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Effect of Some Environmental Conditions on the Inhibitory Activity of Secondary
Metabolites of Bacillus spp. Against Biofilm Forming Bacteria

Abstract
Fifty water and sediments samples were collected from different locations in Basrah
Governorate, southern Irag. Twenty bacterial spore forming isolates showing antibacterial
activity towards gram negative and positive bacteria were isolated from them. The isolates
were identified biochemically by VITEK BCL cards and differential tests. The identification
results showed that 15 isolates belong to Bacillus subtilis whereas the remaining 5 isolates
belong to B. amyloliquefaciens. The isolates were also identified genetically by amplifying
gyr A gene which identified the 15 B. subtilis to subspecies rank. Eight isolates were identified
as B. subtilis subsp. spizizinii, whereas the remaining 7 isolates were identified as B. subtilis
subsp. Subtilis. Also, five biofilm forming bacterial isolates (target bacteria) were isolated and
identified by VITEK GB & GN cards. The identification results showed that 3 isolates belong
to gram positive bacteria: Staphylococcus sciuri, Methicillin Resistant Staphylococcus aureus
(MRSA), and Kocuria kristinae, whereas 2 isolates belong to gram negative bacteria:
Pseudomonas aeruginosa, and Escherichia coli. The secondary metabolites (sm) were
produced and extracted from Bacillus spp. Results of Thin Layer Chromatography test
showed that Bacillus s.m. contain free amino acids. Relative flow (Rf) values showed a
relatively close association which ranged between 0.750-0.897. Total proteins were
determined by Biuret method, the highest value was for BS8 (13.78 g/L) followed by BS14
(12.02 g/L). Secondary metabolites extracts of BS8 and BS14 were chosen for complete
study; s.m. extracts of BS8 and BS14 were purified and results of electrophoresis showed that
the molecular weight of BS8 s.m. was 3779 Daltons, while the molecular weight of BS14 s.m.
was 694 Daltons. The purified s.m. were identified by GC-MS. The results showed that BS8
s.m. extract contained a number of amino acids and their derivatives as well as lipopeptides
which have antimicrobial activity, whereas BS14 s.m. extract contained two compounds
which have powerful antibacterial activity against both gram positive and negative bacteria.
One of them was an ester the other was a hydrocarbon. The effects of temperature and pH on
the antibacterial activity of BS8 and BS14 s.m. extracts against target bacteria were studied,
both s.m. showed high thermo stability at the temperature used in the study, but they were
inactivated at 121°C, also both s.m. showed high stability to the pH values used in the study.

Keywords: Bacillus spp.; Secondary metabolites; Environmental conditions; Bacterial biofilms; Iraq.
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Biuret ik Bacillus LysS 25l o s) colialitio 8 IS0 gyl aa3 .5 oo

(/o) Bl b S gl Aad | Anualuaia¥) Al

0.133 blank

0.843 standard
10.55 1.483 BAI
9.79 1.376 BA2
10.75 1.511 BS3
9.87 1.387 BS4
9.57 1.345 BS5
10.83 1.523 BS6
10.64 1.496 BS7
13.78 1.937 BSS8
8.46 1.189 BS9
9.79 1.376 BS10
8.91 1.253 BA11
6.67 0.937 BS12
9.88 1.388 BA13
12.02 1.690 BS14
8.59 1.207 BS15
6.43 0.904 BS16
8.18 1.150 BA17
6 .36 0.894 BS18
5.28 0.742 BS19
6.91 0.972 BS20
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Aint) Aglie Aange Aind i) 05Sy (Chaalitoadl o Al o) ag) Angyd) 5 eha¥) et —)
o Ju Al o3 jsels ¢ Baaly A8 IS et Jslae pe ol i o Gsn e 5 (35 Jabadl
cdalall (s lei Lad linill AE Jgama Aaiil daasal) Baalll @ld GLSHall anyy clagad) =5 4
3sanll 8yslaas elial) o3 a3 () ol cdasl Al AL Al @y Al el Jue - Lilh
Ll e s lae ¢ amageall aglS mle 55 saliys @lyy Lad saaly 3 JS& Lmiad WS Lo Talae)
e s cade) lly dolud) sabe Cy Lt Lad dlad Jpean Ao ALl Aiail) @y (gAY clagy)
- clagul) o3 LgShas ) Aia i) A0S Abass

Ak dgalal) U1 4503 ) diSTUPLION JMAY!) s lidig pall 50351 i € el Cannsill Gnay
Ausilall Judlally bl @il o 23kl 0085 Bk e Al Aap a6l gl Aasad) el Cilisia
-(Mannerat and Phetron, 2007) sassl o nll (e &3 (B 0585 1 gl Al el (aleald
gLl ol (2012) Gordillo and Maldonado s (1998) Bechard et al. oS3 L aa gilall o8 (3ém
Alatic A 8 Galiied) ciliad Al L) Gl ) Ltaall Ssal) AU5) 3 lan 5550 5] Jolall s5ha o)
A paliiuall Al e slpll e ) AY) A e
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L gl gl claldiual Electrophoresis (bl dsasil) .3

3sn5 05l 6512 Jsall sl 5 aportinin sl (sl ales aladiuls SlyeSl deal) il el
& Al Aaphall 3.US e Ju e paliiise JS saaly Aaja adlsn Sl e GillA Giatn Gieds
ol cul€s ol 3779 (V) Aajall el (sl by s du sl m ol) lalitine Aty paDAt
Al (gl paliiua calSy gl 694 Al doall el Gyl 4l Lad (BS8 aljall Zygilil (i sl))
T IS8 b mage LS BS14 il

LS e Aualiiudl clangd) of 15,$5 ¢4l (1998) Bechard et al. 4d) dass Lo g giliill i
aggregates culaesd J<5 cayels 38 SDS- PAGE 22k 2Dl 8 Wy 1546 Alls Bacillus subtilis
die bl 28l Galss dbia Al lagall a5l daa a5 micelle structure Jiall 4 WSH 4555
Law 5 30,5 ool o dalandill Lg3)88 ) A8l l &5kl oshaud) Calats e 5)% @lbss il surfactin
Aosal) 352V Lgies Al JSLE e 230 70kl Aeaiiunall Ayslaasl) lsall g Jilay 05830 Lelas
MW.
KD

3.779

SDS 53l 3gas el e BS14 5 BS8 (piliall dygilill (ia s SlseSl Jinal) .7 <8
1- asaprotinin) Marker) (M.(
BS8 aljall iy silill asl) -2
BS14 aljall a5l L) -3

16



Gl auls el 5 5LV e olad

S LS gilag S aladiuly 4 il (gl (andds
(GC-MS)Gas chromatography and mass spectroscopy 4Lisll ciluaag

BS8 cuilyall Ji e caail Al Asill) G AESH Gildaay Ll L sl S Jalat il ek
Adledl) 1 Lyl o ) e (ggiat Gyl gl () 7 56 Gl 8 e WS BS145
Laa s 4 90)lS5 yuell Asaimall ClSyally )y Lgaliidas disal) Galeal) Jia Cingl) LSl olas duabisl
S Al ) O LS ) (2014) Ramyabharathi and Raguchander s ae (38lsi il s2a,
s g (i) Gl o dslall dgganll Gl e ciginl GC-MS leas Lealise Jidaty Ll
L- Lucine s Norvaline n- propaglyoxycarbonyl-, nonylester (i 4us S duait dled LSl
d- proline , N — metoxycarbonyl — , pentyl esterJiw <) 5 N- cycloprpyl carbonyl-, butyl
A Galea) sgng of ) DLS) 3 ¢ Alall Auhpall 8 ) sl clalities (e Lelie & Ll s
M A Adat Adlad lealinuall o3gl Jaay B, subtilis LyaSd &gl (m el claliiue 6 iyl
Leaant ) ) JSLEAN (g0 el o cliadll 8 aa L Aa gl 85dass Jalse (S0 Lelagy Las dajgaall oLV
k) cadgnly Al JSLaal o3 e 8 A gbasl) alsall aladind (ye Jalil b ae b Lae dajeaall clal) o3
IS8 Bygall 302 0psS Lt d g5 e AainaY) palaal) o 8 (2013) Leiman et al. 4] DLl Lo as
Skariyachan et al. 4d) Juasi L ao zabill oda 30 WS ¢piig ) moiad ae ledals DA (e yile e
s sl Finie e Sl sk S dgsla mylall clisisll (e waell in B subtilis of 15,83 ¢ (2013)
, el 8 Aaks 110-100 B. subtilis 168 aul Lo 1sallal 3 A35ell 3Lyl Jm il PA pgal <pls
Coelal s N- terminal dised) Lledl) 8 sagmsal) el paleal) ol Jalatl ks 38 lgia psal
Galea¥) o3 foals o 1S3 G Lgalinday Cpsallly Calllly VY)Y Jie 3idd) aleal) e 2al) 2als
Gl Slagd saelua aPbsulud) 8 LinaY) paleal) o3 peaT o5 GuyaCll Aal) cliae 8 aalsn L)
il el ol o3l Jangll ) ),A3 signal peptidases sLay)

