PRICE DETERMINANTS AND VOLATILITY OF CARBON
PERMITS: A STUDY IN THE CONTEXT OF EUROPEAN UNION

AJAY KUMAR DHAMIJA

DEPARTMENT OF MANAGEMENT STUDIES
INDIAN INSTITUTE OF TECHNOLOGY, DELHI
JULY 2017



© INDIAN INSTITUTE OF TECHNOLOGY, NEW DELHI, 2017. ALL RIGHTS RESERVED



Price Determinants and Volatility of Carbon Permits: A
Study in the Context of European Union

by

Ajay Kumar Dhamija
Department of Management Studies

Submitted
in fulfillment of the requirements for the degree of Doctor of Philosophy

to the

Indian Institute of Technology, Delhi
July 2017



Certificate

The thesis titled "Price Determinants and Volatility of Carbon Permits: A Study in the
Context of European Union" being submitted by Mr. Ajay Kumar Dhamija to the Indian
Institute of Technology, Delhi, for the award of the degree of Doctor of Philosophy (Ph.D.) is a
record of bonafide research work carried out by him. He has worked under our guidance and super-
vision, and has fulfilled all the requirements for the submission of this thesis, which has attained
the standard required for a Ph.D. degree of this institute. The results presented in this thesis have

not been submitted elsewhere for the award of any degree or diploma.

(Surendra S. Yadav) (P.K. Jain)

Professor Professor

Department of Management Studies Department of Management Studies
Indian Institute of Technology, Delhi Indian Institute of Technology, Delhi

New Delhi New Delhi



Acknowledgments

I would like to express my deep sense of gratitude to Prof Surendra S. Yadav and Prof P. K.
Jain for their invaluable help, guidance and inspiration during the course of study. I am thankful to

them for constantly encouraging me by giving their constructive and critical evaluation on my work.

I acknowledge Prof. M. P. Gupta, Prof. Ravi Shankar, Dr. Seema Sharma and all
other faculty members of Department of management Studies, who have enlightened me about the
nuances of research methodology and report writing and inspired me throughout the Ph.D. pro-
gramme, especially at difficult times. I am especially grateful to Prof V Upadhyaya (Department

of Humanities and Social Sciences, IIT Delhi) who spared his valuable time for providing useful

insight on macroeconomic perspectives of [European Union (EU)|[Emission Trading Scheme (ETS)|

I am grateful to my friend and fellow scientist Mr. R. S. Beniwal for enthralling technical dis-
cussions all through this study. I am grateful to my friends in my organization, II'T Delhi and

elsewhere, who have contributed a lot in my learning during this Ph.D. programme.

Finally, I am thankful to my parents, my wife, Seema and my son, Hemant, without whose

continued support, the whole Ph.D. programme itself, wouldn’t have been possible.

Ajay Kumar Dhamija
July 2017



Abstract

Carbon Management is a strategic priority and organizations need to forecast carbon for this pur-

pose. This study finds out the best method to isolate price determinants of carbon permits which

are known as [European Union Allowance (EUA)[in the [European Union(EU)| and to estimate their

returns and volatilities for all three phases of [European Union Emission trading Scheme (EU ETS)|

and the continuous series. European Climate Exchange (ECX) Dec 2007, Dec 2012, Dec 2015 expiry
and the continuous Dec 2015 expiry future contracts of EUA are used as predicted variables and
National Allocation Plan (NAP) announcements, energy variables (Brent Oil, Coal, and Natural
gas), averaged extreme Europe temperature and German Stock Exchange (DAX) index (an indi-
cator of economic activity) as predictor variables. The previous studies in this area have focused

on a particular subset of EUA data and do not take care of the multicollinearities. None of these

studies has used |[Artificial Neural Networks(ANN)| architectures like [Multi Layer Perceptron (MLP)|

with back-propagation and |Genetic Algorithm(GA)| for training and |Radial Basis Function (RBF)|

networks for modeling EUA returns. This study uses EUA]data from all three phases, namely, 2005-
07, 2008-12, 2013-2015 and the continuous series, adopts principal component analysis to eliminate
multicollinearities and uses seven constant variance (three linear and four non linear models) pre-

dictive models for finding out the price determinants.

