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World Food Production Situation  
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Most of global problems come from the population explosion that 
started just 60 years ago.  The world population has become more than 
double during last 50 years, and is expected to reach 9.0 billion before 
2050. 

We are here.. 



Arable land has increased just a little. 

The increase in arable land area totally stopped 25 years ago . 
Accordingly, per capita arable land has been dramatically 
decreased, and still decreasing. 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0

200,000

400,000

600,000

800,000

1,000,000

1,200,000

1,400,000

1,600,000

1950 1960 1970 1980 1990 2000 2010 2020

ha/cap1,000 ha

Arable Land: Total (1,000 ha) 
and Per capita (ha/cap)

Arable land

Per capita

4 



Yield (land productivity) increased at a higher 
speed than that of population.  

It might show that our food become more secure. 
However, we should note that meat consumption and bio-
energy production from food are increasing, which surely 
increases the demand of gain or food.  5 



Future food security  

Sharply divided opinions on the food security in the future 

This question must be answered  through thorough and 
extensive discussions covering many related fields. 

No problem  because we 
have been successful to the 

past problems 
 Malthusians have been 

wrong in the long history. 
  

Serious problem because 
of limitation of the world 

resources  
Global climatic change 

will affect it, too.  

We cannot overlook the recent change in the international 
market price of grains. 6 



USD/ton 

rice 

1970 2013 2007 2000 

wheat 

maize 

1980 1990 

International market price of grains 

soybean 

Sharp rise of 
price leading to 
riots in 2008.  

High price kept at 
2-3 times before 
the crisis. 
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Green revolution and Water 

Population explosion in the 2nd half of 20th C.  

Food: Green Revolution increased the 
yield to saved the world. 

１．HYV (seed)  
２．Irrigation 
３．Fertilizer 

Per capita agricultural land has decreased. 

8 



We can se many types and works of 
irrigation  
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• More than two thirds of the irrigation area at 
present were developed just after 1950. 
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Green revolution and Water 

Population explosion in the 2nd half of 20th C.  

Food: Green Revolution increased the 
yield to saved the world. 

１．HYV (seed)  
２．Irrigation 
３．Fertilizer 

Per capita agricultural land has decreased. 

Water 
demand in 
agriculture 
(Share: 70%) 

Demand for 
municipal and 

industrial waters  

Water resources has 
been developed and 

come to its limit in the 
world. 

Twenty first Century is 
“the Century of Water”. 11 



Extinction of the Aral Sea, the forth largest 
lake in the world in the 1960s. 

(because of irrigation development in the inflow river basins) 

1996 2004 2009 

No more irrigation development is possible in 

some part of the world as before in the 20th C. 12 

http://smis.iki.rssi.ru/data/i_sample/noaa/sea&like/aral/150996.jpg


New development of irrigation project 
has become more and more difficult. 
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As far as irrigation development is concerned, what have been 
possible in the past will not be possible in the coming years. 13 



Characteristics of Water and  
Agriculture in ASEAN Countries 

• ASEAN countries enjoy a plenty of rainfall 
compared with the world average. It is a strong 
point of the region in the future or in the new era 
of limited water resources .  
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Per person fresh water availability 

Mostly more than 2,500 m3/year/person in ASEAN countries: In 
spite of  high population density, per capita freshwater 
availability is still high in South East Asian countries. 15 



• ASEAN countries enjoy a plenty of rainfall 
compared with the world average. It is a strong 
point of the region in the future or in the new era 
of limited water resources.  

 • This region has distinct rainy and dry seasons. The 
farmers have traditionally cultivated rice under rain 
fed conditions, while some sophisticated irrigation 
have been performed in some part of this region.  

 • ASEAN countries started national irrigation projects 
since 1950s, which contributed to increasing yield 
and stability of traditional rice production and to the 
introduction of second rice in the dry season.  

Characteristics of water and  
agriculture in ASEAN countries 
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From construction to management 
These irrigation developments have not been 
fully successful in terms of water management. 
That is,  

Unfavorable water 
distribution 

Fast deterioration of 
facilities 

Insufficient return 
from investment 

Water management will be of more importance in 
the future when the extension of irrigation will be 
limited. 17 



Examples of reality and difficulty in 
irrigation management  

Intake gates destroyed by farmers: 
Government engineers cannot 
distribute water properly any more.  

Normal 

Illegal intake from a government canal 
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Government officers have to guard 
important division works. Otherwise 
government cannot distribute water 
properly. 

Broken outlet not repaired 

 
A field ditch losing its 
function because of  no 
maintenance 

A story of my  experience 
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A story of my experience 
One day I was standing beside a shallow earthen 
canal of an irrigation system in one country, when an 
old man came to me saying that there is a concrete 
ditch under the soil. And he showed me the ditch 
with a wood stick. He explained me the concrete 
canal was constructed in an governmental project, 
but it was gradually buried with the soil because 
nobody maintained the canal.  

