
MESSAGE FROM  

THE PRESIDENT
Dear Colleagues and Friends,

As I complete three years of my tenure 
as President of ICID, I look towards 
our successful and rich association 
for the period and want to thank 
you, with appreciation, pride, humility 
and gratitude. It was a privilege to 
communicate with you through the 
President's Message of ICID News and 
other media and we will continue to 
keep contact in future. My tenure has 
been hugely rewarding but a challenging 
one as well. We got the opportunity 
to celebrate 70 years of existence of 
ICID, where with all your cooperation, 
we were able to make significant 
contributions in reviewing the status 
of our respective national status of 
irrigation and drainage development. We 
were able to increase our participation 
in the Global Framework on Water 
Scarcity in Agriculture PH Prof. Chandra 
(WASAG) initiative of FAO by having PH 
Chandra Madramootoo as a member 
of the Steering Committee and me 
getting elected as Chair of the Steering 
Committee. We also launched a new 
initiative, the International Network of 
Service Providers for Irrigation Excellence 
(INSPIRE) piloted by the World Bank to 

of work bodies with plaques. The 71st 
IEC meeting, though held virtually, 
turned out to be a huge success with 
the participation of more than 150 ICID 
National Committee Delegates from over 
35 countries representing all continents. 
We also got a chance to interact with 
some of our past Office Bearers who 
are unable to undertake arduous travels.

Congratulations to Prof. Dr. Ragab Ragab, 
a long-term associate of ICID, as newly 
elected President of ICID through an 
electronic voting process under the 
supervision of PH Prof. Bart Schultz 
who acted as the election officer.  I am 
confident that I am handing over the 
presidency to very able and experienced 
irrigation professional.  I would like to 
quote from the President Elect's message 
delivered in the IEC -- “I am aware of the 
enormous challenges and responsibilities 
of the position and solicit the firm 
support of all National Committees, 
members and chairs of the various work 
bodies, the Office Bearers, the Secretary-
General and staff of the Central Office 
for carrying forward the vision, mission, 
and goals of the Commission during 
my presidency."  Let us all congratulate 
the incoming President and three new 
Vice Presidents and wish them all the 
success in conducting ICID activities.  
I take this opportunity to congratulate 
ICID Secretary General Er. Ashwin Pandya 
who has been re-appointed for four 
more years based on his merit-based 
management approach.  We wish him 
also a successful new term.

Please take care and stay safe as we
look forward to a productive 2021.

With Regards,

Felix Reinders
President Hon., ICID 

establish as a forum of professionals 
for Irrigation Service delivery. Though 
the prevalent COVID-19 situation did 
curtail our face-to-face networking, we 
did compensate that with the online and 
electronic communications and virtual 
meetings, so was the case of the virtual 
71st International Executive Council (IEC) 
Meeting, the highest decision-making 
body of ICID.

IEC is vested with the management of the 
affairs of the International Commission 
on Irrigation and Drainage. All matters of 
policy that may be initiated or sponsored 
by any member National Committee or 
Office Bearer or by the Management 
Board come under its purview. It may 
itself initiate and determine or otherwise 
advise and lay down any policies, 
decisions on the matters of strategic 
importance. Every year the IEC Meeting 
is organized to discuss the executive, 
administrative and financial functions 
of ICID. This year, the 71st ICID IEC 
Meeting was organized virtually through 
the ICID Central Office due to Covid-19 
restrictions worldwide. The meeting was 
held in two sessions on 7th December 
and 8th December 2020 to deliberate 
upon important issues concerning ICID.

The first session held on 7th December 
2020 took decisions based on the 
outcomes and recommendations of the 
work bodies and permanent committees 
presented through the reports of the 
Chairs of the Permanent Committees on 
Finance, Strategy and Organization and 
Technical Matters of ICID. The second 
session held on 8th December 2020 took 
decisions on the rescheduling of future 
ICID events for which the dates and 
venues had already been fixed, besides 
the announcement of WatSave and 
Best Paper award winners, recognition 
of World Heritage Irrigation Structure 
(WHIS), announcement of results of the 
election of office bearers and honouring 
the retiring Office Bearers and chairs 
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Exploring the Many Perspectives on 
Irrigation Efficiency 

Why was the paper written? The paper 
comes out of the observation that 
irrigation efficiency (IE) is understood 
differently by stakeholders depending 
on different scales and dimensions. 
For example, farmers have their local 
views on why IE matters to them 
and how to manage it, but this can 
differ from scientists concerned that 
increases in irrigation efficiency might 
not conserve water at the ‘river basin’ 
scale. The paper also believes that 
irrigators, irrigation systems, river 
basins, aquifers and their hydrologies 
are case-specific and unique. This 
means that generalisations about IE 
might hinder more than they help. 
Understanding these differences 
and how they originate will help us 
discuss irrigation efficiency more 
carefully, inclusively and with a wider 
perspective. 

What does the abstract say? “An effective 
placement of irrigation efficiency in 
water management will contribute 
towards meeting the preeminent 
global water challenges of our time 
such as addressing water scarcity, 
boosting crop water productivity and 
reconciling competing water needs 
between sectors. However, although 
irrigation efficiency may appear to be 
a simple measure of performance and 
imply dramatic positive benefits, it is 
not straightforward to understand, 
measure or apply. For example, 
hydrological understanding that 
irrigation losses recycle back to 
surface and groundwater in river 
basins attempts to account for scale, 
but this generalisation cannot be 
readily translated from one location 
to another or be considered neutral 
for farmers sharing local irrigation 

networks. Because irrigation efficiency 
(IE) motives, measures, effects and 
technologies play out at different scales 
for different people, organisations 
and purposes, and losses differ from 
place to place and over time, IE is a 
contested term, highly changeable and 
subjective. This makes generalisations 
for science, management and policy 
difficult. Accordingly, we propose 
new definitions for IE and irrigation 
hydrology and introduce a framework, 
termed an ‘irrigation efficiency matrix’, 
comprising five spatial scales and ten 
dimensions to understand and critique 
the promises, pitfalls and paradoxes of 
IE and to unlock its utility for addressing 
contemporary water challenges”.

