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Abstract
The Transmission Congestion Contract (TCC) Market was initiated concurrently with
the rollout of competitive electricity markets to provide buyers and sellers of wholesale
electricity a means to hedge the locational price risk associated with their physical
transactions. Procured through an auction process managed by the New York
Independent System Operator (NYISO), these financial instruments known as
transmission congestion contracts (TCCs) have become heavily traded by speculators.
Increased market liquidity supposedly achieved by allowing speculation comes at a cost
equal to the profits earned by speculators. Ultimately, ratepayers bear the cost of profits
paid to speculators.

This study analyzed NYISO TCC data during the years 2008-2013 and developed
statistical models to identify speculator and hedger transaction characteristics.
Estimates of net profit earned by known speculators and measures of liquidity provided
by speculators were determined. We used auction awards data to develop a probability
model to evaluate correlations between number of winning bidders and contract
characteristics. Finally, Ordinary Least Squares regression is used to postulate profit
drivers of TCCs. This analysis concludes that speculators may be earning substantial
profits from subsets of intra-zonal TCCs not commonly used for hedging. Furthermore,
we found a lack of multiple winning bidders with the same injection and withdraw
nodes due to a vast number of possible TCC endpoint combinations.
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Chapter 1: Introduction
1.1 Introduction and Overview
The New York Independent System Operator (NYISO) administers the Transmission
Congestion Contract (TCC) Market in New York State. This market, first introduced in
spring of 2000 as a natural outcome of electricity market deregulation, was intended to
provide a financial hedging instrument against the price volatility associated with
transmission congestion [1].

Both hedgers and speculators participate in NYISO’s TCC market. Hedgers participate
primarily to reduce both temporal and locational price risks associated with their
physical positions, while speculators participate to gain profit with as little risk as
possible to capital investment. Market speculation is allowed because it is assumed that
speculators contribute to overall market liquidity. However, allowing speculative
activity carries the possibility of substantial speculator profits which are ultimately
extracted from NYISO ratepayers. The liquidity benefits likely achieved by allowing
TCC speculation could be outweighed if it is determined that substantial profits are
indeed being earned by speculators.

Molzahn and Singletary conducted an empirical investigation of speculation in the
Midwest ISO and found speculator profits of $283 million earned over three years, with
speculator trades accounting for 74% of total market transactions on a megawatt basis
[2]. Similarly, high profit earnings are a possible outcome of speculative activity in the
NYISO TCC market. Should the market lead to large, consistent levels of speculator
profits from subsets of contracts with similar characteristics, then the intended purpose
1

of the market, which is to hedge physical participants’ bilateral contracts against
locational price risk from transmission congestion, may not be manifested. It is
important for regulators and customer advocacy groups to fully understand the
dynamics of speculation within the TCC market so that required market characteristics
can be maintained over the long term. Given that New York ratepayers ultimately pay
for speculator profits through higher electricity prices, assessing this market
characteristic has real-world implications.

This paper examined the market performance of the New York TCC market, focusing
on identifying the bidding characteristics of speculators and hedgers and ultimately
determining the profit drivers of TCCs. The data were first separated into three subsets
based on qualitative investigation of the primary holders of TCCs. The three subsets
included TCCs purchased by: known speculators, known hedgers, and unknown
market participants. Next, we developed several statistical models to compare TCC
transactions of speculators to contracts purchased by hedgers. It was hypothesized that
TCCs purchased by speculators and hedgers are influenced by contract characteristics,
such as megawatt (MW) amount, endpoint combination, and number of zones between
endpoints. The results from these models explained the types of TCC portfolios
constructed by speculators relative to types of contracts used by hedgers. Next, we
developed a probability model for the number of TCC winning bidders, followed by a
model to predict the most profitable types of contracts.

To complete this analysis, five years of TCC auctions (approximately 58,312 TCC
observations), spanning the years May 2008 to May 2013, were obtained from the
NYISO. These data specifically identified the market participant awarded the TCC,
contract duration, contract pricing (auction-clearing prices and congestion rents), MWs
2

awarded, and the Point of Injection/Point of Withdrawal (POI/POW) pair that defined
the TCC. Bidding firms that did not win in the auction were not identified in the
dataset. Data processing, statistical analysis, and regression modeling were performed
on the dataset to separate speculator and hedger contracts and determine TCC profit
drivers.

This paper is organized as follows. Chapter 1 contains a description of the NYISO and
its TCC market, and the structure and allocation process of the NYISO TCC auctions,
including key concepts such as locational based marginal pricing (LBMP) and
congestion risk management. In chapter 2, a critical literature review provides an
overview of past empirical research on TCC market efficiency, competitiveness, and
profits within New York and other Independent System Operators (ISOs) markets.
Chapter 3 offers information on the datasets obtained from NYISO, along with basic
descriptive statistics on TCC market performance. Chapter 4 contains descriptions of
key variables and market participant categories, including descriptive statistics on the
parsed dataset. In chapter 5, the analysis methodology and results of the statistical
models for identifying bidders’ bidding characteristics are covered. The number of
winning bidders and profit drivers of TCCs are modeled in chapter 6. Finally, chapter 7
offers a discussion of model results and implications for the NYISO TCC market.

1.2 NYISO and the TCC Market
The NYISO is a not-for-profit corporation responsible for operating New York’s highvoltage transmission network, administering and monitoring New York’s wholesale
electricity markets, and planning for the State’s energy future. New York’s electricity
grid consists of more than 11,000 miles of high-voltage transmission lines and the
3

dispatch of over 500 electric power generators. On average, $7.5 billion in electricity and
related products are traded annually through these NYISO-administered markets [1].

1.2.1

Locational

Based

Marginal

Pricing

and

Transmission Congestion
Power congestion among transmission lines is a significant cause of price volatility in
deregulated wholesale electricity markets. Congestion occurs when the transmission
network does not have adequate capacity to dispatch the least expensive generators to
satisfy load. During congested periods, clearing prices determined by market software
vary by location to reflect the cost of meeting demand at each location. As a result,
locational based marginal prices (LBMPs) employed by NYISO and other ISOs, such as
Pennsylvania-New Jersey-Maryland (PJM) and Midwest (MISO), reveal that higher-cost
generation is needed at locations where transmission constraints limit the flow of power
from the lowest-cost resource [3].

Ignoring transmission losses, if there were no transmission constraints, the LBMP
would be equal across each zone under NYISO jurisdiction. The NYISO computes 11
zonal LBMPs, as shown in Figure 1, which determine the price paid for wholesale
electricity by load serving entities (LSEs). For instance, zone “A” (the “west” zone)
covers much of western New York, while zone “J” envelops New York City (also called
the “N.Y.C.” zone). Generally, each of New York’s 11 load zones has a different LBMP
due to transmission losses and constraints. Further, over 400 nodal LBMPs are
calculated for each generator bus to determine the price received by each generator. In
electrical power systems, a generator bus is an electrical junction or node to which
generators, loads or the transmission system are connected [1].
4

Figure 1: NYISO Load Zones. (Source: NYISO)

NYISO’s wholesale electricity exchange consists of two main markets: day-ahead and
real-time.

The day-ahead market (DAM) is a financial market of future wholesale energy. Hourly
LBMPs are calculated for the next operating day using generation offers, demand bids,
and scheduled bilateral transactions. Bilateral transactions are contracts to purchase or
sell power over defined time periods and under set prices. Bilateral transactions account
for about half of the energy settled in the DAM [1].

The real-time market (RTM) is a spot market to procure energy and manage congestion.
Current LBMPs are calculated at five minute intervals based on actual grid operating
conditions. The NYISO schedules roughly 98% of energy in the DAM, while the
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remaining 2% is accounted for in the RTM [1]. Since the majority of trades occur in the
DAM, TCCs are settled at the DAM LBMP.

1.2.2 Managing Congestion Risk
The LBMP system employed by the NYISO subjects LSEs and generators to locational
basis price risk. In the NYISO electricity market, as well as others, generators receive the
nodal price at the point where they inject power into the grid and loads pay the
locational price at the point where they withdraw power from the grid [1]. Any market
participant that has a contract with delivery and compensation in different pricing
locations under LBMP is subject to locational price risk.
Locational risk occurs when the commodity, in this case electricity, has a different price
in the generation zone than in the consumption zone. The price difference between
locations is caused by transmission congestion. Transmission congestion occurs when
power lines approach their upper capacity limit. When a transmission line approaches
its maximum capacity, a re-dispatch of generators out-of-economic merit order ensues
to prevent transmission lines from becoming overloaded. The cost of transmission
congestion is the total cost of the replacement power that must be supplied by other
means (e.g., from generators located closer to the loads to be served) to make up for
deliveries impeded by transmission constraints [4]. For example, in the New York City
(NYC) and Long Island (LI) zones, Hadsell and Shawky found the average price per
MWh from 2006 to 2008 to be $84, $17 of which stemmed from congestion [5].

A congestion cost (CC), as defined by the NYISO, is the opportunity cost of
transmission constraints on the New York State transmission system [1]. The congestion
6

cost between two zones/nodes, A and B (

, can be calculated by taking the

difference in LBMPs at zones/nodes A and B, given by

,

excluding transmission losses.
When low-cost generation can no longer flow freely to high demand regions, marginal
generation tends to differ among zones. This causes locational prices throughout the
network to diverge and creates basis risk for buyers and sellers of wholesale electricity.
For example, a LSE in New York City might schedule a bilateral transaction to buy a
portion of its load from a hydroelectric facility in Canada at a predetermined price. The
bilateral contract fixes the price of the energy sale for the LSE but leaves it open to
volatile congestion rents if the day-ahead market (DAM) spot prices between locations
diverge. Further, generators supplying electricity cannot be certain of the future nodal
price differences, nor, therefore of their revenues.

Deregulated power markets have developed financial contracts for LSEs and generators
to hedge market price risk associated with locational price differences. TCCs entitle the
holder to receive the congestion rent as established by the locational price difference [6].
According to the NYISO, “transmission congestion contracts (TCCs) represent the right
to collect, or the obligation to pay, the Day-Ahead Market (DAM) congestion rents
associated with 1 Megawatt (MW) of transmission between a specified point of injection
(POI) and specified point of withdrawal (POW)” [1]. The DAM congestion rents are
determined by the difference in the congestion component of the DAM LBMP at the
POW of the TCC, and the congestion component of the POI of the TCC, for each hour of
the effective period [1]. For instance, if the New York City LSE schedules a transaction
to supply 10 MW to its customers at point B during every hour of July and the 10 MWs
are being produced by the generator in Canada at point A, then a
7

for 10 MWs

will provide an exact hedge against congestion rents. Theoretically, the price the LSE
pays for the 10 MW

in the auction will be the net amount paid/collected in

congestion rents for the said transaction. Thus, with a proper TCC hedge the LSE in
New York City should be indifferent to any differences in prices between the generator
and load region. In effect, the TCC would reimburse the LSE the same amount it pays in
congestion fees. Market Participants (MPs) with a proper hedge tool between
generation and load locations and for the same capacity and period of time should
reduce locational price risk by offsetting congestion rents.

The NYISO TCC market is also open to speculation. If a speculator can acquire a TCC at
a cost that is less than its eventual congestion rent, a profit is earned. This is the primary
goal of TCC speculators. Current market regulation places no restrictions on the TCCs
that speculators can purchase. Both speculators and hedgers have access to the entire
New York State transmission network.

Congestion rents are calculated and recorded by the NYISO on an hourly basis.
Therefore, the payment to the holder of a one-month TCC is the sum of the difference in
the marginal congestion cost between the POI and POW for each hour of that month.

(1.1)

where

rent, CR, for contract i at time period t
marginal cost of congestion at the point of withdrawal for contract i
at time period t
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marginal cost of congestion at the point of injection for contract i at
time period t

A positive
negative

indicates a payment to the TCC holder from the NYISO, whereas a
indicates a payment from the TCC holder to the NYISO.

The POI and POW specific to each TCC may be a generator bus, a New York Control
Area (NYCA) zone, the NYISO reference bus, or an external proxy bus [7]. NYCA refers
to a region under the control of NYISO but not necessarily within the New York State
power system [7]. NYCA includes generation and transmission facilities listed in the
ISO tariff agreement provided by FERC. Figure 2 demonstrates the structure of a
NYISO TCC contract. There are no TCCs for real-time congestion since most power is
scheduled through the DAM. However, the congestion rent is paid by the purchaser
through the congestion component of the LBMP for real-time spot market transactions.
Transmission losses are not included in the congestion rent, and thus are treated
separately.

