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1.1 The Department of Environmental Affairs (DEA) received letters dated 17 November 2017 and 
12 November 2018 respectively and an email dated 06 July 2018 from the Director: World 
Heritage Centre requesting the State Party of South Africa to respond to enquiries in relation to 
iSimangaliso Wetland Park World Heritage Site on the following: 

1. State of St. Lucia estuary at iSimangaliso Wetland Park World Heritage Site; 
 

2. Increasing water use at Lake Sibiya 
 

3. Alleged mining activities/application that may have negative impact on the state of 
conservation of the iSimangaliso Wetland Park World Heritage Site; and 

 
4. The reported swamp forest destruction close to the iSimangaliso Wetland Park World 

Heritage Site. 
 
1.2 Following engagements with the Management Authority, the State Party responds as follows: 

 

1. State of St. Lucia estuary at iSimangaliso Wetland Park World Heritage Site 
 
Brief background history 

 
- The Lake St. Lucia estuary is the centerpiece of South Africa’s first unesco World Heritage 

Site, the iSimangaliso Wetland park, and has been a Ramsar Wetland of International 
Importance since 1986. It is South Africa’s largest estuary comprising 60% of the estuary 
area of the country. 

 
- When the property was declared a World Heritage Site, the impact of the hydrological issues 

facing the Lake St. Lucia estuary were noted in the nomination document. Human 
interference with the natural processes occurred due to commercial sugar cane farming. 
The farming activity extended into the lower reaches of the floodplain and was enabled 
through the drainage of large wetland areas, extensive construction of drainage channels, 
river diversion and canalization. The amount of water available to the Lake St. Lucia estuary 
has also been affected by the extensive commercial timber plantations, which have led to a 
reduction in both surface and ground-water. 

 
- Unfortunately, the uMfolozi river was diverted away from the Lake St. Lucia estuary and 

artificially breached directly to the sea in 1952 and was maintained as such for sixty years 
until 2012. This diversion, meant the loss of freshwater from the estuary’s largest catchment. 
Also, the uMfolozi River was no longer able to play its important role in determining when 
and where the St. Lucia estuary mouth would open, with the result that the estuary mouth 
closed more frequently and for longer periods. 

 
- With more frequent mouth closure, there was concern about the loss of estuarine function 

and subsequently there were attempts to keep the St Lucia estuary mouth permanently open 
to the sea through construction of hard infrastructure and dredging. Some stakeholders, 
particularly those who fish recreationally, are nostalgic for a time when the mouth was 
artificially kept permanently open. 

 
- Extensive dredging of the system continued until early 2007 by which time an estimated 2.4 

million cubic metres of dredge spoil and other material was amassed in an enormous pile in 



the estuary mouth, further separating the uMfolozi River from the estuary. Plants, and even 
trees, started to grow and become established, establishing this infilled area. 

 
- Between 2003 and 2012 the area experienced a drought. During this period the 352 km2 

Lake St Lucia estuary dried, losing 90% of its surface area. This had never happened before 
and had significant ecological impacts. 

 
- The estuary mouth closed and remained closed for 10 years, interfering with the life cycles 

of many marine species, causing the collapse of the KZN shallow-water prawn fishery as 
well as a marked decline in estuarine dependent species up and down the coast. The St 
Lucia estuary’s salinity gradient reversed, and the Lake became extremely salty furthest 
from the sea in the north, where very few animals were able to survive. Under natural 
conditions, the Lake St Lucia Estuary would have closed during such a drought but, it is 
unlikely that it would have stayed closed for such a prolonged period. 

 

Management strategy change 
 

- In 2010, the iSimangaliso Authority initiated a project aimed at restoring the Lake St. Lucia 
estuary with funding from the Global Environment Facility (GEF) and the South African 
government. By 2011, independent scientific research had shown that it was not the drought 
alone that had led to the degradation of the system, but the effects were largely due to the 
loss of the uMfolozi river from the St. Lucia estuary. On the basis of this research the 
iSimangaliso Wetland Park Authority adopted a new management strategy in 2012, that 
would allow the uMfolozi River to follow its natural path back into the St. Lucia estuary. 

 
- Through the GEF project, iSimangaliso commissioned a multi-disciplinary study to 

recommend a course of action to contribute towards the restoration of the hydrological and 
ecological functioning of Lake St. Lucia. Funding for implementation of the preferred solution 
was also made available. The study confirmed that the uMfolozi river was critical for the 
estuary as a whole and that its connection to the St Lucia estuary should be restored. The 
study further recommended the removal of the dredge spill that had been placed in the 
uMfolozi’s natural path, and that the artificial breaching of the system be stopped. The 
removal of the dredge spoil was initiated in 2016 and by the end of the project approximately 
1.5 million cubic metres of material had been removed. 

 
- An extensive consultation process took place as part of the project and over 65 meetings, 

workshops and public open days were held with stakeholders between 2010 and 2017, 
when the project ended. Newsflashes and email communiques also kept stakeholders up to 
date with the progress in the project, and the status of the system. Meetings have continued 
to be held with key stakeholders to provide updates on the changes being observed in the 
system. 

 
- The project has begun to restore the hydrological functioning of the Lake St. Lucia estuary. 

Having uMfolozi River back as part of the estuary has led to stability in water levels through 
2017 and 2018, including the dry winter months when the shallow lake is prone to evaporate. 

 
- iSimangaliso, as a Management Authority, will continue to monitor the health of the estuary, 

and scientists anticipate that the natural processes will ultimately re-establish themselves 
and estuarine functioning will be restored. The plea of the stakeholder for UNESCO to ‘open 
the estuary and lake to the sea’ will not be in the best interests of the health of the estuary.  



The project to remove the dredge spoil has only recently been completed, and already the 
benefits to the system are evident. Artificial breaching of the estuarine lake mouth will halt 
the progress that has been made to reinstate the key driving processes that ultimately take 
the system to a more healthy and natural state. 

 
- Lastly, South Africa reassures Unesco that the Lake St. Lucia estuary is being managed 

appropriately, based on rigorous science, careful monitoring and in the best interest of the 
biodiversity and health of the system, and the World Heritage Site. 

 
2. Increasing water use at Lake Sibiya 
 

- The Proclaimed park boundary of iSimangaliso Wetland Park in respect of Lake Sibiya is 
the high-water mark. The Integrated Management Plan (2017-2012) submitted to the World 
Heritage Centre in January 2019, provides clear guidance on how to deal with activities 
inside the Park and those abutting the Park. The main abstraction activities as correctly 
indicated by the report from the Wild Equity Foundation (WEF) and Marine and Estuarine 
Research (MER) emanate from basic human needs created by lack of water infrastructure 
in the area which the District municipality is currently working on. Mseleni hospital and 
Mbazwana community are the main beneficiaries of water from this lake system. 
iSimangaliso, understanding the dire situation where people do not have alternatives to 
clean portable water, has in conjunction with the Department of Environmental Affairs 
favourably responded  to the request by the District municipality to extend the abstraction 
points further in as the lake receded from the previous abstraction point. Acknowledging that 
this was a response to social and basic human needs, iSimangaliso is in a process of 
engaging the District municipality with an intention of discussing the matter further as well 
as tracking progress on the infrastructure investment relating to the already constructed 
40mg water treatment works in Jozini whose commissioning would grossly ameliorate the 
current undesirable situation . 
 

- iSimangaliso is currently a member of the Licence Assessment Advisory Committee that is 
a multi-disciplinary committee which regulates and advises on stream flow reduction 
activities (such as commercial afforestation) prior to a decision on issuance of licenses. The 
Authority has, through this structure, unequivocally raised our concerns to the Department 
of Water and Sanitation (DWS) with regard to licenced commercial and unlicenced 
afforestation around Lake Sibiya as well as in areas in close proximity to wetlands as one 
of our main biodiversity threats. The Authority has since realized the discontinuation of the 
issuing of licences.  iSimangaliso is a member of the various water catchment fora 
established by the Department of Water and Sanitation which also plays a pivotal role in 
raising awareness to all affected government departments on issues/activities affecting 
water catchments, this structure is also multi-disciplinary and includes representation from 
affected communities. 

 
3.  Alleged mining activities/application that may have negative impact on the state of 

conservation of the iSimangaliso Wetland Park World Heritage Site) 
 

Eyamakhosi Resources Pty (Ltd) applied for minerals prospecting rights in terms of the 
Minerals and Petroleum Resources Development Act (MPRDA) in the Department of 
Mineral Resources (DMR). The appointed consultant failed to consult with iSimangaliso. 
 



- It is also important to note that the area in question (A portion of Reserve No.4 of farm No. 
15823) is a protected area proclaimed by the President of the Republic of South Africa, in 
Government Gazette No.44 of 2011, dated 22 July 2011 (attached) and in which no 
prospecting and mining is allowed.  The State Party is managing the issues in line with 
legislation. 

 
 

4. The reported swamp forest destruction close to the iSimangaliso Wetland Park World Heritage 
Site 

 
- iSimangaliso has been under severe pressure from communities living in and adjacent the 

Park. This untenable situation gave rise to a delegation from DEA, sent by the then late 
Minister of Environmental Affairs to engage with these communities and relevant 
stakeholders. The unauthorised deforestation and agricultural practices in Sodwana were 
as a result of this untenable situation. 
 

- The current management is hard at work trying to restore the healthy relationship with the 
local communities as an endeavour to persuade and encourage conservation friendly 
behaviour and practices. A lot has been done to date, but it must be appreciated that this is 
work in progress. 

 
- This intervention by current management of iSimangaliso is an on-going initiative and 

Unesco will continuously be updated on progress and/or challenges during the course.  The 
Department of Environmental Affairs, as the focal point for the implementation of the 
Convention as well as being the shareholder of the iSimangaliso Wetland Park Authority, 
continue to monitor the developments to improve the situation. 

