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Skipulag fyrirlestrar

+ Hvers vegna timaradalikan? Tengsl vid eldri hagrannséknaradferdir. Minn
bakgrunnur.

+ Strjall timi eda samfelldur?

« Einvitt likan i samfelldum tima. Ymis taeknileg atridi.

+ Fra einnividd { margar, AR yfir i VAR i strjalum tima, hlidstaeda i mérgum viddum.
+ Upprifjun & nonsense-correlation/spurious-regression.

+ Punktar um samfelldan tima og spectur

+ Hvada segja timaradamenn um global-warming? Smooth-trend eda fractional
integration?

+ Framtidarplén



Hvers vegna timaradalikan? Tengsl viod eldri
hagrannsdknaradferdir. Minn bakgrunnur.

« Eg leeri fyrst um timaradagreiningu 1976-1977. Box-Jenkins adferdafraedin (Box

& Jenkins, 1970). Setti hana upp i Sedlabankanum 1978-1980.

* Hagrannsoknir pess tima einkenndust af deilum milli peirra sem vildu setja upp

flékin likdn af 6llu hagkerfinu sem tengdu saman mjég margar breytur (t.d. 200)
og peirra sem héfdu uppgvotvad pa empirisku stadreynd ad einfold
timaradalikén spadu betur. Frammistada stéru likananna leit Ut eins og brandari.

Einféld skyring & g6dri frammist6du timaradalikna geeti t.d. verid einhvers konar
Lomitted-variable" vandi.

+ Fylgni milli X(t) og Y (t) getur verid syndarfylgni ef raunverulega sambdndin eru

amilli X(t) og X(t—1) eda Y(t) og Y(t—1). Hreyfimynstrid er mikilvaegt atridi.

+ Timar6d parf ad sundurlida i:

trend + cycle + season + irregular






. ftl’maraf)agreiningu foest bara eitt teekifaeri og pvi parf stédugleikahugtok,
stationarity og ergodicity.

+ Stationary hugtakid sem notast er vid er: E(X(t) = u, V(X(t)) < o og
y(1) = EQX(t) — ) (X (t —T) — ) bara fall af 7.

- Sjalffylgni=y(7)/y(0).
+ Grundvallar viomidunarferli eru ,white-noise", &¢,
er, E(s1)=0, V(e)=02,ys(r)=0efT#0.
og random-walk, X; = X;—1 +&; = X' &},
E(XtlXo =0) =0, V(X;|Xo =x) = to?,
E(XiXs|Xo = 0) = ‘72—2(t+s— [t=s|) = o2 min(t,s).

p.e. variance og sjalffylgnifall hao t.

+ Ef horft er & timar6d parf ad taka afstédu til pess hvor hun er likari ,white-noise"
eda random-walk.



ARMA likén

+ ARMA likdn ganga ut fra ad ndverandi gildi sé skyrt med nylidnum gildu og
6veentum samtimaskelli. Einfaldasta gerd er AR(1):

Xt = ¢Xi—1 + &,

AXt =Xt —Xi—1 = (9 — )Xt + &t.
Xt er stationary ferill ef |phi| < 1.
« Yfirfeert i samfelldan tima veeri petta:
dX(t) = aX(t) +" white — noise”
+ Hvad pydir ,white-noise" i samfelldum tima? Ein hugmynd er ad nota
Wiener-ferli:

Wwi(t) = j:dW(s), W(0) =0,E(W(t)W(s)) = min(t,s).

Ef W(t) er samfelldur ferill, med ,independent-increment" pa er W (t) ~ N(0,to?).
+ Ferlid, X(t), CAR(1), Ornstein-Uhlenbeck (stationary ef o < 0),

dX(t) = aX(t)dt + cdW (1),

t
X(t) = exp(at)X(0) + a-exp(at)f exp(—as)dW (s)
0



* ARMA(p.q)

Yi=¢1Yi1+ -+ dpYipter—0161— = 0qét—q
E(e) =0, whent#s E(ges) =0,E(e?) =02

-

+ ARMA(p,q) er stationary ef reetur marglidunnar 1 — ¢z —--- — ¢pz° eru utan
einingahrings.

