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FOREWORD 
The International Commission on Irrigation and Drainage Working Group on Water Management in 
Water Stressed Regions (WG-DROUGHT) was given a mandate to develop information on three 
Themes: 

 
i. Drought Management Strategies: To capture field experiences of the implementation of drought 

risk management strategies. 

ii. Coping with water scarcity: (a) Computations based on climate data as a tool to be used in 
coping with water scarcity; (b) Approaches and strategies for incorporating economic 
justification when deciding on the amount of water to be allocated for agricultural production; 
(c) Design, operation and maintenance of sand dams – Under-ground water reservoirs. 

iii. Rainfall management for sustainable agriculture: Innovation and implementation of smart 
rainfall management technologies. 

 
To accomplish this task, Theme Leaders were selected from the Working Group to develop the 
information needed for each of the sub-headings in the mandate. They were: 

 
Theme 1:  Drought Management Strategies -- Dr. Cheng Chang-Chi of Chinese Taipei 

Theme 2:  Coping with water Scarcity -- Mohammad Jafari of Iran, Dr. Jan Ming-Young and 
Dr. Cheng Chang-Chi of Chinese Taipei 

Theme 3:  Rainfall Harvesting and Management – Mr. Clarke Ballard of Australia 
 
Input was solicited from all ICID member countries. Although response was limited, the information 
provided was very helpful in accomplishing the mandate. The three Theme Leaders assembled the 
information provided into a report for each theme. These reports compromise the three sections of this 
presentation. 
 
We wish to express appreciation for those who contributed to this presentation and especially the 
Theme Leaders who prepared the individual sections. 
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ABSTRACT 

This report deals with the strategies of the irrigation water management under drought/water scarcity 
situations, especially focuses on the “strategies”. There are various interpretations for strategy, but with 
an objective or objectives along with actions/measures in order to achieve that objective(s) are adopted 
in this report. And as for the classification for strategies, it is suggested in this report that strategies 
could be classified into three levels, namely, the National Level, Area Level, and Local Level. Although 
it is not the case for every country, most countries can be fitted into this classification. There is clear 
distinction among the strategies (or objectives in specific) of these three levels. Once the objectives are 
determined, their corresponding actions or measures based on their conditions could be chosen, 
decided, and then applied.  
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1.  Introduction 
The Mandate for theme 1 (Drought Management in Water Stressed/Scarce Regions) is to capture field 
experiences of the implementation of drought risk management strategies. 
 
In the Third Meeting of the Working Group on Water Management in Water Stressed Regions (Erstwhile 
WG-IADWS) WG-DROUGHT held in Yogyakarta, Indonesia, 11 October 2010, there were extensive 
discussions followed resulting in the following observations: 
 

(a) Short term strategies and long-term strategies need to be developed. 

(b) Effects on society need to be considered in addition to the engineering aspects of drought 
management strategies. 

(c) Water marketing must also be included in developing drought management strategies. 

(d) Fish and wildlife and environmental concerns must also be included in developing drought 
management Strategies. 

(e) Compilation of case studies would benefit the development of drought management 
strategies. 

(f) Any long-term strategy must include predictions of climate change effects. 

(g) Environmental consequences of droughts must be considered when developing drought 
management strategies. 

 
In the Fourth Meeting of the Working Group held in Tehran, Iran, 16 October 2011, it was recommended 
that policies, plans and strategies should be focused on rather than ways and methods of coping with 
water scarcity. 
 
  
2.  Former Studies 
Over the years, considerable numbers of studies concerning drought management strategies have 
been conducted. These strategies vary with countries, in which culture may dominate; with areas, where 
hydrological as well as geological conditions may be different; with major decision-makers, who may 
have his characters as well as preferences; with certain timing, when emergency measures are to be 
taken; and with many other factors that may have effects on. 
 
Generally speaking, the drought management strategies for irrigation water are commonly classified 
based on certain rules or principles, for example, water-availability or supply-and-demand aspects. 
 

(a) For drought management strategies based on water availability, since water is already not 
enough, irrigation could be carried out solely with the reduced amount of water, as shown in 
Figure 1. Measures or actions under this category are listed below. Or, the strategy may be 
trying to find more water resources in order to meet the water requirements. And lastly, non-
water-resources alternatives could be introduced as another strategy. 

(b) For drought management strategies based on supply-and-demand aspects, irrigation could 
be carried out either from the supply side or demand side, as shown on Figure 2 . Measures 
or actions under this category are also listed below. Meanwhile, the use of modern irrigation 
technology could also be adopted as another strategy. 

 
The definition for “strategy” would be discussed later in Chapter 3. However, there are various 
interpretations for the term “strategy”. For example, strategy could be interpreted simply as actions, or 
measures, or a series of management processes, or guidelines under some conditions, or principles, 
or tactics, skills in order to reach certain objectives. Following is a review of a few publications 
concerning drought water management strategies which were written/conducted by the members 
related to this WG. 
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Figure 1. Categorizing drought management strategies based on water-availability 

 

 
 
 
 
 
 
  

(1) With reduced amount of water 

(2) Finding water resources 

Categorizing Drought Management Strategies 

(3) Non-water-resources alternatives 

(a) water deficit irrigation  
(b) rotational irrigation 
(c) extending irrigation periods 
(d) conducting fallow or growing other crops 

with less water requirements 
(e) ………. 

(a) extracting groundwater by deep 
wells 

(b) reuse/recycling of return flow 

(c) (water harvesting) 

(d) ………. 

(a) re-allocation of water rights 

(b) b. borrowing or purchasing water 
from other sectors 

(c) installation of regulatory ponds 

(d) …… 

B. management alternatives: A. engineering alternatives: 

(a) changing agricultural practices 

(b) introduction of drought-resistant 
species/crops 

(c) ………… 
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Figure 2. Categorizing drought management strategies based on supply-and-demand 
 
Dr. Vijay K. Labhsetwar suggested in his paper 〝Irrigation Strategies for Crop Production under Water 
Scarcity〞 that the strategies for crop production under water scarcity were 
 

• Use of modern irrigation technology – drip and sprinkler irrigation,  
• Application of agricultural bio-technology for crop improvement,  
• Developing new cropping patterns based on water availability (water efficient crops), 
• Use of poor quality water – drainage/brackish water,  
• Water harvesting, 
• Use of waste water in agriculture, 
• Transfer of surface water from surplus areas, and  
• Practicing deficit irrigation. 

(1) Supply-oriented strategies 

(3) Use of modern irrigation technology 

(2) Demand-oriented strategies 

(a) Development of new supplies.  

(b) More efficient use of existing water 
resources.  

(c) Use of non-conventional water 
resources.  

(d) others. 

(a) re-allocation of water rights 

(b) borrowing or purchasing water from other sectors 

(c) installation of regulatory ponds 

(d) …… 

Long term strategies. 

others. 

(a) Reducing water losses.  
(b) Modification of water demand at farm 

level.  
(c) Using low water consumption systems 

in industry and urban development.  
(d) Development of cropping pattern for 

less water consumption  
(e) Development of non-structural 

approaches for reduction of water 
demand.  

(f) Developing appropriate regulations and 
guidelines 

 

CATEGORIZING DROUGHT MANAGEMENT STRATEGIES 
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Here strategies are interpreted more as measures, or even actions. 
 
Dr. Saeed Nairizi elaborated strategies in his paper “Drought Management Strategies – Risk 
Management versus Crises Management” as drought management process, and following sections 
were discussed:  
 

1. Assessment and forecast of drought events  

2. Prevention methods  

3. Supply-oriented methods  

• Development of new supplies.  

• More efficient use of existing water resources.  

• Use of non-conventional water resources.  

4. Demand-oriented methods  

• Reducing water losses.  

• Modification of water demand at farm level .  

• Using low water consumption systems in industry and urban development .  

• Development of cropping pattern for less water consumption  

• Development of non-structural approaches for reduction of water demand .  

• Developing appropriate regulations and guidelines  

5. Instruments of damage reduction  

6. Toleration and risk assessment  

7. Organization and coordination  

8. International cooperation  

9. Research, development and education  
 
Here strategies are interpreted as an overall concept of the drought management processes. 
 
Although the word “strategy” was not included in the topic, Dr. Graziano Ghinassi (2006) from Italy wrote 
in his paper “Guidelines for Crop Production under Water Limiting Conditions” that following guidelines 
were listed: 
 

• reduction of the irrigated area, 
• improvement of crop drought resistance, 
• increase of irrigation efficiency, 
• planning of suitable cropping systems, and 
• deficit irrigation strategies. 

 
Here, the strategy is expressed as guidance under some conditions.  
 
There are also a number of papers dealing with similar drought water management issues yet without 
using the word “strategy”, for example, Dr. Saeed Nairizi in his paper “Working Group on Irrigated 
Agriculture under Drought and Water Scarcity (IADWS-WG)” defines “risk” as 
 

(1) Risk = Hazard*Vulnerability/capability  
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Then, from the perspective of risk management, following content was discussed. 
 

(2) Reducing Vulnerability 

– Supply oriented 

– Demand oriented 

(3) Increasing Capability 

– Damage reduction in agriculture, environment and economy Toleration 

– Organization and co-operation 

– International co-operation 
 
In another paper of Dr. Saeed Nairizi “Irrigation under Drought and Water Scarcity”, following chapters 
are arranged 
 

Chapter 1:  Background and Introduction 

Chapter 2:  Literature overview/synthesis 

Chapter 3:  Indices to describe and quantify the implications of drought and aridity 

Chapter 4:  Suitable technologies and irrigation practices for utilization of water under conditions 
of drought and water scarcity 

Chapter 5:  Application of long-term weather forecasting for drought prediction 

Chapter 6:  Policy guidelines for the evaluation of social, economic and political impacts of 
drought and aridity 

Chapter 7:  Conclusion and Recommendations 
 
The above summaries show either how “strategy” was interpreted in various ways, or how the irrigation 
techniques were classified based on certain strategic considerations. However, these categories, to 
some extent, are basically still the various forms of interpreting “strategy” or classifying irrigation 
methods and tend to overlap with ways and methods of coping with water scarcity. In this theme, more 
on the policies, plans and strategies should be focused. 
 
 
3.  Categorizing Drought Management Strategies 
In this chapter, as “strategies” are one major concern in this theme, also the theme is to focus more on 
the strategies or plans, the definition of “strategy” is first examined. The idea of the classification of 
strategic managers in the field of strategic management is then introduced and adopted to this study, 
and the framework of the drought management strategies is established. 
 
3.1  Definition of “strategies” 
 
The definition of “strategies” was firstly surveyed and compiled from various sources as listed below. 
 
(1)  Longman Dictionary: http://www.ldoceonline.com/dictionary/strategy  

(a) a planned series of actions for achieving a combination of the ends (goals) for which the firm 
is striving and the means (policies) by which it is seeking to get there.  

(b) the skill of planning the movements of armies in a war, or an example of this skillful planning 
in general. 

 
(2)  http://www.managementstudyguide.com/strategy-definition.htm  

(a) The word “strategy” is derived from the Greek word “stratçgos”; stratus (meaning army) and 
“ago” (meaning leading/moving). 
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(b) Strategy is an action that managers take to attain one or more of the organization’s goals. 
Strategy can also be defined as “A general direction set for the company and its various 
components to achieve a desired state in the future. Strategy results from the detailed 
strategic planning process”. 

(c) A strategy is all about integrating organizational activities and utilizing and allocating the 
scarce resources within the organizational environment so as to meet the present objectives. 
While planning a strategy it is essential to consider that decisions are not taken in a vaccum 
and that any act taken by a firm is likely to be met by a reaction from those affected, 
competitors, customers, employees or suppliers. 

(d) Strategy can also be defined as knowledge of the goals, the uncertainty of events and the 
need to take into consideration the likely or actual behavior of others. Strategy is the blueprint 
of decisions in an organization that shows its objectives and goals, reduces the key policies, 
and plans for achieving these goals, and defines the business the company is to carry on, 
the type of economic and human organization it wants to be, and the contribution it plans to 
make to its shareholders, customers and society at large. 
 

(3)  *wikipedia: http://en.wikipedia.org/wiki/Strategic_planning 
 
Strategy: Strategy, narrowly defined, means "the art of the general." A combination of the ends 
(goals) for which the firm is striving and the means (policies) by which it is seeking to get there. 
A strategy is sometimes called a roadmap which is the path chosen to plow towards the end 
vision. The most important part of implementing the strategy is ensuring the company is going in 
the right direction which is towards the end vision. 

 
(4)  *QFINANCE Dictionary: http://www.qfinance.com/dictionary/strategy 

 
Strategy: a planned course of action undertaken to achieve the goals and objectives of an 
organization. The overall strategy of an organization is known as corporate strategy, but strategy 
may also be developed for any aspect of an organization's activities such as environmental 
management or manufacturing strategy. 
 
Features of Strategy 
 
(a) Strategy is Significant because it is not possible to foresee the future. Without a perfect 

foresight, the firms must be ready to deal with the uncertain events which constitute the 
business environment. 

(b) Strategy deals with long term developments rather than routine operations, i.e. it deals with 
probability of innovations or new products, new methods of productions, or new markets to 
be developed in future. 

(c) Strategy is created to take into account the probable behavior of customers and competitors. 
Strategies dealing with employees will predict the employee behavior. 

 
(5)  *http://www.ehow.com/about_6689983_definition-_organization-strategy_.html  

 
Definition of Organization Strategy: Organizational strategy is the creation, implementation and 
evaluation of decisions within an organization that enables it to achieve its long-term objectives. 
Organizational strategy specifies the organization’s mission, vision and objectives and develops 
policies and plans, often in terms of projects and programs, created to achieve the organization’s 
objectives. It also allocates resources to implement them. 
 

(6)  *http://www.qfinance.com/dictionary/corporate-strategy 
 
Definition of corporate strategy: the direction an organization takes with the objective of achieving 
business success in the long term. Recent approaches have focused on the need for companies 
to adapt to and anticipate changes in the business environment. The formulation of corporate 
strategy involves establishing the purpose and scope of the organization's activities and the 
nature of the business it is in, taking the environment in which, it operates, its position in the 
marketplace, and the competition it faces into consideration. 
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(7)  *http://www.thefreedictionary.com/national+security+strategy 

 
National security strategy: The art and science of developing, applying, and coordinating the 
instruments of national power (diplomatic, economic, military, and informational) to achieve 
objectives that contribute to national security. Also called national strategy or grand strategy. See 
also military strategy; national military strategy; strategy; theater strategy. 

It can be seen from the definitions above that there are vast applications (or origins) of 
“strategies”, on the military, business firms, organizations, teams, or even individuals. It can be 
summarized and seen that “strategy” normally comprises of two elements: one is the goal (or 
objective) and the other the means.  

Precisely speaking, there are differences between “goal” and “objective”, however, they are 
considered the same in this report. The objective (or goal) is what the group is going to achieve, 
normally in a future state. The objectives could be abstract / solid, quantitative / qualitative. And 
the various forms of objectives may include: 

 Mission: The reason for existence – what an organization does 

 Vision: A statement of some desired future state 

 Values: A statement of key values that an organization is committed to  

 Major Goals: The measurable desired future state that an organization attempts to realize  

The means are what the organization should do in order to achieve the goal(or objective). What 
an organization could do depends mainly on its capabilities, or strengths, weaknesses, 
opportunities, and threats. And the means could be an action, a combination of actions, a 
measure, or a principle, or even a guideline of actions, etc. 

 
3.2 Levels of Strategies 
 
In the field of “Strategic Management”, the Strategic Management is customarily classified into three 
levels, namely, the Corporate Level, Business Level, and Functional Level, as shown in Figure 3. And 
the corresponding strategic managers for the three levels are the Corporate Level Managers, General 
Managers, and Functional Managers. Responsibilities for the managers at each level are briefly 
described below. 
 

(a) Corporate Level Managers 

a. Oversee the development of strategies for the whole organization 

b. The CEO is the principle general manager who consults with other senior executives 

(b) General Managers 

a. Responsible for overall company, business unit, or divisional performance 

(c) Functional Managers 

a. Responsible for supervising a particular task or operation, e.g., marketing, operations, 
accounting, or human resources. 

 
The idea of the classification of three levels in the field of strategic management was borrowed to the 
strategies for drought management.  
 
As water resources is normally a public property, is closely connected to domestic water-supply, 
industrial development, and agricultural production, and in most countries, the investment of water 
resources projects is normally high as compared with other resources, and water right is mostly 
managed by the government, as a result, a level at the country or state is reasonable. This level can be 
called a national, country, state, or macro level, and the “National” level is used in this report. 
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Levels of Strategic Management 
 

 
 

Jones & Hill, “Theory of Strategic Management”, 9th ed., The Cengage Learning, 2011 
Figure 3. Three levels in Strategic Management 

  
Further, regional water resources are normally confined in watersheds (basins), i.e., water resources 
are normally managed in a regional area basis. Consequently, it is suggested that there should be a 
regional or area level, and can be called a regional, area, or meso level. In this report, the “Area” level 
is used. 
 
Finally, the first-line local users who face the need for water resources deserve a level, which may be 
called an end-users’, local, or micro level. And the “Local” level is used in this report.  
 
There are significant distinctions among the three levels of drought management. Each of the above 
levels has its own role, and its own objectives. 
 
In short, it is suggested in this report that drought management strategies could be classified in three 
levels, and they are  
 

1. the National Level strategy, 
2. the Area Level strategy, and 
3. the Local Level strategy. 

 
4.  Objectives and Actions Taken at Each Level of Strategies 
From the discussion above (Chapter 3), it is suggested in this report that the strategy for drought 
management could be classified into three strategic levels, namely, the National level, Area level, and 
Local level. And there are strategic goals for each level. Whenever these goals are confirmed, the plan 
for the corresponding countermeasures is prepared and applied. In addition, the long-term and short-
term strategies will be included  
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4.1  National level strategy 
 
As a nation is run by its government, the national level strategies normally are mainly exercised by the 
government agencies. These agencies overlook various aspects of the country and are basically 
responsible for the distribution of water resources as well as their rights, and the preparation of 
administrative guidelines, and the activation of the negotiation process. 
 
In each country, the organization structures are generally different from each other. And hence the 
water resources, or agricultural water resources business may be governed by different agencies or 
departments, so the strategies may vary upon countries. The objectives of the strategies may be clear 
and concise when various water resources sectors are unified under the same agency, or the hierarchy 
level of the water resources authority unit is high enough. However, in some countries, the objectives 
may be vague or even contradictory when various sectors or different stages of water resources 
management are complicated or the hierarchy level of the water resources authority agency is relatively 
low. 
 