What are the five scales? The scales 
are the columns in the IEM. Moving 
from the lowest to the highest scale, 
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Lankford, B., Closas, A., Dalton, J., López Gunn, E., Hess, T., Knox, J.W., van der Kooij, S., Lautze, J., 
Molden, D., Orr, S., Pittock, J., Richter, B., Riddell, P.J., Scott, C.A., Venot, J.P., Vos, J. and Zwarteveen, M.*

A new paper on irrigation efficiency has been published in one of the world’s leading sustainability journals; ‘Global Environmental 
Change’. The paper is open access and can be found here: https://www.sciencedirect.com/science/article/pii/S0959378020307652 

What does the paper do? The paper invites a broad discussion on irrigation efficiency by allowing its many different 
perspectives to be placed within a framework.  The framework is called the ‘Irrigation Efficiency Matrix’ (IEM) – see the figure 
below.
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* A scale-based framework to understand the promises, pitfalls and paradoxes of irrigation efficiency to meet major water challenges, Global
Environmental Change, Volume 65, November 2020, 102182
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What are the ten dimensions? The 
dimensions represent the ‘rows’ in 
the IEM. They are: (a) IE-related water 
development goals and challenges 
in each and all scales in different 
locations; (b) people associated 
with each scale; (c) time-frames; 
(d) multiple motives behind IE; (e) 
science approaches to IE; (f) views 
on irrigation losses, wastes and 
savings; (g) views on water allocation 
connected to IE; (h) perspectives on 
improving IE via technological change; 
(i) understanding the wider contextual 
dynamics that IE sits within, and; (j) 
innovation and leadership shaping the 
procurement of IE research for policy.

Why are the dimensions important? 
They show how irrigation efficiency is 
understood from different perspectives, 
for example, driven by specific motives 
and aims, or disciplinary background, 
or the state of current science, or 
from views about ‘modern and smart’ 
irrigation technology. 

How might the matrix be employed? 
At this stage, the IEM is primarily a 
dialogue tool. Future versions might 
see tool-kits, policy-guides and 
interactive software to help explore 
science, practice and policy pathways. 
To develop further, it needs to be 
tested ‘on the ground’. 

What are the limitations of the paper? 
The paper is a map and therefore 

does not tell stakeholders how to 
design programmes to manage or raise 
irrigation efficiency. The IEM might 
be seen as too complex for those 
who want to simply ‘raise irrigation 
efficiency’ without thinking through its 
consequences. It might be seen also 
as too simple by others who believe 
the IEM cannot capture the real world 
which is exceptionally heterogenous, 
messy and in flux over space and time. 

What does the paper call for? Most 
of all, it calls for ambitious new 
research of irrigated systems and their 
performance across all scales. It also 
calls for many voices and people to 
be involved in discussions surrounding 
irrigation efficiency and its connections 
to water productivity. 

What else is in the paper? It explores 
different ideas surrounding the science 
of irrigation efficiency across fives 
scales; it proposes a new definition 
for ‘modal irrigation efficiency’; it 
suggests how a number of pitfalls 
and paradoxes arise across the five 
scales and ten dimensions, and; it 
asks us to more carefully track and 
trace salvaged water (and which is 
competed over) as a result of gains 
in irrigation efficiency - a topic called 
the paracommons. 

these are; (1) sub-field (comprising 
individual crops and plants, sub-plots, 
and single rows and furrows); (2) 
the field, farm and tertiary levels of 
irrigation systems, here comprising 
areas and blocks as well as water 
distribution and drainage infrastructure 
and farm or small-scale storage bodies; 
(3) primary and secondary levels 
of, and whole, irrigation systems, 
comprising areas and infrastructure 
for water conveyance, storage and 
drainage; (4) the catchment, river basin 
or aquifer, comprising all and groups 
of irrigation systems, and; (5) national, 
transboundary-, multi-, supra- and 
international scales involving a range 
of interests (e.g. industry, corporate, 
NGO) interests regarding the irrigated 
agricultural sector, food chains and 
water more broadly. 

Why are scales important? They reveal 
why different perspectives on irrigation 
efficiency arise from a ‘scales point of 
view’. For example, at the lower scale, 
farmers irrigating fields and farms might 
approach irrigation efficiency out of 
concerns that they or their neighbours 
are ‘wasting water’ and slowing down 
the rotation of irrigation turn. But at 
global scale 5, commercial organisations 
might be concerned with reputational 
matters related to their water footprint. 
Reconciling these scalar differences is 
not easy – so the IEM tries to make 
these puzzles more transparent. 
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Alternate Wetting and Drying in Rice

Climate change is gradual but it 
affects many parts of the world 
influencing people’s life adversely, 
such as agriculture, food security, 
water resources and biodiversity as 
a whole. Its impact on agriculture 
has great significance in the world 
economy. Agricultural adaptation to 
climate change is a complex, multi-
dimensional, and multi-scale process 
that takes on several forms. The 
farmer’s ability to adapt to climate 
change is not evenly distributed 
among or within the nations. Some 
farmers may be able to adapt to the 
changing conditions, while many 
may not. Among those who did 
adapt to climatic changes, the most 
common strategies include the use of 
different crops or varieties, planting 
trees, soil conservation, changing 
planting dates, and water-saving 
irrigation practices. Researchers 
and policymakers are also providing 
mitigation and adaptation strategies 
for climate change. The Indian 
Council of Agricultural Research, 
State Agricultural Universities, 
International institutes and Capacity 
building institutes are proposing 
various adaptation strategies to 
farmers. Of these, the water-saving 
technologies, alternate livelihood 
practices and stakeholder integration 
have emerged as a priority. 

