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ABSTRACT

This thesis forecasts short-term crude oil price changes, based on several time-series forecasting models. The crude oil
prices which are used are monthly crude oil spot prices quoted in US Dollar of a benchmark consisting of Brent, Dubai
& West Texas Intermediate "WTI" equally weighed. The numerical input data for forecasting are monthly crude oil

prices of the mentioned benchmark for 30 year between [1988-2018].

This thesis also addresses a careful qualitative and descriptive analysis of crude oil prices between 1988 & 2018,
divided Into 8 periods, each is decided based on significant events that occurred within each period that influence the

analysis leading to observable fluctuations in prices.

In this thesis I have used four different approaches for forecasting process of monthly crude oil prices including
conventional forecasting approach, inflation-adjusted prices approach, unconventional "month by month" forecasting
approach & the unconventional hybrid forecasting approach using the moving average and exponential smoothing
models. The accuracy of all generated models was evaluated using different error measures including "MAD, MSE &
MAPE", to investigate the capability of generated forecasting model in accurately forecasting the monthly crude spot

prices.

Afterwards, a numerical comparison of the unconventional hybrid approach & the month by month approach to the
conventional and inflation-adjusted approach is made. The error estimates of the different forecasting models show
that unconventional approaches tend to provide significant improvement in forecasting results and can generate

larger reductions in error values than those generated by conventional and/or the inflation-adjusted approaches.

My understanding for forecasting of crude oil prices on short term basis is that using direct numerical forecasting
methods solely will generate models and forecasted results that suffer large errors deviating than those real ones, the
sensitivity of oil industry and oil prices to external events and factors make the process of forecasting uneasy, and
therefore a researcher must find ways that both can combine the numerical methods but with twists and may be
combine different approaches to enhance these results. Additionally, a qualitative judgment of experts can play a
good role while forecasting by watching and monitoring the global trend, regional events, political situations,
environmental aspects, presence of technological advancements, seasonality and consumer behavior, then take into

account all these factors while forecasting specially that oil prices are heavily impacted by global oil supply & demand.
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CHAPTER -1: Introduction

1.1 OQil History in few lines:

Oil was formed hundreds of thousands years ago from the prehistoric plant and animals. It is believed that
hydrocarbon formed by the thermal maturation of organic matter buried deep in earth. Over the millions of
years under extreme pressure and high temperature these organic matter converted to hydrocarbons
consisting of oil and gas. Hydrocarbons are present in the variety of forms, including; Koregen, Asphalt, Crude

Oil, Natural Gas, Condensates, and Coal in solid form.

Petroleum and derivatives such as asphalt have been known and used for almost 6000 years and there is
evidence of use of asphalt in building more than 600 years ago. Modern petroleum refining began in 1859 with
discovery of petroleum in Pennsylvania and subsequent commercialization. The exploration of petroleum

originated in the latter part of the nineteenth century.

Crude oil was first discovered and developed during the Industrial Revolution, and its industrial uses were first
developed in the 19" century. Newly invented machines revolutionized the way we do work, and they

depended on these resources to run.

Today, the world's economy is largely dependent on fossil fuels such as crude oil, and the demand for these
resources often spark political unrest, since a small number of countries control the largest reservoirs. Like any

industry, supply and demand heavily affects the prices and profitability of crude oil. The United States, Saudi

Arabia, and Russia are the leading producers of oil in the world. @

1.2 Whatis Crude Qil?

Crude oil is a naturally occurring, unrefined petroleum product composed of hydrocarbon deposits and other
organic materials. A type of fossil fuel, crude oil can be refined to produce usable products such as gasoline,

diesel and various forms of petrochemicals’ D

Crude oil has ranging viscosity and can vary in color and appearance from yellow to brownish green mobile

liquid to black viscous and sometimes semisolid depending on its hydrocarbon composition.

Crude oil consists of mainly carbon (83-87%) and hydrogen (12-14%) having complex hydrocarbon mixture like

Paraffins, Naphthenes, Aromatic Hydrocarbons, Gaseous Hydrocarbons (from CH4 to C4H10). @

11
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1.3 Crude Oil Major Benchmarks:*®

The most commonly quoted benchmarks of Crude Oil are the same ones that have been under study

throughout my thesis and they are the following; please see assumptions in chapter-2.

T+ West Texas Intermediate (WTI): WTI is priced out of the Cushing, Oklahoma storage hub and
represents the North American benchmark for light, sweet crude.

Brent: Brent is the international benchmark, light/sweet seaborne crude priced out of Sullom Voe,
Scotland

Dubai Crude Oil: Dubai Crude along with Brent and WTI trade on the Chicago Mercantile Exchange
which is currently a part of the CME Group.

-l

i

1.4 Breaking Down Crude Oil:

Crude oil is typically obtained through drilling, where it is usually found alongside other resources, such as
natural gas and saline water, the processing of Petroleum from drilling is when petroleum is drilled and
brought to the surface, the pressure drops resulting in separation of gases from the crude oil.

Further processing of crude involves separation of water and oil and salt, it is then refined and processed into a
variety of forms, such as Gasoline, Kerosene and Asphalt, and sold to consumers. Distillation, the process by

which oil is heated and separated in different components, is the first stage in refining.

1.5 OQil Pricing in few lines:

Several hundred streams of marketable crude are produced around the world every day. No two streams are
exactly alike. Variances in grade and quality affect the selling price of every barrel, most crude streams are

priced in reference to a major benchmark, adjusted for grade, quality and market access

The volatile nature of oil prices tends to attract the attention of many analysts. Qil price fluctuations are of
particular importance since they directly influence decisions regarding production costs, investment

opportunities, future economic growth and planning.

However, oil can also be viewed as a financial asset rather than just a consumption commodity. Since the
deregulation of the oil markets during the decade of 1970, oil is traded on exchange markets and investors can
buy and sell it, having pure financial objectives. Some of the motives underlying the investments in oil contracts
are usually the potential profits from future price changes. Consequently, the need for a sound model that can

capture the changes of oil prices is important for investment decisions. “@

More importantly, oil prices reflect a specific point of sale, which has an even greater impact on its market
value, in the following chapter I will discuss the major definitions of all expressions required to understand the
context of this thesis, and I will also provide several number of assumptions that have been made throughout,

analyzing and writing this thesis. ©)

(6

Oil prices vary based on grade (Sweet, Intermediate or Sour) and location )ie. how easy it is to get it from the

field to the refinery and also based on supply in that area, the below is a real life example that shows how such

a grade and location may affect oil price, All oil prices in the example reflects prices in $US for March-2013.

12



- South Texas

Example 1:

How Grade & Location Impact Crude Qil Price

Sour** : $79.00

- West Texas Intermediate - Area #1, $90.50.
- West Texas Intermediate - All Other Areas, $91.00,

- West Texas Sour*: $83.05.

"West Texas" which is a kind of crude oil, alone has three different prices,

* West Texas Sour is worse quality than West Texas Intermediate (requires more refining), that's why
it is sold cheaper than WTI.

** South Texas Sour only brings is sold even cheaper at $79.00 presumably because it is more
difficult to transport than West Texas Sour due to a lack of pipeline capacity.

1.6

Crude Oil Quality:

Crudes of a similar specification are considered fungible which means that each barrel is

largely

interchangeable, regardless of origin. Although refineries have different tolerances for the types of crude they

can process, they also have the ability to blend different grades to meet their desired feedstock specifications.

That means oil prices largely rise and fall together, regardless of quality or marketability, this is why quality

doesn't matter so muc

A

1.7 Crude Oil Related Facts:

@There area \

number of other
popular crude
benchmarks that
also trade on the
CME, including
Russia's Urals and
Canada’'s Western
Canadian Select

N J

@About two thirds\

of the world's
internationally
traded crudes are
priced in reference
to Brent, largely
outside of North
America and
outside of OPEC.

o

J

@bout one-fifth of\

the world's oil
supply, particularly
from China and the
Middle East, does
not trade on open
markets. Instead,
prices are
negotiated
between buyers

\ and sellers. J

Figure -1: Crude Oil Interesting Facts

uncommon for
state-owned oil
producers to offer
discounts or
incentives to entice
buyers from a
specific region to
gain market share.

e J




CHAPTER -2: Definitions & Assumptions

This thesis has been written in a way trying to allow the reader to understand and comprehend all the
elements of its topic in a simple yet a scientific manner, therefore in this chapter, I have included some major
scientific definition, and set up the basic assumptions that are followed throughout this investigation on hand

which will grant the reader a better opportunity to facilitate a better understanding of the contents of this

thesis.

2.1 Major Definitions
Figure-2 provides the basic definitions and differentiates between the general terms of spot prices and
future prices; additionally Figure-2 provides extra definitions of spot prices and future prices in relation to

crude oil, it is important to mention that all quoted prices within this thesis reflect spot prices only.

Spot Price:

- The term spot price is used as to represent

Sl . Future Price:
the current price in the marketplace at which

a given asset can be bought or sold for an In contrast to the spot price; a future price is
immediate delivery. agreed upon price for future delivery of the
asset.(®

- Spot prices are specific to both time and
place . 8

Spot Price of Crude:

Future Price of Crude:
The Spot price of oil refers to the price of future Frice of Lrude:

a barrel of benchmark crude o,'[' a spot price Futures prices for crude oil can be higher, lower
is a reference price for buyers and sellers of or equal to spot prices. The price difference
crude oil such as West Texas between the spot market and the futures
Intermediate (WTI), Brent ICE, Dubai and market says something about ?he over.all state
other different types of crude oil. of the oil market and expectations for it.

Figure -2: Spot Prices VS. Future Prices

Example 2 reflects the predictions of oil market by comparing Spot prices to Future prices of Oil.

Example 2: Oil Market Predictions Vs Spot/Future Prices

If the futures prices are higher than the spot prices, this usually means that purchasers anticipate the
market will improve, so they are willing to pay a premium for oil to be delivered at a future date.

If the futures prices are lower than the spot prices, this means that buyers expect the market to
deteriorate.



https://www.investopedia.com/terms/p/premium.asp

2.2 Oil Market Types @ :

There are two terms used to describe the relationship between expected future spot prices and actual futures

prices, explained as follows in figure-3:

When a market is
in Contango, the futures price
is above the expected spot
price.

When a market is in
normal Backwardation, the
futures price is below the
expected future spot price.®

Figure -3: Oil Market Types

2.3 Further Relevant Definitions:

-
(olnflation can be simply é R 4 B
level of prices in the f:hange in the price correction of a dollar
economy index f.rom tht.e amount for the effects
g . preceding period of inflation by law or
+Inflation has two major contract.

measures which are CPI
"see section 2.4" and
the Gross Domestic
Product (GDP) Deflator

. Inflation Rate Indexation
Inflation ' ,’ M

|

N N

Figure -4: Inflation, Inflation Rate & Indexation Definitions.?

24 Consumer Price Index:

"~ Consumer price indices (CPIs) are index numbers that measure changes in the prices of goods and
services purchased or otherwise acquired by households, which households use directly, or indirectly,
to satisfy their own needs and wants. Such changes affect the real purchasing power of consumers'
incomes and their welfare. See table-2, which represents all CPI Values for US-Dollar in USA, for the

period of Study [1988-2018]. ®
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2.5

Major Assumptions:

In the context of this thesis, I have made basic 5 assumptions throughout the whole thesis, Figure-1

Summarizes the first four assumptions.

ASSUMPTION 4: ASSUMPTION 5:
e In the course of In this thesis, all
. Period under study contents of this prices quoted
ASSUMPTION 1: ASSUMPTON 2: is [1988 - 2018], thesis; I have used reflect crude oil
. . In this thesis, all and collected data CPI Values of the average spot price
In this thesis, all . . " ; llar i
. . prices mentioned is corresponding to US Dollar in USA, of a benchmark
prices mentioned . he all d for the recent 30 .
are quoted in US$ are approximated t ea ocajte consists of Brent,
to 2 decimal places. period of time, years for thﬁ Dubai and West
unless otherwise Adjusted Oil Prices  Texas Intermediate
stated. Approach. (WTI), equally
weighed.

2.5.1

?

Figure -5: Thesis Assumptions [1 - 5]

Calculations of Nominal Monthly Spot Prices of Crude Oil :

In this thesis, according to assumption-5; all prices represent the crude oil spot price of a benchmark
consisting of Brent, WTI ™ & Dubai ® equally weighed. Therefore; In order to explain further the
meaning of Assumption 5, 1 have prepared Example-3 below that clearly and simply shows the
approach for calculating those average monthly spot prices, which are referred to throughout this
thesis as Nominal Monthly Spot Prices.

Example-3: Calculations of Nominal Monthly Spot Prices of Crude Oil

For June 2018, the following Monthly Average Spot Price of the 3 types of Crude Qil In this study were
recorded as follows:

Then using those 3 values, the quoted Nominal Monthly Spot Price within this thesis for June-2018
is calculated as follows:

Similarly; for all the months within the period of study [1988-2018], the crude oil average spot prices

(Nominal Prices) were calculated.

- West Texas Intermediate: $67.87/bbl
- Brent Crude Oil : $74.41/bbl
- Dubai Crude Oil: $73.22/bbl

=$(67.87 + 74.41 + 73.66) / 3

=$71.83




2.5.2

- I have gathered the calculated Nominal Monthly Spot Prices of Crude Oil in Table -1. See Next Page,
this table summarizes clearly all the calculations of monthly nominal prices for the period under study

[1988-2018] according to the above mentioned assumption/approach.

- These figures "Nominal Monthly Spot Prices”. Are used as my Data inputs for all forecasting models

presented in this thesis.

- For example to read any value inside Table-1, the reader must simply search for the year which
he/she is interested in the first column, then horizontally follow the value that represents the month
he/she is interested in. e.g. to search the nominal monthly price for Nov — 2006, then the correct value
is $58.14. While if the reader is interested in finding the nominal price for April - 2011, then the

correct value is $116.24.

- Additionally, Table-1, provides an additional two interesting values which are:

A. The annual average crude oil price for all years between [1988-2018], relevant data to this info
can be found in the most right column of the table. e.g. The average annual price of crude for
year 2017 is $52.80

B. The 30 —Years monthly average price of crude, relevant data to this piece of information can be
found in the most bottom row. e.g., the value $47.70 found in last row, represents the

average price of crude for JUNE for 30 years between [1988-2018]
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' ' Yearly
Year . Jan__| Feb_ | 1 Mar__| _ Apr_ | May _| _Jdun_ | _ Jul__|_Aug_ | Sep _|_ Oct__|__ Nov__|_Dec__ . Average
1988 | 13.10 12.18 1253 1465 | 1312
1989 | 1648 16.35 18.03 19.20 18.02 17.63 17.67 16.88 17.67 18.42 18.37 1035 | 1784
1990 ! 2035 19.60 18.22 16.55 16.58 15.27 17.17 26.40 32.70 34.50 31.08 2613 | 2288
1991 | 2058 18.13 18.07 18.47 18.82 17.93 19.05 19.37 20.05 21.47 20.77 1775 | 1937
1992 | 17.38 17.62 17.45 18.63 19.50 20.83 20.17 19.62 20.15 20.08 18.88 1793 | 19.02
1993 | 1722 18.17 18.47 18.43 18.17 17.47 16.32 16.48 15.90 16.52 15.20 1377 | 16.84
1994 | 1413 13.78 13.62 15.08 16.28 17.17 17.88 17.00 16.20 16.47 17.08 1594 | 15.89
1995 | 16.90 17.42 17.35 18.65 18.42 17.36 16.08 16.47 16.82 16.12 16.74 1787 | 17.18
1996 | 17.80 17.70 19.40 20.66 19.06 18.51 19.59 20.44 22.26 23.61 22.39 2362 | 20.42
1997 | 23.23 20.42 19.33 17.88 19.37 17.92 18.33 18.70 18.66 20.04 19.09 17.09 | 19.17
1998 | 15.00 14.10 13.12 13.50 14.03 12.48 12.70 12.49 13.80 13.26 11.88 1041 | 13.06
1999 | 11.44 10.75 13.17 15.87 16.06 16.39 18.99 20.27 22.70 21.95 24.16 2510 | 18.07
2000 | 25.31 27.22 27.49 23.47 27.19 29.62 28.18 29.26 32.08 31.40 32.33 2520 | 2823
2001 |  25.96 27.24 25.02 25.72 27.55 26.97 24.80 25.82 25.21 20.73 18.69 1852 |  24.35
2002 | 19.15 19.98 23.64 25.43 25.67 24.49 25.75 26.78 28.28 27.53 24.54 2789 |  24.93
2003 | 30.75 32.88 30.36 25.56 26.06 27.92 28.59 29.68 26.88 29.01 29.12 2097 ; 2890
2004 | 31.37 31.33 33.67 33.71 37.56 35.54 37.89 42.08 41.60 46.88 42.13 39.04 | 3773
2005 ' 42.97 44.82 50.94 50.64 47.83 53.89 56.37 61.89 61.69 58.19 55.04 56.43 '  53.39
2006 ' 62.46 59.70 60.93 67.97 68.68 68.29 72.45 71.81 62.12 57.91 58.14 60.99 '  64.29
T T
2007 ' 5352 57.56 60.60 65.06 65.16 68.19 73.60 70.13 76.76 81.97 91.34 89.52 ' 7112
I I
2008 ' 90.69 93.39 101.84 108.76 122.63 131.52 132.83 114.57 99.66 72.69 53.97 4134 ' 96.99
] ]
2009 +  43.86 41.84 46.65 50.28 58.15 69.15 64.67 71.63 68.35 74.08 77.55 7488 1+ 61.76
| |
2010 .+ 7712 74.76 79.30 84.18 75.62 74.73 74.58 75.83 76.12 81.72 84.53 90.01 +  79.04
| |
2011 . 92.69 97.91 108.65 116.24 108.07 105.85 107.92 100.49 100.82 99.85 105.41 10423 . 104.01
2012 | 10707 112.69 117.79 113.67 104.09 90.73 96.75 105.27 106.28 103.41 101.17 10119 | 105.01
2013 | 10s.10 107.64 102.52 98.85 99.37 99.74 105.26 108.16 108.76 105.43 102.63 10548 | 104.08
2014 ' 10210 104.83 104.04 104.87 105.71 108.37 105.23 100.05 95.85 86.08 76.99 60.70 |  96.24
2015 | 4711 54.79 52.83 57.54 62.51 61.31 54.34 45.69 46.28 46.96 43.11 3657 | 5075
2016 | 2978 31.03 37.34 40.75 45.94 47.69 44.13 44.88 45.04 49.29 45.26 5262 | 4281
2017 | 5359 54.35 50.90 52.16 49.89 46.17 47.66 49.94 52.95 54.92 59.93 6119 | 52380
| 2018 ! 6623 | 6346 | 6417 | 6879 | 7343 | 7198 | 7267 | 7008 | 7536 | 7673 | 6232 _|_ 5396 | 6835
Monthly |
Average | 43.31 44.05 45.50 46.89 47.51 47.70 48.25 48.31 47.10 46.43 44.92 43.53

Table-1: Nominal Monthly Crude Oil Spot Prices in $US for [1988-2018]
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CHAPTER - 3: Inflation-Adjusted Prices Approach

3.1 Introduction to the inflation-Adjusted Approach

Consumer price indices can be intended to measure the following two objectives, without any conflict

between these two objectives.

i.  The rate of price inflation "See figure-4"

ii.  Changes in cost of living: that is, changes in the amounts that the households need to spend in order
to maintain their standard of living.

In practice, most CPIs are calculated as weighted averages of the percentage price changes for a specified set,

or "basket”, of consumer products, the weights reflecting their relative importance in household consumption
in some period. @)

In the course of contents of this thesis; I have used CPI Values for the US Dollar for the recent 30 years [1988
— 2018] in United States of America, in order to adjust all monthly prices of crude oil to the current year of

2018 due to inflation solely, | have used then those Adjusted Spot Prices as an input to different forecasting
models. Please see CH-6.
Table-2, Correlates the Years throughout year 1988 — 2018, to their corresponding CPI's values, according to

the US Dollar values, Source is Bureau of Labor Statistics of USA.

Table-2: CPI Values [1988-2018] ©

- - - == --- I e I e I e i 1
|___Year _1__CPI__|__Year | _CPI__ | _Year I _CPI__ [ _Year I _CPIl_ I
i 1988 | 118.30 1089 | 124.00 1090 | 130.70 1091 | 13620 |
| 1992 | 140.30 1993 | 14450 1994 | 148.20 1995 | 15240 |
| 1996 | 156.90 1997 | 160.50 1998 | 163.00 1999 | 166.60 |
| 2000 | 172.20 2001 | 177.10 2002 | 179.90 2003 | 184.00 |
| 2004 | 188.90 2005 | 195.30 2006 | 201.60 2007 | 207.30 |
| 2008 | 215.30 2009 | 214.50 2010 | 218.10 2011 | 224.90
| 2012 | 229.60 2013 | 233.00 2014 | 236.70 2015 | 237.00
| 2016 | 24000 | 2017 | 24510 | 2018 | 25210

3.2 Numerical Calcula_ti_dns ofIanatlon-Ad|usted “(_)-il Pr_iEés :

Follows is an example that illustrates the methodology, and the formula I have used to calculate the adjusted

price of oil for every monthly value of price oil, for the recent 30 years [1988 - 2017] to the current year 2018.

Example-4: Numerical Calculations of Inflation-Adjusted Qil Prices

Assuming the Average price of Crude oil in 1989 was $17.14/bbl, and | am interested to calculate the
equivalent price of the same bbl in 2017 "due to inflation”, then in order to do so, | will need the
following piece of information :

- Average Crude Oil Price $/bbl in 1989 : $17.84
- CPI for US Dollar in 2017 :245.10 - "Value is Taken from Table-1"
- CPI for US Dollar in 1989: 124.00 - "Value is Taken from Table-1"

Additionally, | will need to use the following formula,

Adjusted Price g Year=[CPl g Year/ CPI g Year ;] * Price g Year,

[245.1/124] * $17.84
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Similarly, by following this formula I can adjust all prices of crude oil in $US /bbl from any month within the
Period under study [1988 - 2018] , to the current year 2018, by simply using the value of CPI,q;s, this will allow

me to see the influence of inflation rates solely on the crude oil prices nowadays.

3.3 Table-3: 2018 Inflation - Adjusted Monthly Crude Qil Prices in $US for
[1988-2018]

- I have gathered the calculated Inflation-Adjusted Monthly Spot Prices of Crude Oil in Table -3. See
Next Page, Table-3; Summarizes clearly 2018 Inflation-Adjusted Monthly Crude Qil Prices in $US for
the study period [1988-2018] according to the above mentioned calculation in example-4.

- For example to read any value inside Table-3, the reader must simply follow the same exact approach

for reading Table-1 above.

- To help the reader understand the meaning of any number in any cell In Table-3, let me take an
example of the price quoted for March-2004, which reads $44.93, this number represents the crude
oil price of our benchmark in today's US Dollar value, and in other words the price you would have

actually paid at the time.

- Please also note that the nominal spot price of the same benchmark for the same month March-2004
is $33.67, Quoted from Table-1, the reader can also note that the adjusted price is always higher than
the nominal one that is for sure due to inflation of US Dollar value, through the years

- In other words, $33.67 in 2004 is equivalent in purchasing power to $44.93 in 2018, a difference of
$11.26 over the span of 14 years.
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: . Yearl
| Year | Jan__|_Feb_ | Mar | _ Apr_ | May _|_ Jun_ | _ Jul__|_Aug | _ Sep__|__Oct__ | _ Nov__ | _Qe_c__JAve—rage
1988 ! 27.92 25.96 26.70 3122 | 2795
1989 | 3350 33.24 36.66 39.03 36.64 35.84 35.92 34.32 35.92 37.45 37.35 3934 | 36.27
1990 | 3925 37.81 35.14 31.92 31.98 29.45 33.12 50.92 63.07 66.55 59.95 5040 | 44.13
1991 | 4179 33.56 33.45 34.19 34.83 33.19 35.26 35.85 37.11 39.74 38.44 3285 | 35.86
1992 | 31.23 31.66 31.36 33.48 35.04 37.43 36.24 35.25 36.21 36.08 33.92 3222 | 3418
1993 | 30.04 31.70 32.22 32.15 31.70 30.48 28.47 28.75 27.74 28.82 26.52 2402 | 29.39
1994 | 2404 23.44 23.17 25.65 27.69 29.21 30.42 28.92 27.56 28.02 29.05 2712 | 27.02
1995 | 27.96 28.82 28.70 30.85 30.47 28.72 26.60 27.24 27.82 26.67 27.69 2956 | 28.42
1996 | 28.60 28.44 31.17 33.20 30.62 29.74 31.48 32.84 35.77 37.94 35.98 37.95 | 32.81
1997 |  36.49 32.07 30.36 28.08 30.42 28.15 28.79 29.37 29.31 31.48 29.98 26.84 | 30.11
1998 | 23.20 21.81 20.29 20.88 21.70 19.30 19.64 19.32 21.34 20.51 18.37 1610 | 20.21
1999 | 1731 16.27 19.93 24.01 24.30 24.80 28.74 30.67 34.35 33.21 36.56 37.98 | 27.34
2000 |, 37.05 39.85 40.25 34.36 39.81 43.36 41.26 42.84 46.96 45.97 47.33 3689 , 41.33
2001, 36.95 38.78 35.62 36.61 39.22 38.39 35.30 36.75 35.89 29.51 26.61 26.36 | 34.67
2002 ' 26.84 28.00 33.13 35.64 35.97 34.32 36.08 37.53 39.63 38.58 34.39 39.08 ! 3493
2003 42.13 45.05 41.60 35.02 35.71 38.25 39.17 40.66 36.83 39.75 39.90 41.06 39.59
2004 ' 41.87 41.81 44.93 44.99 50.13 47.43 50.57 56.16 55.52 62.56 56.23 52.10 ' 50.36
2005 ' 55.47 57.86 65.76 65.37 61.74 69.56 72.76 79.89 79.63 75.11 71.05 72.84 ' 68.92
2006 7811 74.65 76.19 85.00 85.88 85.40 90.60 89.80 77.68 72.42 72.70 7627 1 80.39
2007 . 65.09 70.00 73.70 79.12 79.24 82.93 89.51 85.29 93.35 99.68 111.08 10887 | 86.49
2008 | 106.19 109.35 119.25 127.35 143.59 154.00 155.53 134.15 116.69 85.11 63.19 4841 | 11357
2009 | 5155 49.17 54.83 59.09 68.34 81.27 76.01 84.19 80.33 87.07 91.14 88.01 | 72.58
2010 | 8014 86.41 91.66 97.30 87.41 86.38 86.21 87.65 87.99 94.46 97.71 10404 | 9136
2011 | 103.90 109.75 121.79 130.30 121.14 118.65 120.97 112.64 113.01 111.93 118.16 116.84 | 116.59
2012 ! 11756 123.73 129.33 124.81 114.29 99.62 106.23 115.59 116.70 113.54 111.08 11221 | 11530
2013 | 11372 116.46 110.92 106.95 107.52 107.92 113.89 117.03 117.68 114.07 111.04 11413 | 11261
2014 | 108.74 111.65 110.81 111.69 112.59 115.42 112.08 106.56 102.09 91.68 82.00 6465 | 102.50
2015 | 5011 58.28 56.20 61.21 66.49 65.22 57.80 48.60 49.23 49.95 45.86 3890 | 5399
2016 ! 31.28 32.59 39.22 42.80 48.26 50.09 46.35 47.14 47.31 51.78 47.54 55.27 ! 44.97
2017 | 5512 55.90 52.35 53.65 51.31 47.49 49.02 51.37 54.46 56.49 61.64 6204 | 5431
2018 | 6623 | 6346 _| 6417 _| 6879 | 7343 | _ 7198 | 7267 7108 | 7536 _|_ 7673 | 6232 | 5396 | 6835
Monthly |
Average ' 53.68 54.39 56.14 57.78 58.58 58.80 59.56 59.95 59.05 58.35 56.50 54.75
Table-3: 2018 Inflation- Adjusted Monthly Crude Oil Prices in $US for [1988-2018]




Figure - 6 below shows a chart that presents Monthly Average Crude Oil Price and Inflation Adjusted Crude Qil Prices in chart form.

The Red line on the chart below shows oil prices adjusted for inflation in July 2017 dollars.

The Black line indicates the nominal price (in other words the price you would have actually paid for a barrel of oil at the time).

The Blue Line indicates the Average since 1946.

The Green Line indicates the Average since 1980.

The Brown Line indicates the Average since 2000.
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Figure -6: 2018- Adjusted Monthly Crude Oil Prices in $US for [1946-2017] (®)
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Figure -6 Analysis:

Starting in 1946 the inflation adjusted price of oil was $18.33 per barrel. After climbing sharply for a couple of years, it
stayed relatively steady and in fact steadily declined in inflation adjusted terms until 1973. From there on prices
exploded until 1980 when the bubble burst and prices returned to "normal" however during eighties and on, prices

were much more volatile from then on, this is the period of interest throughout my thesis.

I can observe that the major peaks occurred in December 1979 at around $121, also in, October 1990 at
approximately $66, and for sure July 2008 at almost $154, please remind that those prices are the inflation-adjusted

prices to 2017 according to the chart.

Another very interesting item to note is that the inflation adjusted average price has been increasing with time see

table-4:
I Since Year ! Average '
. 1946-2017 .  $4324
| 1080-2018 | gs427 |
| 1990-2018 ! 5840 |
I 20002017 | $6341 !
| 2010-2018 |  $8450 !
Table - 4:

Adjusted crude oil prices long term Averages in $US for different periods

Table-4 demonstrates clearly that the average for the entire period from 1946 to present is $43.24 but the average
since 1980 is $54.27 and the average since 1990 is $58.40, additionally since 2000 the average is $63.41, and finally
to since 2010 it reached up to $84.59, I might think of this increase as a result of increased extraction costs as it

becomes harder and more costly to find and requires much greater technology to get to it.

The absolute peak occurred in July 2008 with the highest inflation adjusted monthly average crude oil price of
$154.32 / barrel, directly from there we see one of the sharpest drops in history in only six months for the prices to

drop to $48.41 in Dec of the same year 2008.

In nominal terms, we see a fall from $132.83 in June 2008 to $41.34 in February 2009 but by June 2009 oil is back
to $69.15 and by April of 2011 it was back to $116.24.

The average for the year 2011, 2012 and 2013 was almost stable and oscillating between $104 and $105. Again, The
first 8 months of 2014 had an average price again close to $104.40, but December's sharp drop brought the annual
average price down to $96.60. The average nominal price for 2015, 2016 & 2017 were $50.75, $42.81 & $52.80
respectively, actually the last 3 years showed a semi steady pattern in prices, except for the winter period of 2015-

2016, when prices really drop to as low as $29. 87 demonstrating a drop of 30-35% less from the annual average.
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As we can see from the chart and the corresponding two tables, In the 2008 run-up, the annual average price for all of
2008 was nominally $96.99 and fell much lower in 2009 to an average of $61.76, So on an annual average basis,
prices were very close to the peak of 1979 but slightly below, yet on a monthly inflation adjusted basis 2008 prices

exceeded 1979 prices but for a shorter duration.