The study establishes the Dynamic Linear Regression with Lagged Predictors (DLRLP) model
as the best model for forecasting EUA Phase I, Phase II and Phase III returns with estimation
set RMSE values 0.09567, 0.02571 and 0.03191 respectively and test set RMSE values 0.09750,
0.03997 and 0.05735 respectively. The ARIMA Errors (AE) model with the estimation set RMSE
value 0.02926 and test set RMSE value 0.06169 is established as the best model for forecasting

iii



EUA continuous series returns. The latent factors [Switch To Gas (STG)| and [Clean Spread (CS)|

capturing the effects of [Clean Dark Spread (CDS)| [Clean Spark Spread (CSS)| [Switching Price|

and Natural Gas Returns; and the variables napl, napll, napIII (NAP events for the three
phases),brent, coal (both energy variables), dax (German Stock Exchange index as an indicator of
economic activity), temphot and tempcold (extreme temperature events) have been isolated as price
determinants for returns. Even though, the Adjusted R? is low, the significant coefficients
still represent the mean change in the [EUA] returns for one unit of change in the predictor while
holding other predictors in the model constant. The residual plots of all the models give white noise

character and thus indicate that the models are adequate and well specified.

After finding out the price determinants, five [Generalized Auto Regressive Conditional Het]

leroscedasticity (GARCH )[variants namely, GARCH, EGARCH, GJR-GARCH, IGARCH and GARCH-

M are fitted to estimate conditional returns and volatilities of EUA. The study establishes that the
best model for EUA phase I, IIT and continuous series is ARMA-EGARCH and that for EUA phase
IT is ARMA-GJR-GARCH, though followed closely by ARMA-EGARCH. The latent factors STG

and CS and the variables brent, coal and dax have been found as determinants for estimation of

conditional returns and volatilities in one phase or the other for EUA returns. [Artificial Neurall

INetwork (ANN)| models, namely, IMLP}, [RBF| and |Genetic Algorithm (GA)| models are used for

estimation of EUA returns as these models implicitly incorporate the nonlinear relationship into
the model. These results are compared with those obtained from ARMA-GARCH models. The
study establishes that the best model for forecasting the EUA returns of phase I and phase II is
MLP model while for forecasting the EUA returns of phase III and the continuous series, ARMA-

EGARCH outperforms models.

The price of [EUA] understandably, moves together with prices of crude oil, coal and natural
gas. Using [EUA] daily returns from 2005 to 2015-covering all three phases of [EU ETS| and [EUA]

continuous series, volatility spillover from energy markets i.e. brent (crude oil), coal and natural gas
markets into markets is investigated using Multivariate (GARCH| (BEKK-MGARCH) model.

The empirical results indicate that there is small but significant volatility spillover from energy
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markets into [EUA|] markets. At a substantive level, studies on volatility spillover provide useful

information for risk analysis and investment decisions.

For last more than four years [Certified Emission Reductions (CERs)| have been traded at very

low prices due to sluggish demand and absence of new market mechanism. It is important for

|Clean Development Mechanism (CDM)| developers and executive board to look into the strengths,

weaknesses and suggestive measures to stabilize the [CER] market. [CER] Survey studies so far, have
been based on convenience sampling and therefore are limited and can not be fully relied upon.
The current study systematically conducts the survey on top 50 companies which retain 55% of the
total volume of generated by Indian projects. "[CER]is cheaper than [EUA]for Emission Com-
pliance" is rated as topmost strength of CER mechanism followed by "Flexibility by adding [CDM]
option in compliance Toolbox" and "Banking of [CERS". "Methodology of Financial Additionality
is Subjective" is rated as topmost weakness of [CER] mechanism followed by "[CDM]| Executive Board
Involvement" and "Role of host Countries: Lack of Standard Practices." "Removal of Quantitative
Restrictions on [CERY" is rated as topmost suggestion for stabilization of [CER] followed by "Contin-
uation of Banking of [CERY" and "Standardizing the [CER] product". Companies, overwhelmingly,
were in favor of continuation of banking and including the carbon emission cost as one of the internal

cost of business activity. At a substantive level, the study unearths useful actionable information

about [CER| market.

