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Abstract: In this paper, irrigated agriculture has been estimated in Asia Pacific using three different ٩ 
scenarios by 2035 and 2060. The n١٠  
agricultural water management based on their importance and other indices were not studied due ١١  
to lack of adequate data. These indices are ١٢  
per total population, total economically active population in agriculture per total economically ١٣  
active population, human development index (HDI)١٤  
by agriculture, national rainfall index (NRI)١٥  

and irrigation water requirement, ١٦  
per cultivated area. The changes of the main indices in the previous half of century indicated that ١٧  
they had similar values in some regions and had very different values in other regions due to ١٨  
nature of the indices and conditions of the regions. In the first step, the aut١٩  
the main indices during the previous half of ٢٠  
amount of each index was estimated in 2035 and 2060 by obtained equations and three different ٢١  
scenarios. The results show that tren٢٢  
of Caucasus, Maritime Southeast Asia, and Oceania), HDI, ٢٣  
percent of total cultivated area drained are increasing and trends of ٢٤  
population, total economically active population in agriculture per total economically active ٢٥  
population, value added to GDP by agriculture, and difference between ٢٦  
requirement (with the exception of East Asia Pacific) are decreasing.٢٧  

irrigated agriculture is related to Central Asia; 69.2% and 81.8% by 2035 and 2060, respectively.٢٨  

Keywords: sustainable agriculture; water management; Asia٢٩  

PACS: J0101 ٣٠  
 ٣١  

1. Introduction ٣٢  

The world population is growing day by day and need t٣٣  
sustainable development distinguishes necessity of accurate decision in the agricultural ٣٤  
management. The role of macroeconomic٣٥  

undeniable due to limitation of water٣٦  
population and they need to more attention than other areas. The٣٧  
agricultural water management such as irrigation efficiency ٣٨  
sustainable development, soil water management, and ٣٩  

works. Valipour [19-28] determined critical area of Iran for agricultural water management according ٤٠  
to the climate conditions. He considered annual rainfall and introduced areas with drastic rainfall ٤١  
variations as critical areas. Tan et al. ٤٢  
changing water resource policy and developing economy in Taiwan. They cited that efficient use ٤٣  
and water saving appeared as the keys to balancing supply and demand to help secure the water ٤٤  

www.mdpi.com/journal/

resources development considering 
irrigation management 

Received: date; Accepted: date; Published: date 

Elite Club, Kermanshah Branch, Islamic Azad University, Kermanshah, Iran

In this paper, irrigated agriculture has been estimated in Asia Pacific using three different 

The number of 10 indices (as the main indices) was selected to assess 

agricultural water management based on their importance and other indices were not studied due 

These indices are permanent crops per cultivated area, rural population 

otal economically active population in agriculture per total economically 

uman development index (HDI), value added to gross domestic product (GDP) 

ational rainfall index (NRI), irrigation water requirement, difference between 

, percent of total cultivated area drained, and irrigated agriculture 

The changes of the main indices in the previous half of century indicated that 

they had similar values in some regions and had very different values in other regions due to 

nature of the indices and conditions of the regions. In the first step, the author studied variations of 

the main indices during the previous half of the century using linear regression and R

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

scenarios. The results show that trends of permanent crops per cultivated area (with the exception 

of Caucasus, Maritime Southeast Asia, and Oceania), HDI, irrigation water requirement, and 

percent of total cultivated area drained are increasing and trends of rural population per total 

tion, total economically active population in agriculture per total economically active 

population, value added to GDP by agriculture, and difference between NRI and irrigation water 

requirement (with the exception of East Asia Pacific) are decreasing. The maximum value of

irrigated agriculture is related to Central Asia; 69.2% and 81.8% by 2035 and 2060, respectively.

sustainable agriculture; water management; Asia 

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

sustainable development distinguishes necessity of accurate decision in the agricultural 

management. The role of macroeconomic policies in agricultural water management is vital and 

undeniable due to limitation of water resources. Asia Pacific has more than 60 percent of the world 

population and they need to more attention than other areas. The different aspects of irrigation in 

agricultural water management such as irrigation efficiency [1-18], soil salinity, water

sustainable development, soil water management, and crop yield have been investigated in previous 

determined critical area of Iran for agricultural water management according 

to the climate conditions. He considered annual rainfall and introduced areas with drastic rainfall 

variations as critical areas. Tan et al. [29] surveyed irrigated agriculture in the face of the nation’s 

changing water resource policy and developing economy in Taiwan. They cited that efficient use 

and water saving appeared as the keys to balancing supply and demand to help secure the water 

www.mdpi.com/journal/xxxx 

considering 

Elite Club, Kermanshah Branch, Islamic Azad University, Kermanshah, Iran; 

In this paper, irrigated agriculture has been estimated in Asia Pacific using three different 

the main indices) was selected to assess 

agricultural water management based on their importance and other indices were not studied due 

ural population 

otal economically active population in agriculture per total economically 

alue added to gross domestic product (GDP) 

e between NRI 

rrigated agriculture 

The changes of the main indices in the previous half of century indicated that 

they had similar values in some regions and had very different values in other regions due to the 

hor studied variations 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 

ds of permanent crops per cultivated area (with the exception 

irrigation water requirement, and 

rural population per total 

tion, total economically active population in agriculture per total economically active 

and irrigation water 

maximum value of 

irrigated agriculture is related to Central Asia; 69.2% and 81.8% by 2035 and 2060, respectively. 

