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Abstract Time series plot of a realization of daily exchange rates of Thailand Thai-Bath/Nigerian Naira from 

May 2017 to November, 2017 shows the occurrence of an intervention on 4
th

 August, 2017. It is believed that 

this intervention is the current Nigerian economic recession which is bedeviling the country. This paper is aimed 

at proposing an intervention model to explain this phenomenon. The method to adopt is the autoregressive 

integrated moving average (ARIMA) method. Pre-intervention series is observed to be stationary by the 

Augmented Dickey Fuller Test. Following the shown autocorrelation structure of the series, an adequate subset 

ARMA (12, 12) model is fitted to it. On the basis of this model forecasts are made for the post-intervention 

period. Difference between these forecasts and their corresponding actual observations are modeled to obtain the 

intervention transfer function and the desired overall intervention model. This is observed to be statistically 

significant and the forecasts based on it are very closely in agreement with the corresponding observations. 
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Introduction 

Thailand uses the Thai-Baht as its legal tender and it has an acronym THB (Thai-Baht). On the other hand naira 

is the Nigerian currency and is denoted NGN (for Nigerian Naira). An examination of the daily exchange rates 

of Thailand and Nigeria from May 2017 to November, 2017 shows an abrupt jump in the amount of NGN per 

THB on 4
th

August, 2017.  

The exchange rate is price of one currency in terms of other and is a key financial variable that affects decisions 

made by foreign exchange investors, exporters, bankers, financial institutions, policy makers etc. 

Stable exchange rate is one of the requirement for stable economy. The purpose of this work is to propose an 

intervention model for their exchange rate. It is believed that this intervention situation is due to the current 

economic recession in Nigeria. The approach to the intervention modeling of the exchange rates shall be the 

autoregressive integrated moving average (ARIMA) approach introduced by Box and Tiao (1975) [1]. This 

approach is well tested and successfully applied by many scholars. For instance Etuk and Eleki (2017) 

conducted an intervention study on exchange rates of the central African Franc and the Nigerian Naira still due 

to the current economic recession in Nigeria [2]. Classical and Bayesian approaches to time series intervention 

analysis have been compared and contracted by Santos et al., (2017) with the inference that the former is the 

better approach in explaining intervention on some Brazilian economic time series [3]. Etuk & Sibeate (2017) 

have proposed a model for the intervention in the monthly household kerosene distributed in Nigeria [4]. 

Ebhuoma et al., (2017) study the positive effect of the re-introduction of dichlorodiphenyltrichloroethane in the 

lowering of malaria incidence using ARIMA intervention analysis [5]. Masuhawa et al., (2014) studied the 

impact of the introduction of a rotavirus vaccine on rates of hospitalization of children less than 5 years old for 

acute diarrhea [6]. Gilmour et al., (2006) used intervention analysis to measure the health and social effects of a 

reduction in the supply of cocaine in Australia [7]. 
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Materials and Methods  

Data 

All the data used for this work are of secondary sources. The data analyzed in this work are daily THB/NGN 

exchange rates from 26
th

 May, 2017 to 21
st
 November, 2017 from the website www.exchangerates.org.uk/THB-

NGN-exchange-rate-history.html. They are read as the amount of NGN per THB. They are listed in the 

appendix.  

 

Intervention Modeling  

Let {Xt} be a time series encountering an intervention at time t = T. Box and Tiao (1975) proposed that the pre-

intervention part of the series be modeled by ARIMA techniques. That is, for t<T, suppose that the ARIMA (p, 

d, q) model.  

∇𝑑𝑋𝑡 =  𝛼1∇
d Xt−1 + α2∇

dXt−2 + … . + ∝p ∇d Xt−p + 𝜀𝑡 + 𝛽1𝜀𝑡−1 +  𝛽2𝜀𝑡−2 + … + + 𝛽𝑞𝜀𝑡−𝑞           (1) 

 

(where ∇𝑋𝑡 =  𝑋𝑡 − 𝑋𝑡−1) 𝑖𝑠𝑓𝑖𝑡𝑡𝑒𝑑. 𝑚𝑜𝑑𝑒𝑙  1  𝑚𝑎𝑦 𝑏𝑒 𝑝𝑢𝑡 𝑎𝑠 

Φ 𝐿  1 − 𝐿 𝑋𝑡 =  Θ L εt           (2) 

Where 𝐿𝑘𝑋𝑡 =  𝑋𝑡−𝑘 ,𝐿
𝑘𝜀𝑡 =  𝜀𝑡−𝑘 , 

Φ 𝐿 =  1−∝1 𝐿 −∝2 L2 …… ∝p Lp is the autoregressive (AR) operator and Φ 𝐿 =  1 + 𝛽1𝐿 + 𝛽2𝐿
2 +

 …… +  𝛽𝑞𝐿
𝑞  is the moving average (MA) operator. The ∝′ 𝑠 𝑎𝑛𝑑 𝛽′𝑠 are chosen such that the zeroes of 

Φ 𝐿 =  0 are outside of the unit circle for model invertibility.  