Carbon Management has emerged as a newer and vastly impacting determinant of financial
performance and strategic direction of firms. In this regard, the current study contributes to
effective carbon management by finding out the best method to forecast [EUAJ by isolating the
price determinants of [EUA} by forecasting the return and volatility of the [EUA} by establishing
significant volatility spillover from markets of brent, coal and natural gas into [EUA| markets; and by
unearthing the perceptions of the companies about strengths, weaknesses and suggestive measures

for [CDMI| market.




HIRTR

HE UeYH Th Hea@qul UUHedl 8 iR A6l & 59 I & [ HIe & Gargd= Hi
I HdT g1 HTe WA & RN =M F RV gfwm Ay (EUA) &8l OIdTl § | 39
I B He RAC & U=y fSefin<d @ FuRe)) &1 gud w1 3t Td R g
UM & W1\ (EU ETS) & Gt &1 =RoT 3fR SHger TR (3FaRd gRaan & Re=d (@)
3R drafeferct (3ifRuRdN & Yaiqu &1 garad fafd saars T 81 RIET aemgie TS (ECX)
fE¥aR 2007, TEHR 2012, fEHR 2015 R HAYS TR 2015 THUERT T & Ofsds
IRTTE & FY H 3R AT TAHIF W (NAP) TIVUME , SHoif aRTT (sie 3T, Hraar 3R
Uipfdd 1), Sied GRIYTT @A d9HM 3R S e Talsl (DAX) Jadid (3w Tfafaferal
&1 gad) ®! GagHH T ara Mfsfaea akuaw & w0 & wai foar w81 39 & =i gd
Tl H BUA & Sl & SUTHE Ry W eH &fad fhar a1 ok At iai-aRdw
(TEIHRIRIHN) Bt 3R HIS a1 -Tet fear | fanddt ot sremgs & Eua & Red & sifiidaq & forg
MTERFRTT A Teaa (ANN) S 96 TR 3R SHfed Tanier UfRier gad Aed! TR
TP (MLP) 3R ST IRY GaR (RBF) FCadi &1 WM gt foa T | U1s Y feefiAey &
WoM & g 39 3remg § EUA WE=R o9 TROT Ad: 2005-07, 2008-12, 2013-15 3R Helg3r
IS § v sfipel &1y few mar iR fiRma wimmw RfaRm™ (Pea)
GRT ARIBIANRE BT g HRd U I Hiee AR (@19 AR 3R IR 91 AR dred)
RSN A BT YanT fHar g

EUA & aROT I, RO 11, 3R RO 111 & R BT YaigaH @ & oy TRed=M Je (Estimation
Set) RMSE 0.09567, 0.02571 3R 0 03191 THH: 3R ¢ ¥T (Test Set) RMSE 0.09750, 0.03997 3R
0.05735 HH: & 1Y Tg 3O SIS iR RIH fag avis Mifseed (DLRLP) Alsd &
oty Afed & ¥9 § RTMUT $RaT § | EUA $Hegsi IRIe & e &1 gafga @ & fo
TRCATH TT RMSE 0.02926 3R ¢ T RMSE 0.06169 & T 3ffc RIRRTa gehics TfaT Ttaveord
WY (ARIMA Errors) ATSd &1 Iaid Alsd & &0 H w1fid fosar man g

