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Abstract 

This work concerns itself with the intervention analysis of the British pound, 

GBP, and the United States dollar, USD.It has been observed that the GBP has 

fallen sharply after June 23, 2016 relative to the USD. It is being speculated that 

this is due to the recent exit of Great Britain from the European Union EU. A 

realization of  the daily exchange rate series from 17th March to 12th September. 

2016 is analyzed by ARIMA methods. The intervention point is June 23, 2016, 

after which there is a sharp fall in the relative value of the GBP. This fall is 

shown to be statistically significant. The pre-intervention series is observed to 

follow an ARIMA(1,1,0) model. Following the nature of this fall, an adequate 

intervention model has been proposed and fitted. 
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Introduction 

It has been observed in this study that the Great British pound (GBP) has depreciated 

markedly since June 2016. In particular the daily exchange rates which form the focus of 

this work indicate that since 23 June, 2016, GBP has fallen sharply relative to the United 

States Dollar (USD). This calls for intervention on the part of Great Britain. It is herein 

speculated that this situation has been occasioned by the recent Brexit incident. 

 It is to be noted that 23 June, 2016 is exactly the date when British citizens voted 

52%:48% to opt out of the European Union EU. This appears to have affected the British 

economy adversely and drastically reduced the relative value of the pound. Interest in this 

work is in the putting up of an intervention model for the daily GBP/USD exchange rates 

which could helpful in the management of this situation.  

The methodology to adopt is the Box-Jenkins or ARIMA methodology. 

(𝐵𝑜𝑥 & 𝑇𝑖𝑎𝑜, 1975) introduced  intervention modeling. Ever since, authors have taken  

interest in the application of such models. For instance, (𝑇𝑎𝑔𝑎𝑟𝑖𝑠 𝑒𝑡 𝑎𝑙. 1997) conducted 

an intervention analysis of functional magnetic resonance imaging data. 

(𝐶ℎ𝑢𝑛𝑔, 𝑒𝑡 𝑎. , 2009) designed an ARIMA intervention model for the financial crisi in 

Chinese manufacturing industry. Such a  model was built for Chinese stock prices too by 

(𝐽𝑎𝑟𝑟𝑒𝑡𝑡𝑒 & 𝐾𝑦𝑝𝑒𝑟, 2011). Intervention study of crime data in the Eastern region of 

Ghana has been done  by (𝑇𝑎𝑟𝑘𝑤𝑎ℎ 𝑒𝑡 𝑎𝑙. , 2012), to mention but a few. 

Materials and Methods 

 Data 

 The data for this study are daily GBP/USD exchange rates from 17th March, 2016 to 

12th September, 2016 obtained from the website www.exchangerates.org.uk/GBP-USD-

exchange-rate-history.html accessed on 13th  September 2016. It is read as the amount of 

USD per GBP.  

Arima Modelling  

(𝐵𝑜𝑥 & 𝐽𝑒𝑛𝑘𝑖𝑛𝑠, 1976) defined an autoregressive moving average model of order p 

and q denoted by ARMA(p, q) as 

𝑋𝑡 − 𝛼1𝑋𝑡−1 − 𝛼2𝑋𝑡−2 − ⋯ − 𝛼𝑝𝑋𝑡−𝑝 = 𝜀𝑡 − 𝛽1𝜀𝑡−1 − 𝛽2𝜀𝑡−2 − ⋯ − 𝛽𝑞𝜀𝑡−𝑞  (1) 

   

where {Xt} is a stationary time series and {t} is a white noise process and the ’s and 

’s are constants.   

Suppose model (1) is put as 

𝐴(𝐿)𝑋𝑡 = 𝐵(𝐿)𝜀𝑡 
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 where 𝐴(𝐿) = 1 − 𝛼1𝐿 −  𝛼2𝐿2 − … −  𝛼𝑝𝐿𝑝  and 𝐵(𝐿) = 1 + 𝛽1𝐿 +  𝛽2𝐿2+ … + 

𝛽𝑞 and 𝐿𝑘𝜀𝑡 =  𝜀𝑡−𝑘 . Besides for stationarity and invertibility the roots of A(L) = 0 and 

B(L) = 0 are outside of the unit circle respectively.  

If {Xt} is not stationary, (𝐵𝑜𝑥 & 𝐽𝑒𝑛𝑘𝑖𝑛𝑠, 1976) also proposed that sufficient 

differencing of the series could make it stationary. Let d be the minimum positive integer 

for which the dth difference of the series denoted by {dXt} is stationary. Then  a 

replacement of the series with its dth difference in (1) yields an autoregressive integrated 

moving average model of order p, d and q denoted by ARIMA(p, d, q) which could be 

given by  

𝐴(𝐿)(1 − 𝐿)𝑑𝑋𝑡 = 𝐵(𝐿)𝜀𝑡       (2) 

since  = 1 – L. 

the model (1) is fitted by first of all determining the orders p, d and q. the orders p and 

q are estimated by the cut-off points of the autocorrelation function, ACF, and the partial 

autocorrelation function, PACF respectively. Progressive increase of the value of d and 

each time testing for the series stationarity until stationarity is attained determines the 

minimum value of d. To test for stationarity the Augmented Dickey Fuller (ADF) Test 

may be used. Then the ’s and ’s may be estimated by the least squares method or the 

maximum likelihood procedure. Contending models may be compared for adequacy by 

the use of Akaike’s Information Criterion (AIC). 

