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CONJUNCTIVE WATER MANAGEMENT: AN OPPORTUNITY FOR INCREASING IRRIGATION EFFICIENCY

Dr. AARTI ARORA
ASSOCIATE PROFESSOR
UNITED INSTITUTE OF MANAGEMENT
NAINI

ABSTRACT

There are a range of settings within which conjunctive use management can occur and there do not appear to be any situations where conjunctive use management
should not be practiced. Planned conjunctive use management is far better than spontaneous conjunctive use. Most development has already occurred and no new
“Greenfield” irrigation developments are likely at a significant scale. Most implementation of conjunctive use management will be by retro-fitting management
arrangements to already existing systems. Poverty reduction in irrigation areas is closely linked to water supply efficiency and hence to conjunctive use manage-
ment. The regulatory settings for water management for different sovereign States will be the most important setting for management approaches. Any institu-
tional strengthening will need to be supported by strong policy and possible legislative changes. Conjunctive use management will be linked to sovereign policies
related to energy, climate change adaption and to food security and hence a broader governmental approach will need to occur. An important part of planned
conjunctive use is the identification of the true total cost of water resources and the separate cost to individual users (for example, electricity subsidies are very
common). The total real cost and individual water user cost can be very different. The degree of connectivity of surface water and groundwater is an important
technical consideration, but not one that will greatly influence whether conjunctive use management is successful. Institutional strengthening around groundwater
management and a fully integrated water agency will be a major challenge in most areas. Public education and supporting technical assessments will be an
important part of conjunctive use management.

KEYWORDS

conjunctive water management, irrigation efficiency.

JEL CODE
Qis.

INTRODUCTION

onjunctive use of water relates to the combined use of ground and surface water. Due to the augmented water source, higher water reliability can be

achieved. Conjunctive use therefore functions as a buffer for periods of water scarcity. The idea of this management approach is to use surface water when

the water table is high and change to groundwater when the water table is low. This technique might be especially important as a buffer function for
mitigating impacts of climate change, such as increased heat and drought.
Conjunctive use of groundwater and surface water in an irrigation setting is the process of using water from the two different sources for consumptive purposes.
Conjunctive use can refer to the practice at the farm level of sourcing water from both a well and from an irrigation delivery canal, or can refer to a strategic
approach at the irrigation command level where surface water and groundwater inputs are centrally managed as an input to irrigation systems. Accordingly,
conjunctive use can be characterised as being planned (where it is practiced as a direct result of management intention —generally a top down approach) compared
with spontaneous use (where it occurs at a grass roots level — generally a bottom up approach). The significant difference between unplanned and planned
conjunctive use, and the approach governance must take to maximise the potential benefits from such use, is explored within this paper. Where both surface and
groundwater sources are directly available to the end user, spontaneous conjunctive use usually proliferates, with individuals opportunistically able to make
decisions about water sources at the farm scale.
The planned conjunctive use of groundwater and surface water has the potential to offer benefits in terms of economic and social outcomes through significantly
increased water use efficiency. At the resource level, groundwater pumping for irrigation used in conjunction with surface water provides benefits that increase
the water supply or mitigate undesirable fluctuations in the supply and control shallow water table levels and consequent soil salinity.
The absence of a strategic agenda within governments, and of planners, to capitalise on the potential for planned conjunctive use to support these needs, is
generally a significant impediment to meeting national and international objectives as they pertain to food and fibre security. There is an urgent need to maximize
production within the context of the sustainable management of groundwater and surface water. The challenges posed by this in some ways reflect the evolution
in objectives and management approaches that have been, and remain, common to irrigation development throughout the country. Many existing irrigation
commands source their water supply from both the capture of catchment runoff and aquifer systems. Typically, water has been sourced from either surface or
groundwater supplies with the primary supply supplemented by the alternative source over time. Accordingly, governance settings, infrastructure provisions and
water management arrangements have emphasised the requirements of the primary source of supply, inevitably requiring the “retrofitting” of management
approaches onto existing irrigation commands to incorporate supplementary water sources over time. Optimising the management and use of such resources,
which have been developed separately will in some situations require substantial investment in capital infrastructure and reform of institutional structures. Put
simply, planned conjunctive use is relatively simple with Greenfield (or new development sites), but significantly harder to achieve within existing hydro-physical
and institutional/social systems.
Whilst these challenges and the associated benefits of a strategically planned approach are well understood, the current status of water management and planning
in India suggests that little has been achieved in its widespread implementation. This paper explores the reasons underpinning the apparent poor approach to full
integration in the management and use of both water sources, and the absence of more coordinated planning. It is the authors’ view that there remain significant
gaps in water managers’ understanding as to what aspects of the contemporary management regime require overhaul to achieve integrated management and
the improved outcomes that could be expected as compared with separate management arrangements. Such lack of understanding is an important impediment
to the governance, institutional and physical infrastructure reforms whereby planned conjunctive use could improve existing management and regulatory arrange-
ments. Reforms may also be impeded by different ‘ownership’ models of groundwater and surface water delivery infrastructure and the associated entitlement
regime (i.e. private and /or public); a situation that has Implications for social and institutional behaviour and ultimately the adoption of a conjunctive management
approach.
This paper is intended to provide insight into these barriers to adoption and hence provide a new focus on an old paradigm; a focus intended to make progress
with the objective of improved water management and water use efficiency and so support longer term outcomes in the form of improved food security in critical
parts of India.

