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Section A1: Different levels of RDM determinations

A1.1 Levels of RDM determination methodologies




Descriptions of different levels
Descriptions of the four levels of RDM determinations and the Flow Management Plan are shown in Table A.1.






Rules for selection of appropriate level
The rules for selection of the appropriate level of RDM determination are summarized in Table A.1, and provided in detail in the Integrated Manual.






Table A.1:  Levels of RDM procedures for various levels of RDM determinations

Level


Term
Characteristics
Use

1
Desktop estimate
Very low confidence, about 2 hours per water resource


For use in National Water Balance Model only

2
Rapid determination
Low confidence; desktop + quick field assessment of present status, takes about 2 days
Individual licensing for small impacts  in unstressed catchments of low importance & sensitivity; compulsory licensing “holding action”



3
Intermediate determination
Medium confidence, specialist field studies, takes about 2 months


Individual licensing in relatively unstressed catchments

4
Comprehensive determination
Relatively high confidence, extensive field data collection by specialists, takes  8-12 months
All compulsory licensing. In individual licensing, for large impacts in any catchment. Small or large impacts in very important and/or sensitive catchments.


Flow management plan


Acknowledges present operating constraints (mostly structural) on a river;   modified operating rules are drawn up between the management agency and RDM study team, which will result in a more environmentally friendly flow regime, as far as possible.
For use in highly regulated systems where present flow control structures do not have outlets from which releases can be made to provide for the water quantity component of the Reserve.

Section A2: The generic RDM methodology

A2.1 What is in this section

Road map of the RDM methodology




Descriptions of each step
This section contains an overview of the generic methodology for RDM determination.  Brief descriptions are given of each step in the generic methodology, with indications of 

· the purpose of each step;

· the differences in detail between rivers, estuaries, wetlands and groundwater, and

· the differences between the different levels of RDM determinations.






Cross references to specialist manuals
Where appropriate, cross references are given to the corresponding steps described in the various specialist manuals for rivers, wetlands, estuaries and groundwater.

This roadmap of the generic RDM methodology and the section on selection of the appropriate level of RDM determination are included in each of the specialist manuals, for ease of  reference and to ensure that the specialist manuals can stand alone to some extent.





Figure 1: Generic procedure for determination of Resource Directed Measures for aquatic ecosystems

A2.2 The generic methodology for RDM determinations

Step 1:  Initiate the RDM study




Identifying significant water resources
The NWA states that the Minister must determine RDM “for all or part of every significant water resource”.

The term “significant” when used in the context of section 13 of the NWA does not relate to the importance of one water resource in comparison to another.  All water resources should be protected, not just those considered to be “significant”.  The term “significant” relates rather to the geographic extent of the water resource for which a class, Reserve and RQOs must be determined.

Clearly it would not be reasonable or practical to determine RDM for water resources or parts of water resources which are very small, but neither would it be useful to determine a single Reserve for a whole primary or secondary catchment.  It is necessary to delineate water resources or parts of water resources in a way which is practical for water use planning, allocation and licensing purposes, but which also is at a scale which allows effective everyday management of the water resource itself.

Steps 2a and 2b of the generic RDM methodology describe in some detail the delineation of smaller resource units within a RDM study area.






Delineate geographical boundaries for the RDM study
If the RDM determination is initiated by the Department as part of compulsory licensing process, then the boundaries are delineated by the relevant water management agency.

If the RDM determination is triggered by the need to evaluate a single water use license application, then the study boundaries will depend on the scale and extent of impact of the proposed water use (see RDM selection rules in the Integrated Manual).

Note that upstream-downstream dependencies may require that the study boundaries take account of additional water resources upstream or downstream of the study area.






Select appropriate level of RDM determination
Rules for selecting the appropriate level of RDM determination are summarized in Table A.1, and provided in detail in the Integrated Manual.






Establish study team composition
The composition of the study team depends on the level of the RDM study which is required, and the types of water resources which are included within the study boundaries.

