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Editorial  

This is a late first issue of the newsletter under the new Chairman, Simon Howarth, and therefore a 
bumper version with more than the usual articles. This edition was originally scheduled for October 
2014, but due to pressure of work had to be delayed until now. Incorporating the comments of the 
readership and bringing a new look to the newsletter is still the focus over this and forthcoming 
issues. Many thanks to all contributors and to the various discussions following on from the last 
issue. Please keep the articles and photographs coming.  

News & Views is the twice-annual journal of the Irrigation and Water Forum (IWF), the British Section of the 
International Commission on Irrigation and Drainage. The deadlines for contributions are the end of February and 
September, for publication at the end of March and October. The views expressed within these pages are those of 
individual authors and do not necessarily represent any official stance of IWF or ICID International.  

IWF operates under the auspices of the Institution of Civil Engineers, London, Registered Charity No. 1010409. 
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Front Cover 

This issue’s front cover was provided by Robert Wilkens. 

ICID & IWF Online 

ICID website is www.icid.org and the Irrigation and Water Forum (British Section of ICID) has a new website at  
www.iwaterforum.org.uk  

On our site is a list of members with contact email and website links. If you would like to be included, contact Melvyn 
Kay via the website. Please send us your email address!!! We can then keep you up to date with information from HQ 
in India and from other national committees, meeting dates, etc. 

The Journal of Irrigation and Drainage is also online at: http://www.wiley.com/wileychi/irrigation/editorial.html or at 
www.interscience.wiley.com. 

 Facebook  

The IWF Facebook page (IWF Facebook) now has over 2000 ‘Likes’ and, given this considerable increase in activity 
over recent months, has become the IWF primary social media component. Look for more in-depth information and 
highlights of key events. Please note that in order to interact with the page, you must have a Facebook account. 

 LinkedIn 

The LinkedIn page (LinkedIn page) now has 103 members and aims to provide an environment to encourage Q&A 
sessions, topical discussions, and interaction among members for professional development. It is a fantastic tool for 
existing members to network with each other and those outside of their existing scope of work, and can be used as a 
recruitment mechanism. Again you will need to have an account to interact with the page, but all members are urged 
to view the page and contribute to the discussion section. 

 Twitter  

The Twitter account (Twitter) has 158 followers with a direct or related interest in irrigation and water and is currently 
the primary focus of our social media efforts. Tweets for broadcast should be sent to either Emily Lewis 
(lewis.emily@gmail.com) or Tim Fuller (Tim.Fuller@ice.org.uk) and they will place it on the account. 

ICE Associated Societies 

The ICE Associated Societies are aiming to develop a strong presence on social media platforms, to effectively 
promote events and activities, to improve engagement with both AS members and prospective members, and to 
create a more cohesive, joined-up community overall. Please also check out the Associated Societies LinkedIn profile 
and Twitter account. 
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FROM THE CHAIR 

A few words from our incoming Chairman, Simon Howarth: 

Dear IWF members 

I have recently taken over from Bruce Lankford as chairman and look forward to 
building on his prodigious efforts to promote the society and put irrigation in its 
rightful place as a key requirement for food security and as a central component of 
the water-energy-food nexus. This nexus was the subject of the 2014 Gerald Lacey 
lecture which was ably delivered in May by Jeremy Bird, Director General of IWMI. 
Although some dismiss talk of the nexus as being just the latest fad or a 
reincarnation of IWRM, Jeremy made an eloquent case for use of the term and 
highlighted its value in bringing more people into the debate on water resources 
management and raising its profile. The cost of energy is a huge part of the cost of 
irrigated agriculture, and a very large proportion of water is used (even if not 
consumed) by electricity generation. With ever increasing pressures on water 

resources, through urbanisation, industrialisation and climate change, the more dialogue there is the better. 

Other events during the year: 

• Irrigation: An Introduction to Policies and Practices in the Context of International Development – a 2 day course. 
This was designed for graduates and young professionals who are, or will be, working internationally in the water 
resources and rural development sectors. The course is broad-based, covering engineering, social sciences, 
economics and management. Members of IWF are generously donating their time to deliver the course, which has 
been ably masterminded by Geoff Pearce and Martin Burton. 

• Management of Groundwater Resources for Irrigation and Co-users: a one day meeting, with a keynote 
presentation by Dr Stephen Foster, Director GW-Mate Team, World Bank and a further six papers by groundwater 
practitioners and researchers describing experiences from Asia and Africa.  

• Irrigation Visit to Agadir Morocco: Jointly with the UKIA, Melvyn Kay organised a study visit to see commercial 
irrigation farming in Agadir Morocco and to learn at first hand the challenges they are facing matching the 
increasing demand for groundwater with limited supplies. 

• A joint event with the British Dam Society: Dams for Irrigation 

I hope we will get very wide attendance at future meetings from NGOs and academics with an interest in all aspects of 
water, as well as from the irrigation professionals who have provided the core of our membership in the past. 

I look forward to hearing about any suggestions for future activities and meetings, in particular the Gerald Lacey 
Lecture in May and meeting in November. 

Looking forward to seeing you, 

Best wishes 

Simon 
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WERE YOU THERE? – TECHNICAL MEETINGS

Management of Groundwater Resources 
for Irrigation and Co-users  

IWF Event, ICE London 
7 November 2014 

Groundwater resources provide an important mechanism 
for balancing the supply of water to meet local needs. 
The consequences of mining groundwater resources for 
immediate benefit are well known (especially in South 
Asia and China; however, across large tracts of Africa for 
example groundwater provides a significant source, 
available for those that understand how to abstract it.  

ICID is strongly interested in the sustainable development 
of irrigation and rain fed agriculture and dedicated its 
Autumn Technical Event to a series of presentations and 
debate on optimising how groundwater resources are 
managed. During the morning the concerns and issues 
about groundwater use in Asia were reviewed. The main 
concern is on the full use of groundwater resources in 
areas such as the Punjab bread-basket on the Indo-
Gangetic Plains; and on the sustainability of how the 
groundwater is recharged.  

The Morning Session focused on groundwater 
management in Asia – contrasting the developing 
problems between South Asia and China and outlining 
the difficulties that constrain solutions. 

The Afternoon Session focused on groundwater 
management in Africa – a very different situation to that 
of Asia since the resource has a lot of potential for 
exploitation of for underpinning economic development 
founded on improved agricultural output potentially 
underpinned by groundwater irrigation. 

•••• 

Groundwater Management in Irrigated Catchments - 
Key Principles & Common Misconceptions: Dr 
Stephen Foster (Senior Adviser at GWP, Visiting 
Professor at UCL and Past President of IAH) 

Dr Foster provided a comprehensive overview of the 
main issues in the management of groundwater 
resources. The relationship between irrigated agriculture 
and groundwater resources is complex and multi-faceted. 
The key linkages include that (1) agricultural land-use 
practices are a major influence on groundwater recharge 
and quality, (2) groundwater salinisation is a major and 
complex threat associated with irrigated agriculture in 
more arid climates, and (3) irrigated agriculture is the 
major consumer of groundwater resources. For instance 
there has been a massive growth in private waterwells, 
which has firstly been facilitated by government energy 
subsidies, construction loans and crop guarantees, and 
secondly groundwater has been very popular with 
farmers since they are provided with direct, self-
controlled local access to groundwater resources that 
also provide drought security. Stephen argued that 
although groundwater resources have in te past been 
‘abandoned to chance’, that there urgently needs to be 

improved understanding on the sustainable management 
of groundwater resources - through more integrated and 
sustainable policies and through the uptake of adaptive 
management. 

The main content of Stephen’s presentation covered the 
main technical considerations for a balanced policy for 
groundwater management. Firstly, groundwater 
replenishment is strongly affected by surface-water 
irrigation management and could potentially be enhanced 
by managed aquifer recharge schemes. Secondly, the 
processes and hazards that cause salinisation of 
groundwater need to be carefully investigated and 
managed – this is a particular concern for the Pakistan 
Punjab. Thirdly, the exploitation of aquifer storage vary 
widely with aquifer type and the nature of usage. 
Upstream consumptive use will have potential impacts on 
the relationship between groundwater and surface water. 
Furthermore the impacts of external factors (such assay 
ingress of polluted water can vary from ‘reversible 
interference’ to’ irreversible degradation’. Fourthly, there 
is a need for improved monitoring and for better control 
measures on groundwater demand. This includes more 
careful planning to take account of more accurate 
estimates of actual gross extraction and of the ‘net’ 
abstraction. Measures to control demand for groundwater 
will need to focus on real water-resource savings 
involving reductions to irrigated area or cropping 
intensity, or removal of non-beneficial losses. Fifthly, 
there is a need for managed evolution from spontaneous 
development to planned development with respect to the 
conjunctive use of surface and groundwater for irrigated 
agriculture. There are a number of present impediments 
to conjunctive use that need to be dealt with by irrigation 
authorities. Sixthly, the management implications for 
source protection where groundwater is potable include: 
adoption of best practice, enforcement of protection 
zones around municipal waterwells in rural locations. 