CONCEPTS AND MISCONCEPTIONS OF CONJUNCTIVE USE

In most climates, precipitation, and consequently peak river discharge, occurs during a particular season of the year, whereas crop irrigation water requirements
are at their greatest during periods of low rainfall when unregulated stream flows are significantly lower. For many irrigation systems, water supply is aligned with
crop water requirements through the construction and management of dams, which capture water during periods of high flow, enabling regulated releases to
meet crop water requirements. However, the construction, operation and distribution of water from dams are inherently costly undertakings. Furthermore, dams
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and the associated distribution systems are commonly subject to high system losses through evaporation and leakage and they have social and ecological impacts
upon communities and the environment in and on which they are built.

Conversely, under natural recharge regimes, groundwater storage requires no infrastructure, the aquifer serving as the natural distribution system. The point of
irrigation, in a groundwater-fed irrigation command, is commonly opportunistically located close to the groundwater extraction point, which in turn is integrated
into on-farm irrigation infrastructure. Under a sustainable extraction regime, groundwater of a suitable quality can provide a reliable source of water either as a
sole supply of water, or to supplement alternative sources. Commonly, the large storage to annual use ratio typical of many regional aquifers means that the
reliability of supply from groundwater is less affected by seasonal conditions than are surface water systems, and may indeed provide significant buffering against
droughts. However, most intensively used groundwater systems (within the context of irrigation) are located in the semi-arid parts of the world and are charac-
terised by relatively low annual recharge. Then the ratio of annual use to long term annual recharge becomes the predominant measure of sustainability for these
systems, independent of aquifer storage. Whilst providing a large storage and natural distribution system, aquifers are, generally speaking, unable to capture a
significant portion of runoff arising from large rainfall events. Aquifers therefore do not annually harvest water on a scale that justifies the construction and
operation of centralised water delivery systems based on groundwater alone.

The aim of conjunctive use and management is to maximise the benefits arising from the innate characteristics of surface and groundwater water use; character-
istics that through planned integration of both water sources, provide complementary and optimal productivity and water use efficiency outcomes.

At the farm scale, conjunctive use is implemented on a day to day basis with ‘management’ characterised by low level (or micro) decisions incorporating factors
such as resource availability, costs of delivery to the crop, tradability of unused allocation and water quality. Collectively, these factors contribute to minimising
costs, optimising production and maximising net profitability. However, at the irrigation command level, planned conjunctive water use and management aims
for higher level objectives. Planned conjunctive use is expected to optimise productivity and equity in the management of surface water and groundwater re-
sources (World Bank 2006) and promote economic, environmental and social sustainability.