As an example, if the RDM are required for a river ecosystem, and there is strong hydraulic connectivity with groundwater (so that baseflow in the river is strongly dependent on groundwater contributions) then the team must at least include river and groundwater specialist input.  If an estuary is immediately downstream of the study boundaries, or if an estuary is strongly dependent on the flow from the river reach for which RDM are being determined, then the team must also include estuary specialist input.

The actual size of the study team will depend on the level of RDM determination which is required.  For a comprehensive determination, it may be necessary for each of the specialist sub-disciplines to be included (for example on the rivers 

specialist team each sub-discipline such as fish ecology, invertebrate ecology, geomorphology etc may need to be represented by a separate suitably qualified individual).  For rapid determinations, there may not be a need for separate representation of all the sub-disciplines.

Study team composition is dealt with in more detail in the Integrated Manual, and detailed guidelines for study team appointments will be provided in the Study Manager’s Manual.






Step 2a:  Determine the ecoregional type of each resource units




Ecologically homogeneous resource units
Ecoregions or geohydrological response units represent relatively homogenous units within a catchment, and each unit would belong to a specific "ecoregional type" or geohydrological response type.  

Knowing the ecoregional type of a resource allows us to make some predictions about what kind of ecosystem could be expected to occur in that unit under natural or unimpacted conditions.  That knowledge is then used in steps 3, 4, 5 and 6 to guide expert judgement regarding what the appropriate numerical water quantity and quality requirements might be for achieving different levels of protection of that particular water resource. 

Ecoregional typing is also a way of transferring understanding from water resources for which a fair amount of data is available to those of the same ecoregional type for which little data may be available.




Factors determining ecoregional type
Ecoregional type is determined by 

· Major physiographic factors, such as altitude, latitude, aspect, slope, climate zone;

· Geological factors, which determine geochemical signature as well as aspects of geomorphology and habitat;

· Regional natural hydrological characteristics, such as annual precipitation, seasonality and variability of flow;

· Major natural vegetation types (such as bushveld, lowveld etc);

· Biotic factors, including the natural occurrence of certain kinds of organisms such as fish, invertebrates, plants and algae.

See specialist manuals, particularly River Appendix R1 for detail on the ecoregional typing system envisaged for South Africa.




Ecoregional mapping of South Africa
A project has been initiated by the Department (during 1999) to delineate and map ecoregions to level II for the whole of South Africa.  This will take some time to finalise, but will provide an invaluable and easily accessible source of information once complete.

In the interim, a procedure for ecoregional mapping is available (see Rivers Appendix R1), and can be used to map ecoregions to level II for a particular catchment as one of the first activities in a RDM study for that catchment.




Step 2b:  Delineate resource units within the study area




Breaking down the catchment into resource units
Steps 2a and 2b in the generic methodology (Figure 1) are closely linked.  If a Reserve determination is required, say, for a whole catchment, it is necessary to break down the whole catchment into water resource units which are each significantly different from the other to warrant their own specification of the Reserve, and to clearly delineate the geographic boundaries of each.   

The reason for this is because, for example, it would not be appropriate to set the same numerical Reserve for the headwaters of a river as for the lowland reaches: these sections of a river frequently have different natural flow patterns and chemical signatures, and require individual specifications of the Reserve appropriate for that reach.



Ecoregions
The breakdown of a catchment into water resource units for the purpose of determining the Reserve for rivers is done primarily on a biophysical basis, according to the occurrence of different ecological regions (eco-regions) within the catchment.  Since the endpoint of a Reserve determination is an ecological one, the idea is to break down the catchment into units which are relatively homogenous on an ecological basis, to ensure that the Reserve is set in appropriate terms.






Geohydrological response units
For groundwater, water resource units are initially defined on the basis of geohydrological response units.  The philosophy is the same as for rivers - to delineate, on a biophysical basis,  relatively homogenous units within a larger resource which might require their own specification of RDM.






Resource units related to land use and management needs
The breakdown into resource units via ecoregions and/or geohydrological response units could then be further resolved into smaller resource units which are suited to management requirements.  An example might be where markedly different land uses (such as agricultural and urban) occur along a reach of river which itself is all contained within one ecoregion.  Then a further breakdown of the ecoregion could be on the basis of the major land uses.






