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_ T will hold the office
Solution HW2.R

wasin_siwasarit ‘\OU S On ‘IMI‘S Sat UM%
Fri Mar 1 09:31:44 2019 -Q,Dm: 10:060- 15:00

#EE435 Wasin Siwasarit Assignment2

setwd("/Users/wasin_siwasarit/Desktop/EE435") % A Oh ‘IM LS Mond?

cat(rep("\n",50)) #clear R Console

L)
da=read.table("g-gdpmcl.txt", header=T) ‘Pmm : q "00 - \E ® 00

head(da)

## year month day gdp 1.(30 points) Consider the growth rates of the U.S. real gross domestic product (GDP) from
## 1 1947 1 1 1770691 1947.1 to 2012.IV. The original data, from Federal Reserve Bank of St Louis, are in the file g-gdpmel.txt
## 2 1947 4 1 1767976 (year, month, day, gnp), and the GDP are in millions of 2005 chained dollars. The growth rate is the first

differenced series of the log(GDP).

## 3 1947 7 1 1766523

## 4 1947 10 1 1793310

## 5 1948 1 1 1821809

## 6 1948 4 1 1855345

gdp=1og(da$gdp) we CM&UM',? 'H‘!e gwuﬂ" rate 'PiPSt.

gdprate=diff (gdp)

ts.plot(gdp,ylab="xt")
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ml=ar (gdprate,method="mle") /
(}B ild an AR model for the growth r [U the command ar with method mle to find

.] Perform model checking to validate hﬁd odel. Write down the model.

' @'Pmd 'rhv'e (b) Does the model confirm the
## call: l"\""“ﬂ lqa’ % Vﬁﬂj 'H'le AIO

## ar(x = gdprate, method = "mle")

##

## Coefficients:

## 1 2 3 .

## 0.3475 0.1283 -0.11V@ -\‘he op'hr.a)( lqa, = 5
##

## Order selected 3 sigma”2 estimated as 8.17e-05

i~ @ estinsdte the AR CS)

m2=arima(gdprate,order=c(3,0,0)) # <== AR(3) model is selected
m2

# / We estimate Sener X A\'___m 1d97

## Call:

:ﬁ arim@ gdprate, order = c(3, 0, 0)) S‘hce '\1‘6 U'S‘ GDP 8”"”]

## Coefficients:

## arl ar2 ar3 intercept Cﬂm k, csh' hd'ed/ ‘Og A’k(3}

##t 0.3476 0.1282 -0.1122 0.0077 . .
## s.e. 0.0612 0.0644 0.0613 0.0009 (',rn' 'HR. cohr‘ex Wﬂts (th ‘n)e
#t

## sigma"2 estimated as 8.17e-05: log 1lkellh°°¥ {‘?étf’ Rﬁ Po \aj gomlda (,t
m e ‘k{l‘?ﬁ m- ('JO'Q‘QMS "Hle e‘k'ﬁw

business eucles |

-{' X't_‘ + ¢ Xt...z < )i: q‘{:

[ 1~0.3474-0. 32+0-l|22]

+ 0.3 47b X + 0.1232 Xt—g —0. 1122 X3
( 0.0612) C 0-0644) C 0.06137

A —
&= 8.13x10”
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Standardized Residuals

©
L o
(&) -
R R R R R R R R I E————————,
e e e E e e
0 5 10 15 20
Lag
p values for Ljung-Box statistic
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\ng’“c "

56 “\e e,h‘\% z/«. lag &ed‘ ‘ne ‘S_r,ab.hb 0_?
(\ §1=c(1,-m2$coef[1:3]) Agct}y

## arl ar2 ar3
## 1.0000000 -0.3476309 -0.1282098 0.1121601

[ ’H’h
J roots=polyroot(pl)

Mod (roots) L WdUIUb xt,-_- ¢0_[_ cb‘xt_'..(. c?z}"é-'z,‘l- %)('t-_;qt

## ] 2.025805 2.172531 2.025805

NS R QKb R Ry = ¢t
~ueakly Satioman )
| # e oo C I-qS,B-aSZB ..qu > )Xt . ‘é,”t

p2Spred-1.96*p2S$se Awer bo of 9 intervals

o we Use the chamgtesshic . .
eq v ¢heoh ﬂlghzhlolhb) CI’“‘dY«C‘I’OHS"I’)C eyahon
it {s weskts pthe rewrse charadtevshc €%
Stutimasly i

q
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even wodu lus
M ## Time Series: u we Ugc %‘e mr&nﬁ Oha Ym"'eﬁs ﬁ'c er-

\Z’lzo % o s to ¢heck tme stubi lity of Abcp) , it

## [1] -0.01183604 -0.01252798 -0.01153506 -0.01152362 -0.01136471 -0.01148177

gyen-l-o? ## [7] -0.01150285 -0.01154238 WM g-l-wﬁamn'b W%% Q/W?

