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 ١٨  

1. Introduction ١٩  

The world population is growing day to day and need to provide the food according to meet ٢٠  

sustainable development distinguishes necessity of accurate decision in the agricultural management. ٢١  

Due to limitation of water resources, role of macroeconomic٢٢  

is vital and undeniable. Although more countries in Europe are developed countries, a٢٣  

as percentage of potential yield is about 60% for ٢٤  

Eastern Europe and Russian Federation ٢٥  

Europe) range from 53 mm/yr in Denmark to 1120 mm/yr in Spain [2]. Therefore٢٦  

water management is still reasonable for Europe. ٢٧  

water management such as irrigation efficiency٢٨  

development [5], soil water management [6], and ٢٩  

works. Also, FAO [8-9] showed that pressure to water resources due to irrigation would ٣٠  

to 2050. Turral et al. [10] showed that investment is one of the most factors on area equipped for ٣١  

irrigation to 2050. Neuman et al. [11] cited that area equipped for irrigation t٣٢  

million ha, by 2030. Plusquellec [12]٣٣  

15% to 22% for 2025. Schaldach et al. [13] underlined the importance of considering both the change of ٣٤  

equipped area and agricultural management as well as hydrology aspects in regional water use ٣٥  

analysis. Knox et al. [14] claimed demonstrating efficient or ‘best’ use of water is not straightforward in ٣٦  

England, but farmers and the water regulator needed a rational approach that reflects the needs of the ٣٧  

farming community whilst providing a policy fra٣٨  

al. [15] mentioned role of agricultural water management to reduce poverty in the world as three ٣٩  

pathways. Those are improvement of production, enhancement of٤٠  

stabilization of income and consumption٤١  

products, and finally its role to nutritional status, health, societal equity and environment٤٢  

preferred improving the management of existing systems٤٣  

mentioned status of irrigated and rainfed agriculture in the world, summarized advantages and ٤٤  
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is growing day to day and need to provide the food according to meet 

sustainable development distinguishes necessity of accurate decision in the agricultural management. 
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irrigation efficiency [44-49], soil salinity [3], water-saving [4], sustainable 
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disadvantages of irrigation systems, and attend to update of irrigation information to choose optimum ٤٥  

decision. His results showed that 46% o٤٦  

agriculture because of climate changes and other meteorological conditions. ٤٧  

developing capacity for agricultural water management in٤٨  

suggested increased attention to monitoring and evaluation of capacity development, and closer links ٤٩  

to emerging work on water governance. ٥٠  

production for food security. According to their study,٥١  

development-related sectors such as population,٥٢  

among them require reckoning, as they٥٣  

reduction. The previous researches are about a limited area and cannot apply them for other regions or ٥٤  

did not consider role of all important indexes for estimation of agricultural water management. Thus, ٥٥  

the goal of this study is estimation of area equipped for irrigation using to est٥٦  

important parameters in agricultural water management based on available data for Europe.٥٧  

2. Materials and Methods  ٥٨  

Irrigation controls global yield variability ٥٩  

index to show status of agricultural water management,٦٠  

obtain value of equipped area and encourage farmers to use irrigation systems instead of rainfed ٦١  

agriculture. Many variables are required ٦٢  

area for cropping pattern design, microeconomic decisions, and allocation of water resources. ٦٣  

However, we cannot consider all parameters due to lack of adequate data. In this study, using ٦٤  

AQUASTAT database [20], 10 main inde٦٥  

management in Europe and values of them were checked using WBG database [21]. Then, values of ٦٦  

area equipped for irrigation were estimated in 2035 and 2060 using three different scenarios.٦٧  

2.1. Main indexes ٦٨  

2.1.1. Permanent crops to cultivated area (%)٦٩  

This index is determined as ٧٠  

1

 (
100

( )