o provide the food according to meet 

sustainable development distinguishes necessity of accurate decision in the agricultural 

policies in agricultural water management is vital and 

resources. Asia Pacific has more than 60 percent of the world 

different aspects of irrigation in 

, soil salinity, water-saving, 

have been investigated in previous 

determined critical area of Iran for agricultural water management according 

to the climate conditions. He considered annual rainfall and introduced areas with drastic rainfall 

surveyed irrigated agriculture in the face of the nation’s 

changing water resource policy and developing economy in Taiwan. They cited that efficient use 

and water saving appeared as the keys to balancing supply and demand to help secure the water 



Journal Name 2016, x, x 2 of 5 

 

economy, increase domestic food reserves, and contribute to social justice. Valipour [30-34] ٤٥  
mentioned status of irrigated and rainfed agriculture in the world, summarized advantages and ٤٦  
disadvantages of irrigation systems, and attend to update of irrigation information to choose ٤٧  
optimum decision. His results show that 46% of cultivated areas in the world are not suitable for ٤٨  
rainfed agriculture because of climate changes and other meteorological conditions. The value of ٤٩  
irrigation-equipped areas as share of cultivated areas was 33.6% and the value of water-managed ٥٠  
areas as share of cultivated areas was 34.3% for Asia. Yakubov and Manthrithilake [35] provided ٥١  
conclusions and recommendations as to how further scenarios could be better optimized given the ٥٢  
trans-boundary nature of most water resources in Uzbekistan. The previous researches are about a ٥٣  
limited area and cannot apply them for other regions or they did not consider role of all important ٥٤  
indices for prediction of agricultural water management. Thus, the goal of this study is prediction of ٥٥  

irrigated agriculture by finding a link between more important parameters in agricultural water ٥٦  
management based on the available data for Asia Pacific. ٥٧  

2. Materials and Methods  ٥٨  

Although irrigation efficiency is a proper index to show status of agricultural water ٥٩  
management, we cannot increase irrigation efficiency until obtain value of equipped area and ٦٠  
encourage farmers to use irrigation systems instead of rainfed agriculture. Many variables are ٦١  
required to obtain amount of irrigated agriculture per cultivated area for cropping pattern design, ٦٢  
microeconomic decisions, and allocation of water resources. However, we cannot consider all ٦٣  
parameters due to lack of adequate data. In this study, using AQUASTAT database [36], 10 main ٦٤  
indices were selected to assessment of agricultural water management in Asia Pacific. Then, values ٦٥  
of irrigated agriculture were estimated in 2035 and 2060 using three different scenarios. ٦٦  

2.1. Main indices ٦٧  
2.1.1. Permanent crops per cultivated area (%) ٦٨  
Crops are divided into temporary and permanent crops. Permanent crops are sown or planted ٦٩  

once, and then occupy the land for some years and need not be replanted after each annual harvest, ٧٠  
such as cocoa, coffee and rubber. This category includes flowering shrubs, fruit trees, nut trees and ٧١  
vines, but excludes trees grown for wood or timber, and permanent meadows and previousures. ٧٢  
This index is determined as ٧٣  

1

 (
100

( )

)permanent crops ha
I

cultivated area ha 

 
= ×

          (1) ٧٤  
2.1.2. Rural population per total population (%) ٧٥  
Usually the rural population is obtained by subtracting the urban population from the total ٧٦  

population. In practice, the criteria adopted for distinguishing between urban and rural areas vary ٧٧  
among regions. However, these criteria can be roughly divided into three major groups: ٧٨  
classification of localities of a certain size as urban; classification of administrative centres of minor ٧٩  
civil divisions as urban; and classification of centres of minor civil divisions on a chosen criterion ٨٠  
which may include type of local government, number of inhabitants or proportion of population ٨١  
engaged in agriculture. Thus, the rural population estimates in this domain are based on the varying ٨٢  
national definitions of urban areas. This index is determined as ٨٣  

2

( )
100

( )

inhabitarural population
I

total population

nt

inhabitant

  
= ×

          (2) ٨٤  

2.1.3. Total economically active population in agriculture per total economically active ٨٥  
population (%) ٨٦  

Part of the economically active population engaged in or seeking work in agriculture, hunting, ٨٧  
fishing or forestry (agricultural labour force). The economically active population refers to the ٨٨  
number of all employed and unemployed persons (including those seeking work for the first time). ٨٩  
It covers employers, self-employed workers, salaried employees, wage earners, unpaid workers ٩٠  
assisting in a family or farm or business operation, members of producers' cooperatives, and ٩١  
members of the armed forces. The economically active population is also called the labour force. This ٩٢  
index is determined as ٩٣  
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    (3) ٩٤  
2.1.4. Human development index (HDI) ٩٥  