Delineation of resources in the Reserve determination notice
The Government Gazette notice of the Reserve determination for a particular resource would refer to a map with the relevant water resource unit boundaries marked, and may be supported by map references (for example "the reach of the Crocodile River from the point A,B on the farm <name> to the point X,Y  on the farm <name>").  If a notice was published containing the Reserve determination for an entire catchment, the notice would contain a list of delineated resource units within the catchment, together with the class,  Reserve and RQOs applicable to each resource unit. 






Step 2c:  Select survey sites within the study area




Site selection for specialist surveys
The selection of sites for specialist surveys is closely related to the various ecoregional types which may be represented in the study area, but also depends on other factors such as representivity, suitability for hydraulic calibration and accessibility.

The confidence in the determination of the Reserve, especially, is very much dependent on the selection of suitable study sites, and this step is one of the most  important in the whole RDM determination.






Site selection related to resource units
For water quantity and water quality Reserve determination, it may be adequate to select sites which cover more than one ecoregion.  For determination of resource quality objectives for habitat and biota, the RQOs may need to be determined separately for each ecoregion.






 Step 3:  Determine the reference conditions for each resource unit




What are reference conditions ?
The determination of reference conditions is a very important aspect of the overall Reserve determination methodology. Reference conditions describe the natural unimpacted characteristics of a water resource.   Reference conditions quantitatively describe the ecoregional type, specific to a particular water resource.  

For example, if the ecoregional type of the resource indicated that a high-altitude, cold-water ecosystem could be expected to be present, then the reference conditions for water temperature and dissolved oxygen would specify, as quantitatively as possible, the expected diurnal, seasonal and inter-annual (if relevant) patterns.






Defining reference conditions for surface water ecosystems
For surface water ecosystems, reference conditions cover

· Water quantity - the amount, timing, pattern and levels of flow, including seasonal and inter-annual variability, flood and drought cycles;

· Water quality - the concentrations of key water quality constituents, including their seasonal and inter-annual variability, and going as far as diurnal patterns of variability for constituents such as temperature, dissolved oxygen and pH where relevant;

· the geomorphologic characteristics of instream and riparian habitat, as well as the vegetation aspects of habitat;

· the character, composition and distribution of aquatic biota.






Defining reference conditions for groundwater resources
For groundwater, reference conditions are assumed to include

· water level, and the seasonal and inter-annual variability of water level;

· water quality - the concentrations of key water quality constituents, including their seasonal and inter-annual variability;

· aquifer structure and composition

The procedure for derivation of reference conditions for groundwater resources requires additional work, and will be addressed in subsequent phases of research.






Natural unimpacted conditions - a stable baseline
The assessment of present status (step 4), the selection of the future management class (step 5) and the quantification of the Reserve (step 6) and resource quality objectives, are all carried out relative to the reference conditions for that resource.  The reference conditions thus represent a baseline which is relevant to a particular resource.  If the baseline is not stable, then the grounds on which management decisions are made will always be shifting.  This opens the door for de facto authorization of cumulative impacts in the water use licensing process, which is not consistent with the protection policy.  Hence the reference conditions are set on the basis of  natural unimpacted conditions, since that is the most stable baseline available.






Using expert judgement to determine reference conditions
It is frequently not possible to find an unimpacted site which can be surveyed, in order to accurately quantify reference conditions. Expert judgement, local knowledge, historical data and analysis of measured historical trends will often be necessary to build up a "picture" of  the probable reference conditions, within broad confidence limits.  This has been loosely referred to within the project team as “the art of forensic ecology”.

The procedure for derivation of reference conditions is dealt with in more detail in the specialist manuals for rivers, groundwater, estuaries and wetlands.



“Resetting” reference conditions
There may be situations where the water resource has been modified to such an extent, and in such a manner, that ecosystem structure, functions and processes have been irreversibly changed.   Usually this is the result of permanent man-made changes to the physical structure and morphology of the resource., although sometimes it can be as a result of a catastrophic natural “reset” such as a very large flood.  

