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GLOSSARY OERMS

Artificial waterbodies / artificial wetlands. include terrestrial and aquatic ecosystems which have
been modified by humans to varying degresther within or in the vicinity of aquatic ecosystems.
Such data sets may include point or polygon data on the extent and distribution of for exampl
artificial wetlands, aquaculture facilities, bridgesinals, excavationsailways, reservoirs, roads,
salt works, sand mining, treatment works and weirs.

Aquatic ecosystemst¥in ecosystem that is permanently or periodically inundated by flowing or
standing water, or which has soils that are permanently or periodically saturated within 0.5 m of
the soil surfacgOllis et al., 2013:94)

Biodiversity. Whe diversity of genes, species and ecosystems on Earth, and the ecological and
evolutionary processehat maintains this diversitSANBI, 2016)

Classification refers to the categorisation of watercourses according to their resource quality
objectives as per Chapter 3 of the National Waket RSA199813).

Commission errorfor the purpose of thiseport, terrestrial areas mapped as wetlands.
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Coordinate system used for datas the South Africallbers Equal Area conical projection with
the central meridian at 25°E, paralles 24°S and 33°8nd the spheroid and datunthe World
Geodetic System ofdaB4 (WVGS84.

Floodout Wobate/fanshaped sediment body that radiates downstream from an intersection
point of a discontinuous channel. Typically comprise sandy materials immediately downstream of
the intersection point, but may terminate in swamps orarshes as fingrained sediment
accumulates downstrearfBrierley and Fryirs (2005: 113).

Groundwater. Wubsurface water in the saturated zone below the watertéble6 52 ! CXZ HAany

Inland Aquatic Ecosystemsd#n ecosystem that is permanently or periaalig inundated by

flowing or standing water, or which has soils that are permanently or periodically saturated within
0.5mofthesoilsurfac@ 6 httAa Si | f @ilandanddsdot éstfdrine drdnard& 2 O
in nature

Lacustrine (nonvegetaed wetlands)¥w St F G Ay 3 G2 | adtariasdYwetdari A y €
habitats associated with lakes and reservoirs and characterized by the absence of trees, shrubs, or
SYSNESyYy(G @S3aSil A2y oQCompletefaid Uyabiridgey, Bth EdiiiB0156Q O G A 2
HarperCollins Publishers 1991, 1994, 1998, 2000, 2003, 2006, 2007, 2009, 2011, 2014
https://www.thefreedictionary.com/lacustring

Lakes Wre depressions in the valley bottoms whichay be temporarily, seasonally or
permanently inundated. Unlike pans, they are not deflationary erosional features, but instead they
have, or would have had, an outlet at the downstream end of the valley (a low point); which has
been variously blocked ortlerwise restricted by dune deposits; terminal moraines (e.g. Lake
District; U.K.), landslides or other depositional features across the valley bottom. Their shape is
therefore determined by the surrounding slopes/higher ground (in contrast to the defiakio
processes creating the typical circular or oval depressional pan sEXRA&AF, 2008:20).

Limnetic . littoral) inundated to a maximum depth of 2 or more at the average annual lew

gl GSN) £t S@St 2F |y 2Ly 6l GSNb2Reé WéhttAaa Sa |
Littoral: f. limnetic) inundated to a maximum depth of less tham®at the average annual low

water level of an open waterbodyo ht ft Aa S Ff ®X HAmMO0O

Omission error for the purpose of this reportwetland areas not mapped in a NWM.

Palustrine (vegetated wetlaR & Relatilg to a system of inland freshwater wetlands, such as
marshes, swamps, and lake shores, characterized by the presence of trees, shrubs, and emergent
vegetationQ (Collins English Dictionarg Complete and Unabridged, 12th Edition 2014 ©
HarperCdlins Publishers 1991, 1994, 1998, 2000, 2003, 2006, 2007, 2009, 2011, 2014
https://www.thefreedictionary.compaludrine).

Riparian habitat: Whcludes the physical structure and associated vegetation of the areas
associated with a watercourse which arenmmonly characterised by alluvial soils, and which are
inundated or flooded to an extent and with a frequency sufficient to support vegetation of species
with a composition and physical structure distinct from those of adjacent land Qr&&A,
1998:9).
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Rivers a linear inland aquatic ecosystem with clearly discernible bed and banks, which
permanently or periodically carries a concentrated flow of water. A river is taken to include both
the active channel and the riparian zone as a uhitapted from Ol et al., 2013:100)

Strategic Water Source Aread { G NF 6§ SIA O 2| GSNJ { 2dzNDS ! NBIa o/
land that either: (a) supply a disproportionate (i.e. relatively large) volume of mean annual surface
water runoff in relation to their sizand so are considered nationally important; or (b) have high
groundwater recharge and where the groundwater forms a nationally important resource; or (c)
FNBFa GKFEdG YSSUG 0féMatrOMNALIZBINA.I o6l 0 YR 600 ®é
Subquaternary catchmens (S@s) A fifth level of catchment division which has been derived in
South Africa from a 5 spatial resolution Digital Elevation Model (DEM) for the National
Freshwater Ecosystems Priority Areas (NFEPA) project (Nel et al., B®d Department of Water

and Sanitation (DWS) uses this data set for their Present Ecological State (PES) assessments issuec
in 2011.See also Quinary.

Typing of Inland Aquatic Ecosystemfersto the categorisation of ecosystems according to the
Classification System for wetlamdnd other Aquatic Ecosystems in South Africa.

Quinary: A fifth level of catchment division which has been derived in South Africa from time 90
spatial resolution DEM which was hydrologically corrected from the original Shuttle Radar
Topography Mapper (SRTM) DEM. A similar procedure to the SQ4s were used, however the
boundaries of the updated quaternary catchments from WEport No. 1908/1/11Weepener et

al.,, 2012) were used to constrain the calculation. (Maherry et al.,.320YRC ReporiNo.
2020/1/12).See also Sufuaternary catchments (SQ4s).

Washes a term usedin the arid and sermarid regions which refers to the broad, gravelly,
normally dry bed of an intermittent stream (derived from Bates and Jackson, 1987:730, Glossary
of Geology)A wash is a type of floodout.

Watercourses W2 | 1 SN2 dzZNBE S & Q chaghél faddrbdks of allzritieis, sprikdgsand
YIEGdzNF £ OKIyySfta WAY gKAOK RBANLSBI)TE 20a NBIdzA |

Wetlands Yheans land which is transitional between terrestrial and aquatic systems where the
water table is usually at or neéne surface, or the land is periodically covered with shallow water,
and which land in normal circumstances supports or would support vegetation typically adapted
to life in saturated soflRS# 1998:9).

Wetland delineation $he determination and markig of the boundary of a wetladtt @IXy R 8
marking the outer edge of the temporary zone of wetr@&@sslapted from DWAF, 2008:11). this
document the term is used to refer to both in field and desktop deltron.
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EXECUTIVEBIMARY

A South African Inventory of Inland AgicatEcosystems (SAIIAE) was establistheding the National
Biodiversity Assessment of 2018 (NBA 2018). The SAIIAE offers a collection of data layers pertaining to
ecosystem types and pressures for both rivers and inland wetlands.

The SAIIAE builds on prews efforts while also introducing improvements and several new elements. An
inventory of inland aquatic ecosystems responds to a rstidtkeholder need for the planning, conservation

and management of these systems, as mandatedabyumber of legislativéActs, including the South
African National Water Act (NWA) and the National Environmental Management: Biodiversity Act (NEMBA).
This report provides a full overview of historical efforts in the inventorying of inland aquatic ecosystems, as
well as effortsundertaken between 2015 and 2018 in the update of data layers associated with river and
inland wetland ecosystem typdsr the NBA 2018

Key highlights

1 A South African Inventory of Inland Aquatic Ecosystems (SAIIAE) have been established as a
collectionof data layers that represent the extent of river and inland wetland ecosystem types as
well as pressures on these systems.

1 The extent of inland wetland ecosystems have be@wmreasedby 123% compared to the NFEPA
wetlands.

9 Eight unique limnetic depressis (lakes) have been identified.

1 A confidence map of inland wetlands gusdesers to appropriate use of the map.

Key fndings

1 Inland Aquatic ecosystems are represented by a river lines data set as well as polygons of river and
inland wetland types in NWBI Both data sets should be used to represent inland aquatic
ecosystems.

T NWMS representqearly 4 million hectares (ha) of aquatic ecosystems which cover 3.3% of the
surface area of South Africihese include:

o Inland wetlands which constitutes > 2.6 moitliha or 2.2% of the surface area of South
Africa;

o > 1 million ha of river channels; and

0 201381 ha of estuarine ecosystems (<0.2% of the surface area of South Africa).

1 The rivers data set represent 200 955 km of river length of which 164 018 km (88kipied
within South Africa. The majority of the rivers in South Africa (90%) has a river ecosystem types
assigned; 10% are ephemeral and episodic systems within the arid Northern Cape Province and
<0.1% coincide within an estuary. Mainstem rivers cont&i76 830 km (47%) of the total length of
the South African rivers, and tributaries 87 188 km (53%).

9 Eight limnetic depressions (lakes) have been identified where the depth of the deatdrat low
tide is > 2n. These system constitutie8 376 ha of whit Lake Sibayi is the largest.

1 Artificial wetlands have been mapped as a separate layer, totalling almo$t080ba.
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List of Limnetic depressions (lakes) of South Africa:

Name Extent (ha) Percentage of the total extent of limnetic depressions
Barberspa 1720.6 12.9
Chrissiesmeer 1282.6 9.6
De Hoop 949.3 7.1
Groenvlei 357.3 2.7
Lake Banagher 184.5 1.4
Lake Fundzudzi 192.3 14
Lake Sibayi 8 360.1 62.5
Tevredenpan 329.2 2.5
Total extent 13 376.0

Knowledge @ps

9 Address uncertainties pertaining to the conceptual ecosystem types implemented and species
biodiversity observed.

9 Inland aquatic ecosystems in the arid regame poorly understood. In the rivers data layer these
are typed as ephemeral and episodic rivers. In the NWM a high uncertainty of the
hydrogeomorphic typing is associated with these syste~urther work should be done to better
define and distinguish water courses, floodouts and washes in these regions.