Financial Instrument
Bidirectional
POW

POI






Generator Bus
Proxy Bus
Zone
Reference Bus

Contracts sold in
multiples of whole
megawatts






Generator Bus
Proxy Bus
Zone
Reference Bus

Figure 2: NYISO Transmission Congestion Contract Configuration.
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Consider the simplified diagram below (Figure 3) which constructs a well-known threenode network with equal impedances for each line and flow limits as displayed on the
lines. A 12 MW power injection by generator 1 (G1) at node 1 to be withdrawn at node 3
causes an 8 MW flow on line 1-3 and a 4 MW flow on lines 1-2 and 2-3. Imagine G1 has
entered into a bilateral contract with Load 3 (L3) to supply 100 MWs at a fixed price for
six months. G1 can hedge the transaction by procuring a six-month 100 MW TCC from
node 1 to 3. The bilateral transactions will be charged congestion rents in real-time
equal to the LBMP difference between the two nodes multiplied by the 100 MW
delivery. The 100 MW TCC from node 1 to node 3 will receive settlement payments for
the same amount. As a result, the congestion cost is exactly offset by the TCC [8].

Figure 3: Three Node Transmission Network.

Congestion rents are collected by the ISO through its facilitation of LBMP market
transactions and the collection of transmission usage charges from bilateral
transactions. Congestion rent payments are held by the NYISO in a TCC fund which is
eventually used to pay the primary holders of TCCs and congestion paid to generators
through LBMP [7].
10

1.3 Market Participants in NYISO TCC Auctions
NYISO TCC market participants can be classified into five general groups: utilities,
generators/marketers, retailers, banks, and funds. The utilities category consists of
investor-owned utilities, state-owned public power organizations (such as the New
York Power Authority), and several other regional utilities. The generators and
marketers category includes the 400-plus power producers in the NYCA, out-of-state
generators selling power to NYISO, and the power marketing entities. The retailers’
category consists of competitive retailers that typically market electricity to smaller enduse customers. Major Wall Street investment banks are active in the NYISO TCC market
as well, attaining TCCs through proprietary and commodity trading desks. The funds
category consists of hedge funds and trading desks that do not serve banking functions
and are, in many cases, highly specialized firms focusing solely on TCC investments in
the NYISO and other ISO markets [9].

With the data publicized by NYISO, it is not possible to precisely separate TCCs
acquired for “speculation” versus “hedging” purposes. Some generalizations can be
made to separate the classes of participants into speculative and hedging groups.
Physical participants, or hedgers, participate in TCC auctions to minimize the risk
associated with spatial and temporal transmission congestion charges resulting from
bilateral and spot market transactions. TCCs assist physical participants by reducing
risks they would otherwise face as a result of cross-network power trading activities.
Speculators participate to maximize profit from their investment in market positions.
The TCC purchases of utility and retail firms, given their primary business function in
physical power, are more than likely made to hedge congestion risk. For instance, a
utility or retailer serving load in New York City, but with a contract to purchase power
11

from a generator in western New York, would be exposed to congestion risk equal to
the respective LBMP differences. TCCs could be used to hedge this risk. Alternatively,
hedge funds and other professional trading entities that do not have offsetting load
positions configure portfolios of TCCs with purely speculative capital [9].

TCCs owned by generators/marketers and investment banks also cannot be neatly
classified as being purchased for hedging or speculation purposes. Many of these firms
engage in speculative trading but also have a variety of physical power positions that
TCCs can help hedge. An upstate generator, for example, could use a TCC to hedge the
congestion component of the basis risk associated with a contract to sell power to a
downstate customer at a price fixed to the customer’s location. Likewise, a bank might
purchase a TCC to offset locational risk exposure from other active electricity
derivatives such as swaps or spark-spread options. Additionally, many investment
banks and marketers offer congestion risk management services to the power sector,
making it difficult to accurately define their interest in TCC holdings. Overall, a
substantial amount of capital ($227.6 million over the five-year year analysis period for
this study, alone) from investment banks and marketers is known to be used for
speculative TCC trading [9].

The multi-year TCC data gathered from the NYISO include market participants from all
categories. A qualitative assessment of each bidding entity is shown in section 4.1,
separating TCC transactions into speculation, hedging, and unknown categories.
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1.4 NYISO TCC Auctions
Available TCC transmission capacity is offered by the NYISO through Capability
Period and Reconfiguration auctions for qualified market participants for the sale and
purchase of one-month, six-month, twelve-month, and two-year TCCs. However, twoyear contracts were not analyzed in this study due to periods of discontinuation by the
NYISO. Capability Period auctions are conducted twice annually (spring and fall) for
the six- and twelve-month TCCs. Each Capability Period auction consists of four rounds
in which 25% of transmission capacity is available for bid [10]. Fewer than four auction
rounds are possible, but require unanimous decisions among transmission owners
(TOs) to facilitate TCC auction-clearing prices. Auction-clearing prices are determined
each round such that the same TCC sold in four consecutive rounds can clear at four
different prices. This implies that the same TCC can also be awarded to several different
bidders with each bidder receiving a portion of the available MW capacity. Results are
posted after each round to facilitate price discovery among bidders. Payment for all
TCCs awarded in each round is collected by the NYISO at auction end and the net
revenue is allocated to the transmission owners [7].

Following a Capability Period Auction, the NYISO holds monthly Reconfiguration
auctions in which primary holders of TCCs that are valid for the next month may offer
those TCCs for sale. For example, a six-month TCC awarded to a market participant in
an initial auction with a contract duration running from May 1 through October 31
could be broken up into one-month contracts and resold in the respective monthly
reconfiguration auctions. Similarly, primary holders can sell partial TCCs if they own
more than one MW TCC that is effective between POI and POW endpoints. That seller

13

may offer any integer MW portion of the TCCs it holds between a POI and POW in the
monthly auctions [7].

Additionally, any residual transmission capacity not sold in the initial auctions is
offered within the Reconfiguration auction [7]. Monthly auctions allow market
participants to buy and sell relatively short-term TCCs. This gives bidders the ability to
adjust their bidding strategies and TCC portfolios more quickly and flexibly according
to dynamic market conditions. This analysis focused on both the biannual Capability
Period and Reconfiguration auctions in order to capture all bidding activity, which
included the profits (losses) of speculators and hedgers.

1.4.1 Construction of the Bid Curve
A fundamental difference between TCCs and other financial products is that the
selection of the contract to purchase, POI/POW path, is a choice variable of the bidder.
NYISO publicizes a list of all network nodes that market participants can use to
configure their TCCs [10]. In addition, the price and quantity of TCCs are unknown
before the execution of a trade. Bidders only have control over the maximum price to
pay / minimum price to receive and MW amount through the submission of a
decreasing bid curve to buy or an increasing bid curve to sell. The piece-wise function
in Figure 4 illustrates a monotonically decreasing bid curve to buy a TCC. Offer curves
to sell must be monotonically decreasing. The bid curve is often expressed in $/MWh
and later converted to the appropriate units based on the TCC contract duration. The
construction of the bidding curve requires the specification of auction, round, contract
duration, POI/POW, trade type (buy, sell), price, and MW amount [11]. In Figure 4,
price, MW amount, and shape of the bid curve are the only choice variables.
14

Price ($/MWh) Quantity (MWh)
$
20
0
$
5
10
$
(2)
30
$
(2)
70

Figure 4: TCC Buyer’s Bid Curve.

In this theoretical bid curve up to 70 MWhs could be awarded to the bidding firm. For
instance, if the clearing price of the offered path is above $20/MWh, nothing will be
awarded to this bidder. If the clearing price settles between $20/MWh and $5/MWh, 0 to
10 MWhs will be awarded. Similarly, between 30 and 70 MWhs will be awarded if the
clearing price falls below -$2/MWh. A negative clearing price represents a payment to
the buyer.

1.4.2 Revenue Adequacy and Simultaneous Feasibility
The NYISO, as a non-profit entity, is required to balance the potential congestion cost
outflows and inflows. Since TCCs are purely financial obligations, the payments or
charges have no influence on actual network flows. This disconnect preserves the
optimal operation of the system and maintains efficient use of the network. However,
the total number of TCCs issued to market participants through NYISO-administered
auctions must be governed by the physical constraints of the network [8].

The Simultaneous Feasibility Test (SFT) run by the NYISO determines the subscribed
set of TCCs under normal system conditions. The transmission system power flow
15

contributions of TCCs are modeled in NYISO auctions with the POI and POW used to
define every TCC representing bilateral transaction injections and withdrawals of
power. Thus, the SFT modeling process ensures that the awarded set of TCCs is within
the capability of the transmission system and that no transmission constraints are
violated. The grid configuration used in NYISOs modeling process should correspond
as closely as possible to the transmission system and configuration used later in the
energy market. Since TCCs may provide counterflow to each other, the optimal set of
contracts must be considered simultaneously [6]. Using a SFT to determine the optimal
set of TCCs to be awarded ensures revenue adequacy. Revenue adequacy means that
the revenue collected from the forward energy market through LBMP is sufficient to
pay off the holders of TCCs in the same period. As a result, a simultaneously feasible set
of TCCs can theoretically be fully funded by congestion rent payments in the forward
market [8]. This study assumed fully funded congestion rents for all TCC observations
over the five-year analysis period.

Figure 5 displays a nomogram representing the three-node network introduced
previously in section 1.2.2 with identical impedances, but different flow limits for each
line. Injections at node 2 and withdrawals at node 3 are shown on the vertical axis of the
graph, while the horizontal axis describes injections at node 1 and withdrawals at node
3. The shaded area (region of possible TCC allocations) is defined by the system of
linear inequality constraints that capture the physical line limits of the network. The
same constraints also govern the feasible set of TCCs from node 1 to node 3 and from
node 2 to node 3 that will satisfy the SFT described above [8].

16

Network Constraints
2
1
𝐺1 + 𝐺2 ≤ 300
3
3
1
2
𝐺1 + 𝐺2 ≤ 220
3
3
100 ≤

1
𝐺1
3

𝐺2 ≤ 100

Figure 5: Feasibility Region of TCC Obligations for Revenue Adequacy.

The boundary of the nomogram connecting point A to E represents the flow capacity
constraints. The points directly on the boundary line indicate a feasible set of TCCs in
which the transmission network has at least one binding constraint. For example, a
NYISO auction outcome in which the TCC awards correspond to point D on the
nomogram yield a 400 MW TCC from node 1 to 3 and a 100 MW TCC from node 2 to 3.
The 100 MW TCC from node 2 to 3 would produce counterflow on the congested line
17

from node 1 to node 2, enabling the system to accommodate the larger TCC from node 1
to 3. In general, counterflow TCCs clear at a negative price; those willing to assume
such an obligation should expect to pay negative congestion rent settlements based on
the DA LBMP [8].

Dispatches outside the complex polyhedron are not possible without increasing line
capacities. At the other extreme, points within the bounded region imply an equal
lambda dispatch (unconstrained dispatch) where all LBMPs are equal. In such a
situation, however unlikely, there would be no congestion rents and therefore no TCC
settlements.

18

Chapter 2: Literature Review
New York’s electricity industry has seen remarkable change—initial deregulation in the
late 1990s led to the divesture of vertically integrated utilities and the separation of
generation, transmission, and distribution. As a result of electricity market
restructuring, Independent System Operators arose to manage and handle transmission
assets, among other things. The New York Independent System Operator is tasked with
managing New York’s power flow, collecting load serving entity (LSE) demand bids
and generator supply offers, and computing optimal power dispatch while taking into
consideration energy balance and thermal limit constraints [1].

Central to the competitiveness of electricity markets is providing open access to the
transmission system. As a commodity, electricity exhibits some unique characteristics
that create wide-ranging effects in the design of efficient markets. Most notably, the cost
of storage is so high that almost all electricity produced must be delivered by
transmission and distribution to end users and consumed immediately. By nature, the
non-storable property of electric power can lead to transmission line congestion and
associated volatile congestion charges. As indicated by a 2012 New York State
Transmission Assessment and Reliability Study, congestion along the 11,600 miles of
high-voltage transmission in New York cost $1.1 billion in 2010 [13].

