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Abstract— Exchange rate represent value of a currency against 
another currency. The exchange rate always fluctuating each their 
transactions. The exchange rate fluctuations influenced by many 
things, one of them is external debt (ED). Investors and traders who 
use dollars as payment for the transaction its sell-buy need 
information about the trend of increase exchange rate and projection 
in the future as a supporter decision-making buying and selling 
exchange rate transactions to get maximum profit. So that the 
calculations become important to do, by using Independent Two-
Sample T-Test and approach ARCH/GARCH model.  
In this research, used a method of Independent Two-Sample T-Test 
to analyze the possible tendency the trend of the exchange rate and 
ARCH/GARCH model to know the value of exchange rate projection 
in the future. From analysis undertaken, we get the conclusion that 
there is indication of tendency the possibility of the exchange rate 
trend around due date period of external debt  in the fourth quarter 

in 2013 and 2014, the appropriate ARMA (0,51) and varians model 
GARCH (1,2) with an average exchange rates dollar to rupiah for 
three months as much as Rp 12.813,467.  

  
Keyword: exchange rate, Independent Two-Sample T-Test, 
ARCH,GARCH  

I. INTRODUCTION 

conomic globalization has led to the existence of  

international trade that requires payment for cross- 

border transactions. This has led to differences in the currency 

used by the country concerned so-called exchange rate [1]. 

Exchange rate indicates the value of a currency against another 

currency.  

Middle exchange rate used to analyze the currency price 

fluctuations. Information on the upward trend and projections of 

future exchange rate for the period required for investors and 

traders to read the state to support decision making transactions 

in foreign currency exchange rates in order to get the maximum 

benefit. 

Policy-making External Debt (ED) aims to cover the 

budget deficit revenue and expenditure due to routine financing 

and spending considerable development [2]. At the time of ED 

out, the supply of foreign exchange in the market increases. As 

a result, the rupiah strengthened against the currency. However, 

at the time of having to pay for debt repayment of foreign loans 

due, then the exchange rate will tend to weaken the currency as 

demand for foreign currency in the market increased for the 

purpose of paying ED [3]. 

This study aimed to analyze the differences in the exchange 

rate of the dollar against the rupiah around due date period of 

ED as a measure of time. The author refers to the analysis stage 

of the test the average difference of two independent samples 

due to have a similar concept. In the journal as a reference, the 

average difference test of two independent samples was used to 

analyze the influence of gender on Iranian EFL learners on 

reading comprehension tests [4]. 

At the final project’s Lulik Presdita Widasari [5], discussed 

Autoregressive Conditional Heteroscedastic (ARCH) model and 

Generalized Autoregressive Conditional Heteroscedastic 

(GARCH) model which is a generalization of the ARCH model 

to modeling the heteroscedasticity. 

Heteroskidasticity is a condition that the residual variance 

is not constant, where financial data such as the exchange rate 

has two important properties that are often owned by time series 

data in the financial sector that is the heteroscedasticity and 

volatility clustering. 

In this final project, the test was used an average difference 

of two independent samples to analyze whether there is any 

possibility of a tendency upward trend of the exchange rate 

around due date period of ED and modeling approaches 

ARCH/GARCH to modeling the volatility and get the forecast 

rate for the coming period with the model obtained. 

II. PROBLEM STATEMENT 

Based on those background, the problem in this final 

project is as follows: 

1. Is there a tendency rising trend in the dollar against the 

rupiah exchange rate around due date period of ED. 

2. How to model exchange rate volatility using ARCH / 

GARCH and got the results forecast for the coming period 

with the model obtained. 

The discussion in this final project is limited to the 

following: 

1.  Comparison the mean exchange rate of the dollar against the 

rupiah due date period of ED as a measure of time. 

2.   Due date period of ED is the fourth quarter (October-

December) in 2013 and 2014. 

3.  Software used in this study is Minitab and Eviews. 

III. MATHEMATICAL MODELING 

Model Autoregressive Moving Average (ARMA) 

ARMA model is used to obtain the mean models of log 

data return rate. In general ARMA model is a combination of 
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the model Autoregressive (AR) and the model Moving Average 

(MA). 

