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Risk Aversion and the Efficiency of the New York Independent System Operator’s 
Market for Transmission Congestion Contracts 

                 Afzal S Siddiqui         Emily S Bartholomew     Chris Marnay Shmuel S Oren
 University College Dublin      Berkeley Lab                        Berkeley Lab          University of California

Abstract

The deregulation of electricity industries has generally separated the provision of generation from its subsequent 
transmission.  However, the physical nature of electricity generation and delivery creates special problems for the 
design of efficient markets, notably the need to manage delivery in real time and the resulting volatile congestion 
costs.  In theory, two broad approaches exist for implementing transmission congestion management:  (i) a 
centralised point-to-point (PTP) structure, in which derivative transmission congestion contracts (TCCs) are 
traded, and (ii) a decentralised approach, in which trading rights exist only on the heavily congested links of the 
network.    Since the latter mechanism focuses on the bottlenecks of the grid, which are fixed by the underlying 
network topology, it defines a small number of tradable rights, thereby enabling market participants to hedge 
transmission congestion risk more efficiently.  By contrast, while the TCC-based approach, as implemented in 
New York, provides market participants with a potentially effective hedge against volatile congestion rents, it, 
nevertheless, results in prices paid for TCCs that are systematically divergent from the resulting congestion rents 
for distant locations and at high prices.  Such inefficiency can be explained in part by the low liquidity of TCC 
markets and the deviation of TCC feasibility requirements from actual energy flows.  It could also be the case that 
market participants over-pay in this environment out of risk aversion.  Analysis of data from the New York TCC 
markets from 2000 to 2001 indicates that, on aggregate, market participants were only slightly risk averse (or 
even risk seeking, depending on the utility function employed).  As a result, the very design of these markets, 
rather than the behaviour of market participants, leads to the observed discrepancy between forward and spot 
prices.  
Keywords:  risk aversion, transmission congestion, market efficiency

1. Introduction

The deregulation of electricity industries worldwide has usually resulted in the separation of the generation of 
electricity from its subsequent transmission.  Since electricity cannot be economically stored, its supply and 
demand must equal in real-time without recourse to inventories.  While in the era of vertical integration, 
generation and transmission could be coördinated as they were provided by the same organisation, under 
deregulation a market mechanism is necessary to achieve synchronisation.  Specifically, transmission capacity 
needs to be allocated to users so that the power flows across the network are limited in accordance with its 
physical constraints and that the price of transmission access incorporates the cost of congestion.

The design of such a market revolves around both centralised and decentralised paradigms.  The former charges 
users the difference in the locational spot prices to transmit power across a congested network.  In order to keep 
generator dispatch feasible and to account for loop flows caused by Kirchhoff’s Laws, in principle point-to-point 
(PTP) rights must be determined for both each pair of points in the network and each set of network conditions.
This approach, once combined with financial rights to congestion revenues, also serves to guarantee prices to 
consumers, potentially eliminating the considerable variability in congestion costs (see Hogan (1992)).   
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Proponents of a more decentralised paradigm, however, argue that the PTP approach does not provide effective 
hedging instruments.  Indeed, while PTP rights theoretically provide market participants with perfect hedges, 
there is a low likelihood that markets for such securities can operate efficiently in practice.  This causes price 
distortions and inefficient dispatch even if generation is competitive because the market-clearing price for the 
hedging instruments often deviates from its expected value due to simultaneous-feasibility constraints (see Oren 
(1997a), Oren (1997b), and Deng et al. (2004)). As an alternative to the PTP approach, decentralised congestion 
management establishes trading of rights only along congested transmission bottlenecks (or, flowgates).  In 
contrast to the PTP approach, flowgate-based systems have transmission congestion rights that depend on the 
network topology and are fixed by the physical capabilities of the grid (see Chao and Peck (1996), Chao and Peck 
(1997), and Chao and Peck (1998)). As a consequence, the number of flowgate rights is also stable, thereby 
improving market liquidity and enabling more transparent congestion risk management (see Chao et al. (2000)) 
since congestion along the full length of a contract path can be hedged by holding a portfolio of flowgate rights. 

In practice, due to the support for it by the Federal Energy Regulatory Commission (FERC), several US states and 
regions, such as New York and Pennsylvania-New Jersey-Maryland (PJM), have adopted the centralised 
approach.  An empirical analysis of the New York market for the congestion hedging instruments (known as 
transmission congestion contracts, or TCCs), however, reveals systematic discrepancies between the auction 
prices and actual congestion rents paid (see Siddiqui et al. (2005)).  In particular, the auction prices are higher 
than the congestion rents, and the TCCs function poorly over large geographic distances, i.e., multiple congestion 
zones.  This inefficiency is corroborated in a related study, which finds that over 80% of the contracts had implied 
risk premia of greater than 50% of the absolute value of the auction price (see Bartholomew et al. (2003)).  
Indeed, while it is reasonable for market participants to be risk averse, paying risk premia of this order seems to 
indicate inherent market inefficiencies rather than simply teething problems.  This view is echoed in a more 
comprehensive analysis, which uses an autoregressive conditional heteroscedasticity (ARCH) model with 
autoregressive moving average (ARMA) terms to analyse New York TCC market data (see Adamson and 
Englander (2004)).  The results indicate that TCC pricing is inefficient even if risk aversion is taken into account.  

