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Abstract 

 

Aceh is a province located in the western Indonesia and Aceh has varied climate 

conditions. As one element of weather, rainfall is an important element in 

determining the weather. Components that affect rainfall include air temperature 

and wind speed. This study predicts rainfall based on its components with using 

transfer function. Transfer function is a model that mixes time series approach with 

causal approach. Source of data used in this study is Aceh Statistics Center Board 

(BPS Aceh). The data includes rainfall, air temperature, and wind speed data from 

January 2009 to December 2016. A model of transfer function is found. Based on 

the model, rainfall in a particular month is affected by the rainfall of the previous 

one month up to the previous four months and the temperature of the previous four 

months up to the previous seven months. Rainfall was forecasted for 2017 and 2018 

fluctuates with small variations. The highest rainfall forecast occurs in June 2017 

at 211.345 mm. While the lowest rainfall forecast occurred in March 2017 at 

187.008 mm. The average rainfall forecast from 2017 to 2018 is 199.457 mm. 
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1. Introduction 
 

Geographically and astronomically, Indonesia has a strategic location. 

Indonesia is located in the tropics, between the continents of Asia and Australia, 

between the Pacific Ocean and the Indian Ocean, and through the equator, causing 

the Indonesian region has a climate variation. As one of the provinces in the western 

Indonesia, Aceh also has varied climate conditions. Rainfall is important in 

determining the weather so that rainfall forecasting can be carried out. 

Forecasting is the process of estimating the situation in the future with the 

hope of approaching the actual data [1]. In forecasting time series data, 

Autoregressive Integrated Moving Avarage (ARIMA) model is applied to predict 

rainfall data in the future. The ARIMA model was developed by adding one or more 

independent variables in carrying out a time series data forecast. This model is 

known as the transfer function model [2]. In the analysis of the transfer function, 

the dependent variable is called the output series which is represented by the 

independent variable called the input series. The transfer function is a model that 

can combine several characteristics of univariate ARIMA models and some 

characteristics of multiple regression analysis. Therefore, the transfer function is a 

method that mixes the time series approach with a causal approach [3]. 

Based on the description above, rainfall forecasting will be carried out in the 

Province of Aceh in 2017-2018 by using the transfer function based on factors 

influencing air temperature and wind speed. The purpose of this study was to 

develop a rainfall forecasting model using the transfer function based on the 

influence of air temperature and wind speed in the Aceh Province. In this case, 

rainfall is defined as the output series, while air temperature and wind speed are 

defined as input series. 

 

 

2. Review of the Literature  
 

2.1. Transfer function  

Transfer function is a method of mixing the time series approach with the 

causal approach. Transfer function model consists of a series of output which are 

expected to be influenced by the input sequence and other input combined in one 

group called interference or noise. The purpose of the transfer function modeling is 

to establish a simple model, linking ty with tx and tn .  

Model of transfer function is written in two common forms. The first form is 

as follows: 

  ttt NXBvY  )(                                          (1) 

where: 

 tY  :  output series 

https://dictionary.cambridge.org/dictionary/english-indonesian/review_1
https://dictionary.cambridge.org/dictionary/english-indonesian/of
https://dictionary.cambridge.org/dictionary/english-indonesian/most_1
https://dictionary.cambridge.org/dictionary/english-indonesian/literature
https://dictionary.cambridge.org/dictionary/english-indonesian/transfer_1
https://dictionary.cambridge.org/dictionary/english-indonesian/function
https://dictionary.cambridge.org/dictionary/english-indonesian/with
https://dictionary.cambridge.org/dictionary/english-indonesian/and
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tX  :  input series 

tN  :  The influence of a combination of factors that affect the entire tY  

)(Bv   :    )...( 2
210

k
k BvBvBvv  , where k is the order of transfer function 

Order of transfer function is k. The transfer function model can also be written 

in the form of a second as follows: 
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where: 
s

ss BBBB   ...)( 2
210  

r
rr BBBB   ...)( 2

210  
q

qq BBBB   ...1)( 2
21  

p
pp BBBB   ...1)( 2

21  

ty  =  value tY  that has been stationary 

tx  =  value tX  that has been stationary  

ta  =  random noise value 

r, s, p, q dan b is constant [3] 