& 53l clias 3 Nl e BS14 5 BS8 el slasall A5l (a3 dpaliail) Alladl) 8 Jsan
Glsha e byhd IS ae Cagll Ayseand) 151 olas BaCillUs Lsean) gl L5l (s dulayiinl) Llled)
Bacillus s alie o Adadill lledll 3 (P < 0.05) Ausine (b 355 Saany) Jabaill el 2aml
3y Slanyl ddaill jelal LS cangll Lya€ill s dudainl) Lgullad b (p < 0.05) BS8 aljall cigis 3
e b e Kocuria kristinae Ly «i o 3] Cagl) & geanll ¢l <o 0 (P < 0.05) dusine (g8
(p < 0.05) (s5iwe xic BaCillus guin il slnall Ll sl Galitind lubia b Cangll LSy
s paldival giaslie & Cargl) Lyall eiie 3L e P aeruginosa LysSs ciss g b
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Liu et al . 4) Wil L e 2l oda 3w (p < 0.05) ssiwe xie BaCillus s el slasall 4,530
Chlae 058 Y ledag o dliia Bacillus guisl sl eVl (e damidl ZyEl) () of (2018)
ol (2011) Wilson et al. o83 L e gitul) im LS iyl ciliajad) (o aaall I e 5,006 Lygn
DL Gl pla =8 8 Leia el BACHTIUS & sanl) 158 5laiall 4l (in s aldioeal dlasil] Z el

(2009) Delcoue e JS 4l dhass Lo po glll oa (38 LS oAbl 4050 gl (3 Lt e
Lganll el Al (msS ol 8l 058 cans o 15,83 o3l (2011) Wiener and Horanyi s
A ) @iy (gah Ly ahe Al ALl LpaCll b aie el e Faacal Aagall LyaSd) s Bacillus
) S aae Aah g Sy Ahe Ll Al Lgeaed) @B aplal) cliall Aadiid

celall A8 lS)all s Tala Jd ) lipopolysaccharide

Aol Lladl) e g pagd) Bl Biad Ao s
Bacillus spp. LSl 4o gilil) (sl clualiiua

il deadiudl Bhall cilays die Alle 45l BS14 5 BS8 gpalial slisall &y silill (i sl) ekl
Bhall ol b 8 U8 (w3 cCangd) LyiSil am 40,0 gidlad cuailis Gua 0121 3)hall 40 haela
(A7 ¢ 15 (14 Gaghl Lyl lapdl) glalia HUail caaly 3 BS8 dljall 2,5 gD Ldaiill Ldladll e
Sl e K. kristinae s MRSA <S. sciuri « E. coli «P. aeruginosa gls¥) e J<0 ke 19 <17
Gl Ul Cuaili g (s “100-30 syhall cilapal (g 038 (ianyet a2y BS8 aljall 4yl (5] 2
Glo phall cilayy il 5 9 UKE Wl ¢ (w7121 sl daps die ale 15 ¢ 14 <13 <10 8 ) ol
19 17 16 13 Cangll LysSull Jayiinl) shalia Uadl cualy us BS14 aljall 4yl i 0 A dayfiil) lledl
aa Jall e K. Kristinae s MRSA «S. sciuri< E. coli < P. aeruginosa g e IS ale 20
Ghlia sl cusmdls Lad 00 “100-30 sl clayal (a ) oda mipes 223 BS14 Ajall 4 glill (5!
con 121 Bhall Aapn vie ke 15 <13 12 <10 9 ) il

o culadla i dpatl b Aesdiedl ing yuell bl 4l paea b Adle Als Al i gd) Celil LS
o singnell B a8 sl il G W 10 IS8 B e sa LS gl Lyall i Gl Lgillad
LoaSall il shalia Ul cialy 3) ,Cargll LyaSll aca BS8 Aljall 4yl a1 aaliiosal bl Llladl)
K. s MRSA <S.sciuri « E.coli «P.aeruginosa gls¥! e < ale 21 19 <18 ¢17 15 axgl)
s )el) A8 e At il i) 038 (miped 2es BS8 Wjall il (sl s Nl e kristinae

113 G cangly
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Compound Table
Hits
Compound Label RT Mame Formula MFG Formula DB Formula (DB}
Cpd 4 2-Amino-2-methyl-1,3 12,644 2-Aminc-2-methyl-1,3- C4H11NO2 CAH11M02 CAH11NGD2 &
propanediol propanediol
Cpd &: Phenal, 4-(2- 15.015|Phenal, 4-[2-aminoathyl}- CBH11NG CEH11MNO CEHL1NO 10
aminoathid}-
Cpd 7: 1,3,5-Trioxans] 15.471|1,3,5-Trickane CIHG03 CIHE03 C3HE03 2
Cpd &: 2H-Thiogyran, 5.6 15, 71| ZH-Thiopyran, &6 diydro- CoHES CoRES CoHES T
dihydro-
Cpd 9: Diethylene ghycal, 0,0 15,302 | Drathylen= glyool, 0,0 C14HZE0E CLaH2605 C14HZE05 1
o phvalod}- dil prvaloyl}-
Cpd 10: Pyrrole, 2-methy-5- 16.276|Pyrrole, 2-methy-5-phemyl- C11H1IN C1IH1IN C1IH1IN 10
phenyl-
Cpd 11: Phenethylamine, M- 16.586|Phenathyiaming, N-oenzyl-p- C15H18CIN C15H16CIM C15H16CIM 10
benzyl-p-chloro- chloro-
Cpd 12: 1L -pyrrolidimyl)-2- 16.383| 11 -pyrrobdny |- 2-butznang) CEHLSHO CEHISHO CERLEND 10
butanone|
Cpd 13: 2-Cyclohexen-1-ona, 17,375 2-Cydohexen-1-one, 3,5- CEH12O CEHL2O CEHL20 3
3, E-dimethyl- dimethyl-
Cpd 14: 3-Ethosry-4- 17,699 3-Ethosry-d-methoxyphenol COH1203 C9H1203 CaH1203 10
methowxyphenol
Cpd 16: 1H-Pyrazok[3.4- 1E.041 | 1H-Pyrazoho[ 3, &-d pyrimidin- CEHENE CEHENE CSHENS 10
d]pyrimidin-4-zmina| 4-aming
Cpd 17: 2-Cyclopanten-1- 1B.162|2-Cydopenten-1-one, 2- CYH1002 CTH1002 CTH1002 10
one, 2-hydrogy-3, 4-dimethy- hrypdrooy-3, 4-dimethyd-
Cpd 18: Indolizing, S-methyl- 18.,328|Indolizine, S-methyl- CIHIN CIHIM CaHaM 10
Cpd 19: Mathyl-6-deoy-5- 18,569 | Mathyl-&-deawy-&-flucro- C10H15F05 C10H19F05 C10H15F05 2
fluoro-2, 3, 4-tri-0- 2,3, 4-tri-C-methyl. beta.d-
methyl, beta.d- galzctopyranoside
Cpd 20: I-E'JDF'.-'EHI'IE.I - 18,863 ||-Morvaline, n- CIBHIINO4 C1EHI1NO4 CLEHI1NO4 10
prapargylasycarbanyl-, nonyl prapargylosycarbonyl-, monyl
estar ester
Trd 21: L-Propanons, 15 19.119| 1-Propanone, 1-|5-methyl-2- CEH1005 CaH1005 CaH100% 1
mathyl-2-thiemd]- thienyl)-
Cpd 22: Pentadecancic acid, 19,228 |Pentadecanoic acid, sthyl C17H3402 C17H3402 CL7H3402 3
thiyl ester aster
Cpd 23: Ethyl 13-mathyl- 15.314|Edhyl 13-methyl- C17H3402 CITH3402 CLTH3402 10
tetradecanoats tetradecanoate
Tpd 24: L=udne, M- 15,855 |I-Lewcine, N- WETFLIE] C14HZ5N03 C14HZGNO3 10
eyclopropylcarbanyl-, butyl cyclopropylcarbonyl-, butyl
Cod 25: Pyrrolo[1.2- 20,021 |Pyrrolo[ 1, 2-a)pyrazine-1,4 C11H18NZOZ C11H18NZ0Z C1IH18NI02 10

a]pyrazine-1,4-dione,
hexzhydro-3-{2-

dione, hexzhydro-3-{2-
methylpropy()-
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.GC- MS lea dkilusy BS14 Ajall 45l (5 s il .7 Jsan

Compound Table

Compound Label

RT

Name

Formula

MFG Formula

Hits
DB Formula l (DB) ‘

Cpd 2: d-Proline, N- 10.843|d-Proline, N- C12H2INO4 C12H2INO4 C12H2INO4 10
methoxyarbonyl-, pentyl methoxycarbonyl-, pentyl
ester ester
Cpd 6: 6-Ethyl-4,5,7,8- 20.362|6-Ethyl-4,5,7,8- (9H2054 C9H2054 C9H2054 , J
tetrathiaundecane tetrathiaundecane

el Byl (g1 Galiind Al Al e S yuell ad)l a8 CDa) il 11 (<8 o SIS
P. gl ale 19 <17 16 ¢15 14 Cangdl Lya€ull Iaviul) 3lalie el caly Gam Cangll Lyl 1 BS14
BS14 djll 4,6l e sl aa Sl Je K. kristinae s MRSA <S. sciuri « E. coli « aeruginosa

A1-3 0 on Cangli Jung pugll o)) (e Ailide il (sl o38 (i

BS14 5 BS8 oiljell slanall 4 sl (o oS Al alledl) L8 Jsan

(pl) i i "
< | Asail) Gfghad
S. sciuri | K. kristinae | MRSA | E. coli | P. aeruginosa
20 22 19 17 16 BS8 | Lijggala e
19 22 20 16 14 BS14 | o) Jad
23 24 22 20 19 BS8 | gl
21 23 22 18 18 BS14 | ¢ e
23 24 22 20 21 BS8 )
21 23 22 19 19 BS14 g

(P < 0.05) Siua s d5ina G5 54l @
Ly pSa A B e)d haugia Jiai aBy) @
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E. coli