According to Stephen the key provisions for the 
governance and management of groundwater for the 
national governments are to: (1) transform from ‘promoter 
of short-term development’ to ‘guardian of long-term 
resources’; (2) champion policies of sustainable use and 
quality conservation (by aligning financial investments 
and fiscal incentives to support management); (3) 
facilitate local management by improving institutional 
framework, discussing use priorities and ensuring 
relevant information is transparent. In order for 
groundwater management to be adaptive to change the 
implications are: 

1. adaptive management essential 
2. need to improve measurement of uses, monitoring of 

aquifer response and modelling/assessing of 
resources 

3. waterwell use rights must not be at rates fixed in 
perpetuity 

4. strengthen/enforce use regulation (done with 
cooperation of users, co-management with energy, 
implementation of restriction zones, and introduction 
of selective sanctions. 
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Excessive groundwater use – how to think about it 
and what to do about it from the perspective of the 
North China Plain: Dr Chris Perry 

As irrigation efficiency has improved in this region, water 
which would previously have contributed to groundwater 
recharge is, instead, being used elsewhere, with the 
consequences of increasing net abstractions and 
declining groundwater levels. The Chinese Government 
is promoting management of evapotranspiration (ET) and 
irrigation water use as a way of reversing this decline and 
restoring balance to aquifers. This places the 
Government in potential dispute with farmers whose 
priority is to increase crop yield and, thereby, income. 
Only small benefits are possible from interventions such 
as mulching, deficit irrigation, better cultivars, and 
different planting dates/cropping patterns. Other 
initiatives include a reduction in target grain production 
and, thereby, in irrigation water use, and the setting of ET 
quotas to encourage farmers to apply the most water 
efficient practices. Politics and vested interests further 
compound a delicate situation, which Chris regarded as 
one of the most topical and important issues in water 
management. 

•••• 

Groundwater systems of north-western India: Prof. 
Alex Densmore, Durham Univ., and Prof. Sanjeev Gupta, 
Imperial College, London.  

The paper gave an overview of a joint UK-India study on 
the groundwater systems covering the Indus and Ganges 
systems. The drainage divide is between the Sutlej River, 
the most eastern of the Indus system, and the Yamuna 
River which is the most western river of the Ganges 
system; Delhi lies on the Yamuna. The Sutlej and 
Yamuna fans are large sediment fans formed from the 
Himalayas, with an interfan area that has no sediment 
from the Sutlej/Yamuna systems. The course of the Sutlej 
river moved about 15,000 years ago leaving a scar 
suitable for intensive farming. 

In some areas the groundwater table depletion rate is 
1.5-2 m per year but other areas the rate is not so high 
and the question has to be asked what is controlling this. 
There is pronounced groundwater depletion in NW India 
and this has been caused by the high number of tube 
wells with electric pumps (see photograph of wells with 
electric pumps near Patiala in the Punjab). Satellite 
imagery can be used to determine the location of the 
wells. 

Downstream, the increase in fan area leads to more 
isolated channel bodies and an increase in impermeable 
areas between channels. Channel scaling is predictable 
and a typical channel width is 2 km.  

Questions response: The southern parts of the fans are 
highly saline and the salinity in affected by rainfall 
variation. There are no perched water tables. Detailed 
studies and observations are now possible, such as 
carbon dating of groundwater. 

 

Groundwater irrigation in sub-Saharan Africa: Dr 
Karen Villholth, Principal Researcher at IWMI’s Southern 
Africa Centre at Pretoria 

Delivering her lecture remotely online from Sri Lanka, Dr 
Villholth focussed on trends, and the potential, and 
constraints, for development. She said that the drivers for 
groundwater irrigation (GWI) in Africa mainly comprised: 
(1) groundwater provides a reliable and suitable irrigation 
source for smallholder, (2) Increasing market demand for 
horticulture crops, (3) Better low-cost pumps and wells 
(and better access to them), (4) Increasing attention in 
GWI (from governments and donors). There are positive 
(and negative) socio-economic aspects to GWI. With 
respect to irrigation intensity, GW irrigation is increasing 
in sub-Saharan Africa but absolute levels are still low. 
The importance of GWI varies across countries, and 
varies from deep wells to shallow wells and from privately 
funded schemes to public funded schemes. The potential 
for development in GWI in Africa is exemplified by the 
fact that only 20% of renewable supplies are actually 
utilised., and that up to 45M ha may be available across 
the continent – particularly in W Africa and E Africa. 

•••• 

Unlocking the Potential of GROundwater for the poor 
(UPGro) a DFID-NERC-ESRC funded programme 
(http://upgro.org/): Richard Carter 

An an array of facts and figures were presented about 
population growth, irrigation and irrigated area, and 
groundwater resources and use in Sub-Saharan Africa, to 
set the scene for the running for 7 years and with a 
budget of £12M. He highlighted some of the differences 
in irrigation philosophy between Africa and Asia, and the 
need for research to improve our understanding of issues 
such as recharge process, surface water-groundwater 
interactions and groundwater quality. He also skilfully 
dealt with audience questions including “Why isn’t good 
practice practised?” and “Is road-building the best way to 
develop groundwater resources?”. 

•••• 

Groundwater storage and recharge in Africa: Prof. 
Alan McDonald, BGS Edinburgh) 

The interest is in groundwater for drinking water 
requirements as well as increasing the area irrigated for 
food security. This can lead to conflict between sectors. 
There is a lack of direct observations and models cannot 
be properly calibrated.  

The maps of the African continent whilst small-scale, did 
show global water stress, number of months with 
negligible rain, location of case studies, volumes of 
groundwater storage, aquifer productivity varying 
between 20 l/s and less than 0.1 l/s, and African Basins 
based on geology. Long-term sustainability of the 
resource is important because costs increase with 
declining water levels. Shallow sources may fail, 
impacting on the ecosystem and contributing to 
unwanted side effects such as subsidence and saline 
intrusion. 

There have been more than 200 studies on recharge 
using a number of different methods. In general there is a 
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direct relationship between rainfall and recharge but this 
is non-linear below ~750 mm annual precipitation and is 
probably due to cultivation methods. In the case of humid 
Nigeria it was observed that high permeability laterite 
intercepts recharge with rainfall infiltrating 3 m and then 
flowing laterally. A detailed groundwater survey across a 
West African shallow transect (from humid to arid areas), 
showed that in Mali mean annual recharge is 20-40 mm. 
Groundwater storage is high but unevenly distributed, 
potential for low yielding supplies is high, but large yields 
will need investigation. 

Questions: 

(1) the number of large (10-15 l/s) tube wells are limited 
in Africa. 

(2) in the case of the Great Man Made River, 
groundwater was recharged 5,000 years ago and is 
now mined because there is no meaningful 
recharge. 

•••• 

The AMGRAF Project on adaptive management of 
groundwater in sub-Saharan Africa: Dr John Gowing 
from Newcastle Univ. 

Shallow groundwater resources are most likely to be 
used by poor communities because of accessibility, but 
are vulnerable to over-exploitation and climate risk. 
Realisation of the potential for poverty reduction therefore 
requires a focus on how local communities can assess 
and manage their own resources. The aim of the catalyst 
AMGRAF project has been to demonstrate the feasibility 
of community management of shallow groundwater and 
provide enabling tools. The project has so far focused on 
the productive use of water for small-scale irrigation and 
the abstraction of that water enabled by the accessibility 
of shallow groundwater (less than 25m deep).  

•••• 

Some reflections on groundwater development and 
poverty reduction: Dr Roger Calow based on his 
extensive overseas experience, most recently to China 
and Ethiopia. 

China’s economic growth and success at feeding its huge 
population and lifting people out of poverty had been at 
the cost of environmental degradation, and its present 
attempts to reverse this whilst maintaining 90% self-
sufficiency in future food production linked back to Chris 
Perry’s talk earlier in the day. In contrast, parts of sub-
Saharan Africa could be described as islands of affluence 
in a sea of poverty as some countries, such as Ethiopia, 
experienced economic growth but not corresponding 
poverty reduction. This reflected a lack of past 
investments in water resource development, including 
irrigation, by governments and funding agencies, partly 
due to the paucity of good quality hydrometeorological 
data on which to base scheme designs. In the future, 
investment in and better management of groundwater 
resources, to benefit as many people as possible, will be 
key issues in both Africa and Asia. 

 

Open discussion: Chaired by IWF/ICID Chairman, 
Simon Howarth, Mott MacDonalds 

In the case of Ethiopia there was not enough discussion 
about data. Roger Calow said that this was an oversight. 
Similarly with the North China plain there is lots of data. 
In China there is plenty of capacity but data availability is 
light. 

The cost of groundwater development raised the 
question of carbon costs which are much higher than for 
surface irrigation. A cost comparison had been carried 
out by Vivienne Foster. 

Can lessons from Ethiopia be applied to say Botswana? 
It was pointed out that it was dangerous to develop 
policies from case studies.  

•••• 

Dams for Irrigation: technical and social 
considerations for sustainability 

Half day meeting, ICE Westminster 
Friday 20 February 2014 

Although often essential for water management, dams 
can be controversial and have had much adverse 
publicity in recent decades. The focus of this joint 
meeting was on dams for irrigation, for which there is an 
increasing need for storage of water in order to meet the 
seasonal requirements for crop production. Groundwater 
has a valuable role in this regard, but there is often a 
need for surface storage as well. Climate change, with a 
resulting increase in the variability in river flows, 
combined with population growth and changes in 
livelihoods will make the need even greater. There is a 
need to build better dams, and manage them better to 
avoid the problems encountered in the past, to help 
achieve food security, and to do so in a way that is 
socially and environmentally sound. 

This was a joint meeting with the British Dams Society, 
which is also an associated society of ICE and aims to 
advance the knowledge of technical subjects relating to 
planning, design, construction, maintenance, operation, 
safety, environmental and social issues. 

Sedimentation issues at Tarbela reservoir: Dr Marta 
Roca (HR Wallingford).  

Predictable variations in rainfall for reservoir inflow: 
Dr Peter Mason (MWH)  

Sustainable irrigation from hydropower dams in 
China and Afghanistan: Simon Howarth (IWF/MM)  

Sand dams: small solutions, big impacts: Simon 
Maddrell (Excellent). 

