
International Journal of Earth, Energy and Environmental Sciences

ISSN: 2517-942X

Vol:12, No:5, 2018

342

 

 

 
Abstract—Rainfall and runoff phenomenon is a chaotic and 

complex outcome of nature which requires sophisticated modelling 
and simulation methods for explanation and use. Time Series 
modelling allows runoff data analysis and can be used as forecasting 
tool. In the paper attempt is made to model river runoff data and 
predict the future behavioural pattern of river based on annual past 
observations of annual river runoff. The river runoff analysis and 
predict are done using ARIMA model. For evaluating the efficiency 
of prediction to hydrological events such as rainfall, runoff and etc., 
we use the statistical formulae applicable. The good agreement 
between predicted and observation river runoff coefficient of 
determination (R2) display that the ARIMA (4,1,1) is the suitable 
model for predicting Karkheh River runoff at Iran. 

 
Keywords—Time series modelling, ARIMA model, River runoff, 

Karkheh River, CLS method. 

I. INTRODUCTION 

AINFALL and runoff are highly nonlinear and complex 
outcomes of nature which require artificial data analysis 

for accurate modelling and simulation. Rainfall and runoff 
modelling is of particular relevance for engineering 
applications of water as well as in flood disaster management. 
Flood forecast modelling specifies the trends of river level 
(rising or falling) and the measure of runoff (low/medium/ 
high) to assess the likely loss of property and life [18]. 
Simulation of river runoff series over time is an essential part 
for real time quantification of water for planning and 
management of water resource systems. Real time flood 
predicting is an effective non-structural methodology for flood 
management. Flood estimation can be calculated in nature to 
provide sufficient time for hydrologists to implement flood 
management strategies well. The stochastic time series 
modelling (ARIMA model) approach can be used to 
characterize and predict river runoff [13]. 

In the past, time series studies of rainfall-runoff processes 
consisted of incorporation of available annual hydrologic data 
in time dependent or independent stochastic components, and 
further identification of trends and cycles [10], [21]. The 
simplest time series model, which deals with only one type of 
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data, has three components to describe the linear stochastic 
process: Autoregression (AR), Integration (I) and Moving 
Average (MA) which can be combined as the Autoregressive 
Integrated Moving Average (ARIMA) model [13], [2]. 
Various other linear and dynamic regression derivatives of the 
ARIMA process, including PARIMA, SARIMA, DARIMA, 
ARMAX, NRL, MLR, and VARMA were developed over the 
years [7], [9], [13], [16], [20]. These models have long been 
applied in the modelling of rainfall runoff and forecasting 
(predicting) stream flows and floods [1], [11], [14]. 

Graupe et al. used ARIMA model for simulating water flow 
in Karstic basins [6]. O’Connell (1980) used time series to 
forecast flood episode consequent of rainfall occurrence [15]. 
Chang and Tiao [3] attempted an accurate flood forecast 
systems using time series methods. Chiew et al. [5] and Cheng 
[4] tried ARIMA models to forecasts rainfall-runoff at 
different catchments of varying scales. Naill and Momani 
mixed time series models with other mathematical models to 
devise new approaches [10]. Shakeel et al. applied Time 
Series Modelling of AMF (annual maximum flow) Indus 
River at Sukkur India and suggested that ARIMA (2,1,1) is 
suitable for studied series [8], [17]. Stojković et al. studied 
stochastic structure of annual discharges of large European 
rivers. They suggested that the stochastic flows simulated by 
the stochastic model can be used for hydrological simulations 
in river basins [8], [19]. Also, Nigam et al. applied the 
stochastic ARIMA model for flood (maximum river flow) 
forecasting on the Kulfo River with mean monthly runoff data. 
They found that a higher order ARIMA model may produce 
excellent results for three to six months forecasts [8], [12]. 

The selection of the modelling and forecasting method used 
in this work was based upon the hydraulic characteristics of 
river flow and runoff events. Our assessment of the study of 
the above cited literatures led us to conclude that ARIMA time 
series modelling may yield reliable and better forecasts (flow 
estimation) for the perennial Karkheh River and we therefore 
applied the ARIMA time series modelling approach to 
forecast runoff of this river. Also this paper aims to describe 
an accurate modelling method to forecast the runoff of the 
Karkheh River, which flows through the western part of Iran. 
The water in this river is mainly utilized for irrigation and 
water supply for public consumption. To estimation of the 
volume of Karkheh River runoff can be effectively employed 
to plan irrigation plans and water supply projects. 