P, aeruginosa

LSl am BS8 aljall sl asl) (aliiad Audaudiill Adladll e 5yal) cilajy sl b L8 U<
Lcaxgl)

ol ola Ayl a1 AlE Caas Ig3e ¢l (2006) Sirtori et al. 4l Juas L pe duhall il am

13 of 5 B.subtilis LS Ayl (sl a2l Lalal ) W s paed) adlls hall cilays
Cladera-Olivera et al. 4l Jag L go giliil) i WS cramall 4085 I Ll ol o alaiosy a0l
Cilayy b sl BaCllus Lyl Gyl (o p0U dubandil Adladll 35 axe caun of ) 1g,Wal ¢l (2004)

G5 WS el e dd Qs pmi s Gl o gilgal ) i Lay gunspugd) )01 ) sl
Oe ol gad) & clalina) dsls caw of (2014) Ebrahimipour et al. oS3 L ae Zdlall 2l
Cuzald 3 L) o) e Aalall LSl cleally sseall lasa ) 53 Ly mssaed) )l 3l
Gl Lad Adle 43l8 g oIS Bacillus spp. WS i e daiiall Ll (e ol sa 2llall 2l 4
3036 50 25Kl L) o Adagfil) Leidled A€l Lahaiin) 2o iy 1305 ims g aBlls 5 el sy
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Abstract
This study was conducted on mammals in the western part of the Jafara Plain and on
its relationship to environmental factors, such as temperature and rainfall. This study
included two parts; the first part is a field study to identify the species of wild mammals
in the western part of the Jafara plain and to determine its geographical distribution.
The second part of this study included analyzing data of average annual rainfall and
average annual temperatures, using the regression equation and the quintile equation
for eight urban areas within the region during thirty years, from 1977 to 2006 due to
the availability of temperature and precipitation data in this period. The results showed
that there are nineteen species of wild mammals in this region belonging to ten families
of six orders. The most recorded species belong to the order of rodents (47%) followed
by the order of carnivores (26%), then insectivores (10%). Results of environmental
changes showed that, the trend in all studied areas was negative and that the amounts
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of rain were fluctuating, unstable and decreased at a rate between 40 - 125 mm during
the thirty years. As for the temperature, it rose during this period between 1.5°C to
2°C. Therefore, it became clear that the change in environmental factors caused an
increase in the rate of drought, and this is what threatens the natural vegetation and
thus threatens all other organisms, especially wild mammals, which their numbers
were few in the driest places on the plain of Jafara.

Key words: Mammals, Biodiversity, Temperature, Rain, Libya.
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Abstract

Seismic Attributes are characteristics extracted from three-dimensional seismic data for
highlighting particular geological parameters using color-blending process (Red-Green-Blue).
In this process, a color is assigned to each attribute. For example, we assign the red color to
the energy attribute, green color to the similarity feature, and a blue color of any other feature
that gives a similar effect to all of these colors together. In the study area, the results display
clearer reservoir boundaries as well as the neighboring faults. The ultimate goal is to illustrate
how seismic attributes produce more accurate data and enable the development of the field
through consistent convencing evidence and reduce exploration risks.

Keywords: Seismic; Attribute; RGB color Blending; Structural geology
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Introduction

Three-dimension seismic interpretation is a form of seismic interpretation, which relies on
the use of 3D surveys that provide visualizations of structures in three dimensions.
Explorationists often use specialized software for this task, as 3D seismic interpretation
requires a lot of calculation and careful construction. Interpretation of seismic data in
geological terms is the objective and end product of seismic work.
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The primary objective of a seismic survey for hydrocarbons usually is to locate structures;
hydrocarbons traps. Records of explosions are generated and their reflections are read to
generate data about what is going on underground (Telford et al, 1976).

With 3D seismic interpretation, this data is mapped on a three dimensional representation
which allows explorationists to explore the data in a number of different ways, rather than
visualizing a site in the form of a flat elevation map or cross-section. 3D seismic
interpretation allows explorationists to manipulate the angle of view and to visualize a site
as a whole (Bacon et. al, 2003). It can also provide information about the surrounding area,
which may not be readily apparent with other mapping techniques. Seismic interpretation
can be very complex, geologists are interested in the structure of the earth and in the
components of the site they are studying. Seismic interpretation is designed to reveal not
only the presence of underground formations, but also what is in those formations, and where
are the transitions. Between different types of materials occurring, a geophysicist can play
several scenarios. Modeling of scenarios on a map allows geophysicist and geologists to
explore the possible results of various activities. For example, geophysicists may be
concerned that oil field exploration could cause the collapse of a delicate formation,
potentially putting people or the environment in danger. They may also believe that
formations present on-site hold limited amount of useful resources, making investment in
the site potentially unprofitable (Bacon et. al, 2003).

Seismic Data from current and past surveys can both be loaded into seismic softwares used
in 3D seismic interpretation. However, it is not enough to map the top of the reservoir, to
understand how structures were formed. It is usually necessary to map the range of marker
horizons above and below the target. In most cases, mapping of several horizons above the
target level is require. Interpretation is often the last hands-on step in seismic data gathering
and analysis, the trend is to bring the interpreter closer to the processor and the acquisition
contractor. It is an important fact that interpreters can be involved in all aspects of 3D seismic
survey design, acquisition, and processing (Bacon, et al, 2003)

The basic principles of 2D seismic data interpretation provide the interpreter with the solid
foundation necessary for 3D interpretation. Principles of 2D interpretation such as picking
faults and horizons and loop tying of seismic lines are fundamental to all seismic
interpretations. These principles are demonstrated with hands-on 2D and 3D seismic
exercises involving picking faults and horizons in time and converting to depth, making time
and depth maps for horizons and fault surfaces, and performing volumetric calculations
(Telford et al, 1976).

True 3D display of a volumetric image is a difficult problem reviewed by the applicable
technologies but all fall short of what the seismic interpreter needs. Most address very small
volumes of data and also lack dynamic range, (Brown, 1986), personally experienced with
holography and several seismic data holograms exist: However. The interpreter cannot
interact with the image and dynamic range is inadequate for most purpose (Nelson, 1983).
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Seismic Attributes and Color Blending

In reflection seismology, a seismic attribute is a quantity extracted or derived from seismic
data that can be analyzed in order to enhance information that might be more subtle in a
traditional seismic image, leading to a better geological or geophysical interpretation of the
data. Examples of seismic attributes include measured time, amplitude, frequency and
attenuation, in addition to the combinations of all these. Most seismic attributes are post-
stack, but those that use CMP gather, such as amplitude versus offset (AVO), must be
analyzed pre-stack. They can be measured along a single seismic trace or across multiple
traces within a defined window (Bacon, 2003).

The first attributes developed were related to the 1D complex seismic trace and included:
envelope amplitude, instantaneous phase, instantaneous frequency, and apparent polarity.
Acoustic impedance obtained from seismic inversion can also be considered an attribute and
was among the first developed. Other attributes commonly used include coherence, azimuth,
dip, instantaneous amplitude, response amplitude, response phase, instantaneous bandwidth,
AVO, and spectral decomposition. A seismic attribute that can indicate the presence or
absence of hydrocarbons is known as a direct hydrocarbon indicator. The ultimate goal is to
enable the geophysicist to produce a more accurate interpretation and reduce exploration risk
and development of the reservoir (Nelson, 1983).

Color Blending

In colour Blending process (Red-Green-Blue) a color is assigned to each attribute. For
example, we assign the red color to the energy attribute, the green color to the similarity
feature, and the blue color of any other feature that gives a similar effect to all of these colors
together. The result is that we will see the oil reservoir and its boundaries much clearer
(Bacon, 2003).

Amplitude Attribute

Amplitude attributes are computed sample by sample to represent instantaneous variations
of various parameters. The amplitude attribute increases the strength of high values and the
small values fade.

Outputs of the instantaneous amplitude of the selected data volume at the sample location
can be used as an effective discriminator for the following characteristics:

Mainly represents the acoustic impedance contrast, hence reflectivity,

Bright spots, possible gas accumulation,

Sequence boundaries,

Thin-bed tuning effects,

Major changes in the depositional environment,

Spatial correlation to porosity and other lithological variations. This indicates the
group, rather than the phase component of the seismic wave propagation (Bacon,
2003).

ogakrwdE
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Energy Attribute

The response attribute returns the energy of a trace segment. This attribute calculates the
squared sum of the sample values in the specified time-gate divided by the number of
samples in the gate. Energy is a measure of reflectivity in the specified time-gate. The higher
the energy, the higher the amplitude. This attribute enhances, among others, lateral variations
within seismic events, therefore useful for seismic object detection the response energy also
characterizes acoustic rock properties and bed thickness (Bacon, 2003).

Similarity Attribute

The Similarity is a form of "coherency" that expresses how much two or more trace
segments look alike. A similarity of 1 means the trace segments are completely identical in
waveform and amplitude. A similarity of 0 means they are completely dis-similar (Bacon,
2003).

The main objective of this paper is to elaborate on how the techniques of the (RGB) color
blending can make a difference in the interpretation of 3D seismic data in an area of complex
structure including faults. In this particular area in the Murzug Basin, we will apply this
technique to trace the trap of the reservoir and the faulted area behind it.

Study Area

Asharara oil, NC115 Field (Fig. 1) is located on the Murzuq Basin, Libya, which is a
regional intecratonic basin in Southwest Libya. The Basin Lies between the structural highs
of the Gargaf region to the North, the Tibesti Massif to the East and the Tassili to the west.
It is contiguous with the Jado Basin to the South.

