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Kynning

Séguleg atridi ar timaradagreiningu, helstu hugtok
Nokkur einfold likon, sistaedni ofl.

Notkun timaradadferda i hagrannséknum

Hvad er long-memory, Hurst og rennsli i Nil

Daemi um préun hitastigs, Dagsvik et al. (2020)
Nokkur atridi long-memory greiningu.
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Kynning

o Lauk BS i steerdfraedi-reiknifraedi 1977, vildi fordast teikningu og
skyrslugerd.

Framhaldsnam i Gautaborg/Svibj6d 1977

Gautaborg valin vegna fraegs timaradamanns, Herman Wold.
Var latinn lesa likindafraedi eftir Whittle.

Hef alla tid verid reiknisinnadur, vil fa atkomu eigin forrit o.s.frv.

Kynni af timarddum i HI, forritadi algoritma Box & Jenkins (1976) i
Sedlabankanum

@ Hugmyndin ad pessum fyrirlestri kom vegna heimbods i Norges
Handelshgjskole, i Bergen.
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Wold var upphafsmadur ARMA likan, frumkvodull ekénometriunnar,
tengdasonur Svante Arrenius.Keypti nylega ,Demand Analysis",
klassiska bok.

e Hann hafdi amk. 3 freega doktorsnemendur, Whittle, Joreskog (Lisrel)
og Malmquist (Malmquist-index).

o Kennslubok Whittle 1 likindafraedi byggir 4 ad skilgreina fyrst
vaentalega gildid.

@ Minn namstimi einkenndist af deilum hagfraedinga sem ekki kunnu
timaradaadferdafradi og beirra sem voru ad sér um timaradir.

@ Deilurnar dofna mikid eftir uppfinningu ,co-integration", og manna
eins og Nobelsverdlaunahafanna Granger og Sims.
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Hvad er spa?

To formalize some symbolic notation is introduced. The vector of interest
is denoted y(t). It is assumed to be observed at discrete time points,
tpast = t1 ...ty for past time and tryre With tryre > tpast The

corresponding values of y(t) are, yseue and ¥ past- If ¥ furure, and ¥ pogr are
written as vectors:

E(yfuture) = Hfutures
E(ypast) = HMpasts

and the corresponding variance matrix:

V |: Y tuture :| — |: quture quture,past
ypast X

past,future > past
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Then standard textbooks give the following expressions for the conditional
expectation and variance:

-1
E(yfuture|ypast) = Mfyture T szth&PQszpast(ypast - u’past) (1)
V(yfuture’ypast)ls = quture - Zfuture,pastz,;—,;lstzpast,r’uture (2)
Equations 1 and 2 give the best linear predictor and its variance. The latter
part of 2 shows the gain of the prediction.

@ Staerdfredilega audvelt, en getur verid erfitt ad reikna Gt i praxis.
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Soguleg atridi, helstu hugtok

e Fylgnireikningar & timaradagégnum eru varasamir,Yule (1926).
Spurious-regression, mortality, markadshlutdeild Ensku kirkjurnnar i
bridkaupum

o Hef 14tid nemendur simulera tvo dynamiska ferla og reikna fylgni i 30
ar.

o Stodugleikahugtok, stationarity/ergodicity, naudsynlega.

@ Box & Jenkins (1976) toku saman adferdafraedipakka fyrir spar
styringar. | einni vidd ARIMA(p,d,q), hugsanlega med arstidapattum.
Sénnudu yfirburdi sina i skammtimaspam

@ AJ mestu einvitt, eitt input og eitt output leyft. Hagfraedingar ekki
impressed.

o Adferdafraedin byggir & ad skoda auto-correlation, (sjalffylgni) og
spektrum.

o Granger finnur upp co-integration ca. 1980. P.e., ef tveir sistaedir
ferlar, er I(1), pa sé hugsanlega til fall af peim sem sé 1(0). (1) er
fyrsti mismunur.

o Hefur I(d) merkingu par sem d er brot? Pad er kallad long-memory.
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Hvad er short memory?

@ Vid kunnum fraedin um linulegar diffurjéfnur

dy =y’ =ay finnum fallid y(t)
y(t) = exp(at)y(0)C.

o [ timaradafreedum er samsvarandi AR(1), likan:

Ye =¢ Y1 +et,
_Yt—l —Yt_]_
AY: = (¢ —1)Ye1 + &4,

E(er) = 0,V(er) = 0% E(eres) = 0, ef t # s,

oo

Y(t) =) dee .

