, during the 

recession spanning March 2001 through November 2001 the price ratio of crude oil to 

natural gas only reached a maximum of 12.6 and averaged 8 for the time period.  These 

ratios are well within reason given the historical price ratio since 1991 is 10.8.  The 

period post September 2008, on the other hand, has an average price ratio of 19.5 with 

a maximum of 41.7.  While this weakens the argument that the recession is the cause of 

the divergence in prices, it cannot be completely ruled out given that the March 2001 

recession is the only other recession that spans the price dataset.  Therefore, analysis is 

conducted over the period January 1999 through September 2008 and January 1999 

through February 2012.  
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Prices 
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2.1 Drilling Activity 

The increase in shale production has undoubtedly had an impact on the natural 

gas market.  Strong commodity prices through the mid 2000’s led E&P companies to 

increase natural gas and crude oil exploration, not only in shale formations but 

conventional formations as well.  The increase in drilling activity relative to commodity 

prices can be seen in the graph below.  The graph shows the number of natural gas 

drilling rigs in operation, as reported by Baker Hughes, and Henry Hub natural gas 

prices.  The sensitivity of natural gas producers to underlying commodity prices is readily 

apparent.  As commodity prices rose during the early and mid 2000’s to all-time highs, 

producers began acquiring leases and developing those leases as fast as possible.4 

Natural gas weekly rig counts tripled, to over 1600 rigs during an eight year period from 

2001 through 2008, much of which can be attributed to shale.  However, the natural gas 

fairy tale would soon end.  Following a peak above $12 per MMBtu in 2008, natural gas 

prices began a downward spiral, losing as much as 75% of their value before the end of 

2009.  With prices near $4 per MMBtu, many shale and non-associated gas leases no 

longer made economic sense to develop due to the fact that many held dry gas 

reserves.  With little or no associated crude or NGL production to offset the low prices 

and high development costs, many drilling operations were shut down or relocated to 

                                                           
4
  The actual process of drilling lags the lease acquisition by approximately six to twelve months. 
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more profitable reserve locations.5  By the end of 2009 the number of natural gas 

drilling rigs in operation had fallen by half from its peak just one year earlier.      

Figure 2.1.1 

  

Like natural gas, crude oil exploration is also sensitive to its underlying 

commodity price.  Figure 5 illustrates the relationship between WTI prices since 1987 

and the number of rigs drilling for oil.  Crude oil prices were relatively stable near $20 

per barrel from 1987 until the early 2000’s when they began to rise, eventually peaking 

near $140 per barrel in 2008.  As crude oil prices rose, crude oil exploration steadily 

increased, although not nearly as fast as natural gas rigs over the same period.  

However, as was the case with natural gas in 2008, crude oil prices peaked and abruptly 

                                                           
5
 The cost of developing shale assets can be as much as two to three times the cost of developing 

conventional assets. 
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plummeted, losing nearly 75% of their value over the course of several months.  With 

prices near $40 per barrel, the number of rigs searching for crude oil declined by 50%. 

However, crude oil prices did not hover near $40 per barrel for very long.  As 

prices began to rebound drilling activity followed.  With prices near $100 per barrel, 

drilling activity has reached all-time highs.  Although these levels are approximately $40 

shy of their highs in 2008, drilling rates are nearly three times as high.  This is 

attributable to several factors.  The first and most obvious is due to strong crude oil 

prices.  Although crude oil prices are well below recent historic highs, $90-$100 crude oil 

is still very profitable, enticing E&P companies to develop oil assets.   As prices remain 

above $65 per barrel, production from shale formations are profitable.    Second, weak 

pricing in the natural gas markets have made crude oil production even more attractive.  

E&P companies with the ability to switch development from dry natural gas assets to 

crude oil assets are doing so, reflecting the two commodities relationship as rivals in 

production.    
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Figure 2.1.2 

     

 

2.2 The Role of Liquefied Natural Gas  

An additional link between crude oil and natural gas is Liquefied Natural Gas 

(LNG).  Contrary to the way LNG is portrayed in the media, LNG is not a separate 

commodity.  LNG is simply natural gas that has been cooled and compressed into a 

liquid state.  In its liquid state, natural gas occupies approximately 1/600 of the volume 

of its gaseous state.  This process permits the transoceanic delivery of natural gas from 

producing to consuming regions, increasing the propensity for natural gas to become a 

world commodity.  The fact that most LNG contracts are indexed to crude oil prices 
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creates a direct link between the two commodities.  However, cost and lack of 

infrastructure hinder international trade of natural gas from the US.  Currently, only one 

LNG export facility exists in the U.S.  Located in Alaska, it began operations in 1969, 

supplying LNG to Tokyo Gas and Tokyo Electric for most of its operating life 

(ConocoPhillips , 2012).6  The future of this facility is unknown due to delivery contract 

disputes and gas production in the region.  Figure 2.2.1 shows LNG exports over the last 

15 years.  Since 1997, LNG exports have averaged approximately 5,000 MMcf or 5 Bcf 

(billion cubic feet), per month, almost inconsequential to the 2.5 Tcf (trillion cubic feet) 

domestically produced each month.  However, a new LNG export plant is being planned 

for the Sabine Pass, Louisiana area by Cheniere Energy Partners.  Production at this 

facility is expected to be approximately 2 Bcf per day but will not begin operations until 

at least 2015.   

 

 

 

 

 

 

 

                                                           
6
 LNG is also exported Russia. 
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Figure 2.2.1  

 

The U.S. LNG import industry is slightly larger with 12 import facilities averaging 

approximately 34 Bcf per month.  Situated along the Gulf Coast and Eastern Seaboard, 

these import facilities process LNG cargoes from Algeria, Egypt, Equatorial Guinea, 

Nigeria, Qatar, and Trinidad and Tobago.  Importation facilities take international LNG 

cargoes and return them to their gaseous state, allowing them to be sold in the 

domestic market.  However, low domestic natural gas prices make exporting natural gas 

to the U.S. an economically unviable proposition for most international producers.  Until 

domestic natural gas prices recover or the processing and shipping costs of LNG decline, 

the role of LNG will continue to be small in the U.S. natural gas market. 
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2.3 Short-term Stimuli  

Periods of high natural gas prices, high crude oil prices, interest in natural gas 

liquids, and the ability to recover resources from shale have increased natural gas 

production over approximately the last ten years.  Alternatively, domestic natural gas 

consumption over the same time period has been relatively constant.  Figure 2.3.1 

illustrates the relationship between U.S. natural gas production and consumption since 

2001.  As natural gas production increases and consumption remains relatively 

unchanged an excess of supply is created, exerting downward pressure on natural gas 

prices.   

Figure 2.3.1  
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However, excess supply can be stored in underground storage facilities and can 

be withdrawn based on demand and price levels. Figure 2.3.2 illustrates weekly natural 

gas storage level since 1994 in billion cubic feet.  As the production of natural gas has 

increased over the last several years so has the need for storage.  Estimates of the 

amount of natural gas in underground storage are released by the Energy Information 

Administration (EIA) on a weekly basis.   

Figure 2.3.2 

    

These weekly releases are used by many market participants as a barometer for 

the supply and demand for natural gas.  Normally, demand for natural gas is higher in 

the winter months than the summer months due to the fact that more than 50% of 
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natural gas consumed is for electric power generation and residential heating.  This 

typically leads to injections into storage during the summer months and withdrawals 

during the winter months.   

Deviations from normal weather patterns also affect the demand for natural gas.  

Abnormally cold winters increase the demand for natural gas through home heating 

demand.  As temperatures drop, natural gas is withdrawn from storage to meet the 

increased demand.  This increase in demand puts upward pressure on natural gas prices.  

Likewise, abnormally hot summers alter the demand for natural gas through electricity 

generation.  During hot summers the demand for electricity increases due to the 

increased use of air conditioning.  Figure 2.3.3 below shows natural gas consumption for 

the residential and electric power sectors.  The graph clearly shows the seasonal 

consumption patterns of these two sectors.  Overlaying Henry hub spot prices reveals 

that prices have followed the same general pattern.  Consumption and prices peak 

during the winter months during the highest demand followed by lower prices during 

the transition to summer demand.  As the summer heating demand peaks, prices 

generally rally.    Therefore, imbalances in storage levels have the potential to exert 

directional pressure on price levels.  A storage surplus creates downward pressure on 

price levels while inventories below seasonal norms tend to boost prices.   
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Figure 2.3.3       

 

Natural gas production itself may also be affected by weather.  Production 

regions in the Gulf of Mexico and gulf coast areas are sometimes impacted by tropical 

storms and hurricanes.  Currently, the Gulf of Mexico accounts for approximately 7% of 

US dry gas production and 23% of US crude oil production.  Additionally, over 40% of US 

refining capacity is located along the gulf coast, as well as 30% of US natural gas 

processing plant capacity.   When a storm or hurricane in the gulf is deemed too 

dangerous to work in, companies shut down production and evacuate personnel.  

Hurricanes Katrina and Rita struck in quick succession in 2005 shutting in roughly 80% of 

Gulf of Mexico production followed by the single greatest price spike in natural gas 

history illustrated by Figure 2.3.4 below.   
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Figure 2.3.4 

 

Gulf production was also shut-in in 2008 due to Hurricane Ike and in 2011 due to 

a tropical disturbance.  While Hurricanes Katrina and Rita appear to have affected 

natural gas prices, Hurricane Ike and the tropical disturbance in 2011 do not.  One 

possible explanation is the impact of shale gas production on total natural gas 

production.  Since 2007, shale dry gas production has grown from approximately 6.5% 

of overall production to 35% of current production, while Gulf of Mexico production fell 

by 50% over the same time period.  The increase in shale production has more than 

offset Gulf of Mexico production making shut-ins due to tropical weather less of an 

impact.  Figure 2.3.5 shows the contribution of shale dry gas production and Gulf of 

Mexico production to total U.S. production.  In January of 2007 shale gas production 

amounted to 3.5 Bcf per day, about half of the 8 Bcf per day produced from the Gulf of 
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Mexico.  Five years later dry shale gas accounts for 24 Bcf per day of total production, 

while Gulf of Mexico production has fallen to 4.6 Bcf per day.  Therefore, Gulf of Mexico 

production shut-ins are far less likely to have a significant impact on natural gas prices.  

This hypothesis is counter to the findings by Villar and Joutz (2006), Brown and Yucel 

(2008), and Hartley, Medlock, and Rosthal (2008) and is tested in the results section of 

this study.    

Figure 2.3.5  
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Chapter III 

Rules of Thumb 
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3.1 Simple Rules of Thumb  

Given the historical importance of substitution between natural gas and 

petroleum products, participants in the energy industry have long used simple rules of 

thumb to relate natural gas prices to crude oil prices.  These rules have been based on 

approximated constant ratios, energy content, and Btu parity pricing rules based at the 

burner tip for competing fuels.  Although these rules lack statistical rigor, refiners, 

producers, and energy traders have used these rules to determine value in the crude oil 

and natural gas markets.  The following section describes the most widely used rules of 

thumb and investigates their validity and performance.     

The first simple rule of thumb is the 10-to-1 price ratio rule under which the 

natural gas price is one-tenth the crude oil price.  The origins of this rule stem from the 

observation that the average ratio between West Texas Intermediate (WTI) crude oil 

and Henry Hub natural gas spot prices has been approximately 10-to-1 since the Henry 

Hub futures contract began trading.7  Figure 3.1.1 illustrates the WTI to Henry Hub 

average weekly price ratio from January 1991 through February 2012.  Over this time 

period this price ratio has averaged 10.8 with a range of 2.7 to 41.7.       

 

 

 

                                                           
7
 The average ratio of WTI and Henry Hub spot prices is approximately 10.8 using average weekly prices 

during the period of January 1991 through February 2012. 
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Figure 3.1.1 

 

Following the 10-to-1 rule, a price of $80 per barrel for WTI would suggest a 

natural gas price of $8.00 per million Btu (MMBtu) at Henry Hub.  Figure 3.1.2 compares 

actual Henry Hub spot prices versus the price predicted by the 10-to-1 rule.  The rule 

performs relatively well describing the relationship between crude oil and natural gas 

through the 1990s given that the average price ratio over this time period was 9.9.  
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Figure 3.1.2 

 

However, beginning around the year 2000, natural gas prices began to rise while 

crude oil prices remained relatively constant, causing the ratio between the two prices 

to fall.  As the true price ratio fell below the static 10-to-1 rule of thumb, the rule began 

to suffer in its ability to describe the relationship.     

The rules inability to accurately capture the price relationship following the year 

2000 led some market participants to reassess the relationship and begin using a second 

rule of thumb.  This second rule is based on Btu parity or the energy content of a barrel 

of oil.  A barrel of WTI contains 5.825 MMBtu which has led some analysts to use a 6-to-
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1 rule, where the price per MMBtu of natural gas should be one-sixth the crude oil price.  

Therefore, based on the 6-to-1 rule, a price of $80 per barrel of WTI would suggest that 

the Henry Hub natural gas price is $13.33 per MMBtu, or one-sixth the crude oil price.  