Geology of Murzuq Basin

Murzug Basin covers an area of more than 350,000 km?2. It is one of several interatomic
basins located in the North African platform. The present day borders of the basin are defined
by tectonic uplifts, each of multi-phase generation. The present basin geometry bears little
relation to the much broader North African sedimentary basin, which existed during the early
Paleozoic. The eastern edge of the Murzug-Djado Trough forms the western part of an early
Palaeozoic horst striking from Mourizide NNW towards the western part of Gargaf Uplift
(Tripoli-Tibesti Uplift) from about 14" 30' E and 24" N to about 12" 45' E and 27" 30' N
(Klitzsch, 1970). Several generation of fault movement are recognized in the basin, but the
resultant degree of deformation is relatively minor. The Basin contains a sedimentary fill
that reaches a maximum thickness of about 4000m in its epicenter, which comprises a
predominantly marine Paleozoic section and a continental Mesozoic (Goudarzi, 1967, 1981).

Silurian source rock remained within the oil generation window only in a limited area of
the basin center. The basin including the Tiririne High separating the Al Awaynat and
Awbari troughs and the Traghan High. The Present-day Murzug Basin did not develop until
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the Mesozoic. Prior to that, the Paleozoic basin comprised a series of NW-SE directed highs
and lows (Klitzsch, 2000). In general, fault density and structural complexity increase from
the southern, more stable parts of the basin, towards the northeastern and Northwestern
portions. The most complicated and intensively faulted areas are generally located over the
Tiririne and Traghan high (Davidson et al., 2000; Echikh, and Sola, 2000).

The principle hydrocarbon play in the basin consists of a peri-glacial sandstone reservoir
of Ordovician age sourced and sealed by overlying Silurian shale. This play has proved very
successful and accounts for approximately 1500 million barrels of recoverable oil discovered
to date. Oil generation may have taken place during the Cretaceous time, but further work is
required to better define the timing of oil charge. Subsequent regional uplift and erosion
have resulted in a cooling of the source rocks. There is no longer generated oil over large
parts of the basin to the present day (Aziz, 2000).
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Fig. 1. The location map of Asharara Field, NC-115, Murzuq Basin, Libya.
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Data Analysis and Discussion

The three dimension seismic interpreter works with a volume of data, normally done by
studying some of each of three orthogonal slices through the volume. The interpreting of the
structure needs to be judged using horizontal section and when to use vertical ones.

In Fig. 2, the blue area indicates very high amplitude, while, the red area represents lower
amplitude. This indicates a fault zone, the event terminates clearly on the position shown in
the section (Fig. 2). The picking of fault on a horizontal section provides a contour on the
fault plane, thus picking a fault succession of suitably spaced horizontal sections constitute
an easy approach to fault plane mapping. The fault evident in Fig.2 have been mapped in
this way. In the horizontal section at 60 ms (Fig. 2), two fault show events of quite different
widths. This is the effect of dip where the faults are mostly traced by sinuous events striking
approximately north — south.

When we make an 3D data interpretation work after having previously mapped from 2D
data over the same prospect, the most striking difference between maps is commonly the
increased fault detail.

Similarity as shown in Fig. 3, Multi-trace attribute that returns trace-to-trace similarity
properties expressing this attribute identify faults. Hence, the event will not terminate but
will parallel the fault comparison and demonstrates that situation (Fig. 3). The difference in
amplitude between the red area and the blue area is too high because of variation of
properties caused by the fault.

We expect to detect faults from alignments of event terminations. Figure 3 shows a section
of 3D data, which provide the event terminations clearly. Figure 4 also shows three faults
system after using the similarity. In contrast, the horizontal section for the same data volume
does not show clear event termination. Why the event termination is visible at the fault in
Fig. 2 but not in Fig. 3? The answer lies simply in the relationship where the fault is between
the structural strike and faults strike.

Any horizontal section alignment indicates the strike of the feature, if there is a significant
angle between structure parallel or almost so. The events will terminate, if structural strike
and fault strike, are parallel or almost, attribute on line the faults are much better.

The blue area in Fig. 5 shows that the amplitude attribute increases the strength of high
values and the small values are faded, before and after applying amplitude attribute.

Figure 6 shows the energy in the red area, which is too high, while in the blue area it is
very low. These variations in energy indicate that there is a fault in the area. The energy of
a trace segment attribute calculates the squared sum of the sample values in the specified
time-gate divided by the number of samples in the gate. However, Fig. 7 shows the effect of
using the energy attribute. The difference in energy between the red area and the blue area
is too high due to the properties variation indicating that there is a fault in the area.
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(Before)

Fig. 3. Black and white seismic section data of Fig. 2, after using similarity.
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Fig. 4. Shows the similarity and how the traces are alike in black line.

T ]

Fig. 5. The blue area marks too high amplitude while the red area marks foo low indicating
the presence of a fault.
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Fig. 7. After using energy attribute
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Conclusion

Apparently, colors are used in two fundamentally different ways, contrasting or gradational
color schemes. A seismic section displayed in contrast colors is normally accompanied by a
legend, so the interpreter can identify the value of the displayed attribute at any point. Also
for more effective color display, it is important, to choose carefully the range of values
associated with each color as the number of colors and their sequence are very important in
order to show the contrast between adjacent colors and display scales. A color display must
convey useful information and at the same time must be aesthetically pleasing. For a map
such as shown earlier, it is desirable to perceive equal visual contrast between adjacent
colors, so that no one boundary is more outstanding. The seismic attribute technique that has
been applied in this area gives us the proof and assertion that faults exists in this area and
can be detected and followed by applying this seismic attribute technique.
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Abstract

The adomian decomposition method (ADM) was used to solve various wave equations. We
compared the obtained solution by ADM with the Reduced Differential Transform Method
(RDTM) and the Variational Iteration Method (VIM). The results show that ADM is very
effective, simple and easy compared with other methods.

Keywords: Adomian decomposition method; Wave equation; RTDM; VIM.
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Introduction

In this paper, we shall solve exactly the wave equation of second order in one dimension by
adomain decomposition method in following forms:

1) Uy = c®uyy , I = {x \0 < x < a}. (hom. in finite dom.)

2) Uy = CPUyy 1 = {x \—00 < x < 00}. (hom. in infinite dom.)

3) Uy = Uy, + h(x,t),1 = {x \0 < x < a}.(inhom. in finite dom.)

4) Uy = Uy, + h(x, t),1 = {x \—0 < x < oo}, (inhom. in infinite dom.)

With initial conditions corresponding to every form, over the interval I, where u=u(x,t)
denotes the wave amplitude with dimensions of distance, ¢ is the wave speed with
dimensions of distance pertime, which is a positive Constant, and h(x, t) a ccounts for any
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external forces acting on the system. In recent years, the Adomian decomposition method
has received much attention in applied mathematics in general, and in the area of series
solution, in particular. It was introduced and developed by George Adomian [1-4]. Some
wave equations are solvable by many methods such the reduced differential transform
method [5], introduced by Zhou in 1986 [6,7], the variational iteration method introduced
by He [9], and a Finite Element method [13]. We aim in this paper to obtain exact solutions
to the Wave Equation in four different cases. We also show that the ADM is a powerful,
effective and fast convergence to the exact solution obtained by the previously mentioned
methods.

Adomain Decomposition Method

The Adomian decomposition method [4] consists of decomposing the unknown
function u(x,y) of any equation into a sum of an infinite number of components defined by
the decomposition series

U(X,y)=2n=o un (x, y) or briefly u=3" o up 1)

Where the components,u,, (x, y), n= 0 are to be determined in a recursive Manner.
To give a clear overview of adomian decomposition method we first consider the linear
differential equation written in an operator form by

Lu+Ru=g (@)

Where L is mostly the lower order derivative, which is assumed invertible, R is other linear
differential operator, and g is a source term. Then apply the inverse operator L~! to both
sides of equation (2) and using the given condition to obtain

u="f-L1(Ru) 3)

Where the function f represents the terms arising from integrating the source term g and from
using the given conditions that are assumed to be prescribed.
Substituting (1) into both sides of (3) leads to

nzoun= F- LTHRE =0 un)). (4)
For simplicity, equation (4) can be rewritten as,
Ug+ Uy + Uy +ug+ 0 = F- LM (R +uy +uy +-++)) (5)
The formal recursive relation is defined by,

uy =f
Upr1=- LT (R(wy)) , k=0 (6)
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Or equivalently u, =f

u; =- L' (R(u))
u; =-L'(R(uy)), (7
Uz =- L_l(R(l.iz)) :

Then substitute into (1) to obtain the solution in a series form.

Application

Now, we use the method to solve the following different forms of wave Equation.
Example (1): we consider the homogeneous wave equation in finite domain [5] defined as:

(8)

Ut = Uy —3U,0<x <1, t >0

With the initial conditions:

u(x,0) =0,us(x,0) = 2cos(x) 9)
Solution: equation (8) in an operator form becomes
Liu=Lyu—3u (10)
Where; L; = % (12)
= (12)
Applying L~ to both sides of (10) and using the initial condition we obtain:
Ly (Lew) = Ly (Lyu — 3u) (13), where L;1(.) = [ [1()dtdt. (14)
So that
(15)

u(x,t) — 2tcos(x) = L;l(%u(x, t) — 3u(x, t))
Substituting the series assumption (1) into both sides of (15) gives

N0 tn (x5, £) = 2605(0) + L (g Bt n(x,8) — 3T o un (1)) (16)

The recursive relation of (16) is
17)

uy(x, t) = 2tcos(x)
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uk+1(x' t) = Lzl(l‘xuk(xi t) - 3uk(x; t)) ’ k>0 (18)
Consequently, we obtain

uy(x,t) = 2tcos(x)

uy (x,6) = L7 (Lyug (x, £) — 3ue(x,t)) = —%cos(x) (19)
uy (x, £) = LY (Lywy (x, £) — 3uy(x,t)) = ?cos(x)
us(x, £) = L7 (Lyug (x, £) — 3uy(x,t)) = — (27?7 cos(x)

The solutior; u(x, t) is given by |
= cos(x) [ 2t — (2;)3 + (Zst!)s - (27?7 + o ] in a series form (20)
u(x,t) = cos(x) sin(2t) (21)

Is in a closed form, which is the exact Solution as in [5].

