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1. Introduction
The impact of human activities on nature also changes the 
way natural resources, especially water (Winz et al., 2008; 
Yang et al., 2018). Water resources, which are one of the 
most important sources for factors such as population 
growth, urbanisation, climate change and human-nature 
interactions are increasingly declining (Jiang, 2015). 
This poses a major threat to future generations, as well 
as regional sustainable development (Brown et al., 2015; 
Kotir et al., 2016; Yang et al., 2017). The unbalance between 
water supply and water demand has become a global 
problem that people have encountered for a long time, and 
in the future, it will continue to be the problem especially 
in developing countries and regions with an arid climate 
(Zhang et al., 2020). Therefore, it is necessary to determine 
the need according to the areas where water resources are 
used and to make consumption plans accordingly.

Irrigation water consumption explains the amount 
of water from reservoir to the plant root zone through 
farms. Irrigation water demand explain the total amount 
of irrigation water demanded by farmers through the 

farm (Zema et al., 2015; Zema et al., 2018; Marmontel 
et al., 2018; Bombino et al., 2019). In Turkey, water user 
associations are in charge of irrigation water distribution 
(Arslan et al., 2020). The most comprehensive study in 
Turkey shows that irrigation water management will be 
one of the most important problems in the future (Kartal, 
2019). 

In recent years, due to the growing water demand, 
investigation of water resources and consumption and 
prediction of water consumption have come to the fore 
(Brown et al., 2015; Blair et al., 2016; Choi et al., 2017; 
Ghodsvali et al., 2019). With water consumption and need 
on the agenda, the use of water resources has become the 
subject of both regional (Susnik et al., 2012; Liu et al., 
2015; Sahin et al., 2015; Jeong andAdamowski 2016; Kotir 
et al., 2016; Wei et al., 2016), national and global (Duran-
Encalada et al., 2017; Sun et al., 2017; Kelly et al., 2019) 
studies. However, the water need was also investigated 
regarding to factors such as climate change, urbanisation, 
economic development and population growth (Qi and 
Chang 2011; Hagemann et al., 2013; Gao et al., 2016). 
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All of these studies point to the fact that water is a scarce 
resource and, therefore, should be used responsibly.

Water resources are mainly consumed for domestic, 
industrial and agricultural purposes. The most common 
use area of water is the agricultural sector, accounting 
for about 70% of water use worldwide (Tanrıverdi and 
Değirmenci, 2011; Alcon et al., 2017). In Turkey, 18% of 
the available water is used for domestic purposes, 10% is 
used in industry and 72% is used in the agricultural sector 
(DSI, 2019). Although agriculture is the area where water 
resources in the world are most commonly used, domestic 
water consumption has been the subject of further studies. 
Previous studies include various research focusing on the 
use of drinking water and the prediction of the need for 
drinking water in the coming years. For example, Howe and 
Linaweaver (1967) predicted drinking water by regression 
analysis using cross-sectional data. This study was also one 
of the first studies to predict water consumption. Cassuto 
and Ryan (1979), Maidment et al. (1985) and Billings and 
Agthe (1998) produced predictions for domestic water 
consumption in light of factors such as socioeconomic 
level and population density using the regression method. 
Similarly, Hansen and Narayanan (1981), Maidment et al. 
(1985), Jowitt and Xu (1992), Caiado (2007) and Ryu and 
Park (2019) made predictions for short-term and long-
term drinking water usage using time-series models.

Although the amount of water used in the agricultural 
sector in both Turkey and the world is higher compared 
to other areas; there are fewer studies in the literature for 
predicting the amount of water used in agriculture. Studies 
have been conducted on subjects such as determination of 
water need for a crop pattern in a particular region and 
estimation of water need and its economic consequences 
(Feddes et al., 1978; Drastig et al., 2016;  Taehva and 
Yongchul 2016; Ali, 2018; Mirschel et al., 2018; Sun et al., 
2018; Ma et al., 2020; Mirschel et al., 2020).

It is essential to determine water needs in all areas 
and to predict water consumption in the future, for 
the planned and correct use of water resources. Today, 
the developments in computer and software have led 
to the development of many statistical techniques for 
making estimations in various fields, such as education, 
economics, finance, and agriculture, for the coming years. 
Planning for the next year or even years in many areas is 
based on the prediction of the future situation based on the 
current situation. Therefore, a future prediction is of great 
importance in all areas. Regression and time-series models 
seem to be the most commonly applied methods in studies 
of water need or consumption. However, the studies have 
no comparison and results for which prediction method 
offers better prediction.