From 2000 to 2006 the price ratio between the two commodities ranged from 2.7 to 

12.6 and averaged 7.  A comparison of the 6-to-1 rule versus actual Henry Hub prices in 

Figure 3.1.3 below reveals that relating the two commodities by energy content worked 

well from 2000 until late 2005 when natural gas prices peaked and began to fall.  As 

natural gas prices fell, rising crude oil prices sent the actual price ratio well above 6.  In 

fact, since 2005, the ratio has remained above 6, averaging 15.6, and has recently risen 

to as much as 41.7.      

Figure 3.1.3 
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When both rules are studied over the last twenty plus years, neither the 10-to-1 

nor the 6-to-1 describes the data well over the entire time period.  The 6-to-1 rule 

consistently over forecasts natural gas prices prior to 2009 while the 10-to-1 rule 

consistently under forecasts prices over the same time period.       

The inefficiencies of the 10-to-1 and 6-to-1 rules pushed several analysts to 

develop more complex rules.  Instead of using only observable trends or Btu parity, 

analysts attempted to account for the competition between petroleum products and 

natural gas at the burner tip, where they are used.  In general, burner tip parity rules 

convert a crude oil price to a petroleum product price and relate it back to an implied 

price at a major trading hub, such as Henry Hub.   

For competition with residual fuel oil, the burner tip parity rule takes into 

account the energy content of a barrel of residual fuel oil, the long-run relationship 

between prices for residual fuel oil and WTI, and the higher costs of transporting natural 

gas from Henry Hub to market (Brown & Yucel, What Drives Natural Gas Prices?, 2007).  

The energy content of a barrel of residual fuel oil is 6.287 MMBtu and, historically, 

residual fuel is priced at 98.7% of the WTI crude oil price.  This suggests a price of 

0.1570*     per MMBtu of residual fuel oil.  After accounting for transportation 

differential, the residual fuel burner tip parity rule is expressed as8     

                           

                                                           
8
 Brown and Yucel (2008) estimate the transportation differential to be $0.25.   
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Where       and        are Henry Hub and WTI prices at time t and the intercept 

represents a $0.25 transportation differential of natural gas.  Therefore, if WTI were $80 

per barrel the burner tip parity rule suggests the Henry Hub price would be $12.31 per 

MMBtu.  The resulting implied Henry Hub prices using the residual burner tip parity rule 

are compared to actual Henry Hub prices in Figure 3.1.4 below.     

Figure 3.1.4 

 

Comparison reveals that the residual burner tip parity rule fails to consistently predict 

Henry Hub prices for the entire period.   

Another burner tip parity rule is based on the competition between distillate fuel 

oil and natural gas.  Distillate fuels are typically lighter and higher quality fuels and are 

therefore priced higher than residual fuels.  Natural gas may compete more with 
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distillate fuel oil in areas of the country where natural gas distribution costs are high.  

The energy content of a barrel of distillate fuel oil is 5.825 MMBtu and, historically, 

distillate fuel oil is priced at 124% of the WTI crude oil price.  This suggests a price of 

0.213*     per MMBtu of distillate fuel oil.  Assuming a transportation differential of 

about $0.80, the burner tip parity rule is9 

                           

Under the distillate burner tip parity rule an $80 barrel of crude would imply 

Henry Hub is $16.24 per MMBtu.  Implied Henry Hub prices, using the distillate burner 

tip parity rule, are compared to actual Henry Hub prices in Figure 3.1.5.     

Figure 3.1.5 

 

                                                           
9
 Brown and Yucel (2008) estimate the transportation differential to be $0.80. 
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When we compare the performance the burner tip parity rules to one another, 

the residual burner tip parity rule more closely approximates the relationship between 

crude oil and natural gas.  However, neither burner tip parity rule approximates the 

relationship well when crude oil prices are relatively high compared to natural gas 

prices.  A possible explanation for this is that residual and distillate fuel oils are not 

perfect substitutes for natural gas.  When prices exceed the band where the products 

are actually competitive, the models break down.   

Each of these simple rules of thumb fails to accurately describe the relationship 

between crude oil and natural gas prices.  This is, in part, due to the idiosyncrasies and 

volatility of the natural gas market that are not present in the crude oil market.  This is 

readily apparent after 2005.  A more comprehensive model that accounts for 

idiosyncratic shocks and the regional behavior of natural gas is needed to explain the 

relationship between the two commodities.  
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4.1 Literature Review 

The possibility of a cointegrating relationship between various energy prices has 

been considered by various authors over the last 15 years.  Serletis and Herbert (1999) 

examine the possible relationship between Henry Hub natural gas, Transco Zone 6 

natural gas, New York Harbor fuel oil, and Mid-Atlantic PJM power prices using daily 

data from October 1996 through November 1997.10  They model the relationship 

between the energy prices using a VAR with an error correction mechanism.  This model 

assumes that prior observations have an effect on future observations and that 

deviations from the long run relationship diminish with time.  They conclude that any of 

the fuel series compared as a pair are cointegrated.11  They posit that the coordinated 

price movements reflect the effect of arbitrage in distributing market pressures among 

the fuels.  More specifically, they find that Transco Zone 6 prices adjust significantly 

faster to deviations in their long run relationship than do Henry Hub prices.  Their 

results indicate that changes in Henry Hub reflect 91.5% of the changes observed in 

Transco 6.  However, the linkage between natural gas and fuel oil prices was found to be 

only weakly statistically significant.  They conclude that 16.1% of the price difference 

between Henry Hub and Transco 6 would be eliminated each day.  The error correction 

term turned out to be only significant between Transco 6 and Henry Hub.  These results 

suggest that residual fuel oil prices are weakly exogenous to the system.   

                                                           
10

 PJM stands for Pennsylvania, New Jersey, and Maryland. 
11

 Serletis and Herbert find PJM prices to be stationary and are excluded from the cointegration analysis. 
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However, the fact that Serletis and Herbert find evidence of cointegration 

between Transco Zone 6 and Henry Hub is not very surprising.  The two commodities 

are physically connected via the Transco pipeline which delivers natural gas from the 

Gulf Coast to the Mid-Atlantic region.  Therefore, it can be argued that the cointegration 

of the two price series reflects the arbitrage opportunities between the two locations.  

Additionally, Henry Hub’s role as a central distribution point implies that natural gas 

prices at Henry Hub are influenced by shocks in many regional markets and not 

particularly by any one specific market such as Transco Zone 6 (Hartley, Medlock III, & 

Rosthal, The Relationship of Natural Gas to Oil Prices, 2008).  Also, the fact that residual 

fuel oil prices were found to be weakly exogenous suggests that fuel oil prices are 

responding to a different commodity.    

Later work by Serletis and Rangel-Ruiz (2004) builds on this work, testing for 

cointegration between Henry Hub and WTI using a variation of the vector error 

correction model they refer to an autoregressive distributed lag.  Their work analyzes 

daily prices from 1991 through 2001 for WTI, Henry Hub, and AECO (Canadian pricing 

point in Alberta).  They conclude that Henry Hub and AECO prices share common cycles 

and are linked through their transportation differentials, similar to their findings of 

Henry Hub and Transco Zone 6.  Although AECO and Henry Hub are not directly linked 

via a pipeline, they do service common markets in the Mid-Atlantic and Midwest.   

Serletis and Rangel-Ruiz also find evidence of price momentum in WTI and Henry 

Hub prices, or, that lagged prices of Henry Hub and WTI have predictive ability on near-
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term prices.   However, they were unable to conclude that crude oil and natural gas 

prices shared a common cycle or trend.  They suggest that the markets have become 

decoupled and hypothesize that the deregulation of each of these markets had removed 

the factor that was causing the price series to move together.   

A study by Villar and Joutz (2006) argues that Henry Hub and WTI are 

cointegrated markets because they are substitutes in consumption and both rivals and 

complements in production.  This is the same justification developed in this paper.  They 

contend that, it is WTI that leads Henry Hub prices because WTI is a global commodity, 

while Henry Hub is regional.  They employ a vector error correction model to estimate 

the long run relationship between the two commodities as well as price feedbacks 

between the series.  By including fundamental exogenous variables, Villar and Joutz 

attempt to control for the idiosyncrasies in the natural gas market that were 

unaccounted for in the traditional rule of thumb models.  These  fundamental variables 

include the difference in storage from the five year average, heating and cooling degree 

days, deviations from normal heating and cooling degree days, as well as dummy 

variables for event related supply and demand shocks and seasonal trends.  Villar and 

Joutz conclude that WTI and Henry Hub prices are cointegrated in their long-run 

movements after accounting for a constant time trend.  Inclusion of a time trend implies 

that the long-run relationship is slowly evolving over time rather than constant.  Villar 

and Joutz also use what they refer to as a Conditional Error Correction Model.  This 

model uses the deviations from the long run predicted relationship to fit a VAR model 

that excludes insignificant variables.  They describe two types of price shocks.  The first 
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is a dissipating shock.  A 20% shock to WTI has an immediate 5% impact on Henry Hub 

which dissipates to 2% in two months.  The second, a permanent shock to WTI leads to a 

16% increase in Henry Hub one year later, ceteris paribus.   

However, a drawback to their model is the assumption of a 0.52% independent 

positive trend in Henry Hub.  This means that were it not for the error correction 

mechanism reverting Henry Hub back to the long run relationship, Henry Hub would 

independently increase without end.     

Bachmeier and Griffen (2006) employ error correction models to examine the 

possible relationships between crude oil, coal, and natural gas markets both within and 

across commodity markets.  Their findings suggest that oil markets are globally 

integrated but find little evidence of cointegration between the prices of coal in the U.S.  

Bachmeier and Griffen also conclude that cross commodity cointegration between 

crude oil, natural gas, and coal is relatively weak in the U.S.  Their findings suggest that a 

price shock to WTI was only passed on to natural gas contemporaneously at a rate of 

2.2% on a BTU level.  They argue that this linkage is far from a truly cointegrated 

marketplace and that the market for energy can only be considered a single market for 

primary energy in the very long run (Hartley, Medlock III, & Rosthal, The Relationship of 

Natural Gas to Oil Prices, 2008).  However, Bachmeier and Griffen’s study does not 

consider the influence of exogenous variables on the short run pricing dynamics 

between natural gas and crude oil.  
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Brown and Yucel (2008) analyze weekly data from June 1997 through June 2007 

using a vector error correction model.  Their analysis provides evidence of cointegration, 

suggesting a long-run stable relationship.  They note that market analysts generally cite 

weather and inventories as fundamental drivers of natural gas prices.  These 

fundamental variables include heating and cooling degree days, deviations from normal 

heating and cooling degree days, natural gas storage differential from five year average, 

and shut in natural gas production.  After incorporating market fundamentals and the 

cointegrating relationship into a vector error correction model, they conclude that 

Henry Hub prices respond to deviations from the long-run relationship, lagged changes 

in Henry Hub prices, lagged changes in WTI prices, storage levels, and weather events.  

Like the previous studies, the causal relationship is found to run from WTI to Henry Hub 

prices.   

A recent study by Hartley, Medlock, and Rosthal (2008) uses a vector error 

correction model to examine the possible cointegrating relation between monthly 

Henry Hub prices and residual fuel oil prices.  They posit that WTI acts on Henry Hub 

prices through its effects on residual fuel oil.  They account for the trend in previous 

work by Villar and Joutz (2006) as the incremental improvement in heat rates of natural 

gas fired power generators and use this variable as part of the estimation of the 

competition between residual fuel oil and natural gas.12  Hartley, Medlock, and Rosthal 

find that a change in Henry Hub prices reflects approximately 56% of the 

                                                           
12

 Heat rates are a measurement of how efficiently a generator uses heat energy.  It is expressed as the 
number of Btus of heat required to produce a kilowatt-hour of energy.   
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contemporaneous change in residual fuel oil prices and the speed of adjustment toward 

long run equilibrium is approximately 23% per month.  They argue that the residual fuel 

oil price is determined by WTI and it is through that mechanism that crude oil prices 

determine natural gas prices.      
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5.1 Data Availability and Characteristics 

Availability of West Texas Intermediate and Henry Hub weekly average spot 

prices allow this study to examine the relationship between crude oil and natural gas 

prices over the period January 1991 to February 2012.  However, taking into account the 

effect seasonality, weather, natural gas storage conditions, and disruptions in offshore 

natural gas production limit the scope of analysis to January 1999 through February 

2012. 

WTI crude oil and Henry Hub natural gas weekly average spot prices were 

obtained from the Bloomberg Data Terminal.  WTI is a blend of several US domestic 

streams of light sweet crude oil with a principal trading hub located in Cushing, 

Oklahoma.  It is a significant physical market price reference, serving as a benchmark for 

approximately 10 million barrels of daily North American production and has become 

the most efficient hedging tool for hundreds of commercial companies (CME Group).13   

Alternatively, the price of Henry Hub is based on delivery at the Henry Hub in 

Louisiana, the nexus of 16 intra- and interstate natural gas pipeline systems that draw 

supplies from the region’s prolific gas deposits.  The pipelines serve markets throughout 

the U.S. East Coast, the Midwest, and up to the Canadian border (CME Group).  Henry 

Hub also has a futures contract traded on the New York Mercantile Exchange and serves 

                                                           
13

 WTI futures and options contracts are the world’s most liquid and actively traded energy contracts.  
Total open interest has gone from less than 100,000 contracts in 1986 to peaks over 1.6 million contracts 
reflecting extensive participation from commodity users around the world. 
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as the benchmark price for natural gas, which accounts for almost a quarter of U.S. 

energy.14     

This research utilizes certain fundamental variables to account for idiosyncratic 

shocks and volatility in the natural gas market.  These variables take into account short-

run factors that may cause disruptions in natural gas supply or affect demand.  Included 

are heating degree days (HDD), cooling degree days (CDD), deviations from normal HDD 

and CDD (HDDEV and CDDEV respectively), shut-in Gulf of Mexico production, and the 

five year natural gas storage differential. 