 
-  
END 
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REPORT ON SWAMP FOREST DESTRUCTION IN ISIMANGALISO WETLAND PARK WORLD HERITAGE SITE 
JUNE 2020 

 
________________________________________________________________________________________________ 

 
1. BACKGROUND 
 
Due to the high biodiversity richness specifically of iSimangaliso Wetland Park area, South Africa fully 
recognizes and appreciates the need to conserve and preserve this international asset. The species diversity 
and richness within the area, has social, economic, intrinsic biophysical and cultural value which does indeed 
warrant and qualify its protection, conservation and preservation for current and future generations. These 
benefits are well documented through various literature and indeed within the iSimangaliso’s Integrated 
Management Plan 2019-2024.  What is also key is the sustainable use of natural resources such that these 
benefits are realized and the ability of the areas to provide such benefits in future is not compromised. 
 
The iSimangaliso Wetland Park Authority as the legal management authority for the Park ensures that the 
Outstanding Universal Value of the property is maintained over a long period of time and potential threats 
addressed in line with all relevant national legislation.  
 
The aim of this report is to highlight the key current threats faced by the management authority of the 
iSimangaliso Wetland Park World Heritage Site including the efforts and progress currently made in providing 
strategic mitigating measures.  
 
 
2. THE DESTRUCTION OF SWAMP FOREST 

 
The destruction of the swamp forest is in the Sodwana Section within the Mgobezeleni Estuarine Functional 
Zone of iSimangaliso Wetland Park.  The area is very sandy and not suitable for farming.  Community 
leadership, however, is of the view that the land inside the Park should be given back to the community rather 
than used for conservation because of its “productivity in agriculture” amongst other reasons.  It should be 
noted that while the communities opted for restoration of land rights in the area, as per Cabinet approval, land 
use will not change and the land will continue to be managed as protected areas in perpetuity. Communities 
had also supported this policy decision. 
 
 
3. EXTENT OF THE AFFECTED AREA 

 
The area affected is about 92ha as indicated in Figure 1 below and is in the core of the world heritage 
property. 
 
 
4. PROGRESS MADE IN PROVIDING STRATEGIC MITIGATING MEASURES 

 
As early as 2017, the former late Minister Hon. Edna Molewa sent a delegation from the department led  
by the Director-General to engage with the affected communities and relevant stakeholders. The current  
Minister Hon. Barbara Creecy also initiated communication with the provincial Member of Executive Council  
(MEC) responsible for Cooperative Governance and Traditional Affairs together with the District Traditional  
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House to find an inclusive and sustainable solution on the matter.   
 
ISimangaliso has established a Committee that comprises of the relevant stakeholders and has held  
numerous meetings with community leadership, Traditional Councils, Land Claimants and other affected  
government departments. Given the sensitivity of the situation, the approach is more to engage, build 
trust and consider other alternatives to rigid law enforcement in order to avoid exacerbating the problem  
and possibly placing the entire Park at risk.  The authority is also working hard to restore a healthy  
relationship with the local communities as an endeavor to persuade and encourage conservation friendly  
behavior and practices. The relationship communities has significantly improved since the beginning of the  
problem. 
 
 
To oversee the implementation of challenges like this as well as implementation of the World Heritage 
Convention in general, the Department of Environment, Forestry and Fisheries is represented in the Board of 
iSimangaliso Park Authority and has scheduled management meetings with the Authority. 
 
 
5. CONCLUSION 

 
The department together with the Authority is addressing the matter at political and operational level in order to 
ensure that solutions are inclusive and sustainable for long term protection of the property and confident that 
the with the level of engagement amongst affected stakeholder is going to yield the required outcomes.  
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Figure 1: Geographical context of unauthorized clearance of vegetation and agricultural cultivation within a 
swamp forest and the Sodwana area in relation to the entire iSimangaliso Park. 
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Figure 2: extent of destruction of the Mgobozeleni swamp forest through cutting and burning practices in 
preparation of the sites for agricultural cultivation. 
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BACKGROUND ON SATE OF CONSERVATION REPORT 

The iSimangaliso Wetland Park World Heritage Site and iSimangaliso Wetland Park Authority (iSimangaliso) 

were established in terms of the World Heritage Convention Act, 1999 (Act 49 of 1999). Furthermore, 

iSimangaliso is governed by other environmental management legislation including, the National 

Environmental Management: Protected Areas Act, 2003 (Act 57 of 2003) (NEMPAA) and the National 

Environmental Management: Biodiversity Act, 2004 (Act 10 of 2004) (NEMBA).  

Recently, iSimangaliso has experienced challenges that relate to balancing conservation and ensuring 

subsistence livelihood for communities living in and adjacent to the Park.  On 18 December 2020, the World 

Heritage Centre facilitated a meeting following third party information received regarding threats to the Park. 

   

The aim of this report is to highlight and provide an update on the key current threats faced by the 

management authority of the iSimangaliso Wetland Park World Heritage Site including the effort and progress 

made in providing strategic mitigating measures, as resolved by the meeting of 18 December 2020. The report 

also includes response to the recent enquiry received on 22 February 2021 Ref: CLT/WHC/AFR/21/32 on 

artificial breaching of Lake St Lucia estuary mouth.  

 

 

1. THE DESTRUCTION OF THE SWAMP FOREST– REF: CLT/WHC/AFR/2019/595 DATED 3 

SEPTEMBER 2019. 

1.1 BACKGROUND 

The United Nations Educational, Scientific and Cultural Organization (UNESCO) World Heritage Centre has 

been receiving letters regarding the destruction of swamp forest in the Sodwana Bay section of the 

iSimangaliso Wetland Park.  

 

 

 

 

 

 

 

 

 

Aerial Imagery 1: Swamp forest destruction imagery received from UNESCO in August 2020. The site looks fairly new and shows recent cultivation 

activities. 

 



 
Page 4 of 18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aerial Imagery 2 – taken December 2020 showing Mgobozeleni swamp forest at same position as imagery 1 

 

 

 

 

 

 

 

 

 

 

Aerial Imagery 3 – taken 17 February 2021: showing Mgobozeleni swamp forest at same position as imagery 1 

 

The above photographs (aerial image 3) are new aerial images taken from the same Mgobozeleni swamp 

forest. 

 

1.2 CURRENT STATUS QUO 

 

Generally, the local method of cultivation in the swamp forest is that the vegetation is slashed and burnt. Due 

to the area being wet trenches, it will be dug to drain water from the site that is being prepared for cultivation of 

crops. Thus, if the site is still active the indicator is the expansion denoted by slashing and burning of new 

vegetation. The monitoring of the Sodwana Bay swamp forest indicates that further expansion has ceased. 

This may be due to our current weather patterns where we have been experiencing high rainwater levels and 
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the crops are under water or indeed the current awareness campaigns, we are rolling out are yielding positive 

results. 

 

The aerial monitoring of the swamp forest destruction was started in December 2020. As indicated above, 

aerial imagery 1 shows the area where there has been slash and burn activity, which if one looks at aerial 

imagery 2 and 3 it shows no signs of further slash and burn activities thus indicating there has been no further 

expansion of the current cultivation within the Mgobozeleni swamp forest. 

 

The iSimangaliso Authority has partnered with the South African Environmental Observation Network 

(SAEON) and the Expanded Freshwater, Terrestrial Environmental Observation Network (EFTEON) and the 

Traditional Councils which are South African government entities. The purpose of this partnership is to monitor 

the impact of swamp forest destruction and the effect of this on the functioning of the Mgobozeleni estuary and 

a detailed proposal is being put together. 

 

Again, as a reminder, the region was classified by government of the republic as a poverty node, thus it has 

limited livelihood options, i.e., agriculture and tourism in the main. The situation is also compounded by the 

challenge that the soil types limit agricultural activities to ecologically sensitive areas such as wetlands and 

floodplains. In its attempt to alleviate poverty in this area, the iSimangaliso Authority has introduced 

development and empowerment programs such as the Smalll Medium Enterprise program, craft program, 

bursaries program, and equitable preferential employment benefiting the local community.  

 

Destruction of the swamp forest has been identified as a threat in the IMP and will be addressed in the Annual 

Performance Plans of the iSimangaliso Wetland Park Authority, in line with the Integrated Management Plan 

as approved by the Minister of Environment, Forestry and Fisheries. 

 

2. ST LUCIA ESTUARINE FUNCTIONAL ZONE- REF: CLT/WHC/AFR/21/32 OF 16 FEBRUARY 2021 

 

2.1 BACKGROUND 

 

Lake St Lucia is categorised as an estuarine lake (Whitfield 1998), on the basis of its size and its link to the 

sea via the twenty-kilometre-long channel known as the ‘Narrows’ (iSimangaliso Wetland Park Authority IMP, 

2011). It is a shallow system with fluctuating depths and spatial and temporal salinities. The driver of the 

natural variability in depth and salinity is seasonal variation in rainfall and consequent run-off. Variations in 

river flow, particularly in the uMfolozi River, in combination with surf action and longshore sediment movement, 
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also contribute to variations in the position of the mouth along the 3 km stretch of coastline from Maphelane to 

St Lucia. The natural variability has been intensified, specifically as regards higher salinity extremes, by 

abstraction in the catchment and especially by the re-routing of the uMfolozi River away from the St Lucia 

system. 

 

Sediment accumulation (as a result of inputs from the relatively large catchment and the tributary rivers since 

the last glaciation) has resulted in a much shallower system having an average depth of less than one metre 

(which is in contrast to the much deeper coastal lakes of Sibaya and the Kosi system). Although there is no 

available evidence of anthropogenically accelerated sedimentation in the overall system, the major levels of 

agricultural development in the uMfolozi flood plain have resulted in concern regarding sediment dynamics in 

the St Lucia-uMfolozi mouth area. Separate mouths for the two systems were created in 1952 and the policy 

and practice were maintained until 2012. 

 

Hydrological conditions in Lake St Lucia vary. Inputs are derived from streamflow, rainfall and dune seepage. 