J=0
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o Linulegar diffurjofnur/mismunajéfnur, einkennast af ,veldisminnkun"
efa<0,eda —2<¢p—1<0.

o Sjalffylgni i AR(1) er a forminu, . b.e.tengslin:
E(Yy|Ys)

veikjast i veldistakti med vaxandi |t — s].
e AR(1) i samfelldum tima algerlega hlidstaett:

dY = aYdt +odW, W(t) Wiener ferli,

Y (t) = exp(at) Y(0) + o exp(at) /Ot exp(—as)dW(s).

o Uvikkast i margar viddir og floknari sjalffyingistraktar, ARMA.
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ARMA likdn

o [ strjalum tima:
Ye=¢1Ye 1+ +0pYepter—bther 1+ + 046t g,
@ og i samfelldum tima:

Y(t) = a1 YO (£) + -+ a, YO (1) +
dW + BLWA (1) + .- + Bq Wt (¢).
Hér taknar YU) j-tu afleidu. Petta er ad sjalfsogdu formlegt pvi W(t)

er ekki diffranlegt, hvad pa ad til séu heerri afleidur. Petta ma
skilgreina rétt & state-space formi.
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Spectral eiginleikar

@ Pad getur verid hentugt ad vinna med operatora, L eda B, lag eda
backward operator i stjralum tima og D diffur operator i samfelldum
tima.

LY, = BY; = Yi_1, DY(t) = Y'(¢).

@ Pad er stundum hentugt ad setja ARMA hreyfimynstur fram a
margliduformi:

O(L)Y: = ©(L)et, 1 strjalum tima og
A(D)Y(t) = B(D)dW(t), i samfelldum tima.
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e Varians af rétt skdludu Fourier-transformi er kalla spectralfall og form
spektralfalls ARMA ferlis er sérlega hentugt.

_ 0% [©(exp(iw))|®
)= 2r fotexplin) P
_ o2 |B(iw)P”

fy(w) = 27 AU i samfelldum tima.
7r

i strjdlum tima og

@ betta eru raed foll (rational spectrum).
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@ Spectral fallid inniheldur allar (annarar gradu) upplysingar um
hreyfimynstur ARMA ferlisins og er jafngilt auto-covariance fallinu.

o Gagnlegur eiginleiki er ad ef hreyfimynstur tveggja (6hadra) ferla er
bekktur ba er audvelt ad leida at hreyfimynstur summu peirra.

o T.d. ef Yi(t) og Ya(t) eru 6hadir AR(1) i samfelldum tima:

dyl(l') = Q1 Y]_(t)dt + O'1dW1(1.') og
dYQ(t) = Qo Yl(t)dt + O'QdWQ(t),

@ baer:

fY1+Y2(w) = fv, (w) + sz(w) =

2 2
o1 1 oy 1

Fial b.e. ARMA(2,1).

sz—}-a% 27 w2 +
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ARIMA

o Ef marglidurnar ®(z) eda A(z) hafa akvednaeiginleika, raetur ¢ utan
einingahrings, eda raetur A med neikvadan rauntdluhluta pa gildir ad:

V(Y) = / f(w)dw < oo, integral yfir videigandi mork,

auto-covariance og spektralfallid bara fall af féstum parametrum,
b.e.ferli weakly-stationary.

o Grafisk skodun getur leitt i ljés ad ésennilegt er ad undirliggjandi ferlar
séu stationary.

o Fraeg bok, Box & Jenkins (1976), lagdi til ad i stad pess ad vinna med
maelingar & Y; beint, vaeri A9Y; = (1 — L)9Y; skodad.

o Slik ferli voru kollud ARIMA(p,d,q)

o Adferdafraedin gengur m.a. Gt ad skoda trtaks ACF og PACF fyrir
A%y, og reyna sidan ad giska a p, d, g. Midad var vid ad préfa
d=0,1,2,...
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Vitad er ad fyrir random-walk, ARIMA(0,1,0) einkennsist ACF af
beinni linu, en fyrir stationary ARMA(p,0,q) ferla einkennist ACF af ad
minnta kosti veldisminnkun.

@ Er eitthvad til parna & milli? Er brotdiffrun méguleg?

e Ja. Madur getur skodad binomial-atvikunna & (1 — L)?, par sem d er
brot.

(1 — L)dYt =&t = Et—i_qujgt_j’
j=1
d(1+d)--(j—1+d)

Y= i :

@ Svona Y; hefur marglidu minnkun i ACF.

@ Spectralfallid fy(w) er oo fyrir w =0, en ef —1/2 < d < 1/2 gildir ad
V(Y:) = [ f(w)dw < oo, b.e. Y; er stationary.
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ARFIMA

@ Hvernig datt monnum petta i hug?

e Vatnaverkfraedingur Hurst (1951) var ad athuga fl6dahaed i Nil i
nokkrar aldir og tali sig sja pélynémial leekkun a ACF.

o | random-walk i samfelldum tima (Brown/Wiener-ferli) gildir ad:

E(W(t)W(s)) = c%(t —s), t>s>0.