The HDI ( 4I ) is a composite statistic of life expectancy, education, and income indices used to ٩٦  
rank regions into different tiers of human development. ٩٧  

2.1.5. Value added to gross domestic product (GDP) by agriculture (%) ٩٨  
Agriculture corresponds to International Standard Industrial Classification (ISIC) divisions 1-5 ٩٩  

and includes forestry, hunting, and fishing, as well as cultivation of crops and livestock production. ١٠٠  
Value added is the net output of a sector after adding up all outputs and subtracting intermediate ١٠١  

inputs. This index ( 6I ) is calculated without making deductions for depreciation of fabricated assets ١٠٢  
or depletion and degradation of natural resources. ١٠٣  

2.1.6. National rainfall index (NRI) (mm/yr) ١٠٤  
The NRI is defined as the national average of the total annual precipitation weighted by its ١٠٥  

long-term average. The calculation of the NRI is different in the northern and the southern ١٠٦  
hemisphere. In the northern hemisphere the indices were calculated based on the January-December ١٠٧  
rainfall; the rainfall indices coincide with the calendar year. However, in the southern hemisphere, ١٠٨  
crops are planted at the end of a year to be harvested in the first half of the following calendar year. ١٠٩  
Consequently, the index of a special year is calculated on July of the previous year to June data of the ١١٠  

year of interest for a crop harvested in this year. In fact, this index ( 5I ) is a type of effective rainfall. ١١١  
2.1.7. Irrigation water requirement (mm/yr) ١١٢  
The quantity of water exclusive of precipitation and soil moisture (i.e. quantity of irrigation ١١٣  

water) required for normal crop production. It consists of water to ensure that the crop receives its ١١٤  
full crop water requirement (i.e. irrigation consumptive water use, as well as extra water for flooding ١١٥  
of paddy fields to facilitate land preparation and protect the plant and for leaching salt when ١١٦  

necessary to allow for plant growth). This index ( 7I ) corresponds to net irrigation water ١١٧  
requirement. ١١٨  

2.1.8. Difference between NRI and irrigation water requirement (mm/yr) ١١٩  
This index shows water deficit and is determined as ١٢٠  

8 ( / ) ( / )I NIR mm yr irrigation water requirement mm yr=  −          (5) ١٢١  
2.1.9. Percent of total cultivated area drained (%) ١٢٢  
The irrigated and non-irrigated cultivated area that is drained as percentage of the total ١٢٣  

cultivated area. This index is determined as ١٢٤  

9

( )
100

( )

total drained area ha
I

cultivated area ha

   
= ×

           (4) ١٢٥  
2.1.10. Irrigated agriculture per cultivated area (%) ١٢٦  
Equipped area to provide water (via irrigation) to crops. It includes areas equipped for ١٢٧  

full/partial control irrigation, equipped lowland areas, and areas equipped for spate irrigation. ١٢٨  
Although irrigated area and irrigation potential are better indices than equipped area, available ١٢٩  
values for them are less than equipped area, on the other hand, difference between irrigated area ١٣٠  
and equipped area is not significant in the most of regions, hence equipped area has been selected in ١٣١  
this study. This index is determined as ١٣٢  

10

   ( )

 ( )
100

area equipped for irrigation ha

cultivated are
I

a ha

 

 
= ×

       (6) ١٣٣  

2.2. Prediction of equipped area in 2035 and 2060 ١٣٤  
To estimate irrigated agriculture in 2035 and 2060, in the first step, the author studied variations ١٣٥  

of the main indices during the previous half of century using linear regression and R2 value then ١٣٦  
amount of each index was estimated in 2035 and 2060 by obtained equations and three different ١٣٧  
scenarios. In the first scenario, the author assumed that values of the main indices would be changed ١٣٨  
by the same slope of the previous half of century (Figs. 1-9a). However, changes of the indices show ١٣٩  
that rate of increase or decrease has been reduced in the current years. Hence, in the second and ١٤٠  
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third scenarios, the author assumed that the slopes would be decreased by 30% and 50% ١٤١  
respectively. Therefore new values of the indices (in 2035 and 2060) were computed using these new ١٤٢  
slopes. In the second step, variations of irrigated agriculture versus the other main indices were ١٤٣  
surveyed and a linear equation with related R2 was computed for each indices. In the next step, ١٤٤  
values of irrigated agriculture (for each index and each scenario) were determined using ١٤٥  
replacement of obtained values for each index in 2035 and 2060 (the first step) in linear equation of ١٤٦  
the second step. Finally, a relationship has been established among calculated data (for equipped ١٤٧  
area for irrigation) as: ١٤٨  

( )2

10 2

y R
I

R

×
=
∑
∑           (7) ١٤٩  

Where, y is obtained value for irrigated agriculture in the second step (Figs. 1-9b) and values of ١٥٠  
R2 have been showed in Table 1. ١٥١  

3. Evaluation of the main indices of agricultural water management in the previous half of ١٥٢  
century ١٥٣  

Fig. 1 shows variations of permanent crops per cultivated area versus time and equipped area ١٥٤  
for irrigation.  ١٥٥  

