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Abstract 

Russia and Ukraine are in a war, with the former invading the latter. This puts 

the latter under great stress, many have died in the process and many more have 

been displaced and many more have fled from Ukraine. This has resulted in 

intervention in many time series related to Ukraine. For example, the time series 

of the daily exchange rates of Ukrainian Hryvnia (UAH) and United States 

Dollars (USD) experienced an intervention on the first day of Russian incursion. 

By Box and Tiao (1975) approach, a realization of the time series from 1 January 

2022 to 15 March 2022 is analyzed. The intervention model arrived at is found 

adequate. It can be the basis for management and planning. 
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Introduction 

Since 24 February 2022 Russia has invaded Ukraine and unrelentingly has wrought 

damage to the latter. United States on the other hand is experiencing relative peace and 

tranquility. This study looks at the behavior of the Ukrainian Hryvnia (UAH) and the 

United States Dollars (USD) exchange rates within this time frame.  It is observed that an 

intervention developed in the time series  after Russia struck on 24 February 2022. In the 

sequel the intervention model is proposed and shown to be adequate for the series. The 

approach used is the Box and Tiao (1975) method, which has been successfully applied 

by many authors. 

Ray et al. (2014), for instance, studied intervention introduced by using the Bt cotton 

variety in 2002 to cotton cultivation in India. They noticed that the use of ARIMA 

intervention model gave better results than the use of conventional ARIMA modeling.   

In Malaysia in 2001, a road safety intervention was introduced called OPS Sikap. It was 

observed that ARMA(1,12) was the best intervention model used for the prediction of the 

number of road accidents. In Nigeria Federal Road Safety Corps was established in 1987 

for the same purpose as OPS Sikap in Malaysia. Oreko et al. (2017) have confirmed that 

the establishment of this intervention measure has achieved the purpose for which it was 

adopted. Giordano et al. (2020) studied the incidence of covid-19 in Italy, and arrived at 

the conclusion that restricted social distancing and tests are capable of arresting covid-19 

epidemic in Italy.  Mohammed et al. (2016) adopted interrupted time series approach to 

ascertain whether intervention measure used the Ghanaian government in the year 2001 

was effective in the reduction of inflation in Ghana. Using yearly series of inflation and 

the Box-Jenkins (1976) technique, it was found that autoregressive model of order 1 was 

suitable for the series. Also, the intervention measure was effective in curbing inflation 

in the economy. Ma et al.(2013) used interrupted time series approach to find out if the 

intervention of raising taxes on cigarettes could lower smoking prevalence among 

Pennsylanian populace. They observed a significant decrease in the prevalence.  Etuk and 

Eleki (2016) have shown by the application of the algorithm of Box and Tiao that there 

was an intervention of economic recession in Nigeria to significantly affect the daily 

Chinese Yuan and Nigerian Naira exchange rates. Helfenstein (1991) discusses the use 

of ARIMA models in modeling interventions in the field of Epidemiology. This is to 

mention just a few. 

Materials and Methods 

Data 

The data analyzed in this work are 74 daily UAH/USD exchange rates from 1 January 

2022 to 15 March 2022 obtainable from the website (https://exchangerates.org.uk/UAH-

US𝐷-spot-exchange-rates-history-2022.html). They are to be interpreted as the amount 

of USD going for one UAH ( ∅ 1 UAH). 

http://www.ijmae.com/


International Journal of Management, Accounting and Economics  

Vol. 9, No. 3, March, 2022 

ISSN 2383-2126 (Online) 

© Author(s), All Rights Reserved                                                                                           www.ijmae.com  

 

 
168 

Intervention Modelling 

Suppose X1, X2, … , Xn is a realization of a time series {Xt} having an intervention at 

time t = T < n. According to Box and Tiao (1975), the pre-intervention series is modeled 

as an ARIMA(p,d,q). That is, 

∇𝑑𝑋𝑡 = 𝛼1∇
𝑑𝑋𝑡−1 + 𝛼2∇

𝑑𝑋𝑡−2 +⋯+ 𝛼𝑝∇
𝑑𝑋𝑡−𝑝 + 𝜀𝑡 + 𝛽1𝜀𝑡−1 + 𝛽2𝜀𝑡−2 +⋯+

𝛽𝑞𝜀𝑡−𝑞     …..   (1) 

where t<T,  ∇ = 1-L where L is a backshift operator defined by LXt = Xt-1, {t} a white 

noise process and {i} and {j} are constants chosen so that model (1) is stationary and 

invertible. (1) may be written as 

∇𝑑(1 − 𝛼1𝐿 − 𝛼2𝐿
2 −⋯− 𝛼𝑝𝐿

𝑝)𝑋𝑡 = (1 + 𝛽1𝐿 + 𝛽2𝐿
2 +⋯+ 𝛽𝑞𝐿

𝑞)𝜀𝑡                  (2) 

Or 

d(L)Xt = (L)t                                                                                                       (3) 

Where (L)=1-1L-2L
2-…-pL

p is the autoregressive operator and (L) = 

1+1L+2L2+…+qL
q is the moving average operator. 

