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The role of financial speculators is controversial
Commodity markets

Increase liquidity and informational efficiency.

Blamed for higher prices in oil, food, electricity.

Accused of price manipulation in several markets.

I US Senate investigation: Aluminum, oil, uranium

I Electricity: Louis Dreyfus (Midwest)

I Onion Futures Act (1958)

Are financial traders bad for markets?
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This paper: Are financial traders bad for consumers?

Midwest wholesale electricity market

1. Physical and financial traders in the same market

2. Quasi-exogenous variation in financial trading

3. Detailed dataset on firm behavior

I Bid data for physical and financial traders
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Deregulated wholesale electricity markets

Generation Transmission Distribution

Sellers Market operator Buyers

ISO - Independent System
Operator
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Wholesale electricity markets: market operation
Sequential market

Timing

Forward market: schedules production a day in advance.

Spot market: balances demand and supply.
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Physical and financial players

Physical sellers

Produce electricity

Intertemporal price discrimination (Ito and Reguant, 2016)

I Withhold sales in the forward market

I Results in a forward premium

Financial or virtual traders

Do not own physical assets.

Compete with physical producers:“virtually” arbitrage.

Forward premium ⇒ sell in the forward and buy in the spot

Π = (PF − PS)Q (1)
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Regulatory change

Before April, 2011

Positive forward premium

Virtual supply profits: π = PF − PS − c

Changes c were as high as the premium ⇒ Arbitrage was limited

April, 2011

Charges significantly decreased.

Proposal submitted on December 1, 2010 (Announcement)
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Result 1: Financial trading increased
Financial traders response to the regulatory change
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Result 2: Producers withholding decreased
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Result 2: Producers withholding decreased

ImplementationAnnouncement
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Hypotheses

Null: Static Nash equilibrium

Firms play static best response to the competitive conditions they
face.

Alternative: Dynamic equilibrium

Do they exert more or less market power than under the static best
response?

1. Tacit collusion

I Firms do not play static best response: they act as if the market were
less competitive than it is.

2. Entry deterrence

I Firms do not play static best response: they act as if the market were
more competitive than it is.
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Static model for a generator

Static model

Generator deciding how to bid in a sequential market.

The optimal forward bid satisfies:

pF − pS

pF
=

1

|η|

η is the elasticity of the residual demand faced by the firm.

pS is the opportunity cost of selling in the forward market.
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Test of conduct

Define the best response deviation (BRD) as

BRD =
pF − pS

pF
− 1

|η|

where η is the elasticity of the effective residual demand. Note that:

BRD =



= 0 ⇒ Static model holds

> 0 ⇒ Consistent with tacit collusion
They act as if the residual demand were less elastic

< 0 ⇒ Consistent with entry deterrence
They act as if the residual demand were more elastic
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Implementation relies on knowledge of the demand

Demand is “almost observable”

Hourly bid data: willingness to buy/sell at each price
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Challenge: Who competes with whom

Modeling Properties and Behavior of the US Power System as an
Engineered Complex Adaptive System

Extended Abstract

Moeed Haghnevis and Ronald G. Askin
School of Computing, Informatics and Decision Systems Engineering

Arizona State University, Tempe, AZ 85287-8809
Moeed.Haghnevis@asu.edu and Ron.Askin@asu.edu

Introduction
Classically, system analysts consider the physical world as
an collection of components and their approximately lin-
ear interactions. This assumption allows studying a system
by reductionism (bottom-up understanding of decomposed
components and then aggregating the partitions) to analyze
the whole system behaviors. Today, holism evidences that
the sum of components fails to describe systems comprised
of myriad interoperabilities between agents. Emergent, evo-
lutionary, and adaptive behaviors of the real-world depict a
fruitful source of inspiration for modeling behavior of com-
plex adaptive systems (CAS). Traditional mathematical and
engineering modeling of CASs (such as equilibrium or game
theory models) are still incomplete and fragmented. They
are usually unable to study real characteristics of agents and
their decision behaviors. Complexity theory and concepts
are well studied in the literature (Couture 2007) and (Cou-
ture 2006b). Also, researchers tried to present mathemati-
cal methods and measures to study CASs (Couture 2006a),
(Bar-Yam 2004b), (Bar-Yam 2004a), and (Bar-Yam 2000).

This research aims to define a novel framework and
platform to employ engineering and mathematical models
to study adaptive dynamics in certain engineered complex
adaptive systems (ECAS). We analyze a class of decentral-
ized heterarchial complex systems to infer emergent behav-
ior of the components, evolution processes, and adaptations
of the whole systems. While the US electric power system
will be utilized for demonstration and validation, the frame-
work has applicability to the general class of ECASs. Condi-
tioned on parameterization of the framework, a theorem will
be presented to calibrate current situation and predict future
behaviors of an ECAS.

