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Abstract 

 

In this paper we suggest a simple econometric procedure for 
identification of bottlenecks in the US natural gas pipelines network. We claim 
that there is a bottleneck between two nodes of the network if their spot gas 
prices are not co-integrated. Existence of bottlenecks is attributed to 
insufficient pipeline capacity between two such nodes. We find that the 
network is separated into three local markets: Northeast, Midwest and 
California.  
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1. Introduction 

In the recent years the natural gas industry has experienced a number of supply-

induced crises. The approach of the winter of 2003-2004 was marked by forecasts of gas 

prices skyrocketing from $20 to $100 per MBtu or more. While such forecasts proved to 

be erroneous and nothing disastrous happened to price levels, it is clear that price 

volatility caused by insufficient transmission capacity is one of the central issues facing 

this industry. In this paper, we focus attention on transmission of natural gas as capacity-

constrained. 

Natural gas transmission is regulated by the Federal Regulatory Commission 

(FERC), at the margin, in terms of price limits on transportation services at peak demand 

periods (see MacAvoy (2000)). The FERC determined limits on prices for shipment of 

gas at peak demand periods prevent the pipelines from realizing higher returns from 

higher bids for space in the pipelines. Instead, additional revenues generated from higher 

gas prices on sales to local distributors go to gas brokers. Such a situation may undermine 

pipelines’ incentives to invest in construction of new lines and expansion of existing 

ones, and create bottlenecks, i.e. a situation in which the existing pipeline capacity is not 

sufficient to meet demands on transmission at the regulated peak prices. Even though 

profit gains, given the limits on prices, might be insufficient to finance the construction of 

new pipelines, new storage facilities might be able to relieve the peak-period excess 

demand by taking previously shipped supplies out of facilities near the arrival city gate.  

However, the federal regulation distorts and considerably delays construction of new 

storage facilities as well.  
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In this paper, we use a simple econometric procedure that allows identification of 

geographical locations of the bottlenecks and evaluation of their importance.  Our 

analysis is based on the following premise. We assume that, in a network without 

bottlenecks, temporary shocks originated from local markets should have an impact on 

other parts of the network as well, and die out relatively fast because of arbitrage. As a 

result, in the long-run, prices at every node should follow the uniform pattern of the law 

of one price1. On the other hand, in the case of a bottleneck between two nodes of the 

network, their spot prices may demonstrate diverging patterns for prolonged periods of 

time.  

In order to illustrate this point, consider the following simple example. Assume 

that the network consists of only three hubs, one producing hub (Henry Hub) and two 

receiving hubs (in Chicago and the NYC). Consider a positive demand shock in Chicago, 

caused by an extended period of extremely cold weather.  Such a shock will lead to an 

increase in the spot prices at the Chicago hub, making Chicago more attractive for 

producers relatively to the NYC. In the absence of capacity constraints on gas flows, 

more throughputs would be directed to the Chicago hub and less to the NYC2, which will 

lead to decreases in spot prices in Chicago and their increase in the NYC. Moreover, 

price adjustments should occur no matter whether the two hubs supply is perfectly 

competitive, highly concentrated, or served by a pipeline with a monopoly. Assume now 

that the pipeline to Chicago is fully “booked” with contracts for space with gas suppliers.  

Even though Chicago has become more attractive as a delivery point, producers at Henry 
                                                 
1  In equilibrium, the difference in prices between any two nodes should be approximately equal to 
transportation cost. Clearly this assumption is too strong, however, for our analysis we need only a much 
weaker assumption of econometric stationarity of other factors.  
2 The exception is the case when the supply of gas is perfectly inelastic with respect to contract delivery 
point. 
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Hub cannot take advantage of the difference in the spot prices and ship more to that 

location.  As the consequence of capacity constraints, the spot prices in Chicago increase, 

while prices in NYC may remain without any change. Thus, a local demand shock in a 

perfectly integrated network leads to a moderate increase in prices over the network. 

However, in the network with bottlenecks, such a shock may cause sharp price 

differences between local markets.  

 Our analysis consists of two parts. In the first part, using co-integration 

techniques, we analyze the long-term co-movements of prices at different hubs of the 

natural gas network. In the long-run in a well integrated network, the price difference 

between any two nodes should be due to transportation costs, market concentration and 

other economic and environmental factors. These factors are assumed to be stationary 

processes. At the same time, the spot prices are best approximated by processes 

containing a unit root (see the Appendix). In the econometric terminology, if the 

difference between two non-stationary series is caused by stationary variables, the series 

are called co-integrated. We attribute lack of co-integration of the prices at any two nodes 

to transmission problems, or bottlenecks. 