Also, as we can observe from figure-1, inflation adjusted prices were higher in 2008 than they were in either 2011 or

1980, the only difference that in 1980 the prices stair-stepped down rather than falling sharply as they did in 2008.

Interestingly, prices fell so low by 1998 that by December on an inflation-adjusted basis they reached only about 88%
of what they were in 1946. The inflation adjusted price of a barrel of oil in 1946 was $18.03 while in December of
1998 it was only $16.10.

24



CHAPTER - 4: Finding, Trends & Analysis "Oil Prices":

4.1 Introduction to Oil Prices:

Oil prices through modern economy, have been one of the most monitored trends during the twenty-first century,, Oil
prices suffers and shows seasonality, spikes and they are largely volatile, as a result, in order to give a better
understanding of the oil prices, it could be good to illustrate a graph with the oil prices of the first four assumptions
used throughout this thesis.

Figure — 7 presents in a clear manner the daily fluctuation of crude oil for 3 different types Benchmark (WTI, Brent &
Dubai), for the period range begins from 1988 ends to 2018, According to the assumptions mentioned in CH-2, all the

prices in the graph are shown in US dollars and are referring to spot prices one month ahead.
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Figure- 7: Daily crude oil prices per barrel. "WTI - Dubai - Brent Benchmark”. 1988-2018

As it can be seen, the oil prices are highly volatile. A peak at the middle of 2008 is observed and then a significant
decline causes the prices to reach a level of almost $30 per barrel. However, from this period and up to 2011, oil prices

show an increasing trend.

For the purpose of descriptive analysis of the graph, the periods are going to be divided Into 8 periods, the first period
will be from 1988 up to 1991, and the final period from 2015 up to 2018, with another 6 periods in between, decided

based on significant events that influence the analysis.

4.2.1 Period Range : 1988-1990 :
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1988 is the year at which an eight-year war between two major and large producers of oil "Iraq & Iran" officially came
to an end. The end of this war brought to the world also the end of long period of high prices of crude oil, that lasted
between 1980 till 1988, which is the war period between the two countries, the oil price reached a peak of $120 /bbl
in1980 at the beginning of the war, but in 1988, upon the official declaration of the war end prices of crude oil reached
a values close to $42/bbl. This is for sure highly related to the Iragi-Iranian war that took place in this period, as both
countries are considered major oil producers in the Middle East, and also due to the huge cuts of production and

exports that these two countries declared during the war period as well.

Another important event within this period is also connected to Irag, as in the summer of 1990 the famous Iraqi
Invasion to Kuwait took place, leading to a new drop in crude oil prices that recorded one of the lowest recorded
values reaching close to $15.27/bbl in June-1990, this was also accompanied with cuts of production of oil by Kuwait
due to this invasion, which again led the prices to increase at the end of second half of 1990, to a bit more than the

double in the span of 4 months.

During 1988 up to the end of 1990, prices of crude oil demonstrate an overall monthly average of $19.32

- The Minimum monthly average oil price was recorded for Oct/1988 with value of $12.18.
- The Maximum Monthly average oil price recorded in Oct/1990 with the value of $34.50
- The range of fluctuation is exactly $26.32 for the entire period on monthly basis.

The following table summarizes the oil prices average fluctuations for the corresponding periods between 1988-1990,
it is very obvious that the prices showed a dramatic increasing pattern in the second half of 1990, where average
monthly prices of the fourth quarter of 1990 had almost doubled than the second quarter of the same year. Please

note that in Table5, the symbol Q refers to the Quarter of a year.

T -==-=" T --"-"-"-"=-""-"=-""-"=-""=-""=-""=-"\"=-""=-"\"=-"\"=-""="="¥"=-""="=-"\"="\°"="=""="=""="=""="=""="="—""="=""="=—"="="=""—-"- |
| | Year |
e —
| Annual | 1988 | 1989 | Q1-1990 | Q21990 | Q31990 | Q4-1990 |
1 AVerag e L 1 1 1 1 1 1
I Tempy ! s1312 1 s1784 1 $1930 | 1613 | 2542 | s3057 |

Table - 5: Annual average prices for period between 1988- 1990
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4.2.2 Period Range : 1991-End of 1997 :

During 1991 up to the end of 1997, prices of crude oil demonstrate a stable pattern observed, with an overall monthly
average of $18.27.

- The Minimum monthly average oil price was recorded for March/1994 with value of $13.62.
- The Maximum Monthly average oil price recorded in Dec/1996 with the value of $23.62
- The range of fluctuation is exactly $10.00 for the entire period on monthly basis.

Yet on Annual Basis, the readings are as follows:

- The Minimum annual average oil price was recorded for 1994 with value of $15.89
- The Maximum annual average oil price recorded in 1996 with the value of $20.42
- The range of fluctuation is exactly $4.53 for the entire period on Annual basis.

! Year .
e ———————————————————————
Annual , 1991 , 1992 , 1993 , 1994 , 1995 , 1996 , 1997 ,
Average | i I | I 1 1 1
($/bbl) ! $19.37 ! $19.02 ! $16.84 ! $15.89 ! $17.18 ! $20.42 ! $19.17 !

Table - 6: Annual average prices for period between 1991 - 1997

Analysis:

This period from 1991 up to the end of 1997, shows one of the most stable periods for the fluctuations of oil prices within
the period under study throughout this thesis.

i.  Simply by reviewing the most important events that might influence Oil prices within this period we can find
out that this period also enjoyed a very stable trend, let us call it dramatic free of any huge events such as,
Geopolitical event, or Major changes in OPEC policies, or presence of new Technological advancements, or
even major changes in crude oil production quantities. See chapter 7.

ii.  Additionally the era between 1991 & end of 1997 also can be seen as a recession —free period, which played a

major role in keeping oil prices also stable and steady. See chapter 7.

iii.  Oil world demand for this period grew up normally, again which helps the prices to stabilize. See chapter 7.

Period conclusion - [1991-1997]

That if our planet enjoys continuously such trend of stability, the behavior of oil prices fluctuations within this
period will be the best for consumers, and for monitoring risks related to investments that are highly

influenced by oil prices fluctuations, due to the high stability of oil prices.
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4.2.3 Period Range : 2000-End of 2003:

During 2000 up to the end of 2003, a generic clear stability of the oil prices is observed, where the minimum oil price was
recorded in Dec /2001 with an average of $18.50, while the maximum of $32 recorded in Feb/2003,
By following the monthly and annually price oil for this period we can see that the Average annual price of oil for each

of the years, in the following table:

! ! Year !
e —————————————
' Annual ' 2000 ' 2001 ' 2002 ' 2003 '
| Average | f i | |
X ($/bbl) ! $28.23 ' $24.35 v $2493 . $2890 .

Table - 7: Annual average prices for period between 2000 -2003

Although the 9/11 attack have occurred during this period, but we can still notice that the oil prices for 2000 were kept
almost steady without any extreme changes, as the crude oil monthly average price of oil in Aug/2000 was recorded to
be $29.30, while that of Sep/2000 was recorded to be $32.08 with just a slight increase, therefore we cannot drive a

conclusion that states that 9/11 attack has significantly influenced the oil prices at this period.

However for the same period, the US Invasion on Iraq took place on the end of 2003, leading to obvious increase on
oil prices for 2004, which reached an average of $37.73, invasion of Iraq was associated with a registered peak value of

$46.88. See next period range please.

Period conclusion - [2000-2003]

The table clearly states that average annual prices of crude oil were kept very stable, with very reasonable

slight changes that have to do solely with the offer and demand factors

4.2.4 Period Range : 2004-2006

During 2004 up to 2006, an increasing trend of the oil prices is observed. According to "Dees et al" the main reasons that
can explain the increase of oil prices within this period is highly linked to the availability of crude oil and demand-supply

cons[derations.(lo)
o il ''''''''''''' vear
-, . _’°
| Annual 2004 | 2005 | 2006 |
1 Average i i i |
| (sbbl) | $37.73 |  $5339 | $64.29 |

Table -8: Annual average prices for period between 2004 -2006

i More specifically, it is argued that in the United States, the supply of oil during the underlying period faced
significant shortcomings due to the steady number of oil refineries which date back to 1981.

ii.  Additionally, it is also claimed that a large number of oil refineries in the United States was under
maintenance. As a consequence, the market of crude oil faced supply shortages which in turn influenced the

global oil prices during the period 2004 up to 2006. (10)
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4.2.5 Period Range : 2006-2008

During 2006 up to 2008, it is observed that oil prices increased at higher rates and decreased sharply after the financial

crisis of 2008. Moreover, from the end of 2006 to 2008, the price of oil saw an unprecedented spike, going from under $64
per barrel in the end of 2006 to almost $140 per barrel in July of 2008.

The following table summarizes the oil prices average fluctuations for the corresponding periods between 2006-2008,

it is very obvious that the prices showed a dramatic increasing pattern, followed by again a drastic decay at the last

quarter of 2008, Please note that in Table-9, the symbol Q refers to a quarter of a year.

r—--—-=-—=—"< rr "-""""-""=—-"""="-""=""=-"-""-="=-"-"-"-""-="-""="=-"-""="=-"-""-="=-""="=-"="=-""=""=-"""="="""="=""="=""=""?""="—"="—""=""="—""=""="—"¥"/""=—"=""=—=""—-"-" 1
1 1 Year 1
g
i Average | 2006 ; 2007 | 2008/QL | 2008/Q2 ; 2008/Q3 | 2008/Q4 |
; ($/bbl) ; $64.29 ; $72.12 ! $95.31 ! $120.97 ! $115.69 ; $56.00 ;

Table - 9: Average prices for period between 2006 -2008

Follows my analysis and justification to this behavior of oil prices for this period:

The drastic increase can be seen as a response to the rapidly increasing demand in economies such as China
and India and production cuts by the Organization of Petroleum Exporting Countries (OPEC) in the Middle
East drove the price of oil to its record heights.

Although, the sharp price decrease can be easily attributed to the financial crisis, the significant price increase
remains questionable. Dees et al. in his argument in (2008) argue that the non-linear relationship between oil

prices and supply caused the prices to peak.(lo)

Other factors may sufficiently explain the increasing peak of the prices such:

The Insufficient production capacities similar to the previous period.

Extreme events and expectations concerning the market conditions of the future. Such as the Contango or
Backwardation. See chapter-2.

However, By digging more in the history of oil prices and possible scenarios for this bizarre behavior of oil prices

during 2008, I found that according to "Talley and Meyer from the Commodity Futures Trading Commission in 2008),

they suggest that there are also assertions that the oil price increase in 2008 was the result of speculative investments.

They declare that there was strong evidence of speculation in oil markets, which caused the prices to increase. ™ the

two journalists, given evidence from Congressional committees in the United States, state that 70% of the trades in

futures of the New York Merchantile Exchange (NYMEX) and the Intercontinental Exchange (ICE) have speculative

nature. As a consequence, they argue that the main reason for the oil price increases was speculation in the futures

market. 12)

Period conclusion - [2006-2008]

As it can be seen, there are no clear answers as to which are the main reasons which led the oil prices to

increase rapidly. Given the evidence presented, it could be argued that for the period 2006 up to 2008, shifts in

the demand-supply conditions and speculation caused the prices to increase dramatically. The aftermath of

this increase was a sharp decline of the prices during the financial crisis
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4.2.6 Period Range : 2009-2011

By the end of 2008, the price of oil had bottomed out at $40. The economic recovery that began the following year sent
the price of oil back over $100, shortly thereafter; a deep global recession throttled demand for energy and sent oil prices

into a precipitous free fall.

For the period from 2009 up to 2011, the general tendency that is observed is that oil prices tend to increase but in

smaller rates compared to the past. This increase of the oil prices can be attributed to according to (ExxonMobil, 2010):

- The expansionary growth of developing economies.

- Geopolitical uncertainties in the Middle East.

- The production quotas of the Organization of Petroleum Producing Countries (OPEC) for the mentioned
period.

The following table summarizes the oil prices average fluctuations for the corresponding periods between 2009-2011,
it is very obvious that the prices showed a dramatic increasing pattern, followed by again a drastic decay at the last

quarter of 2008, Please note that in Table-10, the symbol S refers to the half of a year.

Average | 2009-s1 | 2009-s2 | 2010-S1 | 2010-S2 | 2011/S1 | 2011/ S2 !
($/bbl) I $51.66 I $71.86 I $77.62 I $80.47 I $104.90 I $103.12 I

Table — 10: Average prices for period between 2009 -2011

Period conclusion - [2009-2011]

As it can be seen, the oil price per barrel for this period started with an average of $51.66/bbl recorded for
the first half of 2009, this can be translated as continuity to the huge drop witnessed at the end of 2008.

But starting from the second half of 2009 a noticeable clear increase in oil prices have been observed which
continued incrementally & continuously to increase until the end of 2011, where the average crude oil prices

almost doubled on semiannual basis from $51 to $103 in the span of 3 years.
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4.2.7 Period Range : 2011-2014

The following table summarizes the oil prices average fluctuations for the corresponding periods between 2011-2014,
it is very obvious that the prices showed a dramatic increasing pattern, followed by again a drastic decay at the last
quarter of 2008, Please note that in Table-11, the symbol S refers to the half of a year & the symbol Q refers to a

quarter of a year.

| Average | 2012-S1 | 2012-S2 | 2013-S1 | 2013-S2 | 2014-S1 | 2014-Q3 | 2014-Q4 |
I ($/bbl) | $107.67 | $102.35 | $102.20 | $105.95 | $104.99 | $100.93 | $74.95 |

Table - 11: Average prices for period between 2012 -2014

As the table shows the prices that for the period from 2011 up to the end of the third quarter of 2014, oil prices have
hovered between $100 and $125, , when again it experienced another steep drop in the fourth quarter of 2014. Where
the price of oil reached minima of $60.70 in Dec/2014, which is almost 44% less than the highest price registered in
June/2014 of $108.37

Numerous Interesting factors contributed to the end of 2014 drop in oil prices are briefed within the upcoming

bullets: 3

= Economies such as China, whose rapid growth and expansion created an unquenchable thirst for oil in the first
decade of the new millennium, began to slow after 2010, since China is the world's largest country by
population, so China's lower oil demand had significant price ramifications.

Other large emerging economies such as Russia, India and Brazil experienced similar economic trajectories in

+
the early 21st century — rapid growth during the first decade, followed by much slower growth after 2010

= Spurred by the negative effect of high oil prices on their economies, countries such as the U.S. and Canada
increased their efforts to produce oil. In the U.S., private companies began extracting oil from shale formations
in North Dakota using a process known as fracking.

+ Meanwhile, Canada went to work extracting from Alberta's oil sands, which is seen as the world's third-
largest crude oil reserve.

= Saudi Arabia's actions also contributed to falling 2014 oil prices. Faced with a decision between:

A. Letting prices continue to drop or ceding market share by cutting production in an effort to send prices

upward again, the Middle Eastern country finally kept its production stable, deciding that low oil prices offered
more of a long-term benefit than giving up market share.

B. Because Saudi Arabia produces oil so cheaply and holds the largest oil reserves in the world, it can withstand
low oil prices for a long time without any threat to its economy.

Period conclusion - [2012-2014]

1. The same countries that pushed up the price of oil in 2008 with their ravenous demand helped bring
oil prices down in 2014 by demanding much less of it

2. As a result of this local production mentioned in Point iii, the two North American countries were
able to cut their oil imports sharply, which put further downward pressure on world prices.

3. In contrast, extraction methods such as fracking are more expensive and therefore not profitable if
oil prices fall too low. By supporting low oil prices, Saudi Arabia hopes that countries such as the U.S.
and Canada will be forced to abandon their more costly production methods due to lack of

profitability.
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4.2.8 Period Range : 2015 — 2018:
The following table summarizes the oil prices average fluctuations for the corresponding periods between 2015-2018,
this table shows that except for year 2016, we can assume that the prices showed a stable and constant pattern per

year, Please note that in Table-12, the symbol S refers to the half of a year

F e m o . e m —— m ——m m —— p —— m —— = —— = —— = — = —— = —— = = = — = — = — o —— —— o ——— = ——— =

¥
| Average | 2015-S1 | 2015-S2 | 2016-S1 | 2016-S2 | 2017-S1 | 2017-S2 | 2018-S1 | 2018-S2 |
| (®bb) | $56.01 | $4549 | $38.76 | $46.87 | $51.17 | $54.43 | $68.01 | $68.68 |

Table - 12: Average prices for period between 2015 -2018

As table-12 shows, and also by watching the monthly prices in Table-1 and figure-7, a noticeable drop in oil prices can
be observed between Dec/2015 and April/2016, as prices averaged in these 4 months a value of $33.68, a considerably

low value if compared with the average annual prices of year 2015.

this drop can be explained by 2 major reasons, Seasonality of Oil prices usually go lower in winter, Please see CH-7,
but mainly also due to the appearance of the Niger Delta Avengers who appeared at the beginning of 2016, which
lead to huge drop in crude oil prices to reach low values such as $29.78 in Jan/2016. Afterwards, prices started to

recover starting from may/2016 coming back to its average values before the presence of the Niger Delta Avengers.

Another noticeable observation is that starting from Sep/2017, crude prices tended to increase almost continuously
until Nov/2018 where average monthly price of crude drop to a value of $62.32/bbl, then prices dropped once again in
Dec/2018 recording a lower value of $53.96/bbl, it is important to mention that the prices of crude in Oct/2018
registered a value of $76.73/bbl meaning that the drop 29.67% in less than a span of 2 months.

During 2015 up to the end of 2018, prices of crude oil demonstrate an overall average of $53.68

- The Minimum monthly average oil price was recorded for Jan/2015 with value of $29.78.
- The Maximum Monthly average oil price recorded in Oct/2018 with the value of $76.73

Yet on Annual Basis, the readings are as follows:

- The Minimum annual average oil price was recorded for 2018 with value of $68.35
- The Maximum annual average oil price recorded in 2018 with the value of $42.81
- The range of fluctuation is exactly $25.54 for the entire period on Annual basis.
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CHAPTER - 5: Forecasting

5.1 Introduction to Forecasting:

In literature, Forecasting is seen as predicting the future as accurately as possible, given all of the information available,

including historical data and knowledge of any future events that might impact the forecasts. ¥

Forecasting according to expert opinions can also be seen as predicting the future, but it is not an exact science,
instead it consists of a set of statistical tools and techniques that are supported by human judgment and intuition,
Prod Paul Saffo in an article published by Harvard Business Review adds also that the goal of forecasting is not to

predict the future but also to tell you what you need to know to take meaningful action in the present. s

Business forecasting generally attempts to predict future customer demand for goods or services, also it is a common
statistical task in business, where it helps to inform decisions about the scheduling of production, and provides a guide
to long-term strategic planning. While the Macroeconomic forecasting attempts to predict future behavior of the

economy and identify business cycle turning points. 14

Types of Forecasting in relation to time are strictly 3 types, and are demonstrated clearly in figure-8:

Figure -8: Type of forecasting with relation to time span.

«Usually needed for the scheduling production and predicting prices changes.
Short-term . .
£ t «As part of the scheduling process, forecasts of demand are often also required.
QGUELasis «Span of 1 day to 1 year.
"
Medium-term *Needed to determine future resource requirements.
forecasts »Used to make decsision to buy raw materials, hire personnel, or buy machinery & equipment.
*Span of several or few months to several few years.
L
|/‘
*Are used in strategic plannin
Long-term deec gie planning . , .
P t *Must take into account market opportunities, enviormoental factors, and internal resources.
orecastis *More than 5 years.
A

5.2 Forecasting Applications in Oil Industry:

In practice forecasting has a wide variety of applications, but the most important within oil industry are related to:

i Economics: This kind of forecast is targeting the major economic variables, such as inflation & oil prices.

ii.  Finance & Risk Management: Aims to forecast returns from investments in the oil industry by forecasting the
possible amounts of productions.

iii.  Industrial Process Control: forecasts of the quality characteristics of the produced oil /gas.

33



In this Thesis, I am using the Economic aspect or Application of Forecasting in the oil industry.

5.3 Types of forecasting methods:

5.3.1 Qualitative methods:

These types of forecasting methods are based on judgments, opinions, intuition, emotions, or personal experiences
and are subjective in nature. They do not rely on any rigorous mathematical computations. In other words they are

based mainly on judgment, opinion, past experience and best guesses.(ls)

Figure-9 Provides four of the most famous qualitative approaches of forecasting and brief explanation of each.

Qualitative Forecasting
Methods

Market Survey

Executive Opinion Delphi Method

Approach in which

Approach that uses Sales Force Composite

Approach in which a group

interviews and surveys to Approach in which each :
Sliagacars et judge preferencesyof salegpex erts estimates sales consensus agreement is
collectively develop a Perts. . reached among a group of
customer and to assess in their region
forecast experts
demand

Figure -9: Qualitative Forecasting Approaches.

5.3.2 Quantitative methods:

These types of forecasting methods are based on mathematical (quantitative) models, and are objective in nature.
They rely heavily on mathematical computations; Figure-10 provides the two famous qualitative approaches of

forecasting and brief explanation of each. (16)

Quantitative Forecasting

Time Series Models Causal Models

Assume that the variable being forecasted is
related to other variables in the environment.
They try to project based upon those
associations.

Look at past patterns of data and attempt to
predict the future based upon the underlying
patterns contained within those data.

Figure -10: Quantitative Forecasting Approaches.
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These types of forecasting methods are based on mathematical (quantitative) models, and are objective in nature.
They rely heavily on mathematical computations; Figure-11 provides a detailed comparison between both types

of forecasting on the basis of 4 factors.

Used When: Used When:

- Historical data are scarce.

Qualitative Forecastingv

- Historical data are available.

- Historical data are not available at all.

They generally use: They generally use:

- An expert opinion to predict future events

) EX| - A constructed forecasting model from
subjectively.

available data or theory to do forecasts.

Advantages: Advantages:

- Useful when historical data either are not
available or are scarce. For example, sales of
new product, environment and technology
over the long term.

- Objective.

- Once the underlying model or technique has
been chosen, the corresponding forecasts are

determined automatically.

-Useful for long forecast horizons .
] g - ) - They are fully reproducible by any forecaster.
-Takes into account the political, social

demographical & regional impacts.

-Takes into account unexpected events that Disadvantages:

may affect the forecasted results. -Requires data

-Data may not be enough solely to create a

) Poper forecast.
Disadvantages: . . )
-Neglects any political, social demographical &

regional impacts except for those hidden
within the data.

Quantitative Forecasting

-Subjective

-Does not Takes into account unexpected
events that may affect the forecasted results.

\ .

Figure -11: Quantitative vs. Forecasting comparison.
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54

Time Series Forecasting Methods.

A time series is defined as a series of observations on a particular variable collected over a period of time (usually

at equally spaced intervals).

According to this definition, this means that the Input data throughout the context of my thesis which represent
[Nominal Monthly Spot Prices in $US/BBL.] "See Assumption 5", for the study period between [1988 -2018] can
be treated as a time series.

This means that the collected data under study can be seen and treated as a time series, thus, the use of
Quantitative methods and utilizing a time series forecasting model is also valid, the following Figure-12 will

provide some examples of the most common time series model used in forecasting, and a brief about each one .

Naive Model : Simple Mean:
Uses last period's actual value as a Uses an average of all past data as a
forecast forecast
Simple Moving Average: Weighted Moving Average:
Uses an average of a specified number Uses an average of a specified number
of the most recent observations, with of the most recent observations, with
each observation receiving the same each observation receiving a different
emphasis (weight). emphasis (weight).
Exponential Smoothing: Trend Projection:
A weighted average procedure with A weighted average procedure with
weights declining exponentially as data weights declining exponentially as data
become older become older

Figure - 12: Time Series Models.

Throughout the context of this thesis, I have decided with my supervisor to use both the simple moving average |
and the exponential smoothing methods as my forecasting models, and then compare between the two methods,

follows a brief illustration of each.
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5.4.1 SIMPLE MOVING AVERAGE METHOD:

Let us assume that:
- The current Nominal Spot Price is Py,

- The price for the next period is Py.1

- The forecast for current Price is F;

- The forecast for the next period is Fy.1

Then the forecast of the price for next period (t+1) will equal the average of a specified number of the most recent

observations, with each observation receiving the same emphasis, in other hands equally weighted.

In the following illustration, I will demonstrate an example to show how simple moving average works, also how I

applied it to my Input Data in this thesis.

The below table offers information of Nominal Monthly Spot Prices of Crude Qil for the period between Sep-1988 &

Aug-1989, for this example I assume that a 3-month simple moving average is being used.

I will also assume that:

In the absence of data at startup, I made a guess for the forecast of Sep to equal $13.00.

- Then, after Sep elapsed, I made a forecast for Oct using a naive method to equal the actual price of Sep.

- Again I did the same thing for Nov forecast using naive method to equal the actual price of Oct.

- The Forecast for Months Dec through August, were made using the 3-simple moving average model, that's

because beyond Nov, I have sufficient data to let the 3-month simple moving average forecasts unfold

throughout the months.

Month

Dec - 1988
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d |
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i
4 !
...... -
!
i
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____ T
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g |
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""" n
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b e e e e e e m e e e m = == = = = = e = e = = = = = = = = = = = = = = = = = = = = = = = = = = —— = —— =

F e e e e e e e e e e e e m e = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ——— — = —— = ———
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!_ --------- |
I 1300 !
! |
| 1310 i
i !
i__._1¥;1_8_._4:
i i
i i
i i
i i
. . 1260 -
! !
i i
i i
Po1312 !
o 1
i__._l‘_‘;5_5_._j
| 1583 |
' 1695 !
| |
¢ 1786
e 1
i__._1§;“_2_._4
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From this point forward, these forecasts were made on a month by
month basis using a 3-month moving average approach
Fa= [P1+ P2+ P3] /3
Fs=[13.10 + 12.18 + 12.53] / 3
= 12.60
Similarly,

F5 = [P2+ P3+ P4]/3
=12.18+12.53+14.65

Table- 13: Moving Average Method Calculations Sample
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Throughout the context of this thesis, I have used the simple moving average model for 3, 4, 6 & 12 months period
using the same mathematics shown above, for forecasting the Monthly Nominal Spot Prices, and for the Inflation -
Adjusted Spot Prices as well, resulting in 8 different models of forecast, to forecast all crude oil prices for the study

period between [1988 -2018].

5.4.2 EXPONENTIAL SMOOTHING METHOD:

Let as assume that:
- Py is the current nominal spot price.

- Py1.is the price for the previous period.

- Fg is the forecast for current period is

- Fe1is the forecast for the previous period is

- o is a smoothing coefficient whose value is between 0 and 1

- (1- a) is called the damping factor.

Then the forecast of the price for current period (t) will be calculated as follows:

Current forecast = Last period’s forecast + o x [Last period’s actual Price — Last period’s forecast]
Fi = Fia + o X (Pe1 = Fea)
Ft =oaX Pt-l + (1'“) X Ft-l
The exponential smoothing method only requires that you dig up two pieces of data to apply it (the most recent

actual price and the most recent forecast).

An attractive feature of this method is that forecasts made with this model will include a portion of every piece of
historical demand. Furthermore, there will be different weights placed on these historical demand values, with older

data receiving lower weights.

In the following illustration, I will demonstrate an example to show how Exponential Smoothing works, also how I

applied it to my Input Data in this thesis.

The below table offers information of Nominal Monthly Spot Prices of Crude Qil for the period between Sep-1988 &
Aug-1989, for this example I assume that the damping factor is 0.9, meaning that a=0.1.
I will also assume that:
- Inthe absence of data at startup, I made a guess for the forecast of Sep to equal $13.00.
- Then, for each subsequent month (beginning with Oct) I made a forecast using the exponential smoothing
model. After the forecast was made, I have to wait to see what demand unfolded during October; I then made
a forecast for the subsequent month, and so on right through to the forecast till the last period I am interested
in
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I Perio | Actual ! Forecast '
Month 1 d 1 Price | | Notes
. . . (Ft) .
............ T L U
| SeP- 1988 111310 1300 ! __Thisforecast Fy can be found by a guess at the beginning. _
| | | |
i | | | From this point forward, these forecasts were made on a month by
i i i i month basis using exponential smoothing with a=.1
! | ' ' F2= [P1x a] + [F1x 1-a]
! ! ! [ F» = [13.10 x 0.1] + [13.00 x 0.9]
| _Oct-1988 | 2 1218 \ 1301 i __ _ . _ . . . _ =13.01 ..
| | | |
Similarly,
! ! ! ! Fs= [P2x a] + [F2x 1-a]
! [ [ ! F, = [12.08 x 0.1] + [13.01x 0.9]
| _Nov-1988 | 3 | 1253 |\ 1293 | _ . .. =1293 ..
] ] ] ]
] ] ] ]
] ] ] ]
] ] ] ]
Dec - 1988 ' 4 ' 14.65 ' 12.89 '
""""""" 5 e e
] ] ] ]
i i i i
Jan-1989 | 5 | 1648 i 1306 !
"""""" e
| Feb- 1989 | 6 41635 0 I3AL 0l
 Mar-1989 i 7 11803 1 1370 Q.
Apr-1989 | g i 1950 1 433 |
_________ T T T T Ty T T T T e
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 Jun - 1989+ 1n T rFe T e e
un - ' '
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QDo 1989 M 176703524 0
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Table- 14: Exponential Smoothing Method Calculations Sample

Throughout the context of this thesis, I have used the exponential smoothing model using the same mathematics
shown above , with values of o = 0.1, 0.2, 0.3, & 0.4, for forecasting the Monthly Nominal Spot Prices, and for the
Inflation - Adjusted Spot Prices as well, resulting in an additional 8 different models of forecast for the study period

between [1988 -2018].
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CHAPTER - 6: Forecasting Numerical Results:

6.1 Oil-Prices Forecasting Methodology:

This forecasting task involved five basic steps.
< Step 1: Problem definition.
In this thesis, my objective is to set up the light on the problem of forecasting oil prices using numerical models on
short term basis, such as the time series methods

Please see CH-4 for more details on time series methods.

T Step 2: Gathering information.

In this thesis, the initial gathered statistical data are the Monthly average spot prices of 3 different types of Crude
oil including WTI, Brent and Dubai Crude in $/bbl.
Then I took the average monthly spot price of a benchmark consists of Brent, Dubai and West Texas Intermediate
(WTI), equally weighted to represent what is called the Nominal Monthly Average Spot Price for a study period of
30 years ranging from [1988-2018] on monthly basis, as occasionally, old data will be less useful due to structural
changes in the system being forecast.

Please "See Assumption-5" for the detailed calculations of the Nominal Monthly Average Spot Prices of Crude Oil.

T Step 3: Preliminary (exploratory) analysis.

Then I have defined a new approach, which is the "Inflation-Adjusted Spot Prices", where I used the consumer price
indices for US Dollar for the study period [1988-2018] to adjust all nominal spot prices to the year 2018 so I can
see how the prices grow solely due to inflation, and then I performed the same forecasting models that I used to
forecast the nominal spot prices on the newly calculated "inflation-adjusted spot prices".

