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For 30 years, The Federal Government has provided energy assistance funding to low- income households through various programs.  The goal of these programs is to lower household energy expenses during extreme weather and price events or to encourage energy-efficient home repair when weather and prices are more stable.  Unfortunately, the funding mechanism for many programs doesn’t change as weather and commodity prices change. Low-income households that have their heating bills largely mitigated one season can experience staggering bills the next. This was the case for Illinois’ low-income households from the winter of 1999 to the winter of 2000. When all Federal  assistance goes towards paying high heating bills, energy-efficient upgrades are neglected and low-income households remain at risk. State agencies, which act as the conduit between the Federal funds and individual households, generally know their base funding for the upcoming fiscal year.  If minimal cost weather and commodity hedge strategies could be executed on behalf of low-income households, disposable income could be protected and a stable funding base would be available for energy-related home repair.  Distribution companies benefit by offering these hedge strategies directly to their customers.
In 1974, the U.S. Office of Economic Opportunity granted $478,000 to Community Action Agencies in Maine for a pilot program known as “Project Fuel”.   Over the next several years, Federal funding for energy assistance programs increased dramatically and was extended to most states.  Funding procedures were formalized in the Low- Income Energy Assistance Act of 1981. Currently, the majority of funding to low income households comes from the 1982 Low-Income Household Energy Assistance Program (LIHEAP).    In 2001, the combination of colder than normal weather and high energy costs pushed total US energy assistance funding over $3 billion.  In 2002, the US total was just over $2 billion with $1.7 billion coming from LIHEAP.

Individual households qualify for LIHEAP funding if their household income is either less than 150% percent of the Federal poverty level or if their income is below 60% of their state’s median income level, whichever is higher.  Both thresholds are adjusted for the number of persons living in the household.  According to the National Energy Assistance Directors Association (NEADA),  nearly 4.7 million households applied for assistance in 2002. LIHEAP funding is currently authorized through Fiscal Year (FY) 2004 by the Coats Human Services Reauthorization Act of 1998 (based on 1990 Decennial Census data).  Under the 1998 reauthorization act, base funding is set at $2 billion for fiscal years 2002 through 2004.  Also, the LIHEAP statute as amended in 1999, ensures that no state will receive less than the amount it would have received in FY 1984 when aggregate US funding was just under $2 billion.

Because LIHEAP is funded for several years at a time, and because the allocation procedures are specific under Federal Law, states know their base funding for the upcoming fiscal year.  For example, Illinois’ LIHEAP funding varied from 5.8% to 5.9% of total U.S. LIHEAP funding between FY 1997 and FY 2002.  With total base funding at $2 billion for FY 2004, Illinois can expect to receive $116 million of the total. The LIHEAP statute, as amended through August 1, 1999, allows for 25% of state funds to be used for energy-related home repair.  For Illinois, this means $29 million in FY 2004 could be set aside for energy-related home repair.  How much of the $116 million will actually be available for energy-related repairs depends on prevailing weather and commodity prices.

From FY 2000 to FY 2001, home heating costs increased significantly in much of the US because of colder than normal weather and higher commodity prices.  In Illinois, winter weather as measured in population-weighted Heating Degree Days (HDD) increased from 4335 HDD for the five-month period ending in March 2000, to 5502 HDD for the five-month period ending in March 2001. The colder weather resulted in a 22% increase in Illinois residential natural gas consumption from the winter of 2000, to the winter of 2001.  Average natural gas prices, the primary space heating fuel for Illinois, also increased dramatically.  Average delivered natural gas prices increased from an average of $5.55 per MMBTU for the five months ending in March 2000, to $10.05 for the five months ending in March 2001.   
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The table shows that average Illinois residential heating costs more than doubled from the previous winter, from $472 to $1048  But for those households accustomed to receiving Federal assistance, average heating bills increased over 900% (from $58 to $559) even after the receipt of the LIHEAP benefit (assuming that 100% of funding when directly to space heating bills).  If recipient households could insure against cold weather and high commodity prices, year-to-year LIHEAP adjusted heating bills would be far more stable.   

The necessary insurance is available in today’s capital markets.  Financial derivatives tied to energy products have been traded on futures exchanges and over-the-counter since the nineteen eighties.  At the end of 2003, the notional value of open positions on Nymex Natural Gas futures alone was roughly $12 billion.  Fungible weather derivatives is a new entry into the capital market arena, however, insurance contracts tied to weather events have been around for decades.  A 2003 survey by the Weather Risk Management Association (WRMA) estimates that $4.2 billion of weather risk management contracts were traded between April 2002 and March 2003.

The most basic instrument for any hedge strategy is a swap contract, either traded on an organized exchange (futures) or directly between counter parties (over-the counter). In generic terms, a swap can be defined as an agreement between two parties to exchange a physical or financial product at some point in the future.  For most people, the nearest example would be purchasing shares in an exchange listed stock. With a swap transaction, the price of the stock is the underlying index for the transaction. For example, Company A agrees to pay Company B if the price of the Dow Jones Index is less than 10,000 points on January 1, 2005 and Company B will pay Company A if the price of the Dow Jones Index is greater than 10,000 points on January 1, 2005.  The two parties agree to the trade at $100 per point.  