١٥٦  
Fig.1 Variations of permanent crops per cultivated area versus time and equipped area for ١٥٧  

irrigation, (a) horizontal axis is time (year) and vertical axis is permanent crops per cultivated area ١٥٨  
(%) and (b) horizontal axis is permanent crops per cultivated area (%) and vertical axis is irrigated ١٥٩  
agriculture (%), value of x in (b) is equal to value of y in (a) ١٦٠  

 ١٦١  
According to Fig. 1a value of permanent crops per cultivated area has been decreased in ١٦٢  

Caucasus, Maritime Southeast Asia, and Oceania and this index has been increased in the other ١٦٣  
regions. Thus, role of permanent crops per cultivated area is decreasing for irrigated agriculture in ١٦٤  
Caucasus, Maritime Southeast Asia, and Oceania and it is increasing for the other regions (Fig. 1b). ١٦٥  
In addition, a significant raise is observable in the middle of 1980s (Persian Gulf, Central Asia, South ١٦٦  
Asia, Maritime Southeast Asia, and Oceania). Although more values of this index can be helped to ١٦٧  
better scheduling for allocation of required water, it is dependent to climate conditions , tendency of ١٦٨  
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farmers, and government’s policy. Fig. 2 shows variations of rural population per total population ١٦٩  
versus time and equipped area for irrigation.  ١٧٠  

١٧١  
Fig.2 Variations of rural population per total population versus time and equipped area for ١٧٢  

irrigation, (a) horizontal axis is time (year) and vertical axis is rural population per total population ١٧٣  
(%) and (b) horizontal axis is rural population per total population (%) and vertical axis is irrigated ١٧٤  
agriculture (%), value of x in (b) is equal to value of y in (a) ١٧٥  

 ١٧٦  

According to Fig. 2a value of rural population per total population has been decreased in Asia ١٧٧  
Pacific. Thus, role of this index is decreasing for irrigated agriculture (Fig. 2b). Table 1 shows ١٧٨  
variations of other FAO indices versus time and equipped area for irrigation. ١٧٩  

 ١٨٠  
 ١٨١  
 ١٨٢  
 ١٨٣  
 ١٨٤  
 ١٨٥  
 ١٨٦  
 ١٨٧  
Table 1. Variations of FAO indices versus time and equipped area for irrigation, (a) regression ١٨٨  

between time (year) and total economically active population in agriculture per total economically ١٨٩  
active population (%), (b) regression between total economically active population in agriculture per ١٩٠  
total economically active population (%) and irrigated agriculture (%), (c) regression between time ١٩١  
(year) and vertical axis is HDI and (d) regression between HDI and irrigated agriculture (%), (e) ١٩٢  

regression between time (year) and value added to GDP by agriculture (%), (f) regression between ١٩٣  
value added to GDP by agriculture (%) and irrigated agriculture (%), (g) regression between time ١٩٤  
(year) and NRI (mm/year), (h) regression between NRI (mm/year) and irrigated agriculture (%), (i) ١٩٥  
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regression between time (year) and irrigation water requirement (mm/year), (j) regression between ١٩٦  
irrigation water requirement (mm/year) and irrigated agriculture (%), (k) regression between time ١٩٧  
(year) and difference between NRI and irrigation water requirement (mm/year) and, (l) regression ١٩٨  
between difference between NRI and irrigation water requirement (mm/year) and irrigated ١٩٩  
agriculture (%), (m) regression between time (year) and percent of total cultivated area drained (%), ٢٠٠  
and (n) regression between percent of total cultivated area drained (%) and irrigated agriculture (%) ٢٠١  
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 ٢٠٢  
According to Table 1 value of economically active population in agriculture has been decreased ٢٠٣  

in Asia Pacific. Thus, role of this index is decreasing for equipped area for irrigation. As expected, ٢٠٤  
value of HDI has been increased in Asia Pacific. Thus, role of this index is increasing for equipped ٢٠٥  
area for irrigation. However, slope of reduction of rural population per total population and total ٢٠٦  
economically active population in agriculture per total economically active population is more than ٢٠٧  
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increasing slope of HDI in Asia Pacific. According to Table 1, value of this index has been decreased ٢٠٨  
in Asia Pacific. Thus, role of this index is decreasing for equipped area for irrigation. According to ٢٠٩  
Table 1, the value of NRI is variable during the previous half of century due to many different factors ٢١٠  
such as greenhouse gases, global warming, climate change etc. and linear regression is not suitable ٢١١  
for evaluation of its trend. Thus, there is not a significant trend between variations of NRI and ٢١٢  
equipped area for irrigation. Due to the mentioned cases, role of this index has not been considered ٢١٣  
in prediction of irrigated agriculture in 2035 and 2060. According to Table 1, value of irrigation water ٢١٤  
requirement has been increased in Asia Pacific. Thus, role of this index is increasing for equipped ٢١٥  
area for irrigation. According to Table 1, value of this index has been increased in East Asia Pacific ٢١٦  
and it has been decreased in the other regions. Thus, role of difference between NRI and irrigation ٢١٧  
water requirement is increasing for irrigated agriculture in East Asia Pacific and it is increasing for ٢١٨  

the other regions. In Table 1, value of this index has been increased in Asia Pacific. Thus, role of this ٢١٩  
index is increasing for equipped area for irrigation. ٢٢٠  