* Ferli, X; er sagt ARIMA(p,d,q) ef:
AdXt er stationary ARMA(p,q), par sem AX; = X — X;—1.

+ ARIMA(p,d,q) eru non-stationary ferlar. Slik ferli eru ségud I(d) (integrated of
order d). Random-walk er ARIMA(0,1,0).



« CAR(1) er stationary ef @ < 0.
+ ARMA er Utvikkun & AR(1),

Xt — P1Xi—1 — P2 Xt—2 = &1,

petta er AR(1) ef ¢o = 0. AR(1)CAR(2).

+ Svona gildir ekki fyrir samfelldan tima. Par gildir CAR(1)CCARMA(2,1), en
CAR(1)ZCAR(2,0).

* ARMA(p,q) likan i samfelldum tima er skrifad t.d.:
YOt +aYH) PV 4 vapY(t) =
WD+ W B+ 4 W (D)D)

* Y(t) er stationary ef reetur: z° + @1zP~" + -+ + ap hafa neikveedan rauntsluhluta.
y® (t) stendur fyrir p-tu afleidu.

- Sjalffylgnifall ARMA likana fellur exponentialt.



Sjonhverfing: Enska biskupakirjan stdrhaettuleg

+ Englendingar hafa langa menningarségu

+ Virdulegar gamlar stofnanir, til deemis landleeknisembeetti og Ensku kirkjuna.

Pessar stofnanir safna véndudum maelingum.

Til deemis hefur landlaeknisembeettid safna gégnum um ,mortalitet", danir & ari
per 1000 ibua og kirkjan hefur talid hver mérg hjéonabénd a ari per 1000
hjénabénd eru & vegum kirkjunnnar.

* Hver skyldu tengsl pessara hagsteerda vera?

+ Reiknum fylgnistudul og faum:

Svar: 0.95

Alyktum, sterkt samband eda jafnvel sterkt marktaekt samband milli
markadshlutdeildar kirkjunnar i brddkaupum og ,mortalitets".



- Varud: Hugtakid marktaekt hefur ekkert med mikilveegi ad gera.

- Marktaekt pydir eingbngu:p < @, par sem p pydir likur & fenginni ttkomu
eda otrulegri gefid ad tiltekid t6lfraedilegt likan sé rétt.

- Ekkert vit i gagnagreiningu (alyktunum) &n télfraedilegs likans. Eg tel fullt
vit i reikningshaldi/bdkhaldi/bdkasafnsfraedi og annari skraningu
stadreynda.

- [ pessum utreikningi hefur pad gleymst ad gdgnin eru timaradir og pvi
kallar t6lfraedileg greining & timaradalikén/timaradaadferdir.

- Mjog mikid af haggdgnum eru timaradir.

- A timabilinu 1970-1985 voru miklar deilur i ekdnometriunni milli
fylgismanna stdrra flékinna likana og einfaldra timaradalikana.



* Yule (1926): Why do we sometimes get nonsense-correlations between
time-series? A study in sampling and the nature of time-series.

Mortality and marriage rates
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Mynd: Yule(1926) data on mortality and marriages.



Lausn Box og Jenkins 1970

+ Vid kunnum reglu Bartlett um dreifingu urtaksfylgnistudla i stationary ferlum.

+ Nalgum lausnaferil med ARIMA(p,d,q).

@ Hreinsum burt trend og deterministiska peetti.

® Nalgum trendhreinsada r66 med ARMA(p,q) likani.

©® Skodum spaskekkur.

@ Reiknum spa.

+ [ margvidum rédum trend- og sveifluhreinum hverja vidd (pre-whitening) og
skodum cross-fylgni (cross-spectur) hreinsudu radanna.