The ecosystem can still be healthy and require protection in its present, highly modified state, although it may bear little resemblance to the ecosystem which was present under natural unimpacted conditions.   

A good example of this situation is the Blesbokspruit near Springs in Gauteng.  Around the turn of the century, this used to be a typical seasonal highveld stream, but with urban development in the catchment and increasing wastewater discharges, extensive wetlands have developed in the stream bed.  These wetlands  now provide a valuable habitat for water birds.  So much so, that the Blesbokspruit has been declared a Ramsar site.

If  there is no practical way of restoring  the original ecological characteristics of a particular water resource, then there may be justification for resetting the reference conditions to more accurately reflect the new ecological characteristics. 

Expert judgement is required in the determination of reference conditions and in the assessment of present status, in order to ascertain whether the resetting of reference conditions is indeed appropriate.






Step 4a:  Assess the present status of the resource units




Assessment of resource status and resource use
Having determined the reference conditions, which essentially are an indication of how the resource might have looked under unimpacted conditions, step 4  entails a full present status assessment of resource quality (water quantity, water quality, habitat and biota) in terms of the degree of modification from reference conditions, as well as an assessment of current and projected water uses, land uses and socio-economic conditions.






Ecological assessment categories
For ecological present status of rivers, wetlands and estuaries, there are 6 assessment categories, each representing a broad band of "degree of modification" from reference conditions.  The categories range from negligible modification, closely approximating natural conditions, to critical modification.  (The degree of modification from reference ecological conditions is assumed to be related to the risk of irreversible degradation of resource quality, as described in the Classification System document.)

Presently, the 6 ecological present status categories for rivers and wetlands are identified simply as categories A through F, and are described in more detail in the specialist manuals.  

The full present status assessment is likely to match the full management classification system, in that it will address 

· ecological status of the resource, 

· status of the resource for basic human needs and 

· status of the resource for water users.

Tools for addressing basic human needs and water uses already exist, in the form of the South African Water Quality Guidelines (DWAF, 1996) and the Domestic Water Quality Assessment Guide (DWAF, DOH & WRC, 1998).






Purpose of the present status assessment
The present status assessment is required for two purposes:

· firstly to assess the degree of modification, (and hence the current degree of risk of irreversible damage), and if possible to identify whether resource quality is stable within a particular assessment category, or whether the resource is currently degrading due to past or present impacts;

· secondly to identify what may be achievable in terms of the future management class, in order to rule out unrealistic options when setting the management class in step 5.  Sometimes structural modifications to the resource (such as dams or urban development), or short-term needs for economic development may be such that a higher class than the present one can not be practically achieved in the short to medium term.



Step 4b:  Assess the importance and sensitivity of the resource units




Ecological importance and sensitivity
Ecological importance of a river is an expression of its importance to the maintenance of ecological diversity and functioning on local and wider spatial scales.  Ecological sensitivity (or fragility) refers to the system’s ability to tolerate disturbance and its capacity to recover from disturbance once it has occurred (resilience).

In determination of RDM, the following ecological aspects are considered as the basis for the estimation of ecological importance and sensitivity:

· The presence of rare and endangered species, unique species (i.e. endemic or isolated populations) and communities, intolerant species and species diversity

· Habitat diversity, including specific habitat types such as reaches with a high diversity of habitat types, i.e. pools, riffles, runs, rapids, waterfalls, riparian forests, etc. 

· The importance of the particular resource unit (e.g. river or reach of river) in providing connectivity between different sections of the whole water resource, i.e. whether it provides a migration route or corridor for species.

· The presence of conservation areas or relatively natural areas along the river section

· The sensitivity (or fragility) of the system and its resilience (i.e. the ability to recover following disturbance) of the system to environmental changes is also considered. Consideration of both the biotic and abiotic components is included here.

Procedures for rating ecological importance and sensitivity are given in detail in each specialist manual.