In general, the three levels of drought water management could be applied to most countries. And the 
objectives of the three levels of drought water management could be distinctively stated. However, 
distinctions of objectives among those three levels might not be so clear in some countries, especially 
those countries with small area, or countries whose irrigation management systems are not sound 
enough.  
 
Nonetheless, as the national strategy, the objectives are generally in a macro, long-term, sustainable 
perspective, for example, food security, sustainable use of land, or minimal impact on the environment, 
etc., or more in specific:  
 
 short-term objective 

 
(a) declaration of “drought affected areas” in order to mitigate the effects of severe drought 

(Australia), 
(b) to minimize the loss due to water hazards from safety perspective (Chinese Taipei ), and 
(c) to provide programs and financial assistance to local levels (USA). 

 
 long-term objective 

 
(a) to reach the sustainable use of farm land, 
(b) to minimize the impacts to the Environment, 
(c) to secure food safety, 
(d) to create a society of water conservation (Chinese Taipei ),  
(e) to provide guidance as well as assistance to Irrigation Associations on the preparing of 

measures under various degree of water shortages (Chinese Taipei ), and 
(f)  to provide drought forecasting and drought conditions information (USA). 

 
Depending on the objectives, the corresponding workplan of appropriate actions or measures could be 
decided. However, there might not be written plans, the actions/measures are decided based on some 
rule-of-thumb, past experiences or records, or the minutes of the results of the negotiation process. 
 
 Normally the actions are triggered when a situation of drought/water-scarcity occurs or is detected, or 
only in cases of severe and unusual drought. The definition of drought/water-scarcity may differ 
significantly from areas to areas, from state to state, or from country to country, and is another subject 
to be discussed. However, even drought forecasting and drought conditions information is ongoing at 
all times, the detailed rules for the triggering of actions vary considerably and may be affected very 
much by political considerations. Nonetheless, there are cases of quantified timings as well, for 
example, the case in Chinese Taipei:  
 

(a) Domestic water system: water-shortage rate is over 30%. 
(b) Irrigation system from reservoirs or ponds: water-shortage rate is over 50%. 
(c) Irrigation system from rivers or groundwater: water-shortage rate is over 40%. 
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Examples of the Objectives and their corresponding long-term or short-term actions or measures for 
the National level strategies are as follows,  
 

Objective:  To reach the sustainable use of farm land and to minimize the impacts to the 
Environment      

 
Corresponding actions/measures:  

 
  - long-term   - Conservation of groundwater resources in normal time 

      -  Rights to water expressed as a water share  
  - Development of water trading 
  - Policies on “Virtual Water”  
 

  -  short-term   - Drought relief payments(compensation) 
  - Desalination  
  -  Recycled water 
 
4.2  Area level strategy 
 
Water resources management (including agricultural water resources) normally includes water 
resources development, intake, conveyance, distribution, and field operation, etc, and the investment 
of the facilities, infrastructures, as well as the subsequent operation and maintenance, is generally high. 
As a result, water management at this level is hardly done by individuals, and strategies at this level 
are normally operated by complete organization. These organizations generally have clear targets for 
service, a more precise water-use records, and capability of negotiation.  
 
Although local politics or historical background may play different roles in it, the delineation of water 
management units at this level are based on watersheds (basins), natural or man-made boundaries, or 
administration zones. At this level, the principle tends to remain continuous operation of the business, 
so the objectives could be something like: 
 

(a) the effective use of soil and water resources,  

(b) to get through the drought with minimal losses to the customers of the agency, (Australia) 

(c) to equitably share the water available, (Australia) 

(d) to try every effort to extend the water supply of the reservoir in order to lower the risk of water 
shortage, (Chinese Taipei) 

(e) to provide program assistance to water management agencies, (USA) and  

(f)  to establish, implement and enforce drought management activities such as conservation 
requirements. (USA) 

 
Also, in this level, even with the same objective, there are various choices for the corresponding 
actions/measures. That is, the corresponding actions/measures may differ a lot at different countries or 
areas as a result of regional characteristics. Many of the actions at this level may overlap with either 
upper national level, or lower local level, and sometimes may look like a principle, or an objective, as 
shown below:  
 

(a) to increase the operation frequencies as well as precision of the gates,  

(b) to reduce the irrigation water depth,  

(c) to extend the irrigation periods by the conjunctive use with ponds, 

(d) application of fallow or cease-irrigation on partial or full irrigation area, 

(e) to ensure the minimal water demand,  

(f)  to satisfy the living requirement,  

(g) to obtain the minimal water requirement for the operation, 

(h) to find a balance point for negotiation between limited water resources and flexible water price, 
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(i)  to allocate the available water as equitably as possible,  

(j)  to set up mechanisms that allow the rights to water to be traded between farmers, and  

(k) the conjunctive use of surface and groundwater resources.  
 
In general, the triggering of actions of the agencies at Area level follows the declaration from the national 
level, to conform to the water distribution schemes of water source, degree of water shortages, or each 
agency sets its own conditions based upon the severity of the drought. 
 
Likewise, the examples of the Objectives and their corresponding actions or measures for the Area 
level strategies are as follows,  
 

Objective: Effective Use of Soil and Water Resources      
 

Corresponding actions/measures:  
 long-term  - Conservation of groundwater resources in normal time 
   - Rights to water expressed as a water share  
   - Development of water trading 
 
 short-term    - More use of groundwater 
   - More use of re-cycled water  
   – More water-efficient operation  

 
4.3  Local level strategy 
 
The local end users are those receiving distributed water in the water-supply system. The national level 
and area level may be overlapping or lacking, local level always exists. In general, no solid organization, 
no clear representatives, and possibly no information on the minimum demand are characterized in this 
level. However, as Participatory Irrigation Management(PIM) or similar program being promoted around 
the world, more and more of the individual farmers are gradually organized, and various forms of Water 
Users’ Association (WUA’s) were set up in many areas of the world. These WUA’s are the basic units 
of the irrigation system and could be considered as the one of the major local end-users. 
 
In general, the purpose for the strategies of local level is to minimize the loss due to drought/water 
scarcity, either by reducing the water use in an attempt to extend the irrigation period, or to delay the 
situation of insufficient available water resources, so that the threat for lowered water-quality or 
production is minimized. Some of the examples of objectives are shown below:  
 
 to minimize loss, 
 to help the individual irrigator or irrigation business to survive the drought as well as possible, 

and (Australia) 
 to manage their water supplies to assure adequate water for health and safety of the public and 

to provide sufficient agricultural water for raising of crops (USA) 
 
As local end-users are the first-line users to face water shortage problems, and to undertake direct 
losses from drought, therefore, the strategies for the local level generally more practical and technical. 
In many cases, the technical solution is the strategy. In other words, the objectives at the local level are 
more straight-forward, and quantifiable; and the actions/measures are more technical and should be 
able to achieve results soon. Examples of the actions are shown as follows: 
 
 to reduce the application depth of irrigation,  
 to extend the irrigation periods,  
 application of fallow or crop-change,  
 to install pipe irrigation systems,  
 to dig regulatory farm ponds or excavate shallow wells, 
 Adopting more efficient watering practices such as sub-surface irrigation, controlled deficit 

watering etc. 
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 By negotiation, accepting lower levels of service from the distributor,  
  Ceasing to water parts of the enterprise. Ideally farmers would abandon section such as plots 

of vines or trees that they were planning to re-plant within a year or two anyway; 
  More attention to minimizing drainage runoff, which requires more time spent on irrigation or 

more sophisticated infrastructure; 
  On-farm recycling dams, which are an investment that pays off in all years once it has been 

made; 
  Increased use of imported recycled water if available. 

 
These actions are triggered at the discretion of the distributor and its customers, by negotiation between 
them, or, since they are the first-line local end-users, they can start at any time they feel like it. 
 
Similarly, examples of the objectives and their corresponding actions or measures for the local level 
strategies are as follows,  
 

  Objective:  - To minimize loss      
    - Corresponding actions/measures:  
  long-term   - Conservation of groundwater resources in normal time 

    - Abandoning part of enterprise 
    - Development of water trading 
    - Financial planning………… 

  short-term    - Drought relief payments(compensation) 
   - Deficit irrigation  
   - More efficient watering systems  
 
 
5. Questionnaire Survey 
In order to better understand the actual classification of the strategic levels in each country, and various 
forms of strategies around the world as well as different combination of corresponding actions/measures 
based on local conditions, a questionnaire survey was conducted.  
 
5.1  Design of the questionnaire 
 
The questionnaire is designed for each country and comprises of two parts.  
 
The first part has only one question, which asks whether it is appropriate to classify the drought 
management into 3 levels, namely, national, area, and local level. If “no” is answered, then the sub-
question for the appropriate layers is followed. 
 

(a) Corresponding agency(ies) at this level, 
(b) The goals, 
(c) A plan of actions, and 
(d) Trigger conditions.  

 
This questionnaire, along with two from another two themes, were sent to all member countries of ICID. 
 
5.2  Responses to the questionnaire 
 
The return rate was low. In fact, only three countries responded. These three countries were Australia, 
Chinese Taipei, and USA (in alphabetical order). And the information acquired is summarized as 
follows. 
 
(1) Australia 
 
It is appreciated that Australia responded with the most detailed information, and also in the earliest 
time.  
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Generally, it is appropriate for Australia to classify the drought management into three levels, but there 
are overlaps. As Australia is a Federation of several States, the National level is better described as 
“National/State” level. Area level is okay, while the Local level is again better described as 
“Regional/Local” level. 

At the National level, or the Federal/State level in Australia, it is the Federal Department (Department 
of Sustainability, Environment, Water, Population and Communities), which is responsible for the 
policies of water resources, along with the Murray-Darling Basin Authority, which is responsible for 
some policy within the Murray-Darling Basin and day to day operation for storage. Also, there is a 
Government Department in each State which is responsible for water resources. 

The strategy at this level is expressed on the policies of the declaration of “drought affected areas”, 
which is also a plan, or series of plans, for mitigating the effects of severe drought. And the plan of 
actions is triggered only in cases of severe and unusual drought. 

In the “Water Management” level, it is the State agricultural agencies which is responsible for the water 
distribution and the operation of the distribution systems (channels and pipelines). The main goals at 
this level are to get through the drought with minimal losses to the customers of the agency, and to 
equitably share the water available. And the plan of actions mainly is to allocate the available water as 
equitably as possible, then to set up mechanisms that allow the rights to water to be traded between 
farmers, and the conjunctive use of surface and groundwater resources.  

As for the “End-users’ “level, there is not a clear distinction between “water management” and “End-
users’”. However, the goal at this level, in general, is to help the individual irrigator or irrigation business 
to survive the drought as well as possible. And the actions in the agency level may include: 

(a) Running channels at lower than normal levels to reduce losses. This might decrease level of 
service to customers; 

(b) Increasing the time between water orders and deliveries, and sometimes delivering water a day 
or two before or after the order requested. This can decrease channel losses by evening out 
flows, but again represents a decrease in the level of service. 

(c) At the individual level it might include such actions as: 

(d) Adopting more efficient watering practices such as sub-surface irrigation, controlled deficit 
watering etc. These typically need capital investment; 

(e) By negotiation, accepting lower levels of service from the distributor, as described above; 

(f)  Ceasing to water parts of the enterprise. Ideally farmers would abandon section such as plots 
of vines or trees that they were planning to re-plant within a year or two anyway; 

(g) More attention to minimizing drainage runoff, which requires more time spent on irrigation or 
more sophisticated infrastructure; 

(h) On-farm recycling dams, which are an investment that pays off in all years once it has been 
made; 

(i)  Increased use of imported recycled water if available. 
 
And these actions are triggered at the discretion of the distributor and its customers, and by negotiation 
between them. 
 
(2) Chinese Taipei  

 
Chinese Taipei is a small yet densely populated island country, and it’s appropriate to classify the 
drought water management into three levels. 
 
There are two corresponding agencies in the national level of Chinese Taipei. They are: 1) Water 
Resources Agency(WRA), which is under the Ministry of Economic Affairs, and is responsible for the 
management of overall water resources, and 2) Council of Agriculture(COA) which manages 
agricultural water resources through 17 Irrigation Associations of the country. For WRA, the short-term 
objective is to minimize the loss due to water hazards from safety perspective, and the long-term 
objective to combat droughts is to create a society of water conservation. For COA, providing guidance 
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as well as assistance to Irrigation Associations on the preparing of measures under various degree of 
water shortages is their mission. The plan of actions is shown as guidelines for the Central Disaster 
Response Center as drought is one of the hazards in Chinese Taipei. And there are quantitative timings 
for the triggering of actions at this level:  
 

(a) Domestic water system: water-shortage rate is over 30%. 

(b) Irrigation system from reservoirs or ponds: water-shortage rate is over 50%. 

(c) Irrigation system from rivers or groundwater: water-shortage rate is over 40%. 
 
For “water management “level, the corresponding agencies in Chinese Taipei could be Irrigation 
Associations, Local Water Companies, the Science Parks, or Regional Water Resources Bureaus. The 
goals for each agency respectively are to ensure the minimal water demand, to satisfy the living 
requirement, to obtain the minimal water requirement for the operation, and to find a balance point for 
negotiation between limited water resources and flexible water price. And it is required by Law that 
every agency needs to have its own action plan for drought management. 
 
And for the “end-users’” level, there are overlaps between this level and the “water management” level, 
and only the Work Stations as well as the Irrigation Teams in the Irrigation Associations, and Farmers 
are considered sole end-users. The goal at this level is simply to minimize loss, and various actions 
could be activated at any time they feel like it. 
 
(3) USA 
 
Similar to Australia and as the name of the country shows, USA is united by States under the Federal 
Government, and the classification of three levels is appropriate. 
 
The Department of Agriculture (DOA) and the National Oceanic and Atmospheric Administration 
(NOAA) are the two agencies at the “National” level. The goal for DOA is to provide programs and 
financial assistance to local levels, and that of NOAA is to provide drought forecasting and drought 
conditions information. And drought forecasting and drought conditions information is ongoing at all 
times.  
 
The corresponding agencies at the “water management” level are basically the departments or offices 
at the state or county governments depending on the states. And the goals for these agencies are to 
provide program assistance to water management agencies, and to establish, implement and enforce 
drought management activities such as conservation requirements. Most States have drought 
management plans. And each State sets its own conditions but usually actions are triggered based 
upon the severity of the drought. 
 
For the “end-users’” level, Water Districts, companies, associations, etc., are the entities of the 
corresponding agencies, and their goals are to manage their water supplies to assure adequate water 
for health and safety of the public and to provide sufficient agricultural water for raising of crops. Each 
entity has a plan that is implemented during a drought, and these plans are implemented when the 
entity is unable to provide full water service to its customers. 
 
6. Concluding Remarks 
This report deals with the strategies of the irrigation water management under drought/water scarcity 
situations, and following conclusions can be drawn:  
 

(a) It is the “strategy” that this report is focused on.  

(b) There are various interpretations for “strategy”, but with an objective or objectives along with 
actions/measures in order to achieve that objective(s) are adopted in this report.  

(c) For the classification of strategies, it is suggested in this report that strategies could be classified 
into three levels, namely, the National level, the Area level, and the Local level. Although it is 
not the case for every country, but most countries can be fitted into this classification.  
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(d) There are clear distinctions among the strategies (or objectives in specific) of these three levels. 
Once the objectives are determined, their corresponding actions or measures based on their 
conditions could be chosen, decided, and then applied. 

(e) A questionnaire survey was conducted by sending the designed questionnaire to all member 
countries all over the world. Unfortunately, there were only three responses, and the countries 
which responded were Australia, Chinese Taipei, and USA. 
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A. Questionnaire 
 

Theme 1: Drought Management Strategies in Water Stressed/Scarce Regions 
 

1. For the drought management in your country, is it appropriate to classify into 3 levels, 
namely, state, regional, and local?     □ yes, □ no. 

 
 If” no”, please explain and indicate which of the following combinations is most appropriate.  

□ (state, regional) □ (state, local) □ (regional, local) □ (state) □ (regional) □ (local) 
                                                              

2. In the “state (or national, country, macro)” level: 
 

2.1  In your country, what is (are) the corresponding agency(ies) (or institutions, 
organizations, …) at this level? 

2.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

2.3  Do you have a plan (for drought management, or water resources, or irrigation water 
sector) for this level? 

2.4  Under what conditions (timings) are the actions at this level triggered? 
 

3. In the “regional (or management, meso)” level: 
 

3.1 you’re your country, what is(are) the corresponding agency(ies) (or institutions, 
organizations, …) at this level? 

3.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

3.3  Do you have a plan (for drought management, or water resources, or irrigation water 
sector) for this level? 

3.4  Under what conditions (timings) are the actions at this level triggered? 
 

4. In the “local (or end-users’, micro)” level: 
 

4.1  In your country, what is(are) the corresponding organizations (or individuals, …) at 
this level? 

4.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

4.3  Do you have a plan (for drought management, or water resources, or irrigation water 
sector) for this level? 

4.4  Under what conditions (timings) are the actions at this level triggered? 
  



 

27 
 

WATER MANAGEMENT IN WATER STRESSED REGIONS 
 

  

 



 

28 
 

WATER MANAGEMENT IN WATER STRESSED REGIONS 
 

Appendix B-1 
 

B. Responses of Questionnaire from various countries 
 
1. Australia  
 
Response from Australia 
Theme 1 - Drought Management Strategies in Water Stressed/Scarce Regions 
1. For the drought management in your country, is it appropriate to classify into 3 levels, namely, state, 

regional, and local?     □ Generally, yes, but there are overlaps. 

If “no”, please explain and indicate which of the following combinations is most appropriate. 

The above classification is reasonably appropriate, but there are overlaps between the categories: 

• Category 1 for Australia would perhaps be better described as “National / State.” Australia 
is a Federation of several States (and two Territories with a bit less autonomy), which, prior 
to 1901 were fully independent but since then have operated under a federal Constitution. 
Water Resources, under that Constitution, is a State responsibility but the Federal 
Government and its agencies have become increasingly involved in areas where water 
resources are shared between States, where it believes policies should be consistent 
across States, or where it believes data collection and reporting should be consistent across 
States. 

• Category 2 is appropriate. States are all large enough for regions to be identified within 
them that may need separate management. It is quite possible within a State for some 
regions to be drought affected while others are flood affected. 

• Category 3 might be better described in Australia as “regional / local” Some irrigation 
systems are of regional or even Interstate scale and the detailed management will be fairly 
consistent across the whole system. Others are smaller and system management (details 
of how the system is operated) can be considered as “local”. 

2. In the “State (or national, country, macro)” level 

2.1.  In your country, what is (are) the corresponding agency(ies) (or institutions, organizations, …) 
at this level? 

At the Federal level, there is a Federal Department (Department of Sustainability, Environment, 
Water, Population and Communities), which has policy responsibilities for water among many 
other things. 