Example (2): we consider the homogeneous wave equation in infinite Domain [10] defined
as:

Upp = Upy,—0 < x < 00,t>0 (22)
With the initial conditions:

u(x,0) =sin(x), us(x,0) =0 (23)
Solution: in an operator form eq (17) becomes

Lou=L,u (24)

Where L, L, as (11),(12)
Operating with Ly on both sides (19) leads

Lt (Lew) = Lyt (Lyw) (25)

Where L;1(.) as (14)
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So that
u(x, t) = sin(x) + L7 (L, u)
Consequently, we obtain,
Tnzoun (x, £) = sin(x) + Lg ' (Ly Xrmo un (x, 1))

The following recursive relation

(x,t) = sin(x)
0

uk+1(x! t) :Lzl(l’xu'k (x, t) )
Proceeding as before, we set
t?
u (x,t) = LiY(Lyuo(x, b)) = —Esm(x)

w0 = [ (Lan(x D) = Ssin@)

6
U3 = L (Ut (5, 1)) = = sinx)

. t2 t* ¢S
u(x, t) = sin(x)(1 — Sta—ogt ) (31)

(26)

(27)

(28)

(29)

(30)

Is solution in a series form, but in a closed form is u(x,t) = sin(x)cos(t) (32) which as

given in [10].

Example (3): we next consider the inhomogeneous wave equation in finite Domain [8]

defined as:
U = Uyy +5IiN(X),0<x <1, t>0
With the initial conditions:
u(x,0) = sin(x) ,u;(x,0) = sin(x)
Solution: operating with Lz *on both sides of (33) yields

u(x, t) = sin(x) + tsin(x) + gsin(x) + L7 (Lyu)
61
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Where L;, L, and L71(.) as (11),(12) and (14)
So that Yoo u, (x, t) = sin(x) + tsin(x) + %sin(x) + L7 (L, X500 uy (x, £))(36)
For proceeding discussion, we set

uy(x, t) = sin(x) + tsin(x) + gsin(x)

u;(x, t) = LY (Lyuo(x, t)) = —tZ—Z!sin(x) — ;—jsin(x) - Z—Tsin(x) (37)
t* t> t©
u,(x, t) = Lit(Lyu (x, b)) = asin(x) + Esin(x) + Esin(x)
6 7 8
uz(x, t) = Ly (Lyu,(x, b)) = —%sin(x) - ﬁsin(x) — %sin(x)
u(x, t) = sin(x) +sin(x)[t—t3—3!+;—j—t7—7!+ ] (38)

is solution in a series form, and in a closed form is
u(x, t) = sin(x)[1 + sin(t)] (39)
Which is the same solution in [8].

Example (4): Finally, we consider the inhomogeneous wave equation in infinite Domain [4]
defined as:

Upp = Uy +2X +6t,—00 < x < 0,t>0 (40)
With the initial conditions:

u(x,0) = 0,u:(x,0) = sin(x) (41)
Solution: from previous discussion and using (11), (12) and (14), we obtain

u(x,t) = tsin(x) + xt? + 3 + L;*(L,u) (42)
So that

Yo oun(x,t) = t3 + xt? + tsin(x) + Ly (Ly Yoo un(x, 1)) (43)

Proceeding as before, we find
ug(x, t) = t3 + xt? + tsin(x)
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£3
u(x,6) = L' (Lytig (x,8) ) = = 5ysin(x)
tS

Uy (x,t) = L' (Lyus (x, 1) ) = 5!

sin(x) (44)
7

U3 ) = L Uty (6, 0)) = = 5sin(x)

And so on.

The solution is u(x, t) = xt? + % + sin(x) [t =S +5 = 4 .| (45)

5
5!
In a series form, and in a closed form is
u(x, t) = xt? + t3 + sin(x) sin(t) (46)

Which is the same exact solution for example solved by variational iteration method (VIM)
in [4].

Conclusion

In this paper, the adomain decomposition method has been successfullya for finding the
solution of the wave equations in four different cases. The solution obtained by the adomain
decomposition, in turn is expressed in a closed form, which is convergent to the exact
solution. The Simplicity of the method and the obtained results show that the Adomain
Decomposition method is an effective mathematical tool for solving the Wave Equation.
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Abstract

In this paper, a new application of Sawi transform is given for solving Volterra integral
equations and Volterra integro-differential equations. In the application section of this
paper, some applications are given to explain the importance of Sawi transform for
solving the indicated equations. The results show that Sawi transform is a very useful
integral transform for solving these equations.

Keywords: Volterra Integral Equations; Volterra Integro-differential Equations; Sawi
Transform.
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Introduction

In modern times, integral transforms, Laplace transform [12, 16,20,21,24,29,30,31,32],
Fourier transform [24], Hankel transform [24], Mellin transform [24], Mahgoub transform
[7,11,13,23,25], Kamal transform [1,2,5,8,10,22], Elzaki transform [6,15,17,18,19,30],
Aboodh transform [3,4,14], Mohand transform [4,27],Sawi transform [26], Sadik transform
[28] and Hermite transform [24] etc. have very useful role in mathematics, physics,
chemistry, social science, biology, astronomy, nuclear science, electrical and mechanical
engineering for solving the advanced problems of these fields. Many scholars use these
transforms to solve problems of differential equations, partial differential equations, integral
equations, integro-differential equations, partial integro-differential equations, delay
differential equations and population growth and decay problems, and the mechanics and
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electrical circuit problems. In this paper, we concentrate mainly on an application of the
Sawi transform to solve some linear Volterra integral equations and linear Volterra integro-
differential equations.

Definitions and Standard Results
Sawi Transform

Definition: A new transform called the Sawi transform defined for function of exponential
order, we consider functions in the set A defined by:

A{f (t):3 MK, K, >0,|f (t)|[<Me" if te(-1)'x[0,0) ¢ (1)

For a given function in the setA , the constantM must be a finite number. K , K, may be

finite or infinite. Sawi Transform is denoted by the operatorS () defined by the integral
equations

—t

S|f (t)]:R(v):Visz (t)ev dt , t>0, K,<v <K, (2)

Some Properties of Sawi Transform
Linearity Property of Sawi Transform

If S[f,(t)]=R,(v) and S[f,(t)]=R,(v) then

S[af,(t)+bf,(t)]=aS[f,(t)]+bS[f,(t)]=aR,(Vv)+b R,(v) (3)

Where a, b are arbitrary constants.

Sawi Transform of the Derivative of the Function f (t)

Theorem: let S [f (t )] =R (v )then

(i) S[t')]=7RE)=-51 (0) (4)

\'
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(i) S[F"(O)]=ZR )51 (0)-25f (0) (5)

Vv
A New Application of Sawi Transform for Solving Volterra Integral Equations

i) s[ro]= AR50 ©)

Sawi Transform of Integral of a Function f (t)

Theorem: let S [f (t )] =R (v )then

Df }vR (7)

Proof: let H (t):_t[f (t)ydt = H'(t)=f (t), H(0)=0

0

Now using Sawi transform of the derivative of a function, we get

s'm]-Ls[r0]-2n )= sfre]- S0

Vv

= S[H(t)]=vS[H'(t)]=vS[f (t)]=vR{) (9)
= SHf (t)dt}zv R(v) (10)

Change of Scale Property
Theorem: let S [f (t )] =R (v )thenS [f (at )] =aR (av)

Proof:

S [f(t) :%T ev dt = S[f (at) :%T ev dt (11)
0 0

u 1
letat=u = t=—= dt==du
a a
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—u

S S[H@]=S[f @e” Tdu=—Zff @e™ du (12)
= S[f (u)]=a ai)sz (u)e(;s) du =aR (av) (13)

Convolution Property
Theorem: let f (t), g(t)eA and S [f (t)]:F(v) , S [g (t)]:G (v) then

S[f (£)+g (t)]=v*F (1) () (1)
where f (t)*g(t):lf (t—x)g(x)dx :;[f (x)g (t—x)dx
Proof: Consider F (v :%T Tr v):viz]ge_vsg (s) ds
~ F(v)G (v)=vi4IeVrf (r) dr je =Vi“e (s)dsdr (15)

put r+s=t = ds =dt and by changing the order of integration and solving we obtain

R =viz V%the?f g (t—r)drdt =Vizs [f(t)*g(t)] (16)
= S[f(t)*g(t)]=v’F{)G(v) (17)

Sawi Transform for Some Functions

Table 1. Sawi Transform functions.

f(t) S[f(t)]
1 1
v
t 1
t? 2V
t" n"*
e 1
v(l-av)
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sinat a
1+a°v?

cosat 1

v (1+ a’v 2)
sinhat a

1-a’v?

coshat 1

v (1—a2v 2)

Applications

Example 1.