Over the five years of TCCs analyzed here, each of the 11 in-state zones under NYISO
control experienced some time in which the marginal cost of transmission congestion
contributed to the wholesale price of electricity. Figure 6 illustrates the percentage of
hours from May 2008 to May 2013 in which the cost of congestion either raised or
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reduced the LBMP of energy. For instance, congested power lines are increasing energy
costs by an average of more than $13/MWh in New York City and Long Island roughly
80% of the time. On the other hand, surplus generation in the northern and western
zones actually reduces the LBMP by an average of about $-.13/MWh. As transmission
infrastructure ages, electricity demand rises, and upstate wind generation grows, the
outlook on future congestion and its impact on zonal pricing remains considerable [13].

Figure 6: Percentage of Congested Hours and Average Hourly Cost of Congestion by Load
Zone.

Maintaining an efficient supply of electricity requires some form of transmission
congestion management. This is accomplished in either a centralized or decentralized
manner. The former involves trading point-to-delivery point derivative transmission
congestion contracts; the latter relies on the existence of trading rights known as
physical transmission rights (PTRs) or flowgate rights (FGRs) on the most congested
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links in the network [12]. These theoretical frameworks have been debated since the
beginning of electricity restructuring. However, regions under ISO control with
locational based marginal pricing like the New York Power System prefer the
centralized TCC arrangement.

To date, a number of empirical studies have examined the overall effectiveness of the
NYISO’s TCCs as a hedging instrument against electricity price volatility [5] [14] [15]
[16] [17]. There is a general consensus among Bartholomew et al., Adamson and
Englander, Hadsell and Shawky, and Zhang that NYISO’s market is inefficient and that
TCCs do not provide an effective hedge against congestion costs for market
participants. In other words, market participants are not pricing TCCs correctly, such
that the clearing price equals the expected value of associated congestion rents. This
results in substantial profit (loss) for TCC holders. While TCCs can theoretically operate
as perfect hedges, much of the research shows that a significant deviation is occurring
between auction-clearing prices and congestion rents. Market efficiency is different,
albeit related, to the characterization of TCC speculation: an efficient market could have
a high level of speculation and an inefficient market could be free of speculation.

All of the major studies have examined a specified number of auctions over a defined
time period (e.g., a few years). Very few research studies have separated speculative
transactions from hedging transactions. One of the earliest empirical studies on the
NYISO TCC market was conducted by Bartholomew et al., in which six-month contracts
sold in four auctions from spring 2000 to autumn 2001 were analyzed [14].
Bartholomew et al. questioned whether TCCs, in practice, are efficiently priced by the
market, noting the many theoretical studies claiming market efficiency.
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Contracts were analyzed based on ordinary least-squares (OLS) regression estimators,
to determine if the prices paid were statistically significantly different from the rents
received. Full TCC funding was assumed but participants were not split into speculator
and non-speculator groups. Bartholomew et al. hypothesized that the auction-clearing
price for the TCC with effective POI and POW during a six-month time interval should
not be systematically different from the corresponding congestion rent. Their OLS
model also included a zero-mean disturbance term independent of all other variables to
reflect contract risk premiums. In a perfectly efficient market, the constant and
regression estimators should not be statistically different from 0 and 1, respectively. A
45-degree line was overlaid onto the scatter plot and regression line of congestion rent
versus clearing price to represent a perfectly efficient market. The regression results
showed a systematic bias in the scatter plot below the 45-degree line for positive TCCs
and above for negative ones. They found that the market functions relatively well for
small hedges, but the bias becomes more extreme when prices are higher. As a result,
market participants systematically overpay for the hedging contracts [14].

In addition, Bartholomew et al. determined that market participants systematically lose
money on large congestion risk exposures and are generally poor at predicting
congestion over longer distances. This relationship indicates that the market for TCCs is
not efficient for large congestion risk longer distance contracts. Bartholomew et al.
cautiously pointed out that the disconnect between prices and congestion rents could be
an indicator of risk-averse behavior by market participants unfamiliar with the rules
and procedures of a new market. It is possible that over-paying for TCCs stems from
high-risk premiums for large or complex contracts as well. The study also alluded to
low market liquidity due to the large number of possible TCCs and the complex

22

interactions between TCCs and energy markets as being possible causes of the
recognized market inefficiency [14].

A follow-up study completed by the same authors (Siddiqui et al.) tested whether overpricing of six-month TCCs could be attributed to risk aversion [15]. Again, the data
were not split into speculator or hedger categories. A second regression model was
presented that added a variable representing the TCCs’ risk premium to the expected
value of the congestion rents and equated that to the TCC clearing price. If this model
was accurate, and risk-averse behavior is occurring, then a TCC’s clearing price (on
average) will be greater than the congestion rent by some risk premium. This model
was tested with three concave utility functions. The results were inconclusive. Only
autumn 2000 and spring 2001 auctions displayed slightly risk-averse behavior by
participants. The results for spring 2000 and autumn 2001 did not show risk-averse
behavior by participants [2]. Siddiqui et al. concludes that risk-averse behavior alone
does not explain market participants’ tendency to overpay for TCCs [15].

Shortly after Bartholomew et al. published the first empirical study on the NYISO TCC
market, Adamson and Englander reviewed their work and took issue with several
features [16]. While the hypothesis for each study was similar, the methodology was
different. Adamson and Englander were concerned that the analysis only covered four
auctions in the commencement of the TCC market, and made a point of analyzing a
longer period of contracts. However, only one-month contracts were examined in
Adamson and Englander’s study rather than the six-month contracts analyzed by
Bartholomew et al.
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Adamson and Englander also thought that Bartholomew et al.’s reliance on OLS
estimators was inefficient and biased in the presence of autocorrelation and
heteroscedasticity.

This

claim

supported

Adamson

and

Englander’s

use

of

autoregressive conditional heteroscedasticity with autoregressive moving average
(ARCH-ARMA) models to postulate how clearing prices for TCCs are formed and the
resulting implications for market efficiency. The data examined included only onemonth contracts from November 1999 to April 2003. A different angle was taken to
examine market efficiency in that the ARCH-ARMA models used the previous months’
spot price differences (between the POW and POI of the individual TCC) to predict the
auction-clearing price of contracts. Subsequently, an assumption was made that TCC
auction prices are a linear function of the predicted spot price and predicted variance.
The auction-clearing price was finally regressed on the predicted mean and predicted
variance. The results reinforced the evidence that pricing in the NYISO TCC auctions is
inefficient, with the ARCH-ARMA models revealing that TCC clearing prices represent
less than half of their expected spot value even after making allowances for risk
aversion. This finding indicates that one-month TCCs are generally underpriced, while
Bartholomew et al. found that six-month TCCs were systematically overpriced. This
could be an indication that substantial speculation occurs in monthly auctions since
speculators will likely underbid the expected value of a TCC to earn profit. Based on
Adamson and Englander’s study, predicting accurate market prices for TCCs is very
difficult for market participants [16].

Zhang looked at market performance and bidders’ bidding behavior in the New York
Transmission Congestion Contract market, focusing on bidding strategies as a possible
cause of under-pricing in the reconfiguration auctions [17]. He analyzed 1,766 distinct
monthly TCCs from June 2000 to December 2004. Since May 2002, TCCs were
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underpriced significantly, resulting in substantial profits for bidders. Once again, the
results showed that more valuable TCCs are more underpriced. The consistent
undervaluation of contracts motivated Zhang to consider under-pricing equilibrium
scenarios for uniform price auctions for divisible goods caused by this practice.
Ultimately, the empirical analysis on bidders’ bidding behavior showed that bid
shading resulting from risk aversion, monopsonistic market power, and winner’s curse
all affect bidding behavior and cause TCC under-pricing. However, Zhang’s regression
results are statistically marginal for both under-pricing and bidders’ bidding behavior
[17].

More Recent TCC research, conducted by Hadsell and Shawky, analyzed TCCs of onemonth, six-month, and twelve-month duration spanning May 1, 2006 to April 30, 2008
[5]. In order to compare contract auction-clearing price to associated congestion rent,
they incorporated an OLS model similar to that used by Bartholomew et al. Results
varied by auction and contract duration. For example, regression results for one- and
twelve-month contracts support evidence of inefficient pricing while six-month
contracts were closer to suggesting efficiency than the findings from Bartholomew et al.
Hadsell and Shawky found that overall contracts underpriced congestion, indicating
gains to TCC holders. This means that the auction-clearing price for the TCC was below
the eventual congestion costs. Hadsell and Shawky suspected that the market
inefficiency was due to a lack of competition, but they presented little evidence to
substantiate this claim [5]. In this study we looked at the competitiveness of TCCs, and
specifically at the types of contracts that generate the most competition.

Molzahn and Singletary developed a probability model for characterizing market
participants in the MISO’s Financial Transmission Rights (FTR) auctions as either
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speculators or hedgers [2]. Using this model, they estimated total speculator profits and
market liquidity. They concluded that speculators extracted total profits equal to $283
million between 2006 and 2009 through FTR transactions accounting for 74% of MW
amounts [2]. Similarly, in our study we separated NYISO TCC market participants into
known speculator and hedger groups and then used a statistical model to evaluate their
transactions characteristics at the contract level. We estimated speculator and hedger
profits (losses) from 2008 to 2013 and developed an OLS model to discover the profit
drivers of TCCs.

Adamson and Parker created five categories to classify NYISO TCC market participants
and evaluate market trading patterns from 1999 (market inception) to 2010 [9]. Their
results showed that investment banks and hedge funds have become increasingly more
active in TCC trading by MW volume, overtime. TCCs purchased by financial sector
firms are particularly focused in the New York City and Long Island zones [9]. These
findings recommend further analysis of NYISO TCC speculation.
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Chapter 3: NYISO Dataset Overview
and Overall Market Performance
3.1 Dataset Preparation
Figure 7 provides a basic overview of the data preparation and analysis methodology
employed to assess the TCC market over the 2008–2013 period. As shown in Figure 7,
TCC Auctions Awards data containing the pertinent transaction characteristics such as
winning bidder, POI/POW, start date, end date, auction (round), contract duration,
auction-clearing price, and MW amount for each TCC observation were used. In
separate files, NYISO provides data on monthly congestion pricing for each node/zone
in the system equal to the congestion component of the DAM LBMP. The congestion
rent for each TCC was processed and merged into a single consolidated dataset for the
entire analysis period to facilitate generation of summary statistics and statistical
modeling.
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Figure 7: Overview of TCC Market Data Preparation and Analysis.

The primary purpose of the data preparation and merge step of the overall data
analysis methodology was to merge the data in the TCC Auction Awards files for the
2008–2013 time period with the data in the Congestion Pricing files for the same period.
This data merge must be performed for all TCC contract durations, including the one-,
six-, and twelve-month contracts. The monthly congestion rents, or revenue, for each
TCC in the awards data were calculated by taking the difference in the monthly
congestion costs corresponding to each TCCs POI/POW and contract start date in the
Congestion Pricing files. For the six- and twelve-month contracts, the correct data
merge must sum up the difference in monthly congestion charges in the Congestion
Pricing files across each of the months included in a given six- or twelve-month contract
for each POI/POW instance.

Equation 1, previously defined in section 1.2.2, demonstrates the congestion rent
formula applied to compute each TCC’s revenue. For example, the congestion rent
accrued by an Albany/NYC (POI/POW) TCC covering the month of July is calculated by
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subtracting the congestion costs of the Albany/NYC nodes in the Congestion Pricing file
for the month of July. Once the congestion rent is obtained for each unique POI/POW
and start date in the Congestion Pricing file, it must be merged and joined with the
matching TCC in the Auction Awards dataset. The final result is a combined merged
dataset representative of a large, multidimensional array. With the array prepared, it is
then imported into Stata for extensive statistical analysis and modeling.

3.2 Dataset Summary Statistics on Overall Market
Performance
As a first step in analyzing the NYISO TCC market, preliminary summary statistics
were generated from the merged dataset. These statistics include number of auctions,
total MWs transacted, TCC buyer cost and revenue, and percent profit for the different
auction types conducted over the five year period. For this preliminary analysis, market
participants were not separated into hedgers and speculators. The results of that effort,
which included the development of a statistic model, are summarized in chapter 5.

From May 2008 to May 2013 a total of 258,258 MW TCCs were awarded through 60
monthly auctions across 7,082 distinct POI/POW pairs. Over the same time period,
115,379 MW TCCs were awarded through ten auctions for six-month contracts and only
56,276 MW TCCs were awarded through nine auctions for twelve-month contracts. Sixand twelve-month contracts had less than half the distinct POI/POW pairs of one-month
TCCs.

