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Chapter 1: Background
1.1
Need for Monitoring

There is an old and well-proven management principle that states, “If you can’t measure it, you can’t manage it”.  This principle applies as much to water resource management as it applies to managing any other kind of human endeavour.  This principle is recognised explicitly in Chapter 14 of the National Water Act (Act No. 36 of 1998)  (NWA), which requires monitoring of water resource quality to be an integral part of water resources management in South Africa.  The NWA mandates the Minister of Water Affairs and Forestry to establish national monitoring systems that monitor, record, assess and disseminate information regarding, amongst many other things, the quality of water resources.

Although the NWA refers to monitoring systems in the plural, it does not specify exactly, from a systems design perspective, what these national monitoring systems should be, or provide all the other details required to specify, design and implement such monitoring systems.  The National Water Resources Strategy (NWRS) recognises that no single monitoring programme can lead to a comprehensive expression of the “state of the water environment”.  The need for implementing and maintaining different monitoring systems to provide information on different aspects of water resource quality is confirmed by the reality that several water resource quality monitoring programmes exist currently both within the Department of Water Affairs and Forestry (DWAF) and in several other institutions involved in water resources management.

1.2
What is meant by “monitoring” water resource quality

For many people, and not only in South Africa, the phrase “water resource quality monitoring” means collecting and storing data related to the quality of water resources.  Since the early 1970’s those involved in conducting, but also particularly funding long term monitoring, identified one of their biggest problems being the “data-rich but information-poor syndrome”.  In other words the situation that their monitoring activities usually tend to generate large volumes of data that apparently find little application in the practice of water resource management.  However, at the same time they faced continuous complaints from water resource planners and managers about the lack of relevant water resource quality information to support their planning and management information needs.  This lack of relevant information is bad enough, but is compounded by the fact that at the same time masses of data were and still are being collected requiring significant time, effort and cost, seemingly without the expected benefits being derived from it.

The “data-rich but information-poor syndrome” led several countries (USA, Europe, New Zealand and also some work done in South Africa) to fundamentally rethink the purpose of water resource quality monitoring, and consequently the process being used to design monitoring programmes.  The purpose of monitoring was therefore redefined as: “Delivering the management information about water resource quality they require, to water resource managers, planners and other stakeholders”.  This statement of the purpose of monitoring may sound obvious.  However, its implications for the design and maintenance of monitoring programmes are profound.  Previously the design of monitoring programmes was dictated mainly by the consideration of how much water resource quality data (sites, frequency, attributes) could be collected with the available resources and infrastructure.  So monitoring involved the execution of two core functions, namely data acquisition and data management and storage.  The shift in focus to the information user-centric approach currently being used to design monitoring programmes required that scope of monitoring be extended to a third, but crucial core function, in addition to the other two namely: 

· Data acquisition.

· Data management and storage.

· Information generation and dissemination. 

The information user-centric approach also recognises that water resource management approaches and practices change with time.  Therefore, in order to remain relevant, monitoring programmes need to be reviewed from time to time to confirm that they still meet their users’ information requirements and be revised if necessary.

1.3
The demands for monitoring created by integrated resource management

Integrated water resource management is a corner stone of the new approach to water resources management adopted in SA and required by the NWA.  Integration has to happen in several different dimensions, e.g. integration of the different components of the hydrological system (surface water, groundwater, estuaries, wetlands) and integration between statutory, economic, social, and resource quality objectives when making decisions about resource utilisation.   Water resource quality information users, who now have to make decisions and take actions that conform to the requirements of integrated water resources management, require both more resource quality information, and often also more sophisticated information concerning water resource quality

1.4 
The implications for monitoring of changes in the institutional set-up for water resource management

An important principle underpinning SA’s approach to water resources management is that the national government, through the Minister and the Department of Water Affairs, acts as the custodian of South Africa’s water resources.  However, it also recognises that people at all levels in society should participate in planning and decision-making about the use of water resources in order to ensure that social, economic and environmental needs are being met.  This led to the requirement for a variety of water management institutions, such as Water Management Associations, Catchment Management Agencies and Water Boards, to be established.  It is recognised that establishing these institutions and building their capacity and infrastructure to function effectively may take a long time.  Therefore, while the new water management institutions are being established, DWAF’s regional offices are being restructured to perform the water management functions on behalf of these new institutions in the interim.

Up to now, with the exception of two or three major Water Boards, practically all water resource quality monitoring in SA was funded and executed by DWAF.  Although staff at DWAF’s Regional Offices handled most of the actual data acquisition, a few DWAF Head Office Directorates (HO) performed virtually all the data management and storage and information generation and dissemination functions.  These Head Office directorates were also responsible for designing and maintaining most of the resource quality monitoring programmes. Therefore, the bulk of water resource quality information currently being produced in SA is obtained from monitoring programmes operated by DWAF HO.  

The new institutional set-up for water resource management in SA has profound implications for how water resource quality monitoring in SA will be conducted from now on:

· Many of the water resource management functions previously performed by DWAF, as a central government department, are now to be performed by CMA’s and other water management institutions (or DWAF Regional Offices acting on their behalf).  As a result, these institutions now also become primary users for most of the water resource quality information that was until now only required by DWAF for performing its water resource management functions. 

· CMA’s and other water management institutions are expected to operate the monitoring programmes required to produce the water resource quality information they need for performing their functions.  In short, it means that in future DWAF will no longer be responsible for virtually ALL water resource quality monitoring as in practical terms it currently is.  

· DWAF’s principle role in future is likely to be to provide the strategic context for water resources management in SA (NWRS) and, as the principle custodian of SA’s water resources, perform an oversight function concerning the adherence of other water management institutions to the NWRS. Therefore, in future DWAF’s HO (as a central government department) need for water resource quality information is likely to be reduced to:

· Information required for International / National level water resources strategic and development planning.

· Information required for performing its custodianship role, in other words, auditing conformance to a set of strategic resource quality objectives agreed with the different water management institutions. 

· Information it has to provide to other national government departments, e.g. DEAT to enable them to perform their roles such as in reporting from time to time on the State of the Environment.

· Information it has agreed, in terms of international agreements, to provide, e.g. for South Africa’s participation in the UNEP / GEMS Water Monitoring Programme.

1.5 Guidelines for the design of national water resource quality monitoring programmes

The second part of this study, dealt with as a separate chapter in the final report, deals with generic guidelines for the design of resource quality monitoring programmes.  By its very nature the information contained in the guidelines chapter applies to any kind of water resource quality monitoring programme.  It can therefore be used for the design of all types of resource quality monitoring programmes, not only national programmes as is the case for the strategic framework proposed here. 

1.6 Need for convergence on terminology related to water resource quality monitoring

Different groups of people currenly involved in the broad field of water resource quality monitoring use different terminology.  This leads to much confusion if one does not clarify one’s own use of terminology sufficiently for others to map their own way of using terminology on it.  It is intended that an overarching framework for national monitoring programmes for water resource quality monitoring, as proposed in this document, could be a first step leading towards a greater convergence and eventually a consensus on the terminology related to water resource quality monitoring used in South Africa.

It is recommended that the reader, before going beyond this point in this document, at least briefly scan through Appendix 1: Notes on Concepts / Terminology.  Thereafter, as the usage of certain terms becomes more pertinent to a particular section of the document, the reader should study the relevant parts of the Appendix more carefully.

Chapter 2: A strategic framework for water resource quality monitoring
2.1
Introduction

Water resource quality monitoring is a complex endeavour.  Monitoring programmes can be viewed from many different perspectives, and as a consequence, people involved in the design and management of monitoring programmes often describe them in many different ways. 

Some examples of how monitoring programmes are currently being described (categorised) in SA are according to:

· Types of water resource quality attributes being addressed, e.g. hydrological monitoring, microbiological monitoring, inorganic chemical monitoring, etc.

· Type of water resource quality problem being addressed, e.g. toxicity monitoring, eutrophication monitoring, radioactivity monitoring, etc.

· The type of water resource being monitored, e.g. surface water, groundwater, estuaries, etc.

· Geographic scale, e.g. national (where the word “national” has a geographic interpretation of SA-wide geographic coverage), regional, catchment, etc.

· Institutional responsibility, e.g. national (where the word “national” usually has the interpretation that it is the monitoring which is the primary responsibility of the national DWAF rather than a regional or local water management institution), regional monitoring (the responsibility of cluster / regional DWAF offices), catchment monitoring (the responsibility of CMA’s), monitoring done by Water Boards, etc. 

· The primary information objectives of the monitoring programme, e.g. status & trend monitoring, monitoring for the purpose of impact assessment, monitoring for the purpose of compliance assessment, monitoring for quality assurance purposes, etc.

· The scope of monitoring, e.g. some would refer to “monitoring” as only the data acquisition component of a monitoring programme while others would understand the word “monitoring” to describe the complete process consisting of the three core functions of monitoring namely: data acquisition; data management and storage; and the generation (which includes assessment) and dissemination of information.
There are a few important observations to be made concerning these descriptions or categorisations, namely:

· It is obvious that none of these categorisations or descriptions of water resource quality monitoring programmes are mutually exclusive. In other words a particular monitoring programme can for example be described as a hydrological monitoring programme, a surface water monitoring programme, a national programme (both in the geographic and institutional sense), and a status and trend-monitoring programme.

· None of them are necessarily a better description or categorisation than the other. It depends on what the purpose of the description is, and / or who the audience is.

· Also, the different groups of people (often in different organisational units or different organisations) involved in the design, implementation and operation of monitoring programmes have developed their preferred ways of describing and categorising the monitoring programmes they are responsible for.

If the people responsible for monitoring programmes use different ways to describe and categorise such programmes, and have done so for a long time, it means that their unique understanding and institutional memory about their monitoring programmes is locked up in the terminology they use.  This can lead to problems such as:

· Misunderstanding, poor coordination and even conflict between different groups involved in water resource quality monitoring.

· Monitoring programmes described in such different ways often create the impression that different programmes are much more unique than what the case in reality is, thereby masking opportunities for exploiting possible synergies, for reducing duplication of effort and for sharing resources.  

One has to recognise that water resource quality information is needed at different levels of spatial and temporal resolution depending largely on the nature of the management function for which the information is required.  For example, the information required for developing / revising of the NWRS would usually be at a much coarser temporal and spatial resolution than, for example, the information required to determine whether a specific effluent discharge meets the conditions of the licence under which it is allowed to be discharged (Figure 1).

Despite these differences in resolution, there still is significant opportunity for sharing resources, infrastructure and data / information produced at a particular level across the other levels.   
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Figure 1.  Diagram to illustrate that different information requirements exist at different water management levels ranging from the most detailed information (on spatial and temporal scales) being required at the local level less detailed information being required at the national / strategic level.

2.2
The need for a strategic framework for water resource quality monitoring 

The awareness of the need for a more integrated and coordinated approach to water resource quality monitoring has existed for quite some time.  Several years ago DWAF initiated the definition and development of a comprehensive water resource quality “Monitoring Assessment Information System” (MAIS).  For details see http://www.dwaf.gov.za/iwqs/wrmais/MAISPhase2FinalReport.pdf for the orginal MAIS strategy and http://www.dwaf.gov.za/IWQS/wrmais/MAIS-project-inception.pdf for the inception report for the third phase of implementing MAIS.  
The requirements of the NWA and the establishment of the required water management institutions are now proceeding rapidly.  A strategic framework for monitoring of water resource quality is, therefore, urgently needed to enable the DWAF and the other water management institutions to:

· Ensure that the provision of all the neccesary water resource quality information required for integrated water resource management is adequately addressed.  As such, the framework must outline the types of monitoring programmes required to produce the information needed for integrated water resource management from the strategic / national level to the local level.
· Serve as a basis for clarifying the roles and responsibilities of all the stakeholders involved in providing the required water resource quality information for managing water resources from the strategic / national to the local level.
· Serve as a basis for redesigning / restructuring / rationalising existing water resource quality monitoring programmes.

· Can be used for ensuring that water resource quality monitoring programmes that are currently being planned / in the process of development are in line with the requirements of the NWA, the NWRS and the other requirements of DWAF.

· Can be used to support effective and coordinated governance of water resource quality monitoring at all the different levels (local, catchment, strategic / national) and by all the different institutions involved in water resource management.  Governance also needs to address the interfaces between the different national government departments that are stakeholders in water resources management, e.g. DEAT, NDH, NDA, DMEA, etc. 

The proposed framework must also take cognisance of some important realities to be faced by any redesign / restructuring / rationalisation of water resource quality monitoring in SA:

· Water resource quality monitoring is generally expensive, often involves using sophisticated technologies and depends on having access to resources with highly specialised skills, and therefore, which are generally scarce. 

· There are likely to be significant overlaps between both the objectives and the operational components of water resource quality monitoring programmes required to produce information at the local, catchment and national / strategic level.   

2.3
The proposed strategic framework for water resource quality monitoring 

The proposed strategic or overarching framework is based on, in the first instance, taking a functional view of monitoring, and to standardise the terminology used within this framework as much as possible.  The functional view was originally proposed in the inception report produced for the MAIS project, Phase 3  (http://www.dwaf.gov.za/IWQS/wrmais/MAIS-project-inception.pdf).  Some of those concepts are briefly summarised here but the reader is encouraged to refer to the inception report for the full development of many of the concepts used here.

The model is shown in Figure 2.  Its main features are a number of monitoring programmes that all have the same functional components:
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Figure 2: Functional model for water resource quality modelling as proposed in the MAIS inception report.