Heating degree days and cooling degree days serve as proxies for heating and 

cooling demand and are included to account for the seasonality in the natural gas 

market.  The HDD, CDD, HDDEV, and CDDEV data series comes from the National 

Oceanic and Atmospheric Administration (NOAA) of the National Weather Service 

(NWS).  This data series is available beginning in 1997.  HDD is defined to be the average 

number of degrees below 65 degrees Fahrenheit.  The larger the HDD figure the greater 

the demand for heat.  Likewise, CDD is the average number of degrees above 65 

degrees Fahrenheit, representing the demand for cooling and air conditioning.  HDD and 

CDD serve as excellent proxies for heating and cooling demand given that 50% of natural 

gas consumed is for electric power generation and residential heating.  Both the HDD 

and CDD series are weighted by population.  Figure 5.1.1 and Figure 5.1.2 below depict 

                                                           
14

 Henry Hub is an outright natural gas contract that offers opportunities for risk management of the 

highly volatile pricing of natural gas.  It is the third highest volume futures contract in the world based on 

a physical commodity with approximately 350,000 contracts traded per day.   
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the weekly HDD and CDD data over the 1997 through 2012 period.  The seasonal 

patterns are obvious from the graphs with HDD peaking in the winter months and CDD 

peaking in the summer months.  HDD levels tend to peak about three times higher than 

the CDD levels.    

Figure 5.1.1 
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Figure 5.1.2 

 

Due to the extensive use of natural gas for electrical power generation and 

residential heating unseasonal weather patterns have the ability to affect the demand 

for natural gas, potentially influencing price levels.  Abnormally cold winters increase 

the demand for natural gas through home heating demand.  This increase in demand 

puts upward pressure on natural gas prices.  Abnormally hot summers, on the other 

hand, alter the demand for natural gas through the increased use of electricity for air 

conditioning.  Deviations from normal heating degree days and cooling degree days 

were included to characterize any unexpected temperature variations from seasonal 

norms.  Heating degree day deviations (HDDEV) typically reflect bouts of cold weather, 

while cooling degree day deviations (CDDEV) typically reflect heat waves.  They are 
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calculated by subtracting the 10-year average HDD and CDD figures from the weekly 

observations.  The series are illustrated in Figure 5.1.3 and Figure 5.1.4 below.  Each 

graph includes a one standard deviation band above and below the mean to illustrate 

the frequency and duration of unseasonal weather.    

Figure 5.1.3 
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Figure 5.1.4 

 

While weather has the ability to affect the demand for natural gas, it can also 

affect the supply of natural gas.  When hurricanes and tropical storms impact 

production regions along the Gulf Coast and in the Gulf of Mexico, production in those 

areas is sometimes temporarily halted.  Threatening storms occasionally force 

companies with offshore production to shut down production and evacuate personnel 

for safety reasons.  Shut-in production spikes the days before a storm’s impact and 

gradually decreases as workers return to the platforms.  Figure 5.1.5 illustrates Gulf of 

Mexico production that has been shut-in.  The peaks in 2005 and 2008 are from 

hurricanes Katrina, Rita, and Ike.  The small amount of shut-in production in 2001 is 
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contributed to minor tropical disturbances.  Shut-in production data is released by the 

Bureau of Ocean Energy Management and the Bureau of Safety and Environmental 

Enforcement, formerly the Minerals Management Service, and compiled by Bloomberg. 

Figure 5.1.5 

 

Natural gas, like many other commodities has the ability to be stored.  As noted 

previously, due the widespread use of natural gas as a heating fuel, consumption of 

natural gas is relatively seasonal, however, production is not.  Typically, gas is injected 

into storage during the summer months and withdrawn during the winter months.  

Imbalances in storage levels have the potential to exert directional pressure on price 

levels.  A storage surplus creates downward pressure on price levels while inventories 

below seasonal norms tend to boost prices.  To account for supply imbalances, 

deviations from normal natural gas storage levels are included.  The storage differential 



56 
 

is the difference between the weekly gas storage level and the five year running 

average.  This is consistent with Brown and Yucel (2008).  Storage data is available 

beginning in 1994.  Figure 5.1.6 illustrates the difference in storage from the five year 

average.  The peaks and troughs are evidence of deviations from “normal” storage 

levels.  This data series comes from the Department of Energy’s (DOE) Energy 

Information Administration (EIA).  Data availability for the natural gas storage 

differential is available starting in 1999, five years after the storage data.    

Figure 5.1.6 
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Chapter VI 

Methodologies and Estimation 
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6.1 Introduction 

This research analyzes the possible link between WTI and Henry Hub spot prices 

using a Vector Error Correction framework.  Reduced fuel switching capabilities in U.S. 

industry and electric power generation coupled with increased technology and 

production from shale formations have potentially changed the driving force behind 

natural gas prices.  However, a severe recession has impacted world economies over the 

last several years making the cause of the disparity between crude oil and natural gas 

prices unclear.  Investigation of the only other recession to occur during the time span 

of the dataset yields no significance evidence of price divergence between WTI and 

Henry Hub prices.  While this weakens the argument that the recession is the possible 

cause of the divergence in prices, it cannot be completely ruled out given that the 

March 2001 recession is the only other recession data point.  Therefore, this study 

investigates the presence of a stable link between the two commodities over the period 

January 1999 through the third quarter of 2008, before commodity prices were 

impacted by the global recession, and extends the analysis to cover the entire period 

through February 2012.  However, unlike Serletis and Herbert (1999) and Hartley, 

Medlock, and Rosthal (2008) this research focuses on relating natural gas prices directly 

to crude oil prices rather than investigating an indirect relationship through residual fuel 

oils.   

Unlike overseas crude oil and natural gas, there is no contracting convention 

between Henry Hub and WTI.  Therefore, any correlation between the two spot prices is 
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arguably due to underlying market conditions or because of the complimentary or 

competitive aspects of the two fuels.   Alternatively, many European natural gas 

contracts are priced using a formula based on crude oil derivatives, physically linking the 

commodities.15   

 

6.2 Stationary and Non-Stationary Time Series 

Before any model can be estimated a number of statistical tests and 

observations must be performed.  Transforming the crude oil and natural gas time series 

natural logarithms removes the effects of scale and possible heteroskedasticity.       

Classical linear regression analysis relies on the assumption that the underlying 

data result from stationary processes.  However, many economic time series are 

nonstationary (Nelson and Plosser, 1982).  For a time series to be considered stationary, 

random shocks and innovations should dissipate with time and have no lasting effects 

on future observations (Hamilton 1994, Hendry 1995).  Therefore, following a shock, a 

stationary time series reverts to its mean.  The variance of a stationary series is assumed 

to be constant.  On the other hand, nonstationary time series are permanently affected 

by random shocks and innovations and will exhibit a trend rather than a sequence of 

random events.   

                                                           
15 Many overseas LNG contracts are indexed to crude oil prices.  Some contracts even have built in price 

floors and ceilings to limit volatility and price risk (Jensen, 2003). 
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Consider the following autoregressive process: 

              

Where    is assumed to be normal iid with mean zero and variance   .  This equation 

can be solved as a function of    and the random disturbances as below.  As time 

increases, the mean, variance, and autocovariance asymptotically converge to constants 

(Hamilton, 1994).   

          ∑    

 

   

   

If |ρ| is less than 1, random shocks and innovations to the series dissipate with time and 

   is considered a stationary process.  However, if ρ = 1,    is equal to the initial starting 

condition plus the sum of all the past shocks and innovations.  Therefore, a shock from 

twenty periods before will have the same impact as a similar shock in the current 

period.  As a result, the variance and autocovariance increase with time, violating the 

underlying assumption of the classical linear regression model.  This nonstationary 

process is referred to as a unit root and is shown below.   Notice that at any time t, the 

dependent variable, y, is a simply the sum of all the past random shocks and the starting 

value.  This process is said to be integrated, meaning the present observation is a 

summation of all prior random errors.   

        ∑  
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Histograms of WTI and Henry Hub prices are presented in the graphs below with 

the normal and implied distributions superimposed.  The histograms provide insight into 

the mean, standard error, and distribution of each variable.  A quick visual inspection of 

the histograms reveals that neither series is normally distributed.  Both series appear to 

exhibit bimodal and skewed distributions when compared to the normal distribution.       

Figure 6.2.1 
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Figure 6.2.2 

 

The Autocorrelation Functions (ACF’s) for each series are presented below.  The 

ACFs through 24 lags for both series are near unity and highly significant with minimal 

decay.  These findings are consistent with unit root processes.   
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Figure 6.2.3 

 

Figure 6.2.4 
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Since Henry Hub and WTI prices appear to be nonstationary processes formal 

testing for the presence of a unit root are conducted using Augmented Dickey-Fuller 

(ADF) and Dickey-Fuller GLS tests (DF-GLS).  The ADF test involves fitting a regression of 

the form:16 

             ∑  

 

   

         

Where   is the difference operator and    is a Gaussian white noise random error.  After 

the regression is estimated the unit root null hypothesis   = 0 is tested.  The tests are 

performed using twelve to zero lags.  Results are presented in Table 6.2.1 below.   

 

 

 

 

 

 

 

 

                                                           
16

 The DF-GLS test is performed analogously but on GLS-detrended data.  See Elliott, Rothenberg, and 
Stock (1996) for a detailed description. 
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Table 6.2.1.  Unit Root Tests (Henry Hub and WTI Spot Prices) 

ADF Tests  DF GLS Tests 

Lags lnHH lnWTI lnHH lnWTI 

12 (2.24) (2.55) (2.11) (1.51) 

11 (2.23) (2.50) (2.10) (1.44) 

10 (2.17) (2.55) (1.96) (1.50) 

9 (2.20) (2.51) (2.00) (1.42) 

8 (2.26) (2.44) (2.13) (1.23) 

7 (2.24) (2.38) (2.08) (1.01) 

6 (2.26) (2.39) (2.09) (1.04) 

5 (2.31) (2.41) (2.22) (1.11) 

4 (2.40) (2.39) (2.34) (0.93) 

3 (2.53) (2.40) (2.59) (0.93) 

2 (2.56) (2.41) (2.68) (0.64) 

1 (2.59)* (2.40) (2.72) (0.70) 

0 (2.38) (2.47)   

Notes:  ADF and DF GLS test statistics are in parentheses.  The Henry Hub and WTI data 
series were obtained from the Bloomberg Data Terminal.    
Significance levels: *** = 1%,  ** = 5%,  * = 10% 
ADF Critical Values  1% = (3.43), 5% = (2.86), 10% = (2.57) 
DF GLS Critical Values  1% = (3.48), 5% = (2.89), 10% = (2.57) 

 

Based on the ADF tests the WTI price series appears to be an integrated or unit 

root process, failing to reject the unit root null hypothesis at all lag lengths.  The Henry 

Hub price series also appears to be an integrated process, although the null is rejected 

at the 10% level at one lag.  Therefore, the DF-GLS test is performed on both series and 

compared the conclusions drawn from the ADF tests.  Elliott, Rothenberg and Stock 

(1996) show that this modified test has better overall performance in terms of small-

sample size and power.  Results from the DF-GLS test reveal that both series fail to 

reject the unit root null at each lag length, confirming that both series are nonstationary 

processes.    
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However, a stationary process can be created from a nonstationary series by a 

simple transformation of the data.  The process of differencing focuses on the change 

between periods.  By subtracting the previous period from the current period the 

stochastic trend is removed.  A time series may have to be differenced more than once 

to produce a stationary series.  The order of integration is the number of times the 

series was differenced in order to obtain stationarity.    For example, a series that 

obtains stationarity after differencing once is said to be integrated of order 1, or I(1).  All 

I(k) variables can be differenced k times to produce a stationary series.   

After failing to reject the unit root null, each series is first differenced in an effort 

to remove the stochastic trend.  Histograms and ACF’s for the differenced price series 

are provided below.  In both cases differencing the series appears to have resolved the 

nonstationarity issues of the data.  Each series appears to be approximately normally 

distributed and the autocorrelations for the differenced series are much smaller and 

statistically insignificant at most lags.   
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Figure 6.2.5 

 

Figure 6.2.6 
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Figure 6.2.7 

 

Figure 6.2.8 
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ADF and DF-GLS tests were repeated on the differenced price series.  First 

differencing the price series yielded stationary time series for both Henry Hub and WTI 

according to the ADF tests, rejecting the unit root null at the 1% level for both series at 

all lag lengths.  The results from the DF-GLS tests are in agreement with the ADF tests, 

rejecting the unit root null at all lag lengths.  These results indicate that the Henry Hub 

and WTI time series are integrated of order (1).       