Please see CH-3 for more details and related calculations.
T Step 4: Choosing and fitting models.
The two methods suggested for forecasting and have been agreed upon with my supervisor throughout my thesis
are:

i.  Simple Moving Average.
ii.  Exponential Smoothing.

Please see CH-4 for more details on these 2 methods.

T Step 5: Using and evaluating a forecasting model.
Once a model has been selected and its parameters estimated, the model is used to make forecasts. The
performance of the model can only be properly evaluated after the data for the forecast period have become
available. A number of methods have been developed to help in assessing the accuracy of forecasts numerically; I
used the 3 types of Errors to compare between the output forecast models:

- Mean Absolute Deviation (MAD)

- Mean Square Error (MSE)

- Mean Average Percentage Error (MAPE).
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6.2 Numerical Methodology:

For Better understanding of the work methodology followed throughout this thesis to come up with the forecasting models, please see Figures 13 and 14.

Figure- 13 represents the methodology used in order to come up with the forecasting models of the nominal Spot Prices.

Gather the Monthly Avg Spot
Price of WTI, Brent & Dubai
Individually For 1988-2018

Compare Numerically the Calculate the Nominal

Output Forecasting Models, Monthly Avg Spot Price of a
and Comment Crude Oil Mix of the 3 Types

Equally Weighed

P—— < P—

A
%
5
h

Calculate the Errors: Apply Forecasting Models :

1-MAD 1-Moving Avg (3,4,6,12)
2-MSE 2-Exp. Smoothing
3-MAPE («=0.1,0.2,0.3,0.4)

Figure — 13: Flow Chart / Nominal Average Monthly Spot Prices Forecasting Methodology
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Figure-14 represents the methodology used in order to come up with the forecasting models of the inflation-adjusted prices.

Gather the Monthly Avg
Spot Price of WTI, Brent &
Dubai Individually For
1988-2018

~

Compare Numerically the Calculate the Nomi.nal
Output Forecasting Monthly Avg Spot Price of

Models, and Comment a Crude Oil Mix of the 3
Types Equally Weighed for

1988-2018.
Calculate the Errors: " Adust the Nominal Prices to
1-MAD year 2018 Using CPI's of US
2-MSE Dollar for the years between
3-MAPE 1988-2018.

. Apply Forecasting Models :
: 1-Moving Avg (3,4,6,12)

2-Exp. Smoothing
(x=0.1,0.2,0.3,0.4)

Figure - 14: Flow Chart / Inflation-Adjusted Average Monthly Spot Prices Forecasting Methodology
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6.3 Numerical Forecasting Output Models:

For Better understanding of the forecasting output models investigated throughout this thesis, please see Figures 15 and 16.

Figure-15 clearly shows the forecasting output models for the simple moving average method applied on both the nominal prices & the adjusted ones using different periods "3-
months, 4-months, 6-months & 12-months.

-

3-Month Period
Model

_—

4-Month Period
Model
Nominal Prices —
Forecast
6-Month Period
Model

| SRR

-

12-Month
Period Model

.

~

Moving Average

3-Month Period
Model

| SRS

4-Month Period
Model
Inflation-Adjusted R ——
Forecast
6-Month Period
Model

| S —

e

12-Month
Period Model

.

Figure-15: Flow Chart -Moving Average Forecasting Output Models
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Figure-16clearly shows the forecasting output models for the exponential smoothing method applied on both the nominal prices & the adjusted ones using different values of alpha
"a": "a=0.1, a=0.2, a=0.3 & a=0.4".

Nominal Prices .
Forecast

a=0.3

a=0.4

Exponential
Smoothing

-

a=0.1

a=0.2

Inflation-Adjusted .
Forecast
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“

Figure — 16: Flow Chart —-Exponential Smoothing Forecasting Output Models
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6.4 Errors Calculations for Time Series:

6.4.1 Mean Absolute Deviation (MAD) :

Both the Mean Absolute Deviation (MAD) and the Mean Absolute Error (MAE) refer to the same method for
a7)

measuring forecast error.

- The error is said to be the difference between the attribute which is to be estimated and the estimator.

- MAD is most useful when linked to revenue, prices or some other independent measure of value.

- MAD can reveal which high-value forecasts are causing higher error rates.

- MAD takes the absolute value of forecast errors and averages them over the entirety of the forecast time
periods.

- Taking an absolute value of a number disregards whether the number is negative or positive and, in this case,
avoids the positives and negatives canceling each other out.

MAD is obtained by using the following Error formula-1:

1 &
§;|Fk A,

4

Error Formula-1

Where:

A\ : is the actual data in period k Fy: is the forecast for period k N: is the number of forecast periods.

Example 5: Mean Absolute Deviation (MAD) Calculations
The following tables provides a sample real data, for oil prices and their forecast using to the 3-Moving Average
Method, for the period between Dec-2009 & Nov-2009, Number of forecasting periods (N) is 12, and all prices are

quoted in $/BBL. | will use the provided data inside this table in order to show how MAD is calculated.

!— T _N' T ? T ;e'r;)& T _! ) _AEt_uiTDr_iae- T T:(;rzc_agptéd_ﬁrizé_!_ " Error | [Error] 1
Lo I Qo A ko AP AR
; 1 ' 1202009 ! 74.88 73.33 ' 155 155 |
! 2 ' 01/2010 ! 77.12 75.50 162 162 !
; 3 ' 02/2010 ! 74.76 76.52 176 176
: 4 ' 03/2010 79.30 75.59 371 371
| | | | |
: 5 | 04/2010 84.18 77.06 712 712
; 6 \ 052010 75.62 79.41 \ -3.79 379
! 7 \  06/2010 74.73 79.70 497 497
! 8 | 07/2010 74.58 78.18 I -3.60 360
! 9 ' o800 | 75.83 74.98 ' 085 085 |
! 10 ' og2010 ! 76.12 75.05 b 107 1.07 |
! 11 I 102010 ! 81.72 75.51 I 621 621 |
! 12 I 112010 | 84.53 77.89 I 664 6.64 |
! TOTAL 4290 !
! MAD 3.57 .

Applying Error formula-1, for this Sample Data, MAD is found to be 42.90 / 12 = 3.57
Similarly, all MAD values for the 16 forecasting output models were found using the same approach.
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6.4.2 Mean Squared Error (MSE) :

The mean squared error, abbreviated as MSE, is quite important for relaying the concepts of precision, bias

and accuracy during the statistical estimation a7

- The mean squared error may be called a risk function which corresponds to the expected value of the loss
of squared error.

- The unit of MSE is the same as the unit of measurement for the quantity which is being estimated.

- When the value of MSE is zero, it means that there is perfect accuracy found by the estimator, this condition
is ideal and usually not practically possible.

- The values of MSE could be used for making comparisons between two or more statistical models. It can be
measured how well illustrated a given data set.

MSE is defined as the average of squares of the "errors”, and is obtained by using the following Error formula-2

1 & 9
?}ZA A4,

'
4

Error Formula-2

Where:

N: is the number of forecast periods. Fy: is the forecast for period k A, : is the actual data in period k

Example 6: Mean Squared Error Calculations

The following tables provides a sample real data, for oil prices and their forecast using to the 3-Moving Average
Method, for the period between Dec-2009 & Nov-2009, Number of forecasting periods (N) is 12, and all prices are

quoted in $/BBL. | will use the provided data inside this table in order to show how MAD is calculated.

i I T Actual Price | Forecasted | gpor [ Error] | |%Error]
! N ! Period Price ! ! !
I I I Ak Fu I Ax-F |ACFd 1 AR T A
!L'_'_l'_'_i'_'15/%6_'*!_'_7'478%_" '_'75:53_'_!'_'1._5?3 _____ 1 ._55_'7'_'54[1__1
! 2 | 012010 |  77.12 7550 | 162 1.62 ! 261 !
| 3 | 02/2010 |  74.76 7652 | -1.76 1.76 | 3.09 |
i 4 | 032010 |  79.30 7559 | 371 371 1 1379 |
i 5 | 04/2010 |  84.18 7706 | 7.12 712 | 5069 |
| 6 | 05/2010 |  75.62 7941 | -3.79 379 | 1439 |
| 7 | 06/2010 |  74.73 7970 | -497 497 | 2470 |
| 8 | 07/2010 | 7458 7818 | -3.60 360 | 1294 |
| 9 | 08/2010 | 75.83 74.98 | 085 0.85 | 0.73 |
; 10 ; 09/2010 ; 76.12 75.05 ; 1.07 1.07 ; 1.15 ;
; 11 ' 102010 | 8172 7551 | 621 6.21 | 3856 |
| 12 | 11/2010 84.53 77.89 | 6.64 6.64 | 44.09 |
; TOTAL | 20916 |
| MSE . 17.43

Applying Error formula-2, for this Sample Data, MSE is found to be 209.16 / 12 = 17.43
Similarly, all MSE values for the 16 forecasting output models were found using the same approach.
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6.4.3 Mean Absolute Percent Error (MAPE) :

Mean Absolute Percent Error (MAPE) is the most common measure of forecast error.

- MAPE functions best when there are no extremes to the data (including zeros). "Which is for sure the case in
our data, as prices of crude oil can never reach zero, which make it efficient and effective to use the MAPE.

- With zeros or near-zeros, MAPE can give a distorted picture of error. The error on a near-zero item can be
infinitely high, causing a distortion to the overall error rate when it is averaged in.

- MAPE is the average absolute percent error for "each time period/forecast minus actual” divided by actual. (18)

MAPE is obtained by using the following formula-3:

L$ 1B
._?I"-'T;—'i ;ij:_

Error Formula-3

Where:

N: is the number of forecast periods. Fy: is the forecast for period k A, : is the actual data in period k

Example 7: Mean Absolute Percent Error Calculations
| will use the previous tables which provides a sample real data, for oil prices and their forecast using to the 3-Moving
Average Method, for the period between Dec-2009 & Nov-2009, Number of forecasting periods (N) is 12, and all

prices are quoted in $/BBL. | will use the provided data inside this table in order to show how MAPE is calculated.

i N i Period i Actual Price Forg::iizted i Error |Error| i |%Error| i
| | | Ax Fe | AcFi AR AR T A
|1 | 122009 | 748 | 7333 | 155 | 155 | 201% |
| 2 | 012010 | @ 77.12 7550 |  1.62 162 | 210% |
| 3 | 02/2010 |  74.76 7652 | -176 176 | 2.35%
| 4 | 032010 |  79.30 7559 | 371 371 | 468% |
; 5 | 0412010 | 8418 77.06 1 712 712 1 846% |
; 6 ' 052010 ! 7562 79.41 1 -3.79 379 | 502% |
; 7 ' 06/2010 ! 7473 7970 ! -4.97 497 ' 6.65% !
; 8 ' 07/2010 ' 7458 7818 ! -3.60 360 ! 4.82% !
: 9 ' 082010 !  75.83 7498 1 0.85 08 ' 113% !
! 10 ' 09/2010 1 76.12 7505 1 1.07 107 1 141%
E 11 ' 102010 1 8L72 7551 1 6.21 621 1 760% 1
E 12 ' 11/2010 1 8453 7780 1 6.64 6.64 1 7.86%
! TOTAL | 5414%
! MAPE ' 451%

Applying Error formula-3, for this Sample Data, MAPE is found to be 54.14% / 12 = 4.51%

Similarly, all MAPE values for the 16 forecasting output models were found using the same approach.
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6.5 Oil-Prices Forecasting Results:

As shown in figures 8 & 9, a total of 16 different forecasting models were generated throughout this thesis, those
models were generated by using the moving average at different periods, and exponential smoothing methods with
different alpha values, when applied separately on both the nominal oil prices and the inflation-adjusted oil prices.

Next I will provide the numerical results of these 16 models, each evaluated for accuracy using 3 different types of
Errors:

- Mean Absolute Deviation (MAD)
- Mean Square Error (MSE)
- Mean Absolute Percent Error (MAPE).

Results are summarized throughout table-15 till table-30; each table is labeled and clearly titled to demonstrate
which model it represents, additionally each table as well presents the corresponding Errors to that specific model.
All data were processed using Microsoft Office Excel, and according to the assumptions of this thesis, all prices are

quoted in $/BBL and approximated to decimal places.
Forecasted Values were calculated using the appropriate formulas for Moving Average Methods of a time series, and
also Exponential Smoothing Method of a time series, using the same approach explained previously in Sections, 4.4.1

& 4.4.2 of this thesis.

Errors were calculated using the appropriate formulas for MAD, MSE & MAPE of a time series using the same

approach explained previously in Section 6.4.1, 6.4.2 and 6.4.3 of this thesis.
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Table - 15:
3-Month Moving
Average Model /

Nominal Prices
Forecast

__MAD _ : 405
__MSE _: 4573
MAPE P 9.14%

| __Year _j Jan_| Feb | Mar_| Apr_| May | Jun_ | Jul_| Aug_ | Sep_| Oct_| Nov_| Dec_ | Yearly Average
1988 | 13.00 | 13.10 | 12.18 | 12.60 | 12.72
1989 | 13.12 | 1455 | 15.83 | 16.95 | 17.86 | 18.42 | 18.28 | 17.77 | 17.39 | 17.41 | 17.66 | 18.15 | 16.95
1990 | 18.71 | 19.36 | 19.77 | 19.39 | 18.12 | 17.12 | 16.13 | 16.34 | 19.61 | 25.42 | 31.20 | 32.76 , 21.16
1991 | 3057 | 26.60 | 22.28 | 1959 | 1822 | 1845 | 1841 | 18.60 | 18.78 | 19.49 | 20.30 | 20.76 , 21.00
1992 | 2001 | 19.34 | 18.38 | 17.55 | 17.77 | 18.30 | 19.10 | 19.78 | 20.03 | 20.19 | 20.01 | 19.68 | 19.18
1993 , 18.96 | 18.01 | 17.77 | 17.95 | 18.36 | 18.36 | 18.02 | 17.32 | 16.76 | 16.23 | 16.30 | 15.87 | 17.49
1994 } 15.16 | 14.37 | 13.89 | 13.84 | 14.16 | 14.99 | 16.18 | 17.11 | 17.35 | 17.03 | 16.56 | 16.58 15.60
1995 | 1650 | 16.64 | 16.75 | 17.22 | 17.81 | 18.14 | 1814 | 17.29 | 16.64 | 16.46 | 16.47 | 16.56 | 17.05
1996 | 16.01 | 17.47 | 17.79 | 18.30 | 19.25 | 19.71 | 19.41 | 19.05 | 19.51 | 20.76 | 22.10 | 22.75 , 19.42
1997 | 2321 | 23.08 | 2242 | 2099 | 19.21 | 18.86 | 18.39 | 1854 | 1832 | 1856 | 19.13 | 19.26 20.00
1998 | 18.74 | 17.06 | 1540 | 14.07 | 1357 | 1355 | 13.34 | 13.07 | 1256 | 13.00 | 13.18 | 12.98 14.21
1999 ! 11.85 | 11.24 | 10.87 | 11.79 | 13.26 | 15.03 | 16.11 | 17.15 | 1855 | 20.65 | 21.64 | 22.94 ! 15.92
2000 23.74 | 24.86 | 25.88 | 26.67 | 26.06 | 26.05 | 26.76 | 28.33 | 29.02 | 29.84 | 30.91 | 31.94 27.50
2001 29.64 | 27.83 | 26.13 | 26.07 | 25.99 | 26.10 | 26.75 | 26.44 | 25.86 | 25.28 | 23.92 | 21.54 25.96
2002 ' 19.31 | 18.79 | 19.22 | 20.92 | 23.02 | 24.91 | 2520 | 25.30 | 25.67 | 26.94 | 27.53 | 26.78 ' 23.63
2003 | 26.65 | 27.73 | 3051 | 31.33 | 29.60 | 27.33 | 2651 | 2752 | 28.73 | 28.38 | 2852 | 2834 28.43
2004 | 2037 | 3015 | 30.89 | 32.12 | 32.00 | 34.98 | 35.60 | 37.00 | 3850 | 40.52 | 4352 | 4354 . 35.76
2005 | 4268 | 4138 | 4228 | 4624 | 48.80 | 49.80 | 5079 | 52.70 | 57.38 | 59.98 | 6059 | 5831 : 50.91
2006 | 5655 | 57.98 | 5953 | 61.03 | 62.87 | 65.86 | 68.31 | 69.81 | 70.85 | 68.79 | 63.95 | 59.39 | 63.74
2007 | 5001 | 5755 | 57.36 | 57.23 | 61.07 | 63.61 | 66.14 | 68.98 | 70.64 | 73.50 | 76.29 | 83.36 | 66.23
2008 | 8761 | 90.52 | 91.20 | 95.31 | 101.33 | 111.08 | 120.97 | 128.99 | 126.31 | 115.69 | 95.64 | 75.44 | 103.34
2009 | 5600 | 46.39 | 42.35 | 4412 | 46.26 | 5169 | 59.19 | 63.99 | 68.48 | 68.22 | 71.35 | 73.33 | 57.61
2010 | 7550 | 76.52 | 7559 | 77.06 | 79.41 | 79.70 | 78.18 | 74.98 | 75.05 | 75.51 | 77.89 | 80.79 ! 77.18
2011 | 85.42 | 89.08 | 93.54 | 99.75 | 107.60 | 110.99 | 110.05 | 107.28 | 104.75 | 103.08 | 100.39 | 102.03 | 101.16
2012 | 103.16 | 105.57 | 108.00 | 112.52 | 114.72 | 111.85 | 102.83 | 97.19 | 97.58 | 102.77 | 104.99 | 103.62 | 105.40
2013 | 101.92 | 102.49 | 104.64 | 105.09 | 103.00 | 100.25 | 99.32 | 101.46 | 104.39 | 107.39 | 107.45 | 105.61 ! 103.58
2014 | 104.51 | 103.40 | 104.14 | 103.66 | 104.58 | 104.87 | 106.32 | 106.44 | 104.55 | 100.38 | 93.99 | 86.31 | 101.93
2015 | 7459 | 61.60 | 54.20 | 51.58 | 55.05 | 57.63 | 60.45 | 59.39 | 53.78 | 48.77 | 46.31 | 45.45 | 55.73
2016 i 42.21 | 36.49 | 32.46 | 32.72 | 36.37 | 41.34 | 4479 | 4592 | 4557 | 44.68 | 46.40 | 46.53 i 41.29
2017 | 49.06 | 50.49 | 53.52 | 52.95 | 52.47 | 50.98 | 49.41 | 47.91 | 47.92 | 50.18 | 52.60 | 55.93 | 51.12

___2_0152‘___!__5&-@8 | 6245 | 63.63 | 6462 | 6547 | 6880 | 71.40 | 7269 | 71.91 | 73.04 | 74.39 ._7%-4_7_i 68.21

Montly Avg | 4431 | 43.63 | 4354 | 44.20 | 45.47 | 46.62 | 47.35 | 47.81 | 46.95 | 47.14 | 46.88 | 46.15




| __Year _j Jan_| Feb_ | Mar_| Apr_| May | Jun_| Jul_| Aug | Sep_ | Oct | Nov_| Dec_j Yearly Average
1988 | 13.00 | 13.10 | 12.18 | 12.53 | 12.70
1989 | 13.12 | 13.96 | 15.00 | 16.38 | 17.52 | 17.90 | 18.22 | 18.13 | 17.55 | 17.46 | 17.66 | 17.84 | 16.73
1990 | 1845 | 19.12 | 1942 | 19.38 | 18.68 | 17.74 | 16.66 | 16.39 | 18.86 | 22.89 | 27.69 | 31.17 | 20.54
1991 | 31.10 | 2857 | 2448 | 21.23 | 19.31 | 18.37 | 1832 | 1857 | 1879 | 19.10 | 19.99 | 2042 21.52
1992 | 20.01 | 19.34 | 18.38 | 17.55 | 17.77 | 1830 | 19.10 | 19.78 | 20.03 | 20.19 | 20.01 | 19.68 , 19.18
1993 ! 1926 | 18.53 | 18.05 | 17.95 | 18.07 | 18.31 | 18.14 | 17.60 | 17.11 | 16.54 | 16.31 | 16.03 | 17.66
1994 , 15.35 | 14.91 | 14.22 | 13.83 | 14.15 | 14.69 | 1554 | 16.60 | 17.08 | 17.06 | 16.89 | 16.69 , 15.58 Table - 16:

f f 4-Month Moving

1995 | 16.42 | 16.60 | 16.84 | 16.90 | 17.58 | 17.96 | 17.95 | 17.63 | 17.08 | 16.68 | 16.37 | 16.54 , 17.05 Average Model /
1996 | 16.89 | 17.13 | 17.53 | 18.19 | 18.89 | 19.21 | 19.41 | 19.46 | 19.40 | 20.20 | 21.48 | 22.18 | 19.16 Nominal Prices
1997 | 22.97 | 2321 | 2242 | 21.65 | 2022 | 19.25 | 1863 | 1838 | 1858 | 1840 | 1893 | 19.12 | 20.15 Forecast
1998 | 18.72 | 17.81 | 16.32 | 14.83 | 13.93 | 13.69 | 13.28 | 13.18 | 12.93 | 12.87 | 13.06 | 12.86 , 14.46
1999 | 12.34 | 1175 | 11.12 | 11.44 | 12.81 | 13.96 | 1537 | 16.83 | 17.93 | 19.50 | 20.98 | 22.27 , 15.53 .
2000 ! 2348 | 24.13 | 2545 | 26.28 | 25.87 | 26.34 | 26.94 | 27.12 | 2856 | 29.79 | 30.23 | 31.27 ! 27.12 Mean Error ' -0.35
2001 . 30.25 | 28.72 | 27.68 | 25.86 | 25.99 | 26.38 | 26.32 | 26.26 | 26.29 | 25.70 | 24.14 | 22.61 . 26.35 __MAD _ | 459
2002 + 20.79 | 19.27 | 19.09 | 20.32 | 22.05 | 23.68 | 2481 | 2534 | 2567 | 2633 | 27.09 | 26.78 23.43 __MSE _: 5988 _
2003 ; 27.06 | 27.68 | 29.02 | 30.47 | 29.89 | 28.72 | 27.48 | 27.03 | 28.06 | 28.27 | 28.54 | 28.67 : 28.41 MAPE ' 10.39%
2004  + 28.75 | 29.87 | 30.45 | 31.59 | 32.52 | 34.07 | 35.12 | 36.18 | 38.27 | 39.28 | 42.11 | 43.17 35.11
2005 . 42.41 | 42.76 | 4224 | 4444 | 4734 | 4856 | 5083 | 5218 | 55.00 | 58.46 | 5954 | 59.20 | 50.25
2006 | 57.84 | 58.03 | 58.41 | 59.88 | 62.77 | 64.32 | 66.47 | 69.35 | 70.31 | 68.67 | 66.07 | 62.50 | 63.72
2007 | 59.79 | 57.64 | 57.55 | 5817 | 59.19 | 62.10 | 64.75 | 68.00 | 69.27 | 72.17 | 75.62 | 80.05 | 65.36
2008 ! 84.90 | 88.38 | 91.04 | 93.86 | 98.67 | 106.66 | 116.19 | 123.94 | 125.39 | 119.65 | 104.94 | 85.22 103.25
2009 ! 66.92 | 52.97 | 45.25 | 43.42 | 45.66 | 49.23 | 56.06 | 60.56 | 65.90 | 68.45 | 69.68 | 72.90 ! 58.08
2010 ! 7372 | 75.91 | 76.08 | 76.52 | 78.84 | 78.47 | 78.46 | 77.28 | 75.19 | 75.32 | 77.06 | 79.55 ! 76.86
2011 | 83.10 | 87.24 | 91.29 | 97.32 | 103.87 | 107.72 | 109.70 | 109.52 | 105.58 | 103.77 | 102.27 | 101.64 | 100.25
2012  1102.58 | 104.14 | 107.35 | 110.45 | 112.81 | 112.06 | 106.57 | 101.31 | 99.21 | 99.76 | 102.93 | 104.03 | 105.27
2013 1103.01 | 102.72 | 103.78 | 104.11 | 103.53 | 102.10 | 100.12 | 100.81 | 103.13 | 105.48 | 106.90 | 106.25 | 103.49
2014 1105.58 | 103.91 | 103.76 | 104.11 | 103.96 | 104.86 | 105.75 | 106.05 | 104.84 | 102.38 | 96.80 | 89.74 | 102.64
2015 1 79.91 | 67.72 | 59.90 | 53.86 | 53.07 | 56.92 | 58.55 | 58.93 | 55.96 | 51.91 | 48.32 | 4551 | 57.54
2016 | 4323 | 39.11 | 3512 | 3368 | 34.73 | 38.77 | 42.93 | 44.63 | 4566 | 4544 | 4584 | 4612 | 41.27
2017 | 48.05 | 50.19 | 51.46 | 52.87 | 52.75 | 51.83 | 49.78 | 48.97 | 48.42 | 49.18 | 51.37 | 54.44 | 50.77

| 2018 _ _ |_ 5725 | 6057 | 62.70 | 63.76 | 6566 | 67.46 | 69.59 | 7172 | 7229 | 72.77 | 73.96 | 71.73 i 67.46

Montly Avg | 44.77 | 44.06 | 43.72 | 44.01 | 44.94 | 45.99 | 46.90 | 47.59 | 46.82 | 46.99 | 46.93 | 46.41




| _Year . Jan_| Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov_| Dec_: Yearly Average
1988 13.00 | 13.10 | 12.18 | 1253 12.70
1989 | 1465 | 1648 | 1422 | 1504 | 1621 | 1712 | 1762 | 17.82 | 17.01 | 1785 | 1772 | 1777 | 16.70
1990 ! 1806 | 1851 | 18.96 | 19.05 | 18.74 | 18.44 | 17.76 | 17.23 | 1837 | 20.78 | 23.77 | 26.19 | 19.65
1991 ! 2800 | 28.90 | 27.52 | 25.08 | 22.41 | 20.37 | 19.00 | 18.41 | 18.62 | 18.95 | 19.45 | 19.77 | 22.21
1992 ! 1074 | 1947 | 1017 | 1874 | 1827 | 18.06 | 1857 | 19.03 | 19.37 | 19.82 | 20.06 | 19.96 ! 19.19
1993 | 1047 | 18.98 | 18.74 | 18.46 | 18.18 | 18.07 | 17.99 | 17.84 | 17.56 | 17.13 | 16.81 | 16.32 ! 17.96 Table - 17:
1994 | 1570 | 1533 | 14.88 | 1450 | 14.26 | 14.44 | 15.01 | 1564 | 16.17 | 16.60 | 16.83 | 16.97 | 15.53 ZV“:;':: nl\::::?
1995 ! 1676 | 16.60 | 16.67 | 16.86 | 17.22 | 17.45 | 17.68 | 17.55 | 17.39 | 17.30 | 16.88 | 16.60 | 17.08 Nominal Prices
1996 ! 1668 | 16.97 | 17.18 | 17.61 | 18.36 | 18.75 | 18.86 | 19.15 | 19.61 | 20.09 | 20.58 | 21.13 | 18.75 Forecast
1997 | 2100 | 2259 | 22,50 | 22.10 | 21.15 | 20.64 | 19.69 | 18.88 | 1859 | 18.48 | 18.84 | 18.79 ! 20.36
1998 ! 1865 | 18.10 | 17.33 | 16.41 | 1532 | 14.47 | 1371 | 13.32 | 13.05 | 13.47 | 1313 | 12.77 ! 14.95
1999 ! 1242 | 1221 | 1102 | 11.82 | 1225 | 12.95 | 13.95 | 15.21 | 16.79 | 18.38 | 19.39 | 20.74 ! 14.84 Mean Error :  0.50
2000 | 2220 | 2325 | 2441 | 2521 | 2546 | 25.96 | 26.72 | 27.20 | 27.54 | 28.30 | 29.62 | 30.48 ! 26.36 " MAD ¥ 540
2001 1 2974 | 29.37 | 29.04 | 27.86 | 26.91 | 26.12 | 26.41 | 26.22 | 2598 | 26.01 | 25.18 | 23.70 | 26.88 " MSE ' 8636
2002 | 2230 | 21.35 | 20.38 | 20.12 | 20.90 | 22.07 | 23.06 | 24.16 | 25.29 | 26.07 | 26.42 | 26.23 | 23.19 T TuAPE = 23500
2003 | 26.80 | 27.63 | 28.65 | 28.99 | 28.66 | 28.92 | 28.92 | 2856 | 28.03 | 27.45 | 28.02 | 28.53 | 28.26 :
2004 | 28.88 | 29.34 | 29.61 | 30.75 | 31.53 | 32.94 | 33.86 | 34.95 | 36.74 | 38.06 | 40.26 | 41.02 | 33.99
2005 | 4160 | 42.45 | 4201 | 44.46 | 4500 | 46.04 | 4852 | 50.75 | 5359 | 55.30 | 56.64 | 57.85 | 48.77
2006 | 5827 | 59.28 | 58.92 | 58.79 | 60.42 | 62.70 | 64.67 | 66.34 | 68.36 | 68.55 | 66.88 | 65.12 | 63.19
2007 | 63.90 | 60.75 | 58.37 | 58.12 | 59.31 | 60.48 | 61.68 | 65.03 | 67.12 | 69.82 | 72.64 | 77.00 | 64.52
2008 | 80.55 | 83.40 | 87.28 | 91.46 | 95.92 | 101.14 | 108.14 | 115.16 | 118.69 | 118.33 | 112.32 | 100.87 | 101.11
2009 | 85.84 | 71.02 | 58.89 | 50.06 | 46.32 | 47.02 | 51.66 | 55.12 | 60.09 | 63.71 | 67.67 | 70.91 | 60.69
2010 | 71.86 | 73.94 | 7446 | 76.28 | 77.97 | 7764 | 77.62 | 77.20 | 77.37 | 76.84 | 76.43 | 77.92 | 76.29
2011 | 80.47 | 83.48 | 87.16 | 92.59 | 98.34 | 102.26 | 104.90 | 107.44 | 107.87 | 106.57 | 103.83 | 103.39 ; 98.19
2012 }103.12 | 102.98 | 105.01 | 107.84 | 110.14 | 109.92 | 107.67 | 105.95 | 104.72 | 102.80 | 101.09 | 100.60 | 105.15
2013 }102.35 | 103.74 | 104.13 | 103.51 | 102.75 | 102.45 | 102.20 | 102.23 | 102.32 | 103.36 | 104.45 | 105.00 | 103.21
2014 ! 105.95 | 105.43 | 104.87 | 104.09 | 103.99 | 104.51 | 104.99 | 105.51 | 104.71 | 103.35 | 100.22 | 95.43 ! 103.59
2015 ' 87.48 | 77.80 | 7025 | 63.08 | 58.33 | 55.91 | 56.02 | 57.22 | 55.70 | 54.61 | 52.85 | 4962 ! 61.57
2016 ' 4549 | 41.40 | 38.96 | 37.47 | 36.43 | 36.90 | 38.76 | 41.15 | 4346 | 4474 | 46.16 | 46.05 41.41
2017 1 46.87 | 48.45 | 50.03 | 51.00 | 51.48 | 52.25 | 5118 | 50.19 | 49.45 | 49.80 | 50.26 | 51.93 ! 50.24

| 2018 _ __i__54 43 | 57.58 | 59.78 | 6165 | 6396 | 66.21 | 6801 | 69.08 | 70.35 | 7222 | 73.54 | 71.69 : 65.70

