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Abstract

This thesis deals with the impact of weather on the natural gas market. We describe
the development of the natural gas market in the recent past and its current structure.
Both these contingencies contributed to the growing importance of hedging against
weather risk.

Weather is unambiguously the primary determinant of demand in the natural gas
market. For that reason, we build a model predicting consumption in the Czech
natural gas market with respect to its temperature sensitivity.

Such an analysis frequently serves as the first indicator of the need for weather risk
hedging, which is since the 90’s commonly done with weather derivatives. Therefore
we go through so called burn analysis that determines the fair price of an option with
regard to past temperature measurements.

Keywords: natural gas, weather risk, regression model, weather derivatives

JEL class: C10, C20, G12, G13

Abstrakt

Tato prace se zabyva vlivem pocasi na trh se zemnim plynem. Popisujeme vyvoj trhu
se zemnim plynem v poslednich letech a také jeho soucasnou strukturu. Oboji
prisp€lo k v dnesni dobé rostouci dilezitosti zajistovani proti riziku spojenému se
zménami pocasi.

Pocasi je jednozna¢né hlavnim determinantem poptavky na trhu se zemnim plynem.
Proto vytvafime model, ktery predikuje spotiebu na ¢eském trhu se zemnim plynem
s ohledem na jeho teplotni citlivost.

Takovato analyza Casto slouzi jako prvni indikator potieby zajisténi rizika zmény
pocasi, které je od devadesatych let obvykle provadéno za pomoci weather derivatt.
Proto provadime takzvanou “burn analyzu”, ktera urCuje cenu opce na zakladé
teplotnich méteni z minulosti.

Kli¢ova slova: zemni plyn, riziko spojené se zménami pocasi, regresni model,
weather derivaty

JEL class: C10, C20, G12, G13
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+ INTRODUCTION

“It is almost impossible to name a type of business that is insulated from the effects of the
weather”

Lixin Zeng (2000)

Throughout history there have always existed many forces affecting economic life of the
society. In this thesis we will focus on one of the strongest factors — the power of weather,
which can not be physically influenced by anyone' and noticeably affects a broad range of
activities. Weather highly influences our everyday life. It determines also what we do, wear or
eat. Since continuous discussions on global warming are nowadays more and more intensive,
interest in the relationship between weather, environment and economies is increasing all over

the world.

Weather greatly affects economic performance of companies. Not only the short term extreme
weather events such as hurricanes or heavy snow storms, but especially long term adverse
weather conditions are often reflected in profits of companies in various businesses. For that
reason, it is greatly in their interest to accurately predict sudden weather changes and to adopt
arrangements to shield against their impacts. Although there have been achieved some
improvements in weather forecasting over the past years leading to its higher accuracy and
consistency, the predictability is still far from ideal. Inaccurate forecasts may cause, beside
daily inconveniences for the ordinary life of people, also large financial losses in industry.
There have been written numerous studies, for example Weatherbill Inc. (2008), Larsen (2006)

or Dutton (2002b), that try to measure the share of economy vulnerable to weather. However,

" Here, we do not consider climate changes and the influence of people on climate that is subject to
discussion over the whole world.
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taking into account the fact that the weather impact varies with particular sectors of economy

as well as with geographic regions, there is not easy to accurately assess weather impact.

Every year, companies in a wide range of industries blame adverse weather conditions for
their poor financial performance and failures to meet sales or profit targets. Since this
behaviour had been repeating for many years it received its own name even in the Wall Street
- “the weather excuse”. The situation has recently changed and more and more companies are
apprehensive that weather usually implies a big-sized risk. Therefore, it becomes very
difficult to ignore it and blame weather for bad financial performance. A successful weather
risk management program can mean the difference between the profit and loss for many
companies in different industries (see Ameko 2004). In view of adverse financial effects of
more frequent weather-related events, an increasing number of companies become interested

in weather risk management.

At a glance, it is obvious that especially the energy sector is an industry that is greatly affected
by weather. Among the most significant evidences of the weather impact on the energy sector
belong changes in the heating and cooling requirements of households. In order to minimize
the effects of unfavourable outdoor temperatures, people decide to heat or cool to arrange
comfortable environment for living. This behaviour is strongly reflected in consumption of
both natural gas and electricity and consequently also in revenues of companies trading these
commodities. Since the concept of protection against the consequences of adverse weather has
highly changed during the last decade (Dutton 2002a), we try to apply recent findings to the

actual situation in the Czech natural gas market.

