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ANOTACIJA

Darbs tiek veltits kointegracijai un kltidas korekcijas modelim. Darba dots ieskats par
vienibas saknes testiem, vektoru autoregresijas vienadojumiem, kointegraciju, kludu korekciju
modeliem. Metodes tika pielietotas p&tot sakaribas starp tadiem valiitu pariem ka zelts pret ASV
dolaru (XAU/USD) un Sveices franks pret ASV dolaru (CHF/USD). Ar Engla-GreinZera un
Johansena metodém paradits, ka perioda no 2011. gada maija lidz 2016. gada decembrim pastav

kointegracija starp iepriek$ minétajiem instrumentiem.



ABSTRACT

Use of VAR models and cointegration analysis for gold prices analysis

The bachelor's thesis is devoted to cointegration and error correction model.

The theoretical background of vector autoregression equations, cointegration, error
correction models and unit root tests was given in the first part of the thesis. The methods
were applied to study interrelationships between such currency pairs as gold to USD dollar
(XAU/USD) and Switzerland franc to USD dollar (CHF/USD). Both Engle-Granger and
Johansen methods indicate that in the period from May 2011 to December 2016 co-integration

relationship existed between above mentioned instruments.
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APZIMEJUMI

VAR - vektoru autoregresija

ECM - kliidu korekcijas modelis

VEC — vektoru kliidu korekcija

ADF - Paplasinatais Dikeja-Fulera tests
KPSS — Kvjatkovski tests



IEVADS

Globalizgjoties pasaules ekonomikai un finanSu sektoram, to augoSais neaizsargatibas
limenis paliek aizvien aktualaka probléma, paklaujot pasaules kapitalu vairaku veidu riskiem.

Misdienu tirgus ekonomikas laikos investoriem tiek piedavatas vairakas kapitala
ieguldiSanas iesp&jas. Galvenie faktori, kas ietekm& investiciju instrumentu izvéli, ir potenciala
ienesiguma un risku novert&jums.

Pasaulé zelts tiek uzskatits par vienu no drosakajiem ieguldijumu veidiem, un finansu
nestabilitates un krizu laika pieprasijums péc ta tradicionali pieaug. Sados brizos dargmetals,
salidzinot ar valiitam, vertspapiriem un citam verttbam un aktiviem, biezi vien tiek atzits par
drosako kapitala uzglabasanas veidu. Zelts tradicionali ir likvids aktivs jebkura laika, jebkura
valstl un jebkura situacija. Periodos, kad ekonomiska situacija pasaulé ir stabila, pieaug
pieprasijums péc juvelierizstradajumiem, kas palielina juvelierizstradajumu fabriku raZzoSanas
apjomus. So divu faktoru kombinacija padara zelta pieprasijumu par stabilu un noturigu, kas,
savukart, paaugstina dargmetala lomu pasaules ekonomika.

Visos laikos ekonomisti, analitiki un matematiki ir centuSies noteikt sléptas sakaribas
starp zeltu un citiem instrumentiem, veidojot dazadu veidu modelus un kombinacijas. Tadu
sakaribu noteikSana var€tu nozimigi minimiz&t riskus, ka arT veiksmigi paaugstinat dota
instrumenta prognozésanas Iimeni.

Sobrid eksisté vairakas metodes mainigo attiecibu mekléanai, pieméram, korelacijas-
regresijas analize, matematisko modelu sastadiSana, grafiska analize un citi. Vektoru
autoregresijas modeli (VAR) ekonomiskaja analizé kluva populari bridi, kad Kristofers Sims
(1980) tos piedavaja ka alternativu vienlaicigu vienadojumu sist€mam.

Kointegracijas jédziena popularitates c€lonis ir tas, ka klasiskie ekonomiskie modeli
tiek biezi formuléti viena laika momenta mainigo vértibu linearu sakaribu veida. Ja klasiskas
attiecibas ekonomika tiek uzskatitas par stabilam, tad tas var biit stacionaras pat tad, ja pasi
Mainigie ir nestacionari. Kointegracija ir $adas paradibas matematiskais atspogulojums.

Darba mérkis ir noskaidrot, vai eksisté kointegracija starp zeltu un Sveices franku.
Sveices franks ir vésturiski piesaistits zeltam. Starp Siem instrumentiem p&dgjo 10 gadu laika
ir pamanita augsta korelacija, tapec izmeklésanai tika izvéleta tiesi §1 valita.

Darbs sastav no teorétiskas dalas, kura tiek apskatiti un paskaidroti jedzieni, kuri tika
izmantoti datu analizei — tika veikts ieskats vektoru autoregresija, kointegracijas analizei un
kludas korekcijas modeliem, apskatitas stacionaritates parbaudes metodes un testi. Praktiskaja

dala tika parbaudita datu stacionaritate, ka arT tika veikti kointegracijas noteikSanas testi.



1. VEKTORU AUTOREGRESIJA

Vektoru autoregresija (VAR, Vector Autoregression) — dazu laikrindu dinamikas
modelis, kura tekosas rindas vertibas ir atkarigas no iepriek$€jam $1s rindas vertibam. Modeli
piedavaja Kristofers Sims (1980) ka alternativu vienlaicigu vienadojumu sisttmam. VAR-
modeli ir atbrivoti no struktiirmodelu ierobezojumiem. Tomé&r VAR-modelu probléma ir saistita
ar to, ka parametru skaits strauji palielinas, ja palielinas analiz€jamo laikrindu un lagu
daudzums.

Vektorautoregresivais process tiek definéts sekojosi:

Definicija. P-tas kartas vektorautoregresivais modelis (VAR(P)) ir forma

Xt =C+ B1yi—1+ Byyra+ -+ Biyep + &, (1.1)

kur y, ir N X 1 dimensijas gadijuma vektors, ¢ ir N X 1 dimensija konstansu vektors, B; ir

N X N dimensijas autoregresivo koeficientu matrica, j = 1,2, ..., P. Vektors ¢, ar dimensiju

N x 1 ir baltais troksnis:

Ee) = 0, (12)
, %, ja t=r1t
OTARS P (L3)

kur X ir simetriska, pozitivi definéta N X N matrica.
[1., 661-683.1pp]

Bez Saubam, vektoru autoregresijas modeliem ir savi trikumi. Piem&ram, dazos
gadijumos ir grati sniegt VAR modela parametru teorétisku pamatojumu un ekonomisko
interpretaciju.

Praksé pielietojamiem VAR modeliem ir ilgstosaki lagi un liels mainigo skaits, bet,
salidzinot ar struktirmodeliem, VAR modeliem ir mazaks parametru skaits un ta vertibu
ierobezojumi nav tik stingri, kas padara vektoru autoregresijas modelus par loti lietderigiem, ja

rodas gratibas ar sakuminformacijas vaksanu. [11.,1.1pp]



2. KOINTEGRACIJAS JEDZIENS

Dazos gadijumos, trenda esamiba viena no laikrindam ir izskaidrojama ar to, ka
modelt tiek ieklauta cita laikrinda, kurai arT ir trends. Tapé&c vienadam vai pretéjam laikrindu
trendu virzienam var bit noturigais raksturs, un to var novérot ilglaiciga perioda. Tadel ari
korelacijas koeficients, kas tiek aprékinats péc $adu nestacionaru laikrindu Iimeniem var
raksturot patieso c€lopsakaribu starp tam tendencém.

Sakot ar 20.gs. 80. gadiem izvirzitie priekslikumi tika nemti par jaunas teorijas pamatu
laikrindu kointegracija. Ar kointegraciju saprot c€lonu-seku sakaribu divu vai vairaku laikrindu
limenos. Kointegracija eksist€, kad laikrindam sakrit tendences vai gadijuma svarstibas vienada
vai pretgja versuma. Saskana ar So teoriju starp divam laikrindam eksisté kointegracija, ja SO
laikrindu lineara kombinacija ir stacionara laikrinda. Kointegracijas jédziena pamata ir ideja
par to, ka dazos gadijumos daudzdimensiju procesa stacionaritates trikumu izraisa stohastiskais
trends, kuru var noverst, izv€loties procesa komponensu noteiktu linearu kombinaciju, kas
rezultata bus stacionara.

Ekonomika un statistika autoregresijas procesus pielieto stacionaru paradibu
aprakstiSanai, un ideja aprakstit procesu, izejot no iepriek$gjam veértibam, kluva par veiksmigu
un plasi izmantotu prognozu sastadiSana.

Ja nepiecieSams atrast sakaribas starp mainigo vertibam (viena laika momenta) ar
meérki saprast ekonomisko faktoru mijiedarbibu, tad sapemtis informacijas pjoms ir Krietni
lielaks, ja tiek salidzinata viena mainiga citu mainigo vértibam viena laika momenta (t.i., ne ar
iekpriek$€jam veértibam). Respektivi, ja interesé sakaribas starp dazadiem mainigajiem, tad ir
jaapskata vertibu linearas kombinacijas viena laika momenta; ja interes€ mainigo evoliicijas
dinamika, tad ir japeta sakaribas starp ieprieks$€jam vertibam.

Kointegracijas jédziens tiek plasi izmantots, jo klasiskie ekonomiskie modeli biezi tiek
formuléti viena laika momenta mainigo veértibu linearu sakaribu veida. Neskatoties uz to, ka
daudzi ekonomiskie mainigie ir nestacionari, tadu vienadojumu teorija tiek izstradata tiesi
stacionariem procesiem.

Klasiskas attiecibas ekonomika tiek uzskatitas par stabilam. Tatad attiecibas var biit
stacionaras, pat ja pasi mainigie ir nestacionari. Kointegracija ir $adas paradibas matematiskais
atspogulojums. Lai noskaidrotu vai mainigie kointegré, pirmkart, ir janoskaidro ar kadu kartu
laikrindas ir stacionaras. Lai kointegracija pastavétu, nepiecieSams, lai visas laikrindas ir

integrétas ar kartu viens (I(1)). [2., 19.Ipp]



2.1. Kointegracijas definicija

Engels un Grandzers (Engle, Granger, 1987) kointegracijas analizi saka apskatit mainigo

kopu ilglaiciga lidzsvara stavokli:

P1X1t + PaXar + o+ PpXxne = 0. (2.1)

Ja f un x; apzimé vektorus (S, Bz, .-, Brn) UN (X1¢, X2t -, Xnt ), tad sist€ma ir ilglaiciga

lidzsvara, kad Bx; = 0. Novirze no illaciga lidzvara ir lidzsvara kluda e;, t.i.,

e = Px; (2.2)

Ja lidzsvars ir nozimigs, tad lidzsvara kliidas procesam ir jabiit stacionaram.