The amount of water lost by evaporation exceeds the amount received from direct rainfall, even in years of 

average or above-average precipitation. The major drivers of variation in lake level and salinity are rivers. Lake 

St Lucia obtains its fresh water supplies from six main river systems. Those entering the lake are the uMkhuze 

(catchment approximately 6,000 km²), Hluhluwe (catchment approximately 1,000 km²), Mzinene (catchment 

approximately 800 km²) and the Nyalazi (catchment approximately 7,000 km²). The Mphate (catchment 

approximately 65 km²) enters the Narrows between the Lake and the sea. The uMfolozi River (catchment 

approximately 10,000 km²) is a major source of fresh water to the lake, contributing an estimated 60 % of the 

total runoff from the combined catchments of the Lake St Lucia system. The lower reaches extend into the 

southern section of the Lake St Lucia system and historically formed a common mouth. This is highly 

significant in that in this condition, which existed prior to 1952 when the separate mouth policy was 

implemented, the uMfolozi River was the main driver behind the predominantly open mouth condition of the 

Lake St Lucia system. 

 

Agricultural developments on the uMfolozi River flood plain, which have involved canalisation and 

straightening of sections of the original river course, the construction of levees and artificial diversions have 

transformed the original environment. The canalisation and diversions have accelerated flows in these 

sections of the river and meant that, during large floods, fine sediments are now largely discharged to the 

marine environment and not deposited on the flood plain as would occur during natural overtopping of the 

riverbanks during high flows. In combination with artificial drainage and consequent drying and settling of the 
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sediments, the ground level in the lower areas of the flood plain has dropped significantly and exacerbated the 

problem of back flooding into the sugarcane lands during closed mouth conditions or even during high tide 

periods when the mouth is open.  

 

Most of the rivers are seasonal, flowing during the wet summer months, but may be reduced to isolated pools 

and subterranean seepage through bed sediments in winter. The Lake St Lucia system is the most 

downstream point of the five major rivers, making the system vulnerable to flow-reducing activities in the 

catchments, which have increased through direct abstraction and dry-land agriculture, such as commercial 

plantations. 

 

The amount of fresh water received from streams and rivers is a major determinant of the salinity state of the 

overall system, the iSimangaliso Wetland Park Authority has had to reassess management of the St Lucia-

uMfolozi mouth area as flow-reducing activities in the catchments supplying the lake have increased through 

direct abstraction and stream flow reduction activities. As a result, water levels in the lake dropped and salinity 

levels rose between 2002 and 2011 which necessitated the joining of the uMfolozi mouth to the lake via a front 

channel spillway in order to supplement water into the lake from the uMfolozi River as it did historically pre-

1952. Salinities have since remained within tolerable ranges for fish and invertebrates. The spillway closed in 

September 2014 but was recently reactivated (mid-February 2015) albeit that it remained open for only a short 

period of time. 

 

As indicated above the Global Environment Facility (GEF) - 5 Project when it was initiated aimed to reconnect 

the uMfolozi River with the Lake St Lucia to ensure dire needed fresh water comes into the system as 

historically even including during the drought period there was no major water contributions into the system. 

This would be achieved by the removal of dredge spoil in phases to ensure that the point in which there was 

artificial dredge spoil deposited to separate the uMfolozi River from the Lake St lucia now allows a free flow of 

fresh water into the Lake. The positive effects of the GEF - 5 project was visible as of February 2016 as can be 

seen below. 
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Satellite Images of Lake St Lucia on 16 Feb 2016 (pre GEF-5 project), the dark shaded areas indicate the surface water of the Lake, these isolated 

pools show the water levels prior to the reconnection of the uMfolozi catchment into the Lake St Lucia system. As evident in the 16 February 2016 

image there was almost no water in the Lake St Lucia. From 2017 there was a remarkable increase in surface water levels in the Lake. 

 

2.2 CURRENT CHALLENGES POST THE GEF – 5 PROJECT 

The increased inflow of freshwater into the Lake St Lucia system after the connection of the uMfolozi 

catchment with the Lake, brought with it high levels of sedimentation and lack of connectivity with the sea for 

over a decade. This led to the lake changing from an estuarine system into a freshwater dominated system. 

It must be noted that the freshwater-dominated state of the system (a result of having lost contact with the 

marine environment) is part of the natural cycle that St Lucia goes through. The system swing is from 

hypersaline and desiccation to freshwater full of sediments, however accelerated sedimentation was also 

negatively affecting the overall health of this system.  The state of the lake was dire and as follow: 

 Accelerated sedimentation – while the restoration project was successful in getting fresh water into the 

system following prolonged drought conditions, the sediment-rich Mfolozi water has resulted in the Estuary 

Bay area, Honeymoon Bend and the Narrows becoming silted-up.  
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 Nutrient accumulation (fertilisers as well as human waste) had increased (Monique Nunes, PhD thesis). It 

is possible that these nutrients are promoting an increased vegetation response in St Lucia and the lower 

Mfolozi floodplain. The nutrients as well as increased sediments were facilitating the proliferation of alien 

plants and animals. 

 Proliferation of Vegetation – the system has become freshwater dominated from Fani’s Island southwards, 

with a proliferation of vegetation in the Narrows and in the Estuary mouth region which is further 

consolidating sediment. This proliferation is also very likely driven by nutrient accumulation in the system. 

The introduction of seawater in this region is expected to chemically “prune” the vegetation, especially the 

reeds in the Narrows.  

 Invasive Alien Species –the invasive gastropod Tarebia granifera that has become established there over 

the past decade or so. Invasive plant species, whose proliferation is also likely exacerbated by nutrient 

accumulation, have also become established in the system. Tamarix ramosissima is spreading abundantly 

in the mouth areas of the Mfolozi and now the St Lucía Bay.  Inundation by sea water may hinder their 

development. Other freshwater alien plants such as Pistia striates are occurring in the St Lucia Bay and 

these also may succumb to sea water flooding.  

 There are no marine exchanges with the largest estuarine system in southern Africa. By restoring the 

marine nursery function for many estuary-associated fish and invertebrate species, this will promote 

overall aquatic biodiversity and species richness. It will also provide a more complete range of ecological 

functions within the system for marine, estuarine and freshwater biota in different parts of the estuary/lake 

– which is one of the reasons why St Lucia Estuary is one of the Outstanding Universal Values (OUVs) for 

which the iSimangaliso Wetland Park was inscribed as a World Heritage Site. 

 

The iSimangaliso Authority subsequently convened a symposium on the 13th to the 15th of October 2020 

where the objective of the symposium was to discuss and address the ecological challenges of the lack of 

proper and natural functioning of the St Lucia Estuary which had a number of knock-on biophysical, economic 

and social implications. 

 

Upon conclusion the symposium made a number of very critical resolutions which in summary were as follows: 

 

2.3 SYMPOSIUM RESOLUTIONS 

 The St Lucia system is a complex dynamic socio-ecological system, the natural functioning of which is 

critically important for its natural assets (biodiversity and natural resources) as well as to the many other 
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ecosystem services that it provides to the diverse stakeholders that depend on it (tourism, agriculture, 

fishing). 

 All participants have a strong interest in the restoration and effective management of the St Lucia system, 

and to work together collaboratively, making compromises, to find best solutions to challenges faced by all 

stakeholders. 

 Embark on an inclusive, co-operative and communicative management path, to work together to 

implement and achieve a collaborative governance approach. All affected stakeholders need to be 

consulted regarding the decisions. 

 A multi-sectoral multi-disciplinary Task Team should be convened as soon as possible to take solutions 

forward and develop a time-bound Action Plan by the end of the year, with identified short-term solutions 

implemented by 31 March 2021. 

 

A task team was convened, and the first meeting was on the 25th of November 2020, the first meeting aimed at 

establishing the terms of reference and principles of the task team as follows: 

 

2.4 PRINCIPLES AND APPROACHES 

The following principles and approaches were proposed for the implementation and activities of the Task 

Team: 

• Multi-disciplinary, multi-sectoral and inclusive 

• Ensure gender balance in the Task Team and in stake-holder meetings, including more women. 

• Include and ensure voices of all stakeholders are heard, particularly community and not only 

scientists. 

• Need government agencies to speak with one voice and not to work at cross-purposes. 

• Must not divide and rule to push agendas but be transparent and inclusive of everyone. 

• Scientific information to underpin decisions is critical, but this should include not only ecological but 

also social and economic information (and scientists should work with communities in gathering 

information) 

 

2.5 TASK TEAM COMPOSITION 

Representatives of the following organisations and sectors were included (those who accepted invitations): 

 

 Relevant Government Organisations – iSimangaliso Authority, Ezemvelo KZN Wildlife, National 

Department of Environment, Forestry and Fisheries, KZN Department of Economic Development, 

Tourism and Environmental Affairs, Traditional Authority leadership, Municipalities. 
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 Non-governmental organisations (NGOs), including Masifundise and WildOceans 

 Private sector – businesses, farmers, tourist operators, rate payers, etc 

 Community sector representatives – fishing, farming, etc 

 Scientists and technical experts and advisors  

 Land claimants 

 People and Parks structures 

 Sugar cane farmers 

 Youth Groups  

 Small-scale fisheries co-operatives and small-scale fisher representatives 

 

2.6 TASK TEAM TERMS OF REFERENCE 

The Terms of reference of the Task Team were as follows: 

 

 The Task Team should be established with a mandate by the symposium, its scope being the 

estuarine functional zone, and it should carry forward the Resolutions and spirit of the Symposium and 

should reference the content of all the presentations given at the Symposium (from stakeholders, 

scientists, consultants and authorities). 

 The initial task of the Task Team should be to develop a time-bound Action Plan for short-term 

solutions (with the plan completed by the end of the year, action and results achieve “on the ground” 

before 31 March 2021). 

 Urgent consideration of a facilitated breach of the mouth must be prioritised, to “assist/nudge” the 

system as has been done in the past, and the following must be taken into consideration if the Task 

Team concludes that a breach is desirable: 

 Identification of best potential breach position (if Task team concludes must proceed 

to breach). 

 Time to breach should be event-driven and adaptable and flexible, not a fixed pre-

chosen time but allowing for adaptive flexible responses to events. 

 

 Need to ensure affected rural communities are heard when making final decisions on actions, need to 

communicate programmes. 

 Consider the impacts of actions decided on all, to balance for both the ecosystem and people living 

around the lake. 