٢٢١  
Fig. 3 Percent of observed trend between changes of the main indices and irrigated agriculture ٢٢٢  

in the different regions of Asia Pacific (this is equivalent to role of each index to estimate irrigated ٢٢٣  
agriculture based on R2 values in Table 1), role of NRI has not been considered due to very poor ٢٢٤  
trend, PC indicates permanent crops per cultivated area, RP indicates rural population per total ٢٢٥  
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population, LF (labour force) indicates total economically active population in agriculture per total ٢٢٦  
economically active population, HDI indicates human development index, GDP indicates value ٢٢٧  
added to gross domestic product by agriculture, IWR indicates irrigation water requirement, D ٢٢٨  
indicates percent of total cultivated area drained, and NRI-IWR indicates difference between NRI ٢٢٩  
and irrigation water requirement ٢٣٠  

 ٢٣١  
In Persian Gulf and South Asia, the most trends is related to rural population per total ٢٣٢  

population, in Caucasus, Near East, East Asia, and Mainland Southeast Asia, the most trends is ٢٣٣  
related to total economically active population in agriculture per total economically active ٢٣٤  
population, in Central Asia and Maritime Southeast Asia, the most trends is related to irrigation ٢٣٥  
water requirement and in Oceania, the most trends is related to HDI. According to Fig. 3, the ٢٣٦  

observed trend is changed from 8.7% (Persian Gulf) to 12.9% (Near East) for permanent crops per ٢٣٧  
cultivated area (maximum of changes). These changes are from 11.3% (Near East) to 14.2% (Persian ٢٣٨  
Gulf and South Asia) for rural population per total population, they are from 12.3% (Persian Gulf) to ٢٣٩  
13.8% (Caucasus and Central Asia) for total economically active population in agriculture per total ٢٤٠  
economically active population, they are from 12.3% (Persian Gulf) to 13.5% (Oceania) for HDI ٢٤١  
(minimum of changes), they are from 9.4% (Maritime Southeast Asia) to 12.9% (Caucasus and ٢٤٢  
Central Asia) for value added to GDP by agriculture, they are from 8.4% to 14.4% (Maritime ٢٤٣  
Southeast Asia) for irrigation water requirement, they are from 10.8% (Central Asia and Mainland ٢٤٤  
Southeast Asia) to 14.2% (Maritime Southeast Asia) for difference between NRI and irrigation water ٢٤٥  
requirement, and they are from 11.6% (Oceania) to 14.3% (Maritime Southeast Asia) for percent of ٢٤٦  
total cultivated area drained. The similar percentage of the trends shows that all selected indices are ٢٤٧  
important and their selection is reasonable for study of agricultural water management and ٢٤٨  
prediction of irrigated agriculture in the future. ٢٤٩  

4. Prediction of irrigated agriculture per cultivated area using the other main indices of ٢٥٠  
agricultural water management ٢٥١  

Table 2 shows estimated values for the main indices using the Equations related to Table 1. ٢٥٢  
 ٢٥٣  
Table 2 Estimated values for the main indices using the Equations related to Table 1, PC ٢٥٤  

indicates permanent crops per cultivated area, RP indicates rural population per total population, LF ٢٥٥  

(labour force) indicates total economically active population in agriculture per total economically ٢٥٦  
active population, HDI indicates human development index, GDP indicates value added to gross ٢٥٧  
domestic product by agriculture, IWR indicates irrigation water requirement, D indicates percent of ٢٥٨  
total cultivated area drained, and NRI-IWR indicates difference between NRI and irrigation water ٢٥٩  
requirement ٢٦٠  
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 ٢٦٦  

Permanent crops per cultivated area: the ٢٦٧  
minimum value is 0.9% (in the first scenario by ٢٦٨  
2060) for Caucasus and the maximum value is ٢٦٩  
47.0% (in the third scenario by 2035) for Maritime ٢٧٠  
Southeast Asia. A significant decreasing is ٢٧١  
considerable for Caucasus, Central Asia, and East ٢٧٢  
Asia in the future. Rural population per total ٢٧٣  
population: the minimum value is 0.0% (in the first ٢٧٤  
scenario by 2060) for Persian Gulf and Near East ٢٧٥  
and the maximum value is 67.7% (in the third scenario by 2035) for Mainland Southeast Asia. A ٢٧٦  
significant decreasing is considerable for Persian Gulf, Near East and East Asia in the future. Total ٢٧٧  

economically active population in agriculture per total economically active population: the ٢٧٨  
maximum value is 58.9% (in the third scenario by 2035) for Mainland Southeast Asia. If current ٢٧٩  
decreasing trend is followed, we will meet Persian Gulf, Near East and East Asia without labour ٢٨٠  
force in the future. HDI: the minimum value in the future is related to Mainland Southeast Asia ٢٨١  