+ Granger & Newbold (1974) kynntu hugmyndir Yule, Bartlet ofl., og markadsettu {
ekénémetriunni.

Granger & Newbold (1974) rifjudu upp reglu Bartlett (1946) sem segir ad varians
urtaksfylgni tveggja 6hadra stationary ferla er flokid fall af sjalfylgnifalli peirra. Ef
sjalffylgnin er mikil og rédin stutt getur dreifing Urtaksfylgnistudulsins ordid
U-laga. (Nemendur minir eiga ad kannast vid pessi daemi)
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Mynd: Trendhreinsud Yule-gégn.
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Mynd: Sjalffylgni i trendhreinsudum Yule-gégnum.
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Mynd: Trend og sjalffylgnihreinsud Yule-gégn.
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Mynd: Sjalffylgni i trend- og sjalffylgnihreinsudum Yule-gdgnum.




Nidurstada: Ekkert sem bendir til pess ad samband sé milli mortalitets og
markadshlutdeildar Ensku biskupakirkjunnar i bridkaupum.

+ Nutimamenn myndu e.t.v. meta tvivitt VAR med trendum og préfa fyrir Granger

causality.

+ Ekéndémetrian var sleem med svona fram yfir 1980. Hugsanlega vegna pess ad

Havelmaa slé i gegn med simultan likbnum. Hermann Wold sagdi: simultan Iikén
skemmtileg en hagfraedi ekki simultan visindagrein.

+ Granger cointegration kultur gjorbylti hvernig ekénometrian tekur a

timaradagdgnum.

Mér vitanlega er ekénémetrian eina télfraeedigreinin sem hefur tekid formlega a
pvi hvernig bera ad alykta um non-stationary timaradir (I(1), vector
ARIMA(p,1,9)/unit-root).



Nyleg grein i Leeknabladinu Oskarsson et al. (2019) synir ad sjalfsmord geta ekki
tengst efnahagskreppum
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Mynd 1: Skilwd fravik fra veentankegn nygengi sjalfsmorda.  Kreppar em
shy g:l.'lul..

Mynd: Sjalffylgni i trend- og sjalffylgnihreinsudum Yule-gégnum.




Hvad pyoir spectur ferlis?

Groft séd er pad varians Fourier-transforms ferlis.

Fx(w) = X (1) exp(—iwt)dt,

=l

and the corresponding spectral density as:

Sx(w) = TIiLnME(ﬂx(w)ﬂx(w)),

Sx(w) = 21_7r fmexp(—in)Fx(T)dT.

00

« Hérerx(1r) = E(X()X(t)"), auto-cross-covariance fylki margvida ferlisins

X().



The diagonal of the matrix Sy (w) contains the spectral function of each series. The
off-diagonal element, the cross-spectrum, is a measure of covariance in the frequency
domain. If Sji(w) is the cross-spectrum between coordinate / and j the coherence is
given by:
1S ()P
cohj(w) = —————,
! Sii(w)Sj(w)

and the phase is given by:
phasejj(w) = atan(-Im(Sjj(w)/Re(Sj(w))).

Where Im and Re give the imaginary and real part of a complex number, respectively.
Elementary Fourier theory shows that if X»(t) is a lagged version of Xy (1), i.e.,
Xg(t) = X1 (t-1), then

Si2(w) = exp(—ilw)S11(w).

It is therefore clear that if one coordinate is the lagged version of the other the
coherence is one and the phase is /w.

- Hallatala phase gefur til kynna lag length og coherence fylgni per tidni.



A two dimensional Ornstein-Uhlenbeck (AR(1),VAR(2)) can be written as:

dY1(t) = a1 Yi()dt + a2 Yot + o1dW (),
dYs(t) = apq Yy (t)dt + oo Yot + oodWs (1),
E(@dWq () dW>(t)) = poio2dt.