Definicija: x; vektora komponentes x; = (xy;, X3¢, -, Xn¢)' ir kointegrétas ar kartu (d, b),
apzimétas ar x; ~ CI(d, b), ja:

1. Visas x; komponentes ir integrétas ar kartu d.

2. Eksisté tads vektors f = (B1, B2, -, Bn), ka lineara kombinacija fx; = B1xq: +
Boxy + o+ + Bpxp: it integréta ar kartu (d — b), kur b > 0.

Vektoru S sauc par kointegracijas vektoru. Jaatzime, ka:

1. neskatoties uz to, ka kointegracija apskata nestacionaru mainigo linearu
kombinaciju, ir iesp&jams, ka eksisteé arT nelinearas ilglaicigas saites starp integrétu mainigo
kopu.

2. kointegracijas vektors S = (B4, B2, ..., fn) nav viens vienigs. Pie jebkuras
vertibas A # 0, (AL, Ao, ..., AB,) ir arT kointegracijas vektors. Vienu no mainigajiem izmanto,
lai normalizétu kointegracijas vektoru, fiks€jot to koeficientu vieniba. Lai normalizétu
kointegracijas vektoru attieciba Uz x;;, parasti izvélas A = 1/(;. Attiecigi normaliz&jot
kointegracijas vektoru uz x,;, parasti izvélas A = 1/, u.t.t.

3. visiem mainigajiem jabiit ar vienadu integracijas kartu. Tomér jaatceras, Ka,
pieméram, mainigie ar kartu I (1) ir kointegréti tikai tad, ja to lineara kombinacija ir 1(0).

4. jax; ir n komponentes, Seit var biit vismaz n — 1 lineari neakarigi kointegracijas
vektori. Ja x; satur tikai divus mainigos, tad eksisté ne vairak ka viens kointegracijas vektors.
Kointegracijas vektoru skaitu sauc par kointegracijas rangu un apzime ar x;.

Ir jaatzimé, ka kointegraciju ir vérts apskatit tikai ilglaicigos periodos - tad, kad katra

fikseta laika momenta divu laikrindu regresija, starp kuriem eksisté kointegracija, var noteikt



lidzsvara kludu. Ir acimredzams, k,a izskatot 1sas laikrindas, Iidzsvars un kointegracijas starp
laikrindam var neeksisteét. Tapéc katru laikrindas lidzsvara klidu limeni var izskatit ka
korekcijas komponenti, kura apraksta sakuma doto laikrindu dinamikas lidzsvara sasnieguma
kartu. Pamatojoties uz S$adiem spriedumiem, tika izvirzits priekSnosacijums par to, ka
rezult§joso raditaju izveidi ietekmé divi faktori — neatkariga mainiga mainiSanas vai tas
sakarigie absoliiti picaugumi un iepriek$gja perioda kladas lielums. Sadu modeli sauc par
kludas korekcijas modeli. [3., 251.-276.1pp]

2.2. Kludas korekcijas modelis (ECM, VECM)

Kludas korekcijas modelis (ECM, Error Correction Model) — laikrindu modelis, kura
istermina dinamika korig€jas atkariba no novirzes no ilgtermina atkaribas starp mainigajiem.
Formali par kltidas korekcijas modeli var uzskatit jebkuru autoregresijas modeli. Tomér Tpasi
svarigs tas ir integrétam laikrindam un Joti ciesi ir saistits ar kointegracijas jédzienu. Kludu
korekcijas mehanisms nodrosina ilgtermina sakaribu starp mainigajiem.

Pienem, ka x;, y;~I(1). Tad kladu korekcijas modeli var uzdot sekojosi:

p q
Ay, = z a; Aye—1 + Z Bidxe—y —y(Ve-1 — ap — Brxe-1) + &, (2.3)
i=0

=1

kur &; — stacionars process (piem&ram, baltais troksnis).

P&c pienémuma pirmas laikrindu starpibas ir stacionaras, tad izteiksmei (y,_; — a; —
Brx.—,) arl ir jabut stacionaram procesam, attiecigi eksisté ilglaicigas attiecibas starp
laikrindam

v, =ap+ Bixt +ug, (2.4)

Kur u, — stacionars process. Tas nozime, ka laikrindas ir kointegrétas. Tada veida, modelis
parada mainigo izmainas un rindu dinamikas korekcijas islaiciga perioda atkariba no novirzes

no ilglaicigas atkaribas.

2.2.1. Engela-GrendZera metode

Metodes pirmais solis ir katras laikrindas parbaude par stacionaritati (svarigi, lai laikrinda
nav stacionara). To iesp&jams Tstenot, lietojot vienibas saknes testus, pieméram, Dikeja-Fullera

testu. Tiek apskatitas rindas x; un y;. Ja abas rindas nav integrétas, tad var pielietot parasto



regresijas analizi. Ja rindas ir integrétas ar dazadam kartam (piemé&ram, viena ir (1) un otra ir
1(0)), modelis jatransformé. Ja abas rindas ir integrétas ar vienu kartu (pieméram I(1)), kladas

korekcijas modeli var novertét:
A(L)Ay, = v+ B(L)Ax, + a(y: — Bo — B1xe) +ve. (2.5)

Ja abi mainigie ir integréti un kladas korekcijas modelis eksiste, tad tie ir kointegréti pec
Engela-Gredzera reprezentacijas teoremas.

Nakamis solis ir modela novértésanu, lietojot MKM y, = , — B1x; + &. Ja regresija
nav “viltota”, (parbaudes apraksts sniegts ieprieks), tad MKM bs ne tikai pielietojama, bet ar1
konsekventa (Stock, 1987). Regresijas novertéti atlikumi &, = y, — o — S1x; paliek nemainigi

un tiek lietoti diferencéto mainigo regresija nobidits atlikuma loceklis.
A(L)Ay, = y + B(L)Ax; + aéi_1 + v, (2.6)

Iesp&jams izmantot Kointegracijas testu, izmantojot t-statistiku uz a. Metode ir viegli
pielietojama, tomér ir dazas problémas:

« Viendimensijas vienibas saknes testi pirmaja soli dod vaju statistiskus rezultatu;s

e Atkariga mainiga izvéle pirmaja soli loti ietekmé& testa rezultatus, t.i.
nepiecieSams “atlaist” x, eksogenitati, ka noteikts ar Greindzera c€lonibu;

« Kointegracijas testam uz « nav standarta sadalijuma;

« Pirmaja regresijas posma, kur katram piemit kltidas, nevar noteikt ilgtermina
parametru ticamibu, jo OLS noveértéjuma kointegracijas vektora sadalfjums ir loti
sarezgits un nav normaliz&ts.

« Vienlaicigi uz kointegraciju var parbaudit tikai vienu mainigo pari.

2.2.2. Vektora kliidu korekcijas (VEC)

Engela-Grendzera metodei piemit dazi trikumi. To var lietot tikai vienam vienadojumam
ar vienu atkarigo mainigo, kuru apraksta cits mainigais, kas tiek uzskatits par vaji eksogénu
interes€joSam parametram. Ir arT nepiecieSama mainigo sakumparbaude uz integréSanas kartu
1(0) vai I(1). Sos trikumus var novérst, izmantojot Johansena procediiru. Procediiras
prieksrocibas ir taja, ka tam nav nepiecieSama sakumparbaude - var but dazas kointegracijas
attiecibas, visi mainigie tiek uzskatiti par endogenajiem, ka arT ir iesp&jams lietot testus, kuros

izmanto ilgtermina parametrus.



Iegiitais modelis ir pazistams ka vektora klidu korekcijas modelis (VECM), jo tas
pievieno kludu korekciju iesp&jas daudzfaktoru modeli, pazistamu ka vektora autoregresija
(VAR).

Procediira tiek veikta $adi:

e 1. Solis: Noveérté, ka neierobezots VAR ietver potencialos nestacionaros
mainigos,;

« 2. Solis: Lieto Johansena testu kointegracijas parbaudei;

¢ 3. Solis: Form¢ un analizé iegito VEC modeli [3., 251-276.Ipp].

2.3. Johansena metode

Ieprieks tika aprakstits, ka viena no galvenajam Engela-GrendZera metodes problémam
ir divsolu noveértésana. Ta gener¢ atlikumus & un péc tam izmanto tos, lai noteiktu regresiju
formai Aé; = a,;e=; + n Y= a1 AT, + u,. Sadi tiek iegits koeficients a;. Tas nozime, ka
visas kltudas, kuras tika ieviestas pirmaja posma, ietekmes ari otro etapu. Johansena metode
izvairas no tada veida novértésanas un dod iesp&ju novertet kointegracijas vektorus.

VAR modelis ar nomaktu konstanti izskatas sadi:

k
Xt = Z Ajxe i+ & 2.7)
i=1
Ja k > 1, vienmér bus speka
k—1
Axt = th—l + Z Hi Axt_l + Et (28)
i=1

Jak =1,tad Ax; = x4 + &. 11 = af’,
kur o — korekcijas parametru vektors vai matrica

p- kointegracijas vektors.

Gadijuma, ja IT ir nulles matrica, t.i. I1 = 0, tad rindas nav kointegrétas un attiecibas reducgjas
uz

k-1
A.Xt = Z Hi Axt_l + &t
1

i=

Ka testét I[1 = 0? Viena no iesp&jmam ir pildit testu, uzskatot, ka IT rangs ir nulle.

rank (IT) = 0.

(2.9)



Ja rindas ir kointegrétas, tad rank (IT) # 0, jo rank (IT) ir kointegréto vektoru skaits.
Kointegréto vektoru skaits ir mazaks vai vienads ar rindu skaitu n un ir stingri mazaks par n, ja
rindam eksiste vienibas saknes.

Ja rank (IT) < n, tad det(IT) = 0. Tadas problémas risinasanai ir lietderigi izmantot
IpaSvertibas, jo kvadratmatricas determinants ir vienads ar Tpasvertibu reizinajumu. Ja matricas
rangs ir mazaks neka matricas rindu vai kolonu skaits, tad viena vai dazas ipasSvertibas ir
vienadas ar nulli un determinants ir nulle.

Johansena testi ir bazéti uz datu transformacijas ipa$vértibam un datu linearu
kombinaciju, kas reprezenté datu linearas kombinacijas, kuram ir maksimala korelacija.

Johansens izstradaja divus testa variantus: maksimalo Tpasvértibu tests (maximum

eigenvalue test) un pédas (trace) tests.

2.3.1. Maksimalas ipasSvertibas tests

Sis testa nosaka, vai lielaka ipa$vértiba ir nulle pret alternativu, ka nakosa liclaka
ipasvertiba ir nulle. Pirmais testa posms ir noteikt, vai matricas Il rangs ir nulle. Nulles hipotéze
ir Hy: rank (IT) = 0, pret alternativu rank (IT) = 1. Turpmakiem testiem, nulles hipotéze H,:
rank (IT) = 1,2 ..., pret Hy: rank (IT) = 2,3, ....