 Identify Financial Resources needed (financial, knowledge, etc). 
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 Consider the legal framework that impacts on possible activities (Action Plan must be crafted within 

the current legal framework) and communicate the legalities to stakeholders. 

 Identify contributing stakeholders and shareholders, those can help financially and other contributions. 

 Develop a Communication Plan for ongoing communication between government and stakeholders.  

 Community awareness and information provision is important and must be strong. 

 Set up processes for longer term solutions to be developed implemented, and ongoing engagement 

for co-operative decision-making to support, update and implement an adaptive Estuary Management 

Plan. 

During the deliberations of the first task team, it was felt that there are a number of activities as outlined above 

in the terms of reference of the task team that need to be undertaken. These meant that we need to have 

specific technical teams that need to be formulated to look into the various task team objectives and report 

back at the task team meeting of the 15th of December 2020.  

 

The Terms of Reference of each technical task team was as follows: 

 

Scientific Technical Team 

Objective:    

To assess and recommend the best way to achieve an effective assisted breach, that will connect the St Lucia 

lake with the sea and the Umsunduzi/Imfolozi system with the sea, resulting in water levels in the lake and 

rivers matching those of the sea, and reinstatement of tidal and marine influences influences into the system. 

 

Terms of reference: 

a. Determine how best to achieve the 3 main goals of stakeholders: 1) connection of the lake to the sea and 

rivers to improve fishing of marine species in the lake and in the Umsunduzi/Imfolozi estuaries (fishers), 2) 

removal of silt from the mouth and narrows to allow boating to re-occur (tourism), 3) prevention of back-

flooding of farmlands by allowing the freshwater to flow into the sea (farmers). 

b. Prepare a recommendation, to report to the Task Team on the 15th of December 2020, with a timeline that 

can be implemented within this summer rain season (before end March 2021). 

 

Key questions to consider:  

 Where along the sandbar between Maphelane and St Lucia would it be best for a breach to occur? 

 What would optimal conditions be to achieve this?  

 What needs to be in place for this nudge to breach to happen?  
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 When would be best to breach (month, state of tide and sea condition, level or lake, state of rainfall)? 

 How should the breach happen – is dredging, alien plant removal and/or removal of sand from the bar 

needed, and are all three needed?   

How would an assisted breach affect (aid or hinder) future management actions to maintain the connection 

between the estuaries and rivers and the sea. 

 

Legal and Policy Technical Team 

Objective:  To look into the enabling legislative framework for an assisted natural breach of the estuary, 

involving removing alien vegetation and sand from the sandbar/berm to allow a high-tide or an influx of 

rainwater to breach the mouth, and the dredging out of some of the siltation in the mouth area in both the St 

Lucia narrow and the iMfolozi/Umsunduzi estuary to create channels to allow water flow. In doing so, consider 

the existing IMP, Estuarine Management Plan and the court decision about breaching. Recommend actions to 

be taken should revision to existing Plans or applications to court be necessary to accomplish the objectives 

set out in 1. Above. 

This Team looked at the management documents which are the Integrated Management Plan, St. Lucia 

Estuary Management Plan, Environmental Management Plan (including 2018 Court Decision) over and above 

the applicable legislations: 

The court decision of 01 October 2018 was based on the relief seeked by farmers of breaching of the uMfolozi 

mouth in line with the trigger of 1,2 m at the CotCane gauge of the farmers and that the uMfolozi river be 

breached to the sea before joining the estuary. The Development of the Estuarine Management Plan (EstMP) 

and that of the Maintenance Management Plan (MMP) for the restoration of the system were also part of the 

legal documents considered. The Court Decision only disallowed breaching for purposes of dealing with back 

flooding and inundation of sugarcane. Both the EstMP and MMP allows breaching for ecological purposes 

hence there is nothing unbecoming with the current skimming of the estuary berm to assist the system to 

breach on its own. 

 

Financing and Partnerships Technical Team 

Objectives: 

1. To obtain estimates of the costs of such an assisted breach 

2. To identify possible sources of funds to achieve such an assisted breach. 

3. To identify other entities or stakeholders who could provide resources to assist with the breach. 
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Communications Team 

Objective: 

To develop a Communication Plan for the Task Team, for presentation to the Task Team on 15 December 

2020, that seeks to effectively reach all stakeholders, ensuring that appropriate communication mechanisms 

are identified for the different diverse stakeholders. 

The Technical Teams convened and undertook their work as per the terms of reference above and each 

technical team provided a report back to the Task team on the 15th of December 2020. 

 

2.7 STATE OF THE LAKE ST LUCIA AFTER ASSISTED BREACH 

 

The short-term intervention of an assisted breach was implemented on the 06th of January 2021 with a 

channel being excavated in line with the recommendations of the scientific technical task team. Both in terms 

of the exact position for breaching and the depth of the channel. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1a: showing point of channel excavation linking to the sea. 
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Figure 1b: showing point of channel excavation linking to the sea – after assisted breach. 

 

2.8 SYSTEM RESPONSE TO ASSISTED BREACH 

Immediately establishing the link there was an exchange of sea water with fresh water, this was coupled with 

an immediate interaction of biotic species such as Zambezi sharks accessing the estuary. Bearing in mind the 

St Lucia EFZ is an estuarine system, the connection mentioned above began to improve the variation of 

salinity levels as can be shown in the graph below. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: graph depicting fluctuations in salinity levels post 06th of January 2021. 
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2.9 CONFORMITY WITH PROVISIONS OF PARAGRAPH 172 OF THE OPERATIONAL GUIDELINES 

 

In addition to the Integrated Management Plan of the world heritage property which must be approved by the 

Minister of Forestry, Fisheries and the Environment, the legal framework also requires that the iSimangaliso 

management Authority prepare and a Maintenance Management Plan (MMP) that was subsequently approved 

by the Minister.  The Legal and Policy Technical Team mentioned on page 13 of this report refers to the terms 

of reference of the Team and all relevant legal and policy imperatives that were considered.  

 

It is however also important to note that South Africa considered the assisted breaching as a maintenance 

exercise rather than “major restorations or new constructions which may affect the Outstanding Universal 

Value of the property” as indicated in the Operational Guidelines.   

 

2.10 INTERVENTION BY MINISTER OF ENVIRONMENT, FORESTRY AND FISHERIES 

 

Following an outcry by scientists who have a different view to the recommendations made at the symposium 

held on 13-15 October 2020, the Minister of Environment, Forestry and Fisheries as instructed commissioning 

of an independent Panel of Experts that will review all the relevant studies, recommendations and decisions 

taken in relation to the breaching of Lake St Lucia Estuary mouth.  

 

The Panel will among others, advise on: 

2.8.1 The significance/impact of the opening of the estuary mouth and how this relates to the 

implementation of the GEF 5 project interventions and the St Lucia Estuary Management Plan; 

2.8.2 The exceptional circumstances, as defined in the estuarine management plan, that lead to the 

decision to open the mouth, including those of an environmental, social and economic nature; 

2.8.3 The impact of the mouth opening on 6 January on the functioning of the estuary system and the 

wetland system as a whole, as well as the associated environmental, social and economic 

implications; and 

2.8.4 Guidelines for the immediate and ongoing management of the system. 

 

 

 

This will be a transparent process and in the interest of all interested and affected stakeholders. 
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3. THE THREAT OF INCREASING WATER USE TO LAKE SIBAYA– REF: CLT/WHC/AFR/2019/595 

OF 3 SEPTEMBER 2019. 

It is also important to indicate that the local socio-economic situation of the uMkhanyakude District as a whole 

in which the iSimangaliso Wetland Park exists is understood in context. This is especially in light of 

surrounding land uses and changes in the land use over time as evident in the graph below. The region was 

classified by the government of the republic as a poverty node; thus, it has limited livelihood options, i.e., 

agriculture and tourism in the main. The situation is also compounded by the challenge that the soil types limit 

agricultural activities to ecologically sensitive areas such as wetlands and floodplains. 

 

Whilst there is engagement with the uMkhanyakude District Municipality there has also been engagement the 

National Department of Water and Sanitation who are also dealing with this matter directly with the 

uMkhanyakude District Municipality. The National Department of Water and Sanitation has also concluded the 

relevant Ecological Reserve Determinations for stressed resources like Lake Sibaya and will hopefully be 

providing that to us fairly soon. 

 

What is also of critical note is that commercial forestry surrounding the Lake Sibaya which is arguably the 

biggest contributor to water loss in this system is being addressed. In this regard the iSimangaliso Authority is 

part of the License Assessment Advisory Committee chaired by the Department of Water and Sanitation, 

where a moratorium on issuing of licences for commercial forestry has been and still is in place, the challenge 

needing a holistic approach is the un-authorised or un-permitted cultivation of commercial forestry plantations 

outside of the iSimangaliso Wetland Park – World Heritage Site that continues to stress the Lake Sibaya 

system.  

 

The iSimangaliso Authority has entities and government departments undertaking research on the Lake 

Sibaya and we are collating relevant data to ensure a holistic approach as opposed to a piecemeal approach 

to mitigating the water loss being experienced by the Lake Sibaya system is implemented. 
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Figure 3: showing area covered by plantations, water bodies and wetlands, as well as annual precipitation. 

  

The iSimangaliso Authority has partnered with the South African Environmental Observation Network 

(SAEON) and the Expanded Freshwater, the Terrestrial Environmental Observation Network (EFTEON) and 

the Traditional Councils which are South African government entities. The iSimangaliso Authority is working 

with SAEON and EFTEON on a proposal for funding to monitor the impact of landuse on the groundwater 

resources around the Lake Sibaya system. The Department of Water and Sanitation is also working on an 

Ecological Reserve Determination Study for the catchments which is being finalized imminently. 

 

The iSimangaliso Authority is also working on the gazetting of the iSimangaliso Wetland Park – World Heritage 

Site Buffer Zone as a tool identify and mitigate/abate such negative impacts. The gazetting process will include 

consultation with all interested or affected stakeholders.  A formal application to the World Heritage Committee 

will be submitted as soon as all the processes have been followed. 