The present paper has demonstrated 
the importance of capacity building 
on water-saving interventions in 
Andhra Pradesh and the Telangana 
States of India. The water-saving 
interventions include alternate 
wetting and drying (AWD), a modified 
system of rice intensification (MSRI) 
and direct-seeded rice (DSR). The 

water-saving interventions were 
disseminated under the Krishna 
River basin through the climate 
change and adaptation program 
(CLIMAADAPT) funded by The Royal 
Norwegian Embassy, New Delhi-
India. Data collected from adopters 
and non-adopters with before 
and after scenarios was used for 
analysis. The double-difference 
method was employed by the 
authors to assess the impact of 
water-saving technologies on yields 
and net income showing different 
agronomical aspects of practices.  

The capacity building programs with 
the support of village knowledge 
centres has increased the awareness 
of the farmers on climate change 
and adaptation of water-saving 
technologies. The impact of the 

capacity building was significant on 
the expected positive line, which 
showed that the crop yield was 
increased by 0.96, 0.93- and 0.77-
tons/ha through AWD, MSRI and 
DSR, respectively (Table 1). The three 
practices have increased the farmers’ 
income and decreased the cost of 
cultivation, particularly in DSR by 
Rs.11,000 (US$ 169) per ha (Table 2). 
Due to this the adoption rate has 
increased significantly in the states 
under canal commands. The water-
saving interventions can be more 
focused in the canal commands at a 
larger scale for equal distribution of 
water to all the head, middle and tail-
end regions. The village knowledge 
centres established at cluster level 
have played a key role in creating 
awareness of new interventions and 
providing services to the farmers. 

Adaptation to Climate Change: Impact of 
Capacity Building, India

Krishna Reddy Kakumanu1, Yella Reddy Kaluvai2, M. Balasubramanian3, Udaya Sekhar Nagothu4,  
Gurava Reddy Kotapati2 and Sunitha Karanam5
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S. No Observations from AWD MSRI DSR

1 Trained farmers before 5.30 5.85 5.55

2 Trained farmers after 6.43 6.96 6.50

3 Control group before the program 5.57

4 Control group after the program 5.74

5 Net impact due to capacity building and interventions 0.96 0.93 0.77

S. No Observations AWD MSRI DSR

1 Net impact on cultivation cost (Rs ha-1) 1200 2380 -11000

2 Net impact on net income (Rs ha-1) 10300 11000 26300

Table 1: Impact of Water-saving interventions (tons/ha)

Table 2: Net impacts due to water-saving interventions 

Modified system of rice intensification –Machine transplantation

Direct seeded rice

ICIDICID3rd-4th QUARTER2020
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1. Background

Growing concerns about water 
scarcity pose new challenges for 
water resources, food security 
and sustainable management of 
this finite resource. The increased 
pressure on water resources has 
affected its equitable availability as 
well as its quality over the years. 
Erratic and uncertain supply and 
demands unrelated to supply patterns 
combined with climate change will 
further aggravate the situation of 
currently water-stressed regions 
and generate newer water stress 
regions where water is presently 
available. United Nations World Water 
Development Report 20201 states 
that global water use has increased 
by a factor of six over the past 100 
years and continues to grow steadily 
at a rate of about 1% per year as 
a result of increasing population, 
economic development and shifting 
consumption patterns. 

2. ‘Water’ as a policy Issue

Water has long been treated 
as a priority policy issue at 
international, national and regional 
levels given the extremely serious 
consequences resulting from 
inequitable, unsustainable use of 
water. The United Nations World 
Water Development Report 2009 
warned that incompetent policies 
and un-monitored implementation 
can lead to disastrous water 
management putting both economic 
and food security at a higher risk. 
Consequently, the global water crisis 
has been accompanied by a concern 
about a looming global food crisis. 
William J. Cosgrove and Daniel P. 
Loucks (2015)2 rightly states in their 
paper titled, “Water management: 
Current and future challenges and 
research directions” that meeting 
sustainable water development goals 

would require government-induced 
institutional and technological 
innovations to supply, allocate, and 
manage water, as well as a sustained 
political and financial commitment 
to address those who might be left 
behind. 

The need to bring a strategic 
change towards efficient water 
management using water policies 
is urgent more than ever today, 
particularly in developing countries. 
By 2025, as much as two-thirds of 
the world's population could be living 
in countries subject to water stress 
a majority of them in developing 
countries. As Olivia Jensen3 mentions, 
designing effective water policy in 
developing countries has become 
even more challenging for many 
reasons, including but not restricted 
to the limited capacity of stakeholders 
across sectors and the dearth of 
financial and social resources for 
formulating and implementing policy.