Consider linear Volterra integral equation of second kind
y(x)=1-x +j(x —t)y (t)dt
0
Solution: Applying the Sawi transform to both sides we have

s[y(xﬂ=s[q—qu+s{lu-4)y@)m}

R(v) = ~1+v*R (V)

o 1lv 1
- R(V)_v(l—vz)_v(lw)

Now using inverse Sawi transform, we get

y (x)=e™

Example 2.
Consider linear Volterra integral equation of second kind
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y(x):3x2+]sin(x —t)y (t)dt (23)

Solution: Applying the Sawi transform to both sides we have

STy (x)]=38[x*J+v?s [sinx]s [y (x)] (24)
R()=6v +v* R (1) :>R(v){1—1152}:6v (25)
:>R(V)L+1VZ}=6V = R(v)=6v+6v° (26)
= R(v)=3[2v]+ 2 a1v*] (27)

Now using inverse Sawi transform, we get
2 1 4
y (x)=3x +ZX (28)

Example 3.

Consider linear Volterra integral equation of second kind
X

y(x):x+%j(x Yy (t) ot (29)

0

Solution: Applying the Sawi transform to both sides we have

S[y(x)]:s[x]+%v28[x3]8 [y (x)] (30)
R(V)=1+v*R(v) (31)
- R(V)=1—1v4=%1—1\/2+%1+1\/2 (32)

Now using inverse Sawi transform, we get

A New Application of Sawi Transform for Solving Volterra Integral Equations
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y (x)zé[sinhx +sinx |

Example 4.

Consider linear Volterra integral equation
y (x)=1—5x +Jy (t) dt
0
Solution: Applying the Sawi transform to both sides we have

R(v)zvl—v +V R (V)

= R(v):v(l_v)=vi+1

Now using inverse Sawi transform, we get
y (x)=1+x
Example 5.

Consider linear Volterra integral equation of first kind
X
sinx =[e* !y (t) dt
0

Solution: Applying the Sawi transform to both sides we have

1 v?
= R
1+v? v (1-v) v)

1-v 1 1
= R (V)_v (1+v2) v (l+v2)_1+v2

Now using inverse Sawi transform, we get
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y (x)=cosx —sinx
Example 6.

Consider linear Volterra integral equation of first kind
1 X
2! (x —t)y(t)d

Solution: Applying the Sawi transform to both sides we have

1
2v ==v°’R
V=2V (V)
4 1
R :—:4— =
= R()=>-4> = y(x)
Example 7.

Consider linear Volterra integral equation of first kind
je(x‘t (t)dt
Solution: Applying the Sawi transform to both sides we have
v 1
l1=——R(v) = R(v)=—-1
“—R(v) = R()-,
Now using inverse Sawi transform, we get
y (x)=1-x

Example 8.

Consider linear Volterra integro - differential equation of second kind
y’(x)=2+jy (t) dt with y (0)=2
[0}

Solution: Applying the Sawi transform to both sides we have
72
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R (v 2 2 1 2(v +1
\(/ )—V—2=V—+VR(V) - R(v)(v——v)z (vz ) (49)
2(v +1) 2
R — = 50
= R) v(a-v?) v(@d-v) (50)
Now Using inverse Sawi transform, we get
y (x)=2e" (51)

Example 9.

Consider linear Volterra integro-differential equation of second kind
y"(x)=-1-—x +_f(x —t)y (t)dt (52)
(0]
with y (0)=1, y'(0)=1

Solution: Applying the Sawi transform to both sides we have

RV(Z) _v12 _Vig _ _Vl_lw >R (V) (53)
) sp )Y zf_vv(f)_v b

1 1

= R (V):v (1+v2)+1+v2

(55)

Now using inverse Sawi transform, we get
y (x)=cosx +sinx (56)

Example 10.

Consider linear Volterra integro-differential equation of second kind
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y ”(x ) =coshx +Ie(x_t)y(t)dt (57)
(0]

with y (0)=1, y'(0)=1

Solution: Applying the Sawi transform to both sides we have

RV(\ZI) _V12 —Vis=v (1:/2)+1:’LV R (V) (58)
1v v o AR (1—v2)+(1_\,2): Loy v
|:V2(1+—V)}R( )= Vs(l_vz) VL)) (59)
— R (V):v(%—v) (60)

Now using Inverse Sawi transform, we get
y (x)=e” (61)

Example 11.

Consider linear Volterra integro-differential equation of second kind
y"'(x):—1+jy (t) dt (62)
(0]

with y (0)=y'(0)=1 , y"(t)=-1

Solution: Applying the Sawi transform to both sides we have

R (v 1 1 1 -1
\/(3) _V_4_V_3_|_V—2:V—+V R(V) (63)
1v*] 14v-v2_y?® (1-v?)+v(1-v?
] e )
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_(1—v2)+v (1—v2)_ 1 1
= RU)= v(l—vz)(1+v2) _v(1+v2)+1+v2 (65)

Now using inverse Sawi transform, we get
y (X )=cosx +sinx (66)

Conclusion

In this present work, the Sawi transform is used to solve Volterra integral equations and
Volterra Integro-differential Equations. Furthermore, we present several properties and
theorems of Sawi transform. To see the efficiency of Sawi transform, we applied this
transform on eleven different examples. The results show that the Sawi transform method is
an appropriate method for solving Volterra integral equations and Volterra Integro-
differential Equations.
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Abstract

Long-range dependence (LRD) is a statistical measure for the speed of the autocorrelation
function's decay for a time series. A process that is said to have long memory if its
autocorrelation function decays is hyperbolic, instead of an exponential rate as the lag increase.
Some of the time series data persists towards non-stationary in the long run data. The effort of
differencing seems to be good solution towards the non-stationary counter parts. With regard
to the above matter, this research presents the usefulness of autoregressive fractionally
integrated moving average ARFIMA model as the solution towards the non-stationary
persistency of time series in the long run data. In this paper, we analyze the estimation of the
degree of differencing d in ARFIMA (0, d, 0) process, when the d belongs to the interval (0,
0.5). We present a simulation study for the estimators of d by using periodoagram a;,
smoothed period-diagram dgp, and Whittle d,, methods with different sample sizes (64, 128,
256, 512, 1024, 2048) and 1000 repetitions for each sample. In general, as sample size (n)
increases the estimators get even better, except for the d/s;, estimator. Furthermore, the Whittle
estimator d,, seems to be more accurate than the other estimators. The testing of hypothesis
results showed that, the estimates of the fractional differencing parameter d by Whittle’s
method has good performance as increasing of sample sizes and d. Also based on the
autocorrelation function, the results observed exhibitvery slow correlation decay which means
that the process has a long memory.

KEY WORDS: Time Series; ARIMA; ARFIMA; Long-range dependence (LRD).
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Introduction

The Long-memory or long-range dependence (LRD), property describes the high-order
correlation structure of a series. If a series exhibits long memory, there is persistent temporal
dependence even between distant observations. Fractionally integrated processes that are
associated with hyperbolically decaying autocorrelations can give rise to long memory
(Beran, 1994). The autoregressive fractionally integrated moving average ARFIMA (p, d, Q)
model was introduced by Granger and Joyeux (1980). Since then there has been great studies
in the estimation of long- memory modelling e.g. Granger and Joyeux (1980), Hosking
(1981), Geweke and Portter-Hudack (1983), Sowel (1992) and Mayoral (2007). The
characteristics of ARFIMA (p,d,q) processes when d € (-0.5, 0. 5) are, the process is
stationary and invertible . Ford € (0, 0.5), the process is long memory and its covariance
is stationary while its variance is finite. Furthermore when d € (-0.5 , 0), the process is
identified as having intermediate memory, since autocorrelation is always negative (anti-
persistent), while when d=0 the process is stationary with short memory.

Estimating Of Fractional Differencing Parameter (d)

There are many estimators of the parameter d proposed in the literature. They are grouped
mainly into two categories: The semi-parametric and parametric methods. In the first group
one finds, for example, Geweke and Porter-Hudak (1983), Reisen (1994), Chen, et al.
(1994), Robinson (1995) and Lobato and Robinson (1996) and others. In the second category
are Fox and Taqqu (1986), Dahlhaus (1989) and Sowell (1992). Some recent simulation
studies comparing different techniques of estimation in long-memory process may be found
in Taqqu et al. (1995), Bisaglia et al. (1998), Taqqu and Teverovsky (1996), Reisen and
Lopes (1999) and Hurvich and Deo (1999). In this paper, we present only three estimator
methods for d by using periodoagram, smoothed period-diagram and Whittle methods.

The methods are summariezed as follows:
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Periodogram Estimator (d, )

The regression of the periodogram proposed by Geweke and Porter-Hudak (GPH)(1983),
denoted by (&; ), used the periodogram function I ). The number of observations in the
regression equation is a function g(n) of the sample size n where g(n) = n%, 0<a<1.
Geweke and Porter-Hudak (1983) showed that (ﬁp) is asymptotically normally distributed

with E(d,) =d and var (d,) = ——— Where
Xi— X

= In (2 sin(w;/2))2.

Smoothed Periodogram Estimator (d/S; )

The regression estimator using the smoothed periodogram function suggested by Reisen
(1994), denoted by (d’s\p). This regression estimator is obtained by replacing the spectral
density function by the smoothed periodogram function with the Parzen lag window. In this
method, g(n) is chosen as above and the truncation point in the Parzen lag window is

m=nf 0<B<1.
Reisen (1994) showed that ((Ts\p) is asymptotically normally distributed with E(&;,): d and
var(dsp) ~ 0.539285 —-

DRGSR

Whittle Estimator (d,, )
The parametric method considered, hereafter, denoted by (d,, ), was proposed by Fox and

Taqqu (1986), by adapting the approach suggested by Whittle (1953). The estimator (J,; ) is
based on the periodogram and it involves the function

Q)=

w4
mFw 0 W

Where, (w,, { ) is the spectral density at frequency & and ¢ denotes the vector that contains

the parameter d and also all the unknown autoregressive and moving average parameters.
The Whittle estimator is the value of { which minimizes the function Q(.). For computational
purposes the estimator (d,, ) is obtained by using the discreet form of Q(.), as in Dahlhaus
(1989, page 1753), that is,

I(W])

In(3) =3 XA {In fwj, ) + 05

For more detail see Fox and Tagqu (1986). The Whittle estimator is the value of ¢ which
minimizes the function.