 

4. CONCLUSION 

South Africa is committed to the protection and conservation of all its protected areas including World Heritage 

Properties, while ensuring a balance with socio economic imperatives for communities, especially those living 

in and adjacent to the protected areas.  This is also enshrined in our Constitution Bill of rights and our 

environmental laws and policies.  Maintaining and sustaining the integrity of the outstanding universal value is 

also integral to this commitment. 
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Introduction
Changes in land use and land cover over time and space indicate socioeconomic change. 
Population growth and consequent demand for economic development have increased the 
conversion of natural vegetation. The KwaZulu-Natal Province has experienced an accumulated 
transformation of 45.6% of natural vegetation between 1994 and 2008 (Jewitt 2012:12). One area 
that has been affected by land cover transformation is the Maputaland Coastal Plain (MCP) 
located in the north-east of the KwaZulu-Natal Province of South Africa, which is rich in 
biodiversity and other natural resources (Orimoloye et al. 2019:3). The MCP has several wetlands, 
lakes and game reserves, which play an integral role in maintaining a healthy ecosystem. The 
largest freshwater lake in South Africa, Lake Sibayi, and the iSimangaliso Wetland Park, which is 
a renowned Ramsar and World Heritage site, are located within the MCP (Weitz & Demlie 2014:1). 
However, recent studies indicated that surface waters and wetland systems in the MCP are under 
severe threat because of plantations and water extraction (Everson et al. 2019:1; Orimoloye et al. 
2019:9; Smithers et al. 2017:490). A large part of the Lake Sibayi catchment area is covered by 
plantations (Everson et al. 2019:34; Weitz & Demlie 2014:1). Mbazwana and Manzegwena, the two 
largest plantations, cover approximately 8500 and 15 000 ha, respectively, and were established in 
the 1960s by the KwaZulu Department of Forestry (SA Forestry 2012:1).

Pine plantations are deep-rooted, evergreen, non-native tree species that are known to extract 
soil water from below the root zone, limiting aquifer recharge and resulting in a lowered 
groundwater table (Kienzle & Schulze 1992:1). As a result of this, the National Water Act (Act 
No. 36 of 1998) of South Africa considers plantations as a streamflow reduction activity, and as 
such, plantations require a water use license from the government. In coastal areas such as the 
MCP, favourable solar radiation and air temperatures facilitate year-round growth and provide 
plantations the opportunity to access the shallow aquifers, resulting in higher water consumption 
than the surrounding natural vegetation (Everson et al. 2019:34). This has had a significant 

The northern half of the Maputaland Coastal Plain (MCP) of South Africa has undergone 
significant change in land-use over the last five decades, including afforestation, agriculture 
and rural settlements. To understand the extent of land-use changes that took place in the 
northern half of the MCP from 1986 to 2019 and its efficacy, various Landsat satellite images 
that are freely available were processed, analysed and interpreted. The cloud-based Google 
Earth Engine (GEE) platform was used to determine the land-use changes. The random forest 
classification algorithm available within GEE was used to classify the Landsat 5 Thematic 
Mapper, Landsat 7 Enhanced Thematic Mapper Plus and Landsat 8 Operational Land Imager 
images for 1986, 1991, 1996, 2001, 2006, 2011, 2016 and 2019. The development of plantations 
was tracked, which indicated that forestry increased by more than 100% between 1986 and 
2019. Over the same period, surface water bodies and wetlands decreased by 36.1% and 49.1%, 
respectively. In addition to forestry, climate had a major impact on water resources in the MCP. 
Given that the MCP is a predominately groundwater-driven system, the impact of increased 
plantations on groundwater is an area that requires more investigation. This will improve the 
understanding of water resources in the area.

Conservation implications: The management, protection and conservation of water resources 
within protected areas are entwined with land-use decisions and planning outside of its 
boundaries. The rapid change in land-use experienced outside of protected areas and its 
impact on water resources disregard boundaries and may transgress on protected areas.

Keywords: Google Earth Engine; Landsat imageries; land-use change; remote sensing; north-
eastern South Africa; water resources; random forest classification; land cover.
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impact on surface water and wetland systems in the MCP as 
many of the surface water systems and wetlands in the 
MCP are predominately groundwater driven (Kelbe & 
Germishuyse 2010:124).

Studies as early as the 1990s highlighted the negative impact 
that plantations had on the hydrology and ecology of the 
MCP. A study using aerial photography conducted by 
Rawlins (1991:30) indicated that the size and number of 
wetlands reduced as a result of the introduction of 
plantations in the area. Wetlands were reported to exist 
during the early growth stages of the plantations; however, 
these dried up as the plantations matured and were only 
visible for a short period after heavy rainfall (Rawlins 
1991:30). Smithers et al. (2017:490) indicated that 35% of the 
total decrease in the level of Lake Sibayi was a result of 
forest plantations surrounding the lake. Orimoloye et al. 
(2019:1) opined that a 38% decrease in wetlands in the 
iSimangaliso Wetland Park between 1987 and 2017 was 
because of the impact of plantations. Everson et al. (2019:5–8) 
investigated the water use of plantations and agroforestry 
systems in the MCP and deduced that eucalyptus trees use 
more water in a day when compared with the indigenous 
vegetation. Modelling results from the study indicated that 
the removal of forest plantations from the Vasi area of the 
MCP will result in a 2-m increase in the groundwater table. 
Furthermore, a 40% increase in water yield was predicted if 
the plantations were to be removed from the immediate 
vicinity of wetlands and replaced by agroforestry. 

Despite these limited and specific spatiotemporal studies, 
the long-term impacts of land-use change, including 
plantations on water resources and wetland systems in the 
MCP, are not yet well understood and documented. 
Although land cover information such as the Ezemvelo 
KwaZulu-Natal Wildlife (EKZNW) maps is available, they 
do not extend back beyond 2005. Thus, there is a need for 
regularly updated and long-term land-use data to improve 
the understanding of changes in the land surface and the 
impact on water resources including wetlands. Recently, the 
Google Earth Engine (GEE) platform has been increasingly 
used in conjunction with earth observation data in change 
detection studies (Google Earth Engine 2018). As the GEE 
platform is cloud based, it increases the efficiency of 
producing long-term records of data. A 40-year collection of 
Landsat earth observation data is available within the GEE 
platform, providing an opportunity to produce land-use 
data over a longer time frame.

Previous studies are limited in their temporal and spatial 
investigation of afforestation in the MCP. The availability of a 
long-term data set of afforestation for the MCP provides an 
opportunity to expand on the outcomes of short-term studies 
to gain a better understanding of the hydrology over time. 
This study aims to track the development of plantations over 
a 30-year period and its potential impacts on surface water 
and wetlands systems in the MCP using supervised 
classification. 

Description of the study area
Location and climate 
The MCP is located in the north-eastern coastal plain of the 
KwaZulu-Natal Province, South Africa (Figure 1). The coastal 
plain extends from Mlalazi in the south to Mozambique in the 
north. The coastal plain is bounded by the Lebombo Mountains 
in the west and the Indian Ocean in the east. The present study 
focuses on the region stretching from the northern perimeter 
of the Mkhuze Swamp in the south to the South Africa–
Mozambique national boundary in the north (Figure 1). The 
MCP falls under the Usutu to Mhlatuze Water Management 
Area and has a population of approximately 573 353 people 
(Statistics SA 2011). It is described as one of the most 
underdeveloped areas in South Africa as unemployment, 
access to piped water, lack of electricity and low education 
levels are prevalent in the region (Statistics SA 2011).

The climate of the study area is subtropical and receives 
summer rainfall, with a 30-year mean annual precipitation of 
approximately 580 mm (Figure 4) (SAWS 2018). The majority 
of the rainfall occurs during the summer months, between 
October and March, and is highly spatially and temporally 
variable. The rainfall decreases from the coast inland towards 
the Lebombo Mountains. Mean daily temperatures vary 
from 21.0 °C to 32.1 °C in summer and 10.9 °C to 26.4 °C in 
winter (SAWS 2018). The mean potential evaporation rate for 
the study area is approximately 1458 mm year-1 (DWS 2018). 

Topography, drainage and land cover
The topography of MCP is generally flat. The highest 
elevation in the area is approximately 700 m above mean sea 
level and occurs along the Lebombo mountain range in the 
western boundary of the study area. From here, the elevation 
drops to sea level at the coast. The surface water bodies 
(lakes, rivers and wetlands) are predominately groundwater 
driven (Kelbe & Germishuyse 2010:124). The main rivers that 
drain the MCP are the Umfolozi, Mhlathuze, Pongola and 
Mkuze rivers (Kelbe & Germishuyse 2010:124). The Umfolozi 
River that once formed part of the St. Lucia wetland has since 
separated from the wetland. The Mhlathuze River flows into 
the Richards Bay harbour, and the Pongola River flows into 
Mozambique towards the Maputo Bay. The Mkuze River, 
along with the Nylazi, Hluhluwe and Mzinene rivers, flow 
into Lake St. Lucia (Kelbe & Germishuyse 2010:124). Lake 
Sibayi and the Kosi Bay lake systems are the two main lakes 
in MCP (Figure 1). The study area forms part of the 
Maputaland-Pondoland-Albany Hotspot. 

Indian Ocean Coastal Belt (IOCB), savanna and forest are the 
three biomes covering the study area. The IOCB runs along 
the coast and up to 20 km inland. It consists of the Maputaland 
Coastal Belt and Maputaland Wooded Grassland (Mucina & 
Rutherford 2006:573). The central and western portions 
consist of vegetation forming the savanna biome. This 
includes the Maputaland Pallid Sandy Bushveld, Muzi Palm 
Veld and Wooded Grassland, Tembe Sandy Bushveld, 
Makatini Clay Thicket, Western Maputaland Sandy Bushveld 
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and Southern Lebombo Bushveld, which cover the entire 
Lebombo mountain range (Mucina & Rutherford 2006:573). 
The Sand Forest, the Lowveld Riverine Forest and the 
Northern Coastal Forest are distributed throughout the study 
area (Mucina & Rutherford 2006:571). Adjacent to St. Lucia, 
the wetland type vegetation is evident through the azonal 
vegetation identified in SANBI (2018). Large areas of the 
IOCB and savanna biomes have been replaced by plantations 
and commercial agriculture, with homesteads distributed 
throughout the biome regions. 