Globally policymakers assigned 
to manage these problems face 
many challenges like increasing 
population, distributed demands 
among varied sectors, rapid 
urbanisation with its increasing 
requirements coupled with ever-
changing environmental concerns. 
However, making developing nations 
more vulnerable to agriculture-based 
economies. While rigorous scientific 
research with quantitative deductions 
is needed to better understand how 
these complex interactions may 
develop over the coming decades, 
the associated social, political, and 
environmental implications with an 
understanding of water policy are 
equally essential. 

Traditionally, public water policy was 
strictly understood as the legislation 
and regulations covered under the 
broad issue of water management 

covering the legal guidelines, 
frameworks governing infrastructural 
development,  environmental 
changes and research funding. Water 
policy today generates directions 
and goals to be achieved and 
forms the basis of all the relevant 
actions directed by rules, intent, and 
instruments with which governments 
manage their implementation. It 
considers not only the regulatory 
framework but also the planning 
around water resource allocation as 
well as the implementation practices 
to be conducted in conjunction with 
all the relevant stakeholders. Public 
water policy occurs at all levels, 
internationally binding agreements, 
transboundary basin principles, 
multi-lateral settlements as well as 
national reforms. 

Water management and planning 
move with a momentum of their 
own and at their speed due to 
involvement of multiple set of 
disciplines of knowledge and 
activities. The disciplines span from 
highly scientific to socio-political and 
activities may involve challenging 
issues like land and people 
management and establishment of 
equitability among the competing 
groups. Therefore, the water policy 
has to not only understand the 
present problems but also project in 
future and foresee the problems that 
can come up in medium and long 
terms. One of the major cares to be 
taken while drafting the policy is to 
get focussed on a single approach 
excluding the others. All available 
approaches should be examined 
and given due weightage. Since the 
effect of the policy interventions 
will be felt all across the society, 
the policy development has to be 
multi-layered in which the issues 
at any layer are dealt in a manner 
which will enable the lower layered 
developments to adjust themselves in.

Rethinking Water Policy Reforms
Ashwin B. Pandya and Shreshta Sharma, ICID

1 World Water Report 2020 https://www.unwater.org/publications/world-water-development-report-2020/ 
2 William J. Cosgrove & Daniel P. Loucks (2015) Water management current and future challenges and research 
3 Olivia Jensen (2019) Designing effective water policy: capacity and effectiveness of reforms in developing countries, Policy and Society, 38:1, 77–95

ICIDICID3rd-4th QUARTER2020



7

4  Meeting the water reform challenge OECD Environmental Outlook series 2050 http://www.oecd.org/environment/resources/49839058.pdf

Over the past decades, national 
policies, international policy 
agreements and United Nations 
policy-making processes emphasised 
on safe drinking water and sanitation 
with equitable access, and Integrated 
Water Resource Management 
(IWRM) gaining tandem, however 
leaving behind the transient 
ecological concerns of water as 
an independent resource from the 
focal discussions. UN World Water 
Report 2020 points out that even 
though 2030 Agenda for Sustainable 
Development recognizes that 
social development and economic 
prosperity depend on the sustainable 
management of freshwater resources 
and ecosystems, the identification 
of water resource as an essential 
connecting factor for reaching the 
SDGs is often left unacknowledged. 
Furthermore, the integration of global 
agendas using water management 
as a tool has also been lagging.

There is no escape from the fact that 
the demand for finite and vulnerable 
water resource will continue to 
expand with a commensurate 
increase in the competition for its 
use. Meeting the challenges ahead 
of global food and water scarcity 
will require action on many fronts, 
however, some key priority areas 
need immediate reforms. Globally 
as well as regionally focusing 
on the intrinsic balance of water 
supply and demand, implications 
of water governance and promotion 
of scientific water education could 
shape reforms in future water 
policies.

3. Intrinsic Balance of water 
supply and Demand

The priority policy reform area 
is understanding, managing and 
striking the intrinsic balance between 
the supply and demand of water 
resource for efficient and equitable 
water management.

As discussed by Cosgrove and 
Loucks (2015) in their publication, 

traditionally, water infrastructure and 
water management systems have 
been designed and constructed 
based on historical observations 
of climate and hydrological 
data and consumption trends, 
followed by statistical analysis 
and interpretations. However, with 
changing consumption patterns and 
uncertain natural supply channels 
the overall availability of water 
is affected. Water engineers and 
managers will need the information 
about these uncertainties which will 
affect probability to carry out risk-cost 
analyses of alternative investments in 
infrastructure needed in the future. 
Extensive data collection on supply 
and demand for water resource is 
required for efficient management, 
storage and distribution. 

“Autonomous adaptations”, i.e. 
adapting to the changes in the 
supply patterns at individual levels, 
should become part of policy 
practice, for the primary users 
especially farmers who can change 
cropping patterns in line with 
temporal variabilities, allowing for 
changes in quantity and timing of 
precipitation. Furthermore, strategies 
for water storage infrastructure to 
manage supply in extreme situations 
will require institutional changes. 
Policy reforms should be proposed 
to sensitize the users of water's 
availability to motivate the authorities 
to manage and adapt to the natural 
water supply patterns. 

4. Water Governance

The second priority area that 
needs reform is the governance 
systems related to water resource 
management. In the World Water 
Development Report, the United 
Nations has strongly stated that the 
“water crisis is essentially a crisis of 
governance and societies are facing 
several social, economic and political 
challenges on how to govern water 
more effectively”.