There is also the Murray-Darling Basin Authority which has some policy responsibilities within 
the Murray-Darling Basin (which covers parts of four States and the whole of the Australian 
Capital Territory) and day to day operational responsibilities for storages (basically on the main 
stem of the Murray River) used to supply three States under the Murray-Darling Basin 
Agreement. 

At the State level, each State has a Government Department with responsibility for water 
resources. Often such Departments are also responsible for functions such as environment, 
agriculture, forestry and even mining. Historically many of them had operational responsibilities 
for water supply, drainage and sewage systems. However, generally speaking, over the past 
two or three decades operational responsibilities have been devolved to operational agencies 
(either fully privatized or State owned but supposedly financially autonomous). This has been 
done in the apparent belief that operational knowledge or experience is not needed in policy 
formulation.   

2.2 What is (are) the goal(s) (or objectives) for drought management at this level? 

At the Federal level, the over-riding policy is probably to encourage farmers to be as self-
sufficient as possible and to factor droughts into their financial planning so that they do not have 
to call on Governments for financial or other assistance in times of drought. That sort of policy 
has met with some success, but other financial pressures on farmers may cause risks to be 
taken. Australian agriculture is one of the least supported by national Governments in terms of 
subsidies and protective tariffs, and as exporters of agricultural products. Australian farmers 
are therefore very exposed to global financial pressures. 
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However, there are policies at this level for the declaration of “drought affected areas” which 
may then attract subsidies or loans.  

2.3  Do you have a plan (for drought management, or water resources, or irrigation water sector) for 
this level? 

The declaration of drought affected areas can be thought of as a plan, or series of plans, for 
mitigating the effects of severe drought. These are applied largely at State level, but the Federal 
Budget for 2014/15 included the following statement: 

“The 2014–15 Budget includes measures designed to support drought-affected farm 
businesses. This package was first announced in February 2014. These measures include: 

• a more generous criterion for income support under the Interim Farm Household 
Allowance (IFHA) 

• an amended more generous assets test for the Farm Household Allowance (FHA) 
• $280 million over the 2013–14 and 2014–15 financial years for concessional loans to 

eligible farm businesses affected by drought 
• up to $12 million in 2014–15 for drought-affected farm businesses with water-related 

infrastructure 
• up to $10 million over two years in 2013–14 and 2014–15 to assist farm businesses to 

manage the impacts of pest animals in drought-affected areas and 
• up to $10.7 million over two years from 2013–14 to enhance access to social and 

mental health services in communities affected by drought.”  

2.4 Under what conditions (timings) are the actions at this level triggered? 

Generally speaking, they are intended to be triggered only in cases of severe and unusual 
drought. The detailed rules vary from State to State and it would be fair to say that actual 
declarations may be affected by political considerations. 

3. In the “regional (or management, meso)” level: 

3.1  In your country, what is(are) the corresponding agency(ies) (or institutions, organizations, …) 
at this level? 

Generally speaking, dryland farmers and those who irrigate by private and self-funded 
arrangements from rivers, streams or groundwater will fend for themselves, and the only 
agencies with influence over them are State agricultural agencies which are more at the “macro” 
level. An exception is that annual volumes of water allowed to be diverted may be restricted in 
drought to share the water equally. These restrictions are generally imposed by water 
management agencies at the meso level. 

These agencies also operate the distribution systems (channels and pipelines) that service 
irrigators supplied by such systems. They vary in structure from agencies within a Government 
Department to Government owned but (supposedly) financially autonomous agencies to fully 
private companies. 

 3.2 What is (are) the goal(s) (or objectives) for drought management at this level? 

The main goals are to get through the drought with minimal losses to the customers of the 
agency, and to equitably share the water available. 

3.3 Do you have a plan (for drought management, or water resources, or irrigation water sector) for 
this level? 

The main plan or mechanism is to allocate the available water as equitably as possible. This 
requires all deliveries to be measured, and a policy to adopted on allocations each year. 
Generally speaking such a policy will be on an aim such as “to allocate full rights to water in x% 
of years with a minimum annual allocation of y %”. To give effect to such a policy requires quite 
sophisticated simulation modelling of the system and an ability to exercise control over the total 
rights to water issued. 

A secondary mechanism, which has increasingly been used since the year 2000 is to set up 
mechanisms that allow the rights to water to be traded between farmers. This decreases 
economic loss, as in times of drought a farmer producing a low value product such as hay will 
sell water to a farmer producing a higher value product such as vegetables, to the economic 
advantage of both. 
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A third mechanism, known as “conjunctive surface and groundwater use” is to deliberately allow 
groundwater resources to be overdrawn in years of surface water drought and then allow them 
to recover in subsequent years. That happens more or less automatically if total use is not 
excessive, as the higher costs of groundwater use will cause farmers to use surface water in 
preference. However, if the total resource is over-stretched, the tendency is for the groundwater 
not to recover. Active management of conjunctive use is not well developed. 

3.4 Under what conditions (timings) are the actions at this level triggered? 

Restricted annual allocations / determinations are announced whenever analysis shows that 
full allocations will probably lead to even lower allocations in the following year. 
Water trade is always available but assumes far greater importance in times of shortage. 
Economic analysis showed that in the major drought of 2002 – 2009 in the Murray-Darling 
Basin, water trade deduced the economic impact on the irrigation industry as a whole by 
approximately 50%. 

4. In the “local (or end-users’, micro)” level 

4.1  In your country, what is (are) the corresponding organizations (or individuals, …) at this level? 

There is not a clear distinction between “regional” and “local”. Some water agencies are large 
enough to be regarded as regional and some, in particular private ones, are small enough to 
be regarded as local. 

4.2 What is (are) the goal(s) (or objectives) for drought management at this level? 

Generally, the goal is to help the individual irrigator or irrigation business to survive the drought 
as well as possible. 

4.3 Do you have a plan (for drought management, or water resources, or irrigation water sector) for 
this level? 

Not so much a plan as a series of activities carried out at the agency or individual level 

At the agency level, these might include such actions as: 

• Running channels at lower than normal levels to reduce losses. This might decrease 
level of service to customers; 

• Increasing the time between water orders and deliveries, and sometimes delivering 
water a day or two before or after the order requested. This can decrease channel 
losses by evening out flows, but again represents a decrease in the level of service. 

At the individual level it might include such actions as: 

• Adopting more efficient watering practices such as sub-surface irrigation, controlled 
deficit watering etc. These typically need capital investment 

• By negotiation, accepting lower levels of service from the distributor, as described 
above; 

• Ceasing to water parts of the enterprise. Ideally farmers would abandon section such 
as plots of vines or trees that they were planning to re-plant within a year or two anyway; 

• More attention to minimizing drainage runoff, which requires more time spent on 
irrigation or more sophisticated infrastructure; 

• On-farm recycling dams, which are an investment that pays off in all years once it has 
been made; 

•  Increased use of imported recycled water if available. 

4.4 Under what conditions (timings) are the actions at this level triggered? 

At the discretion of the distributor and its customers, and by negotiation between them. 
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2. Chinese Taipei  
 
Response from Chinese Taipei  
Theme1 - Drought Management Strategies in Water Stressed/Scarce Regions 
1. For the drought management in your country, is it appropriate to classify into 3 levels, namely, state, 

regional, and local?     □ yes, □ no. 

If,” no”, please explain and indicate which of the following combinations is most appropriate. 

□ (state, regional) □ (state, local) □ (regional, local) □ (state) □ (regional) □ (local)                                                          
                                                              
2. In the “state (or national, country, macro)” level: 

2.1 In your country, what is (are) the corresponding agency(ies) (or institutions, organizations, …) 
at this level? 

• Water Resources Agency(WRA): under the Ministry of Economic Affairs, and is responsible 
for the management of all water resources 

• Council of Agriculture(COA): managing agricultural water resources through 17 Irrigation 
Associations of the country. 

2.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

• WRA: The direct or short-term objective is to reduce the loss due to water hazards from 
Safety perspective, and the slogan was “zero deaths, less damages, and low loss.”  
Meanwhile, the long-term objective, or vision, of WRA to combat droughts is to create a 
society with the type of water conservation. 

• COA: To provide guidance as well as assistance to Irrigation Associations on the preparing 
of measures under various degree of water shortages 

• For the national level, policy management or revision of the laws and regulations is the main 
strategy, and food security, sustainable use of land, and minimal impact on the environment 
are set as the goals. Thus, in order to reach certain goals, certain regulations must be 
prepared by the government.  

2.3  Do you have a plan (for drought management, or water resources, or irrigation water sector) 
for this level? 

• Yes, there’s basically a plan at this level:   
• The “Operation guidelines for the Central Disaster Response Center” which covers various 

disasters in Chinese Taipei, including drought management under the Central Government, 
(http://www.cdprc.ey.gov.tw/Content_List.aspx?n=AD347ADE12A66E20, in Chinese) 

• For WRA, however, is the major agency to provide necessary for decision-making during 
drought hazard, and the “Notification system of water-supply situation (drought warning) in 
Chinese Taipei area” in which a light-signal system corresponding to 3 stages of water-
restriction is stressed. 

2.4  Under what conditions (timings) are the actions at this level triggered? 

• Domestic water system: water-shortage rate is over 30%. 
• Irrigation system from reservoirs or ponds: water-shortage rate is over 50%. 
• Irrigation system from rivers or groundwater: water-shortage rate is over 40%. 

 
3. In the “regional (or management, meso)” level: 

3.1  In your country, what is(are) the corresponding agency(ies) (or institutions, organizations, …) 
at this level? 

• Irrigation Associations 
• Local Water Companies 
• Regional Water Resources Bureaus 
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3.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

• For the regional level, the negotiation for the allocation of limited water resources is the 
strategy, and to remain continuous operation of the business, or, to try every effort to extend 
the water-supply in order to lower the risk of water shortage, is the goal.  

• Specific goals for individual organizations are: 

o Irrigation Associations: to ensure the minimal water demand,  
o Water Company: to satisfy the living requirement, and  
o the Science Parks: to obtain the minimal water requirement for the operation.  
o Regional Water Resources Bureaus: which are the regional-level water resources 

managers, and the goals are to find a balance point for negotiation between limited 
water resources and flexible water price.  

3.3  Do you have a plan (for drought management, or water resources, or irrigation water sector) 
for this level? 

 Yes, it is required by the “Disaster Prevention and Response Law” that every Irrigation 
Association and Regional Water Resources Bureau needs to have its own action plan for 
drought management. 

34 Under what conditions (timings) are the actions at this level triggered? 

• Same as those in the National Level. 

4. In the “local (or end-users’, micro)” level: 

4.1 In your country, what is(are) the corresponding organizations (or individuals, …) at this level? 

• Work Stations / Irrigation Teams in the Irrigation Associations. 
• Farmers 

4.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

• To minimize loss. 
• For the end-user’s level, although there’s no connection to the distribution process, basic 

principles for the strategy of least water loss must be followed. The purpose for this strategy 
is to reduce the water use in an attempt to delay the situation of no available water 
resources, so that the threat for lowered hygiene or sanitary for water-scarcity /drought 

4.3 Do you have a plan (for drought management, or water resources, or irrigation water sector) 
for this level? 

• Normally no, but some of the actions to be taken by work stations might be described in the 
Regional level. 

4.4  Under what conditions (timings) are the actions at this level triggered? 

• Whenever they feel the need, 
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Appendix B-1 
 

3. United States of America 
Response from USA 
Theme 1 - Drought Management Strategies in Water Stressed/Scarce Regions 
1. For the drought management in your country, is it appropriate to classify into 3 levels, namely, state, 

regional, and local?   □ yes,  □ no. 

 If ”no”, please explain and indicate which of the following combinations is most appropriate. 

 □ (state, regional) □ (state, local) □ (regional, local) □ (state) □ (regional) □ (local) 

2. In the “state (or national, country, macro)” level: 

2.1  In your country, what is (are) the corresponding agency(ies) (or institutions, organizations, …) 
at this level? 

• Department of Agriculture 
• National Oceanic and Atmospheric Administration (NOAA) 

2.2  What is(are) the goal(s) (or objectives) for drought management at this level? Department of 
Agriculture provides programs and financial assistance to local levels. 

• NOAA provides drought forecasting and drought conditions information 

2.3  Do you have a plan (for drought management, or water resources, or irrigation water sector) 
for this level? No 

2.4  Under what conditions (timings) are the actions at this level triggered? 

• Drought forecasting and drought conditions information is ongoing at all times. 

3. In the “regional (or management, meso)” level: 

3.1  In your country, what is(are) the corresponding agency(ies) (or institutions, organizations, …) 
at this level? 

• State and County agencies: 

3.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

• Provide program assistance to water management agencies. 
• Establish, implement and enforce drought management activities such as conservation 

requirements. 

3.3  Do you have a plan (for drought management, or water resources, or irrigation water sector) 
for this level? 

• Most States have drought management plans 

3.4  Under what conditions (timings) are the actions at this level triggered? 

• Each State sets its own conditions but usually actions are triggered based upon the severity 
of the drought. 

4. In the “local (or end-users’, micro)” level: 

4.1  In your country, what is(are) the corresponding organizations (or individuals, …) at this level? 

• Water Districts, companies, associations, etc. 

4.2  What is(are) the goal(s) (or objectives) for drought management at this level? 

• Manage their water supplies to assure adequate water for health and safety of the public 
and to provide sufficient agricultural water for raising of crops. 
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4.3  Do you have a plan (for drought management, or water resources, or irrigation water sector) 
for this level? 

• Yes.  Each entity has a plan that is implemented during a drought. 

4.4  Under what conditions (timings) are the actions at this level triggered? 

• These plans are implemented when the entity is unable to provide full water service to its 
customers. 
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Appendix B-2 
 

Comments from Australia 
Theme 1 - Drought Management Strategies in Water Stressed/Scarce Regions 
 
1. Irrigation Methods and Practices in Australia 
Australia’s climate varies from tropical in the north, through arid in much of the interior, to temperate in the 
south. It is the driest inhabited continent, and rainfall, apart from in the tropical north, is very variable by world 
standards 

Only about 1% of the agricultural land is irrigated and much of the dry land that is classified as agricultural is 
used only for cattle and sheep grazing at very low intensities. Irrigated land produces about a quarter of the 
gross value of agricultural production. 

Irrigators can be divided into two classes: 

• Direct diverters from rivers and streams, including harvesting of overland flows. These provide their 
own entire diversion infrastructure and extract water under licences issued by State Governments. 
The cost is low on unregulated streams and higher on regulated streams where the Government 
operates an on-stream “headworks” storage to regulate river flows. 

• Irrigators in an Irrigation District or Area. The District is operated by a water distribution agency which 
may be owned privately or by Government. Irrigators pay a charge for water that includes a bulk 
charge to cover the cost of headworks and the cost of operating and maintaining the distribution 
system. The distribution system may consist of channels and pipelines that supply water by gravity, 
or a pressurised piped system. 

The average size of farms is large by world standards, with no subsistence or peasant farming. There are 
many hobby or lifestyle farms, where the owner’s main income is from off-farm activities, but these are not 
significant in terms of agricultural production.  Commercial farms range from single person enterprises to 
large corporations, but even the smallest are substantial in size. For example, a family dairy farm operated 
by a husband and wife with perhaps a part time employee to help with the milking, would probably need to 
milk about 300 cows to make a reasonable living. 

Irrigation methods cover the full range of those generally available around the world. 

• Pasture and broad-acre crops are generally gravity irrigated by border-check irrigation. This is 
perhaps regarded is old-fashioned, but with accurate laser grading, wide bays, high application rates 
and precise timing, it can be quite water efficient. 

• Travelling and center pivot irrigators are also used on broad-acre crops and pastures 
• Horticulture has moved progressively over the past thirty or forty years from furrow irrigation to high 

level sprinklers, to low level sprinklers, to drippers and buried tape. 
• Crops such as tomatoes are now grown mostly in hothouses under very precisely controlled 

conditions. 

2. Government strategies to manage drought 
2.1 Drought relief (exceptional circumstances) payments 

Australia has a long history of drought relief payments to farmers, possibly because in the past they held 
considerable political power. However, that is decreasing as the rural population decreases. 

The national myth is that Australia is a land of droughts and flooding rains, and that the farmer is a stoic 
battler who never gives up. However, there is increasing realisation that good farming practices must include 
provision for drought management, and many farmers are in practice very good at managing through 
droughts. 

However, the long drought between 2002 and 2009 in south-eastern Australia was traumatic for many 
farmers. Income support is available to farmers in areas that have been declared as drought affected, and 
subject to fairly stringent conditions. It is basically intended to feed the family, not to provide support for the 
farming business. 
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2.2 Rights to water expressed as a water share 

Rights to water are often expressed as a share of the water available, with an annual volumetric maximum. 
This means that in times of drought the manager of a water system can assess the total water available to a 
group of users and dividing that water among the members of that group is a simple and automatic process.  

The responsible Government Minister usually has a legislative right to modify rights to water under 
exceptional circumstances. In severe droughts the rights of irrigators and the environment are sometimes 
decreased to allow restricted supplies to continue to urban, rural domestic and non-irrigation commercial 
consumers 

2.3 Development of water trading 

Governments have supported the development of water trading over the past two or three decades. Both 
allocations (the annual volume of water available) and the underlying water shares can be traded. The 
rationale is that the market provides a more economically efficient way of reallocating water than 
Governments can hope to achieve 

Water trading is an important way of minimising the economic effects of droughts. Irrigators engaged in 
enterprises such as pasture production for beef or fat lambs will find it profitable to trade their water to 
irrigators engaged in higher value production such as fruit and vegetables where the return to the per 
megalitre of water used is greater. A disadvantage is the economic efficiency does not necessarily mean 
maximising food production. The economic return per megalitre on wine grapes and flowers is likely to exceed 
that on rice or wheat.   

Increasingly, irrigators are able to “carry over” water from one season to the next. This provides the with an 
additional way of managing their individual supply reliability rather than relying on system water managers to 
set annual allocations, which they can only do to meet the needs of their average customer. However, one 
customer may have an on-going contract to supply vegetables and be prepared to sacrifice volume for 
reliability, while another may grow crops on an opportunistic basis and be prepared to sacrifice some 
reliability for increased average allocation. 

Carryover reduces to some extent the necessity for continual trading of allocation. 

2.4 Desalination 

All large Australian cities are on the coast. Desalination plants have been or are being constructed to supply 
most of them. The attraction is that their output is independent of drought and climate change, and this is 
seen to overcome the disadvantages of high cost, high energy use and the likelihood of them not being 
needed for years on end in wet climate sequences. 