 The second part of our analysis concerns the short-term dynamics, and is based on 

the impulse response technique. We analyze the way the different parts of the network 

respond to temporary local demand or supply shocks. In a well integrated network, a 

local price shock should spread across the network and disappear because of arbitrage.  

However, in the case of isolated nodes, shocks may take a very long time to affect other 

parts of the network. Thus, by comparing timing of the responses of the different parts of 
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the network to local shocks, one may obtain evidence regarding segmentation of the 

network caused by the existence of bottlenecks. 

Our results show that segmentation of the US gas network exists in three local 

markets: Northeastern, concentrated around New York, the Midwest with its center in 

Chicago and the Western market, primarily California. 

 The paper proceeds as follows. Section 2 describes the methodology and data 

used. Section 3 reports the result of co-integration and impulse response analysis. Section 

4 concludes. The results of the unit root tests for the spot prices are reported in the 

Appendix.  

 

2. Methodology and data description 

2.1 Methodology 

The analysis is divided into two parts. The first part focuses on long-run co-

movements of prices at the different nodes. This part requires the unit root3 type of non-

stationarity of the price series, which allows us to utilize the co-integration technique for 

detection of bottlenecks in the network. The results of unit root testing reported in the 

Appendix support the unit root hypothesis for the spot prices. 

                                                 
3 A time series with unit root is described by the following equation:  

where

,
0

1 ∑
∞

=
−− =+=
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tε  is a stationary shock in period t. In other words, at any given point of time, the value of a time 

series is the result of accumulation of shocks over its entire history.  
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We assume that each local hub is driven by unobservable non-stationary factors 

that determine prices in the long run. Further, we assume that, in the long-run 

equilibrium, a well-integrated network should be characterized by a single non-stationary 

pricing factor for all its hubs, and the difference between any two price series should be 

explained by local factors stationary by nature, such as weather/seasonal factors, or 

random local demand shocks. If there were non-stationary factors responsible for price 

differences, prices at different hubs would have deviated from each other for prolonged 

periods of time and generated arbitrage opportunities. In other words, in the long-run, 

prices at different parts of a well-integrated network have to demonstrate similar dynamic 

patterns.  

We assume that price at hub k in period t can be decomposed as:  

,10 ktktkkkt fp l++= θθ         (1) 

where  is the real price at hub k,  is a non-stationary long run pricing factor, and 

 is a local, stationary factor. For a network to be well integrated,  has to be the 

same for all hubs:  for all k. In such a case, for every two price series, there exists 

a linear combination that eliminates the common factor . Such series are called co-

integrated. Thus, co-integration implies absence of arbitrage opportunities in the long-

run. 

ktp ktf

ktl ktf

tkt ff =

tf

There are numerous co-integration tests. One that suits our purpose is the test 

based on the procedure developed by Kwiatkowski, Phillips, Schmidt, and Shin (1992, 

KPSS). The procedure was originally developed for unit root testing, but it can be 

extended to co-integration as well (see, for example, Tanaka (1996)). The KPSS co-
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integration test assumes that under the null hypothesis two time series are co-integrated. 

Thus, contrary to many other procedures, we would reject the hypothesis that two price 

series are co-integrated, and the network is well integrated, only if there is strong 

evidence in support of bottlenecks. 

    Our analysis is performed as follows: we regress the real prices at a 

"destination" hub on the real prices at a "source" hub. If the source and destination have 

different pricing factors then the residuals would contain a stochastic trend, which can be 

detected by the KPSS stationarity tests. Large values of the KPSS test statistic (or small 

values of the corresponding P-Values) indicate presence of a unit root in the residuals, i.e. 

a bottleneck on the “spoke” that connects source and destination hubs. 

The slopes and intercepts from these regressions provide useful information as 

well. The intercept is an estimator of the transportation price for service between source 

and destination hubs. The slope coefficient evaluates conformity to the law of one price, 

given that any increase in the source price of gas should result in the same increase in the 

destination spot price of gas for sale. Thus, if the slope is equal to one the Law is 

confirmed in a particular direction. But slope values greater than one then indicate a 

shortage of transmission capacity, and values less than one indicate that the destination 

hub has access to other cheaper sources of natural gas and thus the effect of any price 

increase at this source hub is partially smoothed by switching to other sources. 

