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Abstract: In the paper the numerical model based on the et approximation of commodity stock exchanges
was derived. The price prognoses of aluminium enlLtbndon Metal Exchange were determined as nunhesobation

of the Cauchy initial problem for the™lorder ordinary differential equation. To make tenerical model more
accurate the idea of the modification of the ihitiandition value by the stock exchange was redliZéhe derived
numerical model was observed to determine the acgupf forecast prices with regard to two size irsgttof
the limiting value error causing the modificatidittee initial condition value by chosen stock exope. The advantage
of chosen sizes of the limiting value error 7&#d 8 % with regard to different lengths of theiahicondition drift
within movements of aluminium prices was studied. fBaving analyzed obtained results, it was found that
the limiting value error 7 % was more advantagdousommodity price forecasting.

1 Introduction o _

Observing trends and forecasting movements of metal The aluminium prices presented on the London Metal
prices is still a current problem. There are a ¢6t Exchange (LME) were worked on. We dealt with
approaches to forecasting price movements. Some tBe monthly averages of the daily closing aluminium
them are based on mathematical models [1], [2],[fg] Prices "Cash Seller&Settlement price” in the perfimin
[5]' [6]' [8] Forecasting prices on Commodity eao@es December 2002 to June 2006. The market data were
often uses the statistical methods that need toepso Obtained from the official web page of the Londoet
alarge number of historical market data [1], [8]Exchange [9]. The course of the aluminium prices
The quantity of needed market data can sometimes ® LME (in US dollars per tonne) within the obseyi
a disadvantage. period is presented in Figure 1.

In our prognostic models numerical methods were
used. Derived numerical models for forecasting gwic 2 Mathematical model

were based on the numerical solution of the Caudhigl We considered the Cauchy initial problem in therfor
problem for the 1 order ordinary differential equations y=ay, y(X)=Yo- (1)
(31 (4], [3], [6]- The particular solution of the problem (1) is ire trorm
p p
2000 - y=ke**, where k=y,e™®°. The considered
exponential trend was chosen according to the test
ooy i criterion of the time series’ trend suitability. @kalues
2500 | i In(Y,x)-In(Y,), for i=0.1...,42 have approximately
oo | 4 constant course, wherg is the aluminium price (stock
- exchange) on LME in the montk . The price prognoses
200y A were created by the following steps:
oy | A‘A A The 1™ step: Approximation of the values— the values
Asta Ja of the approximation term were approximated bylédast
1700 | At asat £ squares method. The exponential function in thenfor
A
w00 | AAAA y = ae®* was used. When observing the influence of
aata aatfs the approximation term length on the prognosesracgy

1300

we found out that the prognoses obtained by longer
3 8 approximation terms are more accurate [3]. Let us

Figure 1 Course of the aluminium prices on LMEHa years  consider two different variants.
2003 — 2006 Variant B: The values from the period January 2003 —
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June 2003 were approximated. The next approximatiggyms was extended (the™ approximation term has

terms were created by sequential extension ofpti®d ¢, 21 1) stock exchanaes) (Fiqure 2
by 3 months. Thus the duration of the approximation An-9 X ges) (Figure 2).

Jan-03 Apr-03 Jul-08 Oct-03 Jan-04 Apr-04 Jul-04 Oct-04 Jan-05 Apr-05 Jul-05 Oct-05 Jan-06 Apr-06 Jul-06
Figure 2 Variant B (A — approximation term, P +€casting term)
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Variant E: We approximated values within 12 monthgThe first approximation term was January 2003 -
and each term was shifted by 1 month (Figure 3pecember 2003.)
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Jan-08 Apr-08 Jul-08 Oct-08 Jan-04 Apr-04 Jul-04 Oct-04 Jan-05 Apr-05 Jul-05 Oct-05 Jan-06 Apr-06 Jul-06
Figure 3 Variant E (A — approximation term, P +€casting term)

36 forecasting terms of the original model in both (%, ;)
variants B and E were observed. From among dif these formulaevzm,
forecasting terms, 11 of them belonged to variant B , , e ,
and 25 ones were part of variant E. _ PO y) - 06 yi) b= f(x y_)_f(Xi-Yi)
The 2" step: Formulating the Cauchy initial problem 1-\) Ve ' ! v
— according to the acquired approximation funciion If we consider the Cauchy initial problem), (2
the Cauchy initial problem (1) was written in thoerh the function f(x,y; )has the formf(x,y;) =ay; and
y' =ay, y(x)=Y, (2) ' , 2
then f'(x,y;) = X )=a,“y;,
where x =i and Y, is the aluminium price on LME &y =ay () =ay,