The aquifer provides a natural storage system to source groundwater during periods of demand, Optimal management may take advantage of unutilised storage
capacity through Managed Aquifer Recharge (MAR) whereby recharge is enhanced for later recovery. From a conjunctive use perspective, such a management
approach enables surplus surface water to be captured (during high flow events) and utilised at times when the dam or stream flow is depleted or when water is
required for other purposes. Groundwater recharge enhancement can be via injection down recharge wells, storage of water in infiltration basins or slowing the
natural flow of surface waters to induce additional groundwater recharge

An example of this approach is found on the Al Bettina coastal plain of eastern Oman where highly episodic wadi flood flows are captured by dams and the retained
water is encouraged to recharge the productive gravel aquifer underlying the area. However, in general, aquifers rarely offer large enough storage capacity for
absorbing large volumes of flood water in a short period of time. The use of artificial recharge (or MAR) as a management option couples the attributes of the
aquifer system with those of the surface water system without relying upon the natural hydrological regime of the water cycle. In effect, it decouples the need for
physical connection between surface water and groundwater resources through engineering interventions. MAR as an adjunct to conjunctive management would
in most cases only be likely to occur through coordinated planning which may range from village scale low technology water harvesting approaches, to technically
sophisticated approaches (as increasingly being adopted in the developed world). Irrespective of the degree of technical sophistication, the planning requirements
associated with a successful MAR initiative are such that it is an aspect of conjunctive management that is unlikely to be adopted where spontaneous ‘farm scale’
conjunctive use prevails.

At the general level the benefits attributed to optimising conjunctive use of surface and groundwater have been investigated over many years through theoretical
modelling and studies of physical systems. These benefits take the form of:

1-Economic gains

2- Increases in productivity

3- Energy savings

4- Increased capacity to irrigate via larger areas

5- Water resource efficiency

6- Infrastructure optimisation

An example includes Bredehoeft and Young (1983), who modelled a twofold increase in net benefit arising from conjunctive management. Another is the Agricul-
ture and Rural Development Group, World Bank (2006), which reported a 26 per cent increase in net farmer income, substantial energy savings, increased irrigation
and substantial increase in irrigated crop area for Uttar Pradesh, India, as a result of conjunctive management of monsoon floodwaters in combination with a
regional groundwater system.

REQUIRED INSTITUTIONAL STRUCTURES FOR EFFECTIVE CONJUNCTIVE USE MANAGEMENT

Conjunctive use management is not constrained mostly by a lack of technical understanding (though this is an important constraint), but rather by ineffective and
incompatible institutional structures, with separate management arrangements almost always established and operated by different institutions. As well, water
resources at the sovereign level are often managed by a dedicated agency, whilst irrigation commands are often managed by agricultural agencies or dedicated
irrigation command authorities. Overall water resource policy may be set at a jurisdictional scale with the irrigation sector required to operate under the authority
of a regulatory agency. This results in a complex mosaic of planning and decision pathways that are not easily overcome in the pursuit of a planned conjunctive
management model.

INDIA'S READINESS FOR SUSTAINED CONJUNCTIVE MANAGEMENT

Irrigation planners and managers in Asia need to recognize that the era of construction of irrigation projects in Asia is rapidly coming to a close; the challenge now
is to improve the management of public irrigation assets, ignoring the role of private groundwater irrigation in canal command means missing out on a great
opportunity for unlocking value from irrigation systems; Asia's semi-arid regions its own model of managed aquifer recharge and sustainable agricultural water
solutions. Indian agriculture is already plumbed for highly effective conjunctive management of surface and groundwater. All that the sector needs are recondi-
tioned surface systems and a conjunctive management protocol.

Conjunctive management is at work, for example, when canal irrigation system managers purposely direct surface water deliveries away from water-logged areas
to groundwater depleted areas; or when they suspend canal supplies during the rainy period to provide irrigation during dry season; or when they use treated
urban wastewater to supplement fresh canal or groundwater supplies. In Gujarat state of western India, the Government has constructed a 600 km long spreading
canal to use surplus flood waters from Kadana and Sardar Sarovar reservoirs in the south to recharge parched aquifers of North Gujarat to counter groundwater
depletion and reduce power subsidies to irrigation. This is a good example of conjunctive management of surface and groundwater.