Different monitoring programmes are likely to be able to share, to a significant degree, the same logistics and technical infrastructure required to perform their data acquisition function.  Similarly, various monitoring programmes should, to a large degree, be able to share the same data management and storage infrastructure.  The major distinction between different monitoring programmes should, therefore, be in the types of information products they produce in response to the requirements of information users. 

The proposed framework, based on a functional description of monitoring, is also, as shown in Figure 1, information user centric. In other words, the design of any monitoring programme has to start with specifying very rigorously what information requirements it is designed to satisfy.  From there the data acquisition and data management and storage components are designed. 

Any selection of monitoring programmes within this functional framework can now be grouped as a coherent portfolio for management and / or organisational design purposes.  

The ToR for this study specifically required a strategic framework for “NATIONAL” monitoring programmes, whereas the functional framework proposed so far, applies to any water resource quality monitoring programme, irrespective of geographic scale or institution responsible.  It was also pointed out earlier that the word “national” with respect to monitoring programmes is sometimes used in at least two different ways, i.e.:

· A geographic sense, in other words “national” means coverage by the programme of all the relevant water resources within the borders of South Africa.

· An institutional sense, in other words “national” means the water resource quality monitoring programmes for which the central office of DWAF assumes the primary responsibility (even if some of the monitoring functions, such as data acquisition, is contracted out to other institutions).

The geographic coverage of a monitoring programme is a very design specific issue that deals with the number and location of monitoring points on the basis of a number of considerations.  It is, therefore, not very useful to use it in that context for the purpose of defining a strategic framework for monitoring programmes.
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The institutional interpretation of the word “national”, on the other hand is a useful concept for defining a strategic framework for monitoring programmes because it could be used to clearly define the institutional responsibility for different portfolios (groupings) of monitoring programmes, such as national programmes, regional (cluster) programmes, CMA programmes, Water Board programmes, etc.  Therefore, it is proposed that, in addition to the functional model, the strategic framework also incorporates the concept of portfolios of monitoring programmes based on the water management institutions primarily responsible for a given portfolio of programmes.  

Figure 3: Proposed strategic framework for water resource quality monitoring expanded to include portfolios of monitoring programmes, based on the water management institution responsible for it.

Graphically, the framework will now look like the model displayed in Figure 3.  It now becomes a matter of policy and negotiation between the different water management institutions, operating from the local to the strategic level, to decide which monitoring programmes belong in which portfolio.  Decisions about the allocation of monitoring programmes to different portfolios are not trivial.  The implications are that from that point onwards the institution having the primary responsibility for a particular portfolio would be responsible for the funding and management of all the monitoring programmes in such a portfolio. 

The strategic framework for water resource quality monitoring proposed here should become the framework for all water resource quality monitoring from the local to the strategic / national level.  As such, it should eventually also become part of, or at least serve as a significant input to, the MAIS being developed by DWAF.
2.4
The portfolio of NATIONAL water resource quality programmes

As the principle custodian of SA water resources, DWAF HO’s role in future is likely to be the provision of the strategic context for water resources management in SA (NWRS) and to perform an oversight function concerning the adherence of other water management institutions to the NWRS. Therefore, in future DWAF HO’s needs for water resource quality information is likely to reduce to:

· Information required for International / National level water resources strategic and development planning.

· Information required for performing its custodianship role, in other words, auditing conformance to a set of strategic resource quality objectives agreed with the different water management institutions. 

· Information it has to provide to other national government departments, e.g. DEAT to enable them performing their role such as in reporting from time to time on the State of the Environment.

· Information it has agreed, in terms of international agreements, to provide, e.g. for South Africa’s participation in the UNEP / GEMS Water Monitoring Programme.

The word “national” is highlighted here to emphasize that the scope of this study, and, therefore, its primary focus, is limited to a certain portfolio of water resource quality monitoring programmes.  These are the programmes required to produce the information needed by DWAF HO to perform its role as the principle custodian of SA water resources.  This limit to the scope of this investigation, although not ideal, was a necessary consequence of the urgency, and the time and money available for this investigation.
The proposed portfolio of national resource quality monitoring programmes,  according to the ToR for this investigation, must:

· Allow the objectives of national water resource quality monitoring programmes to be distinguished from other water resource quality monitoring programmes.  
· Serve as a basis for the design / modification of new or current national water resource quality monitoring programmes.

· Allow for resource quality monitoring programmes to incorporate the monitoring of surface water, ground water, wetlands and estuaries.

· Allow for the resources (capacity) required to ensure the sustainability of national monitoring programmes to be addressed during their design / revision phase.

The proposed portfolio of national water resource quality monitoring programmes is defined as those for which DWAF HO (in its role as the national government department that has been designated to be the custodian of SA water resources) assumes primary responsibility.  In other words, it will act as the lead agent for the portfolio of monitoring programmes aimed at delivering information products required for:

· Strategic (national level) water resources development planning.

· Assessing conformance (auditing) to strategic resource quality objectives. 

· Provide inputs to State of the Environment reporting and other water resource quality related information DWAF has agreed to provide in terms of international agreements.

These management functions all require information products that primarily characterise the status of and trends in water resource quality at the strategic / national level of resolution.  

If the geographic coverage of a given monitoring programme in this portfolio (e.g. the current hydrological or inorganic chemical monitoring programmes) is for SA as a whole, then the resolution would typically be limited to pre-identified key monitoring stations per appropriate hydrological unit / ecoregion that has significance from a DWAF HO (strategic) perspective, e.g.:

· Pre-identified catchments for surface water.

· Pre-defined list of aquifers for ground water.

· Pre-defined list (e.g. RAMSAR listed) wetlands.

· Pre-identified (by DEAT) estuaries.

· Appropriate Ecoregion scale for aquatic ecosystem health. 

If the geographic coverage of a given programme in this portfolio is not SA-wide (e.g. the current microbiological or toxicity monitoring programmes), but is based on pre-selecting priority areas, either on the basis of the risk posed and / or the significance of the water resource itself, then the resolution would simply be determined by the design of the programme.

The information user-centric approach to the design of monitoring programmes requires that each monitoring programme in the portfolio of such programmes is preferably defined around a coherent set of information products related to a specific set of water resource quality management issues or problems.  The proposed portfolio of monitoring programmes (addressing the information requirements associated with all of surface water, groundwater, wetlands and estuaries) for which DWAF HO should assume primary responsibility, are listed in Table 1.  The first column shows the new proposed programme and in the second column it is roughly mapped onto existing monitoring programmes (or those in the design stage).  To further illustrate what the scope of a particular programme may be, a sample of attributes that would typically be included in such a monitoring programme is shown in the last column.

The purpose of proposing the portfolio of programmes as listed in Table 1 was not to present it as a definitive set of national programmes, but rather to demonstrate the application of the proposed strategic framework for water resource quality monitoring to monitoring that is or should be considered to be done by DWAF HO.   

One of the implications of this proposed portfolio is that where the monitoring is currently being done in separate programmes, e.g. groundwater quality monitoring and surface water monitoring for inorganic chemicals, that these should be considered to be merged.  Also, there would be cases where the current programmes have significant gaps in terms of addressing all of the required hydrological components (surface water, groundwater, wetlands, estuaries), and should, therefore, be expanded to include monitoring the additional components where relevant.

It is important to note that DWAF HO would in future only be responsible for the funding of the water resource quality monitoring programmes making up its portfolio of national programmes.   The funding of other portfolios of monitoring programmes (see next section) would become the responsibility of the relevant water management institution. 

Table 1: Proposed portfolio of water resource quality programmes for which DWAF HO should assume primary responsibility, mapped onto existing monitoring programmes.

	Proposed DWAF HO Monitoring Programme
	Mapping onto current Monitoring Programmes
	Typical Attributes Included in the proposed programme

	National water resource yield (quantity) monitoring programme (includes atmospheric conditions related to yield)
	National Hydrological (including flow, rainfall, reservoir, evaporation) & Geohydrological monitoring programmes
	Rainfall, flow, evaporation, reservoir level, borehole level, etc.

	National flood warning monitoring programme (local flood monitoring programmes should become part of the portfolios of regional or catchment monitoring programmes)
	National flood monitoring and various local flood monitoring programmes, e.g. Orange-Vaal etc.
	Only during potential flood conditions: Rainfall, flow, reservoir levels, etc.

Subsequent to extreme flood events a range measurements to characterise the event.

	National salinity monitoring programme
	National inorganic chemical & groundwater quality monitoring programmes
	EC, TDS, Ca, Mg, Na, Cl, HCO3, SO4, pH, Alkalinity, Harness, SAR, etc.

	National eutrophication monitoring programme
	National eutrophication & part of the inorganic chemical monitoring programme
	P-species, chlorophyll, algal species, algal toxins

	National faecal pollution of water monitoring programme
	National microbiological & groundwater quality monitoring programmes
	Microbiological indicators, indicators of status of sanitation infrastructure

	National toxicity monitoring programme
	National toxicity, groundwater & part of the inorganic chemical monitoring programmes 
	Toxic metals, NH3, organic toxins, etc.

	National radioactivity monitoring programme
	National radioactivity & groundwater quality monitoring programmes
	Water borne radio active species 

	National aquatic ecosystem health monitoring programme
	National River Health monitoring programme – to be expanded 
	Indicators of aquatic ecosystem health. Not limited to water phase only.

	National acidification monitoring programme (could include relevant atmospheric conditions)
	National inorganic chemical programme 
	pH, SO4, Metals, NOx species

	National reservoir sedimentation monitoring programme
	Reservoir survey programme
	Bathymetry of reservoirs

	National water weeds monitoring programme??
	May be done at CMA rather DWAF HO level.
	Types, presence, extent of water weeds

	National alien vegetation monitoring programme (Working for Water)??
	May be the responsibility of DEAT rather than DWAF
	Impact of clearing alien vegetation on water resource quality may be observed in the status and trend of water resource yield.


2.5
Portfolios of water resource quality monitoring programmes to be the responsibility of other water management institutions

Because the definition of portfolios of water resource quality monitoring programmes for other (than national / DWAF HO) water management institutions falls outside the scope of this investigation, neither firm nor detailed proposals are made for them.  However, below are presented some preliminary ideas about the portfolios of water resource quality monitoring programmes that could / should be become the responsibility of such institutions.  The purpose of presenting these ideas are primarily to contextualise the proposed portfolio of national water resource quality monitoring programmes. 

CMA’s (or DWAF Regional Offices as their substitutes) and other local management institutions should assume primary responsibility for:

· Monitoring programmes aimed at determining the status of and trends in water resource quality for the catchments they are responsible for the purpose of monitoring conformance to the Reserve and Resource Quality Objectives at the catchment scale.  This should be done at the required resolution, which typically would be much finer than that used by the national programmes for which DWAF HO would act as the lead agent.  Their list of monitoring programmes for this purpose will include, at a catchment scale, several of but seldom all of the programmes listed in Table 1.

· Monitoring programmes aimed at assessing compliance of water users to water licence conditions and / or general authorisations.

· Monitoring programmes required for assessing impacts of proposed water uses for the purpose of issuing licenses or designing other water management interventions.

· Monitoring programmes required to generate the information needed for determining the Ecological Reserve.

· Monitoring required for process control, e.g. for water releases from a reservoir.

Water Boards (WB), from a resource quality perspective, would assume primary responsibility for monitoring:

· The quality of their intake water.

· In those cases where they perform certain water resource quality management functions, the monitoring required as outlined for CMA’s above. 

2.6
Implications for governance of water resource quality monitoring 

Achieving the required coordination and sharing of resources, infrastructure and data / information across the different water management institutions that are likely to be responsible for the monitoring required to deliver the information needed at the three different levels described in Figure 1 will require a governance process to ensure:

· Adoption of common standards for the performance of the data acquisition, data management and storage and information generation and dissemination functions involved in water resource quality monitoring.

· Quality assurance across the different levels at which monitoring is performed.

· Effective sharing of scarce and difficult to maintain resources, such as the IT infrustructure supporting the different monitoring functions, i.e. data acquisition, data management and storage and information generation and dissemination.
· Ongoing research and development of technologies (methods, standards, instrumentation, etc.) required to main cost-effective monitoring programmes.
· Effective coordination between the stakeholders involved in water resource quality monitoring.    
Such a governance mechanism was proposed in the MAIS Strategy  submitted to and accepted by DWAF in May of 2000 (see Figures 2 & 3 as well as the MAIS strategy document at http://www.dwaf.gov.za/iwqs/wrmais/MAISPhase2FinalReport.pdf). 
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To put the strategic framework for water resource quality monitoring proposed in this document in the context of the MAIS strategy, one could view it as the next level of detail that reflects the greater clarity that now exists about the transformation of DWAF compared to what was known in 2000. 

Establishing an overarching / strategic framework, based on reaching a consensus between the main role players involved in managing water resource quality monitoring programmes, would be a significant next step in bringing to realisation the MAIS strategy:

· It will lead to standardisation of the terminology used to describe monitoring programmes thereby reducing misunderstanding and the apparent uniqueness of various programmes.

· It will create a common framework within which all the various water resource quality monitoring programmes operated by DWAF and other water management institutions can fit into.

· It will facilitate better governance and coordination of monitoring within DWAF and between DWAF and other water management institutions.
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As is the case with most other water resource management functions, water resource quality monitoring in SA also needs to be restructured / redesigned in order to align it with the principles embodied in the NWA and the NWRS and the new institutional set-up for water resource management.  A critical requirement for such a redesign and restructuring will be the need to ensure that it takes place in an orderly fashion and does not result in potentially disastrous losses in water resource quality information. 