" _ _— a2 — 5 3
inthe month x,, which is the last month of the | :¥)= =a'y(i)=a’y.
approximation term. We calculated the prognoses within six months that

The 39 step: Computing the prognoses — follow the end of the approximation term in thisywa

the formulated Cauchy initial problem (2) was sdy ° The first month prognosis was determined by
the numerical method based on the exponential solving the Cauchy initial problem in the form (2).

approximation of the solution. A detailed solutioethod The interval<xi ,Xi41) of the lengthh =1 month was

is seen in [7]. The method uses the following nucagr divided into n parts, wheren is the number of

formulae trading days on LME in the mongh,,. We got the
X =% +h, sequence of the division pointsx,, =% ,
Yiu = Y; +bh+Qe™ (th _1)' h

for i = 1,23..., where h=x_, - is the constant size Xj =%+, for j=12...n where X, =X, .

step. The unknown coefficients are calculated bgams For each point of the subdivision of the interval,

the Cauchy initial problem in the form (2) was salv
by the chosen numerical method. In this way we
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obtained the prognoses of the aluminium prices ahe approximation term ang was the initial condition
single trading dayg; . By calculating the arithmetic drift order in the forecasting term. Using driftftve the

mean of the daily prognoses we obtained the monthijniting month, the initial condition value was faped
prognosis of the aluminium price in the month, Py the stock exchang¢ _; in the montix,__;, wherex.
n was the limiting month and by means of drift to the
So, M+1_M- limiting month the stock exchang¥ in the monthx,
n changed the initial condition value.
e The prognoses for the following five monthsvere
calculated after modification of the initial corndit 3 Reagylts

value. The initial condition value in the monif),s .31  The success rate of the chosen sizes of the

s= 12,345 was replaced either by the calculated limiting value error at the commodity price
monthly prognosisy;,, (the original model) or in forecasting
case of higher absolute percentage error of given Within the studied group of 36 forecasting terms,
monthly prognosiy,,. by some aluminium stock the forecasting within 14 of them was so accurag t
aﬁhe initial condition drift did not occur. The it
N L condition values were replaced just by calculatedtimy
problem y'=ay, y(Xis) =Yies » OF Y =&Y,  prognoses. Since in the remaining 22 forecastingge
Y(Xi+s) =Y, (whereY, is chosen aluminium stock the forecasting was less accurate, some of thenpses

ined the absolute percentage error higher thasech
fa‘:witing value error, and the initial condition &ri
occurred. Therefore the forecasting results diffam
the original model.

Xirse1 - We observed the accuracy of the forecast pricds wit
By comparing the calculated prognosisy, regard to two different size setting of the limgivalue
error. Within each forecasting term three differlemigths
of the initial condition drift were taken into acod.
For each length of the initial condition drift wefthed
the limiting value error, 7 % or 8 %, to obtain thm®st
accurate forecasting results (the lowest MAPE df th
forecasting term). Thus, we considered 66 groups of
acceptable in practice, ifps|<10%. Otherwise, it is the forecasting results. The following tables show
called the critical forecasting value of. To comgarthe number of the forecasting terms in which the

the accuracy of the forecasting of all forecastiagns, forecasting by the determined types of the initial
t | | condition drift was the most accurate.
2.IPs

the mean absolute percentage error (MAI%IE%%

exchange (the modified model). The Cauchy initi

exchange) was used for calculating daily proghos
and their arithmetic mean served to defin