)permanent crops ha
I

cultivated area ha 

 
= ×

  ٧١  

2.1.2. Rural population to total population (%)٧٢  

This index is determined as ٧٣  

2
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٧٤  

2.1.3. Total economically active population in agriculture to total economically active population ٧٥  

(%) ٧٦  

This index is determined as ٧٧  

3

     
100

  ( )

total economically active population in agric

total economically active population inhabit
I = ×

٧٨  

2.1.4. Human development index (HDI)٧٩  

The HDI ( 4I ) is a composite statistic of life expectanc٨٠  

rank regions into different tiers of human development٨١  

2.1.5. Value added to gross domestic product (GDP) by agriculture (%)٨٢  

Agriculture corresponds to International Standard Industrial Classification (ISIC) divisions 1٨٣  

and includes forestry, hunting, and fishing, as we٨٤  

Value added is the net output of a sector after adding up all outputs and subtracting intermediate ٨٥  

inputs. This index ( 6I
) is calculated without making deductions for depreciation٨٦  

depletion and degradation of natural resources.٨٧  

2.1.6. National rainfall index (NRI) (mm/yr)٨٨  

 
disadvantages of irrigation systems, and attend to update of irrigation information to choose optimum 

decision. His results showed that 46% of cultivated areas in the world are not suitable for rainfed 

agriculture because of climate changes and other meteorological conditions. Franks et al. [16] studied 
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AQUASTAT database [20], 10 main indexes were selected to assessment of agricultural water 

management in Europe and values of them were checked using WBG database [21]. Then, values of 

area equipped for irrigation were estimated in 2035 and 2060 using three different scenarios.
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The NRI is defined as the national average of the total annual precipitation weighted by its ٨٩  

long-term average. The calculation of the NRI٩٠  

hemisphere. In the northern hemisphere the indices were calculated based on the January٩١  

rainfall; the rainfall indices coincide with the calendar year. But in the southern hemisphere, crops are ٩٢  

planted at the end of a year to be harvested in the first half of the following calendar year. ٩٣  

Consequently, the index of a special year is calculated on July of the previous year to June data of the ٩٤  

year of interest for a crop harvested in this year. In fact, t٩٥  

2.1.7. Irrigation water requirement (mm/yr)٩٦  

This index ( 7I ) corresponds to net irrigation water requirement.٩٧  

2.1.8. Difference between NIR and irrigation water ٩٨  

This index shows water deficit and is determined as٩٩  

8 ( / ) ( / )I NIR mm yr irrigation water requirement mm yr=  −    
١٠٠  

2.1.9. Percent of total cultivated area drained (%)١٠١  

The irrigated and non-irrigated cultivated area that is drained as percentage of the total culti١٠٢  

area. This index is determined as ١٠٣  

9
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total drained area ha
I
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= ×

  
١٠٤  

2.1.10. Area equipped for irrigation to cultivated area (%)١٠٥  

This index is determined as ١٠٦  

10

   ( )

 ( )
100

area equipped for irrigation ha

cultivated are
I

a ha
= ×

١٠٧  

2.2. Estimation of equipped area in 2035 and 2060١٠٨  

To estimate area equipped for irrigation in 2035 and 2060, in the first step, the author studied ١٠٩  

variations of the main indexes during the past half of century using linear regression and R2 value ١١٠  

then amount of each index was estimated in 2035 and 2060 by o١١١  

scenarios. In the first scenario, the author assumed that values of the main indexes would be changed ١١٢  

by the same slope of the past half of century (Figs. 1١١٣  

rate of increase or decrease has been reduced in the current years. Hence, in the second and third ١١٤  

scenarios, the author assumed that the slopes would be decreased by 30% and 50% respectively. ١١٥  

Therefore new values of the indexes (in 2035 and 2060) were computed using th١١٦  

second step, variations of area equipped for irrigation versus the other main indexes were surveyed ١١٧  

and a linear equation with related R2 was computed for each indexes. In the next step, values of area ١١٨  

equipped for irrigation (for each index and each scenario) were determined using replacement of ١١٩  

obtained values for each index in 2035 and 2060 (the first step) in linear equation of the second step. ١٢٠  

Finally, a relationship has been established among calculated data (for area equipped f١٢١  

( )2

10 2

y R
I

R

×
=
∑
∑     ١٢٢  

Where, y is obtained value for area equipped for irrigation in the second step (Figs. 1١٢٣  

values of R2 have been showed in the Figs 1١٢٤  

 ١٢٥  

3. Evaluation of the main indexes of agricultural wa١٢٦  

Fig. 1 shows variations of permanent crops to cultivated area versus time and area equipped for ١٢٧  

irrigation.  ١٢٨  

Fig. 1  ١٢٩  

According to the Fig. 1a value of permanent crops to cultivated area has been decreased in ١٣٠  