KeyMessages

1 Baseline data related to inland aquatic ecosystems are crucial for planning, conservation and
management of inland aquatiecosystems. Currently theabeline datasets provide a poor
representation of inland aquatic ecosystem types, as well as their pressures and impacts. The
inland wetlands, for example, showed G9% low confidencdor representing the extent of
ecosystems, wh an estimated 50% omission err@onfidence and accuracies of other data layers,
such as rivers and artificial wetlands, are deficient.

Priority actions

Institutional collaboration across all organisations and stakeholders for the improved undergand
mapping, conservation, monitoring and management of inland aquatic ecosystems should be established
and sustained. Responsibilities related to ecosystem data sets sholiktdukby relevantdata custodians

under the South African Spatial Data Infrasture (SASDI) Act

1 Research priorities:

o Improve understanding ofhe relationship between the ecosystem types and species
biodiversity.

o Improve understanding and classification of watercourses, particularly in arid systems.

o0 Broad regionatepresentation of Level 2 of the Classification Systems should be informed
by analysis of relevé data from the National Wetland Vegetation Datal&isben, 2015).

o Improvement of the extent of river and inland wetland ecosystem type

o Improved national modéng and monitoring of inland wetlands across lgegn
hydrological regime cycles. This will improve our understanding of ecosystem types and
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their functions. CurrentlyGeographical Information SystemGI§) are used for onceoff
prediction of extent, types and condition. Tirseries should be considered in such
modelling. The improvement of freely available remote sensing images at finer scale

0 Methods of accuracy assessment of the extent and types of inlandti@geicosystems at
various scales.

9 Collation of species data, particularly madinoertebrate data (Nel and Driver, 2012)
1 Improved understanding between the association of ecosystem services and ecological
infrastructure with ecosystem types (adapted fréwel and Driver, 2012).

The following chapters provide relevant detail to this summary:

=A =4 =4 =4 =4 4

Chapter 1: Introduction and overview of the SAIIAE

Chapter 2: The origin and improvement of the rivers data set for the NBA 2018

Chapter 3: The origins of the Nationaetland Map of South Africa

Chapter 4: The results of the update of National Wetland Map 5

Chapter 5: Probability modelling of wetlands for South Africa

Chapter 6: Evaluation of the watercourse probability map for supplementing the National
Wetland Map

Chapter 7: Conclusions and Recommendations
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1. CHAPTERL: THE DEVELOPMENDF A SOUTHAFRICAN
INVENTOROFINLANDAQUATIECOSYSTEMS

Chapter Citation:Van Deventer, H2018. Chapter 1: The Development @fSouth African
Inventory of Inland Aquatic Ecosysten®outh Africaninventory of Inland Aquatic Ecosystems
(SAIIAE)Technical ReporCSIR report numbe&ZSIR/NRE/ECOS/IR/2018/0001/A

This chapter is compiled and expanded from a number of other publications including:

9 Van Devater, H.; SmitPAdao, L.; Petersen, C.; Mbona, N.; Skowno, A.; Nel, Je2MS L.
Revew of available data for a South African Inventory of Inland Aqu&tosystems (SAIIAE).
WaterSA, 44(2):18¢ 199.http://dx.doi.org/10.4314/wsa.v44i2.8

This chaptemprovides an overview of the original mapping of hydrological feataed aquatic
ecosywtemsin South Africa since the 194Gmnd subsequent development of directories of aquatic
ecosystems since the late 1980s. The National Freshwater Ecosystem Priority Areas (NFEPA) project
of 2011 marked the first milestone where both rivers and wetlawdse typed into ecosystem types

at a countrywide scale This supported the conservation planning outputs of NFEPA, and the
National Biodiversity Assessment (NBARO011. The first South African Inventory of Inland Aquatic
Ecosystems (SAIIAE) now buitds these previous efforteind expand the directory to awider
representation of watercoursesand additional information for the purpose of inventorying,
assessment and planning. An update of the Classification System and terminology is given, as well as
unique ecosystem types identified for wetlands.

1.1 Thehistory of the development of alirectory and map of freshwater
ecosystems

The South African National Water AGNWA) Act 36 of 1998 (RSA, 1998)rovidesgovernance to
ensureequitable rights use and protection of wateresources in South Afriche Department of

Water and Sanitation (DWS) is the primarily implementing and governing agency of theTH&/A.

condition of the aquatic ecosystemi terms of quantity and qualityis addressed throgh the
classificatiorof water resourcesn which resource quality objectives are defindthe NWAincludes

all watercourses, surface water, estuaries and aquifers as water resources governed by the Act.

W2 | GSND2dz2NESaQ Ay Of dzZRSdalllR ARNBEEKSAOKKAYTSE VI RdAzET f
g1 GSNI Ff 264 NBIdzZ RIN1898:P, Netldnys(i ISk ok daimSefiritiong &re 6

provided for aquifers, riparian habitats and wetlands (Box 1).
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Box1: Selective ddhitions of terms related to Inland Aquatic Ecosystems from the National Water Act (1
89

(i) "aquifer" means a geological formation which has structures or textures that hold water or permit
appreciable water movement through them;

(xxi) “ripariarhabitat" includes the physical structure and associated vegetation of the areas associated
watercourse which are commontharacterisedy alluvial soils, and which are inundated or flooded to an
extent and with a frequency sufficient to suppoegetation of species with a composition and physical
structure distinct from those of adjacent land areas;

(xxix)"wetland" means land which is transitional between terrestrial and aquatic systems where the wa
is usually at or near the surfaaar, the land is periodically covered with shallow water, and which land in n
circumstances supports or would support vegetation typically adapted to life in saturated soil.

In addition to the NWAandthe National Environmental Management: Biodivershgt (NEMBA)Act
100f 2004 (RSA, 2004)rovides for the managemenplanning, monitoringnd conservation of the
biodiversity associated withwater resources, whetheecosystemsor species.The South African
National Biodiversity Institute (SANBI) i timplementation agency responsible for monitoring and
reporting on the status of biodiversity in South Africa.

In response tdoth the NWAand NEMBAan inventory of all water resources, includinfprmation

related to the quantity, quality use, biodiersity and protection of water resourcess required.
International definitions ofi KS G SNY WAy @S yelatadi@water reSculcis Gevd bedne | a
primarily defined in the ecological domain, and include multiple components required for supporting
monitoring, assessment and planning (Finlayson and Spiers, 1999; Finlayson et al., 1999). A
WR A NXif dodttddt ©© considered merely a list of, for example, wetland ecosystems and their
coordinates. @mponentsof an inventory may therefore be mord&an just a list or spatial map of

the water resources and would include information @ompiled fromFinlayson and Spiers, 1999):

Suprahabitat / System (@. estuarine, lacustrine, marine, fresh)

Habitat (eg. saltmarsh, peat, mangrove)

Floral/faunal goups (orders or taxa; migration and nesting behaviour or sites)
Climate

Impacts (land use, invasives, pollution )

Function

Hydrology (e.g. hydroperiod)

Biodiversity value(s)

Cultural value(s).

=8 =4 =4 =8 -8 -8 -8 -8 -9

Owing to the multitude of components in an inventory, it magll be that the components are
stored in multiple databases in a variety of formatsspects of ater resources and related
biodiversityare governed by more than onéct and government departments irffouth Africa.lt
follows thatit will require a diversity of institutions to compile and coordinate a thorough inventory
of water resources.
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The mapping of hydrological features of South Africa, including rivers, waterbodies and dpaireys,
beendone since the 1940s by the Southiédin Surveys and Mapping Directorate of the Department
of Land AffairsThese data setsare updated every three years and still form a significant spatial
representationof water resources in the country (Van Deventer et 2018. The Department of
Water Affairs and Forestry (DWAF) has historically ensured that the 1:500 000 and 1:50 000 rivers
data from Surveys and Mappirage hydrologically correct and reach codes were calculated for the
1:500 000 rivers data set. Hydrological features as mapped byuhent Department of Rural
Development and Land Reform: Directorate National -Ggatial Information (DRDLR:NGI), is
considered a core data set for South Africa under3patial Data Infrastructure Act, Act 54 of 2003
Attribute information incluces the seasonal variability of the water resources (perennial, -non
perennial or dry) and names of the features.

Features listed in the NWAre, however, not completely represented by the topographical
hydrological dataNot only are wetlands partially represemteestimated at less than 54% of what
can be mapped by a wetland specialist at local scale (Mledrad, 2015; Schaedt al, 2015; Van
Deventeret al, 2016; Mellyet al., 2016), buthe spatial extent of river channels are inadequate for
fine-scale planing, whilefeatures such as aquifers and riparian habitats are poorly represented.
Further work was requiretb improve these base layers from how they are served to the public by
the above institutions, in ordeto use riversin hydrological modellingaind to develop river and
wetlands datainto ecosystem types for response to the NEMBA.

Directories ofthe diversity of aquatic ecosystents South Africa date back to the early 1970s and
Mpyna o06b20fS YR |1 SYSyas mptryT hQYSSFFSI mMohpycoLd
Affairs and Tourism (DEAT) compiled directories in the late 1990s (Cowan and Van Riet, 1998). Since
2004, SANBhas been involved inhe update of the National Wetland Map (NWM) arle
rehabilitation of wetlands through the Workirigr Wetlands Programme of DEAThe use of spatial

data and Geographical Information Systems (GISs) has become prevalent since the96sd

supporting improvedspatial representation and analysis of water resources and their associated
biodiversity.This allowediver ecosystem type® be includedi y { 2 dzi K ! FNRA Ol Qa FANXA
Biodiversity Assessment of 2QCAver types wee modelled using a combination of attributes from
DRDLR:NGI and DWAF (Nel et al., 200#9.former DWAF and current Department of Water and
Sanitation (DWS) has been supplementing the major river systems (1:500 000 scale rivers data set)

with information on the condition of the water resourceThispartially fulfils the needs of an

inventory for the NWA and enables the assessment of river ecosystems in a NBANG&MBA.