India's conjunctive management potential has increased enormously thanks to a booming groundwater irrigation economy in the command areas of surface
irrigation systems. However this potential is far from being fully utilized. Canal irrigation managers often ignore or are unaware of the benefits of conjunctive
management. Moreover, poor rule enforcement in canal commands also makes conjunctive management difficult. As a result, conjunctive management in many
Indian systems happens but largely by default through private entrepreneurial action by farmers.

Purposeful conjunctive management of surface and groundwater requires a mind-set change among irrigation managers and tighter rule enforcement, besides,
of course, modernization of canal and irrigation network. Institutions and management structures need to take up proactive and purposive conjunctive manage-
ment of rainwater, surface water, wastewater, and groundwater.
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EXAMPLES OF SUCCESSES AND FAILURES OF CONJUNCTIVE USE

It is acknowledged that conjunctive use of groundwater and surface water already occurs in most countries where irrigated agriculture is practiced, both in the
developed as well as developing countries. However, it is also recognised that whilst conjunctive use is probably the norm more so than the exception, its operation
within an integrated water management framework is where adoption is significantly lacking.

Foster have described the setting for conjunctive use in Uttar Pradesh State in India, which is categorised as a humid but drought-prone middle alluvial plain
hydrogeological setting. The alluvial plains of the Ganges Valley (the Indo-Gang etic Plain) in Uttar Pradesh, India are underlain by an extensive aquifer system
holding groundwater that represents as much as 70 per cent of overall irrigation water supply. This is one of the largest groundwater storage reserves in the world.
Its utilisation as a water resource has primarily arisen in response to reduction in supply and unreliable operation of the irrigation canal systems. The aquifers are
directly recharged from infiltrating monsoon rainfall but also indirectly from canal leakage and poor applied irrigation efficiency (i.e. excess rates of field applica-
tion); a common scenario in such hydrogeological settings.

Increasing groundwater abstraction has resulted in a declining water table, particularly in high intensity ‘groundwater exploitation zones’, whereas in other areas
(in some cases within 10-20 km), flood irrigation and canal leakage have maintained shallow water tables. The decline in water tables in some areas is correlated
with evidence of irrigation tube well dewatering, yield reduction and pump failure, together with hand-pump failure in rural water-supply wells. Conversely, threats
arising from shallow water tables elsewhere are evident in around 20 per cent of the land area being subject to shallow or rising groundwater levels, with and
salinization leading to crop losses and even land abandonment soil waterlogging. (Foster et al., 2010).

In the light of the challenges posed by rising water tables in some areas, and declines in the water resources elsewhere, in the Jaunpur Branch canal-command
area in Central Pradesh a ‘more planned conjunctive-use approach’ is being implemented.

These activities are being aligned with the pursuit of an appropriate management plan, for which the land surface has been subdivided on the basis of hydrogeo-
logical and agro economic criteria into ‘micro-planning and management zones’. For each zone a canal reach (e.g. head, mid or tail) is assigned with an indication
of current irrigation canal flow and water table level. The irrigation water service situation, groundwater resource status and groundwater management needs are
then identified.

IWMI (2002) describe the situation for the western Indo-Gang etic plain, where, although rainfall ranges between 650 and 1,000 mm annually, only 200 mm
naturally percolates through soil layers to recharge underlying aquifers. In this area, like many others in India, groundwater pumping by farmers exceeds recharge
(from rainfall and leakage from surface waters (canals and rivers) and application excess). Farmers are at the mercy of monsoon rains, which can fail to provide
water when and where it is needed. The high concentration of rainfall, over a 3 month period, means the majority of water runs off the already saturated soil.
During the dry season, a lack of canal water means a reliance on pumping from groundwater stores, which are not totally replenished from the previous year,
hence further depletion (mining) of the aquifer system