Methods and material 
Earth observation data and data processing 
The multi-year land-use maps reported in this study were 
produced using JavaScript in GEE Application Programming 
Interface. Google Earth Engine (GEE) is a cloud-based 
platform for earth science and data analyses (Google Earth 
Engine 2018). Google Earth Engine (GEE) contains a multi-
petabyte catalogue of over 40 years of satellite imagery and 
geospatial data sets with massive computational abilities 
available for users to perform studies relating to change 

detection, trend mapping and quantify changes on the 
Earth’s surface (Google Earth Engine 2018). 

Landsat 5 Thematic Mapper (TM), Landsat 7 Enhanced 
Thematic Mapper Plus (ETM+) and Landsat 8 Operational 
Land Imager (OLI) surface reflectance data were used. As the 
operational period for each satellite is different, a combination 
of three satellites was used. Landsat 5 TM was launched in 
March 1984 and decommissioned in June 2013. Landsat 7 
ETM+ and Landsat 8 OLI were launched in April 1999 and 
February 2013, respectively, and are still operational (USGS 
2018). All have the same 30-m spatial resolution. The flow 
diagram (Figure 2) describes the process undertaken in GEE 
to classify the Landsat images. The Landsat collection was 
filtered to acquire one cloud-free image every 5 years from 
1986 to the most recent 2019 cloud-free images. Moreover, a 
cloud-free Landsat image for 2018 was obtained and used to 
validate against the 2018 South African National Land-Cover 
(SANLC) map. All but one of the cloud-free images were 
available during the winter months. The aim of this study 
was to determine long-term trends in land use and land 
cover, not the seasonal variability. Thus, although it is 
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AfricaLegend: South Africa Study site Towns Protected area Water bodies Rivers

FIGURE 1: Location map of the study area in north-eastern South Africa. 
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acknowledged that in the wetland, lake levels will be lower 
in the dry, winter season, the consistency of using only winter 
images will allow the long-term changes to be identified. The 
images used in this study were for 04 November 1986, 23 July 
1991, 18 June 1996, 16 June 2001, 14 June 2006, 23 August 
2011, 12 August 2016, 15 June 2018 and 04 July 2019. The 
availability of images was limited because of cloud cover. 

Supervised classification
Supervised classification is based on the premise that prior 
knowledge of the land classes in the study area is known 
(Richards & Jia 2006:78). The users determine the land cover 
types to be investigated, and representative pixels for each 
type are identified. This is known as training, and the 
information is obtained either from field surveys, aerial 
photographs, maps, satellite imagery or a combination of 
these (Richards & Jia 2006:80). Once the pixels are trained, a 
classifier is used to classify the rest of the image (Richards & 
Jia 2006:298). Several classifiers are available, including the 
maximum likelihood, minimum likelihood, support vector 
machine and random forest. 

Training data
Training data were obtained by visual inspection of 
TerraMetrics 15-m spatial resolution satellite imagery, the 
EKZNW land cover map and field data. Ezemvelo KwaZulu-
Natal Wildlife land cover map is a free data set available on 
request for 2005, 2008, 2011 and 2017. The EKZNW data sets 
were selected as they are well-recognised published maps for 
KwaZulu-Natal that have relatively high overall accuracies 
(Thompson 2018:21). The EKZNW land cover maps were 
produced using Sentinel 2 satellite imagery based on a 20-m 
spatial resolution (Thompson 2018:5). In addition to the use 
of the EKZNW maps, a field survey was conducted between 
24 June 2019 and 28 June 2019, where a total of 65 in situ land-
use data points were collected. The location of the data points 
was generated using a random point generator tool. The data 
points were collected around the study site and consist of 18 
grasslands, 16 plantations, 14 indigenous vegetation, 7 
wetlands, 5 urban, 4 bare ground and 1 agriculture data 

point. These data were used to assist in identifying land uses 
in the study area for training purposes.

Overall, 35 water body, 25 urban, 25 bare soil, 25 agriculture, 
35 plantations, 50 grasslands, 50 natural vegetation, 30 
wetlands and 30 degraded land reference polygons, 
accounting for over 70 000 pixels, formed the reference data 
set, which was used to identify Landsat pixels that made up 
one of the nine land-use classes. The nine land-use classes 
were chosen as these were identified as the dominant land 
covers, which could be clearly distinguished for the study 
area. The nine land-use classes are water bodies, urban, bare 
ground, agriculture, plantations, grasslands, indigenous 
vegetation, wetlands and degraded land. Bare ground is 
described as a sand cover found typically on the coastline, 
whereas degraded land consisted of partial vegetation cover. 
From the reference data set, 70% of the sample data were 
randomly selected for training, and the remaining 30% was 
used to validate the data set. The training data was used for 
the supervised classification algorithm, and the validation 
data were used in the accuracy assessment of the classified 
land-use maps. 

Image classification
The random forest classification algorithm has become a 
popular model for land-use and land cover classification as it 
has produced more accurate results in comparison to other 
classification algorithms (Li et al. 2014:21; Reynolds et al. 
2016:2). The random forest classification is easier to operate, 
more efficient and robust to outliers and can handle a large 
amount of training data (Rodriguez-Galiano & Chica-Rivas 
2012:13). The random forest classifier has been used in several 
studies to map forests (Mellor et al. 2012; Senf, Hostert & van 
der Linden 2012), wetlands (Berhane et al. 2018; Chignell et 
al. 2018), agriculture (Lebourgeois et al. 2017; Ok, Akar & 
Gungor 2012) and land cover (Jin et al. 2018; Na et al. 2010). 
The random forest classifier consists of many decision trees 
that operate as an ensemble and requires two parameters to 
be identified to make accurate class predictions, namely, the 
number of predictor variables and the number of classification 
trees (Yiu 2019:1; Zurqania et al. 2018:178). Consequently, the 
random forest classification algorithm was adopted and used 
in GEE for this study. 

Accuracy assessment
Accuracy assessment techniques are used to determine how 
well an image has been classified (NASA 2018:2). The 
validation data set was used to produce an error matrix for 
each of the classified images. The error matrix was used to 
determine the overall accuracy, kappa coefficient, user’s 
accuracy and producer’s accuracy using Equations 1, 2, 3 and 
4, respectively. The user’s accuracy (error of commission) 
occurs when a pixel is incorrectly included in a category 
being evaluated, whereas the producer’s accuracy (error of 
omission) occurs when a pixel is left out of the category being 
evaluated (NASA 2018:17). The kappa coefficient is a measure 
of inter-rater reliability and is used to determine the 

Data training and classifica�on

70% of data used for training
classifier

Random forest classifier

Classified image

Accuracy assessment

30 % of data used for
accuracy assessment

Confusion matrix
and accuracy

Data collec�on
Landsat 5 TM, 7 ETM+ and

8 OLI image collec�on
Filter:
• Year
• Cloud
• Region of interst

FIGURE 2: Flow chart summarising the methods followed.
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agreement between two data sets. The user’s and producer’s 
accuracies were generated for all nine classes for each image:

Overall accuracy
Sum of diagonal elements

Total number of accurate pixels
=  [Eqn1]

K
P P

P
Kappa coefficient

agree chance

chance
)( =

−
−

1
 [Eqn2]

where Pagree is the agreement observed and Pchance is the 
agreement expected by chance.

User's accuracy =

Total number of correct pixels in a category

Total number of pixels of that category derived

from the reference data column total)(
 [Eqn3]

Producer's accuracy =

Total number of correct pixels
in a category

Total number of pixels of that category

derived from the reference data row total)(
 [Eqn4]

In addition to the error matrix, a land-use map was 
produced for 2018 and compared with the SANLC (2018) 
map. The SANLC map was chosen as it is a well-recognised 
published map for South Africa with an overall accuracy of 
90.1%. Classes from the SANLC (2018) map had to be 
merged to form classes that were comparable to the nine 
classes defined for this study. Open water bodies, such as 
rivers, estuaries, lakes, dams and natural pans, were merged 
to form the ‘water’ land cover. Residential areas including 
informal settlements, scattered and dense villages, 
commercial, industrial and roads were merged to form the 
‘urban’ land cover. Natural rock, dry pans, coastal dunes 
and dry riverbeds were merged to form ‘bare ground’. 
Cultivated commercial permanent orchards, cultivated 
commercial sugarcane (pivot and non-pivot), emerging 
farmer sugarcane non-pivot, commercial annual crops 
(irrigated and drylands) and subsistence farms were 
merged to form the ‘agriculture’ land cover. Contiguous 
and dense plantation forests, open and sparse plantation 
forests and temporary unplanted (clear-felled) plantation 
forests were merged to form ‘plantations’. Natural 
grasslands were merged to form ‘grasslands’. Contiguous 

(indigenous) forests, contiguous low forests and thicket, 
dense forests and woodland, open woodland and low 
shrubland were merged to form ‘indigenous vegetation’. 
Herbaceous wetlands and mangrove wetlands were merged 
to form ‘wetlands’.

Ethical consideration 
The authors confirm that ethical clearance was not required 
for the study.

Results
The results obtained from the accuracy assessment, the 
comparison between the 2018 classified Landsat image and 
the SANLC (2018) map as well as the spatiotemporal changes 
for plantations, water bodies and wetlands from 1986 to 2019 
are presented in this section. 

Accuracy assessment 
The overall accuracies achieved are all greater than 92% with 
the highest accuracy of 96.3% for the 1996 image (Table 1). 
The highest and lowest kappa coefficients are 0.95 (1996) and 
0.89 (2011) (Table 1). The 2011 image was the only image 
based on the Landsat 7 ETM+ satellite data and has the 
lowest overall accuracies and kappa coefficient. This could 
be a result of scan lines present on the Landsat 7 ETM+ 
images. 