Social importance
Aspects to be included in the assessment of economic and socio/cultural importance are:

· the extent to which people are dependent on the natural ecological functions of the water resource for water for basic human needs (sole source of supply), 

· dependence on the natural ecological functions of water resource for subsistence agriculture or aquaculture;

· use of the water resource for recreation; 

· the historical and archaeological value of the water resource;

· its importance in rituals and rites of passage; 

· sacred or special places in the river (e.g. where spirits live); 

· the use of riparian plants (for building or traditional medicine), and 

· the intrinsic and aesthetic value of the water resource for those who live in the catchment, or who visit it.

Social importance can be assessed within a similar framework as that for ecological importance, but in a much more qualitative manner.  The methodology  is described in Rivers Appendix R8.  Although some element of subjectivity is inevitable in value assessments such as these, the results are intended to be as objective a reflection of relative importance as possible. They are not intended to be subject to complex statistical analysis, nor to measure social values with precision, but to capture a general feeling of the importance of different aspects of a river.






Economic importance
Water resources are usually important from an economic point of view.  The economic value of a water resource is traditionally assessed in terms of the amount of water which can be abstracted for offstream use.  Typical indicators include the number and value of jobs generated by the use of the water, or the amount of revenue generated.

Water resources also provide other services which are often not included in economic valuation, and in particular this applies to the services and benefits provided by aquatic ecosystems.  These can include, amongst others:

· transport and/or purification of biodegradable wastes;

· recreation and aesthetic opportunities;

· food production;

· flood attenuation and regulation;

· water-based transport.

While the development of tools for quantitative valuation of ecosystem services and benefits is still in an early stage, it is necessary that all the potential economic values of a water resource at least be identified when assessing economic importance.

Additional detail on possible methodologies for assessing economic importance can be found in Rivers Appendix R9.






Why we need to know about importance and sensitivity
The importance and sensitivity of a water resource is used to guide or influence the decision on the level of protection required, which in turn determines the management class which should be assigned. 

Importance of a water resource, in ecological, social or economic terms, acts as a modifying or motivating determinant in the selection of the management class.  For example, if the present status of a water resource is very degraded but the importance and sensitivity are high, then  a higher management class than the present status should be set as a management goal which will lead to improvement in resource quality.






Step 5:  Set the management class for each resource unit




Setting a management goal
Step 5 entails the selection of an appropriate management class as the target for long term protection and management of the resource unit.  This could be the same as the present status category, or it could be set higher if improvement of resource quality is required. 






Testing the implications of selecting a particular management class
Each management class has associated with it rules concerning the derivation of numerical objectives for the Reserve and resource quality, and the source directed controls which may be applicable within the catchment of that resource.  Hence the implications of selecting a particular management class can be established and various scenarios tested before the final class is set.  

It is likely that there will be some iteration around selection of a possible management class and the evaluation of the implications for the Reserve and for source control measures, until a management class is selected which represents the optimal balance between protection and utilization. 






Classification rules for ecosystems, basic human needs and water users
The water resource classification system, when fully developed, will have three aspects:  it will set out clear rules for 

· protection of basic human needs, according to the five water quality classes for basic human needs set out in the Assessment Guide (DWAF, DOH & WRC, 1998);

· protection of aquatic ecosystems, according to the four ecological management classes, and 

· water user requirements, according to the water quality ranges given in the South African Water Quality Guidelines (DWAF, 1996).

When the full classification system is implemented, then the classification step in the Reserve determination process will require integration of the requirements of basic human needs, ecosystems and water users.

The quantitative statement of the ecological Reserve depends on the rules associated with the ecological management classes. This is described in Step 6 of the generic RDM procedure, and in detail in the various specialist RDM manuals.






Acceptable ecosystem management classes
Of the 6 ecological status categories A to F, the first four (A through D) are matched to the ecological management classes in the water resource classification system.

Only classes A to D are acceptable ecological management classes.  Assessment categories E and F are not acceptable as future ecological management classes, since they represent degrees of modification which have already resulted in or carry an unacceptably high risk of irreversible degradation of resource quality, a condition which does not allow sustainable utilization of a water resource.






