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Abstract: This study aims to assess global experience on agricultural water management under ٩ 

different scenarios. The results showed that trend of permanent crops to cultiv١٠  

irrigation water requirement, and percent of total cultivated area drained is increasing and trend of ١١  

rural population to total population, total economically active population in agriculture to total ١٢  

economically active population, value a١٣  

NIR and irrigation water requirement is decreasing. The minimum and maximum values of ١٤  

pressure on renewable water resources by irrigation, are related to the third and first scenarios by ١٥  

2035 (6.1%) and 2060 (9.2%), respectively.١٦  

Keywords: World agriculture; sustainable agriculture; water١٧  

PACS: J0101 ١٨  

 ١٩  

1. Introduction ٢٠  

Due to limitation of water resources, role of macroeconomic policies in agricultural water ٢١  

management is vital and undeniable. According t٢٢  

per capita is decreasing (whether based on regions or based on incomes), while value of total people ٢٣  

undernourished is steel considerable (Fig. 1c). ٢٤  

Therefore, pressure on renewable water resources is i٢٥  

applying irrigation systems to increase agricultural production. In the other hand, according to the ٢٦  

Fig. 2, total water withdrawal per capita has been decreased.٢٧  

Although agricultural water withdrawal as percent of٢٨  

decreased due to industries and population growth as well as applying pressurized irrigation and ٢٩  

management strategies to increase of efficiency, but more than 40% of irrigation potential is not ٣٠  

developed yet. ٣١  

As a result, the most pressure on renewable water resources is related to the agricultural sector ٣٢  

and irrigation has the maximum water withdrawal in agriculture. Hence, the increase of pressure on ٣٣  

renewable water resources by irrigation is possible and important in the٣٤  

Although actual crop yield as percentage of potential yield is more than 60% for North ٣٥  

America, and Western and Central Europe, it is less than 50% for South America and North Africa ٣٦  

and it is about 30% for Central America and the Caribbean, Easte٣٧  

[1]. ٣٨  

Therefore, studying agricultural water management due to its role on ٣٩  

resources is still reasonable in the world.٤٠  

 ٤١  

www.mdpi.com/journal/

different scenarios on irrigation 

Received: date; Accepted: date; Published: date 

Kermanshah Branch, Islamic Azad University, Kermanshah, Iran

This study aims to assess global experience on agricultural water management under 

esults showed that trend of permanent crops to cultivated area, HDI, 

irrigation water requirement, and percent of total cultivated area drained is increasing and trend of 

rural population to total population, total economically active population in agriculture to total 

economically active population, value added to GDP by agriculture, and the difference between 

NIR and irrigation water requirement is decreasing. The minimum and maximum values of 

pressure on renewable water resources by irrigation, are related to the third and first scenarios by 

d 2060 (9.2%), respectively. 

World agriculture; sustainable agriculture; water 

Due to limitation of water resources, role of macroeconomic policies in agricultural water 

management is vital and undeniable. According to the Fig. 1a, b, value of renewable water resources 

per capita is decreasing (whether based on regions or based on incomes), while value of total people 

undernourished is steel considerable (Fig. 1c).  

Therefore, pressure on renewable water resources is influenced due to demand for the food and 

applying irrigation systems to increase agricultural production. In the other hand, according to the 

Fig. 2, total water withdrawal per capita has been decreased. 

Although agricultural water withdrawal as percent of total water withdrawal has been 

decreased due to industries and population growth as well as applying pressurized irrigation and 

management strategies to increase of efficiency, but more than 40% of irrigation potential is not 

the most pressure on renewable water resources is related to the agricultural sector 

and irrigation has the maximum water withdrawal in agriculture. Hence, the increase of pressure on 

renewable water resources by irrigation is possible and important in the future. 