Table 1 shows that over the five-year analysis period buyers’ purchasing cost and
revenues for one-month TCCs were $79.5 million and $105.4 million, respectively. Net
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profit totaled $25.8 million with an average market percent profit of approximately 32%
for one-month contracts. Buyers purchasing cost for six- and twelve-month TCCs were
roughly $515 million each over the five-year analysis period. However, the profit
extracted from the six-month contract auctions totaled approximately $117 million,
yielding a percent profit of 22.9%, compared to the 3.1% loss on twelve-month TCCs.
Table 1 offers aggregate market performance statisitics.

Contract Number of MW
Distinct
Buyers
Buyers
Duration Auctions Volume POI/POW Pairs Purchasing Cost Revenue
1-Month
60 258,258
7,082 $ 79,522,998 $ 105,380,657
6-Month
10 115,379
2,923 $ 514,888,417 $ 632,671,364
12-Month
9 56,276
2,280 $ 516,375,983 $ 500,557,920

Percent
Buyers Profit Profit
$ 25,857,659
32%
$ 117,782,947
22.9%
$ (15,818,063) -3.1%

Table 1: Descriptive Statistics for Aggregate Market Performance.

Figure 8 contains a series of charts illustrating the auction time series for total buyers’
purchasing cost, total revenue, and total profit for one-month, six-month, and twelvemonth contracts. The gap between purchasing cost and revenue for each auction period
represents the net profit depicted by the corresponding bars.

30

Figure 8: Total Purchasing Cost, Total Revenue, and Net Profit for TCCs.
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Net profit varied significantly from reconfiguration auctions to capability period
auctions and from one time period to the next. The net profit earned by six- and twelvemonth contracts moved together. In contrast, the net profit for one-month auctions
appeared to be opposite, such that periods of loss in capability period auctions were
marked by gains in monthly auctions.

Market conditions such as natural gas prices, transmission outages, loop flows, new
generation, and load levels have significant impacts on transmission congestion and
associated congestion rents [3]. If market participants have difficulty predicting these
external dynamics TCC revenue will diverge from TCC cost, causing substantial profit
or loss to holders. For example, in 2011 and early 2012 low natural gas prices caused a
sharp reduction in network congestion rents. This is evident in Figure 8, which
compares net profit across contract durations for the November 2011 and May 2012
time periods. TCC profits totaled negative $8.4 million in twelve-month auctions,
negative $29.6 million in six-month auctions, and $6.1 million in reconfiguration
auctions, indicating that TCCs were particularily overvalued most in the early auctions
before the falling congestion levels were fully recognized.

Table 2 presents summary statistics on MWs awarded, auction-clearing price and
congestion rent, and winning bidders for 58,312 TCC observations across all contract
durations. For each contract duration, the dataset was separated by “long” contracts—
those for which a positive price was paid by the winning bidder in the auctions—and
“short” contracts, where the auction-clearing price was negative (indicating a payment
to the winning bidder). Auction-clearing prices are weighted by the number of MWs
awarded per contract.
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Overall, TCCs underpriced congestion for one- and six-month long contracts. These
contracts provided a gain to the holder, such that the auction-clearing price was below
the eventual congestion rents. Short contracts of one- and six-month durations had
overpriced counterflow congestion, resulting in monetary losses to their holders.
However, holders of one-month negative TCCs only lost a few dollars, with clearing
prices nearly identical to congestion rents on average. Twelve-month, long TCCs
overpriced congestion, while short contracts underpriced congestion by approximately
$3,000, or 26%.

On average, there were fewer than two winning bidders for all contract durations. In
fact the majority of contracts were awarded to just a single bidder. The longer-term
TCCs were marginally more competitive, with the average number of winning bidders
a few tenths of a bidder greater than one-month contracts. Short contracts had the
lowest number of average successful bidders.
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Number of
Observations Weighted Mean Standard Deviation Minimum
1-Month TCCs
Long Contracts
MW Awarded
Auction-Clearing Price
Actual Congestion Rents
Winning Bidders
Short Contracts
MW Awarded
Auction-Clearing Price
Actual Congestion Rents
Winning Bidders
6-Month TCCs
Long Contracts
MW Awarded (by auction)
MW Awarded (by auction round)
Auction-Clearing Price
Actual Congestion Rents
Winning Bidders (by auction)
Short Contracts
MW Awarded (by auction)
MW Awarded (by auction round)
Auction-Clearing Price
Actual Congestion Rents
Winning Bidders (by auction)
12-Month TCCs
Long Contracts
MW Awarded (by auction)
MW Awarded (by auction round)
Auction-Clearing Price
Actual Congestion Rents
Winning Bidders (by auction)
Short Contracts
MW Awarded (by auction)
MW Awarded (by auction round)
Auction-Clearing Price
Actual Congestion Rents
Winning Bidders (by auction)

19,243
19,243
19,243
19,243

8.96
825.2 $
975.91 $
1.16

21.48
1,523.38 $
2,476.15 $
0.46

Maximum

1
650
$ 38,785.24
(9,205.71) $ 51,047.69
1
7

10,924
10,924 $
10,924 $
10,924

7.86
(731.35) $
(733.11) $
1.1

19.02
1
658
1,636.99 $ (60,282.48) $
(0.01)
2,475.08 $ (69,534.00) $ 21,931.18
0.35
1
7

4,328
9,148
9,148 $
9,148 $
4,328

21.06
9.93
6,753.32 $
8,155.65 $
1.31

57.01
0
794
21.33
0
275
8,955.86 $
$ 100,372.50
14,221.76 $ (18,048.79) $ 157,285.70
0.73
1
10

1,972
3,825
3,825 $
3,825 $
1,972

12.28
6.40
(4,037.21) $
(4,431.80) $
1.17

29.28
1
593
12.31
1
194
7,151.79 $ (70,782.85) $
(0.01)
11,368.59 $ (80,419.87) $ 32,351.27
0.48
1
6

2,869
5,562
5,562 $
5,562 $
2,869

15.78
8.10
14,368.20 $
13,264.24 $
1.29

38.37
1
505
15.92
1
216
19,558.47 $
$ 139,096.40
19,072.46 $ (28,714.81) $ 161,174.10
0.68
1
7

1,451
2,591
2,591 $
2,591 $
1,451

7.59
4.33
(11,687.00) $
(8,661.80) $
1.14

13.67
1
303
6.50
1
120
18,297.15 $ (128,315.70) $
(0.01)
17,454.44 $ (161,174.10) $ 33,720.65
0.4
1
4

Table 2: Descriptive Statistics for Market Performance at Contract Level.
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Chapter 4: Key Variables and Market
Participant Categories
The dataset of realized awards for separating speculative and hedging TCCs involves a
panel across distinct contracts and over auctions at different times. A given observation
in this study consisted of a single TCC (unique POI/POW) purchased by a specific
bidder in a particular auction round for the awarded MW amount. The dataset was an
aggregate of both monthly, and six- and twelve-month TCCs to capture total profits
earned by market participants. The statistical models controlled for differences related
to contract duration and unobserved heterogeneity from year to year.

The specification included seven key variables hypothesized to capture differences
between speculator and hedger TCC bidding characteristics. Table 3 offers information
on each variable and how they are applied in the models designed to separate TCCs.

Variable
TCC Purpose
(dependent
variable)

MW Amount
Endpoints

Zones-Crossed

Description
Binary varible in Models A and B: 1 for TCCs held by known
speculators, 0 for TCCs held by known hedgers, 0 for TCCs held
by unknown market participants.
Trinary variable in Model C: 0 for TCCs held by known hedgers,
1 for TCCs held by known speculators (reference category), 2 for
TCCs held by unknown market participants.
Total number of MWs awarded to a bidder for a unique TCC in a
given auction round.
Categorical variable: indicates the endpoint (POI/POW)
combination of each TCC. 0 for node-node, 1 for zone-node and
node-zone, and 2 for zone-zone.
Categorical variable: indicates the number of zones between the
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Variable

Six-Month
Indicator
Twelve-Month
Indicator
Profit

Description
endpoints of a TCC. 0 for endpoints located in the same zone, 1
for endpoints separated by a single zone, 2 for endpoints
separated by 2 zones,…etc. A maximum value of 8 zones between
endpoints is possible.
Indicator variable: 1 for six-month TCCs, 0 otherwise.
Indicator variable: 1 for twelve-month TCCs, 0 otherwise.
Difference between a TCC’s congestion rent and the TCCs
auction-clearing price.
Table 3: Description of Key Variables.

The choice of these variables was important to distinguishing hedger and speculator
motives within NYISO’s TCC market. Both generators and loads have existing positions
(to buy or sell power) at their nodal or zonal price. To mitigate price risk resulting from
generation and delivery at different pricing points, a TCC can be purchased. The
purpose of price hedging is to reduce the risk on an existing position by taking an
offsetting position in a related derivative. Congestion price hedging protects
transmission customers from downside risk, ensuring cash flow smoothing and
certainty of revenues. Many physical positions in New York’s wholesale electricity
market require hedges to counter extreme locational price risk. Since speculators do not
hold contracts to buy or sell physical power, they hold TCCs for their profit potential.

In New York State electricity spot prices are generally lower away from the highly
populated New York City area, toward northern and western upstate regions [3].
Locational marginal prices in New York can vary greatly, especially during
transmission constrained periods. As a result, energy transactions that send power
across multiple interfaces require hedges for proper locational price risk mitigation. It
can therefore be expected that a large portion of TCCs with a POI/POW pair crossing
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one or more zones are more likely to be used to hedge an existing position.
Additionally, market participants utilizing TCCs as a hedge tend to buy contracts
associated with their load region and contracted generation.

Like hedging, any two nodes/zones within the transmission network are valid for
speculation. However, a substantial fraction of TCCs with same-zone POI/POW pairs
appear to be purchased for speculative purposes. The purpose of speculation is to profit
by betting on the direction in which an asset will be moving. TCCs purchased for less
than congestion rents paid out earn speculators positive profit. Price differences for
nodes within the same zone are generally less volatile than cross-zone transactions. This
is partly because intra-zonal congestion patterns are less affected by natural gas prices
[3]. As a result, congestion revenues from intra-zonal TCCs (TCCs defined with nodes
located in the same zone) are more predictable. If speculators can accurately predict
congestion revenues and pay an auction clearing price below those revenues, a net
profit is achieved.

Using a map of NYISO load zones, a measure of the number of zones between any two
POI/POW locations in the control area was constructed. This “zones-crossed”
categorical variable, originally constructed by Bartholomew et. al., “was obtained by
first determining the zones in which the POI and POW are situated and then calculating
the number of zonal interfaces between the pair” [14]. For example, any POI/POW pair
within the same zone was given a zones-crossed number of 0, such as “West/West”. A
total of 15 load zones, including 4 out-of-state regions, were possible designations by
bidders for each endpoint of a TCC, yielding a possible 225 combinations as illustrated
in Figure 9. The maximum number of zones separating any two endpoints was 8. The
zones-crossed variable, among other key variables, was used in the statistical models to
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determine whether certain types of TCCs are more likely to be held for speculative
purposes.
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Figure 9: Zones-Crossed Matrix. (Replicated from Bartholomew et al., 2003)

A zones-crossed value for each observation in the dataset was computed based on
information in Figure 9. The total number of MWs awarded to TCCs split into zonescrossed categories 0 through 8 is displayed in Figure 10. The percentage of total MWs
awarded is provided above each bar. More than half (144,939 MWs) of all MWs
awarded to one-month TCC holders are intra-zonal. Approximately 28.7% of total MWs
awarded to one-month TCCs have one zone between endpoints. For all contract
durations, after the number of zones-crossed exceeds one zone, the number of MWs
awarded decreased significantly. The distribution of MWs awarded by zones-crossed is
more even for six- and twelve-month TCCs.
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Total MWs Awarded by Number of Zones-Crossed
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Figure 10: Total MWs Awarded by Number of Zones-Crossed.

In addition to total MWs awarded, the percent profit earned by contracts in zonescrossed categories from 0 to 8 was computed and is illustrated in Figure 11. Displayed
above each percent profit bar is the percentage of unique TCCs purchased for the
corresponding zones-crossed categories.
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Percent Profit by Number of Zones-Crossed for 1-Month TCCs
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Figure 11: TCC Percent Profit by Number of Zones-Crossed.

Overall, and for each contract duration, the percent profit decreased significantly as
number of zones between endpoints increased. In fact, one-month TCCs with 6 and 7
zonal interfaces between endpoints earned negative profits of as much as -58% and 279%, respectively. Percent profit for twelve-month TCCs with 6 and 7 zones between
endpoints was highly negative as well and ranged between -50% and -60%. However,
these categories represent less than 1% of all unique contracts purchased by market
participants. These findings reinforce the supposition that hedgers are the main
purchasers of TCCs with endpoints crossing over multiple zones, and that hedgers have
great difficulty pricing TCCs that cross multiple regions.