The user’s accuracy and producer’s accuracy range from 
60.2% to 99.9% and from 64.8% to 100%, respectively 
(Table 1). Water bodies proved to be the most accurately 
predicted land-use class across all images with user’s and 
producer’s accuracies ranging between 99.7% and 99.9% and 
99.7% and 100%, respectively. The least accurately predicted 
class was the urban areas with a maximum user and producer 
accuracy of 72.3% and 76.5%, respectively. A majority of the 
settlements in the study area are located within grasslands; 
as a result, some settlement areas, which should have been 
classed as urban land use, are classed as grasslands in the 
majority of the images classified. The plantation land-use 
class produced user’s and producer’s accuracies ranging 
from 71.6% to 92% and 72.0% to 91%, respectively. 

TABLE 1: The user’s accuracy, producer’s accuracy, overall accuracies and kappa coefficients for the classified Landsat images. 
Landuse class 1986 1991 1996 2001 2006 2011 2016 2019

UA (%) PA (%) UA (%) PA (%) UA (%) PA (%) UA (%) PA (%) UA (%) PA (%) UA (%) PA (%) UA (%) PA (%) UA (%) PA (%)

Water 99.7 99.9 99.9 99.9 99.8 99.7 99.8 99.8 99.7 99.9 99.8 99.7 99.9 99.9 99.9 100.0
Urban 71.8 73.1 71.6 69.7 65.6 69.8 70.2 69.1 72.3 76.5 64.0 64.9 66.8 70.9 60.2 64.8
Bare ground 99.8 98.4 98.8 96.6 98.1 96.2 98.9 98.9 96.7 96.5 97.4 97.8 96.4 97.3 95.4 98.0
Agric 93.1 91.0 89.4 89.9 74.5 80.1 84.2 83.5 86.3 87.7 82.2 83.7 83.4 86.2 85.5 85.7
Plantations 88.5 90.0 90.3 91.0 92.0 89.4 86.5 85.5 86.7 87.5 71.6 72.0 83.9 83.7 81.5 82.4
Grasslands 87.7 88.1 90.8 89.7 90.9 91.0 88.1 87.7 91.1 89.6 83.0 83.1 85.1 84.8 84.2 83.4
Indigenous veg 97.9 98.0 98.2 98.3 98.5 98.4 98.5 98.7 98.1 98.1 95.9 96.1 97.1 97.1 97.1 97.1
Wetlands 94.0 93.2 95.3 95.5 96.2 96.9 96.9 96.5 96.0 96.6 88.3 87.8 93.2 92.2 92.2 92.6
Degraded land 92.4 92.0 92.0 92.5 93.5 93.1 88.9 89.2 93.2 93.4 88.9 88.2 90.6 90.3 87.9 87.5
Overall accuracy (%) - 95.5 - 96.0 - 96.3 - 95.4 - 96.0 - 92.3 - 94.0 - 93.5
Kappa coefficient - 0.9 - 0.9 - 0.9 - 0.9 - 0.9 - 0.9 - 0.9 - 0.9

UA, user’s accuracy; PA, producer’s accuracy.
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Validation of the 2018 Landsat classified map 
The 2018 Landsat classified land-use map was compared 
with the 2018 SANLC map (2018) as part of the validation 
study. The water bodies, wetlands and plantations land-use 
classes were compared. 

The regression indicates a good correlation between the two 
data sets with a coefficient of determination (R2) of 0.92. Water 
bodies have the least difference in area between the two maps 
followed by wetlands and plantations. Water bodies covered a 
total area of 10 303 ha according to the SANLC (2018) map, 
whereas the Landsat classified map had a total area of 11 260 
ha (Table 2). The Landsat classified map overestimated water 
bodies, wetlands and plantations by approximately 9.3%, 4.4% 
and 29.3%, respectively. These small discrepancies may be 
attributed to the fact that the SANLC (2018) map was produced 
at a 20-m spatial resolution compared with the Landsat image, 
which has a 30-m spatial resolution. 

Land-use changes in the Maputaland Coastal 
Plain from 1986 to 2019
Plantations, water bodies and wetland land-use classes from 
1986 to 2019 were selected and assessed. Most of the 
plantations are located along the coastline, just north and 
south of Lake Sibayi (Figure 3). Plantations increased at an 
average rate of 235 ha year-1 between 1986 and 1991, which 
increased to approximately 2372 ha year-1 by 2019 (Table 3). 
This indicates that the rate of change increased 10-fold 
between 1986 and 2019. The plantation coverage increased by 
about 22 549 ha between 1986 and 2019. Initially, the 
plantation was concentrated around Lake Sibayi. Between 
1986 and 2001, a 5936-ha increase in plantations was observed. 
This expansion of plantation occurred in the region north of 
Lake Sibayi with smaller plantations developing west of 
Lake Kosi Bay. In 2006, there was a decrease in forestry, 
possibly because of felling. Following this, a 35.4% (11 193 
ha) increase in plantations occurred between 2006 and 2019. 
The classified images between 2006 and 2019 (Figure 3) 
indicate that the expansion of commercial plantations was 
concentrated in the area west of Kosi Bay and to a smaller 
extent west of Lake Sibayi. 

Surface water bodies and wetlands have experienced a 
decline since 1986. The largest rate of change was experienced 
during the 2001–2006 period for surface water bodies with an 
average decrease of 444 ha year-1. During the same period, 
wetlands experienced the largest rate of decline of 1383 ha 
year-1 (Table 3). Open water bodies decreased by 17.5% 
between 1986 and 1996 (Figure 4). However, water bodies 
increased by 0.5% between 1996 and 2001. From 2001 to 2019, 

a more significant decrease by 22.9% was observed. An 
overall decrease of 36.1% occurred between 1986 and 2019. 
The largest rate of change was experienced during the  
2001–2006 period with an average decrease of 444 ha year-1 
(Table 3). The extent of Lake Sibayi and water bodies located 
in the middle of the study area visibly declined in the images 
from 1986 to 2019 (Figure 3). Between 2001 and 2006, the 
southern basin of Lake Sibayi became noticeably smaller 
(Figure 3). By 2016, the southern portion of the lake was 
disconnected from the main lake and continued to decrease, 
as can be seen in the 2019 image (Figure 3). The water bodies 
located near the middle of the study area have also decreased 
between 1986 and 2019 and, in some instances, disappeared. 
The water bodies in the Kosi Bay area do not seem to have 
been affected that much. Within the conservation area, water 
bodies decreased by 17.5% between 1986 and 2019. 

The distribution of wetlands located in the study area is 
shown in the classified images of Figure 3, where the most 
extensive one is located in the southern section of the study 
area. The extent of wetlands is visibly smaller in the 1986 
image as a result of below-average rainfall received in 1985 
(DWS 2018). Between 1986 and 1991, a 16.7% increase in 
wetlands occurred (Figure 4), particularly along and around 
water bodies in the northern region of the study area and in 
the south-west section of the study area (Figure 3). 

The extent of wetlands remained relatively constant with a 
705.7-ha difference between 1996 and 2001. The extent began 
to decrease significantly from 2001 onwards (Figure 4). 
Between 2001 and 2019, wetlands decreased by 47.9%. The 
highest rate of wetland decline was experienced during the 
2001 and 2006 period at a rate of 1383 ha year-1 (Table 3). A 
decrease in the extent of the iSimangaliso wetland in the 
south and wetlands located on the northern boundary of the 
study area is noticeable in the classified maps. Generally, 
wetlands experienced an overall decrease of 15 862.6 ha 
(49.1%) during the study period. Wetlands within the 
conservation area increased between 1986 and 1996, and after 
which, their extent decreased by an overall 18%. 

Urban areas increased by 36.5% between 1986 and 1996 
(Figure 4). This was followed by a decrease of 4.8% between 
1996 and 2001. Overall, the urban land class increased by 38% 
between 1986 and 2019. 

Discussion
Image processing, classification and validation
The random forest classification algorithm was used within 
the GEE platform to produce land-use maps for the northern 

TABLE 2: Area comparison between South African National Land-Cover map (2018) land cover and the Landsat 2018 classified map.
Land use class SANLC 2018 (ha) Landsat classified map for 2018 (ha) Area difference (ha) Percentage difference (%)

Water bodies 10 303 11 260 957 9.3
Wetlands 27 918 29 139 1 221 4.4
Plantations 26 106 33 751 7 645 29.3

SANLC, South African National Land-Cover.
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MCP for the years 1986, 1991, 1996, 2001, 2006, 2016 and 2019 
to assess long-term trends and changes. The results of the 
validation study indicate a good overall goodness of fit (R2 = 
0.92). The overall accuracy ranged between 92.3% and 96.3%. 
The 2011 image had the lowest overall accuracy (92.3%) 
because of the gap-filled scan lines present in the Landsat 7 
ETM+ image, which may have affected the accuracy of the 
classification. The Landsat 7 ETM+ 2011 image was used as 
there was no cloud-free image available from Landsat 5. The 
overall accuracy decreased from 1986 to 2019. This could 
be zattributed to the change in land cover over time. As 
land cover heterogeneity increases, the probability of 

misclassifying pixels increases, which influences the overall 
accuracy (Smith et al. 2002:69). 

The error matrix for all eight images indicated that urban 
areas were the least accurate land cover class predicted. The 
reason for the poor estimation of the urban land cover class 
could be attributed to the 30-m spatial resolution of the 
Landsat satellite data, which failed to capture the homesteads 
in the MCP, as many of them are smaller than the satellite 
resolution. Furthermore, the yards are not tarred or paved 
and are covered by grass or shrub vegetation and small 
subsistence vegetable plots, which may have been incorrectly 

FIGURE 3: Spatial distribution of forests, water bodies and wetlands for the Maputaland Coastal Plain between 1986 and 2019.
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mapped as grassland land cover. Improved classification of 
urban areas can be achieved using a finer resolution satellite 
such as Sentinel (10 m resolution); however, imagery is not 
available for long-term studies. The lower accuracies 

achieved for the grasslands, plantation and agricultural 
classes may be attributed to the random forest classification 
algorithm. Jin et al. (2018:17) identified Normalized 
Difference Vegetation Index (NDVI) as the most important 

FIGURE 3 (Continues...): Spatial distribution of forests, water bodies and wetlands for the Maputaland Coastal Plain between 1986 and 2019.
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variable that influenced the random forest classifier. The 
limited availability of water, particularly in recent years, may 
have influenced the NDVI of grasslands, plantations and 
rainfed agriculture lands during the winter season and hence 
affected the results achieved. The 30-m spatial resolution 
appeared to be suitable for water bodies and wetlands as the 
overall accuracies for these classes were relatively high.