Equation system (21) is more conveniently written in matrix form:

dy(t) = AY(Hdt+dW(t), E(@dW(HdW()') = Zdt,

2
Y= oy pPo102 A= @11 @12
poioz o5 | g1 @z

The dependency structure, the auto-correlation, in a two-dimensional CAR(1) depends
on the causal parameters, @12, @21, and the correlation, p, between the innovations.

+ Hér ma t.d. dlykta um Granger-causality.



A generalisation of the univariate CARMA model to a multivariate CARMA can be
written formally as:

yP (1) = AyP () + -+ Apy () +dW (1) + B1dW P () + -+ BgdW 9+ 1),
V(AW (t)dW(t)) = Zdt,

aq1,i  Q12,; Qg
@nq,j Q2 v Qo
A,‘: . I:1,..,p,
| @g1,i 0 @qd,i
[ B11; - o Biay
B21,j ' :
B; = _ o/ , J=1,....q9
| Batj -+ o Badyj

* The parameters are p +q d X d matrices, the A;’s and B;’s and (d(d +1)/2)
parameters in the covariance matrix of the innovations X. The number of
parameters that describe the covariance structure in the system is thus
pd? +qd? +d(d+1)/2.



State-space framsetning

The representation in Zadrozny (1988) is:

y(H)=CX(t), C pdxd

lg
Og
dX(t)=AX(t)dt+ RdW, C=
Og
At loxd  Odxa -+ 0 Ogxd B
A2 Ogxd Jaxd Odxd - Odxa _q
A=l 1 04 Ogud o | B= B
)
Ap—1 Ogxg Ogxa =+ lgxa i
Ao Ogxd Ogxd =+ Ogxg

 Spektur fyrir y (t) er:

Sy(w) = CSx(w)C’.



’

Sx (W) = (iwlpgxpg —A) ™" (~iwlpgxpd —A) "

T

Another way of deriving the spectrum is to use the fact that

E(X(t+hM)X(t)) = e*MTx(0), and E(X(t—h)X(t)") =[x (0)e*"’, for h > 0. The
Laplace transform of e, is [~ ™S'eAdt = (Sipgxpg —A) ™. Itis then straightforward
to show that Fourier-transform of the auto-covariance function is:

]
Sx(w) = 5 ((~wlpdxpa ~A) "' Tx (0) +Tx (0)(lprepg ~A") ")

The diagonal of the matrix Sy (w) contains the spectral function of each series. The
off-diagonal element, the cross-spectrum, is a measure of covariance in the frequency
domain.

+ The unconditional stationary variance, I'x (0) solves the equation system:
AT'x(0)+Tx(0)A’ = -RZR,

which, by using standard results on Kroncecker products, can be transformed
into;

((I®A) + (A® 1)) vec(Tx (0)) = —vec(RER").



Non-synchronous sampling

+ The non-synchronous case is solved by letting the C matrix depend on the
sampling. l.e. if coordinate i is observed the C matrix consists of nothing but
zeros except for coordinate ii which is set to one. The measurement equation
with that particular C reflects that coordinate i is measured at that particular
time-point.

+ With this setup the implementation of the Kalman-filter is straightforward. Solving
the above equation, for I'x (0), can be numerically problematic. In some cases it
is possible to derive explicit algorithms to calculate I'y (0), see, e.g. Tsai & Chan
(2000).

- In practice it is worthwhile to observe that A and / are both sparse matrices, so
sparse-matrix algorithms can be used to invert (/ X A) + (AX /).

+ Morg numerisk erfid vandamal, matrix-exponent, nimerisk hamérkun o.s.frv. (i
process analytisk diffrun & likelihood falli). Pararellisation (t.d. CUDA) geeti nyst.

+ Hef hannad adferda fraedi og pakkad inn i R-pakka, ctarmaRcpp (fyrir einvitt,
arftaki ctarma pakkans sem var bannfeerdur) og mctarmaRcpp fyrir margvitt.