Table 6.2.2  Unit Root Tests (First-Differenced Henry Hub and WTI Spot Prices) 

ADF Tests  DF-GLS Tests 

Lags ΔlnHH ΔlnWTI ΔlnHH ΔlnWTI 

12 (7.07)*** (6.67)*** (4.26)*** (2.77)* 

11 (7.75)*** (6.79)*** (4.74)*** (2.89)** 

10 (8.27)*** (7.16)*** (5.15)*** (3.13)** 

9 (9.22)*** (7.10)*** (5.84)*** (3.20)** 

8 (9.90)*** (7.54)*** (6.55)*** (3.48)** 

7 (9.99)*** (8.29)*** (6.83)*** (3.92)*** 

6 (11.05)*** (10.10)*** (7.77)** (4.93)*** 

5 (11.89)*** (10.86)*** (8.73)*** (5.58)*** 

4 (13.19)*** (10.96)*** (9.93)*** (5.98)*** 

3 (14.21)*** (12.59)*** (11.35)*** (7.31)*** 

2 (15.69)*** (13.30)*** (12.98)*** (8.27)*** 

1 (17.68)*** (18.66)*** (15.21)*** (12.39)*** 

0 (22.69)*** (22.68)***   

Notes:  ADF and DF GLS test statistics are in parentheses.  The Henry Hub and WTI data 
series were obtained from the Bloomberg Data Terminal. 

Significance levels: ** * = 1%,  ** = 5%,  * = 10% 
ADF Critical Values  1% = (3.43), 5% = (2.86), 10% = (2.57) 

DF GLS Critical Values  1% = (3.48), 5% = (2.89), 10% = (2.57) 

 

ADF and DF-GLS unit root tests were also performed on all exogenous variables.  All 

exogenous variables were found to be stationary and did not require first differencing.   
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6.3 Cointegration 

The nonstationary nature of crude oil and natural gas prices creates an analytical 

challenge.17  Modeling these economic time series without considering the 

nonstationarity in the data could lead to spurious or misleading results and inference.  

Specifically, the problem of spurious regressions is when a regression of two unrelated 

nonstationary variables with common trends results in a high R^2 and t-statistics.  This 

would suggest a strong relationship exists, when in reality, the model explains only the 

similar trends over time.  Some researchers have suggested differencing the time series 

until stationarity is achieved.  However, cointegration solves the spurious regression 

problem without differencing the data, which loses the information about the levels, 

and allows for testing of a long run statistical relationship.  Two nonstationary variables, 

   and     are said to be cointegrated if it is possible to form a linear combination, such 

as the equation below, that returns a stationary variable,   .18   

                  

The existence of cointegration between two variables implies a long-run 

economic relationship which prevents the residuals from becoming larger and larger in 

the long-run.  Engle and Granger (1987) demonstrate a one-to-one correspondence 

between cointegration and error correction models.   The vector error correction 

                                                           
17

 The two time series, WTI and Henry Hub prices, were found to be integrated of order one, I(1), meaning 
they contain a unit root process and are difference stationary.  Formal definitions and tests of stationarity 
are provided in the section titled Stationary and Nonstationary Time Series. 
18

 This definition of cointegration assumes the simple case of two time series    and     that are both 
integrated of order one, meaning that the process contains a unit root. 
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framework allows for the estimation of the long-run relationship between crude oil and 

natural gas prices and measures the rate at which prices “correct” towards this 

relationship following a shock.   

Before an error correction model is estimated, a test to determine the presence 

of cointegration must be performed.  After all, if the Henry Hub and WTI price series are 

not cointegrated, then a simple VAR would suffice.  The Engle-Granger and Johansen 

methods are used to test for cointegration.   

 

6.4 The Engle-Granger Method 

After determining both the Henry Hub and WTI price series to be I(1) variables 

the next step is to estimate the long run equilibrium relationship in the form  

                        

If the variables are cointegrated, an OLS estimate yields super consistent estimators of 

   and   , the cointegrating parameters, meaning that they converge to their true 

values at rate T.  Stock (1987) proves that the OLS estimates of   and   converge faster 

than in models using stationary variables.  The estimated long-run relationship covering 

the period January 1999 through September 2008 is19  

                                                           
19 The estimated long-run relationship for the period January 1999 through February 2012 is  
                         . 
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The two I(1) variables are said to be cointegrated if the residuals from the 

estimated equation form a stationary series.  The Engle-Granger approach uses an ADF 

representation of the residuals as in the autoregression below to test for the presence 

of cointegration.       

  ̂     ̂    ∑     
 
     ̂        

If the null hypothesis, |  | = 0, is rejected then it can be concluded that the residual 

sequence is stationary and the variables are cointegrated.  The ADF and DF-GLS tests 

indicate the residual series is stationary, rejecting the null of no cointegration at the 5% 

level with a test statistic of 3.81 and 3.66 respectively. 20   The conclusion of a 

cointegrating relationship, although weaker, holds when the dataset is extended 

thorough February 2012.  Estimation yields ADF and DF-GLS test statistics of 3.12 and 

3.07 respectively.  Both statistics are significant at the 10% level.  The presence of a 

cointegrating relationship between WTI and Henry Hub prices means that a long-run 

relationship exists between the two price series and the use of the proposed error 

correction model is merited.  Therefore, the estimated residuals from the long-run 

regression will be used to estimate the error correction model.   

 

 

                                                           
20

 Critical values for the Engle-Granger cointegration test are interpolated using the response surface in 
MacKinnon (1991) and are provided in Enders (1995). 
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6.5 Johansen’s Procedure 

For robustness, a vector auto-regression is estimated on a vector,   , of Henry 

Hub and WTI spot prices using Johansen’s maximum likelihood method.  Johansen’s 

procedure builds cointegrated variables directly on maximum likelihood estimation 

instead of relying on OLS estimation and is a multivariate generalization of the Dickey-

Fuller test.  It is based on the relationship between the rank of a matrix and its 

characteristic roots and uses sequential tests for determining the number of 

cointegrating vectors.  Since the elements of    have already been determined to be I(1) 

variables, the changes in the variables at time t, are estimated as a function of the 

lagged levels of the variables,     , and n lags of    .  Formally the model is: 

            ∑  

 

   

         

Where ΔY is a 2x1 matrix of first differenced Henry hub and WTI prices at times t 

through t-n, Y is a 2x1 matrix of Henry Hub and WTI spot prices at time t-1, and ε is a 2x1 

matrix of error terms.  The key feature of note is the rank of the matrix multiplying     , 

Π.  Π determines the extent to which the system is cointegrated and is called the impact 

matrix.  The eigenvalues of the Π matrix are sorted from largest to smallest and tests are 

conducted sequentially, first examining the possibility of no cointegration against the 

alternative of one cointegrating relation and then one cointegrating relation against the 

possibility of two and so on.  These tests are essentially testing whether the eigenvalues 

are statistically different from zero.  Johansen’s Trace statistic is given by 
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             ∑        ̂ 

 

     

  

Where  ̂  is the estimated values of the eigenvalues or characteristic roots obtained 

from the estimated Π matrix, T is the number of usable observations, and r is the 

number of cointegrating vectors.  The maximum number of cointegrating vectors is 

given by r = n – 1, where n is equal to the number of potentially integrated series.  This 

research is testing for evidence of cointegration between two price series, WTI and 

Henry Hub, therefore the maximum number of cointegrating vectors is one.   

Critical values of the test are obtained using the Monte Carlo approach and are found in 

Osterwald-Lenum (1992). 

Results from Johansen’s maximum likelihood method of testing for cointegration 

are presented in Table 6.5.1 below.21  Johansen’s trace test supports rejection of the 

null hypothesis of no cointegrating relations.  The first row of the table tests the null of 

rank equal to zero against the alternative of one.  The null is rejected at the 1% level 

with a Trace Statistic of 20.7506, indicating that there is a single significant cointegrating 

equation in the system.   

 

 

 

                                                           
21

 The optimal number of lags, 2, was chosen using the Akaike Information Criterion (AIC).  The detailed 
table is provided in the following section. 
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Table 6.5.1  Johansen Test for Cointegration (January 1999 – September 2008)  

Johansen Test for Cointegration:  January 1999 – September 2008 

Max 
Rank 

LL Eigenvalue Trace Statistic 10% CV 5% CV 1% CV 

0 1496.68  20.7506 13.33 15.41 20.04 

1 1504.17 0.0283 5.7675 2.69 3.76 6.65 

Notes:  Critical values are from Osterwald-Lenum (1992) and reported in Enders (1995). 
Underlying WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.       

 

Extending the series and recalculating the trace statistics yields consistent results 

with the shorter data series.  Results are provided in Table 6.5.2 below.  The null of no 

cointegrating relation between WTI and Henry Hub prices is rejected at the 10% level 

with a trace statistic of 13.519 in favor of one cointegrating vector.  These results are 

consistent with the results found using the Engle-Granger methodology. 

Table 6.5.2  Johansen Test for Cointegration (January 1999 – February 2012) 

Johansen Test for Cointegration:  January 1999 – February 2012 

Max 
Rank 

LL Eigenvalue Trace Statistic 10% CV 5% CV 1% CV 

0 1969.63  13.519 13.33 15.41 20.04 

1 1975.56 0.01719 1.6622 2.69 3.76 6.65 

Notes:  Critical values are from Osterwald-Lenum (1992) and reported in Enders (1995).  
Underlying WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.   
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6.6 Determining lag length 

A key feature of the Vector Error Correction Model (VECM) is the inclusion of 

lagged price changes in both Henry Hub and WTI prices.  Before the VECM can be 

estimated the appropriate number of lagged effects to include in the model must be 

determined.  A vector autoregression (VAR) must be fit using the two price series and 

the exogenous variables.  The VAR model is provided below. 

         ∑  

 

   

         ∑  

 

   

        ∑  

 

   

        

In this specification, the Henry Hub price is determined by the previous weeks’ WTI and 

Henry Hub prices, the contemporaneous set of exogenous variables, and a constant.  

The exogenous variables include CDD, CDDEV, HDD, HDDEV, Shut-in, and Storage 

differential.22  Selection order criteria test are performed to determine the number of 

lags, n, of prior price effects at which the model best estimates the Henry Hub price.  

The VAR model was allowed to have a maximum of 12 lags.  This would allow up to 12 

prior weeks of price data to influence current prices given the weekly frequency of the 

data.   

The selection order criteria tests performed were Akaike’s Information Criterion 

test (AIC), the Schwarz Bayesian Information Criteria test (SBIC), and the Hannan-Quinn 

Information Criteria test (HQIC).  The AIC, HQIC, and the SBIC statistics are all closely 

related.  Each uses the log likelihood of the estimated VAR plus a penalty term for the 

                                                           
22

    is the random error term with mean zero. 
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number of parameters used in the estimation.  Each test differs in the magnitude of the 

penalty term and reflects the tradeoff between increasing the precision of the estimates 

and the over-parameterization associated with the loss of degrees of freedom (Hamilton 

1994). Each is derived below. 

      (
  

 
)  

   

 
  

       (
  

 
)  (

      

 
)   

       (
  

 
)   (

           

 
)   

Where LL is the log likelihood of the estimated model, T is the number of observations, 

and c is the number of parameters.   The second term on the right hand side of the 

equation acts as the penalty for including additional regressors and is scaled by the 

inverse of the number of observations (T).  Once calculated, the lag length chosen is the 

model that minimizes the preferred statistic.  The tests do not always agree on the 

number of lags to use.  The results of the tests are detailed in Table 6.6.1 below.  
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Table 6.6.1  Selection Order Criteria Tests 

Selection Order Criteria Tests 

Number of Lags AIC HQIC SBIC 

0 1.16024 1.20497 1.27443 

1 -5.83439 -5.77688 -5.68757* 

2 -5.86346* -5.79317* -5.68402 

3 -5.85598 -5.77291 -5.64391 

4 -5.85962 -5.76378 -5.61492 

5 -5.85814 -5.74952 -5.58082 

6 -5.84973 -5.72833 -5.53978 

7 -5.84495 -5.71077 -5.50238 

8 -5.83798 -5.69103 -5.46278 

9 -5.83562 -5.67589 -5.4278 

10 -5.8412 -5.66869 -5.40075 

11 -5.83382 -5.64853 -5.36074 

12 -5.83047 -5.63241 -5.32477 

Note:  The sample period for the analysis is January 1999 through September 2008.  AIC, 
HQIC, and SBIC represent the Akaike Information Criterion, Hannan-Quinn Criterion, and 
Schwartz Bayesian Criterion respectively.  The minimum for each test statistic is noted 
with a *.  The underlying WTI and Henry Hub price series were obtained from the 
Bloomberg Data Terminal.   

 

The AIC and HQIC suggest 2 lags in the underlying VAR while the SBIC suggests a single 

lag to be included in the model.  I have chosen to use 2 lags in the underlying VAR.23 

 

6.7 Vector Error Correction Model 

After establishing the presence of a cointegrating relationship and determining 

the lag length of the endogenous variables, a model can be constructed to explain 

                                                           
23

 The VECM was also estimated using lags lengths of 1 through 5 in the underlying VAR.  These 
specifications produced results consistent to using 2 lags. 
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changes in each of the price series.  The proposed framework includes three stages and 

is attributable to Engle and Granger (1987).24     

The model below is the Vector Error Correction Model (VECM).   

