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STUDY OBJECTIVES

§ To determine the management 
class of significant water 
resources in the Mokolo
Catchment  (Limpopo WMA) 
and Crocodile (West) Marico 
WMA by co-ordinating and 
implementing the 7 step 
National Water Resource 
Classification System Process. 

Where are we in the technical process?
Step 1: Delineate the units of analysis and describe the status 
quo of the water resource or water resources;

Step 2: Link the socio-economic and ecological value and 
condition of the water resource or water resources;

Step 3: Quantify the ecological water requirements and changes 
in non-water quality ecosystem goods, services and attributes;

Step 4:  Determine an ecologically sustainable base configuration 
scenario; 

Step 5: Evaluate scenarios within the integrated water resource 
management process;

Step 6: Evaluate the scenarios with stakeholders; and

Step 7: Gazette and implement the class configuration



To interact with stakeholders on :

• Ecological Water Requirements;
• Wetlands in the study area;
• Groundwater interactions; and
• How the EWR data are used in the next steps of the 

classification process 

Objectives of the TTG



Integrated Units of 
Analysis



Background to 
Ecological Water  

Requirements (EWR)



Sustainability

• Global environmental crisis lead to1972 Stockholm UN Conference 
on Human Environment

• Resolving of the development versus environment on a mutually 
beneficial way

• Sustainable Development & Agenda 21:
– Community and stakeholder participation
– Sustainable resource management and development
– Protection of quality of water resources and water supply
– Integrated approaches to the development, management and use of water 

resources

• Definition: Development that meets the need of current 
generations without compromising the ability of future generations 
to meet their needs and aspirations

Sustainability



Trifocal approach 
(MMSD, 2002)

BIOPHYSICAL SPHERE
Ensure equitable and 

sustainable use of natural 
resources now and into 

the future

SOCIAL SPHERE
Improve the health, 
income and living 

conditions of the poor 
majority

ECONOMIC 
SPHERE

Accelerate 
economic growth 

with greater 
equity and self 

reliance

Sustainable 
development

Governance
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Link to IWRM 

Vision for the 
resource

Various legislative approaches :
Classification, Reserve, Resource Quality 
Objectives

Set Resource Objectives

Determine allocatable
resource

Allocation plan

Water use licences, directives, etc

Audit compliance 

Monitor resource status

Review

check

check

Resource protection

Resource management

Link to IWRM 



Resource protection

• Balancing the level of impact on the water resource 
for socio-economic development

• Efforts to maintain and improve the integrity of 
water resources and to sustain their capacity to 
provide goods and services

• Through concept of Ecological Water Requirements 
(EWR), environmental flows, instream flow 
requirements

Resource protection



What are Ecological 
Water Requirements?

• Water that is provided for the aquatic ecosystem to maintain 
it in a specific condition to support its direct and indirect uses 
(goods & services)

• Provide an indication of the volume, quality and timing of
water required to maintain an ecosystem in this pre-defined
condition

• These flows can be used to describe e.g. the pattern of flows
required that will:
– reduce the downstream impacts of development
– rehabilitate systems impacted by past developments
– allow calculation of the costs of compensating people downstream for 

such impacts
– Allow informed decision-making

What are Ecological Water Requirements?



Ecological Water 
Requirement 
Assessment

• It is a process to synthesize data to understand aquatic 
ecosystems and it’s subsistence users by a multi-
disciplinary group of specialists to evaluate the impacts 
of various development scenarios on the ecosystem 
regarding changes in flow, quality, habitat and biota
• Various methods available to undertake the process of 
EWRs for ecosystems

Ecological Water Requirement Assessment



Aquatic ecosystems

Different methods are available per ecosystem 
component:

• Rivers
• Wetlands/pans/lakes
• Groundwater
• Estuaries

Aquatic ecosystems



Specialist 
components

Rivers
• Fish
• Macro-invertebrates
• Vegetation
• Hydraulics
• Hydrology
• Physio-chemical
• Geomorphology

Specialist components



Levels of EWR 
determination (1)

Desktop: 
• Use available biological data to determine present state and 

existing coarse level hydrological data (monthly) to determine 
flow requirements

• No field surveys
Rapid:
• Use existing coarse-level hydrological data (monthly)
• Undertake field surveys for fish, macro-invertebrates, hydraulics 

cross-sectional profiling and measure discharge
• Use models to verify EWRs with cross-section, discharge and 

habitat availability 

Levels of EWR determination (1)



Levels of EWR 
determination (2)

Intermediate:
Takes longer, address the river of specific concern and usually require to collect new 

data during dry and post high flow season
Undertake field surveys for fish, macro-invertebrates, vegetation, geomorphology, 

hydraulics cross-sectional profiling and measure discharge, physio-chemical 
monitoring

Include a socio-economic component

Comprehensive: 
Takes longer, address the river of specific concern and usually require to collect new 

data with at least 3-4 surveys
Undertake field surveys for fish, macro-invertebrates, vegetation, geomorphology, 

hydraulics cross-sectional profiling and measure discharge, physio-chemical 
monitoring

Undertake detailed modeling
Include a socio-economic component

Levels of EWR determination (2)





Resource Units

• Sections of river that have the same natural flow patterns, 
reactions to stress and biophysical and geographic features

• Each section has its own specification of EWRs
• The concept is to delineate the catchment into units which are 

relatively homogenous on an ecological basis
• Delineations could then be further resolved into smaller/larger 

reaches which are suited to management requirements 
• The process for determining RUs considers a variety of factors, 

namely ecoregions, geomorphologic classification, water 
quality, land use, habitat integrity and physical system 
constraints