More recently, aWater Research Commission (WR@)ject funded a projectto investgate the
development ofa draft National Wetland Classification Syst€@WCSXollowing previous work
done internationally and locallfEwartSmith et al., 2006)The NWCS was subsequently adopted by
SANBI as a policy document (SANBI, 20083. typing ofwetland ecosystems$or the purpose of
conservation planning of freshwater ecosystems in South Afwea applied in the National
Freshwater Ecosystems Priority Areas (NFEPA) project (Nel et al., 2011). The NFEPA wetland types,
as well as thaiver ecosysten types were used for the first timén the assessment of the threat
status and protection levelef freshwater ecosystemat a national scalén the NBA 2011During

the same period of time, theNFEPA wetlandsvere also used for classification in Reserve
Determination,a requirement ofthe NWAwhich, until that time, had not been possible to achieve
spatially Although neither of the data sets constituted a complete inventory of water resources or
aquatic ecosystems, the effort has drawn much attention the challenges associated with
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completeness and accuracy of representation of these data sets in response to the NWA and
NEMBA. The momentum gained after 70 years of mapping hydrological feambsiore than30

years of attempting to classify ecosystgnwith ecosystem typinfjnally being enabledhrough GIS,

has resulted in a growing hnumber of users and professionals interestbd improvement of water
resources in South Africa. The NFEPA projbetefore,serves as an enabling bengiark From his

grew a robusinventory that can be used in planning and assessment.

1.2 The South African Classification System of Inland Aquatic Ecosystems

In a recent update of the NWCEder the new nameClassification System of wetlands and other

aquatic e€osystemghereafter referred to as the Classification System) Wl |jdzZt G Ai® SO2ae
definedr & WIy SO02aeadsSy GKI G inurdatedify NowihgoBsyandingwa@iNg LIS NA
or which has soils that are permanently or periodically saturaiell it KAy nodp Y 2F (KS
(Ollisetal., 2013:1). lj dzZ G A O SO2 & e a {ilé&kesiponkls/ dainsiaRdSothal MdteZod dER;

Saldzr NASaT YR oakKlff2g0 YhesybtghSdivided aqgliaBcyesosystems f £ A &
into three broadsystems, being Inland, Estuarine and Marine Systems. The Classification System
adopts atiered/hierarchical structurewith Inland Systems being dividéd several way$rom the

upper to the lower levels:

9 the ecosystem context at Level 2 (regioseatting) and Level 3 (landscape units);
9 the functional unit at Level 4 (hydrogeomorphic unit) and Level 5 (hydrological reginte)
9 descriptivecharacteristics at Level 6.

At functional unit Level 4 he Classification Systehsts 6 hydrogeomorphic (HGM) unjteamely,
channelled valleyottoms, depressions, floodplains, seeps, unchannelled vhtéypms and
wetland flats. Vallehead seeps and seeps from the NWCS were lumped together.

Inland Systemsvere further subdivided into three broad types, includingears, open waterbodies
andinlandwetlands.This is in keeping with the South African NWA, which distinguishes rivers from
inland wetlands and other watercourset the Classification Systemmesethree broad categories
FNBE O2ftf SO0AAYita yNE T Ij NNBEWRIcDiT B eSH&EsEslhe [Boddetsense of

the 0 SNY WgaS ii fsapygliddby RamsarHowever, he South African NWAlifferentiates
between riverswetlands and other watercourses.

1.3 Developments during theourseof the NBA 2018

The Classification System was adopted for the update of the NiWfiveparation forthe freshwater
component of the NBAR018. During the course of the NBA 2018, a number of Ecosystem
Classification Committees (ECCs) were establisheddinglthose for Rivers (RECC) and Wetlands
(WECC). A National Bgstem Classification Committee (NECC) was established to coordinate
alignment between the Terrestrial, Marine, Estuarirend the Freshwaterecosystems as
components of the NBA 201Biscussios during thee meetings, as well as those at treference
committee workshopheld between 2 and 4 October 2017 for the freshwater ecosystems
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(AppendixA), have resulted in a number ofkey decisionsand changes for the freshwater
ecosystems. These decisfinclude:

(i)

(ii)

(iif)

(iv)

The alignment between ecosystem types for the NBA 20h8cessitats clear
boundaries between the foumajor ecosystems(Figure 1.1) This resulted in a
reconsideration of the representation of freshwater ecosystems within the vegetation
map. It was concluded that thevegetation mapbe used to represent terrestrial
ecosystemswith the exception of only a select set estuarine and inland aquatic
ecosystemsChanges to the representation of freshwater ecosystems in the vegetation
map and amalgaation of the ecosystem map will be documented in a report by the
vegetation map team at SANBI and the National Ecosystem Classification System Report
(Dayaram et al2018 SANBI, in prep)n the first semester of 2018, thenapping of
coastal ecosystemsasfurther refined the boundaries between inland wetlands, coastal
ecosystems and estuarine systems.

Using thetermWL yf F YR ! ljdzZ GAOQ (2 |t A Rysredogniséd ( KS
that Inland Aquatic Ecosystems include other systems which aite technically

WF NB & Knamely®iddRigzh and saline systems. To avoid confusion and ensure
alignment with the Classification System, it was agreed to formally adopt the term
WLYf YR & |j2AIA00R  (fa? theyh@eNBr dadassesSriddaports of

the NBA 2018.

The consideration and inclusion of coastatasystem for the NBA 201®as requested

by the leads of the estuarine and marine ecosysterf®ble andHemens (1978)
provides criteria andexamples ofcoastal aquatic ecosysten{3able 11). The coastal
ecosystems mapped by Dr Linda Harris from the Nelson Mandela University (NMU)
included primarily the shore from the base of the dunes to shallow marine systems. It is
however recognised that seawater and marine species do infiltrate fuitiland into

inland aquatic ecosystemseyond the coastal shore, however uncertainties prevail on

the extent of influenceThe Inland Aquatideam and reference committee members
therefore gives recognition to a broader coastal region of influence, wbaténtially

may be prevalent inthe Albany Thicket, Indian Ocean Coastal Belt, Namaqualand
Sandveld, South and West Strandveld Bioregion

Identification of 8 unique limnetic depressionglakes) totalling 13376 ha.Limnetic
depressions are inland wetlandskwhA OK | NB AydzyRI 6§ SR G2 |  YI E
the average annual lowater level of the open waterbody (Ollis et al., 202\8)tlands
within the Estuarine Functional Zone (EFZ) were removed fromlisheof coastal
ecosystems identified by Noble and rHens in 1978 (Table 10). Attributes of these
systems were updated in the field related to the hydrological regimeewel 5 of the
Classification Systein NWM5 No specification is given in the Classification System of
the minimum extent of this depth or duratioof floodingin a cycle of the hydroperiod of
the system. Further studies would be required to refine the definition and evaluate the
suitability of thelisted candidatenetlands. Although Lake Futululu and Teza (KwaZulu
Natal)were considered for the list, Lake Futululu has reduced in size and depth to such a
degree that it is considered more shallo@rénfell et al., 2010Grenfell, pers. comand
insuficient evidence exist for Lake Tet8cott and Steenkamp, 1996) for it to be
classified as limneti@oth Lake Futululu and Teza may also be coastal ecosystems.

25



National Biodiversity Assessment 2058South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

(v) Rivers andinland wetlands were the only two sultomponents of Inland Aquatic
ecosystemsinland Aquatic Ecosystems with open water features were considered to be
either Estuarine Systems (estuaries or lagoons) or Inland Systems (artificial or
depressionswhether littoral or limnetiy. Therefore thei dzo OF G SI2 NE W2 LISy 6|
of the Classifigtion Systemwere omittedfrom the inventory and assessment of Inland
Aquatic Ecosystems

(vi) Updates to the Estuarine Functional Zones (EFZ) as a result of new Light Detection and
Radar (LIDAR) dateesulted in adjustments to the NWMn addition, micreestuaies
were also added to the polygon data set of the estuaridignfment betweenthe inland
wetlands and estuariewas ensured through erasing all the estuaries from the inland
wetlands and then merging it back into the NWM5. Updates to the names of the
eduaries were also transferred to théver systemgFigure 1.1).

(vi)  Level 2 and 4A should be used to describe and assess wetland ecosystem
(bio)diversity. Levels 2 and 4A of the classification system effectidagcribe the
biodiversity of wetland ecosystetypes.Level 2 describe the broad biodiversity setting
of the types, whereas level 4A includes the hydrogeomorphic or functional diversity of
wetlands. Although the &ndscape unit (Level 3)oes not describe (bio)diversityit
contributes to the identificdgion of hydrogeomorphicwetland ecosystentype (HGM
Units at Level 4A)

Ecosystem map (SANBI 2017/8)
Vegetation map (SANBI 2012)

Aquatic ecosystems

Terrestrial

Marine PrE—— R pp—T ecosystems
systems systems ecosystems
(Ollis et al., 2013:4)

(“freshwater ecosystems”)

l ]

Rivers Open Wetlands (hydrogeomorphic types)(polygons)

(lines) ;::::I; ||;::pn| H.E;II seep || uve |

(inland | Permanently inundated

lakes,
polygons)

| Limnetic || T |

Figure 11: Diagram illustrating the conceptual alignment between different ecosystems, their representation and the
hierarchical nested classificatioaf aquatic ecosystems.
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Table 11: The ori
of South Africa

ginal list of coastal ecosystems by Nobel and Hemens (1978) and the lisiagdiellimnetic depressions

Systems identified by Noble anc Inland Aquatic Ecosystems identified in 2017 as uniq Extent (ha)
Hemens (1978) as coasti limnetic depressions in South Africa

ecosystems:

Cubhu* Barberspan (North Westjiepth 7.5m 1721
De Hoopvlei* De Hoop (Western Capé) 949
Groenvlet* Groenvlei (Western Cap®e¥ 357
Kuzilonde* Lake Banagher (Mpumalangayerage depth 4n 185
Nsezi* Lake Chrissie (Mpumalangayerage depth @ m 1283
Nhlabane* Tevredenpar(Mpumalanga) 329
Mgobezeleni* Lake Fundudzi (Limpopajaximum depth 2T 192
Mzingazi* Lake SibdyKwaZuluNatal) average depth of 1& and 8361
Shazibe* maximum depth of 4in (Miller, 1998)**

Sibay/ Sibay&*

Soetendalsvléi (Total extent) (13376)
Verlorevlei*

Wadrifsoutparf and other west

coastl vleis™*

Zeekoevlei*

* jdentified as

Estuarine Systenmapped within the Estuarine Functional Zone (EFZ). **Inland Aquatic Systems

Information sourced from Noble and Hemens (19R8ps://www.lakepedia.com/ Hill (1969)Miller (1998).***Although

these are currently inland aquatic ecosystems, the recent geological uprift of the coastal plain has resulted-aff a cut

between the ocean and the inland system. Relics of marine species are still found in these sysletinsreforethese

systems are considered not onlynique but alsocoastal as a result of the combination of inland aquatic and marine

features.