                   

            ̂     ∑            ∑            ∑         

 

   

 

   

 

   

 

             ̂     ∑            ∑            ∑         

 

   

 

   

 

   

 

The first equation, called the cointegrating equation, describes the long run relationship 

between Henry Hub and WTI prices and is estimated using OLS.  This is the same 

equation that was previously estimated to determine the presence of cointegration.  

      and        are the natural logs of Henry Hub and WTI prices at time t.  The 

remaining variables,   and    are a constant and the error term at time t.   

The second and third stage equations model the change in price from the 

perspective of both the natural gas price and the WTI price respectively.  Right hand side 

variables include lagged changes in      and      as well as   , the matrix of exogenous 

fundamental variables.   

Historically, the volatility in natural gas prices is greater than that of crude oil.  

Due to its widespread use as a heating fuel, natural gas is a relatively seasonal 

                                                           
24

 The three stage method is referred to as the Engle-Granger Method. The third stage is similar to the 
second stage except that WTI is the dependent variable.  
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commodity.  Therefore, peak usage is during the winter months when the demand for 

heating is high.  While consumption of natural gas is seasonal, production is not.  As a 

result, inventories are typically built during the summer months for use during the high 

demand winter months, leading to higher prices in the winter and lower prices in the 

summer.  Additionally, these inventories also have an effect on natural gas price levels.  

A storage surplus creates downward pressure on price levels while inventories below 

seasonal norms tend to boost prices.  Varying weather patterns are also a potential 

source for price variation.  Heat waves and cold snaps temporarily increase the demand 

for natural gas through cooling and heating demand, putting upward pressure on 

natural gas prices.    

Due to its high cost of global transportation natural gas is a relatively regional 

commodity influenced by domestic stimuli.  Crude oil, however, is easily transported 

and does not suffer from seasonality.  Crude oil is transported via pipelines, trucks, rail, 

and tanker ships throughout the country and the world.  Its relative ease of 

transportation makes it a world commodity shaped by world oil market conditions.   

Adding short-run pricing dynamics to the vector error correction framework 

provides a way to account for idiosyncratic shocks such as seasonality, supply 

imbalances, and weather present in the natural gas markets.  This is consistent with 

Villar and Joutz (2006), Brown and Yucel (2008), and Hartley, Medlock, and Rosthal 

(2008).  These include heating and cooling degree days, deviations from normal heating 
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and cooling degree days, shut-in Gulf of Mexico natural gas production, and the five 

year storage differential.   

The principal component of the VECM is  ̂    the error correction mechanism.  

The error correction mechanism is the lagged set of equilibrium errors estimated in the 

cointegrating equation and is referred to as the ECM.  The error correction mechanism 

measures the rate at which the two nonstationary I(1) variables, Henry Hub and WTI 

prices, return, or correct, to their long-run relationship each week.  Its coefficient  , is 

referred to as the speed of adjustment parameter.  Theory predicts that Henry Hub 

prices should be at least weekly dependent on WTI prices.  The opposite is not 

necessarily true since WTI is a global commodity and Henry Hub is a regional 

commodity.  However, one of the benefits of the VECM is that it does not require that 

crude oil prices cause natural gas prices.  The model functions in the same way 

regardless of the mechanism that links the two commodities.  Its main purpose is to 

identify the relationship between the commodities.  Whether the relationship flows 

from crude oil or some other shared characteristic does not affect the mechanics of the 

model. 

       

6.8 Vector Error Correction Model Results 

Estimation of the long-run relationship between the Henry Hub and WTI price 

series for the period January 1999 – September 2008 by OLS yields the following 

cointegrating equation 
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After the residuals from the cointegrating equation are obtained, the 2 equation VECM 

is estimated.  The results of the VECM are displayed in Table 6 below.  The table 

contains four estimated equations.  The first two columns are the estimates of the 

VECM for the period January 1999 through September 2008 and the last two columns of 

the table include the estimates of the VECM for the period January 1999 through 

February 2012.  Model 1 is estimated as a subset of Model 2 to capture the relationship 

between the two commodities before the possible effects of the global recession and 

advancements in technology and production.   
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Table 6.8.1  Vector Error Correction Model Including Exogenous Variables 

 Model 1 VECM:  January 1999 – 
September 2008 

Model 2 VECM:  January 1999 – 
February 2012 

Variable                               

         0.0635 
(0.0433) 

0.0235 
(0.0252) 

0.0643 
(0.0390)* 

0.00096 
(0.0234) 

          0.1135 
(0.0753) 

0.1868 
(0.0438)*** 

0.0926 
(0.0639) 

0.1314 
(0.0384)*** 

     -0.0004 
  (0.0002)* 

6.9 x 10-5 
(1.31 x 10-4) 

-0.00052 
(0.0002)*** 

3.8 x 10-6 
(1.2 x 10-4) 

       0.0034 
     (0.0006)*** 

5.8 x 10-4 
(3.5 x 10-4)* 

0.0028 
(0.00052)*** 

4.7 x 10-4 
(3.1 x 10-4) 

     9.7 x 10-5 
(7.4 x 10-5) 

1.62 x 10-5 
(4.3 x 10-5) 

-1.5 x 10-5 
(6.3 x 10-5) 

2.3 x 10-5 
(3.8 x 10-5) 

       9.5 x 10-4 
(1.7 x 10-4)*** 

-3 x 10-5 
(9.9 x 10-5) 

8.9 x 10-4 
(1.6 x 10-4)*** 

-6.6 x 10-6 
(9.4 x 10-5) 

StorDiff 
3.25 x 10-5 

(1.37 x 10-5)** 
1.92 x 10-5 
(8 x 10-6)** 

-3.4 x 10-8 
(1.16 x 10-5) 

1.27 x 10-5 
(6.9 x 10-6)* 

Shut-in 
3.75 x 10-6 

(3.34 x 10-6) 
-7 x 10-6 

(1.9 x 10-6)*** 
2.2 x 10-6 

(3.4 x 10-6) 
-6.8 x 10-6 

(2 x 10-6)*** 

       
-0.0827 

(0.0155)*** 
0.02298 

(0.0090)** 
-0.0269 

(0.0089)*** 
0.005 

(0.0054) 

Constant 
0.0047 
(0.012) 

-0.0037 
(0.007) 

0.0126 
(0.0106) 

-0.0011 
(0.0064) 

R2 0.1570 0.0836 0.1020 0.0438 

Joint 
significance 

   
           

           
           

        

No. of 
Observations 

509 509 685 685 

Notes:  Standard errors are in parentheses.  WTI and Henry Hub price series were 
obtained from the Bloomberg Data Terminal.  HDD, CDD, HDDEV, and CDDEV series 
come from the NOAA.  Shut-in Gulf of Mexico production data is released by the Bureau 
of Ocean Energy Management and the Bureau of Safety and Environmental 
Enforcement, formerly the Minerals Management Service, and compiled by Bloomberg.    
***-significant at the 1% level; **-significant at the 5% level; *-significant at the 10% 
level 

 

In an error correction framework inspection of the error correction mechanism 

can help determine the validity of the model.  To be a valid model, at least one of the 
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estimated coefficients should be statistically significant. Otherwise, insignificant error 

correction mechanisms in both equations would imply that Henry Hub prices and WTI 

are not cointegrated and a standard VAR representation would suffice.  Inspection of 

the estimated error correction coefficients reveals that both models pass this initial test.  

In Model 1, the error correction mechanism is statistically significant at the 1% level in 

the equation explaining changes in Henry Hub prices and at the 5% level in the equation 

explaining changes in WTI prices.  Model 2, spanning longer time frame, yields a 

statistically significant error correction term in the Henry Hub equation only.    

A statistically significant error correction term is only one requirement of a valid 

VECM.  It is also necessary that significant error correction coefficients have 

economically meaningful signs.  A negative coefficient implies that price levels will 

correct back towards equilibrium following long-run shocks while a positive sign 

suggests that the two series diverge in response to shocks.  Therefore, it is necessary for 

the coefficient to take a value between 0 and -1 for the variables to be considered 

cointegrated (Engle & Granger, Cointegration and Error Correction: Representation, 

Estimation, and Testing, 1987).  Economically significant error correction terms in the 

Henry Hub equations are found in both Model 1 and 2 with coefficients of -0.0827 and -

0.0269 respectively.  However, the error correction terms do not meet these criteria in 

the WTI equations.  The coefficient in the WTI equation for Model 1 is significant at the 

5% level with a coefficient of 0.02298 while the coefficient in Model 2 is insignificant.  

The models imply that only natural gas prices respond to deviations in the long-run 

relationship.  Additionally, the cointegrating term and coefficient on the lagged value of  
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      in the Henry Hub equations are jointly significant in both models.25  Therefore, 

WTI prices are weakly exogenous to the system, suggesting that causality runs from WTI 

prices to Henry Hub prices.  The market structure of the two commodities supports this 

finding.  Henry Hub natural gas is a regional commodity with a miniscule export market 

while WTI is an internationally traded and exported commodity that serves as an 

international pricing benchmark.  Therefore, the global nature of WTI makes it less 

susceptible to shocks affecting the regional natural gas market.  This result is in-line with 

expectations and is consistent with the findings by Brown and Yucel (2008) and Villar 

and Joutz (2008).       

Residual diagnostics and inference are conducted on the single equation 

explaining changes in the Henry Hub series.  A graph of the residuals from the Henry 

Hub equation covering the period up to September 2008 is provided below.      

 

 

 

 

 

 

                                                           
25

 A test that the coefficients are jointly equal to zero results in a p-value of 0.0000 and 0.0033 in Models 
1 and 2 respectively. 
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Figure 6.8.1 

 

Visual inspection of the graph suggests the residuals approximate a white noise 

process.  The large outlier visible in the graph corresponds to the last week of February 

2003.  During this time, United States production area prices for natural gas rose sharply 

in response to physical market conditions, specifically, a severe cold front that spiked 

demand and reduced supply. Henry Hub spot prices peaked at $18.85 per MMBtu on 

February 25 and fell to $10.36 the very next day.  The Federal Energy Regulatory 

Commission (FERC) along with the Commodity Futures Trading Commission (CFTC) 

investigated the situation and concluded that the price spike was the result of the 

physical market conditions and low volume futures trading.  Formal testing via the 

Portmanteau Q-statistic and Bartlett’s white noise test agree with the observation that 

the residuals follow a white noise process with p-values of 0.5625 and 0.3524 
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respectively.  Residuals from the regression covering the period through February 2012 

are remarkably similar with p-values of 0.4855 and 0.7022 for Bartlett’s White Noise and 

Portmanteau (Q) tests respectively.  Test results are provided in Tables 6.8.2 and 6.8.3 

below. 

Table 6.8.2.  Residual Diagnostic Tests 

Residual Diagnostic Tests for Henry Hub Equation:  January 1999 – September 2008 

Tests Distribution Statistic P-value 

Bartlett’s White Noise  0.93 0.3524 

Portmanteau (Q)     
  8.68 0.5625 

LM Test   
  0.5440 0.4608 

Notes:  WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-in Gulf of 
Mexico production data is released by the Bureau of Ocean Energy Management and 
the Bureau of Safety and Environmental Enforcement, formerly the Minerals 
Management Service, and compiled by Bloomberg.  The sample period for the analysis is 
January 1999 through September 2008.    
***-significant at the 1% level; **-significant at the 5% level; *-significant at the 10% 
level 

 

Table 6.8.3.  Residual Diagnostic Tests 

Residual Diagnostic Tests for Henry Hub Equation:  January 1999 – February 2012 

Tests Distribution Statistic P-value 

Bartlett’s White Noise  0.84 0.4855 

Portmanteau (Q)     
  7.2444 0.7022 

LM Test   
  0.9891 0.31997 

Notes:  WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-in Gulf of 
Mexico production data is released by the Bureau of Ocean Energy Management and the 
Bureau of Safety and Environmental Enforcement, formerly the Minerals Management 
Service, and compiled by Bloomberg.  The sample period for the analysis is January 1999 
through February 2012.    
***-significant at the 1% level; **-significant at the 5% level; *-significant at the 10% 
level 
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Regression results of the equations explaining changes in the Henry Hub series 

are displayed in Table 6.  The coefficient on CDD in Model 1 is significant at the 10% 

level with a value of -0.0004.  The interpretation is that as temperatures warm and the 

demand for natural gas for heating purposes falls, natural gas prices follow.  Specifically, 

a one standard deviation increase in CDD leads to a 1.13% decrease in natural gas 

prices.  HDDEV and CDDEV are found to be significant at the 1% level with positive 

coefficients.  Positive coefficients on the deviations from normal heating and cooling 

degree days are consistent with expectations, indicating that weather plays an 

important role in short term price movements.  Increases in CDDEV and HDDEV reflect 

unseasonal temperature variations due to cold snaps and heat waves, increasing 

demand for natural gas, causing upward pressure on prices.  One standard deviation 

increases in CDDEV and HDDEV lead to 2.22% and 2.04% increases in Henry Hub prices 

respectively.  The difference in storage levels (StorDiff) from the five year average are 

found to significant at the 5% level.  The interpretation of the coefficient of -0.0000325 

is that as storage exceeds the five year average, the oversupply of natural gas causes 

prices to fall.  For every 100 Bcf increase in the five year storage differential, natural gas 

prices fall 0.325%.     