(0.668 in the third scenario by 2035), so rate of its increasing slope is less than the other regions. ٢٨٢  
Value added to GDP by agriculture: the maximum value is 28.3% (in the third scenario by 2035) for ٢٨٣  
Mainland Southeast Asia. If current decreasing trend is followed, we will meet Persian Gulf, Near ٢٨٤  
East, South Asia, East Asia, and Maritime Southeast Asia without value added to GDP by ٢٨٥  
agriculture. Irrigation water requirement: the minimum value is 202 mm/yr (in the third scenario by ٢٨٦  
2035) for Caucasus and the maximum value is 1092 mm/yr (in the first scenario by 2060) for ٢٨٧  
Maritime Southeast Asia. Difference between NRI and irrigation water requirement: the minimum ٢٨٨  
value is -1041 mm/yr (in the first scenario by 2060) for Persian Gulf and the maximum value is 3460 ٢٨٩  
mm/yr (in the first scenario by 2060) for Oceania. Percent of total cultivated area drained: the ٢٩٠  
minimum value is 0.4% (in the second and third scenarios by 2035) for Maritime Southeast Asia and ٢٩١  
the maximum value is 54.4% (in the first scenario by 2060) for Near East. Table 3 shows estimated ٢٩٢  
values for irrigated agriculture using the Equations related to Table 1. ٢٩٣  

 ٢٩٤  
Table 3 Estimated values for irrigated agriculture using the Equations related to Table 1, PC ٢٩٥  

indicates permanent crops per cultivated area, RP indicates rural population per total population, LF ٢٩٦  
(labour force) indicates total economically active population in agriculture per total economically ٢٩٧  
active population, HDI indicates human development index, GDP indicates value added to gross ٢٩٨  
domestic product by agriculture, IWR indicates irrigation water requirement, D indicates percent of ٢٩٩  
total cultivated area drained, and NRI-IWR indicates difference between NRI and irrigation water ٣٠٠  
requirement ٣٠١  
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 ٣٠٤  
 ٣٠٥  
 ٣٠٦  

