Coursework-2: Financial Modeling



a) Quarterly GDP Data for Austria

In the view of Jenkins (2006), the autoregressive integrated moving average (ARIMA) model
is one of the important model classes that are used to describe s single time series. The
assignment chooses this model to analyze the time series secondary data of a country. For this
purpose, the assignment chooses Austria; an OECD nation and collect the quarterly GDP data
for the last fifty years i.e. 1963 - 2013. The assignment uses STATA software as a base to
perform time series test and graphical analysis in order to predict the quarterly GDP of

Austria for the coming 50 years.
b) Time Series Plot

In Stata, simple time series command is used to plot the trend line of Austria’s quarterly GDP
over the last 50 years. The graph below provides the trend line of quarterly GDP rates as
change over the same quarter and analysis shows downward GDP movement during the
economic crisis of 2007-20009.
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Graph 1: Quarterly GDP Growth Rates of Austria

(Source: OECD, 2015)



A look at the graph below, however, depicts an upward movement with slight variations

during the crisis period. The graph below depicts a rather sharp trend of GDP.

GDP
150000 200000 250000 300000

100000

T T T T T T T T T |
1960g1 19701 198091 1990q1 200091 201091 2020q1 2030g1 2040q1 205091
date_q

Graph 2: Quarterly GDP Trend

For better understanding, log function is used on the GDP data; the graph below shows that
Austrian economy’s connection with the European Union State members had significant
affect on the GDP performance of the country. As a consequence of 2007-08 crises, Austrian
GDP reported variations in the late 2009; however, the graph below depicts a visible recovery
of Austrian economy due to subsidized government projects. Nonetheless, time series
analysis shows that the GDP trend is non-stationary and non-static over the given time

period.
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Graph 3: Trend of Log_GDP
c) Autocorrelation Function (ACF) and the Order of AR and MA

In the Dickey-Fuller test, if test statistic is greater than all the values at three different critical
levels then the null hypothesis can be rejected. Stata results in the figure below depict an
opposite situation as the test statistics value is -0.175 and it is small than the three critical
values i.e. -3.476 at 1%, -2.883 at 5% and -2.573 at 10%. In other words, Dickey-Fuller unit

root test indicates that the null hypothesis of GDP series cannot be rejected.
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Figure 1: Dickey-Fuller Test

The above illustration provides an indication for the presence of unit root problem, which is

solved through the first differential (See figure below). For this purpose, Dickey-Fuller test is



re-performed with the first differential; this turns the non-stationary GDP series into a
stationary series. The figure below shows that test statistics value is smaller than all the three

critical values; hence, the series is stationary.
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Figure 2: Dickey-Fuller with First Differential

The auto-correlation graph (Ac) below provides evidence for the presence of higher lag in the
data.
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Graph 4: AC



i.  Partial Autocorrelation Function (PACF) Plot

In line with Ac results, the Pac plot below also depicts higher lags, which means that the

stationary series achieved through first differential above is providing insignificant values.
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Graph 5: Pac

In order to choose the right type of ARIMA model, log_gdp command is performed in the
Stata software. As can be seen in the figure below, z(t) value is lower than the standard value
i.e. 0.05; this means that the series is stationary and the model selected for evaluation is
Arima model with D=0.
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Figure 3: Dickey-Fuller log_ GDP



The choice of model can be justified through Ac and Pac plots below, for example, the Ac
graph below depicts gradual decline. Analysis shows significant values till the 16" lag and

these are certainly different from zero.
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Graph 6: Autocorrelation

The Pac graph below provides clear evidence of partial coefficient at points such as lag 1 and
9; thus, values at these lag points are significant and outside the 95% confidence interval. In
contrast, other lags report insignificant values; hence, p-value for Arima model is suggested
to be 1.
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Graph 7: Partial Autocorrelation
d) Type of ARIMA Model and Rationale

Since the above testing provides one significant point in Pac plot and declining trend of Ac,
the proposed ARIMA(p,d,q) is ARIMA(1,0,0). Normally, appropriate model is done through
the AIC or BIC testing (Tsay, 2010); however, in the present context, the thumb rule of
selecting the model with the lowest value may not be applicable. Keeping this into
consideration, ARIMA(1,0,0) with Dickey-Fuller with log is selected as the appropriate
model type because the above tests depict only one model i.e. ARIMA(1,0,0).
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Figure 4: AIC



Portmanteaw (Q) statistic = d.2a2B
Prob > ehiiZi{Z) = J_9498n

Figure 5: Portmanteau Test
e) Forecasting the GDP Growth

In the Stata, following commands are used to create a forecast the GDP of Austria over the

next fifty years.