2.5 Recycled water 

There is increasing interest in recycled water, especially as effluent in major cities is already treated to a high 
standard, though nutrients are not necessarily removed. Additional treatment to drinking water standards is 
much cheaper than desalination, but politically difficult to get accepted.  
 
3. Local agency strategies to manage drought 
3.1 Seasonal allocations 

As described above, seasonal allocations are made to holders of water shares and similar rights. Local or 
State-owned water agencies are responsible for this function. Many water systems have headworks storages 
that store water in wetter years for use in dry years, as well as re-distributing flows within a year. Policies to 
determine the extent of inter-year storage are determined in consultation with irrigator groups, and water 
trade and individual carryover arrangements add to the flexibility available to individuals 

3.2 Urban restrictions 

Individual urban water users do not have individual annual allocations. Instead the water authority managing 
the urban area holds these rights and manages demand during periods of shortage both by encouraging 
voluntary minimisation of water use and by imposing restrictions on elements of use such as watering lawns 
and gardens, washing cars etc. The most severe restriction that is regarded as acceptable for planning 
purposes is generally described as level 4, and bans all water use outside the dwelling. 

3.3 More use of re-cycled water 

Re-cycled water is increasingly used to water public gardens, sporting arenas etc. and for irrigation. Some 
new urban developments have a dual water reticulation system – one set of mains for potable water and the 
other for recycled water for toilet flushing, garden use etc. However, the proportion of treated wastewater 
that is re-used is still small 
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3.4 More water-efficient operation 

In irrigation areas operation of water systems during droughts tends to concentrate less on the level of service 
to customers (supplying water as and when ordered) to minimising system losses. This can be achieved by 
such methods as: 

• Rostering irrigators, so that the flow in the system remains more or less constant and outfalls are 
minimised; 

• Lowering levels of water behind weirs on rivers to minimise spills; and 
• Increased attention to immediately repairing breaks and leaks. 

Urban system operators use some of the same methods, and may also reduce water pressure to minimise 
breaks and leaks and reduce peak rates of supply onto properties 

3.5 More use of groundwater 

Towns may have groundwater supplies that are only used in dry years. There is a general tendency to switch 
to groundwater in dry years when pumping costs can be justified or when surface water is simply unavailable. 
However, system operators should be careful to do this in a sustainable way, allowing groundwater levels to 
recover in wetter years rather than “mining” the resource. 
 
4 Farmer strategies to manage drought 
4.1 More efficient watering systems 

• Pasture and broad-acre crops are generally gravity irrigated by border-check irrigation. Accurate 
laser grading, wide bays, high application rates and precise timing have markedly improved 
efficiency over the years. 

• Travelling and centre pivot irrigators are also increasingly used on broad-acre crops and pastures 
• Horticulture has moved progressively over the past thirty or forty years from furrow irrigation to 

high level sprinklers, to low level sprinklers, to drippers and buried perforated tape. 
• Crops such as tomatoes are now grown mostly in hothouses under very precisely controlled 

conditions. 

However, farmers the improvements all require capital investment and farmers will make them only if they 
can see a return on that investment from a combination of better yields, savings in water costs. The savings 
in water costs will be higher during droughts because the cost of water rises or it becomes unavailable. 

4.2 Financial planning 

Prudent farmers arrange their finances to withstand droughts, either planning for years of little or no income 
or for the increased costs of farming through droughts. In the marginal dryland cropping areas of the Victorian 
Mallee, some farmers plan for substantial income in only one year out of four. In the other three years returns 
are expected to be small or negative. 

4.3 Water trade 

Farmers increasingly trade water in normal and dry years. A low value producer may conclude that he is 
better off selling his allocation and saving on farming inputs than producing in a year when water prices are 
high. To a higher value producer, the cost of buying water in a drought year is an additional farming input. 

4.4 Substitution 

Some farmers are able to substitute non-water inputs for water inputs. For instance, a dairy farmer may 
conclude in a drought year that he should buy dry feed for his herd rather than buying the water to grow the 
feed himself. This strategy may not work as well if the drought is widespread and dry feed is expensive or 
unobtainable.  

4.5 Deficit irrigation 

Deficit irrigation is now practised to some extent in all years, but it is possible with permanent plantings to 
irrigate just enough to keep the trees alive. The down side is that yield will probably be affected in at least 
one future year as well. 
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4.6 Abandoning part of enterprise 

Reducing the area irrigated is an obvious strategy and is more complex with permanent plantings. However, 
many irrigators replant say 10% of their area on a routine basis, and abandoning the area that it was intended 
to replant the next year, or even the next two or three years, may be a useful strategy 

4.7 Off-farm work 

Some irrigators – and other farmers – have been reduced to that strategy in recent years. In fact it has 
become a standing joke in some areas that the definition of a viable farmer is one whose wife is a nurse or 
a schoolteacher. Others have encouraged their adult sons to work for a year or two in the West Australian or 
Queensland mining industry to maintain cash flows. 
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Abstract 
This is the second part of the report from the Working Group on Water Management in Water Stressed 
Regions, ICID (INTERNATIONAL COMMISSION ON IRRIGATION AND DRAINAGE). Theme I focus 
on the management of drought under different scenarios for multi-layer managers. Theme II was 
assigned on the topics of “coping with water scarcity”. Rainfall harvesting skill and management are the 
contents of Theme III. According to the results of working mandate, Theme II was proposed to collect 
the prediction methods on drought phenomenon, strategies for allocation the limited water resources, 
and engineering methods for reducing water losses.  
 
Prediction models are reviewed in this report and some categories of prediction models are summarized 
for reference at the first part. As the second topics on water allocation strategies, some of the 
experiences of Chinese Taipei, Japan and Iran are presented. Engineering methods for reducing water 
conveyance or reservoir storage losses are surveyed in detail.  
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1.  Introduction  
The Mandate for theme 2 (coping with water scarcity) aims to collect the experience of drought 
prediction models, managing skills on limited water resources and surveying on the engineering 
methods for reducing water losses during water conveyance or water storage(reservoir). 

In the Third Meeting of the Working Group on Water Management in Water Stressed Regions (Erstwhile 
WG-IADWS) WG-DROUGHT held in Yogyakarta, Indonesia, 11 October 2010, there were some 
definite aims on this topic: 
 

1. Prediction models 
2. Strategies for deciding the allocation of limited water 
3. Engineering methods for sand dam and reducing canal losses 

 
In the Meeting of the Working Group held in Thailand, 2016, it was recommended that the aims 
mentioned above are approved and to reorganize the collected papers is expected to be completed 
before 2017 annual meeting. 
 
2.  Prediction models 
2.1 JAPAN (Climate change and rice production) 
 
Japan’s climate is changing. The report for regional climate change and prospects in Japan based on 
IPCC AR4 has projected that the mean surface temperature of Japan has warmed by ca. 1.15°C over 
the past century and expected to rise by 2.1 to 4.0°C within the end of next 100 years. These values 
are slightly higher than those calculated for global warming of the Earth (0.8°C/100 years). The report 
also illustrated that the notable changes of precipitation trends should not be occurring during the 20th 
century, while the patterns of rainfall became more variable and unpredictable. There has been an 
increase in the frequency of extreme weather conditions such as storms, droughts, floods as well as an 
increase of typhoon intensities. In addition, the recent climate trends in Japan are represented by the 
drastic increase of hot days exceeding 30°C in summer. These climate changes will greatly affect Japan 
in many aspects and make it difficult to plan the agricultural practice. Japonica rice is usually cooked 
as intact white rice, and Japanese prefer soft and glutinous texture of rice. Then, the quality of rice grain 
is very important for marketing in Japan. In the summer of 2010, Japan experienced the extremely 
hottest summer on record. The yields of rice have not been severely influenced while the qualities of 
grain were negatively impacted. Filling of rice grains deteriorated, and many white immature grains 
have been harvested. It is warned that the reproductive phase of rice is highly sensitive to high 
temperature, and hotter conditions lead to increasing sterility. 
 
In this context, farmers are required to adapt the agricultural techniques to avoid the risks caused by 
climate change. Genetically modified (GM) crops are the useful breeding technique to rapidly introduce 
a new trait to the plant, but rice is cultivated as the major staple food for nearly half of the world’s 
population. The risk of GM crops for the human health and the natural ecosystem is still under debate. 
The genetic evidence has indicated that Japonica and Indica rice have evolved from a single 
domestication in China 8,200-13,500 years ago. It is said that there are more than 40,000 varieties of 
cultivated rice in the world, and some of which capable of crossbreeding. Many samples of cultivated 
and wild rice are stocked at the International Rice Genebank, and shared by the world researchers. The 
screening of rice gene functions responsible for the adaptive role for environmental changes such as 
heat tolerance of grain quality and improved root system for drought resistance has been ongoing in 
Japan. These studies will contribute to the rice breeding in aiming to counteract the impacts caused by 
climate change in the future (Figure 1) 
  
2.2  KOREA (Spatiotemporal Patterns of Drought) 
 
Korean had many studies about the drought topics. Prediction method on the basis of similarity of 
spatiotemporal patterns of past droughts in Korea is one of the most important result of their efforts. 
The method was implemented in the following steps: First, drought areas in Korea were divided into 
four drought sub regions by means of hierarchical clustering analysis. Second, spatiotemporal drought 
statistics for each sub region for the period from 1926 to 2008 were established. Temporal statistics 
involve the drought onset, end dates, duration, and regional drought intensities, measured by the 
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Effective Drought Index (EDI). These statistics were collected over the four sub regions, and spatial 
patterns of drought were examined. Third, the analogous drought events that had spatiotemporal 
patterns similar to those of the current or subject drought were selected. Fourth, the progress of the 
subject drought and the selected drought were compared. Finally, the progress pattern of the subject 
drought was predicted on the basis of the hypothesis that it will progress in a way similar to the selected 
analogous case. We applied this predicted method to several previous drought cases and evaluated 
the prediction efficiency. The results showed that this method was efficient in predicting droughts for 
about 1 year. 
 

 
 

Figure 1.  The impacts of climate change on rice paddy field and the measures for rice production 
 
This study calculated the EDI using the daily precipitation at 61 stations in Korea from 1925 to 2008 (84 
years). The EDI values are listed in Table 1. This study investigated the prediction of droughts using 
the analog method. Although the analog method has some limitations as a statistical approach, it is 
useful to effectively predict droughts for about 1 year. We selected analogous cases on the basis of the 
similarity of variation in the EDI time series. However, the prediction results may be improved when the 
analog method is applied in consideration of several factors such synoptic-scale atmospheric circulation 
and climatic elements highly correlated with droughts. Further, the analog method could be successfully 
used to predict days on which the analogous and subject cases were not similar. The drought sub 
regions and the daily drought codes presented in this study could probably be used as the fundamental 
data for drought pattern classification or case selection in future studies. This study is expected to 
prompt research on the general causes of droughts. If we classify drought cases in accordance with the 
spatiotemporal patterns of droughts based on daily drought codes and identify the general causes and 
features from all cases, we might obtain more valuable predictions of droughts. 
 
2.3  CHINESE TAIPEI  (Downscale GCM model to estimating dry season) 
 
Typical example on predicting drought at Chinese Taipei  is summarized. This work aims to investigate 
the impacts of hydrologic drought on agricultural water resources under climate change scenarios. The 
study area is Tseng-Wen Reservoir basin in southern Chinese Taipei , which receives temporally 
uneven precipitation. It is thus a basin prone to suffer from drought during dry season. General 
circulation models (GCMs) are the main tool to tackle climate change issues through the help of 
prescribed scenarios. This work used several approaches, including spatial downscaling, temporal 
downscaling and hydrologic model, to solve the coarse-resolution problem of GCMs and then to analyze 
the effect of climate change in the study area. The following are important findings: (1) According to 
future climate projections, droughts may become more frequent (hereafter referred to as scenario 
droughts), but their duration and magnitude may become more diverse than those of the baseline 
droughts. (2) The times of start and end of scenario droughts may occur earlier than those of baseline 
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droughts. (3) Scenario low flow during the dry period tends to decrease in January and February, but 
to increase in March and April. (4) Moderate adjustment of irrigation period to adapt to climate change 
is suggested. 

 
Table 1. The classification of the Effective Drought Index (EDI) 

  

 
GCMs are used as the main tool to project climate changes through the use of emission scenarios. 
However, due to the coarse resolution, GCMs are not able to represent regional topography and land-
sea contrast properly, making local climate projection a big challenge. Thus, a two-stage statistical 
downscaling method was applied to generate future daily precipitation data from climate outputs run by 
six GCMs. In the first stage, spatial statistical downscaling was applied by using the singular value 
decomposition (SVD) scheme to downscale the monthly precipitation from six GCMs. In the second 
stage, the projected changes of monthly precipitation were further used in a weather generator to project 
the daily precipitation, as shown in Figure 2. Daily data are more practical for hydrological purpose. 
After the daily precipitation is generated, the hydrological model uses daily rainfall as an input to 
simulate daily streamflow. 
 

 
 

Figure 2. Two-stage statistical downscaling method 
 
This work successfully applied downscaling methods and a hydrological model to assess the effect of 
climate change on agriculture water resources in southern Chinese Taipei . The results of drought 
characteristics indicate that scenario droughts may become more frequent, but their duration and 
magnitude may become more diverse than the baseline droughts. Analyzing time distributions of 
scenario drought finds that 10-day streamflow patterns are changed during the period of paddy rice 
growth. Generally speaking, drought event will start and end earlier in the future. The scenario flow 
trends to decrease in January and February (at the beginning of paddy rice growth season) but to 
increase in March and April (at the end of paddy rice growth season). The 90% confidence interval of 
scenario flow is wider than baseline flow after February, because diverse property of future flow is 
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projected. Due to the changed pattern of streamflow, moderate adjustment of irrigation period to adapt 
to climate change is suggested. 
 
2.4  CHINA (Using atmospheric/ oceanic Standardized Anomalies) 
 
Reliable drought prediction is fundamental for end water managers to develop and implement drought 
mitigation measures. Considering the idea that drought development is closely related to the spatial-
temporal evolution of large-scale circulation patterns, we develop a conceptual prediction model of 
seasonal drought processes based on atmospheric/oceanic Standardized Anomalies (SA). Empirical 
Orthogonal Function (EOF) analysis was firstly applied to drought-related SA of 200 hPa/500 hPa geo-
potential height (HGT) and sea surface temperature (SST), respectively. Subsequently, SA-based 
predictors were built based on the spatial configuration of the first EOF modes. This drought prediction 
model is essentially the synchronous statistical relationship between 90-day-accumulated 
atmospheric/oceanic SA-based predictors and 3-month SPI  (SPI3), calibrated by the simple method of 
stepwise regression. It is forced by seasonal climate forecast models like the NCEP Climate Forecast 
System Version 2 (CFSv2). It can make seamless drought prediction for operational use after being 
calibrated year-by-year. Model application during four recent severe drought events in China indicates 
its good performance at predicting seasonal drought development, despite its weakness in predicting 
drought severity. Therefore, it can provide some valuable information and is a worthy reference for 
seasonal water resource management. 
 
SPI3 was used as the drought index for seasonal drought recognition and prediction in this study. 
Traditionally, 3-month SPI is computed based on monthly precipitation aggregated at the 3 month scale. 
However, to obtain precise start and end dates of drought processes, we chose an acceptable method 
recommended by the World Metrological Organization, in which SPI calculation is based on 3 month 
moving window (90 day in practice) of area-averaged precipitation data and is updated every day. For 
instance, SPI3 on 1 April 1999 was calculated using the cumulative area-averaged precipitation amount 
from 2 January 1999 to 1 April 1999. The period for SPI3 calculation is 1979–2014. Similar to the rules 
of SPI grade division recommended by the World Metrological Organization (2012), rules in our study 
are shown in Table 2. Drought processes were identified when the SPI3 values were below -0.50 for 
more than 30 consecutive days. Each daily value of the recognized drought process was assigned to 
the corresponding SPI3 grade (e.g., severely dry). Subsequently, we calculated the ratio of total days 
with given grades to the total days of the drought process from the extremely dry grade to the slightly 
dry grade. Once the ratio with a given grade first increases to more than 35% of the duration, the severity 
of the entire drought process corresponds to this grade. 
 

Table 2. Rules of SPI3 grade classification 

 
 
Since prospective 90-day SPI3 has been predicted, it is necessary and practical to provide 
corresponding drought outlook. Rules of drought outlook based on angle comparison of the prospective 
SPI3 curves were developed in this process (Fig. 3). Generally, positive angles indicate that the current 
situation tends to be wet, while negative angles represent dry tendencies. Therefore, two general 
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classes of drought outlook are as follows. (1) When the current condition is no drought (see sketch map 
I in Figure 3), the prospective drought situation tends to be no drought or drought occurrence. When 
the calculated angle α is less than the critical angle α1, the prospective development is drought 
occurrence; when α is greater than α1, the no-drought situation will persist. (2) Similarly, if the current 
condition is drought (see sketch map II in Figure 2), by comparing critical angles α2 and α3, associated 
drought outlook can be defined: drought persistence (α less than α2), drought recession (α more than 
α2, but less 180 than α3), and drought relief (α more than α3). 
 

 
Figure 3. Drought outlook based on angle comparison 

 
Drought prediction is fundamental for seasonal water management. In this study, we constructed a 
conceptual prediction model of seasonal drought processes based on synchronous Standardized 
Anomalies (SA) of 200 hPa/500 hPa geo-potential height(HGT) and sea surface temperature (SST), 
considering the idea that drought development is closely related to the spatial-temporal evolution of 
large-scale circulation patterns. This model can be used for seamless drought prediction and drought 
outlook, forced by seasonal climate prediction models. We used North China as an example for 
methodology introduction and used four recent severe drought events in China for application. The main 
process is as follows. (1) 3-month SPI (SPI3) updated every day was used to capture severe and 
extreme drought processes. (2) Empirical Orthogonal Function (EOF) analysis was applied to SA of 
200 hPa/500 hPa HGT and SST during drought process segments within the same dry/wet spells. 
Subsequently, spatial configurations of the first EOF modes were used to structure SA-based 
predictors. (3) The synchronous stepwise- regression relationship between SPI3 and all 90-day-
accumulated SA-based predictors were calibrated using the NCEP/NCAR reanalysis datasets. (4) To 
achieve prospective 90-day drought outlook, we further developed an objective method based on angle 
comparison of the predicted prospective 90-day SPI3 curves. (5) Eventually, simulation and prediction 
of seasonal drought processes, together with drought outlook, were forced by the NCEP/NCAR 
reanalysis datasets and the NCEP Climate Forecast System Version 2 (CFSv2) operationally 
forecasted datasets, respectively. Model application during four recent severe drought events in China 
reveals that the model is good at development prediction but weak in severity prediction. It indicates 
that the conceptual drought prediction model proposed in our study is potentially another valuable 
addition to current researches on drought prediction. 
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3.  Strategies for allocating limited water 
The water resources available to humans, however, are not unlimited. Although the Earth is called the 
blue planet, fresh water comprises 2.5% of all water on the globe, a majority of which is ice in the polar 
regions, leaving a mere 0.01% of river and lake waters that are relatively easily available. However, the 
demand for water continues to grow. It has been reported that by year 2030, available water resources 
will be 40% short of the global demand for water. The problems with water scarcity are rapidly becoming 
more serious amid growing populations, particularly in developing countries. Many developing countries 
are facing the extremely difficult issue of how to allocate limited water resources for the survival of their 
people, for national economic development, and for the preservation of the natural environment. 
 