Criteria for selecting a future management class
Criteria for selecting a class for a water resource include:

· the sensitivity of the resource to impacts of water use (whether due to ecological sensitivity, or the sensitivity of downstream water users);

· the importance of the resource,  in ecological, social/cultural or economic terms;

· what can be achieved towards improvement of resource quality, given that some prior impacts or modifications may not be practically reversible due to technical, social or economic constraints.






A consultative process for classifying a resource
For intermediate and comprehensive RDM determinations, the actual process of assigning a management class to a specific water resource will be a consultative one, aimed at involving relevant stakeholders in deciding on the level of protection that is acceptable for the resource.  

This consultative process must address long term protection requirements as well as accounting for economic and social issues, in reaching a balance between protection for long term sustainability on one hand, and short to medium term development needs on the other.  The role of DWAF as public trustee and custodian of water resources, both for this generation and for future generations, is an important factor in this process.

Guidelines for consultation in the process of classifying water resources are provided in the Classification System document.




Different levels of decision-making process
Comprehensive RDM determinations are designed to be carried out in a multi-stakeholder context, ensuring broad participation in the decision an which class should be set for the resource.  However, the desktop, rapid and intermediate methods do not allow sufficient time for extensive consultation and intensive participation.

The following rules for selection of the management class apply, and are described in more detail in the Classification System manual.

· Setting of the ecological management class in desktop estimates:

The management class is directly translated from the ecological importance and sensitivity rating.  The management class reflects the philosophy that important and sensitive resources should be assigned a correspondingly high level of protection ,and in the absence of detailed site surveys, a highly precautionary approach is taken.

· Setting of the ecological management class in rapid determinations:

The management class is translated directly from the ecological importance and sensitivity rating, but moderated by a shortened intermediate habitat integrity assessment (not the complete intermediate present status assessment).  If the resource is presently degraded but there is potential for improvement, the selected management class remains equivalent to that indicated by the ecological importance and sensitivity rating.  If the resource is presently degraded due to permanent structural modifications, the selected management class is adjusted to a class achievable within these constraints.

· Setting of the ecological management class in intermediate determinations:

The so-called “default rule” applies, where after an intermediate present status assessment, the management class is set in relation to the present status, but at a level which represents a goal of no further degradation for resources which are slightly to largely modified, and at least a move toward improvement for resources which are critically modified:

Present Status Assessment Category     Ecological management class assigned

A




A


B




B


C




C


D




C


E or F




D




· Setting of the management class in comprehensive determinations

A formal process of consultation and participation should lead up to the decision on which management class will be set for the resource.  The guidelines for consultation are included in the Classification System manual.



Step 6a:  Quantify the Reserve for each resource unit




Direct link from the management class
Step 6 involves the quantification of the Reserve (water quantity and water quality) for a particular water resource, according to the rules associated with the management class which has been assigned to the resource unit in step 5.






Rules for deriving site-specific numerical values
The classification system rules for setting the Reserve and resource quality objectives will not be a "set of numbers" valid for all water resources: in most cases, the rules are rigorous procedures for deriving site-specific numerical objectives which are appropriate for the reference conditions of a particular resource.

For example, the classification system might set out procedures for deriving instream dissolved copper (Cu) concentrations for each of the four ecological management classes A through D.  The procedure for Cu in class B rivers might yield different instream concentrations required to achieve the same level of protection for a river with naturally hard water as for a river with naturally soft water, because the bioavailability and hence the toxicity of Cu depends on water hardness.

Explicit rules have been proposed for setting of the ecological (water quality) Reserve, linked to the ecological management classes.  For the ecological (water quantity) Reserve, equivalent rules are in development, but the determination of the water quantity component of the Reserve still relies heavily on expert judgement and the application of site-specific knowledge.  The “rule curves” described in Rivers Appendix R13 represent the current state of research in this field.

For the basic human needs Reserve,  regulations under the Water Services Act of 1997 provide the preliminary rules. 






Integration of the water quantity and water quality components of the Reserve
Determination of the water quantity and water quality components of the Reserve must be carried out in an integrated manner.  This has not always been adequately addressed in past studies:  more detail on proposed procedures for integration can be found in Rivers Appendix R29 and in the Classification System manual.

