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community level? Evidence about climate change
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Climate research 1

* The climate system, like so many other large and
complex systems, cannot be studied in a
traditional laboratory research setting.

* This is what is called post-normal science, that is
the phenomena to be studied are complex,
stakes are high and the available time for
research is insufficient. However, waiting until it
is clear how the climate system works before
making decisions will probably be «too late».



The climate change issue 1

* Climate change can be caused either by
natural phenomena (i.e. glacial ages or
volcanic eruptions) or human-driven action
(i.e. emissions of greenhouse gases in the
atmosphere, mainly CO2).

 There is a strong scientific consensus (IPCC,
2013) that the ongoing climate change is
entirely due to humanity (Barnosky et al,
2012)



The Paris conference 2015

The agreement calls for zero net
anthropogenic GHG emissions to
be reached during the second
half of the 21st century. In the
adopted version of the Paris
Agreement, the parties will also
"pursue efforts to" limit the
temperature increase to 1.5 °C.
The 1.5 °C goal is somehow
ambitious, since it would require
Zero emissions sometime
between 2030 and 2050.
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Some obstacles..

At political level, the attempts of managing the climatic
changes at a global level, i.e. the decisions taken in the
2016 Paris conference, have been recently
counterbalanced by a not clearcut US policy.



A first in
human history

Carbon dioxide concentration at Mauna Loa Observatory, Hawaii

Keeling curve
30 Carbon dioxide concentrations at Mauna Loa
are documented in a graph called the Keeling
Curve, named after Charles Keeling, who
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Carbon dioxide levels have crossed

400 ppm. This means the empacts of
climate change will be even more
pronounced—drowghts, floods and e
level rise, for instance. If the world does
not act to limit carbon dicxide emissions,
dlimate change will Cause devastation
worldwide, and more 50 in South Asia,
The poor will end up with a raw deal
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For the past several
years, €0,
concentrations have
hovered close 0
390 ppm. The 400 ppm

aily average is a first
in human history

In the last 50 ppm
increase, the Aschic
melted. Imagine what
anather 50 ppm
increase will do

Diversity of even
common species found
in most parts of the
world will be h.)\'")‘ Nt
Anmal species in
particular may decline
more & a result of loss
of food from plants

Some enviroamental
ists are of the view
that to return to the
350 ppm level, use of
conventional energy
sources has to be
re-examined. But this is
easier said than done
Any alternative
measure will require
finance and technologi
<l assistance from
industrialised coentries
10 developing
countries though
institution
financial traasfer exist
under UNFCCC, there is
no money and the
industrialised world
has not provided
exclusive chmate
finance to developing
countnes yet




The future of global warming
according to IPCC AR5
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WAS THE HOTTEST YEAR
IN RECORDED HISTORY

NORTHERN
HEMISPHERE:

hottest Northern
Hemisphere sea
surface temperature
foutside the tropics) for
February. Hottest May
on record globally.

|
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SOUTHERN
HEMISPHERE

: *  CLIMATE CHANGE IS DRIVING MORE EXTREME WEATHER AND IMPACTING

PEOPLE AROUND THE WORLD
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Source: IPCC, 2013.

Figure 1.4.3: Projected changes in temperature for Europe. In the upper side the lower emission
scenario is displayed, while in the lower side the high emission scenario. Dark red means higher
temperature than current average.
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Total Glacier Ice Decline

(Cubic Miles)

500

1000

—
4]
[
[=]

2000

Trend of total mass of glaciers

now you seeit now you don’t

1870 1980 1990 2000

photo: Bruce F. Molnia

Muir Glacier, Alaska: August 13, 1941 and August 31, 2004
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The effect of climate changes 1

Climate scientists (IPCC, 2013) agree that if greenhouse gases
emissions will continue in the future at current path, the predicted
impacts will be:

» Longer and more intense heat waves;

» More frequent damaging storms;

» Major damages to coastal cities as sea level rises;
» Water shortages in populated parts of the world
» Local reduction of crop yields;

» Economic losses, social strife and political unrest;
» Spread of infectious disease;

» Major damages to unique ecosystem;

» Extinction of species.