2.7
Implementation / transitional issues raised by the proposed strategic framework for national resource quality programmes

Implementing the proposed strategic framework for the envisaged portfolio of National Resource Quality Monitoring programmes would have many significant implications for roles and responsibilities within the CD: Information Management, for many current users of the information it disseminates and would have to address many issues related to the transition from the current situation to what is proposed in this framework.  Some of these issues are highlighted here:

2.7.1 Monitoring Programme Manager

Within the context of the proposed framework each of the Monitoring Programmes (national as well as other programmes) need to have a person assigned to it as the Monitoring Programme Manager (MPM).   From an accountability point of view a given Monitoring Programme should have one and only one Programme Manager, however, a Programme Manager could be responsible for more than one Monitoring Programme if such a programme has a fairly low workload associated with it.  Each MPM would be responsible for:

· The design (if new) or review of the programme across the three core functions.

· Sustained resourcing of the programme, with respect to infrastructure (IT, equipment), financial resources and people.  The resourcing function will typically involve concluding and maintaining agreements with other entities within and outside DWAF to perform certain functions (according to pre-defined standards) such as data acquisition, data management and storage, etc. on an agency basis. It will also entail maintaining a core staff for the programme itself to perform functions like:

· Developing methods and standards for performing functions and the associated training of those who have to perform the functions.

· Technology assessment / review

· Auditing of functions performed on an agency basis

· Information generation and dissemination. 

· Regular review of the utility of information disseminated, in other words how it is used, if there are changes in the information requirements and responding to these by either the modifying the information generation and dissemination function or even reviewing the design of the programme.

2.7.2 Overlaps between monitoring programmes
One has to accept that there will be a degree of overlap between monitoring programmes, both between programmes falling in the same portfolio (e.g. National Monitoring Programmes) and between Monitoring Programmes in different portfolios (e.g. National Monitoring and CMA Monitoring Programmes) as well as between monitoring done by different government departments, e.g. DWAF and DEAT or DWAF and DMEA, etc.  The nature of the overlap may also be any one or a combination of:

· The same monitoring point.

· The same resource quality constituent.

· The frequency of sampling / measurement of a given water resource quality attribute.

Rather than viewing such overlaps as obstacles or threats, one should view these as significant opportunities to share the infrastructure and resources existing in the different water management institutions and / or other government departments.

One would expect the more monitoring programme-specific requirements to exist around the information generation and dissemination function, because this is where matching the information products with specific user requirements occurs and also where specific discipline-oriented knowledge and experience is required (e.g. hydrology vs. microbiology).  However, there are a number of ways in which the information generation function of the different monitoring programmes can be facilitated by sharing generic information generation processes and tools such as graphics or statistical software applications.

In such situations the MPMs of the respective programmes are expected to negotiate who will be performing each of the core monitoring functions for that monitoring station and how the data / information derived from it will be shared.  However, having made an agreement with another agency (whether it is within DWAF or not) to perform a certain function at a given standard is not enough to ensure that it will be done!  Each MPM has to continuously monitor the performance of such “outsourced” functions to ensure that they actually happen.

A few examples of dealing with overlaps for national monitoring programmes are given below:

· If there is going to be a “National Salinity Monitoring Programme” as proposed, then after its redesign it is unlikely to include resource quality constituents such as the various nitrogen species, or phosphate species, or fluoride, or boron etc.  Does this necessarily mean DWAF would stop monitoring these attributes?  No!  Nitrogen and phosphorous species are attributes related to the National Eutrophication Monitoring Programme and therefore the monitoring sites, chemical species to monitor and frequency of data acquisition should form part of the design of that programme.  Also, one particular nitrogen species, namely ammonia, is a potential toxicant for aquatic life.  It should therefore be monitored either as part of the National Toxicity Monitoring Programme or the Health of Aquatic Ecosystems Monitoring Programme, etc.  The same arguments apply to fluoride, boron and phosphorus species.  The point is that it may happen that some of the water resource attributes that are currently being monitored in the inorganic chemical monitoring programme will not find a place in the redefined National Monitoring Programmes – each of which would have been designed by starting with information requirements of information users.  In that case their monitoring should be discontinued.  The important point is – there can NO LONGER be any justification for simply continuing monitoring water resource attributes on the basis of “we have done it up to now” – and / or “people sometimes ask for such data.”
· Another example is the case where there currently is a whole infrastructure set up for the data acquisition and data storage and management functions for all the attributes currently included in the inorganic chemicals monitoring programme.  If the these attributes are now going to be apportioned between several different National Monitoring Programmes – does that mean we have to duplicate that infrastructure?  The answer is NO!  We are in fact striving for maximising the use of the same infrastructure by the different monitoring programmes.  So, all the programmes that in future will deal with the attributes currently forming part of the inorganic chemical monitoring programme will continue to use the same infrastructure – which by mutual agreement could continue to be managed by the MPM for the new National Salinity Monitoring Programme.  This MPM in turn would have agreements with several regional offices, laboratories etc. to do parts of the data acquisition function.  In fact such sharing of infrastructure should not only be done with respect to the monitoring of attributes that currently belong to the inorganic chemical monitoring programme, but also the monitoring of any other attributes which could possibly be dealt with by the same infrastructure – even it requires the infrastructure to be expanded somewhat or that the skills of people currently performing different functions within that infrastructure be expanded. 

· A third case to consider is the information generation and dissemination function.  In some cases we have a group of people who service enquiries for information from the inorganic chemical monitoring programme.  If that is reduced to a National Salinity Monitoring Programme should they then only service enquiries for salinity related attributes.  In the case of delivering information to information users it becomes more critical for people representing the different National Monitoring Programmes to become directly involved, if even only authorising the release of the data / information.  There are two reasons for this: 1) to ensure that the data or information is used correctly, in other words, the user understands what the information can and cannot be used for.  2) To remain aware of information requirements of information users.  The programme designer may not have been aware of some of these requirements during the design phase of the programme and being alerted to such requirements could lead to these being included in a future revision of the programme.  Even though the information generation and dissemination function is likely to be quite programme specific, it could still allow for significant sharing of the same infrastructure and skills.  It would be useful to share a core capability for doing statistical, graphical and GIS analyses, methods for effectively presenting information as well as using the Intra- and Internet for disseminating information.  All of these are required for the generation and dissemination of information products.  

2.7.3 Dealing with transition

In the current situation, where many of the issues around primary responsibility for implementing and maintaining different portfolios of monitoring programmes are unresolved, DWAF HO and Regional Offices should adopt the principle that no monitoring currently being done by DWAF will be stopped unless it is:

· The specific outcome of a re-design / rationalisation of a programme, or

· The programme was transferred to another water management institution that has both 

· Accepted the primary responsibility for it.

· Demonstrated it has the competency and the capacity for maintaining the programme.

2.7.4
A shared IT Infrastructure

An important implication of using the proposed strategic framework for describing and categorising different monitoring programmes is that it would enable DWAF Head Office internally, and between it and other water management institutions, to benefit from sharing infrastructure and human resource capacity to perform certain core monitoring functions.  For example, it is anticipated that almost all of the monitoring programmes, at least in DWAF Head Office, but also the CMA’s and WB’s could share the same IT platform and infrastructure for performing many tasks related to:

· Data acquisition

· Data management and storage

· Information generation and dissemination (e.g. assessment tools such as statistical methods, mathematical models, etc.)

DWAF HO should go out of its way to promote the concept of every water management institution involved in water resource quality monitoring sharing the same IT infrastructure.  In order to take the initiative it should play a lead role by rapidly establishing such an infrastructure and offer the use of it on attractive terms to other water management institutions. 

Chapter 3: Capacity Building 

3.1 Introduction

3.1.1 Background

The Capacity Building Framework for monitoring of water resource quality provides a common, consistent and complementary approach to capacity building as a guide to all those involved in monitoring of water resources.  While it is initially focused on supporting the Department of Water Affairs and Forestry national monitoring programmes, it also provides a potential framework for other institutions involved in monitoring. This framework is a resource tool for a wide range of stakeholders in water resource quality monitoring including:

· The Department of Water Affairs and Forestry Directorates involved in monitoring  

· DWAF Regional Offices

· CMAs

· Local government

· Regional monitoring bodies, private sector organisations and ordinary citizens

3.1.2 What is capacity building

Capacity building within the context of water resource quality monitoring relates to a range of activities by which individuals, groups and organisations improve their capacity to achieve sustainable water resources management.  Capacity in this context includes awareness, skills, knowledge, motivation, commitment and institutional support.  While DWAF remains a key target audience for capacity building, it is equally an issue for diverse players such as farmers’ groups, local communities, industry sectors, and local and other national government departments.

In its broadest sense, capacity building includes creating an enabling environment with appropriate policy and legal frameworks; institutional development, including community participation; and human resources development and strengthening of managerial systems.  Specific interventions range from training that enhances the skills, abilities and knowledge base of individuals to reforming policies, laws and institutions that hinder sustainability.  

Capacity building should go beyond the traditional top-down approach of enhancing skills and knowledge through training and provision of technical skill. It focuses on enhancing the quality of the outcomes of the monitoring programmes, and the resultant decision making in all aspects of water resources monitoring, from planning to practical actions. In addition to the transfer of technology and technical capability, capacity building should foster collaboration among institutions, and build both human and social capital. 

3.2 The rationale for capacity building

A number of management problems have been recognised, such as the lack of managerial and incentive measures, the lack of personnel required for operation and maintenance, lack of associated research and development activities, the lack of coordination among water management institutions and agencies, and the shortage of funds. To obtain practical / real improvement in water resource quality monitoring, these problems must be addressed by this framework.  It is well recognised that in order to achieve long-term water resources management outcomes, investments in people are as critical as investments in practical works, laboratories and related technology.  The long-term success of the national monitoring programmes depend on the degree to which responsible authorities are able to make informed decisions that result in sustainable water resources management and ongoing economic viability.  

Water resource quality monitoring requires complex and difficult processes when compared to other environmental measurements. The instruments required are significantly more sophisticated, expensive, and difficult to manage and operate properly; their maintenance needs much higher degrees of knowledge and expertise, and the type and level of manpower required to collect, analyse, and manage water quality data are equally much higher.  Collection, analysis, processing, dissemination, and management of water resources quality data require significantly higher degrees of financial resources, manpower, levels of multidisciplinary professional expertise, equipment, laboratory, and transportation facilities. 

The absence of, or poor coordination between institutions has led to the current disparity between monitoring programmes of various institutions.  Data collected in the past by one department or institution have not been easily available to other departments.  Such practices have contributed to some frustrations and tensions among the institutions concerned.  Equally, the absence of coordination has often contributed to the development of incompatible methods, software, and data systems used in monitoring.

It is thus essential that any new framework for water resource quality monitoring be formulated in such a way that all major institutions concerned can make meaningful contributions and inputs to its development.  Data available could be transferred automatically and electronically between the various institutions as well as the potential users of that data. 

3.3 Capacity building as a key investment for national monitoring programmes

Water resource quality management problems are extremely complex and occur on a broad spatial and temporal scale.  Furthermore, they are likely to involve difficult trade-offs between alternative uses and users at local, regional and national level.  Individuals within communities and within Government require the skills, knowledge and will to respond effectively to new water resource quality challenges, and adopt an integrated approach in their quest for long-term management solutions.  

To assist water resource quality managers and users to deal with these complex issues, DWAF, in partnership with other institutions, should build on previous initiatives by making further investments through long-term, strategic capacity building programmes.  DWAF should invest in activities and projects over the medium to long term, with a focus on addressing all capacity building requirements of water monitoring.

DWAF should endeavour to maximise the effectiveness of the investments they make in water resource management through ensuring that the monitoring programmes yield high quality outputs.  Enhancing the capability of DWAF staff and related institutions to be actively involved at all stages of water resource quality monitoring, planning and implementation will be a critical component of this investment, as it will promote commitment by those tasked with the job.  DWAF must also review and change their own processes to work more effectively with the broader community both locally and internationally.
3.4 The Guiding Principles of Capacity Building
Implementation of the specific activities of the framework will be guided by a series of principles.  The principles of capacity building (as specified below) should be reflected in the development of capacity building components for departmental strategic plans.
· Ensure that the key stakeholders and priority issues are targeted to meet the priority water quality monitoring outcomes of the country,

· Encourage partnerships between stakeholders especially responsible institutions,

· Value and build on existing capacity local expertise and knowledge,

· Be based on learning from each other through sharing resources experience and expertise, both locally and internationally,

· Be based on principles of trust, mutual reciprocity and norms of action (consistency and adherence to agreed upon methods),

· Encompass ‘learning by doing’ and other appropriate learning styles,

Value and utilise local community expertise and knowledge,

· Be accessible to the entire community (general public),

· Be based on access to accurate, scientific and technical information, and

· Contribute to building human and social capital.

It is understood that significant, positive change will only be evident in the longer term.  Therefore, it is important to identify intermediate outcomes in the form of practical actions that contribute directly to the longer-term monitoring goals.  Although they are the means to an end, rather than an end in themselves, these intermediate outcomes form the foundation upon which sustainable water resources management will be built over time.  Important intermediate outcomes of capacity building relate to 

· Awareness to create attitude, behaviour and practice change through user education,

· Information and knowledge,

· Development of the necessary skills and competencies,
Institutional support and collaboration, and
· Funding.