Methodology

We have conducted simulation studies to obtain some information about the degree of
differencing parameter from ARFIMA (0, d *, 0) where d "< (0.0,0.5). In this study we
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generated a time series with parameter d * = 0.1, 0.3 and 0.45, and sample sizesn=2™,
where m = 6, 7, 8, 9, 10, 11. Next, we estimated d using three methods. Two of them are
semi-parametric. These are the dg,, dg,) and the d,, . For each kind of time series, we
repeatedly carried out the procedure 1000 times. Accordingly, we reported the average

values of the estimates of d, the corresponding sample standard deviations, the bias and the
mean square errors.
The following notation is used. If d “is the nominal value of d and d; is the estimate for
sample i then,
1000

5_ 1 1000 ~2 _ 1 1000 ., S 2 __1 a2
d__moo Yic1 d;, © = 599 Zi=1 (d; — d)* and MSE——moo Zi=1 (d; —d )=
The results obtained considering B = 0.9 in the truncation point for the smoothed
periodogram function in the d;, estimator. For J;and d:;, estimators we consider g(n)=
n“=n%5 and the R 3.0.0 software package were used for data analysis.

Simulation Study

In this simulation study we followed the research methodology in order to obtain empirical
results about estimating fractional differencing parameter in ARFIMA (0,d,0). The summary
of results is as follows:

In Tables 1 and 2, we consider the estimation of d *e {0.1, 0.3, 0.45}. The best values of
the bias (smallest absolute value), and smallest values of the standard deviation and the mean
square error are presented in boldface. From Table 1, we can see that, for the case when d *
e {0.1, 0.3, 0.45}, with n = 64 and 128, also which is similar to d "= 0.3 with n = 256. In
addition, J;estimator presents good results in the sense of minimizing the bias. The mean
values of d;; and d,, underestimate the true parameter. It should be noted that n = 256 may
not be large enough for some of the methods to perform better for n = 512, 1024, 2048 and
4096. The results indicate that the J; and d,, estimators perform reasonably well and are
very competitive and underestimate d *. The bias of all methods decrease substantially as n

increases with d,, having the downward bias in the whole range of d *.
From the results summarized in Table 2, it is clear that all estimators present good results,
in the sense of minimizing the standard deviation and the mean squared error values.

However, the standard deviation and the mean square error of d based on &; tends to be
larger than that of other methods. The standard deviation and the mean squared error of the
estimator calculated by d,, are also smaller than those of the estimator calculated by &; and

d/s; . We can see similar a phenomenon at all sample sizes in the whole range of d *, where
d,, is the best estimator compared with d, and dy,, . Although the d, estimator has better
performance than &; in terms of small standard deviation and mean squared error values,

which is expected, since d;, uses the smoothed periodogram function to estimate the
spectral density function.
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Table 1. Mean and bias of parameter estimation d from ARFIMA (0, d *, 0) model.

d* =01 d*=0.3 d*=0.45
n Estimato Mean Bias Mean Bias Mean bias
r
J; 0.0981 | -0.00190 | 0.3067 | 0.00670 | 0.46840 | 0.01840
64 0 0
d’;;, 0.0139 | -0.08605 | 0.2010 | -0.09895 | 0.35038 | -0.09962
5 5
@ 0.0840 | -0.01596 | 0.2862 | -0.01376 | 0.41731 | -0.03269
4 4
&; 0.0896 | -0.01033 | 0.2933 | -0.00666 | 0.45223 | 0.00223
128 7 4
d’s‘p 0.0278 | -0.07219 | 0.2171 | -0.08285 | 0.36828 | -0.08172
1 5
@ 0.0888 | -0.01112 | 0.2911 | -0.00884 | 0.43364 | -0.01636
8 6
J; 0.0935 | -0.00647 | 0.2983 | -0.00162 | 0.46232 | 0.01232
256 3 8
d?p 0.0478 | -0.05215 | 0.2441 | -0.05586 | 0.40053 | -0.04947
5 4
J.; 0.0950 | -0.00498 | 0.2975 | -0.00241 | 0.44709 | -0.00291
2 9
J; 0.1035 | 0.00350 | 0.3098 | 0.00985 | 0.46765 | 0.01765
512 0 5
d/s; 0.0659 | -0.03409 | 0.2646 | -0.03531 | 0.42028 | -0.02972
1 9
J.; 0.0976 | -0.00236 | 0.2993 | -0.00064 | 0.45075 | 0.00075
4 6
J; 0.1021 | 0.00213 | 0.3057 | 0.00570 | 0.46358 | 0.01358
102 3 0
4 d/s;) 0.0746 | -0.02535 | 0.2752 | -0.02477 | 0.43182 | -0.01818
5 3
J; 0.0980 | -0.00194 | 0.2992 | -0.00029 | 0.45109 | 0.00109
6 2
J; 0.1049 | 0.00490 | 0.3080 | 0.00884 | 0.46228 | 0.01228
204 0 4
8 d,s; 0.0840 | -0.01600 | 0.2835 | -0.01646 | 0.43945 | -0.01055
0 4
J; 0.0989 | -0.00102 | 0.2997 | -0.00029 | 0.45100 | 0.00100
8 1
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Table 2. Standard deviation and Mean square error of parameer estimation d from
ARFIMA(0, d ", 0) model.
d =01 d"=0.3 d"=0.45
n | Estimato | St Dev MSE St Dev MSE St Dev MSE
r
&; 0.34160 | 0.01080 | 0.3337 | 0.0106 | 0.3279 | 0.0104
64 0 0 0 0
d’s; 0.23752 | 0.00751 | 0.2429 | 0.0076 | 0.2464 | 0.0077
3 8 9 9
d, 0.12696 | 0.00401 | 0.1242 | 0.0039 | 0.0969 | 0.0030
5) 3 4 7
&; 0.26844 | 0.00849 | 0.2737 | 0.0086 | 0.2724 | 0.0086
128 5 6 8 2
d’s; 0.19586 | 0.00619 | 0.2041 | 0.0064 | 0.2070 | 0.0065
8 6 8 5
d, 0.08149 | 0.00258 | 0.0829 | 0.0026 | 0.0683 | 0.0021
3 2 5 6
&; 0.20860 | 0.00660 | 0.2167 | 0.0068 | 0.2056 | 0.0065
256 4 5 4 0
d?;; 0.15798 | 0.00500 | 0.1642 | 0.0052 | 0.1683 | 0.0053
8 0 9 2
d, 0.05315 | 0.00168 | 0.0537 | 0.0017 | 0.0473 | 0.0015
3 0 0 0
J; 0.17212 | 0.00544 | 0.1689 | 0.0053 | 0.1718 | 0.0054
512 5 4 6 3
d;, 0.13264 | 0.00419 | 0.1367 | 0.0043 | 0.1407 | 0.0044
3 2 0 5
d, 0.03709 | 0.00117 | 0.0370 | 0.0011 | 0.0344 | 0.0010
7 7 4 9
&; 0.13284 | 0.00420 | 0.1346 | 0.0042 | 0.1317 | 0.0041
102 2 6 3 7
4 d’s; 0.10561 | 0.00334 | 0.1086 | 0.0034 | 0.1108 | 0.0035
8 4 0 0
d, 0.02517 | 0.00080 | 0.0253 | 0.0008 | 0.0251 | 0.0008
6 0 5 0
&; 0.10627 | 0.00336 | 0.1061 | 0.0033 | 0.1097 | 0.0034
204 7 6 5 7
8 d/s;) 0.08614 | 0.00272 | 0.0883 | 0.0027 | 0.0903 | 0.0028
1 9 9 6
d, 0.01816 | 0.00057 | 0.0182 | 0.0005 | 0.0184 | 0.0005
6 8 9 9
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Table 3 shows the confidence interval and testing of hypothesis for d "= 0.1. From the
results, we can see that the @estimator is acceptable for all sample sizes, while the d,, is

Table 3. Confidence interval and testing of hypothesis: Ho: d "= 0.1 vs Hi: d "#0.1.

n | Estimato | Mean 95% ClI T P-value Decision
r
d, |00981 |(0.0769; 01192) [-0.18 |0.857 Accept
64 1" q,_, [00140 [(-0.00079; 0.02869) |-11.46 | 0.000 Reject
d, |00840 [(0.07616; 0.09192) |-3.98 [0.000 Reject
d, |00897 [(0.07301; 0.10633) |-122 |0.224 Accept
éZ d,, |00278 |(0.01565; 0.03996) |-11.66 | 0.000 Reject
d, |00889 [(0.08383; 0.09394) |-431 [0.000 Reject
d, |00935 | (008058, 0.10647) [-0.98 |0.327 Accept
25 d,, |00479 |(0.03805; 0.05765) |-10.44 |0.000 Reject
d, |00950 [(0.09172; 0.09832) |-2.96 |0.003 Reject
d, |01035 |(009282; 011418) [0.64 0521 Accept
gl d,, |00659 |(0.05768; 0.07414) |[-8.13 |0.000 Reject
d, 00976 |(0.09534; 0.09994) [-2.01 |[0.045 Reject
d, |01021 |(009389; 011038) |[0.51 |[0.612 Accept
%g d,, |00747 [(0.06810; 0.08120) |[-7.59 |0.000 Reject
d, 00981 |(0.09649; 0.09962) |-2.44 |0.015 Reject
d, |01049 |(009830; 011149) [146 |[0.145 Accept
Zg d, |00840 |(0.07866; 0.08935) |-5.87 |0.000 Reject
d, 00990 |(0.09785 0.10010) |-178 [0.075 Accept

acceptable only when the sample size very large at n = 2048.