From (2) the noise part of the intervention model is  

𝑉𝑡 =  
Θ 𝐿 𝜀𝑡

Φ 𝐿 (1−𝐿)𝑑
            (3) 

 

Firstly, on  

The basis of the model, forecasts are obtained for the post intervention part of the time series. Suppose these are 

𝐹𝑡 , 𝑡 ≥ 𝑇. Then for 𝑡 ≥ 𝑇.  

𝑍𝑡 =  𝑋𝑡 − 𝐹𝑡 =
𝐶 1 x (1−𝑐 2 𝑡−𝑇+1)

 1−𝑐 2  
          (4) 

(The pennsylvania state university, 2016 [8]) 

This is the transfer function of the intervention model. The model is then given by combining (3) and (4) to 

have.  

𝑉𝑡 =  
Θ(L)εt

Φ L (1−L)d +  1tZt            (5) 

Where 1t is an indicator variable such that 1t = 1 in the post intervention period and zero otherwise.  

Secondly still on the basis of the model, forecast are obtained for the post-intervention part of the time series. 

Suppose these are 𝐹𝑡 , 𝑡 ≥ 𝑇.  𝑇ℎ𝑒𝑛 𝑓 𝑜𝑟 𝑡 ≥ 𝑇 

𝑍𝑡 =  𝑋𝑡 − 𝐹𝑡 = 𝑐 1 +  𝑐 2 x 𝑡 − 𝑇 + 1 +  𝑐 3 x (𝑡 − 𝑇 + 1)2      (6) 

This is the transfer function of the intervention model. The model is then given by combining (3) and (6) to have 

𝑌𝑡 =  
Θ(𝐿)𝜀𝑡

Φ 𝐿 (1−𝐿)𝑑
+ 𝐼𝑡𝑍𝑡            (7a) 

Where It is an indicator variable such that It = 1 in the post intervention period and zero otherwise.  

In practice the model (2) is fitted first by the determination of the orders, p, d and q. The differencing order is 

determined sequentially stating from 0 if the series is stationary. If not, with d = 1, the series is tested for 

stationary. If non-stationary, d = 2. Stationary may be tested with the Augmented Dickey Fuller (ADF) unit root 

test procedure. The autoregressive (AR) order may be determined by the lap at which the partial autocorrelation 

function (PACF) cuts off. The moving average (MA) order may be estimated as the lap at which the 

autocorrelation function (ACF) cuts oft. Estimation of X’s and β’s may be done by the method of lest squares. 

 

Computer Package:  

Eviews 9 was used to do all computations in this work. 

 

http://www.exchangerates.org.uk/THB-NGN-exchange-rate-history.html
http://www.exchangerates.org.uk/THB-NGN-exchange-rate-history.html
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Results and Discussion  

The time plot of the realization of the time series used in this work is shown in figure 1. After three spikes, there 

is a sudden sharp increase on 4
th

 August 2017 after which there is no fall in the series. This is the point 

intervention. Prior to this point the exchange rates, apart from three spikes the exchange rates point 33 and 56 

exhibit a fairly flat trend (see figure 2). They are adjudged stationary by the Augmented Dichey Fuller Test (See 

Table 1). Their correlogram of figure 3 shows evidence of seasonality of order 12. This inform the fitting of an 

ARMA (12, 12) model estimated in table 2 as  

𝑋𝑡 = 0.999976𝑋𝑡−12 −  0.750605𝜀𝑡−12 .  

The autocorrelation structure of its residuals shown in figure 4 looks like that of a white noise an indication of 

model adequacy. On it basis the noise component of the model is  

𝑉𝑡 =  
(1 − 0.750605𝐿12 )

1 − 0999976𝐿12
𝜀𝑡 

The estimate in Table 2∝12= 0.999976 𝑎𝑛𝑑 𝛽12 =  −0.750605 are highly statistically significant. 

On the basis of these estimate forecast have been made for the post intervention period. The observation/forcast 

is modeled using equation (4) and as obtained from table (3) c(1) = 1.550843 and c(2) = -0.135660. c(1) is 

statistically significant while c(2) is not statistically significant indicating that the model is not adequate.  