Roughly 60% of all unique contracts are purchased with TCC endpoints located in the
same zone. Furthermore, intra-zonal contracts achieve consistently positive profit for
one-, six-, and twelve-month contract durations. One-month TCCs in the 0 zonescrossed category returned approximately 76% of their purchasing cost as profit. Six41

and twelve-month TCCs in the same category had percent profits of about 51% and
40%, respectively. These findings are consistent with speculator behavior and support
suggestions that intra-zonal contracts are insulated from factors affecting profitability,
such as natural gas prices.

The endpoints variable categorizes TCC observations by their source/sink combination.
There are four possible endpoint combinations separated into three categories: zonezone, node-node, zone-node and node-zone. Each node or zone POI/POW possibility
must be a point in the NYCA such as a generator bus or load zone for which the NYISO
computes day-ahead LBMPs. There are 225 possible zone-zone combinations based on
the 15 load zones, including out-of-state import zones. Roughly 160,000 possible
combinations exist for node-node TCCs, which are commonly constructed from one
generator to another. For example, a TCC with a POI/POW path from one of the
Ravenswood generators in New York City to an Astoria generator in New York City is
classified as a node-node contract. The congestion rent settlements for a node-node TCC
is based on the LBMP differences corresponding to the generator pricing nodes.

Table 4 presents profit percentages by endpoint combination and contract position.
Roughly two-thirds of one-month TCCs were long exposures (positive clearing prices)
for each endpoint grouping, with the remaining one-third representing short contracts.
Market participants take a long position between 70 and 90% of the time when
purchasing six- and twelve-month contracts. Long position TCCs constructed with
node-node endpoints consistently return positive profit across all contract durations.
Negative percent profit appears to be most commonly associated with zone-zone TCCs,
especially the short exposure six-month contracts. The final category (zone-node and
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node-zone contracts) achieve positive percent profit for one-month and six-month
contracts, but negative returns for long exposure twelve-month obligations.

TCC Endpoints
1-Month TCCs
Zone-Zone
Node-Node
Zone-Node and
Node-Zone
6-Month TCCs
Zone-Zone
Node-Node
Zone-Node and
Node-Zone
12-Month TCCs
Zone-Zone
Node-Node
Zone-Node and
Node-Zone

Distinct Total
Percentage Percentage of Percent
Percent
POI/POW MWs
of MW TCCs MW TCCs
Profit Long Profit Short
Pairs
Awarded Long Position Short Position Position
Position
102
5,745

40,452
111,596

68.9%
67.8%

31.1%
32.2%

1.0%
30.9%

-9.7%
-0.3%

1,235

106,210

64.9%

35.1%

22.1%

10.2%

63
2,166

23,978
52,298

88.9%
80.6%

11.1%
19.4%

14.3%
22.9%

-32.0%
-3.9%

694

39,103

70.1%

29.9%

32.2%

0.12%

62
1,614

12,615
25,543

89.9%
81.4%

10.1%
18.6%

-12.3%
7.0%

12.6%
30.5%

604

18,118

71.6%

28.4%

-14.8%

27.2%

Table 4: Percent Profit Breakdown by TCC Endpoints and Buyer Position.

Long-term TCCs such as the six- and twelve-month contracts offered in NYISO’s initial
auctions are expected to be most appealing to transmission customers interested in
hedging congestion costs associated with electricity purchased through long-term
bilateral contracts. These TCC observations are marked by an indicator variable. Longterm TCCs allow LSEs and generators to enter into contracts at a fixed price and hedge
the cost of congestion. The combination of entering into a bilateral contract and owning
a long-term TCC (corresponding to bilateral transaction duration, capacity, and flow of
power) creates price stability for the delivery of electricity and revenue certainty for the
supplier/buyer.
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One-month TCCs sold in reconfiguration auctions allow bidders to purchase and sell
relatively short-term contracts that reflect updated market conditions. Thus,
transmission customers requiring a modification in their price risk mitigation for
existing bilateral or spot market transactions can adjust their bidding behavior
according to market dynamics. For hedgers, however, short-term TCCs are a secondary
means to reducing unexpected price risk or to selling superfluous hedges. Contracts of
one-month maturity limit risk exposure, making them attractive to speculators.

4.1 Data Parse Method
From 2008 to 2013, 64 active market participants received awards of one-, six-, and
twelve-month TCCs. Table 5 defines different bidding entities as speculators, hedgers,
or unknown based on qualitative measures. Category determinations are based solely
on relevant information available on company websites and other interactions. Twentytwo market participants without a website or with unidentifiable/dual intentions
remain unknown.
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Hedgers
Brookfield Energy Marketing LP
Bruce Power Inc.
CECONY-LSE
Citigroup Energy Inc.
Con Edison Solutions, Inc.
Consolidated Edison Energy, Inc.
Constellation Energy Commodities Group, Inc.
Constellation NewEnergy, Inc.
Dynegy Marketing and Trade, LLC (DMT)
EDP Renewables North America LLC
Emera Energy Services, Inc
Exelon Generation Company LLC
Galt Power Inc.
HQ Energy Services (US)
New York Municipal Power Agency
Niagara Mohawk Power Corp.
Noble Americas Energy Solutions LLC
NRG Power Marketing LLC
Ontario Power Generation, Inc.
Pepco Energy Services
Powerex Corporation
TransCanada Power Marketing, Ltd.

Speculators
330 Fund I LP
AC Energy, LLC
Amber Power, LLC
BJ Energy LLC
Castleton Commodities Merchant Trading L.P.
Citadel Energy Strategies LLC
Credit Suisse Energy LLC
DB Energy Trading LLC
DC Energy LLC
DC Energy New England, LLC
DC Energy New York, LLC
Edison Mission Marketing & Trading, Inc.
EPIC Merchant Energy NY LP
J. P. Morgan Ventures Energy Corporation
Lighthouse Energy Trading Co., Inc.
OPD Energy LLC
SIG Energy, LLLP
Silverhill Ltd., GP for Power Fund LPs.
Solios Power LLC
Twin Cities Power, LLC

Unknown
BP Energy Company
Cargill Power Markets, LLC
DTE Energy Trading Inc
EDF Trading North America, LLC
Franklin Power LLC
GenOn Energy Management, LLC
GRG Energy LLC
Hess Corporation
Macquarie Energy LLC
MAG Energy Solutions Inc.
Mercuria Energy America, Inc
Midwest Energy Trading East LLC
Morgan Stanley Capital Group, Inc.
NextEra Energy Power Marketing, LLC
Petra Technical Consultant Group, LLC
PPL EnergyPlus, LLC
PSEG Energy Resource & Trade, LLC
RBC Energy Services LP
Sempra Energy Trading LLC
SESCO Enterprises LLC
Shell Energy North America (US), L.P.
Vitol Inc.

Table 5: Market Participant Breakdown by Bidder Type.

Table 6 shows that every market participant except for two obtained at least a single
one-month TCC over the five-year period. Fewer market participants are active in the
capability period auctions for long-term TCCs, with roughly half the number of
companies trading twelve-month contracts compared to monthly TCCs. Twenty-two
market participants could not be classified as strictly hedgers or speculators.

Number of Hedgers
Number of Speculators
Number of Unknown
Total Number of Bidders

1-Month TCCs 6-Month TCCs 12-Month TCCs All TCCs
21
15
9
22
19
15
14
20
22
14
11
22
62
44
34
64

Table 6: Number of Market Participants by Bidder Category.
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4.2 Descriptive Statistics on Key Variables
We present descriptive statistics in Table 7 for each TCC purpose category. The data
parse revealed that the majority of TCCs were held by known speculators, for a total of
34,406 (59% of total TCC transactions). The number of observations for TCCs awarded
to known hedgers was 5,194 (8.9%) and the remaining group of TCCs awarded to
unknown participants was 18,712 (32.1%).

TCC Purpose Statistics MW Amount Endpoints Zones-Crossed Profit ($)
Hedging
mean
14.19
0.48
0.57
-11.14
sd
29.50
0.71
1.02
6,686.28
min
0
0
0 -58,374.57
max
375
2
7
81,773.75
N
5,194
5,194
5,194
5,194
Speculation mean
6.27
0.47
0.48
1,028.22
sd
11.46
0.59
0.82
7,393.72
min
1
0
0 -66,063.63
max
500
2
8
92,525.48
N
34,406
34,406
34,406
34,406
Unknown
mean
7.50
0.47
0.81
46.82
sd
16.74
0.65
1.26
4,577.19
min
1
0
0 -60,884.52
max
650
2
8
70,423.16
N
18,712
18,712
18,712
18,712

Table 7: Descriptive Statistics on Key Variables by TCC Purpose.

The descriptive statistics revealed a substantial difference in MW amount between
TCCs with known purposes. Speculative TCCs have low mean and standard deviation
for MW amount, while hedging transactions tend to be larger, with more than double
the mean value for MW amount of speculative transactions. Speculative TCCs have a
highly positive mean value for profit but a large standard deviation, indicating a high
likelihood of negative profit on any given transaction. Hedging TCCs earn negative
profit on average, indicating that physical participants pay a risk premium for
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insurance against congestion-induced price spikes. The mean values of MW amount,
endpoints, zones-crossed, and profit for the TCCs held by unknown market participants
fell between the corresponding values of the TCCs with known purpose. This suggests
that the TCCs owned by unclassified participants are a mixture of speculative and
hedging contracts.

Aggregate market quantities based on the parsed dataset are presented in Figures 12
and 13. Figure 12 shows that TCCs held by known speculators made up approximately
half of all MWs transacted from May 2008 to May 2013. TCCs held by known hedgers
contributed only 17.1% to the total MWs transacted over the five-year analysis period.

Figure 12: Total MWs Awarded by TCC Purpose.

Figure 13 accounts for contract duration by weighting each TCC’s MW amount by the
length of its contract. This is denoted by the total MW-Months awarded to hedgers,
speculators, and unknowns. As a result, a TCC of six-month contract length for one
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MW will contribute one MW for each month, holding six times the weight of a onemonth TCC for one MW. Overall, the results did not change greatly from those shown
in Figure 12. Compared to the unweighted totals, hedging and unknown amounts
increased and decreased by about 2% of MW-Months, respectively.

Figure 13: Total MW-Months Awarded by TCC Purpose.

The net profit was quantified for each market participant/TCC purpose category; see
Figure 14. The profit calculation involved taking the difference between a TCC’s
congestion rent and its clearing price multiplied by the number of MWs awarded and
summed over all contracts in a given category. From May 2008 to May 2013, speculators
earned a net profit of $114.6 million. Since hedging TCCs often to lose money in TCC
auctions, it is possible for speculator profit to be greater than 100% of total market
profits. Speculator percent profit, calculated by dividing total profit by total purchasing
cost, was approximately 50.3% of total purchasing cost. On average, hedgers incurred a
loss of about $3.5 million with a percent profit of -0.8%. TCCs purchased by unknown
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participants generated a percent profit of approximately 3.8%, and net profit of $16.7
million.

Figure 14: Total Market Profit and Percent Profit by TCC Purpose.

The congestion rents accrued by TCCs are subject to periods of congestion rent shortfall.
Congestion rent shortfall refers to a condition in which the DA congestion revenues
collected by the NYISO are insufficient to fully fund payments to TCC holders [1].
Situations such as line outages or periods in which DA scheduled flows over a
constraint exceed the flow over the same constraint in the RTM cause congestion rent
shortfalls [3]. The figures for speculator, hedger, and unknown market participant net
profit assumed all TCCs were fully funded over the five-year period.

Statistical models were developed in chapter 6 to determine the types of TCC portfolios
configured by speculators and how they earn their profits.
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Chapter 5: Analysis Methodology:
Identifying

TCC

Transaction

Characteristics
The initial objective of this study was to develop a model using agreggate TCC data
from known hedgers and speculators and an unknown group of market participants to
identify transaction characteristics correlated with speculation. Since unknown market
participants could have multiple intentions with their TCC purchases, two binary
response models were created and then compared. In addition, a third model that
treated the unknown market participants as their own category was evaluated.

5.1 Model Implementation for Speculation Category
Model A excluded all observations from unknown market participants, and acts as a
basecase. Model B paired the unknown group with hedgers. The coefficients of Model B
were compared with the coefficients from the basecase and the statistical significance of
variables. A binary probit regression model was used to distinguish TCC transactions
characteristics among hedgers and speculators. In this study the selected model is used
to provide insight into the characteristics of TCCs purchased by speculators.