ADB studied the water problems at 2013, the report indicated the key operative provisions of a water 
allocation plan or agreement are those that define the entitlements of different regions and water users. 
There are various ways these entitlements can be specified. The most suitable approach will depend 
on factors including the local hydrology, the nature and extent of water infrastructure, capacity for 
monitoring and implementation, and the objectives for sharing water under different seasonal 
conditions. Approaches to defining water entitlements have included: 
 

• mean annual or monthly diversions – such approaches require a mechanism for converting the 
average volume into an actual volume that may be used, based on the seasonal conditions 

• minimum guaranteed volume – a volume of water that will be supplied in all conditions, and 
ahead of other competing users  

• caps on abstractions – an upper limit on abstractions, regardless of the water available in a 
particular year  

• cross-boundary flow requirements – specified as a minimum daily, monthly or annual volume 
of water passing from one region into another 

• percentage of available flow – water shares defined based on shares of what is physically 
available in the river at a given time 

• sharing of tributaries – where there are multiple shared tributaries, water may be allocated 
based on entitlement to the water in different tributaries 

• ‘no further development’ approach – water shares defined based on infrastructure, entitlements 
and sharing rules in place at a particular point in time, with no changes permitted that would 
increase total water abstractions. 

 
Experiences of strategies (JAPAN, CHINESE TAIPEI , CHINA, KOREA) for using limited water is 
summarized as below. 
 
3.1 JAPAN (Market management and legal aspect) 
 
Japan is not a water abundant country. It has a narrow surface area, rapid run-off of precipitation, and 
high population density. The quantity of annual natural renewable water resources per capita in Japan 
(about 3,372 m3 per capita) is only one half of the world average. In addition, there are great fluctuations 
in rainfall—both seasonally and between the years. As a result of both of these factors—an absolute 
shortage of water and considerable variability over time—Japan has suffered severe water shortages 
several times in the recent past. For example, the Tokyo metropolitan area experienced water scarcity 
in the early 1960’s when the city of Tokyo was forced to restrict water supply for 42 months, from 
October 1961 to March 1965. In order to solve the water scarcity problem, Japan has aggressively 
developed its water resources, mainly by constructing new water storage facilities (largely dams). At 
water sources accounts for 16.6 billion m3 of water per year, which amounts to 55% of total water 
consumption for domestic and industrial (urban) use (See Figure 4). In the Tokyo metropolitan region 
the volume of bulk water stored in reservoirs doubled from 185 million m3 in 1964 to 371 million m3 in 
1996. In 1996, water supply was restricted for only 41 days, although annual precipitation in 1996 was 
lower than in 1965 (a major drought year) and Tokyo’s population had increased from 8 million to 11 
million between 1965 and 1996.  
 
As in many countries, agricultural water accounts for about two thirds of total water consumption, largely 
because of the huge irrigation needs for paddy rice cultivation. However, this does not necessarily mean 
that agricultural water is used inefficiently. Irrigation water is transferred from one place to another and 
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used repeatedly. Except for limited evapo-transpiration of water, most of the water used in irrigation is 
returned as either return flow to rivers or canals or as recharge to the ground water aquifer. In recent 
years, the demand for agricultural water has tended to decrease due to the decrease in the area of 
irrigated land used for the production of paddy rice.  
 
Industrial water use has also tended to decline, not only because Japan has suffered from sluggish 
economic growth, but also because the recycling rate has steadily increased. Firms have learned to 
use their own wastewater more efficiently to save on the costs of raw water. Recycling facilities have 
also been developed alongside water treatment facilities as a result of the adoption of water recycling 
and cleaner technologies. 
 

 
 

Figure 4. Sources of urban water supply in Japan 
 
The national government takes charge of overall planning of both water resources development and 
environmental conservation. The Comprehensive National Water Resources Plan is the national basic 
plan for water resources development under which dams and water systems are developed. The Basic 
Environment Plan clarifies long-term, comprehensive environmental policies related to water quality 
and quantity, including water conservation. 
 
The Ministry of Land, Transport and Infrastructure prepares the Comprehensive National Water 
Resources Plan known as the “Water Plan”. The Water Plan is formulated and revised in accordance 
with the Comprehensive National Development Plan, which is stipulated in the Comprehensive National 
Land Development Act and approved by the Prime Minister's cabinet. The Water Plan is a multi-year 
plan and addresses basic medium to long-term planning issues regarding water resources 
development, conservation and utilization, as well as makes forecasts of long-term water demand.  
  
The Ministry of Land, Transport and Infrastructure uses the Water Plan to formulate more detailed 
annual development plans and their related budgets. The latest Water Plan, Water Plan 21, stresses 
the efficient utilization of existing water resources facilities rather than the development of new water 
resources. Given the recent trends in total water demand (essentially stable or with a slight decrease) 
Japan has already developed enough facilities to ensure a stable water supply. 
 
The Comprehensive National Land Development Law sets out the national plan that is the basis of the 
Comprehensive National Water Resources Plan (the Water Plan). Each year’s budget is formulated 
based on the Water Plan. The Water Resources Development Basic Plan (the Full Plan) stipulated by 
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the Water Resources Development Promotion Law is also based on the Water Plan and implemented 
by the Japan Water Agency (JWA) as mandated by the JWA law. 
 

 
 

Figure 5. Japanese Government Organization for water issues 
 
Surface and ground water are managed differently. For surface water users, each public-owned water 
utility (for both domestic and industrial uses) and Land Improvement District (public entities for irrigation 
development and management) is allocated rights to river water, i.e. exclusive use of water in a certain 
region, according to the River Law. However, there is no comprehensive law regarding ground water, 
and users are free to withdraw ground water from wells on privately owned lands. However, the 
Industrial Water Law and the Law for Ground Water Use in Buildings require permits from local 
governments before users can withdraw/ extract ground water in areas where serious land subsidence 
is a concern or where ground water resources are scarce. In general, water trading of both domestic 
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and industrial water is prohibited by the River Law. It is only allowed inside certain Land Improvement 
Districts. 
 
There are various water tariff structures used in Japan (Table 3), and each water utility (administered 
by different local public entities) has a right to decide how to set water tariffs. A typical water tariff system 
is composed of two parts: a fixed charge and a variable charge. Domestic and sewerage water use is 
metered for single-family households and the charges are composed of fixed and increasing-block 
charges. Industrial water use is also metered and composed of fixed and constant volumetric charges. 
Fixed charges correspond to fixed expenses, such as capital replacement costs, not directly related to 
the operating level of the facility. 
 

Table 3. Structure of water tariff in Japan 
 

 
 
The increasing repayment burden of public debt has created calls for more efficient management of 
water utilities. In order to address this issue, regulations and laws have been amended to enable private 
entities to participate in water utilities management, but the use of Private Financial Initiatives (PFI) and 
comprehensive contracts are still not common. Water trading for domestic and industrial water should 
also be examined as another way to increase the efficiency of water use and water resource 
management.  
 
3.2  KOREA (Innovative tools for water management) 
 
The Korean government has established an adaptation policy for dealing with droughts, based on three 
main directions for policy change. The first direction is to improve the water management scheme to 
ensure a more reliable water supply. The second direction is to change from fragmented actions to 
comprehensive measures for dealing with drought. The third direction is to put more emphasis on pre-
drought measures than on post-drought actions (Figure 6). The adaptation policy consists of 16 specific 
action plans under four major strategies suitable for the successful implementation of comprehensive 
measures for drought management in agriculture and rural areas. Through implementation of these 
actions, the percentage of irrigated paddy fields can be increased from 60% to 80%, and the water 
supply rate for irrigated upland fields can be increased from 18% to 30%. In addition, the irrigation water 
loss from channel and farm practices can be reduced from 35% to 25%, and the rate of agricultural 
water reuse can be increased from 30% to 45%.  
 
The three main directions of the comprehensive measures for drought management in agricultural and 
rural areas to combat the effects of changes such as the increased drought frequency due to climate 
change, the reduced area of paddy fields, and the increased area of upland fields are described below. 
 
The water supply capacity will be increased through scientific water management, and the water 
management loss rate will be decreased from the current 35% to 25% by minimising water loss. 
Intelligent water management automation projects (e.g., ICT Tele-Monitoring / Tele Control (TM/TC)) 
for the effective utilisation of agricultural water connected with Intelligent Water Management5 will be 
expanded so that farmers can monitor the status of the water supply using smart phone and determine 
the water distribution amounts for individual sectors of their fields using ICT information (Figure 7). 
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Figure 6. Mid- and long-term policy directions for drought management 

 

 
 

Figure 7. Irrigation scheduling with ICT 
 
Old reservoirs and pumping stations, and earth canals will be repaired to prevent damage from 
disasters, improve water usage, and increase the efficiency of the water supply. A total of 3,174 
reservoirs that are old and leaking will be repaired and reinforced, based on the results of safety 
inspections. The pumping capacity will be increased, and old equipment will be replaced at 2,668 
pumping stations and drain facilities at which pumping capacities have deteriorated. Water loss will be 
minimised by improving the concrete structures of 21, 600 km of earth canals with severe leakage 
problems. 
 
In addition, systematic reservoir dredging will be undertaken and is expected to produce results in four 
areas: increases in reservoir storage capacity, water quality improvements, utilisation of dredged 
sediments, and stimulation of local economies. The success of the dredging efforts will be maximized 
by careful selection of areas to be dredged and by dredging survey, design, and construction inspection 
efforts focused on minimizing the project duration and cost. Since 2015, 750 reservoirs have been 
dredged in Korea, creating an additional 4500,000 m3 of reservoir capacity. 
 
To accomplish these goals, water resource will be developed on good-quality crop lands first. Existing 
facilities will be improved, and the recycling of water will be expanded instead of developing new 
facilities, and the utilisation of water from major rivers will be increased. Some rain-fed paddy fields will 
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be converted into upland fields in view of the recently reduced rice consumption, and the supply of 
domestic water to mountain villages and other sectors will be increased (Table 4). 

 
Table 4. Current and future drought response systems(Korea) 

 

 
 
3.3  CHINESE TAIPEI (Mathematical operation for water allocation) 
 
The severe drought events worldwide have increased the awareness of serious impacts to various 
social and economic sectors. It is a challenge to make efficient water resources management that 
optimizes economic and social well-beings under great uncertainty of hydro-meteorology. Artificial 
intelligence techniques possess an outstanding ability to handle non-linear complex systems. This study 
proposes a systematically water allocation scheme, which integrates system analysis with artificial 
intelligence techniques, for decision makers to mitigate drought threats. We first derive evaluation 
diagrams through a large number of interactive evaluations based on long-term hydrological data to 
provide a clear perspective of all possible drought conditions and their corresponding water shortages, 
and then configure neural- fuzzy networks to learning the associations between events and outcomes 
for estimating water deficiency levels under various hydrological conditions. The adaptive neuro-fuzzy 
inference system (ANFIS) is adopted to construct the mechanism between designed inputs (water 
discount rate and the exceedance probabilities of hydrological conditions) and simulated outputs (water 
deficiency levels). 
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The water allocation in the Shihmen Reservoir watershed of northern Chinese Taipei is used as a case 
study. The results suggest that the drought thresholds of reservoir storage in the beginning of the first 
paddy crops can be recommended as: Q50, Q60, Q70 and Q90 for precautionary, preliminary, 
moderate and severe drought conditions, respectively. The inference system further indicates reservoir 
storage is identified as the most influential variable that significantly affects water shortage. We 
demonstrate the proposed water allocation scheme significantly avails water managers of reliably 
recommending drought thresholds and determining a suitable discount rate on irrigation water supply. 
This study has direct bearing on more intelligent and effectual water allocation management, which is 
expected to substantially benefit water managers. 
 
Water allocation is challenged by great hydrologic uncertainties, and drought mitigation stands in need 
of systematically approaches to intelligently allocating limited water resources. This method proposes 
a systematically water allocation scheme that can be implemented as a useful interactive tool for 
decision makers to effectively mitigate drought threats. The scheme jointly presents a series of 
processes involving water allocation management implemented in the Shipmen Reservoir watershed 
of northern Chinese Taipei. 
 

 
Figure 8. Water supply network (example) 

 
First, the exceedance probabilities of reservoir storages and three-monthly inflows can be drawn in 
figures to present the whole perspective of water shortage conditions for both public and irrigation 
sectors, consequently decision makers can easily identify drought thresholds to restrict irrigation water 
supply and comprehensive scenarios can be found in evaluation diagrams. Second, the options of 
irrigation water discount rates is established to consider the impacts of discount rates on water 
allocation for determining the most suitable water discount rate on irrigation sectors to mitigate drought 
conditions in public sectors. The input–output patterns obtained from the system simulation model with 
respect to various hydrological combinations and irrigation water discount rates are used to construct 
the ANFIS for estimating water deficiency levels in public and irrigation sectors. The constructed ANFIS 
models can well describe the input–output mechanisms obtained form system analysis and can suitably 
and effectively provide the referential impacts (i.e., a set of simple operating rules) to evaluate the 
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estimated drought levels in association with irrigation water discount rate options. Consequently, water 
managers can determine the most suitable discount rate on irrigation sectors for drought mitigation 
based on a comprehensive understanding of possible impacts on water shortages in public and 
irrigation sectors, and thus the avoidance of infective large-scale fallow lands could be made. In 
summary, the systematically water allocation scheme can be adjusted to reflect the hydro-
meteorological characteristics of watersheds for determining suitable water allocation of limited water 
resources and provide guidelines to policymakers with respect to effectual water resources 
management for different stakeholders. 
 
3.4  CHINA (Food security control and cross-sectors policy) 
 
Food security is a high priority issue on the Chinese political agenda. China’s food security is challenged 
by several anthropogenic, socio-political and policy factors, including: population growth; urbanization 
and industrialization; land use changes and water scarcity; income growth and nutritional transition; and 
turbulence in global energy and food markets (Fig. 9). Sustained growth in agricultural productivity and 
stable relations with global food suppliers are the twin anchors of food security. Shortfalls in domestic 
food production can take their toll on international food markets.  

 
Figure 9. Population and arable land resources in China. 

 
Turbulence in global energy markets can affect food prices and supply costs, affecting food security 
and poverty. Policy safeguards are needed to shield food supply against such forces. China must make 
unremitting policy responses to address the loss of its fertile land for true progress towards the goal of 
national food security, by investing in infrastructure such as irrigation, drainage, storage, transport, and 
agricultural research and institutional reforms such as tenure security and land market liberalization. 
The links between water and other development-related sectors such as population, energy, food, and 
environment, and the interactions among them require reckoning, as they together will determine future 
food security and poverty reduction in China. Climate change is creating a new level of uncertainty in 
water governance, requiring accelerated research to avoid water-related stresses. 
 
With rapid urbanization and industrialization, water transfers from low-value agricultural uses to high-
value industrial and domestic uses are increasing in China and other countries. Water shortages are 
limiting agricultural development and urbanization in many parts of China. A clear understanding of the 
issues and trends in agricultural water management is essential to support a national development 
policy that focuses on food security. The government must determine the best policies for ensuring that 
increasing food demands are satisfied, while maintaining environmental quality and sustaining a 
desirable pace of economic development. 
 
Water transfers can address water scarcity for millions of people who would otherwise be living in water 
stressed basins. For instance, the South-North Water Transfer project could deliver 40–50 km3 per 
year from the Yangtze River basin to the North China Plain, benefiting 300–325 million people. About 
1.76 millionm3 daily could be delivered from the Wanjiazhai Reservoir on the Yellow River to the City 
of Taiyuan. Water transfer projects may be economically feasible but their social and environmental 
impacts are contested. Most require population resettlement and have impacts on the environment. 
Water transfer projects are based on political arguments rather than strictly based on food security 
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concerns. Their objective is to improve the water environment in the water stressed north China basin. 
These engineering measures must be complemented with appropriate water prices, investment 
policies, and legal measures.  
 
Water resources are essential to agricultural and human development. China must implement policies 
to address the loss of fertile land, and it must invest in infrastructure such as irrigation, drainage, 
storage, and transportation. Further investments in agricultural research and institutional reforms such 
as tenure security and land market liberalization are needed. Policies and technical support are needed 
also to improve water use efficiency and protect water quality on the North China Plain, where 
groundwater levels are declining. Policies that support the production of genetically modified crops can 
improve the welfare of China’s poor. Increasing water scarcity and emerging signs of groundwater 
stress are driven by complex socioeconomic and geophysical factors, requiring further research. Any 
water crisis in the future may not be caused by physical scarcity of water, but more likely by inadequate 
or inappropriate water governance. Cross-sectoral policy responses are needed to address the linkages 
between water and other development related sectors such as population, energy, food, environment, 
and the interactions among them. 
 
4. Engineering method for reducing water losses 
Rainfall is not available as usual due to the critical climate condition, while the requirement on water 
increases as population increases and the development of modern industry using. Engineers are 
expecting to make their efforts to increase water supply, reduce the losses in water conveyance and 
leaking at water storage facilities. Some of the experiences for reducing water losses are introduced in 
this section. 
 
4.1  Ground Water Reservoir (sand dam) 
 
A sand storage dam (or sand dam) is a small dam build on and into the riverbed of a seasonal sand 
river. The functioning of a sand dam is based on sedimentation of coarse sand upstream of the 
structure, by which the natural storage capacity of the riverbed aquifer is enlarged. The aquifer is filled 
with water during the wet season, resulting from surface runoff and groundwater recharge within the 
catchment. When the riverbed aquifer is full, usually within one or two large rainfall events, the river 
starts to flow as it does in the absence of the dam. However, the groundwater flow through the riverbed 
is now obstructed by the sand storage dam, creating additional groundwater storage for the community 
 
A sand storage dam impounds water in sediments caused to accumulate by the dam itself thereby 
creating an artificial aquifer. Sand dams are an important recharge, retention and reuse technology in 
the water buffer management approach. 
 
