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Abstract: 

There has been many studies about hedging power prices but most of them are limited 

to Power price at hub. This paper studies the Basis Risks in power portfolio more 

specifically it explain the Basis Risks present in a Power portfolio, the limitations of 

hedging these risks and develops a framework to hedge the Basis Risk using Principal 

Component Analysis framework. 
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1. Background 

Unlike financial markets, Power markets are highly locational because the production of electricity 

happens at one geographical location and consumption takes place at another geographical 

location. Power is even more complicated because unlike gas, it can’t be stored and needs to be 

transmitted instantaneously. In a given ISO, there are thousands of generation and consumption 

points and it is not possible to have sufficient liquidity at each of these thousands of locations; this 

has lead to emergence of concept of “Hubs” and “Zones” which are representative of several 

generation/ consumptions points within a particular geography. The trading for all these 

generation/consumption points is done at the Hub and/or Zone. These Hubs and Zones are liquid 

enough for market participant to take position but then it leads to Basis Risks between the 

generation/consumption point and the corresponding Hub/Zone. 

Most trading shops, merchant generators and utilities have a portfolio spread out within multiples 

zones within an ISO. If there is a merchant generation, then most likely it has generation assets 

located in multiple zones. Similarly, if there is a load serving utility then most likely it serves load 

across multiple zones. These entities hedge their exposure at the liquid Hub / Zones and then they 

are exposed to Basis risks. 

There have been some studies about hedging power risks using energy futures and forwads but 

most of them are limited to Hubs / Zones (BystrÖm, 2003; Zanotti & Gabbi & Geranio, 2010; 

Hanly & 
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Morales & Cassells, 2018). Power portfolio do have substantial Basis Risk and the purpose of this 

paper is to explain these risks and propose a model to hedge Basis Risks in power portfolio. 

Most of the portfolio managers are “Basis Takers” i.e. they don’t do anything to hedge the Basis 

position. The primary reason for this is the illiquidity of Basis. Even if some market participants 

are willing to sell the basis, the Bid-Ask spread is very large which makes the economics of hedge 

unattractive. Also, if a Basis position is being offered, then there is not large enough offer (MWs). 

In some cases, portfolio managers don’t bother to hedge the Basis Risks because the “Forward 

Value” is low. But if the month witness extreme weather events, then Basis can explode or implode 

leading to huge large $ impact. This impact can be so large that it can drive entities to bankruptcy 

and we have enough evidence of this within United States. 

2. Drivers of Zonal Basis 

The Basis is stochastic and is a function of several grid parameters. 

2.1. Difference between Load and Generation within the Zone: If the Generation within a Zone 

is enough to serve the load within the Zone then the Basis is not large. But if there is a 

mismatch between load and generation is large, Basis starts to increase. If an extreme 

weather event has happened e.g. extreme hot or cold, then zone has to procure power from 

other zones and most likely from non-economical units leading to increase in Basis. 

Similarly, say if the zonal load drops drastically then the zone will have excess generation 

leading to large drop in Basis. 

2.2. Transmission Infrastructure: If the transmission infrastructure is not sufficient to 

transmit the power from source to sink then it leads to congestion in the grid. In such a 

scenario, the more expensive units within a zone have to come online to meet the load 

obligation leading to large Basis. 

2.3. Supply Stack: Supply Stack can impact Basis in multiple ways: 

• If generation units in a zone are old and are susceptible to trips / unplanned outage then 

any outage of such plants, will cause mismatch in load and generation and an increase 

in Basis. 

• If the supply stack is heavily composed of intermittent generation like Solar / Wind / 

Hydro/ Battery then it can impact the Basis. The Wind/ Solar Generation is stochastic 

and if they underproduce or overproduce then it can lead to mismatch in load and 

generation leading to large swings in Basis. 
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3. Power Portfolio Basis Risks 

If a power portfolio has exposure to one or two Basis then things are not as complicated. May be 

the portfolio manager manages to find a counterparty which can sell the Basis MWs. The problem 

arises when portfolio is exposed to many basis which leads to “Basis Portfolio”. In these situations, 

it is difficult to find counterparty and large MWs at each Hub / Zone to hedge at a reasonable price. 

Consider a hypothetical load portfolio within PJM ISO wherein the load is distributed across 

multiple zones including PEPCO, DPL, PENELEC, PSEG, BGE, ATSI, DOM, BGE and each 

Zone has a different amount of load. If the portfolio manager tries to hedge each of the Zones, it 

is nearly impossible to do it. So the portfolio manager puts on hedge at the hub level i.e. “PJM 

West” because PJM West is the most liquid hub. The total MWh at the PJM West is the sum of 

the positions at each of the zones i.e. 417.1 GWh. After putting on this position, this portfolio has 

Basis exposure and the Basis is from each of the eight zones viz. PEPCO, DPL, PENELEC, PSEG, 

BGE, ATSI, DOM, BGE and from PJM West. 
 