Although actual crop yield as percentage of potential yield is more than 60% for North 

America, and Western and Central Europe, it is less than 50% for South America and North Africa 

and it is about 30% for Central America and the Caribbean, Eastern Europe, and Sub-Saharan Africa 

, studying agricultural water management due to its role on renewable water 

is still reasonable in the world. 

www.mdpi.com/journal/xxxx 

Kermanshah Branch, Islamic Azad University, Kermanshah, Iran; 

This study aims to assess global experience on agricultural water management under 

ated area, HDI, 

irrigation water requirement, and percent of total cultivated area drained is increasing and trend of 

rural population to total population, total economically active population in agriculture to total 

dded to GDP by agriculture, and the difference between 

NIR and irrigation water requirement is decreasing. The minimum and maximum values of 

pressure on renewable water resources by irrigation, are related to the third and first scenarios by 

Due to limitation of water resources, role of macroeconomic policies in agricultural water 

o the Fig. 1a, b, value of renewable water resources 

per capita is decreasing (whether based on regions or based on incomes), while value of total people 

nfluenced due to demand for the food and 

applying irrigation systems to increase agricultural production. In the other hand, according to the 

total water withdrawal has been 

decreased due to industries and population growth as well as applying pressurized irrigation and 

management strategies to increase of efficiency, but more than 40% of irrigation potential is not 

the most pressure on renewable water resources is related to the agricultural sector 

and irrigation has the maximum water withdrawal in agriculture. Hence, the increase of pressure on 

Although actual crop yield as percentage of potential yield is more than 60% for North 

America, and Western and Central Europe, it is less than 50% for South America and North Africa 

Saharan Africa 

renewable water 



Journal Name 2016, x, x 2 of 5 

 

 ٤٢  

Fig.1 (a) and (b) Variations of renewable water resources per capita (m3/inhab/yr) versus time, ٤٣  

(c) percent of total population undernourished ٤٤  
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 ٤٥  

Fig.2 Status of renewable water resources and agricultural water management in the previous ٤٦  

half of century, Agricultural indicates agricultural water withdrawal as percent of total water ٤٧  

withdrawal (%), Industrial indicates industrial water withdrawal as percent of total water ٤٨  

withdrawal (%), Municipal indicates municipal water withdrawal as percent of total withdrawal ٤٩  

(%), Withdrawal indicates total water withdrawal per capita (100m3/inhab/yr), Managed indicates ٥٠  

total agricultural water managed area to cultivated area (%), potential indicates percent of irrigation ٥١  

potential equipped for irrigation (%), value of these parameters are not available before 1977 ٥٢  

 ٥٣  

The different aspects of irrigation in agricultural water management, such as irrigation ٥٤  

efficiency (Rahimi et al., 2014; Valipour, 2013d, e, f, g, h; Valipour & Montazar, 2012a, b, c), soil ٥٥  

salinity (du Plessis, 1985), water-saving (Montenegro et al., 2010), sustainable development ٥٦  

(Valipour 2014a, b, c, d, e, f), soil water management (Steiner & Keller, 1992), and crop yield (Wu et ٥٧  

al., 2013) have been investigated in previous works. Turral et al., (2010) showed that investment is ٥٨  

one of the most effective factors on area equipped for irrigation to 2050. Neuman et al., (2011) cited ٥٩  

that area equipped for irrigation to be expanded by 40 million ha, by 2030. Plusquellec, (2002) ٦٠  

claimed that area equipped for irrigation would be increased by 15% to 22% for 2025. Knox et al., ٦١  

(2012) claimed demonstrating efficient or ‘best’ use of water is not straightforward in England, but ٦٢  

farmers and the water regulator needed a rational approach that reflects the needs of the farming ٦٣  

community whilst providing a policy framework for protecting the environment. Namara et al., ٦٤  

(2010) mentioned role the of agricultural water management to reduce poverty in the world as three ٦٥  

pathways. Those are improvement of production, enhancement of employment opportunities and ٦٦  

stabilization of income and consumption using access to reliable water, increasing high-value ٦٧  

products, and finally its role to nutritional status, health, societal equity and environment. They ٦٨  

preferred improving the management of existing systems as a selected strategy in Asia. Valipour, ٦٩  

(2013a, b, c) mentioned the status of irrigated and rainfed agriculture in the world, summarized the ٧٠  

advantages and disadvantages of irrigation systems, and attended to update of irrigation ٧١  
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information to choose an optimum decision. His results showed that 46% of cultivated areas in the ٧٢  

world are not suitable for rainfed agriculture because of climate changes and other meteorological ٧٣  

conditions. Franks et al., (2008) studied developing capacity for agricultural water management in ٧٤  

current practice and future directions. They suggested increased attention to monitoring and ٧٥  

evaluation of capacity development, and closer links to emerging work on water governance. ٧٦  