Montly Avg | 45.34 | 44.89 | 44.41 | 44.30 | 44.54 | 45.07 | 45.83 | 46.65 | 46.25 | 46.70 | 46.78 | 46.54




Table - 18:
12-Month Moving
Average Model /

Nominal Prices
Forecast

_— e e e = —— — =

__MAD _ ! 718
__Mse _ | 13991
MAPE | 16.00%

| __Year __j _Jan_| Feb_ | Mar_| Apr_| May | Jun_| Jul_| Aug_ | Sep | Oct_| Nov_| Dec_j Yearly Average
1988 | 13.00 | 13.10 | 12.18 | 12.53 | 12.70
1989 | 14.65 | 16.48 | 14.22 | 15.04 | 1621 | 17.12 | 17.62 | 17.82 | 17.01 | 17.85 | 17.72 | 17.77 | 16.70
1990 | 18.06 | 1851 | 18.96 | 19.05 | 18.74 | 18.44 | 17.76 | 17.23 | 18.37 | 20.78 | 23.77 | 26.19 | 19.65
1991 | 28.00 | 28.90 | 27.52 | 25.08 | 22.41 | 20.37 | 19.00 | 18.41 | 18.62 | 18.95 | 19.45 | 19.77 | 22.21
1992 1974 | 19.47 | 1917 | 18.74 | 18.27 | 18.06 | 1857 | 19.03 | 19.37 | 19.82 | 20.06 | 19.96 | 19.19
1993 | 1947 | 1898 | 18.74 | 1846 | 1818 | 18.07 | 17.99 | 17.84 | 17.56 | 1713 | 16.81 | 16.32 | 17.96
1994 | 1570 | 1533 | 14.88 | 1450 | 1426 | 1444 | 1501 | 1564 | 1617 | 1660 | 16.83 | 16.97 | 15.53
1995 | 16.76 | 16.60 | 16.67 | 16.86 | 17.22 | 17.45 | 17.68 | 17.55 | 17.39 | 17.30 | 16.88 | 16.60 | 17.08
1996 | 16.68 | 1697 | 17.18 | 17.61 | 18.36 | 18.75 | 18.86 | 19.15 | 19.61 | 20.09 | 20.58 | 2113 | 18.75
1997 | 21.99 | 2259 | 2259 | 22.10 | 21.15 | 20.64 | 19.69 | 18.88 | 18.59 | 18.48 | 18.84 | 18.79 | 20.36
1998 | 1865 | 18.10 | 17.33 | 1641 | 15.32 | 1447 | 1371 | 1332 | 13.05 | 1317 | 1313 | 1277 | 14.95
1999 ! 1242 | 1221 | 11.92 | 11.82 | 12.25 | 12.95 | 13.95 | 15.21 | 16.79 | 18.38 | 19.39 | 20.74 ! 14.84
2000 ! 2220 | 23.25 | 24.41 | 25.21 | 2546 | 2596 | 26.72 | 27.20 | 27.54 | 2830 | 2962 | 30.48 26.36
2001 ' 2974 | 2037 | 29.04 | 27.86 | 26.91 | 2612 | 26.41 | 2622 | 25.98 | 26.01 | 2518 | 2370 26.88
2002 ' 2230 | 21.35 | 2038 | 2012 | 20.90 | 22.07 | 23.06 | 24.16 | 25.29 | 26.07 | 26.42 | 2623 23.19
2003 : 26.80 | 27.63 | 28.65 | 28.99 | 28.66 | 28.92 | 28.92 | 28556 | 28.03 | 27.45 | 28.02 | 2853 28.26
2004 1 28.88 | 2934 | 2961 | 30.75 | 31.53 | 32.94 | 33.86 | 34.95 | 36.74 | 38.06 | 40.26 | 41.02 : 33.99
2005 . 4160 | 42.45 | 4201 | 44.46 | 4500 | 46.04 | 4852 | 50.75 | 5359 | 55.30 | 56.64 | 57.85 . 48.77
2006 | 5827 | 59.28 | 58.92 | 58.79 | 60.42 | 62.70 | 6467 | 66.34 | 68.36 | 6855 | 66.88 | 65.12 | 63.19
2007 | 63.90 | 60.75 | 58.37 | 58.12 | 59.31 | 60.48 | 61.68 | 65.03 | 67.12 | 69.82 | 72.64 | 77.00 | 64.52
2008 ! 8055 | 83.40 | 87.08 | 91.46 | 95.92 | 101.14 | 108.14 | 115.16 | 118.69 | 118.33 | 112.32 | 100.87 ! 101.11
2009 ! 8584 | 71.02 | 58.80 | 50.06 | 46.32 | 47.02 | 51.66 | 55.12 | 60.09 | 63.71 | 67.67 | 70.91 ! 60.69
2010 ! 71.86 | 73.94 | 74.46 | 76.28 | 77.97 | 77.64 | 7762 | 77.20 | 77.37 | 76.84 | 76.43 | 77.92 | 76.29
2011 | 80.47 | 83.48 | 87.16 | 92.59 | 98.34 | 102.26 | 104.90 | 107.44 | 107.87 | 106.57 | 103.83 | 103.39 ! 98.19
2012 1103.12 | 102.98 | 105.01 | 107.84 | 110.14 | 109.92 | 107.67 | 105.95 | 104.72 | 102.80 | 101.09 | 100.60 | 105.15
2013 1102.35 | 103.74 | 104.13 | 103.51 | 102.75 | 102.45 | 102.20 | 102.23 | 102.32 | 103.36 | 104.45 | 105.00 | 103.21
2014 110595 | 105.43 | 104.87 | 104.09 | 103.99 | 104.51 | 104.99 | 10551 | 104.71 | 103.35 | 100.22 | 95.43 | 103.59
2015 | 87.48 | 77.80 | 70.25 | 63.08 | 58.33 | 55.91 | 56.02 | 57.22 | 55.70 | 54.61 | 52.85 | 49.62 | 61.57
2016 | 45.49 | 41.40 | 38.96 | 37.47 | 36.43 | 36.90 | 38.76 | 41.15 | 4346 | 4474 | 46.16 | 46.05 | 41.41
2017 | 46.87 | 4845 | 50.03 | 51.00 | 51.48 | 52.25 | 51.18 | 50.19 | 49.45 | 49.80 | 50.26 | 51.93 | 50.24

___2_0152‘___!__5&‘_‘3 | 5753 | 5078 | 6165 | 63.96 | 6621 | 68.01 | 6908 | 70.35 | 66.93 | 68.75 | 68.95 | 60.62

Montly Avg | 45.34 | 44.89 | 44.41 | 44.30 | 44.54 | 45.07 | 45.83 | 46.65 | 46.25 | 44.99 | 45.14 | 45.28




| __Year_ | Jan_| Feb_ | Mar_| Apr | May | Jun_| Jul_| Aug | Sep_| Oct_ | Nov_| Dec_j Yearly Average
1988 | 13.00 | 13.01 | 12.93 | 12.89 | 12.96
1989 | 13.06 | 13.41 | 13.70 | 14.13 | 14.64 | 14.98 | 1524 | 1549 | 15.62 | 15.83 | 16.09 | 16.32 | 14.88
1990 | 16.62 | 16.99 | 17.25 | 17.35 | 17.27 | 17.20 | 17.01 | 17.02 | 17.96 | 19.44 | 20.94 | 21.96 | 18.08
1991  ; 22.37 | 22.39 | 21.97 | 21.58 | 21.27 | 21.02 | 20.71 | 20.55 | 20.43 | 20.39 | 20.50 | 20.53 | 21.14
1992 | 2025 | 19.96 | 19.73 | 19.50 | 19.41 | 19.42 | 1956 | 19.62 | 19.62 | 19.68 | 19.72 | 19.63 | 19.68
1993 ! 10.46 | 19.24 | 19.13 | 19.07 | 19.00 | 18.92 | 18.77 | 18.53 | 18.32 | 18.08 | 17.92 | 17.65 ' 18.67
1994 , 17.26 | 16.95 | 16.63 | 16.33 | 16.21 | 16.21 | 16.31 | 16.47 | 1652 | 16.49 | 16.49 | 16.55 , 16.53 Tab'_e(')ig‘
1995 | 1649 | 1653 | 16.62 | 16.69 | 16.89 | 17.04 | 17.07 | 16.97 | 16.92 | 1691 | 16.83 | 16.82 | 16.81 Exso;e;‘tial
1996 | 16.93 | 17.02 | 17.08 | 17.32 | 17.65 | 17.79 | 17.86 | 18.04 | 18.28 | 1867 | 19.17 | 19.49 | 17.94 Smoothing Model
1997 ! 19.90 | 20.24 | 20.25 | 20.16 | 19.93 | 19.88 | 19.68 | 19.55 | 19.46 | 19.38 | 19.45 | 19.41 ! 19.77 Nominal Prices
1998 , 19.18 | 18.76 | 18.30 | 17.78 | 17.35 | 17.02 | 16.56 | 16.18 | 15.81 | 15.61 | 15.37 | 15.02 , 16.91 Forecast
1999 ! 1456 | 14.25 | 13.90 | 13.83 | 14.03 | 14.23 | 14.45 | 14.90 | 15.44 | 16.17 | 16.74 | 17.49 ! 15.00
2000 18.25 | 18.95 | 19.78 | 20.55 | 20.84 | 21.48 | 22.29 | 22.88 | 23.52 | 24.38 | 25.08 | 25.80 21.98 Vean Error | 1.39
2001 : 2574 | 2576 | 2591 | 2582 | 2581 | 25.00 | 26.08 | 2596 | 25.94 | 25.87 | 2536 | 24.69 ! 25.74 BV i
2002 : 2407 | 2358 | 2322 | 2326 | 2348 | 2370 | 2378 | 23.07 | 24.25 | 2466 | 24.94 | 24.90 ! 23.99 Tues T e os
2003+ 2520 | 25.76 | 26.47 | 26.86 | 26.73 | 26.66 | 26.79 | 26.97 | 27.24 | 27.20 | 27.38 | 27.56 26.73 —— T ==
2004 1 27.80 | 28.16 | 28.47 | 28.99 | 20.46 | 3027 | 30.80 | 3151 | 3257 | 33.47 | 34.81 | 3554 30.99 MAPE | 16.12%
2005 . 35.89 | 36.60 | 37.42 | 38.77 | 39.96 | 40.75 | 42.06 | 43.49 | 4533 | 46.97 | 48.09 | 4879 . 42.01
2006 | 4955 | 50.84 | 51.73 | 5265 | 54.18 | 55.63 | 56.90 | 58.45 | 59.79 | 60.02 | 59.81 | 5964 | 55.76
2007 | 59.78 | 59.15 | 58.99 | 59.15 | 59.74 | 60.29 | 61.08 | 62.33 | 63.11 | 64.47 | 66.22 | 68.73 | 61.92
2008 ! 7081 | 72.80 | 74.86 | 77.56 | 80.68 | 84.87 | 89.54 | 93.87 | 95.94 | 96.31 | 93.95 | 89.95 ! 85.09
2009 ! 8500 | 80.97 | 77.05 | 74.01 | 71.64 | 7029 | 70.18 | 69.63 | 69.83 | 69.68 | 70.12 | 70.86 ! 73.28
2010 ! 7106 | 71.85 | 72.14 | 72.86 | 73.99 | 74.15 | 74.21 | 74.25 | 74.41 | 7458 | 75.29 | 76.21 | 73.77
2011 | 7759 | 79.10 | 80.98 | 83.75 | 87.00 | 89.11 | 90.78 | 92.50 | 93.29 | 94.05 | 94.63 | 95.71 | 88.21
2012 | 96.56 | 97.61 | 99.12 | 100.98 | 102.25 | 102.44 | 101.27 | 100.81 | 101.26 | 101.76 | 101.93 | 101.85 | 100.65
2013 110179 | 102.12 | 102.67 | 102.65 | 102.27 | 101.98 | 101.76 | 102.11 | 102.71 | 103.32 | 103.53 | 103.44 | 102.53
2014 110364 | 10349 | 103.62 | 103.67 | 103.79 | 103.98 | 104.42 | 104.50 | 104.05 | 103.23 | 101.52 | 99.07 ! 103.25
2015 | 95.23 | 90.42 | 86.85 | 83.45 | 80.86 | 79.03 | 77.25 | 74.96 | 72.04 | 69.46 | 67.21 | 64.80 | 78.46
2016 | 61.98 | 58.76 | 5598 | 5412 | 52.78 | 52.10 | 51.66 | 50.91 | 50.30 | 49.78 | 49.73 | 49.28 | 53.11
2017 | 49.61 | 50.01 | 50.45 | 50.49 | 50.66 | 50.58 | 50.14 | 49.89 | 49.90 | 50.20 | 50.67 | 51.60 | 50.35
___2_0£fi___i__5£-§6 | 5393 | 5488 | 5581 | 57.11 | 5874 | 60.06 | 6132 | 6230 | 6361 | 64.92 | 64.66 | 59.16
Montly Avg | 44.28 | 44.19 | 44.17 | 44.30 | 44.56 | 44.86 | 45.14 | 45.45 | 44.68 | 44.92 | 45.08 | 45.06




| __Year _j Jan_| Feb_ | Mar_| Apr_| May | Jun_| Jul_| Aug | Sep_ | Oct | Nov_| Dec_j Yearly Average
1988 | 13.00 | 13.02 | 12.85 | 12.79 | 12.91
1989 | 13.16 | 13.82 | 14.33 | 15.07 | 15.90 | 16.32 | 1658 | 16.80 | 16.82 | 16.99 | 17.27 | 17.49 | 15.88
1990 | 17.86 | 18.36 | 18.61 | 18.53 | 18.13 | 17.82 | 17.31 | 17.28 | 19.11 | 21.83 | 24.36 | 25.70 | 19.58
1991 | 2579 | 25.15 | 23.74 | 22.61 | 21.78 | 21.19 | 20.54 | 20.24 | 20.07 | 20.06 | 20.34 | 20.43 | 21.83
1992 | 1989 | 19.39 | 19.04 | 18.72 | 18.70 | 18.86 | 19.25 | 19.44 | 19.47 | 19.61 | 19.70 | 1954 | 19.30
1993 ! 1922 | 18.82 | 18.69 | 18.64 | 1860 | 1852 | 1831 | 17.901 | 17.62 | 17.28 | 17.13 | 16.74 ! 18.12
1994 , 16.15 | 15.74 | 15.35 | 15.00 | 15.02 | 15.27 | 15.65 | 16.10 | 16.28 | 16.26 | 16.30 | 16.46 , 15.80 Ta"'_e(') ;0’
1995 | 16.36 | 1646 | 16.66 | 1679 | 1717 | 17.42 | 17.41 | 1714 | 17.01 | 1697 | 16.80 | 16.79 | 16.91 EX:O_,,e,"tia,
1996 | 17.00 | 1716 | 17.27 | 17.70 | 1829 | 18.44 | 18.46 | 1868 | 19.03 | 19.68 | 20.47 | 20.85 | 18.59 Smoothing Model
1997 ! 21.40 | 2177 | 2150 | 21.07 | 20.43 | 2022 | 19.76 | 19.47 | 19.32 | 19.19 | 19.36 | 19.30 ! 20.23 Nominal Prices
1998 , 18.86 | 18.09 | 17.29 | 16.46 | 15.87 | 1550 | 14.89 | 14.46 | 14.06 | 14.01 | 13.86 | 13.46 , 15.57 Forecast
1999 ! 12.85 | 1257 | 1221 | 12.40 | 13.09 | 13.69 | 14.23 | 15.18 | 16.20 | 17.50 | 18.39 | 19.54 ! 14.82
2000 ! 2065 | 2159 | 2271 | 23.67 | 2363 | 2434 | 2540 | 2595 | 26.61 | 27.71 | 2845 | 2022 24.99 |
2001 ' 2842 | 27.93 | 27.79 | 27.24 | 26.93 | 27.06 | 27.04 | 26559 | 26.44 | 2619 | 25.10 | 23.82 26.71 _Mean Error_ - 073,
2002 ' 2276 | 22.04 | 2163 | 22.03 | 22.71 | 2330 | 2354 | 23.98 | 24.54 | 2529 | 2574 | 2550 23.59 __.MAD _ . _546_ _
2003 : 2598 | 26.93 | 28.12 | 2857 | 27.97 | 2750 | 27.65 | 27.84 | 2821 | 27.94 | 28.16 | 2835 27.77 __MSE __ ! _82.07_ _
2004 1 2867 | 2921 | 29.64 | 3044 | 31.10 | 32.30 | 33.02 | 33.99 | 3561 | 36.81 | 38.82 | 39.48 33.27 MAPE | 12.44%
2005 . 39.40 | 4011 | 41.05 | 43.03 | 4455 | 4521 | 46.94 | 48.83 | 5144 | 5349 | 5443 | 5455 | 46.92
2006 | 54.93 | 56.43 | 57.00 | 57.86 | 50.88 | 61.64 | 62.97 | 64.87 | 66.25 | 65.43 | 63.92 | 6277 | 61.17
2007 | 6241 | 60.63 | 60.02 | 60.13 | 61.12 | 61.93 | 63.18 | 6526 | 66.24 | 68.34 | 71.07 | 75.12 | 64.62
2008 ! 78.00 | 8054 | 83.11 | 86.86 | 91.24 | 97.52 | 104.32 | 110.02 | 110.93 | 108.68 | 101.48 | 91.98 ! 95.39
2009 ! 8185 | 74.25 | 67.77 | 63.55 | 60.80 | 60.34 | 62.11 | 62.62 | 64.42 | 65.21 | 66.98 | 69.09 ! 66.59
2010 ! 7025 | 71.63 | 72.25 | 73.66 | 75.77 | 75.74 | 7554 | 75.34 | 75.44 | 7558 | 76.81 | 78.35 ! 74.70
2011 | 80.68 | 83.08 | 86.05 | 90.57 | 95.70 | 98.18 | 99.71 | 101.35 | 101.18 | 101.11 | 100.86 | 101.77 | 95.02
2012 1102.26 | 103.22 | 105.12 | 107.65 | 108.85 | 107.90 | 104.47 | 102.92 | 103.39 | 103.97 | 103.86 | 103.32 | 104.74
2013 110289 | 103.34 | 104.20 | 103.86 | 102.86 | 102.16 | 101.68 | 102.39 | 103.55 | 104.59 | 104.76 | 104.33 | 103.38
2014 1104.56 | 104.07 | 104.22 | 104.19 | 104.32 | 104.60 | 105.35 | 105.33 | 104.27 | 102.59 | 99.29 | 94.83 | 103.13
2015 | 83.00 | 79.82 | 7482 | 7042 | 67.84 | 66.78 | 65.68 | 63.41 | 59.87 | 57.15 | 5511 | 52.71 | 66.80
2016 | 49.48 | 4554 | 4264 | 4158 | 4141 | 42.32 | 43390 | 4354 | 4381 | 4405 | 4510 | 4513 | 44.00
2017 | 46.63 | 48.02 | 49.29 | 49.61 | 50.12 | 50.07 | 49.29 | 48.97 | 49.16 | 49.92 | 50.92 | 52.72 | 49.56

| 2018 __| 5442 | 5678 | 5811 | 5933 | 6122 | 6366 | 65.32 | 6679 | 67.65 | 6919 | 7070 | 6902 | 6352

Montly Avg | 44.69 | 44.42 | 44.34 | 4457 | 45.04 | 4553 | 45.97 | 46.42 | 45.71 | 45.99 | 46.08 | 45.84




| __Year_ | Jan_| Feb_ | Mar_| Apr | May | Jun_| Jul_| Aug | Sep_| Oct_ | Nov_| Dec_j Yearly Average
1988 | 13.00 | 13.03 | 12.78 | 12.70 | 12.88
1989 | 1329 | 14.24 | 14.88 | 15.82 | 16.84 | 17.19 | 17.32 | 17.43 | 17.26 | 17.38 | 17.70 | 17.90 | 16.44
1990 | 18.33 | 18.94 | 19.14 | 18.86 | 18.17 | 17.69 | 16.97 | 17.03 | 19.84 | 23.70 | 26.94 | 28.18 | 20.31
1991 | 27.57 | 26.07 | 2369 | 22.00 | 20.94 | 2031 | 19.59 | 19.43 | 19.41 | 19.60 | 20.16 | 20.35 | 21.59
1992 | 1957 | 1891 | 1852 | 18.20 | 18.33 | 18.68 | 19.33 | 1958 | 19.59 | 19.76 | 19.86 | 19.56 | 19.16
1993 ! 19.07 | 18.52 | 18.41 | 18.43 | 18.43 | 18.35 | 18.09 | 17.56 | 17.23 | 16.83 | 16.74 | 16.28 ' 17.83
1994 , 15.53 | 15.11 | 14.71 | 14.38 | 14.59 | 15.10 | 15.72 | 16.37 | 16.56 | 16.45 | 16.46 | 16.64 , 15.63 Tab'_e(')il’
1995 | 1643 | 1657 | 16.83 | 16.98 | 17.48 | 17.76 | 17.64 | 17.17 | 16.96 | 1692 | 16.68 | 16.70 | 17.01 EX:O_“e,"tia,
1996 | 17.05 | 17.27 | 17.40 | 18.00 | 18.80 | 18.88 | 1877 | 19.01 | 19.44 | 2029 | 2128 | 2162 | 18.98 Smoothing Model
1997 | 2222 | 2252 | 21.89 | 2112 | 20.15 | 19.92 | 19.32 | 19.02 | 18.92 | 18.85 | 19.20 | 19.17 20.19 Nominal Prices
1998 , 18.55 | 17.48 | 16.47 | 15.46 | 14.87 | 14.62 | 13.98 | 13.60 | 13.26 | 13.42 | 13.38 | 12.93 , 14.83 Forecast
1999 ! 1217 | 11.95 | 11.59 | 12.07 | 13.21 | 14.06 | 14.76 | 16.03 | 17.30 | 18.92 | 19.83 | 21.13 ! 15.25
2000 ' 2232 | 2322 | 2442 | 2534 | 2478 | 2550 | 2674 | 2717 | 27.80 | 29.08 | 29.78 | 3054 26.39 ;
; ! Mean Error | 0.48
2001 : 28.94 | 28.05 | 27.80 | 26.97 | 2659 | 26.88 | 26.91 | 26.28 | 26.14 | 2586 | 24.32 | 22.63 ! 26.45 TTuAD T s
2002 ' 21.40 | 20.72 | 2050 | 21.44 | 22.64 | 23.55 | 23.83 | 24.41 | 25.12 | 26.07 | 26,51 | 25.92 23.51 —— e
2003 : 2651 | 27.78 | 2931 | 29.63 | 2841 | 27.70 | 27.77 | 28.01 | 2851 | 2802 | 28.32 | 2856 28.21 _.Mse _ | 5940
2004 1 2898 | 2970 | 30.19 | 31.23 | 31.98 | 3365 | 3422 | 3532 | 37.35 | 3862 | 4110 | 41.41 . 34.48 MAPE | 10.48%
2005 . 40.70 | 4138 | 4241 | 4497 | 4667 | 47.02 | 4008 | 5127 | 5445 | s6.62 | 57.09 | 56.48 | 49.01
2006 | 56.46 | 58.26 | 58.69 | 59.36 | 61.95 | 63.97 | 6526 | 67.42 | 68.74 | 66.75 | 64.10 | 62.31 | 62.77
2007 | 61.91 | 59.40 | 58.85 | 59.37 | 61.08 | 62.30 | 64.07 | 66.93 | 67.89 | 70.55 | 73.98 | 79.19 | 65.46
2008 ! 8229 | 8481 | 87.38 | 91.72 | 96.83 | 104.57 | 112.66 | 118.71 | 117.47 | 112.12 | 100.29 | 86.40 99.60
2009 ! 7088 | 64.17 | 57.47 | 54.23 | 53.04 | 5457 | 58.95 | 60.66 | 63.95 | 65.27 | 67.91 | 70.81 ! 61.99
2010 ! 72.03 | 7356 | 73.92 | 75553 | 78.13 | 77.37 | 76.58 | 75.98 | 75.94 | 75.99 | 77.71 | 79.76 ! 76.04
2011 | 8283 | 85.79 | 89.43 | 95.19 | 101.51 | 103.48 | 104.19 | 105.31 | 103.86 | 102.95 | 102.02 | 103.04 ! 98.30
2012 1103.39 | 104.50 | 106.96 | 110.21 | 111.24 | 109.10 | 103.59 | 101.54 | 102.66 | 103.74 | 103.64 | 102.90 | 105.29
2013 1102.39 | 103.20 | 104.53 | 103.93 | 102.41 | 101.49 | 100.97 | 102.26 | 104.03 | 105.45 | 105.44 | 104.60 | 103.39
2014 1104.86 | 104.03 | 104.27 | 104.20 | 104.40 | 104.80 | 105.87 | 105.68 | 103.99 | 101.55 | 96.91 | 90.93 ! 102.62
2015 | 81.86 | 71.44 | 66.44 | 62.36 | 60.91 | 61.39 | 61.37 | 59.26 | 55.19 | 52.52 | 50.85 | 48.53 | 61.01
2016 | 44.94 | 4039 | 37.58 | 37.51 | 3848 | 4072 | 42.81 | 4321 | 4371 | 4411 | 4566 | 4554 | 42.06
2017 | 4767 | 49.44 | 5091 | 50.91 | 51.29 | 50.87 | 49.46 | 48.92 | 49.22 | 50.34 | 51.72 | 54.18 | 50.41
| 2018 __| 5628 | 5927 | 6052 | 6162 | 63.77 | 6667 | 68.26 | 6958 | 7003 | 7163 | 7316 | 6991 ] 6589
Montly Avg | 44.61 | 44.22 | 44.17 | 4457 | 45.26 | 45.94 | 46.47 | 47.00 | 46.28 | 46.53 | 46.50 | 46.02




| __Year _j Jan_| Feb_ | Mar_| Apr_| May | Jun_| Jul_| Aug | Sep_ | Oct | Nov_| Dec_j Yearly Average
1988 | 13.00 | 13.04 | 12.70 | 12.63 | 12.84
1989 | 13.44 | 14.65 | 1533 | 16.41 | 17.53 | 17.72 | 17.69 | 17.68 | 17.36 | 17.48 | 17.86 | 18.06 | 16.77
1990 | 1858 | 19.29 | 19.41 | 18.94 | 17.98 | 17.42 | 16.56 | 16.80 | 20.64 | 25.47 | 29.08 | 29.88 | 20.84
1991 | 2838 | 26.06 | 22.89 | 20.96 | 19.96 | 19.51 | 18.88 | 18.95 | 19.12 | 19.49 | 20.28 | 20.48 | 21.25
1992 | 1939 | 1858 | 1820 | 17.90 | 18.19 | 18.71 | 1956 | 19.80 | 19.73 | 19.90 | 19.97 | 1953 | 19.12
1993 ' 18.89 | 18.22 | 18.20 | 18.31 | 18.36 | 18.28 | 17.96 | 17.30 | 16.97 | 16.54 | 16.53 | 16.00 ' 17.63
1994 , 1511 | 14.72 | 14.34 | 14.05 | 14.46 | 1519 | 1598 | 16.74 | 16.84 | 16.59 | 16.54 | 16.76 , 15.61 Tab'_e(') iz’
1995 | 1643 | 1662 | 1694 | 17.10 | 17.72 | 18.00 | 17.74 | 17.08 | 1684 | 16.83 | 1655 | 16.62 | 17.04 EX:O_“e,"tia,
1996 | 1712 | 17.39 | 1752 | 1827 | 19.23 | 19.16 | 18.90 | 19.18 | 1968 | 2071 | 21.87 | 22.08 | 19.26 Smoothing Model
1997 | 2270 | 2291 | 21.91 | 20.88 | 19.68 | 19.56 | 18.90 | 18.67 | 18.68 | 18.67 | 19.22 | 19.17 20.08 Nominal Prices
1998 , 18.34 | 17.00 | 15.84 | 14.75 | 14.25 | 14.16 | 13.49 | 13.17 | 12.90 | 13.26 | 13.26 | 12.71 , 14.43 Forecast
1999 ! 1179 | 11.65 | 11.29 | 12.04 | 1357 | 1457 | 1530 | 16.77 | 18.17 | 19.98 | 20.77 | 22.13 ! 15.67
2000 ! 2332 | 2411 | 2536 | 26.21 | 2511 | 2504 | 27.41 | 2772 | 2834 | 2083 | 3046 | 3121 27.09
2001 ' 28.80 | 27.67 | 2750 | 2651 | 26.19 | 26.73 | 26.83 | 26.02 | 25.94 | 2565 | 2368 | 21.68 ! 26.10 Mean Error | 035 __
2002 2042 | 1991 | 19.94 | 21.42 | 23.02 | 24.08 | 24.25 | 2485 | 2562 | 2668 | 27.02 | 26.03 23.60 __MAD _ | 403 _
2003 1 2677 | 28.36 | 30.17 | 30.25 | 28.37 | 27.45 | 27.64 | 28.02 | 2868 | 27.96 | 2838 | 28.68 : 28.39 __MSE _ | 4610 _
2004 ! 2019 | 3006 | 3057 | 31.81 | 3257 | 3457 | 34.96 | 36.13 | 3851 | 39.75 | 4260 | 42.41 . 35.26 MAPE ! 9.15%
2005 . 41.06 | 41.83 | 43.02 | 4619 | 47.97 | 47.91 | 5030 | 52.73 | 56.39 | 5851 | 58.38 | 57.05 50.11
2006 | 56.80 | 59.06 | 59.32 | 59.96 | 6317 | 6537 | 66.54 | 68.90 | 70.07 | 66.89 | 63.30 | 61.23 | 63.38
2007 ! 6114 | 5800 | 57.88 | 58.97 | 61.40 | 62.91 | 65.02 | 68.45 | 69.12 | 7218 | 76.09 | 82.19 | 66.12
2008 ! 8512 | 87.35 | 89.77 | 94.60 | 100.26 | 109.21 | 118.13 | 124.01 | 120.24 | 112.01 | 96.28 | 79.36 | 101.36
2009 ! 6415 | 56.03 | 50.36 | 48.87 | 49.44 | 52.92 | 59.41 | 6152 | 6556 | 66.68 | 69.64 | 72.80 | 59.78
2010 ! 7363 | 75.03 | 74.92 | 76.67 | 79.68 | 78.05 | 76.72 | 75.87 | 75.85 | 75.96 | 78.26 | 80.77 ! 76.78
2011 | 84.47 | 87.76 | 91.82 | 98.55 | 105.63 | 106.60 | 106.30 | 106.95 | 104.37 | 102.95 | 101.71 | 103.19 | 100.02
2012 1103.61 | 104.99 | 108.07 | 111.96 | 112.64 | 109.22 | 101.83 | 99.80 | 101.99 | 103.70 | 103.59 | 102.62 | 105.33
2013 1102.05 | 103.27 | 105.02 | 104.02 | 101.95 | 100.92 | 100.45 | 102.37 | 104.69 | 106.32 | 105.96 | 104.63 | 103.47
2014 1104.97 | 103.82 | 104.23 | 104.15 | 104.44 | 104.95 | 106.32 | 105.88 | 103.55 | 10047 | 94.71 | 87.62 | 102.09
2015 | 76.85 | 64.96 | 60.89 | 57.67 | 57.62 | 59.57 | 60.27 | 57.90 | 53.01 | 50.32 | 48.98 | 46.63 | 57.89
2016 | 4261 | 37.48 | 34.90 | 35.87 | 37.82 | 4107 | 4372 | 4388 | 4428 | 4459 | 46.47 | 4598 | 41.56
2017 | 4864 | 50.62 | 52.11 | 51.63 | 51.84 | 51.06 | 49.10 | 48.53 | 49.09 | 50.64 | 52.35 | 55.38 | 50.92

| 2018 __| 57.70 | 6111 | 6205 | 6290 | 6526 | 6853 | 69.91 | 7101 | 7104 | 7277 | 7435 | 6954 1 6718