 

2.2. Identify the Transfer Function Model 

Thera are eleven (11) stages to forecast with a model of transfer function [4], 

they are (1) Prepare input and output series, (2) Bleaching input series and output 

series, (3) Calculate the cross correlation between the input series and the bleached 

output series, (4) Direct assessment of impulse response weights, (5) Determination 

(r, s, b) for the transfer function model, (6) Initial estimation of noise series )( tn , 

(7) Determination ),( nn qp  of ARIMA ),0,( nn qp  from noise series )( tn , (8) 

Estimation of transfer function model parameters, (9). Diagnostic model of single 

input transfer function, 10. Determine the model of the dual input transfer function, 

and (11) Forecasting with the dual input transfer function method. 

 

 

3. Research Methods 
 

Data analyzed are rainfall data (mm), air temperature (ºC), and wind speed 

(metre/second). The data is monthly time series from January 2009 to December 

2016. Data for the period January 2009 to December 2015 are used as training data 

while data for the period January to December 2016 are used as testing data. Data 

is processed using R Studio software.  
 

 

https://dictionary.cambridge.org/dictionary/english-indonesian/most_1
https://dictionary.cambridge.org/dictionary/english-indonesian/influence
https://dictionary.cambridge.org/dictionary/english-indonesian/of
https://dictionary.cambridge.org/dictionary/english-indonesian/a_2
https://dictionary.cambridge.org/dictionary/english-indonesian/combine
https://dictionary.cambridge.org/dictionary/english-indonesian/of
https://dictionary.cambridge.org/dictionary/english-indonesian/that_1
https://dictionary.cambridge.org/dictionary/english-indonesian/affect
https://dictionary.cambridge.org/dictionary/english-indonesian/most_1
https://dictionary.cambridge.org/dictionary/english-indonesian/entire
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4. Results and Discussion 
 

The transfer function analysis is carried out with steps.  

 

1. Prepare input series (air temperature and wind speed) and output series 

(rainfall) 

First, the input series plot is seen. Further, the data stationary test was carried out. 

 

 

Figure 1: Plot air temperature and wind speed. 

  

Figure 1 shows that the data has fluctuated. The highest air temperature was 

found in June 2014 and July 2014 at 29ºC. The wind speed plot shows the data has 

fluctuated where the highest wind speed was found in July 2014 of 7 m/s. 

 

 
Figure 2: Rainfall plot. 

Figure 2 shows that rainfall data has fluctuated. In this data it can be seen that 

there are two observations of high value, namely the 73rd and 74th observations in 

November 2014 and December 2015. The highest rainfall occurred in November 

2014 which was 510.7 mm. 

To see whether the data requires differencing or not, it can be identified 

through ACF and PACF plots. According to ACF dan PACF plot, air temperature, 

wind speed and rainfall do not require differencing to achieve stationarity with the 

mean. 

• Stationary testing of variants 
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Stationary test results on variants in the input series are presented in Table 1 

below. Box-Cox way is a method to change data so they become stationary, 

introduced by Box and Tiao Cox [5]. 

 

Table 1: Box-Cox transforms the input series. 

Variables Transformation 𝜆  (Lambda) 

Air temperature )100( 5,69

1x  1 

Wind speed )(
55,3

2


x  1 

Rainfall )( 26,0y  1 

 

Using the rank transformation in Table 1, the values of λ of each input series 

and the series of output are equal to 1. Thus, the air temperature, wind speed and 

rainfall are stationary of the variant. 

• Stationary test of the input series in the mean 

H0 :  Data contains unit roots or non-stationary air temperature 

Ha :  Data does not contain a unit root or stationary air temperature 

Table 2 shows the p-value of air temperature, wind speed, and rainfall less 

than α (0.05) then reject H0 (the data is stationary). Based on ACF and PACF plot, 

then testing of input series parameters, further testing of diagnostic ARMA model 

in input series (residual autocorrelation test and normality test), and smallest AIC 

scores; thus, the model chosen at air temperature is ARMA (1,0) and wind speed 

is ARMA (1,1). 
 