Ferreyra et al., (2008) concluded that, instead of forcing watershed-based governance structures, the ٧٧  

exploration and examination of more creative and flexible ways of linking watershed imperatives to ٧٨  

existing socially and politically meaningful scales in agricultural areas of Ontario and elsewhere was ٧٩  

warranted. De Loe et al.. (2001) studied agricultural water use in Ontario. They have claimed that ٨٠  

future water allocation decisions must take account of the distribution of agricultural water ٨١  

withdrawals, especially those for irrigation, which are strongly seasonal. The previous researches ٨٢  

are about a limited area and cannot apply them to other regions or did not consider role of all ٨٣  

important indexes for estimation of agricultural water management and the value of pressure on ٨٤  

renewable water resources. Thus, the goal of this study is an estimation of pressure on renewable ٨٥  

water resources by irrigation using to establish a link for more important parameters in agricultural ٨٦  

water management based on available data in the world. ٨٧  

 ٨٨  

2. Materials and Methods  ٨٩  

Many variables are required to obtain the amount of area equipped for irrigation to cultivated ٩٠  

area for cropping pattern design, macroeconomic decisions, and allocation of water resources. ٩١  

However, we cannot consider all parameters due to lack of adequate data. In this study, using ٩٢  

AQUASTAT database (FAO, 2013), 10 main indexes were selected to assessment of agricultural ٩٣  

water management in the world and values of them were checked using WBG database (WBG, ٩٤  

2013). Then, values of area equipped for irrigation and pressure on renewable water resources by ٩٥  

irrigation were estimated in 2035 and 2060 using three different scenarios. ٩٦  

Estimation of equipped area and its pressure on renewable water resources in 2035 and 2060 ٩٧  

To estimate area equipped for irrigation in 2035 and 2060, in the first step, the author studied ٩٨  

variations of the main indexes during the past half of century using linear regression and R2 value, ٩٩  

then the amount of each index was estimated in 2035 and 2060 by obtained equations and three ١٠٠  

different scenarios. In the first scenario, the author assumed that the values of the main indexes ١٠١  

would be changed by the same slope of the past half of century (Figs. 3a). However, changes of the ١٠٢  

indexes show that rate of increase or decrease has been reduced in the current years. Hence, in the ١٠٣  

second and third scenarios, the author assumed that the slopes would be decreased by 30% and 50% ١٠٤  

respectively. Therefore new values of the indexes (in 2035 and 2060) were computed using these new ١٠٥  

slopes. In the second step, variations of area equipped for irrigation versus the other main indexes ١٠٦  

were surveyed and a linear equation with related R2 was computed for each index. In the next step, ١٠٧  

values of area equipped for irrigation (for each index and each scenario) were determined using ١٠٨  

replacement of obtained values for each index in 2035 and 2060 (the first step) in linear equation of ١٠٩  

the second step. Finally, a relationship has been established between calculated data (for area ١١٠  

equipped for irrigation) as: ١١١  

( )2

10 2

y R
I

R

×
=
∑
∑           (1) ١١٢  

Where, y is obtained value for area equipped for irrigation in the second step (Fig. 3b) and ١١٣  

values of R2 showed in the Figs 3b. Finally, pressure on renewable water resources by irrigation ١١٤  

estimates using trend between renewable water resources and equipped area. ١١٥  

3. Results and Discussion ١١٦  

Evaluation of the main indexes of agricultural water management in the past half of the century ١١٧  

Fig. 3 shows variations of the main indexes versus time and area equipped for irrigation. ١١٨  