Atgriezoties pie pirma testa posma - tas ir tests, kur§ izmanto lielako ipasvertibu. Ja
matricas rangs ir nulle, lielaka Tpasvértiba ir nulle, tad kointegracijas nav un tests ir pabeigts. Ja
lielaka 1paSvertiba A, nav vienada ar nulli, tad matricas rangs nav mazaks par 1 un var gadities,
ka vektori ir kointegréti. Talak tests parbauda vai lielaka ipasvertiba A, ir nulle. Ja 1, # 0, un
mainigo skaits ir lielaks par divi, tad var eksistet vairaki kointegréti vektori. Tests turpinas

kameér nulles hipot€ze ne tiek noraidita.
Maksimalas TpaSvertibas tests ir iespgjamo attiecibu tests. Testa statistika ir

LR(ro, 1o + 1) = = TIn(1 — Ay 41)- (2.10)

Kur LR(ry, 7y + 1) iesp&jamo attiecibu testa statistika testam, vai rank (IT) =r, pret

alternativu, ka rank (IT) = ry, + 1.

2.3.2. Pédas tests

P&das tests (trace test) ir tests, kurs parbauda, vai matricas IT rangs ir ry. Nulles hipotgze

ir Hy:rank (IT) = ry. Alternativa hipotéze H;:1, < rank (I1) < n, kur n ir maksimalais
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iesp&jamo kointegréto vektoru skaits. Ja nakoSajiem testiem pirma testa nulles hipotéze ir
noraidita, tad par nulles hipotézi tiek nemta Hy: rank (IT) = ry + 1 pret alternativu Hy: 1y +
1 < rank (IT) < n. Tests jaturpina ka maksimalas ipaSvertibas tests.

Testa statistiku var uzdot sekojosi:

LR(r,n) = —T Z In(1— A),

i=T0+1

(2.11)

kur LR(ry,n) ir iespgjamo attiecibu statistika testgjot, vai rank (IT) = r pret alternativas

hipotézes, ka rank (IT) < n. [8.,1.-5.1pp]
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3. VIENIBAS SAKNU TESTI
Sakotngji janoskaidro, vai laikrindas nav stacionaras, t.i. tam piemit vienibas sakne. Lai
laikrinda klatu stacionara, ta jadiferencé. Pienemsim, ka dotas laikrindas nav stacionaras. Tad
tas jadiferencé n reizes, lai tas kliitu stacionaras. Tas sauc par integrétam laikrindam ar pakapi
n un apzimé ar I(n).
Eksisté vairaki vienibas saknes noteikSanas testi, starp kuriem visizpilatitakie ir Dikeja
Fullera tests (Augmented Dickey-Fuller) un Kvjatkovski (KPSS) tests.

3.1.  Stacionaritates parbaude

Ir loti butiski saprast atSkiribas starp stacionaram un nestacionaram laikrindam. Viena no
galvenajam ipasibam, kas atSkir stacionaru procesu no nestacionara, ir tada, ka stacionariem
procesiem ir vidgja vertiba, pie kuras laikrindas vértibas vienmér atgriezas. Citiem vardiem
sakot, nestacionara procesa vidgja vertiba, ka ar reizém dispersija, ir atkariga no laika. Lali
noteiktu nestacionaru procesu, jaapskata dazas 1pasibas, kas tam piemit:

1. Nestacionaram procesam nav ilglaicigas vidgjas vértibas, pie kuras rinda vienmér
atgrieztos;

2. Nestacionara procesa dispersija ir atkariga no laika, un, ja laiks tiecas uz bezgalibu,tad
ar dispersija tiecas uz bezgalibu.

3. Galigas izlasés izlases korelogramma izzad Iéni, tomér teorétiskas autokorelacijas
nesamazinas.

Autokorelaciju funkciju parbaudi lieto ka raditaju tam, vai laikrindai ir tuva trendam. Ir
testi, ar kuru palidzibu var noteikt, var rindam piemit trends un, ja piemit, tad kads tas ir -
stohastisks vai determinéts. Tom&r esoSajiem testiem nepietiek jaudas, lai atskirtu procesu, kurs
ir tuvs vienibas saknes procesam no vienibas saknes procesa. Sada situacija veidojas tapéc, ka
ka vienibas saknes procesam ari vienibas-tuvam saknes procesam biis veidota ACF. Tiesi tapéc,
lai atSkirtu Sos procesus, izmanto vienibas saknes testus.

Pienemsim, ka laikrindas ir gener&tas ar procesu

Ve = Y1t &, (3.1)

kur {e;} ir baltais troksnis. Stacionaru laikrindu p&tiSanas metodes var lietot, ja —1 < a; < 1.

Parbaudisim hipotézi Hy: a; = 1. Tad virkne {y,} ir gener&ta ar nestacionaru procesu:
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t
Ye=Yo+ Z &. (3.2)
i=1

P&c nulles hipotézes més nevaram lietot klasiskas pétiSanas metodes a; koeficienta
novertésanai un veikt tas nozimibas testu. Ja {y,} ir generéta ar nestacionaru procesu (3.1), ir
vieglie pieradit, ka vektoru autoregresijas modelis (1.1) MKM novértgjums dod nobidi ar a,
novertejumu.

Nemot matematisku ceribu no abam vienadojuma (2.8) pusém, iegtstam, ka E[y;] =
Ely:—s] = v,, paradot, ka vidéja vertiba ir konstanta.Savukart rindas dispersija ir atkariga no
laika:

D()’t) ES D(Et + gt—l + + 81) = tO—Z (33)

Formula (2.9) var redz&t, ka dispersija nav konstanta. No ta seko, ka process ir
nestacionars, bet laiks tiecas uz bezgalibu t — oo, tad D(y,) sasniedz bezgalibu.
Ir vertigi aprékinat kovariaciju starp y, un y,_,. Ta ka vidgja vertiba ir konstanta, kovariaciju

y+_s var iegit péc formulas:

Ye-s = E[(Ve — ¥0) We—s — ¥0)]
= E[(et + €p—q + -+ &) (gpos + Epmg_1 + -+ &1)] (3.4)
=E[els+etos 1+ +ef]l=(t—5s)o?

Lai iegiitu korelacijas koeficientu pg, y;_s dala ar y, standartnovirzi un reizina ar y,_g

standartnovirzi. Tad€jadi korelacijas koeficients pg var tikt izteiks sekojosi:

ps=(t—9)/Jt—s)t=[t-s)/t]> <1 (3.5)

Ta ka izlases lielums t ir liels attieciba pret autokorelacijas skaitu, izveidotaa proporcija
(t — s)/t bus skaitlis, kas tiecas uz 1.

Apskatisim pieméru periodam (s = 1) un korelacijas koreficients p, tiecas uz 1, kad
t — oo. Tatad, izlases autokorelacijas funkcija viegli samazinasies. Tada veida, lai atSkirtu
vienibas saknes procesu N0 vienibas-tuvu saknes procesam (a; ir tuvs vienibai), ACF izmantot
nevarés. Boksa-DzZenkinsa idetificé$sanas posma ACF vai PACF lénu dilSanu var apskatit ka
nestacionara procesa raditaju.

Ta ka a; novertejums ir ciesi saistits ar korelacijas koeficientu p;, a; novertejumi ir
nobiditas ta, ka biis zemak neka patiesas vienibas veértibas. Novértétais modelis imités AR (1)

procesu ar vienibai-tuvu sakni. [9.]
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3.2. Dikeja-Fulera tests

Dikeja-Fullera tests (DF-tests, Dickey-Fuller test) — ir metodika, kuru pielieto statistika
un ekonometrija laikrindu analizéSanai un to parbaudiSanai stacionaritatei. TieSi $is tests ir
visizplatitakais tests vienibas sakném (Unit root test). Testu piedavaja Devids Dikejs (David
Dickey) un Veins Fulers (Wayne Fuller) 1979.gada.

Laikrindai piemit vienibas sakne, un tas integréSanas karta ir viens, ja tas pirmas starpibas
veido stacionaru rindu. Sadu nosacTjumu pieraksta ka x,~I(1), ja pirmo starpibu rinda Ax, =
X¢ — X¢—q Ir stacionara Ax,~1(0).

Ar testu parbauda a koeficienta veértibu pirmas kartas autoregresijas vienadojuma AR (1).

Xe = aX¢_q + &, (3.6)

kur x; — laikrinda, un & — kluda.
Gadijuma, ja a = 1, procesam ir vienibas sakne un rinda x; ir nestacionara, ir pirmas
kartas integréta laikrinda I(1). Ja |a| < 1, tad rinda ir stacionara - 1(0).
Finansu-ekonomiskajiem procesiem |a| > 1 nav raksturigs, ja $aja gadijuma procesu
uzskata par “spridzinasanas” procesu. Tadu procesu izcelsands ir maz iesp&jama, jo finansu-
ekonomiskajai videi piemit pietickami stingra inerce, kas nelauj tas vértibam pienemt bezgaligi
lielas vertibas mazos laika periodos.

Autoregresijas vienadojumu AR (1) var parrakstit sekojosi:
Axt = bxt_l + &t (37)

kur b = a — 1, bet A - pirmas kartas starpibas operators Ax; = x; — X;_1.
Tapéc vienibas saknes eksistéSanas hipotézes parbaude nozime nulles hipotézes parbaudi
par to, ka koeficients b ir nulle.

Ta ka tika izslegts “spridzinasanas” procesu gadijums, tests ir vienpusigs, t.i. alternativa
hipotéze ir b < 0. Testa statistika (DF-statistika) — ir parasta t —statistika linearas regresijas
nozimibas koeficientu parbaudiSanai. Tomer, dotas statistika sadalijums ir atskirigs no klasiska
t-statistika sadalfjuma (Stjudenta sadalijuma). DF-statistika sadalfjumu izsaka caur Vinéras

procesu un sauc Dikeja-Fulera sadalijumu.
Ir tr7s veidu testa varianti:

1. Bez konstantes un trenda: Ax;=bx;_,+&;.
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2. Ar konstanti, bet bez trenda: Ax; = by + bx;_;+&;.
3. Ar konstantu un linearu trendu: Ax; = by + byt + bx;_1+&;.
Katrai testa versijai ir savas DF-statistikas kritiskas vértibas, kas atrodamas Dikeja-
Fulera (Makkinona) tabula. Ja statistikas vertiba kritiskas veértibas kreisaja pusé pie dota
nozimibas Iimena, tad nulles hipotézi par vienibas sakni noraida un procesu uzskata par
stacionaru. Pret€ja gadijuma hipot€zi nenoraida un procesam var biit vienibas saknes, t.i. rinda

var biit nestacionara.

3.2.1. Paplasinatais Dikeja-Fulera tests (Augmented Dickey-Fuller test, ADF)

Ja testa regresijam tiek pievienoti laikrindas pirmo starpibu lagi, tad DF-statistikas
sadalfjums (ka ar1 kritiskas vertibas) paliks nemainigas. Tadu testu sauc par paplasinato Dikeja-

Fulera testu (ADF).