Western and Eastern Europe and this index has been increased in the other regions. Thus, role of ١٣١  

permanent crops to cultivated area is decreasing for area equipped for irrigation in Western and ١٣٢  

Eastern Europe and it is increasing for the other regions (Fig. 1b)١٣٣  

 
The NRI is defined as the national average of the total annual precipitation weighted by its 

term average. The calculation of the NRI is different in the northern and the southern 

hemisphere. In the northern hemisphere the indices were calculated based on the January

rainfall; the rainfall indices coincide with the calendar year. But in the southern hemisphere, crops are 

d at the end of a year to be harvested in the first half of the following calendar year. 

Consequently, the index of a special year is calculated on July of the previous year to June data of the 

year of interest for a crop harvested in this year. In fact, this index ( 5I
) is a type of effective rainfall.
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2.1.10. Area equipped for irrigation to cultivated area (%) 
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        (6) 

2.2. Estimation of equipped area in 2035 and 2060 

estimate area equipped for irrigation in 2035 and 2060, in the first step, the author studied 

variations of the main indexes during the past half of century using linear regression and R2 value 

then amount of each index was estimated in 2035 and 2060 by obtained equations and three different 

scenarios. In the first scenario, the author assumed that values of the main indexes would be changed 

by the same slope of the past half of century (Figs. 1-9a). However, changes of the indexes show that 

se or decrease has been reduced in the current years. Hence, in the second and third 

scenarios, the author assumed that the slopes would be decreased by 30% and 50% respectively. 

Therefore new values of the indexes (in 2035 and 2060) were computed using these new slopes. In the 

second step, variations of area equipped for irrigation versus the other main indexes were surveyed 

and a linear equation with related R2 was computed for each indexes. In the next step, values of area 

ch index and each scenario) were determined using replacement of 

obtained values for each index in 2035 and 2060 (the first step) in linear equation of the second step. 

Finally, a relationship has been established among calculated data (for area equipped for irrigation) as:

       (7) 

Where, y is obtained value for area equipped for irrigation in the second step (Figs. 1

values of R2 have been showed in the Figs 1-9b. 

3. Evaluation of the main indexes of agricultural water management in the past half of century
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According to the Fig. 1a value of permanent crops to cultivated area has been decreased in 

rn and Eastern Europe and this index has been increased in the other regions. Thus, role of 
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. Although more values of this index 



 
can be helped to better scheduling for allocation of required water, it is dependent to climate ١٣٤  

conditions [22], tendency of farmers [23], and government’s policy [24]. Fig. 2 shows ١٣٥  

population to total population versus time and area equipped for irrigation. ١٣٦  

Fig. 2  ١٣٧  

According to the Fig. 2a value of rural population to total population has been decreased in ١٣٨  

Europe. Thus, role of this index is decreasing for area equipped for irrigation (Fig. 2b). Pre١٣٩  

researches show advantages of rural development on agricultural water management and sustainable ١٤٠  

agriculture [25]. Fig. 3 shows variations١٤١  

economically active population versus time and ١٤٢  

Fig. 3 ١٤٣  

According to the Fig. 3a value of economically active population in agriculture is has been ١٤٤  

decreased in Europe. Thus, role of this index is decreasing for area equipped for irrigation (Fig. 3b). ١٤٥  

Effect of proper labour force on water management and improvement of sustainable agriculture has ١٤٦  

been studied in a lot of researches [26]. Fig. 4 shows variations١٤٧  

versus time and area equipped for irrigation١٤٨  

Fig. 4  ١٤٩  

As expected, value of HDI ha١٥٠  

increasing for area equipped for irrigation (Fig. 4b). In addition, a significant raise is observable in ١٥١  