In the determination of RDM, cross-checks are essential to ensure that modification of water quantity patterns in the water resource does not lead to non-achievement of water quality requirements for the Reserve. 

Important notes:

· If, on achieving the required water quantity conditions for the Reserve, exceedance of the water quality requirements of the Reserve is likely to occur as a result of natural geochemical or biophysical conditions in the catchment, then  the specifications of the water quantity component of the Reserve should be adjusted until both water quantity and water quality requirements of the Reserve can be achieved.   

· If, on achieving the recommended water quantity conditions for the Reserve, exceedance of the water quality requirements of the Reserve is likely to occur as a result of point sources or non-point sources of pollution in the catchment, then it is preferable that more stringent source-directed controls should be enforced in the catchment in order to reduce pollutant loads reaching the water resource, rather than adjusting the flows to provide "clean" water for dilution purposes.






Integration and matching for all the resource units in the study area
The RDM requirements of each resource unit must be matched with those for the adjacent resource units.  For example, the Reserve determination for an estuary must be matched to the Reserve determination for the river reach immediately upstream, not only in terms of the amount and quality of the river flow, but also in terms of the timestep and units in which the Reserve requirements are presented.  This matching should be carried out within the RDM determination process, with all relevant study team members present.






Step 6b:  Set resource quality objectives for each resource unit




RQOs for instream and riparian habitat
Numerical or narrative RQOs for instream habitat are also set according to the rules associated with each ecological management class.  The extent, distribution, type and integrity of instream habitat is strongly dependent on the water quantity and water quality conditions which are set for the Reserve.  However, RQOs must also be derived for other factors which influence instream habitat.  For example, where excessive soil erosion in the catchment increases instream sedimentation rates to an unacceptable level, then requirements relating to the impacts of land-based activities use may also be included in the RQOs.

Riparian habitat is at risk from activities such as construction, river diversion, ploughing on river banks and urban development.  Numerical or narrative objectives should be set which would ensure the appropriate extent, distribution, type and integrity of riparian habitat, in order to maintain an acceptable level of protection for the aquatic biota which rely on the habitat.

More detail on the setting of RQOs for riparian habitat can be found in Rivers Appendix R23.






RQOs for aquatic biota
RQOs for aquatic biota can include measures of biotic integrity such as the SASS (invertebrate) and fish integrity scores.   RQOs in terms of scores can be set for biotic integrity but the achievement of these objectives can only be assured through maintenance of an appropriate abiotic template (water quantity, water quality and habitat integrity).

More detail can be found in Rivers Appendices R20, R21 and R23.






RQOs for instream or land-based activities
The NWA also provides for the option of setting RQOs, which can be narrative or numerical, to ensure “the regulation or prohibition of instream or land-based activities which may affect the quantity of water in or quality of the water resource” (NWA section 13(1)g).

The rules for RQOs related to water uses will be part of the classification system, and will be included in the Classification System manual.






Step 7:  Design an appropriate resource monitoring programme




Objectives of post-RDM monitoring
· To collect data to improve the confidence of a future RDM determination at the next level (e.g. to prepare for a future comprehensive determination if the present determination was at intermediate level);

· To monitor the response of the aquatic ecosystem to the Reserve and RQO that were set, to check that the Reserve and RQO do actually provide the level of protection required by the selected management class;

· To monitor resource quality status in order to ascertain whether management actions are adequate to achieve compliance with the requirements of the Reserve and RQO.






A2.3 Summary of RDM determination methodologies

Table A.2: Master table of differences/similarities between RDM levels, broken down by steps

Step


Desktop Estimate
Rapid Determination
Intermediate Determination
Comprehensive Determination
Flow Management Plan


1. Delineate geograph 

     boundaries
Quaternary
Minister/DWAF
Minister/DWAF
Minister/DWAF


2a. Determine ecoregional   

      type
Not done
Ecoregion Level II (hydrological ecoregions only)
Ecoregion Level II+ stream classification
Ecoregion level II + stream classification