This leads us to an alternative model. The observation/forecast difference is modeled using equation (6) and as 

obtained from table (4) c(1) = 1.515660, c(2) = -0.007512 and c(3) = 6.56E-05 and these coefficient are as well 

highly statistically significant indicating that the model is adequate.  

The overall intervention model is therefore  

𝑌𝑡 =  
(1−0.750605 𝐿12)

(1−0.999976𝐿12 + 1𝑡  1.515660 − 0.007512 x 𝑡 − 70 +  6.56 𝐸 − 05 × (𝑡 − 70)2    (7b) 

Where 1𝑡 = 1, 𝑡 ≥ 70; 𝑧𝑒𝑟𝑜 𝑒𝑙𝑠𝑒 𝑤ℎ𝑒𝑟𝑒.  

Forecasts and actual observations of the post-intervention period closely agreed (see fig 7).  

 
Figure 1: Time plot of daily THB/NGN exchange rates 

 
Figure 2: Time plot of the pre-intervention data 
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Table 1: Stationarity test for pre-intervention data 

 

 

 
Figure 3: Correlogram of the pre-intervention data 
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Table 2: Estimation of the pre-intervention arima model 

 

 
Figure 4: Correlogram of the pre-intervention arima model residuals 



Udoudo UP & Etuk EH                           Journal of Scientific and Engineering Research, 2018, 5(9):112-119 

 

Journal of Scientific and Engineering Research 

117 

 

Table 3: Estimation of the intervention transfer function 

 

 
Figure 5: Graph of intervention transfer function 

 
Figure 6: Post lntervention observations and intervention forecasts of model 1 
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Table 4: Estimation of the intervention transfer function 

 

 
Figure 7: Post-Intervention Observations and intervention forecasts of alternative model 

 

Conclusion  

There is a close agreement between post-intervention observations and the forecast as may be seen in Figure 7. 

Hence the intervention model (7b) is adequate. The model explains the impact of the economic recession on the 

amount of Naira which is exchanged for a Thai-baht. This is certainly going to assist Nigeria managers and 

government officials to put up intervention measures to remedy the situation. 
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Appendix  

Data  

May, 2017 (from 26
th

) 

9.28229 9.2839 9.3821 9.5392 9.4841 9.2222 

June, 2017 

9.2291 9.192 9.1939 9.3261 9.5238 9.2485 9.21549.26139.23099.2307 9.3496 9.2482 9.2867 9.5694 

9.38119.5639 9.5554 9.2736 9.3099 9.52389.5424 9.2877 9.2692 9.269 9.2652 9.5473 9.217 10.321 9.2393 

9.2568 

July, 2017  

9.2557 9.2514 9.2827 9.259 9.2371 9.7474 10.2448 9.2358 9.6387 9.2303 9.195 9.3071 9.2656 9.3014 9.3003 

9.3007 9.1 9.3828 10.4311 9.2666 9.4099 9.4089 9.4103 9.4269 9.41 9.3451 9.44801 9.177 9.181 9. 2396 

9.3709 

August, 2017  

9.4769 9.4732 9.4734 11.0908 11.0908 11.0154 10.9673 11.046910.9769 10.9413 10.9488 10.9471 10.9539 

11.0192 11.0053 10.9 10.8196 10.9137 10.9138 10.3517 10.782910.855 10.901 10.8273 10.7056 10.7086 

10.7049 10.8705 10.772 10.6896 10.7272 

September, 2017  

10.8488 10.849 10.7931 10.8126 10.8103 10.8497 10.8276 10.9152 10.9176 10.9152 10.9028 10.77906 

10.7121 10.9105 10.6954 10.8827 10.8013 10.9045 10.8409 10.7386 10.71 10.8373 10.8377 10.829 10.8276 

10.756 10.733 10.6996 10.7057 10.7057 

October, 2017  

10.7633 10.7244 10.7439 10.7484 10.7348 10.7493 10.7492 10.745 10.7791 10.818 10.7294 10.8934 10.8926 

10.8941 10.8172 10.8838 10.7704 10.8205 10.8578 10.8712 10.8675 10.8445 10.8399 10.8382 10.8139 

10.7819 10.8509 10.8506 10.798 10.8282 10.8305 

November, 2017  

10.7431 10.8691 10.89449 10.9072 10.8159 10.753 10.8557 10.8684 10.8207 10.8441 10.8711 10.8033 

10.8748 10.8088 10.975 10.9348 10.9586 10.9585 10.9682 11.0018 10.9829 
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