In this paper, we extend the analysis of Siddiqui et al. (2005) to include the possibility that market participants are 
risk averse.  Specifically, we test whether non-linear functions fit the scatter plot of congestion rent and TCC 
price data better than a line.  We begin in Section 2 by providing an overview of transmission congestion 
management in New York and its consequences for the deployment of TCCs.  In Section 3, we describe the 
empirical methodology used to analyse the data.  Next, in Section 4, we present our results and discuss their 
significance.  Finally, in Section 5, we conclude and offer directions for future research.           

2. Transmission Management in New York

2.1 Market Structure

The New York Independent Systems Operator (NYISO) is a not-for-profit organization charged with reliably 
operating the electric grid and running fair and open wholesale electricity markets in the New York Control Area 
(NYCA), which consists of the entire state of New York.  All electricity that passes through the state’s grid must 
be scheduled through the NYISO.  Approximately half of this electricity is purchased through either the day-
ahead or real-time wholesale electricity markets operated by the NYISO. The other half is traded via bilateral 
contracts. 

The state is divided into eleven load zones as shown in Figure 1.  The clearing price of the market at any point on 
the NYCA system, or the Locational Based Marginal Price (LBMP), is based on the cost of providing the next 
MW increment of load to the system at that point.  The LBMP is calculated by the NYISO for each load zone and 
at each of over 400 specific generation buses, or points of injection (POI).  Buyers pay the LBMP calculated for 
the congestion zone in which they take delivery of electricity, or the point of withdrawal (POW), and sellers 
receive the LBMP at the bus to which they supply.  When all electricity can be supplied at lowest cost, the price is 
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almost uniform across the state, varying only because of losses in the grid.  Often, different locations have 
different market-clearing prices because of congestion. Buyers that purchase electricity at a point initially pay the 
congestion rent, which is included in the LBMP; however, sellers and traders establishing fixed contract prices for 
delivered electricity are exposed to congestion rent uncertainty.  Since congestion rents can be volatile and 
unpredictable, risk-averse market participants want to hedge against this exposure.

Figure 1.  New York ISO Control Area Load Zones

The NYISO created the TCC market as a way for market participants to hedge against volatile congestion rents 
(see p. 36, item 1.44e in NYISO (2000)).  TCCs can be defined between the eleven congestion zones, the four 
neighbouring control areas (Ontario, PJM, New England, and Québec), and the hundreds of buses for which the 
NYISO calculates LBMP. In all, there are approximately 120,000 permutations of POIs and POWs. POIs and 
POWs do not necessarily represent a generator bus and a load zone; TCCs can be purchased between two 
generator buses.

TCCs entitle the holder to collect the congestion rent between two points (zone, substation, or generation bus) on 
the NYCA system for every hour during a given time interval, or effective period. Currently, TCCs can be 
purchased from either of two NYISO auctions, initial and reconfiguration.  Buyers in either auction are known as 
primary holders. TCCs can also be freely disaggregated and traded in the secondary market.  A summary of the 
auctions is included below (see Table 1). Initial auctions, which take place twice a year, consist of two stages with 
a variable number of rounds in each stage. Each set of rounds trades TCCs with only one effective period. For 
example, a single set of rounds exists for two-year TCCs. One-year TCCs are then sold in subsequent rounds. 
Thus far, the TCCs have had effective periods consisting of all hours for six months, one year, two years or five 
years, although this may change in the future. Stage 1 consists of at least four rounds, unless otherwise decided by 
transmission owners. The percentage of available transmission system capability awarded in each round of Stage 
1 as TCCs is determined by the NYISO. Primary holders of TCCs may offer their TCCs for resale in either stage; 
participants who were awarded TCCs in Stage 1 can offer those TCCs for resale in Stage 2. The initial auction, 
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which resulted in net revenues of US$143 million in 2000-2001, is expected to be replaced eventually by an end-
state auction, in which auction participants will determine the effective period for each TCC awarded (see 
Attachment M, sections 2.0 and 8.4 of NYISO (2000)).  

Table 1.  NYISO TCC Auction Summary

Initial Auction
(NYISO organized)

 Held twice a year
 ISO determines effective period (six months, one year, two 

years, five years) for TCCs and percentage of transmission 
system capability available for the purchase of TCCs auctioned 
in each round 

 Consists of two multi-round stages
        -Stage 1: at least four  rounds, unless otherwise decided by  
                       transmission owners
        -Stage 2: (reconfiguration stage) varying number of rounds
 Market-clearing price set for each round any POI/POW pairs 

traded
 TCCs valid for every hour of the effective period
 Will be replaced by End-State Auction

Reconfiguration 
Auction
(NYISO organized)

 Held monthly
 Allows holders of TCCs to sell for every hour of the following 

month only
Secondary Market  Terms determined bilaterally by the trading partners

 NYISO deals only with primary holder
End-State Auction
(NYISO organized)

 Not active yet
 Bidders will determine effective period for TCCs (otherwise, 

similar to Initial Auction)

Monthly reconfiguration auctions allow primary holders to sell TCCs for all hours of the following month. 
Primary holders of TCCs may also sell those TCCs in the secondary market to secondary holders, i.e., market
participants who do not purchase TCCs in an auction. Secondary market bilateral trades can be on any terms to 
which the two parties agree. For example, a secondary trade could be for specific days of the month or hours of a 
day. Other than the initial choice of effective periods and the reconfiguration auctions, the secondary market is 
currently the only way for sellers and buyers to customise the TCCs to suit their specific needs.  The secondary 
market is not regulated by the NYISO, and all settlements are made with the primary holder, the party that 
purchased the TCC in a NYISO auction. If secondary holders wish to deal directly with the NYISO, they may 
apply to become primary holders with the NYISO if they meet the relevant financial requirements of the NYISO.  
Furthermore, this market is not very liquid due to the uniqueness of the TCC as a financial instrument, and the 
NYISO does not collect data on these transactions.  For more information on how TCCs were assigned to take 
into account the rights of the historical transmission entitlements holders, please see Siddiqui et al. (2005).