The coefficients on HDD, lagged changes of Henry Hub and WTI prices and shut-

in production are not statistically different from zero.  The fact that shut-in Gulf of 

Mexico production has no statistical impact on changes in Henry Hub prices is in-line 

with expectations but is contrary to findings in Brown and Yucel (2006) and Villar and 

Joutz (2008).  However, this can be explained from a production standpoint. As onshore 
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shale gas production increases it offsets the production from the Gulf of Mexico, 

insulating natural gas prices from Gulf storms and hurricanes. 

The major element of the VECM is the significance and interpretation of the 

error-correction term.  The coefficient on the error correction term, or speed of 

adjustment parameter, is significant at the 1% level with a value of -0.0827.  At each 

observation the ECM can be interpreted as depicting departures from long-run 

equilibrium.  The negative coefficient implies that subsequent adjustments will tend to 

restore the long-run relationship.  The interpretation is, all else equal, any spikes to 

Henry Hub prices from long-run equilibrium are corrected by approximately 8.27% per 

week.  The resulting half-life of a shock to long-run equilibrium is 8.4 weeks.26  

Therefore, natural gas prices will correct towards equilibrium following a shock to the 

long-run relationship, dissipating the effects of the shock by half in 8.4 weeks.  This 

underscores the finding that the two price series share a stable link in their long-term 

movements over this time period.      

The results from Model 2 are similar to the results found in Model 1.  CDD, 

CDDEV, and HDDEV are found to be significant at the 1% level with coefficients of -

0.00052, 0.0028, and 0.00089 respectively.  Lagged changes to Henry Hub prices are 

significant at the 10% level.  However, estimates of the speed of adjustment are 

substantially lower at -0.0269.  This means that shocks to long-run equilibrium are 

estimated to adjust at approximately one fourth the speed predicted in Model 1 or 

2.69% per week.  This results in a half-life of shocks to the long-run relationship of 25.8 

                                                           
26

 Half-lives are calculated using the following equation: Half-life |        |. 
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weeks.  A half-life of 25.8 weeks is hardly evidence of a cointegrated system.  This 

implies that effects of a shock to the system are felt well beyond a year and only 

dissipate by half over the course of six months.           

Table 6.8.4 below provides an example of how a one standard deviation increase 

in the right hand side variable of Model 1 will change the price of Henry Hub natural gas 

from a $4 per MMBtu starting point.  The magnitude of the effects of a one standard 

deviation increase on the price of Henry Hub natural gas is similar across the variables 

ranging from $(0.045) to $(0.037) per MMBtu.  Specifically, a one standard deviation 

increase in the number of cooling degree days, approximately 28 days, results in a $.045 

decrease in the Henry Hub price based on a starting point of $4 per MMBtu.  The 

increase in cooling degree days signals the seasonal move toward summer.  As summer 

nears and natural gas demand falls, prices move lower.  Natural gas storage levels above 

or below normal conditions also have a significant impact on natural gas prices.  Storage 

levels one standard deviation above the five year average cause natural gas prices to fall 

by $0.037.  Deviations in heating and cooling degree days have larger impacts on natural 

gas prices.  A one standard deviation increase in CDDEV or HDDEV shifts the Henry Hub 

price up by approximately $0.089 and $0.082 cents respectively.  The last column of the 

table describes the effects of a one standard deviation change in the right hand side 

variable on Henry Hub prices as a percent.  For example, a one standard deviation 

increase in HDDEV leads to a 2.04% in natural gas prices.     
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Table 6.8.4.  Economic Impact of Exogenous Variables 

Variable 

P-value of 
Exogenous 
Coefficient 

Standard 
Deviation of 
Variable  

Change in HH from 
$4/MMBtu per 
Standard Deviation 
Increase in Variable 

% Change in HH per 
Standard Deviation 
Increase in Variable 

         0.143 0.0792 $0.02 0.005% 

           0.131 0.0435 $0.02 0.005% 

     0.081 28.22 $(0.045) -1.13% 

       0.000 6.52 $0.089 2.22% 

     0.187 79.31 $0.031 0.77% 

       0.000 21.51 $0.082 2.04% 

StorDiff 0.018 285.28 $(0.037) -0.93% 

Shut-in 0.261 1025.32 $0.015 0.38% 

Notes:  WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-in Gulf of 
Mexico production data is released by the Bureau of Ocean Energy Management and the 
Bureau of Safety and Environmental Enforcement, formerly the Minerals Management 
Service, and compiled by Bloomberg.  The sample period for the analysis is January 1999 
through September 2008.    

 

 

6.9 Conditional Error Correction Model 

The weak exogeniety of WTI allows the two equation system to be reduced to a 

single equation.  The practical importance is that a weakly exogenous variable does not 

experience the type of feedback that necessitates the use of a VAR.  Consistent with 

Villar and Joutz (2006) the VECM is reparameterized into an autoregressive distributed 

lag model and is referred to as the Conditional ECM.     
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The Conditional ECM includes contemporaneous changes in the WTI price, an 

assumption that a change in the WTI price imparts an immediate effect on Henry Hub 

prices.  The Conditional ECM also includes one lag of the Henry Hub price change, the 

error correction term, and the six fundamental variables included in the previous 

models.  The Conditional ECM is: 

                                    ∑      

 

   

    

where a is a constant,   is the speed of adjustment parameter, b is the coefficient on 

the contemporaneous change in WTI prices, c represents the change in lagged Henry 

Hub prices, and    represents the coefficients on the exogenous variables.   

Table 6.9.1 reports the results of the Conditional ECM along with diagnostic 

tests.   Contemporaneous changes in WTI are significant at the 1% level in Model 3 with 

a 10% contemporaneous increase in WTI prices leading to a 3.6% increase in Henry Hub 

prices, all else equal.  Because the lags of the dependent variable are insignificant, the 

history of natural gas prices does not contribute to its own motion.  

HDDEV and CDDEV are significant at the 1% level with signs and coefficients that 

are consistent with expectations and the previously estimated model.  This suggests that 

temporary bouts of unseasonal temperatures increase Henry Hub prices.  According to 

Model 3, one standard deviation increases in CDDEV or HDDEV lead to 2.09% and 2.06% 

increases in Henry Hub prices respectively.    The variable CDD is significant at the 10% 

level with a coefficient of -0.00041.  This means that for a one standard deviation 



93 
 

increase in CDD natural gas prices fall 1.16%.  The coefficient explaining the difference in 

storage from the five year average is significant at the 1% level.  For every 100 Bcf 

increase in five year storage differential natural gas prices fall 0.39%.   

The speed of adjustment parameter is significant at the 1% level with a value of -

0.0911.  This implies that any spikes to Henry Hub prices from long-run equilibrium 

correct back toward equilibrium at the rate of 9.11% per week.  The resulting half-life of 

a shock to long-run equilibrium is 7.6 weeks.  The significance of the error correction 

term is a key finding of the model.  It allows for short-run movements in the natural gas 

price to be explained by adjustments to differences in the error correction term and 

allows the model to capture the effects of stochastic shocks that cause divergence in the 

prices.   

Two simple examples illustrate how natural gas prices respond to changes in the 

crude oil price in the short-run holding all else constant.  The first example illustrates 

how natural gas prices respond to a permanent increase in crude oil prices.  Suppose 

crude oil prices rise by 20 percent and remain unchanged thereafter.  The immediate 

response of natural gas prices is to contemporaneously rise by 6.8 percent.  This 

adjustment occurs through the contemporaneous crude oil term on the right hand side 

of the Conditional ECM.  In each period following the initial shock, natural gas prices 

continue to increase, although at a slower rate.  Following the initial shock, the 

adjustment process is transmitted through the lagged change in natural gas price term 

and through the lagged error correction term.  Natural gas prices climb by 9.4 percent 
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over the first two weeks following the initial shock.  By week twelve natural gas prices 

have increased by 13.2 percent above their initial starting value and reach 14.9 percent 

within a year.     

The second example illustrates the effect of a transitory shock in crude oil prices.  

Suppose that crude oil prices suddenly rise by 20 percent only to return to their initial 

price level the following period.  Just as with a permanent shock, natural gas prices 

respond by contemporaneously increasing by 6.8 percent.  However, the second shock 

to crude oil causes a short-term downward impact on natural gas prices.  This leads to a 

decline in the natural gas price of approximately 5.1 percent and leaves natural gas 

prices only 1.7% above their initial pre-shock levels.  One week later natural gas prices 

have declined to only 0.8 percent above initial levels.  At 12 weeks natural gas prices are 

0.2 percent above pre-shock levels and by 24 weeks the effects of the shock are nearly 

completely erased.         

Extending the dataset through February 2012 in Model 4 produces estimates 

that are fairly consistent with Model 3 with a few exceptions.  First, lagged changes in 

Henry Hub prices are significant at the 10% level.  A 10% increase in lagged changes of 

the Henry Hub price last period results in a 0.7% increase this period.  The second 

difference is that the storage differential from the five year average is no longer 

significant.   

The estimated speed of adjustment parameter is -0.0288, meaning that shocks 

to long-run equilibrium adjust toward equilibrium at a rate of 2.88%, or roughly one 
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fourth the speed estimated in Model 3.  This implies a half-life of approximately 24 

weeks.  Again, the slow speed of adjustment is evidence against the cointegration of 

natural gas and crude oil prices following September 2008.         

Table 6.9.1  Conditional ECM 

  Model 3 Conditional ECM:  
January 1999 – September 

2008 

Model 4 Conditional ECM:  
January 1999 – February 2012 

Variable               

         
0.0602 

(0.0421) 
0.0701 

(0.0377)* 

        
0.3621 

(0.0730)*** 
0.3324 

(0.0623)*** 

     
-4.1 x 10-4 

(2.2 x 10-4)* 
-5.2 x 10-4 

(1.97 x 10-4)*** 

       
0.0032 

(5.9 x 10-4)*** 
0.0026 

(5.2 x 10-4)*** 

     
9.3 x 10-5 

(7.3 x 10-5) 
-2.2 x 10-5 
(6.3 x 10-5) 

       
9.6 x 10-4 

(1.7 x 10-4)*** 
8.9 x 10-4 

(1.5 x 10-4)*** 

StorDiff 
-3.9 x 10-5 

(1.36 x 10-5)*** 
-3.8 x 10-6 

(1.15 x 10-5) 

Shut-in 
6.2 x 10-6 

(4.3 x 10-6) 
4.3 x 10-6 

(3.4 x 10-6) 

       
-0.0911 

(0.0154)*** 
-0.0288 

(0.0088)*** 

Constant 
0.0058 

(0.0119) 
0.0129 

(0.0105) 

   0.1921 0.1357 

Joint Significance                               
Breusch-Pagan test   

         
       

No. of Observations 509 685 

Notes:  Standard errors are in parentheses.  WTI and Henry Hub price series were 
obtained from the Bloomberg Data Terminal.  HDD, CDD, HDDEV, and CDDEV series 
come from the NOAA.  Shut-in Gulf of Mexico production data is released by the Bureau 
of Ocean Energy Management and the Bureau of Safety and Environmental 
Enforcement, formerly the Minerals Management Service, and compiled by Bloomberg.    
***-significant at 1% level; **-significant at 5% level; *-significant at 10% level 
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Breusch-Pagan tests for heteroskedasticity fail to reject the null of constant 

variance in both models.  Just as the VECM, the residuals from the Conditional ECM 

appear to be white noise.  The LM test, Bartlett’s white noise test, and Portmanteau’s Q 

statistic all fail to reject the white noise null hypothesis.  The results are displayed in 

Table 6.9.2 below. 

Table 6.9.2.  Residual Diagnostics for Conditional ECM 

 Residual Diagnostic Test for 
Model 3 Conditional ECM 

Residual Diagnostic Test for 
Model 4 Conditional ECM 

LM Test 
  
          

p-value = 0.9448 
  
          

p-value = 0.9448 

Bartlett’s Statistic 
B = 0.8803 

p-value = 0.4205 
B = 0.7076 

p-value = 0.6985 

Portmanteau (Q) 
Q = 9.1396 

p-value = 0.5189 
Q = 8.5114 

p-value = 0.5790 

Notes:  WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-in Gulf of 
Mexico production data is released by the Bureau of Ocean Energy Management and 
the Bureau of Safety and Environmental Enforcement, formerly the Minerals 
Management Service, and compiled by Bloomberg.  The sample period for the analysis is 
January 1999 through September 2008 for Model 3 and January 1999 through February 
2012 for Model 4.    
***-significant at 1% level; **-significant at 5% level; *-significant at 10% level 

 

Table 6.9.3 provides an example of how a one standard deviation increase in the 

right hand side variable of Model 3 will change the price of Henry Hub natural gas from 

a $4 per MMBtu starting point.   The magnitude of the effects of a one standard 

deviation increase of significant explanatory variables on the price of Henry Hub natural 

gas is similar across the variables at approximately $(0.045) per MMBtu.  However, 
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deviations in heating and cooling degree days and contemporaneous changes in WTI 

prices are the exception.  A one standard deviation increase in CDDEV or HDDEV shifts 

the Henry Hub price up by $0.083 and a one standard deviation increase in 

contemporaneous WTI prices shifts Henry Hub prices up by $0.063).  These changes are 

also expressed as a percentage move in natural gas based on a one standard deviation 

change in the exogenous variable in the last column of the table.      