Montly Avg | 44.38 | 43.95 | 43.99 | 44.59 | 4551 | 46.31 | 46.87 | 47.42 | 46.65 | 46.83 | 46.67 | 45.97




Table - 23:
3-Month Moving
Average Model /
Inflation-adjusted

Prices Forecast

Mean Error : _ 0.19
_.MAD _ i 495
_.MSE __} 6403

MAPE ! 9.02%

| __Year | Jan_| Feb | Mar_| Apr_| May | Jun_| Jul_| Aug | Sep_| Oct_| Nov_| Dec_] Yearly Average
1988 i 27.80 27.92 25.96 26.86 i 27.13
1989 i 27.96 30.48 32.65 34.47 36.31 37.44 37.17 36.13 35.36 35.39 35.90 36.91 i 34.68
1990 i 38.05 38.65 38.80 37.40 34.96 33.02 31.12 SiL52 37.83 49.04 60.18 63.19 i 41.14
1991 i 58.96 50.71 41.92 36.27 33.73 34.16 34.07 34.43 34.77 36.08 37.57 38.43 i 39.26
1992 i 37.01 34.18 31.91 31.42 32.16 33.29 35.31 36.24 36.31 35.90 35.85 35.40 i 34.58
1993 : 34.07 32.06 31.32 31.32 32.03 32.03 31.44 30.22 29.23 28.32 28.44 27.69 ; 30.68
1994 : 26.45 24.86 23.83 23.55 24.09 25.50 27.52 29.11 29.51 28.96 28.16 28.21 : 26.65
1995 : 28.06 28.04 27.96 28.49 29.46 30.01 30.01 28.60 27.52 27.22 27.24 27.39 : 28.33
1996 i 27.97 28.62 28.87 29.40 30.94 31.66 31.19 30.61 31.35 33.36 35.51 36.56 i 31.34
1997 : 37.29 36.80 35.50 32.97 30.17 29.62 28.89 29.12 28.77 29.16 30.05 30.26 ; 31.55
1998 i 29.44 26.68 23.95 21.77 20.99 20.96 20.63 20.21 19.42 20.10 20.39 20.08 i 22.05
1999 : 18.33 17.26 16.56 17.84 20.07 22.75 24.37 25.95 28.07 31.25 32.75 34.71 : 24.16
2000 i 35.92 37.20 38.30 39.05 38.15 38.14 39.18 | 41.47 42.49 43.69 45.26 46.76 i 40.47
2001 1 43.40 40.39 37.54 37.12 37.00 37.15 38.07 37.64 36.82 35.98 34.05 30.67 37.15
2002 E 27.49 26.60 27.07 29.32 32.25 34.91 35.31 35.46 35.98 37.75 38.58 37.53 E 33.19
2003 E 37.35 38.53 | 42.09 42.93 40.56 37.44 36.33 37.71 39.36 38.89 39.08 38.82 E 39.09
2004 : 40.24 40.94 41.58 42.87 43.91 46.68 47.52 49.37 51.39 54.08 58.08 58.10 : 47.90
2005 : 56.96 54.60 55.14 59.69 62.99 64.29 65.56 68.02 74.07 77.43 78.21 75.26 : 66.02
2006 ! 73.00 74.00 75.20 76.32 78.61 82.36 85.43 87.29 88.60 86.03 79.97 74.27 ! 80.09
2007 ! 73.80 71.35 70.45 69.59 74.27 77.35 80.43 83.89 85.91 89.38 92.77 | 101.37 ! 80.88
2008 ! 106.54 | 108.71 | 108.14 | 111.60 | 118.65 | 130.06 | 141.65 | 151.04 | 147.90 | 135.46 | 111.99 | 88.33 ! 121.67
2009 ! 65.57 54.38 49.71 51.85 54.37 60.75 69.57 75.21 80.49 80.17 83.86 86.18 ! 67.68
2010 ! 88.74 89.43 87.85 89.07 91.79 92.12 90.36 86.66 86.75 87.28 90.03 93.38 ! 89.46
2011 ! 98.74 | 101.88 | 105.90 | 111.81 | 120.61 | 124.41 | 123.36 | 120.25 | 117.42 | 115,54 | 112.53 | 114.37 ! 113.90
2012 ! 115.64 | 117.52 | 119.38 | 123.54 | 125.96 | 122.81 | 112.91 | 106.71 | 107.15 | 112.84 | 115.27 | 113.77 ! 116.13
2013 I 111,91 | 111.97 | 113.76 | 113.70 | 111.45 | 108.46 | 107.46 | 109.77 | 112.94 | 116.20 | 116.26 | 114.26 I 112.35
2014 | 113.08 | 111.30 | 111.51 | 110.40 | 111.38 | 111.70 | 113.23 | 113.36 | 111.35 | 106.91 | 100.11 | 91.92 I 108.85
2015 | 79.44 65.59 57.68 54.86 58.56 61.30 64.31 63.17 57.21 51.88 49.26 48.35 | 59.30
2016 ! 44.90 38.68 34.26 34.37 38.21 43.43 47.05 48.24 47.86 46.94 48.74 48.88 ! 43.46
2017 ! 51.53 52.65 55.43 54.46 53.97 52.44 50.82 49.27 49.29 51.62 54.11 5758 ! 52.76
| 2018 _ 1 60.36 | 6360 | 6421 | 64.62 | 6547 | 6880 | 7140 | 7269 | 71.91 | 7304 | 74.39 | 7147 ] 6850
Montly Avg ! 56.27 | 54.92 | 54.28 | 54.74 | 56.10 | 57.50 | 58.39 | 58.98 | 58.41 | 58.83 | 58.73 | 57.97




| __Year . Jan_| Feb | Mar_| Apr | May_| Jun_ | Jul_| Aug | Sep | Oct | Nov_| Dec_, Yearly Average
1088 | 27.80 | 27.92 | 25.96 | 26.70 ! 27.10
1989 ! 2795 | 29.35 | 31.17 | 33.66 | 35.61 | 36.39 | 37.04 | 36.86 | 35.68 | 35.50 | 35.90 | 36.26 ! 34.28
1990 | 3752 | 38.35 | 38.44 | 37.89 | 36.03 | 34.21 | 32.12 | 31.62 | 36.37 | 44.14 | 53.41 | 60.12 ! 40.02
1991 | 5099 | 54.67 | 46.43 | 39.80 | 35.75 | 34.01 | 33.91 | 34.37 | 34.78 | 3535 | 36.99 | 37.79 | 40.32
1992 | 37.04 | 3557 | 33.55 | 31.77 | 31.93 | 32.88 | 34.32 | 3555 | 35.99 | 36.28 | 35.95 | 35.37 | 34.68
1993 | 34.61 | 33.07 | 31.97 | 3155 | 31.53 | 31.94 | 31.64 | 30.70 | 29.85 | 28.86 | 28.45 | 27.96 ! 31.01
1994 | 26.78 | 25.85 | 24.50 | 23.67 | 24.07 | 24.99 | 26.43 | 28.24 | 29.06 | 29.02 | 28.73 | 28.39 | 26.64 Table - 24:
¢ 4-Month Moving
1995 | 27.94 | 28.04 | 28.24 | 28.15 | 29.08 | 29.71 | 29.68 | 29.16 | 28.26 | 27.60 | 27.08 | 27.36 ! 28.36 Average Model /
1996 | 27.94 | 28.13 | 28.57 | 29.44 | 30.35 | 30.86 | 31.18 | 31.26 | 31.17 | 32.46 | 34.51 | 35.63 ! 30.96 Inflation-adjusted
1997 | 36.91 | 37.090 | 35.62 | 34.22 | 31.75 | 30.24 | 29.25 | 28.86 | 29.18 | 28.91 | 29.74 | 30.04 ! 31.82 Prices Forecast
1998 | 2940 | 27.88 | 2546 | 23.04 | 21.54 | 21.17 | 2054 | 20.38 | 19.99 | 19.90 | 20.20 | 19.89 | 22.45
1999 | 10.08 | 18.07 | 17.01 | 17.40 | 19.38 | 21.13 | 23.26 | 2546 | 27.13 | 29.64 | 31.74 | 33.70 | 23.58
2000 ! 35.53 | 36.20 | 37.86 | 38.78 | 37.88 | 38.57 | 39.44 | 39.70 | 41.82 | 43.61 | 44.26 | 45.78 ! 39.95
2001 | 4429 | 41.79 | 39.99 | 37.06 | 36.99 | 37.56 | 37.46 | 37.38 | 37.42 | 36.58 | 34.36 | 32.19 | 37.76 .
T r Mean Error ! 0.24
2002 | 2959 | 27.33 | 26.95 | 28.58 | 30.90 | 33.18 | 34.76 | 35.50 | 35.98 | 36.89 | 37.96 | 37.53 | 32.93 R st
2003 | 37.92 | 38.55 | 40.16 | 41.96 | 40.95 | 39.34 | 37.64 | 37.04 | 38.45 | 38.73 | 39.10 | 39.28 | 39.09 __MAD _ | 283,
2004 | 39.38 | 40.64 | 41.16 | 42.42 | 43.40 | 4547 | 46.87 | 4828 | 51.07 | 52.42 | 56.20 | 57.62 | 47.08 __MSE __, _8422 _
2005 | 56.60 | 56.59 | 55.41 | 57.79 | 61.11 | 62.68 | 65.61 | 67.36 | 70.99 | 75.46 | 76.85 | 76.42 | 65.24 MAPE | 10.32%
2006 | 74.66 | 74.28 | 74.16 | 75.45 | 78.49 | 80.43 | 83.12 | 86.72 | 87.92 | 85.87 | 82.62 | 78.15 | 80.16
2007 | 7477 | 71.62 | 71.01 | 71.26 | 71.98 | 7551 | 78.75 | 82.70 | 84.24 | 87.77 | 91.96 | 97.35 | 79.91
2008 | 103.24 | 106.46 | 108.87 | 110.91 | 115.54 | 124.88 | 136.05 | 145.12 | 146.82 | 140.10 | 122.87 | 99.79 | 121.72
2009 | 78.35 | 6207 | 53.08 | 50.99 | 53.66 | 57.86 | 65.88 | 71.18 | 77.45 | 80.45 | 81.90 | 85.68 , 68.21
2010 | 86.64 | 88.84 | 88.68 | 88.81 | 91.13 | 90.70 | 90.69 | 89.32 | 86.91 | 87.06 | 89.08 | 91.95 | 89.15
2011 ! 96.05 | 100.03 | 103.85 | 109.87 | 116.44 | 120.75 | 122.97 | 122.77 | 118.35 | 116.32 | 114.64 | 113.94 ' 113.00
2012 114.98 | 116.12 | 119.07 | 121.87 | 123.86 | 123.04 | 117.01 | 111.24 | 108.93 | 109.53 | 113.01 | 114.23 116.08
2013 1 113.11 | 112.36 | 113.00 | 113.05 | 112.01 | 110.46 | 108.33 | 109.07 | 111.50 | 114.13 | 115.67 | 114.95 1 112.32
2014 ' 114.23 | 112.00 | 111.39 | 111.33 | 110.72 | 111.68 | 112.63 | 112.94 | 111.66 | 109.04 | 103.10 | 95.58 ' 109.69
2015 1 8510 | 7211 | 63.76 | 57.31 | 56.45 | 6054 | 62.28 | 62.68 | 59.53 | 5521 | 51.40 | 48.41 61.23
2016+ 4598 | 4150 | 37.16 | 35.50 | 36.48 | 40.72 | 4509 | 46.88 | 47.96 | 47.73 | 48.15 | 48.44 . 43.47
2017 | 5048 | 52.43 | 53.46 | 54.66 | 54.26 | 5331 | 51.20 | 50.37 | 49.80 | 50.58 | 52.83 | 55.99 | 52.45
___2_018___1!__5§-§8 | 61.82 | 63.57 | 64.20 | 6566 | 67.46 | 69.59 | 7172 | 72.29 | 72.77 | 73.96 ._71-17_! 67.78
Montly Avg | 56.83 | 55.63 | 54.79 | 54.75 | 55.50 | 56.72 | 57.83 | 58.68 | 58.21 | 58.57 | 58.66 | 58.19




| __Year _j Jan_| Feb_ | Mar_| Apr_| May | Jun_| Jul_| Aug | Sep_ | Oct | Nov_| Dec_j Yearly Average
1988 | 27.80 | 27.92 | 25.96 | 26.70 | 27.10
1989 | 31.22 | 3324 | 29.76 | 31.21 | 33.39 | 35.05 | 35.82 | 36.22 | 36.40 | 36.28 | 36.02 | 36.13 | 34.23
1990 | 3672 | 37.27 | 37.85 | 37.72 | 36.80 | 3591 | 34.26 | 33.24 | 35.42 | 40.08 | 45.85 | 50.51 | 38.47
1991 | 54.00 | 55.45 | 52.55 | 47.62 | 42.22 | 38.04 | 35.17 | 34.08 | 34.46 | 35.07 | 36.00 | 36.60 | 41.77
1992 | 3654 | 3587 | 3517 | 34.21 | 33.17 | 32.60 | 33.36 | 34.20 | 34.80 | 35.61 | 36.04 | 35.86 | 34.79
1993 ! 34.99 | 33.95 | 33.36 | 32.70 | 32.04 | 31.67 | 31.38 | 31.12 | 30.63 | 29.88 | 29.33 | 28.46 ! 31.63
1094 ! 2739 | 2665 | 25.76 | 25.00 | 24.47 | 2467 | 2553 | 26.60 | 27.51 | 28.24 | 28.63 | 28.86 | 26.61 Table - 25:

f f 6-Month Moving

1995 | 2851 | 2810 | 28.09 | 28.28 | 2875 | 28.98 | 2925 | 29.03 | 28.76 | 28.62 | 27.92 | 27.46 | 28.48 Average Model /
1996 | 27.60 | 27.93 | 2813 | 28.69 | 29.78 | 3027 | 30.30 | 3077 | 3151 | 3227 | 33.06 | 33.96 | 30.36 Inflation-adjusted
1997 ;3532 | 36.16 | 36.03 | 3513 | 33.49 | 32.56 | 30.93 | 20.65 | 29.20 | 29.02 | 29.59 | 2951 | 32.22 Prices Forecast
1998 | 29.30 | 2836 | 27.10 | 2560 | 23.83 | 22.45 | 21.20 | 20.60 | 20.19 | 20.36 | 20.30 | 19.75 | 23.25
1999 ! 1921 | 18.83 | 18.32 | 18.08 | 18.67 | 19.65 | 21.10 | 23.01 | 25.41 | 27.81 | 29.35 | 31.39 ! 22.57
2000 33.59 | 34.97 | 36.50 | 37.48 | 37.67 | 38.22 | 39.11 | 39.81 | 40.31 | 41.43 | 43.37 | 44.62 38.92 ;
2001 ' 4354 | 42.82 | 42.15 | 40.26 | 38.70 | 37.34 | 37.50 | 37.32 | 36.98 | 37.03 | 35.84 | 33.74 38.61 _Mean Error_ L 0.34_
2002 : 31.74 | 30.33 | 28.87 | 28.41 | 29.43 | 30.99 | 32.31 | 33.86 | 3544 | 36.53 | 37.02 | 36.75 : 32.64 __MAD __ - 6.64_ _
2003 1 3755 | 38.56 | 39.81 | 40.14 | 39.54 | 39.76 | 39.63 | 39.13 | 38.40 | 37.61 | 38.40 | 39.09 38.97 ___MSE .+ 11932
2004 1 3956 | 40.01 | 4020 | 4155 | 42.43 | 4413 | 4510 | 46.64 | 49.03 | 50.80 | 5373 | 5474 45.67 MAPE | 12.30%
2005 . 5552 | 56.34 | 56.62 | 58.33 | 58.80 | 59.71 | 62.62 | 65.51 | 69.18 | 71.49 | 73.12 | 74.67 . 63.49
2006 ! 7521 | 7611 | 7523 | 7466 | 7631 | 78.78 | 80.87 | 82.95 | 8548 | 85.73 | 8363 | 8143 | 79.70
2007 | 7001 | 75.66 | 72.36 | 71.69 | 72.81 | 73.90 | 75.01 | 79.08 | 81.63 | 84.90 | 88.33 | 93.64 | 79.08
2008 ! 97.96 | 100.74 | 104.75 | 109.07 | 113.68 | 119.10 | 126.62 | 134.85 | 138.98 | 138.55 | 131.51 | 118.12 ! 119.49
2009  !100.52 | 83.19 | 69.02 | 58.71 | 54.37 | 55.23 | 60.71 | 64.79 | 70.62 | 74.87 | 79.53 | 83.33 ! 71.24
2010 ! 84.46 | 86.65 | 87.02 | 88.91 | 90.61 | 89.99 | 89.72 | 89.23 | 89.44 | 88.82 | 88.35 | 90.07 ! 88.60
2011 | 93.01 | 95.96 | 99.64 | 105.28 | 111.25 | 115.15 | 117.59 | 120.43 | 120.92 | 119.45 | 116.39 | 115.89 | 110.91
2012 111559 | 115.02 | 116.87 | 119.59 | 121.74 | 121.09 | 118.22 | 116.34 | 114.98 | 112.87 | 110.99 | 110.46 | 116.15
2013 1112.37 | 113.62 | 113.77 | 112.81 | 111.71 | 111.11 | 110.58 | 110.61 | 110.70 | 111.83 | 113.02 | 113.60 | 112.14
2014 111464 | 11378 | 112.89 | 111.74 | 111.34 | 111.60 | 111.82 | 112.37 | 11152 | 110.07 | 106.74 | 101.64 | 110.85
2015 | 93.18 | 82.85 | 74.80 | 67.15 | 62.07 | 59.49 | 59.58 | 60.87 | 59.25 | 58.09 | 56.22 | 52.78 | 65.53
2016 | 48.39 | 43.97 | 4130 | 39.63 | 38.44 | 38.84 | 4071 | 4322 | 4565 | 46.99 | 48.49 | 4837 | 43.67
2017 | 49.23 | 50.69 | 52.15 | 52.99 | 53.31 | 53.94 | 52.64 | 51.62 | 50.87 | 51.22 | 51.69 | 53.41 | 51.98

| 2018 __| 5599 | 5885 | 6087 | 6249 | 6454 | 6650 | 68.01 | 6908 | 70.35 | 7222 | 7354 | 7169 ] 6618

Montly Avg | 57.43 | 56.73 | 55.90 | 55.50 | 55.51 | 55.89 | 56.56 | 57.54 | 57.48 | 58.12 | 58.32 | 58.17




| __Year __, Jan_| Feb | Mar_| Apr_ | May | Jun | Jul_| Aug | Sep | Oct_ | Nov_| Dec_, Yearly Average
1988 | 27.80 | 27.92 | 25.96 | 26.70 | 27.10
1989 ! 3122 | 3350 | 33.24 | 36.66 | 39.03 | 36.64 | 35.84 | 35.92 | 33.08 | 33.75 | 34.70 | 3559 | 34.93
1990 ! 36.27 | 36.75 | 37.13 | 37.00 | 36.41 | 36.02 | 35.49 | 35.25 | 36.64 | 38.90 | 41.33 | 43.21 ! 37.53
1991 | 44.13 | 44.34 | 43.99 | 43.85 | 44.04 | 44.27 | 4458 | 44.76 | 4351 | 41.34 | 39.11 | 37.32 | 42.94
1992 | 3586 | 34.98 | 34.82 | 34.64 | 3458 | 34.60 | 34.95 | 35.04 | 34.99 | 34.91 | 34.61 | 34.23 ! 34.85
1993 | 3418 | 34.08 | 34.08 | 34.15 | 34.04 | 33.76 | 33.19 | 32.54 | 32.00 | 31.29 | 30.69 | 30.07 | 32.84
1994 | 2939 | 28.88 | 28.20 | 27.44 | 26.90 | 26,57 | 26.46 | 26.62 | 26.64 | 26.62 | 2655 | 26.77 | 27.25 Table - 26:
' ¢ 12-Month Moving
1995 | 27.02 | 27.35 | 27.80 | 28.26 | 28.69 | 28.92 | 28.88 | 28.56 | 28.42 | 2845 | 28.33 | 28.22 | 28.24 Average Model /
1996 | 28.42 | 28.48 | 28.45 | 28.65 | 28.85 | 28.86 | 28.95 | 29.35 | 29.82 | 30.48 | 31.42 | 32.11 ! 29.49 Inflation-adjusted
1997 | 32.81 | 3347 | 33.77 | 33.70 | 33.28 | 33.26 | 33.13 | 32.90 | 32.61 | 32.08 | 3154 | 31.04 ! 32.80 Prices Forecast
1998 | 3011 | 29.01 | 2815 | 27.31 | 26.71 | 25.98 | 25.25 | 24.48 | 23.65 | 22.98 | 22.07 | 21.10 | 25.57
1999 | 2021 | 1071 | 19.25 | 19.22 | 19.48 | 19.70 | 20.16 | 20.92 | 21.86 | 22.95 | 24.01 | 2552 | 21.08
2000 | 27.34 | 28.99 | 30.96 | 32.65 | 33.51 | 34.80 | 36.35 | 37.39 | 38.41 | 39.46 | 4052 | 41.42 | 35.15
2001 | 41.33 | 41.32 | 41.23 | 40.84 | 41.03 | 40.98 | 40.57 | 40.07 | 39.57 | 38.64 | 37.27 | 3554 | 39.87 .
T I Mean Error ! 0.62
2002 | 34.67 | 33.82 | 32.92 | 32.72 | 32.64 | 32.37 | 32.03 | 32.09 | 32.16 | 32.47 | 33.22 | 33.87 | 32.91 R B PRt
2003 | 34.93 | 36.21 | 37.63 | 38.33 | 38.28 | 38.26 | 38.50 | 38.84 | 39.11 | 38.87 | 38.97 | 39.43 | 38.12 __MAD _ | 863,
2004 | 3959 | 39.57 | 39.30 | 390.58 | 40.41 | 41.61 | 42.38 | 43.33 | 44.62 | 46.18 | 48.08 | 49.44 | 42.84 __MSE _ | 18499
2005 | 50.36 | 51.49 | 52.83 | 54.56 | 56.26 | 57.23 | 59.07 | 60.92 | 62.90 | 64.91 | 65.96 | 67.19 | 58.64 MAPE | 15.91%
2006 | 68.92 | 70.81 | 72.21 | 73.08 | 7471 | 76.72 | 78.04 | 79.53 | 80.36 | 80.19 | 79.97 | 80.11 | 76.22
2007 | 80.39 | 79.31 | 78.92 | 78.71 | 78.22 | 77.67 | 77.46 | 77.37 | 76.99 | 78.30 | 80.57 | 83.77 | 78.97
2008 | 86.49 | 89.91 | 93.19 | 96.99 | 101.01 | 106.37 | 112.29 | 117.79 | 121.87 | 123.81 | 122.60 | 118.61 | 107.58
2009 | 113.57 | 109.02 | 104.00 | 98.63 | 92.94 | 86.67 | 80.61 | 73.99 | 69.82 | 66.79 | 66.95 | 69.28 | 86.02
2010 ;7258 | 7572 | 78.82 | 81.89 | 85.07 | 86.66 | 87.09 | 87.94 | 88.23 | 88.86 | 89.48 | 90.03 | 84.36
2011 ! 91.36 | 92.59 | 94.54 | 97.05 | 99.80 | 102.61 | 105.30 | 108.20 | 110.28 | 112.36 | 113.82 | 11552 103.62
2012 ' 116559 | 117.73 | 118.89 | 119.52 | 119.06 | 118.49 | 116.91 | 115.68 | 115.93 | 116.23 | 116.37 | 115.78 ! 117.27
2013 111530 | 114.98 | 114.37 | 112.84 | 111.35 | 11079 | 11148 | 112.12 | 112.24 | 112.32 | 112.36 | 112.36 112.71
2014 111261 | 11220 | 111.79 | 111.78 | 112.18 | 112.60 | 11323 | 113.08 | 112.20 | 110.91 | 109.04 | 106.62 - 111.52
2015 110250 | 97.61 | 93.16 | 88.61 | 84.40 | 8056 | 76.38 | 71.86 | 67.03 | 62.62 | 59.14 | 56.13 : 78.33
2016 1 53.99 | 52.42 | 50.28 | 48.86 | 47.33 | 45.81 | 4455 | 4360 | 4347 | 4331 | 4347 | 4361 . 46.72
2017 | 44.97 | 46.96 | 48.90 | 49.99 | 50.90 | 5115 | 5094 | 5116 | 5151 | 52.11 | 5250 | 5367 | 50.40
| 2018 ! 5431 | 5524 | 55.87 | 56.85 | 58.11 | 59.96 | 62.00 | 6397 | 65.61 | 67.35 | 69.04 ._69-10_! 61.45
Montly Avg | 56.38 | 56.55 | 56.62 | 56.81 | 56.97 | 57.00 | 57.07 | 57.18 | 56.24 | 56.37 | 56.44 | 56.56




| __Year _!__J_a[‘_ | _Feb_| Mar_| Apr_| May | Jun_ | Jul_| Aug_ | Sep_| Oct_| Nov_| Dec_ | Yearly Average
1988 | 27.80 | 27.81 | 27.63 | 27.53 | 27.69
1989 ! 27.090 | 28.46 | 28.94 | 29.71 | 30.64 | 31.24 | 31.70 | 32.13 | 32.34 | 32.70 | 33.18 | 33.59 ! 31.05
1990 | 3417 | 3468 | 34.99 | 35.01 | 34.70 | 34.43 | 33.93 | 33.85 | 3555 | 38.31 | 41.13 | 43.01 ! 36.15
1991 | 43.75 | 4356 | 42.56 | 41.64 | 40.90 | 40.29 | 39.58 | 39.15 | 38.82 | 38.65 | 38.76 | 38.73 ! 40.53
1992 | 3814 | 37.45 | 36.87 | 36.32 | 36.03 | 35.93 | 36.08 | 36.10 | 36.02 | 36.03 | 36.04 | 35.83 ! 36.40
1993 | 3547 | 34.92 | 3460 | 34.36 | 34.14 | 33.90 | 33.56 | 33.05 | 32.62 | 32.13 | 31.80 | 31.27 | 33.49
1994 | 3055 | 20.90 | 29.25 | 28.64 | 28.34 | 28.28 | 28.37 | 2858 | 28.61 | 2850 | 28.46 | 2852 |  28.83 Table - 27
1995 | 2838 | 28.33 | 28.38 | 28.41 | 28.66 | 28.84 | 28.83 | 28.60 | 28.47 | 2840 | 2823 | 28.18 | 28.48 Exso;el;tial
1996 | 2831 | 28.34 | 28.35 | 28.63 | 29.09 | 29.24 | 29.29 | 29.51 | 29.84 | 30.44 | 31.19 | 31.67 ! 29.49 Smoothing Model /
1997 | 3220 | 32.71 | 32.65 | 32.42 | 31.99 | 31.83 | 31.46 | 31.20 | 31.01 | 30.84 | 30.91 | 30.81 ! 31.68 Inflation-adjusted
1998 | 3042 | 29.70 | 28.91 | 28.05 | 27.33 | 26.77 | 26.02 | 2538 | 24.78 | 24.43 | 24.04 | 23.47 ! 26.61 Prices Forecast
1999 | 2274 | 2219 | 2160 | 21.43 | 21.69 | 21.95 | 22.24 | 22.89 | 23.67 | 24.73 | 2558 | 26.68 | 23.12
2000 | 27.81 | 28.73 | 29.85 | 30.89 | 31.23 | 32.09 | 33.22 | 34.02 | 34.90 | 36.11 | 37.10 | 38.12 | 32.84
2001 | 38.00 | 37.89 | 37.98 | 37.74 | 37.63 | 37.79 | 37.85 | 37.59 | 37.51 | 37.35 | 36.56 | 35.57 | 37.46 .
v T Mean Error *  1.00
2002 | 34.65 | 33.87 | 33.28 | 33.26 | 33.50 | 33.75 | 33.81 | 34.03 | 34.38 | 34.91 | 3527 | 35.19 | 34.16 e
2003 | 3558 | 36.23 | 37.11 | 37.56 | 37.31 | 37.15 | 37.26 | 37.45 | 37.77 | 37.68 | 37.88 | 38.08 | 37.25 _.MAD _ | (860
2004 | 38.38 | 38.73 | 39.04 | 30.63 | 40.16 | 41.16 | 41.79 | 42.67 | 44.01 | 4517 | 46.91 | 47.84 | 42.12 __MSE _ | 17596 _
2005 | 48.26 | 48.98 | 49.87 | 51.46 | 52.85 | 53.74 | 55.32 | 57.07 | 59.35 | 61.38 | 62.75 | 63.58 | 55.38 MAPE | 16.01%
2006 | 6451 | 65.87 | 66.75 | 67.69 | 69.42 | 71.07 | 72.50 | 74.31 | 75.86 | 76.04 | 75.68 | 75.38 | 71.26
2007 | 75.47 | 74.43 | 73.99 | 73.96 | 74.48 | 74.95 | 75.75 | 77.12 | 77.94 | 79.48 | 81.50 | 84.46 | 76.96
2008 | 86.90 | 88.83 | 90.88 | 93.72 | 97.08 | 101.73 | 106.96 | 111.82 | 114.05 | 114.31 | 111.39 | 106.57 | 102.02
2009 |} 100.76 | 95.84 | 91.17 | 87.54 | 84.60 | 83.06 | 82.88 | 82.19 | 82.30 | 82.18 | 8267 | 83.52 | 86.57
2010 ;8397 | 84.49 | 84.68 | 8538 | 86.57 | 86.65 | 86.63 | 86.58 | 86.69 | 86.82 | 87.58 | 88.60 | 86.22
2011 ' 90.14 | 9152 | 93.34 | 96.19 | 99.60 | 101.75 | 103.44 | 105.19 | 105.94 | 106.65 | 107.17 | 108.27 ! 100.77
2012 ' 109.13 | 109.97 | 111.35 | 113.15 | 114.31 | 114.31 | 112.84 | 112.18 | 11252 | 112.94 | 113.00 | 112.81 112.38
2013 11264 | 112.75 | 11312 | 112.90 | 112.30 | 111.82 | 11143 | 111.68 | 11221 | 112.76 | 112.80 | 112.71 112.43
2014 1 112.85 | 112.44 | 112.36 | 112.20 | 112.15 | 112.20 | 11252 | 112.47 | 111.88 | 110.90 | 108.98 | 106.28 ! 111.44
2015 110212 | 96.92 | 93.05 | 89.37 | 8655 | 8455 | 82.61 | 8013 | 76.98 | 7420 | 7178 | 69.19 1 83.95
2016 1 66.16 | 62.67 | 59.66 | 57.62 | 56.14 | 55.35 | 54.82 | 53.98 | 53.20 | 52.70 | 5260 | 52.10 56.42
2017 | 5241 | 5260 | 53.01 | 52.04 | 53.01 | 52.84 | 5231 | 51.98 | 5192 | 5217 | 52.60 | 5351 | 52.62
| 2018, 5445 | 5563 | 5641 | 57.00 | 58.35 | 5086 | 61.07 | 6223 | 6311 | 6434 | 6558 | 6525 1 6029
Montly Avg | 56.21 | 55.96 | 55.80 | 55.83 | 56.03 | 56.28 | 56.54 | 56.84 | 56.20 | 56.49 | 56.67 | 56.66