1. Autoregressive model (AR) 

The general form autoregressive model of order p (AR (p)) 

are: 

𝑍𝑡 = ∅1𝑍𝑡−1 + ∅2𝑍𝑡−2 + ⋯ + ∅𝑝𝑍𝑡−𝑝 + 𝛼𝑡 

∅1, ∅2, … , ∅𝑝 : autoregressive parameters     

𝛼𝑡 : error value at t 

2. Moving Average Model (MA) 

The general form of moving average model of order q (MA 

(q)) are: 

𝑍𝑡 = 𝛼𝑡 − 𝜃1𝛼𝑡−1 − 𝜃2𝛼𝑡−2 − ⋯ − 𝜃𝑞𝛼𝑡−𝑞 

𝜃1, 𝜃2, … , 𝜃𝑞 : moving average parameters 

3. The process of ARMA 

In general the model ARMA (p, q) is: 

𝑍𝑡 = ∅1𝑍𝑡−1 + ⋯ + ∅𝑝𝑍𝑡−𝑝 + 𝛼𝑡 − 𝜃1𝛼𝑡−1 − ⋯ − 𝜃𝑞𝛼𝑡−𝑞 

ARCH and GARCH Model 

In general, ARCH and GARCH models are as follows:  

ARCH models, with orde (p) 

𝜎𝑡
2 = 𝑎0 + 𝑎1𝜀𝑡−1

2 + ⋯ + 𝑎𝑝𝜀𝑡−𝑝
2 = 𝑎0 + ∑ 𝑎𝑖𝜀𝑡−𝑖

2𝑝
𝑖=1     

GARCH models, with orde (p,q) 

�̂�𝑡
2 = 𝑎0 + 𝑎1𝜀𝑡−1

2 + ⋯ + 𝑎𝑝𝜀𝑡−𝑝
2 + 𝛽1�̂�𝑡−1

2 + ⋯ + 𝛽𝑞�̂�𝑡−𝑞
2  

       = 𝑎0 + ∑ 𝑎1𝜀𝑡−1
2𝑝

𝑖=1 + ∑ 𝛽𝑗 �̂�𝑡−𝑗
2𝑞

𝑗=1  

IV. ANALYTICAL SOLUTION 

Observational data used for the analysis in this section is 

the middle exchange rate of the dollar against the rupiah to the 

month of August-September as the period prior to the 

observation and in January-February as the period after 

observation. Stages of the analysis carried out in 2013 and 2014. 

A. Analysis Hypothesis Period 2013 and 2014  

Steps being taken to interpret the results of hypothesis test 

analysis, the test used an average difference of two independent 

samples by comparing the calculated t value with the t table [6]. 

The value 𝛼 used by 5%. 

Hypothesis: 

𝐻0 : There is no difference in the mean exchange rate of the 

dollar against the rupiah between before and after the period of 

maturing external debt in 2013. 

𝐻1 : There is difference in the mean exchange rate of the dollar 

against the rupiah between before and after the period of 

maturing external debt in 2013. 

Statistical Test:  

𝑡 =
(�̅�1 − �̅�2) − 𝑑0

√(
𝑠1

2

𝑛1
⁄ ) + (

𝑠2
2

𝑛2
⁄ )

 

=
(11212,79 − 12176,79) − 0

√(281,722

29⁄ ) + (61,412

29⁄ )

= −18,004 

𝑣 =
(

𝑠1
2

𝑛1
⁄ +

𝑠2
2

𝑛2
⁄ )

2

(
𝑠1

2

𝑛1
⁄ )

2

𝑛1 − 1 +
(

𝑠2
2

𝑛2
⁄ )

2

𝑛2 − 1

 

=
(281,722

29
⁄ + 61,412

29
⁄ )

2

(281,722

29⁄ )
2

29 − 1 +
(61,412

29⁄ )
2

29 − 1

 = 30,65 ≈ 31 

Then 𝑡(0,05;31) = 1,645 

Which is, 

�̅�1 : The average value of the sample 1 

�̅�2 : The average value of the sample 2 

𝑑0 : The expected value of the difference observation (𝑑0 = 0) 

𝑣   : Degrees of freedom 

𝑠1
2  : The standard deviation of the sample 1 

𝑠2
2  : The standard deviation of the sample 2 

𝑛1  : The amount of data on a sample of 1 

𝑛2  : The amount of data on a sample of 2 

Testing Criteria: 

If the value 𝑡 = |−18,004| = 18,004 > 𝑡(0,05;31) =

1,645 or 𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0,000 < 𝛼 = 0,05, then 𝐻0 is rejected. 