Table 6.9.3  Economic Impact of Exogenous Variables 

Variable 

p-value of 
coefficient 

Standard 
Deviation 
of 
Variable  

Change in HH from 
$4/MMBtu per Standard 
Deviation Increase in 
Variable 

% Change in HH per 
Standard Deviation 
Increase in Variable 

         0.149 0.0792 $0.019 0.005% 

         0.000 0.0442 $0.063 0.016% 

     0.063 28.22 $(0.046) -1.16% 

       0.000 6.52 $0.083 2.09% 

     0.197 79.31 $0.03 0.74% 

       0.000 21.51 $0.083 2.06% 

StorDiff 0.004 285.28 $(0.045) -1.11% 

Shut-in 0.140 1025.32 $0.025 0.64% 

Notes:  WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-in Gulf of 
Mexico production data is released by the Bureau of Ocean Energy Management and 
the Bureau of Safety and Environmental Enforcement, formerly the Minerals 
Management Service, and compiled by Bloomberg.  The sample period for the analysis is 
January 1999 through September 2008.    
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6.10 Johansen’s Maximum Likelihood Procedure 

For robustness Johansen’s maximum likelihood method for testing for 

cointegration was employed in conjunction with the Engle-Granger methodology.  

Johansen’s procedure involved estimating the model: 

            ∑  

 

   

         

Where ΔY is a 2x1 matrix of first differenced Henry hub and WTI prices at times t 

through t-n, Y is a 2x1 matrix of Henry Hub and WTI spot prices at time t-1, and ε is a 2x1 

matrix of error terms.27  The Π matrix in the estimated equation contains the expression 

relating the levels of the two endogenous variables, Henry Hub and WTI prices.  The Π 

matrix can be rewritten as the product of two full column vectors,      .  The matrix 

  is the cointegrating vector and α is the weighting matrix for the corresponding 

cointegrating relation in each equation.         is normalized on the Henry Hub price 

and is interpreted as the deviation from the long-run cointegrating condition.  The α 

vector represents the speed of adjustment coefficients from the error in each equation 

just as the Engle-Granger approach.  The normalized cointegrating equation for the 

period spanning January 1999 through September 2008 is28 

                             

                                                           
27

 The lag length n of the underlying VAR was determined to be 2 using the AIC in the section titled 
Determining Lag Length.  
28

 The estimated cointegrating equation for January 1999 through February 2012 is           
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Table 6.10.1 gives the corresponding estimated VECM using the normalized 

cointegrating equations.  The coefficients on the cointegrating equations are significant 

at the 1% level in both equations in Model 5.  However, the speed of adjustment 

parameter in the equation explaining changes in WTI is positive.  A test of joint 

significance between lagged changes in Henry Hub and the speed of adjustment 

parameter in the WTI equation fails to reject the null that the two are jointly zero.29 

Alternatively, a test of joint significance of between lagged changes in WTI and the 

speed of adjustment parameter in the Henry Hub equation rejects the null that the two 

are jointly zero at the 1% level.30  Therefore, WTI is weakly exogenous to the system.  

The conclusion of weak exogeniety of WTI is extended to the longer series in Model 6 

given the speed of adjustment parameter is only significant in the equation explaining 

changes in Henry Hub prices.    

 

 

 

 

 

 

                                                           
29

 The joint significance test resulted in a   
       with a p-value of 0.7458. 

30
 The joint significance test resulted in a   

        with a p-value of 0.0005. 



100 
 

Table 6.10.1.  Vector Error Correction Model       

 
 Model 5 VECM:  January 1999 – 

September 2008 
 Model 6 VECM:  January 1999 – 

February 2012 

Variable                               

         
0.0635 

(0.0434) 
0.0231 

(0.0252) 
0.0581 

(0.0387) 
0.004 

(0.0233) 

          
0.1138 

(0.0753) 
0.1869 

(0.0438)*** 
0.0949 

(0.0637) 
0.1298 

(0.0384)*** 

     
-0.0004 

(2.3 x 10-4)* 
6.9 x 10-5 

(1.31 x 10-4) 
-0.0005 

(0.0002)*** 
2 x 10-5 

(1.2 x 10-4) 

       
0.0034 

(0.0006)*** 
5.9 x 10-4 

(3.5 x 10-4)* 
0.0029 

(0.0005)*** 
4.6 x 10-4 

(3.1 x 10-4) 

     
9.6 x 10-5 

(7.4 x 10-5) 
1.6 x 10-5 

(4.3 x 10-5) 
-1.4 x 10-5 
(6.3 x 10-5) 

3 x 10-5 
(4 x 10-5) 

       
9.5 x 10-4 

(1.7 x 10-4)*** 
-2.8 x 10-5 
(9.9 x 10-5) 

9.2 x 10-4 
(1.6 x 10-4)*** 

3.9 x 10-6 
(9 x 10-5) 

StorDiff 
-0.0322 

(0.0138)** 
0.0197 

(0.008)** 
0.0052 

(0.0109) 
0.009 

(0.0066) 

Shut-in 
0.0035 

(0.0033) 
-0.007 

(0.0019)*** 
0.0029 

(0.0034) 
-0.0056 

(0.002)*** 

      
-0.0815 

(0.0155)*** 
0.0239 

(0.009)*** 
-0.0240 

(0.0068)*** 
-0.0031 
(0.0041) 

Constant 
0.0028 

(0.0121) 
-0.0031 
(0.007) 

0.0096 
(0.0108) 

-0.002 
(0.0064) 

R2 0.1557 0.0846 0.1066 0.0434 

Joint 
significance 

   
           

           
           

        

No. of 
Observations 

509 
 

509 685 685 

Notes:  Standard errors are in parentheses.  WTI and Henry Hub price series were 
obtained from the Bloomberg Data Terminal.  HDD, CDD, HDDEV, and CDDEV series 
come from the NOAA.  Shut-in Gulf of Mexico production data is released by the Bureau 
of Ocean Energy Management and the Bureau of Safety and Environmental 
Enforcement, formerly the Minerals Management Service, and compiled by Bloomberg.    
***-significant at 1% level; **-significant at 5% level; *-significant at 10% level 

 

Since WTI is found to be weakly exogenous, the two equation system can be 

reduce to a single conditional error correction model explaining changes in Henry Hub 
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prices.  The Conditional ECM in this section contains the same elements as the 

Conditional ECM estimated in the previous section, the difference being the error 

correction mechanism.  Estimation results and diagnostic tests are provided in Table 

6.10.2 and Table 6.10.3 below.  The Conditional ECM estimated by the Engle-Granger 

Method has been included to compare the models side by side. 

Breusch-Pagan tests for heteroskedasticity fail to reject the null of constant 

variance in models 7 and 8.  Formal testing shows the residuals follow a white noise 

process as indicated by the insignificant Bartlett and Q statistics and failure to reject the 

null of no autocorrelation in the LM test.  
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Table 6.10.2.  Conditional ECM 

  Model 7 
Conditional 

ECM:  Jan 1999 
– Sep 2008 

Model 8 
Conditional 

ECM:  Jan 1999 
– Feb 2012 

Model 3 
Conditional ECM: 

Jan 1999 – Sep 
2008 EG Method 

Model 4 
Conditional 

ECM: Jan 1999 
– Feb 2012 EG 

Method 

Variable                             

         
0.0604 

(0.0417) 
0.0625 

(0.0373)* 
0.0602 

(0.0421) 
0.0701 

(0.0377)* 

        
0.3636 

(0.0724)*** 
0.3139 

(0.0618)*** 
0.3621 

(0.0730)*** 
0.3324 

(0.0623)*** 

     
-4.1 x 10-4 

(2.2 x 10-4)* 
-5.2 x 10-4 

(1.96 x 10-4)* 
-4.1 x 10-4 

(2.2 x 10-4)* 

-5.2 x 10-4 
(1.97 x 10-

4)*** 

       
0.0032 

(5.9 x 10-4)*** 
0.0028 

(5.1 x 10-4)*** 
0.0032 

(5.9 x 10-4)*** 
0.0026 

(5.2 x 10-4)*** 

     
9.2 x 10-5 

(7.2 x 10-5) 
-2.4 x 10-5 
(6.2 x 10-5) 

9.3 x 10-5 
(7.3 x 10-5) 

-2.2 x 10-5 
(6.3 x 10-5) 

       
9.5 x 10-4 

(1.7 x 10-4)*** 
9.2 x 10-4 

(1.5 x 10-4)*** 
9.6 x 10-4 

(1.7 x 10-4)*** 
8.9 x 10-4 

(1.5 x 10-4)*** 

StorDiff 
-3.9 x 10-5 
(1.35 x 10-

5)*** 

-3.9 x 10-6 
(1.07 x 10-5) 

-3.9 x 10-5 
(1.36 x 10-5)*** 

-3.8 x 10-6 
(1.15 x 10-5) 

Shut-in 
5.9 x 10-6 

(4.3 x 10-6) 
4.4 x 10-6 

(3.3 x 10-6) 
6.2 x 10-6 

(4.3 x 10-6) 
4.3 x 10-6 

(3.4 x 10-6) 

                
-0.0903 

(0.0153)*** 
-0.0216 

(0.0063)*** 
-0.0911 

(0.0154)*** 
-0.0288 

(0.0088)*** 

Constant 
0.0036 

(0.0118) 
0.0093 

(0.0105) 
0.0058 

(0.0119) 
0.0129 

(0.0105) 

   0.1769 0.1368 0.1921 0.1357 

Joint 
Significance 

     499) = 
13.44 

     675) = 
11.89 

        
       

        
       

Breusch-Pagan 
Test 

  
         

         
         

       

No. of 
Observations 

509 685 509 685 

Notes:  Standard errors are in parentheses.  WTI and Henry Hub price series were obtained from 
the Bloomberg Data Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-
in Gulf of Mexico production data is released by the Bureau of Ocean Energy Management and 
the Bureau of Safety and Environmental Enforcement, formerly the Minerals Management 
Service, and compiled by Bloomberg.    
***-significant at 1% level; **-significant at 5% level; *-significant at 10% level 
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Table 6.10.3.  Residual Diagnostics for Conditional ECM 

 
Residual Diagnostic Tests for 

Conditional ECM Model 7 
Residual Diagnostic Tests for 

Conditional ECM Model 8 

LM Test 
  
         

p-value = 0.9111 
  
         

p-value = 0.5946 

Bartlett’s Statistic 
B = 0.8833 

p-value = 0.4162 
B = 0.7718 

p-value = 0.5907 

Portmanteau (Q) 
Q = 9.4103 

p-value = 0.4937 
Q = 9.1481 

p-value = 0.5181 

Notes:  WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-in Gulf of 
Mexico production data is released by the Bureau of Ocean Energy Management and 
the Bureau of Safety and Environmental Enforcement, formerly the Minerals 
Management Service, and compiled by Bloomberg.  The sample period for the analysis is 
January 1999 through September 2008 for Model 7 and January 1999 through February 
2012 for Model 8.    
***-significant at 1% level; **-significant at 5% level; *-significant at 10% level 

      

Parameter estimates are nearly identical to the estimates produced by the Engle-

Granger Method.  For Model 7, a 10% increase in contemporaneous changes in WTI 

prices leads to a 3.6% increase in Henry Hub prices.  The estimated coefficients on the 

exogenous control variables indicate that weather plays a very important role in short-

run price movements.  CDDEV and HDDEV are significant at the 1% level indicating that 

heat waves and cold snaps temporarily increase natural gas prices.  One standard 

deviation increases in CDDEV and HDDEV lead to 2.09% and 2.04% increases in Henry 

Hub prices respectively.  StorDiff and CDD are significant at the 1% and 10% levels 

respectively.  Storage levels 100 Bcf above five year averages are estimated to decrease 

natural gas prices by 0.39%.  Also, as natural gas demand winds down from the winter 
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peak and the number of cooling degree days increases, natural gas prices fall 0.041% 

per unit increase or 1.16% per standard deviation move.   

Finally, the speed of adjustment in Model 7 is estimated to be -0.0903, almost 

identical to -0.0911 produced by the Engle-Granger Method in Model 3.  This suggests 

that shocks to the long-run relationship correct back toward equilibrium at a rate of 

9.03% per week and have a half-life of approximately 7.7 weeks.  A permanent increase 

in crude oil prices of 20% leads to a contemporaneous increase in natural gas prices of 

6.9%, all else equal.  Successive periods continue to correct towards long-run 

equilibrium, although at decreasing rate, through the lagged error correction and lagged 

changes in Henry Hub terms.  By the second period following the initial shock natural 

gas prices have increased by 10.2% from their pre-shock levels.  A year following the 

shock natural gas prices have risen 19% from their pre-shock levels.  Extending the 

timeframe to include February 2012 results in an estimated speed of adjustment of 

2.16% per week with a half life of 32 weeks.  The incredibly slow speed of adjustment is 

indicative of the decoupling of the price series following September 2008 and is 

consistent with the results found using the Engle-Granger methodology.         