Table 2: Air temperature Augmented Dickey-Fuller Test. 

Variables Dickey Fuller P-value 𝛼 

Air temperature -4.025 0.012 0.05 

Wind speed -3.842 0.021 0.05 

Rainfall -4.230 0.010 0.05 

 

2. Bleaching input series and output series and calculation of cross correlation of 

the bleached input and output series 

 The air temperature (𝑥1𝑡) input series is modeled as the ARMA (1,0) model, so: 

1,1111
ˆ

 ttt xx                                                (3) 

 The wind speed (𝑥2𝑡) input series is modeled as the ARMA (1,1) model, so: 

1,211,2122
ˆˆ

  tttt xx                                      (4) 

Bleaching series values are obtained by converting the 𝑦𝑡 series to white noise using 

the following equation: 

 Rainfall (𝑦𝑡) on the ARMA (1,0) air temperature model: 

1,1111
ˆ

 ttt yy                                                (5) 

 Rainfall on the ARMA model (1,1) wind speed: 

1,211,2122
ˆˆ

  tttt yy                                       (6) 
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The input series is assumed to determine the output series. Based on cross 

correlation plot of rainfall t1  and air temperature t1 , there is a 4-month delay 

(before significantly affecting t1 ). Rainfall in the t-month is affected by air 

temperature in the month (t-4). Based on cross correlation plot for t2  and t2 , 

there is a 6-month delay (before significantly affecting t2 ). Rainfall in the T-

month is affected by wind speed in the month (t-6). 

 

3. Identification (r, s, b) transfer function model 

The delay value is 4 and the patterned cross correlation decreases after the lag 

to 0. There is a delay value of 6 and the patterned cross correlation decreases after 

the lag to 0. Whereas the value of r can be determined as 0 and 1 refers to [4] . Thus, 

the value of r, s, b of each input series is obtained in Table 3. 

 

Table 3: Value of r, s, b air temperature and wind speed. 

Input Variables r s b 

Air temperature (𝑥1𝑡) 
0 0 4 

1 0 4 

Wind Speed (𝑥2𝑡) 
0 0 6 

1 0 6 

 

4. Identification of ARMA(pn,qn) series noise models 

Based on ACF and PACF of noise temperature, the expected model is ARMA 

(0,1) whereas the presumed wind speed noise model is ARMA (0,3). Based on 

parameter testing and AIC scores, the air temperature noise model chosen is the ARMA 

model (0,1) and the wind speed noise model is the ARMA model (1,1). 

 

5. Estimating the model parameters of a single input transfer function 

Based on significant of parameters and AIC scores, the transfer function 

model (1,0,4) is obtained for the air temperature input series and the transfer 

function model (0,0,6) for the wind speed input series. Thus, a single input transfer 

function model can be written in the following form: 

1. Air temperature 

ttt aBx
B

y 14,11 )257,01(
)513,01(

048,1
ˆ 




                                         (7) 

 

2. Wind speed 

ttt a
B

B
xy 26,22

)053,01(

)232,01(
)907,31(ˆ




                                             (8) 

6. Diagnostic model of single input transfer function  

Diagnostics in the single input transfer function model are as follows: (1) 

Residual autocorrelation analysis, residual autocorrelation in the input series of air 

temperature and wind speed was not significant at  = 0.05, (2) Residual cross 

correlation analysis, The residual cross correlation in the input series of air tmpera- 
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ture and wind speed was not significant at  = 0.05. Thus the assumption of residual 

cross correlation at air temperature and wind speed has been fulfilled. 
 