1990s (Northern, Central, Western, and Mediterranean Europe). However, slope of reduc١٥٢  

population to total population and total economically active population in agriculture to total ١٥٣  

economically active population (Figs. 2 and 3) is more than increasing slope of HDI in Europe. It is a ١٥٤  

big warning [29] because although mechaniza١٥٥  

in enhancement of agricultural knowledge and increasing productivity [30], labor force has a vital and ١٥٦  

irreplaceable role in agricultural scheduling and macroeconomic perspectives [31]. The HDI index ١٥٧  

weighted measure of the Falkenmark indicator [32] in order to account for the ability to adapt to water ١٥٨  

stress is termed the Social Water Stress Index. Fig. 5 shows ١٥٩  

agriculture versus time and area equipped for irri١٦٠  

Fig. 5  ١٦١  

According to the Fig. 5a, value of this index has been decreased in the all regions. Thus, role of ١٦٢  

permanent crops to cultivated area is decreasing for Europe (Fig. 5b). ١٦٣  

effect of GDF on irrigation. Fig. 6 show١٦٤  

irrigation. ١٦٥  

Fig. 6 ١٦٦  

According to the Fig. 6a, the value of NRI is variable during the past half of century due to many ١٦٧  

different factors such as greenhouse gases [34], global warming [35], climate change١٦٨  

regression is not suitable for evaluation of its trend. Thus, there is not a significant trend between ١٦٩  

variations of NRI and area equipped for irrigation (Fig. 6b). Due to the mentioned cases, role of this ١٧٠  

index has not been considered in estimation of area equipped for irrigation in 2035 and 2060. ١٧١  

Gommes and Petrassi [37], this index was known as a considerable factor in drought studies [١٧٢  

shows variations of irrigation water requiremen١٧٣  

Fig. 7 ١٧٤  

According to the Fig. 7a, value of i١٧٥  

Thus, role of this index is increasing for area ١٧٦  

can be effected on river basin management [61]١٧٧  

expansion [63]. Fig. 8 shows variations١٧٨  

versus time and area equipped for irrigation.١٧٩  

Fig. 8 ١٨٠  

According to the Fig. 8a, value of this index h١٨١  

and this index has been decreased in the other regions. Thus, role of difference between NIR and ١٨٢  

irrigation water requirement is increasing for area equipped for irrigation in Western and Northern ١٨٣  

Europe and it is decreasing for the other regions (Fig. 8b). ١٨٤  

 
can be helped to better scheduling for allocation of required water, it is dependent to climate 

conditions [22], tendency of farmers [23], and government’s policy [24]. Fig. 2 shows variations

al population versus time and area equipped for irrigation.  

According to the Fig. 2a value of rural population to total population has been decreased in 

Europe. Thus, role of this index is decreasing for area equipped for irrigation (Fig. 2b). Pre

researches show advantages of rural development on agricultural water management and sustainable 

variations of total economically active population in agriculture to total 

economically active population versus time and area equipped for irrigation. 

According to the Fig. 3a value of economically active population in agriculture is has been 

decreased in Europe. Thus, role of this index is decreasing for area equipped for irrigation (Fig. 3b). 

force on water management and improvement of sustainable agriculture has 

been studied in a lot of researches [26]. Fig. 4 shows variations of human development index (HDI)

versus time and area equipped for irrigation.  

As expected, value of HDI has been increased in Europe (Fig. 4a). Thus, role of this index is 

increasing for area equipped for irrigation (Fig. 4b). In addition, a significant raise is observable in 

1990s (Northern, Central, Western, and Mediterranean Europe). However, slope of reduc

population to total population and total economically active population in agriculture to total 

economically active population (Figs. 2 and 3) is more than increasing slope of HDI in Europe. It is a 

big warning [29] because although mechanization and use of new technologies have an important role 

in enhancement of agricultural knowledge and increasing productivity [30], labor force has a vital and 

irreplaceable role in agricultural scheduling and macroeconomic perspectives [31]. The HDI index 

weighted measure of the Falkenmark indicator [32] in order to account for the ability to adapt to water 

stress is termed the Social Water Stress Index. Fig. 5 shows variations of value added to GDP by 
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Fig. caption ٣٩٨  