Pirmo starpibu lagu ieklausanas nepiecieSamiba ir saistita ar to, ka process var biit ne

pirmas, bet augstakas kartas autoregresija. Apskatisim modela AR (2) pieméru:
Xt = A1Xe—q T ApXe—p + & (3.8)

Doto modeli ar pierakstit, ka Ax; = (a; + a; — D)x;_1 — a,Ax;_q + &. Ja laikrindai ir
vienibas sakne, tad pirmas starpibas ir stacionaras pec definicijas.

Ta ka tiek pienemts, ka x;_, ir nestacionars, tad, ja koeficients pie ta nav vienads ar nulli,
rodas pretruna. No ta seko, ka a; + a, —1 = 0. Tada veida dotaja modeli vienibas saknu
esamibas parbaudei ir javeic standarta DF-tests koeficientam pie x,_4, kur regresijai japievieno
atkariga mainiga pirmas starpibas lagu.

Otrais lagu pievienoSanas c€lonis ir tads, ka modela kliidas var nebiit baltais troksnis, bet
kads stacionars ARMA-process, tapéc ir japarbauda vienibas saknes esamibu pie dazadiem
lagiem. Tomér janem véra, ka lagu skaita palielinasana rezultgjas ar testa jaudas pezeminasanu.

Tapéc, lietojot testu, labu skaits neparsniedz Cetrus. [5., 445-446.1pp., 6.,576.1pp]

3.3. Kvjatkovski tests (KPSS)

Pamatatskiriba starp KPSS testu un DF un ADF testiem ir tada, ka KPSS testa nulles

hipotéze ir, ka laikrinda ir stacionara, pret alternativu - laikrinda ir nestacionara.
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t

yt=a+,8t+alzzi+et, (3.9

i=1
kurt =1,...,T, un & ir stacionara rinda. Stacionara laikrinda z; ir normali sadalita ar vid€jo
vertibu nulle un dispersiju viens. Ja § = 0, tad a; = 0 un process ir stacionars. Ja § # 0, tad
laikrinda ir trend-stacionara. Tapéc, ka Z; ir I(1), y, ir nestacionara, ja a; # 0.
KPSS testa nulles hipotéze ir Hy : a; = 0, alternativa - H; : a; # 0, kas ir pret&ji DF-
statistikai. Pie nulles hipotézes a un B var novertét ar MKM palidzibu. Pienemsim, ka &, ir t-

tais MKM atlikums:

&, =Yc—a—Dbt (3.10)
un atlikumu summa ir
t
E, = Z e, t=1,..,T. (3.11)
i=1

(E; = 0), KPSS statistikas vértiba ir KPSS = Zio B kur 62 = i &t + 22k 1- L)r-
L ©T282) T j=1 L+17 0

T
Ys=j+1EsEs—j

kur 7; = un L ir patvaligi izvelets skaitlis. Pie kludas &; normalitates, KPSS

statistika sakrit ar Lagranza reizinataju statistiku. Kritiskas vértibas nosaka ar modeléSanas
palidzibu. [7]
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4. PRAKTISKA DALA

Darba praktiskaja dala uzmaniba tiek vérsta sakaribu mekl€Sanai starp tadiem finansu
instrumentiem ka zelts (XAU) un Sveices franks (CHF). Ta ka finan3u tirgos tiek pskatit tie$0
finans$u instrumentu pari, savos pétijumos es izmantoju katra instrumenta attiecibu pret ASV
dolaru. Tada veida turpmak tiks apskatitas sakaribas starp pariem zelts-ASV dolars
(XAU/USD) un Sveices franks-ASV dolars (CHF/USD).

Sveices frankam ir liela saistiba ar zelta cenu. Sveicé nav milzigu zelta ieguves vietu, ka
pieméram Australija vai Kanada, bet Sveices franks ir piesaistits zeltam. Tas arf izskaidro to,
kapéc nestabilitates periodos Sveices franka vértiba pieaug. Tapat ka zelts, arf T valiita klast
par sava veida drosu ieguldijumu.

Katras izlases apjoms sastadija 68 datus pa ménésiem laika perioda no 2011.gada maija
lidz 2016.gada decembrim.

Rezultatu ieglisanai tika izmantota statistiska pakete Eviews.

4.1. Stacionaritate

Sakotngji ir svarigi noteikt, vai laikrindas ir stacionaras. Gadijuma, ja izradisies, ka
laikrindas ir nestacionaras, t.i., tam piemit vienibas sakne, rindas ir jadiferencg tik reizes, kamér
tas neklas par stacionaram. Rindu stacionaritate tick parbaudita ar vienibas saknes testu (Unit
root test) palidzibu — ADF, Filipa-Pérona un KPSS testiem. Filipa-Pérona (FP) tests netika
apskatits teoretiskaja dala. Pirms testu veikSanas ir japiever§ uzmanibu grafiskai analizei, jo no
tas izriet lietderigi secinajumi, kas var€tu sniegt informaciju par testu parametru izveléSanas un
pazimes, lidz ar to testu parbaude tiks ieklauta konstante un konstante ar trendu, lai precizak

noteiktu rindu stacionaritati.
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2.att. Laikrindu kopéjais grafiks

No grafiskas analizes parejam pie testa rezultatiem par laikrindu stacionaritati.

Pielietojot paplasinato Dikeja-Fulera testu (ADF), FP un KPSS testus, nosakam, vai

laikrindam piemit vienibas saknes.

Visi testi norada uz to, ka abas laikrindas satur vienibas sakni. So testu izdrukas ir

pievienotas 1.-12.pielikuma.
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1. tabula
Statistikas un p-vertibas pec ADF, FP un KPSS testiem

ADF FP KPSS
XAU USD | Statistika | -1,38 -1,25 0,8578
p-vértiba | 0,5871 | 0,6484 | -
CHF _USD | Statistika | -2,37 -2,19 0,6971
p-vertiba | 0,151 0,2119 | -

No tabula redzamajam vertibam var secinat, ka, ta ka visas p-vertibas ir lielakas a = 0,05,
hipotéze par vienibas sakni netiek noraidita. Var secinat, ka laikrindas ir nestacionaras.
Pienemsim, ka laikrindas ir I(1).

Lai noteiktu integréSanas kartu, diferenc€sim visus mainigos un parbaudisim, vai tas
kluva par stacionaram. Apskatisim diferencéto laikrindu grafisko attélojumu.

Differenced XAU_USD Differenced CHF_USD
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3.att. Diferencéeto mainigo grafiskais attelojums

Apskatot grafikus, redzams, ka tagad laikrindas varétu biit stacionaras, jo vértibas atrodas

ap vidgjo lidzsvaru. Tomer veiksim parbaudi ar ieprieks€jo testu palidzibu.

2. tabula

Diferenceto mainigo statistikas un p-vertibas pec ADF, FP un KPSS testiem

ADF FP KPSS
XAU _USD | Statistika | -10,22 | -10,22 | 0,06

p-vértiba | 0,0001 | 0,0001 | -
CHF_USD | Statistika | -9,874 | -9,874 | 0,026
p-vértiba | 0,001 | 0,001 |-

No 2. tabula pieejamas informacijas var secinat, ka hipot€ze par vienibas sakni tiek
noraidita un procesu varam uzskatit par stacionaru. Tads rezultats palielina $is sakaribas

kointegracijas eksistences iesp€ju.

18



4.2. Engela-GreindZera metode

Nakosais laikrindu kointegracijas esamibas noteik$anas posms ir regresijas vienadojuma
konstruésana. Sakuma ir japarbauda laikrindas uz c€lonu-seku sakaribu ar GreindZera testa

palidzibu (Granger Causality test).

Pairwise Granger Causality Tests
Date: 05/24/17 Time: 01:42
Sample: 2011M05 2016M12

Lags: 2

Null Hypothesis: Obs F-Statistic  Prob.
CHF_USD does not Granger Cause XAU_USD 68 0.87279 0.4228
XAU_USD does not Granger Cause CHF_USD 1.44520 0.2434

4.att. Greindiera testa rezultati

Testa rezultati parada, ka abas nulles hipotézes “CHF_USD nav XAU_ USD c&lonis p&c
Greinzera” un “XAU USD nav CHF USD cé¢lonis péc Greinzera” netiek noraiditas, jo p-
vertibas ir lielakas par 5% (42,28% un 24,34%)).

Konstruésim kointegracijas vienadojumu ar Eviews paketes “Equation estimation”

procediiras palidzibu. Ka endogenais mainigais tika nemts XAU USD, ka ekzogénie —

CHF_USD un konstante.

Variable Coefficient  Std. Error t-Statistic Prob.
CHF_USD 1906.067 405.6988 4.698232 0.0000

C -659.5817 434.8625 -1.516759 0.1341
R-squared 0.250625 Mean dependent var 1380.670
Adjusted R-squared 0.239271 S.D. dependent var 216.4723
S.E. of regression 188.8067 Akaike info criterion 13.34830
Sum squared resid 2352766. Schwarz criterion 13.41357
Log likelihood -451.8420 Hannan-Quinn criter. 13.37416
F-statistic 22.07339 Durbin-Watson stat 0.135466
Prob(F-statistic) 0.000014

5.att. Kointegracijas vienadojuma novertéjums

Tiek ieguts, ka XAU_USD = 1906,067 * CHF_USD - 659,58.

P&c testa rezultatiem redzams, ka koeficients C nav nozimigs, jo tas p-veértiba ir lielaka
par 0,05. Determinacijas koeficients ir vienads ar 0,25, kas nozime, ka ekzogénais mainigais
CHF_USD apraksta endogéno mainigo uz 25%. Dotais raditajs ir talu no 100%, kas nozimg, ka

modelis nav nozimigs.
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6.att. Atlikumu grafiks

Siem atlikumiem no regresijas vienadojuma ir jabit stacionariem. Apskatot atlikumu
grafisko att€lojumu (6.att.) ir aizdomas, ka laikrinda varétu bt nestacionara. Parbaudisim to ar
klasisko vienibas saknes testa palidzibu. 21.pielikuma redzams, ka nulles hipotéze par vienibas
sakni netiek noraidita, kas nozime, ka atlikumu virkne ir nestacionara, un lidzsvara modelis nav

derigs.

4.3. Johansena metode

Kointegracijas un VEC modela noteikSanai izmantosim VAR(4), jo LM testa rezultati
norada uz to, ka tas atlikumi netiek autokoreléti. NepiecieSams noteikt atlikumu normalitati, ka
ar1 parbaudit, vai modelim piemit heteroskedasticitates problémas.

Péc testu rezultatiem (22.-24. pielikumi) redzams, ka normalitates un
heteroskedasticitates problemas modelim nav aktualas, tatad varam secinat, ka VAR(4) ir
piemérota kointegracijas testéSanai.