It means there is difference in the mean exchange rate of the 

dollar against the rupiah between before and after the period of 

maturing external debt in 2013. 

Calculations in the same way also conducted to obtain the 

results of the analysis and conclusions in the period of 2014. 

Hypothesis: 

𝐻0 : There is no difference in the mean exchange rate of the 

dollar against the rupiah between before and after the period of 

maturing external debt in 2014. 

𝐻1 : There is difference in the mean exchange rate of the dollar 

against the rupiah between before and after the period of 

maturing external debt in 2014. 

Statistical Test:  

𝑡 =
(11844,96 − 12600,1) − 0

√(144,712

29
⁄ ) + (79,962

29
⁄ )

= −24,59 

 

𝑣 =
(144,712

29
⁄ + 79,962

29
⁄ )

2

(144,712

29⁄ )
2

29 − 1 +
(79,692

29⁄ )
2

29 − 1

 = 43,64 ≈ 44 

Then 𝑡(0,05;44) = 1,645 

Testing Criteria: 

If the value 𝑡 = |−24,59| = 24,59 > 𝑡(0,05;44) = 1,645 or 

𝑝 − 𝑣𝑎𝑙𝑢𝑒 = 0,000 < 𝛼 = 0,05, then 𝐻0 is rejected. It means 

there is difference in the mean exchange rate of the dollar against 



 
  
 

the rupiah between before and after the period of maturing 

external debt in 2014. 

B. ARMA Modeling 

The first step to determine the ARMA model is to plot a 

graph of the data exchange and data log return rate. The result 

can be seen in Figure 1 and Figure 2 So that the resulting  model 

accordingly, the data must meet the conditions stationary in 

mean and variance.  

  

 

 

 

 

 

 

 

 

Figure 1. Exchange Rate Chart 

 

 

 

 

 

 

 

 

 

Figure 2. Log-Return Exchange Rate Chart 

 

 

 

 

 

 

 

 

 

Figure 3. Plot Box-Cox Log-Return Exchange Rate 

In Figure 2 represent that a plot of log returns had been 

stationary in the mean exchange rate. Seen from the average 

series observations fluctuate around the mean value. Data log 

returns have also been stationary in the variant seen through 

BoxCox plot. In Figure 3, the values obtained rounded value 

equal to one, meaning that the data is already stationary in 

variants. The next step taken is a time series plot of ACF and 

PACF, result can be seen in Figure 4. 

Figure 4. Plot ACF and PACF Exchange Rate 

Seen in Figure 4 plot of PACF cuts off the lag 51, 

allegation models while log data return rate is ARMA ([51], 0). 

Next will be shown the test parameters for the ARMA model 

([51], 0) by using t-test to see compliance with the existing data. 

Hypothesis: 

𝐻0: ∅51= 0 (parameter model is not significant) 

𝐻1: ∅51≠ 0 (parameter model is significant) 

Statistical Test:  

𝑡𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 =
∅51

𝑠𝑡. (∅51)
=

−0,08558

0,66711
=  −1,28 

𝑡𝑡𝑎𝑏𝑙𝑒   = 𝑡0,025;283 = 1,960 

Testing Criteria: 

Because of the value 𝑡 = |−1,28| = 1,28 < 𝑡(0,05;283) = 1,96 

then 𝐻0 is accepted. It means parameter model is not significant. 

C. Diagnostic Test ARMA Model 

Diagnostic tests ARMA model consists of the assumption 

of residual white noise and residual normal distribution. Testing 

of residual white noise assumption can be made by using the 

Ljung-Box test with the following: 

Hypothesis: 

𝐻0: 𝜌1 = ⋯ = 𝜌10 = 0 

𝐻1 ∶ at least one  𝜌𝑗 ≠ 0, 𝑗 = 1,2, … ,10 

Statistical Test:  

𝑄 = 𝑛(𝑛 + 2) ∑
�̂�𝑘

2

𝑛 − 𝑘
 ,

5

𝑘=1

�̂�𝑘 𝑎𝑢𝑡𝑜𝑘𝑜𝑟𝑒𝑙𝑎𝑠𝑖 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 

= 284(284 + 2) (
(0,113)2

284 − 1
+

(−0.092)2

284 − 2
+. . +

(−0,1)2

284 − 10
) 

= 284(286)(0.000244) 
=  19,85544 
𝜒2

(0,05;10−0−1) = 16,919 

Testing Criteria: 

Because of the value 𝑄 > 𝜒2
(0,05;10) then 𝐻0 is rejected. It 

means residual is not white noise. 