The general functional form of the probit models is written in Equation 2. The predicted
probability that an observation of a TCC is purchased for speculative purposes is a
linear combination of five predictors. Predictor variables remained unchanged between
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models. The response variable, TCC purpose, remained constant between both models.
However, the TCC observations from unknown participants were included in Model B
and added to hedging TCC observations.

(5.1)

where

is the speculative probability of TCC k traded in auction(round) j;
is the unobserved heterogeneity for TCCs with a start date of year t to be
estimated as fixed effects;
and

are unknown parameters to be estimated.

Speculators are inclined to maximize their expected profits while reducing their risk
through TCC endpoint diversification. As a result, speculators may be expected to
purchase large numbers of TCCs with small MW quantities that have many different
unique endpoint combinations. It is hypothesized that speculators will purchase small
MW quantity TCCs to limit their risk exposure on any one contract (no individual TCC
holds excessive weight relative to the entire portfolio). This implies that a negative
coefficent will be associated with MW amount.

The majority of TCCs are designated with endpoints consisting of node-node, zonenode, or node-zone combinations, while zone-zone TCCs make up just 7% of all
transactions and only 17.9% of total MWs transacted. Accordingly, zone-zone TCCs are
not heavily traded contracts in the NYISO market. The congestion price hedging ability
of a zone-to-zone TCC is limited. Zone-to-zone TCCs do not provide exact locational
hedges for physical participants with specific generation and withdrawl power
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contracts. However, many physical participants trade a portion of wholsale power in
the DAM at LBMP without bilateral contracts [1]. Since the delivery path of a spot
market trade cannot be known with certainty in advance, it is possible that hedgers will
construct TCC portfolios with some fraction of broader zone-zone contracts.
Furthermore, zone-to-zone TCCs can be used by physical participants as a secondary
hedge against basis risk from other risk-mitigating financial instruments such as spark
spread options.

Zone-to-zone TCCs can also be purchased by speculators. However, the unpredictable
nature of congestion rents between two zones may limit the speculative attractiveness
of these contracts. As a result, the endpoints coefficient is expected to be negative.

Speculators are hypothesized to focus on TCCs with endpoints located in the same
zone. It may be that the congestion price differences of TCCs with endpoints in a single
zone are more predictable, providing a greater opportunity to earn profit. The variance
in DA congestion rents for intra-zonal TCCs may be much lower than that for interzonal contracts. TCCs with distant endpoints corresponding to physical power flows
over multiple transmission lines with several generator nodes in between have greater
congestion uncertainty. The congestion rents associated with long-distance inter-zonal
contracts are more likely to be affected by unpredictable congestion-provoking events
such as generator and line outages [3]. These types of physical events are less likely to
occur on paths designated by intra-zonal TCCs. In addition, varying natural gas prices
tend to cause considerable price differentials between the western and eastern regions
within NYCA. Intra-zonal TCCs are better insulated from natural gas price fluctuations
because the fuel used by generators within the same zone is dominated by one fuel type
[3]. As a result, the congestion rents of these TCCs may be predicted with greater
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certainty and better reflect the expected value of the contract. Intra-zonal TCCs with
endpoint paths showing consistent profit and relatively low variance may make prime
speculative targets. The coefficient for zones-crossed is anticipated to be negative.

Each model contained two indicator variables controlling for different contract
durations. We hypothesized that one-month TCCs limit temporal risk exposure, making
short-term contracts more attractive to speculators. A negative coefficient is predicted
for six- and twelve-month TCCs, indicating that speculators are more inclined to trade
one-month TCCs. A summary of model coefficient predictions is displayed in Table 8.

Independent Variable
MW Amount
Endpoints
Zones-Crossed
Six-Month Indicator
Twelve-Month Indicator

Prediction
-

Table 8: Coefficient Predictions for TCCs Purchased by Speculators.

5.1.2 Model Results for Speculation Category
Both Model A and Model B regressed TCC purpose, a binary variable classifying the
TCC trades of speculators and hedgers, on several key independent variables describing
a TCC’s characteristics. Model A included only TCC observations of known hedgers
and known speculators, while Model B adjoined TCC observations of unclassified
market participants with known hedgers. Table 9 provides the results of each probit
model along with chi-squared statistics, log likelihoods, and pseudo R-squared fit
statistics. A positive coefficient means that an increase in the corresponding predictor
leads to an increase in the probability that the observation is a speculative TCC, while a
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negative coefficient means that an increase in the predictor leads to an increase in the
probability that the observation is a hedging TCC.

Variable
MW Amount
Endpoints
Zones-Crossed
Six-Month Indicator
Twelve-Month Indicator
2009 Indicator
2010 Indicator
2011 Indicator
2012 Indicator
2013 Indicator
Constant
N: TCC Purpose = 0 (Hedging)
N: TCC Purpose = 0 (Unknown)
N: TCC Purpose = 1 (Speculation)
N: Total
Pseudo R-squared
LR chi-squared
Log Likelihood
z statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
NSS = Not Statistically Significant

Coefficient
-0.01363***
-0.04155**
-0.04291***
-0.02984
-0.07941**
-0.22028***
-0.94922***
-1.46061***
-1.55559***
-1.62133***
2.31643***
5,194
0
34,406
39,600
0.161
4952.54***
-12911.85

Model A
Result
(-28.77) (-2.76) (-4.14) (-1.43) NSS
(-3.07) (-4.78)
(-22.76)
(-34.92)
(-36.92)
(-29.71)
(56.07)

Prediction
-

Model B
Coefficient
-0.00748*** (-19.37)
-0.01109
(-1.18)
-0.17179*** (-29.84)
0.33403*** (24.61)
0.28377*** (17.16)
0.01558
(0.77)
-0.33199*** (-16.97)
-0.78428*** (-38.96)
-1.04496*** (-52.20)
-1.12047*** (-37.56)
0.76704*** (42.40)
5,194
18,712
34,406
58,312
0.121
9518.77***
-34708.89

Result
NSS
+
+

Table 9: Probit Regression Results for TCC Purpose = Speculation.

Besides the six- and twelve-month indicators and the year 2009 indicator for fixed
effects, all remaining coefficients of Model A and Model B were consistent in sign. The
six-month indicator in Model A and endpoints in Model B were not statistically
significant. Model B, which paired the unknown observations with hedging
observations, had greater pseudo R-squared and larger chi-squared statistics, indicating
a better overall fit. This suggests that the characteristics of the unknown TCC
observations are more closely associated with hedging TCC characteristics.
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The coefficient results from Model A are identical to predictions. MW amount was
negatively related to the probability of a TCC being used for speculation such that an
increase in the MWs awarded for a given TCC decrease the chance that the TCC is being
used for speculation. This agrees with the hypothesis that speculators are likely to
purchase small MW amounts per TCC. In both models, increasing the endpoint
variables from 0 to 2 lessened the probability that the corresponding observation
belonged to a speculative TCC. This agrees with the hypothesis that physical
participants are more likely to buy zone-to-zone TCCs for spot market congestion
hedging. However, endpoints in Model B is not statistically significant suggesting that
zone-to-zone TCCs are not strongly preferred, or heavily traded, by unknown
participants.

The negative zones-crossed coefficient was in line with the expectation that speculators
are likely to purchase TCCs with endpoints located in the same zone. Based on the
results from Model B, the probability of a TCC being bought by a speculator decreased
significantly as the number of zones between its endpoints increased from 0 to 8. Figure
15 graphs the speculative probability of a TCC as a function of number of zones
between endpoints, holding all other independent variables at their means. The delta
method, which utilizes first-order Taylor approximation, was applied to calculate
standard errors used to generate z-scores. Essentially, the standard error for the
marginal effect of zones-crossed was computed by multiplying the variance-covariance
matrix by the column vector whose jth entry was the second partial derivative of the
marginal effect of zones-crossed with respect to the coefficient of the jth independent
variable. To compute a single standard error, we must compute the marginal effect with
respect to each coefficient in the model. Each zones-crossed z-score indicated
statistically significant probabilities.
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Zones- Speculation
Crossed Probability z-score
0
0.64 287.05
1
0.57 272.20
2
0.51 146.72
3
0.45 85.52
4
0.39 55.93
5
0.33 39.47
6
0.28 29.33
7
0.23 22.62
8
0.18 17.94

Figure 15: Marginal Effect of Zones-Crossed.

According to the marginal effects of Model B, a TCC with endpoints located in the same
zone had a 64% chance of being speculative. In contrast, a TCC that crossed a maximum
of seven zones had a mere 18% chance of being used for profit-seeking. This further
indicates that speculators favor intra-zonal TCCs.

The coefficient sign of the six- and twelve-month indicator variables were not consistent
between Models A and B. Model A’s results agreed with the hypothesis that speculators
are more likely to purchase one-month TCCs but the six-month indicator was not
statistically significant. Model B suggested the opposite—known speculators are more
likely to trade six- and twelve-month contracts. The contract duration indicator
coefficients for Model B exceeded the 0.01% significance level. Since the sign of the
other independent variables remained constant after combining TCCs of unknown
participants with TCCs of known hedgers, it appeared that more hedging occurred
among unknown participants. Model C investigated this point more rigorously by
analyzing the transaction characteristics of unknown participants independently.
Hedgers are actually more active in monthly reconfiguration auctions. In addition,
according to Model B, speculative probability increased with longer contract durations.
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Finally, it should be noted that the annual indicator variables estimated relative to year
2008 indicate a trend away from speculation in the NYISO TCC market.

5.2 Model Implementation for Hedging Category
Model C, a multinomial logit regression, was developed in addition to the probit
models to analyze the TCC transactions of unclassified market participants in isolation.
Treating the TCC observations of unknown market participants independently from
known speculative and hedging TCCs allowed comparative analysis of the coefficients.
Ultimately, the unknown TCC observations were

classified as mostly hedging, or

mostly speculative based on predictor coefficients.

The multinomial logit regression was arranged as a set of independent binary logit
models that used the cumulative standard logistic distribution function

.

The dependent variable, TCC purpose, separated TCC observation into three categories:
TCCs traded by known speculators, known hedgers, and unknown traders. Since
Model C is effectively two separate logit regressions, TCC purpose represented the
known hedger group in the first part and the unknown group in the second part. The
known speculation category was chosen as a reference and then the other categories
were separately regressed against the reference outcome. As a result, the coefficients of
the reference outcome were normalized to zero and the coefficients of the known
hedging and unknown categories were interpreted relatively. The general functional
form is written as follows:
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(5.2a)

(5.2b)

where

is the hedging/unknown probability of TCC k traded in auction(round) j;
is the unobserved heterogeneity for TCCs with a start date of year t to be
estimated as fixed effects;
and

are unknown parameters to be estimated.

Coefficient outcomes for the hedging category were expected to be opposite to the
coefficient predictions for the probit models. This made intuitive sense since the
reference category for Model C was speculative TCCs rather than hedging TCCs in
Models A and B. Table 10 provides a list of coefficient predictions for TCCs purchased
by hedgers. These predictions are based on the hypothesized characteristics of hedging
TCCs.

Independent Variable
MW Amount
Endpoints
Zones-Crossed
Six-Month Indicator
Twelve-Month Indicator

Prediction
+
+
+
+
+

Table 10: Coefficient Predictions for TCCs Purchased by Hedgers.
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Market participants with bilateral contracts to supply or serve physical power were
expected to hedge these positions, thereby limiting the TCCs that they purchased.
Hedging TCCs were expected to consist of greater MW amounts since their TCCs
corresponded to large physical power transactions.The coefficient for MW amount was
therefore expected to be positively related to hedging probability. Descriptive statistics
for hedging TCCs presented in Table 7 (section 4.2) support this prediction. The
majority of designated paths connecting the endpoints of hedging TCCs were from
node-to-node and zone-to-node and vice-versa. These paths likely spanned multiple
zones to offset congestion charges associated with long-distance power transmission
contracts. However, even though physical participants traded a greater fraction of
nodal endpoint contracts within their subset, it was expected that zone-to-zone TCCs
were more frequently used for hedging compared to speculation. A positive coefficient
for endpoints and a positive coefficient for zones-crossed would support this
hypothesis. Hedgers were expected to be the main buyer of six- and twelve-month
TCCs as they tend to need longer duration hedges to cover their long-term bilateral
contracts.