f&e ¢ T (STG) Td &fF WS (CS) WG e haey (3fHied HRP) FeiH S VIS (CDS),
Fel T WS (CSS), i urzd (sp) SR WHfdd 1 & WAl &I SIfRIEu #vd g1 STG, CS,
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napl , napll, naplll (- TRON & NAP GSHIHH), FS, BT (@I Soll ARTTA), dax (STHA Kl
WWWW%W & wq T ), temphotGﬁTtempcoId (TRH drgH=T
geq) & EUA Red & fou g PuRe dal & w0 o fafkd fear man 3l
gIeiiTeh TSoRes (FHTAN) R2 & €, Rigfifthdbe HIufbRited (Heayul quie) fih ot fifsfaea
INTT &b Tb SHTE URGdT 4 EUA Re=f & m1en ufkad gwiid 8, el disa & o Mifsfaea
IRuaw RR @ Wt w+ Afsw & INTgart wicy (3aRIY 3merRg) ©r5e Ay (3d 39) euid &
IR AT PRAT & 3 Afsc welt UpR F Ay td maf@ B

Urey fecffiy & Ay &7 & gyd i SRaRee 3iic RIRE HeiRMd glgRbsRe®
(GARCH ) ATS® Md: GARCH , EGARCH , GJIR-GARCH, IGARCH 3fR GARCH-M @I EUA &t
Jrafeferdt oIk FHeRma Red & YardaH gd TarT far T a8 s Rig &l ¢ [ EUA &
WO L, 111 T HEg3 IR & filt ARMA-EGARCH 3fR =RUT 11 & fll ARMA-GIR-GARCH
JaaH AIs® 81 STG T €S A dee Hhaed 3R H8, BT 3R S (dax) HI EUA Re=f §g
TH YT 3 WROT H didifefrd! 3R HSRMa Red & gaigaH g feeii<y @@ & w9 d
U7 TRT| ANN ATS® AMHd: MLP, RBF Td GA ATlsd 3ife &1 EUA Re=d & forw v fosar man
P &1 Afsw # A MR RawR &1 oy [ S 21 37 uRomdt &t e
ARMA-GARCH AT 9 urd uRomdl § &1 7t 7 | 3 3ieqa g wrar 8 {6 aRur19d 1 &% EuA
fre=f & fow MLP AiSe WalaH § 3R TRUT 111 Ud SHelgerd TRl & EUA Red & fort ARMA-
EGARCH &1 UGRH ANN Hiee 9 98R 3|

WY €0 Y T § [ EUA T §8, HIadl 3R Wi 19 & Gedi & IU-T1Y Iad g | EU ETS &
1 TROT W& EUA HE-g3r TR &1 AT dRd §U 3R 2005 ¥ 2016 AH & EUA ¢ Red
&1 YA Hd §U Soll aOR (FS, DIl 3R UTHidd 1¥) HTEUA TR H - fUd-3fiaR (@)
&I AeCIdRUE GARCH (BEKK -MGARCH ) AlSd &1 YA &b UM AT & Fs, dar iR
WHiad T IR BT EUA TR H RUA-3faR  3fed TR+ 31fguf 1 arafdds Wk W arafefae
fUd-ofiaR IR 1o Sifiaw fa=eror $iR fawr Feieh o & fore Iuanft YEAmt vem #vd |