A natural gas swap would be structured similarly to the example above but instead of the Dow Jones Index being the underlying event, the trade would be tied to a publicly reported natural gas index, such as the Chicago City-Gates price published in the Inside FERC’s Gas Market Report (a bi-weekly price survey published by Platts). An energy distribution company (on behalf of their low-income customers) or a state agency could purchase a gas swap agreement for one or several years based on prices available in the over-the-counter forward market. As gas prices rise, the gain from the swap contract would offset the increase in the commodity component of heating bills.  Below is an example natural gas swap for Chicago City-Gates price for 5000 MMBTU for January 2005 from the swap buyer’s (Company A’s) perspective.
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Company A (swap buyer in the example) would be compensated by their swap position if the Chicago price is higher on January 1, 2005 than the price level negotiated in the swap contract.  Likewise, Company A would have to pay Company B if the Chicago price was lower than the contracted level.  Purchasing the swap, ensures that funding levels fluctuate in the same direction as prevailing natural gas prices. 

Similarly,  a weather swap would be tied to cumulative heating degree days (HDD) at some location, such as Chicago’s O’Hare Airport, as reported by US National Climatic Data Center (NCDC).  Like the gas swap, an energy distribution company (on behalf of their low-income customers) or a state agency could purchase a HDD swap agreement for one or several years based on prices available in the over-the-counter forward market.  If the heating season is colder than normal, the gain from the swap contract would offset the increase in the distribution and transportation component of heating bills. Below is an example of $100 per HDD swap for January ten-year average (1,273) HDD at Chicago, Illinois from the swap buyer’s (Company A’s) perspective.
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Company A (swap buyer in the example) would be compensated by their swap position if Chicago’s January weather was colder than the ten-year average.  Likewise, Company A would have to pay Company B if Chicago’s January weather was warmer than the ten-year average.  Like the performance of the natural gas swap, the purchaser of the HDD swap will gain or lose as prevailing weather deviates from some negotiated level.

Establishing a strong statistical relationship between consumption and weather is essential for both natural gas and weather hedges.  Models need to also consider the relationship between consumption and prevailing commodity prices. When prevailing prices are high, customers may be more inclined to put on a sweater than turn-up the thermostat on a cold day. Statistical models can range from simple linear spreadsheet models to complex neural network programming.  For most consumers in the northern US, a simple plot of monthly (bill-cycle adjusted) consumption and HDD will show a strong enough statistical relationship to establish a basic hedge strategy.
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The above graph represents Illinois residential natural gas consumption as reported by the EIA and actual HDD at Chicago’s O’Hare Airport. The relationship is very strong as most of Illinois natural gas consumers are concentrated in the metropolitan Chicago area.   In the linear equation represented on the graph, ‘x’ is HDD and ‘y’ is consumption.  At 1000 HDD, residential consumption is approximately 69,292 MMcf.  At 1001 HDD, consumption is 69,354 MMcf. The addition of one HDD increased consumption by 62 MMcf or 62,000 Mcf. For each HDD, aggregate residential consumers paid roughly $341,000 in January 2000 and $623,000 in January 2001, based on respective per Mcf delivered prices in the table above. Illinois’ LIHEAP recipients are roughly 8% of residential gas consumption based on the Health and Human Services data.  In a more thorough hedge analysis, the characteristics of LIHEAP households would be distinguished from average households.  But roughly speaking, if state-wide residential consumption is 62,000 Mcf per HDD, then state-wide LIHEAP recipient consumption is 4,960 Mcf.   For each HDD,  aggregate Illinois LIHEAP recipients paid roughly $27,280 in January 2000 and $49,848 in January 2001, based on respective per Mcf delivered prices in the table above.

The optimal hedge for Illinois’ LIHEAP recipients in the heating season would eliminate the exposure to colder-than-normal weather and minimize increases in the natural gas price.  Assume that hedges were entered into on behalf of LIHEAP recipients in April 2000 for the upcoming winter of 2000.  Chicago November through March cumulative HDD were “locked” at the 5 year average and that the natural gas price was “locked” at the forward market rates available at the time of the hedge.
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The combined hedges returned $66,323,626, which divided by Illinois’ 280,510 LIHEAP households, equals $236.44 per household. These hedges, if executed in April 2000, would have reduced average Illinois LIHEAP household heating obligations from $558.94 to $322.50 for the five months ending March 2001 (based on actual heating degree days reported by the NCDC and actual Chicago City-Gates price reported by Inside FERC Gas Market Report). 

Minimal cost hedges involving swap instruments reduce both the peaks and valleys of price and weather events.  Had the Illinois winter of 2000-2001 been warmer than normal, and had natural gas delivered in Chicago been lower than average, the hedges would have had losses instead of gains.  Part of Illinois LIHEAP funding would then be required to offset the losses on the hedges, however, recipient households would have lower bills because of the warmer weather and lower price environment.   More sophisticated hedging strategies, such as those involving options, would further reduce the year-to-year variability of heating costs.

Hedging in any enterprise offers predictability.  In the case of LIHEAP funding, the year-to-year obligations of recipient households become more stable and consistent funds can be designated to upgrade furnaces, insulation or similar weatherization projects.  Energy-related home repair offers the best long-term solution to protect families from excessive energy bills. In the same way that hedging stabilizes customer’s monthly heating bills, many natural gas and electric distribution companies use weather hedging to reduce the variability of their distribution-transmission revenue. Many distribution companies also use commodity hedging to stabilize rates in regulated jurisdictions to reduce customer payment problems.  

Customer payment programs which pass-through commodity hedging and/or weather hedging offer stability to both distribution companies and their customers.  If state agencies encourage local distribution companies to implement pass-through hedging programs, the stabilization benefits transcend low-income households and impact regional economies as a whole.  This is what the Federal government was trying to achieve when it started the low-income energy assistance programs thirty-years ago.