the monthly price prognosisy;,.,; for the month

in the month x, with the real stock exchange,
|ys _Ys|
Y,

S

the absolute percentage eriqr,| = 100% was

determined. The price prognosig in the monthx, is

Table 1 The success rate of chosen types of i tondition
drift — variant B

was determined, where, in our case,6. Identical | More accurate forecastirl
The modification of the initial condition value lbiye N results | by means of limiting valug
real aluminium stock exchange price was calledrittial Initial - for both | error
condition drift. Let us name the selected minintadaiute | condition chosen
percentage error of the prognosis, causing thialinit| drift's length | limiting 7% 8%
condition drift, the limiting value error. The mdonin value
which the absolute percentage error of the prognioad errors
at least the limiting value error was considered agOne-month
. ) 3 4 0
the limiting month. drift
The limiting value errors 7 % and 8 % were chosen.Drift before
Three types of the initial condition drift with ragl to | the limiting 4 3 0
their length were considered, namely one-montht,drif month
drift before the limiting month and drift to therliting -
: .2 .| Driftto
month. One-month drift was the shortest chosenalnit L
" . Do e the limiting 2 4 1
condition drift, where the initial condition valueas month
replaced by the stock exchangg,, p= 12345
in the month x,,, where x, was thelast month of Total 9 11 1
~0~
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Table 2 The success rate of chosen types of tie gondition Table 3 The success rate of the chosen types ofitia¢
drift — variant E condition drift for the most accurate length of thét in
Identical | More accurate forecasti the observed forecasting term
results by means of limiting value Identical More accurate forecasting |
Initial for both | error results for means of limiting value error
condition chosen Variant | both chosen
drift's length | limiting 7% 8% limiting 7% 8%
value value errors
errors
One-month 9 3 3 B 3 4 0
drift E 8
Drift before
the limiting 10 4 1 Total 11 11 0
month
. If in the forecasting term the most successfuliahit
Drift to . i . o
L condition drift’'s length was considered, the limgivalue
the limiting 7 7 1 o .
month error 7 % was more advantageous for the forecasting
When it used, the prognosis accuracy was alwaysehig
Total 26 14 5 than at forecasting by means of the limiting vaéweor

8 %. The identical forecasting results for both sgho
imiting value errors were achieved with the samecess
s when using the limiting value error 7 %.
The success rate of the determined sizes of
EHS limiting value error was analyzed within diffet
oves of the aluminium price course and was
emonstrated at the specific forecasting terms ewhil
considering commaodity price evolution.

The tables clearly show that the forecasting resul
differed at the determined limiting value errorsdghat
more accurate prognoses were gained by means of
lower value 7 %. This limiting value error was mor
advantageous for the forecasting. In the variant
the success rate of the limiting value error 7 % t{hes)
was comparable with the appearance of indenticallise
for both chosen limiting value errors (9 times). thre

variant E within the forecasting terms in which thiial 3.2 Theforecasting success of ower limiting

condition drift occurred (15 terms), identical risufor valueerror 7 % at the commodity price
both chosen limiting value errors were the moseroft forecasting
found (26 times). The limiting value error 7 % was more advantageous

The observed variants B and E had different lengths than higher limiting value error 8 %. It acquiréu tmost
the approximation terms. In the variant B, théccurate results within most price movements. We
approximation terms were longer, so the forecastiilg recommend to use it, especially within the stable
not react so strongly to fluctuations in the peeelution. increasing price course, and also when the priokigon
Moderately increasing prognoses often acquired tf&@anges significantly.
absolute percentage error from the inter, 8%), so * stable price increase
the forecasting results with regard to the chosmitihg Within the stable price course the forecasting by
value errors differed. The lower limiting value @rr means of the limiting value error 7 % was alwayseno
initialized the initial condition drift earlier, anh accurate than the forecasting at the limiting vedueor
the forecasting was more accurate. On the contrai§%. Higher forecasting success at the limiting vaduer
the forecasting in the variant E was based ontshor7 % was achieved by a larger number of the initial
approximation terms which steeply responded to ghan condition drift. Thereby the prognoses could better
in the price evolution. Steeply increasing or dasiieg approach increasing stock exchanges, and the finega
prognoses often obtained, especially within thengea in became more accurate. Another advantage of lower
price course, the absolute percentage exr66. Thus, limiting value error 7 % is the fact that the nekift
the forecasting results were often identical forthbo occurred earlier than at the limiting value err@o8
chosen limiting value errors. If the increase was moderate, the prognoses errors

The results were more obvious if for each forenasti were lower. Thereby the initial condition drift acced
term, in which the initial condition drift occurred only at the limiting value error 7 % at all driftlenghts.
the most accurate type of the drift's length wadVithin a steep increase, the forecasting usingahgest
considered. For this length of the initial conditidrift we initial condition drift was the most accurate [Fhereby
defined the limiting value errors 7 % or 8 %, fohish the absolute percentage prognosis errors were ynostl

the lowest MAPE of the observed forecasting terns wdrom the interva(7%,8%), and the initial condition drift
obtained (Table 3). occurred only at the limiting value error 7 %. Abster
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initial condition drifts, the initial condition vaé was inthe third month of the term (December 2003,
replaced by stock exchange price that was morardist the percentage prognosis error was -8,24 %). Since
from real increasing prices. Thereby the prognesisr the price increase continued, increasing prognesess
was higher. Thus, the size of the absolute pergergeror initialized the next initial condition drift. Thedsantage
often caused initialization of the initial conditiarift for  of lower limiting value error 7 % was the fact ththe
both limiting value errors. Within a steep increatiee next drift occurred earlier than at the limitingue error
forecasting using the shortest drift was made mo& % (one-month drift: 7 %: the fourth month (-7,99,
accurate because of frequent initial condition tdef 8 %: the fifth month (-12,08 %); drift to the lirmy
the limiting value error 7 %. month: 7 %: the fifth month (-7,27 %), 8 %: the hdxft