p2Spred+1.96*p2$Sse # <A= upper bound of 95% intervals l
mody IS Hws
## Time Sdries: " V‘GIUG ’w ﬂlm i‘

## Start
## End =
## Frequency 1
## [1] 0.0235%671 0.02498469 0.
## [7] 0.027052M6 0.02701374

700164 0.02701896 0.02717787 0.02707152

(c) Obtain 1-step to 8-step ahead point and 95 % interval forecasts for the U.S. quarterly GDP
™

growth rate at the forecast origin October 1, 2012 (the MW

#### Problem 3 ####
m3=arima(gdprate,order=

i conduct the a5+ CI for
* Ll
## Call: x 7.
## arima(x = gdprate, oMNder = c(1l, 0, 0)) &‘
##
## Coefficients . — ?;(40 points) Consider, again, the quarterly U.S. real GDP growth rates from 1947 to 2012 in
## arl intercept
(a) Fit a simple AR(1) model to the series. Write down the model.
## 0.3705 0.0077

## s.e. 0.0572 0.0009
##

## sigma”2 e&‘lm d ag,.8. 344e 05: | log 1likelih&0d 861 71, aic = -1717.43

Ans: (\

S— 04 l OO}?([-OB?O.ﬁ)-{-o
tsdiag(m3,gof=20) 3?05X
dim(da) qd&'ﬂ*% Xt ( 0-0009 9 (0.0590'“

(b) Is the model adequate? Why?

v
## [1] 264 4 % v /8) _ -5
#iny o= 8- X |0
source("/Users/wasin_ siwasarit/Desktop/bacHtest.R"
## 263-20 <== find the first forecast origin .‘% L Wb“oox t
backtest (m2,gdprate,243,1) Csec _?,WW Oh next PQx
## [1] "RMSE of out-of-sample forecasts" ,.‘ Modd i‘s qiewq{,e’/

## [1] 0.008160635
## [1] "Mean absolute error of out-of-sample forecasts"
## [1] 0.005301588

(¢) Compare the AR(1) model with the AR model built in Problem®® In terms of in-sample fitting,

which model is preferred? Why?

Ans: Baged on the in-SampR ‘Q'f‘bhg, te AR()
50f 11 m’dﬁQ i‘s SeleCéei beC"VSQ }l—;S hu "DIQ 8"“'”%3/2562BE,09:32
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backtest (m3,gdprate,243,1)

## [1] "RMSE of out-of-sample forecasts"
## [1] 0.008126095

## [1] "Mean absolute error of out-of-sample
## [1] 0.005362249

recasts"

(d) Use backtest to compare the two AR models. You may use the data in 2008-2012 (inclusive)

as the forecasting period. Which model is preferred? Why?

###Question3s LA A 7 LA EAH A

require (quantmod) ﬁ_hé: Bﬁ\SCd e,n %e baCklﬂﬁﬁ
## Loading required package: quantmod 1he Selﬂb'['ibh ivS hixed,

## Warning: package 'quantmod' was built under R version 3.4.4 fth& R” SE

## Loading required package: xts SCIGO'G ‘n’e AFCD hOdd’ Ll)-l-

## Loading required package: zoo -mc MﬂE ?VC'FCVS' .h‘b R& L))
model

## Warning: package 'zoo' was built under R version 3.4.4

##
## Attaching package: 'zoo'

## The following objects are masked from 'package:base’:
##
## as.Date, as.Date.numeric

## Loading required package: TTR

## Version 0.4-0 included new data defaults. See ?getSymbols.
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getSymbols (' GOLDAMGBD228NLBM', src='FRED')

## 'getSymbols' currently uses auto.assign=TRUE by default, but will

## use auto.assign=FALSE in 0.5-0. You will still be able to use

## 'loadSymbols' to automatically load data. getOption("getSymbols.env")
## and getOption("getSymbols.auto.assign") will still be checked for

## alternate defaults.

##

## This message is shown once per session and may be disabled by setting
## options("getSymbols.warning4.0"=FALSE). See ?getSymbols for details.

## Warning in strptime(xx, f <- "%Y-%m-%d", tz = "GMT"): unknown timezone
## 'zone/tz/2018i.1.0/zoneinfo/Asia/Bangkok’

## [1] "GOLDAMGBD228NLBM"
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GOLD <- GOLDAMGBD228NLBM[6982:12784]
idx <- c(l:nrow(GOLD))[is.na(GOLD) ]
GOLD <- GOLD[-idx]

xt <- log(as.numeric(GOLD))

rt <- 100*diff(xt)

3.(50 points) (Commodity price). Consider the daily gold fixing price 10:30 am (London time) in
London Bullion Market in U.S. dollars per Troy ounce from January 3, 1995 to March 30, 2017. The data
ts. plot ( Xt , ylab: " Xt " ) can be obtained from FRED using the quantmod package. Since there are some missing values, we need to

ts.plot(rt,ylab="rt")

par (mfcol=c(2,1))

remove them before analysis. Let x, = log(gold price). See instructions below.