4. Model for Basis Hedging: 

Principal component Analysis is great tool to reduce dimensions (Kambhatla & Leen, 1997). This 

paper employs the Principal Component Analysis (PCA) framework to hedge Basis Risks. The 

exposure at each Basis location is assumed to be a dimension and so a portfolio is assumed to be 

composed to many dimensions. PCA is used to reduce the dimension and we are left with one or 

two dimensions which represents the most amount of variation in the portfolio. If we hedge these 

first principal component (PC1) and/or second principal component (PC2), we can hedge most of 

the variation in the portfolio. The model essentially consists of three steps a) Simulate Basis b) 

Perform PCA analysis c) Hedge the PCs. 
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1. Simulate Zonal Basis: There are different methodologies for simulating the Basis. One 

such approach is to do a bottom’s up approach wherein the temperature, load, generation 

and price are simulated for each point in an ISO and Basis can be computed from this. The 

other way is to use the historical data to simulate the Basis. This is a quick and fairly 

accurate way to simulate Basis because all the grid conditions including weather swings, 

load swings, plant outage, transmission outage is baked into the historical data. This 

historical data also readily available from the ISO. Another source of this information is 

the FTR/CRR auction published by the ISOs. Most of the ISOs, computes “Shadow 

Pricing” wherein they determine price at all points on the grid. The result from these 

auctions can be used to compute Basis. 

2. Perform PCA: Basis is composed of Congestion and Loss. Losses are usually fixed, is a 

function of transmission infrastructure within an ISO and are usually a fixed percentage of 

the electricity price. These losses can be backed out from Basis to imply the congestion 

which is the stochastic component. This congestion is a function of different factors 

including load swings, plant outage, generation variability, transmission outage etc. But if 

the ISO is expected to have major upgrades / changes to supply stack and / or transmission 

infrastructure then the same has to be reflected into the congestion. A correlation matrix is 

computed using a historical congestion and PCA analysis is performed on this. 

3. Hedge Basis: Once PC1 and PC2 has been determined then we have to find an appropriate 

hedge instrument to hedge these PCs. Since PC1 and PC2 are independent, the hedge 

instruments should be different for each of these. Also, the hedge instrument should be 

correlated with PCs and should have the same volatility as the PCs. 

5. Data 

For the purposes of this study, PJM market was chosen because there are several zones within PJM 

market, the liquidity at each zone is relatively low and but there is a liquid hub PJM West. 

The PJM ISO is well suited for Basis study also because the generation and load are not usually 

co-located in the same zone in PJM. Often times, the generation and load are located in different 

zones which calls for power to be transmitted over large transmission line from source 

(generation) to sink (load) leading to congestion and a blow up in basis. 

Lastly, PJM ISO is located in North East region in United States and is exposed to extreme weather 

conditions especially in Winter leading to large swings in Basis. 

For purposes this study Jan 2023 and Feb 2023 was chosen. Historically the Basis spikes have 

happened during 7x16 block, but it has been assumed that Basis spikes would happen only during 

5x16 block. The historical years for study are 2019 through 2022 and it has been tested using 2023 

data. 
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The portfolio is composed of Load in several Zones viz. PEPCO, DPL, PENELEC, DAYTON, 

NI HUB, ATSI, DUQ & COMED and is assumed to be fully hedged using PJM West Hub 

leaving with Basis exposure. It has also been assumed that there is enough liquidity for PJM 

West about three months in advance and that hedges are put on around this time. This timeframe 

has also been chosen because by this time, the market has a fairly good estimation of how Winter 

will pan out and this information is baked into the forward market. Market also has a good 

estimate of supply stack and any transmission upgrades that will happen about three months 

later. Because of this information, the Basis prices for Winter months are fairly accurate and it is 

a good time to put on hedge. 

6. Results 

The PCA analysis and Hedge details for Jan 2023 and Feb 2023 are presented below. As shown in 

the first table below, PC1 explains ~ 69% of Basis variation while PC1 and PC2 combined together 

explain about 84% of variation in Basis. 

The second table shows the $ impact of Basis move, Hedge MtM and the hedge effectiveness for 

January 2023. The first column shows the $ impact of Basis move using the both components of 

Basis viz. congestion & Fees while the second column shows the $ impact using only the 

congestion component of Basis. The Hedge MtM is positive showing that, the hedge moves 

opposite to Basis. The table also shows the effectiveness of the hedge using $ impact of both kinds 

of Basis move . 
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The hedge amount has been computed using PC analysis on congestion; so the hedge 

effectiveness computed using, only congestion component as a reference, is ~ 69% which is 

also the variation explained by PC1. The Hedge effectiveness computed using both congestion 

and fees is close about 70% which is along expected lines because Loss is a small component 

of Basis. 

The PCA analysis for February as follows. As shown in table below, PC1 explains ~ 51% of 

P&L variation while PC1 and PC2 combined together explains 68% of variation in P&L. The 

Hedge effectiveness for February using only congestion as a reference is 57% which is close 

to variation explained by PC1. Similar to January, for February also, the hedge effectiveness 

using both congestion and losses is close to the former one. 
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In this example, only PC1 was hedged but PC2 can also be hedged. If that were to be done, a 

completely different instrument will have to be used because PC1 and PC 2 are orthogonal. 
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7. Conclusion 

The framework of Principal Component Analysis was employed to reduce the dimension of Basis 

portfolio and it was successfully used to hedge the Risk in the Basis portfolio for Winter 2023 

delivery in PJM market. This methodology overcomes the limitations that portfolio managers faces 

to hedge the Basis Risks and it can employed to reduce variability in power portfolio. 
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