- Limnetic depressions

Lake Fundzudzi

LP

GP
Barberspan Teyredenpany | % Banagher

Chrissiesmeer

NW

Lake Sibayi

De Hoop
1:9 000 000

Figure 12: Location of known limnetic depressior(takes)in South Africa.
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1.4The South African Inv&ory of Inland Aquatic Ecosystems (SAIIAE)

Compilation of the first South African Inventory of Inland Aquatic Ecosystems (SAIIAE) was
undertakenas part of the NBA 2018&ith the primary intentionof includingthose data sets related

to ecosystemdype and condition. If therefore, partially addresses the aspects of these Systems
required to respond to the NWA, with a stronger focus on NEMBA and the listing of ecosystems.
Four broad categories of spatial data featsinwere collected, including those retd to rivers,
wetlands, condition and others (Talle?). The latter consisted of data which could be used for
assessing the protection levels of the sedpsystemsas well as featurerelated to tourism, cultural

value and ecological infrastructure.

Table 12: List of feature classes collected for the first South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

River subsystems Wetlands subsystems
1:50 000 rivers (DWS) NWM1¢ 4 (SANBI)
1:500 000 rivers (DWS) NWMD5 (results of this report)

Plots that relate to wetlands from the National
Vegetation Database (NVD_Wetland_Plots)
(Dayaram, 201y

Peatland pointsGrundling et al., 2017)

Possible locations of oxbow rivers for the
identification of floodplain systems (Oxbejresults
of this report)

Condition (pressures) Other information
Land coved 990 and 2013/4 (GTI Pty Ltd) Waterfalls(results of this report)
Land cover update (SANBI, 2017) Springs (DRDLR:NGI, 2006 and 2016)

Wastewater Treatment WorkfWWTW (CSIR2015  Thermal springs (Olivier and Jonker, 2013)
Water Treatment WorkWVTW) (CSIR2015 Protected Areas (SANBI, 2017)

Invasive specieBrosopigVan den Berg201Q SWSA (Le Maitre et al., 2017)

Data collection wasindertakenfirstly through a data audit and survey of the available data sources
for the SAlIAByith more than 500 Interested and Affected Parties (I&Adesitacted(Van Deventer

et al., 2018. The results of the audit showed that the records wemestly related to wetland
ecosystemsand few recordselated to speciesthe regional context within which inland aquatic
ecosystems occur, conditiosr monitoring history. An initial comparison between the hydrological
classes from the most recent land cover data setl,(@U13/4)and the hydrological categories
mapped through headsp desktop digitising of hydrological features, showed that tine-scale
mapping of inland wetlands resulted in a much higher percentage wetlands wwtproved
interpretation of the HGM wetland types The use ofsensors with a higher spectral and spatial
resolutionremairs to be assessed for their potential tmntribute to improved mapping of wetland
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ecosystems The audit papeVan Deventer et al., 2018¢vealed that 5 million ha of finscale

wetland mapping data sets were received from a number of organisatidine DRDLR:NGI
contributed the largest percentage (73%) of hydrological feature mapped at a fine scale, although
y2i R2yS o6& gSGftlyR &LISOALI f A-quatérmary faBments(SQ4sy  y:72
have been mapped by wetland specialists typed to the HGM wetland types of th&ll\WCS or
Classification SystemRecommendations were made with regards to collaboration between
DRDLR:NGI, DWS and SANBI for an improgeddinated effort of finescale mapping of wetlands,

as well as attending to the collation and curation of other data sets related to inland aquatic
ecosystems

Secondly, and in parallel to the data audit, improvement of the river and wetlaneésofysems
has been undertakenMore attention was given in this inventory update to inland wetlands than
rivers in recognition of the extensivenderrepresentation(lomission errors) and commission errors
of inlandwetland ecosystems.

The CSIR has alseconsideed the feasibility of mapping the landscape units, or level 3 of the
Classification System, at a countrjde scale. Since NWM5 wasdertakenat a finescale (see
Chapter 4) and not modelled, a data set reflecting landscape units was not considerechediate
priority. It remains a research topic of interest for the inland aquatic ecosystems, though, and effort
hastherefore been spent on assessing whether morphometrics of a Digital Elevation Model (DEM)
could be used to model landscape units. At thadiof this publication, the CSIR has drafted their
report on the intermediate findingév/an Deventer, 2018

The chapters of this report details more information on the following themes of the SAIIAE:

9 Chapter 2: The origin and improvement of the rivéaga set for the NBA 2018

Chapter 3: The origins of the National Wetland Map of South Africa

Chapter 4The results of the update dational Wetland Map 5

Chapter 5: Probability modelling wfetlandsfor South Africa

Chapter 6: Evaluation of the watercear probability map for supplementing the
National Wetland Map

1 Chapter 7: Conclusions and Recommendations

=A =4 =4 =

The first South African Inventory of Inland Aquatic Ecosystems (SAllAENbwikvious effortdor
the establishment of alirectory to representwatercourses and additional information for the
purpose of inventorying, assessment and planning.
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2. CHAPTER: ORIGINDEVELOPMENAND IMPROVEMENODF THE
RIVERSATASET

Chapter CitationSmithrAdao, L.; Petersen, C.; Nel, J.; Silberbauer, M.; Scherman, P. and Grenfell, M.
Chapter 2: Origin, development and improvement of the rivers data Setith Africaninventory of

Inland  Aquatic Ecosystems  (SAIIAE) Technical Report. CSIR report  numbe
CSIR/NRE/ECOS/IR/2018/00Q1/A

This chapter provides an overview of the origin, development and improvement of the 1:500 000 spatial
dataset of the rivers of South Africa. For the purposes of the National Biodiversity Assessment (NBA) 2018,
a rivers netvork Geographic Information Systems (GIS) layer is required in order to map and classify the
river ecosystem types across the country. River ecosystem types represent the diversity of river
ecosystems. These subtypes are components of rivers with sinmjesiqal features and serve as essential
coarsefilter biodiversity surrogate (Nel et al., 2011). A river ecosystem is viewed as a system operating
within its surrounding surface and swghbirface catchment environment, and includes biotic interactions
amongs$ animals, plants and microrganisms, as well as abiotic chemical and physical interactions
(modified from Angelier, 2003). This chapter begins with a summarized history of the 1:500 000 river
coverage. It then outlines the updates of this da&t relevat specifically to the NBA 2018. The chapter
ends by describing possible future updates to the rivers data

2.1 History of the 1:500 000 rivers datset

In this section key information is drawn from DWAF (2006). In the early 1990s the Department of Land
Affairs: Chief Directorate of Surveys and Mapping (DLA:CDSM) created the original 1:500 000 river network
coverage by scanning and vectorising the blugeglaf their published 1:500 000 map sheets. In 1995 the
Institute for Water Quality Studies (IWQS, now Resource Quality Information Services, RQIS) of the DWAF,
saw the need for an accurate regional rivers dsgaito serve as a background vector coverfigecleaning

up point records of national DWAF monitoring sites. IWQS also had plans for developing a water quality
monitoring network, for which a hydrologicaibprrect river network was required. They appointed the
consulting group GisLAB to produceamtiguous and consistent arc data set from the DLA:C®8M the
Department of Rural Development and Land Reform: Nationatspatal Information or DRDLR:NGijv

data. GisLAB filled gaps in the network, aligned arcs downstream, ensured that allgesistface
monitoring points were on a river arc and ran the first Strahler stream ordering process on the coverage.
IWQS allocated reach codes to the river arcs using the quaternary drainage region polygons from the 1990
Surface Water Resources of Southiesf Study (WR90) database (Midgley et al., 1994). A reach code is a
unique identifier for each reach in the river network, based on the approach applied in the USGS National
Hydrography Datasethftps://nhd.usgs.gov). Starting in the late 1990s, the river arcs were adjusted to
match the 1:50 000 data, where available, to within approximately 50 metres.

The river coverage extends to the limits of international basins (e.g. Namibia and Zimbabwe), at the lower
accuracyof the available base data, i.e. at a scale of 1:1 000 000. The fundamental assumption behind this
simplified GIS river network is that water flows downhill along single channels. Mdhiiglad channels,
impounded flow and exchange with the atmospheresoil are ignored. An important component of the
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river coverage is the set of attributes attached to each arc which provide useful information for basin
network analysis. These include a name, where available, and various network descriptors such as flow
variability and Strahler order. In time, this daset has found widespread practical application in, for
example, river management and conservation, hydrological modelling and river profile generation. The
latest version of the 1:500 000 river coverage for South Africa is available from the DWS and can be
downloaded from the following websitéhttp://www.dwaf.gov.zaliwgs/qis data/river/rivs500k.aspit is

now almost stable (i.e. representation and attributes) following years ofrggitrocedures, consistency
checks, network and name verifications and a consolidation processdigital elevation modelIEM
determination process of Weepener et al. (2011) also provided several corrections.