While testing the residual assuming normal distribution 

using the Kolmogorov-Smirnov test with the following: 

Hypothesis: 
𝐻0 : 𝐹(𝑥) = 𝐹0(𝑥) (residual is normal distribution) 

𝐻1 ∶ 𝐹(𝑥) ≠ 𝐹0(𝑥) (residual is not normal distribution) 

Statistical Test:  

𝐷 = 𝑠𝑢𝑝
𝑥

|𝑆(𝑥) − 𝐹0(𝑥)| 𝐷 

     = 0,11506                                               
𝐷0.05,284 = 0.080701 

Testing Criteria: 

Because of the value 𝐷 > 𝐷0.05,284 then 𝐻0 is rejected. It means 

residual is not normal distribution. 

One diagnostic test stage is the stage of overfitting. Phase 

overfitting done to see other models that might fit the data. 

Overfitting results can be seen in Table 1. 



 
  
 

Table 1. Results overfitting ARMA Model 

From Table 1, it appears that the ARMA model that meets 

the test of significance, residual white noise and normal 

distribution is a model ARMA (0, [51]), then the best model for 

the dollar against the rupiah exchange rate is ARMA (0, [51]). 

Model ARMA (0, [51]) on the following exchange rates: 

𝑍𝑡 =  𝑎𝑡 + 0,453974 𝛼𝑡−51 

D. Identification of Heteroskedasticity 

Identifying the elements of heteroscedasticity done before 

ARCH-GARCH model analysis. Test any element of 

heteroscedasticity in residuals squared ARMA model through 

the ACF and PACF can use Ljung-Box test [7].  

Hypothesis: 

𝐻0 : There is no element heteroskedasticity 

𝐻1 : There is element heteroskedasticity 

Statistical Test:  

𝐿𝐵 = 𝑛(𝑛 + 2) ∑
𝜌𝑘

2

𝑛 − 𝑘
 

5

𝑘=1

 

    = 284(284 + 2) (
(0,326)2

284 − 1
+

(0.161)2

284 − 2
+. . +

(−0,036)2

284 − 10
) 

    = 284(286)(0.000517) 

    =  41,999579 

𝜒2
(0,05;10) = 18,307 

Testing Criteria: 

Because of the value 𝐿𝐵 > 𝜒2
(0,05;10) then 𝐻0 is rejected. It 

means there is element heteroskedasticity. 

E. ARCH/GARCH Modeling  

Because at the ARMA model is still a heteroskedastic 

element, it is necessary to variants of ARCH and GARCH 

models to solve the problem of volatility in the 

heteroscedasticity. 

Establishment of the model variants through the stages of 

plotting ACF and PACF of the residuals squared. Based on 

Figure 5 shows the plot of ACF cuts off at lag 1 and 2. While 

the squared residual PACF show cuts off the lag 1st allegation 

based on a provisional model of ACF and PACF plot is GARCH 

(1,2). 
 

 

 

 

Figure 5. Plot ACF and PACF Squared Residual 

The next step is testing the significance of the model parameters 

by using t-test as follows: 

a. Significance test parameters �̂�0 

Hypothesis: 

𝐻0: �̂�0 = 0 (parameter model is not significant) 

𝐻1: �̂�0 ≠ 0 (parameter model is significant) 

Statistical Test:  

𝑡𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 =
�̂�0

𝑠𝑑(�̂�0)
=

0,0000153

0,00000317
=  4,83 

𝑡𝑡𝑎𝑏𝑙𝑒   = 𝑡0,025;284 = 1,960 

Testing Criteria: 

Because of the value 𝑡 = 4,83 > 𝑡(0,05;284) = 1,96 then 𝐻0 is 

rejected. It means parameter model is significant. 

b.  Significance test parameters �̂�1 

Hypothesis: 

𝐻0: �̂�1 = 0 (parameter model is not significant) 

𝐻1: �̂�1 ≠ 0 (parameter model is significant) 

Statistical Test:  

𝑡𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 =
�̂�1

𝑠𝑑(�̂�1)
=

0,252975

0,072259
=  3,5 

𝑡𝑡𝑎𝑏𝑙𝑒   = 𝑡0,025;284 = 1,960 

Testing Criteria: 

Because of the value 𝑡 = 3,5 > 𝑡(0,05;284) = 1,96 then 𝐻0 is 

rejected. It means parameter model is significant. 