In the forecasting tern®ctober 2003 — March 2004 did not occur), (Figure 4, Figure 5).
the initial condition drift was caused by the progis

stock exchanges @
the original model <
1700 the limiting value error 7% ¥
the limiting value error 8% & [o) v
[ J
1600 |- ®
A
o] * v
1500 |- ®
o
¢ X X
" " t X
1400 1 1 1 1 1 1
Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04

Figure 4 The forecasting by drift to the limitingonth within October 2003 — March 2004 (variant B)

stock exchanges @
the original model
1700 - the limiting value error 7% ¥
the limiting value error 8% A @
@
1600 |- o
o) v
v &
1500 | ®
o * “
w » “
1400 i ' A 1 1 A
Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04

Figure 5 The forecasting by one-month drift witBiatober 2003 — March 2004 (variant B)
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Using the medium initial condition drift, the sameacquired (Figure 6).
forecasting results for both limiting value errorere

stock exchanges @
the original model <
1700 - the limiting value error 7% ¥
the limiting value error 8% A )
o
*
1600 |- g
e}
N =
1500 ®
@
v s 4 X
- * g 8
1400 1 1 1 1 1 1
Oct-03 Nov-03 Dec-03 Jan-04 Feb-04 Mar-04

Figure 6 The forecasting by drift before the limgt month within October 2003 — March 2004 (vari&t

2000
stock exchanges @
o the original model <
the limiting value error 7% v
the limiting value error 8% &
1900 | ® 4
6] b
»
. »
e
b
1800 [
(=]
v
v
[
@
1 700 1 1 1 1 1 1
Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05

Figure 7 The forecasting by drift to the limitingonth within February 2005 — July 2005 (variant E)

It was due to the fact that within price increasmegler - changes in price evolution

drift was more advantageous in comparison to shorte Within changes in the commaodity price evolution the
drift [5]. Thus the price prognosis in the fourttomth was forecasting was the most problematic considering
more accurate than when using the shortest driftevious opposite price movement within the
(with percentage error -5,86 %). Thereby the neittal  approximation term [4]. The prognoses with absolute
condition drift occurred not sooner than in théhfinonth  percentage erroe 8% were most frequent, so for both
(the prognosis with percentage error -10,05 %). Sike chosen limiting value errors the same forecastesyilts

of the absolute percentage prognosis error caus@@re obtained. At the longest drift, the initialndition

the initialization of the drift for both limitingalue errors. value acquired size near the price evolution, sfurther
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drifts were usually needed in the next forecastifige the forecasting became more accurate without furthe
advantage of the limiting value error 7 % was owedr initial condition drift (Figure 7).
only if the absolute percentage prognosis errosioguthe Within the forecasting term June 2005 -
initial condition drift was from the interval7%,8%). November 20Q5~vhen a steep price increase after a price
Using shorter drifts, which were less accurate iwith decline occurred, the initial condition drift waaused by
changes in price evolution, the forecasting by reeain a prognosis in the fifth month (October 2005, petage
the limiting value error 8 % obtained better result prognosis error -7,12 %). The drift made the fosting
Within the forecasting termFebruary 2005 — more accurate only if it approached increasing eslu
July 2005 when there was a steep price decline aftglonger drifts), (Figure 8). On the contrary, atemonth
a price increase, the absolute percentage progeosis drift the initial condition value moved away fromrécast
in May 2005 was only 7,46 % (the lowest from allsteeply increasing stock exchange (it acquired/ghee of
forecasting terms interfering with the price dee)inThus the aluminium stock exchange in June 2005, whick wa
the initial condition drift at the limiting valuerer 7 % the lowest in observed forecasting term). Thushad t
occurred earlier (at value 8 % the drift occurredyan length of the initial condition drift the forecasy by
June 2005). An earlier drift was advantageous only means of the limiting value error 8 % was more
connection with the longest drift allowing to appch  successful when the initial condition drift did romicur.
immediately stock exchanges in decrease, and thus

stock exchanges @ @
the original model X
the limiting value error 7% v
the limiting value error 8% A
2000 +
v
@
1900
L
@
1800 - » A
o " *
»
b3
®
1700
1 1 1 1 1 1
Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05