•••• 

You can listen to the lectures by clicking on the link 
below: 

http://www.ice.org.uk/Events-conferences/Recorded-
lectures/Lectures/ 
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22nd ICID Congress and 65th IEC 
meeting and exhibition  

Kimdaejung Convention Center, Gwangju 
Republic of Korea  

14-17 September 2014 

The ICID Congress and IEC meeting and exhibition was 
attended by more than 1200 participants, which includes 
around 500 foreign participants. 

More than 340 abstracts and 290 full length 
papers/posters were received from 37 countries, 
reviewed & edited for the Congress. An ‘Abstract Volume’ 
and a USB containing full papers was published for the 
Congress and made available to each registered 
delegate.  

The main theme of the Congress was “Securing Water 
for Food and Rural Community under Climate Change”. 
During the Congress, papers were presented and 
discussed for two Congress Questions, which are 
summarised below: 

Q.58: How Irrigation and Drainage play an important 
role in Climate Change Adaptation?  

i. Climate change is an added stress on the increasingly 
complex and interlinked issues of rural development. 
Interventions to mitigate the extreme impacts of climate 
change such as floods and drought have to be integrated 
in all decision making processes. 

ii. Irrigation and drainage are important adaptation 
strategies that provide the means to mitigate negative 
impacts of climate change for food and water security. 
They generally go a long way in building resilience and 
promoting rural development. 

iii. Negative impacts of climate change on crop yields 
have become more common than positive impacts. The 
exact problems are not well-defined in less developed 
regions with limited water availability, where vulnerability 
to climate change is higher. Therefore, it is necessary to 
establish effective counter-measures, assessing the past 
and present conditions, with innovation in methodology 
and state-of-the art technologies.  

iv. While impacts of climate change in the atmospheric 
and hydrologic systems on food production are being 
projected, the impacts on crops, even on the major 
cereals, are still under initial assessment, there is a need 
for evaluation of the impacts of climate change on 
agricultural and hydrological processes, including soil-
water profile, groundwater dynamics, river flow, water 
requirement, crop growth, drainage discharge, water 
quality, cropping pattern and farming system, etc. need to 
be evaluated and implementation of results need to be 
promoted. 

v. Since the phenomena or factors associated with 
climate change and its apparent impacts are difficult to be 
projected with certainty, one of the more effective and 
feasible measures for adapting to the impacts is to take 
actions incrementally, as in an adaptive/trial-and-error 
manner, utilizing the best available past experiences and 
current knowledge, while collecting additional information 

as needed. In pursuing such an adaptive approach, a 
step-wise integrated assessment is effective and reliable. 

Q.59: How do Irrigation and Drainage Interventions 
secure food production and livelihood for rural 
community?  

i. Securing irrigation water makes food production safe 
and is one of the ways to maintain – or re-settle – people 
in rural areas, by giving them an economic activity. It 
therefore contributes to securing livelihood and protects 
the rural population from poverty, and thus from migrating 
towards big cities, increasing poverty and unemployment. 

ii. Multiple use of water in irrigation systems and 
adequate use of poor quality water as well as changes in 
farm and natural ecology due to irrigation and drainage 
are important development factors in rural areas. 
Attention must be paid to the role which the rural 
community can play in the governance of water resource 
and hydraulic systems, provided that relevant capacity 
building is carried out. 

iii. Water needs are increasing for food production yet 
water needs for the environment have to be better 
satisfied; water for drinking and for hygiene must be 
made more available for more people. On the other hand, 
climate changes will result in many regions, in lower or 
more irregular rainfall, often making water resource 
scarcer. It is therefore crucial to improve irrigation 
efficiency. As irrigation will be compulsorily thriftier, 
developing water saving methods and techniques is 
essential. 

iv. Ways for improving irrigation efficiency are through 
automated and rotational irrigation scheduling systems 
and measurement of water delivery and application. 
Modernization of irrigation and drainage facilities are of 
course a means towards water savings and therefore a 
better productivity of irrigation water, which can be 
achieved not only by implementing new technologies, but 
also through integrated irrigation and drainage 
management systems. 

v. Inter-basin cooperation, either within a country or 
transboundary, is often the solution to cope with limited 
water resources or to solve water conflicts. Water use 
rights differ from country to country, but are often among 
the oldest country regulations and must be carefully 
taken into consideration. 
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AROUND THE WORLD

Water harvesting research in sub-
Saharan Africa – Prospects for 

sustainable intensification of rainfed 
agriculture 

John Gowing and Lisa Bunclark,  

Newcastle University 

1. Introduction 

Rainfed agriculture occupies 80% of the global cultivated 
area and produces 60% of global crop output

1
. With 

growing concern over water scarcity limiting the scope to 
achieve future food security through increasing 
production from irrigated land, attention has shifted to 
focus on the wide gap between actual and potential yield 
which exists in rainfed systems in many developing 
countries (particularly in sub-Saharan Africa). In the past 
decade there has been growing recognition of the scope 
to close this yield gap by improving green water 
management

2
. Water harvesting is seen as an effective 

technical intervention and it is widely claimed
3
 that yields 

can be increased by 100% to 200% compared to 
conventional rainfed agriculture.  

Water harvesting (alternatively known as rainwater 
harvesting or runoff agriculture) is not a new concept. 
Archaeological investigations in southern Israel have 
mapped the distribution of early systems over 5000 km

2
 

of the Negev desert and dated them to the 5th to 8th 
centuries. Similar investigations in the North American 
South-West have shown that similar systems also existed 
there 1000 years ago. Farmers living in drylands 
recognise the value of runoff and have acquired 
knowledge of how to manage it by adopting a range of 
different techniques which operate at different scales 
(Box 1). 

 

 

 

 

 

 

 

 

 

 

  

                                                      
1
 See FAO (2011) 

2
 For example Rockstrom et al (2009) and Molden (2007) 

3
 See FAO (2002) and FAO (2011) 

Interest in studying and promoting water harvesting 
systems to improve rainfed agriculture in sub-Saharan 
Africa can be traced back to a World Bank initiative - the 
sub-Saharan Water Harvesting Study

4
 (SSWHS) in the 

1980s. Since that time the evidence of indigenous 
knowledge of water harvesting techniques has expanded 
greatly and considerable efforts have been made to 
promote their adoption and dissemination. Indicative 
costs for the different techniques are summarised in Box 
2. 

Since 2011, we have been working with collaborators
5
 in 

Europe and Africa on an EU-funded research project 
investigating water harvesting techniques and their 
impact on rural livelihoods and food security in Sub-
Saharan Africa. We report here on our experiences with 
different water harvesting systems in Burkina Faso, 
Ethiopia and Tanzania.  

2. Burkina Faso 

Burkina Faso is a flat country, generally lying between 
250 and 400 m above sea level. Soils are characterized 
by their advanced degree of weathering, poor structure, 
low content of active clay and low organic matter. 
Crusting of sandy clay and sandy loam soils, which 
restricts rainfall infiltration, is a common problem. Annual 
average rainfall varies from 1000mm in the south to less 
than 250mm in the north. There are few perennial rivers 
and exploitation of groundwater remains limited. Given 
the very limited extent of irrigation, rainfed agriculture 
dominates and diverse soil and water conservation and 
water harvesting technologies have been actively 
promoted particularly in the central and northern regions 
of the country. 

External interventions in soil and water conservation 
began soon after independence, but the success story of 
water harvesting in Burkina Faso really began around 
1980 and has been well documented

6
. A participatory 

approach to water harvesting with contour stone lines 
was tested successfully by a local NGO with support from 

                                                      

4
 A review of the literature available at that time is 

presented in Reij,C., Mulder, P., Begemann, L. (1988) 
Water harvesting for plant production. World Bank 
Technical Paper 91. World Bank, Washington DC. Case 
studies of water harvesting systems from seven different 
countries in sub-Saharan Africa appear in Critchley, W., 
Reij, C., Seznec, A. (1992) Water Harvesting for Plant 
Production, Volume II: Case Studies and Conclusions for 
Sub-Saharan Africa, World Bank Technical Paper 
Number 157, Africa Technical Department Series, 
Washington DC. 
5
 For a full list of project partners visit the project website 

http://whater.eu/  
6
 For example Reij. C., Tappan, G., Smale, M. (2009) 

Agro-environmental transformation in the Sahel. IFPRI 
Discussion Paper 00914, International Food Policy 
Research Institute, Washington D.C. 

 

Box 1: Classification of water harvesting techniques 

 

No standardised method exists for classifying water harvesting techniques. Many variants 

have been published (eg. Chapter 2 in Critchley and Gowing, 2012). They generally 

recognise: (1) differences in scale (represented by ratio of runoff generating area to cropped 

area) and transfer distance for harvested runoff and (2) different options for storing the 

harvested runoff. A simple classification is shown below. 

 

 

 
 
 
 

Runoff harvesting 
(overland flow) 

Floodwater harvesting 
(channel flow) 

Micro-catchment 
(Area ratio 1:1 to 3:1) 

(Transfer distance 1-10m)  

Meso-catchment 
(Area ratio 5:1 to 10:1) 

(Transfer distance 10-100m) 

Macro-catchment 
(Area ratio > 100:1) 
(Transfer distance m) 

Soil storage Pond storage Aquifer storage Soil storage 

Micro-catchment 
Contour bunds 

Stone lines 
Planting pits 

Supplementary 
irrigation 

(requires water 
lifting) 

Spate irrigation 
Water spreading 

Floodwater 
farming 

Meso-catchment 
‘Majaruba’ basins 

3-sided basins 
(‘Teras’) 

 

Box 2: Representative costs of water harvesting techniques 

 

Costs vary a lot but a review of various documents reporting experiences in different parts 

of sub-Saharan Africa indicate that typical costs are in the following ranges. 