As a recent report4 of Organisation 
for Economic Cooperation and 
Development (OECD) states, Water 
is moving from being a local 
issue to an interdependent global 
resource affecting a plethora of 
stakeholders at the basin, municipal, 
regional, national and international 
levels. In the absence of an 
effective governance mechanism, 
the institutional and structural 
interdependencies across policy 
areas, transboundary basins, levels 
of government, community and 
the primary users face various 
challenges to design and implement 
coherent water reforms. Public 
participation, adequate capacity 
development, appropriate allocation 
of roles and responsibilities, and 
suitable resource allocation across 
the sectors using legal policy 
instruments can bring accountability 
and transparency. Policy reforms are 
required in favour of establishing and 
engaging in participatory platforms 
and other democratic processes for 
water governance decision-making 
and oversight. As proposed earlier, 
scientific information and research 
data also need to be available and 
used at the local level, particularly in 
the local multi-stakeholder decision 
processes. 

The Lake Naivasha Growers Group 
(LNGG)’s Water Resource Users’ 
Association (WRUAs) is one such 
successful case study of participatory 
water governance from Kenya. In 
this project corporates, community 
and the government authorities 
established multiple local WRUAs, 
while implementing Kenya's national 
water policy, promoting decentralized 
governance by user groups. The 
approach significantly impacted water 
availability and quality. It promoted 
the adoption of water conservation 
measures and environmentally 
friendly livelihood strategies. This 
case study showcases the benefits 
of a collaborative governance model 
leading to sustainable management 
with shared ownership. 

ICIDICID3rd-4th QUARTER2020
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Some Technical Aspects of the Ancient 
Sudarshan Dam in India

Umesh C Chaube1, Himanshu Chaube2, and Shivam Chaturvedi2

Introduction

The ancient Sudarshan dam (Junagadh 
district of Gujarat state of India) 
was constructed in year 322 BC. It 
pertains to Mauryan period of Indian 
history (322 BC to 185 BC). The dam 
has been briefly mentioned in the 
book “Historical Dams” published by 
ICID (2001)1. Archaeological findings 
of the Sudarshan dam have been 
discussed in detail by Mehta2. This 
note covers an analysis of some 
technical aspects of Sudarshan dam 
and the reservoir that astonishingly 
had a very long useful life (from 
322 BC to 450 AD). 

Sudarshan Dam Technology

Construction Material: Mehta2, 
during field observations, found that 
the remnant earthwork was studded 
with stones and the upstream side 
of the dam was covered with stone 
pitching to control the erosion. 

Strong abutments: Girnar hills on 
either side of the river provided 
strong abutments for the dam.

Foundation of the dam: The 
Sudarshan dam was constructed 
on sandstone outcrop providing a 
strong foundation.

5. Water Education

The third priority area to examine for 
reforms is Water Education with a 
strong foundation rooted in scientific 
pursuits and future research. To 
achieve expected outcomes and set 
objectives, public awareness-raising 
using educational and capacity 
development programmes and 
promotion of existing technologies 
is sine qua non. Decision-makers 
should have access to knowledge 
and information, and all the persons 
involved in the process have a right 
to benefit from data, science and 
its applications. Policymakers should 
know all their options, associated 
opportunity costs and alternatives 
based on scientific evidence under 
every scenario for a sustainable 
future. 

As the paper titled “Global Water 
Governance in the Twenty-First 
Century” in World's Water Volume 
865 suggests, onsite education and 

capacity building play a major role in 
facilitating successful and effective 
bottom-up or horizontal technology 
and knowledge transfer. Especially 
in regions with very limited access 
to and understanding of state-of-
the-art technological solutions, or 
with limited institutional capacity to 
provide local technological training.

In matters of water utility, it is 
pertinent to understand that the 
primary users of water are the 
actual decision-makers, without 
their informed choice of sustainable 
water management it will remain a 
far-fetched reality. Therefore, it is 
of great significance to train the 
upcoming generations. As part of 
their academia, awareness creation 
syllabi on water scarcity can direct 
their actions towards more effective 
use of water in everyday activities. 
Specialised educational institutes 
like UNESCO-IHE Institute for 
Water Education provides academic 
platform facilitating water sector 

learnings and research exchange of 
technologies. Similar international, 
national and regional institutions 
can facilitate focused research and 
development, making resources and 
research more accessible to the 
developing nations struggling with 
hydrological variations and limited 
resources.

6 Conclusion

Finally, this ongoing challenge 
for reforms and proposed policy 
designs in the water sector across 
developed and developing countries 
boils down to the promotion, 
implementation and regulation of 
new issues and priorities while 
keeping down regulatory risks 
and the associated cost of capital. 
Adaptive policy-making strategies 
with institutionalised learning 
integrated into economic regulation 
in the water sector are the key to 
the future of water reforms. 

Supplementary channels/conduits: 
The original dam was solid with 
no openings or conduits. The 
Rudradaman inscriptions show that 
the conduits were later provided 
in dam body to scour silt and pass 
the floods.