The primary function of a sand dam is increasing the water availability by storing water in the riverbed 
and -banks. Water is stored in the spaces (voids) in the sand, which can hold up to 35 percent of the 
volume of sand. Sand dams obstruct groundwater flow through the riverbed, resulting in a (continuous 
replenishment of the) enlarged groundwater reservoir upstream of the dam. Besides this, sand dams 
can have other functions and positive side effects, like: 
 

(a) Regional groundwater recharge 
(b) Sand harvesting and rehabilitating of gullies 

 
Thickness of the sand layer in the riverbed and hydraulic conductivity and thickness of the sediment 
layer in the riverbanks significantly influence the reaction of groundwater levels on precipitation, 
groundwater recession curves and the volume of groundwater stored in the riverbed. Higher hydraulic 
conductivity leads to a less pronounced response of groundwater levels to precipitation. Additionally, 
groundwater flow velocity is higher, together resulting in a faster leveling out of heads and a faster 
decline in the volume of water stored in the riverbed. Hydraulic conductivity and thickness of the 
weathered rock layer and flood depth have less influence on model results. 
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4.2 Canal lining 
 
It has been observed in arid and semiarid regions with high summer temperature, that the canal lining 
has been damaged due to thermal expansion either during operation, while the canal has been empty 
or during the construction. The damage is in the forms of spalling (breaking of concrete surface into 
fragments), buckling (curling upward of concrete slab at a weaker section), and crushing (cracking in 
different directions and crumbling by excessive stress due to thermal expansion. 
 
The compressive stress due to thermal expansion is transferred from one slab into the adjacent slabs 
and accumulated to a point at which failure due to weakness in compressive strength or thickness 
causes crushing or buckling or spalling. 
 
Therefore, expansion joints have to be provided at regular intervals along the canal lining. In designing 
an expansion joint care should be taken to its water tightness. A concrete pillow with bituminous coating 
is suggested under the joint to stop water leakage through the joint. Mastic sealant is required for joint 
filling. Half of the joint width is to be provided for expansion space and the other half to contain the 
sealant filler. 
 
Almost all of the hydraulic structure references sighted do not require expansion joints for canal lining, 
except at the abutments with inline structures. Not forgetting Wikipedia, the free encyclopaedia in its 
Properties of Concrete saying in bold letters under the title of Expansion and Shrinkage "Because 
concrete is continuously shrinking for years after it is initially placed, it is generally accepted that under 
thermal loading it will never expand to its originally placed volume." 
 
However, in general practice expansion joints are provided in continuous slabs at specified intervals to 
allow free movement of concrete due to thermal expansion. In canal lining, however, expansion joints 
are not required, in spite of their requirement. Concrete canal lining remained exposed to hot weather 
conditions during construction or for canals left without water over extended period of time because of 
water scarcity and shortages caused by drought, consequently, will absorb solar radiation and be 
heated well over the ambient temperature, hence will suffer severe damage in the shape of cracking, 
spalling and buckling. 
 
In spite of admitting occurrence of some amount of compressive stress to canal concrete lining due 
thermal expansion, all references reject devising expansion joints in the lining, because they assume 
that the thermal expansion stress is well below concrete compressive strength. What they have mostly 
overlooked are: 
 

(a) Although the stress might be less than the compressive strength of the lining, because of the 
thinness of the concrete slabs which is 1/30 its length, buckling may occur. 

(b) Spalling, cracked and smashed concrete linings at the contraction joints indicates that by 
reducing concrete lining cross sectional area at these joints by 30%, has increased the 
expansion stress to exceed concrete compressive strength. 

 
However, investigating the complex analysis of stress build up in the lining due to thermal expansion 
and interaction between soil and the lining requires thorough analysis and is beyond the scope of this 
paper. The temperature gradient across concrete lining depth shows a gradient from top (radiated 
surface) to bottom (which transmits more heat to the earth), which in turn is translated into thermal 
stress gradient from surface to depth of concrete lining. 
 
With the logic that in hot weather ground surface is warmer than a few meters deeper, one can 
extrapolate that because of higher temperature gradient between concrete and the earth beneath it, 
bottom slabs transmit more heat to the earth beneath than the top of side slope slabs. Hence, the slabs 
on top of canal side slopes should be expected to be a bit warmer than the slabs located at the bottom 
of side slopes and bottom of the canal. Then damages due to thermal expansion at upper slabs should 
be more severe and more frequent than the lower side slopes and bottom slabs. However, in water 
scarcity condition in arid and semiarid regions with high summer temperatures, experience on large 
canals left dry shows considerable damage in the form of palling (breaking of concrete surface into 
fragments), buckling, and crushing (cracking in different directions and crumbling by excessive force) 
due to thermal expansion, which proves essentiality of concrete lining expansion joints. The shape and 
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spacing of the joints are totally dependent on the indix`vidual local conditions and material available for 
sealing the joints. 
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1. Introduction 
This paper attempts to describe rainfall harvesting and management practices (theme 3 of the WG 
Drought mandate on drought management) in the ten countries represented on the WG Drought. 
Rainfall harvesting is taken to mean methods of maximising the effectiveness of rainfall in food 
production, at the location where the rain falls. It therefore includes methods of maximising the use of 
direct rainfall on irrigated areas, but not the storage of water which is then conveyed to another location 
for irrigation. 

Overlaps with theme 1 (Drought management strategies in water stressed / scarce regions) and theme 
2 (Coping with water scarcity) have been avoided as far as possible. However, some overlapping is 
unavoidable. 

The following table, using data from the ICID website, presents some basic comparisons of the ten 
countries. 

 
Country 

 
Total 

geographic 
area (Mha) 

Arable and 
Permanent 
Crop (APC) 
area as % of 

total area 

 
Irrigated 

area as % 
of APC 

area 

 
Population 
mid 2010 
(Millions) 

 
Cereal 

Production 
2009 (MT) 

Australia 774.1 5.7 5.7 22.4 34.9 

Chinese 
Taipei 

3.60 27.5 45.8 23.2 1.3 

India 328.7 51.5 36.8 1,188.8 248.8 

Iran 164.8 11.3 48.5 75.1 20.8 

Italy 30.1 57.0 28.2 60.5 17.4 

Japan 37.8 12.1 54.5 127.4 11.5 

South Korea 9.97 18.3 55.5 48.9 7.4 

Turkey 77.9 33.4 20.5 73.6 33.6 

UK 24.3 24.9 1.4 62.2 22.0 

USA 962.9 18.0 14.3 309.6 419.8 
 

There are obviously huge variations in country size, climate, extent of irrigation and population density. 
This is likely to mean that drought management strategies vary widely between countries. 

Contributions from other countries have also been received, and these are listed and summarised in 
Section 6. They tend to be very specific and detailed. 

2. How Rainfall management is approached 
2.1 Climate, rainfall and runoff 
2.1.1 Australia 

Rainfall and runoff in Australia are extremely variable. Even on the most reliable streams the ratio 
between maximum and minimum annual runoff is about 12 to 1, and on some major rivers it is hundreds 
or thousands to 1. On the Darling River, which together with the Murray forms the longest river in the 
country, the ratio is infinity, because the Darling can cease to flow for more than a year at a time. 

On average it is estimated that only about 15% of rainfall appears as surface water runoff and perhaps 
1% reaches groundwater aquifers. The rest evaporates or is evapo-transpired. 

Australia is a large country and can be divided simplistically into three climatic zones: 
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Tropical / sub-tropical 
This zone typically has wet summers (wet season) and dry winters (dry season). In many areas the dry 
season is almost completely free of rain. Crops can be grown readily during the wet season and at the 
start of the dry, and with irrigation a second crop may be possible in the dry season. 

Agricultural production is limited more by lack of markets, difficulties in controlling pests, and lack of 
suitable land than by lack of water (Ref 1). Surface and groundwater resources are generally well 
connected, so any increase in irrigation is likely to rely on groundwater. However lack of suitable land 
will probably limit any such increases. The present dominant agricultural use is cattle grazing.  

Arid 
Much of the country, particularly in the interior, can be classed as arid. Average rainfall is low and 
variable, with no marked seasonal patterns. With one or two exceptions (such as Carnarvon in Western 
Australia) any agricultural pursuits are low intensity such as cattle grazing. Cropping is possible only 
with irrigation and is very limited. Groundwater is an important source of water and in some cases is 
being “mined” as replenishment rates are close to zero. 

Temperate 
The southern part of the country can be classed as temperate Rainfall is mostly in winter and spring, 
and summer and autumn tends to be dry and warm to hot. Quite large areas are irrigated, particularly 
in the southern Murray-Darling Basin, and irrigation is supported by storages supplied mostly by the 
small alpine areas. In many cases water is stored not only for use later in the year, but for use in future 
dry years. Dryland cropping is also practiced extensively. Other agricultural enterprises include a large 
sheep industry, dairying, horticulture and viticulture. Australia exports much of its food production, in 
particular wheat and other grains, dairy products, fruit and wine. 

Irrigation varies from areas that are almost fully dependent on irrigation water to those that are mostly 
rain fed and require only occasional supplementary irrigation. In areas where rainfall is a significant 
contributor it is clearly advantageous to use the rainfall as effectively as possible and so minimise the 
need to call on irrigation water. 

Climate change is expected to lead to drier and more variable conditions in much of the south, in 
particular in the Murray-Darling Basin which produces much of the agricultural output of Australia. The 
tropical north is not expected to become consistently either drier or wetter  

2.1.2 Chinese Taipei 

Chinese Taipei has a subtropical island climate system characterised by highly abundant rainfall. 
However, affected by the geographical terrain and monsoon winds of the island, areas and periods of 
rainfall are scattered and uneven. Demand for water, especially for irrigated agriculture, is of course 
greatest during the drier part of the year. The result is that rainfall cannot fully provide for water 
demands. 

Chinese Taipei is located in the mid-latitude area of the northern hemisphere with annual rainfall 
reaching 2,300mm. However, the rainy season accounts for over 80% of the total annual rainfall while 
there is only scattered rainfall in dry seasons. 

The total volume of runoff reaches 90 billion tons, which is approximately 2.7 times of the world average.  
Although the amount of rainfall sounds plenty, the water resources management is tough as the annual 
allocated water per capita is only around 1/8 of the world average due to the uneven distribution both 
temporally as well as spatially.  Reservoirs are thus important in the management of water resources 
on the island.  However, again, the storage capacities of the reservoirs are comparatively small due to 
the steepness of the land as well as river-channels. As a result, both floods and droughts occur 
frequently. 

It is believed that rainfall has declined by 0.9% over the past ten years and runoff has declined by 4.3%. 
Projections are that by 2050 winter rainfall will decrease by around 5% to 10% and summer rainfall will 
increase by a similar amount. Furthermore, a growing trend has been noted in the longest chain of no-
rainfall days. These changes may seriously affect the grain and food supply in the country. 

2.1.3 India 

The climate of India resolves into six major climatic subtypes; their influences give rise to desert in the 
west, alpine tundra and glaciers in the north, humid tropical regions supporting rain forests in the 
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southwest, and Indian Ocean island territories that flank the Indian subcontinent. Regions have starkly 
different—yet tightly clustered—microclimates. The nation is largely subject to four seasons: winter 
(January and February), summer (March to May), a monsoon (rainy) season (June to September), and 
a post-monsoon period (October to December). 

The Thar Desert in the northwest and the Himalayas in the north work in tandem to affect a powerful 
monsoonal regime. As Earth's highest and most massive mountain range, the Himalayan system bars 
the influx of frigid winds from the icy Tibetan Plateau and Central Asia. Most of Northern India is thus 
kept warm or is only mildly cold during winter. The same thermal dam keeps most regions in India hot 
in summer. 

Though the Tropic of Cancer – the boundary between the tropics and subtropics—passes through the 
middle of India, the bulk of the country can be regarded as climatically tropical. As in much of the tropics, 
monsoonal and other weather patterns in India can be wildly unstable: epochal droughts, floods, 
cyclones, and other natural disasters are sporadic, but have displaced or ended millions of human lives. 
There is widespread scientific consensus that South Asia is likely to see such climatic events change 
in frequency and increase in severity due to global warming. 

Indian agriculture is heavily dependent on south west monsoon, in particular drives the kharif crop 
production in large parts of the country. Delay in onset of monsoon, mid-season breaks or early 
withdrawn have severe bearing on the growth and yields of kharif season crops particularly under rain 
fed conditions. Despite the development of vast irrigation infrastructure in the country 60 per cent of 
cropped area still remains rain fed and its success completely depends on the timely onsets and even 
distribution of monsoon rainfall.   

2.1.4 Iran 

Iran is located in a mainly arid-semiarid region with an average annual precipitation of 245 mm. The 
climate varies from humid in the north on the coast of the Caspian Sea to ultra-arid in the central plateau. 
Western and northern parts are mainly mountainous with a semiarid Mediterranean climate. Although 
all of the southern part is located at the coast of the Persian Gulf and the Oman Sea, southern, central 
and eastern parts of the country are classified as hot desert areas. 

Average annual precipitation also drastically varies from less than 150 mm in one third of the country 
to over 1000 mm in 0.4 % of the country. As shown in the following table, over 90% of the area in Iran 
receives less than 500 mm, while less than 10% gets more than 500 mm of precipitation. 

Precipitation Distribution in Iran 
 

Area % Annual Precipitation Range (mm) 

0.4 +1000 

9.14 500-1000 

29.23 300-500 

32.20 150-300 

29.30 <150 
 
2.1.5 Italy 

The inland northern areas of Italy have a relatively cool, mid-latitude version of the humid subtropical 
climate, while the coastal areas and the peninsula south of Florence generally fit the Mediterranean 
climate profile. 

Between the north and south there can be a considerable difference in temperature, above all during 
the winter: In some winter days it can be −2°C and snowing in Milan, while it is 8°C in Rome and 20°C 
in Palermo. Temperature differences are less extreme in the summer. 

The east coast of the Italian peninsula is not as wet as the west coast but is usually colder in the winter. 
The east coast is occasionally affected by the cold bora winds in winter and spring. 

Summer is usually more stable, although the northern regions often have thunderstorms in the 
afternoon/night hours and some grey and rainy days. So, while south of Florence the summer is typically 
dry and sunny, in the north it tends to be more humid and cloudy. Spring and autumn weather can be 
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very changeable, with sunny and warm weeks (sometimes with Summer-like temperatures) suddenly 
broken off by cold spells or followed by rainy and cloudy weeks. 

Both the mountain chains can see up to 5–10 m of snow in a year at 2,000 m; on the highest peaks of 
the Alps, snow may fall even during mid-summer, and glaciers are present. 

Average precipitation (1971 to 2000) can be summarised for regions of Italy as follows: 

Average Precipitation - Italy 

Region Average Annual Precipitation (mm) 

Southern 350 – 1000 

Central 450 – 900 

North Western 900 – 1100 

North Eastern 600 - 1400 
 

2.1.6 Japan 

General 

Situated northeast of the monsoon track that fuels the heavy rains across southeast China, the 
Japanese islands experience a relatively mild maritime climate. Except for Hokkaido and the subtropical 
Okinawa region, the weather is mostly temperate, with four seasons. Each season has its own distinct 
characteristics, emphasized by an early summer rainy season affecting many areas, and a typhoon 
season that runs from July through September. Hot, moisture-laden south easterly winds blow across 
the islands from the Pacific in summer. Cold, north westerly winds originating in Central Asia bring 
winter weather to Japan from Korea and China. 

Though dominated by the maritime Pacific air mass, Japan has a diverse climatic range from north to 
south and mild, sunny weather can be found somewhere in the country at almost any time of year. 
Broadly speaking, there are four main climatic regions in Japan:  the Pacific coastal region, which has 
a high summer rainfall; the Japan Sea coastal region, with its heavy winter snows and low temperatures; 
the inland region, where rainfall is generally lower; and the subtropical to tropical climate of the Ryukyu 
Island chain. Despite this general pattern however, the archipelago stretches over a vast distance from 
north to south and has so many mountain ranges that climatic conditions vary a great deal from season 
to season and from place to place. 

Temperature 

Down the length of the Japanese island chain, temperatures range from cold-temperate to tropical. 
Wakkanai, a city on the northern end of Hokkaido, has an average annual temperature of 6°C (44°F). 
Situated on the Kansai Plain on the Pacific side of the island of Honshu, Tokyo has an average annual 
temperature of 15°C. On the island of Okinawa in the Ryukyu Islands, the city of Naha has an annual 
average temperature of 22°C. 

Rainfall 

While generally rainy and humid most of the year, Japan's month-long wet season from June to July 
brings the heaviest rainfall to most parts of the country. The frequent rainfall combines with warm 
temperatures to keep the islands in the tropical and subtropical regions green throughout the year. The 
city of Hiroshima, in western Honshu, averages a sizeable 1,603 mm of rain each year. Tokyo, further 
east near the Pacific, receives an annual average rainfall of 1,460 mm. The city of Sapporo, on 
Hokkaido, averages 1,158 mm of precipitation per year. The southern end of the Kii Peninsula is known 
for a heavy annual rainfall exceeding 4,000 mm. 

Average precipitation in Japan is about 1,700 mm a year, which is nearly twice as much as the world 
average of 970 mm (Sato, 2001). It is yet not enough for rice cultivation, carried out between April and 
September. Rice is the most water consuming crop in Japanese agriculture and rice farming is the 
biggest water consuming sector in Japan. There is less demand for water for agriculture today 
compared to the past. In 1969, rice cultivation area was at its peak with 3.17 million ha cultivated out of 
3.44 million ha of paddy fields. Today rice cultivation accounts for 1.58 million ha out of 2.47 million ha 
of total available paddy fields. Other agricultural land use in Japan has also followed the decreasing 
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trend. Between 1969 and 2012 the total agricultural land in Japan decreased from 6.09 million ha to 
4.55 million ha (MAFF, 2012). 

2.1.7 South Korea 

South Korea has a temperate climate with four distinct seasons. Winters are usually long, cold and dry. 
Summers are very short, hot, and humid. Spring and autumn are pleasant but also short in duration. 
Seoul's mean temperature in January is -5°C to - 2.5°C and in July the mean temperature is about 
22.5°C to 25°C.  

The country generally has enough rainfall, rarely it does less than 750 mm of rain fall in any given year; 
for the most part, rainfall is over 1000 mm. Amounts of precipitation can however vary from year to year. 
Serious droughts occur about once every eight years. About two-thirds of the annual precipitation 
occurs between June and September.  

South Korea is less vulnerable to typhoons than neighbouring countries. From one to three typhoons 
can be expected per year. Typhoons usually pass over South Korea in late summer, especially in 
August and bring torrential rains.  Flooding occasionally causes considerable damage. 