Figure 8 The forecasting by drift to the limitingonth within June 2005 — November 2005 (variant E)

3.3 Theforecasting success of higher limiting Within significant price fluctuation higher limitn
value error 8 % at the commodity price value error was advantageous only in connectioh thie
forecasting longest initial condition drift. Within this priceourse the

dnost accurate were the drifts that allowed pladihg

Hgtial condition value the nearest to the realckto
xchanges evolution. Using the longest drift thitiaih
ondition value was often replaced by the local imak

:ﬁr minimal value that had caused the initial cdodit
rift, which was not advantageous for forecasting

following unstable price course.

Within the forecasting teranuary 2006 - June 2006
phigher limiting value error caused higher inaccyraé
prognoses in the third and the fourth months ofté¢ne,
because the initial condition drift had occurredyat the
limiting value error 7 %. But later initial conditi drift in
the fourth month, made it possible to capture teeps
increase of the stock exchange in the fifth moriiay

The forecasting by means of higher limiting valu
error 8 % was more accurate than forecasting at f
limiting value error 7 % only in some cases usin
disadvantageous lengths of the initial conditioift.df
within the forecasting term we considered the mo
accurate length of the initial condition drift, wtated that
more accurate prognoses were always obtained bpsne
of the limiting value error 7 %. A partial successe of
a higher limiting value error was observed withi
significant price fluctuation and at the changespiite
evolution [5].

» significant price fluctuation

~ 13 ~
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2006, percentage prognosis error -7,90 %). Sineeéixt month of the term, when the price steeply decreased
initial condition drift at the limiting value errd % did (Figure 9).
not occur, a suitable prognosis was acquired inldse

2900
stock exchanges @ v
the original model X ®
the limiting value error 7% ¥
2800 | the limiting value error 8% &
2700
A
A
[ J
2600 |
2500
o Y = . ¢
®
2400 (-
]
X
2300 X X
s &
w
1 1 2 1 1 1
Jan-06 Feb-06 Mar-06 Apr-06 May-06 Jun-06

Figure 9 The forecasting by drift to the limitingpnth within January 2006 — June 2006 (variant E)

» changes in price evolution 8 % was obvious only at the shorter initial corufiti
Within a significant change in the price evolutiondrifts, which were least accurate during the obsgrice
the advantage of the forecasting at the limitingearror movement (Figure 10).

2000
v
®
1900 |-
@ X X
[ (
b
W
»
#
1800
[ J
stock exchanges @
the original model <
the limiting value error 7% ¥ ®
the limiting value error 8% A 3]
1700 |
1 1 1 L 1 1
Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05

Figure 10 The forecasting byri@-month driftwithin February 2005 — July 2005 (variant E)

By multiplying shorter drifts, the initial conditio evolution change [5]. Thereby the next prognosésnof
values used to remain the same as at the begiohithgg gained errors causing the initial condition drifthis
forecasting term before the change. That wastuation was improved due to a lower number oftg]ri
disadvantageous for forecasting the stock exchaafjes provided by higher limiting value error 8 %.
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Conclusions [8] VARGA, M.: Forecasting commodity prices with

By having analyzed obtained results, it was found 0~ €xponential smoothingEkonomie a Management
that if the forecasting results differed at theed®ined Vol. 11, No. 3, pp. 94-97, 2008.
limiting value errors, more accurate prognoses laams [9] The London Metal Exchange, [Online], Available:
of the limiting value error 7 % were more often rgsd. http:/www.Ime.com/home.asp [2 Nov 2016], 2016.
The lower limiting value error was more sensitie t
prognosis error especially at a stable increasedamidg
changes in the price course. An earlier initial diban _
drift usually allowed more accurate forecasting. Review process _ _
The limiting value error 8 % was more succesfulyon Single-blind peer reviewed process by two reviewers
in singular cases associated with certain lengthth®
initial condition drift within the changes in therige
course and significant price fluctuation. In aksle cases
within the forecasting term the most accurate posgs
were obtained while using another length of thdiahi
condition drift in combination with the limiting l@e
error 7 %. Based on these results, we recommend the
limiting value error 7 % as more suitable for conaitp
price forecasting.
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