In both initial and reconfiguration auctions, each TCC bid consists of a POI, a POW, the capacity in MWs, and a 
price per MW.  There is a single clearing price for each permutation of POI and POW in each round. Nodal 
prices, which allow the clearing price for any POI/POW pair to be calculated, are published on the NYISO 
website (http://www.nyiso.com/oasis) between rounds of the auction. 

The holder of a TCC is entitled to the LBMP-based congestion rent between the POI I and the POW W for all 
hours in the effective time interval (of length T) of the contract. This congestion rent for hour t by market 
participant j, jt

WIR ,
, , is calculated as the congestion component of the LBMP at the POW ( t

Wp ) minus the 

http://www.nyiso.com/oasis
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congestion component of the LBMP at the POI ( t
Ip ) multiplied by the number of MWs owned during the time 

interval of length T by market participant j, jT
WIN ,
, :

  JjandTtNppR jT
WI

t
I

t
W

jt
WI ,,1,,1,

,
,
,  

Equation 1

Because these contracts are unidirectional, the holder is also responsible for paying congestion rent which accrues 
in the opposite direction (i.e., when t

WIR , is negative).  A TCC can exist between any two allowable points in the 

NYCA system. 

The clearing price of a TCC determined through a NYISO auction can be negative, which means the NYISO will 
pay the buyer the clearing price for accepting it.  This would occur if a buyer predicts congestion in the opposite 
direction to that for which the TCC is defined.  For example, a TCC defined between a POI in New York City and 
a POW in the western part of the state could evoke a negative clearing price if the buyers and sellers in the auction 
quite reasonably predict that congestion will occur into New York City. Alternatively, a positive price paid for a 
TCC suggests that the buyer expects to collect positive rent.  The data-reporting convention of the NYISO takes 
its own point of view: congestion rents collected by the TCC holder are reported as negative values, i.e., money is 
leaving the ISO, while positive values signify reverse congestion rent the holder is responsible for paying, i.e., 
money is entering the ISO.  Therefore, a stream of negative rents reported in NYISO data means the holder of a 
TCC is collecting rents.  To illustrate, a buyer contracting to buy and transmit power into New York City (zone J, 
N.Y.C. in Figure 1), to which access has historically been congested about 50% of the time, will typically pay a 
positive price for a TCC going into the zone J, and receive the positive rents paid by users of that transfer 
capacity, but the later will be reported as negatives by the NYISO.

2.2 Complexities of PTP Revenue Rights

In evaluating the viability of PTP congestion revenue rights, such as NYISO TCCs, much of the academic 
discussion has focused on the issue of effectiveness, i.e., the extent to which the revenue stream offset the 
fluctuations in the risky cash flow that the instrument is supposed to hedge.  TCCs, indeed, potentially provide a 
perfect hedge against real-time congestion charges based on nodal prices.  For example, a 1MW bilateral 
transaction between two points in a transmission network is charged (or credited) the nodal price difference 
between the POW and the POI.  At the same time, assuming that transmission rights are fully funded, a 1MW 
TCC between two points is an entitlement (or obligation) for the difference between the LBMPs at the POI and 
POW.  Thus, regardless of how the system is dispatched, a 1MW TCC between two nodes is a perfect hedge 
against the uncertain congestion charge between the same two nodes. 

Transmission users should, nevertheless, consider the issue of market efficiency as relevant as that of market 
effectiveness.  In other words, a purchaser (or holder) of a TCC must assess whether the price of the forward 
instrument indeed reflects the expected risky cash flow hedged by the instrument with the proper risk premium 
adjustment.  In this sense, the NYISO is a clearinghouse because it uses congestion revenues to settle the TCCs 
rather than the income from TCC sales.  The TCCs themselves, however, operate like forwards because they are 
settled at delivery time and not adjusted to market as futures are.

In typical financial and commodity markets, competition and liquidity push forward prices to the expected spot 
prices with a proper (market-based) risk premium adjustment.  Such convergence is achieved through a process of 
arbitrage.  Arbitrage, however, may be more difficult when dealing with TCCs for several reasons:
1. The large number of possible TCCs (about 120,000 are possible in the NYISO) reduces the liquidity of their 

markets.   Consequently, there are few secondary markets that enable reconfiguration and reselling. 
2. In order to maintain financial solvency of the system operator, who is the counter party to TCCs, the 

configuration of TCC types must satisfy the simultaneous feasibility conditions that are dictated by the 
physical system constraints. That is, the NYISO can pay out congestion rents to TCCs held at only 
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approximately the same level it collects them.  As a result, pricing and trading of TCCs is done through a 
central periodic auction.

3. Due to the interaction among the different TCCs through the simultaneous feasibility security-constrained 
power flow, prices of the TCCs resulting from the auction, as well as the congestion charges hedged by these
TCCs, are highly interrelated.  An efficient market (i.e., one that correctly prices TCCs) must anticipate not 
only the uncertainty in congestion prices due to technical contingencies and load fluctuation, but also the shift 
in the operating point within the feasible region, which is determined by the economic dispatch procedure.