AIEE_ Rome, 2017
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The effect of climate changes 2

At least a trilion dollars* of the world economy is
sensible to weather variations. It Is estimated that at
least 20% of the world economy Is affected by
weather conditions and at least 80% of public
service companies consider climatic conditions as a
key factor for their operating revenues»

US secretary of commerce William Daley, 1998

* Un miliardo di miliardi! 1018



The effect of climate changes 3

The climatic change affects the most diverse economic
sectors among which:

» Agriculture
» Building activities
» Electricity generation (through change of wind, modified

solar and precipitation patterns, change of demand, ...)
» Tourism (seaside resorts, skiing, ...)

» ... up to the financial sector



PART 2: PRICING AND EVALUATING A
FINANCIAL INSTRUMENT

Pricing and evaluating a financial instrument against
risk of temperature and rainfall

A suitable model for the underlying
The financial instrument and its pricing

Simulations



WEATHER RISK
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TEMPERATURE DERIVATIVES:
The underlying variables

Temperature derivatives are a special typology of financial
derivatives, where the underlying is given by temperatures;
those contracts are typically OTC contracts.

The three main indices underlying of temperature
derivatives are:

» CDD (Cooling-degree days): CDD(t) = max(T(t) — threshold; 0)

» HDD (Heating-degree days): HDD(t) = max(threshold — T(t); 0)

» CAT (Cumulative Average Temperature):  CAT(t;,7,) = X2, T(t)

=T



HOW TO PRICE A DERIVATIVE?
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1. MODELLING THE UNDERLYING

T(t) = u(t) + e(t) with e(t) = a(t)e(t)
L ' ! |

p
p = MO+ ) @ (T@—D) - At - D)
i=1

\——l

where:

A(t) = ay + a4t + a, cos (2nt/365) + a5 sin (2mt/365)
W y
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VALIDATION

To verify the goodness of fit:
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e stimated

Empirical
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To the left: in the residuals autocorrelation function, the seasonality has been removed and
captured by the model
To the right: observed daily mean temperatures (in yellow) and estimated (in blu)
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2. THE PRICING MODEL

Generally speaking, a contract payoff valid for the period from t, to 1, is given by:
X(ty, T5) = k % indice
where for index we mean HDD, CDD or CAT and e k is the tick size, that is a fixed value that

converts Celsius degrees in Euros

» The standad approach is the burn analysis (F.E.Benth, Papazian and Skiadopoulos), based on the
expected payoff [X(ty, 1,)], discounted at a given interest rate in order to obtain the present value of
it:

P(t,11,73) = eXP(_T(Tz — t))[X(TpTz)]
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BURN ANALYSIS:
OUR PROPOSAL 2

For each day we simulate 1000 values of the stochastic component of the model through the
formula

e(t) = a(t)e(t)

The residuals are added to the components of the model.

From the simulated 1000 temperature values for each day of the month, we have calculated
the corresponding index. From those 1000 values we have got the arithmetic mean to add to

the values obtained from the time series.
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APPLICATION

< CASE I: JANUARY 2017 (HDD)

» Underlying Index: HDD(t) = max(soglia — T(t); 0)
» Fixed threshold: 2.43 °C (the tenth percentile of the time series)
» The meteorological station of reference: Arezzo

JANUARY 2017 — HDD with threshold 2.43 °C

- Arezzo - Arezzo {AR)
139.58 € L Media (5.59 [°C)
8k = Dev. stand. (1.29 [°CD)
w o s} v 0 o] = Tmin (2.61 [°C1)
Risk loading 34.74 € 5 00 O © Og| = Tmax (7.70 [°C1)
= 6 © oo 0 00 . .
o o} e} © g O Qo o} OO O Gennaio anni
g o oo o ~ o precedent i
174.32 € & 4F 0 L @ Gennaio 2017
e G @  3.190°Ch
_ !
0

451.60 € oM T WD S N YWD S N T WO S N T WD S T D
Mo [ [~ OO O®OOOOGMOMO G & o 2 &0 o o oo
- M - - - O - S . U . - -G G G D - -
et Gl e Sl Wi (e e R R R e e e e R R I B R B
277.28 €