According to the Fig. 3a values of permanent crops to cultivated area, HDI, irrigation water ١١٩  
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requirement, and percent of total cultivated area drained have been increased and values of rural ١٢٠  

population to total population, economically active population in agriculture, value added to GDP ١٢١  

by agriculture, and the difference between NIR and irrigation water requirement have been ١٢٢  

decreased in the previous half of the century. Thus, role of permanent crops to cultivated area, HDI, ١٢٣  

irrigation water requirement, and percent of total cultivated area drained is increasing for area ١٢٤  

equipped for irrigation and it is decreasing for the other indexes (Fig. 3b). In addition, a significant ١٢٥  

change is observable in the middle of 1980s for permanent crops to cultivated area. Although more ١٢٦  

values of this index can be helped to better scheduling for allocation of required water, it is ١٢٧  

dependent to climate conditions (De Salvo et al., 2013; Valipour, 2012a, b, c, d, e), tendency of ١٢٨  

farmers (Bolliger et al., 2006; Valipour, 2014k, l, m, n), and government’s policy (Sukhwal, 1991). ١٢٩  

Previous researches show the advantages of rural development on agricultural water management ١٣٠  

and sustainable agriculture (Evans et al., 2012). Effect of proper labor force on water management ١٣١  

and improvement of sustainable agriculture has been studied in a lot of researches (Naiken & ١٣٢  

Schulte 1976). However, slope of reduction of rural population to total population and total ١٣٣  

economically active population in agriculture to total economically active population is more than ١٣٤  

increasing slope of HDI in the world. It is a big warning (Hussain, 2007) because although ١٣٥  

mechanization and use of new technologies have an important role in the enhancement of ١٣٦  

agricultural knowledge and increasing productivity (Kirpich et al., 1999), labor force has a vital and ١٣٧  

irreplaceable role in agricultural scheduling and macroeconomic perspectives (Hendrickson et al., ١٣٨  

2008; Valipour, 2012f, g, h, i, j). The HDI index as a weighted measure of the Falkenmark indicator ١٣٩  

(Falkenmark, 1989) in order to account for the ability to adapt to water stress is termed the Social ١٤٠  

Water Stress Index. Meanwhile, Neumann et al., (2011) mentioned effect of GDF on irrigation.  ١٤١  

 ١٤٢  

Fig.3 Variations of the main indexes versus time and area equipped for irrigation, (a) horizontal ١٤٣  

axes are time (year) and vertical axes are the indexes and (b) horizontal axes are the indexes and ١٤٤  

vertical axes are area equipped for irrigation (%), value of x in (b) is equal to value of y in (a), PC ١٤٥  

indicates permanent crops to cultivated area (%), RP indicates rural population to total population ١٤٦  

(%), LF (labor force) indicates total economically active population in agriculture to total ١٤٧  

economically active population (%), HDI indicates human development index, GDP indicates value ١٤٨  

added to gross domestic product by agriculture(%), NRI indicates national rainfall index (mm/yr), ١٤٩  

IWR indicates irrigation water requirement (mm/yr), D indicates percent of total cultivated area ١٥٠  

drained (%), and NIR-IWR indicates the difference between NIR and irrigation water ١٥١  

requirement(mm/yr) ١٥٢  
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According to the Fig. 3a, the value of NRI is variable during the past half of century due to ١٥٣  

many different factors such as greenhouse gases (Lal, 2001), global warming (Michaels, 1990), ١٥٤  

climate change (Muzik, 2002; Valipour, 2014g, h, i, j) etc. and linear regression is not suitable for ١٥٥  

evaluation of its trend. ١٥٦  

Thus, there is not a significant trend between variations of NRI and area equipped for irrigation ١٥٧  

(Fig. 3b). Due to the mentioned cases, the role of this index has not been considered in estimation of ١٥٨  

area equipped for irrigation in 2035 and 2060. ١٥٩  

After Gommes & Petrassi, (1994), this index was known as a considerable factor in drought ١٦٠  

studies (Mishra and Singh 2010). Variation of irrigation water management can be effected on river ١٦١  

basin management (Simenstad et al., 1992), water allocation policy (Valipour et al., 2012a, b, c, d), ١٦٢  

and agricultural expansion (Valipour, 2014o, p, q, r). ١٦٣  

The difference between NIR and irrigation water requirement is known as water deficit and the ١٦٤  

regions with negative values of that have a critical status for water resources management (Hussain ١٦٥  

et al., 2007). ١٦٦  

Previous studies notify influence of drainage on subirrigation (Valero et al., 2007), crop ١٦٧  

productivity (Ale et al., 2009), improving water management (Ayars et al., 2006; Valipour et al., ١٦٨  