To demonstrate the potential obstacles to market efficiency we will consider an illustrative three-node example 
(see Figure 2).  For simplicity, we assume a direct-current (DC) model with no transmission losses and further 
assume that the transmission capacity on each line is fixed.  Realistic considerations such as alternating-current 
(AC) networks, line losses, and n-1 contingency planning further impede the achievement of efficient TCC 
pricing.

In the following three-node network, all lines have equal reactance whereas their thermal limits (or flowgate 
constraints) are as shown.  All generators serve the load at node 3, and the two hedging instruments available are 
TCC 1-3 and TCC 2-3.  The nomogram in Figure 3 illustrates the feasible region for all possible combinations of 
TCCs that will not violate any of the flowgate constraints, which are represented by the facets of the set.  In the 
TCC auction, bids are submitted for the two TCC types, and the market is cleared in order to maximise total 
auction revenue.  The market-clearing price for each of the TCCs is based on the respective marginal bids 
accepted.  For instance, if bid prices for the two TCCs are about the same, then the TCC awards will be based on 
point C on the nomogram, and the TCC prices will equal the marginal bids corresponding to the awarded TCC 
quantities. 

In real time, the optimal dispatch is determined so as to minimise total dispatch cost subject to thermal flow 
constraints and Kirchhoff’s Laws.  Depending on the energy offer prices of generators G1, G2, and G3 as well as 
the demand function of L3, the least-cost day-ahead optimal dispatch ends up at point B on the nomogram.  Both 
the day-ahead congestion prices and the TCC payouts are equal to the corresponding nodal price differences 
between nodes 2 and 3 and 1 and 3, respectively.  These nodal prices are based on the day-ahead operating point 
B.  Moreover, while the congestion charges are collected on the transactions reflected by point B, the TCC 
quantities are based on the TCC award mix represented by point C.  Since point C is a sub-optimal day-ahead 
dispatch solution, it then follows that the congestion charges will always suffice to cover the TCC settlement. 
However, the ratio of settlement prices (represented by the slope of the supporting line at point B) is different 
from the ratio of TCC prices represented by the slope of the supporting line at point C.  Therefore, in order for the 
market to price the TCCs correctly, it must account for uncertainty in load and generation prices as well as for the 
movements of the real-time operating point resulting from the dispatch optimisation. 

The empirical issue addressed in this paper is whether, in spite of the perceived complexity, the market for TCC 
hedges is efficient in the sense that it can produce the correct TCC prices that are consistent with the risk they 
hedge against even when accounting for risk-averse market participants.   
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Figure 2.  Three-Node DC Example

A B
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Figure 3.  Feasibility Region Nomogram

2.3 Hedging and Risk Aversion

In order for TCCs to be effective hedges against congestion charges, their procurement cost must accurately 
reflect the cumulative congestion rents to be collected over the contracted effective period.  For example, the 
amount paid to secure a six-month TCC from a POI to a POW, should at least be correlated with the cumulative 
hourly congestion rent between these two points during this time interval.  For TCCs to be perfect hedges, in the 
long-run, ignoring interest rates, the TCC procurement cost per MW for a time interval of length T between a POI 

I and a POW W, T
WIc , , should be an unbiased estimator of the average congestion rent, 
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example, this would mean that an electricity seller could exactly hedge against the congestion rent between a 
POI/POW pair.  If actual congestion rents are greater (less) than the seller's expectation, then it breaks even by 
recovering greater (lesser) financial congestion rents from its TCC transaction than the purchase implied.  More 
generally, TCCs can still be effective hedges by reducing the variance of the cash flow resulting from uncertain 
transmission congestion as long as their procurement costs are correlated with the congestion rents.  A market 
participant simply has to purchase enough of the TCC to hedge its transmission congestion exposure perfectly.  
The long-run consequence of this set of transactions is that the TCC price equilibrates to the expected cumulative 
congestion rent by the principle of arbitrage.1        

An important caveat to this reasoning is risk aversion by market participants.  In this case, individuals prefer a 
certain cash payment to a lottery with the same (or even greater) expected value.  As a result, they might 
systematically over-pay for the TCC, i.e., the price that they pay to purchase the TCC is higher than the 
corresponding congestion rent.  In a previous study, we had concluded that the TCC price was, indeed, 
systematically higher than the congestion rent during the years 2000 and 2001 (see Siddiqui et al. (2005)).  This 
result, however, could have simply been a manifestation of risk aversion by market participants (who prefer to 
pay a premium now in order to avoid what they perceive as excessive volatility in congestion rents later) rather 
than an indication of an inefficient market.  Since the preferences of such risk-averse individuals are formalised 
by concave utility functions (see Luenberger (1997)), we employ them in our analysis to test whether risk 
aversion could explain the discrepancy between TCC price and congestions rents.   

3. Empirical Methodology

As in Siddiqui et al. (2005), this analysis covers only six-month TCCs that were purchased in the four initial 
auctions in 2000 and 2001.  This accounts for approximately 70% of all TCC capacity initially purchased in the 
six-month auctions.  We test for the efficiency of the NYISO TCC market by comparing the price of each contract 
to the resulting congestion rent that accrued between its POI and POW during its effective period. 2  In reality, any 
gains or losses on the TCC may have been split among various holders during its lifetime. Effectively, the 
assumption is that the original purchaser of the TCC desired it purely as a hedge against the uncertain congestion 
costs on a contract to deliver electricity physically.  Further, this original purchaser held the TCC for its effective 
period and collected (or paid) all of the rent associated with it.  In other words, the rent collected by TCC owners 
is compared to the initial purchase price, as if the original purchaser held the TCC exclusively to hedge energy 
trades for its entire effective period.