Izpildot kointegracijas testu, redzam, ka kointegracijas attiecibas starp XAU_USD un
CHF_USD pastav. Testa rezultatus var apskatit 25. pielikuma. Lidz ar to noraidam hipotézi par

to, ka kointegracijas vektoru nav.

44. VEC

Teoréetiski, izmantojot sanemtus atlikumus no ilglaiciga lidzsvara, varam noveértét klidu

korekcijas modeli:
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Aye = a; + ay,(Ye—1 — P12e-1) + Z 11 (DAY + a12(DAze; + €y,
7

Az, = ay + a,(ye—1 — P12e-1) + Z a1 (DAYr—; + a12(D)Az_; + &5,
;

kur B ir normalizets kointegracijas vektora parametrs; €, UN &, ir balta trokSpa procesi;
@y, A, Ay, Az, 11 (D), azq1 (1), @z, (1) ir visi parametri (i = 1,2).

Ta ka Johansena tests noteica kointegraciju pie lineara un kvadratiska trenda, tika veikti
divi vektoru autoregresijas modela novért€§juma varianti: ar linearu trendu mainigajos un ar
kvadratisku trendu mainigajos. Testu izdrukas skatit 26. un 27. pielikumos. Attiecigiec VAR(1)

kludu korekcijas modela novertéjumi ir:

D(XAU_USD) = C(1)*( XAU_USD(-1) + 5083.49745924*CHF_USD(-1) + 18.2451542133*@TREND(06M01) -
8619.97341337 ) + C(2)*D(XAU_USD(-1)) + C(3)*D(XAU_USD(-2)) + C(4)*D(XAU_USD(-3)) + C(5)*D(XAU_USD(-4))
+ C(6)*D(CHF_USD(-1)) + C(7)*D(CHF_USD(-2)) + C(8)*D(CHF_USD(-3)) + C(9)*D(CHF_USD(-4)) + C(10)

D(CHF_USD) = C(11)*( XAU_USD(-1) + 5083.49745924*CHF_USD(-1) + 18.2451542133*@ TREND(06M01) -
8619.97341337 ) + C(12)*D(XAU_USD(-1)) + C(I13)*D(XAU_USD(-2)) + C(14)*D(XAU USD(-3)) +
C(15)*D(XAU_USD(-4)) + C(16)*D(CHF_USD(-1)) + C(17)*D(CHF_USD(-2)) + C(18)*D(CHF USD(-3)) +
C(19)*D(CHF_USD(-4)) + C(20)

un

D(XAU_USD) = C(1)*( XAU_USD(-1) + 5086.75269203*CHF_USD(-1) + 18.9255361651*@TREND(06MO01) -
8689.80334134 ) + C(2)*D(XAU_USD(-1)) + C(3)*D(XAU_USD(-2)) + C(4)*D(XAU_USD(-3)) + C(5)*D(XAU_USD(-4))
+ C(6)*D(CHF_USD(-1)) + C(7)*D(CHF_USD(-2)) + C(8)*D(CHF_USD(-3)) + C(9)*D(CHF_USD(-4)) + C(10) +
C(11)*@TREND(06MO1)

D(CHF_USD) = C(12)*( XAU_USD(-1) + 5086.75269203*CHF_USD(-1) + 18.9255361651*@ TREND(06M01) -
8689.80334134 ) + C(I13)*D(XAU_USD(-1)) + C(14)*D(XAU_USD(-2)) + C(I5*D(XAU_USD(-3)) +
C(16)*D(XAU_USD(-4)) + C(17)*D(CHF_USD(-1)) + C(18)*D(CHF_USD(-2)) + C(19)*D(CHF _USD(-3)) +
C(20)*D(CHF_USD(-4)) + C(21) + C(22)*@ TREND(06M01)
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7.att Attiecigo VEC modelu atlikumu grafiskais attelojumi

Redzmas, ka atlikumi izskatas péc stacionaras rindas, kas apstiprina kointegracijas
esamibu, kas tika noteikta ar Johansena testa palidzibu. Parbaudisim iegito VEC modelu
koeficientu nozimibu.

P&c testa rezultatiem (28.-29.pielikums) varam secinat, ka aprakstoso mainigo koeficienti

ir nozimigi pirmajam un tresajam lagam pie @ = 0.05, kas liecina par kointegracijas esamibu.
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NOBEIGUMS

Darba mérkis bija apskatit zelta un Sveices franka kotgjumus, izpétit sakaribas, ka arT
noteikt, vai starp tiem pastav kointegracija.

Lai sasniegtu So mérki, darba tika apkopots materials par Vektoru autoregresijas modeli,
kointegraciju analizi un kludas korekcijas modeli. teorija, ka ar1 tika apstatitas
datorprogrammas Eviews iespéjas.

Praktiskas dalas gaita, izmantojot vienibas saknes testus, tika noskaidrots, ka laikrindas
ir stacionaras ar vienadu integracijas kartu Izmantojot Johansena metodi un LM testu tika
noteikta VAR modela karta, veicot vektoru autoregresiju Iimeniem. Noskaidrojot lagu skaitu,
tika 1zveléts modelis, kura atlikumi normali sadaliti, , homoskedastiski un nekoreléti..

Izmantojot Engla-Greindzera un Johansena metodes tika noskaidrots, ka starp laikrindam
pastav kointegracijas attiecibas perioda no 2011.gada maija [idz 2016.gada decembrim.

Darba sakuma dati tika nemti perioda no 2006.gada janvara lidz 2016.gada decembrim,
tomér $aja intervala kointegracija netika konstateta. L1dz ar to tika izvelets cits periods, kura
starp parim pastav kointegracijas attieciba. Nemot vera kointegracijas attiecibu esamibu, tika

novértéts VEC modelis, kas saista zelta cenas un Sveices franka kotgjumus.
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PIELIKUMI

Mull Hypothesis: XalU_LSD has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

t-Statistic Prob.*
Augmented Dickey-Fuller test statistic -1.379935 0.5871
Test critical values: 1% level -3.530030
A% level -2 8045848
10% level -2 hBo8o07y
*Mackinnon (1994) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: DEKAL_LISOY)
Method: Least Squares
Date: 05/22M17 Time: 18:19
Sample: 2011M05 2016M12
Included observations: 68
Wariable Coefficient Std. Error t-Statistic Prob.
KALU_USDE-1) -0.058227 0042920  -1.379935 01723
C T6.04766 6022483 1.2627249 02111
R-squared 0.028043 Mean dependentvar -6.085000
Adjusted R-squared 0013316 S.D. dependent var T0.30845
S.E. of regression 75.79868 Akaike info criterion 11.52301
Sum squared resid 379199.0  Schwarz criterion 11.588249
Log likelihood -389.7823 Hannan-Cluinn criter. 11.54888
F-statistic 1.8904220 Durbin-Watson stat 2331561

Frob(F-statistic) 0172264
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Mull Hypothesis: XAL_LUSD has a unit root

Exogenous: Constant, Linear Trend

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic

-2. 710614 0.2359

Test critical values: 1% level
5% level
10% level

-4.098741
-3.477275
-3.166190

*MacKinnon (1996) one-sided p-values.

Augmented Dickey-Fuller Test Equation
Dependent Yariable: DEXAL_USD)
Method: Least Squares

Date: 05/22M7 Time: 18:21

Sample: 2011M05 2016M12

Included observations: 638

Wariable Coefficient Std. Error t-Statistic Prob.
KAL_UEDE-1) -0.188072 0073073 -2710614 0.0086

C 330.3066 124 5512 2651974 0.0100
@TREND{Z2011M05) -1.842226 0797321 -2.310520 0.0240
R-squared 0101812 Mean dependent var -6.085000
Adjusted R-squared 0.074175 5.0. dependent var 76.30845
S.E. of regression 7342383 Akaike info criterion 11.47349
Sum squared resid 3504188 Schwarz criterion 11.57141
Log likelihood -387.0986 Hannan-Cuinn criter. 11.512249
F-statistic 3.683947 Durbin-Watson stat 2190878

Frob({F-statistic) 0.030510
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3.pielikums

Mull Hypothesis: XAL_LISD has a unitroot
Exogenous: Constant
Bandwidth: 1 (Mewey-WWest automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron fest statistic -1.248885 0.6484
Test critical values: 1% level -3.530030

5% level -2.904848

10% level -2.589907

*MackKinnon (1996) one-sided p-values.

Residual variance (no correction) RATH.456
HAC corrected variance (Bartlett kernel) 46545 156

Phillips-Perron Test Equation
Dependent Variable: DOCALL_USD)
Method: Least Squares

Date: 05/2217 Time: 18:23
Sample: 201105 2016M12
Included observations: 68

Variable Coefficient Std. Error t-Statistic Prob.
HALU_USD-1) -0.059227 0.042920  -1.379935 01723
C 76.04766 G0.22483 1262729 02111
R-squared 0.028043 Mean dependentvar -6.085000
Adjusted R-squared 0.013316 3.0. dependentvar 76.30845
S.E. ofregression TH 79868 Akaike info criterion 11.5231
Sum squared resid 3791990 Schwarz criterion 11.588249
Log likelihood -389.7823 Hannan-Cuinn criter. 11.545888
F-statistic 1.8904220 Durbin-Watson stat 2331561
Prob(F-statistic) 0172264
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Mull Hypothesis: XA _UUSD has a unit root

Exogenous: Constant, Linear Trend

Bandwidth: 3 (Mewey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*
Phillips-Perron test statistic -2.656137 0.2578
Test critical values: 1% level -4 098741
5% level -3477275
10% level -3.166190
*Mackinnon (1996) one-sided p-values.
Residual variance (no correction) 5153.218
HAC corrected variance (Bartlett kernel) 4394 207
Phillips-Perran Test Equation
Dependent Variable: DAL _USD)
Method: Least Squares
Date: 0542217 Time: 1825
Sample: 2011M05 2016M12
Included observations: 68
Variable Coeflicient =td. Error t-Statistic Prob.
HAL_USD-1) -0.198072 0073072 -2710614 0.0086
C 3303066 124 5512 2651974 0.0100
[@TREMD(2011M05) -1.8422324 0.797321 -2.210520 0.0240
R-squared 0101812 Mean dependent var -5.085000
Adjusted R-squared 0.074175 5.0. dependent var 76.30845
S.E. of regression 7342383 Akaike info criterion 11.473449
Sum squared resid 3504188 Schwarz criterion 11.57141
Log likelinood -387.0986 Hannan-Quinn criter. 11.512249
F-statistic 3683847 Durbin-Watson stat 2180878
Prob{F-statistic) 0.030510
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Mull Hypothesis: XAL_LISD is stationary