& temperatura superiore alla media +/- deviazione standard
@ temperatura nella media +/- deviazione standard
@ temperatura inferiore alla media +/- deviazione standard
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CASE I1: February 2017 (HDD)

» Fixed threshold: 3.5 °C (tenth percentile of the time series)

» New threshold: 7.5 °C (the tenth percentile of the time series of the last twenty years)

FEBRUARY — HDD with threshold 7.5 °C

B

(497.47 €)

664.47 € *

* Comprehensive of risk loading of 98.86 €.

T E°cd

@ temperatura superiore alla media +/- deviazione standard
@ temperatura nella media +/- deviazione standard
@ temperatura inferiore alla media +/- deviazione standard
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Precipitation derivatives
The Rainfall Index

Precipitation derivatives (rainfall derivatives): the underlying is given by an index
(the CME Rainfall Index) based on the quantity of rain fallen down in a given
period.

The CME Rainfall Index, on a given time range (t,,t,), IS defined as the
aggregated quantity of rain fallen daily (in mm.) in the given time range.
If P(t) is the quantity of rain fallen in day t, the index is

RF(t{,7,) = Z P(t)

t=141
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1. Modelling the underlying

P(t), t=1,2,...,T (t = days), Is a time series related to the precipitations in a given

locality

A multiplicative models is considered, composed of three variables

-

-

g(t)

Daily seasonal
mean

N

4

P(t) = g(©)]()e(t)

[
J(t)
Noise
component
L ,

2N

=

h

g(t)

Variable indicator

£(t) = {(1)

prob.= A(t)
prob.=1 — A(t)

/
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« g(t) takes value 1 in case of rain, otherwise 0.
« The product g(t)J(t) describes the amount of precipitations in a given day

« g(t) and A(t) are seasonal functions and are modelled as truncated Fourier series :

2
5(t) = ¢ + Z(cgl cos(2Lmt/365) + cZ,  sen(2lnt /365))

=1

where &(t) can be A(z) or g(t).
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Comparison between observed and estimated

data

monthly precipitation (mm)

160

140

120

100

80

60

40

20

months

11

12

= = =QObserved 95% ClI
,,,,,,,,,,,,, Simulated 95% ClI
@ Simulated

® Observed

AIEE_ Rome, 2017

28



2. The pricing model

« The contract has a monthly duration and its underlying is

RF(t{,7,) = z P(t)

t:Tl
« The contract, at maturity, pays to the subscriber

X(t1,75) =k x RF(14,75,)

where k is the tick size (conversion mmm/Euros), fixed at 20 euros.

We will price this contract

29



The Burn Analysis (our proposal)

» The price is so obtained

P(t,ty,75) = exp(—r(rz — t))[X(TpTz)]

where X(t,,T,) represents the average value of the considered payoffs

1. The RF Index for the required month is
calculates along the 25 years

2. The payoff X for the required month is
calculated along the 25 years

3. The forecasts relative to the month are
included (using the following procedure)

—

The average value of 1000
simulated values is calculated
and X is obtained

-

The estimated X is added to the
25 values obtained and the
average value is calculated

30



CASE 1: January 2017

b Duration :I\/|0nth|y Flg. 2 - iﬁ"m?é“af’ém'.ﬁa reci i;;;im () di_gomala 2017
* Underlying: RF
« Meteorological station: Arezzo ng.a
R
 January 2017 has been characterized by - 0. . -4
quite low monthly rains, so justifying St b |
the contract loss. e o o
T e ¢ - 3 -
Xy "‘ , v A'n~ ﬁ
January 2017 - RF Index - ) 4
Price 1.103 €
Risk loading* 106 € %
Final price 1.209 € = o4
Payoff 416 €
Gain/(L.oss) (793 €) .
3 Regione Toscana * W @I mﬂ@cm—.\

S

* 5% of 95° percentile of payoff distribution
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CASE 2: February 2017

Duration :Monthly

. Flg. 2 = confronto tra le precipitazioni (X) di febhralo 2617
Underlylng RF con le nedie di febbraio del periodo 1087-28
Meteorological station: Arezzo

Precipitations in Feb 2017 have been quite higher
(about 70 mm) than the historical average (50
mm) .