The NYISO publishes the results of each auction on its website, including the POI, the POW, the number of MWs 
in the contract, and the clearing price, in terms of US$/MW-effective period.3  For each TCC awarded, the new 
owner must pay that clearing price for each MW in the award.  Given the POI and POW of each contract, we 
calculate the hourly congestion rent by subtracting the day-ahead congestion component of the LBMP at the POI 
from the same at the POW.  Hourly LBMP data from the day-ahead market are also published on the NYISO 
website for each zone and bus.  These hourly rents are then summed at the POI and the POW over the entire 
effective period to determine the quantity-weighted average net congestion rent collected by each TCC: 

                                                       
1 Due to the complexities of market structure, arbitrage may not always be possible (see Section 2.2).  Even if it were 
possible, it may not result in perfect equilibration of TCC prices and congestion rents because of risk aversion or illiquidity.
2 This analysis does not consider Stage 2 of the initial auctions or the monthly reconfiguration auctions, in which these six-
month TCCs could have been re-sold or disaggregated.  Moreover, the analysis does not account for trading in the secondary 
market, where the holder of a TCC could sell part or all of a TCC without notifying the NYISO.  Data on Stage 2 and the 
monthly reconfiguration auction are released by the NYISO, but the fear of double counting deterred their consideration here.  
No information is readily available on the unofficial secondary market.  
3 Virtually all NYISO data used in this paper are available at electricitymarketdata.lbl.gov.



9

 







 




J

j

jT
WI

J

j

T

t

jT
WI

t
I

t
W

T
WI

N

Npp

R

1

,
,

1 1

,
,

,

Equation 2

This net congestion rent is then compared with the price originally paid for the TCC, T
WIc , .  In particular, we test 

two models:  in the first, the price paid for the TCC effective during time interval T given the information 

available before this interval starts, 1T (the set of random variables observed by time T-1), is an efficient 
estimator for the congestion rent, whereas in the second, the price paid for the TCC is higher than the value of the 
congestion rent due to risk aversion.  We express the first model as follows:

 1
,,

1   TT
WI

T
WI

T REc

Equation 3

We test this hypothesis via the following linear regression specification:
TT

WI
TT

WI cR   
,

1
10,

Equation 4.  Linear Model

In an efficient market, 0  and 1  would not be statistically significantly different from 0 and 1, respectively.  For 
the second model, we note that the TCC price should be greater than the congestion rent by some risk premium, 

T
WI

T
,

1 :

    T
WI

TTT
WI

T
WI

T REc ,
11

,,
1  

Equation 5

In order to test this model, we can use any appropriate concave utility function, such as the exponential, 
logarithmic, or power.  We employ all three functions in our analysis, with the following corresponding 
regression specifications:

TcT
WI

T
WI

T

eR   
 ,
1

2

10,

Equation 6.  Exponential Model

  TT
WI

TT
WI cR   

,
1

210, ln

Equation 7.  Logarithmic Model

  TT
WI

TT
WI cR 


  3

,
1

210,

Equation 8.  Power Model

If market participants are risk averse, then 02   and 13   in Equation 6 and Equation 8, respectively.  On the 

other hand, the logarithmic function in Equation 7 is always concave regardless of the signs of the parameters. 

Each of the four auctions analysed had four rounds, except for the autumn 2000 auction, which consisted of two 
rounds. The number of distinct permutations of POIs and POWs for each of these rounds is displayed below in 
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Table 2.  Thus, of all the thousands of possible POI/POW pairs, the most traded in any auction is only 453 (in 
spring 2001). 

Table 2.  Number of TCCs Traded in Initial Auctions Between Distinct POI and POW Pairs (Spring 2000 
to Autumn 2001)

Round 1 Round 2 Round 3 Round 4 Total
Spring 2000 35 45 43 41 164

Autumn 2000 111 63 - - 174
Spring 2001 123 122 98 110 453

Autumn 2001 89 108 106 93 396

4. Results and Analysis

In this section, we present the results of our analysis using data from the NYISO TCC markets between spring 
2000 and autumn 2001.  We partition our analysis into total and unique awards.  The former considers all of the 
TCC contracts for a given period, even if there are multiple instances of the same transaction, while the latter 
investigates only unique awards.  In other words, the unique award analysis treats multiple TCCs awarded 
between any POI/POW pair as a single award.  This then enables us to weight the various TCC prices and 
congestion rents equally.  Besides this convention, we analyse the data by six-month periods as well as 
cumulatively.  Such segmentation allows us to identify both short- and long-run trends.  For each set of data, we 
first calculate summary statistics on TCC prices and congestion rents and then perform regressions to test how 
well the linear and non-linear models fit the data.

4.1 Total Award Analysis

We begin by analysing all of the TCC contracts, first cumulatively, then segmented by their respective six-month 
periods.  We first normalise the TCC prices and congestion rents in order to keep the non-linear regression models 
tractable.  Thus, for each set of data analysed, we divide the actual TCC price and congestion rent by the 
maximum TCC price for that period.  For example, in the overall data set, the maximum TCC price is 
US$66856/MW.  We then calculate summary statistics of the normalised data, obtaining quantities such as the 
average TCC price and congestion rent, the average net risk premium (the average amount over-paid for the TCC 
relative to the congestion rent), the correlation between the two, the percentage of TCC contracts that are winners 
(those who profit from the transaction, i.e., receive more in congestion rent than they pay for the TCC), and the 
percentage of TCC contracts that predict the direction of congestion correctly.  By “correct prediction,” we mean 
that the sign of the TCC price is the same as that of the congestion rent.         