 

Water HarvestingTechnique      Cost (US$/ha) 

Macro-catchment systems      500 - 1000 

(Spate irrigation; run-of-river diversion, unlined canals) 

Meso-catchment systems      100 - 500 

(eg. Majaruba basins, Teras bunds) 

Micro-catchment systems 

• Contour stone lines      150 – 200 

• Demi-lunes (eye-brow bunds)    150 – 300 

• Planting pits          50 – 100 
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OXFAM (1979-1982) and the technique was then widely 
promoted (1982-1997). The success of this intervention 
(‘the magic stones’) became very widely recognized. It 
was one of the case studies reported by SSWHS. 
Alongside this externally supported improvement, farmers 
began innovating themselves by improving a traditional 
practice of planting pits (known locally as zaï) in order to 
reclaim severely degraded land. Since the 1980s many 
donors and NGOs have promoted stone lines and/or zaï. 
Many farmers have adopted a combination of these water 
harvesting techniques which can be categorised (see 
Box 1) as micro-catchment with soil storage. 

Our study sites are located in the East Central region, 
approximately 60km west and east of the capital, 
Ouagadougou. These sites receive annual rainfall around 
750mm. Farmers have adopted stone lines and/or zaï. 
Stone lines are arranged along the contour as a semi-
permeable barrier to spread runoff and promote 
infiltration. They are typically 30cm high and spaced at 
around 30m. This requires 50 m

3
 of stone and around 25 

person-days labour input per hectare. Availability of stone 
is not a serious constraint at these sites but its 
transportation depends on external assistance.  

 
Contour stone lines at Boukou (Burkina Faso) 

Planting pits (zaï) are typically 40cm diameter and 15cm 
depth with density around 10,000/ha. This requires 
around 100 person-days labour input per hectare.  

 
Planting pits (zai) at Boukou (Burkina Faso) 

From interviews with adopting farmers it is clear that they 
are convinced of the positive impact of improved water 
harvesting and conservation techniques. Grain yield 
(primarily sorghum) is the main indicator according to 
them. They also perceive positive impact on soil fertility, 
workability and moisture retention, vegetation 
regeneration, production of fruit trees, the availability of 
grazing, and recovery of barren land. Numerous research 
studies have measured positive impacts with yield 
increase varying from 40 to 100 per cent, but most have 
been limited to one to three years and long term risk 
assessments are lacking. Our recent surveys with key 
informants indicate that long term average yield 
increment is up to 100 per cent for stone lines and 200 
percent for zaï from a typical baseline yield of 500 kg/ha. 
In this assessment it is difficult to unravel the effect of 
recovery of barren land as compared to yield 
improvement on productive land.  

3. Ethiopia 

Ethiopia is a country which encompasses high and 
rugged mountains, flat-topped plateaux and deep gorges. 
There are diverse soil types: Cambisols are predominant 
over much of the highlands, while Vertisols occur in large 
areas of the south-eastern highlands and in the south-
western parts of the country; Regosols occupy much of 
the Somali Plateau and the north-eastern part of the 
country. Ethiopia has a tropical monsoon climate, but with 
wide topographically-induced variation. Average annual 
rainfall varies from over 2000mm in the south-west to 
less than 100mm in the lowlands of the north-east. 
Virtually all food crops in Ethiopia come from rainfed 
agriculture with the irrigation sector accounting for only 
about 3 percent of total production, but even in good 
years Ethiopia cannot achieve food security through 
current rainfed production. Ethiopia faces increasing 
water scarcity and competition for water resources will 
limit future scope for expansion of irrigation. Water 
harvesting has not previously received high priority, but 
traditional practices are evident and it is now part of the 
water management agenda. 

Our research focus was in southern Ethiopia (SNNPR 
and Oromia regions) where four WH interventions were 
identified: sand dams, spate irrigation, household ponds 
and the integrated micro-watershed approach. The first 
two are macro-catchment techniques with aquifer storage 
and soil storage respectively (see Box 1). Household 
ponds can be seen as meso-catchments. The integrated 
micro-watershed approach involves a range of micro-
catchment and meso-catchment techniques. Perhaps the 
most notable example of traditional soil and water 
conservation technologies can be seen in the Konso 
terrace systems of the SNNPR which achieved UNESCO 
world heritage status

7
 in 2011. We have concentrated our 

in-depth studies in this area where we have looked at 
spate irrigation for maize production. 

                                                      

7
 UNESCO (2011) Konso Cultural Landscape, UNESCO 

World Heritage List. Available at: 
http://whc.unesco.org/en/list/1333 
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Spate irrigation – also known as floodwater harvesting – 
is a large scale technique in which channel flows are 
collected from ephemeral rivers by diversion structures 
built across the river bed. Irrigation water is spread by 
crude distribution systems and stored in the soil to 
cultivate crops or pasture areas. Flows are often large 
and difficult to control. The intake structure often needs to 
be rebuilt after each flood event. Construction and 
operation is normally a communal activity requiring social 
organization. Similar systems have existed in Eritrea and 
northern Ethiopia for several generations, but have been 
introduced into southern Ethiopia relatively recently. 

 
Improved spate irrigation intake on Yanda river (Ethiopia) 

Our study site is Konso woreda, where the altitude 
ranges between 650m to 1900m. 70% of the total area is 
sparsely populated, hot, dry lowland (approximately 
400mm annual rainfall), while the population is 
concentrated in highland settlements where the terrace 
systems are found. A recently constructed gravel road 
has helped to link the densely populated highlands to the 
lowlands where cultivable land is available in the 
floodplain of the Yanda and Segen rivers. Farmers began 
to utilise this land for cropping by developing rudimentary 
spate irrigation. During the past decade an NGO project 
has provided assistance with the development of irrigated 
land in the lowlands by building ‘improved’ intakes first on 
the Segen river and later on the Yanda river. It was 
estimated that around 5000 hectares could be developed 
for irrigated cropping.  

The Yanda and Segen rivers flow from adjacent 
catchments but they are very different rivers; Segen is 
semi-perennial and flows for 6-8 months in each year 
with a normal sediment load; Yanda is a true spate 
channel which flows for only a few days in each year and 
carries a very high sediment load. The facilities 
developed in Segen valley cannot be classified as ‘spate 
irrigation’; they should be seen as normal small-scale 
community managed irrigation facilities. However, three 
recently constructed intakes on Yanda river are true 
‘spate irrigation’ facilities. In addition there are several 
functioning farmer-built spate intakes on Yanda river 
within the lowlands. It is clear that the technical and 
social problems associated with these developments are 
greater than those encountered in successfully 
developing irrigation facilities on Segen river. The so-
called ‘improved’ intakes have been damaged by the 
destructive spate flows and have failed to control 
sediment accumulation both at the intakes and in the 
canals. Their sustainability is open to question and it is 

not clear that this type of water harvesting fits the 
‘intermediate technology’ paradigm. 

 
Farmer-built intake on Yanda river (Ethiopia) 

4. Tanzania 

The terrain comprises plains along the coast, a plateau in 
the central area, and highlands in the north and south. 
The climate varies from tropical along the coast to 
temperate in the highlands. There are two types of 
seasonal rainfall distribution: unimodal, where rainfall is 
usually from October to April; bimodal, comprising the 
short rains (Vuli) from October to December and the long 
rains (Masika) from March to June. Unimodal type is 
found in the central, southern and south-western 
highlands while bimodal type occurs in the coastal belt, 
the north-eastern highlands and Lake Victoria Basin. 
Annual rainfall varies from 500 mm to 1000 mm over 
most of the country. Maize is the dominant crop with a 
planted area of over 1.5 million ha, followed by paddy 
with more than 0.5 million ha over recent years. Irrigation 
potential is estimated to be 2 million ha in mainland 
Tanzania, but the actual extent is around 200,000 ha. 
Attempts to develop irrigation have had very limited 
success. 

Rice is grown in three main areas in Tanzania: the 
Eastern Zone, Southern Highland Zone and Lake Zone. 
Rainfed rice production has steadily increased in the 
Lake Zone since the 1930s, after it was introduced by 
Asian labourers

8
. This production system depends upon 

water harvesting using levelled, bunded fields that can be 
used to collect and store rainfall runoff (known locally as 
‘majaruba’). Since its introduction and despite a lack of 
external intervention or subsidies, rice cultivation has 
expanded to account for approximately 30 percent of 
national production, both in terms of area cultivated and 
production in tonnes

9
. Favourable markets are thought to 

have helped to drive adoption of rice cultivation by small-
scale farmers, especially after market liberalisation in the 
1990s, together with reducing prices of sorghum and 
cotton, which were previously the main cash crops in 
these regions

10
.  

                                                      

8
 See Shaka et al. (1996). 

9
 Based on agricultural statistics for the period 2004/05 

from the Tanzanian Ministry of Agriculture 
10

 For more on the history of the expansion of rice 
cultivation across the Lake Zone, see Meertens et al. 
(1995). 
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Birds-eye view of bunded majaruba fields in Tanzania 

For rice cultivation majaruba are usually built on hard 
pans

11
 or in valley bottoms on sandy-clay soils (known 

locally as mbuga) with bunds 25-100 cm high. Hard pans 
and mbuga soils are very suitable areas for growing rice 
as they have poor drainage and fields remain 
waterlogged for significant periods during the rains. 
Water used in these systems is generally diverted from 
ephemeral streams, gullies, surrounding land or roads. 
Water enters the system through an inlet or opening at 
the upper most majaruba and fills this field before any 
excess is allowed to flow into fields lower down the 
system in sequence (usually by overflowing the top of the 
bunds). This can be classified as a meso-catchment 
techniques with soil storage (see Box 1).  