Uz IR § 31fie aul ¥ GEwzs ufirRH RSa=T (CERs ) &1 AMUR, 3fed AT Td 7dH JWR &
Apfen ( frafafy ) &t sFufufd & RO §gd &0 4 W fHa1 o W@ § | I8 T
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Saauiic AbAeH (CDM) faeras! Td HrfeRt a1 & T 3idd smawas © & a8 39! wifaal,
HUGRGI Td CER SR &1 fRR 3@ 37 Jal W &4 ¢ | CER T gRT onft a6 fard Mg
3T PHdiIue Yl (GRurse uftreg) W emuikd @ ¥ sl difta ¥ ok wieu @
faseitg 78t § | I srege o gar § e i st o srafRid ®u § gderor § wnfia
fora T B St WRdTg ufkaeet § Id CER §TO/R & WX CER AT &1 55% CERs ¥4 § |
"IFRRE SR (S SATaH) & A CER, EUA ¥ TXT 87 &I CER AdbHeH & Jad Fat
fdd & =0 H U1 TR | $HP U ! fdddi "y sl § DM fdded o1 =nfie g
3R "CERs &I dfFT § | 'wiRmd wdwHfad (oiia sifafeaar) @ srfyome
Tsuifded (AfGIR®) 8" &I CER HPBMSH ! Jad do! HHVRI & ®U § U T | 395
TYTd Bt HAGNRAT "CDM BRIGR dfs &1 UFIGRT 3IR "Hofa™ S Bt YHST § | "CERs &
Pifccica RRCHRT [AEAS Ufcdael) & gX HAT Bl CER P FRRAT & o i ggima &1 golf
feaT T | T9% UTd & GG "CER dfhT B FRARAT 3R "CER I HT AFS IR0 § | Gt
HUFTT 7 Jeked ©U J "dfhT Pt FRARAT 3R HTeT THRH i (ST dANTd) BT ARG
Tfafafn @t T SR arTd & U H WHRA 8 0T IHUH UeH fHar | 39 s1eme 3 CER
IR & o FHIRaTE I ITANT a1 &1 aRdfdd TR IR e [Harg |

BT FaeH 1 3fauia T Tdi 3R SUs U F Bl T Aifard fo=m grt faxiy sriues= &
fuRe! @1 gurfad o= arelt Hfd & F0 § gon § | 39 J&y & IdHM S99 EUA Qarga &t
TadH YUel &1 Wil gRT; EUA & UIsY fSefifa<d & QUaaul gRT; EUA @1 didfefae! 3R
fYe=d daeft gafga™ grT; sie, Haar ok Widhiad 19 R ¥ EUA 9ok 8 diafefird fua-
3R & YR GRT SR CDM dIR & forg ufat &t wfdai, sreial iR JReTdS U
aieft Sty & Udhe gRT YT T Taiee o 39T GTe URdd &Rl 3 |
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Glossary

Annex I Countries

Leading industrialized nations (41 countries) that need to cut |Green House Gas (GHG)| em-

anations by 5.2% below 1990 level (during 2008- 2012) and assist non-Annex I countries to

handle ecological issues.

Annex II Countries
Affluent nations within Annex I (24 countries) that need to extend support in the form of

technology and capital to Non-Annex I nations.

Artificial Intelligence(ATI)
The study and design of intelligent frameworks that mimic various cognitive functions that

are normally attributed to human brain such as thinking, problem solving and learning.

Artificial Neural Networks(ANN)
Massively interconnected networks of artificial neurons (programming constructs that mimic
the attributes of biological neurons) armed with algorithms to solve artificial intelligence

problems.

Assigned Amount Unit(AAU)

The emission allowances granted by the [International Emissions Trading (IET)|

Auto Regressive Integrated Moving Averages(ARIMA)
Constant variance model employed to forecast a stationary time series that exhibit a trend

along with the 'autoregressive’ and 'moving average’ characteristics.
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Glossary

Carbon Disclosure Project(CDP)
An organization based in the United Kingdom that works with shareholders and corporations

to disclose the greenhouse gas emissions of major corporations.

Carbon Finance
A branch of environmental finance that investigates the financial opportunities and risks of

managing in a carbon compelled world.

Certified Emission Reduction(CER)

The emission reductions generated by the [Clean Development Mechanism (CDM)|

Clean Dark Spread(CDS)
The difference between the price of electricity at peak hours and the price of coal used to

generate that electricity, corrected for the efficiency of the coal plant and the costs of C'Os.

Clean Development Mechanism(CDM)
An arrangement for generation of emission reductions from projects in non-Annex I countries

that can be used by Annex I countries in meeting their emission reduction targets.