A ten year pilot project (the Madhya Ganga Canal Project) undertaken in this area has demonstrated a low cost way of utilising the excess surface water during
monsoon season by conserving and rejuvenating falling groundwater reserves. The project involved diversion of 234 m3/s of monsoon waters in the River Ganga
to the Madhya Ganga Canal, which feeds both the Upper Ganga Canal system and the Lakhaoti Branch Canal system. Through systems of unlined (unsealed)
earthen canals, water is delivered to farmers for irrigation of water intensive monsoon crop such as paddy rice and sugarcane. The unlined nature of the canal
systems and Infiltration of excess irrigated water facilitates the recharge of underlying aquifers, in which the water table was raised from an average 12 m bgl
(below ground level) to an average 6.5 m bgl. Simulations showed that without such a Conjunctive management approach, levels would have continued to decline
to an average depth of 18.5 m bgl over the course of the study.

The conjunctive management of surface water and groundwater has proved productive in terms of the average net income increasing by 26 per cent through
reductions in pumping costs and improved cropping systems. It has demonstrated a more sustainable system through improved cropping patterns and more
reliable and sometimes new (e.g. providing water in previously existing dry pockets) sources of water for irrigation and other uses, such as domestic/industrial
supplies. During the dry season, drawdown from groundwater pumping prevents waterlogging and maximises storage space for recharge during the following
year’s monsoon.

Unused (often lined) drainage canals constructed in the 1950s to control water logging and floods are also being targeted as a means for diverting monsoon waters
across India either for irrigation, storage and later use, or recharge to underlying aquifers. Modification of previously lined canals can aid their transformation into
temporary reservoirs, where ‘check structures’ at suitable intervals slow down water flow and increase the aquifer recharge capacity of the carrier (Khepar et al,
2000 in IWMI, 2002).

The Mabhi Right Bank Canal System in central Gujarat is one example of conjunctive use by default. Commissioned in the 1970s, the canal irrigation system provided
water to 250,000 hectares of land that became waterlogged and faced secondary salinization. Over the years, about 100,000 private tube wells were constructed
and became the major source of irrigation water in command areas. These tube wells now serve as vertical drains - excellent substitutes for capital-intensive
lateral drainage system. Waterlogged areas shrunk and agriculture boomed in previously unproductive regions. Irrigation efficiency, once defined as cubic me-
ters/hectare of canal supplies was low; but when now measured as cubic meters/canal and groundwater irrigated area together, it is very high.

The vast plains of Punjab offer the same story. Massive waterlogging and secondary salinization in the 1950s and 60s have eased or been eliminated by private
tube well development.

Down south in Tamilnadu, many canal irrigation systems have been over-extended so much so that canal water supplies needed to be rotated to different blocks
of command areas. In some systems, all canal water is supplied to half a command area for a certain number of months; the other half uses well water while
waiting for its turn to canal water privileges. In other systems, the entire canal network is run for a particular season, with canal water deliveries confined to left
side in one year and on the right side the next year.

The proliferation of tube wells in command areas has made it possible for irrigation system managers to distribute available surface supplies over a much larger
area than was earlier possible. Moreover, farmers value groundwater recharge from canal irrigation as much as - sometimes even more than - direct irrigation
benefit.

SOCIAL AND ENVIRONMENTAL BENEFITS THROUGH CONJUNCTIVE USE SCHEMES

In Utter Pradesh, a planned approach was implemented at the regional scale aimed at effecting changes to the water supply/demand balance by considering the
nature of the complete water cycle for the area and how this behaved spatially and temporally. A series of actions were then undertaken to optimise the existing
infrastructure so as to enable a larger amount of water to be accessed in a more efficient manner. It seems there was little in the way of State-sponsored investment
and no apparent changes to management and/or regulation levels. However, local ownership was focussed on increasing the total water availability. The benefits
of these actions have been widely reported.

As Bredehoeft said “Effective conjunctive management can probably only be accomplished by an approach that integrates the groundwater and surface water
into a single institutional framework; they must be managed together to be efficient. Current institutions based upon the present application of the rules of prior
appropriation make conjunctive management not practical.” This is because the existing surface water rights are strongly maintained and enforced by the relevant
water authorities and consequently groundwater is not able to be used in an unencumbered conjunctive use sense.