The summary statistics for the overall data set indicate that while the TCC price is highly correlated with the 
congestion rent, thereby enabling market participants to predict the direction of congestion correctly almost 80% 
of the time, the average TCC price is higher than the average congestion rent (see Table 3).  In order to test 
whether this discrepancy is systematic, we use the ordinary least-squares (OLS) regression specifications as 
mentioned in Section 3:  linear, exponential, logarithmic, and power.  If the markets are truly efficient, then the 
resulting OLS linear regression should yield a curve that is not statistically significantly different from the 45
line. 4  In terms of Equation 4, this would imply 00   and 11  .  The results of the OLS linear regression, 

however, indicate that 00   and 11   (see Table 4).  Furthermore, these estimates are statistically significant 

at the 99% level. 5  By plotting the normalised TCC prices and congestion rents received together with the 45 line 
and OLS regression line, we visualise the inefficiency of this market.  While the majority of data points in Figure

                                                       
4 This is the locus of all zero-profit points, i.e., those for which the TCC price paid is equal to the congestion rent collected.

5 More precisely, an F-test rejects the null hypothesis that all of the coefficients besides the intercept are equal to zero at a 
99% level of significance.
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4 lie in the two quadrants through which the 45 line passes (hence indicating a high degree of correlation 
between prices and rents), many of the higher value data points seem to lie below the 45 line in the first quadrant.  
This suggests that market participants pay too much for relatively large hedges, a hypothesis that is confirmed by 
the fact that the fitted OLS regression line is below the 45 line for high values of the normalised TCC price.  
Analysis of each of the six-month trading periods reveals similar results, which are also statistically significant at 
the 99% level (see Table 5 through Table 12 and Figure 5 through Figure 8).

If it is the case that market participants systematically over-pay for the forward instrument, then it may not 
necessarily imply that the market is inefficient.  In fact, this might simply be an indication of risk aversion by 
market participants, who pay a risk premium in order to avoid being subjected to the unpredictable volatility 
inherent in the congestion rents.  Consequently, the linear regression model might not correctly describe reality;  
indeed, in this event, a non-linear model that encapsulates risk aversion, may be a better fit.  By using such a 
specification, we fit a concave function to the TCC market data to measure the degree to which market 
participants were risk averse.  Towards this end, we first employ the exponential regression model from Equation
6 and estimate its parameters.  Using all of the data available, we find that the OLS regression does, indeed, imply 

risk aversion (note that 0ˆ
2   in Table 4 and the dotted curve in Figure 4 is a concave exponential function).  

While all of the estimated parameters are statistically significant at the 99% level, 2̂  itself is only slightly 
negative (where the more negative it is, the greater the degree of risk aversion6).  As a result, in Figure 4, the OLS 
exponential regression curve is virtually indistinguishable from the OLS regression line.  Therefore, the 
hypothesis of risk aversion holds only weakly in the aggregate and actually fails during specific six-month 
intervals when using the exponential function.  For example, note that in spring 2000, autumn 2000, spring 2001, 

and autumn 2001, 0ˆ
2  , implying that market participants may actually have been risk seekers (see Figure 5

through Figure 8).  

Analysis of the data with other non-linear regression specifications, such as the logarithmic and power ones, is 
similarly inconclusive.  For the entire set of data, while both functions appear to be concave, neither one offers a 
better fit than the linear one (see Table 4 and the crossed lines in Figure 4).  Furthermore, in the case of the power 
function, the F-test with the null hypothesis that 032   is not rejected at the 99% level of significance.  

Therefore, the hypothesis of risk aversion is not convincing in the aggregate.  However, during certain six-month 
trading periods, such as autumn 2000 and spring 2001, the logarithmic utility function fits the data better than the 
linear one (see Table 8 and Table 10).  In spring 2001, the power function also implies statistically significant 

risk-averse behaviour by market participants as 1ˆ
3  .  Indeed, the null hypothesis that 032    is rejected 

at the 99% level of significance.  Nevertheless, in general, the power function fails to corroborate risk aversion 

because 1ˆ
3  in all of the other trading periods.  Hence, total awards analysis using concave utility functions 

does not promote the view that the discrepancy between TCC prices and congestion rents in the NYISO TCC 
market was due to risk aversion.

                                                       

6 The absolute risk-aversion parameter is 
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Table 3.  Overall Summary Statistics (Total Awards) 

Avg Normalised TCC Price 0.0887
Avg Normalised Congestion Rent 0.0521
Avg Normalised Net Premium 0.0367
Price-Rent Correlation 0.7913
% Winners 0.5472
% Correct Predictions 0.7944

Table 4.  Overall Regression Results (Total Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0058 0.5251- - 0.6261
Exponential 14.7458 -14.7399 -0.0356- 0.6261
Power -0.9701 0.6847 1.5177 0.8444 0.6249
Logarithmic -1.5238 1.5209 2.7371- 0.6212
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Figure 4.  Overall TCC Price Paid and Congestion Rent Collected (Total Awards)

Table 5.  Spring 2000 Summary Statistics (Total Awards)