In Table 4, the results of confidence interval and testing of hypothesis for d *= 0.3, show
that the J; estimator has the same results shown in the Table 3, except when the sample
size n = 2048. While the d,, estimator has better results compared with d *= 0.1 in Table (3).
The results of confidence interval and testing of hypothesis for d "= 0.45, in Table 5 showed
that the performance of d,, estimator is more powerful for the sample size n = 256,
comparing with the performance of J; estimator.

In general, as n increases the estimators get even better. Except for the d/s;, estimator, the

other methods tends to estimate the true parameter. Furthermore, the d,, estimator seems to
be more accurate; smaller bias, SD and MSE, than the other estimators. Testing of hypothesis
results showed that, the estimates of the fractional differencing parameter d by Whittle’s
method showed good performance with increase of sample sizes and d. So that we depended
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on it to estimate the true parameter for real time series data which is under research and
study.

Table 4. Confidence interval and testing of hypothesis: Ho: d "= 0.3 vs Hi: d "# 0.3.

N Estimat Mean 95% ClI T P-value | Decision
or
d, |03067 |(0.28600; 0.32740) |0.64 |0523 | Accept
64 d,, |0.20105 [(0.18597; 0.21612)|-12.88 |0.000 | Reject
d, |0.28624 |(0.27853; 0.29395) |-350 |0.000 | Reject
d, |029334 |(0.27636; 0.31033) |-0.77 |0.442 | Accept
128 d, |0.21715 [(0.20448; 0.22983)|-12.83 |0.000 | Reject
d, |0.29116 |(0.28601; 0.29630) | -3.37 |0.001 | Reject
d, |029838 |(0.28493; 031182) |-0.24 |0.813 | Accept
256 d,, |0.24414 [(0.23394; 0.25433)[-10.75 |0.000 | Reject
d, |0.29759 |(0.29426; 0.30093) | -1.42 [0.157 | Accept
d, |030985 |(0.29936; 0.32033) | 1.84 |0.066 | Accept
512 d,, |026469 |(0.25620; 0.27317)[-8.17 [0.000 | Reject
d, |0.29936 |(0.29706; 0.30166) |-0.55 |0.585 | Accept
d, |030570 |(0.29735; 0.31406) | 1.34 |0.181 | Accept
1024 g ]0.27523 [ (0.26849; 0.28198) | -7.21 |0.000 | Reject
d, |0.29922 |(0.29765; 0.30079)|-0.97 [0.330 | Accept
d, |030804 [(0.30145; 0.31463) 239 [0.017 |Reject
2048 | g 0.28354 |(0.27806; 0.28902)|-5.89 |0.000 | Reject
d, |0.29971 |(0.29857; 0.30084) |-0.51 [0.609 | Accept

Autocorrelation for Long Memory

The detection of long-range dependence in time series analysis is an important task, as we
know the theoretical definition of a long-memory (or long-range dependent) process is based
on the autocorrelation function, where the autocorrelation declines hyperbolically to zero
when the lag length increases.

The model ARFIMA(0,d,0) can be investigated further by analysing the behavior of the
autocorrelation function. The results are displayed with different values of d and sample size
n. Figures (1-3) provide three graphs of three models of ARFIMA(O, 0.1, 0), ARFIMA(O,
0.3, 0) and ARFIMA(0,0.45,0), with sample sizes of 64, 28 and 256. In each Figure, the
series on the three graphs show indistinguishable differences between them without proper
statistical tools. This can solve this problem using autocorrelation as a tool designed for the
properties of long memory with autocorrelation.
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Table 5. Confidence interval and testing of hypothesis: Ho: d "= 0.45 vs Hi: d "# 0.45.

N Estimator | Mean 95% ClI T P- | Decision
value
d, 0.4684 | (0.44800; 0.48870) | 1.77 | 0.077 | Accept
64 d,, 0.3504 | (0.33509; 0.36568) | -12.78 | 0.000 | Reject
d, 0.4173 | (0.41130; 0.42333) | -10.66 | 0.000 | Reject
d, 0.4522 | (0.41130; 0.42333) | 0.26 | 0.796 | Accept
128 d,, 0.3683 | (0.35543; 0.38113) | -12.48 | 0.000 | Reject
d, 0.4336 | (0.42939; 0.43788) | -7.57 | 0.000 | Reject
d. 0.4623 | (0.44956; 0.47508) | 1.89 | 0.059 | Accept

256 d 0.4005 | (0.39008; 0.41098) | -9.29 | 0.000 | Reject

0.4471 | (0.44416; 0.45003) | -1.94 | 0.052 | Accept
0.4677 | (0.45698; 0.47831) | 3.25 | 0.001 | Reject

512 d 0.4203 | (0.41155; 0.42901) | -6.68 | 0.000 | Reject

0.4508 | (0.44861; 0.45289) | 0.69 | 0.491 | Accept
0.4636 | (0.45540; 0.47175)| 3.26 | 0.001 | Reject

1024 d 0.4318 | (0.42495; 0.43870) | -5.19 | 0.000 | Reject

d, 0.4511 | (0.44953; 0.45265) | 1.37 | 0.172 | Accept
d, 0.4623 | (0.45547; 0.46909) | 3.54 | 0.000 | Reject
2048 d,, 0.4395 | (0.43385; 0.44506) | -3.69 | 0.000 | Reject
a. 0.4510 | (0.45005; 0.45234) | 1.66 | 0.051 | Accept

Figures 4-6, provide three graphs for the ACF of the three ARFIMA models, with sample
sizes 64, 128 and 256. It is observed here, that the correlation decays very slowly. The
intuitive interpretation is that the process has a long memory. Although in the case of
ARFIMA(0,0.1,0) process, the autocorrelations decays to zero so fast. In this case,
obviously, the process is not affected by the long memory, because the process with a small
value of the parameter closes to zero. That is why, there is a class of short memory that is
easily confused with long memory processes (misspecification).
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Fig. 1. Simulated time series for ARFIMA(0, d *,0) processes with fixed sample size 64 and
different values of d “(a) d = 0.1, (b) d "= 0.3 and (c) d "= 0.45.
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Fig. 2. Simulated time series for ARFIMA(O, d *,0) processes with fixed sample size 128
and different values of d “(a) d "= 0.1, (b) d "= 0.3 and (c) d "= 0.45.
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Fig. 3. Simulated time series for ARFIMA(O, d *,0) processes with fixed sample size 256
and different values of d *(a) d "= 0.1, (b) d "= 0.3 and (c) d "= 0.45.
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Fig. 4. ACF of ARFIMA(O,d *,0) processes with sample size 64, and different values of
d"(d)d"=0.1,(b)d"=0.3and (c) d "=0.45.

Conclusion

In this work, we have studied how to fit autoregressive fractionally integrated moving
average ARFIMA models, as a solution towards the non-stationary persistency of time series
in the long run data. Hence, we analyzed the estimation of the degree of differencing d in
ARFIMA(O, d, 0) process, when it belongs to the interval (0, 0.5). We present a simulation
study for the estimators of d, among the methods of estimating the parameter of the
ARFIMA model. Three methods were used; Geweke-Proter- Hudak’s (GPH) estimator
(d,, ), smoothed periodogram (dg,, ) estimator and Whittle's estimator (d,, ). We compared
them by simulation based on artificially generated time series by ARFIMA(O, d, 0) withd
e {0.1, 0.3, 0.45} and different sample sizes (64, 128, 256, 512, 1024, 2048) and 1000
repetitions for each sample.
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Fig. 5. ACF of ARFIMA(0,d *,0) processes with sample size 128 and different values of
d"(d)d"=0.1,(b)d"=0.3and (c) d "=0.45.

The results indicate that the performance of the d,, estimator is usually good compared
with the other semi-parametric methods d and dsp ; it has small standard deviation and
mean squared error for all cases. Also as n increases more than 256, the average of d was
nearer to the true value with smaller bias than the other estimators were. The estimator based
on smoothed periodogram has significant downward bias, but has better performance than
&; in terms of small standard deviation and mean squared error. The &; estimator presents
good results in the sense of minimizing the bias when the sample size is less than 256. The
testing of hypothesis results showed that, the estimates of the fractional differencing
parameter d by d,, has good performance with increase of sample sizes and d. So that we
depended on it to estimate the true parameter for real time series data which is under study.
On other hand, based on the behavior of autocorrelation function, the autocorrelation
declines hyperbolically to zero when the lag length increases. The results displayed with
different values of d and sample size n, based on three models ARFIMA(O, d, 0)d=0.1, 0.3,
0.45. It was observed that the correlation decays very slowly. The intuitive interpretation is
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Fig. 6. ACF of ARFIMA(0,d *,0) processes with sample size 256 and different values of
d"(d)d"=0.1,(b)d"=0.3and (c) d "=0.45.

that the process has a long memory. Although in the case of ARFIMA(0,0.1,0) process the
autocorrelations decay to zero was so fast. In this case, obviously the process is not affected
by long memory, because the process with a small value of the parameter closes to zero.
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