Regression analysis is the expression of a relationship 
of any variable (dependent variable) with one or more 

variables (independent or descriptive variables) as a 
mathematical function. The prediction is made using 
the established regression equation. Prediction of the 
independent variables affecting the dependent variable 
helps to determine which variables gain importance in the 
plans and policies to be developed on this variable (Ballot, 
1986; Çağlar, 2007). Time series model is based on the 
arrangement of historical data over time and provides a 
prediction for the future based on them (Üreten, 2005). 
The time series model offers different models such as the 
moving averages method, exponential smoothing method, 
and ARIMA depending on the indicators and the situation 
addressed (Box et al., 1994). It has been stated that, among 
these models, the ARIMA method offers strong predictions 
with one indicator, while the exponential smoothing 
method offers strong predictions if time-dependent data 
is irregular (Engle, 1982; Nelson, 1991; Campbell and 
Diebold, 2005).

In irrigation water management, especially prediction 
of performance of water user associations to make plans 
for future, some prediction methods are used, however, 
in the area, the statistical methods for the area should be 
investigated to figure out which is the best for researcher to 
use one of them but does not say which one is the best for 
irrigation practice and plans for future. 

This study aims to compare the performances of 
regression, time series—exponential smoothing method 
and time series—and ARIMA methods for predicting the 
future in terms of irrigation performance indicators and 
aimed to determine the method offering the most accurate 
predictions. Accurate (particularly, as closest as possible) 
future predictions in the establishment of irrigation 
policies are of great importance for developing proper 
plans for water management. Therefore, it is believed 
that the study will provide methodical guidance for both 
researchers and agricultural policymakers.

2. Materials and methods
The study compared the methods for predicting irrigation 
and performance in the coming years using certain 
performance indicators based on the amount of irrigation 
water used in Kahramanmaraş Irrigation Scheme in 2006–
2018. Kahramanmaraş Irrigation Scheme is managed by 2 
water user associations (Left Bank and Right Bank), covers 
20,000 ha. And about 1500 farmers are getting irrigation 
service. The main crops are corn, cereals and cotton. 
The water resources are Aksu River and Kartalkaya Dam 
(Arslan and Değirmenci, 2018; Sesveren and Karakaya, 
2019). 

Based on the irrigation data from Kahramanmaraş 
region, regression, time series—exponential smoothing 
and time series—and ARIMA methods were compared. In 
this study, the irrigation performance for the next year was 
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predicted based on the irrigation data. For this purpose, 
the data of 2006–2017 from the irrigation data of 2006–
2018 were analysed by the methods mentioned above 
to produce predictions for 2018. The predictions were 
compared to the actual irrigation data of 2018, and the 
method offering the closest forecasting was determined. 
2.1. Data analysis
Equations of performance indicators were given in 
Table 1. These indicators has used by many researcher in 
previous studies (Malano and Burton, 2001; Çakmak et 
al., 2004; Rodriguez-Diazve et al., 2008; Çakmak et al., 
2010; Zema et al., 2015; Arslan et al., 2019; Kartal et al., 
2019; Kartal et al., 2020). Some performance indicators 
are selected among many indicators for the comparison 
of statistical methods to predict its future value. Irrigated 
area/command area ratio (%) defines the area irrigated in 
percentages, annual relative irrigation supply gives a ratio 
to understand if irrigation water is enough for crop water 
demand, total cost per unit cubic meter of irrigation water 
supplied ($ m–3) shows total cost for a unit water supplied, 
output per cubic meter of irrigation water demand ($ 
m–3) illustrates the cost for a unit water demand (Kartal 
et al., 2019). These indicators have been used to manage 
irrigation water, future water policy for sustainable water 
distribution and determine the current situation for any 
water user associations (Kartal et al., 2020).

The R program was used in the analysis of the data. The 
‘Forecasting’ package was used for moving average-based 
time-series and time-series ARIMA model predictions, 
and the ‘Psych’ package for regression. The irrigation 
performance indicators to be predicted using regression 
and time-series methods were determined as irrigation 
rate, water supply ratio and total expense per unit of 
irrigation water and production value per unit of irrigation 
water need. The indicator values for 2018 were predicted 
using these indicators obtained from the analyses based on 
the data of 2006–2017. The predicted value was compared 

to the actual values of 2018 and the method offering the 
closest value was determined. The codes presented below 
were used in the analysis of the data (Table 2).