February 2017 — RF Index
Price 1.075 €
Risk loading 108 €
Final price 1.183 €
Payoff 1.408 €
Gain/(Loss) 225 €

2358 Reglone Toscana VA
"
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CONCLUSIONS
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THE EMPIRICAL ANALYSIS

< THE DATA

« Max and min daily temperatures (°C) municipality of Arezzo in Tuscany in the time range of
66 years (1951 - 2016), SIR Internet site.
» Avaerage daily temperatures are calculated as the average daily mean of max and min.
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THE ESTIMATES

< THE TREND

Temperature medie annue

n il

T Temperature medie
annue

JV

15 91317212529333741454953576165

* Alinear trend
« 0.52 °C increase of average temperatures in 66 years
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Temperatures (degrees)

Fitted trend and seasonality
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Temperatures (degrees)
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< THE RESIDUALS

g(t) = o(t)e(t)

where a(t) is a volatility function dependent on time and e(t) is a random process of
Gaussian type with average zero and std dev. The variance a2(t) is modelled through the
usual truncated Fourier series:

02(t) = by + ) (bycos(2lmt/365) + byiqsin(2lwt/365))

4
=1

l

« We calculate the daily variance of observed residuals, considering for each day of the year the
66 values, then the OLS technique is applied.



the

7S686T86L'Y
836986 T Iy
rI6F6ETEO Y
L6TFTE99'E
9/606.187'E
£868€1906'T
6869808757
SG6FELGYT'T
TOOE8ETLL'T
L00TE0E6E'T
£T06/9¢T0'T
Z04T£9€9'0
9705L6/57'0
8969/£07T'0-
79687/861'0-
95608080
S6TERSST'T-
Pr6r8/E€9'T-
LE69ETTTOT-
TE688706€ T-
ST60V889L'T-
. GT6T6TLYT'ES
D CT6brSSTsEN
. mmmammmmmﬁm,
T068Y778T 1S
v68009099F- |
88875680 ¢
<

that

note

left, we
temperature variations increase in the

passage from cold to warm.

the

To

Varianza empirica
Varianza stimata

1000
900
800
700
600
500
400
300
200
100

0

T9E
T+E
TegE
TOE
I8¢
| 5= s
Tte
Tee
TO0¢
IS8T
ST
Tt+T
TZT
TOT
8

TS

Tt

Te

Days

i

|
i)'

i}

M~ 1w wy = mMm ™~ @ — O

2ouUuesiaen

To the right, istogram of residuals
e(t), where the normal standard

behavior is confirmed.



BURN ANALYSIS:
OUR PROPOSAL 1

We do have 66 values of the considered monthly index. We then multiply them by the tick
size and get the 66 payoffs.

To those 66 values we add the payoff value of 2017, obtained through the temperature model

In practice, this predicted value is given by the last available temperatures (December
29,30,31, 2016) following then the formula

3
RO = MO+ ) @ (2= - At - D)
=1



CASE I111: MAY 2017 (CDD)

» Underlying Index: CDD(t) = max(T(t) — soglia; 0)
» Fixed threshold: 25.5 °C (the 90° percentile of the time series)

MAY - CDD with threshold 25.5 °C

101.02 € *

0€

(101.02 €)

* Comprehensive of risk loading of 20.53 €.