 
Majaruba rice fields in Tanzania 

Our three study sites were located within the central 
corridor of Tanzania along a transect through one of the 
main majaruba rice cultivation areas in the country. 
Mwalogwabagore is the most northern of the sites at 
approximately 30 km south of Mwanza, Laliis also located 
further south at approximately 60 km north of Shinyanga, 
and Lionii marks the southern extent of the corridor at 60 
km north-east of Dodoma. The rainfall regime at the two 
northern sites is largely bimodal with average annual 
precipitation is between 800 – 900mm. In Lionii located in 
the centre of Tanzania, there is a unimodal rainfall regime 

                                                      

11
 A hard pan is an impermeable layer of soil at or near 

the surface. 

with average annual precipitation in this region is less 
than 600 mm. 

In all sites, rice cultivation has expanded rapidly since its 
first adoption, with the emphasis shifting from 
subsistence to commercial production in recent decades. 
The arrival and spread of the ox plough was said to be an 
important factor driving the expansion of majaruba in the 
mid-twentieth century as it became quicker and easier to 
prepare the fields. Good markets for rice, combined with 
poor markets for other cash crops such as sorghum and 
cotton, also drove expansion in the study regions. The 
only constraint to the adoption and expansion of the 
majaruba system appeared to be a lack of appropriate 
land or ability to rent it. Households not cultivating rice 
were said to lack land ownership in the areas suitable for 
rice cultivation and had insufficient money to rent land. At 
community level, a growing scarcity of unexploited hard 
pans and valley bottom (mbuga) soils limited possibilities 
for further expansion in most cases and farmers were 
found to be renting additional land in neighbouring 
hamlets and villages. 

Farmers indicated that access to and control over runoff 
was a key factor determining yields. Those with access to 
runoff from gullies or surrounding land obtained 
significantly higher yields than those relying on direct 
rainfall only. There were reports of farmers without 
secure access to runoff - generally those with fields lower 
down in the system, who relied on water coming from 
farmers upstream - choosing not to cultivate rice in years 
where poor rainfall was forecast due to the risks that it 
posed to production. Typical yields are 1 to 2 tonnes per 
ha.  

5. Conclusion 

So what can we say about prospects for sustainable 
intensification of rainfed agriculture in sub-Saharan 
Africa? The current situation has been characterised as 
‘one-tonne agriculture’ (ie. typical cereal yields under 
rainfed production around 1 tonne/ha). There is a general 
consensus

12
 that investing in measures to improve water 

management in rainfed agriculture can deliver a doubling 
of yields. The question then is where should this effort be 
targeted? Our work in Burkina Faso and Ethiopia has 
allowed us to explore the two ends of the wide spectrum 
of water harvesting techniques (Box 1). In the first case, 
the additional water input from runoff is limited and the 
practice is not easily distinguishable from in situ water 
conservation techniques. In the latter case, the additional 
water input can be very considerable and the practice is 
not easily distinguishable from conventional irrigation. 

Planting pits, in combination with contour barriers, are 
seen by many observers as an important part of the 
success story of water harvesting in sub-Saharan Africa 
over the last 25 years. Their rapid adoption can be 
explained by the fact that these micro-scale techniques 
are simple and produce immediate results. Farmers 
adopt them incrementally depending on how much labour 
they are able and willing to invest. They can be applied 
by individual farmers who primarily treat their own fields 

                                                      

12
 For example Chapter 8 in Molden (2007) 
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to which they have land use rights. As a result, very few 
land tenure problems arise. Questions remain however 
on the benefit in terms of risk reduction and the extent to 
which the spread can be seen to have been through 
spontaneous adoption rather than external intervention 
and support. 

Floodwater harvesting systems are more complex. These 
macro-scale systems divert concentrated runoff flows that 
are larger and potentially much more damaging than the 
flows intercepted by contour barriers. There are 
examples where they have been developed successfully, 
but their intake structures require design and construction 
skills beyond the capacity of farmers; external technical 
assistance is required. The technology is not divisible and 
therefore requires collective action for construction, 
operation and maintenance. They have many of the 
characteristics of formal irrigation systems in that they 
require both technical and social organization for their 
success. For this reason, is unlikely that they will spread 
spontaneously; they require external intervention and 
therefore compete directly with formal irrigation schemes 
for technical support. 

We are tempted to suggest that the greatest potential is 
at intermediate meso-scale with either direct soil storage 
or pond storage and this is where the effort should be 
focussed. The success of the majaruba water harvesting 
system in Tanzania is remarkable. Despite the low level 
of external intervention, farmers were able to 
independently adopt and expand the system with ease. 
The lack of technical knowledge or other external support 
required for adoption and the minimal input required after 
initial construction is in stark contrast to the techniques 
examined in Burkina Faso and Ethiopia. While efforts to 
expand irrigated rice production in Tanzania have been 
supported by large donor grants and other external 
investments with limited evidence of success, the 
majaruba system has steadily expanded by spontaneous 
adoption. 
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Irrigation Development In Bangladesh 

Alan K Clark, MSc, M-ICE, M-ICID 

As recognized by many working in the irrigation sector 
the time is ripe to embrace and trial new approaches to 
sustain and increase irrigated food production with a new 
wave of engineering investments and institutional/ 
management measures. In this article possible ways 
forward in Bangladesh where rice dominates cropping 
are discussed with a focus on large scale irrigation.  

As in much of South Asia, early irrigation developments 
in Bangladesh were publically funded and implemented 
by difference government organisations. The Bangledesh 
Water Development Board developed large irrigation 
schemes, many for supplementary irrigation of rice and 
with relatively low levels of engineering investment, less 
than about US$ 3,000 / ha, with subsequent rehabilitation 
and modernisation costs of about US$ 1,000/ ha. 
Engineering achievements to date include four barrages, 
5,175 km of unlined irrigation canals and associated 
structures over about 1.57 million hectares. These 
provide cheap, subsidized water to farmers but are 
characterised by poor service delivery standards and 
inability to recover any significant contribution from 
farmers/ farmer groups for routine operation and 
maintenance. Periodic rehabilitation and modernisation 
efforts have not significantly changed this unsatisfactory 
state of affairs.  

 
Small schemes (< 1,000 ha) were developed by the Local 
Government and Engineering Department, by a 
participatory and integrated water resources approach 
and have been quite successful. These schemes display 
a range of engineering solutions for improved flood 
control, drainage and irrigation including water regulatory 
structures, flood embankments, canal/ water way re-
sectioning and buried pipe networks. To date the LGED 
has built about 1,000 schemes benefiting about 0.4 
million hectares. 

Minor irrigation (< 100 ha) used to be the preserve of the 
Bangladesh Agriculture Development Corporation and 
largely comprises pumped groundwater irrigation. Since 
1992 minor irrigation has also been undertaken by the 
Barind Multipurpose Development Authority adopting 
buried uPVC pipes, pre-paid “smart” meters and 
electrification of groundwater pumping. The BMDA 
developed about 14,000 schemes irrigating about 0.3 
million hectares, mostly in the drier north-west of 
Bangladesh. A key success of BMDA is the ability to 

recover operation and maintenance costs from farmers, 
facilitated by the small size of each scheme and adoption 
of prepaid meters and buried pipe distribution. A key 
challenge is the overuse and gradual decline of 
groundwater in some areas.  

 

 

The private sector has arguably had a greater impact on 
food production and the environment than Government 
funded schemes. Facilitated by government deregulation 
and various supportive measures in the 1980s, private 
investments resulted in a rapid increase in groundwater 
irrigation and mechanised farming. Today over 80% of 
farmers have access to pumped irrigation water, from 
about 1.43 million shallow and 0.03 million deep 
tubewells, while 0.15 million low lift pumps scavenge 
water from water bodies and seasonal wetlands. A similar 
percentage has access to tractors, mostly two-wheeled, 
for tillage and transport . It had been feared that privately 
owned irrigation assets, wells and machines, would result 
in tillage/ water “lordism” whereby owners would sell 
water to neighbours at exploitive rates. However, despite 
some incidences, this does not appear to be a severe or 
widespread problem due to the large numbers of 
machines in use and the evolving of rental markets. 
Further the supply and service chain for irrigation 
machines is well developed with fifteen different 
manufactures, dealers in each township, about 40,000 
small/ medium workshops for service and repairs, and 
access to capital from banks and micro-credit 
organisations. 



12 
 

  

 

 

 

 

Parallel with the rise in private pumping of groundwater 
has been the widespread purchase and use by farmers 
of single season cheap 65 mm and 100 mm diameter 
polyethylene (plastic) tubing to convey water up to about 
60 m from the pumping point to fields, reducing water 
losses and energy costs. These weigh between 8.5 kg 
(65 mm diameter) to 16 kg (100 mm diameter) per 100 m. 
The cost for a 100 mm diameter tube is about US $ 
0.35/m. Distances more than about 60 m are not possible 
as the tubing bursts under the pressures of more than 
about 2 m. 

As a result of Government and private investment in 
irrigation double and triple cropping is now practiced over 
higher lying areas , and food production increased from 
11.0 million tonnes 1971 to 30 million in 2007. However 
the county is still importing about 2.0 million tonnes of 
food grain each year on average, and the population of 
150 million is increasing by about 0.2 million annually. 
Furthermore the area of cultivable land, about 8.2 million 
hectares, is slowly reducing with about 0.08 million 
hectares being taken up for urban and commercial use 
each year. 

Grain imports are likely to continue unless production 
increases and production costs are brought down. 
Production costs in Bangladesh are relatively high in part 
due to high energy needs of irrigation. The total cost of 
production of dry season paddy in Bangladesh is US$ 
418.9 /ha compared to US$ 336.2 / ha in West Bengal, 
253.2 ha in Punjab, 223.6 ha in Thailand and 274.5 ha in 
Vietnam.  