Fig.1 Variations of permanent crops to cultivated area versus time and area equipped for ٣٩٩  

irrigation, (a) horizontal axes is time (year) and vertical a٤٠٠  

and (b) horizontal axes is permanent crops to cultivated area (%) and vertical axes is area equipped for ٤٠١  

irrigation (%), value of x in (b) is equal to value of y in (a)٤٠٢  

Fig.2 Variations of rural population to t٤٠٣  

irrigation, (a) horizontal axes is time (year) and vertical axes is rural population to total population (%) ٤٠٤  

and (b) horizontal axes is rural population to total population (%) and vertical axes is area equ٤٠٥  

for irrigation (%), value of x in (b) is equal to value of y in (a)٤٠٦  

Fig.3 Variations of total economically active population in agriculture to total economically active ٤٠٧  

population versus time and area equipped for irrigation, (a) horizontal axes is t٤٠٨  

axes is total economically active population in agriculture to total economically active population٤٠٩  

and (b) horizontal axes is total economically active population in agriculture to total economically ٤١٠  

active population (%) and vertical axes is area equipped for irrigation (%), value of x in (b) is equal to ٤١١  

value of y in (a) ٤١٢  

Fig.4 Variations of HDI versus time and area equipped for irrigation, (a) horizontal axes is time ٤١٣  

(year) and vertical axes is HDI and (b) horizontal axes is H٤١٤  

irrigation (%), value of x in (b) is equal to value of y in (a), value of this index is not available before ٤١٥  

1982 ٤١٦  

Fig.5 Variations of value added to GDP by agriculture versus time and area equipped for ٤١٧  

irrigation, (a) horizontal axes is time (year) and vertical axes is value added to GDP by agriculture (%) ٤١٨  

and (b) horizontal axes is value added to GDP by agriculture (%) and vertical axes is area equipped for ٤١٩  

irrigation (%), value of x in (b) is equal to value of y i٤٢٠  

Fig.6 Variations of NRI versus time and area equipped for irrigation, (a) horizontal axes is time ٤٢١  

(year) and vertical axes is NRI (mm/year) and (b) horizontal axes is NRI (mm/year) and vertical axes is ٤٢٢  

area equipped for irrigation (%), value of x in ٤٢٣  

Fig.7 Variations of irrigation water requirement versus time and area equipped for irrigation, (a) ٤٢٤  

horizontal axes is time (year) and vertical axes is irrigation water requirement (mm/year) and (b) ٤٢٥  

horizontal axes is irrigation water requirement (mm/year) and vertical axes is area equipped for ٤٢٦  

irrigation (%), value of x in (b) is equal to value of y in (a), value of this index is not available before ٤٢٧  

1997 ٤٢٨  

Fig.8 Variations of difference between NIR and irrigation water requi٤٢٩  

equipped for irrigation, (a) horizontal axes is time (year) and vertical axes is difference between NIR ٤٣٠  

and irrigation water requirement (mm/year) and (b) horizontal axes is difference between NIR and ٤٣١  

irrigation water requirement (mm/year) and vertical axes is area equipped for irrigation (%), value of x ٤٣٢  

in (b) is equal to value of y in (a), value of this index is not available before 1997٤٣٣  

Fig.9 Variations of percent of total cultivated area drained versus time and area equipped ٤٣٤  

irrigation, (a) horizontal axes is time (year) and vertical axes is percent of total cultivated area drained ٤٣٥  

(%) and (b) horizontal axes is percent of total cultivated area drained (%) and vertical axes is area ٤٣٦  

equipped for irrigation (%), value of x i٤٣٧  

Fig. 10 Percent of observed trend between changes of the main indexes and area equipped for ٤٣٨  

irrigation in the different regions of Europe (this is equivalent to role of each index to estimate area ٤٣٩  

equipped for irrigation based on R2 values in the Figs. 1٤٤٠  

to very poor trend, PC indicates permanent crops to cultivated area, RP ٤٤١  

total population, LF (labour force) indicates ٤٤٢  

economically active population, HDI ٤٤٣  

to gross domestic product by agriculture, IWR ٤٤٤  

percent of total cultivated area drained, and NIR٤٤٥  

water requirement ٤٤٦  

Table caption ٤٤٧  

 

permanent crops to cultivated area versus time and area equipped for 

irrigation, (a) horizontal axes is time (year) and vertical axes is permanent crops to cultivated area (%) 

and (b) horizontal axes is permanent crops to cultivated area (%) and vertical axes is area equipped for 
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