The social, technical and economic factors require consideration within the local context, as they are critical to developing the optimum management arrange-
ments. However, the optimum approach may prove to be purely theoretical if implementation is inhibited by existing institutional or policy structures. This spe-
cifically applies to the legal “ownership” of water rights, the ability of local bodies or water user associations to make day to day decisions and the ability to
undertake effective Groundwater resource accounting critical for effective Management in a ‘changing world’.
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GOVERNANCE APPROACHES

Uttar Pradesh conjunctive use example, make the point that “multi-faceted governance arrangements are necessary for successful management of smallholder
surface water irrigation systems. In managing conjunctive use, these arrangements become more complex. The greater complexity in management arises from
the need for coordinated management of the two resources through greater participation and networking of stakeholders at each stage of water allocation, use
and management.” Further, Livingston subdivides water governance models for water supply systems into three types: Bureaucracy, Community and Market.
Governance approaches may favour one part of these three, but will ultimately include elements of all.

The governance model will need to address four areas of endeavour: Legislative, Organisational, Capacity and Socio-political. In many countries, the organisational
aspect will require the most significant changes to be made.

INSTITUTIONAL STRENGTHENING

Institutions that manage water, at both the national and regional scale will need to be strengthened to remove impediments. This will require the adoption of
frameworks that promote integrated water resource management where surface water and groundwater functions operate collectively towards a single over-
arching objective, and the function of water and agriculture ministries are also aligned for this purpose. Institutions will need to be clear on who operates and
manages irrigation commands; arrangements that may be inclusive of either the public or private sphere, or a combination of both.

POLICY AND LEGISLATION

In many instances, there will be a need to understand and review the current approaches to allocating rights to water, and the form and attributes of those rights.
In many situations, policies and regulations may be poorly formulated and hence not operating efficiently to achieve the intended outcomes. Effective water
allocation planning is paramount. Such planning will need to be supported by strong national policy and to occur within a framework that ensures sustainable
levels of take and use of the resource. This will require significant technical input, especially within the context of the need to assess the available consumptive
pool.

PLANNING

By its very nature planned conjunctive use will require a strong management platform. There is a need to clearly define objectives, outcomes, activities and
performance measurement and compliance arrangements. Such plans should be based around water allocation mechanisms and have regard to the technical
understanding of the total consumptive water available.

Plan implementation will require definition of investment requirements and decisions about who will make those investments, and who ultimately pays. Ideally,
planning should incorporate the triple bottom line notions of achieving environmental, economic and social objectives.

MARKET AND PRICING APPROACHES

Surface water and groundwater will always have differential cost structures that apply to users. In centralised government systems, these cost structures may be
heavily subsidised as a result of related policy decisions (for instance, those for food and energy) and there may be unwanted outcomes as a result; usually these
relate to poor water use efficiency outcomes. In general, groundwater users fully finance their associated infrastructure whereas surface water infrastructure has
been either wholly or partly subsidised by the State. The different ownership models contribute to differential cost impacts for irrigators, leading to decisions that
are inconsistent with optimised planning objectives. Conjunctive management will need to understand and remove these impediments. State-sponsored ground-
water development is an area where investment may be required. There will also be differences in economic approaches at the macro and micro scale, and any
activity to enhance the water market needs to acknowledge the two different scales of benefits. This is also true where economic incentives are implemented.

ON THE GROUND IMPLEMENTATION

Planned conjunctive use management will benefit strongly from, and possibly require, strong ownership by the irrigated farming sector. This can be achieved by
building strong local water user groups through targeted education and enabling actions. In the past, communities have been focused upon single issues (either
surface water or groundwater) and there has been a reluctance to engage in management issues associated with the other side of the resource picture that would
require reorganisation to better reflect the distribution of users. Overcoming this issue is exacerbated by a number of factors including the absence of a revenue
base for cost recovery and the politicisation of the user groups towards maintaining subsidised surface water supplies.