Reducing energy requirements rests in two pillars: (i) 
reducing volume of pumped water through improved 
efficiencies; and (ii) addressing pumping inefficiencies. 
For example poor pump selection so that many operate 
well below their peak operating efficiencies is of concern, 
as well as use of cheap, poor quality equipment. Recent 
efforts to expand the range of pumps available and 
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increase consumer awareness include the recent import, 
local manufacture and promotion of axial flow pumps to 
challenge centrifugal pumps for low head (< 4 m lift) 
applications. Another initiative is the use of stronger, 
flexible PVC hose to convey pumped water longer 
distances (60 - 200 m) than is possible by the cheap 
plastic tubing. PVC hose is manufactured in Bangladesh 
in 3, 4 and 6 inch diameters, supplied in 50 m lengths 
and, supposedly, has a 10-year design life. The 4 inch 
(100 mm) size hose costs Tk 150/m (US$ 1.88 /m) and 
weighs 0.66 kg/m.  

One notable and time tested solution is to distribute 
pumped water over longer distances, up to about 3 km, 
using uPVC buried pipes. In Bangladesh where land is 
relatively flat water has to be pumped. Such systems are 
built by LGED, BADC and BMDA who have all adopted 
thin walled uPVC pipes with working pressure heads of 
32 m (SDR 81) to minimise costs . The capital cost of 
these systems is about US$ 600 /ha for smaller schemes 
(< 50 ha in area) for which pipe sizes are limited to about 
250 mm, increasing to about US$ 1,100 / ha or more for 
larger schemes (< 400 ha) with pipe sizes up to about 
500 mm. The exact capital costs depend on layout 
service criteria, in particular the maximum distance from 
pipe outlets to farmers’ fields, and pipe flow velocity (pipe 
diameter). Capital costs are reduced if relatively high flow 
velocities, 1.2-1.5 m/s, are adopted. However adoption of 
such high flow velocities increases pumping head and 
annual pumping costs, and results in higher total life 
costs. Adoption of moderate pipe flow velocities, 0.7 – 1.0 
m/s, gives the lowest total life costs. Compared to lined 
open channels, buried pipe systems are cost effective, 
enable a flexible service standard to farmers, reduced 
maintenance and longer life and do not take up land or 
obstruct movement of farm equipment. BMDA and, 
recently, BADC fit smart meters to the buried pipe 
systems to facilitate collection of irrigation fees with each 
farmer paying for the water he uses. There is some 
evidence that introduction of smart meters resulted in 20-
30% energy savings as users took care to minimises their 
costs . 

 

 

 

Buried pipes and smart meters appear to offer an 
effective solution to increase water and energy efficiency 
for small areas (< 400 ha) for which pipe and pumping 
costs are relatively low. These buried pipe systems may 
be implemented as part of other works, addressing flood, 
water retention and drainage congestion cropping 
constraints, and may form part of a modernisation 
program for large schemes by being adopted at tertiary 
level. 

Modernisation of the large irrigation schemes built by the 
BWDB will undoubtedly include main and secondary 
canals re-sectioning, selective lining, improved flow 
control and measurement structures and equipment, 
introduction of balancing storage and adoption of a 
SCADA system. Less obvious are the engineering 
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improvements to be made at tertiary level, open channel 
or buried pipe, and the degree to which groundwater and 
surface water systems may/ should be integrated. 

Within the large BWDB irrigation schemes there are 
privately owned and managed pumps and tubewells that 
pump groundwater and scavenge surface water and 
meet water deficits in irrigation supply and service of the 
canal system. This results in an overall high water use 
efficiency for the schemes as water lost by seepage/ 
deep percolation is recovered by pumping. There is no 
formal overlap/ integration between the small 
groundwater systems, most of which only irrigate a few 
hectares by plastic tubing or open channel, and the main 
canal system.  

Private pumping is usually by small 2-3 inch diameter 
shallow tubewells with small (<20 l/s) discharges and 
they are usually located in farmers’ fields. To integrate 
pumped groundwater and surface systems would require 
that new, larger and efficient pumped tubewells are 
conveniently located along secondary canals or at the 
head of tertiary units.  

Farmers pay pump owners for pumped water, broadly in 
line with energy used, but there is little cash collected for 
operation and maintenance of the surface water supply 
system by the BWDB despite river water being more 
desired by farmers due to its silt content and “freshness”.  

Tertiary engineering investment options range from a low 
cost modest improvement with unlined channels, through 
partial lining to adoption of buried pipelines. The latter 
would facilitate crop diversification, accurate flow 
measurement, adoption of a proven smart card meter 
system for cost recovery and high water use efficiency. 
The main disadvantage is that pumping would be 
introduced into the distribution system for all irrigation 
water, not just for ground or scavenged water. It is 
possible that this would be justified in areas where canal 
supply is difficult or expensive and where there is already 
significant pumping.  

The choice of engineering improvements at tertiary 
system level is also influenced by the management 
arrangements proposed for a modernized scheme. Past 
experience on public sector and farmer organisation 
partnerships, with a hierarchy of water groups at tertiary, 
secondary and main system level have not been very 
successful in Bangladesh due to a range of complex 
social- political and institutional issues. Current thinking is 
to introduce a third party to improve accountability and 
transparency and bring in needed management and 
technical skills. The third party would be introduced 
between the BWDB and farmers at an appropriate 
hydraulic command level, for example at secondary canal 
level, with clear and measurable responsibilities 
concerning water distribution, the standard of irrigation 
service, irrigation fee collection and agricultural services. 
The nature of the third party and the contractual 
relationship between it and the BWDB include several 
options including: (i) a financially autonomous 
government agency; (ii) a private service provider 
(contracting firm or cooperative) paid by Government 
under a service/ O&M contract (1-3 year duration, 
renewable) or a management contract (2-5 years, 

renewable); or (iii) a private service provider paid by 
farmers under a lease arrangement (10-15 year duration, 
renewable). 

To be successful the new management arrangement 
would need support from government and farmers and be 
able to provide an improved and affordable service to 
farmers. Changing the current norm of non-payment for 
surface water would be facilitated if water was piped at 
tertiary level and smart meters were adopted, providing 
this can be done without significantly increasing 
operating/ energy costs. Conjunctive use of river and 
groundwater with tubewells installed at secondary/ 
tertiary system level would ensure supply can be met in 
the face of low river levels/ drought while also enabling a 
long term sustainable balance between river and 
groundwater. 

In conclusion the time appears ripe for investments in 
engineering works to improve water and energy 
efficiency, and provide farmers with an improved service 
so that their reliance on privately operated and inefficient 
pumped water is reduced. Parallel with these may be 
introduction of a third party organisation between the 
BWDB and farmers bringing greater accountability as 
well as needed management and technical skills. 
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Water Availability and Cycles of Drought 
and Plenty 

Dr Peter J Mason 

Abstract 

Water availability in terms of rainfall and/or river flow 
tends to be analysed and predicted in probabilistic terms. 
That is to say historic records are analysed to produce 
things like mean years and 95% wet or 95% dry years. 
However there is increasing evidence that, on occasion, 
sustained periodicities appear in such records. Where 
this happens they can be used to supplement 
probabilities by better targeting which years are likely to 
be wet and which years are likely to be dry. The benefits 
in terms of planning crop yields, hydropower output, 
water supply and even targeting needs for famine relief 
are obvious. The writer explores this in the report below 
with some examples from his own experience and which 
is based on a talk he delivered in London on 20th 
February 2015 to a joint meeting of the Irrigation and 
Water Forum (IWF) and the British Dam Society (BDS). 

Introduction 

Some weather cycles are already completely ingrained 
and accepted in our understanding to the extent that we 
hardly even think about them as weather cycles. The 
temperature swing between night and day is a simple an 
obvious one. Another obvious one is the regular annual 
cycle of summer and winter. We can understand it 
because it relates directly to the tilt in the earth’s axis and 
how directly we face the sun’s rays. The monthly lunar 
cycle based on the relative juxtaposition of the earth, sun 
and moon has such a strong effect on ocean tidal 
movements that it is again impossible to ignore. But 
many do not appreciate that just as the ocean water 
levels rise and fall so does the earth’s atmosphere by a 
much greater amount.  

But there are many other more subtle cycles with 
variations that are relatively small and where the extent to 
which they could influence the world’s weather has been 
much more contentious. Nevertheless some are 
detectable beyond random chance either directly in 
weather records or in proxies for weather such as tree 
rings, lake sediments and in the annual deposition layers 
of corals and stalactites. Tables 1 and 2 show some 
examples of these. 

 

 

Direct meteorological records do not extend as far as 
much of the proxy data, for example in terms of 
geological sediments and ice cores, but there are some 
interesting similarities between them in the case of some 
of the shorter cycles. Both feature periodicities of 3 to 4 
years and 6 to 9 years. The 3 to 3.8 year cycles 
correspond well with El Nino events whose effects on 
world weather patterns is undisputed. The longer cycles 
at around 7 years correspond to several weather patterns 
including North Atlantic pressure cycles and extreme, UK 
1 hr rainfalls although in the case of these the first 
possibly drives the second. 

Cycle lengths of 18.6 years may correspond to a known 
lunar cycle while cycles of 11 years are generally 
assumed to correspond to the even more well-known 
sunspot cycle. Sunspots are an historic proxy for 
changes to the sun’s magnetic field. This in turn affects 
the earth’s magnetic field as measured by the 
geomagnetic “a-a” index. It also causes associated 
changes to the background cosmic radiation reaching the 
earth and to the earth’s global cloud cover. Other sunspot 
cycles include the 22 year “double” cycle, also known as 
the Hale cycle and the 88 year Gleissberg cycle. All three 
cycles can be detected in certain weather events. A 
classic one investigated by the author is that of the river 
Nile as driven by the level of Lake Victoria in east Africa. 