Sma illustration

set.seed(12345689)

a=log(2)

sigma=1

nn=1000

ttl=cumsum(rexp(nn,1))/10

b=1
yl=carma.sim.timedomain(ttl,a,b,sigma)
y2=yl

tt2=ttl+1
myl=ctarma(ctarmalist(yl,ttl,a,b,sigma))
my2=ctarma(ctarmalist(y2,tt2,a,b,sigma))
myle=ctarma.maxlik(my1)
my2e=ctarma.maxlik(my2)

sigma=1

nn=1000

ttl=cumsum(rexp(nn,1))/10

b=1
yl=carma.sim.timedomain(ttl,a,b,sigma)
y2=y1

tt2=ttl+1
myl=ctarma(ctarmalist(yl,ttl,a,b,sigma))
my2=ctarma(ctarmalist(y2,tt2,a,b,sigma))



Now the objects myle and my2e contain the maximum-likelihood estimates of the
CARMA(1,0) model. The log-likelihood is calculated by:

> ctarma.loglik(myle)
[1] 52.61891

There are many ways such that the CARMA(1,0) can be embedded in a higher order
CARMA. The function ctarma.new creates an equivalent object with one more AR
term and one more MA term.

> ctarma.loglik(ctarma.new(myle))
[1] 52.61891

Using this feature repeatedly,

my2=ctarma.new(myle)
my2e=ctarma.maxlik (my2)
my3=ctarma.new(my2e)
my3e=ctarma.maxlik (my3)
my4=ctarma.new(my3e)
my4e=ctarma.maxlik (my4)

higher order CARMA models can be fitted.



The estimated ARMA parameters and log-likelihood for CARMA(4,3) are:

> my4e$ahat

[1] 3.237786 5.369379 6.158908 1.837239

> my4e$bhat

[1] 1.0000000 1.1202398 0.7557877 0.2705627
> my4e$sigma

[1] 3.673917

> ctarma.loglik(my4e)

[1] 53.04228



The two univariate CARMA(4,3), my14e and my24e objects are merged into a
bivariate non-synchronous CARMA(4,3) object by:

cc=cbind(as.list(myl4e),as.list(my24e))
library(mctarmaRcpp)
mct4=mctobjnonsync(cc)

The only difference between the objects, my14e and my24e, is that the time has been translated
one time-unit, as X> is just a lagged copy of X. This bivariate CARMA(4,3) object, mct4, is
composed of two estimated univariate CARMA(4,3) objects. The parameterization of this
bivariate CARMA(4,3) object reflects the assumption of independence of the two coordinates
(X1, X2). The log-likelihood value of the bivariate object is therefore the sum of the log-likelihood
of univariate objects:

> mctarmanonsync.loglik(mct4)/2
[1] 53.04228

> cbind(mct4e$y,mct4e$tt,mct4e$z)[13:19,]
[,1] [,2] [,3]

[1,] -6.9942879 1.391931 2

[2,] -1.1332209 1.536528

[3,] ©0.6258719 1.564668

[4,] -0.9815641 1.564864

[5,] -0.6691930 1.608199

[6,] ©.5880817 1.610724

[7,] 0.6950109 1.739455

R NN RN
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Mynd: The log-spectrum and approximate confidence intervals based on estimates of several

Log-spectrum of an estimated CARMA(1,0)

Log-spi of an esti (5.4)

Tog(tw)

logtiw)

Log-spectrum of an estimated CARMA(2,1)

Log-sps of an esti (6.5)

CARMA models for a simulated Ornstein-Uhlenbeck process.




In the low frequencies the slope of the phase curve is close to the theoretical value 1,
reflecting (the fact) that X5 (t) is lagged version of X1 (t).

Mynd: Estimated coherence of a CARMA(1,0) and its lagged version. The estimates are based
on estimates of a CARMA(4,3).



Estimated phasc

Mynd: The estimated phase of CARMA(1,0) and its lagged version. The estimates are based on
estimates of a CARMA(4,3).