Avg Normalised TCC Price 0.1063
Avg Normalised Congestion Rent 0.0486
Avg Normalised Net Premium 0.0583
Price-Rent Correlation 0.6101
% Winners 0.5472
% Correct Predictions 0.7944
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Table 6.  Spring 2000 Regression Results (Total Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear -0.0270 0.7113- - 0.3723
Exponential -0.4304 0.3906 1.4544- 0.3850
Power -0.4043 0.0002 3.5475 5.7647 0.3818
Logarithmic -22.9494 9.0357 12.6416- 0.3712

Table 7.  Autumn 2000 Summary Statistics (Total Awards)

Avg Normalised TCC Price 0.5168
Avg Normalised Congestion Rent 0.3108
Avg Normalised Net Premium 0.2065
Price-Rent Correlation 0.9114
% Winners 0.3862
% Correct Predictions 0.4237

Table 8.  Autumn 2000 Regression Results (Total Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0526 0.4995- - 0.8306
Exponential -25.2748 25.4150 0.0156- 0.7753
Power -1.7921 0.9937 1.7997 1.0035 0.9999
Logarithmic -33.7146 13.2334 12.7769- 0.9999

Table 9.  Spring 2001 Summary Statistics (Total Awards)

Avg Normalised TCC Price 0.0520
Avg Normalised Congestion Rent 0.0278
Avg Normalised Net Premium 0.0243
Price-Rent Correlation 0.8120
% Winners 0.5180
% Correct Predictions 0.7229

Table 10.  Spring 2001 Regression Results (Total Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0098 0.3457- - 0.6593
Exponential -10.5992 10.6094 0.0319- 0.6577
Power -1.7843 1.4297 1.8145 0.3817 0.6681
Logarithmic -16.0609 5.7580 16.2976- 0.6620

Table 11.  Autumn 2001 Summary Statistics (Total Awards)

Avg Normalised TCC Price -0.0781
Avg Normalised Congestion Rent -0.0258
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Avg Normalised Net Premium -0.0524
Price-Rent Correlation 0.7745
% Winners 0.7481
% Correct Predictions 0.6456

Table 12.  Autumn 2001 Regression Results (Total Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0103 0.4614- - 0.5998
Exponential -0.9767 0.9802 0.7103- 0.8030
Power -0.9099 0.0216 3.7100 2.8616 0.8293
Logarithmic -53.6957 15.1601 34.5540- 0.5792
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Figure 5.  Spring 2000 TCC Price Paid and 
Congestion Rent Collected (Total Awards)
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Figure 6.  Autumn 2000 TCC Price Paid and 
Congestion Rent Collected (Total Awards)
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Figure 7.  Spring 2001 TCC Price Paid and 
Congestion Rent Collected (Total Awards)
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Figure 8.  Autumn 2001 TCC Price Paid and 
Congestion Rent Collected (Total Awards)

4.2 Unique Award Analysis

Since the analysis of Section 4.1 considers multiple instances of the same TCC price/congestion rent contract pair, 
it may weight the summary statistics by the more heavily traded transmission paths.  This not only skews the 
mean and standard deviation towards those of the high-volume of TCCs paths, but also might increase (the 
absolute value of) the correlation between TCC prices and congestion rents.  For example, if multiple TCCs are 
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awarded for only a few transmission paths, then their price paid and congestion rents collected artificially increase 
the correlation coefficient overall.  

In order to avoid this problem, in this section, we examine only unique instances of TCC awards.  As expected, 
such an alteration usually lowers the correlation coefficient and reduces the explanatory power of the regression 
curves (see Table 13 through Table 22 and Figure 9 through Figure 13).7  Furthermore, none of the fitted 
exponential curves is now convex, thereby implying that market participants did not, in fact, exercise risk-seeking 
behaviour during any of the six-month trading periods.  The essential result of Section 4.1, i.e., that the 
discrepancy between TCC prices and congestion rents is not due to risk aversion by market participants, cannot be 

rejected, however.  Indeed, although 0ˆ
2   for the OLS exponential regressions, the values are once again 

small, resulting in only slight risk aversion.  In fact, most of the OLS exponential regression curves are 
indistinguishable from the (risk-neutral) OLS linear regressions (see Figure 9 through Figure 13).  

The other two non-linear functions offer similarly inconclusive results.  While the logarithmic form is a better fit 
to the data than the linear form in the autumn 2000 and spring 2001 trading periods, it is not as good in either of 
the other two periods or overall.  Similarly, the power function offers strong evidence of risk aversion only during 
autumn 2000 and spring 2001.8  By contrast, for the overall set of data and during spring 2000 and autumn 2001, 
it hints at risk-neutral or even risk-seeking behaviour in the TCC markets.  Consequently, it could simply be that 
the markets did not function well during certain periods due to aberrations or contingencies.  This view is echoed 
by Siddiqui et al. (2005), in which geographical analysis determines that TCCs function well for simple 
transactions across adjacent congestion zones, but fail to provide adequate coverage across multiple interfaces. 
Therefore, based on the data we have, even if we correct for multiple TCC awards, the evidence for risk-averse 
market participants is too ambiguous to indicate that the discrepancy between TCC prices and congestion rents is 
anything but a consequence of market inefficiency.  Indeed, while the market operates efficiently during certain 
periods, after we account for risk aversion, over time, i.e., on average, it does not.     