Precipitation distribution on the Korean Peninsula is mainly affected by orography. The southern coastal 
and its adjacent mountain regions have the largest amount of annual precipitation which is over 
1,500mm. The sheltered upper Amnokgang (Yalu) river basin in the northern region, on the other hand, 
experiences less than 600mm. Since most of the precipitation is concentrated in the crop growing areas 
in the south, the water supply for agriculture is normally well met. Even though the annual mean 
precipitation is more than 1,200mm, however, Korea often experiences drought due to the large 
fluctuation and variation of precipitation, making the management of water resources difficult. 

Korea’s worst recorded drought occurred in 2012. Climate change has caused considerable damage in 
non-irrigated areas. 

Despite constant investment in agricultural water development, Korea does not yet have a stable 
foundation to reliably supply agricultural water in times of drought. 

2.1.8 Turkey 

Because of Turkey's geographical conditions, one cannot speak about a general overall climate. In 
Istanbul and around the Sea of Marmara the climate is moderate. In winter 4°C and summer 27°C. In 
Western Turkey there is a mild Mediterranean climate with average temperatures of 9°C in winter and 
29°C in summer. On the southern coast the same climate can be found. The climate of the Anatolian 
Plateau is a steppe climate (there is a great temperature difference between day and night). Rainfall is 
low and there is more snow. The average temperature is 23°C in summer and -2°C in winter. The 
climate in the Black Sea area is wet, warm and humid (summer 23°C, winter 7°C). In Eastern Anatolia 
and South-Eastern Anatolia there is a long hard winter, where year after year snow falls from November 
until the end of April (the average temperature in winter is -13°C and in summer 17°C). 

Turkey receives most of the rainfall in the winter season. In this season, mean temperature usually is 
below 5°C and there is no too much evaporation. But summer rainfall is very limited and could be not 
enough to remove water deficit resulted from increased temperature and evaporation. 

The Aegean and Mediterranean coasts have cool, rainy winters and hot, moderately dry summers. 
Annual precipitation in those areas varies from 580 to 1,300 mm, depending on location. The Black Sea 
coast receives the greatest amount of rainfall. The eastern part of that receives 2,200 mm annually and 
is the only region of Turkey that receives rainfall throughout the year.  

Turkey's diverse regions have different climates because of irregular topography. Taurus Mountains 
are close to the coast and rain clouds cannot penetrate to the interior part of the country. Rain clouds 
drop most of their water on the coastal area. As rain clouds pass over the mountains and reach central 
Anatolia they have no significant capability to produce of rain. In the Eastern region of Anatolia, the 
elevation of mountains exceeds 2500-3000 m. Northern Black Sea Mountains and Caucasian Mountain 
hold the rain clouds, and therefore the area is affected by the continental climate with long and very 
cold winter. Minimum temperatures of -30°C to -38°C are observed in the mountainous areas in the 
east, and snow may lie on the ground 120 days of the year. Winters are bitterly cold with frequent, 
heavy snowfall. Villages in the region remain isolated for several days during winter storms. 
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2.1.9 United Kingdom 

The United Kingdom has a temperate climate, with plentiful rainfall all year round. The temperature 
varies with the seasons but seldom drops below -10°C or rises above 35°C. The prevailing wind is from 
the southwest, bearing frequent spells of mild and wet weather from the Atlantic Ocean. Eastern parts 
are most sheltered from this wind and are therefore the driest. Atlantic currents, warmed by the Gulf 
Stream, bring mild winters, especially in the west, where winters are wet. Summers are warmest in the 
south east of England, being closest to the European mainland, and coolest in the north. Snowfall can 
occur in winter and early spring. 

Rainfall amounts can vary greatly across the United Kingdom and generally the further west and the 
higher the elevation, the greater the rainfall. The mountains of Wales, Scotland, the Pennines in 
Northern England and the moors of South West England are the wettest parts of the country, and in 
some of these places as much as 4,577 mm of rain can fall annually, making these locations some of 
the wettest in Europe. The wettest spot in the United Kingdom is Crib Goch, in Snowdonia, which has 
averaged 4,473 mm rain a year over the past 30 years. Most rainfall in the United Kingdom comes from 
North Atlantic depressions which roll into the country throughout the year from the west or southwest 
and are particularly frequent and intense in the autumn and winter. They can on occasions bring 
prolonged periods of heavy rain, and flooding is quite common. 

Parts of England are surprisingly dry, which is contrary to the stereotypical view—London receives just 
below 650 millimetres (25.6 in) per annum, which is less than Rome, Sydney, or New York City. In East 
Anglia it typically rains on about 113 days per year. Most of the south, south-east and East Anglia 
receive less than 700 mm of rain per year. The English counties of Essex and Cambridgeshire - as well 
as parts of North Yorkshire, the East Riding of Yorkshire, Suffolk and Norfolk - are amongst the driest 
in the UK, with an average annual rainfall of around 600 mm. This is due to a mild rain shadow effect, 
due to mountainous parts of the South West, Wales and Cumbria blocking the moist airflow across the 
country to the east. In some years rainfall totals in Essex and South Suffolk can be below 450 mm 
(especially areas around Colchester, Clacton and Ipswich) - less than the average annual rainfall in 
Jerusalem, Beirut and even some semi-arid parts of the world. 

Parts of the United Kingdom have had drought problems in recent years, particularly in 2004-2006. 
Fires broke out in some areas, even across the normally damp higher ground of north-west England 
and Wales. The landscape in much of England and east Wales became very parched, even near the 
coast; water restrictions were in place in some areas. 

July 2006 was the hottest month on record for the United Kingdom and much of Europe; however, 
England has had warmer spells of 31 days which did not coincide with a calendar month—in 1976 and 
1995. As well as low rainfall, drought problems were made worse by the fact that the driest parts of 
England also have the highest population density, and therefore highest water consumption. The 
drought problems ended in the period from October 2006 to January 2007, which had well above 
average rainfall. 

2.1.10 United States of America 

The USA is a large country with highly variable geographic and climate conditions.   

The western 1/3 of the country is generally made up of high mountains and valleys.  The northern part 
of this area is characterized by significant amounts of snow and rain while the southern part is an arid 
desert region with little precipitation.  Some crops such as grains and pasture hay can be grown in the 
northern to central regions of this area utilizing natural rainfall.  Crops such as alfalfa hay, vegetables 
and fruits grown in the northern portion of this area and all crops in the southern portion require irrigation 
utilizing flows in streams originating in the mountains and fed by snowmelt and/or runoff captured in 
storage reservoirs.  Some pumping of groundwater is also utilized as a source of irrigation water. 

The central 1/3 of the country is generally made up of a flat prairie with moderate amounts of rain and 
snow in the northern portions and lesser amounts of precipitation in the southern portion.  Generally, 
crops such as wheat and corn can be grown without the aid of irrigation in this region of the country but 
many growers utilize irrigation for protection against periods of drought and also to increase production.  
Irrigation sources include surface water from streams and pumping of groundwater. 

The eastern 1/3 of the country is characterized by rolling hills with moderate amounts of rain and snow 
in the northern part and moderate amounts of precipitation in the southern part.  Generally, crops grown 
in this region do not require irrigation, even during the dry season.  Pumping of groundwater is the main 
source of any irrigation water utilize in this region. 
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The 2007 United States Department of Agricultural Census shows that there were 2.2 million farms 
covering 922 million acres (3,730,000 sq. km.) of land.  Of those 922 million acres of farmland, only 
56.6 million acres were irrigated.  Therefore, over 865 million acres of farmland depend upon natural 
rainfall for crop production. 

2.2 Summary of methods to increase rainfall effectiveness 
Methods in use in the various countries to increase rainfall effectiveness can be summarised as follows: 

2.2.1 Australia 

(a) In low intensity grazing areas, moving stock and increasing or decreasing stock numbers; 
(b) Fallowing in dryland cropping areas; 
(c) In both dryland and irrigated areas, seeking improved plant varieties that are able to make 

the best use of available moisture; 
(d) In southern irrigated pasture areas, a move away from perennial summer pastures to annual 

pastures which make better use of spring and autumn rainfall; 
(e) More sophisticated measurement of soil moisture; 
(f) Use of precisely applied drip or perforated tape irrigation; 
(g) Improved weather forecasting to enable managers of large gravity irrigation systems to 

reduce flows in anticipation of reduced orders from irrigators; 
(h) In pumped irrigation districts, progressive replacement of channels with pipelines; 
(i) In large gravity irrigation districts the introduction of “total channel control”. 

2.2.2 Chinese Taipei 

Actions/measures adopted at the national level:  

(a) Application of the operation of artificial increase of rainfall 
(b) Extensive use of water-saving facilities 
(c) Promotion of rain-water cistern,  
(d) Implementation on the rules or systems on the inspection of leakage of pipes,  
(e) Promotion of the education of water-saving society, etc. 

Actions/measures adopted at the regional management level:  

(a) Control on the total discharge from reservoirs, 
(b) Water transfer across boundaries,  
(c) Artificial increase of rainfall,  
(d) Groundwater withdrawal, and  
(e) Promotion of water conservation, etc. 

Actions/measures adopted at the end-user’s (farmers) level:  

(a) Increasing the operation frequencies as well as precision of the gates,  
(b) Reducing the application depth of irrigation,  
(c) Extending irrigation periods by conjunctive use with ponds,  
(d) Application of fallow or crop-change,  
(e) Installing pipe irrigation systems,  
(f) Digging regulatory farm ponds or excavate shallow wells, etc. 

2.2.3 India 

(a) Linking of large and small irrigation systems; 
(b) Channel lining and pipelining; 
(c) Improved irrigation techniques. 
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2.2.4 Iran 

(a) Improved rainfall forecasting; 
(b) Conjunctive use of surface water and groundwater; 
(c) Operational programs to apportion available water; 
(d) Water loss reduction projects; 
(e) Using energy price to control pumping; 
(f) Publicity programs to support drought management measures; 
(g) Encouraging water saving measures by farmers. 

2.2.5 Italy 

2.2.6 Japan 

Drought management (ref ja1) appears to concentrate on equitable sharing of the available water. 

2.2.7 South Korea 

(a) More comprehensive planning for drought; 
(b) Replacing stored water with run-of-river flows and wastewater; 
(c) Replacing stored surface water with groundwater; 
(d) Infrastructure improvement. 

2.2.8 Turkey 

(a) Construction of small ponds; 
(b) Transition to modern irrigation techniques; 
(c) Drought management plans; 
(d) Drought monitoring and early warning systems; 
(e) Reuse of wastewaters for irrigation; 
(f) Construction of Groundwater dams; 
(g) Research on determination of evapotranspiration;  
(h) Studies to determine the effects of climate change to water resources; 
(i) Enhancing the monitoring systems for surface water and groundwater uses. 

2.2.9 United Kingdom 

2.2.10  United States of America 

(a) Better use of weather forecasting to determine water needs in irrigated areas; 
(b) Use of soil moisture measurement technology in conjunction with weather forecasting to 

schedule irrigation deliveries; 
(c) Increase soil holding capacity of soils through introduction of additional organic material, 

modified tillage methods, etc.; 
(d) Moving cattle and other grazing animals from one pasture to another to take advantage of 

forage development based on varying soil and moisture conditions; 
(e) Fallowing areas to allow recovery of soil moisture content; 
(f) Increase the soil infiltration rate through improved tillage methods; 
(g) Use tillage methods that create small pockets that hold rainwater to increase infiltration; 
(h) Use of conservation tillage that keeps approximately 30% of the soil surface covered with 

plant residue from the previous crop; 
(i) Using tilling methods to loosen compacted soils; 
(j) Eliminating chemical restrictions to root growth such as liming acid subsoils; 
(k) Crop management to take advantage of crop needs at various stages of growth; 
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(l) Improved methods of delivery and use of irrigation water to maximize the conjunctive use 
of precipitation and irrigation water; 

(m) Comprehensive drought monitoring service. 

3. Increasing rainfall effectiveness 
This section discusses in more detail the methods listed in the above section. 

3.1 Australia 
3.1.1 Manipulating stock location and numbers 

Stock numbers in Australia rise and fall with seasonal conditions. Droughts can last for many years (Ref 
au2) and it has been estimated that more than 100 million sheep died in the severe droughts that have 
affected the Australian pastoral industry over a century. Long droughts can decimate stock numbers 
and severely degrade the rangelands. 

Severe droughts mean that stock numbers reduce, either as a management measure or simply because 
they starve. However, droughts can be managed to some extent. 

A traditional technique is to make use of the “long paddock”; droving stock slowly along road reserves 
and letting them consume the feed on the reserve. Many road reserves are three chains (about 30 
metres) or five chains (about 50 metres) wide and the actual roadway occupies only a small part of the 
reserve. 

Another form of managing in droughts is to move stock under agistment (i.e. an arrangement with the 
owner of a supply of feed to take in stock and feed them for a period). Under Australian conditions there 
may be drought in quite a wide geographic area, so stock may have to be moved hundreds of 
kilometres, either by rail, truck or by droving them on foot. A disadvantage of wide scale movements of 
this sort is that it can spread disease in the stock. 

Management techniques that are becoming increasingly available include: 

(a) Degradation alerts based on seasonal forecasting, stock number data and simulated 
predictions of pasture production; 

(b) Analysis of the impacts of climate variability; and 
(c) Long term records that enable analysis of what grazing management decisions were successful 

and which, with the benefit of hindsight, were mistakes. 

3.1.2 Fallowing 

There is nothing new in this – the practice is centuries old. Fallowing refers to land that is tilled but left 
un-seeded during a growing season. The intent is to conserve soil moisture (and possibly nutrients) so 
that the subsequent crop can use both the soil moisture stored in the fallow season and the rain / soil 
moisture received in the growing season. 

Fallowing is extensively practised in the drier grain growing areas in southern Australia 

3.1.3 Improved plant varieties 

There has been continuing research for many decades into developing more drought-resistant plant 
varieties to suit Australian conditions. The CSIRO website (ref au3) is a good starting point to find 
relevant scientific papers 

3.1.4 Perennial to annual pastures 

In southern irrigated pasture areas, a trend has been evident to move away from perennial summer 
pastures, which require continual irrigation throughout the dry summer, to annual pastures which make 
better use of spring and autumn rainfall and dry off during summer 

A study in northern Victoria (ref au4) found that annual pastures produced 60-80% of the dry matter of 
perennial pastures while using only 40-60% as much irrigation water. 

3.1.5 Measurement of soil moisture 

Measurement of soil moisture is important both in dryland and irrigated agriculture. In dryland and 
irrigated cropping areas, together with long range weather forecasts, knowledge of the soil moisture 
status assists decisions on whether to plant a crop or not. In more intensively irrigated areas soil 
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moisture is important for scheduling irrigations and in assessing the effect of rainfall that can extend the 
periods between irrigations. 

Ref au5 provides a summary of techniques available in Australia for measurement of soil moisture. 

3.1.6 Root zone irrigation 

Over several decades, irrigation in horticultural areas has progressively moved from furrows to high 
level sprinklers to low level sprinklers to drip and perforated tape irrigation that waters only the root zone 
of the plants. Each change has made more effective use of the water supplied from surface dams or 
aquifers to the irrigation property. However, salt in the soil can build up if drip or perforated tape irrigation 
is used, and occasional rainfall is necessary to provide a leaching fraction. If the rain does not occur, a 
leaching irrigation may eventually be necessary. 

These more efficient ways of applying irrigation water thus depend in part on rainfall if use of irrigation 
water is to be minimised, but the timing of the rainfall can vary widely. 

3.1.7 Weather forecasting 

Improved medium term weather forecasting is important both to farmers and to operators of large 
irrigation systems. 

As described above, it can assist farmers in decisions about managing stock numbers on dryland 
grazing country, in deciding whether or not to plant a crop in both dryland and irrigated areas, and in 
conserving irrigation water. 

It is also of assistance in managing large irrigation systems in the following ways: 

(a) Supply to many surface water irrigation systems is sourced from large on-stream storages that 
are managed primarily for water supply but also mitigate floods. The balance between these 
two benefits – essentially deciding when to “pre-release” water in a way that maximises flood 
mitigation while still allowing the storage to fill at the end of the wet season – is assisted by 
knowledge of rain to be expected in the coming weeks or months. Better weather forecasting 
can reduce the incidence of failing to fill storages because of earlier pre-releases and so 
maximise water available for irrigation. 

(b) Surface water supply systems can be large, and often make use of natural rivers as supply 
routes. For example, the major storages on the Murray River are about 2000 km by river from 
the most downstream irrigation areas they supply. It takes about 30 days for a change in flow 
at the upper end to be reflected at the lower end. There are limited opportunities to re-regulate 
water along the way. Clearly a good knowledge of weather conditions and rainfall for the next 
month would be of great assistance in regulating the river flow and minimising “rain rejections” 
of water that turns out to be not required by irrigators and simply passes down the river. Such 
water may or may not have environmental value in the lower reaches of the river, but it is lost 
to irrigators. 

The accuracy of medium term weather forecasts has improved markedly over the past decade or two. 

3.1.8 Replacement of channels with pipelines 

This obviously reduces losses by seepage and evaporation, but it also improves control of water in the 
distribution system, reducing outfalls back to the river. These outfalls may or may not be able to be re-
used. 

3.1.9 Total channel control 

“Total channel control” refers to a system that can be applied to large gravity channel distribution 
systems. It involves the installation of automatic control gates, communications networks and control 
and management software on existing systems. It is a product developed and marketed by Rubicon 
Systems Australia P/L that is claimed to enable water to be supplied close to “on demand”, producing 
many of the benefits of pipelining in large gravity systems with earthen channels that cannot 
economically be replaced with physical pipelines. 

Ref au6 describes a pilot project carried out in Northern Victoria in 2004. Since then the concept has 
become more accepted in Australia and other countries. 
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3.2 Chinese Taipei 
3.2.1 Mechanisms to manage drought 

Ref ct1 is concerned with measures to manage drought. The obvious method is to increase water 
storage, but it this is difficult because of geographic constraints and lack of available sites because of 
the high population density. 

In restricting irrigation use, a “satisfactory ratio for irrigation (SRI)” is calculated. When the SRI drops to 
70%, then besides field water management, the irrigation depth is reduced, and large-area rotational 
irrigation is applied.  When the SRI drops to 60%, groundwater as well as backup surface water 
resources are used.  When the SRI drops to 50%, groundwater usage is increased and emergency 
rotational irrigation is enforced.  And if the SRI drops below 50%, all irrigation is stopped, irrigation land 
is fallowed and compensation to irrigators may be requested. 

3.2.2 Finding new water resources 

Another solution to solve the water scarcity is finding of new water resources. Some projects intended 
to create new water resources are under investigation. Examples (ref ct2) are desalination, reuse of 
industrial water, rainwater cistern, modification of planting process, etc.  