5.2.1 Model Results for Hedging and Unknown
Categories
In Model A the hedging outcome was normalized. In Model C the speculation outcome
was normalized, implying a reverse sign from Models A and B. The coefficient results
of the hedging category in Table 11, including MW amount, endpoints, and zonescrossed, were all in line with the predictions and were significant at the 1% level. The
two indicator variables controlling for long-term TCCs were positive, suggesting that
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hedgers were more likely to purchase six- and twelve-month contracts. The six-month
indicator was only marginally significant.

Model C
Variable
Coefficient
TCC Purpose = 0 (Hedging)
MW Amount
0.02596*** (28.21)
Endpoints
0.07646** (2.86)
Zones-Crossed
0.04944** (2.76)
Six-Month Indicator
0.06499
(1.74)
Twelve-Month Indicator
0.16140*** (3.43)
2009 Indicator
0.48369*** (4.66)
2010 Indicator
1.93093*** (20.92)
2011 Indicator
2.86127*** (31.33)
2012 Indicator
3.05235*** (33.23)
2013 Indicator
3.17891*** (29.24)
Constant
-4.29167*** (-47.17)
TCC Purpose = 1 (Speculation), Reference Outcome
TCC Purpose = 2 (Unknown)
MW Amount
0.00969*** (11.92)
Endpoints
0.00275
(0.17)
Zones-Crossed
0.32569*** (32.93)
Six-Month Indicator
-0.73080*** (-29.37)
Twelve-Month Indicator
-0.63146*** (-20.75)
2009 Indicator
-0.09535** (-2.61)
2010 Indicator
0.29859*** (8.45)
2011 Indicator
0.96114*** (26.71)
2012 Indicator
1.47653*** (41.71)
2013 Indicator
1.60641*** (30.96)
Constant
-1.23902*** (-28.41)
N (Hedging)
5,194
N (Speculation)
34,406
N (Unknown)
18,712
N: Total
58,312
Pseudo R-squared
0.110
LR chi-squared
11387.12***
Log Likelihood
-46287.78
z statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
NSS = Not Statistically Significant

Result Prediction
+
+
+
NSS
+

+
+
+
+
+

+
NSS
+
-

Table 11: Multinomial Regression Results Model C.
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The coefficients for MW amount and zones-crossed for unknown TCCs were positive
and highly significant, indicating a strong hedging incidence among unclassified
market participants. The endpoints coefficient was also positive but not statistically
different from zero. However, model results showed that a TCC’s endpoint
combination was not necessarily consistent with speculation or hedging behavior of
unclassified participants.

Overall, unknown TCCs tended to consist of larger MW amounts with a mix of
endpoint combinations crossing several zonal interfaces relative to the speculation
reference outcome. TCCs purchased by unknown bidders were also more likely to have
contract durations of one month, as indicated by the significant negative coefficient for
six- and twelve-month indicator variables. Strong hedging characteristics were evident
among the unclassified market participants analyzed in Model C. Table 12 summarizes
the coefficient sign results computed in Model C.

Independent Variable
MW Amount
Endpoints
Zones-Crossed
Six-Month Indicator
Twelve-Month Indicator

Hedgers
+
+
+
NSS
+

Unknown
+
NSS
+
-

Table 12: Coefficient Results for Model C.
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Chapter 6: Analysis Methodology:
Competition; Profit Drivers
The binary response models in chapter 5 revealed that speculators tend to construct
portfolios of long-term intra-zonal, low MW TCCs, while hedgers design portfolios
containing short term long distance, large MW TCCs likely corresponding to their
physical positions or offsetting other power derivatives. The subset of known
speculators earned roughly $114.6 million from 2008 to 2013, while the subset of known
hedgers lost approximately $3.5 million during the same time period.

This section presents a set of regression models to examine the relationship between
number of winning bidders, profit, and key TCC characteristics. It was hypothesized
that the number of winning bidders would be influenced by the auction process,
including the inherent point-to-point structure of TCCs, and the physical capacity limits
of transmission lines.

6.1 Winning Bidders Model Implementation
NYISO does not reveal losing TCC bids in its publicly available TCC awards data. Thus,
the number and details on market participant offers to buy/sell a TCC at a price below
the auction clearing price are unknown. This limitation forced examination of the
number of winning bids only. The number of winning bidders per contract should,
however, approximate the total bids if market participants are assumed to submit
competitive bid curves. According to section 1.4.1, NYISO TCC Auctions, several
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bidders can acquire a portion of the simultaneously feasible MW quantity for a unique
TCC. A competitive bidder would presumably win at least one MW-TCC at the upper
margin of their $/MWh bid curve. In the auction process, the number of winning
bidders for a unique contract depends on each bidder’s bid curves, the auction clearing
price, and the simultaneously feasible MW quantity. NYISO records and publicizes all
market participant bids that receive at least the minimum award of one MW-TCC.

First, the dataset of realized awards was compressed to generate the winning bidder’s
variable. The number of winning bidders is a count variable in which the observations
can take values {1, 2, 3,…, n}, and where these integers come from counting the number
of winning bidders per contract. If the number of winning bidders for a unique contract
is greater than one, the corresponding observations are reduced to a single observation
by summing the number of winning bidders and MW amount. The compressed
observation will retain the TCCs endpoints, zones-crossed, and contract duration. The
number of winning bidders was computed for each contract and the MW amount
became the total MWs awarded by summing the MW amount of each winning bidder.
The number of MWs awarded was equal to the MW amount for TCCs with only one
winning bidder.

Figure 16 illustrates the distribution of winning bidders. The dataset was strongly
skewed to the left. Almost 82% of the total TCCs awarded received just one winning
bidder. Contracts with two winning bidders made up 13.6% of total awards and
contracts that received more than three winning bidders made up less than 1%
combined. The mean and variance of the number of winning bidders per contract was
1.25 and 0.80, respectively. Based on the dataset properties exhibiting Poisson
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distribution characteristics, we chose a log-linear Poisson regression to model the
number of winning bidder occurrences.
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Figure 16: TCC Frequency vs. Number of Winning Bidders .

In the Poisson regression, it was assumed that the response variable, number of
winning bidders, had a Poisson distribution given the independent variables MWs
awarded, endpoints, zones-crossed, short position, and contract duration and fixed
effects annual indicators. The general probability mass function for Poisson regression
is:

(6.1a)
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where the log of the expected number of winning bidders was assumed to be a linear
function of the independent variables, written as:

(6.1b)

The following testable hypothesis for number of winning bidders was based on the
model presented above. As MWs awarded between a particular set of source and sink
nodes increase we would expect the number of winning bidders to increase. Endpoints
connected by high-capacity transmission lines have more MWs to offer bidders. As the
available supply rose, so should the likelihood that several different bidder’s bids
would clear. Competition for zone-to-zone contracts was expected to be drastically
greater since the number of possible POI/POW bid combinations is limited to 225. A
positive endpoints coefficient would indicate that the expected number of winning
bidders was greater for zone-to-zone TCCs. With roughly 500 generator buses in the
NYISO transmission network, there are thousands of possible node-node TCC
combinations. Since the feasible set of TCCs is not known before the start of an auction,
market participants can designate node combinations where they are conceivably the
only bidder.

The zones-crossed coefficient sign was not as easily predictable. The number of bidders
was expected to increase for TCCs with zones-crossed values greater than zero. Bidders
can choose from a vast combination of endpoint nodes within a single zone, limiting
competition among intra-zonal contracts. However, since intra-zonal TCCs were found
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to be highly speculative, a small number of historically profitable contracts would be
likely to attract more bidders.

A number of major interface flows within NYCA such as west central, central east, total
east, and the cross-sound cable traverse multiple zones. A substantial portion of power
flow across major interface lines connecting base load units to high-demand regions are
scheduled through bilateral contracts. Thus, we expected high demand among hedgers
for TCCs corresponding to major interface flows and more winning bidders for
contracts with paths crossing multiple zones. However, contracts with endpoints
exceeding four zonal interfaces were not heavily traded. We anticipated the average
number of winning bidders to peak between two and four zones-crossed and decline
thereafter. Since the greatest number of winning bidders was expected in the lowmiddle category for zones-crossed we predicted a negative coefficient.

An indicator variable marking TCCs with negative auction clearing prices was
generated to evaluate the number of winning bidders for contracts purchased by
market participants taking a short position. A negative clearing price means that the
winning bidder was paid by the NYISO to own a TCC.

Long-term TCCs generated more bids than one-month contracts, on average. The
Poisson model was expected to reflect this with positive regression coefficients for the
contract duration indicators. Fewer bidders participated in the initial auctions but the
number of unique contract awards was also less. We hypothesized that market
participants tended to place their most desirable contract bids in the initial auctions and
then used the monthly auctions to reconfigure their portfolios based on initial awards.
Primary holder offers to sell previously acquired TCCs, along with residual
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transmission capacity not awarded in the initial auction were released into the monthly
auctions. Few bids by hedgers were expected in the monthly reconfiguration auction for
the same paths that went unsold in the initial auction.

6.2: Winning Bidders Model Results
The Poisson regression used maximum log likelihood to obtain parameter estimates.
Coefficient results are displayed in Table 13. The LR chi-squared statistic suggested that
the Poisson distribution fit the data well. We can interpret the Poisson regression
coefficients as follows: for a one-unit change in a TCC characteristic, the difference in
the logs of the expected number of winning bidders should change by the respective
regression coefficients, with other regression coefficients held constant.

Independent Variable
MWs Awarded
0.00482***
Endpoints
0.10598***
Zones-Crossed
-0.01409***
Short Indicator
-0.09348***
Six-Month Indicator
0.23460***
Twelve-Month Indicator 0.22115***
2009 Indicator
-0.00211
2010 Indicator
0.03660**
2011 Indicator
0.05848***
2012 Indicator
0.03263*
2013 Indicator
0.02333
Constant
0.04116***
N
51,297
Pseudo R-squared
0.022
LR chi-squared
2701.65***
Log Likelihood
-59388.95
z statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001

(43.33)
(15.85)
(-3.50)
(-10.90)
(24.88)
(19.57)
(-0.16)
(2.76)
(4.19)
(2.35)
(1.06)
(3.23)

Result
+
+
+
+

Prediction
+
+
+
+

Table 13: Poisson Regression Results for Number of Winning Bidders.
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The six TCC characteristics had a statistically significant influence on the expected
number of winning bidders. Larger MW contracts were more likely to receive a greater
number of bids from market participants as indicated by the positive MWs awarded
coefficient. This agreed with the hypothesis that high-capacity heavily used
transmission paths generate more demand than smaller lines. TCCs with zone-zone
endpoints were significantly more competitive as indicated by the positive endpoints
coefficient. Varying the endpoint combination from node-node to zone-zone, while
holding the remaining independent variables at their means, showed that the predicted
number of winning bidders was 1.23 times higher for zone-zone TCCs. Marginal effects
of the endpoints variable are displayed in Table 14.

Endpoints
Number of Expected Winning Bidders
node-node
1.19
node-zone and
zone-node
1.32
zone-zone
1.47

Table 14: Number of Expected Winning Bidders by Endpoints.

The zones-crossed coefficient showed that the number of zones-crossed was inversely
related to the expected number of winning bidders. Thus, a greater number of winning
bidders can be expected for TCCs crossing fewer zonal interfaces. The short indicator
variable revealed that the expected number of winning bidders declined for TCCs with
negative clearing prices. Positive coefficients for the contract duration indicators were in
line with the hypothesis that the most attractive TCCs would be purchased by bidders
in the initial auctions. Finally, the fixed effects annual variables suggested a positive
movement in expected number of winning bidders over time.
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6.3 Profit Model Implementation
An OLS regression was implemented to model profit drivers of TCCs. The dependent
variable, profit, was calculated by taking the difference between a TCC’s congestion
rent and auction clearing price. The functional form of the profit model is written as
follows:

(6.2)

where

is the profit earned by TCC

in auction (round) ;

is the unobserved heterogeneity for TCCs with a start date of year t to be
estimated as fixed effects;
and

are unknown parameters to be estimated.

In theory, TCC profit should decrease as number of bidders increases. Since the number
of winning bidders was assumed to be a proxy for the total number of bidders for a
given TCC, we hypothesized that coefficient signs in the profit model should be
opposite to those of the winning bidder’s model for all independent variables. This
would be consistent with the economic relationship between profit and competition.