Yearly input (investment) to irrigation development will not 
increase national stock if the constructed facilities are fast 
deteriorating on the other hand. We need to pay more 
attention to management of facility. 20 



Principles for Water Management 

Confirming basic ideas of good water 
management for our future activities. 
  
Irrigation development can contribute to the 
better life of farmers. But it should be not for 
specific farmers, for many farmers, or the 
government purposes. 
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What are Government Targets 
in Water Management? 

Water allocation: To maximize the agricultural 
production with a given amount of water 
 Maintenance: To maintain and guard facilities 
with the minimum expenditure of government 
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Lessons learnt: Special feature of water 
management in small scale farming system 

Many small scale farmers are using common irrigation canals 
and ditches (in ASEAN countries). Thus, inevitably, 

 Water User = Operator 
Different from large scale farming systems in US. 

All attempts in the past to control on-farm facilities by 
governments in a top-down manner have failed; it is because, 
 1) Good will engineers cannot convince all farmers that his 
water distribution plan is fair and rational. 
 2) Illegal actions at night by suspicious or selfish farmers 
cannot be suppressed by government officers.  
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Farmer Participation (PIM) 
Lesson learned by experience: Governments 
need to invite farmers to achieve their purposes.  

  1) Governments and farmers have different 
targets (national and personal benefits). 

  2) Farmers are conflicting each other, too. 

Big challenge: How to develop a system to 
organize farmers and make them behave in 
line with the national policy (targets) 

However, 
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Practical Principle of Water Management 

• Equal water allocation: The way to 
maximize crop yields with a given amount 
of water (It is proved by Law of Diminishing 

Returns for a single crop system). 
• Equitable water allocation avoids disputes 

among farmers on their benefits.  

Equity can be a basic principle for 
both governments and farmers 
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Equity in water distribution is a basis of 
for successful water management. 

Equity                
in Operation 

Maintenance 
activity 

Management of  
Organization 

Water management consists of 3 components; 
    Operation (water distribution)  
   Maintenance (cleaning canals, etc.)  
   Management (of organization and budget)  
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Conditions for success in PIM 

1) Farmers are organized in WUA and treated 
equally. They can believe and check it practically.  

2) They have a power to decide and everybody is 
given an opportunity to express his/her opinion. 

3) Everybody can check the state of water 
distribution, organization management and 
accounting.  

Ownership of project Accountability and 
information dissemination. 27 



Japanese Ways of Water 
Management 

• Japan extensively developed irrigation systems for paddy 
rice in 17th Century and reached the limit of low flow 
availability in major rivers, thus having a long experience 
in settlement of water conflicts among farmers since then.  
 
 

• Now, all the irrigation facilities developed in government 
project are to be transferred to a farmer irrigation association, 
Land Improvement District (LID).  
 • LID is a legal corporation that manages facilities and collects 
membership fee from farmers to cover O&M cost. 

• All these activities are based on Land Improvement Law 
enacted in 1949. 
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Everything is transferred to LID in Japan. 

This 167 m wide weir and 
all related canals have been  
transferred to the LID after 
construction. 

LID members clean the 
canals by themselves as the 
canals are “theirs’”. 
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Procedure of Irrigation Project 

Formation (application system) 

Physical plan 
Budget plan  
Management plan 

Basic plan  
 
 

LID or 15 leaders 
 
 

Consultation 
 
 Prefectural engineers 

 
 

Approval by more than 
2/3 of member farmers  

(95% in practice) 

Member farmers 

Government 

Implementation 

LID 
 
 Application 

Survey, Approval 

Application system: 
Government won’t start any 
irrigation project without 
application to which most of 
the farmers have agreed. 

It is a Government policy to 
support farmers only when 
they have determined to 
really cooperate each other. 
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Standard cost-sharing in construction and 
rehabilitation projects for irrigation and 

drainage in Japan 
                   In case of paddy irrigation projects (%) 

  National Project 
(3,000ha <)  

Prefectural Project 
(200ha <)           

National Gov. 66.6  50.0  

Prefectural Gov. 17.0  25.0  
Municipal Gov. 6.0  10.0  

LID (Farmers) 10.4  15.0  

Remark: Project cost here includes construction  costs of diversion 
dams, main canals, on-farm canals and other water control facilities.  
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How Land Improvement Law and 

policy work for farmer collaboration 

Forced participation    
in the project 

Farmers: Serious consideration on benefits from project 

Requests for design 
and management 

Land Improvement Law 

Forced payment                        
(High subsidy for project cost) 

Engineers’ elaboration to benefit 
all the beneficiaries 

(when agreed)  
  * Right and Duty 
  * Ownership  
 →  Proj. Application 

Agreement by majority to proposed project 

Negotiation 
among farmers 

32 



The Toyogawa Irrigation Project 
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Main dam Ure and reservoir 
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