3.3 India 
3.3.1 Linking of large and small irrigation systems 

The state government of Karnataka in southern India has initiated a novel programme of rehabilitation 
of tanks by desilting and networking of irrigation systems between major and minor irrigation reservoirs. 
Results have been (ref in1): 

(a) Reduced effects of drought in previously drought-prone isolated systems; 
(b) Reduced waterlogging in major irrigation systems that were previously irrigating inefficiently; 
(c) Increased recharge of groundwater in in the low rainfall, mainly rain fed areas; 
(d) Economic improvements in the mainly rain fed areas, and reduced migration away from them; 
(e) Improved micro climate in the rain fed areas; and 
(f) Minimised flood damage in some areas 

3.3.2 Channel lining and pipelining 

The above networking was accompanied by conventional methods of reducing losses in the major 
irrigation areas, such as lining of major channels and pipelining of smaller ones. 

3.3.3 Improved irrigation techniques 

A further element of the overall project was the adoption of improved irrigation techniques such as 
sprinkler and drip irrigation. 

3.4 Iran 
3.4.1 Improved rainfall forecasting 

Seasonal and long term meteorological models are used to forecast precipitation and inflows to 
reservoirs, based on different scenarios. The forecasts are used to prepare operation programs and in 
day to day operation of irrigation systems to maximise the effectiveness of rainfall 

3.4.2 Conjunctive use of surface water and groundwater 

Scarcity of surface water for much of the time, and its tendency to appear as flash flood flows during 
occasional periods of rain, has historically forced Iranian agriculture to exploit groundwater resources, 
traditionally by the gravitational method of combining wells and a sloping gallery internationally known 
as the Kariz or Qanat. Construction of these systems was a tedious task requiring large amounts of 
manpower, and they could take generations to build. Therefore, a village, or sometimes a number of 
villages would share the right to water from the same Qanat and participate in its maintenance. 

In arid areas in which groundwater is scarce and mostly brackish, it is used primarily during periods of 
surface water scarcity for orchard irrigation and then other crops, while the late fall, winter and early 
spring flash floods are used for flood irrigation of the orchards, cropped and fallow lands, and for salt 
leaching of the soil, saving moisture for spring cropping, and other opportunistic irrigation. 
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At present, with access to pumps and electricity, deep groundwater is being extracted and this can 
endanger groundwater quality and the existence of Qanats. 

3.4.3 Operational programs to apportion available water 

Operating plans for the various water systems are routinely prepared at the beginning of the water year. 
These programs prioritize supply of water for drinking, sanitary purposes, sustaining orchards and 
permanent crops, supply to more valuable crops, etc. 

 3.4.4 Water loss reduction projects 

These include: - 

(a) construction of pipe networks for agricultural and domestic water use; 
(b) public information and extension services and socio-cultural capacity building for efficient water 

use; 
(c) equipping water wells with volumetric water meters; 
(d) equipping irrigation networks with water control and measuring equipment; and 
(e) water pricing to discourage wasteful use which incurs high losses. 

3.4.5 using energy price to control pumping 

Pricing of electrical energy can be used as a mechanism to discourage pumping from surface and 
groundwater, but especially from deep groundwater. 

3.4.6 Publicity programs to support drought management measures 

Public relations officers of different institutions inform the public about drought, how to cope with it, and 
prevention of wasteful use of water. The aim is to avoid any sort of social crisis.  

3.4.7 Encouraging water saving measures by farmers 

Mechanisms that farmers can be encouraged to use include: 

(a) Night irrigation to reduce evaporation; 
(b) Careful water scheduling; 
(c) Encouraging the use of pressurised irrigation systems and lining of canals; 
(d) Changing annual cropping patterns to avoid high water consuming crops; and 
(e) Preventing spring and summer cropping (as the second crop). 

3.5 Japan 

Despite its high rainfall, Japan’s agriculture is largely supplemented by irrigation, because it 
concentrates on rice production. Rights to extract water from streams are well developed. Shortages 
during drought are resolved via Drought Conciliation Councils, which share the available water between 
the various holders of rights. The need for these Committees is increasing at least partly because of 
higher temperatures and lower precipitation caused by climate change. 

3.6 South Korea 

3.6.1 More comprehensive planning for drought 

Korea’s spring drought in 2012 led to water shortage in 7,216ha of unplanted area and 8,920ha of 
planted paddy. At that time, Korea established countermeasures to secure water for agricultural use 
and completed most of rice planting. But, 6,452ha of upland field crops were considerably damaged 
because the dry fields had insufficient irrigation facilities for emergency supplementary irrigation. 

Improvement is needed to the operation system of disaster and safety countermeasures. The Korean 
government has an integrated disaster and safety countermeasures for damages from drought, storm 
and flood, but the Korean Rural Community Corporation (KRC) does not. 

Korea also needs to improve and expand a drought information system in the agricultural field, by 
building an integrated water resource management system. 
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3.6.2 Replacing stored water with run-of-river flows and wastewater 

In 2012 drought damage was reduced by, as far as possible, using run-of-river flows rather than stored 
surface water for irrigation. Further savings were made by substituting wastewater for stored surface 
water. 

3.6.3 Replacing stored surface water with groundwater 

There is scope to use groundwater conjunctively with surface water, drawing on groundwater primarily 
in times of shortage of surface water. 

3.6.4 Infrastructure improvement 

Outdated irrigation facilities and earth canals are matters to solve. Many irrigation facilities in Korea are 
more than 30 years. 60% of all irrigation and drainage canals in Korea also are prone to water wastage 
because they are earthen. 

3.7 Turkey 

3.7.1 Construction of small ponds 

Turkey started to construct small dams to store waters in rural areas. Small dams increase reservoir 
capacity for water. Small dams decrease the groundwater uses and ensure groundwater extraction in 
safe yield.  

3.7.2 Transition to modern irrigation techniques 

In recent years, Turkey has pursued water savings in the conveyance of water and lessening the on- 
farm water losses. Pressurized pipe systems, sprinkler and drip irrigation methods were utilized after 
2003. A project is being implemented for rehabilitation of irrigation systems with O&M responsibilities 
being transferred to water user organizations. A basic principle of the Project is that water users bear 
part of the costs. 

3.7.3 Drought management plans 

Drought management plans are key tools to cope with drought. Plans consist of the determination of 
drought, responsible institutions, responsibilities and actions. The main aim of the drought management 
plan is to lessen the negative impacts of drought in different sectors (Agriculture, domestic water supply, 
energy etc.) 

3.7.4 Drought monitoring and early warning systems 

Droughts have some important early signals like decrease in rainfall, snow, groundwater levels and 
surface water storages. Monitoring of these parameters and using drought indicators (SPI, palmer 
drought index) are very common methods for early warning. In addition to this, large scale atmospheric 
circulations (North Atlantic Oscillation) are related to the drought conditions of Southern Europe and 
Turkey.  

3.7.5  Reuse of wastewaters for irrigation 

Re-use of wastewater is another water supply possibility and also some studies to use return flows from 
irrigation for irrigation again.  

3.7.6 Construction of Groundwater dams 

Storing water under the ground decreases evaporation loses and increases water storage capacity. In 
recent years, Turkey started to construct groundwater dams in the semi-arid Middle Anatolia Region.  

3.7.7 Research on determination of evapotranspiration  

The main water loss from the surface is evapotranspiration. In Turkey, annual mean precipitation is 643 
mm, which corresponds to 510 billion m3 of annual water volume in the country. A volume of 274 billion 
m3 water evaporates from water bodies and soil. It is important to determine evapotranspiration 
precisely to take necessary precautions to lessen it. 

3.7.8 Studies to determine the effects of climate change to water resources 

Climate change projections show an increase in temperatures all over the Turkey and a decrease in 
precipitation in some parts of the country. There are potential effects of climate change on drought 
duration and severity.   
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3.7.9 Enhancing the monitoring systems for surface water and groundwater uses 

The first step to control water uses is monitoring. By monitoring water resources, implementation of 
allocation strategies, water pricing policies can be implemented. Groundwater Monitoring System 
Regulation came into effect in 2011. 

3.7.10 Rising awareness of water users 

The main water user sector is agriculture. In Turkey 73% of water use is for irrigation. For this reason, 
training of farmers is of crucial importance. 

3.8 United States of America 
3.8.1  Weather forecasting 

Weather forecasting is used to determine water needs in irrigated areas in advance. Improved and 
longer-range forecasting adds value to this technique. 

3.8.2 Soil moisture measurement 

Soil moisture measurement technology in conjunction with weather forecasting to schedule irrigation 
deliveries assures soil moisture holding capacity is available when rainfall is anticipated (creates space 
for the rainfall to be fully utilized). 

3.8.3 Modified tillage 

Introduction of additional organic material, modified tillage methods, etc. Increase the water holding 
capacity of soils 

3.8.4 Movement of stock 

Moving cattle and other grazing animals from one pasture to another takes advantage of forage 
development based on varying soil and moisture conditions. 

3.8.5 Fallowing 

Following is a long-established technique to allow recovery of soil moisture content. 

3.8.6 Increasing soil infiltration 

Improved tillage methods increase soil infiltration rates as well as the water holding capacity of the soil. 

3.8.7 Tillage to hold surface water 

Tillage methods that create small pockets that hold rainwater also increase infiltration. 

3.8.8 Conservation tillage 

Conservation tillage keeps approximately 30% of the soil surface covered with plant residue from the 
previous crop. Residues increase rainfall infiltration by acting as small barriers that slow water 
movement down slopes.  Residues on the on the surface also absorb the force of raindrops that fall to 
the soil, reducing the packing effect of raindrop impact on the soil surface.  Residues on the surface 
also reduces soil water evaporation by acting as a physical barrier to water vapour movement from the 
soil to the air as well as keeping the soils cooler and thereby reducing the energy level at the soil 
surface. 

3.8.9 Loosening compacted soils 

Tillage methods that loosen compacted soils increase the volume of soil that roots have to grow in. 

3.8.10 Eliminating chemical restrictions 

Chemical restrictions to root growth can be reduced or eliminated by methods such as liming acid 
subsoils. 

3.8.11 Crop management at different growth stages 

Crop management methods that take advantage of crop needs at various stages of growth are used to 
maximize the use of available water supplies.  For example, maximizing early season vegetative growth 
in forage crops to take advantage of available water is a good practice while encouraging early 
vegetative growth of grain crops can have a detrimental effect on the yield of that crop when water is 
not as available later in the season when the grain matures. 
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3.8.12 Improved irrigation delivery 

Improved methods of delivery and use of irrigation water can maximize the conjunctive use of 
precipitation and irrigation water.  This involves the use of new technology in water measurement, water 
flow control and water conservation. 

3.8.13 Comprehensive drought monitoring service 

A comprehensive nation-wide drought monitoring service is produced, updated each week (Ref us2). 
An insight into what the State of California is doing to manage the current severe drought in that State 
can be gained from Ref US3 

4. Documentation and publication of policies and practices 
4.1 Australia 
As shown in the various references, there is plenty of documentation available about the various 
techniques described above. 

As always, there can be a long gap between the development of a technique by researchers and its 
adoption by farmers and system operators. This can be for various reasons including lack of education 
of the rural population, availability of funds, economic efficiency compared with technical efficiency etc. 

In Australia the farming population is relatively well educated and becoming more so. Despite that, there 
will always be innovators who are willing to try new ideas first. If the idea is seen to work it will be taken 
up relatively rapidly by mainstream farmers, subject always to economic pressures. There will also 
always be a few conservatives who are slow to adopt improvements. 

In Australia, until about 2002 many techniques for maximising the effective use of both rainfall and 
irrigation water were not widely used, simply because there was no economic imperative. The capital 
cost of more efficient irrigation systems or more intensive management of dryland farming was less 
than the cost of extra irrigation water or continuing with lower input management arrangements. 

That has changed in the past decade, largely due to a series of drought years which may well be an 
indication of more permanent climate change. The result is that water-efficient management is 
becoming more economically attractive simply because of a lack of water. Despite that, the adoption of 
new techniques can still be inhibited by lack of capital, which in many cases has been cause by the 
same period of drought. 

4.2 Chinese Taipei 
The booklet cited as ref ct1 is good background and describes in detail the bureaucratic and institutional 
processes of drought management in Chinese Taipei. However, it does not cover technical responses 
to drought management. 

As far as farmers are concerned, there are two organisations in Chinese Taipei, the Farmers’ 
Associations and the Irrigation Associations.  The latter focuses mainly on irrigation and drainage, while 
the former takes care of other needs that farmers may have, including finance. For irrigation-related 
practices, farmers can find assistance from Irrigation Associations (or even Farmers’ Associations) very 
easily. 

In order to impose various strategies against droughts, a warning system by the colour of the light-
signals has been established.  Red-light alert represents stage three water restriction (rationing) in 
which domestic water is supplied by zones; orange alert represents stage two water rationing in which 
water supply for the major users is restricted; yellow alert represents stage one water rationing in which 
the water pressure is reduced at night and the agricultural water supply is also decreased; green light 
represents slight conditions in which water resources allocation is strengthened while further measures 
are prepared; and blue light represents a normal condition in which water supply and demand is in a 
stable condition. 

4.3 Iran 
Water allocation plans are prepared by provincial committees and reviewed and approved at national 
level. This process is very public and well documented. 
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4.4 South Korea 
Reference sk1 cites several further references on drought management in South Korea 

4.5 Turkey 
Rainwater harvesting was in common during the Bizantine period of Anatolia. There are lots of cisterns 
all around the Anatolia. Some of them are still in use, others are tourist attractions. 

Documentation of practices includes:   

(a) Basin master plans; 
(b) Basin management plans; 
(c) Drought Management plans; 
(d) Groundwater Dams (in Turkish); 
(e) Preservation of historical water structures. 

4.6 United States of America 
Rainfall harvesting in the United States has not been as aggressively pursued as in other countries 
throughout the world.  The documentation of rainfall harvesting for municipal or domestic use is rapidly 
increasing in the USA as demand for water in these areas increases. 

Documentation of rainfall harvesting in the USA for agricultural purposes is plentiful as it relates to 
modification of tilling methods to make better use of precipitation.  Documentation of rainfall harvesting 
by collecting runoff of buildings, etc. for agricultural uses is essentially non-existent except for some 
documentation of using this method to obtain water for washing of produce, cleaning of equipment and 
facilities, etc.  This can be explained in part to the fact that many producing farms in the USA are very 
large operations and require large quantities of water to operate. 

As competing demands for water among the environment, agriculture, recreation, domestic and 
industrial arenas increase, the need to utilize all sources of water to their maximum extend will also 
grow.  This will also bring about a need to increase research and educational opportunities in the rainfall 
harvesting area. 

5. New practices and experiences 
5.1 Australia 
5.1.1 Cloud seeding 

Snowy Hydro 

Snowy Hydro Ltd is the operator of the Snowy Mountains Hydro-electric scheme, and its main purpose 
is to generate hydro-electricity from the Scheme, which covers much of the Australian Alps. Snowy 
Hydro has been carrying out a detailed cloud seeding trial since 2004. A mid-term review of the trial 
(Ref 7) by the Natural Resources Commission NSW found that: 

(a) The trial was being conducted to a high scientific standard; 
(b) There was no evidence of adverse environmental impacts; and 
(c) There was evidence that cloud seeding increased snowfall in the target area under defined 

weather and operating conditions. 

Hydro Tasmania 

Hydro Tasmania operates many hydro-electric projects in the State of Tasmania. It has been involved 
(Ref 8) in both experimental and operational cloud seeding since 1964. It conducted three successful 
experiments on cloud seeding: 

(a) Stage I: 1964-1971. This was an alternate year experiment providing randomisation on a 
seed/no seed 1:1 ratio in conjunction with CSIRO. The target area was the Central Plateau and 
silver iodide was used as the seeding agent. 

(b) Stage II: 1979-1983. The experiment used a ratio of suitable seeded/unseeded days at 2:1 to 
provide randomisation and was also conducted in conjunction with CSIRO. Silver iodide was 
used as the seeding agent. 
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(c) Stage III: 1992-1994. This experiment was very similar to Stage II except that dry ice was used 
as a seeding agent and the work was completed by Hydro Tasmania alone. 

Hydro Tasmania now cloud seeds on a regular operational basis. 

5.1.2 Cloud and fog harvesting and trapping 

There appears to be no Australian experience in this area. 

5.2 Chinese Taipei 
The term “artificial rainfall is gradually being replaced by “artificial increase of rainfall” 

The use, or re-use, of “return flow” is increasing. 

 

Cloud seeding – Iran appears to have a serious interest in cloud seeding – see ref 2 

Fog harvesting – again Iran appears to have an interest – Ref 3 concluded that the south of Iran had 
the potential to harvest fog and moisture from the humid atmosphere for 160 – 360 days per year. 

5.3 Turkey 
Early warning of droughts is studied by Turkish researchers in the context of the relation between   large 
scale atmospheric circulation and droughts. See references. 

5.4 United States of America 
Cloud seeding is the most extensive method used in the United States of America to increase 
precipitation.  Cloud seeding is the deliberate treatment of certain clouds or cloud systems with the 
intent of affecting the precipitation process(s) within the clouds.  Cloud seeding can be used to increase 
precipitation, fog dispersal for improved visibility and hail suppression.  The most common use of cloud 
seeding is to increase precipitation.  Cloud seeding projects in the USA began in the late 1940s.  
Presently there are over 60 active cloud seeding projects in the USA.  The USA does not pursue this 
method of maximizing the effective precipitation as extensively as other countries of the world.  
However, it is still a very important aspect of managing water resources.  The effectiveness of this 
process is somewhat questionable but researchers estimate that precipitation in treated areas can be 
increased by more than 10%. 

It has been estimated that present cloud seeding operations throughout the Sierra Nevada mountains 
in the States of California and Nevada produce an additional 300,000 to 400,000 acre-feet of water 
annually.  Another 300,000 to 400,000 acre-feet per year may be available from these same mountains. 

6. Other contributions 
Two papers originating from countries other than those included in the main parts of this paper have 
been received. 

(a) Reference ot1, from France, describes field trials to estimate the impact of different drip line 
distances at the experimental site using a new optimal Subsurface drip irrigation (SDI) 
management framework. Using Hydrus-2D, optimal irrigation control functions for a uniform 
distribution of the irrigation water while minimizing deep percolation were determined. A 
simulation-based approach was applied to optimize the intra-seasonal adaptive deficit irrigation 
schedule. 

(b) Reference ot2, from Indonesia, describes the development of a hydrological drought index for 
Indonesia, using the indicator of traditional pasten, or its modern derivative indicating the ratio 
between water supplied available and the corresponding water demand in an irrigation system. 
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