The level of Lake Victoria drives the flows that exit the 
Lake into the White Nile system. Originally this was over 
the Rippon Falls acting as a weir. After the construction 
of the Owen Falls hydropower project in the early 1950’s 
that relationship was continued based on an “Agreed 
Curve” which reflected the characteristics of the Rippon 
Falls. Compliance continues to be monitored even today 
by Egyptian observers based on site. 

Detailed monitoring of the Lake levels began in 1896 and 
by the early 1920s a correlation had been noticed 
between Lake levels and solar variation. After apparently 
disappearing after 1928 it re-appeared in 1968 and has 
been effectively sustained since in conjunction with a 
gradually falling Lake level. Figure 1 shows the variations 
in Lake level and sunspots against time and Figure 2 
shows the same but with the removal of the falling trend 
after the 1960s.  
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Fig 1. Levels of Lake Victoria from 1896 to 1928 and from 1968 to 2005 
compared to solar variation in the form of sunspot number indices 

Fig 2. Levels of Lake Victoria from 1896 to 1928 and from 1968 to 2005 
compared to solar variation in the form of sunspot number indices, but 
with the 29mm per year falling trend in lake level eliminated from the 1968 
to 2005 data 

Figure 3 shows a more complete history of levels for 
Lake Victoria along with the lake levels for lake 
Tanganyika and lake Naivasha. The three have varying 
long term trends but each feature local peaks which 
correspond with sunspot maximums, marked as vertical 
dotted lines. Just as interesting is the fact that those 
sunspot maximum years marked with as asterisk 
correspond to significant outbreaks of African Rift Valley 
Fever. The ability to predict the timings of maximum lake 
levels and hence rainfall, water availability and also 
significant fever outbreaks has obvious planning 
advantages.  

Flow cycles have also been analysed for much longer 
term river Nile records. Ruzmaikin et al (2006) analysed 
historic Egyptian Nilometer records from 622 to 1470 AD. 
The analysis revealed prominent periods of both 11 and 
88 years for both the Blue and White Niles. Both 
represent known solar periodicities. In the case of the 
White Nile the 11 year period was slightly damped due to 
flows having to pass through the Sudd swamps in 
southern Sudan, on route to Egypt.  

Some established periodicities may not have a directly 
related driver but rather be based on local climatic 
resonance. For example Burroughs (2003) describes a 
computerised simulation of the North Atlantic. Regular 
annual variations were applied to a mathematical model 
of the north Atlantic and eventually produced an 
apparently natural weather cycle periodicity of 12 years. 
This came about because each year ended with a slightly 
different weather pattern to that with which it started. 

 

 
Fig 3. Levels of Lakes Victoria, Tanganyika and Naivasha from 
1900 to 2000, peak sunspot years and years with significant 
outbreaks of African Rift Valley Fever. 

Something similar may be happening in the southern 
areas of Africa. Some years ago the author was involved 
in estimating the likely yield for a proposed new 
hydropower station on the Kafue River in Zambia. A 
search for data revealed 200 years of tree ring records in 
the Zambia/Zimbabwe region which others had analysed 
to produce 200 years of equivalent annual rainfall in the 
region. A check indicated that 20 year running mean 
values for recent rainfall estimated this way corresponded 
very well to 20 year running mean values for equivalent 
flows in the Kafue River.  

Figure 4 shows the correlation between this simulated 
rainfall and Kafue river flows. Figure 5 shows the results 
of a Fast Fourier analysis of the simulated rainfall and a 
series of derived sine curves which fit the record with a 
coefficient of variation of 0.87. It is assumed this would 
also be representative of Kafue river flows with cyclic 
periodicities of 35, 44, 70 and 130 years. Moreover the 
record shows the region getting wetter after about 1950 
and then drier again, something which has also been 
shown by Frossard et al (2006) for Africa as a whole, see 
Figure 6. Interestingly the present dry spell is indicated to 
reach a minimum on or about 2020 to 2030 after which 
water availability will again rise, something which one 
would have thought which would be of interest to long 
term planners . 
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Figure 4 Correlation between Kafue river flows and Reconstructed 
Rainfall 

 

Figure 5 Fast Fourier Transform based curve fitting to Zambia – 
Zimbabwe Reconstructed Rainfall data since 1800 

Regular solar peaks can also be seen in the levels of 
other African lakes such as Lake Malawi although it has 
not always been consistent. In other parts of the world 
Mauas and Flamenco (2005 and 2008) showed a very 
good correlation between variations from the mean for 
annual flows in the South American Rio Parana and 
corresponding sunspot values. The Observatory at 
Armagh in Northern Ireland has a particularly good 
weather station unaffected by urbanisation and with 
consistent long-term readings going back to 1796. Back-
analysis of these records indicated a strong 7.8 year 
periodicity in both rainfall and temperature records and 
corresponding, almost certainly, to North Atlantic 
pressure oscillations as the main driver. 

 

Figure 6 Cumulative Discharges in major African from 1945 to 2000 
divided by their mean flows for the same period  

Weather periodicities have also been revealed in UK 
mainland weather records. Studies on extreme hourly UK 
rainfalls by May and Hitch (1989) indicated cycles of 7.2, 
10.8, 20 and 50 years. As we have seen, the 7.2 year 
cycle almost certainly corresponds to North Atlantic 
pressure fluctuations and the 10.8 years cycle to solar 
variations. Interestingly however May and Hitch also 
concluded that these two sometimes combine to give 
apparent cycles of 9 and 13 years.  

Figure 7 by May and Hitch plots 3 year running means for 
1 hr rainfall and 2 hr rainfall against concurrent sunspot 
number. They also added the UK lightning index in terms 
of continuous flashes per unit area per year. The close 
correlation between all these is obvious. 

 

Figure 7 Three year running means of 1 hr UK Rainfall (dashed line), 
2 hr UK Rainfall (dotted line) and lightening index (solid line) from 
1933 to 1971  

In order to emphasise variations from the mean for hourly 
rainfalls, May and Hitch also derived values for the three 
year running mean of UK I hr rainfalls divided by the 9 
year running mean of 1 hr rainfalls (D3/D9). These are 
shown plotted on figure 8 between the 1880s and 1980s, 
together with concurrent sunspot values. Again a 
correlation between rainfall and solar variation is 
immediately apparent.  
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Figure 8 Three year running means of 1 hr UK Rainfall divided by the 
nine year running mean of the 1 hr UK rainfall plotted against sunspot 
number from the 1880s to the 1980s  

There is little doubt that continued stochastic analysis of 
rainfall and other weather records has considerable value 
and will no doubt continue. However there is also little 
doubt that in certain cases, where the longevity of record 
permits, identifying any clear cyclic behaviour could be 
useful as a supplement to another predictive methods. 
Indeed the benefits in terms of planning crop yields, 
hydropower output, water supply and even targeting 
needs for famine relief are obvious.  

In addition to this, with the current focus on the effects of 
possible man-made global warming on climate it is more 
important than ever to better understand such natural 
climatic variations in order to better identify the extent 
and direction of any changes that may be caused by 
man. 
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OTHER REGULARS

Training Courses 

IWF Proposed Training Course on Irrigation 
for Young Professionals 

The feedback for the attendees of this course, held on 
16-17 October 2014 was very positive and the 
intention is still to run this training course again in the 
near future, depending on other commitments. If there 
are any willing volunteers as co-ordinator to arrange 
the training, please contact Simon Howarth or Tim 
Fuller.  

Awards 

Chris Binnie Award for Sustainable Water 
Management 

The ICE’s Water Expert Panel has set up this new ICE 
award. It’s open for entries until May, we hope that you 
may be interested in applying. There’s a news 
story about it on the ICE site at: 
http://www.ice.org.uk/News-Public-Affairs/ICE-
News/New-ICE-award-promotes-sustainability-of-water  

•••• 

Scholarship to Young Professionals 

The ICID invites nominations for the ICID Scholarship 
to Young Professionals from across the world giving 
them opportunity to engage, network and share 
experiences with the irrigation and drainage 
professionals at the 26th European Regional 
Conference (ERC) and 66th International Executive 
Council (IEC) meetings scheduled to be held from 11-
16 October 2015 at Montpellier, France. Nominations 
are open to young professionals (below 40 years) from 
all countries. Nomination Forms have to be routed 
through and validated by an ICID Member National 
Committee or a partner International Organization of 
ICID, who are in touch with the nominee and are aware 
of nominee’s work.  

You may like to nominate one Young Professionals 
(YP) who is engaged in irrigation and drainage sector 
and who is willing to take active part in the upcoming 
26th ERC, by way of contributing papers, becoming 
rapporteurs and coordinators and undertaking a small 
assignment. The scholarship which is partially funded 
by Ministry of Water Resources, China will consist of: 

(i) To and fro air travel ticket by shortest route by 
economy class 

(ii) Full waiver of registration fee for the event 
(iii) A lumpsum out of pocket allowance.  

The last date for receiving the nomination in the 
completed Nomination Form (attached), through 
Member National Committees/ International 
Organizations to the ICID Central Office icid@icid.org, 
New Delhi is 15 May 2015. 

Reviews 

Solutions for a water-secure world, IWMI, 2014: The 
International Water Management Institute (IWMI) has 
announced a new five-year strategy aimed at boosting 
the center's research and its influence in tackling 
global water challenges. The new Strategy 2014-2018 
simultaneously expands research agenda to tackle 
growing global challenges while sharpening its focus, 
to ensure its findings have an impact by reaching water 
users and policymakers. Building on its core business 
of developing scientific solutions to complex 
agricultural water and land management challenges, 
IWMI will increasingly assume a new role as an 
impartial think tank on water issues. 