2013a, b, c), and water balance (Ale et al.. 2012). ١٦٩  

 ١٧٠  

Estimation of area equipped for irrigation to cultivated area and its pressure on renewable ١٧١  

water resources using the other main indexes of agricultural water management ١٧٢  

Table 1 shows obtained results of this study. ١٧٣  

 ١٧٤  

 ١٧٥  

 ١٧٦  

Table 1. (a) Estimated values for the main indexes using the Equations related to the Figs. 3a, PC ١٧٧  

indicates permanent crops to cultivated area, RP indicates rural population to total population, LF ١٧٨  

(labor force) indicates total economically active population in agriculture to total economically active ١٧٩  

population, HDI indicates human development index, GDP indicates value added to gross domestic ١٨٠  

product by agriculture, IWR indicates irrigation water requirement, D indicates percent of total ١٨١  

cultivated area drained, and NIR-IWR indicates the difference between NIR and irrigation water ١٨٢  

requirement, (b) Estimated values for area equipped for irrigation using the Equations related to the ١٨٣  

Figs. 3b, (c) Estimated values for area equipped for irrigation and pressure on renewable water ١٨٤  

resources by irrigation using the Eq. (1) and Fig. 4, respectively ١٨٥  

 ١٨٦  

 ١٨٧  

 ١٨٨  

a 

 

Scenario (I) Scenario (II) Scenario (III) 

2035 2060 2035 2060 2035 2060 

PC (%) 20.3 21.3 20.0 20.7 19.8 20.3 

RP (%) 31.9 22.3 34.6 27.9 36.5 31.7 

LF (%) 15.5 4.7 18.6 11.0 20.6 15.2 

HDI 0.763 0.893 0.726 0.817 0.701 0.766 

GDP (%) 5.9 0.0 7.7 3.3 8.9 5.7 

IWR (mm/yr) 457.8 531.1 436.7 488.0 422.6 459.3 

NRI-IWR (mm/yr) 738.9 634.7 768.9 695.9 788.9 736.8 

D (%) 14.7 18.7 13.6 16.4 12.8 14.8 

b 

 

Scenario (I) Scenario (II) Scenario (III) 

2035 2060 2035 2060 2035 2060 

PC 20.5 25.5 19.0 22.6 18.1 20.6 

RP 20.5 25.7 19.0 22.6 18.0 20.6 
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 ١٨٩  

 ١٩٠  

 ١٩١  

 ١٩٢  

 ١٩٣  

 ١٩٤  

 ١٩٥  

 ١٩٦  

LF 20.7 26.0 19.2 22.9 18.2 20.8 

HDI 18.8 24.3 17.1 21.0 16.1 18.9 

GDP 20.7 25.6 19.2 22.9 18.2 20.8 

IWR 21.8 27.9 20.0 24.3 18.8 21.9 

NRI-IWR 21.7 27.9 20.0 24.3 18.8 21.9 

D 20.8 26.1 19.2 23.0 18.2 20.9 



 

Journal Name  2016, x, x; doi:10.3390/ 

 ١٩٧  

 ١٩٨  

c                     Area equipped for irrigation (%)

2011 

Scenario (I) Scenario (II) 
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20

60 
2035 
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16 20.7 
26.

1 
19.1 

9
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2035 
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60 

20

11 

20

35 

20

60 

22.

9 
18.0 

20.

8 
5.5 7.1 9.2 

 

Pressure on renewable water resources (%) 

Scenario (II) Scenario (III) 

2035 
20

60 
2035 

20

60 

6.5 8.0 6.1 7.2 
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 ١٩٩  

According to the Table 1a, if the current decreasing trend continues, we will meet the world ٢٠٠  

without value added to GDP by agriculture in the future. In addition, decreasing slope for rural ٢٠١  

population to total population and labor force٢٠٢  

equipped area is related to HDI (16.1% in the third scenario by 2035) and the maximum value is ٢٠٣  

related to irrigation water requirement and difference between NRI and irrigation water ٢٠٤  

requirement (27.9% the first scenario by 2060). ٢٠٥  

important and their selection is reasonable to study of agricultural water management and ٢٠٦  

estimation of area equipped for irrigation in the future. In the Table 1c, values of ٢٠٧  

renewable water resources by irrigation that estimated using Fig. 4 have been presented.٢٠٨  