The huge growth of the US power system (3.7 billion
KWh consumption in 2009 i.e. 13 times greater than 1950
and expected growth to 4.88 billion KWh by 2035 (EIA ),
consumer-interactive controls, time dependency of the mar-
ket, and complexity in its network topology are main reasons
to consider the US power system as an ECAS. Locational
Marginal Price (LMP) of electricity vary by time, location,
and consumer type (e.g. Fig 1 provides the LMP contour
map of the Midwest ISO (MISO ) in April 26,2011 at 17:25

Copyright c⃝ 2011, Association for the Advancement of Artificial
Intelligence (www.aaai.org). All rights reserved.

that may change totally in the next 5 minutes). This adap-
tive complexity in consumer behavioral level motivates us
to study the interrelationships between consumers, their in-
teroperability, and willingness to cooperate or compete in
the system. Some previous studies considered other parts of
the US power market, e.g. physical level or business issues,
as an ECAS (Li and Tesfatsion 2009), (Conzelmann et al.
2004), (ANL ), (Barton et al. 2000), and (Wildberger and
Amin 1999).

Figure 1: LMP contour map of the Midwest ISO

Applying this integrated model has the following benefits
for the US power system:
• Reduction of dis-uniformity in electricity consumption to

reduce investment in new generators, transmission and
distribution infrastructure.

• Communicates energy information to encourage people to
change their behavior in high stress times or vulnerabili-
ties (e.g., specific weather, high demand days, and acci-
dent or fault in power lines or generators).

• Allows analyzing changes in the behaviors by increasing
the effectiveness of the dynamic pricing strategies.

Engineered CASs Framework
A multi-profile descriptive framework is developed to cali-
brate the current structure of an ECAS and to predict its dy-
namic behaviors. Four-tuple profiles of ECASs, their charac-
teristics, and the proper measures are presented in Table 1.

Complex Adaptive Systems: Energy, Information and Intelligence: Papers from the 2011 AAAI Fall Symposium (FS-11-03)

76

Source: MISO
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Proposed solution: Split into independent markets

Idea: prices should move together if firms are in the same market
(Stigler and Sherwin, 1985).

Group firms according to price correlation.

I How? Hierarchical clustering (machine learning tool).

Clustering algorithm requires to specify the number of markets.

I Use bid data to select “best fitting” market definitions.
I Clear each independent market using bids submitted at those locations.
I Compare simulated and observed prices.
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Demand and supply - market clearing
37 buyers, 6 sellers
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Test of conduct: Implementation
Best response deviation

For each hour,

BRDt,m = α0before + α1interim + α2after + X + εt,m

BRDt is the average BRD weighted by firm size.

before the announcement of the policy change.

interim between announcement and implementation.

after implementation.

X : Monthly and hourly fixed effects.
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Best Response Deviation
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How many firms?

Individual regressions for each firm indicate results come from a group
of 30 firms

All have most of their assets in the west area of the market, where
most of wind units are

Run the BRD regression separately for the west and the rest of the
market
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Best Response Deviation

−2

0

2

4

Oct 2010 Jan 2011 Apr 2011 Jul 2011

$

Best response deviation − West  

Hourly mean weighted by firm size, month and hour fixed effects.

Mercadal (Columbia) Role of financial traders July 24, 2018 20 / 23



Best Response Deviation

−5.0

−2.5

0.0

2.5

Oct 2010 Jan 2011 Apr 2011 Jul 2011

$

Best response deviation excluding the west  

Hourly mean weighted by firm size, month and hour fixed effects.

Mercadal (Columbia) Role of financial traders July 24, 2018 20 / 23



Forward Premium
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Welfare

Consumer surplus

For a given quantity, consumers pay 4% less.

Save about $1, 850, 000 a day on average in the forward market

Productive efficiency

Forward market: lower costs because of better production scheduling.

Spot market: higher costs because generators exert more market
power (Ito and Reguant, 2016).

I Back out spot margins and find they did not increase.
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Contribution

1. Role of financial players as competitors of producers

Increase consumer surplus.

Break tacit collusion.

2. Dynamics matter

Test static Nash equilibrium.

Reject static Nash in favor of tacit collusion.

3. Machine learning tools can be used to study market structure

Obtain competitive structure imposing minimal assumptions.

Show it accurately represents the data.
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Thank you
ignacia.mercadal@columbia.edu
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