Arezzo - Arezzo (AR}
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@ temperatura superiore alla media +/- deviazione standard
@ temperatura nella media +/- deviazione standard
@ temperatura inferiore alla media +/- deviazione standard
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Tmax (19.75 [°CD)
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Maggio 2017

€17.20 [°CD



< CASE IV: May 2017 (CAT)

> Underlying Index: CAT(tq,73) =

» Meteorological station of reference:

11951.88 €

Risk loading 781.88 €

12733.76 €

1970

10661 €

(2072.76 €)

2, T()
> Fixed threshold: No threshold for this Index
Arezzo

2z

20

18

16

T [°c]

14

12

10

Arezzo - Arezzo (AR}

e

L]
e
<
L=}

Qg

1972
1974
1976
1978
1980
1952
1984
1986
1988
1990
1992
1994
1996
19958
2000
2002
2004
2005
2008
2010
2012
2014
2016

@ temperatura superiore alla media +/- deviazione standard
@ temperatura nella media +/- deviazione standard
@ temperatura inferiore alla media +/- deviazione standard
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Media (16.86 [°C1)
Dev. stand. (1.38 [°CD)
Tmin (13.61 [°C1)
Tmax (19.75 [°C1)

Maggio anni
precedent i

Maggio 2017
(17.20 [°CD
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Model validation

1.000 realizations of the model are obtained for each day along the year (we will
obtain 1000 realizations for Jan 1, 1000 for Jan 2, ...).

Two sequences of random numbers are generated, one to simulate J(t)
(Exponential) and one for g(t) (Bernoulli).

A series of values P(t) is calculated.
Simulations are finally aggregated at monthly level through the formula

i P(t;)
i=1

47



The trend

« The trend is calculated on the yearly precipitation
* No noticeable trend in the considered time range
« The climate change impacts on the intensity and frequence of rain, not on the total volume
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The model

Each component has been estimated separately
The observed daily intensity and the observed average daily precipitation is calculated for

every day in the year.

The observed daily intensity is the proportion of precipitations observed in one given
day

The observed seasonal daily average is the average of daily precipitations in a given
day along the 25 years

Based on those measures, the functions g(t) and A(t) have been estimated

49



intensity

o
00

o
~

o
)

o
Ul

o
H
|

o
w

o
)

. e B BNIIINNS

o
-

. . e L] - e

o
1
16
31
46
61

4 N

Daily seasonal average g(t)

In blu the observed values, In

red g(t)
N /

4 N

Daily intensity A(t)

in blu the observed values, In
green A(t)




The noise Component J(t)

Dividing the quantity of rain
observed in one given day by the
estimated daily average the noise
component J(t) is obtained

The exponential distribution is
chosen to model noise

FO ) = X
x;u) = —exp|——
uo P\

1600
1400
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800
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200

o

>

0,023603655

|III|II|||
N O -

0,8621833
(@)
1,70076298

e
=

2,53934265
3,377922317

4,216501982

5,055081647
5,893661313

6,732240978
7,570820643

8,409400309

9,247979974

10,08655964

10,9251393
11,76371897
12,60229864

13,4408783
14,27945797
15,11803763

o1



The application — The data

» Daily precipitations (mm) of Arezzo municipality (Tuscany), recorded in a time
range of 25 years (1992 - 2016), taken from the SIR (Settore lIdrologico
Regionale) site http://www.sir.toscana.it/
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Precipitation derivative with threshold

Index based on the deviation of daily precipitations from a critical threshold

The contract will pay if precipitations are above the critical threshold. The payooff is
the following:

T2
X(14,T,) =k X Z max(P(t) — ¢, 0)
S=T4

Where again k is the tick size (20 €), P(t) the level of precipitations expressed in mm
registered in the time range and c is the threshold level chosen

The threshold value can be taken as the 90" percentile of the distribution of the
precipitations for the considered month: for January, it is calculated as 5.44 mm, for
February is 7.22 mm.,
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CASES 3 and 4: January and February (with
threshold)

Duration :Momthly Duration :Monthly
Underlying: Index with threshold (5,44 mm) Underlying: Index with threshold (7,22 mm)
Meteorological station: Arezzo Meteorological station: Arezzo
The loos corresponds to less precipitations in The gain corresponds to more precipitations in Feb
January 2017 than usual 2017 than usual
January 2017 — Theshold 5,44 mm February 2017 — Threshold 7,22 mm
Price 497,76 € Price 364,73 €
Risk loading 65,48 € Risk loading 35,41 €
Final price 563,24 € Final price 400,14 €
Payoff 2232 € Payoff 846,8 €
Gain/(Loss) (340,04 €) Gain/(Loss) 446,66 €
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