Hiti og CO»

The temperature series consists of 5788 observations. The average time between
measurements is 138 years and the standard deviations is 173 years. For the CO» we
have 1095 observations. The average time between observations is 730 years and
the standard deviations is 672 years. Both series were detrended with a regression
line. The temperature series has virtually no trend, but there is a slight trend in the
CO- series.
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Mynd: A low frequency view of the scaled spectrum of temperture and CO».
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Coherence of temperature and CO-2
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Mynd: Coherence between temperature and CO, estimated with CARMA(4,3) and CARMA(6,5)
models.



Phase of temperature and CO-2
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Mynd: Phase between temperature and CO» estimated with CARMA(4,3) and CARMA(6,5)
models.



The main features of both series is the high spectrum at low frequency. Taking a
closer look at the scaled estimated spectrum at low frequencies, figure 11 suggests
that the variation of the CO» is more concentrated at lower frequencies than of the
temperature. The peak of the CO» suggests a cycle of about 100.000 years. Similarly
the figure suggests that the cycle of the temperature is about 80.000 years. Not only is
the peak of the spectrum for CO» at a lower frequency, but a relatively larger share of
the variance of the CO» seems due to frequences close to zero. That might be a
result of improper modeling of the trend in the CO-.

The most prominent features of the estimated multivariate model reflect those of the
two univariate series. The high values of the spectrum are concentrated to the low
frequencies. The coherence suggests some correlation at low frequencies, but the
phase does not give a clear impression on which series is leading. Taking the slope of
estimated phase at the frequency range, 0.5 < w < 2.5 (cycle of 2.500 years to
12.500 years) suggests temperature lags 200 years (the slope is 0.2) based on the
CARMA(4,3) and that CO» lags 2 (virtually zero) years based on the CARMA(6,5). At
this frequency band the coherence is low so that the possible impact of one series on
the other at those frequencies is little. The high coherency is concentrated at the very
low frequencies. The estimated correlation of the innovations is 0.6 based on the
CARMA(4,3) and 0.1 based on the CARMA(8,5).

The physical interpretation is that these data reveal very little information on an
eventual causality in the relation between CO» and temperature.

« A heidarlegri islensku: Engin visbending um lag eda causality milli
pessara breyta. Innovationfylgni ca. 0.6.



Hvad segja adrir um hita og CO,?

+ Davidson et al. (2015) nota nakveemlega sému gégn en med discrete-tima

nalgun. Alyktunin er eins: Ekkert samband milli hita og CO», en peir gaeta pess
ad modga ekki bokstafstruarfolkid med pvi ad segja ad alyktunin eigi ekki vid um
haekkun CO, af mannavéldum.

+ Sndgg skodun med adferdum Box-Jenkins, sbr. biskupakirkjuna/lifshaettu, leidir

strax i [jés ad tengslin geta ekki verid mjog sterk. Besta spamddel fyrir hita er t.d.
ARIMA(0,1,3) og afgangslidir hafa litil tengsl vid CO».

+ ARIMA ferli eru non-stationary og pvi hugsanlega edlisfraedilega 6fysileg fyrir

breytu eins og hita. Petta segir mér ad tal um co-intergration eigi ekki vid.

+ Mills (2007) Veltir pvi fyrir sér hvernig eigi ad taka a trend-struktdrnum, smoothly

changing trend eda long-memory process.

Mills sér ad ARIMA(p,1,q), p.e. einhvers konar random-walk er ekki rymilegt og
ao sjalffylgnifallid virdist deyja haegar en exponentielt t.

+ Pess vegna stingur hann upp 4 ARFIMA, p.e. ARIMA(p,d,q) par sem d er ekki

heiltala.

- Petta eru kollud fractionally-integrated likon. Pau eru stundum koéllud

long-memory likdn.



Adeins um long-memory likén

+ Auto-variance minnkar haegar en exponentialt (sbr Pareto-tail). Standard
reference er Beran (1994). Standard dzemid er fl6dahzed i Nil.