3.5 The goal and expected strategic activity areas of the capacity building framework
This Framework is one of the mechanisms through which the broader water resource quality monitoring goals can be achieved.  In particular, the specific goal of the Capacity Building component of this framework is:

Informed and improved decision-making, and the implementation of these decisions resulting in the sustainable management of water resources.
The proposed capacity building framework must address the needs of all the following functional components of a monitoring programme:

· Data acquisition,

· Data storage and management, and

· Information generation and dissemination.

These functional components on their own are not sufficient for operating a monitoring programme. They have to be accompanied by the following efficiency mechanisms:

· Design and upgrading of monitoring programmes,

· Research and development,

· Coordination, communication and collaboration,

· Public participation and public relations,

· Skills development and training, and

· Appropriate funding.

Rather than being viewed as discrete, the various components of a sustainable water resource quality monitoring programme, together with support mechanisms such as institutional change and communication, should be seen as interdependent components of a holistic implementation package (Figure 4). These support mechanisms have been identified as the vital pillars for enhancing the efficiency of water resource quality monitoring programmes, and they should not be pursued in isolation of one another.  It is the combination of enhancing the ability to act through provision of knowledge and skills, and fostering motivation to act through awareness raising and the provision of facilitation and support that should lead to effective monitoring

Moving towards sustainable water resources management in general and the proposed portfolio of water resource quality programmes in particular will require new approaches and ways of thinking, which in turn call for the development of a variety of new skills, institutional structures, and planning methods and procedures.  Details of each one of the elements of the proposed framework are discussed below.
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Figure 4 Functional components of a monitoring programme, showing mechanisms for improving the efficiency of capacity building.

3.6 Design of monitoring programmes

Principles of the design of monitoring programmes with respect to DWAF monitoring programmes are well articulated in the MAIS Phase 2 final report.  The following section will look specifically at the efficiency challenges facing a design process, whether it is a design for a new programme or upgrading of an existing programme. Expertise required to design the proposed monitoring programmes, to establish associated policies and monitoring guidelines is expected to exceed that currently available within DWAF.  This is mainly because of the higher levels of integration proposed in the framework.  It is accepted that programme design is not a day to day operational activity, but rather occurs after a certain period of time, design skills are necessary to update the programmes though continuous improvement processes. Functionality of every design has to be evaluated against the objectives of the programme. 

Chapter 2 of the current document describes the information user-centric approach to the design of monitoring programmes, defined around a coherent set of information products related to a specific set of water resource quality management issues or problems. The complexity of water quality issues such as public health, agriculture, food production, or micro-contaminants, require new and different types of information, in addition to that historically collected in water quality monitoring programmes such as simple chemical attributes, such as major ions, and bacterial indicator data. This information is required in a more complex form and in a timely manner.  Design, therefore, becomes more complex and calls for a multi-disciplinary approach that extends beyond water resource quality expertise to economic and social development understanding.
3.6.1 Data acquisition

Data acquisition is probably the most established of the functional components of monitoring within DWAF and other institutions.  This does not mean that data acquisition activities are optimal and do not require any interventions.  Problems exist in the area of field instrumentation, laboratory equipment, methods of analysis, skills of personnel, attitude and commitment towards work, coordination and communication.

One of the proposals on the portfolio of monitoring programmes is that where monitoring is currently being done under separate programmes but looking at say inorganic chemicals, that these programmes should be merged.  There is also a suggestion that where there are gaps, these gaps must be addressed.  These proposals have an implication on the complexity of the data acquisition and the skills required.  Furthermore, the merging of the programme requires much higher levels of coordination of data acquisition activities.  The monitoring programme coordinator or programme manager has to build a team with diverse skills.  A person going out to collect data related to a specific chemical constituent must be able to handle equipment used for surface water as well as ground water.  Collaboration efforts among institutions involved in monitoring will be highest in the area of data acquisition more than in any other component. This is the lowest level of decentralisation in the hierarchy of monitoring activities.  It is expected that there will be more institutions involved in data acquisition than in management and storage, and in information generation and dissemination.

Laboratory accreditation must be given priority, especially when monitoring results lead to decisions that affect people and organisations.  Accreditation or lack thereof commonly becomes an issue where there are disputes with industry or farmers over issues of pollution.  Where the cost of accreditation becomes prohibitive, the department must go into partnerships with laboratories run by other institutions.

3.6.2 Data management and storage

After acquisition, many data sets require processing for format conversion and quality assurance.  Formats used to store and disseminate water resources quality data may differ from one institution to the other, or within the same institution as is currently the case in DWAF.  On the one hand the Department must have the ability to convert data to common, readily useable formats.  On the other hand the Department may consider setting policies for the strict use of the same or compatible formats.  Whichever route that the department chooses to take will require a certain level of expertise and institutional flexibility to adapt to changing policies.  Furthermore, many data sets require some level of quality assurance before they can be used reliably for management decisions.  The level of quality assurance effort required is determined by the history and condition of the incoming data set and the management requirements. 

Small data sets can be managed effectively and efficiently in simple desktop applications, such as spreadsheets or text files.  However, when data sets get large, and particularly when they are used by groups over long periods of time, as is the case in DWAF, it becomes more efficient to store the data in a functional Information Management System.  Such a system will require intelligent design, taking into account the characteristics of the data as well as the needs of the end users. 

Management of time-series data presents a special challenge to the water resources manager.  Voluminous time-series data requires highly sophisticated information systems.  An extremely complex system stands the risk of not being used by those in need of the information.  Ultimately, an information system does not have value except through its ability to put data to use by providing information to users.  Making an information system useful requires the development of data management interfaces that can move data into and out of commonly-used analytical tools, such as GIS, spreadsheets, statistical packages, and visualisation tools, for use by water resources managers and decision makers. 

Monitoring programmes, therefore, have implications on the skills, the systems and governance issues pertaining to data analysis, storage and management.  Skills that are in demand nationally such as Information Technology and Project Management skills are also in short supply in the Department.  Problems around the development of databases and other information systems that may not necessarily be compatible are well documented in the MAIS Phase 2 report.  These problems need to be addressed by this framework.

3.6.3 Information management (generation, dissemination and usage)

Previously, issues related to data acquisition and data management and storage dictated to the design and operation of monitoring programmes.  However, the current shift towards the user-centric approach dictates that more attention be given to information management (generation, dissemination and use).  This component of monitoring requires skills in data interpretation and appropriate packaging and finally usage by managers and decision makers.  Managers and decision makers on the other hand are dependent on the availability and access to quality information packaged in such a manner that it is usable for various purposes.  Sometimes there is a disjuncture between the information needs of users and the data collection and management effort by monitors.  It is this disjuncture that needs to be addressed by this framework, ensuring a smooth transition in operations between data collection and information usage.  This problem is caused mainly by the tendency of water monitoring institutions to place emphasis of data collection. 

In many instances, users of water quality information tend to be unspecific when asked what kind of information they need.  Often, their request is for more of what they have been given in the past, irrespective of whether it is useful or not.  A necessary activity within a reform and re-organisation programme is an educational process directed at major users of information in order to reduce the demand for irrelevant information and to more closely align data needs with more modern types of data available and data interpretation.  Utilisation of modern and cost-effective monitoring techniques will be unsuccessful unless users understand how these techniques can improve their ability to manage water quality.  The MAIS Phase 3 inception report refers to information products and complex knowledge products that have to be delivered to various water resources managers for them to be able to perform their functions.  Central to the development of information products and complex knowledge products is integration of data and information from a range of monitoring programmes.  Thus the individuals employed in the functional areas of management and decision making require much more sophisticated expertise and other support that would enable them to request data or information relevant to their needs.
3.6.4 Research and development

Water resource quality managers and users must be able and willing to access the necessary information, data and science (biophysical, social and economic) to make sound water resources management decisions.  This information can be used to build knowledge of environmental systems, facilitate the development of long-term practical models, undertake social impact assessments, evaluate alternative options and contribute to day-to-day management decisions.  All the required information for making sustainable decisions may not be available, and this should be the focus of research and development (R&D) investments.  It is important to ensure that this information is packaged in a way that meets the needs of decision makers seeking to implement sustainable water resource management, thereby turning information into knowledge.

Applied research and development is needed in several areas of water resource quality monitoring.  These needs include the development of indices, methods for collecting and using ancillary data, modelling complex systems and ecosystems, measuring and assessing ecological health, and sampling and analysing toxic constituents at affordable costs.  Additionally, methods are needed to design and operate monitoring for non-point sources of pollution and variables that are difficult to quantify.  Technology is needed to improve field based instrumentation, laboratory equipment, computer technology for analysis and the presentation of results.  Achieving the national water resources monitoring goals will require sustained support for applied interdisciplinary research and development to address these and other knowledge gaps.

The Water Research Commission, the CSIR, the former IWQS (now RQS) and various universities have been involved in research over a long period of time.  Much has been produced but not much has been published.  Internal publications of the various institutions have not been widely disseminated.  Documents are not easily accessible to other researchers, decision makers and the general public.  A strategy for information dissemination is required.  Such information must be in a format that is user friendly and acceptable to the broader public.  There must be a more formalised alignment with international best practice, with due consideration for the country’s needs and challenges.  Potential areas of activity include:

· Research into new / improved water resources management practices;

· Research into the impediments of change to more sustainable WRM practices;

· Identification of new areas of monitoring, international best practice and adaptation;

· Identification of bio-physical, social and economic data and research gaps;

· Collection of information and undertaking research to fill those gaps;

· The development of decision support and negotiation tools for complex decision making;

· Improving community and government awareness of the availability of existing information and data resources;

· Facilitating involvement of community, government agencies, universities and others in data collection and research (institutional collaboration);

· Development of mechanisms for identifying, valuing and making use of local knowledge;

· Supporting the development of consistent and reliable frameworks for water resource quality monitoring;

· Developing new approaches to extension and adoption of new or improved methods;

· Packaging information so that it is accessible to users;

· Organise high profile conferences for information dissemination; and

· Collect baseline data for target setting and monitoring and evaluation.
3.6.5 Coordination and liaison

Developing proper institutional arrangements for water quality monitoring has been a difficult task in many developing countries, and South Africa is no exception. Currently, departments dealing with water, health, agriculture, and environment collect water quality data.  In addition, municipalities collect water quality data, especially as they relate to the drinking water.  Various industries collect water quality data for their own internal purposes and for compliance reporting.  A significant percentage of these data collection efforts are planned and designed without adequate consultation for and cooperation with the potential partners.  Consequently, there often exists considerable duplication, and equally, major gaps may go unnoticed.  Water quality laboratories may remain uncoordinated and hence they could be underused, improperly equipped, and may not have a sufficient complement of trained people to ensure proper quality control and quality assurance.  Experiences from other countries indicate that a functional and cost-effective national water quality monitoring program can exist only when there is close collaboration between the various institutions concerned.  However, it has to be admitted that it has not been an easy task to organise inter-departmental coordination in the past, and the general indications are that it would continue to be difficult in the future.

A coordination mechanism in the form of a committee or task team is required in order to liase with other organisations, firstly to influence their monitoring standards and data transfer, and secondly, to reduce duplication and begin to address gaps where they exist.

DWAF is currently going through a major period of devolution of authority and decentralisation of water management activities.  Part of the philosophical change is the acceptance that government cannot and should not necessarily provide all services to the public.  Within the water resources quality programme there is an acceptance of the need to examine alternate ways of doing business, including use of the private sector as a means of reducing costs and of reducing in-house demand for scarce human resources.  DWAF should begin to increase the relevance of monitoring for businesses.

Decentralisation by its very nature requires the coordination of activities among responsible institutions.  Working towards the same goal of sustainable water resources management, institutions have to collaborate and take advantage of complementarity.  To facilitate collaboration between and coordination among institutions, there will be a need for an intensive communication drive that will facilitate the flow of information among and between institutions.  Communication will not happen unless there is a deliberate effort to communicate.  The current situation in DWAF with regard to monitoring coordination is that there is a monitoring programme coordinator who is tasked with overseeing the operations of the monitoring programme.  The coordinator in this sense performs the task of monitoring programme operational manager, but does not seem to have the commensurate level of accountability.  This becomes especially cumbersome when the person in question has to take decisions affecting collaborating with institutions and other stakeholders, including liaison with the general public.  Cluster Managers as the most senior DWAF officials in the region must work very closely with the monitoring programme to provide institutional support.

International collaboration is currently not a strategic activity for institutional strengthening, but occurs as an operational obligation i.e. Assessment of water quality at a point of exit.  International visits are ad hoc., with no targeted strategy. 

Potential areas of strategic activity include:

· The provision of community support networks, accompanied by instilling the principles of monitoring, interfacing with stakeholders;

· Provision of technical support for regional structures in developing and implementing water resource quality monitoring plans;

· Leadership development programmes within the community regarding water resource quality monitoring;

· Community motivation initiatives such as recognition of accomplishments and information sharing forums; i.e. with the farming communities that are participating in monitoring activities;

· Mechanisms for engaging water users and other stakeholders such as local governments and agriculture industry bodies. (Accreditation and Use of the Private Sector); and

· Establishment of a National Monitoring Council to support monitoring activities and provide strategic direction for monitoring in the country.