7. Determine the Dual Input Transfer Function Model 

The model of the single input transfer function obtained values (r, s, b) at air 

temperature is (1,0,4) and at wind speed values (r, s, b) are (0,0,6). Thus, the dual 

input transfer function model is obtained as follows: 

noise)ˆ(
)ˆ1(

ˆ
ˆ 6,204,1

1

0 


  ttt xx
B

y 



                                     (9) 

 

8. Identification of combined noise 

Based on ACF and PACF plot then it is continued by trial and error model and 

test of noise parameters, it can be determined that the combined noise model chosen is the 

ARMA (3,2) model (3,2). Thus, the dual input transfer function is obtained as follows: 

tttt a
BBB

BB
xx

B
y

)ˆˆˆ1(

)ˆˆ1(
)ˆ(

)ˆ1(

ˆ
ˆ

3
3

2
21

2
21

6,204,1

1

0
















                   (10) 

 

9. Estimation of the dual input transfer function model 

The model of a dual input transfer function can be written in the following 

equation: 

tttt a
BBB

BB
xx

B
y

)339,0247,1369,11(

)000,1178,11(
580,24

)537,01(

090,1
ˆ

32

2

6,24,1








     (11) 

Based on parameter test, the wind speed parameters have no effect on rainfall so 

the input wind speed series is removed from the model. Therefore, the final model 

estimation of the transfer function is shown in the following form: 

ttt a
BBB

BB
x

B
y

)332,0237,1359,11(

)999,0178,11(

)529,01(

120,1
ˆ

32

2

4,1








   (12) 

or 

3

217,16,15,1

4,14321

528,0       

662,1649,0372,0385,1522,1        

120,1176,0986,0956,1888,1ˆ













t

tttttt

tttttt

a

aaaxxx

xyyyyy

  (13) 

Based on the model in equation (36) it is known that the rainfall in a particular 

month is affected by rainfall one month before to four months before and the air 

temperature four months earlier up to the previous seven months. 
 

10. Diagnostics of the final transfer function model 

Diagnostics on the final model of the transfer function are as follows: (1) 

Residual autocorrelation analysis, and the assumption of the final model has been 

fulfilled, (2) Residual cross correlation analysis, and the assumption of residual 

cross correlation is fulfilled. 
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11. Rainfall forecasting in Aceh Province uses the transfer function model 
 

 

(a) Transformation data                             (b) Data has been returned 

 

Figure 3: Plot comparison of actual data and forecast data. 

 

Based on the final model of the rainfall transfer function, a rainfall forecasting 

in the province of Aceh in 2017 to 2018 can be carried out based on the influence 

of air temperature. The highest rainfall forecast occurred in June 2017 of 3.946 or 

211.345 mm. Whereas the lowest rainfall forecast occurred in March 2017 at 3.824 

or 187.008 mm. The average rainfall forecast for 2017-2018 is 3.888 or 199.457 

mm. The average rainfall forecast for 2017 is 3.886 or 199,156 mm slightly lower 

than the average rainfall in 2018 which is 3.889 mm or 199.757 mm, see Figure 3. 

The transformation data forecast has MSE values at 0.557 and MAPE at 18.424%. 

 

 

 

5. Conclusion 
 

Based on the research that has been done, the following conclusions are obtained: 

1. The rainfall forecasting model using the transfer function is 

𝑦𝑡 = 1.888𝑦𝑡−1 − 1.956𝑦𝑡−2 + 0.986𝑦𝑡−3 − 0.176𝑦𝑡−4 − 1.120𝑥1,𝑡−4 

+1.522𝑥1,𝑡−5 − 1.385𝑥1,𝑡−6 + 0.372𝑥1,𝑡−7 + 𝑎𝑡 + 0.649𝑎𝑡−1 − 1.662𝑎𝑡−2 + 0.528𝑎𝑡−3 

2. Rainfall in a particular month is affected by rainfall in the previous month to the 

previous four months and air temperature four months prior to the previous seven 

months. 

3. Rainfall forecasts in 2017 and 2018 experience fluctuations with small 

variations. The highest rainfall forecast occurred in June 2017 at 211.345 mm. 

While the lowest rainfall forecast occurred in March 2017 of 187.008 mm. The 

average rainfall forecast for 2017 to 2018 is 199.457 mm. Accuracy of rainfall 

forecast with transformation data using MSE and MAPE calculations of 0.557 

and 18.424% respectively. 
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