Profit was expected to decrease as MW amount on a contract path increased. Highcapacity transmission lines were relatively more competitive given the limited number
of possible combinations. The profit potential on these lines was expected to be driven
down by high demand among physical participants who needed to hedge
corresponding bilateral contracts. We hypothesized a substantial reduction in profit as
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the endpoints variable moved from node-node to zone-zone. A large number of
complex and integrated factors affecting the congestion rents of zone-zone TCCs were
expected to hinder a market participant’s ability to accurately predict its expected value.

The winning bidder’s model implied a positive coefficient for the zones-crossed
variable of the profit model if the relationship between profit and competition was to
remain consistent. However, Models A, B, and C all indicated that intra-zonal TCCs
were largely speculative. The congestion rents for intra-zonal TCCs were expected to be
more predictable and reliable relative to longer distance contracts. On the other hand,
the congestion rents associated with inter-zonal TCCs are more susceptible to price
fluctuations from natural gas price changes. Since we expected intra-zonal TCCs to have
relatively low congestion rent variance, we also expected speculators to construct
portfolios of these contracts by slightly underbidding the true value. As a result, we
expected the number of zones-crossed to be inversely related to profit. Intra-zonal
contracts are likely to be significantly profitable.

In general, we expected TCC profitability to be associated with low MW node-node
intra-zonal TCCs.

6.4 Profit Model Results
Results from the profit regression are presented in Table 15. This profit model included
52,297 TCC observations from all contract durations.

The F-score indicated a

statistically significant model overall, along with R-squared and log likelihood
displayed at the end of the results.
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A negative slope term for MW amount suggested that the profit for TCCs tended to
decrease at a rate of negative $3.72/MW as the MW amount increased. This implied that
market participants were less likely to earn profits on TCCs covering larger
transmission lines. Both the endpoints and zones-crossed coefficients were negative,
which indicated that TCCs with node-node POI and POW, located in the same load
zone, were more profitable. In fact, the model implies that each time the number of
zones-crossed decreased by one zonal interface the profit increased by roughly $292.

The average six- and twelve-month TCC was roughly three to four times more
profitable than the average monthly contract, respectively. The indicator variable for
short contracts was negative but not statistically significant. The fixed effects annual
indicators showed that TCC profit can vary significantly by year.
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Independent Variable
MW Amount
-3.72**
Endpoints
-284.93***
Zones-Crossed
-292.76***
Short Indicator
-71.57
Six-Month Indicator
1304.82***
Twelve-Month Indicator 1731.90***
2009 Indicator
-291.30**
2010 Indicator
343.60***
2011 Indicator
-548.69***
2012 Indicator
-205.20*
2013 Indicator
-381.39**
Constant
533.92***
N
51,297
R-squared
0.017
F-test
80.69***
Log Likelihood
-524747.42
t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
NSS = Not Statistically Significant

Result
(-2.38) (-6.42) (-11.27) (-1.13) NSS
(17.70) +
(19.86) +
(-2.86)
(3.40)
(-5.17)
(-1.97)
(-2.40)
(5.62)

Prediction
+
+

Table 15: OLS Regression Results for All TCC Profits.

We tested the robustness of the original profit model in which TCCs of all durations
were included in the same regression but controlled for with indicator variables. This
entailed separating the data into one-month, six-month, and twelve-month groups and
running three separate regressions.

Table 16 depicts the results for the unrestricted models with the one-month TCC
regression on the left, followed by the six-month TCC regression in the center, and
ending with the twelve-month TCC regression on the right. Again, the number of
observations and measures of model fit are shown at the bottom of the table. Besides
MW Amount, the other key independent variables were consistent among models.
Overall, the profit estimators for long-term TCCs were consistent. However, the
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coefficient sign for MW amount switched for one-month contracts and was not
statistically significant for six-month contracts.

Independent Variable 1-Month TCC Coefficients Result 6-Month TCC Coefficients
MW Amount
0.98142
(1.45)
NSS -1.67
(-0.41)
Endpoints
-67.54**
(-2.75)
-185.09*
(-2.19)
Zones-Crossed
-117.02*** (-9.05)
-411.97***
(-7.48)
Short Indicator
-121.87.*** (-4.26)
-1640.55*** (-9.61)
2009 Indicator
175.43**
(-3.08)
-1714***
(-7.44)
2010 Indicator
-19.25
(-0.34)
650.72***
(2.82)
2011 Indicator
152.69***
(2.67)
-1309.63*** (-5.20)
2012 Indicator
3.05
(0.06)
-116.74
(-0.47)
2013 Indicator
604.46***
(9.06)
N/A
Constant
97.09*
(1.92)
2663.1***
(14.16)
N
30,168
12,976
R-squared
0.0096
0.021
F-test
32.65***
35.17***
Log Likelihood
-277292.25
-136118.02
t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
N/A = Not Applicable, MARG = Marginal, NSS = Not Statistically Significant

Result
NSS
MARG
-

12-Month TCC Coefficients
-46.71***
(-4.70)
-1066.92*** (-4.76)
-581.55***
(-3.98)
2179.45*** (7.67)
792.20*
(2.20)
1620.94***
(4.46)
-1633.09*** (-3.97)
-1246.19*
(-2.36)
N/A
2057.40***
(7.05)
8,153
0.029
30.78***
-87924.49

Result
+

Table 16: OLS Regressions for One-, Six-, and Twelve-Month TCC Profits.

We performed a likelihood ratio test (LRT) to compare overall fit between the more
restrictive model (All TCC Profit) and the three models separated by contract duration.
The LRT was calculated by subtracting the log likelihood of the combined model from
the sum of the log likelihoods of the one-, six-, and twelve-month profit and then
multiplying the result by two. This generated a test statistic equal to 46825.32 that is chisquared distributed with 25 degrees of freedom. The test result indicated a statistically
significant difference between models at the 0.01% level, implying that profits of
different duration TCCs’ should be analyzed separately.

The three restrictive models revealed a pattern between annual indicators. The annual
indicator coefficient signs for long-term TCCs were in general agreement. However, the
coefficient sign for annual indicators for the one-month TCC model were opposite to
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those for the six- and twelve-month models. For example, in 2011 and 2012 average
profit decreased for six- and twelve-month TCCs but rose for one-month TCCs, relative
to year 2008. The opposite pattern occurred in 2010. Relative to average profit in 2008,
average profit for six- and twelve-month TCCs purchased in 2010 increased, while
average profit for one-month TCCs decreased. This suggests that market participants
do in fact use monthly auctions to buy and sell short-term TCCs and change their
bidding behavior according to updated market conditions.

Finally, we ran the same set of regressions for percent profit as the dependent variable,
which was calculated by dividing a TCC’s profit by its auction clearing price. The
results for these regressions are presented in Tables 17 and 18.

Independent Variable
Result
MW Amount
-0.023
(-0.19) NSS
Endpoints
-3.60
(-1.05) NSS
Zones-Crossed
-0.079
(-0.04) NSS
Short Indicator
9.92*
(2.02) MARG
Six-Month Indicator
10.37
(1.81) NSS
Twelve-Month Indicator 10.57
(1.56) NSS
2009 Indicator
-1.86
(-0.23)
2010 Indicator
-1.85
(-0.24)
2011 Indicator
-1.43
(-0.17)
2012 Indicator
11.19
(1.38)
2013 Indicator
2.31
(0.19)
Constant
-3.07
(-0.42)
N
51,161
R-squared
0.0003
F-test
1.19
Log Likelihood
-392617.62
t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
MARG = Marginal, NSS = Not Statistically Significant

Prediction
+
+

Table 17: OLS Regression Results for All TCCs’ Percent Profits.
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Independent Variable 1-Month Coefficients Result 6-Month Coefficients
MW Amount
-0.023
(-0.19)
NSS -0.157
(-0.59)
Endpoints
-3.60
(-1.05)
NSS -4.13
(-0.75)
Zones-Crossed
-0.079
(-0.04)
NSS 0.915
(0.26)
Short Indicator
9.92*
(2.02)
MARG 3.98
(0.36)
2009 Indicator
-0.028
(-0.00)
-10.08
(-0.68)
2010 Indicator
-0.078
(-0.00)
-10.09
(-0.68)
2011 Indicator
11.67
(0.46)
-11.68
(-0.72)
2012 Indicator
-1.70
(-0.07)
19.85
(1.24)
2013 Indicator
0.333
(0.01)
N/A
Constant
-7.28
(-0.32)
13.66
(1.12)
N
30,084
12,946
R-squared
0.0002
0.0005
F-test
0.72
0.83
Log Likelihood
-251965.6
-100324
t statistics in parentheses
* p<0.05, ** p<0.01, *** p<0.001
N/A = Not Applicable, MARG = Marginal, NSS = Not Statistically Significant

Result
NSS
NSS
NSS
NSS

12-Month Coefficients
0.355
(-0.32)
-2.63
(-0.10)
-15.76
(-0.95)
61.39*
(1.91)
-11.19
(-0.27)
-4.86
(-0.12)
-4.16
(-0.09)
183.42**
(3.06)
N/A
-1.37
(-0.04)
8,131
0.002
1.98*
-69964.04

Result
NSS
NSS
NSS
MARG

Table 18: OLS Regressions for One-, Six-, and Twelve-Month TCC’s Percent Profits.

A LRT was calculated for the percent profit models to determine whether TCC percent
profit should be analyzed together or separately by contract duration. The test statistic
was equal to 59272.04 with an associated p-value significant at the 0.01% level. This
implies that the three unrestricted models should be used.

We found that nearly all estimators for percent profit were not statistically significant.
Percent profit did not appear to have a linear relationship with MW amount, endpoints,
zones-crossed, and indicator variables.
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Chapter 7: Conclusion
Previous empirical research over multiple TCC auction periods concluded that contract
pricing within the NYISO TCC market was inefficient. However, there has been little
research that separates TCC data by market participant category and investigates
speculative TCCs separate from hedging TCCs over a long period of time. Given the
substantial growth in speculative TCC trading by specialty funds and investment banks
documented by Adamson and Parker, it is important for energy policy makers to
understand the magnitude of speculator profits compared to the market liquidity
benefits [9]. Policy makers should also be informed of the TCC characteristics correlated
with competition and profit in order to maintain a competitive and efficient market.

The results of this paper come with several caveats from data limitations. First, TCC
transactions could not be neatly separated into speculator and hedger groups. The
parsing method was based on publicly available bidding entity information. Any errors
made in the classification process will propagate through market assessments.
However, the initial classifications for known speculators and known hedgers was
completed in a conservative manner such that only entities that were highly likely to be
in a known category were placed there. Second, analyzing the competitiveness of the
TCC market was completed with the assumption that the number of winning bidders
approximates the total number of bidders because NYISO does not publish losing TCC
bids. Lastly, periods of congestion rent shortfall were not considered in the evaluation
of speculator profits. It is a possibility that the congestion revenue collected in real-time
was not sufficient to meet the revenue expected from the DAM settlements.
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This study describes an empirical analysis of the NYISO TCC market during the years
2008-2013 using publicly available price and rent data for one, six, and twelve month
auction awards. We found that speculators obtain large profits totaling $114.6 million at
a percent profit of 50.3%, but may also provide significant liquidity benefits to the
market with TCC transactions comprising roughly 50% by megawatt (MW) volume.
These figures do not include speculative transactions from market participants that
could not be classified.

The binary probit models as well as the multinomial logit model for identifying TCC
transaction characteristics show that speculators favored long term intra-zonal TCCs of
low MW amount, and without zone-zone endpoint configurations. In contrast, hedgers
tended to purchase short term larger MW inter-zonal TCCs corresponding to their
physical bilateral contracts. These results indicated that speculators and hedgers were
not competing for the same types of contracts. The apparent liquidity benefits may not
be realized since speculator transactions tended to be focused away from the types of
TCCs needed to hedge congestion risk. Furthermore, the lack of multiple winning
bidders with the same injection and withdraw nodes decreases liquidity and potentiates
the exercise of market power. This was likely the result of a vast number of possible
node-node TCC combinations.

An OLS profit regression showed that market participants systematically lose money
when they purchase TCCs across multiple congestion interfaces, and few such TCCs are
traded. In contrast, node-node intra-zonal TCCs systematically earned profit and
comprised roughly 60 percent of total market transactions on a MW basis. Speculators
appear to be earning consistent profits from intra-zonal TCCs.
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From a public policy perspective, a strong argument could be made that the NYISO
TCC market is not functioning well for its intended purpose. It appeared that
speculators may have extracted large profits thereby leading to higher prices for rate
payers without contributing much to the liquidity or forward price discovery of
hedging contracts. While policy recommendations are beyond the scope of this study,
energy market design experts might consider introducing restrictions to TCC market
speculation.
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