In this study the river runoff of the third largest river in Iran 
named Karkheh is modelled. The Karkheh River spans 
Karkheh basin in west of the Iran, located in the central and 
southern regions of the Zagros mountain range. This basin is 
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divided into five subbasins viz. Gamasiab, Qarasou, Kashkan, 
Saymareh and south Karkheh. The river catchment area is 
about 51000 km2 and river long is 900 km. The Karkheh River 
is mainly utilized for irrigation and public consumption. The 

river runoff data is collected at Jelogir Majin gauge station in 
south Karkheh sub basin at upstream of Karkheh dam. Fig. 1 
shows the study area location. The data were taken from Iran 
Water Resources Management Organization (IWRMO). 

 

 

Fig. 1 The study area location 
 

II. METHODS 

In this study an attempt is made to predict river runoff using 
annual average data. The univariate time series modelling 
approach Box et al. (1994) for the prediction of next time 
ahead predicting is very practical and versatile for 
observations having more or less linear trends. Box- Jenkins 
approach makes use of three linear filters: the autoregressive, 

the integration, and the moving average filter [2]. The general 
ARIMA equation is given as: 

 

    tt aByB )()(    (1) 
 

An expansion of general form of a nonseasonal univariate 
model is structurally described by 
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where yt – stationary series after differencing = (1–B) d Yt, Yt 
– The input variable with reference to time, d – The number of 
nonseasonal differencing, Φ and θ – The nonseasonal 
autoregressive and moving average term’s order p and q 
respectively, B –The Backward shift operator, define as Bzt = 
zt-1, at – The residual (white noise term). 

The order p and q of AR and MA terms can be determined 
by examining the ACF and PACF graphs. The three stage 
standard modelling procedure (identification, parameters 
estimation and diagnostic check) was used to develop time 
series models. SAS and SPSS software are used for model 
development. 

The basic methodology of ARIMA modelling is shown in 
Fig. 2: 

 

 

Fig. 2 ARIMA model development 

III. RESULT AND DISCUSSION 

Statistical analysis of river runoff data: The 48-year time 
series plot of average annual runoff (year 1958-2005) and the 
40-year time series plot of average annual rainfall (year 1966-
2005) of Karkheh River are plotted in Figs. 3 and 4. These 
figures show the time dependent quantitative variations and 
the patterns of the rainfall and related runoff. 

Fig. 5 shows the histogram and normal frequency 
distribution curve of Karkheh River runoff. Obviously the 48 
years runoff frequency distribution is not normal and there 
exists some extremes runoff events (both low and high) which 
all fall outside the normal distribution curve. 

Table I showed the descriptive statistics of Karkheh River 
runoff data. There is a vast change in the minimum and 
maximum Karkheh River runoff values. Small values of 
skewness and kurtosis are indicative of concentrated and 
nearly centralized data close to mean data of annual mean 
runoff in Karkheh River. 

 

Fig 3 Time series of Karkheh River 
 

 

Fig. 4 Time series of Karkheh River 
 

 

Fig. 5 Histogram and frequency of runoff data of Karkheh River 
 

TABLE I 
DESCRIPTIVE STATISTICS OF RUNOFF DATA 

SN Statistical Parameters Values 
1 Total Variable 48 
2 Mean 152.756 
3 Std. Error of Mean Deviation 9.304 
4 Median 140.23 
5 Mode 57.09 
6 Std. Deviation 64.46 
7 Variance 4155.22 
8 Skewness 0.852 
9 Kurtosis 0.337 
10 Minimum 57.09 
11 Maximum 340.25 

 

A. Fitting Box-Jenkins 

For select a suitable ARIMA model based on Box- Jenkins 
approach, we need to identify the order (p,d,q) for a 
nonseasonal univariate model and also to find out the degree 
of best fit nonseasonality, which provide a parsimonious 
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representation for both the stochastic component and the total 
series under consideration. The nonseasonal ARIMA (p,d,q) 
model, which is called nonseasonal autoregressive integrated 
moving average model, is fitted to a time series by using a 
three stages procedure (identification, parameters estimation 
and diagnostic check). The plotted of observation data against 
time will show up important features of a hydrologic series 
such as trend, seasonality, discontinuities and outliers. Fig. 3 
shows that there is little increase trend for river runoff. The 
natural runoff series are not stationary, therefore we use 
differencing to achieve a stationary series (d=1). This plot 
shows in Fig. 6. They are stationary and there is no trend. 

B. Identification of Representative Models 

In identification stage we use the data and any information 
on how the series was generated, to suggest a subclass of 
models from the general Box- Jenkins family. In other word, 
identification stage helps to choice of the order of p, d and q. 
In practice, the degree (grade) of d assumes 1 using ACF and 
PACF of the series that is plotted by SPSS or SAS software. 

The ACF and PACF of the natural runoff for d=0 and d=1 
shown in Figs. 7 and 8. The runoff of the Karkheh River 
shows a nonseasonal pattern, the same can be seen in the ACF 
and PACF plots, and hence, the flow pattern requires a 
nonseasonal model. An analysis of significant ACF and PACF 
plots implies to the first and fourth order nonseasonal ARMA 
parameterization of runoff series. 