Exogenous: Constant, Linear Trend

Bandwidth: 6 (Mewey-West automatic) using Bartlett kernel

LM-5tat.
kwiatkowski-Phillips-Schmidi-Shin test statistic 0.158300
Asymptotic critical values®: 1% level 0216000
5% level 0146000
10% level 0119000
*Kwiatkowski-Phillips-Schmidi-Shin (1992, Table 1)
Residual variance (no correction) 14701.52
HAC corrected variance (Bartlett kernel) B7426.74
KPSS Test Equation
Dependent Variable: XAL_LISD
Method: Least Squares
Date: 0542217 Time: 18:26
Sample: 2011M05 2016M12
Included observations: 68
ariable Coeflicient Std. Error t-Statistic Prob.
C 1683444 2852341 5702066 0.0000
@TREND(2011MO05)  -9.038044 0760392  -11.88603 0.0000
R-squared 0681586 Mean dependentvar 1380670
Adjusted R-squared 0676762 35.0. dependentvar 2164723
S.E. of regression 123.0732  Akaike info criterion 12.49241
Sum squared resid 9997033 Schwarz criterion 12.55764
Laog likelinood 4227418  Hannan-Quinn criter. 1251827
F-statistic 1412776 Durbin-Watson stat 0.3803835
Prob{F-statistic) 0.000000
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Mull Hypothesis: XAU_USD is stationary
Exogenous: Constant
Bandwidth: 6 (Mewey-West automatic) using Bartlett kernel

LIM-5tat.
kKwiatkowski-Phillips-Schmidt-Shin test statistic 0.857332
Asymptotic critical values™: 1% level 0.739000
5% level 0463000
10% level 0.347000
*Kwiatkowski-Phillips-Schmidt-2hin (1992, Table 1)
Residual variance (no correction) 46171.14
HAC corrected variance (Bartlett kernel) 2816321
KPSS Test Equation
Dependent Variable: XAL_LUSD
Method: Least Squares
Date: 05/22M17 Time: 18:27
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient Std. Error t-Statistic Prob.
C 1380.670 26.25112 5258469 0.0000
R-squared 0.000000 MWean dependent var 1380.670
Adjusted R-squared 0.000000 3.D. dependentvar 2164723
S.E. ofregression 2164723  Akaike info criterion 13.60740
Sum squared resid 3139638, Schwarz criterian 13.64004
Log likelihood -461.6516 Hannan-Cuinn criter. 13.62033
Durbin-Watson stat 0124773
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7.pielikums

Null Hypothesis: CHF_USD has a unit root
Exogenous: Constant
Lag Length: 0 (Automatic - based on SIC, maxlag=10)

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.377165 0.1519
Test critical values: 1% level -3.530030

5% level -2.904848

10% level -2.589907
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CHF_USD)
Method: Least Squares
Date: 05/22/17 Time: 18:34
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
CHF_USD(-1) -0.160244 0.067410 -2.377165 0.0204
C 0.169386 0.072427 2.338732 0.0224
R-squared 0.078867 Mean dependent var -0.002547
Adjusted R-squared 0.064911 S.D. dependent var 0.032360
S.E. of regression 0.031292 Akaike info criterion -4.061942
Sum squared resid 0.064626 Schwarz criterion -3.996663
Log likelihood 140.1060 Hannan-Quinn criter. -4.036077
F-statistic 5.650912 Durbin-Watson stat 2.191877

Prob(F-statistic) 0.020353
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Null Hypothesis: CHF_USD has a unit root
Exogenous: Constant, Linear Trend

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

8.pielikums

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -3.402109 0.0596
Test critical values: 1% level -4.098741

5% level -3.477275

10% level -3.166190
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CHF_USD)
Method: Least Squares
Date: 05/22/17 Time: 18:36
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
CHF_USD(-1) -0.303397 0.089179 -3.402109 0.0011
C 0.343144 0.101789 3.371128 0.0013
@TREND(2011M05) -0.000602 0.000256 -2.353066 0.0217
R-squared 0.151173 Mean dependent var -0.002547
Adjusted R-squared 0.125055 S.D. dependent var 0.032360
S.E. of regression 0.030269 Akaike info criterion -4.114280
Sum squared resid 0.059553 Schwarz criterion -4.016360
Log likelihood 142.8855 Hannan-Quinn criter. -4.075481
F-statistic 5.788140 Durbin-Watson stat 2.055240
Prob(F-statistic) 0.004860
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9.pielikums

Null Hypothesis: CHF_USD has a unit root
Exogenous: Constant
Bandwidth: 2 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -2.189765 0.2119
Test critical values: 1% level -3.530030

5% level -2.904848

10% level -2.589907
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 0.000950
HAC corrected variance (Bartlett kernel) 0.000790
Phillips-Perron Test Equation
Dependent Variable: D(CHF_USD)
Method: Least Squares
Date: 05/22/17 Time: 18:37
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
CHF_USD(-1) -0.160244 0.067410 -2.377165 0.0204
C 0.169386 0.072427 2.338732 0.0224
R-squared 0.078867 Mean dependent var -0.002547
Adjusted R-squared 0.064911 S.D. dependent var 0.032360
S.E. of regression 0.031292 Akaike info criterion -4.061942
Sum squared resid 0.064626 Schwarz criterion -3.996663
Log likelihood 140.1060 Hannan-Quinn criter. -4.036077
F-statistic 5.650912 Durbin-Watson stat 2.191877

Prob(F-statistic) 0.020353
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Null Hypothesis: CHF_USD has a unit root

Exogenous: Constant, Linear Trend

Bandwidth: 3 (Newey-West automatic) using Bartlett kernel

10.pielikums

Adj. t-Stat Prob.*

Phillips-Perron test statistic -3.440884 0.0545
Test critical values: 1% level -4.098741

5% level -3.477275

10% level -3.166190
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 0.000876
HAC corrected variance (Bartlett kernel) 0.000903
Phillips-Perron Test Equation
Dependent Variable: D(CHF_USD)
Method: Least Squares
Date: 05/22/17 Time: 18:38
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
CHF_USD(-1) -0.303397 0.089179 -3.402109 0.0011
C 0.343144 0.101789 3.371128 0.0013
@TREND(2011M05) -0.000602 0.000256 -2.353066 0.0217
R-squared 0.151173 Mean dependent var -0.002547
Adjusted R-squared 0.125055 S.D. dependent var 0.032360
S.E. of regression 0.030269 Akaike info criterion -4.114280
Sum squared resid 0.059553 Schwarz criterion -4.016360
Log likelihood 142.8855 Hannan-Quinn criter. -4.075481
F-statistic 5.788140 Durbin-Watson stat 2.055240
Prob(F-statistic) 0.004860

34



Null Hypothesis: CHF_USD is stationary
Exogenous: Constant
Bandwidth: 6 (Newey-West automatic) using Bartlett kernel

11.pielikums

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.697120
Asymptotic critical values™: 1% level 0.739000
5% level 0.463000
10% level 0.347000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 0.003185
HAC corrected variance (Bartlett kernel) 0.013940
KPSS Test Equation
Dependent Variable: CHF_USD
Method: Least Squares
Date: 05/22/17 Time: 18:39
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
C 1.070399 0.006895 155.2471 0.0000
R-squared 0.000000 Mean dependent var 1.070399
Adjusted R-squared 0.000000 S.D. dependent var 0.056856
S.E. of regression 0.056856 Akaike info criterion -2.881993
Sum squared resid 0.216585 Schwarz criterion -2.849353
Log likelihood 98.98777 Hannan-Quinn criter. -2.869060
Durbin-Watson stat 0.324761
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Null Hypothesis: CHF_USD is stationary
Exogenous: Constant, Linear Trend
Bandwidth: 5 (Newey-West automatic) using Bartlett kernel

12.pielikums

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.092222
Asymptotic critical values™: 1% level 0.216000
5% level 0.146000
10% level 0.119000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 0.001698
HAC corrected variance (Bartlett kernel) 0.005531
KPSS Test Equation
Dependent Variable: CHF_USD
Method: Least Squares
Date: 05/22/17 Time: 18:40
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
C 1.136218 0.010033 113.2458 0.0000
@TREND(2011M05) -0.001965 0.000258 -7.603257 0.0000
R-squared 0.466923 Mean dependent var 1.070399
Adjusted R-squared 0.458846 S.D. dependent var 0.056856
S.E. of regression 0.041825 Akaike info criterion -3.481671
Sum squared resid 0.115456 Schwarz criterion -3.416391
Log likelihood 120.3768 Hannan-Quinn criter. -3.455805
F-statistic 57.80952 Durbin-Watson stat 0.605014
Prob(F-statistic) 0.000000
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Null Hypothesis: D(XAU_USD) has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

13.pielikums

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -10.22508 0.0001
Test critical values: 1% level -3.530030

5% level -2.904848

10% level -2.589907
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(XAU_USD,?2)
Method: Least Squares
Date: 05/22/17 Time: 19:57
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
D(XAU_USD(-1)) -1.202430 0.117596 -10.22508 0.0000
C -6.857478 9.132124 -0.750918 0.4554
R-squared 0.613022 Mean dependent var -2.268971
Adjusted R-squared 0.607159 S.D. dependent var 120.0032
S.E. of regression 75.21445 Akaike info criterion 11.50753
Sum squared resid 373376.1 Schwarz criterion 11.57281
Log likelihood -389.2562 Hannan-Quinn criter. 11.53340
F-statistic 104.5523 Durbin-Watson stat 2.042772
Prob(F-statistic) 0.000000
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14.pielikums

Null Hypothesis: D(XAU_USD) has a unit root
Exogenous: Constant
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

Adj. t-Stat Prob.*

Phillips-Perron test statistic -10.22508 0.0001
Test critical values: 1% level -3.530030

5% level -2.904848

10% level -2.589907
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 5490.825
HAC corrected variance (Bartlett kernel) 5490.825
Phillips-Perron Test Equation
Dependent Variable: D(XAU_USD,2)
Method: Least Squares
Date: 05/22/17 Time: 20:02
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
D(XAU_USD(-1)) -1.202430 0.117596 -10.22508 0.0000
C -6.857478 9.132124 -0.750918 0.4554
R-squared 0.613022 Mean dependent var -2.268971
Adjusted R-squared 0.607159 S.D. dependent var 120.0032
S.E. of regression 75.21445 Akaike info criterion 11.50753
Sum squared resid 373376.1 Schwarz criterion 11.57281
Log likelihood -389.2562 Hannan-Quinn criter. 11.53340
F-statistic 104.5523 Durbin-Watson stat 2.042772

Prob(F-statistic) 0.000000
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Null Hypothesis: D(XAU_USD) is stationary
Exogenous: Constant
Bandwidth: 1 (Newey-West automatic) using Bartlett kernel