3. Results
The results from the methods used to forecast irrigation 
performance indicators are presented below.

On examining Table 3, it is seen that the method 
offering the closest prediction to the irrigation rate of 51.2 
for 2018 is the regression method. Exponential smoothing 
method was found to be the furthest from the actual value. 
Irrigation area/command area ratio estimates are shown 
in Figure 1. When Figure 1 is examined, it is seen that the 
estimation closest to the real value is made by regression 
method for irrigation ratio.

When the values given in Table 4 are examined, 
the method offering the closest prediction to annual 
relative irrigation supply values for 2018 seems to be the 
regression method, in terms of irrigation rate. Time series 
exponential smoothing and ARIMA methods results were 
found approximately same and were far from actual value.

Among the performance indicators for irrigation 
water, the irrigation rate and the water supply rate are the 
indicators of water distribution. The regression method 
provided the closest prediction to the actual value in the 
future prediction of these two indicators. Accordingly, it 
can be said that the regression method gives better results 
than the time-series exponential smoothing and ARIMA 
methods in the prediction of the water distribution 
indicators. Annual relative irrigation supply estimates are 
shown in Figure 1. 

When Figure 1 is examined, it is seen that the estimation 
closest to the real value is made by regression method for 
annual relative irrigation supply estimates too.

When the predictions for total expense per unit of 
irrigation water given in Table 5 are examined, the methods 
offering the closest prediction to the value of 2018 seems 

Table 1. Equations of performance indicators selected.

Performance indicators Formula

Irrigated area/command area ratio (%)
Irrigated	area ∗ 100

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
Total	annual	volume	of	crop	water	demand  

 
Total	expenditure

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

 
Total	annual	value	of	agricultural	production
Total	annual	volume	of	crop	water	demand  

Annual relative irrigation supply (no unit)

Irrigated	area ∗ 100
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
Total	annual	volume	of	crop	water	demand  

 
Total	expenditure

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

 
Total	annual	value	of	agricultural	production
Total	annual	volume	of	crop	water	demand  

Total cost per unit cubic meter of irrigation water supplied ($ m–3)  

Irrigated	area ∗ 100
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
Total	annual	volume	of	crop	water	demand  

 
Total	expenditure

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

 
Total	annual	value	of	agricultural	production
Total	annual	volume	of	crop	water	demand  Output per cubic meter of irrigation water demand ($ m–3)

Irrigated	area ∗ 100
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎  

 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
Total	annual	volume	of	crop	water	demand  

 
Total	expenditure

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇	𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎	𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣	𝑜𝑜𝑜𝑜	𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖	𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 

 
Total	annual	value	of	agricultural	production
Total	annual	volume	of	crop	water	demand  
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Table 2. Codes used for R. 

####the code used to install the required packages###
>library(forecast)
>library(psych)
###for creating a time series for time series models
>name<-ts(variablename$dataname, start = c(2006,1), f=1)
### for forecastin with ets, arima and regression
>name<-ts(variablename$dataname, start = c(2006,1), f=1)fitets<-ets(Y)
>estimation<-forecast(fitets,h=1)
>autoplot(estimation)
>print(summary(estimation))
>name<-ts(variablename$dataname, start = c(2006,1), f=1)
>arimaestimation<-auto.arima(name, stepwise=F, approximation = F, trace = T, seasonal = F)
>print(summary(arimaestimation))
>forecastwitharima<- forecast(arimaestimation, h=1)
>residuals(arimaestimation)
>print(residuals(arimaestimation)

Table 3. Predictions for irrigated area/command area ratio.

Regression Exponential 
smoothing ARIMA 2018 actual 

value

Prediction 63.14* 69.13 65.58
51.295% confidence 

interval
Min Max Min Max Min Max
25.94 100.33 45.57 92.68 42.04 89.12

Figure 1. Estimates of performance indicators.
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to be the time-series ARIMA and exponential smoothing 
methods. Regression method gave the closest value to the 
actual value. Total cost per unit cubic metre of irrigation 
water supplied estimates are shown in Figure 1.

When Figure 1 is examined, it is seen that the 
estimation closest to the real value is made by time series 
model methods for total cost per unit cubic metre of 
irrigation water supplied. 

When the production values per unit of irrigation 
water need given in Table 6 are examined, the time-series 
exponential smoothing method seems to provide the 
closest prediction to the value of 2018. When the 95% 
confidence level intervals provided by the regression 
method are examined, it is seen that the minimum value 
falls below what it should be, becoming a negative value. 
This indicator, calculated in USD, should not be a negative 
value, so the use of the regression method may not be 
recommended for these and similar indicators. Output 
per cubic metre of irrigation water demand estimates are 
shown in Figure 1. 