The dam breach and its repair: The 
dam was damaged in the middle 
of the river (location of highest 
hydrostatic pressure) due to a very 
severe flood in 150 AD.  The dam 
was repaired and made three times 
more durable by Rudradaman (about 
150 AD). The dam continued to 
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5  Heather Cooley, Newsha Ajami, Mai-Lan Ha, Veena Srinivasan, Jason Morrison, Kristina Donnelly, & Juliet Christian-Smith (2014) Chapter 1 Global 
Water Governance in the Twenty-First Century; The World's Water Volume 8 series: The Biennial Report on Freshwater Resources

1 Ex. Emeritus Fellow, Department of WRD & M, IIT Roorkee. Email: ucchaube@gmail.com

2 Sri Vaishnav Vidyapeeth Viswavidyalaya, Sanwer Road, Indore, India
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ITEM VALUE REMARK

Type of dam Earthen dam Junagadh rock inscriptions

Height in the deepest portion 22 m Field observation by Mehta2

Base width, top width 100 m, 11 m Field observation by Mehta2

Side slope 1H:0.5V As per dam dimensions 

Length of dam 1000 km Field observation by Mehta2

Volume of earthwork 943500 MCM using dam dimensions 

River bed elevation 140m above mean sea level Elevation-area-capacity relation

Elevation at the crest of the dam 162 m above mean sea level Considering 22 m height of dam over river bed as per Mehta3

Full reservoir level (FRL) 160 m above mean sea level Assuming 2 m freeboard 

Reservoir area at FRL 116 hectares Elevation-area-capacity relation 

Storage at FRL 10 MCM Elevation-area-capacity relation 

exist over the ensuing period, as is 
attested by a Junagadh inscription of 
Skandagupta pertaining to 455-456 
AD. The dam breached again and 
was repaired (around 450AD). The 
dam might have continued to serve 
its purpose for another three/four 
centuries (based on performance 
in the previous period); though no 
such information is available in the 
literature to validate it.

Elevation-Area-Capacity Relation 
for the Sudarshan Reservoir

A contour map (Figure 1) showing 
10 m contours of the Sudarshan 
reservoir and catchment has been 
prepared using digital topographic 
data of the area derived from 
Google map. The dam site is located 
downstream of Damodar Kund with 
coordinates as 21° 31' 34.64'' N and 
70° 28' 59'' E. River bed elevation is 
139.9 m. The total catchment area 
of the dam is 15.53 km2 and the 
catchment perimeter is 17.97 km. 
Elevation-area- capacity relation is 
depicted in graphical form in figure 
2. A dam of a larger height could 
have been constructed considering 
favourable topography and rainfall 
in the region. 

Synthesis of size of the Dam and Reservoir

Based on the measurements made by Mehta2 and the digital elevation model study, the salient features of 
the reservoir are given below: 

Table 1. Salient features of the reservoir
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Figure 1. Contour map of the Sudarshan reservoir and catchment

Figure 2. Graphical depiction of the Elevation-Area-Capacity relation for the Sudarshan reservoir
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Unlike present times, in the Mauryan period, human pressure on forest land was not so much as to cause 
excessive soil erosion in catchments of dams. 

Penalty for causing Damage to Dam 

Arthashastra (Treatise on Economics) written by Kautilya (Rangarajan4) during the Mauryan period talks about 
the quantum of fine in Mauryan currency pana for breaking or causing damage to dams.  Chaube et al (2019)5 

carried out a comparative study of financial aspects of irrigation administration in Mauryan period and observed 
that privatization, taxation and severe penalties resulted in a relatively efficient irrigation system in Mauryan 
period. Chaube et al (2019)5 equated Mauryan currency of Pana (a silver coin weighing 3.5 gm) with Rs 237.5 
(modern Indian currency; 1 USD = Rs 72.92 in Feb 2021) in terms of equal wheat grain purchase power than 
in Mauryan period and now in the year 2016 AD. Penalties are shown in Table 3 below.

Damage Penalty

Breaking a dam having water in the reservoir Drowning in the same place

Breaking a dam having no water in the reservoir 750 Pana (Rs 178117)

Breaking a dam which is abandoned/ruined 350 Pana (Rs 83121)

Causing damage to dam embankments Double the amount of damage

References

1.  ICID (2001) book “Historical Dams” edited by H. Fahlbusch and published by International Commission on Irrigation and 
Drainage (ICID), New Delhi

2.  Mehta R.N.,” Sudarsana Lake”, Journal of the Oriental Institute, M S University of Baroda, Vol XVIII, September-December1968-69, 
page 20-28

3.  CWC (2015),” Compendium on Silting of Reservoirs in India”, Central Water Commission, Government of India, New Delhi, 
2015

4.  Rangarajan, L.N. (1987). “Kautilya – The Arthashastra”, Penguin Books, New Delhi, Pages 231-233

5.  Chaube U.C., et al, “Fiscal aspects of irrigation administration in Mauryan period: A Comparative study with present,” Journal 
of Indian Water Resources Society, 39(3), July 2019

Long life of Sudarshan Reservoir

The useful life of several present-day dams in India has significantly reduced due to accelerated soil erosion 
in the catchments (CWC 2015)3. The useful life of some present-day dams, located in the vicinity of ancient 
Sudarshan dam, is less than 50 years as compared to long life (750 years) of the Sudarshan dam (Table 2).

Table 2. Useful reservoir life of existing dams in the vicinity of the ancient Sudarshan dam

Name of Dam/ 
(District)

Catchment 
Area 
km2

Period of 
sediment servation 

(Years)

Change in dead 
storage capacity 

(M.C.M.)

Av. Annual rate of 
depletion of dead 

storage (MCM/Year)

Expected period for the 
depletion of dead storage 

(Years)

B h a d a r  ( P ) / 
( P a n c h m a h a l 

Dist.)

407 1983 to 2009 (26 years) 5.044 0.194 35.15

Moj/(Rajkot Dist.) 440 1956 to 1999 (43 years) 2.91 0.0667 43.0

Venu II/ (Rajkot 
Dist.)

