METHODOLOGY FOR CARRYING CAPACITY ASSESSMENT

RECREATIONAL WATER USE

The use of Carrying Capacity Assessments (CCA) and the setting of Limits of Acceptable Change (LAC) is not aimed at ecological management, but rather at more effective management regarding the impacts of activities on resources. Various understandings of the terms exist, of which Cifuentes (1992) and Ceballos-Lascurain (1996) provide some practical guidelines regarding the use of these as manage tools.

The process of estimating carrying capacity consists of six steps, namely:

1) Analysis of recreation and water resource management policies;

2) Analysis of objectives of the water resource;

3) Analysis of current recreational water use;

4) Definition, strengthening or modification of policies regarding recreational water use management;

5) Identification of factors influencing recreational water use; and

6) Determination of the recreational water use carrying capacity.

Each of these steps is important and constitutes an interrelated and sequential whole.

Step 1:
Analysis of Recreation and Water Resource Management Policies

Policies regarding recreational development and water resource management address the needs and expectations of each separately, and are often contradictory and non-complementary, which hinders sound and sustainable development.

It is imperative that before setting levels of usage through carrying capacity assessment the gaps, potential and contradictions between recreation and water resource management be identified and contextualised.

Step 2:
Analysis of Water Resource Objectives

It is essential to determine whether the recreational water use activity is suitable and appropriate with the water resource and the objectives set for the water resource. Questions that must be answered include:

· Are the current activities acceptable, compatible and appropriate?

· Are the current levels and patterns of use appropriate?

Step 3:
Analysis of Current Recreational Water Use

An analysis of the current utilisation patterns must be undertaken based on aspects such as the objectives of a water resource contained in the management plan, which should include the management zones.

Questions that must be asked during this analysis include:

· Are the management objectives being met?

· Is the zonation plan adequate for the accomplishment of the recreational water resource objectives?

· Are the zones appropriate for the utilisation and have they been identified correctly?

· Do conflicts exist, and if so how can they be eliminated or attenuated?

· Are changes to the zonation plan and management plan necessary to address both current and projected circumstances?

Step 4:
Definition, Strengthening or Modification of Policies Regarding Recreational Water Use Management

Steps 1 – 3 allow for a synthesis of the potentialities and conflicts, both present and future, that have been identified in respect to the management of water resources for recreational purposes. This synthesis will contribute to defining and proposing new objectives, policies, strategies and operational guidelines, as well as strengthen or modify existing measures.

Step 5:
Identification of Factors Influencing Recreational Water Use

It is critically important that detailed knowledge of the specific characteristics of each recreational water resource be available. Each resource will have different biophysical and socio-cultural characteristics, with natural and cultural attractions. An understanding of the quantitative and qualitative aspects is essential, as is an assessment of the resource’s fragility and vulnerability.

Sustainability will only be achievable if a harmonious balance can be attained between the biophysical, ecological, social and management factors that modify the conditions and supply of water resources.

Step 6:
Determination of Recreational Water Use Carrying Capacity

Three levels of recreational water use carrying capacity can be established:

· Physical Carrying Capacity (PCC);

· Real Carrying Capacity (RCC); and

· Effective or Permissible Carrying Capacity (ECC).

Each level constitutes a corrected capacity level of the preceding level.

The PCC is always greater than the RCC, and the RCC is greater than the ECC, thus:

PCC > RCC and RCC ≥ ECC

· Physical Carrying Capacity (PCC)

Definition:
The maximum number of users that can physically fit into or onto a defined water resource, over a particular time.

Formula:
PCC = A x U/a x Rf


Where:
A    = available area for public use




U/a = area required per user





Rf   = rotation factor (number of visits/day)

Assumptions:
To measure the PCC, the following assumptions must be clarified:

· U/a - the area required by recreational water users to undertake activities;

· A  - that the available area (A) is determined by the particular conditions of the water resources, and by limitations imposed due to fragility or as a result of the need for safety precautions; and

· Rf – the rotation factor is the number of permissible daily visits to a water resource, determined by:


Rf = Open period / [Average time of utilisation/visit]

· Real Carrying Capacity (RCC)

Definition:
The maximum permissible number of users to the water resource, once the corrective factors (Cf) derived from the particular characteristics of the site have been applied to the PCC.