2b. Delineate resource   

       units
Quaternary
Ecoregion Level II (hydrological ecoregions only)
Ecoregion Level II + stream classification
Ecoregion Level II + stream classification


2c. Select sites
Whole quaternary
Ecoregion I or II, or as required
Ecoregion I or II + stream classification
Ecoregion I or II + stream classification


3.   Reference conditions
Not done
Not done
Qualitative or semi-quantitative description
Quantitative description


4a. Present status
Desktop, local experts
Shortened intermediate habitat integrity, plus historical water quality data
Intermediate habitat + biotic integrity; historical water quality data plus water quality samples taken over one season;  at least 2 hydraulic calibrations
Extensive literature and field work


4b. Importance + 

       sensitivity 
Desktop EIS
Desktop EIS
EIS + field check SI (limited survey)
EIS + field survey

SI (extensive survey)

Economic importance (extensive survey)


5a. Determine 

       Management class
Set class equivalent to EIS, moderated by desktop present status assessment
Set class equivalent to EIS, moderated by present status
“Default rule” i.e. no degradation from present status.
Consultative process, scenario evaluation


5b. Set management class
Ecological management class only
Ecological  management class only
Ecological management class + basic human needs class and water users classes if required
Ecological management class, basic human needs class and water use classes


6a. Quantify Reserve
Hughes curves: water quantity only
Hughes curves: water quantity + rapid water quality method 
Intermediate water quantity method + intermediate water quality method
BBM or more comprehensive for water quantity +  comprehensive water quality


6b. Set RQOS
Not done
Not done
Habitat,  biota + relevant RQO 

for water uses and land-based activities as required.
Habitat

Biota

Water uses

Land-based activities 


7. Monitoring programme
Not done
Purposes:

To improve confidence if intermediate determination scheduled for the future; 

To audit compliance.
Purposes:

To improve confidence for comprehensive determination;

To assess ecosystem response;

To audit compliance.
Purposes:

To assess ecosystem response;

To audit compliance;

To improve confidence for next review.


8. Notice of RDM 
National Water Balance and National Water Resource Strategy
DWAF policy statement if preliminary, else Gazette.
DWAF policy statement if preliminary, else Gazette.
DWAF policy statement if preliminary, else Gazette.


1.   Initiate RDM study


   - Delineate geographical boundaries


   - Select RDM level & components


   - Establish study team composition





2a.  Determine ecoregional types


2b.  Delineate resource units


2c.  Select sites for RDM study





3.   Determine resource quality


      reference conditions








4a.   Determine present status of resource units


   - Ecological status & resource quality


   - Water uses


   - Land uses, socio-economic


     conditions





5b. Set management classes for resource units:


   - Ecosystem protection


   - BHN protection


   - Water users’ protection





4b.  Determine importance of resource units:


   - Ecological importance &


     sensitivity


   - Social importance


   - Economic importance





5a. Determine desired management classes for resource units:


   - Importance


   - Sensitivity


   - Achievability





6a.  Quantify Reserve for each resource unit:


   - determine water quantity


   - determine water quality


   - integrate quantity and quality


   -  integrate river/wetland/groundwater/


   estuary components





6b.  Set RQOs for each resource unit using rules for selected classes:


   -  habitat, biota, water uses, land


   based activities





7.  Design appropriate resource monitoring programme





8.   Publish notice of RDM determination, allow comment if necessary





9. Give effect to RDM determination


   -  Develop strategy for


   achieving class, Reserve and


   RQOs


   -  Draw up Catchment


   Management Strategy &


   implement








10.  Monitor resource status and response to RDM implementation





Check implications of desired class for Reserve and RQOs before finally setting class








� Ed’s note:  the guidelines on pre-rdm data requirements and post-rdm monitoring must be placed in the correct specialist manuals, and possibly as an appendix in the Integrated Manual.


� Author’s note – this table is fairly specific to rivers, and must be made more generic. Similar tables must be prepared for each specialist manual.


� Author’s note: The methodology for designing flow management plans is likely to be very similar to the intermediate and comprehensive RDM procedures, but the legal status of the FMP has not been clarified.  This issue to be resolved for Version 1.1
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