Users, nonetheless, do occasionally repomroes and inconsistencies that are related to some
shortcomings in the dataet. For example, the reach codes within a quaternary drainage region changed
unpredictably when new rivers were added to the region, depending on their position in the Strahler
hierarchy. This no longer occurs because the Department of Water and Sanitation (DWS) shut down the
system on which the editing took place, so development of the rivers dateon the RQIS website is
frozen. Ideally, the reach codes should remain attachethe same reach except in the case of splits and
additions. Recursive errors could be related to the DWAF monitoring point locations. Monitoring points
incorrectly positioned would have influenced the retention or deletion of river arcs. It is also Edgent
check arcs for errors related to river names, although most of the unnamed river arcs do not have names
on the original 1:50 000 maps. In addition, at certain places the river arcs still do not spatially match the
1:50 000 rivers. However, the grest discrepancy is in the flow variability, i.e. the classification of rivers as
perennial, norperennial or dry from the 1:50 000 river coverages, which DLA:CDSM derived from aerial
photographs. These data are less accurate because they depended t@ a&xiegt on the season during
which each aerial photograph was taken and whether the river channel had water in it at the time of
mapping (Nel et al., 2011).

2.2 Update of the1:500 00Qrivers dataset for the NBA 2018

In the NBA 2018 theNational FreshwateEcosystem Priority AreaNFEPArivers GIS layewas used to
represent thediversity of riversnationally (Table 2.1 and Figure 2.10his layer was also used in the
freshwater component of the NBA 2011 assessméhily minor river arc edits (e.g. delegirduplicate
vertice9 were performed.This updatedrivers data set represent 200 955 km of river length of which
164018 km (82%) is situated within South Afribinstens make up 76 830 km (47%) of the total length
of the South African rivers, and tritaries 87 188 km (53%)hen comparing the NBA 20Hhd NBA 2018
assessmenidotal river length within South Africdiffers onlyslighty (i.e. adecreasein 242 km or 0.1%)
(Table 2.1)The NFEPA rivers Q#yer was compiled from th®WA1:500 000 river networlcoverage
(Figure 2.2aand 97 coastal river@-igure 2.2b and Table 2ftpm the 1:50 000 river GIS laygilDLACDSM
2006) These smaller streams were added to the DWA rivers dataso thatall rivers associated with
estuariescould beincluded in theNFEPAanalyses(Nel et al, 2011 Nel and Driver, 2012 They were
connected toestuariesmapped forthe NBA 2011(Van Niekerk and Turpi012). TheNFEPA rivers GIS
layer was coded todistinguishquaternary catchmentMidgley etal., 1994)mainstems and tributaries
(Table 2.1)river segments andiver reaches Mainstems typicallypass through a quaternary catchment
into a neighbouring quaternary catchmewtile tributaries nest within a single quaternary catchménel
et al.,, 2A1). The quaternary catchment is used as the basic unit for national water resource management
(mean size 650 kfjy and each contains hydrological data (gauged or simulated) that is updated
occasionally.
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Table 21: The different river layers with total lengths (km) for the mainsteriversand tributaries in South Africa

DWA riverg(2008) Additional rivers NFEPAivers(2011) NBArivers 2018
Mainstem Tributaty | Mainstem Tributaty | Mainstem Tributaty | Mainstem Tributary
14 818 86 134 832 0 76190 87 238 76830 87 188
100 952 164 260 164 018

S
EASCY

i
< S

* Towns
[ Lesotho and Swaziland
Tributaries

— Mainstem rivers o 70 140 280 420 560

[ == Km

Figure 21: NBA 2018 rivers layer with quaternary mainstem rivers and their tributari€dvers in grey are shared rivers in
neighbouringcountries.

A river segment representhi¢é portion of riverjoining two 1:500 000 river confluence Subquaternary
catchmentsor quinary catchment§mean size of 35 km? were delineated around river segmentThey
are nested within quaternary catchmengd wereusedby NFEPA as the units of selection or planning
units for identifying priorityareas(Nel et al., 2011). @nary catchments were refined biaherry et al.
(2013).River reachesnay be several metres or kilometres in length. Thay be made upf a number of
river segmentsaand signifythe whole river suksystem In the RQISiver dataset, a reach is the piece of
river between two river confluences or nodé3ther attributes attached to th&lFEPA rivers GIS laytar
example, included theLevé 1 ecoregion(Kleynhans et al., 2005)geomorphic zongRowntree and
Wadeson, 1999; Rowntree et al., 2000; Moolman, 20@8gr ecosystem type and river conditioNg] et
al.,, 2011; Nel and Driver, 2012)he NFEPA rivers were also shifted from the maigCape datum to the
World Geodetic System 198w GS84) datum.

35



National Biodiversity Assessment 2018South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

(a) DWA rivers (2008) (b) NFEPA rivers (2011) N
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Figure 22: Improvement of the 1:500 000 river coverage of South Africa. DVillers layerbefore NFEPAa) and NFEPAivers
layer with 97 additional 1:50 00@ivers (b).

2.3Recommendations for updatinthe 1:500000rivers data set

Recommendations to improve th&500 000 river coveragmclude working towards stable reach codes
and a comprehensive hydrological daet (e.g. variables such as channel elevation, stream velocity and
connectivity). This would require migrating the rivers data set from an Arcinfo coverage to an ArcGIS
geodatabase withopology recorded within the rivers network, as well as between thers network and

other data sets. High resolutionidital elevation moded should be considered famproving drainage
network generationand the accuracy of the rivers network. Future developments ought to also include
applying the updated 1:500 000 vécition and reach allocation procedures to the 1:50 000 riyPM&AF,

2006; Van Deventer et al2018. This would necessitate substantially more computing tigiece the
1:50000 rivercoveragesare more accurate and comprehensivieeingabout 100 times larger than the
1:500 000river coverageA finer river network GIS layer for example biodiversity planning or-lesed
planning may be preferable, as this would indicate smaller streams and habitats that need to be managed
and conserved. e 1:50 000 rivers have undergone extensive editing (e.g. flow direction) in the early 2000s
in a different process managed by the DWAF and are now hydrologicatcted (i.e. upstream and
downstream linkages can now be defined for each river reachdy Tere vectorised from the 1:50 000
topographical map series in the late 1990s by the DLA:CDSM (DWAF, 2006), now DRDLR:NGI.

Other specific recommendatiofsom members of the River Ecosystem Classification Committee (RECC)
and Reference Committee famland aquaticecosystems, pertaining specifically to futhiBAassessments
of river ecosystemsnclude
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1 Improvement of the spatial accuracy of the rivers layer used for assessnidrgse is a need for
using ahigher resolutionrivers network,a new nation& hydrologicallycorrected rivers dateset
derived from the 1 arsecond (30m) SRTM data, or better resolution if availablgs include
addressing the mismatch of various 1:500 @@@rswith that of the1:50 000 rives.

1 Transferring attributes such agver ecosystem type and condition from the 1:500 000 rivers
network to the 1:50 000 river coverages. However, it was noted that the 1:50 000 rivers also have
errors and thaemploying them imational scal@ssessmentsould be problematic.

9 Obtaining hjher onfidence inthe flow variability attributes attached to the 1:500 000 rivers
network. In addition, theriver flow categoriesshould be revised and more categories must be
I RRSRE F2NJ SEFYLXS (K248 NBO2YYSYyRSR o6& !'@&a |y

1 Exploring newapproaches to the classification of geomorphic zones developed foipaomnnial
river systems, which cover a large area of southern Africa. Jaeger et al. (2017), for example,
NEO23IyAasS | WT tparénRid duérQystenssywherelnychanhel fkeown through
transmission losses results in environments of net deposition with diverse and sometimes
distinctive geomorphic features, sedimentary deposits and ecosystem characteristics.
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3. CHAPTER ORIGIN®FTHENATIONAMWETLANDIAP

Chapter CitationVan Deventer, Hy¥bona, N. 2018Chapter3: Origins of the National Wetland Map
South African Inventory of Inland Aquatic Ecosystems (SAIIAE): Technical R8f&dport number
CSIR/NRE/ECOS/IR/2018/00Q1/A

This chaptemprovides an overview of the origins of the National Wetland Map (NWM) from versions 1 to 3,
as well as the wetlands that were compiled for the National Freshwater Ecosystems Priority Areas (NFEPA)
project.

3.1 Initiatives towards directories of wdands

During the 1970s the South African government initiated a humber of research projects to investigate the
diversity of inland aquatic ecosystems of the country. This resulted in two key reports on the diversity of
inland aquatic ecosystembl¢bleand SYSy az wmopT y 7). The@pdt B & drectargpfist and
map) of the location of some of these systeni$e interest in inland aquatic ecosystems has sparked a
number of conferences, reports and research projects around the country, for meanthe CSIR
conference held 11c¢ h Ol 206 SNJ mpy Tt 2y WwW902f 238 FyR O2yaSNDI i
and Botten, 1987)Subsequently, the DEAT has developed a second national directory of wetlands in 1998,
using Geographical Information Sgsns GIS at that time (Cowan and Van Riet, 1998)Ithough the
authorsof these early reporthave taken care in mapping wetland extent, type and condition with great
care, the lack of readily available spatial information from this time has resultedlow percolation of the
information into current inventories.

A period followed during which the capabilities of remote sensing and GIS were evatoaspdatially
representhydrological features including waterbodies and wetlantisis period was alscharacterised by

the increasing use of Global Positioning System (@GRS8iversby civilians. The use of GPSs has enabled
more accuratemappingof features. This has resulted in the widespread use oliwgld Geodetic System
1984 (WGS84pheroid andhe Hartebeesthoek94latumin South Africa since 1 January 1999 (DRDLR:NGI,
2013). The formalisation of a framework for the responsibility of spatial data amongst organisations
followed with the gazetting of the South Africa Spatial Data Infrastructure (PASIXNo. 54 of 2003).