Hugmynd Hurst var sett fram:
E(Wh(t)Wy(s)) = o?/2(t* + 27 — (t — s)?H), t>s>0.

H er kallad Hurst exponent og d = H — 1/2.

W(t+ 1) — W(t) er kallad ,white-noise", og ef Wy er normal-dreift
er Wy(t+1) — Wy(t) kallad ,fractional Gaussian noise".
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@ Spectralfall ARFIMA(p,d,q) er & forminu:
_2q |O(i exp(w)?

0_2
flw) = o [ o)l ™ e o)

long—memory

o ARFIMA(p,d,q) med 0 < d < 1/2 hefur pann eiginleika ad f(0) = oo,
[ f(w)dw = VAR(Y(t)) og auto-covariancar (k)

o Likindafraedilega eru petta ekki Markov margingales (ef d < 1/2).

o Tolfredilegur vandi er ad giska & d (og ¢;,0; og o at fra melingum).

@ Vegna bess hve malingar eru hadar verda alyktanir um t.d. medaltal
uw= E(Y(t)) og bydingu ytri sterda frabrugdnar hefdbundinni
alyktanafraedi.
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Ymsar Gtvikkanir og hagnytingar

e Baillie & Chung (2002) skoda arhringi ar trjam.
e Chan & Palma (1998) syna state-space nalgun.

o Comte & Renault (1996) syna hvernig megi skilgreina fractional Wy i
samfelldum tima i mérgum viddum.
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Nokkur R forrit

@ longmemo arfima artfima LongMemoryTS fracdiff, rugarch, forecast,
garma, vgam, waveslim, tsvge, o.s.frv.

o garma=Gegenbauer-ARMA, Gegenbauer er dkvedin fjoldskylda af
marglidum. Gegenbauer ARMA leyfir 6endanlegt spectur i fleiri
tidnum en 0, t.d. vegna arstida. (Hunt)
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Bodsfyrirlestur til Bergen

PP = Ay b Ay AW+ B AW () 1 B dWT (),
VIdW()dW (1)} = Edr,
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Hiti og CO, 1 800.000 ar

cop
Temperature
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Samband vid Dagsvik

A fyrirlestrinum i Bergen sogdu menn mér fra Dagsvik.

@ Dagsvik og félagar h6fdu metid long-memory likén & moérg hundrud
timarddum af instrumental hitamaelingum, ca. 200 ara timabil og
r6dum sem voru enn lengri (Moberg-data).

e Hafdi samband vid Dagvik, fékk handrit ad grein, forrit og gogn.
e Greinin birtist sidan i Dagsvik et al. (2020).
e Fractional-integration/co-integration eru fl6kin fraedi sem tekur tima

ad tileinka sér. Margar fjarmala-/hagstaerdir virdast hafa floknari
dynamikn random-walk.
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R-pakkinn fra Dagsvik

require (tempFGN)

setwd ("/home/helgi/dagsvik-climate/dagsvik-temperatur/tempFGN/:
data_supporting_path <- file.path("data", "supporting")
data_moberg_path <- file.path("data", "moberg")
data_final_path <- file.path("data","final")

selected=read.csv(file.path(data_supporting_path, "T0.SelInfo.«
moberg <- read.table(file.path(data_moberg_path, "Moberg data.f
header = T, na.strings = 99)

reykjavik=read.table("data/raw/island/reykjavik.txt")

Fee r6d fyrir Reykjavik, ca. 130 ar og trjahringjardd, ca. 2000 ar.
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Kennslubdkarsynidemi: Paris i 250 ar

@ Medalhiti & manudi fra 1757 til 2009.

@ Set upp kennslubdkardaemi, random-walk med drift og einni sveiflu.

Ve = pe + Pt + et
pe = pe—1 + Br + &
Bt = Br—1 +

[’/’f]=p[ cos(A\c)  sin(Ac )][U)t 1]+[/@t]
(h —sin(Ac) cos(Ac) | | ¥i 4 Kt

@ Met svo upphafsgildi astands, varians 4 noise og innovation og Ac.
o Kemur ekki a 6vart ad A\ ~ 27 /12.
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vyt og spad state
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CUSUM og CUSUMSQ af spaskekku
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Series wvix
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Utardar
Birti kafla i voktunarbék(surveillance um likanio:

dX = k(p — X)dt + o XPdW

Edito Fil
MARIANNE FR]SIEN'
. . Mai
Financial = __
Surveillance
2 X
e | Fron
@

READ AN EXCERPT -

vakta k, u, o og p.
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Sama fyrir CO, (berist saman vid t.d. Paris)

o Fa gogn af: https://www.esrl.noaa.gov/gmd/ccgg/trends/data.html
https://towardsdatascience.com/time-series-modeling-for-
atmospheric-co2-concentration-ppm-1958-2019-8425fadcb927