| __Year_ | Jan_| Feb | Mar_| Apr_| May | Jun_| Jul_| Aug_| Sep_| Oct_| Nov_| Dec_j Yearly Average
1988 | 27.80 | 27.82 | 27.45 | 27.30 | 27.59
1989 | 28.08 | 29.17 | 29.98 | 31.32 | 32.86 | 33.62 | 34.06 | 34.43 | 34.41 | 34.71 | 35.26 | 35.68 | 32.80
1990 | 36.41 | 36.98 | 37.14 | 36.74 | 35.78 | 35.02 | 33.91 | 33.75 | 37.18 | 42.36 | 47.20 | 49.75 | 38.52
1991 | 49.88 | 48.26 | 45.32 | 42.95 | 41.19 | 39.92 | 38.58 | 37.91 | 37.50 | 37.42 | 37.89 | 38.00 | 41.24
1992 | 36.97 | 3582 | 34.99 | 34.26 | 34.11 | 34.29 | 3492 | 35.18 | 3520 | 35.40 | 3554 | 3521 | 35.16
1993 ' 34.61 | 33.70 | 33.30 | 33.08 | 32.90 | 32.66 | 32.22 | 31.47 | 30.93 | 30.29 | 30.00 | 29.30 ' 32.04
1994 , 28.25 | 27.40 | 26.61 | 25.92 | 25.87 | 26.23 | 26.83 | 27.55 | 27.82 | 27.77 | 27.82 | 28.06 , 27.18 Tab'_e(')zs’
1995 | 27.87 | 27.89 | 28.08 | 28.20 | 2873 | 29.08 | 20.01 | 2853 | 2827 | 28.18 | 27.88 | 27.84 | 28.30 Exso;e;‘tial
1996 | 28.18 | 2827 | 28.30 | 28.88 | 29.74 | 29.92 | 20.88 | 30.20 | 30.73 | 31.74 | 32.98 | 3358 | 30.20 Smoothing Model /
1997 ! 34.45 | 34.86 | 34.30 | 33.51 | 32.43 | 32.03 | 31.25 | 30.76 | 30.48 | 30.25 | 30.49 | 30.39 ! 32.10 Inflation-adjusted
1998 , 29.68 | 28.39 | 27.07 | 2571 | 24.75 | 2414 | 2317 | 2246 | 21.84 | 21.74 | 21.49 | 20.87 , 24.28 Prices Forecast
1999 ! 1991 | 19.39 | 18.77 | 19.00 | 20.00 | 20.86 | 21.65 | 23.07 | 24.59 | 26.54 | 27.88 | 29.61 ! 22.61
2000 ! 3129 | 32.44 | 33.92 | 3519 | 35.02 | 35.08 | 37.46 | 3822 | 3014 | 4070 | 41.76 | 42.87 37.00 -
I ; Mean Error | 0.53
2001 : 4168 | 40.73 | 40.34 | 3040 | 38.84 | 3891 | 3881 | 38.11 | 37.84 | 37.45 | 3586 | 34.01 ! 38.50 T T e
2002 ' 3248 | 31.35 | 30.68 | 31.17 | 32.06 | 32.84 | 33.14 | 33.73 | 34.49 | 3552 | 36.13 | 35.78 33.28 . o 22
2003 1 36.44 | 3758 | 39.07 | 39.58 | 38.67 | 38.07 | 38.11 | 38.32 | 38.79 | 38.40 | 38.67 | 38.91 : 38.38 _.Mse _ | 11057 _
2004 1 39.34 | 39.85 | 4024 | 4118 | 4194 | 4358 | 4435 | 4550 | 47.71 | 4927 | 5193 | 52.79 44.81 MAPE | 12.36%
2005 | 5265 | 53.21 | 54.14 | 56.46 | 58.25 | 58.94 | 61.07 | 63.41 | 66.70 | 69.29 | 70.45 | 7057 . 61.26
2006 | 71.03 | 72.44 | 72.88 | 73.55 | 75.84 | 77.85 | 79.36 | 8160 | 83.24 | 8213 | 80.19 | 78.69 | 77.40
2007 | 7821 | 7558 | 7447 | 7431 | 75.27 | 76.07 | 77.44 | 79.85 | 80.94 | 83.42 | 86.67 | 9155 | 79.48
2008 ! 95.02 | 97.25 | 99.67 | 103.50 | 108.34 | 115.39 | 123.11 | 129.60 | 130.51 | 127.74 | 119.22 | 108.01 ! 113.12
2009 ! 96.00 | 87.18 | 79.58 | 74.63 | 7152 | 70.89 | 72.96 | 7357 | 75.70 | 76.62 | 78.71 | 81.20 ! 78.22
2010 ! 8256 | 83.88 | 84.38 | 85.84 | 88.13 | 87.99 | 87.67 | 87.37 | 87.43 | 87.54 | 88.92 | 90.68 ! 86.87
2011 | 93.35 | 95.46 | 98.32 | 103.01 | 108.47 | 111.01 | 112,53 | 114.22 | 113.01 | 113.73 | 113.37 | 114.33 | 107.64
2012 1114.83|115.37 | 117.05 | 119.50 | 120.56 | 119.31 | 115.37 | 113.54 | 113.95 | 114.50 | 114.31 | 113.66 | 116.00
2013 1113.15 | 113.27 | 113.01 | 113.31 | 112,04 | 111.13 | 110.49 | 111.17 | 112.34 | 113.41 | 113.54 | 113.04 | 112.57
2014 1113.26 | 112.36 | 112.21 | 111.93 | 111.89 | 112.03 | 112.70 | 112.58 | 111.38 | 109.52 | 105.95 | 101.16 | 110.58
2015 | 93.86 | 85.11 | 79.74 | 75.03 | 72.27 | 7111 | 69.93 | 67.51 | 63.73 | 60.83 | 58.65 | 56.09 | 71.16
2016 | 5265 | 48.38 | 4522 | 44.02 | 43.78 | 4467 | 4576 | 4588 | 4613 | 4637 | 47.45 | a7.47 | 46.48
2017 | 49.03 | 50.25 | 51.38 | 51.57 | 51.99 | 51.85 | 50.98 | 50.59 | 50.74 | 51.49 | 52.49 | 54.32 | 51.39
| 2018 __| 56.04 | 5808 | 59.16 | 6016 | 6189 | 6419 | 6575 | 6713 | 67.02 | 6941 | 7087 | 6916 | 6415
Montly Avg | 56.58 | 56.00 | 55.67 | 55.77 | 56.17 | 56.65 | 57.08 | 57.58 | 57.08 | 57.47 | 57.65 | 57.42




o _Year _!__J_ap_ | _Feb_ | Mar_| Apr_ | May | Jun | Jul | Aug | Sep_| Oct | Nov_| Dec_ ! Yearly Average
1988 | 27.80 | 27.83 | 27.27 | 27.10 | 27.50
1989 ! 2834 | 20.80 | 30.80 | 32.62 | 34.55 | 35.17 | 35.37 | 3554 | 35.17 | 35.40 | 36.01 | 36.41 | 33.78
1990 ! 37.20 | 37.88 | 37.86 | 37.04 | 3551 | 34.45 | 32.95 | 33.00 | 38.38 | 45.79 | 52.01 | 54.39 ! 39.71
1991 | 5320 | 49.78 | 44.91 | 41.47 | 39.29 | 37.95 | 36.52 | 36.14 | 36.06 | 36.37 | 37.38 | 37.70 | 40.56
1992 | 36.25 | 34.74 | 33.82 | 33.08 | 33.20 | 33.75 | 34.85 | 35.27 | 35.27 | 3555 | 35.71 | 35.17 ! 34.72
1993 | 3429 | 33.01 | 3262 | 32.50 | 32.40 | 3219 | 31.67 | 30.71 | 30.13 | 20.41 | 29.23 | 28.42 | 31.38
1994 | 2710 | 26.18 | 25.36 | 24.70 | 24.99 | 25.80 | 26.82 | 27.90 | 2821 | 28.01 | 28.01 | 2833 |  26.78 Table - 29
1995 | 27.96 | 27.96 | 28.22 | 28.36 | 29.11 | 29.52 | 20.28 | 28.47 | 28.11 | 28.02 | 27.61 | 27.64 | 28.35 Exso;el;tial
1996 | 2821 | 28.33 | 28.36 | 29.21 | 30.40 | 30.47 | 30.25 | 30.62 | 31.29 | 32.63 | 34.22 | 34.75 | 30.73 Smoothing Model /
1997 | 3571 | 35.94 | 34.78 | 3346 | 31.84 | 31.42 | 30.44 | 29.94 | 29.77 | 29.63 | 30.19 | 30.13 ! 31.94 Inflation-adjusted
1998 | 29.14 | 27.36 | 25.69 | 24.07 | 23.11 | 22.69 | 21.67 | 21.06 | 20.54 | 20.78 | 20.70 | 20.00 ! 23.07 Prices Forecast
1999 | 1883 | 18.38 | 17.74 | 1840 | 20.08 | 21.35 | 22.38 | 24.29 | 26.20 | 28.65 | 30.02 | 31.98 | 23.19
2000 | 3378 | 34.76 | 36.29 | 37.48 | 36.54 | 3752 | 39.27 | 39.87 | 40.76 | 42.62 | 43.63 | 44.74 | 38.94
2001 | 42.38 | 40.75 | 40.16 | 38.80 | 38.14 | 38.46 | 38.44 | 37.50 | 37.28 | 36.86 | 34.65 | 32.24 | 37.97 .
' r Mean Error ! 0.34
2002 | 3048 | 29.38 | 28.97 | 30.22 | 31.84 | 33.08 | 33.45 | 34.24 | 35.23 | 36,55 | 37.16 | 36.33 | 33.08 R B E Rt
2003 | 37.15 | 38.65 | 40.57 | 40.88 | 39.12 | 38.10 | 38.14 | 38.45 | 30.12 | 3843 | 38.82 | 39.15 | 38.88 . MAD _ 361
2004 | 39.72 | 40.36 | 40.80 | 42.04 | 42.92 | 4508 | 4579 | 47.22 | 49.90 | 51.59 | 54.88 | 55.28 | 46.30 __.MSE __, 8158 _
2005 | 54.33 | 54.67 | 55.63 | 58.66 | 60.68 | 61.00 | 63.57 | 66.33 | 70.39 | 73.17 | 73.75 | 72.94 | 63.76 MAPE | 10.38%
2006 | 72.91 | 74.47 | 7452 | 75.03 | 78.02 | 80.38 | 81.88 | 84.50 | 86.09 | 83.57 | 80.22 | 77.97 | 79.13
2007 | 77.46 | 73.75 | 72.62 | 72.94 | 74.80 | 76.13 | 78.17 | 81.57 | 82.68 | 85.88 | 90.02 | 96.34 | 80.20
2008 |} 100.10 | 101.93 | 104.15 | 108.68 | 114.28 | 123.07 | 132.35 | 139.31 | 137.76 | 131.44 | 117.54 | 101.24 | 117.65
2009 | 8539 | 75.24 | 67.42 | 63.64 | 62.28 | 64.10 | 69.25 | 71.28 | 75.15 | 76.70 | 79.81 | 83.21 | 72.79
2010 | 84.65 | 86.00 | 86.12 | 87.78 | 90.64 | 89.67 | 88.68 | 87.94 | 87.85 | 87.89 | 89.86 | 9222 | 88.28
2011 ! 95.76 | 98.20 | 101.67 | 107.71 | 114.48 | 116.48 | 117.13 | 118.28 | 116.59 | 115.52 | 114.44 | 115.56 ' 110.99
2012 ' 115.94 | 116.43 | 118.62 | 121.83 | 122.73 | 120.20 | 114.02 | 111.69 | 112.86 | 114.01 | 113.87 | 113.03 ° 116.27
2013 ' 112.46 | 112.83 | 113.92 | 113.02 | 111.20 | 110.10 | 109.44 | 110.78 | 112.65 | 114.16 | 114.13 | 113.21 112.32
2014 111348 | 112.06 | 111.94 | 111.60 | 111.63 | 111.92 | 112.97 | 112.70 | 110.86 | 108.23 | 103.26 | 96.88 : 109.79
2015 1 87.21 | 76.08 | 70.74 | 66.38 | 64.83 | 65.33 | 6529 | 63.05 | 58.71 | 55.87 | 54.09 | 5162 64.93
2016 . 47.81 | 42.85 | 39.77 | 39.61 | 40.57 | 42.87 | 4504 | 4543 | 45.95 | 4636 | 47.98 | 47.85 44.34
2017 | 50.08 | 5159 | 52.88 | 52.72 | 53.00 | 52.50 | 50.99 | 50.40 | 50.69 | 51.82 | 53.22 | 5575 | 52.14
| . 2018 5790 | 6040 | 613 | 6217 | eats | esos | emas | 6972 | 7013 | 7170 | 7221 | 0. G634
Montly Avg | 56.51 | 55.66 | 55.28 | 55.54 | 56.21 | 56.92 | 57.49 | 58.11 | 57.66 | 58.08 | 58.16 | 57.66




| __Year __j _Jan_| Feb_ | Mar_| Apr_| May | Jun_| Jul_| Aug_ | Sep | Oct_| Nov_| Dec_j Yearly Average
1988 | 27.80 | 27.85 | 27.09 | 26.93 | 27.42
1989 | 28.65 | 30.59 | 31.65 | 33.65 | 35.81 | 36.14 | 36.02 | 3598 | 3532 | 3556 | 36.32 | 36.73 | 34.37
1990 | 37.77 | 38.36 | 38.14 | 36.94 | 34.93 | 33.75 | 32.03 | 32.47 | 39.85 | 49.14 | 56.10 | 57.64 | 40.59
1991 | 54.74 | 49.56 | 43.16 | 39.28 | 37.24 | 36.28 | 35.04 | 3513 | 3542 | 36.10 | 37.55 | 37.91 | 39.78
1992 | 3589 | 34.02 | 3308 | 32.39 | 32.82 | 33.71 | 3520 | 3562 | 3547 | 35.77 | 35.89 | 35.10 | 34.58
1993 ' 33.95 | 32.39 | 3211 | 32.16 | 32.16 | 31.97 | 31.38 | 30.21 | 29.63 | 28.87 | 28.85 | 27.92 ' 30.97
1994 , 26.36 | 25.43 | 24.63 | 24.05 | 24.69 | 25.89 | 27.22 | 2850 | 28.67 | 28.22 | 28.14 | 2851 , 26.69 Tab'_e(') zo’
1995 | 27.95 | 27.95 | 28.30 | 28.46 | 29.42 | 29.84 | 29.39 | 28.27 | 27.86 | 27.85 | 27.37 | 27.50 | 28.35 EX:O_ne,"tial
1996 | 2832 | 28.44 | 28.44 | 2953 | 31.00 | 30.85 | 30.41 | 30.83 | 3164 | 3329 | 3515 | 35.48 | 31.11 Smoothing Model /
1997 ! 36.47 | 36.48 | 34.72 | 32.97 | 31.02 | 30.78 | 29.73 | 29.35 | 29.36 | 29.34 | 30.20 | 30.11 ! 31.71 Inflation-adjusted
1998 , 28.80 | 26.56 | 24.66 | 22.91 | 22.10 | 21.94 | 20.88 | 20.39 | 10.96 | 2051 | 20.51 | 19.66 , 22.41 Prices Forecast
1999 ! 1823 | 17.86 | 17.23 | 1831 | 20.59 | 22.07 | 23.17 | 2539 | 27.51 | 30.24 | 31.43 | 33.48 ! 23.79
2000 ! 3528 | 35.99 | 37.53 | 38.62 | 36.92 | 38.07 | 40.19 | 4062 | 41.50 | 4369 | 4460 | 4569 ' 39.89
2001 ' 4217 | 4009 | 3956 | 37.98 | 37.43 | 38.15 | 38.25 | 37.07 | 36.94 | 3652 | 33.72 | 3087 ! 37.40
2002 ' 2907 | 2818 | 28.10 | 3011 | 3232 | 33.78 | 34.00 | 34.83 | 35.01 | 37.40 | 37.87 | 36.48 33.17 _Mean _Er_rgr_: 024
2003 : 37.52 | 39.36 | 41.64 | 41.62 | 38.98 | 37.67 | 37.90 | 38.41 | 39.31 | 38.32 | 38.89 | 39.29 : 39.08 __MAD _ 404
2004  + 40.00 | 40.75 | 41.17 | 42.68 | 43.60 | 46.21 | 46.70 | 48.25 | 51.41 | 53.05 | 56.86 | 56.61 : 47.27 MSE ' 6414
2005 : 54.80 | 55.07 | 56.18 | 60.01 | 62.15 | 61.99 | 65.02 | 68.12 | 72.83 | 75.55 | 75.37 | 73.64 : 65.06 _',\_A;\;é“;—';ég—o/;
2006 . 7332 | 7524 | 75.00 | 7548 | 79.29 | 81.93 | 83.31 | 86.23 | 87.66 | 83.67 | 79.17 | 76.58 . 79.74
2007 | 7646 | 7101 | 7114 | 7217 | 74.95 | 76.67 | 7917 | 83.30 | 84.10 | 87.80 | 9255 | 99.96 | 80.85
2008 ! 10352 | 104.50 | 106.50 | 111.60 | 117.90 | 128.17 | 138.50 | 145.32 | 140.85 | 131.19 | 112.76 | 92.93 ! 119.49
2009 ! 7512 | 65.69 | 50.00 | 57.38 | 58.07 | 62.18 | 69.81 | 72.29 | 77.05 | 78.36 | 81.84 | 85.56 | 70.20
2010 ! 8654 | 87.58 | 87.11 | 88.93 | 92.28 | 90.33 | 88.75 | 87.73 | 87.70 | 87.81 | 90.47 | 93.37 ! 89.05
2011 | 97.64 | 100.14 | 103.99 | 111.11 | 118.78 | 119.73 | 119.30 | 119.97 | 117.04 | 115.43 | 114.03 | 115.68 | 112.73
2012 l116.4 | 116.71 | 119.52 | 123.44 | 123.99 | 120.11 | 111.91 | 109.64 | 112.02 | 113.89 | 113.75 | 112.68 ! 116.15
2013 1112.05 | 112.72 | 114.22 | 112.90 | 110.52 | 109.32 | 108.76 | 110.81 | 113.30 | 115.05 | 114.66 | 113.21 | 112.29
2014 111358 | 111.64 | 111.65 | 111.31 | 111.46 | 111.91 | 113.32 | 112.82 | 110.32 | 107.02 | 100.89 | 93.33 | 109.10
2015 | 81.86 | 69.16 | 64.81 | 61.36 | 61.30 | 63.38 | 64.11 | 61.59 | 56.39 | 53.53 | 52.10 | 49.60 | 61.60
2016 | 4532 | 39.70 | 36.86 | 37.81 | 39.81 | 43.19 | 4595 | 46.11 | 46.52 | 46.84 | 48.81 | 4830 | 43.77
2017 | 51.09 | 52.70 | 53.98 | 53.33 | 53.46 | 52.60 | 50.56 | 49.94 | 50.51 | 52.09 | 53.85 | 56.97 | 52.59
| 2018 __| 59.36 | 6211 | 6265 | 6326 | 6547 | 6865 | 69.98 | 7106 | 7007 | 7278 | 7436 | 6955 |  67.52
Montly Avg | 56.27 | 55.23 | 54.89 | 55.39 | 56.35 | 57.24 | 57.87 | 58.54 | 58.00 | 58.47 | 58.42 | 57.65




6.6 Numerical Forecasting Results Summary:

6.6.1 Nominal Prices Forecast

Error

Moving Average Exponential Smoothing
''''''' 3-Month ~ 4-Month  6-Month 12-Month 0=0.1 0=0.2 0=0.3 0=0.4
4.05 4.59 5.42 7.18 7.20 5.46 4.59 4.03
45.73 59.88 86.36 139.91 135.03 82.07 59.40 46.10
9.14% 10.39% 12.35% 16.00% 16.12% 12.44% 10.48% 9.15%

Table - 31: Nominal Price Faorecasting Results Summary

6.6.2 Inflation-Adjusted Prices Forecast:

Moving Average Exponential Smoothing
"3-Month  4-Month  6-Month  12-Month 0=0.1 0=0.2 0=0.3 0=0.4
4.95 5.63 6.64 8.63 8.60 6.63 5.61 4.94
64.03 84.22 119.32 184.99 175.96 110.57 81.58 64.14
9.02% 10.32% 12.30% 15.91% 16.01% 12.36% 10.38% 9.08%

Table - 32: Inflation-Adjusted Faorecasting Results Summary

6.6.3 Observations

6.6.3.1

iv.

6.6.3.2

Observation : Moving Average Models:

Moving Average Method leads to Increasing Error Values of all three types of errors -under study- as the
period of forecasting increases.

By utilizing Moving Average Method; MAD, MSE & MAPE they all show tendency to increase as the period
of forecasting increases.

The accuracy of Moving Average Forecasting Models decreases for forecasting the oil prices on short term
basis, by including larger number of older data.

For having more accurate and precise short-term basis forecasting models of oil prices, fewer number of
previous data shall be included to forecast the upcoming price.

Newer Data / Recent Data regarding oil Prices plays more significant role in predicting the oil price for the
next period.

Observations: - Exponential Smoothing Models:

Exponential Smoothing Method leads to decreasing Error Values of all three types of errors -under study- as
the value of Alpha (a) increases.

By utilizing Moving Average Method; MAD, MSE & MAPE they all show tendency to decrease as the value
of Alpha (a) increases.

For having more accurate and precise short-term basis forecasting models of oil prices (older data shall be
given less weight to forecast the upcoming price this can be done by using higher values of Alpha (a).
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iv.

6.6.3.3

iv.

6.6.3.4

Exponential Smoothing assigns exponentially decreasing weights as the observation get older, In other
words, recent observations are given relatively more weight in forecasting than the older observations.

Observations: - Inflation- Adjusted Prices:

Applying Moving Average Method on Inflation-Adjusted Prices of crude oil showed the same behavior
when applied on Nominal Spot Prices, Both forecasting output models, demonstrated similar pattern of
results, and the above mentioned observations in Section 6.6.3.1 apply here too.

Applying Exponential Smoothing Method on Inflation-Adjusted Prices of crude oil showed the exact same
behavior when applied on Nominal Spot Prices, Both forecasting output models, demonstrated similar
pattern of results, and the above mentioned observations in Section 6.6.3.2 apply here too.

Using the Inflation-Adjusted Prices Approach is useful to monitor, evaluate and trace the changes of Qil
Prices solely due to inflation without taking into consideration any other external effects.

Calculating the Inflation-Adjusted Prices of crude oil is a time consuming process and needs the collection
of large number of data, their corresponding forecasting models though did not show a significant
difference in terms of forecasting accuracy than those models generated by the Nominal spot prices,
therefore | don’t recommend using this approach unless the researcher or the forecaster needs to assess
the influence of inflation on crude oil prices, or really cares for slight differences of forecasting accuracy.

Observations: - Best Models / Numerically:

eBest representative «Best representative *Best rep.resentaltlve
model is Exponential model is Moving model is Movm.g
Smoothing Model with Avergae Model with a Avergae Model with a
o Value = 0.4. 3-month period. 3-month .perlod, Whl.le
*Applied on Nominal +Applied on Nominal 2nd Be:’f is Exponfntjahl
Spot Prices. Spot Prices. Smoothing Model wit
o Value = 0.4.
+MAD Value: 4.03 -MSE Value 45.73 «Applied on Inflation-

Adjusted Price

*MAPE Value: 9.02% &
9.08% respectively

. (\

According to ;
g W | weominge (]

According to
MAPE

Figure — 16 : Best Forecasting Models / Numerically

According to the numerical analysis solely, the best model of forecasting using the Moving Average
Method is found to be the 3-Month Moving Average Model. This is compliant to all observations
mentioned above

According to the numerical analysis solely, the best model of forecasting using the Exponential smoothing

is found to be the exponential smoothing model with Alpha (o) = 0.4 . This is compliant to all
observations mentioned above

66



CHAPTER - 7: Variables of Crude Oil:

Oil prices are underpinned by supply/demand fundamentals but can also be greatly impacted by market sentiment,

global currencies and availability of money flow in financial markets as well, This Chapter will enlighten upon the

importance of Supply and Demand on oil prices, and how it can be a major error when neglecting the demand and

supply trends globally on oil prices forecasting.

7.1 VariablelI - Supply :

Supply can be seen as arguably the more complex half of the supply/demand curve and the only variable producers

can directly control.

Oil prices are influenced by several factors, some of which are temporary in nature (such as weather events), causing a

short-term boost in oil prices. Other variables such as technological shifts and adjustments in capital spending can

have a more prolonged effect.

7.1.1 Oil Supplier Types:

According to the Oil Sand experts, There are three types of oil suppliers in the world, I prepared Figure-18 to

distinguish between these types and conduct a simplified benchmark among them to create for the reader a better

understanding of oil supplier types:

Public and Private
companies owned by
shareholders

National Companies

¢ P\

Description :
- Investment firms

- Pension funds

LY J/

f B

Examples are:

BP, Shell, Chevron and
ExxonMobil.

£ A\
Description :
— - Owned by the state
- Operated by the state
. J/
£ B\
Examples are:
| Saudi Aramco Mexico's
Pemex and Malaysia's
Petronas
% J

Quasi- National Companies

(Description : 1

-Some of the shares are
publicly traded, but part of
the company (usually a
majority) is owned by the
. government. )

4 3
Examples are:

Brazil's PetroBras, China's
CNOOC, Norway's Statoil
and Russia's Rosneft.

Figure — 18: Simplified Benchmark Between Oil SupplierTypes
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But in order to clarify the very important differences between national and public/private producers, I have also

prepared Figure-19 which illustrates those differences:

National oil companies have
more fuzzy objectives.

Public /Private companies are *They lack competition and
corporations driven to: transparency.
L. . ¢Putting profitability lower on the
eMaximize profits nrliarity list.
*Increasing production w *They tend to be less innovative but
\\ *Reducing operating costs. \ have the ability to dip into taxpayer
\ eHave a limited amount of capital funds.

available, generated through internal
cash flow, equity or debt markets.

*Often managed by senior ranking

government officials, who don't
always necessarily understand the oil
business or technical aspects of
crude production.

Figure — 19: Comparisopm between Public/Private oil companies and National oil companies in terms of objectives.

7.1.2 Qil Supply Shifts :

Before introducing the major four categories of supply shifts that affect energy markets, let me introduce an economic

definition of what a supply shift is.

A shift in Supply occurs when the position of a supply curve will change following a change in one or more of the

underlying determinants of supply. A general example is if a change in costs, such as a change in labour or raw material

costs, will shift the position of the supply curve.

A- Rising costs

- If costs rise, less can be produced at any given price, and the supply curve will shift to the left (8), see the

following graph.

Price

A
Cruantity

Figure — 20: Shift in Supply curve to the left due to rising cost.
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B- Falling costs
- If costs fall, more can be produced, and the supply curve will shift to the right ® See the following graph.

Price
A
51
)
P11
I
I
I
| _—
Q a1 Cuantity

Figure — 21 Shift in Supply curve to the right due to falling cost.

Therefore, any change in an underlying determinant of supply, such as a change in the availability of factors, or
changes in weather, taxes, and subsidies, will shift the supply curve to the left or right.

7.1.3 Categories of Oil Supply Shift:

So, throughout my research, my observation and investigation in the literature, I found out that there are four
categories of supply shifts that affect energy markets, I have prepare the following figure-22 illustrating the first major
factors, those are the ones that throughout my research I found that they are strongly effecting Crude Qil Supply,
leading to huge effect on oil prices on the short term, the fourth factor is considered to be a lagging factor and it is the

5\_

Oil Supply Shift Categories

capital investment ™® See section 7.1.3.4

Figure — 22 Oil Supply Shift Categories
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7.1.3.1. Geopolitical events: war, strife and conflict

Geopolitical events, such as war, sanctions or global conflicts, can affect supply or stability of supply. Although oil
output may not be directly affected, oil markets can be jolted if supply is perceived to be at risk. This is especially true
for conflicts among Middle-Eastern nations, which still represent one-third of the world's oil output.

Although conflicts can cause oil prices to rise, meaningful declines in oil prices can also lead to political upheaval. Oil
production still accounts for a big chunk of government revenues in places like Venezuela, Russia, the Middle-East and
parts of Africa.

When oil prices are low, the economy contracts sharply, government handouts get reduced and military spending is
often curtailed. This can sometimes fuel anti-government sentiment, initiating cycles of civil unrest. This was evident
during the Arab spring uprising, collapse of Venezuela's economy and the rise of terrorist activity in Nigeria.

Figure-23 summarizes the major political events that are thought to influence oil market and oil prices for the recent
40 years, starting from 1976 till today.

By visual inspection, we can observe that for the period between 1980 till 1988. The oil prices suffered a major
continuous drop in prices, going down form $120/bbl to as low as little bit over $20, this is for sure highly related to
the Iraqi-Iranian war that took place in this period, which are both considered major oil producers in the middle east
and for sure in the region.

Additionally, we can also observe two peaks in 1990 & 1991, where both represents the invasion of Kuwait by Iraq,
and the starting date of Gulf War, since Gulf region is considered a huge producer of oil globally, prices peaked in
this period, until they again settled down and went down to normal prices in the following period.

Other clearly observed peaks can also been seen:

- Directly upon US invasion to Iraq in 2003.