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

2.4 

7

1.9 

5

9.6 

6

6.3 

5

7.8 

6

2.5 

Caucasus 

5

1.3 

6

1.5 

4

8.4 

5

5.5 

4

6.4 

5

1.5 

Near East 

3

5.0 

4

4.9 

3

2.1 

3

9.1 

3

0.2 

3

5.2 

Central Asia 

6

4.6 

7

5.3 

6

1.5 

6

9.0 

5

9.5 

6

4.8 

South Asia 

4

3.2 

5

3.1 

4

0.3 

4

7.2 

3

8.4 

4

3.3 

East Asia 

5

5.2 

6

8.3 

5

1.5 

6

0.6 

4

9.0 

5

5.5 

Mainland 

Southeast Asia 

3

3.8 

4

4.6 

3

0.6 

3

8.2 

2

8.6 

3

4.0 

Maritime 

Southeast Asia 

8

.1 

1

0.7 

7

.4 

9

.2 

6

.9 

8

.2 

Oceania 

9

.1 

1

1.8 

8

.4 

1

0.2 

7

.8 

9

.2 

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

9.3 

7

5.7 

6

5.6 

7

4.8 

6

3.0 

6

9.6 

Caucasus 

4

9.1 

5

8.2 

4

6.5 

5

2.9 

4

4.7 

4

9.3 

Near East 

3

3.7 

3

9.5 

3

1.1 

3

7.5 

2

9.3 

3

3.9 

Central Asia 

6

5.4 

7

6.7 

6

2.2 

7

0.1 

6

0.0 

6

5.7 

South Asia 

4

8.2 

6

1.0 

4

4.5 

5

3.5 

4

2.0 

4

8.5 

East Asia 

5

6.5 

7

0.6 

5

2.4 

6

2.3 

4

9.7 

5

6.7 

Mainland 

Southeast Asia 

3

4.1 

4

5.1 

3

0.9 

3

8.6 

2

8.8 

3

4.3 

Maritime 

Southeast Asia 

9

.4 

1

2.6 

8

.4 

1

0.7 

7

.8 

9

.4 

Oceania 

9

.8 

1

2.8 

8

.9 

1

1.0 

8

.3 

9

.8 

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

8.2 

7

2.5 

6

4.6 

7

2.5 

6

2.2 

6

8.4 

Caucasus 

5

2.5 

6

3.2 

4

9.3 

5

6.9 

4

7.2 

5

2.7 

Near East 

3

4.7 

3

4.7 

3

2.7 

3

4.7 

3

0.7 

3

4.7 

Central Asia 

6

9.2 

8

2.3 

6

5.4 

7

4.6 

6

2.9 

6

9.4 

South Asia 

4

7.9 

6

0.6 

4

4.3 

5

3.2 

4

1.8 

4

8.2 

East Asia 

5

7.1 

6

1.9 

5

2.9 

6

1.9 

5

0.2 

5

7.4 

Mainland 

Southeast Asia 

3

4.9 

4

6.5 

3

1.6 

3

9.7 

2

9.4 

3

5.2 

Maritime 

Southeast Asia 

9

.5 

1

2.9 

8

.6 

1

0.9 

7

.9 

9

.6 

Oceania 

9

.8 

1

2.8 

8

.9 

1

1.0 

8

.3 

9

.8 

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

2.3 

6

7.9 

6

0.4 

6

5.0 

5

9.2 

6

2.5 

Caucasus 

4

3.2 

5

2.5 

4

0.5 

4

7.0 

3

8.7 

4

3.4 

Near East 

4

0.5 

5

2.4 

3

7.1 

4

5.4 

3

4.8 

4

0.8 

Central Asia 

6

7.0 

7

0.0 

6

2.9 

7

0.0 

6

0.2 

6

7.3 

South Asia 

5

6.8 

6

8.7 

5

2.7 

6

2.6 

5

0.0 

5

7.1 

East Asia 

4

9.6 

5

6.8 

4

6.3 

5

4.3 

4

4.1 

4

9.8 

Mainland 

Southeast Asia 

3

8.5 

5

1.4 

3

4.7 

4

3.8 

3

2.3 

3

8.7 

Maritime 

Southeast Asia 

1

4.5 

1

7.8 

1

3.2 

1

6.3 

1

2.3 

1

4.6 

Oceania 

1

0.2 

1

2.8 

9

.5 

1

1.3 

9

.0 

1

0.3 

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

PC RP 

LF HDI 

GDP 



Journal Name 2016, x, x 13 of 5 

 

 ٣٠٧  

Data of Table 3 have computed using the ٣٠٨  
Equations related to Table 1 and are equal to y ٣٠٩  
value in the Eq. (7). Table 4 shows estimated ٣١٠  
values for irrigated agriculture using the Eq. (7). ٣١١  

 ٣١٢  
Table 4 Estimated values for irrigated ٣١٣  

agriculture using the Eq. (7) ٣١٤  

Region 

Area equipped for irrigation (%) Changes (%) 

2

011 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

6.3 

7

4.4 

6

3.0 

7

1.1 

6

0.7 

6

6.5 

Caucasus 

5

0.9 

6

0.9 

4

8.0 

5

5.0 

4

6.1 

5

1.1 

Near East 

3

5.0 

4

0.6 

3

2.1 

3

9.1 

3

0.2 

3

5.2 

Central Asia 

6

5.9 

7

7.4 

6

2.5 

7

0.6 

6

0.3 

6

6.1 

South Asia 

4

6.4 

4

7.7 

4

3.0 

4

7.7 

4

0.7 

4

6.6 

East Asia 

5

1.9 

5

1.9 

5

1.9 

5

1.9 

4

9.3 

5

1.9 

Mainland 

Southeast Asia 

3

1.4 

4

1.1 

2

8.6 

3

5.4 

2

6.8 

3

1.6 

Maritime 

Southeast Asia 

8

.2 

8

.6 

7

.4 

8

.6 

6

.9 

8

.2 

Oceania 

9

.1 

1

1.7 

8

.3 

1

0.2 

7

.8 

9

.1 

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

1.9 

6

9.9 

5

9.6 

6

5.2 

5

8.1 

6

2.1 

Caucasus 

5

0.5 

5

9.7 

4

7.8 

5

4.3 

4

6.1 

5

0.7 

Near East 

3

6.2 

4

6.4 

3

3.2 

4

0.4 

3

1.2 

3

6.4 

Central Asia 

7

8.3 

9

8.9 

7

2.3 

8

6.7 

6

8.4 

7

8.7 

South Asia 

5

1.1 

6

6.2 

4

6.7 

5

7.3 

4

3.8 

5

1.4 

East Asia 

4

8.1 

5

5.3 

4

6.0 

5

1.0 

4

4.6 

4

8.2 

Mainland 

Southeast Asia 

3

7.9 

5

1.4 

3

4.0 

4

3.4 

3

1.4 

3

8.1 

Maritime 

Southeast Asia 

1

4.9 

2

2.5 

1

2.7 

1

8.0 

1

1.2 

1

5.0 

Oceania 

9

.1 

1

1.6 

8

.3 

1

0.1 

7

.8 

9

.1 

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

1.8 

6

9.6 

5

9.5 

6

5.0 

5

8.0 

6

1.9 

Caucasus 

5

1.6 

6

1.7 

4

8.7 

5

5.8 

4

6.7 

5

1.8 

Near East 

3

7.1 

4

8.1 

3

3.9 

4

1.7 

3

1.8 

3

7.3 

Central Asia 

7

3.9 

9

1.0 

6

9.0 

8

0.9 

6

5.7 

7

4.3 

South Asia 

5

5.9 

7

5.1 

5

0.4 

6

3.8 

4

6.8 

5

6.3 

East Asia 

4

7.9 

5

5.1 

4

5.9 

5

0.9 

4

4.5 

4

8.1 

Mainland 

Southeast Asia 

3

5.3 

4

6.8 

3

2.0 

4

0.1 

2

9.8 

3

5.6 

Maritime 

Southeast Asia 

1

5.1 

2

2.9 

1

2.8 

1

8.3 

1

1.3 

1

5.2 

Oceania 

8

.5 

1

0.7 

7

.9 

9

.4 

7

.5 

8

.6 

 

