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Abstract 

 

This paper aims to assess the role of expectations as a determinant of the real price of natural gas. To measure 

expectations-driven speculative demand three approaches are followed, which are based respectively on using 

natural gas inventories 
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following the method of Inoue and Rossi (2021); these can be interpreted as changes in 

expectations about the natural gas markets at all maturity horizons simultaneously. According 

to the theoretical models of storage, such expectations present in the futures markets should 

also be reflected in spot prices. These functional shocks are then included in the natural gas 

SVAR model to represent the speculative component.  

 

The remainder of the paper is organised as follows. Section 2 briefly reviews the literature on 

expectations and speculation in both the crude oil and natural gas markets, Section 3 outlines 

the empirical framework, Section 4 presents the empirical results, and Section 5 concludes.  

 

 

2. Literature Review 

The literature analysing the natural gas market, and in particular expectations based on natural 

gas futures, is relatively new, as most previous papers had focused instead on the price of oil 

and oil futures. However, some important insights concerning the natural gas market can also 

be gained from those studies. 

 

Most contributions examining speculation in the oil markets are based on the Masters 

hypothesis according to which higher futures prices are a signal of expectations of rising spot 

prices, which should increase the demand for inventories (Fattouh et al., 2013). Hamilton 

(2009) suggests that if futures prices increase because of speculation, then spot prices should 

increase as well because of inventory arbitrage. In such a case, financial speculation in the 

futures markets can be a key determinant of the spot price in the physical market, provided that 

the price elasticity of demand is perfectly inelastic. Lombardi and Van Robays (2011) estimate 

a structural VAR model to separate fundamental shocks to oil demand and supply from non-

fundamental financial shocks represented by oil futures prices. Their results suggest an 

important role of financial investors in the futures markets for the short-run destabilisation of 

the spot price of oil.  

 

One of the most important studies on expectations and speculation in the oil market is due to 

Kilian and Murphy (2014), who estimate a structural VAR model of the oil market which 
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information from the oil futures market since arbitrage implies that any speculative or 

expectational changes in those markets should be reflected in a change in inventories in the 

physical market. In fact they cannot find any evidence of Granger-causality from the futures 

spread to the other variables in the model and thus conclude that indeed oil inventories already 

include all relevant information concerning expectations within the oil market. If there was 

speculation in the futures market, given the arbitrage condition, it would have caused 

speculative demand for inventories to shift. Kilian and Lee (2014) do some robustness checks 

for the results presented by Kilian and Murphy (2014) by using different proxies of crude oil 

inventories. Juvenal and Petrella (2015) estimate a factor-augmented VAR model to obtain 

measures of speculation in addition to standard physical oil market shocks. Speculative shocks 

are found to be the most important determinant of the price of oil, second only to demand 

shocks. Valenti (2022) instead replaces crude oil inventories with the futures spread, which is 

considered an important measure of forward-looking expectations. The identified financial 

market shock appears to have played an important role for rising oil prices during the 2003-

2008 period. 

 

Baumeister and Kilian (2014) highlight the importance of accounting for the existence of a risk 

premium in futures markets and advocate the method by Hamilton and Wu (2014) to model a 

time-varying risk premium. Valenti et al. (2020) include a measure of the time-varying risk 

premium into a SVAR model of the oil market and find that risk premium shocks are significant 

drivers of the price of oil only during the 2003-2008 period. The Hamilton and Wu (2014) 

approach has previously been used to construct measures of the expectations component of 

crude oil futures (Anderl and Caporale, 2024), but has not yet been applied in the case of natural 

gas futures. 

 

Within the literature specific to the natural gas markets, several studies are concerned with the 



5 
 

the physical markets. Taking a different perspective on speculation, Manera et al. (2016) use a 

GARCH (1,1) model to measure futures price volatility which include different available 

measures of speculative activity. They find that speculation measured by different indices does 

not destabilise natural gas prices. Wang et al. (2019) employ dynamic model averaging for the 

US natural gas markets and apart from demand and supply shocks identify financial market 

variables representing speculation as the main driver of natural gas spot prices, while the 

importance of oil prices appears to have fallen over time. It is noteworthy that the evidence 

regarding speculation in the natural gas markets is mainly based on studies of natural gas 

futures rather than the theory of storage as in the case of the oil markets.  

 

 

3. Empirical Framework 

3.1 The natural gas market model with inventories 

Expectations in the natural gas markets can be measured in different ways; we consider three 

of them in particular. The first is due to Kilian and Murphy (2014), who identify speculative 

inventory demand shocks through appropriate restrictions in a VAR framework. These 

represent unobservable shifts in the expectations about future demand and supply of natural 

gas. Therefore, in the first instance, we estimate a structural VAR model similar to the one by 

Kilian and Murphy (2014) but for the natural gas market. This takes the following form: 

 

𝐵0𝑦𝑡 = ∑ 𝐵𝑖𝑦𝑡−𝑖 +

24

𝑖=1

𝜀𝑡 (1) 

 

where 𝑦𝑡 = [Δ𝑞𝑡, Δ𝑝𝑡, Δ𝑐𝑡, Δ𝑠𝑡],  𝑞𝑡 is global natural gas production, 𝑝𝑡 is the spot price of 

natural gas, 𝑐𝑡 measures the demand for natural gas, either through real economic activity or 
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structure, alongside changes in the level and curvature, we are able to express shifts in 

inventory demand directly from the futures markets. Because of arbitrage changes in the term 

structure should be representative of those in physical inventories and therefore affect the 

physical spot price of natural gas in a similar manner. An inversion of the term structure, for 

example, might indicate a tightening of inventories (Sanders and Irwin, 2017). The fact that 

the shocks are functional, rather than scalar, captures important structural and expectational 

dynamics across the entire maturity dimension and thus can be informative for the degree of 

speculative activity at short, medium and long horizons.  