- Following the start of the Arab spring in 2010.
- The beginning of the Venezuelan Crisis in 2012.
- The 2" Libyan war in 2014.

One of the major drops or minimal values of Qil prices was witnessed in 2016, when the prices of oil dropped to
approximately as low as $31/bbl which is the date of birth of the Niger Delta Avengers, averaging $42/bbl in 2016.

I have provided explanation of oil prices changes for different periods of time throughout CH-6 of this thesis, linking
them to many reasons including the political ones, please see ch-6 for more details.
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Figure — 23: Major Political Events in relation to oil prices oscillation between 1976-2017.
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7.1.3.2. OPEC - A Swing producer

The Organization of Petroleum Exporting Countries (OPEC) accounts for about 40% of the world's oil production,
largely from state-owned oil fields.

OPEC was founded in the early 1960s with the goal of coordinating its members' petroleum policies and stabilizing oil
markets. As state producers, OPEC members are not directly accountable to shareholders, allowing them to throttle

output and control the supply side of the curve. Today, this OPEC has a total of 15 Member Countries. 9

There have been several coordinated OPEC production cuts over the past few decades, each intended to limit supply
while demand is temporarily low, such as in the case of global recessions or excessive production. OPEC quotas are
generally successful in boosting oil prices, at least in the short term. However, OPEC's ability to shift the supply curve

in the long run is debatable. (19)

Figure-24 summarizes the major OPEC Policy changes in production that are thought to influence oil market and oil
prices for the recent 40 years, starting from 1976 till today.

The Boxes in Red Color represents Positive changes in Production by OPEC.
The Boxes in Green Color represents Positive changes in Production by OPEC.
= Where numbers represent the increase/decrease in production by Millions Barrels per day.

|

It is noticeable, with the start of Iranian- Iraqi war in 1980, both countries which are both are founder members of
OPEC have conducted major cuts in production / exports of oil, while in 1988, almost at the end of this war, both
countries Iran & Iraq have raised production, and this is certainly linked to the fact that upon ending the war, both
countries were trying to come back into the market with larger amounts of Crude than the war period.

Additionally we can also observe that in 1986, Saudi Arabia has also increased its production, this can be thought of
as a reason to compensate for the deficiencies of production caused by both Iran & Iraq at that period due to the
continuous war between them at that period.

Other major changes in production can be tracked by Figure-24, occurred in 1990, upon the invasion of Iraq to
Kuwait; this led to huge cuts of production by Kuwait.

Other observations contain:

The value of changes in OPEC Production can varied between 1.5 — 4.2 Millions of barrels.

Those changes in OPEC production rates are highly linked to crude oil fluctuation in prices globally, so when
prices tend to go down, OPEC Members push to lower their productions rates, on the contrary when prices go
up we can witness an increase in crude production by OPEC members, it is important to notice here that this is
not a rule of thumb, but it can be true most of the time.

The oscillation in OPEC Production rates, are also highly linked to Political reasons, since oil is a strong and is
considered as an efficient tool used to achieve political pressure on other countries, and gain political support
for global decisions such as initiating wars, or gain votes on political events.

The largest change in OPEC policy for production has been witnessed in 2008, when crude oil witnessed a
steep, rapid and huge drop in prices from above $150/bbl to almost $40/bbl in a span of a year or even less,
as due to the repetitive and continuous drop in crude prices, OPEC has kept reducing its production of oil to a
negative value -4.2 Million barrels per day in 2008/2009.

While the largest positive change in OPEC policy for oil production has been witnessed in 2000, Where 3 major
changed occurred in that year alone resulting in a positive value of 3.7 Million barrels per day, that
happened directly after crude oil prices reached an extremely low prices less than $15/bbl in 1999, then they
started to recover again reaching to up to $33/bbl at the end of 2000.

Similar Positive change occurred also in 2003/2004, with the same positive value of 3.7 Million barrels per
day, helping the prices to increase from less than $30/bbl to double in Mid of 2005.

-l ol ol 4 A
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Figure-24: Crude Oil Prices Chart Shwoing Major Changes in OPEC Members Production between 1976-2017.
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7.1.3.3. TECHNOLOGICAL SHIFTS AND INNOVATION:

Step-changes in technology can have a profound effect on supply and certainty of supply. This has been an evident in
recent decades, making it difficult to forecast future oil production.

Less than 10 years ago, forecasters were convinced the world was running out of oil. Then The Peak Oil Theory
combined with rapid economic growth in emerging markets caused oil prices to spike to all-time highs

Exploring for oil is no longer a shot in the dark due to:

Advancements in marine-seismic technology; which enable explorers to pinpoint with much greater certainty

?
where the oil deposits lie.
T Improvements in drilling technology.
T Advanced materials and automation has made ultra-deepwater exploration at depths greater than 1,500
meters not only technically feasible, but rather common.
/,// J,/ _,//
/ Advancement / /" Advanced
in marine- | Imif‘rg:liﬁm:nt | materials — Effiecent Oil
seismic LL— technology: LL— and . Exploration
technology automation

7.1.3.3.1 New Technological Innovations & Shifts:

?

ol

ol

Perhaps the greatest example of a technology shift is the unlocking of production from unconventional shale
deposits. The US shale boom took oil markets by surprise, now accounting for over 5 million bbl/day of
production. More importantly, the technology now exists for exploiting oil from massive unconventional shale
reserves around the world.

Horizontal drilling technology combined with fracking now allows operators to cover up to 3,000 meters
of rock, versus a previous norm of a few hundred meters, greatly reducing the number of wells that need to be

drilled. ?9

Advancements in seismic imaging allows drillers to adjust to where the oil deposit lies, greatly improving
productivity per well.

7.1.3.3.2 Outcomes of New Technological Innovations & Shifts :

i

i

ol

ol

As producers learn to do more with less, breakeven prices come down, allowing for supply expansion despite
unfavorable economic conditions.

Technological Innovations can have great positive influence on the oil industry and tend to increase oil supply,
presence of technologies that help increasing wells' productivity, or enhancing oil exploration or those
facilitating drilling processes, will help to increase the oil supply to the globe at cheaper prices and long
lasting periods.

Yet, the presence of new innovation shifts, such as Shales, may impact negatively the oil industry by losing
capital investment, thus reducing the demands on oil coming from traditional sources, but this can only
happen if those new shifts are cheaper, easier to produce and are available in huge quantities that can hugely
impact the oil market.

in my opinion, technological innovation will be always in the favor of oil industry, and oil industry is still
capable to beat any potential competitions.
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7.1.3.4. CAPITAL INVESTMENT: A LAGGING INDICATOR

Capital investment can have a profound effect on future oil supply. However, there is a considerable time lag between
when the capital is deployed and when first oil is produced.

When oil prices suddenly goes down, production doesn't stop instantly. Large projects of billions of dollars take years
to construct and eventually initiates production, regardless of the price of crude.

That's why production often keeps growing as oil prices initially begin to fall. On the contrary, when prices recover, it
can take a long time for production to recover, even if more capital is deployed. This is especially true for massive
deepwater drilling platforms.

More importantly, capital investment is a function of cash flow and therefore follows the oil price (not vice versa).

A good example is onshore producers, as quickly switching production off when prices fall and restarting operation
when prices recover. The effect is clearly evident in US crude production, where the number of oil rigs in service lags
the price of West Texas Intermediate WTI by about 4 to 5 months.

7.2 VariableII - Demand :

While the supply side of the Supply-Demand Equation is relatively easy to measure and control, crude demand is

fickle, unpredictable and far more difficult to adjust. (18)

Unpredictable

Uneasily

Adjustable L Fickle

Crude
Demand

Oil still accounts for one-third of the world's energy demand, making it very susceptible to global economic trends.
About two-thirds of world's crude is used for transportation of people and goods - planes, trains, ships and
automobiles - which can also be greatly affected by advancements in technology. See Figure 25/A

Others

Electricity Generation
Residential

Industry

Raiways

Marine

Aviation
50.21%

Road Transport

Figure - 25/A: Distribution of oil demand worldwide in 2016 by sector ®
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Figure-25/A represents the distribution of oil demand worldwide by sector in 2016, data source is OPEC, published in
Nov 2017, by the 2017 world oil outlook, Figure-25/A is prepared by me and have been calculated based on total
numbers, which were represented in million barrels per day.

This statistic shows the distribution of oil demand worldwide as of 2016, broken down by sector. In 2016,
approximately half of the global demand for oil was attributable to the road transportation sector. Thus, this is the
sector with the world's largest demand for oil, but when taking all transportation sectors into account including
Aviation, Railways, Marines and automobiles, and then this Transportation Sector will account for more than 62.70%
of the global demand of oil.

ol

Daily Average Demand in Millions of Barrels

Global Demand of Crude Oil:

Figure-25/B represents the distribution of oil demand worldwide by sector in 2016, data source is OPEC,
published in Nov 2017, by the 2017 world oil outlook, Figure-25/B is prepared by me and have been
calculated based on total numbers, which were represented in million barrels per day.
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Figure — 25/B: Daily Average Demand of Crude Oil Globally in Millions of Barrels between [1988 — 2019]
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Observations on Figure 25/B:

The last registered value is 99.2 Millions this value reflects the number of barrels of crude oil consumed
globally in 2018."In another word" the daily demand of crude oil globally. Figures of 2018 are correct till June-
2018.

The Chart also offers a projected value for the expected global daily demand of crude oil in 2019, which is
expected to reach an average of 100.6 Million barrels/day.

The change percentage for the daily global consumption of Crude oil between 2018 & 2017 is equal to 1.32%.

The Generic trend of the daily global demand of crude oil is continuously increasing, except for the two
consecutive years 2008 & 2009.

In 2008 global daily demand rates witnessed a drop of almost 0.6 million bbl/day lower than those of 2007,
also In 2009 global daily demand rates witnessed an additional drop to become 1 million barrels/day less
than those of 2008. This can be explained by the known economic recession occurred at the end of 2008 and
continued in 2009, which affected demand rates on crude oil and cause them to drop down.
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7.2.1 Categories of Oil Demand Shifting factors:

When examining oil demand in recent history, I have found that there are four major categories of events that can shift

the demand side of the curve
i.

ii.
iii.
iv.

7.2.1.1

(18),

Economic cycles and recessions.

Global GDP growth and emerging markets.
Gasoline consumption and automotive trends.
Seasonality.

Economic
Recessions

\__j___”/"
1‘

GDP Growth

. ‘_\1—‘———/,.
W Demand
Shifts

Gasoline
Consumption .

\i—#/"

w

Seasonality

S ———

Economic Cycles and Recessions: (21)

All commodities, including energy, tend to follow periodic cycles of expansion and contraction:

I T I |

i

As the economy expands, demand for energy increases, causing prices to rise.

As prices rise, producers will try to increase output, expanding the supply.

Rising oil prices touches all corners of the economy, sparking inflation.

Consumers then start to feel the pinch in their wallets, sometimes causing a change in spending patterns and
eventually leading to economic contraction.

Since demand is elastic, oil consumption starts to drop-off, creating an oversupply in the market. And that
eventually causes the oil price to drop.

Figure - 26 Oil Prices Rise/Fall Cycle.
77



Prolonged weakness in oil prices eventually incentivizes producers to cut back on output, shrinking the supply. Then
the cycle begins again.

7.2.1.1.1. Qil peaks Vs Economic Recessions?
Spikes in oil prices have long been an indication of upcoming recessions. In fact, since 1946, 9 out of 10 major oil

price spikes have ended in recession, where the oil price continues to fall during periods of economic contraction.

By having an analytical eye on Figure-27, which demonstrates different recessions, registered in the period between
1976 till today, we can observe some facts, but before analyzing the graph, let me ask a valid question here, what is
An Oil Price Peak?

I
I
I
I
I
1
1
I
I
I
I

Peak of Oil Price:

I can simply explain an oil price peak as the point when the prices of oil noticeably rises up gradually or
suddenly for short period of time, but goes back to decline again close to their average value before the rise,
thus when representing them graphically on a diagram of Price vs. Time, those increases in prices will form a

shape of a peak of a mountain.

-

Five economic recessions took place in the last 40 years globally, two of which were registered in 1980's, one in

=
the beginning of 1990's and another two witnessed since 2000.

< The figure also shows that 4 out of these 5 recessions were either accompanied with a peak in oil prices.

= The first recession occurred in 1980 following a peak in oil prices averaging almost $120/bbl, which is
considered as a very high price for oil at that period.

= The third recession was the only recession witnessed in 1990's century, and took place between mid 1990 &
1991, in parallel to the invasion of Kuwait by Iraq, was also accompanied again by a peak in oil prices reaching
an average value close to $67/bbl.

= The fourth recession took place in 2001 for short period of time, and again this was accompanied with not a very
clear peak of oil prices reaching an average of $43/bbl

= The last recession is the one of the longest in modern history, and it was recorded in 2008, and almost lasted
more than a year and a half, has recorded the highest records of oil prices ever, when they reached an average
values over $150/bbl.

= Finally, we can also observe that the second recession occurred in 1980, is the only recession which did not
accompany a peak in oil prices, in fact, it occurred in a period where prices of oil were witnessing a continuous
drop in prices, and we can even notice a valley in the middle of the recession, this recession is thought to be the
only recession registered in the past 70 years that did not accompany or follow a peak in oil prices.

Conclusion of Figure 27- Analysis.

1. This analysis and this graph imply that economist can predict upcoming recession, by simply and clearly
watching the trend of oil prices fluctuations.

2. Another major conclusion is that oil prices are not the kind of variables that can be only forecasted

numerically using numerical methods, but they have to be accompanied with a clear vision and a
professional economic opinion to help/correct those numerical forecasting methods to give more accurate
forecasts, since they are very viable to economic & political events.
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Figure — 27: Major Economic Recessions in relation to oil prices peak in the last 40 years between 1976-2017.
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7.2.1.2 GLOBAL GDP GROWTH AND EMERGING MARKETS:

To understand the impact of Gross World Product "GWP", also named as Global GDP on the World demand of crude
oil, I need first to clarify its meaning, which is economically agreed to be defined as the combined gross national

product of all the countries in the world.®

While Gross National product, also known as "GDP", is the accumulated value of all finished goods and services
(8)

produced in a country, often measured annually.

In this section; I will present two interesting figures that help in better and deeper understanding the relationship
between the GWP Growth with Oil Prices, Figure-28 & Figure-29

Figure-28 represents the Gross World product "GWP" from 1990 to 2017, with projections up until 2022. In 2017,
global GDP amounted to about 80.05 trillion U.S. dollars, while Figure-29 correlates the global oil demand to the GWP
Growth for the period between 1980 & 2016.

Data source for figure-28 is IMF, published very recently in Oct 2018, by the world Economic outlook database. Figure-
28 is prepared by me and the figures were rounded for a better comprehension of the statistic. All numbers
representing GWP were represented in Billions US Dollars.
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Figure — 28: GWP Growth Per Year between 1990-2022. (®
Figures' Analysis:

The statistic shows global gross domestic product (GDP) from 1990 to 2017, with projections up until 2022. In

+
2017, global GDP amounted to about 80.05 trillion U.S. dollars.

7 Global GDP has experienced a growth every year over the past decade with the exception of 2009.

= The drop in GWP that occurred in 2009 is related to the huge Economic global recession that occurred in
2008, which led to lower the GWP Globally.

= Recall that in 2008, oil prices witnessed a high peak close to $150/bbl, this is accompanied an economic

recession and also affected the GWP by lowering it. See section 7.2.1.1.

A huge drop in GWP In
2009 due to the Economic
recession which also
witnessed a high peak in
oil prices at the same year.
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Another minor drop in GWP can also be seen in Year 2001, when the GWP dropped from $33,823.08 billion in
2000 to $33,579.21 billion in 2001 causing a negative change of -0.7%.

This drop in GWP occurred in 2001 is again linked to the peak in oil prices in 2001, which was followed later by
a global recession in 2002, which confirms the fact that when an oil prices goes up, it is an indication of an
upcoming economic recession, thus a slow growth or even a drop in GWP is expected to occur. But Why?

Answer: When an Economic recession occurs, this means that the wheel of business, industry, production and
transportation will slow down, causing reduced demands on crude oils, affecting eventually the oil prices and
pushing them to drop down, especially if oil supply is kept the same, and this is exactly what we can see after
every economic recession, where prices of crude oil goes down after reaching a peak value during or just prior
the economic recession. See figure 27

Therefore, when huge economies are active and growing, products are made, raw materials are ordered,
causing a gigantic movement of goods and materials, which increases the demand on crude oil globally, thus
stabilizing and refreshing oil prices pushing them to increase, on the contrary at the times of recessions, the
needs of oil will go down, pushing oil prices to drop down.
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Figure - 29 : Global Oil Demand in correlation with GWP

Let me address this simple but important fact when talking about global GDP's, Outside of the Middle-East,
Russia, Canada, Venezuela and Norway, most of the world's largest economies are not energy importers, the
largest being the US, Europe, China, India and Japan. Therefore, a low oil price is therefore a key to their
economic growth.

Since 2005, most of the world's GDP growth has come from emerging markets, predominantly China, India
and Southeast Asia. Although recent global GDP data has been soft, surprisingly, it's being dragged lower by
developed countries, where demand for oil is relatively stagnant.
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Conclusion of Figure 28+29 Analysis.

1. The relationship between oil prices and global demand is non-linear. Although a low oil price is generally
good for most economies, it increases demand, which puts upward pressure on oil prices. However, if prices
get too high, global markets can easily tip into recession, limiting demand for crude.

2. Global economic growth is therefore a key variable in projecting where oil prices are headed.

7.2.1.3 GLOBAL GASOLINE CONSUMPTION:

Fuel consumption for roads remains one of the largest drivers of oil demand the world, according to the US Energy
Administration Report, in 2017 American drivers alone consumed 9.33 million bbl/day of gasoline, followed by
Japanese who have consumed 880K bbl/day, followed by Canadians who have consumed around 850K bbl/day.

In EU Zone, Germany was the biggest consumer where drivers have consumed around 427K bbl/day, and Iceland came
last as drivers there have just consumed 3,300 barrels of gasoline per day.

Fresh collected data for Gasoline consumption worldwide by country is not available "According to the US Energy
Administration”, but I have prepared a chart that demonstrates the consumption of crude oil by 34 countries, excluding
USA, See figure 30
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Figure —30: Daily consumption of Gasoline in selected countries in 2017. (H)

The United States has been at least for the recent 40 years continuously collecting data on vehicle fleet
efficiency, and then it works hard on regulating fuel standards for automakers to support its huge automobile
industry, additionally, being the world's largest buyer of vehicles; American drivers also shift trends in the
automotive industry worldwide.

i
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As gasoline prices began rising, specially at early 1980's, fuel economy standards became a necessity,
encouraging automakers to shift towards more economically consuming vehicles, this helped the Japanese
automobile industry big time, as in a span of 20 years, The sale of Japanese cars doubled between 1980 &
2000, as Americans shifted from huge cars with huge motors to Toyota and other Japanese made brands.

Similar situation of American drivers, occurred worldwide as well, by making the demand on compact and
economic cars increase, pushing Gasoline prices to drop through the late 1980s, causing demand to rise.

Another interesting fact, is that as oil prices started accelerating rapidly following the year 2005, high gasoline
prices have not only driven up demand for smaller vehicles, but it newly-introduced hybrids

However, as gasoline prices began again to fall down fast after the high peak of 2008, automotive consumers
have revived their desires for larger vehicles, such as SUVs & 4x4, causing again the demand on fuel to come
up once again. Demand is therefore a lagging indicator, and will improve prior to increases in oil prices.

Transportation fuels of road vehicles, still account for 50% of the world's total energy demands, but experts
claim that this percentage is expected to decrease over the upcoming few decades, and in spite of the fact
that in 2017, no more than 1% of the world's vehicles are functioning fully electrically; some experts debate
that the internal combustion engine used in —Traditional Cars Technology - will eventually vanish, which
potentially will cause major changes in energy demand.

Finally, in some markets especially in South American market and also in USA & Canada, The introduction of
bio-fuel blends standards in 2005 had played a major role as well in displacing several million barrels of
demand.

In Figure 31, [ have prepared a chart that Introduces the global gasoline consumption by year, in thousands
of barrels per day, the general trend is increasing, but we can witness 3 years which witnessed a drop in those
consumption rates of gasoline in 1989, 1992 & 2008. While in Figure 32, I have prepared a chart that
introduces the changes percentage in Gasoline Demand globally,

83



Thousands of Barrels per day

25,000.00 -

22,500.00 -

17,500.00 -
15,000.00 -
12,500.00 -
10,000.00 -
7,500.00 -
5,000.00 -

2,500.00 -

0.00

Small drop in

20,000.00 - GaSOIin?
consumptmn

in 1989

SUV's & 4X4
back to Market
after the drop
in Gasoline
prices in 2009

Global Gasoline Consumption by Year

2008 Recession
takes drivers
Introduction off the road
of Hybrid
Cars

1985

1990 1995 2000 2005 2010

2015

Yearly Changes in the Global

Consumption of Gasoline
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5.00% -

4.50%

4.00%

Highest Change Registered in 1991, As 1990
witnessed low demands, due to Iraqi-Kuwati War.

3.50% I

3.00% l

2.50%

2.00%

1.50%

1.00%

0.50%

0.00% 1
1985

-0.50%

990 1995 2000 2005 2010

2015

-1.00%

Biggest Negative change registered in l
2008, due to the Economic recession.

-1.50%

Figure -32: Yearly Changes in The Global Consumption of Gasoline.

84




7.2.1.4

T

SEASONALITY:

a seasonality pattern are very common when talking about oil prices, These patterns originate from the
fluctuations of supply and demand occurring annually but throughout the four different seasons of the year,
Yet, I can see that those changes in seasonality are but are mainly a demand story.

7.2.1.4.1 _SEASONALITY IN GASOLINE DEMAND:

ol

Al

Al

Seasonality in gasoline demand is extremely repeated, frequent and can be thought of as cyclic; Gasoline
demand is also weather dependent. Also - see section 7.2.1.3

Peak demand of Gasoline and for sure that of crude oil, since 50% of global world oil demand goes to Gasoline,
happens during the summer seasons, typically ranging between from late May to September. Afterwards,
demand on gasoline then starts to decline during autumn and following winter.

See Figure 33: which represents the monthly gasoline consumption in US by thousands of barrels between
1988 - 2018, this figure supports the seasonality idea mentioned above. The source of the data is EIA, October
2018.

It is obviously observed that seasonality on yearly basis is present, in every year, we can see a peak that occurs
between May/June & September, demands throughout these months tend to increase then they decline back
after September, driving prices to rise up in summer season, but also pushing them to drop as well after
September. All blue circles shown on figure reflect the seasonality patterns, and the increase in demands for

the summer months.

7.2.1.4.2 REFINERIES OPRERATINS:

?

Al

Al

i

-l

Another important factor related to seasonality of crude demand is refineries, their operations, in addition to
their planned maintenance shutdowns. In the US, I have found that most planned maintenance shutdown take

place around the "Autumn/Winter" period, reducing demands for crude.

Generally speaking, stockpiles rise throughout winter season, which leads the oil prices to drop and witness

their maximum bottom values in and/or January.

On the contrary, the use of crude oil for heating purposes increase in Winter time specially in cold countries
such as Euro-Zone , USA, Canada & Russia, but those needs are usually satisfied by the stockpiles and

inventory taken from previous months, thus It's not uncommon for oil prices to fall in the middle of winter.

Upon the beginning of the first summer wave and it is the time for the summer season to start -this usually
happens at the beginning of June 2 - Refineries will come back to work and will run of stockpiles, causing oil
prices to rise once again. Oil prices tend to peak in summer months as mentioned in section 7.2.1.4, just

before the cycle starts one more time.

A Very Interesting idea that crossed my mind to prove seasonality throughout my research is to draw the
Monthly Average Price of Oil for my Benchmark for the period of the study 1988-2018. Meaning that I will
calculate the average price of oil for every month of the year, as an average of 30 months, of the past 30 years,
between 1988 & 2018.

85



= Those averages are calculated in Table-1 found in CHAPTER-2, but again Table-33 below shows a summary

of those 30-years Average Prices of oil, and example-5 provides the numerical methods of calculations.

Average 43.31 | 44.05 | 4550 | 46.89 | 47.51 | 47.70 | 48.25 | 48.31 | 47.10 | 46.43 | 44.92 | 43.53
Price IN $US

Table 33 - Thirty-Years Average Price of Crude [1988-2018]

Example 8: Yearly Average of Crude Oil Calculations

To demonstrate how those numbers were generated, let us refer to Table-1 , that records all Nominal
Monthly Crude Oil Spot Prices in $US for [1988-2018], then for example to calculate the Average of
January that we will use in generating figure 26 , we will calculate the average of all averages of
January that appears in Table-1.

Meaning that we will sum up all values of nominal average monthly spot price of crude for January, for
all the years between 1988 & 2018 then divide this value by 30 years.

=$1299.34/ 30
= $43.31

Similarly, | followed the same approach for all other months, and we will generate the values

seen in table

= The result of the graph was very surprising, and totally matching my above mentioned seasonality explanation
mentioned above, see Figure- 33, as the graph shows that:
- The Month that recorded the lowest Average values of Oil Price is January followed by Dec.
- The Months that recorded the Highest Average Values of oil prices are August followed by July.
- The Average Prices of Oil Tends to show significant increase starting by May/June.
- Summer months records the highest average values of oil prices, Between May & September.

- Once summer season ends, prices drops dramatically, and goes to its lower values again in Dec/Jan.

49

48
47
46
45
44
43
42
41
40
Jan Jul Aug Sep Oct Nov Dec

Feb Mar Apr May Jun

Average Oil Price in USD

Figure -33 : 30 -Years Average Monthly Price For Every Month of The Year Between 1988-2018
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Gasoline Consumption in thousands of barrls per day - US
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Figure -34 : monthly gasoline consumption in US in thousand of barrels 1988-2018
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CHAPTER 8: Non Conventional Forecasting Models / 2019:

8.1

i

i

-l

-l

Approach I — Month By Month Forecasting Model :

In this Model I will treat every month of 2019 individually, and I will try to forecast the oil price for every
month of the year 2019 "[Jan to Dec], solely based on the recorded oil prices for the same month in previous
years.
Same assumptions mentioned throughout this thesis applies and are valid here as well, see Figure-5
I will use two forecasting methods to do so which are:

i.  3,4,6,12, Moving Average Method.

ii. Exponential smoothing with a value of 0.1, 0.2, 0.3 & 0.4/ Taking into consideration the oil

prices of the last 12 years only.

This will generate 8 different forecasted values for every month in2019 as follows:

Moving Expenential
Average Smoothing

8.1.1

This will also generate different 12 values for every model, each value representing a different month.
In order to measure the accuracy of every method, "Since 2018 Actual Prices Already Available™. I will examine
the Error Values of Each Model, and the model that generated best/Lower Error values will be the one chosen

to forecast the 2019 Monthly Oil Prices.

Approach I — Input Data :

the input data for the different forecasting model will be the Average Monthly Crude Oil Price for the years [2006-

2018], for every month and are summarized as follows in tables 34/A, 34/B & 34/C shown below.:

Year

Feb
January March
Average April Average
Average Average
Year Crude Year Year Crude Price in
Crude Price Crude Price
Price in $Us.
in $US. in $US.
$Us.

606 _
].....90.69  mW 2008 | 93.39 g 2008 | 10184 g 2008
|...43.86 @ 2009 | 41.84 g 2009 | 4665 W 2009 ....20.28 |
lorriz2 W 2010 | v4.76 g 2010 ] 793 W 2010 _ ...8418 |
oo 9269 W 2011 | 9791 | 2011 | 10865 mW - 2011 ... 116.24 |
_J.....207.07 2012 | 112.69 L2012 ) 11779 2012 . A13.67
_].....105.10 2013 | 107.64 22013 ) 10252 e 2013 ....9885
|...102.10  |mw 2014 | 104.83 ..2014 ) 10404 W 2014 ... 104.87
|47l mw 2015 | 54.79 2015 ) 5283 MW 2015 T
|....2978 W 2016 | 31.03 2016 | 3734 MW 2016 4075
.. 2359 W 2017 | 54.35 L2017 h 509 e 2017 _....52.16
66.23 2018 63.46 2018 64.17 2018 68.79

Table 34/A- Average Price of Crude by Month [2006-2018]
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June

July August
May Average Average
Average Average
Year Crude Price Year Crude Year Year
Crude Price Crude Price in
in $US. Price in
in $US. $UsS.
$us.
2006 | 6868 M 2006 | 6829 M 2006 | 7245 M 2006 [ 7181
| 2007 | 6516 M 2007 | 6819 WM 2007 | 736 M 2007 | 7013 |
2008 | 12263 M 2008 | 13152 @ 2008 | 13283 M 2008 | 11457
| 2009 | 5815 MM 2009 | 6915 W 2009 | 6467 M 2009 | 7163 |
2010 | 7562 MM 2010 | 7473 W@ 2010 | 7458 M 2010 | 7583 |
2011 | 10807 M 2011 | 10585 M 2011 | 10792 M 2011 | 10049
2012 | 10409 M 2012 | 9073 M 2012 | 9675 M 2012 | 10527
| 2013 | 9937 M 2013 | 9974 W 2013 | 10526 M 2013 | 10816
2014 | 10571 (M 2014 | 10837 @ 2014 | 10523 M 2014 | 10005
2015 | 6251 MM 2015 | 6131 [ 2015 | 5434 M 2015 | 4569
2016 | 4594 MM 2016 | 4769 W 2016 | 4413 M 2016 | 4488
2017 | 4989 M 2017 | 4617 WM 2017 | 4766 M 2017 | 4994
2018 73.43 2018 71.98 2018 72.67 2018 71.08
Table 34/B- Average Price of Crude by Month [2006-2018]
October
September November December
Average
Average Average Average
Year Year Crude Year Year
Crude Price Crude Price Crude Price in
Price in
in $US. in $US. $uUS.
$Us.
__________________ _.6212  mW 2006 | 57.91 _..2006 | _58.14 _ ....2006 | 60.99 _
..2007 | 7676 WM 2007 | 81.97 ..2007 ] 9134 N - 2007 _....8952
..2008 | 9966 W 2008 | 72.69_ ..2008 ] 5397 WM - 2008 _..A134
..2009 | 6835 WM 2009 | 74.08 02009 ] 7755 WM - 2009 _....1488
02010 | 7612 W 2010 | 81.72 _.2010 ] 8453 N 2010 _ _....9001
..2011 | 100.82 _.2011 | 99.85_ ..2011 ] 10541 N - 2011 ....104.23
..2012 | 106.28 _.2012 | 103.41 ..2012 ] 10117  me 2012 _...101.19
..2013 | 108.76 _mW 2013 | 105.43 ..2013 ] 10263 mM - 2013 . _...105.48
..2014 | 9585 WM 2014 | 86.08_ ..2014 ] 7699 WM - 2014 _....80.7
..2015 | 4628 2015 | 46.96 02015 ] 4311 WM - 2015 _....36.57
..2016 | 4504 2016 | 49.29 _.2016 ] 4526 WM - 2016 _....5262
02017 | 5295 MW 2017 | 54.92 02017 ] 9993 WM - 2017 . _....6119
2018 75.36 2018 76.73 2018 62.32 2018 53.96
Table 34/C- Average Price of Crude by Month [2006-2018]
8.1.2 Approach I — Additional Input Data :

For forecasting the monthly oil prices for year 2018 & 2019 using the exponential smoothing method, an

initial forecast for the month - under interest — in year 2007 is required. Note that No Initial forecasts are

required when using the Moving Average Method.

i

I have used the estimated forecasts of the 3-moving average method generated in Table-15, as those initial

forecasts, and those estimates are summarized in the following Mini-table.