The first chapter is concerned with the theory of weather risk. We introduce the definition as
well as the basic approach to these questions in the world. Moreover, one part is devoted also

to basic knowledge of hedging against weather threats and history of the weather risk market.

The second chapter deals with the natural gas market and its historical context. We show basic
situations when market disturbances, among which belong also adverse weather events, might
appear. In addition, main contingencies in the Czech natural gas market are presented, which
is absolutely fundamental to the understanding of the situation in the market and therefore to

further analysis of the impact of weather on the natural gas industry in the Czech Republic.

In the third chapter, we search for the relationship of temperature and natural gas consumption
in the Czech market. Development of temperature and daily gas consumption over the period

of nine years as well as the behaviour of these variables in particular months is demonstrated.
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In spite of the fact that there are used various approaches to modelling the dependency of
natural gas consumption on weather”, we apply regression methods, which have been used e.g.

by Fildes et al. (1997), Cao et al. (2004a), Abiodun (2002) or Gabbi and Zanotti (2003).

The dependency of natural gas consumption and weather varies across different countries and
its level commonly corresponds to the structure of natural gas users in particular markets, i.e.
may provide us information about the share of weather dependent demand. Due to this fact,
the comparison of regression results may also indicate differences in natural gas usage in

different countries.

The understanding and anticipation of the weather impact on natural gas demand is essential
for companies’ managements and analysts to create accurate expectations of sales and
financial inflows. Also Feinberg and Genethliou (2005) state that: “Accurate models for
power load forecasting are essential to the operation and planning of a utility company.”
Moreover, as there commonly large potential costs in the natural gas market linked to
changeable weather, an accurate prediction of demand may greatly help to reduce the weather
threat since it might help companies to prepare for inconvenient times. Since the 90s, financial
derivatives started to be employed in the protection against adverse weather. Accordingly, a
precise model may also greatly help as an indicator whether to hedge against adverse weather
or not.

Hence, we deal with the two basic principles of protection against the risk of changeable
weather in the natural gas market: offtake flexibility in contracts and weather derivatives. We
will try to build a model that reflects as precisely as possible the temperature sensitivity of a
given portfolio of natural gas consumers. Such model could be consequently employed in the
prediction of natural gas consumption with respect to weather week-day sensitivity as well as
in the protection against weather risk with the help of weather derivatives. Therefore, it could
be helpful in securing stable financial inflow.

In the last chapter, that is rather descriptive than analytical, we deal with the contribution of
financial markets to the protection against losses assigned to the risk of weather change.
Hedging strategies with weather derivatives, on which are focused for example Cao et al.
(2004a), Jewson (2004) or Jewson et al. (2005) and which are often employed abroad, are

presented as an applicable instrument also in the Czech natural gas market.

? These methods are usually based on weather forecasting, regression models or time series modeling.
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Chapter 1

1. WEATHER RISK

Nowadays, as the discussion on global climate change is gaining intensity, interest in the
relationship between weather, or more generally said environment, and economy is spreading
with enormous speed all around the world. There are dozens of authors that are trying to
express in numbers the dependency of economy on weather and consequently evaluate the
risks affiliated to weather. Since results are usually very miscellaneous, it is obvious that
evaluation of these risks in not an easy task. Impacts of weather vary with economic sectors as
well as with geographic regions and compared with other forces that bring some cost to

economy, they have quite specific position.

We have to realize that weather is completely beyond human control. No one can influence,
modify or manipulate it (regarding climate changes, it would be for a long discussion, of
course). Moreover, no one can even forecast weather beyond the horizon of few days with
enough accuracy. These aspects heavily contribute to the uniqueness of so called “weather
risk”. Reflecting the role of weather in economy, the main reasons for costs incurred by

weather come out here.