 The noise part of the intervention model is 

Xt = (L)t/(l)d                                                                                                       (4) 

Let f(t) be the post-intervention forecast on the basis of (1). Suppose z=Xt-f(t), t  T. 

Then the transfer function of the intervention model is given by 

Z=c1*(1-c2^(t-T+1))/(1-c2), t  T                                                                                 (5) 

Combining (4) and (5) the intervention model is 

Yt = (l)t/(L)d + Itc1*(1-c2^(t-T+1))/(1-c2)                                                           (6) 

where It = 0, t< T and It = 1, tT. 

 Computer Software: 

Eviews 10 was used for all computational need of this work. 

Results 

The time plot of daily exchange rates of UAH and USD is in Figure 1. There is a 

generally negative trend. The intervention happens at t=T=55, that is, at February 24, 

2022, the day that Russia struck Ukraine.  The pre-intervention series has its time plot in 

Figure 2. Shown is a generally downward trend. Table 1 shows unit root test of the pre-

intervention series. With p-value equal to 0.8872 > 0.05, the pre-intervention series is 

found non-stationary. There was therefore need for differencing. Figure 3 shows a time 
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plot of the difference of the series. There is no more trend. The unit root test of Table 2 

shows that the difference of the pre-intervention series is stationary having a p-value of 

0.0000 < 0.05. Figure 4 is the correlogram of the difference series. It suggests an 

autocorrelation structure of a white noise process, none of the spikes being statistically 

significant. This means that the post-intervention forecasts are equal to the last pre-

intervention rate of 0.0341. With f=0.0341, t > 54, z=Xt –f, t > 54. 

The transfer function determined in Table 3 is such that c1 = -0.000672 and c2 = -

0.125936. The intervention model  forecasts compared to post-intervention data in figure 

5 are close. the intervention model is therefore 

Yt = t/ - 0.000672*(1-(-0.125936)^(t-54))/1.125936, t >54                                    (7) 

The chi-square statistic value of 0.0484 is less than the critical value of 30.144 = 2
0.05 

at degree-of-freedom 19. The non-significant Pearson’s goodness-of-fit test of Table 4 is 

a testimony to the adequacy of the intervention model.          

 

Figure 1: Time plot of the UAH/USD exchange rates 

 

Figure 2: Time plot of the pre-intervention series 
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Table 1: Unit root test on the pre-intervention series 

 
 

 

Figure 3: Time plot of difference of pre-intervention series 
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Table 2: Unit root test for difference of pre-intervention series 

 

 

 

Figure 4: Correlogram of difference of pre-intervention series 

f=0.0341, t > 54 
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Table 3: Determination of the transfer function of the intervention model 

 
 

 

Figure 5: Superimposition of the post-intervention forecasts on the post-intervention 

data 
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Table 4: Pearson’s chi-square Goodness-of-fit test 

Post-intervention 

forecasts (1) 

Post-intervention 

data (2) 
((1)-(2))^2/(1) 

0.033428 0.0334 0.0000000235 

0.033513 0.0334 0.000000379 

0.033502 0.0335 0.000000000116 

0.033503 0.0335 0.000000000328 

0.033503 0.0333 0.00000123 

0.033503 0.0333 0.00000123 

0.033503 0.0333 0.00000123 

0.033503 0.0332 0.00000274 

0.033503 0.0331 0.00000485 

0.033503 0.0331 0.00000485 

0.033503 0.0331 0.00000485 

0.033503 0.0333 0.00000123 

0.033503 0.0334 0.000000318 

0.033503 0.0333 0.00000123 

0.033503 0.0335 0.00000299 

0.033503 0.0341 0.0000106 

0.033503 0.0341 0.0000106 

0.033503 0.0341 0.0000106 

0.033503 0.034 0.00000737 

0.033503 0.034 0.00000737 

Total  0.0484232 

Conclusion 

It is not surprising that invasion of Ukraine by Russia has produced many interventions 

in Ukraine. The UAH/USD exchange rates series is just aan example of many time series 

involved. Intervention model (7) adequately suits the data . It will be found important to 

managers and planners.  
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