Month Jan Feb Mar Apr May | June | July | Aug Sep Oct Nov Dec
Initial Forecast Input for
Exponential smoothing 59.01 | 57.55 | 57.36 | 57.23 | 61.07 | 63.61 | 66.14 | 68.98 | 70.64 | 73.50 | 76.29 | 83.36
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8.1.3 Approach I —Forecasting— 2018 :

= Then By applying the proper formulas of both forecasting methods, using the different month periods & ao-
values, See CH-5, forecasted results of input data relevant to every month individually were generate. I have
gathered those forecasted results in Tables 35 for the years 2018, and they were as follows. All calculations

were made by carefully reviewed Excel sheets.

Forecasting Method

Month Ac.t ual R ———
/2018 Prices Moving Average Exponential Smoothing
$US
| January | 66.23 | 4349 | 5815 | 7413 | 7209 | 6692 | 6581 | 6138 | 5656 _
| Februarys | 6346 | 4672 | 6125 | 7756 | 7421 | 6829 | 6815 63.88 28.89
| _March | 6417 | 47.02 | 6128 | 7757 | 7695 | 69.63 | 69.24 64.39 58.89
| April | 6879 | 5015 | 638 | 7797 | 8003 | 7120 | 7115 66.36 60.90
| May | 7343 | 5278 | 6601 | 77.92 | 8049 | 7261 | 7184 67.02 61.63
| June | 7198 | 5172 | 6589 | 7567 | 8098 | 7329 | 7139 65.99 60.30
| July | 7267 | 4871 | 6284 | 7556 | 8162 | 7398 | 71.07 65.15 59.28
| _August | 7108 | 4684 | 6014 | 7567 | 7987 | 7418 | 7045 | 6454 58.94
| September | 7536 | 4809 | 6003 | 7586 | 7825 | 7414 70.57_ ) . 65.08 59.92
| _October | 7673 | 5039 | 5931 | 7435 | 7619 | 7417 70.28_ ] 8525 60.71
 November | 6232 | 4943 | 5632 | 7152 | 7500 | _74.08 69.30_ | 6432 60.31
December 53.96 50.13 52.77 69.63 73.23 75.09 68.77 63.83 60.37

Table 35 — Non Conventional Forecasting Results - 2018 / Approach-1/ $US

T As mentioned above, I will use those generated results of 2018 to calculate the Errors of each model, and try
to numerically judge each model's accuracy, then the one that showed best accuracy will be used to calculate
the 2019 Forecasts. Section 8.3 summarizes the corresponding Error values of each method, The Errors Used

for judgment are:

i. Mean Absolute Deviation (MAD). See section 6.4.1
ii. Mean Square Error (MSE). See section 6.4.2
iii. Mean Average Percentage Error (MAPE). See section 6.4.3

8.1.4 Approach-I/ 2018 Forecasting Results Summary:

Error | Moving Average Exponential Smoothing
Type 4 _ ..
i 3-Month  4-Month  6-Month  12-Month a=0.1 a=0.2 a=0.3 a=0.4
MAD  19.59 7.70 7.33 9.15 4.72 417 5.67 9.69
MSE | 42131 82.29 77.03 105.71 55.50 32.66 45.40 112.25
MAPE | 28.01% 10.81% 11.47% 14.12% 7.73% 6.57% 8.21% 13.81%

Table - 36: Approach-I / 2018-Faorecasting Results Summary
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8.1.5 Numerical Judgment / Unconventional Forecasting Models / Approach I

8.1.5.1 Observations : Moving Average Models:

i. The 3-Months Model did not perform well under Approach-], as it registered high error values and did not
seem to function properly to forecast oil prices on Monthly Basis.

ii. The 4-Months Model under Approach-I showed the best performance in terms of MAPE with an error
value of 10.81%. Yet this result is not better than that recorded under the conventional nominal prices
forecasting, where the same 4-Months model had already generated lower error values of (MAD, MSE &
MAPE), See section 6.6.1.

iii. Ican also observe that 6-Month Model has the best value for MSE of 77.03, and also a value of 11.47% as
MAPE, generally speaking using The 6-Months model under Approach-I provided better/lower error
values than the same 6-Months Model when used under conventional nominal prices forecasting, where
MSE was found to be 86.36 & MAPE had the value of 12.35% & as we can see, both are higher.

iv. In spite the fact that the 12-Months Model under Approach-I performed worse by generating higher error
values compared to the 4-Months & 6-Months Models, yet the 12-Month Model in Approach-I performed
even better than the same 12-Month mode under the conventional nominal prices forecasting.

v. Using Approach-I, The accuracy of Moving Average Forecasting Models decreases for forecasting the oil
prices on short term basis, by including a smaller number of older data, or very large number of data as
well.

vi. I only recommend using the moving average models under Approach-I for forecasting the monthly prices
of oil only using models ranging between 4-6 months.

8.1.5.2 Observations: - Exponential Smoothing Models:

i. Using Exponential Smoothing Method under Approach-I leads to much better and enhanced values of
Errors than when using the same exponential smoothing models under the conventional nominal prices
forecasting, this is totally true for o values of 0.1, 0.2 & 0.3.

ii. Lowest Error values using the Exponential Smoothing Method were generated by the model that adopts the
value of (@=0.2), where MSE =32.66 & MAPE=4.17%. This is way better than the same Errors recorded
by using Exponential smoothing Method of («=0.2) under the conventional forecasting, where MSE
=88.07 & MAPE=12.44%.

iii. Using Exponential Smoothing Method under Approach-I leads to much better and enhanced values of
Errors than when using the moving average models under Approach-L

iv. Using Exponential Smoothing Method under Approach-I has achieved well in minimizing errors when
forecasting Oil Prices on Monthly basis.
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8.1.5.3

Numerical Judgment:

i. Ican confidently say that it is a smart idea to investigate Approach-I in enhancing the errors for forecasting
monthly oil prices on short term basis.

ii. In order to demonstrate the improvement achieved via using Approach-I under the Unconventional
forecasting, 1 have prepared the below Table-37 that shows improvement achieved by percentage by
applying Approach-I compare to the conventional nominal prices forecasting

Mean Percentage Error "MAPE"

Model

Conventional
Forecasting

*Change Percentage is calculated as:

Unconventional
Approach-I

28.01%

Change
Percentage*

210.53%

Comments

No Improvement,
Don't Use Approach-|

No Improvement,
Don't Use Approach-|

Minor Reduction in Error
No Significant Improvement

Better Error Value
Fair Improvement.

Huge Reduction in Error
Significant Improvement.
__Good Model to Predict 2019 Oil Prices. _
Lowest Error Value,
Huge Error Reduction
Significant Improvement
___Best Model to Predict 2019 Oil Prices __
Better Error Value
______________ Fair Improvement.

No Improvement,
Don't Use Approach-I|

= % [Unconventional Error — Conventional Error] / Conventional Error

** Negative Sign means reduction in Error Value, thus it indicates Improvement in Error.

- MVA: Moving Average Method
- Exps: Exponential Smoothing Method

Table-37: Conventional Forecasting Vs. Unconventional Forecasting / MAPE Comparison

iii. According to Table-37, we can see that unconventional forecasting under Approach-I has strongly proven
better performance in forecasting and in Error Reduction as well, Especially when it comes to Exponential
smoothing method, Numbers also demonstrates and suggests that Exponential Smoothing when used
with smaller values of a= 0.1, 0.2 & 0.3 provide significant improvement in Forecasting models and tend
to minimize results, where improvement reached values up to 51% and MAPE can reach values as low as

6.50%.
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iv. In order to Emphasis further the improvement achieved via using Approach-I under the Unconventional
forecasting, I have prepared similarly below Table-38 that shows improvement achieved by percentage by
applying Approach-I compare to the conventional nominal prices forecasting

Mean Squared Error "MSE"

Model Conventional
Forecasting
3-MVA 45.73
4-MVA 59.88
6-MVA 86.36
12-MVA 139.91
Exps / « =0.1 135.03
Exps / o =0.2 82.07
Exps / « =0.3 59.40
Exps / a =0.4 46.10

Notes :
*Change Percentage is calculated as:

Unconventional

Approach-I

Change
Percentage*

821.30%

Comments

No Improvement,
Don't Use Approach-I|

No Improvement,
Don't Use Approach-|

Minor Reduction in Error
No Significant Improvement

Better Error Value
______________ Fair Improvement.
Huge Reduction in Error
Significant Improvement.

__Good Model to Predict 2019 Oil Prices.
Lowest Error Value,

Huge Error Reduction
Best Improvement
. Best Model to Predict 2019 Oil Prices __
Better Error Value
______________ Fair Improvement.

No Improvement,
Don't Use Approach-I|

= % [Unconventional Error — Conventional Error] / Conventional Error

** Negative Sign means reduction in Error Value, thus it indicates Improvement in Error.

- MVA: Moving Average Method

- Exps: Exponential Smoothing Method

Table 38 —Conventional Forecasting Vs. Unconventional Forecasting / MSE Comparison

v. According to Table-38, we can see that unconventional forecasting again under Approach-I has strongly
proven better performance in forecasting and in MSE Error Reduction as well, Especially when it comes
to Exponential smoothing method, figures also demonstrate and suggest that Exponential Smoothing
when used with smaller values of a= 0.1, 0.2 & 0.3 can provide significant improvement in forecasting
results and tend to minimize errors, where improvement reached values up to 60% and MSE can reach
values as low as 32.66 while the lowest achieved using conventional methods was 45.73.
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8.1.6

?

Al

i

Approach I —Forecasting— 2019 :

Since Approach-I has resulted in 8 different forecasting models, in order to decide the best model to use in
order to forecast 2019 Monthly prices, criteria used is to use the model that generated the lower Error values,

then use this model to forecast 2019 Oil Monthly Prices.

I have already forecasted the 2019-Monthly prices of Oil using the 8 different Models, and according to the set
up criteria, the best model to be used for Forecasting 2019 Monthly oil prices will under Approach 1, Will be
Exponential Smoothing Model with o = 0.2, as it recorded the lowest values of Error among all other 8 models

generated under Approach-L

Below is a Table-39 that summarizes all forecasting results of Monthly Qil Prices of 2019, using the 8 models,

and the one chosen is presented in Bold & Dark Red Color.

BY applying the 8 forecasting models, using Excel Sheets, the following summary results are generated for 2019:

Forecasting Method
Month / Moving Average Exponential Smoothing
2019
MVA-3 MVA-4 MVA-6 MVA-12 «=0.1 a=0.2 a=0.3 a=0.4
January 49.87 49.18 67.32 7241 66.85 65.90 62.84 60.43
Februarys | 4961 | 5091 | 6935 | 7452 | 6781 || 67.21 || 6375 | 6072
March | s080 | 5131 | 6863 | 7722 | 6908 |l 6822 || 6432 | 6100 |
_Aprl 15390 | 5481 | 7049 | 8010 | 7095 f| 70.68 | 6709 | 6406 |
May | 5642 | 5794 | 7281 | 8088 | 7269 || 7216 || 6894 | 6635 |
June | 5528 | 5679 | 7254 | 8129 | 7316 )| 71.51 || 6779 | 6497 |
_uly | 5482 | 5470 | 7155 | 8164 | 7385 M| 71.39 || 6741 | 6463 |
| _August | 5530 | 5290 | 6997 7981 | 7387 70.58 )| 6650 | 6380
September | 5778 | 5491 | 7071 7935 | 74.26 71.53 )| 6816 | 6609
October | 6031 | 5698 | 69.90 7776 | 7443 71.57 )| 6869 | 6712
November | 5584 | 5266 | 6504 | 7535 | 7290 67.91 || 6372 | 6111
December 55.92 51.09 61.75 72.64 72.97 65.81 60.87 57.81

Table 39 - Non Conventional Forecasting Results — 20127 Approach-I
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2019 Forecasted Monthly Qil Price in USD
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Figure-35: 2019-Forecasted Monthly Crude Oil Prices in $US using Unconventional Forecasting method / Approach-I
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8.2 Approach II - Hybrid "Month By Month " Forecasting Model :

Similarly to Approach I, in this model I will treat every month of 2019 individually, and I will forecast the oil

=
price for every month of the year 2019 "[Jan to Dec], solely based on the recorded oil prices for the same
month in previous years.
= Same assumptions mentioned throughout this thesis applies and are valid here as well, see Figure-5
T I will use two forecasting methods to do so which are:
i. 3,4,6,12, Moving Average Method.
ii.  Exponential smoothing with a value of 0.1, 0.2, 0.3 & 0.4/ Taking into consideration the oil
prices of the last 12 years only.
= This will generate 8 different forecasted values for every month in 2019 as follows:

Moving Expenential
Average Smoothing

= This will also generate different 12 values for every model, each value representing a different month.

8.2.1 Approach II — Input Data :

the input data for the different forecasting model will be the same Average Monthly Crude Oil Price for the years
[2006-2018] used in Approach I, for every month and are summarized in Previously shown tables 34/A, 34/B &
34/C.

8.2.2 Approach I — Additional Input Data :
= For forecasting the monthly oil prices for year 2018 using the exponential smoothing method, an initial
forecast for the month - under interest — in year 2007 is required. Note that No Initial forecasts are required
when using the Moving Average Method.
= I have used the estimated forecasts of the 3-moving average method generated in Table-15, as those initial

forecasts, and those estimates are summarized in the following Mini-table.

Month Jan | Feb | Mar | Apr | May | June | July | Aug | Sep | Oct | Nov | Dec

Initial Forecast Input for
Exponential smoothing 59.01 | 57.55 | 57.36 | 57.23 | 61.07 | 63.61 | 66.14 | 68.98 | 70.64 | 73.50 | 76.29 | 83.36

8.2.3 Approach II-Forecasting— 2018 :
= Then via applying the proper formulas of both forecasting methods, using the different month periods for
moving average models & different a-values for exponential smoothing models, See CH-5, forecasted results
corresponding to every month individually were generated.
= I have gathered those forecasted results in Tables 35 "See it in section 8.1.3", for the years 2018. All

calculations were made by carefully reviewed Excel sheets.
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= Then I will define a Measure Value "Absolute Error”, which measures the absolute difference between the

forecasted price of any month under certain model and the actual monthly price for that month.

Example 9: Approach-Il Absolute Error Calculation

To calculate the Absolute Error for March under the 3-Moving Average Model :

| will follow the upcoming formula,
Absolute Error @ warch-awva = | Forecasted Price @ warch-amva— Actual Price@ warcn|
= |47.02 - 64.17 |
|-17.15]
17.15

To calculate the Absolute Error for March under the Exponential Smoothing Model with a=0.3 :
Absolute Error @ warch-exps o=0.3 = | Forecasted Price @ warch-exps a=0.3— Actual Price@ warcn |
= | 64.39 - 64.17 |
|0.22 |
0.22

Similarly, | will calculate the Absolute Error for every reading within Table 36 using the above Formula.

I have performed the above step on Table 33, and I have collected and summarized all calculations of

i

absolute errors in the following Table - 40.

As we can see that Table-40 provides 8 different values of Absolute Errors per month, each corresponds to

ol

different forecasting model.

In this step, I will find the Minimum Absolute Error Value among the 8 different error values, and shade that
in Green & Bold Color within Table-40

ol
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Forecasting Method

Moving Average

Exponential Smoothing

Actual MVA- [ Absolute | MVA-4 | Absolute | MVA-6 | Absolute MVA- || Absolute [ «=0.1 (| Absolute | «=0.2 | Absolute _c(_=6.3_ “ Absolute “ a=0.4 || Absolute

Month/2018 Prices$ 3 Error Error Error 12 Error Error Error Error
| Janvary || 6623 | 4349 | 2274 | 5815 | 808 | 7413 | 7.9 _ | 7209 | 586_| 6692 | 069 _ - - 56.56 | 9.67_
| _Februarys | 63.46 | 4672 | 1674 | 6125 | 221 | 7756 | 141 || 7421 | 10.75_| 6829 | 483 | 6815 | 469 _ | 58.89 || 4.57_ |
| March | 6417 | 4702 | 175 | 6128 | 289 | 7757 | 134 | 7695 | 1278 | soss | 546 _ 64.39| 022 |ses0| 528 |
| _Aprl ] 68.79 || 50.15 || 1864 | 63.83 | 496 | 77.97 | 9.8 | 80.03 | _ 11_-2_4_ 6636 )| _ 243 _ ]| 609 || _7.89_ |
| __May | 7343 | 5278 2065 | 6601 | 742 | 7702 | 449 | 809 | 706 | 6702 | 641 |ere3| 118
| _Jume | 71.98 | 51.72 || 20.26_ || 6589 || 6.09 _ || 75.67 ||_ 3.69 | 80.98 | _9__ : m 6599 )| _ 599 ] 603 | 11.68 |
__uy_ | 7267 | 4671 | 2306 | 62sa | s | 7556 | 289 | srez | mos. m ___________ 5028 | 1339 |
6454 || _ 654 58.94 | 1214 |
7057 || _ 479 _ | 6508 | 10.28_| 59.92 || 1544 |
_70.28 || _ 645 _ 60.71 ) 16.02_ |
: o2 )92 _)|_/5_J_1268_| 7408 | 11.76_ | 69.3_J 698 6031 ) _2.01_ |

December | 5396 | 5013 | 383 | 69.63 || 15.67 60.37 | 6.41

Table-40: Absolute Error Calculation — 2018 Forecasting / Approach-II
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T Next, I will choose the Method that corresponds to the Minimum Absolute Error Value per month and utilize
this method to forecast the Monthly Qil Price for this month in 2019. E.g. Table-37 indicates that for January,
the Minimum Absolute Error Value was Generated by Exponential Smoothing «o=0.2, thus according to
Approach II, I will use this method to forecast January Monthly Oil Price in 2019.

T But before to do so, I will present for the newly combined forecasted model called Approach II, in Forecasting
2018 oil prices, and then I will calculate the different Error Values including "MAD, MSE & MAPE" for
Approach II, since I already have the actual monthly oil prices of 2018.

T Approach I Summary results are presented in Table — 38 , including Errors calculations.

Forecasting Method
Month /A C:t U1l P I |
/2018 $US Method Forecasted | Absolute Error | Squared Error | Percentage Error
Price
|
_January | 6623 | Expsa=0.2 | 6581 | 042 | 7209 | 6692
_Februarys | 6346 | Expsa=03 | 6388 | 042 | 7421 | 6829
_March_ | 6417 | Expsa=03 | 6439 | 022 | 7695 | 6963
_April | 6879 | Expsa=0.2 | 7115 | 236 | 8003 | 7120
May | 7343 | Expsa=01 | 7261 | 082 | 8049 | ___ 7261 _ __
_June | 7198 | Expsa=0.2 | 7139 | 059 | 8098 | 7329
. duly | 7267 | Expsa=01 | 7398 | 131 | 8162 | _ 7398 ___
_August | 7108 | Expsa=0.2 | 7045 | 063 _ | __ 7987 _ _|__._._7418 _
September | 7536 | 6-MVA | 7586 _ | 05 | 7825 | ___ 7414
. October | 7673 | 12-MVA_ | 7619 | 054 _ | 7619 | __ 7417 _ __
November | 6232 | Expsa=03 | 6432 | 2 | 7500 | _ 7408 _ __
December 53.96 4-MVA 52.77 1.19 73.23 75.09
Errors MAD = MSE= MAPE =
0.92 1.26 1.37%

Table 41 - 2018 Forecasting Results & Error Calculations / Approach-II

= Errors Calculation for Approach II will be used to show and support that by using Approach-II , I could
improve forecasting results by achieving significant improvement in Error Values and generate reductions in
error values.

= It is noticeable that by using the newly combined model "Approach II", I could generate much better

forecasting results of Monthly Oil Prices, and additionally achieve significant improvement / reduction in
corresponding error, As Table-41 indicates, the newly combined model was successful to reduce Errors to
significantly low values Where:

- Mean Average Deviation MAD go to a low value of 0.92

- Mean Squared Error MSE recorded a value of 1.26

- Mean Average Percentage Error MAPE went down to only 1.37%

In Chapter 9 "Conclusion" more detailed comparison of All approaches will be further discussed.
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8.2.4 Approach II-Forecasting— 2019 :

In order to forecast monthly prices for 2019, Next, I will choose the Method that corresponds to the Minimum

?
Absolute Error Value per month in year 2018, and I will utilize this method to forecast the Monthly Qil Price
in 2019. E.g. Table-40 indicates that for January, the Minimum Absolute Error Value was Generated by
Exponential Smoothing o=0.2, thus according to Approach II, I will use this method to forecast January
Monthly Oil Price in 2019.
T Table-42 presents clearly those methods corresponding to the Minimum Absolute Error Values per Month,
which will be used for forecasting 2019 monthly oil prices.
Month Used Method For Forecasting I
January
Februarys
March
April
May
June
July
August
September
October
November
December
Table 42 — Used Method for forecasting crude oil price 2019 / Approach-II
< Therefore, by applying each corresponding method according to Table-42 to forecast the monthly oil price on
all months individually, a single unique Combined Model will be generated for the Monthly Oil Prices
Forecast of 2019 as follows:
< Below is a Table-43 that summarizes all forecasting results of Monthly Oil Prices of 2019, using Approach-II
Month 2019 Forecast I Comments I

January Generated by Exps a=0.2
Februarys Generated by Exps a=0.3
March Generated by Exps a=0.3
April Generated by Exps a=0.2
May Generated by Exps a=0.1
June Generated by Exps a=0.2

July Generated by Exps a=0.1
August Exps a=0.2
September 6 -MVA
October 12-MVA
November Exps a=0.3
December 4-MVA

Table 43 - 2019-Forecasted Monthly Crude Oil Prices in $US using Unconventional Forecasting method /

Approach-II
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Figure-36 2019-Forecasted Monthly Crude Oil Prices in $US using Unconventional Forecasting method / Approach-II
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CHAPTER 9: CONCLUSION
9.1 Concluding Chapters Reviews:

The choice of the topic of my thesis never came random, it actually reflects a passion that I have for the engineering
economy and it combines my passion as an industrial engineer with the contents of this course along with my
previous professional experience and my future plans of joining the petroleum industry as an engineering economist
or an academic advisor.

I tried hard throughout the writing process of this thesis to show my passion and also to submit a proper degree of
professionalism, I look to this thesis not only as a way to get my degree but also as an essential tool that might open
the horizon for me to penetrate the petroleum industry opportunities specially that I come from the middle east where
petroleum opportunities are unlimited and it a region that owns the share of the lion of petroleum globally.

Therefore, I was making sure that this thesis is written in a way trying to allow the reader to understand and
comprehend all the elements of its topic in a simple yet a scientific manner, in order to do so I have used various
descriptive tools such as smart figures, reader friendly tables and also clear examples to assist the reader to easily
follow.

My thesis consists of 9 carefully written chapters, the first chapter of this thesis reflects an introductory basic
information about petroleum and crude oil, it discusses in few lines the scientific definition of oil, its history, how it is
extracted and the major benchmarks in market, chapter 1 as well gives the reader the necessary idea of oil quality and
grades and how this can impact oil prices globally.

The second chapter of this thesis provides the major assumptions followed throughout the context of the thesis on
hand which will grant the reader a better opportunity to facilitate a better understanding of the contents of this thesis,
such as that all prices reflect the spot prices and are all quoted in US Dollar of a benchmark consisting of Brent, Dubai
& WTI, equally weighed.

The numerical input data for forecasting were monthly crude oil prices of the above mentioned forecast for 30 year
between [1988 & 2018]. Moreover; chapter-2 also addresses definitions of terms such as spot prices, oil market types,
inflation and several other definitions of expressions of high importance to the petroleum economics and to this
thesis. Chapter-2 additionally; shows the calculations of the monthly crude oil spot prices and presents them in clearly

in reader friendly tables that can be easily interpreted by the reader of this thesis.

The third chapter of this thesis I have presented a new approach called Inflation-Adjusted Prices Approach, where all
the monthly prices of crude oil for the above mentioned benchmark between [1988-2018] have been
corrected/adjusted using consumer prices indices of US Dollar in USA to the year 2018, and then I have applied the
same conventional forecasting approach used previously on those adjusted spot prices to conduct the forecasting
model. The main purpose of this adjustment is to allow me to see the influence of inflation rates solely on the crude oil
prices nowadays, those adjusted prices represents the monthly crude oil prices of our benchmark in today's US Dollar
value, and in other words the price you would have actually paid at the time. In this chapter I was also successful to

analyze and interpret related facts out of a graph that reflects those adjusted prices of crude oil.

102



By moving to the fourth chapter, the reader could enjoy a careful qualitative analysis of the crude oil prices between
1988 & 2018, For the purpose of descriptive analysis of this 30 full year range had been divided Into 8 periods,

decided based on significant events that influences the analysis and can observe a difference.

I dedicated chapter five of this thesis to discuss the different aspects of forecasting, its definition in literature and
according to some experts, and its application in oil industry. Furthermore, I went to deep discussion about forecasting
methods types, and a comparative analysis between those different types as well, Then I have addressed 2 different
approaches of time series forecasting "Moving Average & Exponential Smoothing", and then I gave numerical

examples that explains how they work and how I utilized forecasting throughout this thesis

Chapter-7 titled, "Variables of Crude Qil" have enlightened on major facts relating oil prices fluctuations with demand
and supply and also have discussed different types of oil suppliers, , this chapter as well also have introduced in depth
the main supply shift categories, and the main demand shifts categories of crude oil, I used several graphs, tables and

figures in this chapter, and linked the fluctuations of oil prices with those different shift in demand and supply.

9.2 Forecasting Concluding Review:

Within the sixth and eighth chapters of this thesis I have applied several time-series forecasting models to monthly
crude oil prices and then forecasted monthly oil price changes based on these models. In this thesis, all quoted prices
represent the crude oil spot price in US Dollar of a benchmark consisting of Brent, Dubai & WTI, equally weighed. The
numerical input data for forecasting were monthly crude oil prices of the above mentioned forecast for 30 year
between 1988-2018.

In this thesis I have used four different approaches for forecasting process of monthly crude oil prices:

Conventional Nominal Price Forecasting Approach

< Conventional Time Series Approach using 4 Models which have utilized the moving average approach with
different periods "3, 4, 6 & 12 months".

Conventional Time Series Approach using 4 Models that have utilized the exponential smoothing approach

-l

with different Alpha o values "0.1, 0.2, 0.3 & 0.4".

Inflation-Adjusted Prices Forecasting Approach

As mentioned above, In thesis I have used a new approach called Inflation-Adjusted Prices Approach, where all the
monthly prices of crude oil for the above mentioned benchmark between [1988-2018] have been corrected/adjusted
using consumer prices indices of US Dollar in USA to the year 2018, and then I have applied the same conventional
forecasting approach used previously on those adjusted spot prices to conduct the forecasting model.
The output of this approach was 8 Different models as follows:
< Inflation-Adjusted Forecasting Approach using 4 Models which have utilized the moving average approach
with different periods "3, 4, 6 & 12 months".

Inflation-Adjusted Forecasting Approach using 4 Models that have utilized the exponential smoothing

-l

approach with different Alpha o values "0.1, 0.2, 0.3 & 0.4"
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Unconventional Approach-I: Month by Month Forecasting Model:

In this Model I have treated every month of the year individually, and I aimed to forecast the oil price for every month
of the year in 2019 "[Jan to Dec], solely based on the recorded monthly crude oil prices for the same month in the past

12 years.

To do so, as a start [ was ought to start using Approach-I to forecast the 2018 monthly crude oil prices using

< Four (4) Models which have utilized the moving average approach with different periods "3, 4, 6 & 12
months".

Four (4) Models that have utilized the exponential smoothing approach with different Alpha o values "0.1, 0.2,

-l

0.3 & 04"
The accuracy of those 8 generated models was evaluated using different error measures including "MAD, MSE &
MAPE", and then the model that showed best forecasting result with lowest error values in forecasting 2018 prices was
selected to perform the forecasting of 2019. This approach showed huge significant improvement in forecasting

results than the first two conventional models and have generated significant reduction in errors as well.

Unconventional Approach-II: The Hygiene Forecasting Model:

Similar to Unconventional Approach-I11 have also treated every month of the year individually, and I aimed to forecast
the oil price for every month of the year in 2019 "[Jan to Dec], solely based on the recorded monthly crude oil prices

for the same month in the past 12 years.

To do so, as a start [ was ought to start using Approach-I to forecast the 2018 monthly crude oil prices using:

< Four (4) Models which have utilized the moving average approach with different periods "3, 4, 6 & 12
months".

Four (4) Models that have utilized the exponential smoothing approach with different Alpha o values "0.1, 0.2,

-l

03&04"

Then instead of evaluating the accuracy of every model using the different error measures, I have defined a numerical
measure value called it the Absolute Error which measures the absolute difference between the forecasted price of any
month under certain model and the actual monthly price for that month.

This means that 8 different values of Absolute Errors per month are generated; each corresponds to different
forecasting model. Next, I found the Minimum Absolute Error Value among those 8 different error values, and then I
will choose the Method that corresponds to the Minimum Absolute Error Value per month to utilize this method in
order to forecast the Monthly Oil Price for this month in 2019. Approach-II showed the most significant improvement
in forecasting results than all previous conventional and unconventional models and has generated the hugest

reduction in error measures.
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9.3 Numerical Results:

I have prepared the below table which shows the best numerical forecasted results achieved by every approach used
in this thesis, I have decided here to only include the best results in order to show the improvement achieved by

applying the non conventional approaches as well.

_______________ oo Method ]

I

Conventional Nominal Inflation- Adjusted Unconventional Unconventional i

Prices Forecasting Prices Approach Approach I Approach II i
_______________ e e e e e e o  — e e e e e o e — m — = I |

Best !
3-MVA Exps 3-MVA Exps Exps Not Applicable |

Model a=0.4 «=0.4 «=0.2 !
MAD I 4.05 4.03 4.95 4.94 4.17 0.92 !
MSE I 45.73 46.10 64.03 64.14 32.66 1.26 !
_.Mmape || 9aa% _ _ oas%_ WM _902% ___oos% MM 657% ___mA ___137% _ |

Table 44- Comparison of Best Errors Generated by each Method.

As we can see by applying the unconventional Approach II, a significant improvement and huge error reduction can be
generated on all types of Errors, for example MAD has been improved by a percentage of 77.3% than the conventional
approaches, while MSE Showed a reduction of 97.24%, the same behavior of MAPE is also noticed which exhibits a

reduction of 85.02%.
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