751 1989 to 1999 (10 years) 1.33 1.132 28.64

The  anc ien t 
Sudarshan Dam 

(Junagadh)

The first dam lasted for about 450 years; Repairs gave it another life of 300 years (Mehta 1968). 450 years+ 300 years (after 
repair)
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Table 3. Penalties for causing damage to dams 
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ICID Recognized World Heritage Irrigation 
Structures (WHIS-2020)

Tianbao Weir, China: Located in 
the Longjiang River of Fuqing City, 
the Tianbao Weir is the oldest 
comprehensive water conservancy 
project in the Fujian Province in China, 
integrating the functions of irrigation, 
flood control, and fending off sea tides 
and storing freshwater. Running from 
east to west, the weir is 216m long, 
3.5m tall, 1.5m wide on the top, and 
14-24m wide at the base, and currently 
irrigates nearly 1930 ha of land in the 
region. Because of its apt management, 
the irrigation, ecological and landscape 
functions of the weir have been further 
strengthened.

Longshou Canal and Ancient Luohe 
River Irrigation District, China: 
Constructed in 120 BC, the Longshou 
canal and the Luohe river irrigation 
district irrigates nearly 49.5 million ha 
of land and represents the oldest gravity 
irrigation project of the Luohe River 
Basin. This area is plagued by frequent 
drought. Therefore, diverting water from 
the Luohe River for irrigation proved 
to be an essential means to tackle 
the water shortage challenge faced by 
local agricultural production. Historical 
records indicate that the construction 
of the Longshou Canal was the earliest 
application of the shaft-tunnel method. 
This method, breaking new ground 
for the theory and practice of tunnel 
construction, has contributed greatly 
to the treasure trove of science and 
technology.

36 Weirs of Baishaxi Stream, China: 
The 36 Weirs of Baishaxi Stream, located 
in Jinhua City of Zhejiang Province, is 
an ancient weir complex (constructed 
in 27 AD) with the functions of flood 
control, water storage, and the utilization 
of water power. Additionally, they also 
help irrigate the nearby land of 1.85 Mha. 
These weirs have ensured stable crop 
yields despite drought and excessive rain.

Sangyuanwei Polder Embankment 
System, China: Sangyuanwei Polder 
Embankment System is one of the 
largest polder embankment projects 
of ancient China, constructed in the 
12th century. Its construction ushered 
in the history of large-scale agricultural 
development in the Pearl River Delta. It 
is a milestone in the development of 
irrigation agriculture in the Pearl River 
Delta and it still provides basic water 
conservancy guarantee for the regional 
social and economic development.

Cumbum Tank, India: Cumbum Tank, 
the second-largest man-made tank in 
Asia and spanning an area of 10300 
acres, was constructed in 1524. It 
is the historical evidence of human 
interventions in the management of 
village water bodies for agriculture 
and drinking water through efficient 
construction of irrigation structures, 
systems and management. The tank 
is a simple earthen banked rainwater 
harvesting and storage structure by 
damming a gorge through which 
the Gundlakamma and Jampaleru 
rivers flow, designed by using their 
indigenous wisdom and constructed 
with the generous support of native 
rulers and chieftains over the past 
several centuries.

Dhamapur Lake, India: Dhamapur 
lake dam, nestled snugly amidst 
lush forests of Sindhudurga district 
is a glowing example of a traditional 
water harvesting system and how 
an intelligent and sustainable local 
system can support communities and 
wildlife. It is a freshwater reservoir 
formed by one of the oldest earthen 
dams in Maharashtra. The dam was 
built entirely by local funds and has 
a very good foundation stratum. It is 
the main source of drinking water and 
irrigation for the Dhamapur and Kalse 
village people. The lake wetland also 

acts as a sponge in monsoon seasons, 
recharges the groundwater storage, 
arrests flood and allows mixing of 
minerals in the water.

KC Canal (Kurnool-Cuddapah Canal), 
India: Commissioned in 1863 AD, the KC 
canal system is the first-ever man-made 
trans-basin conveyance scheme in India 
which moves water from Krishna River 
basin, where it is available, to Pennar 
river basin where water is less available 
or could be utilized better for human 
development. The KC Canal is the major 
source of irrigation in the drought-prone 
Rayalaseema region of Andhra Pradesh, 
India. It was constructed between 1863 
and 1870 as an irrigation and navigation 
canal. This canal interconnects the rivers 
Pennar and Tungabhadra, the first-ever 
inter-linking of rivers of two basins in 
India. Trans-basin transfer by KC canal 
proved to be socially needed, technically 
feasible, economically viable and 
environmentally sustainable. It holds 
immense potential to unite the people 
through an emphasis on integration, 
interdependence, and avoidance of 
fissiparous tendencies. A great boost 
in growth and development has been 
witnessed. Its indirect, incidental, 
multiplier and triggering effects on 
the benefits stream at macro level 
envisaged will be substantial. 

Porumamilla Tank (Anantharaja 
Sagaram), India: Porumamilla tank was 
built in the 13th century, situated about 
3.2 km to the east of the village called 
Porumamilla in the Rajampeta Revenue 
Division of YSR Kadapa district on 
Maldevi river. This tank has a command 
area of 3864.67 acres (1563.98 ha). 
The tank has two sources of supply, 
one natural and the other artificial 
(constructed recently). Construction 
of Porumamilla tank in the medieval 
period stands as a live example for 
the sustainability of livelihood through 
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To trace the history and understanding the evolution of irrigation in the civilizations across the world, ICID 
routinely recognizes and maintains a register of the World Heritage Irrigation Structures (WHIS). During the 
71st International Executive Committee (IEC), meeting held virtually, a total of sixteen structures were identified 
and recognized. A brief description of these structures is given below. 
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the supply of drinking water and 
irrigation in drought-prone areas. It 
is an indigenous tradition of irrigated 
agriculture that contains the technical 
and managerial expertise to keep the 
physical infrastructure functioning and 
the crops growing. 