3.6.6 Public participation and public relations

Individuals within the communities and the general public must be made aware of water resource quality issues, and understand the link between these issues and the long-term viability of the community.  In this way the general public is able to influence decisions on water resource quality matters that affect them.  The development of a sound understanding of water resource quality management issues and how they may affect the community, both now and into the future requires an increase in an individual’s awareness.  When the level of awareness of water resource quality issues is raised, it is hoped that individuals will seek to understand more, and be motivated to support and participate in the assessment, planning, implementation and evaluation of solutions. An internationally accepted means of involving the public is the involvement of voluntary monitors. 

Volunteers collect data from water that otherwise may not be assessed, and they increase the amount of water quality information available to decision makers at all levels of government.  In the absence of proper training, quality assurance and direct management of volunteer monitors, data from volunteer monitoring programmes must be kept separate from that of the formal DWAF monitoring programmes. However, provision must be made for the storage and management of such data and dissemination of information generated  from it.  The main challenge will be to improve the quality of outcomes of the volunteer efforts.  The volunteer programmes must also be used for information dissemination, public awareness and local user education. 

Links should be established between volunteer monitors and water resource quality monitoring at all levels of government to encourage cooperative planning, training, and data exchange between volunteer groups and government.  Consistent quality assurance guidance should be developed for volunteer monitors to help them document their methods and quality assurance protocols.  Standard volunteer monitoring field methods should be developed.  Use of these methods cannot be mandatory because of differing needs, goals, capabilities, and resources of volunteer programmes.  Nationwide training on laboratory, field, and quality-assurance methods for volunteers should be promoted.  Such training helps to encourage consistency in methods, increases the level of quality assurance for volunteer information, and promotes the exchange of ideas and the development of advanced methods. 

Potential areas of activity include:

· Awareness raising activities through community based organisations and local events;

· Formal advertising and marketing activities in regions;

· Engagement of primary and secondary educational institutions in increasing awareness of scholars with regard to water resource quality issues;

· National monitoring conferences and workshops;

· User education programmes; and

· Engagement of the Parliamentary Portfolio Committee on Water.

3.6.7 Skills development and training:  

Sustainable WRM requires the available knowledge to be implemented as practical activities.  In addition to knowledge, monitors, analysts and their managers and users require skills to undertake the implementation of these activities.  A variety of skills exists within DWAF, research institutions and in some communities.  However, there has not been an effort to try and match the skills with the needs of the monitoring programmes.  Some of the monitoring programmes are new, and are acquiring skills from existing monitoring programmes.  While the skills requirements might be related, the existing skills may not fit the requirements of the new monitoring programmes.

Priority must be given to human resources development through continuous education, in-service training, career development, and short-and long -term training.  This will require the preparation of a human resources development and training plan in consultation with Directorate: HRD.  On the one hand D: HRD on their own may not be able to design training programmes to the level of detail required by each monitoring programme.  On the other hand, human resources development for monitoring programmes must be within the broader strategic human resources development strategy of the department.  Monitoring programmes must be kept abreast of developments in the establishment of CMAs, and the delegation of monitoring responsibility over time.

Another point to be considered is that every manager or coordinator of a monitoring programme would like to have adequately trained staff in the programme.  Some of the skills acquired are relevant for more than one monitoring programme.  It is essential that under the current environment of resource constraints, that such skills be used across programmes.  There is a valid argument that some skills are highly specialised for specific tasks.  Such skills must be identified and treated as special cases, where necessary.

As mentioned earlier, entry-level staff members who are fresh from university or technikon require on the job training to be able to perform their monitoring tasks.  It seems that both the length and intensity of training are increasing as a result of the more sophisticated nature of current monitoring activities.  This is putting a strain on DWAF’s training budget, on the time taken off the supervisor and on the quality of the monitoring outputs.  DWAF cannot afford to maintain the status quo, and has to find ways and means of recruiting relatively more ‘job ready’ individuals.  DWAF is not in a position to compete with the private sector in terms of recruitment mainly because of low salary levels in government.  A two-pronged strategy is suggested.  Firstly, the Department should consider reviewing the current staff recruitment and retention strategy, especially the remuneration and entry levels for scientists and technologists.  Secondly, DWAF should strengthen the existing national water training institutes and provide them with the necessary support in order to identify, encourage, promote, and organise human resources activities and training needs.  This will include a review, modification, and coordination of training programs in the water sector to ensure that they are consistent with the national strategy.  DWAF should also encourage coordination between universities and public sector to review their curriculum according to the needs of water resources management.

In spite of the attention given to university education in the area of water resources, most of the university programmes in South Africa are oriented toward the engineering aspects of water.  Very few support courses are given in other areas such as water law and legislation, analysis of water systems, linear programming, GIS, and management.  Furthermore, the basic sciences that are taught at South African universities are not necessarily meant to provide a specialisation in water, but rather are general sciences such as chemistry, physics and biological sciences.  Only a handful of SA universities provide studies of aquatic sciences or limnology.  A large component of training of water specialists, therefore, is expected to take place on the job. This training must be accredited by the relevant SETA [?].

It has also been noticed that there is a shortage in the number of technologists.  It appears that there is a need for technologists in all areas of monitoring.  A major problem in the department is low entry levels, low salaries and undefined career paths.  In such an instance a required intervention is not about skills and competencies, but about employment policies.

Potential areas of activity include:

· Development of tools for the identification of skills and knowledge gaps;

· Development of new, and modification of existing training materials;

· Strategic delivery of training based on identified skills and knowledge gaps and strategic partnerships with training institutions, industry etc.; and

· Extension of skills development into user communities.

3.6.8 Funding

Adequate funding is a key component of any water resource quality monitoring programme.  Monitoring programmes become costly as a result of the need for equipment (both laboratory and field), operation and maintenance of such equipment, chemicals, salaries, and the process of information dissemination.  Since the ready availability of the requisite resources and facilities is invariably constrained, the cost-effectiveness of any system proposed must be very carefully considered.  Beyond cost effectiveness, there must be proper budgeting for all activities.  The current budgets of the various monitoring programmes are not a true reflection of the cost of monitoring (required).  The budgets are presented in terms of the analytical costs, coordination and administration.  Staff salaries are costed elsewhere.  The various monitoring programmes budget for some training, while the Directorate HRD budgets for some.  Moreover, there is a certain level of overlap between the tasks carried out by the various programmes.

Potential areas of strategic activity include:

· A detailed process of costing of the salary component of the new monitoring programmes;
· The cost of the required equipment (operation and maintenance);

· The cost of training of staff;

· The cost of information dissemination and community awareness;

· The cost of transport and courier services; and

· Strategic rationalisation of resources with partner institutions (sharing of monitors, equipment, labs and information).

3.6.9 Implementation structures

DWAF remains fully responsible for the implementation of this framework.  However, there are other institutions such as CMAs, WUAs and Water Boards that have been mandated by law to take over some of the water management responsibilities from DWAF.  The department while building internal capacity should extend the benefits of this framework to other institutions.

Some of the recommendations and proposals made in this framework affect stakeholders, and therefore should be implemented after broad consultations with stakeholders.  A lot of compromises by all parties involved will have to be considered. Stakeholders may begin to question DWAF on some of the proposals, therefore the process of implementation must be open and transparent.

It will be necessary to establish an institutional structure that will support the implementation of the proposed framework.  It will be necessary to establish a National Monitoring Council, an independent high-level body charged with oversight of the national monitoring interests.  Such a structure is accepted in many countries where there are large programmes of water resource quality monitoring.  Membership on the National Council would include representation by the private sector, volunteer monitoring organisations, and government agencies at all levels.  Establishment of a structure serves a variety of purposes including but not limited to:

· Develop guidelines and tools to provide technical support and serve as a forum for collaborative programme planning development and implementation. The viewpoints of business, academia, farmers groups, Water User Associations and volunteers are critical to the successful implementation of the strategy. 

· Assume broad responsibility for promoting implementation of the nationwide monitoring strategy and coordinating collaboration among the various institutions involved in monitoring.

· Facilitate monitoring and assessment programmes to fulfil their intended initial purpose and support national compatibility and information sharing where purposes overlap. 

· Oversee all aspects of water resource quality monitoring.

· Issue guidelines to promote consistency. These guidelines would address the comparability of field and laboratory methods, recommended minimum sets of parameters for specific monitoring purposes, environmental indicators, QA programmes, metadata requirements, data management and sharing, and reader-friendly formats for reporting information to decision makers and the public.

· Encourage through a communication strategy the adoption of these guidelines by relevant institutions involved in water monitoring and assessment.

· Coordinate the development of a nationwide training effort to help ensure that appropriate individuals acquire the knowledge and skills needed to carry out monitoring and assessment responsibilities.
3.7 Monitoring and Evaluation

Given that water resource quality monitoring outcomes are only achievable over the long term, monitoring the achievement of intermediate outcomes is critical in assessing the impact of short-term investments of monitoring programmes.  Capacity building activities are key mechanisms through which these intermediate outcomes can be realised.  Monitoring and evaluation of the effectiveness of these activities in bringing about the desired change should be an integral component of developing and implementing a capacity building plan.  Monitoring and evaluation are the key mechanisms for:

· Reporting activities against expenditure;

· Assessing the success of various capacity building initiatives and revising the approach towards capacity building accordingly, and

· Revising progress towards targets and based on this information, reviewing the level to which targets are realistic and achievable in the given time-frame.

Chapter 4: Design Guidelines 

4.1 Introduction

Once the need for a specific monitoring programme has been identified and it is agreed that it belongs in the portfolio of National (DWAF Head Office) monitoring programmes, such a programme has to be designed according to the design framework for National Monitoring Programmes outlined below.

The design guidelines provided here are based on a few underlying principles:

· A systems approach to monitoring programme design which recognises that a monitoring programme consists of several core functions that have to integrated to form a whole.
· [?]

· An information user-centric approach to the design of monitoring programmes.

The guidelines are also structured according to the functional model proposed earlier in the Strategic Framework for National water resource quality monitoring programmes.  The design guidelines are divided into phases (representing each of the core functions) and each phase is divided into a number of steps.  The Phases and steps are also listed in the typical sequence in which they will need to be dealt with during the design and implementation of a monitoring programme.  However, one must realise that is unlikely that a design will be completed by making just one pass through the phases and steps.  Particular issues may crop up in a later phase or step requiring the designers to return to a previously completed phase or step in order to resolve it.
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4.2 Phase1: Information Generation and Dissemination

4.2.1 Step 1: Identify the primary users of the information

The user-centric design approach starts with the identification of the primary users of the information products to be delivered by the monitoring programme either being designed for the first time or being redesigned.  

This step sounds deceptively simple but is often one of the most complex steps to perform.  First, because monitoring programmes are defined as a delivering a coherent set of information products addressing a particular set of resource quality management problems or issues (see the list of proposed national programmes) the users of the information provided are seldom nicely grouped in a particular directorate or sub-directorate of the Department.  If it is a typical water resource quality management issue, one will find people in different functions, e.g. strategic planning, water resources development planning, resource directed measures, source directed measures etc. involved in one way or another dealing with the problem or issue.  Similarly, one would find DWAF Head Office, Regional Offices / CMAs and other water management institutions dealing with the problem or issue as well.  Sometimes if the problem or issue happens to very topical at the time, you will also find such a topic being addressed by research funders such as WRC and others.  Journalists and the general public may also be interested in the topic and demand information on one aspect or another. 

The problem in identifying users is seldom about identifying potential ones, it is more likely to be about deciding which ones amongst the many potential users are the really important ones that one should pay most attention to.  Therefore, the concept of primary users is introduced here.  The identification of primary information users, in the case of National Resource Quality Monitoring Programmes, should be done on the basis that they meet at least one or more of the following selection criteria:

· They perform a DWAF Head Office function

· They cannot perform their function adequately without having access to the information products to be / currently being produced by the National Resource Quality Monitoring Programme in question.

· If it were not for meeting the requirements of the above users performing the above functions, it would be hard to justify the establishment and maintenance of the programme in question.

There are also secondary users such as the general public, schools, students at tertiary education institutions, researchers etc., who could also benefit from having the information available.  However, this fact cannot be used as the main or only justification for establishing and maintaining a monitoring programme.  At most it could be offered as desirable spin-off from a programme already clearly justified on the basis of the satisfying the information requirements of its primary users.

It is important to make a note here about whether “Consultants / Contractors” should be considered as information users at all, and if so, whether they should be treated as primary or secondary users.  It all depends what the consultants use the information for.  In many cases the units in DWAF who are responsible for performing certain water resource quality management functions do not have sufficient capacity to be able to do all the work they have to do, and, in such cases extend their capacity by appointing external consultants.  In such cases, these consultants are simply an extension of DWAF and should be considered as primary information users.  They often, through being employed by DWAF, have had the most experience or at least the most recent experience in using information for a given purpose and can therefore make very valuable inputs into defining the information products required.

Even if we know that we have to focus on the primary users of the information produced by a current- or to be produced by a new monitoring programme, we still need to select the specific individuals whom we need to interact with.  Here one must recall that in the context of the Strategic Framework for National Monitoring Programmes, one of the features of a National Monitoring Programme was that it delivers a set of information products addressing a specific management problem / issue, such as eutrophication, faecal pollution of water resources, salinity, etc. from a resource quality perspective.   Any of these problems usually requires a multi-functional approach to dealing with them.  One would, for example, look at the information required to deal with the problem at a strategic planning level, and try to identify one or two people who currently perform that function and discuss with tem their information needs.  Similarly one would look at the people performing planning functions, people who are responsible for ensuring conformance to resource quality objectives, etc.   