The first land cover products of 1996 and 206@ifbanks et al., 2000; Van den Berg et al., 2008) were
generated during this time and served as main input layer for the establishment of a formal National
Wetland Map. Although the ational Department of Land Affairs, Chief Directoraté Surveys and
Mapping has been involved in mapping hydrological feature related to wetlands fopréngous70 years,

these data sets only became freely available as shapefiles in the late 188idly only aerial and
orthophotography was available to the wider community with interest in capturing wetlandspatial

formats, but since 2001, Google Earth imagery has released historical images dating as far back as 1984
(Europa Technologies Unitestates Department of State Geographer, 2010)e past twenty years has
therefore offered a significant different scope for the mapping and modelling of the extent and HGM types
of wetlands compared to the first thirty year§he pastten yearshave therefore seenan increasing
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number of efforts investigating possible improvements in modelling wetlands from remote sensing and GIS
(see Van Deventer et a2018).

3.20rigin of theNational Wetland Maps 1 3

The first three maps of South Africa wetlandswere produced under the National Wetland Inventory
project, which moved to the South African National Biodiversity Institute (SANBI) in 2004 as faat of
Working for Wetlands Programmén the Programmeremote sensing, field and desktop approach using

GIShad been usedo map and classify wetlandisto different wetlandtypesbased on available data at the
time.

The firstNationalWetland Map NWM1)Beta Version or Map,layer was derived from the National Land

Cover 2000(NLC2000¥%zISlayer Thompson etal.,, 2002 Vanden Berg et a).2008),in which wetland
Ll2fe32ya ' NBE RS&aONM O S R(Figu@ 3. WRLEG0D Wag Beflved®fidin sitka8oB ND 2 R &
Landsat imagery of primarily the year 2000 (GTI, 2088YM1 was released in 2006 for public use.
Polygons did nadlistinguish between natural or artificial waterbodilest merely between waterbodies and

wetland categories, as derived from NLC209torical wetlands lost through impacts were therefore not
represented inNWML

INPUT DATA
National Land Cover 2000 Gnd cells “smoothed” NATIONAL WETLAND MAP 1
. Wate S e > (“BOTB VBI'SiOﬂ')
* Wetland * Waterbody

* Wetland

DWAF 2004 Farmdams & rivers

L I

* Lake NATIONAL WETLAND MAP 2
* River * Artificial waterbody
* Wetland

Chief Directorate: Surveys & Mapping . Natural waterbody

1o Lin - ou . * Unclassified wa 0%,
2005-2007 Inland Water Features terbody (20%)

Natural Artificial e e e e —— g

Waterbody Waterbody NATIONAL
Ory pan Dam Marsh viei WETLAND MAP 3
Lake Fish farm Swamp
Mud fiats Large resenvoir l 1 l l
Non-perennial pan | Purification plant
Perennial pan Sewerage works Natural Unclassified || Artificial
Pool Water tank Wetland || aterbody|| waterbody || waterbody

1 l\/
NFEPA: WETLAND MAP 3

* Natural
* Artificial

Figure 31: Flow chart illustrating the combination of hydrological data sets into National Wetland Map 3.

Wetlands and waterbodies categories from anproved version of the NLC2000 data sedre used to
derive NWM2 in March 2008. Upon request of SANBI and the Water Research Commission (WRC), both
NWM2 and the National Wetland Probability Map (NWPM) (Thompson et al., 2002) were provided to
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GeoTerralmage (GTI) for the assessment of accuracy (GTI, 2008). Theasisesssidered congruency
between the data set and reference data which primarily consisted of features mapped by the former
Department of Land Reform: Chief Directorate Surveys and Mapping (DLA:CDSM) for the topographical
maps, as well as data from thepdmalanga and KwaZuNatal provinces. The majority of the reference

data sets represented newetland categories and few included fiseale mapped wetlands and were not
mapped by wetland specialists. The congruency assessment found thaNidih2 and theNWPM had an

overall agreement of betweeB0 and 90% for both the wetland and water classes (GeoTerralmage, 2008).
A high commission error was also observed for both data sets, in relation to the reference data sets. A
number of recommendations were made improve the NWM2, including the use of a new range of multi
seasonal images and higher spatial resolution imagery. A confidence index was also produced, ranking the
suitability of the Landsat imagery for each topographical map sheet, as well as theafesohfidence in

the mapping of wetland extent.

Subsequent to the report, NWM2 was updated using polygordaaisand lakes andhe rivers network
(line) datasupplied bythe former Department of Water Affairs and ForestBWAF date unknowi. The
resutant layerconstituted offour GIS layers: wetlands; natural waterbody; artificial waterbody and 20% of
polygons unclassifie@able 3.1)

Table 31: Inland water features grouping from the National Wetland Maps 2 and 3

Naturalwaterbodies from DLA:CDSM (200¢ Artificial waterbodies (DWAF, date unknown’

Drypan Dam

Lake Fishfarm
Marsh/Nlei Large reservoir
Mud flats Purificationplant
Nonperennial @n Watertank
Perennialpan Sewerageavorks
Pool

Swamp

In NWM3, datafrom DLA:CDSM was included and four layers created to includdataefrom NWM2;
more artificial waterbodies from DLA:CDSM and those in NWM2 from DW#Ryell as natural
waterbodies from DLA:CDSM and remaining unclassified waterbodies.

In an analysis dee by the CSIR showed that all three versibad mapped nearly 2 million hectares of
wetlands and other waterbody features (Table 3.2) with an increase in extentnamm attribute
informationin the data set(sFigure 3.2).

Table 32: Extent of inland aquatic ecosystems mapped in NWML

National Wetland Total wetland and Natural wetlands (ha Artificial wetlands (hg
Map version waterbodies mapped (hp

NWM1 1961948.t - -

NWM2 1896 797. 1575683.3 321114.2

NWM3 2055674.5 1527607.4 528067.3
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(B)
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Figure 32: Extent and types of wetlands mapped (A) NWMZ; (B) NWM2; and (C) NW8/

3.3Wetlands from the NFEPA Atlas, NWM4

A number ofimprovements to theNWM3 wae madeduring the NBA2011 and NFEPA projdébls| et al.,
2011)in which existing subational (data sets at provincial, district or smaller catchment scalejiand
delineations from other biodiversity planning initiatives were added to the NWM&se included the
following subnational data of wetland delineations:

() Wetlands for the entire KwaZulNatal Provinceréceivedirom Ezemvelo KZN Wildlife);

W C.A.P.E. finscale biodiversity planning wetlands of Saldanha/Sandveld, Riversdale plditppad
Breede River Valley (available from www.bgis.sanbi.org);

() Overberg, Niewoudtville and Kamieskroon wetlands (available fvarw.bgis.sanbi.organd

W selected wetlands of conservation importance in Mpumakan@rovince (available from
Mpumalanga Parks and Tourism Agency).

The C.A.P.E. firgzale biodiversity planning project was still in development at the time when the wetlands
data set for the NFEPA and NBA 2011 projects were compiled. More wetlands tafeosethe C.A.P.E.
project became available after tiéFEPA and NBA 20pfbjectswere completed

Not all of the above data sets had typed wetlands to HGM units and therefore some of the seven HGM
wetland types of the NWCESANBI, 2009). These includetannelled valleyottoms, depressions,
floodplains, seeps, valldyead seeps, unchannelled valbgttoms and wetland flat¢Figure 3.3)While the
artificial wetlands and depressions types were inferred from the former©ODRSMof 2006 the remaining
wetland types were modelled using landforms and ancillary data sets (Ne| 2041 ; Van Deventer et .al
2014; Van Deventer et al., 201@).this version the artificial wetlands were not separated from the natural
inland wetlands but were issued as a tépgically integrated shapefile at a countgde extent. The
NFEPA wetlands layer had also aligned the inland wetlands with the estuaries which had been mapped for
the NBA2011 (Van Niekerk et al., 2011). Tresultant layer showed thal65953 ha was mapped as
Saddz NASa onodom:> 2F (K $88 Gewiy magfedat artdfidaNdetiaddS (0.4%)\and0 =
2252118 as natural inland wetlands (1.8%) (Van Deventer et al., 2016).
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The output of the improved wetlands data set was releasedh whe NFEPA atlas and has subsequently
0SSy GSN¥YSR GKS WwWbcCcot! gSGflyRaQ o0& YowdweradoptRlA JA Rd
as NWM4 by SANBI and has been used in a number of applications to date.

[ Provinces

NWCS_L4
Estuaries

Il Channelled valley-bottom wetland
Depression

B Flat

B Floodplain wetland
Seep .
Unchannelled valley-bottom wetland
Valleyhead seep

1:11 500 000

Figure 33: Natural wetland types mapped in the NFEPA project.
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4. CHAPTER NATIONAMWETLANIMAPS (NWMS5)

Chapter CitationVan Deventer, H.; Mbona, N.; Skowno, A. 202Bapter4: National Wetland Map 5
(NWM5) South African Inventory of Inland Aquatic Ecosystems (SAIIAE): Technical Gsffoeport
numberCSIR/NRE/ECOS/IR/2018/00Q1/A

This chapteprovides anoversight of the rationale and approach for the update of the National Wetland
Map 5 (NWMS5) whichwill be used in the National Biodiversity Assessment of 2018 (NBA 2018). This
chapter documents the principles adopted and methods used for the mapping of HGM wetland types and
the integration of existing data sets for various parts of tentry. The reslts of reviews done by experts

are provided as well as the results of the final NWMb.confidence map guides users as to the
completeness of the extent of inland wetlands mapped in an area, as well as the accuracy confidence of the
attribution of hydrog@morphic wetland typesRecommendations for improvements to the NWM are
provided in conclusion.

Wetland 'means land which is transitional between terrestrial and aquatic systems where the
water table is usually at or near the surface, or the land is plez@dly covered with shallow water,
and which land in normal circumstances supports or would support vegetation typically adapted
G2 ftAFS Ay &aH19P8ENI G SR &a2Af oQ b2!