When Figure 1 is examined, it is seen that the 
estimation closest to the real value is made by exponential 
smoothing model methods for output per cubic metre of 
irrigation water demand.

The total expense per unit of irrigation water given 
in Table 5 is a financial indicator of irrigation water 
performance and is calculated based on USD. Similarly, 
the output per cubic meter of irrigation water demand ($ 
m–3) given in Table 6 is calculated based on the USD, and 
it is an indicator in the agricultural activity dimension in 
the irrigation water performance evaluation indicators. 
For both indicators, the regression method provided 
predictions far from the value of 2018. 

4. Discussion
When evaluating the performance of regression, time-
series exponential smoothing and time-series ARIMA 
methods, the performance indicator values of 2018 were 
taken as the base values. Therefore, from the data of 
2006–2018, the data of 2006–2017 were used, particularly, 
analysed using these methods to predict the values of 
2018. These predicted values obtained were compared 
to the actual values of 2018 and the method offering the 
closest prediction was determined.

The study results showed that the regression method 
provided the closest prediction for irrigation rate and water 
supply rate indications which are in the water distribution 
dimension. Accordingly, researchers may be advised 

Table 4. Predictions for annual relative irrigation supply.

Regression Exponential 
smoothing ARIMA 2018 actual 

value

Prediction 1.24* 1.16 1.16
1.4095% confidence 

interval
Min Max Min Max Min Max
0.03 2.45 0.73 1.59 0.49 1.82

Table 5. Predictions for total cost per unit cubic meter of irrigation water supplied.

Regression Exponential 
smoothing ARIMA 2018 actual 

value

Prediction 0.06 0.05* 0.05*
0.03295% confidence 

interval
Min Max Min Max Min Max
0.02 0.10 0.02 0.09 0.02 0.07

Table 6. Predictions for output per cubic meter of irrigation water demand.

Regression Exponential 
smoothing ARIMA 2018 actual 

value

Prediction 0.53 0.35* 0.52
0.3095% confidence 

interval
Min Max Min Max Min Max
–0.06 1.12 0.18 0.52 0.23 0.81
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to choose the regression method when it is required to 
produce a prediction for the water distribution dimension. 

For the total expense per unit of irrigation water indicator 
in the financial dimension, it was seen that both the time-
series methods provided the results closest to the actual 
value. For the production value per unit of irrigation water 
need indicator in the agricultural activity dimension, the 
exponential smoothing method among time-series models 
gave the closest result to the actual value. In accordance with 
these results, the time-series exponential smoothing method 
may be recommended for the financial and agricultural 
activities dimensions. The regression method offers the 
farthest values. The regression method is linear and tends 
to sort dependent and independent variables on a single 
line using the method of smallest errors (Ballot, 1986). 
The indicators in the agricultural activity and financial 
dimensions are calculated according to the USD rate, and 
any fluctuations in the exchange rate distract the time-
dependent change of performance indicators from linearity. 
Therefore, it can be suggested that a prediction based on the 
regression method distracts from the actual value for these 
dimensions. It can be stated that the performance indicators 
in both dimensions are calculated based on USD and the 
corresponding fluctuations are brought to the normal band 

with the time-series exponential smoothing method, so this 
method is a more successful prediction method than the 
other two methods. The time-series exponential smoothing 
method offers strong predictions in cases where data are 
irregular (Engle, 1982; Nelson, 1991; Campbell and Diebold, 
2005). It can be suggested that fluctuations in the exchange 
rate also lead to the irregularity of these performance 
indicators. Therefore, the time-series exponential smoothing 
method provides more realistic predictions in this case.

Given these results, when evaluating the irrigation 
performance, the regression method can be used to provide 
predictions for irrigation rate, the amount of irrigation 
water per the unit of irrigation area, and water supply 
rate in the water distribution dimension for the coming 
years. The time-series methods, especially the exponential 
smoothing method, can be used to provide predictions 
for the indicators in the financial and agricultural activity 
dimensions. These are the methods offering the closest 
prediction. Considering the possible future values of 
indicators, such as irrigation rate, production value per 
unit of irrigation water when making future irrigation 
water plans will lead to realistic and practicable plans. 
Therefore, it is essential to use the method offering the 
closest prediction for any future predictions.
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