Scenar

io (I) 

Scenar

io (II) 

Scenar

io (III) 

2

035 

2

060 

2

035 

2

060 

2

035 

2

060 

Persian Gulf 

6

9.0 

8

1.8 

6

5.3 

7

4.3 

6

2.9 

6

9.3 

Caucasus 

5

2.6 

6

3.5 

4

9.5 

5

7.1 

4

7.4 

5

2.8 

Near East 

3

5.3 

4

5.4 

3

2.4 

3

9.5 

3

0.5 

3

5.5 

Central Asia 

6

8.2 

8

0.9 

6

4.6 

7

3.5 

6

2.1 

6

8.5 

South Asia 

4

7.7 

6

0.2 

4

4.1 

5

2.8 

4

1.7 

4

7.9 

East Asia 

7

3.4 

8

7.1 

6

9.4 

7

9.1 

6

6.8 

7

3.7 

Mainland 

Southeast Asia 

3

5.0 

4

6.5 

3

1.7 

3

9.8 

2

9.5 

3

5.3 

Maritime 

Southeast Asia 

9

.6 

1

3.0 

8

.6 

1

1.0 

8

.0 

9

.7 

Oceania 

7

.8 

1

0.5 

7

.0 

8

.9 

6

.5 

7

.8 

IWR 

NRI-IWR 

D 
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Persian Gulf 

5

4.5 

6

5.3 

7

3.1 

6

2.3 

6

9.4 

6

0.4 

6

5.5 

1

9.8 

3

4.0 

1

4.3 

2

7.4 

1

0.7 

2

0.1 

Caucasus 

4

2.7 

5

0.3 

6

0.3 

4

7.4 

5

4.4 

4

5.5 

5

0.5 

1

7.9 

4

1.3 

1

1.1 

2

7.5 

6

.6 

1

8.3 

Near East 

2

7.2 

3

6.0 

4

4.0 

3

3.1 

3

9.7 

3

1.1 

3

6.1 

3

2.1 

6

1.7 

2

1.6 

4

5.7 

1

4.3 

3

2.8 

Central Asia 

5

9.9 

6

9.2 

8

1.8 

6

5.2 

7

4.6 

6

2.5 

6

9.5 

1

5.7 

3

6.7 

8

.9 

2

4.7 

4

.4 

1

6.1 

South Asia 

3

9.5 

4

9.8 

6

1.7 

4

5.9 

5

4.9 

4

3.3 

5

0.0 

2

6.0 

5

6.2 

1

6.1 

3

9.0 

9

.5 

2

6.7 

East Asia 

4

1.5 

5

5.2 

6

3.6 

5

2.2 

5

9.2 

4

9.9 

5

5.4 

3

2.9 

5

3.2 

2

5.8 

4

2.7 

2

0.2 

3

3.4 

Mainland 

Southeast Asia 

2

4.9 

3

5.2 

4

6.7 

3

1.8 

3

9.9 

2

9.6 

3

5.4 

4

1.1 

8

7.6 

2

7.7 

6

0.3 

1

8.8 

4

2.1 

Maritime Southeast 

Asia 

8

.3 

1

1.4 

1

5.7 

1

0.1 

1

3.3 

9

.2 

1

1.5 

3

7.8 

8

8.8 

2

1.9 

5

9.8 

1

1.2 

3

8.9 

Oceania 

6

.7 

9

.2 

1

1.9 

8

.4 

1

0.3 

7

.9 

9

.3 

3

7.8 

7

8.0 

2

6.2 

5

4.4 

1

8.5 

3

8.6 

 ٣١٥  
According to Table 4, in the first scenario, the most changes is related to Mainland Southeast ٣١٦  

Asia (41.1% by 2035) and Maritime Southeast Asia (88.8% by 2060), in the second scenario, the most ٣١٧  
changes is related to Mainland Southeast Asia (27.7% by 2035 and 60.3% by 2060), and in the third ٣١٨  
scenario, the most changes is related to East Asia (20.2% by 2035) and Mainland Southeast Asia ٣١٩  
(42.1% by 2060). Therefore, Mainland Southeast Asia has a better potential to increasing irrigated ٣٢٠  
agriculture in the future. A considerable note is change of irrigation status in the future than the ٣٢١  
current status; although irrigated agriculture in Caucasus is more than East Asia in 2011, however it ٣٢٢  
is less than East Asia for the all scenarios in the future. In addition, although irrigated agriculture in ٣٢٣  
South Asia is less than Caucasus in 2011, however it is more than Caucasus for the first and second ٣٢٤  
scenarios in 2060. Also, although irrigated agriculture in Mainland Southeast Asia is less than Near ٣٢٥  
East in 2011, however it is more than Near East for the first and second scenarios in 2060. Although ٣٢٦  
we can estimate irrigated agriculture for after 2060, however it is advised that we update our ٣٢٧  
information every year, every decade, or at least every half of century. ٣٢٨  
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