4.2.2 Step 2: Identify the information products required by the primary information users

As scientists, engineers and technologists involved in the various aspects of monitoring water resource quality, we are usually very good at addressing the “how to” questions.  However, the questions around why we need to monitor and how the information produced by monitoring programmes will be used is seldom adequately addressed.   
However, failing to adequately address the question of:  “Why do we need to monitor / what is the purpose of monitoring?” results in many water quality monitoring programmes suffering from the “data rich but information poor” syndrome.  This next step is, therefore, crucial in the design of monitoring programmes.
Once the primary information users, in the case of National Monitoring Programmes representing the various DWAF head office functions that should be involved, have been identified one needs to design, with their input and consensus, the information products that they would be receiving.  In this process a number of separate issues need to be addressed:

1. What are the management decisions / actions that they need to take that require resource quality related information to be delivered by the monitoring programme as input to their decision-making process.  This is probably the most crucial question because the answer to it will determine the very nature of the information to be produced and, therefore, the rest of the design of the programme.  Monitoring is usually done by / enforced by government, therefore understanding the legal and policy framework underlying monitoring is crucial to formulating, at least, broad monitoring goals.  Monitoring programme designers should therefore familiarise themselves with the legal and policy framework as far as it relates to the management issues being addressed by the information to be delivered by the programme.
To illustrate this concept, let us use the example of eutrophication as a water resource management issue.  The question one asks would typically be: “What typical decisions and actions concerning eutrophication does the user need information for?” Their response could be any or more of the following hypothetical examples:

a. Users have to decide in which catchments to implement special source control measures to reduce eutrophication related water quality problems experienced in dams.  For this they need to know what the current eutrophication status of reservoirs is and also whether it is deteriorating over time.  As the programme designer, your first question would be: Is this information that should be produced by a national programme – say for eutrophication related resource quality? You would evaluate the request for information against the following criteria:

i. Is it required for the purpose of performing a DWAF Head Office function  In the example given above, clearly YES;

ii. Is the request for resource quality related information – in the example YES;

iii. Is the request for status and trend information – in the example YES;

iv. Is the information related to eutrophication as a management issue – in the example YES.

Therefore the information requested should be considered as a strong candidate as an information product to be produced by a National Eutrophication Monitoring Programme.

.

b. There may be some other information users who need to make decisions related to, for example, the impact of eutrophication on the health of aquatic ecosystems.  Here one would have to carefully consider which national programme could best provide the required information. E.g. the National Eutrophication Monitoring Programme or the National Aquatic Ecosystems Health Monitoring Programme.  The outcome of that decision would determine in which programme’s design this particular information need will be addressed.

2. Once the designer knows the nature of the information required and how it is to be used, the rest of the questions deal more with the technicalities of producing the required information.  The questions and the ensuing discussion now start to focus on:

a. What resource quality attributes are significant (e.g. in the example above, what attributes would be used for determining eutrophication status)?

b. Whether they should be reported individually or combined into some form of an index, etc.?

c. What constitutes a significant difference with respect to the management issues being addressed?  Here one should watch out that what may be a statistically significant difference may not be significant from a management perspective.  However, the reverse argument does not apply often!  To further pursue this argument I would be forced into the whole debate about when risk minimisation is appropriate or not and issues around the “no regrets” approach to resource quality management which is a big topic in itself.

d. Format the information is needed in (e.g. a table or graph displaying measured status against some standard or resource quality objective, etc)?

e. How frequently it is needed (should be updated), etc.?

3. The geographic coverage of the programme needs to be decided.  At this stage all that needs to be established is whether:

a. The programme should have a broad (SA wide) geographical coverage, and if so, whether there are other issues around political or organisational boundaries (e.g. all WMA should be covered or all Provinces should be covered etc.) that should also be considered.

b. The programme should focus on selected areas only, typically selected on the basis of their significance. Significance is usually determined by a combination of priority (financial, social, health, etc.) given to the resource and the likely risk of impacts. 

4. A final note of caution to the programme designer when interacting with information users is to be as clear as possible about what information the programme being designed will NOT be producing.  Users are sometimes so pleased to have at least someone listening and seeming to be willing to respond to their dire needs for information that there is a tendency to try and have all their needs satisfied through your programme.  Please be very aware of the scope and mandate of your programme and DO NOT venture outside it unless the issue was formally considered and the scope of the programme expanded as a result of it.  

4.2.3 Step 3: Design the information Generation Protocols

Now that the designer knows the different kinds of information products to be produced by a programme, the generation of these information products has be designed in detail.

One of the best ways to perform such a design is to follow the rapid prototyping approach:

1. For each information product identified:

a.  Make a “mock up” of the information product.

b. Then ask the question what input is required to produce it (both data and methods of analysis).

c. Assess the feasibility of obtaining the data required and performing the analyses to generate the proposed information products.

d. Then use actual test data or, if this not available, hypothetical data to test whether the specified information products can be produced.

2. It is good practice to have, at least, a sample of the different information users who said they needed such information evaluate the “mock ups” in order to verify that they can be used in the decision-making processes they were intended to be used for.  Remember that the message to the users at this stage of the process is not that you WILL be able to produce the information specified but rather that you are still investigating the feasibility of producing it. 

3. Make the modifications to the “mock ups” as requested by the users (repeat step 1), have these evaluated by the users (repeat step 2) until a consensus is reached on the information products required and the feasibility of the National Programme to produce it. 

4.3 Phase 2: Design the Monitoring Network

At this stage of the design process it should already be clear what the proposed geographic scope of the programme is.  

Knowing who the primary information users are, what information products they require and what they need the information for, you should now strive to obtain a ballpark annual operating budget for the programme.  It may seem premature, but you do need a ballpark number, e.g. is it 1, 10 or 100 million Rand per annum.  This number is important because, despite all the design criteria that may be applied to design the network, it is pointless to come up with a design that is completely off the scale of what is financially available.

Network design deals primarily with three issues, namely:

· What resource quality attributes to include in the programme

· Location of data acquisition points (definition of points at a macro scale).

· How frequently data should be acquired.

Each of these is briefly discussed below.

4.4 Finalise the water resource quality attributes to be included in the monitoring programme

4.4.1 Introduction

By this time in the design process, the designer should already have a pretty good idea of which resource quality attributes must be included in the monitoring programme.  The fundamental question of “Which water quality attributes are of concern?” with respect to the information requirements of the information users 
will already have been considered to some degree in the design of the Information Generation Protocols. 

Careful selection of the water quality attributes to be included in the monitoring programme is of crucial importance because: 

· They have a direct impact on the ability of the programme to deliver the information products it was designed for.
· They have a direct impact on cost of the monitoring programme.  It is not only the operating cost that is important but also the initial capital cost of establishing the programme.  For example if you need to build a concrete weir across a river to measure a particular attribute (e.g. flow) the initial capital outlay will be orders of magnitude higher than if you could measure the attribute by taking a sample of water to analyze the EC. 

· Once a choice has been made – it cannot / should not easily be changed. 

This step in the design should therefore definitely cause the designer to move away from the typical current practice of selecting the resource quality attributes to be included in a monitoring programme based on the: 
“Lets measure everything we can with our available infrastructure” approach!

Some of the factors to consider in deciding which resource quality attributes to include in a monitoring programme are:

1. Information needed.
2. Significance of physical processes.

3. Logistics of data acquisition.

4. Institutional aspects.

5. Financial implications.

6. Continuity of records.

Each of these are discussed briefly below:
4.4.2 Information needed

A key issue is to precisely determine what information is required when finalising the selection of water resource quality attributes to include in a monitoring programme. E.g., do we want to know whether water is contaminated with Cholera bacteria vs do we want to know whether there is a risk of the water being contaminated with Cholera?  In the first case you would have to include the presence of Cholera bacteria as a resource quality attribute.  In the second case all you need to include is the presence of an indicator organism of faecal pollution (e.g. E. coli) as a resource quality attribute.  The cost and logistics for the monitoring programme may be greatly affected but such a choice. 

4.4.3 Significance of physical processes: 

Understanding of the physical-bio-geo-chemical processes affecting resource quality is a key consideration in deciding on which water resource quality attributes to include when designing a monitoring programme, e.g.:

· Understand if the behaviour of an attribute, such as the concentration of a chemical, physical or biological attribute in water, is dictated by a transport or a yield limited process. 

· The bio-availability of attributes, e.g. plant nutrients or heavy metals, for uptake by aquatic organisms.
· Attributes characteristic of typical waste products produced by different man-made processes and which often end up in water resources
· [?]
· .
4.4.4 Relationships between attributes 

The relationships between different water quality attributes is of great significance because these may allow us to derive information about attributes not being monitored or that can only infrequently be monitored from other attributes that are being monitored or can be monitored more frequently or more easily.

The most common statistical method used to quantify relationships between water resource quality attributes is linear regression.  Other ways are to use the more sophisticated multiple regression techniques or to use mathematical models to describe the relationships.
4.4.5 Logistics / feasibility of data acquisition

Some of the issues to consider here when selecting resource quality attributes are:

· Whether data acquisition of a particular attribute can be done by direct measurement, recording and transmission of data to a central location (e.g. temperature, flow, EC) or whether some or all the steps have to be done manually.

· Feasibility of obtaining representative samples; sample stability; need for preservation for the attribute being considered.

· Availability / accuracy / precision / cost / skill / infrastructure requirements for  chemical / biological / physical analytical methods for the attribute being considered.
4.4.6 Institutional and statutory considerations

In the selection of resource quality attributes to include in a monitoring programme, one may find situations in which the degree to which good science would dictate your choice of attributes being constrained by law or policy.  This happens typically when law or policy prescribes either the attributes, the data acquisition points or the frequency of measurement.

In cases where there is a conflict between what law / policy and what good science dictates, one should at least investigate the feasibility to get alignment, but when all else fails law and policy would probably supersede.

4.4.7 Financial implications 

Monitoring programme designers cannot be oblivious to the financial implications of the number and type of resource quality attributes they select to be included in a monitoring programme.  The more attributes that are included in a programme the greater the cost!  Also, including a particular attribute, that has special data acquisition requirements, e.g. sampling and analytical requirements, may have a drastic impact on the costs of a programme.  The trade off then becomes how much additional information is gained for the additional cost incurred.

4.4.8 Continuity of records:  

In most cases at least one of the information requirements associated with National resource quality monitoring programmes will be that the information is needed for detecting trends in resource quality attributes.  If a particular attribute has been measured for a long time already, and it is now being considered to replace it with another attribute, it may by prudent to:

Continue monitoring the previous attribute in order to maintain records of resource quality that are long enough for reliably detecting trends.
In certain cases, where there is a good enough relationship between the attribute being considered for discontinuing and the new one, one should make provision for a transition period during which both are measured for a long enough period to establish the relationship between them before discontinuing the previous one.

4.5 Selecting the data acquisition (sampling) sites

The location of monitoring sites is a critical step in the monitoring programme design process.  If monitoring is not done in the correct locations it can fatally compromise the ability of a monitoring programme to deliver the information required and thereby meet its objectives!  Therefore, as with all the monitoring programme design steps, knowing the monitoring objectives of a given monitoring programme and constantly keeping it in mind is a key requirement for the proper location of monitoring sites. 

Currently in SA, far too little attention is given to locating resource quality monitoring sites, mostly for a number of historical reasons:

· The oldest National Monitoring Network is the one that was designed for hydrological monitoring.  At the time it was designed, the overriding information requirement was to estimate the water yield from catchments in order to decide where and what size reservoirs to build.

· The availability of flow gauging structures and the whole data acquisition infrastructure and logistics that went with it, made the National Hydrological Monitoring Programme a very attractive template on which to superimpose the location of data acquisition points for subsequent new monitoring programmes, such as the National Chemical Monitoring Programme. 
· There was another assumption, particularly related to chemical water resource quality attributes, namely that the information generated would only be useful if it is used in conjunction with the corresponding discharge information from the same point.  In essence the assumption was that one would have to calculate chemical loads as a resource quality attribute in order for the information to be useful.  This is certainly a valid information requirement for certain specialised management purposes, but is definitely not the case for many others.  If we are mainly interested in resource status and trend information, as is suggested for national programmes, then having the corresponding discharge information available is not necessarily a requirement.
· So considerations of logistics and convenience have often overridden any other considerations with respect to deciding on the location of data acquisition sites for attributes other than discharge.

The location of data acquisition sites have be dealt with at two scales, namely the macro-location of sites (data acquisition stations) and the micro location of data acquisition points at a given station. 

4.5.1 Macro location of data acquisition stations

The major factors to consider when locating data acquisition points at a macro scale are:

· The type of water body in which the data acquisition station is to be located, e.g.:

· [?]
· Rivers vs reservoirs.
· Surface vs groundwater.
So, some understanding of the typical physical behaviour of different types of water bodies is necessary in deciding on the siting of data acquisition points. 
· It is important to take into account that the implications (financial, infrastructure and logistics) of every additional data acquisition station decided upon can differ greatly for different types of resource quality attributes.  For example, if the attribute of concern is:

· Discharge, and one assumes the classical method of using a gauging weir for measuring discharge then there is significant capital expenditure as well as construction time involved.

· A chemical attribute, and one assumes sampling and analyses at a central laboratory then the most significant issues may be the logistics of getting the samples to the laboratory and the costs associated with the analysis of the samples. 

· Representing political jurisdictions, e.g. Provinces, institutional considerations, e.g. Water Management Areas, etc.