USE OF FINANCIAL AND MARKET BASED INSTRUMENTS TO PROMOTE PLANNED CONJUNCTIVE USE

Financial and market based instruments (FMBI) are a range of financial and economic measures which can be used to encourage specific actions and trends. In the
context of water resource planning, FMBI can be direct financial incentives (e.g. taxation reduction, subsidies to lower electricity prices) or disincentives (e.g.
taxation increases) or alternatively indirect trade-offs or offsets (e.g. pollution reduction schemes) and the introduction of water trading.

The introduction of clearly defined water “rights”, the application of well-defined caps (i.e. maximum limits of use of groundwater and surface water) and then
the introduction of a water trading regime can operate to strongly facilitate more efficient total water use. Surface water trading regimes currently operate in
many countries; however, groundwater trading regimes are not so common. Surface water to groundwater (and vice versa) trading regimes are rare. Nonetheless,
water trading can represent a strong market instrument to encourage conjunctive use, if it is managed appropriately. There are however few examples in the
world where this has occurred. This is especially an issue where the market mechanisms are not designed to account for environmental impacts (e.g. salinity
effects).

A SUGGESTED SET OF CONJUNCTIVE USE PRINCIPLES FOR CONSIDERATION WITHIN A GOVERNANCE APPROACH

The following is a suggested set of principles for the implementation of conjunctive use management within existing irrigation commands where existing infra-
structure and historical governance arrangements are in place.

1- Planning should be undertaken with full and detailed knowledge of the characteristics of both the surface water and groundwater systems, existing system
operations and the demands of the cropping systems;

2- Goals should be established that are intended to optimise the water supply/demand balance, Irrespective of existing institutional, governance and regulatory
models;

3- Revised institutional arrangements underpinning the new conjunctive management model must be supported with a strong policy and legislative base;

4- The combined surface water/groundwater system and their use should be managed so as to optimise net economic, social and environmental benefits taking
into account national energy, food security, population and poverty reduction, sustainability and climate change policies and programs;

5- Stakeholder participation should be encouraged.

From an operational point of view, some key guidelines to implementing conjunctive management include:

1- A technically robust understanding of stream-catchment-aquifer interactions;

2- A water balance that is inclusive of connectivity between the surface and groundwater systems;

3- Technical assessment techniques commensurate with the understanding of the hydrological system and with explicit recognition as to the limitations to the
validity and applicability of information;
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4- A strategic monitoring program for the catchment including the alignment of groundwater and Surface water monitoring. Monitoring regimes should recognise
the differences between assessments monitoring and management monitoring. Management monitoring refers to the monitoring of Management rules and
processes whilst assessment monitoring refers to monitoring of the technical or scientific aspects of stream-aquifer interactions

CONCLUSIONS

1. There are a range of settings within which conjunctive use management can occur and there do not appear to be any situations where conjunctive use
management should not be practiced;

2. Planned conjunctive use management is far better than spontaneous conjunctive use;

3. Most development has already occurred and no new “Greenfield” irrigation developments are likely at a significant scale. Most implementation of conjunc-
tive use management will be by retro-fitting management arrangements to already existing systems;

4.  Poverty reduction in irrigation areas is closely linked to water supply efficiency and hence to conjunctive use management;

5. The regulatory settings for water management for different sovereign States will be the most important setting for management approaches. Any institu-
tional strengthening will need to be supported by strong policy and possible legislative changes;

6.  Conjunctive use management will be linked to sovereign policies related to energy, climate change adaption and to food security and hence a broader
governmental approach will need to occur;

7.  Animportant part of planned conjunctive use is the identification of the true total cost of water resources and the separate cost to individual users (for
example, electricity subsidies are very common). The total real cost and individual water user cost can be very different.

8.  The degree of connectivity of surface water and groundwater is an important technical consideration, but not one that will greatly influence whether con-
junctive use management is successful;

9. Institutional strengthening around groundwater management and a fully integrated water agency will be a major challenge in most areas;

10. Public education and supporting technical assessments will be an important part of conjunctive use management.
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