Table 13.  Overall Summary Statistics (Unique Awards)

Avg Normalised TCC Price 0.0297
Avg Normalised Congestion Rent 0.0270
Avg Normalised Net Premium 0.0028
Price-Rent Correlation 0.6009
% Winners 0.6430
% Correct Predictions 0.7552

Table 14.  Overall Regression Results (Unique Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0115 0.5196- - 0.3611
Exponential 75.8346 -75.8231 -0.0069- 0.3609
Power -0.3984 0.3295 1.1600 1.4353 0.3709
Logarithmic -20.1815 7.5376 14.5723- 0.3587

                                                       
7 As in the previous section, F-tests reject the null hypothesis that all of the coefficients besides the intercept are equal to zero 
at a 99% level of significance for all of the regressions here.
8 For all OLS regressions except for spring 2000 with the power function in this section, the null hypothesis that 

032    is rejected at the 99% level of significance.  
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Figure 9.  Overall TCC Price Paid and Congestion Rent Collected (Unique Awards)

Table 15.  Spring 2000 Summary Statistics (Unique Awards)

Avg Normalised TCC Price 0.1208
Avg Normalised Congestion Rent 0.0859
Avg Normalised Net Premium 0.0349
Price-Rent Correlation 0.6368
% Winners 0.4512
% Correct Predictions 0.6768

Table 16.  Spring 2000 Regression Results (Unique Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear -0.0206 0.8821- - 0.4055
Exponential 75.8176 -75.8381 -0.0117- 0.4054
Power -1.3368 0.8982 1.4723 0.9879 0.4055
Logarithmic -26.2084 10.5921 11.8523- 0.4048

Table 17.  Autumn 2000 Summary Statistics (Unique Awards)

Avg Normalised TCC Price 0.0759
Avg Normalised Congestion Rent 0.0836
Avg Normalised Net Premium -0.0077
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Price-Rent Correlation 0.8168
% Winners 0.8103
% Correct Predictions 0.5460

Table 18.  Autumn 2000 Regression Results (Unique Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0407 0.5626- - 0.6674
Exponential 75.8479 -75.8072 -0.0074- 0.6677
Power -19.7204 20.0994 0.4689 0.0222 0.6998
Logarithmic -20.6623 7.9215 13.6469- 0.6700

Table 19.  Spring 2001 Summary Statistics (Unique Awards)

Avg Normalised TCC Price 0.0188
Avg Normalised Congestion Rent 0.0109
Avg Normalised Net Premium 0.0080
Price-Rent Correlation 0.7121
% Winners 0.5408
% Correct Predictions 0.6954

Table 20.  Spring 2001 Regression Results (Unique Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0050 0.3132- - 0.5071
Exponential 75.8300 -75.8251 -0.0041- 0.5074
Power -1.9378 1.6732 1.6843 0.2878 0.5264
Logarithmic -15.2964 5.4037 16.9737- 0.5115

Table 21.  Autumn 2001 Summary Statistics (Unique Awards)

Avg Normalised TCC Price -0.0108
Avg Normalised Congestion Rent 0.0310
Avg Normalised Net Premium -0.0418
Price-Rent Correlation 0.4791
% Winners 0.7652
% Correct Predictions 0.6439

Table 22.  Autumn 2001 Regression Results (Unique Awards)

Regression Type 0̂ 1̂ 2̂ 3̂ 2R
Linear 0.0333 0.2122- - 0.2296
Exponential 75.8581 -75.8248 -0.0028- 0.2277
Power -0.5687 0.0064 3.7100 3.4472 0.6659
Logarithmic -27.9949 7.5357 41.2407- 0.2116
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Figure 10.  Spring 2000 TCC Price Paid and 
Congestion Rent Collected (Unique Awards)
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Figure 11.  Autumn 2000 TCC Price Paid and 
Congestion Rent Collected (Unique Awards)
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Figure 12.  Spring 2001 TCC Price Paid and 
Congestion Rent Collected (Unique Awards)
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Figure 13.  Autumn 2001 TCC Price Paid and 
Congestion Rent Collected (Unique Awards)

5. Conclusions

In order to have efficient deregulated electricity industries, well-functioning transmission congestion markets are 
necessary.  In the academic literature, such markets can be based on centralised or decentralised paradigms.  The 
former structure, as implemented in New York, auctions PTP congestion revenue rights to users as a hedge 
against volatile congestion rents.  While such a framework guarantees a perfect hedge, it, nevertheless, subjects 
market participants to an inefficient pricing mechanism.  Indeed, empirical analysis of the New York TCC market 
thus far indicates a systematic discrepancy between the auction price paid and the congestion rent received.  This 
divergence has been attributed to several factors:  risk-averse market participants, teething problems with a new 
market, and the inherent inefficiency of the PTP system.  

Here, we analyse the data from the first two years of the New York TCC market to determine whether risk 
aversion can explain the tendency of market participants to over-pay for the hedging instrument.  Towards this 
end, we fit non-linear, concave functions, which are associated with risk aversion, to the observed data.  We find 
that while risk aversion explains the discrepancy during autumn 2000 and spring 2001, it does not apply either 
during the other two periods or for the entire data set.  Thus, risk aversion by itself is not sufficient to explain the 
systematic deviation between the TCC auction prices and congestion rents.  Rather, inherent problems associated 
with the PTP approach, such as low liquidity and simultaneous-feasibility constraints, may yet be responsible for 
the inefficiency.
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For future work, we would like to analyse more recent data from the New York TCC market to determine whether 
the observed inefficiency diminishes over time as market participants learn the rules of the congestion 
management system.  Since we have identified the decentralised congestion management approach as a viable 
alternative to the PTP one, it would also be interesting to analyse the performance of the Electric Reliability 
Council of Texas (ERCOT), which uses flowgates.  Finally, we would like to examine evidence of price 
convergence from the reconfiguration auctions and the secondary market.
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