 

 

Fig. 6 Time series of Karkheh River (d=1) 

 

 

Fig. 7 ACF and PACF for Series (d=0) 
 

 

Fig. 8 ACF and PACF for Series (d=1) 
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C. Estimation of the Model Parameters 

In parameter estimation stage there are three methods foe 
estimating. This method as follows: Maximum Likelihood 
(ML), Conditional Least Square (CLS) and Unconditional 
Least Square (ULS) methods. In this study, we used these 
methods for the estimation of parameter river runoff for three 
suggested models in previous stage. This models are 

ARIMA(1,1,0), ARIMA(1,1,1) and ARIMA (4,1,1). The 
results of values for the selected parameters show in Table II. 
All three models are suitable for modelling and entrance to 
next stage because models have two stationary and 
invertibility conditions. Therefore, we can enter to the 
diagnostic check stage. 

 
TABLE II 

VALUES OF NONSEASONAL ARIMA MODEL PARAMETERS FOR MAD 
Estimation 

Method 
Type (Order) and Values of 
parameters ARIMA(p,1,q) 

Std. Error 
Coefficient 

Absolute 
Value of t

Probability of t 
Stationary 
Condition 

Invertibility 
Condition 

ML 
p(1) = -0.41932 

q(0) 
0.13457 

 
-3.12 

 
0.0018 

 
Satisfy  

 
 

CLS 
p(1) = -0.41473 

q(0) 
0.13576 

 
-3.05 

 
0.00375 

 
Satisfy  

 
 

ULS 
p(1) = -0.42872 

q(0) 
0.13480 

 
-3.18 

 
0.0026 

 
Satisfy  

 
 

ML 
p(1) = 0.36414 
q(1) = 0.99994 

0.15423 
52.247 

2.36 
0.02 

0.0182 
0.9847 

Satisfy  
 

 
Not Satisfy 

CLS 
p(1) = 0.34486 

q(1) = 0.966303 
0.15246 
0.0427 

2.26 
22.62 

0.0286 
0.0001< 

Satisfy  
 

 
Satisfy 

ULS 
p(1) = 0.35777 
q(1) = 0.99998 

0.14375 
0.29826 

2.49 
3.35 

0.0166 
0.0016< 

Satisfy  
 

 
Not Satisfy 

ML 
p(4) = -0.1636 
q(1) = 0.66032 

0.15570 
0.12124 

-1.5 
5.45 

0.2933 
0.0001< 

Satisfy  
 

 
Satisfy 

CLS 
p(4) = -0.17507 
q(1) = 0.68987 

0.15914 
0.11569 

-1.1 
5.96 

0.2771 
0.0001< 

Satisfy  
 

 
Satisfy 

ULS 
p(4) = -0.18146 
q(1) = 0.689354 

0.15870 
0.11617 

-1.14 
5.93 

0.2589 
0.0001< 

Satisfy  
 

 
Satisfy 

ML: Maximum Likelihood CLS: Conditional Least Square ULS: Unconditional Least Square 

 
TABLE III 

RESULT OF AUTOCORRELATION CHECK OF RESIDUALS 

ARIMA Model 
Estimation 

Method 
To Lag Df 

Chi-
Square 

Pr>Chi 
Square 

Adequacy for 
Modelling 

ARIMA(1,1,0) 

ML 

6 
12 
18 
24 

5 
11 
17 
23 

8.04 
11.80 
17.84 
26.29 

0.1540 
0.3792 
0.3990 
0.2875 

Satisfy 

CLS 

6 
12 
18 
24 

5 
11 
17 
23 

7.87 
11.83 
17.88 
26.24 

0.1636 
0.3764 
0.3963 
0.2898 

Satisfy 

ULS 

6 
12 
18 
24 

5 
11 
17 
23 

8.08 
11.87 
17.97 
26.52 

0.1517 
0.3733 
0.3906 
0.2771 

Satisfy 

ARIMA(1,1,1) CLS 

6 
12 
18 
24 

4 
10 
16 
22 

3.17 
4.99 
8.33 

11.96 

0.5296 
0.8920 
0.9386 
0.9583 

Satisfy 

ARIMA(4,1,1) 

ML 

6 
12 
18 
24 

4 
10 
16 
22 

2.98 
6.31 

11.02 
16.88 

0.5618 
0.7883 
0.8082 
0.7699 

Satisfy 

CLS 

6 
12 
18 
24 

4 
10 
16 
22 

3.1 
7.19 

11.74 
17.32 

0.5416 
0.7074 
0.7617 
0.7455 

Satisfy 

ULS 

6 
12 
18 
24 

4 
10 
16 
22 

3.01 
6.34 

10.94 
16.57 

0.557 
0.7858 
0.8134 
0.7866 

Satisfy 

ML: Maximum Likelihood CLS: Conditional Least Square ULS: Unconditional Least Square 
 
D. Diagnostic Check 

Diagnostic checking tests are applied to see if the model is 
adequate or not. There are two statistical tests for this purpose. 