 

3.4 The natural gas market model with functional shocks 

As a next step we estimate a model similar to the one in (1) but explicitly account for natural 

gas price expectations by including the functional natural gas price shocks stemming from the 

futures markets. With the inclusion of the functional natural gas price shocks, we now impose 

the sign restrictions suggested by Juvenal and Petrella (2015) and summarised in Table 3.  

 

 

Table 3. Sign restrictions in the VAR model with functional shocks 

 Physical natural 

gas supply shock 

Physical natural 

gas demand shock 

Inventory 

demand shock 

Functional natural 

gas price shock 

Natural gas production − + + − 

Natural gas consumption 
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4.2 Results from the Kilian-Murphy model 

Figure 1 shows the results from the model based on the Kilian and Murphy (2014) 

specification. As can be seen, an unexpected natural gas supply disruption reduces production 

and consumption, but this effect is only transitory. The effect on the real price of natural gas, 

however, is more persistent over the response horizon. The response of the price of natural gas 

to a physical demand shock dies out within 12 months. A speculative demand shock seems to 

affect the real price of natural gas positively at first, but the effect becomes negative after 4 
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market shock. The results of the model with the 3-months futures spread are reported in Figures 
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depending on the maturity in the futures spread and whether demand is measured by real 
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Figure 6. Responses to other shocks in the model with consumption 

 
Notes: Structural impulse responses. The solid red lines indicate the closest to median responses from the 

admissible models. The dashed blue lines correspond to the 68% error bands. 

 

Figure 7. Responses to functional shocks in the model with real activity 

 
Notes: Structural impulse responses and term structure shifts. In the first four graphs in each row, the solid 

red lines indicate the closest to median responses from the admissible models and the dashed blue lines 

correspond to the 68% error bands. In the last graph in each row the solid blue line indicates the term 

structure before the shock and the solid red line the term structure after the shock. 
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Figure 8. Responses to other shocks in the model with real activity 
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Next, we perform a shock decomposition exercise of the responses of all variables to the 

functional shocks on the four dates previously specified; this allows us to assess which term 

structure factor made the largest contribution. Figure 9 shows the results of the model with 

natural gas consumption. It can be seen that the curvature factor is the main driver of real 

natural gas prices as well production, consumption and inventory changes. This suggests that 

the physical natural gas markets are primarily driven by medium-term expectations about 

developments in the natural gas market, since a change in the curvature factor is associated 

with changes to medium-term expectations. During the shock in October 2005, the curvature 

factor increased, which resulted in a steepening of the term structure by increasing the size of 

its hump at medium horizons, i.e. expectations of medium-term prices increased relative to 

short- and long-term ones. The price response was positive and the market moved into contango 

making it worthwhile to hold inventories – these increased immediately in response to the 

change in the curvature factor and were then sold forward for delivery at medium horizons, 

which is when they started falling again. Producers reacted by lowering production, taking the 

change in medium-term expectations as a sign of higher prices in the future, but then increasing 

it towards the end of the response horizon in order to sell at the higher prices. The behaviour 

of production and inventories is consistent with theory. Consumption increased, which 

suggests that the information channel operates most strongly here, and that producers interpret 

the rising medium-term futures prices as a signal of a strengthening market (Sockin and Xiong, 

2013). These effects are identical for the shocks on all other dates. In all cases, the price 

response is persistent while the responses of all other variables are only transitory, suggesting 

that speculative shocks stemming from the futures markets can permanently raise prices in the 

physical markets.  

 

Figure 10 reports the shock decomposition for the model with real activity. The main difference 

is that real activity responds negatively to the curvature factor change, in contrast to the positive 

response of natural gas consumption found previously. These results are more in line with a 

stronger cost channel. For comparison we also focus on some periods during which the spot 

price of natural gas decreased to assess whether this was caused by a fall in the curvature factor 

and medium-term expectations. These results are reported in Figures B1 and B2 in Appendix 

B. As can be seen, the observed effects are essentially the opposite to the previously estimated 

ones: in all cases, medium-term price expectations decrease relative to short- and long-term 
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Figure 10. Decomposition of responses to functional shocks in the model with real activity 

Panel A. Production response 

 
Panel B. Real activity response 

 
Panel C. Price response 

 
Panel D. Inventory response 

 
Notes: Decomposition of responses to term structure factors. 
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Figure 11
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Figure 12. Historical decomposition of the price of natural gas in the model with real activity 

 
Notes: Historical decomposition of the real price of natural gas. 

 

 

 

5. Conclusions 

This paper aims to provide some new insights
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inventories; the second the Valenti (2022) model incorporating instead the futures spread; the 

third introduces functional shocks derived from the risk-adjusted natural gas futures term 

structure to represent expectations (Inoue and Rossi, 2021). 

 

The results can be summarised as follows. First, the real price of natural gas seems to respond 

less to speculative activity and expectations 
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Figure A3. Results from the Valenti model with consumption and the 12-months futures spread 

 
Notes: Structural impulse responses. The solid r024  1 hit lines indica024 te the closest to m 1 hitian responses from the 

a1 hitmis hitsible models. The dashed blue lines correspond to the 68% error bands. 

 

 

Figure A4. Results from the Valenti model with real activity and the 12-months futures spread 
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Figure B2. Decomposition of responses to functional shocks in the model with real activity during 

periods of price decreases 

Panel A. Production response 

 
Panel B. Real activity response 

 
Panel C. Price response 

 
Panel D. Inventory response 

 
Notes: Decomposition of responses to term structure factors. 

 

 

 