1. 1. Impact of weather on the economy

In this thesis we focus mainly on weather related topics. However, due to the concern over
global climate change around the globe today, also dozens of studies dealing with climate
risks have been commissioned. Therefore, it is necessary to make a distinction between both
terms - weather and climate. Even though the difference between them is quite obvious at the
first sight, let us now define both terms to avoid possible misunderstandings. General

I

definition® of weather says that it is “... current, rather than average, atmospheric conditions;

the object of study of synoptic meteorology. Weather variables include humidity, temperature,

3 According e.g. to: http://www.answers.com/topic/weather.
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sunshine hours, cloud cover, visibility, and precipitation (fog, rain, snow, sleet, and frost).”
The same source defines climate as follows: “A summary of mean weather conditions over a
time period; usually based on thirty years of records. Climates are largely determined by
location with respect to land — and sea-masses, to large-scale patterns in the general

’

circulation of the atmosphere, latitude, altitude, and to local geographical features.’

In other words, if you look out of your window, it will be weather you see anytime. But if you
are repeating this for a month, quarter of a year or even years, you will be able to determine
the climate outside. All definitions of these terms correspond to the general feeling that

climate is much a long-run event.

1. 1. 1. Weather sensitivity

Precise assessing of weather sensitivity of various economic sectors is not an easy assignment.
There have been published many papers, mainly in the United States (U.S.), dealing with the
topic of weather sensitivity of economy. According to Larsen (2006) there do not exist any
economic definitions of being economically sensitive to weather. However, one may find
applicable definitions of sensitivity in the literature about climate. The United Nations

““

Environment Programme (2001) defines sensitivity as: “... the degree to which a system will
respond to a change in climatic conditions.” Despite the fact that there are greatly diverse
time horizons when talking about weather and climate, the definition of sensitivity is in
general plausible for both cases. Therefore, if there is an adverse (or potentially beneficial)
impact of weather on economic sectors, either direct or indirect, they are considered to be

economically weather sensitive. Nevertheless it is important to define this sensitivity

objectively as there usually exists the tendency to do it in a subjective way.

Larsen (2006) further claims that: “4 super-sector could be deemed objectively sensitive to
weather (relative to another super-sector) if repeatedly drawing from a distribution of
observed weather variables (e.g. temperature, precipitation) in a geographic region produces
measurable changes in the variance of the dependent variable (e.g. sales of cars, agricultural

yields, or some measure of sector output) estimated from a robustly fit regression equation.’

He emphasizes the existence of a meteorologists’ fraction which speculates that practically all
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sectors of the economy of the U.S. are weather sensitive. The U. S. is estimated to have total

weather sensitivity of $2.5 trillion dollars, about 23 percent of the whole national economy.*

Dutton (2002b) supposes that about $3.9 trillion of the $9.9 trillion U.S. Gross Domestic
Product (GDP) in 2000 was sensitive to weather. Expressed in percentages, 39.1% of the
national GDP was affected by weather with the following components listed as weather

sensitive:

= agriculture, forestry and fishing

"  mining

»  constructing

= transportation and public utilities

= retail trade

= finance, insurance and real estate

= services
“The conclusion is that some one-third of the private industry activities, representing annual
revenues of some $3 trillion, have some degree of weather and climate risk. This represents a
large market for atmospheric information, and it should represent a powerful force for

advancing the cause of atmospheric observation and prediction,” Dutton says.

Despite the fact that results of particular studies vary, it is obvious that a large portion of the
U.S. economy is highly, directly or indirectly, affected by weather. Although this topic has
been widely discussed in recent years, it is still very difficult to quantify the results
objectively since authors tend to be in their analyses always subjective. Some level of

subjectivity has to be generally used both in definition of:
» the manner of empirical testing at the national level

» the meaning of being sensitive

1.1. 2. What is weather risk?

“Weather risk is the uncertainty in cash flow and earnings caused by weather volatility.”

Jack Cogen (1998)

* Weatherbill Inc. (2008): Global Weather Sensitivity: A Comparative Study.
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Dutton (2002b) defines weather and climate risk in a more comprehensive way as the
possibility of injury, damage to property or financial loss due to severe or extreme weather
events, unusual seasonal variations such as heat waves or droughts or long term changes in

climate or climate variability.