Clean Spark Spread(CSS)
The difference between the price of electricity at peak hours and the price of natural gas used

to generate that electricity, corrected for the efficiency of the natural gas plant and the costs

of COQ

Clean Spread(CS)
A rotated component obtained after Principal Component Analysis(PCA) that captures the
effects of Clean Dark Spread (CDS) and Clean Spark Spread (CSS).

Data Mining(DM)
Discovering novel and useful knowledge from existing large data sets incorporating methods

from database management, statistics and artificial intelligence.

Emission Reduction Unit(ERU)

The emission reductions generated by the [Joint Implementation (JI)}
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Glossary

Emission Trading Scheme(ETS)

A scheme where trading of emission allowances takes place.

EURO STOXX 50
Europe’s leading blue-chip index covering 50 stocks from 12 Euro-zone countries: Austria,
Belgium, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands,
Portugal and Spain. It serves as an underlying index for many investment products like

Exchange Traded Funds(ETF), Futures and Options, and other structured products.

European Union Allowance(EUA)

Carbon permits used in the [European Union Emission trading Scheme (EU ETS)| EUAs

are issued by the [EU] member states into the registry accounts of various installations. By
April 30 of each year, operators of installations covered by the [EU ETS| must surrender an

[EU] Allowance for each ton of CO, emitted in the previous year.

European Union Emission Trading Scheme(EU ETS)
A scheme covering around 12,000 industrial installations in fifteen EU member states that
together are responsible for 40% of the [EUs greenhouse gas emissions. It is thus presently

the largest emissions trading scheme in the world.

European Union(EU)

An economic and political union of 27 independent member states of Europe.

Future Contract
A standardized contract between two parties to exchange a specified asset of standardized
quantity and quality for a price agreed today with delivery occurring at a specified future

date.

Generalized Auto Regressive Conditional Heteroscedasticity(GARCH)
The time series model used to estimate variance of a time series where innovations contribute

symmetrically, irrespective of their signs, to the variance of the series.

Genetic Algorithm(GA)
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Glossary

A search heuristic inspired by the processes of natural evolution, such as inheritance, mutation,

selection, and crossover and is often used to solve optimization problems.

Heterscedasticity

Refers to time-dependent nature of variance of a time series.

Homoscedasticity

Refers to time-independent nature of variance of a time series.

International Emissions Trading(IET)

Trading that allows Annex I countries to trade their [Assigned Amount Unit (AAU)| or "al-

lowances" for short. The marginal cost of emission abatement differs among countries and
trade could possibly enable the Annex I countries to meet their emission reduction targets at

a reduced cost.

Joint Implementation(JI)
An arrangement for generation of emission reductions from projects in another Annex I coun-

try that can be used by Annex I countries in meeting their emission reduction targets.

Kyoto Protocol

This is a protocol of [United Nations Framework Convention on Climate Change (UNFCCC)

to limit the concentrations the in the atmosphere so that global warming could be

arrested..

National Balancing Point(INBP)
A virtual trading location for the trading and exchange of UK natural gas. It is the underlying

assest for Inter continental Exchange(ICE) natural gas futures contract.

Non Annex I Countries

Developing nations (145 countries), having no commitments.

Organization for Economic Co-operation and Development(OECD)

An organization of developed countries with high per capita income and high [Human Devel

lopment Index (HDI)|
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Glossary

Parsimonious Model
A model that accomplishes a desired level of prediction with minimum number of predictor

variables.

Switch To Gas(STG)
A rotated component obtained after Principal Component Analysis(PCA) that captures the
effects of Switching Price (SP) and Gas Price.

Switching Price(SP)
The threshold price of carbon permit at which both Clean Dark and Clean Spark spreads

become equal.

United Nations Framework Convention on Climate Change(UNFCC)
An international environmental treaty to prevent dangerous anthropogenic interference with

the climate system by limiting the greenhouse gas concentrations in the atmosphere.
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Acronyms

AAU

|[Assigned Amount Unit|

ACF

Auto Correlation Function.

ADF

Augmented Dickey Fuller.

AE
ARIMA Errors.

AELP
ARIMA Errors with Lagged Predictors.