15.pielikums

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.060142
Asymptotic critical values™: 1% level 0.739000
5% level 0.463000
10% level 0.347000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 5737.347
HAC corrected variance (Bartlett kernel) 4569.169
KPSS Test Equation
Dependent Variable: D(XAU_USD)
Method: Least Squares
Date: 05/22/17 Time: 20:03
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
C -6.085000 9.253758 -0.657571 0.5131
R-squared 0.000000 Mean dependent var -6.085000
Adjusted R-squared 0.000000 S.D. dependent var 76.30845
S.E. of regression 76.30845 Akaike info criterion 11.52204
Sum squared resid 390139.6 Schwarz criterion 11.55468
Log likelihood -390.7494 Hannan-Quinn criter. 11.53497
Durbin-Watson stat 2.405175
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Null Hypothesis: D(CHF_USD) has a unit root

Exogenous: Constant

Lag Length: 0 (Automatic - based on SIC, maxlag=10)

16.pielikums

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -9.874938 0.0001
Test critical values: 1% level -3.530030

5% level -2.904848

10% level -2.589907
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(CHF_USD,2)
Method: Least Squares
Date: 05/22/17 Time: 20:05
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
D(CHF_USD(-1)) -1.160391 0.117509 -9.874938 0.0000
C -0.002797 0.003903 -0.716445 0.4762
R-squared 0.596366 Mean dependent var -0.000991
Adjusted R-squared 0.590250 S.D. dependent var 0.050230
S.E. of regression 0.032153 Akaike info criterion -4.007628
Sum squared resid 0.068233 Schwarz criterion -3.942348
Log likelihood 138.2594 Hannan-Quinn criter. -3.981762
F-statistic 97.51441 Durbin-Watson stat 2.081228
Prob(F-statistic) 0.000000
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Null Hypothesis: D(CHF_USD) has a unit root

Exogenous: Constant

Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

17.pielikums

Adj. t-Stat Prob.*

Phillips-Perron test statistic -9.874938 0.0001
Test critical values: 1% level -3.530030

5% level -2.904848

10% level -2.589907
*MacKinnon (1996) one-sided p-values.
Residual variance (no correction) 0.001003
HAC corrected variance (Bartlett kernel) 0.001003
Phillips-Perron Test Equation
Dependent Variable: D(CHF_USD,?2)
Method: Least Squares
Date: 05/22/17 Time: 20:06
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
D(CHF_USD(-1)) -1.160391 0.117509 -9.874938 0.0000
C -0.002797 0.003903 -0.716445 0.4762
R-squared 0.596366 Mean dependent var -0.000991
Adjusted R-squared 0.590250 S.D. dependent var 0.050230
S.E. of regression 0.032153 Akaike info criterion -4.007628
Sum squared resid 0.068233 Schwarz criterion -3.942348
Log likelihood 138.2594 Hannan-Quinn criter. -3.981762
F-statistic 97.51441 Durbin-Watson stat 2.081228
Prob(F-statistic) 0.000000
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Null Hypothesis: D(CHF_USD) is stationary
Exogenous: Constant
Bandwidth: 0 (Newey-West automatic) using Bartlett kernel

LM-Stat.
Kwiatkowski-Phillips-Schmidt-Shin test statistic 0.026206
Asymptotic critical values™: 1% level 0.739000
5% level 0.463000
10% level 0.347000
*Kwiatkowski-Phillips-Schmidt-Shin (1992, Table 1)
Residual variance (no correction) 0.001032
HAC corrected variance (Bartlett kernel) 0.001032
KPSS Test Equation
Dependent Variable: D(CHF_USD)
Method: Least Squares
Date: 05/22/17 Time: 20:07
Sample: 2011M05 2016M12
Included observations: 68
Variable Coefficient  Std. Error t-Statistic Prob.
C -0.002547 0.003924 -0.649064 0.5185
R-squared 0.000000 Mean dependent var -0.002547
Adjusted R-squared 0.000000 S.D. dependent var 0.032360
S.E. of regression 0.032360 Akaike info criterion -4.009203
Sum squared resid 0.070159 Schwarz criterion -3.976563
Log likelihood 137.3129 Hannan-Quinn criter. -3.996270
Durbin-Watson stat 2.374224
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Pairwise Granger Causality Tests
Date: 05/24/17 Time: 01:42
Sample: 2011M05 2016M12

Lags: 2

Null Hypothesis: Obs F-Statistic  Prob.
CHF_USD does not Granger Cause XAU_USD 68 0.87279 0.4228
XAU_USD does not Granger Cause CHF_USD 1.44520 0.2434
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Dependent Variable: XAU_USD
Method: Least Squares

Date: 05/24/17 Time: 01:59
Sample: 2011M05 2016M12
Included observations: 68

Variable Coefficient  Std. Error t-Statistic Prob.
CHF_USD 1906.067 405.6988 4.698232 0.0000

C -659.5817 434.8625 -1.516759 0.1341
R-squared 0.250625 Mean dependent var 1380.670
Adjusted R-squared 0.239271 S.D. dependent var 216.4723
S.E. of regression 188.8067 Akaike info criterion 13.34830
Sum squared resid 2352766. Schwarz criterion 13.41357
Log likelihood -451.8420 Hannan-Quinn criter. 13.37416
F-statistic 22.07339 Durbin-Watson stat 0.135466
Prob(F-statistic) 0.000014
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Null Hypothesis: RESID_ESTIM has a unit root
Exogenous: Constant, Linear Trend
Lag Length: 0 (Automatic - based on SIC, maxlag=10)

21.pielikums

t-Statistic Prob.*

Augmented Dickey-Fuller test statistic -2.037641 0.5702
Test critical values: 1% level -4.100935

5% level -3.478305

10% level -3.166788
*MacKinnon (1996) one-sided p-values.
Augmented Dickey-Fuller Test Equation
Dependent Variable: D(RESID_ESTIM)
Method: Least Squares
Date: 05/24/17 Time: 03:07
Sample (adjusted): 2011M06 2016M12
Included observations: 67 after adjustments
Variable Coefficient  Std. Error t-Statistic Prob.
RESID_ESTIM(-1) -0.109939 0.053954 -2.037641 0.0457
C 24.65410 19.65053 1.254628 0.2142
@TREND(2011M05) -0.732103 0.522396 -1.401433 0.1659
R-squared 0.062223 Mean dependent var -0.336133
Adjusted R-squared 0.032917 S.D. dependent var 69.49088
S.E. of regression 68.33758 Akaike info criterion 11.33054
Sum squared resid 298881.6 Schwarz criterion 11.42926
Log likelihood -376.5731 Hannan-Quinn criter. 11.36960
F-statistic 2.123243 Durbin-Watson stat 2.180627
Prob(F-statistic) 0.127994

45



22.pielikums

VAR Residual Serial Correlation LM Tests
Null Hypothesis: no serial correlation at lag
order h

Date: 05/30/17 Time: 21:37
Sample: 2011M05 2016M12
Included observations: 68

Lags LM-Stat Prob

1 2.792532 0.5931
2 3.156750 0.5319
3 10.14756 0.0380
4 1.162068 0.8843
5 5.052649 0.2819
6 0.907575 0.9235
7 0.121176 0.9982
8 5.578102 0.2329
9 5.332691 0.2548
10 1.305157 0.8605
11 2.396724 0.6632
12 4.057398 0.3983

Probs from chi-square with 4 df.
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VAR Residual Normality Tests
Orthogonalization: Cholesky (Lutkepohl)

Null Hypothesis: residuals are multivariate normal
Date: 05/30/17 Time: 21:38

Sample: 2011M05 2016M12

Included observations: 68

Component Skewness Chi-sq df Prob.

1 0.602812 4.118336 1 0.0424
2 -0.034466 0.013463 1 0.9076
Joint 4.131798 2 0.1267
Component Kurtosis Chi-sq df Prob.

1 3.244778 0.169763 1 0.6803
2 3.656082 1.219591 1 0.2694
Joint 1.389354 2 0.4992
Component Jarque-Bera df Prob.

1 4.288099 2 0.1172

2 1.233053 2 0.5398

Joint 5.521152 4 0.2379
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VAR Residual Heteroskedasticity Tests: No Cross Terms (only levels and squares)

Date: 05/30/17 Time: 21:38
Sample: 2011M05 2016M12
Included observations: 68

24.pielikums

Joint test:

Chi-sq df Prob.
87.34961 48 0.0004

Individual components:
Dependent R-squared F(16,51) Prob. Chi-sq(16) Prob.
resl*resl 0.587170 4.533604 0.0000 39.92759 0.0008
res2*res2 0.488428 3.043299 0.0013 33.21313 0.0069
res2*resl 0.282688 1.256174 0.2612 19.22280 0.2573
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Date: 05/30/17

Time: 21:51

Sample: 2011M05 2016M12
Included observations: 68
Series: XAU_USD CHF_USD
Lags interval: 1to 4

Selected (0.05
level*) Number
of Cointegrating
Relations by
Model

Data Trend: None None Linear Linear Quadratic
Test Type No Intercept  Intercept Intercept Intercept Intercept
No Trend No Trend No Trend Trend Trend
Trace 0 0 0 0 1
Max-Eig 0 0 0 1 1
*Critical values based on MacKinnon-Haug-Michelis (1999)
Information
Criteria by
Rank and
Model
Data Trend: None None Linear Linear Quadratic
Rank or No Intercept  Intercept Intercept Intercept Intercept
No. of CEs No Trend No Trend No Trend Trend Trend
Log Likelihood
by Rank (rows)
and Model
(columns)
0 -234.7376 -234.7376 -234.2920 -234.2920 -234.2626
1 -233.9166 -231.6451 -231.3082 -223.0195 -223.0128
2 -233.5929 -230.8259 -230.8259 -221.4930 -221.4930
Akaike
Information
Criteria by Rank
(rows) and
Model
(columns)
0 7.374635 7.374635 7.420354 7.420354 7.478312
1 7.468134 7.430738 7.450242 7.235866* 7.265083
2 7.576261 7.553702 7.553702 7.338030 7.338030
Schwarz
Criteria by Rank
(rows) and
Model
(columns)
0 7.896872* 7.896872* 8.007871 8.007871 8.131108
1 8.120930 8.116174 8.168318 7.986582 8.048439
2 8.359617 8.402337 8.402337 8.251945 8.251945
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Vector Error Correction Estimates
Date: 05/27/17 Time: 17:08

Sample: 2011M05 2016M12

Included observations: 68

Standard errors in () & t-statistics in [ ]

Cointegrating Eq: CointEql

XAU_USD(-1) 1.000000

CHF_USD(-1) 5083.497
(1058.90)
[ 4.80075]

@TREND(06MO1) 18.24515
(2.47702)
[ 7.36576]

C -8619.973

Error Correction: D(XAU_USD) D(CHF_USD)

CointEql -0.127316 -0.000107
(0.05942) (2.2E-05)
[-2.14247] [-4.77376]

D(XAU_USD(-1)) -0.113568 1.87E-05
(0.15397) (5.8E-05)
[-0.73761] [ 0.32209]

D(XAU_USD(-2)) 0.142456 6.11E-05
(0.15325) (5.8E-05)
[ 0.92955] [ 1.05946]