· The type of resource quality attribute of concern, e.g.:
· Conservative attributes, e.g. one can make the assumption that the principle of “conservation of mass” applies to understanding / modeling the behaviour of the attribute in the water environment.

· Non-conservative attributes, e.g. one cannot make the assumption that the principle of “conservation of mass” applies to understanding / modeling the behaviour of the attribute in the water environment.
As is the case with serial correlation (see next section), a key assumption underlying the calculations done to estimate the statistical properties of a population of observations for a given water resource quality attribute is that the observations are INDEPENDENT!  In the case of regional statistical properties, it requires that the value we observe at one sampling station have no influence over the value we are likely to observe at the next sampling station.  If the sampling stations are correlated, then the assumption of independence is no longer valid – in other words if we observe a particular value at a sampling station then we are likely to observe a value of similar magnitude at another sampling station.  In other words, observations from different sampling stations are correlated with one another – also known as spatial correlation.  If spatial correlation is present it introduces redundancy in the data.  The data, therefore, APPEARS to contain more information about / more reliability in estimating statistical properties of the underlying population than what is really the case. 

Despite the potential constraints introduced by spatial correlation present in data collected at different data acquisition stations in the same region, it is seldom used in monitoring programme design.  The reasons being that the other considerations often override, and possibly also that regional statistics (e.g. the mean Ca concentration at sampling stations in a given geographic region) are seldom required as important information products.

4.5.2 The Micro-location of the data acquisition (sampling) points
Once the designer has decided the macro location of the data acquisition stations it also needs to be decided where, precisely, to locate the data acquisition points at a particular station.  The data acquisition points at a given data acquisition station may be different for different water resource quality attributes.  Issues to be considered are:

· Mixing, in cases where the quality of the resource could differ locally, e.g. horizontally across a river or with depth in a reservoir.
· Ability to reach the station and the specific data acquisition point – also considering issues of personal safety.

· Stability of the site / features of the site.

· Type of resource quality attribute.

· Likelihood of protection against vandalism.

The available budget (often split into capital and operating components) for a monitoring programme determines the scope of the monitoring programme.  The scope includes the number of data acquisition stations and points as well as the frequency of data acquisition (which is dealt with in the next section).  So one will most probably be required to do a few iterations between determining the desired number of data acquisition stations and points, and determining the data acquisition frequency in order to come up with the optimum design for both of these in the context of the available budget.

4.6 Frequency of Data Acquisition (sampling frequency)

The frequency of data acquisition (sampling frequency) often receives a lot of attention, probably because it is one of the design features that can be changed more easily than others, such as location of data acquisition stations, or the selection of resource quality attributes

The frequency of data acquisition has a direct impact on the amount of information that can be generated for a given data acquisition effort / budget.

The following Statistical issues need to be considered when deciding on the appropriate data acquisition frequency:

· The amount of information that can be obtained, the reliability of statistical estimates and the accuracy of these estimates tend to increase with increasing the number of observations made, in other words the frequency of data acquisition.
· However, this relationship is constrained by auto / serial-correlation present in a time series of observations.  Serial-correlation puts a limit to the data acquisition frequency.  If data is collected at a frequency that introduces serial-correlation in the data, then we enter the situation that where the relationship between increasing the frequency of making observations leading to increased reliability of statistical estimates breaking down.  Expressed in another way, if we increase the frequency of making observations beyond this threshold we will incur the cost of monitoring – which is quite significant – without gaining any additional information!. 
· You will need some historical data or have to make some assumptions about the statistical properties of the resource quality attributes of concern.  If you do not have historical data to use, and the implications of the assumptions you make are significant, you may first have to do some surveillance monitoring in order to obtain the information required to estimate data acquisition frequencies more reliably. 
There are other issues, in addition to the statistical ones, to consider when deciding on the sampling frequency:

· Logistical and cost considerations.  The logistics of data acquisition may put some constraints on what you eventually select as the frequency of data acquisition.
· If we use the above considerations and apply the appropriate statistical procedures for estimating the required sampling frequency, it is quite likely that we will come up with different frequencies for different resource quality attributes. The reason being that the variances associated with the different attributes will not be the same.  However, in many cases it will be impractical to do data acquisition at the same station at different frequencies!  
In such cases one has to decide on some basis to select a common frequency:
· Choose the highest frequency and accept that there will some redundancy present in the data for those attributes that require a lower data acquisition frequency.  This must be accounted for in the information generation procedures in order to avoid assigning higher than justified reliabilities to the statistical information generated.

· Choose a frequency that is weighted for the relative importance of the different resource quality attributes. This is somewhat like taking the middle road, in other words the data acquisition frequency will be lower than desired for some attributes, just right for some, and too high for some. 
· In many cases of having to determine data acquisition frequencies, one is actually constrained by a predetermined data acquisition frequency – usually a frequency selected for a particular attribute (which is not part of your programme) to serve the needs of other national or regional monitoring goals.  However, the cost of setting up the additional data acquisition infrastructure to serve the needs of your monitoring programme may simply not justify the incremental increase in the reliability of the information derived.  In such cases, you should at least go through the exercise of calculating the incremental loss of information as a result of a reduced data acquisition frequency before accepting the situation as is!

· The whole of the preceding analysis of determining data acquisition frequencies is based on the underlying assumption that some, or the most important, information products to be provided by the monitoring programme are based on estimates of the statistical properties of the resource quality attributes of concern.  This may not always be the case.  Certain information products may require different (not statistically-based) approaches to determining data acquisition frequencies, e.g.:
· Compliance monitoring may have a frequency pre-determined by law / regulation / license condition.
· Impact assessment monitoring may require sampling frequencies not constrained by the assumption of independence of subsequent observations.
· Process control monitoring may require data acquisition frequencies determine by process requirements.
4.7 Phase 3: Design the Operational Requirements for the Programme

In this part of the design document, one has to describe the detailed operational requirements for IMPLEMENTING each of the core functions making up a water resource quality monitoring programme.   This should ideally be done in such detail and with such clarity that the programme design team could hand over this document to someone who was not involved in the design at all and they should have a high probability of successfully implementing the programme.

The operational requirements have to be designed and documented in such a way that adequate end-to-end quality assurance is built into all of the processes forming part of the three core functions making up the monitoring programme, namely, data acquisition, data management and storage, and information generation and dissemination.  

It is recommended that one or more of the internationally / nationally recognised standard protocols for end-to-end process quality assurance is adopted as a template guideline for documenting the operation requirements of the programme.  Templates to consider are: ISO9000.

This task may not be as daunting as it seems.  Most monitoring programmes will be making use of some existing infrastructure for performing some of the processes, e.g. as part of the data acquisition function, the process of having water samples analysed by a laboratory to determine chemical, biological or physical attributes.  By simply specifying / selecting a SANAS accredited laboratory to perform such analyses means that such laboratory already complies with all the operational requirements and in the programme design one could simply reference their documentation.  The same would apply to any other part of the programme where the operations will be performed by an accredited organisation.

However, certain parts of the end-to-end process may not currently meet the required operational specifications / accreditation.  In such cases, the programme design team would need to fill in the gaps.  As mentioned before, rather than starting with a clean sheet, use existing templates.  These can be the generic ones mentioned above, or even better, ones that have been developed specifically for water resource quality monitoring programmes (e.g. consider the work done at Umgeni Water).     

A sample list (not a complete checklist!) of the topics to be addressed in the operational design of a water resource quality monitoring programme is provided below:

4.7.1 Information Generation and Dissemination 

The specification of information users, their requirements and the information products to be delivered to satisfy these requirements, would already have been completed as described in Section 3.2.  This would also include the selection of the methods and/models to analyse and present the information products as well as the media / formats for disseminating the information.

What needs to be documented here are the processes to be followed, e.g. what needs to be done, by whom and when (e.g. daily, weekly, monthly, quarterly, annually, etc.).  In the case of specified statistical methods, mathematical models or graphical analyses to be used for generating information products, one should specify requirements such as:

· The method, and if appropriate the software to use for applying the method.

· The preparation of the input data, including any data verification and adjustments to be done, such as patching missing values and dealing with zero or non-detect measurements.

· Output verification.

The operational requirements must specifically make provision for regular verification that the information products being produced by the programme are used, and for the purpose that they were designed for.

In documenting the operation requirements associated with the information generation and dissemination function, the design team must be constantly aware of the agreed boundary between information products to be produced by the monitoring programme, and complex knowledge products to be produced by the users of the information.  The operational requirements must be limited to those required for producing and disseminating the information products delivered by the monitoring programme being designed.

4.7.2 Data management and storage

Operationally, most of the data management and storage processes required for national water resource quality monitoring programmes would make use of the available DWAF IT infrastructure and systems.  These provide a reliable operational platform.  For more information on the IT systems currently being used for and being planned for water resources data management and storage see http://www.dwaf.gov.za/iwqs/wrmais/RainbowProject-Final%20Reportver5-4.doc 

The monitoring programme design team should liase and agree with the people managing the IT structure for the IT infrastructure and support required for the programme being designed.  After this the people providing the IT infrastructure and support would have their own operational requirements so that these need not be developed by the monitoring programme design team.

Most of the operational requirements to be developed by the design team would relate to procedures and processes that will ensure valid data being received by the IT infrastructure and also processes and procedures for extracting data from the system.

4.7.3 Data acquisition    

The operational requirements for performing all the processes involved in this core function consistently and reliably are most probably the most challenging part of operating a monitoring programme.  

The geographic scope of most national water resource quality monitoring programmes will require that data acquisition be done in virtually all parts of South Africa.  It will also involve making use of infrastructure and human resources belonging to a wide range of institutions, each with their own way of doing things.

Other than is the case with accredited laboratories or DWAF’s centralised IT infrastructure, the monitoring programme design team cannot assume, other than in a few exceptions, that formalised / accredited systems exist for managing the data acquisition processes in these institutions.  Therefore, the design team will have to develop the required operational procedures and processes as well as the mechanisms for quality assurance for the consistent performance of the processes. 

These processes have to ensure the integrity of the data acquisition process from the point where a sample is taken / measurement is made to the handover of the data to the data management and storage function.

Some of the key issues to be addressed are:

· Ensuring that samples are taken (or measurements are made) at the right place (data acquisition station and point) and at the right time.

· In the case of in-situ measurements, that the structures / instruments are properly calibrated and maintained.

· In the case of samples, that the samples are properly treated, transported and that they reach the laboratory in time.

· That the data is transmitted reliably from the instrument (in-situ measurement) or laboratory to the data storage and management infrastructure.

· QA for all of the above exists. 

The broader Q/A principals and system requirements of ISO 9001: 2000 (Quality management System) should be followed to allow for a complete QA management system. As ISO 9001: 2000 is a generic standard, it is recommended that the more specific principals set out in "Quality Assurance in Environmental Analyses"  (Malcolm j. R., 2000) be used as a basis for ensuring that all aspects relating Q/C in water resource monitoring have been addressed.   It is also important that the ISO 17025 requirements for sampling be adhered to.  

Appendix 1: Notes on concepts / terminology

Water resource quality is a complex and wide ranging subject matter for which an equally complex terminology has developed over the years by different groups, both in SA and abroad, involved in studying and managing it.

It would be presumptuous to propose in this document a terminology that everyone involved in water resource quality management in SA is expected to use henceforth without an extensive process of consensus building amongst all the role players.  As a first step in starting such a process, one should at least, in a document such as this, very clearly explain how terminology is used in order to allow users to map their own current use of terminology onto it.

1.1 Water Resource Quality 

Refers to ALL the physical, chemical, biological and ecological attributes of the resource. It specifically considers the resource as a whole and therefore includes all the RESOURCE attributes, not only the attributes related to the water component of the resource.  In the context of this definition of water resource quality there is no need to separately state “aquatic ecosystem health” because it is simply a specific set of water resource quality attributes.

1.2 Water Resource Quality Attribute 

The quality of a water resource can be described in many different ways, e.g. one can state the temperature of the water, state the slope of a stream section, the depth of water at a particular point in a reservoir, the number and type of algae present in the water at a particular point in space and time, the concentrations of a range of inorganic chemicals present in water, etc.  In this document and the proposed framework ALL the different ways that water resource quality can be described, no matter whether or not the description is quantitative (can be expressed in numbers) or qualitative (expressed in words), are considered to be water resource quality ATTRIBUTES.  For interest sake, if you look up the word “attribute” in a UK English thesaurus, some of the listed synonyms are: characteristic; trait; feature; aspect, element, part.  From all of these options the word “attribute” does seem to be the preferred one, although it might be a personal choice.  Other synonyms for attribute that are being used locally (SA) are, CONSTITUENT, DETERMINAND and VARIABLE. 

1.3 Water Resource Quality Variable 

The word “VARIABLE” is used here as a synonym for “ATTRIBUTE” when the author wants to emphasise the fact that the measured value of a particular attribute can vary with space and time and that one often needs to describe an attribute in terms of its statistical properties, such as its mean or median, standard deviation, skewness coefficient, etc. in order to give a comprehensive picture of its status in the resource in question.