Although we devote this thesis to weather and associated risks, also the discussion on climate
and its change of course greatly helped to popularize the term “weather risk”. We are
interested in the topic of temporary weather changes that may mean even the period of a
couple of months, even though continual changes of climate are not a topic of lower
importance compared with short term weather variations. In the short term it is more obvious
what the costs of a possible change are. It is the aim of all companies to quantify all possible

weather threats and hedge against them in the best way that they are able to do.

Figure 1: Links between weather and financial risks

risk holder weather type risk
. lower sales during warm winters or
energy industry temperature
cold summers
higher heating/cooling costs during
energy consumers temperature .
cold winters and hot summers
beverage producers temperature lower sales during cold summers
- . . lower sales during severe winters
building material companies temperature/snowfall . .
(construction sites shut down)
. . delays in meeting schedules during
construction companies temperature/snowfall .
periods of poor weather
. lower revenue during winters with
ski resort temperature
below-average snowfall
. . significant crop losses due to
agricultural industry temperature/snowfall 9 P .
extreme temperatures or rainfall
- higher snow removal costs during
municipal governments temperature . .
winters with above-average snowfall
. lower revenues during low snowfall
road salt companies temperature

winters

lower revenues during periods of

hydro-electric power generation  precipitation drought

Source: Mitu, N. M. (2008)

As companies commonly use some normal weather patterns to build their business plans,
contingent anomalies may cause an unwelcome surprise. All possible changes of weather
affect consumed volumes of commodities. Thus, weather risk is commonly titled also as

volumetric risk. Some of real-life weather impacts on volumes are listed in Figure 1. Even

10
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though volumes of consumed commodity are influenced at first, the price bears the heaviest
impact in the end. With both prices and volumes being destabilized by weather, companies

have to fight against those threats and manage their risk exposure.

Considering weather risk management, one may immediately imagine some kind of insurance
against abnormal weather events. Even though it is a reasonable consideration as these types
of coverage are quite popular, they represent just a small portion of weather risk management

today, which has greatly developed and showed its enormous potential over the last ten years.

Weather-related insurance products have long been available. However, sharp increase of
interest in weather risk came with the beginning of energy markets’ deregulation that attracted
also capital markets. Therefore new capital market products, called weather derivatives,

appeared as an outgrowth of the liberalization of the energy industry.

. Risk on energy markets

“Weather is a key driver for both electricity and natural gas demand.”

Tom Ruck (2001)

In energy markets weather influences chiefly the demand side. Nevertheless, when there are
highly unfavourable weather conditions like a huge storm or even a hurricane, also the supply
side of the power network may be harmed as a commodity can not be delivered to customers.
Severe weather conditions may for example lead to shut-downs of natural gas wells
production, damages on gas pipelines or electricity network, which may be ideal candidates
for event-studies. However, in this thesis we concentrate primarily on the impact of

temperature on natural gas demand.

To have a basic notion how heavy the impact of weather on financial performance may be, let
us now go through some experiences of particular companies suffering from changes on the

demand side, which were listed in the presentation of RenRe Investment (2008).

= Enbridge Gas:’ “Earnings for the year ended December 31, 2006 were $61.8 million
compared with $111.9 million for the year ended December 31, 2005. Warmer than
normal weather in 2006 reduced earnings by $36.9 million compared with relatively

>

normal weather in 2005 which did not significantly impact earnings.’

> Enbridge Inc. is the leader in energy transportation and distribution in North America.
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= Fortis:® “Electricity sales were 32 GWh, or 2.7%, lower than last year, primarily due
to the impact of moderate weather conditions and the loss of an industrial customer in
December 2005.”

= Gazprom:’ “Fiscal third-quarter net profit for Russian gas firm OAO Gazprom
dropped 6.4% to $4.59 bil, due in part to increasing operating costs and

unseasonably warmer weather.”

Ameko (2004) provides information on the decrease of revenues of Atmos by $0.20/share and
the fall in the share price of Sears Canada by $0.06/share, both due to the non-employing of

hedging strategies against adverse weather conditions.

Even though there were always acting also other factors, these cases unambiguously underline
the danger linked to the threat of unstable weather. Whenever variations in weather reach
extraordinary high levels, it is usually reflected in companies’ financial performances.
Especially in the period of growing prices in the energy sector, factors influencing effort of

the