4.1 Recognition of errors and shortcomings of the NFEPA wetlands (NWM4)

Since the publishg of the NFEPA wetlands, or NWM4, in 2011, many users have noted the amount of
errors present in this data sePossibly the majority of the errors originated from the National Land Cover
(NLC) of the year 2000 (Van den Berg et al., 2008), derived frensgectral modelling of Landsat54
Thematic Mapper (TM) imagery with a B0spatial resolutionReflectance values of inland wetlands are as
diverse as their nature across the country, and the broad bands of these older generation sensors are
incapable & distinguishing these systems adequatelgy. addition, using GIS to modetf some HGM
wetland types has contributed further problems lojviding single wetland units into more than one
polygon (see Van Deventer et al., 2014; Van Deventer et al., 200®) following issues have been
observed (Figure 4.1):

1 There are p to 46% estimated omission errors of wetlands in several landscapes when compared
to wetlands mapped at a fine scal®lbona et al., 2015; Schael et al., 2015; Van Deventer et al.,
2016; Mellyet al., 2016)

1 Polygons mapping artificial wetlands, fire scars and shadows of mountains as wetlands (commission
errors, estimated at 30% of the data set) or selective parts of the extent of wetlands;

f Horizontalshiftsof polygons in comparison tmore recentspaceborne{ I 4§ St t AGS t 2 dzNJ f
de la Terreb (SPOB), the 50 cm spatial resolution colour orthophotography of iepartment of
Rural Development and Land Reforirectorate National Getformation (DRDLR:NGIpf
2012/3, Google E#r and other aerial photography;

46



National Biodiversity Assessment 2018South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

1 Polygons subdivided into HGM wetland types, showinezaig boundaries which resulted from
using a rastederived landforms data set for typing wetlands (Van Deventer et al., 20a4;
Deventer et al., 2016);

1 Errors inHGM wetland types as a result of automated modelling of some of these units. The
landform tool that was used showed to have ovpredicted valley floors and benches while
underestimating slopes and plains (Van Deventer et al., 2014; Van Deventer et al;,, 2016)

1 Areas mappedaround dams were initially thought to be natural palustriaad seepwetlands
howeverupon closer inspection after NWM4, agreed to haather beclassified as artificial as well
for the purpose of a national map

1 Sliversof inland wetlandpolygons which haveesulted from a number of overlayand editing
processes

Errors of omission and commissican both affectthe assessment of the Ecosystem Threat Status and
Ecosystem Protection Levels, the headline indicators of an NBA. Errors wifisgion which result in the
overestimation of the extentf an inland wetland ecosystem type, are particularly problematic in that they
can lead to significant underestimation of threat status and over estimation of protection |dx@ighe
purposes of the NBA 2018, it was therefore crucial to redum@mmission errors. In an attempt to address

the vast number of issues reported for NWM4, as wellresunderrepresentation of the extent of wetland
ecosystem typesan approach was followed to first @ishe fine-scale wetlandgi.e. high confidencejata
collected for NWM5 (Van Deventer et al., 2018), and then evaluate whether the NFEPA data could still add
value.The following sections (4.2 to 4.9) describe the way in which thesfiaée data was amaigated

and typed whereas section 4.10 describes the comparison of this amalgamated data set (NWM5) with the
NFEPA wetlands /NWMA4.
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Figure 41: Examples of errors in the NFEPA wetlands: (a) An artificial wetland outlined in yellow modelled as a wetland flat. The
extent should be corrected to match the image and the type corrected to artificial; (b) Commissioors whichwere inherited

from NWM3, the shadows of mountains are likely to have resulted from the spectral modelling of Landsat satellite imagery; (c)
Wetland HGM types outlined in yellow have been split in a-zigg way by the landforms data set used to model HGM wetland
types in the NFBA wetlands. In addition the polygon shows a shift towards the east compared to the image. These should be
corrected by merging the split polygon, reshaping or deleting it and retyping it to the correct HGM wetland type; (d) Part of
NFEPA polygon remaiimg in an area and typed as a wetland flat. The extent includes terrestrial (commission error) and wetland
areas have been missed (omission error) which should be corrected, as well as the HGM wetland type; (e) Small sliver polygons
also remained where lager river polygons were removed; (f) artificial wetlands mapped:Hy mining excavations and tailing
impoundments; (i) a swimming pool; (j) power station and (k) the shadow of silbBisese should be deleted.
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4.2 Approach process flonand protocolsused fa NWM5

A key decision made at the onset of the improvement of NWM5 was to first splistiale desktop
mapped wetlands data from wetlands modellegher from a Digital Elevation Model (DEM) or satellite
imagery (Appendix B). This implied that all thefine-scale wetlands data sets would be identified
amalgamatedand typed to HGM unit separate from any modelled data. Only after the compilation of a
fine-scale version of NWM5, would the modelled data be considéethtegration

An update of the hydralgical features mapped by tH2RDLR:NGI was issued as provincial geodatabases at
the end of March 2016. This data set showed a larger amount of hydrological features captured by the
DRDLR:NGI, compared to the 2006 data set which was readily availghk @buncil for Scientific and
Industrial Research (CSIR). Although the DRDLR:NGI issues updates every 3 years, the time constraints on
the inventory resulted in consideration of only the 2006 and 2016 data sets. As a first step in the
compilation of the ine-scale NWM5(Figure 4.2) the 2016 provincial geodatabases were merged to a
national geodatabasaising the Geographical Information Systems (GIS) softher€lS 10.3 (ESRI, 1999
2014)and topological errors cleaneand referred to as NWMS5.{Figure4.1; AppendixC). All data were
projected to the South African coordinate system used by the NBA 2018, the Albers Equal Area (AEA)
Conical projection with the spheroid and datum being the World Geodetic System of 1984 (WGS84). This
coordinate system least darts the surface area extent calculated for ecosystefrtgs coordinate system

uses the 25°E as central meridian with two standard parallels including 24°S and 33°S.

A geodatabase was chosen as the preferred format of the spatial data related to the Afighn
Inventory of Inland Aquatic Ecosystems (SAIIAE), since it could economically and effectively contain
multiple feature classes under a single feature data set and allow for the assessment and correction of
topological errors. Most particularly, these of defined subtypes for multiple categories in all the fields,
and relationships between these, had the advantage that during distributed editing of the subsequent
versions, consistency in classifications will persist which limits timeously editémgaafalgamation.
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Process (steps): Data sets used: Output version:

Step 1: Topological correction and
integration of fine-scale mapped DRDLR:NGI, 2006 & 2016 National Wetland Map 5.1
wetlands data at a country-wide scale

Step 2: Integration of fine-scale mapped DEA 2016 working for wetlands )
wetlands data at a country-wide scale WRC peatlands project National Wetland Map 5.2
Estuaries (NBA, 2011)

Step 3: NWM5.2 were clipped to

provinces and fine-scale mapped Provincial data sets (see National Wetland Map 5.3
wetlands data at a provincial level was inventory list)
integrated

Step 4: Mapping of addition wetlands to
NWM5 .3 as well as typing of HGM units
in focus areas

Step 5: Integration of available wetlands National Wetland Map 5.4
data sets, typing of HGM units in the
remainder of the province and adding
data from focus areas —

Step 6: Assess whether expert-ID
NFEPA polygons still were valuable for
use

Step 7: Collation of all provinces into a
single data set

Step 8: Collation of all provinces into a

single country-wide data set Naticnal WellandMaRs

Figure 42: Flow diagram showing the process of compilation of NWMS5.

Concurrent to the period during which the NWM5.1 was compiled, the CSIR and the South African National
Biodiversity Institute (SANBI) dertook a data audit of available data which could be used for the SAIIAE.
In particular, finescale wetlands data were sought for improving the NWM. A wide range of wetland data
sets had been received during the course of more than a year {2018) foruse in NWM5 and has been
compiled as an inventory list (Van Deventer et 2018. The list was updated for this publication and is
available in Appendik

In the second step of integration of firseale mapped wetlands data, nationally available davanfthe
Working for Wetlands team (under the DEA), the Water Research Commission (WRC) project (Grundling et
al.,, 2017) and the estuaries from the NBA 2011 have been integrated into NWM5.2 @Rjure
AppendixE). Hereafter the data was clipped to the prwial boundaries of the Municipal Demarcation

21 NRQa Hnanmm R dtb aruBber of agsistarisod fiirthdr prdedsSing. The available fine
scale data sets for the provinces were then evaluated fefiofipurpose and a selected number of de
chosen to integrate (AppendB.

Finescale wetlandslata received for the purpose of updating NWKMEnDeventer et al.2018 Appendix

B were incorporatedwith NWM5.2 for each province into a NWM5.3 version, with the naming convention
of the output feature class given as [province_name_ NWMb5.3_coordinate system]. For example, for
Gauteng it would be GT_NWM53_AEA. Firstly, the existing HGM wetland types allozdiad-dcale
wetlands map data from the firscale data received, were transferred to the subtype fields of NWM5.3. In
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addition, a field Condition was added, and where informatanthe conditionwas available, tis was
transferred too.

Secondly, topologwas calculated for the feature data class to show where duplicate polygons occurred, as
a result of the merging. This allowed the assistant to review these multiple polygons and make a choice of
extent and HGM wetland type. The error inspector tool inGif then allows for the topological overlap
error to be dealt with through either merging, subtracting or deleting selective polygons. A choice can then
be made to select the polygon with the preferred HGM type and name of the wetland (from NWM5.2 or
higher confidence finescale wetlands data).

Principles and guidelinesere compiled and provided to assistants for the data capturing and integration
process (AppendixB & D. Three key principlesguided the compilation of NWM5 to be used in a
biodiversity asessmert

1 The original extent of the wetland should always be capturéar the purpose of an NBAThe
original extent of wetlands is required fdne assessment of ecosystem types in the NBA 2018
(SANBI, 2017)Even though this project had no funding to capture wetlands from historical
imagery, the principle implied thaall artificial wetlands and modification® wetlands were
removed, and gaps within large valley bottom systems were filled'bjs will be elaborated on in
the subsectionsto follow.

o For planningpurposes, howeverthe current extent of wetlands is relevant and should
again be combined with the artificial wetlands and other modifications.