Al

[Artificial Intelligence]

AIC

Akaike Information Criterion.

ANN

[Artificial Neural Networkl

API2
All Published Index number 2.
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Acronyms

AR

Auto Regressive.

ARA

Amsterdam Rotterdam Antwerp.

ARCH

Auto Regressive Conditional Heteroscedastic.

ARIMA

IAuto Regressive Integrated Moving Averages|

ARIMAX
ARIMA with Transfer Function.

ARMA

Auto Regressive Moving Average.

BFMC

Brent Front Month Contract.

BIC

Bayesian Information Criterion.

CCX

Chicago Climate Exchange.

CDM

|Clean Development Mechanism|

CDP

[Carbon Disclosure Project|

CDS

|Clean Dark Spreadl
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Acronyms

CER
Corted Eission Reduch

CFC
Chloro Fluoro Carbon.

CIF

Cost Insurance Freight.

cop

Conference of Parties.

CS
Jlean Spread|

CSS

|Clean Spark Spread|

DAX
Deutscher Aktien IndeX.

DF
Dickey Fuller.

DLR

Dynamic Linear Regression.

DLRLP

Dynamic Linear Regression with Lagged Predictors.

DM

) V]

ECM

Error Correction Method.
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Acronyms

ECX

European Climate Exchange.

EEA

European Economic Association.

EEX

European Energy Exchange.

EGARCH

Exponential Generalized Auto Regressive Conditional Heteroscedastic.

EIT

Economies In Transition.

ERU

[Emission Reduction Unitl

ESS

Explained Sum of Squares.

ETS

[Emission Trading Scheme]

EU

[European Unionl

EU ETS

[European Union Emission ‘ITrading Schemel

EUA

[European Union Allowancel

EWMA

Exponentially Weighted Moving Average.
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Acronyms

FTSE

Financial Times and the London Stock Exchange.

GA

|Genetic Algorithm|

GARCH

[Generalized Auto Regressive Conditional Heteroscedasticityl|

GARCH-M

Generalized Auto Regressive Conditional Heteroscedastic in Mean.

GCLT

Generalized Central Limit Theorem.

GHG

Green House Gas.

GJR

Glosten Jagannathan Runkle.

HDI

Human Development Index.

HFC

Hydro Fluoro Carbon.

ICE

Inter Continental Exchange.

IET

IInternational Emissions Tradingl

IGARCH

Integrated Generalized Auto Regressive Conditional Heteroscedastic.
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Acronyms

IID

Independent and Identically Distributed.

IRR

Internal Rate of Return.

JI

[Joint Implementation|

LR

Linear Regression.

LULUCF

Land Use, Land Use Change, and Forestry.

MA

Moving Averages.

MAE

Mean Absolute Error.

MCX

Multi Commodity Exchange.

MDA

Mean Directional Accuracy.

MGARCH

Multivariate Generalized Auto Regressive Conditional Heteroscedastic.

MixN
Mixed Normal.

MixStab
Mixed Stable.
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Acronyms

MLE

Maximum Liklihood Estimation.

MLP

Multi Layer Perceptron.

MSE

Mean Squared Error.

NAP

National Allocation Plan.

NBP

[National Balancing Point|

OECD

forganization for economic co-operation and development|

OLS

Ordinary Least Squares.

PACF

Partial Auto Correlation Function.

PCA

Principal Component Analysis.

PFC

Per Fluoro Carbon.

QQ
Quantile Quantile.

RBF

Radial Basis Function.
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RGGI

Regional Greenhouse Gas Initiative.

RSS

Residual Sum of Squares.

Sp

[Pwitching Price]

STG
bwitch To Gasl

STMC

Short Term Marginal Cost of switching.

TGARCH

Threshold Generalized Auto Regressive Conditional Heteroscedastic.

TSS

Total Sum of Squares.

UNFCCC

|United Nations Framework Convention on Climate Change|

VaR
Value at Tisk.

WB
World Bank.
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