٢٠٩  

Fig.4 Trend between pressures on renewable water resources by irrigation (vertical axis) versus ٢١٠  

area equipped for irrigation to cultivated area (hori٢١١  

As seen in the Table 1c, the minimum change related to the third scenario by 2035 (11.4%) and ٢١٢  

the maximum change related to the ٢١٣  

water resources will increase in the future and it can be considered in many different sections. As ٢١٤  

shown in the Fig. 5, percent of area equipped for irrigation by surface water has been increased and ٢١٥  

instead percents of area equipped for irrigation by groundwater and mixed surf٢١٦  

groundwater have been increased.٢١٧  

www.mdpi.com/journal/

According to the Table 1a, if the current decreasing trend continues, we will meet the world 

without value added to GDP by agriculture in the future. In addition, decreasing slope for rural 

population to total population and labor force is warning. In the Table 1b, the minimum value for 

equipped area is related to HDI (16.1% in the third scenario by 2035) and the maximum value is 

related to irrigation water requirement and difference between NRI and irrigation water 

e first scenario by 2060). The similar values show that all selected indexes are 

important and their selection is reasonable to study of agricultural water management and 

estimation of area equipped for irrigation in the future. In the Table 1c, values of pressure on 

renewable water resources by irrigation that estimated using Fig. 4 have been presented.

Fig.4 Trend between pressures on renewable water resources by irrigation (vertical axis) versus 

area equipped for irrigation to cultivated area (horizontal axis) in the previous half of century

the minimum change related to the third scenario by 2035 (11.4%) and 

the first scenario by 2060 (66.6%). Thus, pressure on renewable 

crease in the future and it can be considered in many different sections. As 

shown in the Fig. 5, percent of area equipped for irrigation by surface water has been increased and 

instead percents of area equipped for irrigation by groundwater and mixed surface water and 

groundwater have been increased. 

www.mdpi.com/journal/xxxx 

According to the Table 1a, if the current decreasing trend continues, we will meet the world 

without value added to GDP by agriculture in the future. In addition, decreasing slope for rural 

is warning. In the Table 1b, the minimum value for 

equipped area is related to HDI (16.1% in the third scenario by 2035) and the maximum value is 

related to irrigation water requirement and difference between NRI and irrigation water 

The similar values show that all selected indexes are 

important and their selection is reasonable to study of agricultural water management and 

pressure on the 

renewable water resources by irrigation that estimated using Fig. 4 have been presented. 

 
Fig.4 Trend between pressures on renewable water resources by irrigation (vertical axis) versus 

zontal axis) in the previous half of century 

the minimum change related to the third scenario by 2035 (11.4%) and 

first scenario by 2060 (66.6%). Thus, pressure on renewable 

crease in the future and it can be considered in many different sections. As 

shown in the Fig. 5, percent of area equipped for irrigation by surface water has been increased and 

ace water and 



Journal Name 2016, x, x 2 of 5 

 

 ٢١٨  
Fig.5 Pressure on water resources in the previous two decades, Surface indicates percent of area ٢١٩  

equipped for irrigation by surface water (%), Groundwater indicates percent of area equipped for ٢٢٠  

irrigation by groundwater (%), Mixed indicates percent of area equipped for irrigation by mixed ٢٢١  

surface water and groundwater (%), Power indicates percent of area equipped for irrigation power ٢٢٢  

irrigated (%) ٢٢٣  

These lead to increase of pump stations to extraction of groundwater. In other hand, the ٢٢٤  

tendency to pressurized irrigation systems due to their advantages increases the need to electrical ٢٢٥  

energy. Hence, percent of power irrigation has been increased (Fig. 5). So, estimation of area ٢٢٦  

equipped for irrigation can be helped not only for estimation of its pressure on renewable water ٢٢٧  

resources but also for the study of many different aspects of its impact on the science involved with ٢٢٨  

irrigation and water resources. Although we can estimate area pressure on renewable water ٢٢٩  

resources for after 2060, but it is advised that we update our information every year, every decade, ٢٣٠  

or at least every half of the century ٢٣١  
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