Table 6.10.4 provides an example of how a one standard deviation increase in 

the right hand side variable will change the price of Henry Hub natural gas from a $4 per 

MMBtu starting point, ceteris paribus.  Percentage moves in natural gas prices based on 

a one standard deviation move in the exogenous variable are also provided. 
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Table 6.10.4.  Economic Impact of Exogenous Variables 

Variable 

P-value of 
Coefficient 

Standard 
Deviation of 
Variable  

Change in HH from 
$4/MMBtu per 
Standard Deviation 
Increase in Variable  

% Change in HH 
per Standard 
Deviation Increase 
in Variable 

         0.153 0.0792 $0.02 0.005% 

        0.000 0.0435 $0.063 0.016% 

     0.063 28.22 $(0.046) -1.16% 

       0.000 6.52 $0.083 2.09% 

     0.208 79.31 $0.029 0.73% 

       0.000 21.51 $0.082 2.04% 

StorDiff 0.005 285.28 $(0.045) -1.11% 

Shut-in 0.172 1025.32 $0.024 0.60% 

Notes:  WTI and Henry Hub price series were obtained from the Bloomberg Data 
Terminal.  HDD, CDD, HDDEV, and CDDEV series come from the NOAA.  Shut-in Gulf of 
Mexico production data is released by the Bureau of Ocean Energy Management and 
the Bureau of Safety and Environmental Enforcement, formerly the Minerals 
Management Service, and compiled by Bloomberg.  The sample period for the analysis is 
January 1999 through September 2008.    
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Chapter VII 

Conclusions 
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7.1 Model Interpretation and Concluding Remarks 

This paper has investigated the possibility that WTI crude oil and Henry Hub 

natural gas prices share a stable link.  Economic theory suggests that a link exists 

through both supply and demand.   

The ability of U.S. industry and electric power generators to switch between 

fuels links the two commodities through the burner-tip.  Many power plants, refineries, 

factories, and other industries switch between natural gas and petroleum products to 

fire their plants based on the cost of each energy source, demonstrating the price 

relationship between crude oil and natural gas through competition.   

On the supply side, the composition of the reserve reservoir is what determines 

the link between the two commodities.  Reservoirs that contain both crude oil and 

natural gas generally allow for the coproduction of crude oil and natural gas, linking 

them as compliments in production.  Therefore, as crude oil prices rise due to increased 

demand, the production of natural gas increases as a byproduct of crude oil production.   

On the other hand, reserves containing a single commodity force producers to 

choose between allocating resources to the production of one asset or the other.  An 

increase in the price of crude oil due to increased demand may convince producers to 

focus more assets on crude oil production.  Since natural gas and crude oil operators 

compete for similar resources such as labor and drilling rigs, the increased production of 

crude oil would tend to bid up the cost of finding and developing natural gas assets.  As 
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a result, natural gas production would tend to decline, exhibiting the two commodities 

relationship as rivals in production.      

In general it would appear that crude oil and natural gas support the theory that 

the two commodities are linked in their long-term movements.  Until late in 2008, 

natural gas prices tracked crude oil prices fairly well.  However, following 2008 the two 

price series appear to diverge and move independently of each other with their price 

ratio exploding to over 40-to-1.  Reduced fuel switching capabilities in U.S. industry and 

electric power generation coupled with increased technology and production from shale 

formations during this time period have potentially changed the driving force behind 

natural gas prices.  Natural gas production from shale formations increased by an 

astonishing 586% and significantly contributed to the 35% increase in total production 

over this time period, making a strong case for the cause of the diverging prices.   

However, a severe recession has impacted world economies over the same 

timeframe making the cause of the disparity between crude oil and natural gas prices 

unclear.  Analysis of the recession beginning March 2001 on the price relationship 

between natural gas and crude oil provides no significant evidence of divergence in 

price levels.  While this weakens the argument that the global recession is cause of the 

divergence following 2008, it cannot be definitively be ruled out given the March 2001 

recession is the only other recession to occur during the price series.  Therefore this 

research analyzed the possible long-term link between the two commodities over two 
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timeframes.  The first covered the period January 1999 through September 2008 and 

the second covered the period January 1999 through February 2012.        

Using an error correction framework I find that WTI and Henry Hub spot prices 

are statistically linked in their long run movements over the period January 1999 – 

September 2008.  Statistical analysis performed on the Henry Hub and WTI price series 

found the two time series to be nonstationary processes.  Estimating this relationship 

without accounting for stationarity issues could lead to spurious and incorrect inference.  

However, WTI and Henry Hub prices were found to exhibit a cointegrating relationship 

using both the Engle-Granger methodology and Johansen’s maximum likelihood 

procedure.  The presence of a cointegrating relation allows two I(1) variables to be 

linearly combined to form a stationary process solving the issue of spurious inference.  

This relationship is modeled with a vector error correction model that includes short-run 

exogenous fundamental variables to help explain the volatility in Henry Hub natural gas 

prices and an error correction mechanism that accounts for the cointegrating relation 

between the two series.  Adding short-run pricing dynamics to the vector error 

correction framework provides a way to account for idiosyncratic shocks present in the 

natural gas market such as weather, seasonality, storage levels, and production 

disruptions. 

WTI prices were found to be weakly exogenous to the system suggesting 

causality runs from WTI prices to Henry Hub prices.  Therefore, disequilibria in the long-

run relationship between natural gas and crude oil are driven by random shocks to the 
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crude oil market.  The market structure of the two commodities supports this finding.  

Henry Hub natural gas is a regional commodity with a miniscule export market while 

WTI is an internationally traded and exported commodity that serves as an international 

pricing benchmark.  Therefore, the global nature of WTI makes it less susceptible to 

shocks affecting the regional natural gas market.  Due to the weak exogeneity of crude 

oil, the relationship was estimated with a single equation explaining changes in Henry 

Hub prices referred to as the Conditional ECM.  The final model is comprised of 

contemporaneous changes in WTI prices, the prior week’s change in Henry Hub prices, 

short-run fundamental variables (cooling and heating degree days, deviations from 

normal heating and cooling degree days, difference in natural gas storage from the five 

year average, and shut-in Gulf of Mexico natural gas production) and the error 

correction mechanism.   

Estimation of the model suggests that a 10% increase in contemporaneous WTI 

prices lead to 3.6% increase in Henry Hub prices.  The prior week’s change in Henry Hub 

prices was found to be insignificant.  Similar to Brown and Yucel (2008) and Hartley, 

Medlock, and Rosthal (2008), I find that unseasonal hot or cold weather has a significant 

impact on the short-run dynamic adjustment of prices.  A one standard deviation 

increase in CDDEV and HDDEV was found to increase natural gas prices by 2.09% and 

1.92% respectively.  Logically, this is consistent with the expectations of the impact of a 

cold snap or heat wave due increased demand for natural gas for heating and electric 

generation purposes.  However, these effects are found to be relatively short lived, 

dissipating by approximately 50% after a single week.   
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The number of cooling degree days was found to be significant at the 10% level.  

This variable is used as a proxy to model the seasonal shift toward summer natural gas 

demand.  Specifically, I find that a one standard deviation increase in the number of 

cooling degree days decreases natural gas prices by 1.16%.  Typically, as the seasons 

change and temperatures begin to rise, the demand for natural gas falls.  This is due to 

the primary use of natural gas as a home heating fuel.     

Natural gas storage levels relative to the five year average are also found to 

effect natural gas prices in the short-run.  The oversupply of natural gas tends to reduce 

natural gas prices while shortages tend to increase prices.  I find that a one standard 

deviation increase in storage levels above the five year average decreases natural gas 

prices by 1.11%.        

Contrary to Villar and Joutz (2006) and Brown and Yucel (2008), I find that 

periodic disruptions in Gulf of Mexico natural gas production have no statistical impact 

on natural gas prices.  This is somewhat surprising given traditional views of events 

affecting natural gas prices.  However, this can be explained by the increase in onshore 

natural gas production via shale plays.  As more and more natural gas is produced from 

these previously untapped reserves, reliance on Gulf of Mexico production steadily 

decreases.  Since 2007, the Gulf of Mexico has gone from producing approximately 8 Bcf 

of natural gas per day to producing 4.6 Bcf per day in 2012.  Over this same time period 

onshore shale production increased from 3.5 Bcf per day to 24 Bcf per day.  That is an 

increase of 586% in five years.  Therefore, as the contribution of the Gulf of Mexico to 
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overall production falls, the less likely hurricanes and storms are to impact natural gas 

prices.         

Finally, the speed of adjustment parameter, or error correction mechanism, is 

estimated to be -0.0911.  This means that natural gas prices adjust back toward 

equilibrium following shocks to the long-run relationship at a rate of 9.11% per week 

and have a half-life of approximately 7.6 weeks.  The significance of the error correction 

term is a key finding of the model.  It allows for short-run movements in the natural gas 

price to be explained by adjustments to differences in the error correction term and 

allows the model to capture the effects of stochastic shocks that cause divergence in the 

prices.  Therefore, as crude oil prices rise due to shocks and market stimuli, natural gas 

prices increase at a decreasing rate each following period to restore equilibrium 

between the price series.      

While analysis of the period January 1999 through September 2008 

demonstrates that natural gas and crude oil prices are anchored in their long term 

movements, extending the data series to cover through February 2012 produces weaker 

results.  Tests of cointegration provide evidence of a long-run cointegrating relationship 

at the 10% level.  Estimation of the error correction model reveals that WTI is once 

again weakly exogenous to the system.  Re-estimating the model as a single equation 

Conditional ECM produces parameter estimates similar to the previous model with a 

few exceptions.   
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First, the prior periods natural gas price is found to be significant at the 10% level 

and suggests that a 10% increase in prices last period leads to a 0.7% increase this 

period.  Second, the difference in storage levels from the five year average is no longer 

significant.  However, the main difference between the two models is the error 

correction term.  The speed of adjustment in this longer series is estimated to be 2.88% 

per week, implying a half-life of 24 weeks.  This is an incredibly slow adjustment 

compared to the half-life of 7.6 weeks in the first model.  Couple this with the very large 

and ongoing divergence in the prices of the two commodities and an argument can be 

made that crude oil and natural gas prices have decoupled following 2008.  The weak 

evidence of cointegration is likely a result of the strong relationship between the two 

series through September 2008.  Under this model, shocks to the system create 

disequilibria between the price series that is highly persistent and uncharacteristic of a 

truly cointegrated system.   

 Therefore, it is argued that prior to September 2008 natural gas and crude oil 

prices exhibited a cointegrating relationship with natural gas prices adjusting to shocks 

in crude oil prices.  Following September 2008 this relationship weakens and breaks 

down creating divergence between the two price series.       

An explanation for the decoupling of the two commodities is the increased 

production in natural gas due to shale and reduced fuel switching capabilities in U.S. 

industry and electric power generation.  Over the last decade technological advances in 

drilling and extraction techniques have allowed E&Ps to develop shale reserves at an 
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impressive pace.  Within the last five years shale dry gas production has grown from 

6.5% to 35% of total production.  With an estimated 750 Tcf of recoverable reserves, 

shale production is projected to play an increasingly important role in the future.  In 

fact, the Energy Information Administration (EIA) estimates that by 2035, nearly 50% of 

total natural gas production will be attributable to shale.  This changing environment 

could have permanent effects on the dynamics of natural gas pricing.  Increasing 

production rates without increased domestic consumption or a significant export 

market could keep natural gas prices low for years.     

However, the impact of the global recession on natural gas and crude oil prices 

cannot be definitively ruled out as a possible cause of the price divergence following 

2008.  As a global commodity, crude oil is more likely to be influenced by international 

events and politics.  Therefore, policies and programs passed in an effort to boost 

international economies could have had the effect of artificially boosting crude oil 

prices.  The lack of a global market for domestically produced natural gas keeps natural 

gas insulated from the effects of these programs.  Therefore, the recession in the U.S. 

could depress domestic natural gas prices relative to crude oil given the lack of response 

from domestic natural gas to international events and policies.  If, in fact, the cause of 

the decoupling is due to the effects of the global recession then the divergence in prices 

would be temporary.  Once the world economy emerges from the recession the two 

commodities will converge to their long-run relationship.  However, no significant 

evidence of price divergence was found during the March 2001 recession, weakening 

the causal argument for the divergence following 2008.        
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Nevertheless, until the global recession has ended, we are unlikely to definitively 

determine the cause of the divergence between the two price series and whether the 

divergence is temporary or permanent.  If the divergence in prices is due to changing 

technology and production techniques and the diminishing ability to switch between 

fuels then decoupling of natural gas and crude oil prices will prevail into the future.  On 

the other hand, if the effects of the global recession are the cause of the price 

divergence then we can expect natural gas prices to converge toward crude oil prices 

following the end of the recession at a rate of 9.11% per week all else equal, eventually 

returning to their long-run relationship.           
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