D(XAU_USD(-3)) 0.028682 4.09E-05
(0.14760) (5.6E-05)
[ 0.19431] [0.73642]

D(XAU_USD(-4)) -0.065469 3.35E-05
(0.14488) (5.5E-05)
[-0.45189] [ 0.61533]

D(CHF_USD(-1)) 514.9177 0.150454
(343.526) (0.12928)
[ 1.49892] [1.16376]

D(CHF_USD(-2)) -254.7932 0.148751
(345.165) (0.12990)
[-0.73818] [1.14513]

D(CHF_USD(-3)) 517.9096 0.320668
(350.554) (0.13193)
[ 1.47740] [ 2.43064]

D(CHF_USD(-4)) 512.6176 0.071931
(349.545) (0.13155)
[ 1.46653] [ 0.54680]

C -5.141596 -0.001713
(8.93957) (0.00336)
[-0.57515] [-0.50913]

50



R-squared 0.202921 0.372239
Adj. R-squared 0.079237 0.274828
Sum sq. resids 310971.9 0.044043
S.E. equation 73.22284 0.027557
F-statistic 1.640636 3.821324
Log likelihood -383.0381 153.1432
Akaike AIC 11.55994 -4.210094
Schwarz SC 11.88634 -3.883695
Mean dependent -6.085000 -0.002547
S.D. dependent 76.30845 0.032360
Determinant resid covariance (dof adj.) 3.326002
Determinant resid covariance 2.419695
Log likelihood -223.0195
Akaike information criterion 7.235866
Schwarz criterion 7.986582
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Vector Error Correction Estimates
Date: 05/27/17 Time: 17:08

Sample: 2011M05 2016M12

Included observations: 68

Standard errors in () & t-statistics in [ ]

Cointegrating Eq: CointEql
XAU_USD(-1) 1.000000
CHF_USD(-1) 5086.753
(1068.66)
[ 4.75995]
@TREND(06M01) 18.92554
C -8689.803
Error Correction: D(XAU_USD) D(CHF_USD)
CointEql -0.126943 -0.000107
(0.05998) (2.3E-05)
[-2.11631] [-4.72694]
D(XAU_USD(-1)) -0.114362 1.86E-05
(0.15549) (5.9E-05)
[-0.73549] [ 0.31865]
D(XAU_USD(-2)) 0.141746 6.11E-05
(0.15474) (5.8E-05)
[0.91604] [ 1.04902]
D(XAU_USD(-3)) 0.028078 4.09E-05
(0.14900) (5.6E-05)
[ 0.18845] [0.72916]
D(XAU_USD(-4)) -0.065775 3.35E-05
(0.14616) (5.5E-05)
[-0.45002] [ 0.60958]
D(CHF_USD(-1)) 513.2525 0.150528
(346.969) (0.13059)
[ 1.47925] [1.15272]
D(CHF_USD(-2)) -256.6124 0.148823
(348.705) (0.13124)
[-0.73590] [ 1.13399]
D(CHF_USD(-3)) 516.0030 0.320754
(354.196) (0.13331)
[ 1.45683] [ 2.40616]
D(CHF_USD(-4)) 510.9595 0.072011
(353.034) (0.13287)
[ 1.44734] [ 0.54197]
C -9.268341 -0.008771
(45.9734) (0.01730)
[-0.20160] [-0.50690]
@TREND(06MO01) 0.042207 7.24E-05
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(0.46426) (0.00017)

[ 0.09091] [ 0.41430]
R-squared 0.203010 0.372241
Adj. R-squared 0.063187 0.262108
Sum sq. resids 310937.5 0.044043
S.E. equation 73.85827 0.027797
F-statistic 1.451906 3.379919
Log likelihood -383.0344 153.1433
Akaike AIC 11.58925 -4.180685
Schwarz SC 11.94828 -3.821646
Mean dependent -6.085000 -0.002547
S.D. dependent 76.30845 0.032360
Determinant resid covariance (dof adj.) 3.443056
Determinant resid covariance 2.419223
Log likelihood -223.0128
Akaike information criterion 7.265083
Schwarz criterion 8.048439
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System: UNTITLED

Estimation Method: Least Squares

Date: 05/30/17 Time: 21:58

Sample: 2011M05 2016M12

Included observations: 68

Total system (balanced) observations 136

Coefficient Std. Error t-Statistic Prob.

C(1) -0.127316 0.059425 -2.142470 0.0342
C(2) -0.113568 0.153967 -0.737614 0.4622
C(3) 0.142456 0.153252 0.929551 0.3545
C(4) 0.028682 0.147604 0.194315 0.8463
C(5) -0.065469 0.144879 -0.451890 0.6522
C(6) 514.9177 343.5256 1.498921 0.1366
C(7) -254.7932 345.1654 -0.738177 0.4619
C(8) 517.9096 350.5543 1.477402 0.1423
C(9) 512.6176 349.5448 1.466529 0.1452
C(10) -5.141596 8.939574 -0.575150 0.5663
Cc(11) -0.000107 2.24E-05 -4.773761 0.0000
Cc(12) 1.87E-05 5.79E-05 0.322090 0.7480
C(13) 6.11E-05 5.77E-05 1.059458 0.2916
C(14) 4.09E-05 5.55E-05 0.736421 0.4630
C(15) 3.35E-05 5.45E-05 0.615329 0.5395
C(16) 0.150454 0.129282 1.163763 0.2469
C(17) 0.148751 0.129899 1.145128 0.2545
C(18) 0.320668 0.131927 2.430640 0.0166
C(19) 0.071931 0.131547 0.546804 0.5856
C(20) -0.001713 0.003364 -0.509131 0.6116
Determinant residual covariance 2.419695

Equation: D(XAU_USD) = C(1)*( XAU_USD(-1) + 5083.49745924
*CHF_USD(-1) + 18.2451542133*@ TREND(06MO1) - 8619.97341337
) + C(2)*D(XAU_USD(-1)) + C(3)*D(XAU_USD(-2)) + C(4)*D(XAU_USD(
-3)) + C(5)*D(XAU_USD(-4)) + C(6)*D(CHF_USD(-1)) + C(7)
*D(CHF_USD(-2)) + C(8)*D(CHF_USD(-3)) + C(9)*D(CHF_USD(-4)) +

C(10)
Observations: 68
R-squared 0.202921 Mean dependent var -6.085000
Adjusted R-squared 0.079237 S.D. dependent var 76.30845
S.E. of regression 73.22284 Sum squared resid 310971.9
Durbin-Watson stat 1.914792

Equation: D(CHF_USD) = C(11)*( XAU_USD(-1) + 5083.49745924
*CHF_USD(-1) + 18.2451542133*@TREND(06MO01) - 8619.97341337
) + C(12)*D(XAU_USD(-1)) + C(13)*D(XAU_USD(-2)) + C(14)
*D(XAU_USD(-3)) + C(15)*D(XAU_USD(-4)) + C(16)*D(CHF_USD(-1))
+ C(17)*D(CHF_USD(-2)) + C(18)*D(CHF_USD(-3)) + C(19)
*D(CHF_USD(-4)) + C(20)

Observations: 68

R-squared 0.372239 Mean dependent var -0.002547
Adjusted R-squared 0.274828 S.D. dependent var 0.032360
S.E. of regression 0.027557 Sum squared resid 0.044043
Durbin-Watson stat 2.020827

54



29.pielikums

System: UNTITLED

Estimation Method: Least Squares

Date: 05/30/17 Time: 22:00

Sample: 2011MO05 2016M12

Included observations: 68

Total system (balanced) observations 136

Coefficient Std. Error t-Statistic Prob.

C(1) -0.126943 0.059983 -2.116314 0.0365
C(2) -0.114362 0.155491 -0.735486 0.4636
C(3) 0.141746 0.154737 0.916042 0.3616
C(4) 0.028078 0.148999 0.188446 0.8509
C(5) -0.065775 0.146160 -0.450022 0.6535
C(6) 513.2525 346.9689 1.479246 0.1418
Cc(7) -256.6124 348.7051 -0.735901 0.4633
C(8) 516.0030 354.1957 1.456830 0.1479
C(9) 510.9595 353.0344 1.447336 0.1505
C(10) -9.268341 45.97335 -0.201602 0.8406
C(11) 0.042207 0.464262 0.090912 0.9277
Cc(12) -0.000107 2.26E-05 -4.726944 0.0000
C(13) 1.86E-05 5.85E-05 0.318653 0.7506
C(14) 6.11E-05 5.82E-05 1.049021 0.2964
C(15) 4.09E-05 5.61E-05 0.729165 0.4674
C(16) 3.35E-05 5.50E-05 0.609577 0.5434
c@7) 0.150528 0.130585 1.152716 0.2514
C(18) 0.148823 0.131239 1.133986 0.2592
C(19) 0.320754 0.133305 2.406164 0.0177
C(20) 0.072011 0.132868 0.541973 0.5889
C(21) -0.008771 0.017303 -0.506905 0.6132
C(22) 7.24E-05 0.000175 0.414297 0.6794
Determinant residual covariance 2.419223

Equation: D(XAU_USD) = C(1)*( XAU_USD(-1) + 5086.75269203
*CHF_USD(-1) + 18.9255361651*@TREND(06MO01) - 8689.80334134
) + C(2)*D(XAU_USD(-1)) + C(3)*D(XAU_USD(-2)) + C(4)*D(XAU_USD(
-3)) + C(5)*D(XAU_USD(-4)) + C(6)*D(CHF_USD(-1)) + C(7)
*D(CHF_USD(-2)) + C(8)*D(CHF_USD(-3)) + C(9)*D(CHF_USD(-4)) +
C(10) + C(11)*@TREND(06MO01)

Observations: 68

R-squared 0.203010 Mean dependent var -6.085000
Adjusted R-squared 0.063187 S.D. dependent var 76.30845
S.E. of regression 73.85827 Sum squared resid 310937.5
Durbin-Watson stat 1.914043

Equation: D(CHF_USD) = C(12)*( XAU_USD(-1) + 5086.75269203
*CHF_USD(-1) + 18.9255361651*@TREND(06MO01) - 8689.80334134
) + C(13)*D(XAU_USD(-1)) + C(14)*D(XAU_USD(-2)) + C(15)
*D(XAU_USD(-3)) + C(16)*D(XAU_USD(-4)) + C(17)*D(CHF_USD(-1))
+ C(18)*D(CHF_USD(-2)) + C(19)*D(CHF_USD(-3)) + C(20)
*D(CHF_USD(-4)) + C(21) + C(22)*@ TREND(06MO01)

Observations: 68

R-squared 0.372241 Mean dependent var -0.002547
Adjusted R-squared 0.262108 S.D. dependent var 0.032360
S.E. of regression 0.027797 Sum squared resid 0.044043
Durbin-Watson stat 2.020833
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