(a)Obtain the time plots of xt and rt (in one page, using the command par(mfcol=c(2,1)).
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(b) Let r; = 100%(x; —x;—1) be the return series of the gold prices, in percentages. Consider the r;
series. Test Hy: py = ... = p1a =0 versus H, : p; # 0 31 <i < 12. Draw the conclusion.

Box.test(rt,lag=12,type="Ljung")

## v\) AYLS H. P fz ﬂ g

## Box-Ljung test l

##
## data: rt Csenw at
## X-squared = 44.989, df = 12, p-value = 1.035e-05 O_F‘gol4

o - 6 0 g , rhcf.&-)
ar(rt,method="mle",order.max=20) Hl o a Fi %o

Glvem & = 0-95

we P'e\/)ect 4he 'Ho
*hat mem ‘nlmc r‘s 1/3/2562 BE, 09:32
cernal doviellion ﬂm.s Seneny LN pe
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##

## Call:

## ar(x = rt, order.max = 20, method = "mle")

##

## Coefficients:

## 1 2 3 4 5 6 7 8
## -0.0437 0.0057 0.0139 0.0019 0.0376 -0.0078 -0.0449 0.0206
## 9 10 11 12 13 14

## 0.0106 -0.0225 -0.0214 -0.0240_ -0.0152 0.0226

1)
## 0""'\"\4& = |4
## Order selecte sigma”2 estimated as 1 154

(c)Use the following command to specify the order of an AR model for rt.

ml <- arima(rt,order=c(14,0,0))

ar(rt,method= "mle",order.max=20)

ml
(d) Build an AR model for r;, including model checking. Refine the model by excluding all estimates

with t-ratio less than 1.645. Write down the fitted model.
## Call:
## arima(x = rt, order = c(14, 0, 0))
##
## Coefficients:
## arl ar2 ar3 ar4 ar5 aré ar7 ar8
## -0.0437 0.0057 0.0139 0.0019 0.0376 -0.0078 -0.0449 0.0206
## s.e. 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133
## ar9 arlo arll arl2 arl3 arld intercept
## 0.0106 -0.0224 -0.0214 -0.0240 -0.0152 0.0226 0.0211
## s.e. 0.0133 0.0133 0.0133 0.0133 0.0133 0.0133 0.0134
##

## sigma”2 estimated as 1.154: log likelihood = -8381.14, aic = 16794.28

c2 <- c(Na,0,0,0,NA,0,NA,0,0,NA,0,0,0,NA) |[ we’ ex 6‘ AC
mla <- arima(rt,order=c(14,0,0),fixed=c2,include.mean=F)
'¥)~(, lh-l'eroqo'l’

## Warning in arima(rt, order = c(l4, 0, 0), fixed = c2, include.mean =
## some AR parameters were fixed: setting transform.pars = FALSE

mla

@) After we refine the models the Hitted
- moded (S

--0.0432F,_ t0.0396'F. — 0.045bV -3
€% Co.003 Bt ! Co0l3 2 C O 013': D)
- 0.004 Iy ;% 0.0208 "t-lq

(0.0l ) Co.0 (1) 7 1/3/2562 BE, 09:32
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##

## Call:

## arima(x = rt, order = c(14, 0, 0), include.mean = F, fixed = c2)

##

## Coefficients:

## arl ar2 ar3 ar4 ar5 aré6 ar7 ar8 ar9 arlo
## -0.0432 0 0 0 0.0396 0 -0.0456 0 0 -0.0224
## s.e. 0.0133 0 0 0 0.0133 0 0.0133 0 0 0.0133
## arll arl2 arl3 arld

## 0 0 0 0.0228

## s.e. 0 0 0 0.0133

##

## sigma”2 estimated as 1.157: log likelihood = -8387.84, aic = 16787.68

tsdiag(mla,gof=20)

Standardized Residuals
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pml <- predict(mla,4)
pml
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## Spred

## Time Series:
## Start = 5623
## End = 5626
## Frequency = 1
## [1] -0.041556505 0.020279511 0.002397155 -0.030992681
##

## Sse

## Time Series:

## Start = 5623

## End = 5626

## Frequency = 1

## [1] 1.075758 1.076759 1.076761 1.076761

N~ N— —J

(e) Use the fitted AR model to compute 1-step to 4-step ahead forecasts of rt at the forecast origin

March 30, 2017. Also, compute the corresponding 95 % interval forecasts

=
the aps. ¢1 for 1y o RIE LabSECEL)

—— -
Cw“&%d) BB_‘ bow d

Uppo)
-0.0416—1.9¢ ( 1.035%) ~0.0416 + 1.96C 1.0
0-0203~ .96 ( |.076%) 0.0 2021 1.94 ( [.0749
6.6024 - 1.96 (1.9368) D-002a+ (.95(1.0%8)
~0.034 - 1.96 (107687 ~0.03) + .96 (10768
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