Resource Units



Site Selection

• The sites are selected to provide as much information as
possible about the variety of conditions in a river reach to
relate the habitat to the site it represents

• The persons involved in site selection understand and are
experienced with the use of sites in EWR studies

• A site must be selected for each Resource Unit
• Determining where possible sites are located in rugged and

undisturbed surroundings can be a difficult, frustrating and
a time-consuming process

• Google Earth is viewed by the site selection team to
identify potential with access

• The final site is selected during the field visit

Site Selection



Using Google Earth

Using Google Earth



Final site

Final site



Criteria for site selection (1)

• Locality of gauging weirs with good quality hydrological data

• The locality of the proposed developments

• The locality and characteristics of tributaries

• The reaches where social communities depend on a healthy river 
ecosystem

• The accessibility and suitability of the sites for follow-up 
monitoring

• The habitat diversity for aquatic organisms; marginal and riparian 
vegetation

Criteria for site selection (1)



Criteria for site selection (2)

The suitability of the sites for accurate hydraulic modelling
throughout the range of possible flows, especially for low
flows

An area or site that could be critical for ecosystem functioning.
This is often a riffle which will stop flowing during periods of
low or no flow. Cessation of flow constitutes a break in the
functioning of the river. Those biota dependant on this habitat
and/or on continuity of flow will be adversely affected

Pools are not considered as critical since they are still able to
function as refuge habitats during periods of no flow

Criteria for site selection (2)



Define ecological 
categories (1)

• Reference conditions:- i.e. those conditions that occur under natural 
conditions before anthropogenic impacts

• Present State or ecostatus:- the determination of the current state of 
the resource through rule-based models for the driver components 
and for the biological response

• Ecological Importance and Sensitivity (EIS): - the ecological 
importance is regarded as an expression of the water resource’s 
ability to maintain the ecological diversity and functioning on local 
and wider scales.  The ecological sensitivity refers to the river’s ability 
to recover from disturbance

Define ecological categories (1)



Define ecological categories(2)

• Habitat Integrity (HI): - the Habitat Integrity evaluates the habitat 
integrity of both the instream and riparian components in the vicinity 
of the selected site

• Recommended Category: - the Present State and EIS is used in the 
decision on the RC as well as the feasibility to realistically be able to 
maintain or improve the current condition of the water resource

• Ecological Water Requirements: - The Desktop Reserve Model (DRM) 
(SPATSIM, version 2.12) is used to calculate the flow requirements 
(quantity) for the recommended category

Define ecological categories(2)



Description of Ecological 
Categories

Percentage Category Description
>89 A Unimpaired; community structures and functions comparable to the best 

situation to be expected. Optimum community structure for stream size 
and habitat quality

80-89 B Very Good – Minimally impaired; largely natural with few modifications. A 
small change in community structure may have taken place but ecosystem 
functions are essentially unchanged

60-79 C Good – Moderately impaired; community structure and function less than 
the reference condition. Community composition lower than expected due 
to loss of some sensitive forms. Basic ecosystem functions are still 
predominantly unchanged

40-59 D Fair – Largely impaired; fewer families present then expected, due to loss of 
most intolerant forms. An extensive loss of basic ecosystem function has 
occurred

20-39 E Poor – Seriously impaired; few aquatic families present, due to loss of most 
intolerant forms. An extensive loss of basic ecosystem function has 
occurred

<20 F Very poor – Critically impaired; few aquatic families present. If high 
densities of organisms, then dominated by a few taxa. Only tolerant 
organisms present

Description of Ecological Categories



EWRs for 
study area

EWRs for 
study area



Summary of EWR results (Crocodile West 1)



Summary of EWR results (Crocodile West 2)



Summary of EWR results (Marico)



Summary of EWR results (Mokolo)



Summary of EWR results 
(4)

Summary of EWR results (Matlabas)

EWR 
site 

Quaternary 
catchment 

River: Site 
name 

Coordinates PES EIS REC 
Level of 
determination 

MAT_1 A41A 
Matlabas 
Zyn Kloof 

-24.41203; 

27.60324  
B 

Very 
High 

A Rapid III 

MAT_2 A41B 

Matlabas 
Haarlem 
East 
(A4H004)  

-24.160138; 

27.47971  
B/C - B/C Rapid III 

MAT_3 A41B 
Mamba 
River Bridge  

-24.2127;  

27.50718 
B/C - B/C Rapid III 

MAT_4 A41C 
Matlabas 
Phofu 

-24.05159;  

27.35922 
C - C Rapid II 

 



Detail results: Kaaloog-se-
Loop

Detail results: Kaaloog-se-Loop



Information available

Information available



Ecological Importance & 
Sensitivity

• The Ecological Importance and Sensitivity (EIS) for 
this site is rated as Very high

• Occurrence of Barbus Motebensis and unique taxa 
associated with dolomitic eyes at the site that are 
sensitive to water quantity and quality changes

• The species richness is very high with more than 45 
macroinvertebrate families present

• This reach of the river has been identified as a 
national priority for conservation.

Ecological Importance & Sensitivity



Present State and reasons



Ecostatus, Recommended category



Ecological Water 
Requirements (1)

• Approach used: Habitat Flow Stressor Response
• Separate requirements for wet and dry season
• Dry and wet season stress duration curves for EWR site
• Integrate these requirements with flood requirements

Dry season – September Wet season – February

Ecological Water Requirements (1)



Final Ecological Water Requirements determined by using the Desktop 
Reserve Model within SPATSIM

Ecological Water Requirements (2)



Questions