Formula:
RCC = PCC – Cf1 – Cf2 - … Cfn

Where:
Cf   = a corrective factor expressed as a percentage


RCC = PCC x (100 – Cf1)% x (100 – Cf2)% x … (100 – Cfn)%

Assumptions:
To measure the RCC, the following assumptions must be clarified:

· Cf - the corrective factors are obtained by considering the biophysical, environmental, ecological, social and management variables;

· That a group of corrective factors is not necessarily the same for each site in a water resource;

· Corrective factors are closely linked to the specific conditions and characteristics of each site or activity;

· That the carrying capacity of a water resource must be measured site by site; and

· Corrective factors are expressed in percentage terms using the following formula:


Cf = [M1 / Mt] x 100


Where:
Cf = corrective factor




M1 = limiting magnitude of variable




Mt = total magnitude of variable


· Effective or Permissible Carrying Capacity (ECC)

Definition:
The maximum number of visitors that a site can sustain, given the management capacity (MC) available.

Formula:
ECC = [Infrastructure Capacity x MC] / RCC


Where:
ECC = effective carrying capacity


MC   = management capacity based on staff and



budget




RCC = real carrying capacity

Assumptions:
To determine the ECC, the following assumptions must be clarified:

· MC – defined as the sum of conditions that the water resource management requires if it is to carry out its functions and objectives;

· Measuring MC is not easy, involving many variables, including inter alia policy measures, legislation, infrastructure, facilities, amenities and equipment, staff (both number and competency), funding, available budget, motivation and commitment;

· Limitations in management capacity constitute one of the most serious problems confronting recreational water resource management;

· As the capacity to manage recreational water resources increases, the ECC will increase, yet never be greater than the RCC, even in the most favourable conditions; and

· MC is determined by using the following formula:


MC = Current staff and budget capacity / required staff and budget



    capacity

Determining Recreational Water Use Carrying Capacity for the Pongolapoort Dam

1. Determine PCC

PCC = A x U/a x Rf


Where:
A    = 15 000 ha (mean surface area of the dam) – 4 000 ha (area in Swaziland)




      = 11 000 ha 




U/a = 1 boat/5 ha




Rf   = 1 (weekends on average)


Thus:
PCC = 11 000 x (1 boat/5 ha) x 1 = 2 200 boats

2.
Determine RCC


RCC = PCC – Cf1 – Cf2 - … Cfn  and  Cf = [M1 / Mt] x 100

2.1 Determine Cf

2.2.1 Excessive sunshine (Cfs)

12 hrs = 06:00 – 18:00 Summer Oct – Feb


10:00 – 15:00 sunshine is excessive = 5 excessive sunshine hours per day


Thus: 5 months = 150 days


M1 = 150 days per year x 5 excessive sunshine hours per day



   = 750 hours of excessive sunshine per year


Mt = 365 days x 12 hours = 4 380


Then Cfs = excessive sunshine corrective factor




= [M1 x 100] / Mt



= [750 x 100] / 4 380




= 17% corrective factor for sunshine

2.2.2
Wind (Cfw)

12 weeks excessive wind (6 weeks from Feb – Mar; 6 weeks from Aug – Sept)


6 hours per day (pm)


M1 = [12 x 7 windy days] x 6 hours of limiting wind



   = 504 hours of wind per year


Mt = Total number of use hours per day x 365 days



  = 12 x 365



  = 4 380 use hours per year


Then Cfw = excessive wind corrective factor




 = [M1 x 100] / Mt



 = [504 x 100] / 4 380




 = 11.5% corrective factor for wind

2.2.3 Water Quality (Cfwq)


6 months of the year – water quality is ideal for fishing – clear & warm


(Ideal: Aug – Nov; Apr – May)


M1 = 6 months ideal water quality


Mt = Total number of use months



  = 12 months


Then Cfwq = water quality corrective factor




  = [M1 x 100] / Mt



  = [6 x 100] / 12




  = 50% corrective factor for water quality

2.2.4 Mud (Cfm)


1 month of the year (Oct – Nov) – excessive mud as result of releases


M1 = 1 month excessive mud


Mt = Total number of use months



  = 12 months


Then Cfm = mud corrective factor




  = [M1 x 100] / Mt



  = [1 x 100] / 12




  = 8% corrective factor for mud

2.2.5 Temporary Closure (Cfc)

During the winter months the reserve is temporarily closed for maintenance, for a period of 2 weeks.