- Dagsvik et al. (2015) nota hita gégn fra 96 vedurstédvum i ca. 200 ar, meta
fractal-gaussian-noise likan (ARIMA(0,d,0)) og alykta ad hiti sé stationary ferli.
Pau nota lika ca. 2000 ara r6d byggda & arhringjum trjaa.

+ Hefdbundnari ARIMA/smooth-trend greiningu ma t.d. sja i Mills (2016).

+ Sumir likja umraedunni vid deilur spalikén versus stér ekénometrisk likon:

A new paper published today by the Global Warming Policy Foundation explains
how statistical forecasting methods can provide an important contrast to climate
model-based predictions of future global warming. The repeated failures of
economic models to generate accurate predictions has taught many economists
a healthy scepticism about the ability of their own models, regardless of how
complex, to provide reliable forecasts. Statistical forecasting has proven in many
cases to be a superior alternative. Like the economy, the climate is a deeply
complex system that defies simple representation. Climate modelling thus faces
similar problems.
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Unfortunately the experts gathered together for the IPCC’s work did not include
statistical experts. This has resulted in some potentially serious flaws in the
statistical work of the IPCC which | will describe shortly. These flaws will tend to
exaggerate the extent of future climate change. Trewin (2008)

+ Scott Armstrong stofnandi, Journal of Forecasting og Internation Journal of
Forcasting er ekki impressed. Hann talar um anti-scientific political movment
Armstrong et al. (2011).

Medal timaradafdlks er (hefur verid?) i gangi vedmal, T1000.zip. P.e. teknar
hafa veri® hitatélur i 135 ar, trend sigtud fra en skammtimasveiflur skildar eftir.
Sidan eru simuleradar 1000 radir med sama sveiflustriktir. Sidan er trend sem
er 1-grada/odld, beett vid 1/3 af r6dunum, 0 beetti vid 1/3 og sidan -1 vid 1/3.
Sidan er keppni reynid ad flokka radirnar rétt, verdlaun 100.000 dollarar.
(Observerud hlynun & 6ld er ca. 0.6 gradur).



Hvad hafa adrir gert?

+ R-pakkinn YUIMA metur ymsar gerdir af stékastiskum diffurjéfnum.

+ Til deemis hafa verid sett i hann ymsar gerdir af ARMA médelmum med Lévy
innvation processum, compound-poisson, variance-gamma, inverse-gaussian,
ofl. lacus & Mercuri (2015).

+ [ YUIMA er lika haegt ad vinna med fractionally-integrated/long-memory ferli.
Ekki trivial pvi diffurjafnan er:
dY(t) = aY(t)dt+ o-dWH, og lausnin er
t
Y({t)=Y(0)+ af Y(s)ds+ WH(t), H er Hurst index
0
1
EW W (9)WH(0) =0) = Z (17 + 52—t -

+ Ny bdk um YUIMA pakkann er lacus & Yoshida (2018).

+ Daemi um hagnytingar um orkumal eru: Garcia et al. (2011), stable-distribution
ARMA og spot-markadur i Singapore. Lingohr (2019) notar svipada adferdafraedi
(Repp R o.s.frv) vid likanagerd um spot-markad og verd & endurnyjanlegri orku |
pyskalandi.



Hvad nu?

* Fullkomna ctarmaRcpp og mctarmaRcpp fyrir stationary ARMA og reyna ad
koma i dreifingu.

- Kannski einhvers konar hagnytinga?

- Beeta vid non-stationary atridum, rwnoise. Margvidur non-sync pakki fyrir
random-walk.

* Meiri bayesismi.

+ Symbolic diffrun a log-likelihood falli.

+ Verdbréfamarkadir frabrugdnir orkumorkudum.

+ Einféld Box-Jenkins adferdafraedi (transfer-function) ekki feer i mérgum viddum af
non-synchronous maelingum

+ Spennandi reiknings- og tulkunarverkefni. En hafid i huga ,All models are wrong
but some are usefulBox (1979).
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