Land-use/land cover change
The Landsat classified maps from 1986 to 2019 indicated an 
overall increase in size and number of plantations, wherein it 
more than doubled during the last three decades. The 
Manzengwenya and Mbazwana plantations have expanded 
but most notable was the development of new plantations 
near the Kosi Bay area and west of Lake Sibayi. These findings 
were in line with earlier reports by Weitz and Demlie (2014:1) 
and Everson et al. (2019:69), who expressed concern that 
plantations in the MCP were increasing. The new plantation 
developments are visibly smaller than the Manzengwenya 
and Mbazwana plantations and are likely related to small-
scale woodlots grown by subsistence farmers. SA Forestry 
(2012:1) reported that Mondi, a timber production company, 
has been assisting the local communities that are located from 
Sodwana Bay to the Mozambique border in establishing 
small-scale commercial plantations as means of livelihoods. 
Another timber production company, Sappi, has established 

a programme that provided small-scale growers with a 
minimum of 5 ha (SA Forestry 2012:1). One such site is 
established near Manguzi, near Lake Kosi Bay (Sappi 2020:1). 
Many studies highlighted the high water use of plantations 
compared with the natural vegetation it replaces (Dye 1996:33; 
Dye & Versfeld 2007:122; Everson et al. 2019:6). The evergreen 
canopies, high leaf area index and deep roots coupled with 
favourable climatic conditions are the drivers behind the high 
water use of plantations (Dye & Versfeld 2007:122; Everson et 
al. 2019:138). The deep root systems of plantations allow the 
trees to access groundwater, which is not accessible by 
shallow-rooted grasslands and poses a threat to groundwater 
systems. Water use of Pinus plantations from three summer-
rainfall catchments in South Africa, namely, Cathedral Peak, 
Mokobulaan A and Mokobulaan B, ranged between 750 and 
900 mm year-1 (Dye 1996:32). Recently, Everson et al. (2019:5) 
estimated the average daily water use of individual trees in 
the MCP. Small Eucalyptus trees had an average daily water 
use of 19.2 L day-1, whereas the average daily water use of 
mature trees was 8.0 and 11.41 L day-1 for Pinus and Eucalyptus, 
respectively. In Nebraska Sand Hill, United States, Adane et 
al. (2018:180) reported that annual average groundwater 
recharge rates decreased from 9.65 to 0.07 cm year-1 when 
natural grasslands were replaced with Pinus plantations. 
Ndlovu and Demlie (2018:1) reported that groundwater level 
around the Tembe and Mbazwana areas in MCP decreased 
by 0.7 m and 2.7 m, respectively.

TABLE 3: Net area change (ha year-1) between measurement periods for plantations, surface water bodies and wetlands.
Land use class 1986–1991 1991–1996 1996–2001 2001–2006 2006–2011 2011–2016 2016–2019 1986–2019

Plantations 235 151 801 1 084 -1 231 1 098 2 372 683.2909
Surface water bodies -242 -316 12 -444 -56 32 -135 -174.325
Wetlands 1 078 -1 085 -141 -1 383 -623 -497 -523 -480.684
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FIGURE 4: Change in area covered by plantations, water bodies and wetlands, as well as annual precipitation for the study area, for the period from 1986 to 2019.
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The Landsat classified maps revealed a decrease in water 
bodies and wetlands in the study area during the same period. 
The main drivers for the reduction in the extent of open water 
bodies and wetland systems are the expansion of plantations 
and the change in climate. The results of this study are 
consistent with the findings of Rawlins (1991:30) and Smithers 
et al. (2017:490), where plantations are reported to have 
induced a reduction in the extent of surface water and wetland 
systems. Since the early 1990s, studies have indicated that 
plantations have reduced the size and number of wetlands in 
the MCP (Rawlins 1991:30). Rawlins (1991:30), Everson et al. 
(2019:24) and Orimoloye et al. (2019:1) noted the reduction in 
wetlands linked to plantations, with Orimoloye et al. (2019:1) 
finding a 38% decrease in wetlands in the iSimangaliso 
Wetland Park between 1987 and 2017. Moreover, Grundling, 
Van Den Beg & Price (2013:135) reported that wetlands in the 
MCP decreased as a result of land-use change and drought. 

The present study found an overall decrease of 49.1% in 
wetlands that is far more than that reported by Orimoloye et 
al. (2019), which is related to the difference in the size of the 
study area investigated and the length of time considered. 
Smithers et al. (2017:490) indicated that plantations were the 
cause of a 35% drop in the water level of Lake Sibayi and that 
removal of the forest from the catchment area would increase 
water yield substantially. Elsewhere in the world, D’Amato 
et al. (2017:270) stated that plantations in southern China had 
negative impacts on water quantity and suggested the 
removal of plantations to improve water availability. 
Immediate increase in water yield following the removal of 
plantations has been reported in many countries, including 
south-eastern Australia (Bren & Hopmans 2007:1), India 
(Sikka et al. 2003:1) and several Andean countries (Bonnesoeur 
et al. 2019:575). Similarly, Woodward et al. (2014:1) reported 
that the removal of forests has increased the water available 
to wetlands and, in some instances, created new wetlands, 
particularly in Australia and New Zealand. 

Climate has a major impact on water resources in the MCP. 
Pitman and Hutchison (1975) highlighted that Lake Sibayi 
was highly sensitive to changes in local climate. In addition 
to forestry, the decrease in the extent of water bodies reported 
in this study for the period between 1991 and 1996 may be 
attributed to a severe drought that occurred between 1992 
and 1995 (Kelbe & Germishuyse 2010:183; Ndlovu & Demlie 
2020:8). Rainfall data from the Makatini Research Centre 
(Figure 4) recorded an average annual precipitation of 471 
mm between 1992 and 1994. This was lower than the 30-year 
average annual precipitation of 580 mm between 1988 and 
2018. The increase in water bodies found between 1996 and 
2001 is attributed to the higher rainfall the area received 
during the same period, where surface water bodies increased 
in area by approximately 12 ha year-1. However, the following 
decade recorded lower-than-average rainfall, which was a 
major contributor to the shrinkage of wetlands and lake level 
reduction reported for the study area (Nsubuga, Mearns & 
Adeola 2018:1; Smithers et al. 2017:490). Climatic patterns 
investigated over the study period found that below-average 

rainfall has been experienced in the study area since 2001 
(Blamey et al. 2018:6). Nsubuga et al. (2018) analysed rainfall 
data from eight stations in the MCP and reported a strong 
correlation (0.88) between precipitation and surface water 
levels. The study reported in this article shows that, the 
extent of surface water bodies decreased by about 444 ha 
year-1 between 2001 and 2006; this decrease was consistent 
with that reported in Smithers et al. (2017:490) and Nsubuga 
et al. (2018:1). 

Implications on conservation areas
This study showed that expansion of plantations and 
decrease in rainfall in the MCP have resulted in a decrease in 
the extent of surface water bodies and wetlands. The 
expansion of plantations is concentrated around the south–
north axis of the recharge area of the iSimangaliso Wetland 
Park. Consequently, the extent of water bodies and wetlands 
in the conservation areas of the MCP decreased by 17% and 
24%, respectively. Because of the interconnected nature of the 
hydrologic system of the MCP, any stress on the groundwater 
systems will transmit automatically into surface water bodies 
and wetlands, including the conservation areas. This suggests 
that land-use planning and decisions outside of conservation 
areas and their impact on water resources disregard 
boundaries and may transgress on conservation areas.

Conclusion 
The north-eastern MCP has undergone significant change in 
land use over the last five decades, including afforestation, 
agriculture and rural settlements. To understand and map 
these land-use changes, the cloud-based GEE platform was 
used to process and classify satellite data for the period from 
1986 to 2019. The random forest classifier was used to classify 
a total of eight images for the study period. The overall 
accuracies of the classification achieved range from a 
minimum of 92.3% (2011) to a maximum of 96.3% (1996). The 
spatial expansion of plantations is clearly indicated, and an 
inverse relationship with surface water bodies and wetlands 
is noticed over the study period. 

The development of plantations was tracked between 1986 
and 2019, which indicated that during the last decade, the 
rate of development has increased. The Landsat classified 
images indicated that the expansion of plantation was 
concentrated in the area west of Lake Kosi Bay and Lake 
Sibayi. Over the same period, surface water bodies and 
wetlands decreased by 36.1% and 49.1%, respectively. As a 
result of the shrinkage in the areal extent of the lakes, the 
southern basin of Lake Sibayi was disconnected from the 
main basin of the lake in 2016, and the lake area continued to 
decrease. Water bodies located around the middle of the 
study area have also been negatively affected, and some of 
them have disappeared in the 2019 classified map. Similarly, 
the extent of wetlands decreased significantly, and a 47.9% 
reduction in area was noted between 2001 and 2019. The 
decrease in the extent of surface water systems, including 
lakes and wetlands, is not only attributed to land-use changes 
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such as the expansion of plantation but also to climate 
changes in the form of below-average rainfall.

This study confirms that the GEE platform is an ideal tool for 
processing earth observation data at large spatial and long-
time scales as it contains a multi-petabyte catalogue of 
satellite imagery and geospatial data sets with massive 
computational abilities, which allow users to efficiently 
determine long-term land-use changes for large areas. The 
results of the multi-temporal land-use and land cover 
information reported in this article will undoubtedly inform 
policy- and decision-making related to the impacts of land-
use change, including critical evaluation of water use license 
issues related to various scales of plantations and undertaking 
consistent compliance monitoring.
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