. arima log gdp L[ date gebgiZ007ad), arimail,d,d)

[gecting optlimizatlion to BHHAH)
Treratian 0O:
Irteratlan 1:
Treratian 2:
Ireratlan 3:
CTreratian #4:

[sWwitching aptimizatia

Creratian 5: lag Likelhl 0308
Creratian f: log Likelihood = 52398001
Tteratlon 7 1 = BE4.30337
Creratian B: = 524 R
Tteratlon 39: = DEA.3503E
Treratian 10: = 524.37211
Cteratian Ll: = BEM.930E6
Treratian 12: = 5E4.43211
Tteratlon 13: =  BEM.Q3EL5
Cteratlon L4: Laog Lik =  DEA.43ELT
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Tteratlon 15: log Likellihood = 524.432L7
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Figure 6: Forecasting Command

As illustrated in the graph below, Austrian GDP is expected to remain flat and stable in the

coming fifty years; hence, the trend is plotted as a straight line. Since the model intends to

study the effect of financial crisis on the forecast, ARIMA 2007 model is applied. The graph

below forecasts the GDP trend with the influence of crisis.
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Graph 8: ARIMA 2007

According to analysis, Austria’s GDP remained under the sharp influence of economic crisis;
evidence to the notion can be taken from the sharp GDP decline from 12.62% (2007) to
0.02% (2008).
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Graph 9: ARIMA Full and ARIMA 2007

In the graph above, ARIMA FULL line moves above the ARIMA 2007 line; since ARIMA
FULL values are higher than ARIMA 2007; the evaluation suggests that unlike ARIMA
2007, ARIMA FULL line indicates no impact of financial crisis on Austria’s GDP.

f) The Monte-Carlo Experiment

Following are the commands to prove the statement that Dickey-Fuller model may not be

suitable for stationary series if the model is based on time trend.



.oarima log gdp trend, arima{s,d,d)

[setting aptimization to BHHHA)

Ineration O:  log Likellhood = 62601196
Iteration 1:  log Likelihood = 636.EBEE3
Iteration 2 log Likelihood = B3E.197Eq
Itaration 3: log Likelihood = 64D, 83185
Iteration 4:  log Likelihood = B41.Z11E
[switching optimization Lo BFGES)

Itaration 5: log Likelihood = 641.65035
Iteration 6:  Llog Likelihood = 64L.TYUELE
Iteration 7:  Llog Likelihood = 64L1.BZ3E3
Itaration B:  Log Likelihood = 641.B3EL
Iteration 9:  log Likelihood = B4L.E39TE
Iteration 10: Log Likelihood = B41.E3804
Iteration 11: log Likelihood = 641 3885
Iteration 12: Log Likelihood = B41.E35985

Sample: 19839l - 201344 Humber of obs = 204
Walc chif(3) =
Log Likelihood = a4l B4 Prab » chil =
QPG
log gdp Coel.  5iLd. Erx L Prle [82% Conl. Iaterwvall
Log_gdp
trend S00ea0gq DOUTERT B.7E  0.000 LdE4463
_tans 1l.3l481 1758873 64.34  D.00d 11.6B13¢8
ARMA
ar
Li. .895l9vEs (DBBEELE 16.07  D.004 14 1. 068064
L. 0423179 (DB1SDEG D.6E DB = UT9010% 1B3E463
Jalgma 0102852 LDDDERLE 29,28 0,000 Gosele $1d%843
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Figure 7: Simulation

At x=0, the p-vale is 95.8%, which means the Dickey-Fuller test with no trend is more

reliable than otherwise. The figure below indicates that the Dickey-Fuller value at x=1 is

significant; however, p-value is only significant for 4.2% of the total 1000 frequency. Hence,

in case of trend model, Dickey-Fuller is less suitable.
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Figure 8: Simulation Results

On a simple note, the evaluation suggests that the Dickey-Fuller test with trend model is less

suitable for stationary test and it cannot be relied as the results are very weak.
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