 Intervention Analysis 

  A drastic change in the mean level of a time series at a known point in time t = T is 

known as intervention. Analyzing to know how and why the change has taken place is 

usually of interest. The pre-intervention series might be modeled using model (2) as 

𝑋𝑡 =  
𝐵(𝐿)

𝐴(𝐿)(1−𝐿)𝑑 𝜀𝑡          (3) 

An overall intervention model is given by 

𝑌𝑡 =  𝑍𝑡𝐼𝑡 +  
𝐵(𝐿)

𝐴(𝐿)(1 − 𝐿)𝑑
𝜀𝑡 

where Zt represents the amount of change in the mean level of the time series 

attributable to the intervention and It is the indicator variable such that it takes the value 

of zero over the pre-intervention period and the value of one after intervention. If after 

intervention at t = T the series changes in level gradually before reaching a more or less 

constant level an appropriate intervention model is given by 

𝑍𝑡 =  
𝐶(1)(1−𝐶(2)𝑡−𝑇+1)

(1−𝐶(2))
         (4) 

(𝐵𝑜𝑥 & 𝑇𝑖𝑎𝑜, 1975), (𝑇ℎ𝑒 𝑃𝑒𝑛𝑛𝑠𝑦𝑙𝑣𝑎𝑛𝑖𝑎 𝑆𝑡𝑎𝑡𝑒 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦, 2016). 
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Computer Software 

The statistical and econometric package Eviews7 was used for all data analysis. It uses 

the least square criterion for model estimation.  

Results and Discussion 

 The time plot of the series herein called GBUS in Figure 1 shows an intervention point 

after 99 values, precisely on 23rd June, 2016, after which there is a sharp fall in the 

exchange rates in favour of the USD. It is believed that this fall is due to Brexit. The pre-

intervention data are 99 in number and have a mean of 1.4399 and a standard deviation 

of 0.0179. on the other hand, the post-intervention data are 81 in number and have a mean 

of 1.3179 and a standard deviation of 0.01161. A comparison between the two parts of 

the series shows that their means are statistically significantly different. This makes the 

intervention worthwhile.  

The pre-intervention series is not stationary given that the ADF test statistic value of -

1.0723 and the 1%, 5% and 10% critical values of -3.4984, -2.8912 and -2.5827 

respectively. However its first differences DGBUS are stationary with an ADF test 

statistic of -7.8837. the correlogram of these first differences in Figure 2 suggests an 

AR(1) model for DGBUS which is which is estimated as summarized in Table 1 as 

𝐷𝐺𝐵𝑈𝑆𝑡 = 0.2024𝐷𝐺𝐵𝑈𝑆𝑡−1 + 𝜀𝑡       (5) 

which is equivalent to 

𝐺𝐵𝑈𝑆𝑡 =
𝜀𝑡

(1−0.2024𝐿)(1−𝐿)
         (6) 

The adequacy of the intervention model is not in doubt. The residuals have a zero mean 

and are normally distributed as evident from the Jarque-Bera test of Figure 3and the 

goodness-of-fit of the pre-intervention observations and forecasts of Figure 4 and Figure 

5. Figure 5 is a plot of the difference of the observed data and the pre-intervention  

ARIMA(1,1,0) forecasts. 

From table 2 estimation summary 

𝑍𝑡 = −0.1770(1 − 0.6412𝑡+1)                   (7) 

Hence, by combining (6) and (7), the intervention model is given by 

𝐺𝐵𝑈𝑆𝑡 =  
𝜀𝑡

(1−0.2024𝐿)(1−𝐿)
−  0.1770(1 −  0.6412𝑡+1), 𝑡 > 99                (8) 

On the adequacy of the intervention model, Figure 6 compares the post-intervention 

observed data with intervention model forecasts. The chi-square goodness-of-fit test 

statistic has a value of 0.0104 and is not significant. Hence the model is adequate. 
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Conclusion 

It may be concluded that model (8) is an intervention model for daily GBP/USD 

exchange rates given its goodness-of-fit to the observations. The application of this model 

is therefore appropriate to explain the dynamics of the interruption of the pre-intervention 

trend by the Brexit incident in the presence of a noise structure. It is hoped that this 

analysis shall be of help in the management of the situation.  

Table 1: Estimation of the pre-intervention ARIMA(1,1,0) model 

Dependent Variable: DGBUS 

Variable Coefficient Std Error t-Statistic Prob. 

AR(1) 0.202449 0.1000955 2.005348 0.0477 

AIC -7.047375 

Inverted AR Roots 0.20 

Table 2: Estimation of the intervention model 

Dependent Variable: DIFF 

DIFF  = C(1)*(1-C(2)^(T+1)/(1-C(2)) 

 Coefficient Std. Error t-Statistic Prob. 

C(1) -0.063522 0.005475 -11.60258 0.0000 

C(2) 0.641187 0.031586 20.29975 0.0000 
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