The second part of our analysis considers the short-run relations between prices 

across the network. We utilize the vector-auto-regression (VAR) and impulse response 

methodology to observe transmission of shocks through the natural gas network. In 

particular, the impulse response technique enables us to observe the effect of a shock in a 
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price series at hub i on a price series at hub j after r periods. For example, zero values of 

impulse responses for ji ≠  would indicate that the shocks are not spread across the 

network, and the hub markets are isolated from each other. 

This analysis in the second part is performed on basis differentials, which are 

constructed as difference between the gas price at the end point of a pipeline and the gas 

price at the origin in some production region. Let ( )′= kttt ddd K,1  be a vector of k basis 

differentials at time t, and ( )′= kttt sss K,1  be the k-vector of associated shocks. It is 

assumed that every basis differential depends on past and present values of all k shocks: 

where is a polynomial in the lag operator. Impulse responses are given 

by , which is exactly the effect of a shock to series i on series j after r periods. 

In practice, impulse responses are calculated by, first, estimating a finite order VAR 

model , and, then, inverting it to the moving average form . 

,)( tt sLBd = )(LB

jtrti sd ∂∂ + /)(

tt sdLC =)( tt sLBd )(=

 

2.2 Data description 

The database has been extracted from Natural Gas Intelligence (Intelligence Press 

Inc., Sterling Virginia) that has daily, monthly (average of the bidding week prices),  and 

annual natural gas spot price data for 85 major hubs in the US from January, 1988 to 

December, 2003. Prices in the database are nominal; however, we consider the real prices 

by adjusting to the index of prices of industrial production (source: IFS, IMF).  We use 

the monthly data because the majority of pipeline space contracts are made during the bid 

week, and, in the rest of the month, the volume of trade in spot space is small, and usually 

agents trade only if they need some adjustments to the contracts they already made. In 
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addition, we assume that gas prices during bid week reflect the “real” situation on the 

market, i.e. trades are in the “thick” not “thin” period of exchange at source and 

destination hubs. 

 

3. Results 

3.1 Long-run analysis 

In Table 1 we report the KPSS test statistics and their P-values. First, consider the 

line from Canada to California. Gas flows from Kingsgate to Stanfield and from Stanfield 

to Malin, which is on the border of California. No bottlenecks have been detected 

between Kingsgate and Stanfield (the KPSS test statistic is small; the slope coefficient is 

close to one, though significantly less than one).  However, as we approach the 

Californian border, we observe a distinct bottleneck between Stanfield and Malin (with a 

large KPSS statistic and the slope coefficient being greater than one), which indicates 

insufficient transmission capacity. The flow of gas inside California, between Malin and 

PG&E City gate, encounters another bottleneck (with high KPSS and slope greater than 

one).  Note however, that there is no bottleneck between two major destination hubs, 

PG&E city gate and Kern River. The second major gas source for California is West 

Texas. This line has a bottleneck between Waha and the Southern California border at 

Topock (high KPSS statistic and the slope significantly greater than one).  It appears that 

the Californian market is separated from the rest of the national gas transmission network. 

There is insufficient transmission capacity on the lines that lead to California. The 

bottlenecks have been detected at the borders, while within California gas flows freely, 
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which can be partially explained by the breakdown of one of the El Paso pipelines in 

2000-2001. 

[INSERT TABLE 1 APPROXIMATELY HERE] 

Next, we consider the region that consists of spokes from Texas and Louisiana 

hubs to Midwest hubs close to major consuming centers. No bottlenecks have been 

detected between El Paso and Kansas, (although the slope coefficient is significantly 

smaller than one, which indicates that other gas sources affect prices in these receiving 

hubs). There is a bottleneck between Kansas and Chicago city gate. In this case, the 

estimated slope coefficient is close to one, the KPSS test statistic is relatively small, 

however significant. A similar pattern is observed for pipelines connecting Louisiana 

producing hubs and Midwest city gate hubs. That is, there are bottlenecks between 

originating hubs in Louisiana and receiving hubs in Chicago and Detroit, however KPSS 

statistics are much smaller than for California and slope statistics are close to one4. 