1.4 Grouping of Water Resource Quality Attributes / Variables

It is recognised that no single monitoring programme can deal with all of the information requirements related to the many different water resource quality attributes.  The resource quality attributes are, therefore, often grouped / categorised, for monitoring purposes, in different ways, e.g. according to: 

1. An academic discipline, e.g. inorganic chemical attributes.
2. Association of a group of attributes with a certain type of water resource quality problem, e.g. eutrophication, toxicity.
3. Apparently an academic discipline, but based on an underlying assumption of a relationship between the discipline and a water resource quality problem, e.g. microbiological attributes which in reality are a very small number of attributes which serve as indicators of human health risks associated with faecal contamination of water resources.
4. Apparently an applied discipline, but also based on an underlying assumption of the relationship between a set of attributes and a vitally important area of concern in water resource management, such as hydrology which primarily deals with attributes related to the quantity / water yield aspects of surface water.  The underlying management issues, however, are the availability of water the reliability of supply, and the risks of floods and droughts.
5. Apparently a grouping of water resource quality attributes, but in reality all the possible attributes of concern in a particular water resource unit, e.g. groundwater quality, wetlands quality, etc.
It is obvious that the current situation presents some inconsistencies in how water resource quality attributes are grouped for the purposes of monitoring.  In the proposed strategic framework, specific proposals are made to make the definition of monitoring programmes, and therefore the grouping of water resource quality attributes for this purpose, more consistent.
1.5 Monitoring & Assessment

“Monitoring” and “assessment” of water resource quality is sometimes referred to as if these are separate activities implying that hierarchically they are at the same level, e.g. as in the title of this project, and as used in the NWA.  Some confusion probably arises because people understand both of these terms in different ways.

To ensure that clarity exists when a strategic framework for monitoring is discussed / used, it is proposed that each of these terms are defined as: 

· Monitoring: 

The word “monitoring” is always used as the descriptor of a specific group of 3 core, interconnected functions, starting with data acquisition followed by data management & storage and concluding with information generation and dissemination.

Therefore, if one wants to refer to the execution of only one or two of the three core functions, say the data acquisition function only, then the word “monitoring” should NOT be used.  In such cases it is proposed that the description of the function itself, as in the example above, “data acquisition” should rather be used. 

Whilst it is proposed that DWAF accepts the above description of monitoring, it is acknowledged that the choice of 3 core functions is arbitrary.  One could also define 4 functions and that the 3rd function can be divided into 2 steps, i.e. data processing and knowledge assessment as the 1st step and knowledge correlation and synthesis and information generation as a distinct 2nd step.  This makes it 4 functions, not 3.  The WRC has for instance referred to elements of the last function as technology transfer in a sense.  However, what is important here is not how many functions or steps “monitoring” is defined as, but rather the scope of the functions.  Namely “monitoring” includes all the functions / steps that start with data acquisition through to the delivery of information products (which requires some degree of assessment) to information users.   

· Assessment:

The word “assessment” of water resource quality is used in at least two different ways:

1. Assessment meaning the value addition activities performed by the owners of the monitoring programmes that convert data to information, e.g. interpreting, comparing data to a standard, calculating a trend, etc.

2. Assessment meaning the activities performed by the users of information adding their experience and knowledge of their subject area to the information they have received, often from many different sources, in order to make a decision or execute an action.

In the context of this framework, the first interpretation of the word “assessment” is already part of the information generation function and, therefore, need not, and should not be stated separately as in “monitoring & assessment” because it only then leads to confusion. 

The second interpretation of the word “assessment” no longer forms part of any monitoring programme but is part of what users do with the information that they receive from monitoring programmes.  Again, by using the phrase “monitoring and assessment” it creates confusion about the roles and responsibilities of those people responsible for monitoring programmes and those responsible for using the information, namely the information users.  

So, in conclusion, in this framework the word monitoring is used on its own and as such it includes the kind of assessment required to generate standard information products from data.  Refer to the MAIS inception report for a thorough discussion of the issues concerning the boundary between monitoring programmes and the users of information produced by monitoring programmes (http://www.dwaf.gov.za/IWQS/wrmais/MAIS-project-inception.pdf).   

1.6 Data to Information – the value addition chain

Most people involved in the generation and use of water resource quality information understand the concept that one starts somewhere with the acquisition of raw data and ends somewhere with something called information.  The example below briefly illustrates the concept: One can start with taking a reading of the water height at a particular point in a river at a particular time.  Knowing what the water height is, however, has little value unless it can be translated into a flow rate, for example by using a calibration table for water height against flow rate for that particular section of the river.  Again knowing the flow rate at one particular point at a particular instant in time has limited value.  So one would like to take many measurements over time and also at different points in a river basin and then summarise these as, for example, mean daily, monthly or even annual flows in order to understand the flow characteristics of a river system.   The next level of value addition could be to patch flow records in order to fill in periods during which measurements could not be taken for some reason or to calculate extreme values with a given return period. 

Although few people have difficulty accepting the concept of a continuous chain of value addition along the course of which data is converted to information, there is usually little agreement on what are considered to be cut off points between what is to be considered “data” and what is to be considered “information”.  I believe trying to make this distinction is a fruitless debate because what can / should be considered to be “data” or “information” is in the eye of the beholder.  For example, an experienced river basin systems modeller could easily consider a time series of patched, naturalised mean daily flows for a given monitoring station as “raw data”, i.e. one of the inputs used in the model to generate information on the water yield of the river basin.  For someone else, the same record could be considered to be the information required to make a resource management decision. 

In the definition of monitoring given above it specifies that one of the core functions of monitoring is “information generation and dissemination”.  However, if there were no unique definition of what can be considered to be information then how would one be able to design a monitoring programme?  The only rational approach that can be followed in the information user-centric design approach is to:

1. Accept that what is to be considered the information products produced by a given monitoring programme is the outcome of a negotiated agreement between the information providers (operators of the monitoring programme) and the information users (clients of the monitoring programme).  One must also accept that the definition of the information products can change with time as the needs of information users change and / or their sophistication in using information changes. 

2. Understand that information users, once they have received the agreed information products delivered by a monitoring programme will in their use of that information add their own specific insight, experience and tacit knowledge as well as other kinds of information received from other sources to reach a decision or take an action.  To distinguish between the outcomes delivered by the value addition process forming part of a monitoring programme from the value addition done by information users we refer to these as:

a. A monitoring programme produces information products.
b. Using the outputs of monitoring programmes as some of their inputs, information users produce complex knowledge products.     

1.7 Monitoring programme

It was already stated above that monitoring always consists of three core functions, namely, data acquisition, data management and storage, and information generation and dissemination.  We have also distinguished the outputs from monitoring, namely information products, from what information users produce by using such information products as their inputs, namely complex knowledge products.  

A monitoring programme is defined as a management mechanism which addresses the three core functions, data acquisition, data management and storage, and information generation and dissemination, in order to deliver a coherent set of information products.  Such a set of information products is tailored to meet an agreed water resource management information requirement specified by a pre-identified group of information users.  The three core functions making up a monitoring programme are briefly elaborated below (from MAIS inception report):

· Data acquisition

· Acquires data through DWAF HO central facilities or from other organisations, 

· Liaison with other organisations to influence their monitoring or data transfer standards, and

· Measurements, sample collection, or analysis executed by CMAs or other water management institutions would form core activities.

· Data storage and management 

· Controls maintenance, security, access to data, 

· Enforcement of corporate specification for data formats, 

· Provision of access through whichever media is most appropriate, 

· Preparation and delivery of standard data on a regular basis, and 

· Other similar activities. 

· Information generation and dissemination

· Converts data to information.

· Distributes information to users in required formats using agreed media (hard copy, electronic, Internet, etc.) 

· Arranges with data storage and management to store processed information,

· Preparation and distribution of reports, 

· Modelling, 

· Statistical analysis, 

· Patching of missing data, and

· Other similar activities.
The phrase “management mechanism”, for describing a monitoring programme, was carefully chosen because a monitoring programme need not map one to one on the way a particular organisation involved in monitoring is structured (its organogram).  What is important is that a monitoring programme must have a person responsible and accountable for its design, maintenance and performance – I refer to this as the owner / manager of the monitoring programme.  Typically it would be someone involved in performing the information generation and dissemination function because it is the adequate performance of this core function that justifies the existence of a monitoring programme and defines the content of the other two core functions.  It is quite likely that many of the activities involved in the other two core functions might be performed by different parts of the same organisation or even by different organisations.  The arrangements to ensure smooth functioning of the programme can be of many forms, e.g. dual reporting responsibilities as in a matrix management structure, an outsourced model or even by appointing staff / contractors in different part of the country but reporting directly to the monitoring programme manager.

A few management principles need to be embedded in the design of monitoring programmes as a management mechanism:

1. The programme manager must be the single point of accountability for the performance of the programme, in other words how well does it meet the pre-agreed information requirements of its information users.

2. The programme manager must have the required authority to make decisions and take actions and have access to the resources needed to have all three of the core functions adequately performed.

From a particular water resource information users’ perspective, one will seldom find that the information products produced by a single monitoring programme can meet all their information requirements.  Monitoring programmes are, therefore, typically designed to deliver a coherent set of information products, that were agreed up front with information users, to meet a specific sub-set of their information requirements. 

1.8 Portfolio of monitoring programmes

Water resource quality monitoring programmes can be grouped according to some criteria, e.g.:

1. In the strategic or overarching framework proposed here for national water resource quality monitoring programmes, according to the institution assuming the primary responsibility for a specific group of programmes.

2. One can also use the type of information products produced as a basis for defining portfolios of monitoring programmes, e.g.:

· Compliance monitoring programmes where the word compliance refers to compliance to specific water use license conditions or general authorisations.  The word compliance is assumed to mean monitoring that can lead to law enforcement.

· Conformance (audit) monitoring programmes where conformance refers to comparisons of water resource quality to predetermined resource management objectives such as the Reserve and Resource Quality Objectives.

· Status and Trend monitoring programmes which provide long term (5 yrs +) information primarily on what the water resource quality is and how it is changing over time.

· Impact Assessment monitoring programmes which provides information on why the water resource quality is what it is and why it is changing over time / expected to change over time.  Usually shorter term than status and trend monitoring programmes.

· Surveys.  These are typically once off, irregularly performed, or regularly performed with intervening periods of several years, monitoring activities. An example of such monitoring is the regular surveys done, spaced several years apart for any given reservoir, on the siltation of reservoirs. 

1.9 Monitoring System

In the context of the definitions already given for monitoring, monitoring programmes, and portfolios of monitoring programmes, a monitoring system would simply be a grouping of monitoring portfolios according to some logical criteria.  It was previously proposed, in the MAIS project, that the Department of Water Affairs and Forestry should take the lead in establishing a Water Resource Quality Monitoring System by involving all the other institutions involved in water resource quality management. In other words, the criterion used for defining such a system would be that it includes all the portfolios of monitoring programmes aimed at providing information products related to water resource quality.  Such a system would, for example be separate from a Water Services Monitoring System or a Forestry Monitoring System. 

1.10 Information system

The term “information systems” is often used both in a narrow and in a wide context.  Some people use the word “information system” to describe the information technology sub-component (hardware, networks, software, data bases, etc.) involved in data acquisition, data management and storage and information generation and dissemination.  Others would use it synonymously with how a monitoring programme is defined above, namely, including the information technology elements but also all the other functions required for data acquisition, data storage and management and information generation and dissemination.

The NWA specifically refers to information systems.  However, in the context of the definition of monitoring, monitoring programmes, portfolios of monitoring programmes and monitoring systems above, use of the term  “information system” is redundant.  For those who have used it in the wider sense, it is proposed that the term monitoring programme / portfolio / system is used instead.  For those who used it in the narrow sense (IT technology) it is simply one of several sub-components of a monitoring programme.

1.11 Water Management Institutions

· Department of Water Affairs and Forestry: As defined by the latest structural diagram of the Department – in other words every one reporting eventually to the Director General of the Department.
· DWAF Head Office (DWAF HO): Those parts of the Department with the responsibility (in the context of this document) for water resource quality management functions at the national (SA-wide) level. 
· DWAF Regional Offices (includes concept of clusters), Catchment Management Agencies (CMAs) and certain Water Boards: Those parts of water management institutions, whether they are currently part of DWAF or not, who are responsible for water resource quality management functions at a regional or catchment (as defined in the context of the CMAs).
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Effective corporate level governance of WR  monitoring and assessment within and external to DWAF exists.  

A standadised process exists, and is applied, for the design, implementation and ongoing evaluation of each of the sub-systems making up the WRMAIS.

Ongoing evaluation and improvement of the WRMAIS takes place.

Compliance with statutory and corporate requirements etc. is ensured.

Amaster plan exists for establishing and maintaining sub-systems making up the WRMAIS.  

Commercial and other models / agreements exist for accessing and delivering WR data and information from and to organisations external to DWAF .

A corporate management capacity for MAIS exists

Figure 2: A diagram showing governance requirements for resource quality monitoring proposed in MAIS strategy in 2000
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A strategic technology plan for the WRMAIS exists - with IT input.

Policies, and resulting procedures, exist that require data collection, data storage, and the use of integrated water resource information delivered through the WRMAIS for water management decision-making.

A strategic human resources development plan for WRMAIS exists.

Roles and responsibilities of all the key role players, both within and external to DWAF, in the WRMAIS are defined.

The overall objectives of the WRMAIS and of all its sub-systems are clearly defined.

A single point of accountability for corporate WRMAIS is established – recommended to be at the Water Resources Branch-level.

Funds are allocated to the required elements of the corporate WRMAIS - plus agreements with external partners.

Infrastructure to support corporate governance of WRMAIS exists.

A corporate management capacity for the WRMAIS exists.

Figure 3: A diagram showing the infrastructure and capacity required for establishing corporate (DWAF) governance requirements for MAIS
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Hierarchy of information requirements for management of water resources.  
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Regional / WMA / Catchment  information

Water User / local information
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