Zarch Qanat, Iran: Constructed in 1200-
1300 AD, the Zarch Qanat is located in 
the town of Zarch which has an area 
of 22 km2 and a part of Yazd-Ardakan 
great plain located in an arid area with 
low precipitation, high temperature 
and high evaporation. There is no 
permanent river or superficial runoffs 
so groundwaters are the only water 
resources which used to provide by 
qanats. In such an arid area with very 
hot weather during summer times its 
water was used for drinking, sanitation 
and irrigation purposes, but nowadays 
it is only used for irrigating of a few 
farms in Zarch. This qanat used to 
irrigate about 300 ha of farms and 
gardens of Zarch in the past which 
was a miracle during those past years 
and in ancient times.

Moon Qanat, Iran: Qanat of the Moon 
was constructed in 1200 AD and is 
located in Ardestan with a population of 
15,701. This qanat is the most famous 
water resource of Ardestan because it 
has two levels. This qanat still creates 
a reliable supply of water for human 
settlements and irrigation in hot, arid, 
and semi-arid climates, but the value 
of this system is directly related to the 
quality, volume, and regularity of the 
water flow. The important characteristic 
of qanat of Moon is related to its two 
storeys which the layer between the 
tunnels is impermeable, so water does 
not leak between them. Maintaining the 
environmental sustainability and being 
the most ancient way of supplying 
potable water and agricultural water of 
northern areas of Ardestan, the two-
storey qanat has considerably enhanced 
the economy of the region.

Qanat of Qasem Abad, Iran: A qanat 
is a combination of shaft wells and a 
horizontal tunnel with a gentle slope 

(less than surface gradient) being able 
to collect the seepage of groundwater 
and drain it out to the downslope lands. 
Qanat is an environmentally friendly 
technology to obtain groundwater 
mostly for agriculture without damaging 
groundwater resources. Constructed 
nearly 200 years ago, Qanat of Qasem 
Abad is 23.35 km long, running south 
of Yazd and irrigating nearly 31 ha 
of Qasem Abad. Known for its water 
management system, Qanat of Qasem 
Abad has created an intricate network of 
political, social, cultural and economic 
structures to facilitate sustainable 
interaction between humans and their 
environment.

FazlAli khan Qanat, Iran: FazlAli Khan 
Qanat, located in Qazvin plain, was 
constructed more than 2000 years ago 
(during Parthian Empire and end of 
Achaemenid Empire). The considerable 
amount of water is supplied by the 
qanat without using any fuel or electric 
energy. The water drains by gravity, 
typically from an upland aquifer, with 
the destination lower than the source. 
The length of the structure is over 30 km. 
Vertical shafts (access wells), excavated 
every 20-30 m, support construction 
and maintenance of the underground 
channel as well as air interchange. 
Extracted water provides drinking and 
agricultural water for more than 5000 
persons. This old system of water supply 
included deep wells with a series of 
vertical access shafts led to the human 
settlement around the structure. The 
climate of FazlAli Khan qanat region is 
arid and semi-arid and the weather is 
hot especially in spring and summer 
but qanat structure transports water 
over 30 km without much contaminate 
and loss to evaporation.

Tenguiwa Irrigation System, Japan: 
Constructed in 1604, the Tenguiwa 
Irrigation System has been historical in 
providing abundant water flows into the 
territory. It is an important structure that 
helped develop agriculture in the land 
as well as boosting food production. 
The amount of rice harvested in this 
area increased from 900 tons to 4050 

tons due to the completion of the 
Tenguiwa Irrigation System. 

Bizenkyo Irrigation System, Japan: 
Commissioned in 1604, the Bizenkyo 
Irrigation System is an irrigation canal of 
about 23 km, which draws water from 
the Tone River has the largest basin area 
in Japan and supplies water to paddy 
fields of about 1,400 ha along the right 
bank of the Tone River in northern 
Saitama Pref. Before its excavation, 
rice production was unstable because 
it relied on rainwater, spring water and 
reservoirs, etc. The Canal stabilized 
the supply of agricultural water, which 
considerably boosted agricultural 
development and food production as 
well as helping the farmers prosper.

Jyosai-Gokuchi Irrigation System, 
Japan: The Jyosai-gokuchi Irrigation 
System is located on the left bank of 
the Joganji River that flows through 
the centre of the Toyama Plain. Built 
in 1893, This system was indispensable 
for developing agriculture as well as the 
area surrounding the river because it 
irrigates over 3,300 ha of land around 
12 km in total and is still used for public 
water supplies, industrial water and 
hydroelectric power generation. This 
system was also selected as one of 
Japan’s 100 fine canals that paved the 
way to create a safe water environment.

Goseong Dumbeong (Goseong 
Coastal Area Pond Irrigation System), 
Rep. of Korea: Goseong-gun (Goseong 
county), Gyeongsangnam-do, located 
in the southern tip of the Korean 
peninsula, and has a warm climate 
with scattered coastal plains and 
mountains, uses Dumbeongs (farm 
ponds) to irrigate rice farming where 
rivers or streams were not available. 
The structure began to be built in the 
1700s in the region, when villages were 
expanded in the Goseong area, until the 
mid-1900s, over 300 years old. Through 
efficient management practices and 
water user groups, Dumbeongs present 
an excellent example of cooperation 
of rural community and cultural 
significance of such structures. 
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