The major receiving hubs in the Midwest have two sources of gas, South (TX and 

LA) and Canada. In recent years, the importance of the Canadian source has been 

increasing, in particular, because, in this case, pipeline expansions and new construction 

are not regulated, and, consequently, available capacity is more responsive to two recent 

gas price runups in the upper Midwest. Due to the expansion of Canadian gas, the 

pipeline companies connecting TX and LA with Midwest have had fewer incentives to 

increase their transmission capacity. 

The third area that we investigate is pipeline capacity from Louisiana origin hubs 

to Northeast consuming hubs.  No bottlenecks have been detected. However, on the line 

                                                 
4 The only serious bottleneck here is between Henry Hub and Chicago, however, it may be caused by the 
fact that gas from Henry Hub goes mostly to New York. 

10 



between the Alabama intermediate hub and NY receiving hubs, the slope coefficients 

tend to be significantly larger than one. This indicates greater price volatility in the 

destination than the origin, and the existence of friction along the line. 

Finally, we have investigated the connection between the Northeastern and 

Midwest markets. The last line of Table 1 shows that there are no bottlenecks between 

NY and Chicago. This result is somewhat surprising, since, contrary to NY, Chicago has 

an access to Canadian gas. In addition, according to our analysis, the Midwest has less 

connection with southern sources as compared to NY. Apparently, the originating hubs 

manage to arbitrage the price difference between NY and Chicago, which leads to same 

price dynamics at these two points in the long-run.  

 

3.2 Short-run (impulse response) analysis 

In this section, we present the results of the short-term analysis, based on three 

basis differential series that represent the Northeast, Midwest and Western (California) 

markets. We chose one representative price differential for each of the three geographical 

areas. Our choice was determined by completeness of the data. Unfortunately, all hub-to-

hub price series have a large number of missing values. We have chosen the longest 

series with the least number of missing observations for each market. We constructed 

basis differentials between Henry Hub and Columbia Gas for the Northeast, El Paso 

Permian to Chicago Citygate for the Midwest and El Paso Permian to Southern California 

Border for the West.  

 In the first step, we estimated the VAR model for three series of basis differentials: 

North East (NEAST), Midwest (MWEST) and West (WEST). In the second step, the 
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estimated VAR was inverted, and nine impulse response functions and their standard 

errors were computed. For the purpose of VAR estimation, we set the number of lags 

equal to five (however, the pattern of the impulse responses was approximately the same 

for different numbers of lags). 

 

[INSERT FIGURE 1 SOMEWHERE HERE] 

 

 The main results are reported in Figure 1. The graphs in first column of Figure 1 

show responses to the shocks originated from the Northeast; the second column shows 

responses to the shocks originated from the Midwest, and the third column shows 

responses to the shocks originated from the West. It appears that the local shocks remain 

localized and do not have significant effect on other regions, with exception for the 

shocks originated from the West. A shock at the Northeast leads to a limited increase of 

prices in the Midwest, and almost no reaction in the West; the shock itself persists for 

approximately two months. Midwest shocks have no effect on either the Northeast or the 

West, and the shock also dies out after two months. The situation with the shocks 

originating from the West is completely different. Such a shock persists for 

approximately half a year and leads to significant increases in prices in both Northeast 

and Midwest for at least one to two months.  

We conclude that, in the short-run, the national gas network is separated into three 

local markets.  Recall that the long-run analysis shows that the Midwest and the 

Northeast regions were well integrated. While their prices tend to move together in the 

long-run, they may exhibit different patterns in the short-run. This result is not 
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particularly surprising, given the fact that the Midwest extracts gas from the pipelines 

coming from West Texas and Canada, whereas the Northeast takes gas from the hubs in 

East Texas and Louisiana.  These two have contiguous but not identical sources and, 

thus, it takes longer for price differences to adjust.  

 

4. Conclusion 

In this paper we used co-integration and impulse response techniques to analyze 

the price behavior of natural gas across the network in order to determine whether the 

local markets are well integrated into a common market. We conclude that the natural gas 

network consists of three relatively isolated local markets: the Northeast, Midwest and 

California. While demand shocks originating in California affect the rest of the country in 

the short-run, there is no mechanism that provides sufficient prices adjustment across the 

network. As a result, in the long-run, the natural gas prices in California exhibit patterns 

different from those of the prices in the rest of the US. On the other hand, despite the fact 

that, in the short-run, price adjustment between the Northeast and Midwest is rather 

limited, in the long-run, their prices for natural gas tend to co-move. We attribute 

segmentation of the natural gas network to insufficient transmission capacities of the 

pipelines. 