c. Significance test parameters �̂�1 

Hypothesis: 

𝐻0:  �̂�1 = 0 (parameter model is not significant) 

𝐻1: �̂�1 ≠ 0 (parameter model is significant) 

Statistical Test:  

𝑡𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 =
 �̂�1

𝑠𝑑( �̂�1)
=

0,470901

0,183718
=  2,56 

𝑡𝑡𝑎𝑏𝑙𝑒   = 𝑡0,025;284 = 1,960 

Testing Criteria: 

Because of the value 𝑡 = 2,56 > 𝑡(0,05;284) = 1,96 then 𝐻0 is 

rejected. It means parameter model is significant. 

d. Significance test parameters �̂�2 

Hypothesis: 

𝐻0:  �̂�2 = 0 (parameter model is not significant) 

𝐻1: �̂�2 ≠ 0 (parameter model is significant) 

Model 

ARMA 

Signif

icant 

White 

Noise 
Normal AIC SBC 

ARMA 

([51],[51]) 
sign. 

not 

white 
noise 

not 

normal 
-7.99 -7.96 

ARMA 

(0,[51]) 
sign. 

white 

noise 
normal -7.68 -7.66 



 
  
 

Statistical Test:  

𝑡𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒 =
 �̂�2

𝑠𝑑( �̂�2)
=

−0,296231

0,110884
=  −2,67 

𝑡𝑡𝑎𝑏𝑙𝑒   = 𝑡0,025;284 = 1,960 

Testing Criteria: 

Because of the value 𝑡 = |−2,67| = 2,56 > 𝑡(0,05;284) = 1,96 

then 𝐻0 is rejected. It means parameter model is significant. 

Based significance test parameters, it was concluded that 

the GARCH (1,2) gives significant parameters.Further testing 

the significance of the alleged parameter models while, the next 

step is overfitting by ACF and PACF plot squared residuals 

ARMA model shown in Table 2.  

Table 2. Overfitting Results ARCH/GARCH Model 

Table 2 shows that there is another model that meets the 

test of significance. The next stage is to compare the model that 

has been suspected to view the condition, that the significant 

parameters as well as having the smallest value of AIC and SBC. 

In Table 3, GARCH (1,2) was selected as the best model 

because it meets the test is significant and has the smallest value 

of AIC-SBC. 

Table 3. AIC-SBC Results for Significant Model 

So we get the variant models GARCH (1,2) model mean ARMA 

(0, [51]) as follows: 

𝑍𝑡 =  𝑎𝑡 + 0,453974 𝛼𝑡−51 

𝜎𝑡
2 = 0,0000153 + 0,252975 𝜀𝑡−1

2 + 0,470901 �̂�𝑡−1
2  

+0,296231 �̂�𝑡−2
2   

F. Forecasting GARCH(1,2) model 

GARCH(1,2) model of the dollar against the rupiah 

exchange rate: 

𝜎𝑡
2 = 0,0000153 + 0,252975 𝜀𝑡−1

2 + 0,470901 �̂�𝑡−1
2  

+0,296231 �̂�𝑡−2
2  

The next step is to do forecasting the exchange rate for the 

coming period with GARCH (1,2). Results dollar against the 

rupiah exchange rate forecast for the next three months (March 

2015 to May 2015) can be seen in Figure 6  

 

 

 

 

 

 

 

 

 

Figure 5. Forecast for the Next 3 Months 

V. CONCLUTION 

Based on the results of this final project, conclusions and 

suggestions can be taken as follows: 

1.  There is difference in the mean exchange rate of the dollar 

against the rupiah between before and after the period of 

maturing external debt in periode 2013 and 2014, that 

indicated a possible tendency rising trend in the dollar 

against the rupiah exchange rate around the maturity period 

ED elected. 

2.  The best GARCH model to forecast the rupiah exchange rate 

against the dollar in the coming period is GARCH (1,2) that 

is: 

𝜎𝑡
2 = 0,0000153 + 0,252975 𝜀𝑡−1

2 + 0,470901 �̂�𝑡−1
2 +

0,296231 �̂�𝑡−2
2   

and ARMA (0,[51]) that is:  

𝑍𝑡 =  𝑎𝑡 + 0,453974 𝛼𝑡−51 with an average exchange rate 

of the dollar against the rupiah during the three months 

amounted to Rp 12813.467. 
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