The tests are Portmanteau test, residual auto-correlation and 
partial auto-correlation functions tests. 
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E. Portmanteau Test 

It is a test for independency of the residuals and uses the Q 
statistic defined as: 

 

  t

M

k
k arDSdNQ 




1

2

     (3) 

 
where rk (at) is the autocorrelation coefficient of the residual 
(at) at lag k, and M is the maximum lag considered (about 
N/4), ARIMA model is considered adequate if p>chi square is 
greater than the level of significant 0.05 [8]. Table III shows 
the results of this test for river runoff. According to this table 
all three selected models are adequate for runoff data. 

F. Residual Autocorrelation Function Test 

This test uses for determined independence or dependence 
of residuals of selected model. The residuals have 
independence if autocorrelation and partial autocorrelation 
function (RACF and RPACF) were not significant. RACF and 
RPACF of the studied series are shown in Fig. 9. Hence, the 
suggested model can be considered as a suitable model [8]. 
Table IV displays the goodness of fit statistic. Therefore, the 
ARIMA (4,1,1) model and, the CLS estimation parameter 
method is the best model for predicting runoff for Karkheh 
River. 

G. Forecasting 

Predicting (forecasting) and observation of river runoff for 
10 years (the period 2006-7 to 2015-2016) applying the best 
model is given in Table IV. Fig. 10 shows the predicted and 
observed series for the studied data series. Also, Fig. 11 shows 
the corresponding observed and predicted values. According 
to the figure, there is a good agreement between observed and 
predicted values (R2=0.85). it is confirmed that the selected 
model is adequate. 

 

 

Fig. 9 Correlogram of Residual Series Parameter 

IV. CONCLUSION 

The conclusions obtained from this study are as below: 

 Time series plots of historical rainfall and runoff data of 
the Karkheh River in Iran indicate that river runoff rapidly 
rises when there is precipitation, and quickly decreases 
after the rain ends, but the river runoff continues to reduce 
for a long time after the precipitation ends because of 
contribution from river base-flow. The predict graphs are 
insensitive to extreme variations in river runoff. 

 
TABLE IV 

FORECASTS AND OBSERVATIONS OF RUNOFF FROM PERIOD 2006-7 TO 2015-
16 

Period Forecast Observation 

2006-7 139 154 

2007-8 140 150 

2008-9 131 127 

2009-10 141 150 

2010-11 131 125 

2011-12 132 127 

2012-13 135 130 

2013-14 140 148 

2014-15 133 140 

2015-16 132 130 

 

 

Fig. 10 Comparison of Forecast and Observed data (2006-2015) 
 
 

 

Fig. 11 Correlation between actual values and forecasted values in 
Karkheh River 

 
 The good appropriate method for modelling the linear and 

uniform patterns of river runoff is ARIMA process. Due 
to the highly variable nature of river runoff, a 
parsimonious model could not always provide best fit 
predicts for an entire span of data. In most practical cases, 
insufficient data prevent the use of a parsimonious model. 
Nevertheless, an ARIMA model can include both the high 
and low values to provide a reasonable quantification of 
river runoff during an odd or unusual river flow situation, 
and these models could be used to predict upcoming 
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abrupt changes in river runoff conditions. 
 An ARIMA (4,1,1) model in CLS method is suggested for 

the estimation of Karkheh River runoff in future and 
advance warning of floods in Karkheh River at Iran. 

 The grade of 4 in model (P=4) for runoff indicates a 
substantial degree of variability and dependence in the 
stochastic component. The values of higher order 
durability on the other hand speak of a fairly uniform 
degree of dependence in the stochastic components on 
past events. It is found that the simulated values have a 
good agreement with the observed runoff for the future 10 
years. It is showed that ARIMA modelling is an 
appropriate approach to model hydrological data which 
often exhibits autocorrelation with time and cannot be 
done by simple statistical predicting methods like 
regression analysis and etc. The Box-Jenkins approach 
(time series modelling) can show the relationship between 
variables. If we add effect of rainfall data too in runoff 
series, i.e. multivariate approach, this will help in to 
achieve an assumption of a cause effect relationship in 
time series analysis. 

 Factors such as good vegetation of the region and water 
from snowmelt can be the significant ACF and PACF 
functions with high orders. In other word, the good 
vegetation of the region and the forest causes water 
retention in the soil surface layer and delay in the rise in 
surface runoff. 

 For short term predicting of hydrologic phenomenon like 
runoff, rainfall, flood and etc. suggest the ARIMA 
models. The auto-regressive model is a finite memory 
model, thus it does not fare well in long-term predicting 
of this hydrologic phenomenon. 
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