 

5. Appendix: Unit root test 

In this section we present the results of unit-root tests. We performed a series of 

Augmented Dickey-Fuller tests with the lag length equal to 5. Table 2 summarizes the 

results. The null hypothesis of unit-root cannot be rejected at 5% significance for the vast 
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majority of the price series. As we can see from Table 2, the smallest P-Value is about 

3% for only 3 series out of 16 that we used for the analysis: CA Malin, CAPGE gate, 

Kansas. Thus, we maintain the assumption of unit root in our analysis. 

 

[INSERT TABLE 2 HERE] 
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Table 1: Bottleneck Analysis of the Regional Natural Gas Transmission Network 

 

Line Source Destination KPSS Test 
Statistic P-Value CI of 

Slope 
CI of 

Intercept 
Rocky Mountains Kingsgate  Stanfield  0.2658 0.0660 0.9248 0.9674 0.1031 0.2220 

Rocky Mount. - Calif. Stanfield  Malin 14.2088 0.0000 1.2465 1.4282 -0.8197 -0.2426 
California Malin PG&E CG 3.5414 0.0000 1.1673 1.2915 -0.6261 -0.0992 
California PG&E CG Kern River, PG&E 0.2216 0.1003 0.9843 1.0955 -0.4010 -0.1031 

West TX – Calif. Waha South. CA Border 1.8177 0.0000 1.0275 2.8638 -6.0135 0.634 
East TX – LA Katy Henry Hub 0.2845 0.0593 0.9372 1.0065 0.0574 0.2598 

East TX – Midwest Katy Chicago CG 0.6710 0.0033 0.9367 1.0264 0.1054 0.3673 
West TX - Midcont-t El Paso Perm.  NNM 10-13 (KS) 0.0899 0.4713 0.9269 0.9673 0.0072 0.1530 

Midcont-t --- Midwest  NNM 10-13 (KS) Chicago CG 0.582 0.0063 1.0406 1.0955 -0.0131 0.1793 
Midcont-t --- Midwest ANR SW     Chicago CG 1.7035 0.0000 0.9034 0.9915 0.3227 0.5507 

LA – Midwest Henry Hub  Chicago CG 1.8794 0.0000 0.9738 1.0177 0.066 0.1894 
LA – Midwest ANR SE, LA Detroit    0.7739 0.0017 0.9832 1.0513 0.0977 0.2947 
LA – Northeast Henry Hub  Alabama 0.1086 0.3573 1.0681 1.2487 -0.3956 0.2636 
LA – Northeast Alabama NY 0.1207 0.3030 1.0302 1.3483 -0.5628 0.5978 
Midwest – NE Chicago NY 0.1806 0.1473 0.9908 1.2782 -0.3963 0.6751 

 
Table 1: KPSS and estimates of intercept and the slope coefficient. Large values of KPSS statistics and correspondingly low p-values indicate the presence of 
bottlenecks. The lines with p-values less than 5% have bottlenecks and are highlighted in bold. CI of slope/intercept provides Confidence Intervals for both 
Slope/Intercept. We abbreviate Northern Natural Mid 10-13 (Kansas) hub as NNM 10-13 (KS). 



Table 2: Augmented Dickey-Fuller unit root tests. 

Hub 

Augmented 
Dickey-Fuller test 
statistic 

Approximate P-
Value 

Alabama -2.8460 0.0521
Kern PG&E -1.2530 0.6499
Ca Malin -3.0620 0.0295
CaPGE gate -3.1180 0.0253
ETX Katy -2.0970 0.2457
ANR SW -2.3800 0.1473
Chicago -2.5230 0.1100
Detroit -2.4160 0.1374
Kansas -3.0230 0.0328
NE NY -2.3160 0.1670
Kingsgate 0.6300 0.9866
Stanfield -2.5520 0.1033
ANR SE, LA -2.2550 0.1870
Henry Hub -2.2550 0.1869
WTX -2.2760 0.1798
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Figure 1 Shock Responses of Markets in Northeast, Midwest and West. 
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Figure 1: Response of different regional markets to the shocks originated from a particular local market 
plus-minus 2 standard errors. The first column shows response to shocks originating from Northeast, the 
second column to shocks from the Midwest, and the third column to shocks from the West. For Northeast 
and Midwest, the local shocks remain localized and do not affect other regions. The shock in the West 
persists for approximately half a year and significantly increases prices in the Northeast and Midwest for 1-
2 months. 
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