M1 = 2 weeks closure


Mt = Total number of use weeks



  = 52 weeks


Then Cfc = closure corrective factor




  = [M1 x 100] / Mt



  = [2 x 100] / 52




  = 3.8% corrective factor for temporary closure

2.2.6 Disturbance to Wildlife (Cfwt)

Three target species – water birds, crocodile and hippopotamus. Water birds are sensitive to disturbance during the breeding season, with some birds breeding in reeds on floating nests. Crocodile and Hippopotamus breed in an area of 750 ha.


Cfw1 = corrective factor for disturbance of birds


M1 = 3 months per year


Mt = Total number of months per year



  = 12 months


Then Cfw1 = disturbance of birds corrective factor




  = [M1 x 100] / Mt



  = [3 x 100] / 12




  = 25% corrective factor for temporary closure


Cfw2 = corrective factor for disturbance of crocodile & hippopotamus


M1 = Breeding area occupied by crocodile & hippopotamus



  = 750 ha


Mt = Total number of available area



  = 15 000 ha


Then Cfc = closure corrective factor




  = [M1 x 100] / Mt



  = [750 x 100] / 15 000




  = 5% corrective factor for disturbance to crocodile & hippopotamus


Thus Cfwt = total corrective factor for disturbance of wildlife




 = 25% + 5%




 = 30% corrective factor for disturbance of wildlife

Thus: RCC = PCC – Cfs – Cfw – Cfwq – Cfm – Cfc – Cfwt

RCC = 2200 x [100 - Cfs]/100  x [100 - Cfw]/100 x [100 - Cfwq]/100 x [100 - Cfm]/100 x [100 -    Cfc]/100 x [100 - Cfwt]/100

RCC = 2200 x (0.83 x 0.885 x 0.5 x 0.92 x 0.962 x 0.7)



= 2200 x 0.227



= 499

3. Determine ECC

ECC = [Infrastructure Capacity x MC] / RCC

It takes approximately 20 minutes to launch or retrieve a boat during the day, and there are 3 slipways (1 at Golela; 2 at Poort). There are 3 existing lawful users namely, KZN Wildlife (1 boat allowed); DWAF (1 boat allowed) and 3 adjacent landowners (2 boats allowed each). Currently there are 5 concessions, each with 2 boats allowed. Management function is carried out by a team of 12 staff, however a management team of 18 is required for affective management.

3.1
Determine Infrastructure capacity


Infrastructure capacity = [12 hours available per day/20 min] x 3 slipways + Existing lawful Users + Concessionaires





           = [720/20] x 3 + [1 + 1 + 6] + 10



  

           = 126

3.2
Determine Management capacity as expressed in percentage


MC = Current staff and budget capacity / Required staff and


 budget capacity x 100


    = 12 / 18 x 100



    = 66%

And ECC = [Infrastructure Capacity x MC] x 100 / RCC

ECC = [Infrastructure Capacity x MC] x 100/ RCC



= [124 x 0.66] x100 / 499


= 16%

Thus ECC is 16% of the RCC given the current management and infrastructural development, which represents 80 boats allowed on the Pongolapoort Dam currently.

These 80 boats consist of:

10 concession boats, 8 existing lawful user boats and 62 day visitor as well as overnight camping boats. This represents the amount of boats that site management may allow.
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Corrective factors





Pongola – Excessive sunshine; wind; water quality; temporary closing; mud; and wildlife (crocodiles, birds, hippopotamus)


Verlorenkloof – Habits (am/pm); and habitat characteristics)
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