Download the strategy from IWMI's web site: 
www.iwmi.org/about/iwmi-strategy-2014-2018/  

Others 

Any ideas for short items or additions in this section? 
Questions, feedback, UKIA news, farewells to 
members or even irrigation and drainage jokes! All 
welcomed. 
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WHAT’S ON

British section 

18 May 2015: Why Groundwater Matters – The Case 
for New Approaches: The 2015 Gerald Lacey 
Memorial Lecture will be given by Dr. Frank van 
Steenbergen, who will be presenting on the topic of 
groundwater and shallow aquifer systems. 

Groundwater resources provide an important 
mechanism for balancing the supply of water to meet 
local needs. The consequences of mining groundwater 
resources for immediate benefit are well known; 
however, across large tracts of Africa for instance 
groundwater provides a significant source, available for 
those that understand how to abstract it. 

Based on practical cases the lecture make the point of 
understanding groundwater and aquifers better – 
sustenance of many agricultural economies, part of the 
productive water cycle, part of the landscape – and 
argues that new approaches in managing and making 
use of groundwater are possible. 

•••• 

IWF Training Course “Irrigation for Young 
Professionals” ICE, London or at UEA’s London 
campus. For further details contact Simon Howarth or 
Tim Fuller. 

 

 

 

 

 

 

 

 

 

 

 

 

International 

ICID Events 

66th IEC and 26th European Regional Conference, 
Montpellier, France, 11-16 October 2015.  
http://afeid.montpellier.cemagref.fr 

•••• 

2nd World Irrigation Forum and 67th IEC, Chiang 
Mai, Thailand, 2016.  
http://www.rid.go.th/Thaicid/ 

Other Events  

7th World Water Forum, Daegu & Gyeongbuk, 
Republic of Korea, 12-17 April 2015.  
http://eng.worldwaterforum7.org/main/  

•••• 

Irrigation Australia (IA) Regional Conference 2015, 
Penrith Panthers, Western Sydney, 26-28 May 2015.  
http://www.ial2015.com.au/  

•••• 

Water Security for Policy Makers and Practitioners 
short course, University of East Anglia, Norwich, 
UK, 7-11 September 2015.  
https://www.uea.ac.uk/international-
development/dev-co/professional-training/water-
security-for-policy-makers-short-course  

For details of these and other forthcoming events, 
check out the ICID website: http://www.icid.org or 
check out our own ICID website: 
http://www.iwaterforum.org.uk  
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THE TAIL END 

British National Committee 2014-2015 

Chairman: Simon Howarth Nominated Members: Peter S Lee (ICE) 
Vice Chairman:  Vacant   Dr R Ragab (Vice President ICID) 
Honorary Secretary: Geoff Pearce  John R Hennessy 
Honorary Treasurer: Peter Johnson  Position Vacant (CIWEM) 
Elected Members: Julia Brown  Ex-officio: Dr Ragab Ragab 
 Derek Clarke  Peter S Lee 
 Martin Donaldson Sub-Committees: John Hennessy 
 Emily Lewis (Social Media) Finance & Membership Peter Johnson (01223 262708) 
 Ian Tod News & Views Oliver Taylor (01244 319413) 
 Helen Houghton-Carr Meetings & Seminars Bruce Lankford & Geoff Pearce  
 Catherine Moncrieff   
Co-opted Members:  Oliver Taylor Secretary: Tim Fuller 
 Marieke Nieuwaal  British National Committee ICID 
 Ian Johnson (Environment 

Agency) 
 Institute of Civil Engineers  

Great George Street 
 Melvyn Kay (UK Irrigation 

Association) 
 London SW1P 3AA 

Tel: 020 7665 2234 
     Fax: 020 7799 1325 
   Tim.Fuller@ice.org.uk 

IWF Members serving on ICID Work Bodies 

Felicity Chancellor: African Regional Working Group Permanent Observer 
Peter Lee:  Committee on Public Relations and Publications 

European Regional Working Group 
 Working Group on Technology and Research Uptake and Exchange 
 Working Group on Modernisation of Irrigation Services 

Working Group on Role of Irrigation in Poverty Alleviation & 
Livelihoods 

Member 
Member 
Permanent Observer 
Permanent Observer 
Chairman 

Ian Makin: Working Group on Integrated Land and Water Resources 
Management 

IWMI representative 
Member 

John Hennessy: President Honoraire ICID 
 Office Bearers Committee  

 
Member 

Charles Abernethy: Working group on the History of Irrigation, Drainage & Flood Control Member 
Ragab Ragab: Vice President ICID 
 Permanent Committee of Strategy & Organisation 
 Working Group on Crop & Water  
 Working Group on Use of Poor Quality Waters for Irrigation  
 Working Group on Water Management in Water Stressed regions 

 
Chairman 
Chairman  
Member 
Member 

John Dunn: Working Group on On-Farm Irrigation Systems  Resigned from group 
Chris Perry: ICID Journal Editorial Board Member 
Bruce Lankford: ICID Journal Editorial Board Member 
Keith Weatherhead: Working Group on Global Climate Change and Agricultural Water 

Management 
Nominated 

Oliver Taylor:  Committee on Public Relations and Publications Editor, News & Views 

International Office-Bearers  

Peter S Lee (Past President)  peterlee-icid@spamarrest.com  
John Hennessy (Past President)  johnhennessy@icid.freeserve.co.uk  
 
 
 
 
 
 
 
 

ICID exists to foster the exchange and development of technical information and expertise in irrigation, drainage 
and flood control and related fields. Members receive this magazine and the quarterly ICID Journal, invitations and 
advance information about technical meetings, and information from ICID central office and other branches from 
time to time. Corporate members receive six copies of this magazine and the Journal, and exposure to members 
and organisations in 70 countries world - wide. 
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Contributions and Advertising 

Contributions to News & Views are always welcomed, in the form of articles, photographs, letters or brief reports.  

Advertisements may be part or full page. Leaflets can also be carried. For more details and rates contact the 
Secretary, Tim Fuller, or the Editor, Oliver Taylor. 

Standard advertising rate is £75.00 per half page, single entry, or £130 double entry. Colour ads £125 and £200 
respectively. Business cards £20.00 per appearance. Corporate members are entitled to a free advert and Individual 
Members can place their business cards for free. 

Contributors and advertisers may wish to bear in mind that News & Views reaches ICID representatives in over 70 
countries, as well as British members at home and abroad. This extended distribution is at the request and by courtesy 
of the ICID Secretary General in Delhi. 

The next issue, No. 58, should reach members in March 2015. The last date for receipt of copy is 28 February 2015. 
Please send your contributions to the Editor:  

Oliver Taylor,  
Email: olivercctaylor@live.co.uk 
6 Hoole Park, Chester, CH2 3AN 
Tel 01244 319413, 07977782345,  
 

Consultants Calling 
Insert your business card here…..  

ADRIAN LAYCOCK LIMITED 
CONSULTING ENGINEERS 

Marine Resource Centre, Barcaldine, Argyll PA37 1SE, 
Scotland 

www.adrianlaycock.com  

 
Irrigation, Drainage, Rivers, Reed Beds, Water Resources 

Micro Hydro Power 
Tel: +44-(0)1631 720 496 M: 07787523755 

Email: alaycock@sol.co.uk  

OLIVER TAYLOR 
Water Resources, Irrigation and Water Supply Engineer 

MSc CEng MCIWEM 
 

6 Hoole Park, Chester, CH2 3AN 
 

Tel: +44 (0)1244 319413 
Mob: +44 (0)7977 782345 

 
Email: olivercctaylor@live.co.uk 
or oliver.taylor@snclavalin.com  

Irrigation water management specialist 
Technical writer and editor 

MELVYN KAY 
MSc DIC CEng MICE FIAgrE 

RTCS Ltd 
The Old Vicarage 

Main Street, Torksey 
Lincoln LN1 2EE UK 

Tel: +44 (0) 1427 717623 
Fax: +44 (0) 1427 717624 

Email: melvynkay@rtcs.co.uk  
Web: www.rtcs.co.uk  
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Application for IWF Membership 

IWF membership for 2011 is £60 which gives you a reduced or free entrance to future meetings and access to the 
ICE, One Great George Street. For full time students, the annual fee for ICID membership is £15. However for 
students, by paying the £15 fee for the seminar, ICID membership for one year is then automatically included. From 
2012 there will be a new grade of Young Professionals, at half the price of full individual membership. 

To: Tim Fuller      Membership rates: 
 Secretary, IWF       Corporate £300    
 Institution of Civil Engineers    Academic Corporate £150 
 Great George Street     Individual £60 
  London SW1P 3AA     Student £15   

I wish to join the British Section of ICID. I enclose a cheque made payable to “ICE” which covers our/my subscription 
for one year. (Please use block capitals). 

 

Full Name              

 

Organisation              

 

Address              

 

Postcode        Tel No      

 

 

Signature         Date      

 

Corporate/Individual/Student (please delete as applicable) 
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LIST OF MEMBERS 

Individual Members 

Charles Abernethy 
Adebayo Adeniji 
Gregory Arkall 
Tony Allan 
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Ian Anderson 
Robert Angier 
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Mutahindukah 
Charles Batchelor 
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Judith Cherni 
Alan Clark 
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Christopher Cronin 
Faith Culshaw 
Robert Davey 
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Susanna De Sousa 
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John Dunn 
Katherine Edelen 
Heather Elaydi 
Paul Erian 
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