@ Dbeirra arstidaleidréttu gogn (& sidunni( er nanast pad sama og mitt
fieje—1- Medalhlutfall 0.9999 og varians mismunar 1076,
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vyt og spad state
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Series wvix
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T. C. Mills hofundur timaradabéka(Mills, 2016)

-

, STATISﬂCAL FORECASTING
00 “How: ﬁ@ﬂlfuture warmmg be"
' Teren@e-C M‘ﬁr é R
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Eru petta god spalikon?

o NEI! betta eru ARIMA(p,2,q) og spamdrk vaxa mjog hratt. Stefna
hratt & 6endanlegt.

@ Augljost ad hlynun getur ekki verid mikil og haepid ad CO, geti hafa
haft ahrif sidust ar.

@ Einhvers konar long-memory nélgun, par sem gert er rad fyrir
endanlegum varians vanlegri.Mills er einn af peim sem stakk upp &
sliku. Beran(1994) einnig og margir fleiri.

o Hofundur kennslubdkar stingur upp & pessu i grein(Bloomfield, 1992).
e IPCC radirnar eru summur og Dagsvik et al. (2020).

@ 200 ar eru stuttur timi og pvi hafa menn reynt sig vid lengri radir.
Dagsvik synir r68 sem kennd er vid Moberg.

e Baillie & Chung (2002) tekur deemi um 5000 ara tré (gogn i R).
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Moberg gdgnin

Moberg data
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Lokaord

@ A new climate war brewing: forecasting vs. modeling

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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o 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).

e Medal timaradafélks er (hefur verid?) i gangi vedmal, T1000.zip. b.e.
teknar hafa verid hitatolur i 135 ar, trend sigtud fra en
skammtimasveiflur skildar eftir. Sidan eru simuleradar 1000 radir med
sama sveiflustraktar. Sidan er trend sem er 1-grada/old, baett vid 1/3
af r6dunum, 0 baetti 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).

o Hef nylega séd texta ar bok eftir rassneskan jardedlisfraeding
(Privalsky) sem sér ad loftslagsfélkid kann ekki timaradagreiningu.
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Ur timaradabokum, Cowpertwait & Metcalve (2009)

bls. 85

The global temperature series was introduced in §1.4.5, where it was
apparent that the data exhibited an increasing trend after 1970, which may
be due to the 'greenhouse effect’. Sceptics may claim that the apparent
increasing trend can be dismissed as a transient stochastic phenomenon.
For their claim to be consistent with the time series data, it should be
possible to model the trend without the use of deterministic functions.
Consider the following AR model fitted to the mean annual temperature
series:

> www = "http://www.massey.ac.nz/ pscowper/ts/global.dat"
> Global = scan(www)

bls. 86

The correlogram of the residual series for the AR(4) model fitted to the
annual global temperature series. The correlogram is approximately white
noise so that, in the absence of further information, a simple stochastic
model can ‘explain’ the correlation and trends in the series.
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Arhringir Gt trjam
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Series camp
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Nokkrar nyjar heimildir

@ Hunt, Peiris & Weber (2022), héfundur garma(R-forrit),
matsadferdafraedi.
o Dissanayake, Peiris & Proietti (2018) yfirlit um fractional diffrun.

@ Toulemonde, Riberau & Naveau (2015) um extreme-value-theory.
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Nokkrar skammmstafanir

MMAR
ARCH
GARCH
EGARCH
FIGARCH
MRS-CARCH
EMH

FMH
ARFIMA
MEF-DFA
FIEGARCH
FIEGARCH-M

CAC4D

n

Multifractal Model of Asset Returns

Autoregressive Conditional Heteroscedasticity

Generalized Autoregressive Conditional Heteroscedasticity

Exponential Generalized Autoregressive Conditionally Heteroscedasticity

Fractionally Integrated Generalized Autoregressive Conditionally Heteroscedasticity
Markov Regime Swilching Generalized Autoregressive Conditional Heteroscedasticity
Efficient Market Hypothesis

Fractal Market Hypothesis

Autoregressive Fractionally Integrated Moving Average

Multifractal Detrended Fluctuation Analysis

Fractionally Integrated Exponential Generalized Autoregressive Conditionally Heteroskeda
Fractionally  Integrated — Exponential = Generalized — Autoregressive  Cond
Heteroskedastic-in-mean
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Nordur- og sudurhvel ekki eins, Yasmeen (2019)
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Figure 3. Mean monthly temperature anomalies of northern hemisphere (green color) and southern hemisphere (blue color)
during 1880-2018. The zero line represents the long-term average temperature during 1901-2000.
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