I Themaximum extent of a wetlandshould always be capturedldeally, multitemporal imagery
across large annual cycles and seasons should be used to determine the maximum inundated
extent of a wetlandacross hydrological cycles

1 TheHGM wetland types and condition assigned in figeale wetland data sets received from
wetland expertsshould always be retainedWhere HGM wetland types and condition of wetlands
has been assigned by wetland specialists, even if desktop assessed, retain these and do not
remodel these wetlandsThe timeperiod withn which the condition was determined should be
documented.

In addition to the guidelines listed in Appendix F, assistants also had to export all artificial wetlands to a
separate layer, and then remove artificial wetlands from the NWM layers, withinotthiesfareas as well as

later in the remainder of the provinces (following subsectiodd)hough it is internationally recognised

that artificial wetlands may contribute to biodiversity, for the purpose of assessing the headline indicators

of the NBA 2018these systems are not considered and have therefore been kept in a separate layer.

Artificial wetlands were dealt with in three ways (Figurg.A):

i.  Wheresmallartificial wetlands, such as farm dammwerelargely surrounded by a valldottom or
floodplan system, the polygon had to be merged with the surrounding HGM wetland itype
NWM5(Figure 43.A.1-3). The extent of the features were kept in the Atrtificial wetland layer;

ii. Large dams were deletedfrom the NWM5 but retained in the Artificial wetland laye
(Figure4 3.A.4) Largedams cover both terrestrial and wetland ecosystem types, although the
SEGSyd 2F SIFOK O2dd R y2d 0S5 SaidFhebrigitaRextdhN® Y { K
the original inland wetlands, prior to the construction of them, would have to be captured from
historical aerial photography to determine the original extent of the wetlavidety-two (92) arge
dams monitored by the Department of Water and Sanitation (DWS) in the National Eutrojaimcat
Monitoring Programme (NEMP), should be considered as a first priority. The NEMP monitors 105
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systems, of which we have received a list of 92 large dams, 5 inland wetlands and 5 Estuarine
Functional Zones (EFZs); and

Isolated dams were deletefiom the NWM5 (Figure4.3.A.1-3). In focus areas the extent of the
smaller HGM wetland type, which would be present where a series of small dams occur, had to be
captured, while in the remainder of the provinces, these smaller systems were not captured.

A) MOTIVATION FOR REMOVING ARTIFICIAL WATER BODIES TO SEPARATE FEATURE CLASS
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1 - these artificial wetlands extended the original extent of the wetlands. Removal of these artificial waterbodies
would leave a gap where the natural extent was. Recommendation: Update in NWM6 to connect wetlands.

2 —these artificial water bodies are completely surrounded by a valley-bottom wetland. Merge it into the adjacent
Wetlands. The NWM5.2 version will be used to extract the artificial water bodies to a separate feature class.

3 —removal of this artificial water body will have no impact on the extent of natural wetlands.

4. Removal of the large dams will
leave a big gap which should be
filled in NWM&6 with the historic
extent of the original natural
wetland.
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5. These large artificial p .
waterbodies should be -
double checked. They

are perhaps valley-

bottom wetlands and

should not be deleted, -
but kept and in

corrected in NWM6. -

6. These artificial waterbodies
would be extracted to a
modification layer but then also
merged in the NWMS with the
adjacent valley-bottom wetlands.

7. Omissions: valley-bottoms along
the line of dams and sinuous river
has not been captured. Should be
done in NWM6.

8. The depression should extend to include the
dam and other perennial pan. The Dam should go
to the modifications feature class.
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9. The extent of this depression has
not been captured in full to the
northeast nor its surrounding seep.
The full extent must be captured in
NWMG6 and the modification
captured in the modification feature
class.

i} Errorsin
classification
between NGI 2006
and 2016 data

ii) Errors in consistency of names of NGI 2006 (purple) and
2016 (turgois) data should be corrected — refer to
topomaps?

lil) All dams should be merged into the natural wetland.
Modifications will be noted In separate feature class.

i) Working for wetlands (yellow) captured the full extend
but called this a valley bottom wetiand, Use full extent but
HGM type = depression

v) Future update should separate seep rone from
depression,

wi) Delete small “Non-Perennial Pan” northeast and
southeast of this depression,

Figure 43: Figureposted for discussion on the NBA 2018 Inland Aquatic Google Falustrating (A) scenarios in which artificial
wetlands should be removed or integrated into NWM5 and (B) errors related to artificial wetlsrdtected in the NWM5.3
versions.

The following subsections will detail more of steps74(Figure &) taken at a provincial level for the
mapping and integration of the fingcale version of NWMS5. Concurrently to the process of mapping and
integrating te finescale wetlands data, wetland probability mapvas developed by Dr Nacelle Collins
from the Free State Department of Economic, Small Business Development, Tourism and Environmental
Affairs (FS DESTEA). The errors in NWM4, particularly the omission errors, inspired Dr Collins to improve
the modelling of wetlands for the Free State Province. The output has been very impressive and therefore
we have asked him whether he would be willing to the same script for the rest of the countryhich he

did. The methods and outputs of this data set are provided in Chapter 5 of this refpadmparison
between the finescale and modelled wetlands data sets will enable more choices in the compildtion o
final NWM5 for the NBA 2018, and could contribute to future fsocale mapping of NWM updates. The
comparison between finscale wetland maps and theetland probability magas been done for selected
areas and the results hereof are presented in Chaptof this report.
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4.3 Mappingof inland wetlands fordistricts of South Africa

Inland wetlands have been mapped at a fine scale (below 1:10 000) for nine district municipalities of South
Africa during the update of the NWM5 and the NBA 2018 (Figuresée! section 44 These updates
supplementedthe inland wetlands data received for four metropolitan districts, including City of Cape
Town (CoCT), City of Johannesburg (CoJ), eThekwini and Nelson Mandela Bay District Municipalities (See
Chapter 1 and thenventory list for more details). The former district boundary of the City of Tshwane
Metropolitan Municipality (CTMM) has also been incorporated, which constitutes the western half of the
current City of Tshwane District Municipality. These districts Hasen mapped to various degrees of

scales and accuracies, and few have aligned the inland wetlands with the estuarine ecosystems.

District Municipalities (MDB, 2016):
‘: Not mapped at fine scale

[:I Focus areas mapped for NWM5

- Mapped prior to NWM5

Mapped by external party and included in NWM5

i
-
o U)’iﬁfﬁ‘ﬂng ndlovu

eThekwini

i Amdthole

g L
Buffalo City

Nelson Mandela Bay

1:9 000 000

Figure 44: Location of priority areas where wetlands were mapped for NWM5.

In addition to theavailable data sets as well as the focus areas, efforts to update the inland wetlands for
three other districtswere also under way. Improvements to the inland wetlands in the Gert Sibande and
Nkangala District were done by Dr Mervyn Lotter and Mr Hafhasais of the Mpumalanga Tourism and
Parks Agency (MTPA). The baseline of the NWM5.3 for the Mpumalanga Province, which included the all
data received for the province, was used to improve the extent and hydrogeomorphic typing of the inland
wetlands.

For the West Rand District Municipality the Gauteng Provingéhe United Statesigency for International
Development (USAID 2018 provided funding tothe International Council fo Local Environmental
Initiatives (ICLEfpr the improvement of the inland wetlands. The funds were secoridediurecon Pty Ltd
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who obtained theNWM5.3 of the Gauteng Provinte use as baseline. Mr Joseph Mulders supplemented
the baseline data with thewetland probability map(Chapter 5) and ammeled the outlines and
hydrogeomorphic types of thpolygons from therobability map Further amendments have been done by
Dr Heidi van Deventer (CSIR) before inclusion into the final NWMS5.

In total, 16 of 52 districts of South Africa have therefore bemtuded in NWM5, which constitutes about
31% of the total number of districts.

4.4 Mapping wetlands in nine focus districts in the country

Nine District municipalities within the country were selected as focus areas based on availability of
resources andhe situation assessment results (Tablé)4Funding for a number of interns was enabled
through the following sources:

1 South African National Biodiversity Institute (SANBI) Research Assistant funding

1 CSIR Parliamentary Grant (PG) fungding

f Water Researci2 YYA &daA2y 062w/ 0 tNRB2SOG Y HpncX WOVl of.
making in relation to wetlands through improving the quality of spatial wetland data in South
' TNROF QT

1 Global Environment Facilig/(GEF5)

9 International Council for Local Erasimental Initiatives (ICLEI} Local Governments for
Sustainabilityas part of their LAB wetlands project mapped the Eden district municipality following
the protocols developed as per Appendix F; and

1 South African Earth Observation Network (SAEON)

Table4.1: Focus areawhere mapping of HGM wetland types were improved in NWM5 and their respectiveding sources

Area Source
Amathole DistrictMunicipalit EC) Global Environment Facility (GEF5Water Researct
Cape Winelands Distritunicipality (WC) Commission (WRC) Project K5/2546he CSIR

EhlanzenDistrict Municipality (MP)

I yAVIE) Parliamentary Grant (PG) antunding from the
Umgungundlovu Distrid¥iunicipality (KNZ)

National Research Foundation (NRF)

Buffalo City Mtropolitan Municipality (EC) International Council for Local Environmental

Eden DistricMunicipality (WC) Initiatives (ICLEE Local Governments for
Sustainabilityas well as CSIR Parliamentary Grant (
funding and National Research Foundation (NRF)

Francis Baard District Municipality (NC) South African National Biodiversity Institute (SANB|
South African Earth Observation NetwoSAEON*

VhembeDistrictMunicipality (LP) WRC Project®2546

Letsjeweputswa Distridflunicipality (FS) CSIR P&nd WRC Project K5/2546nding

*2 | 1SN wSaSINDK /2YYAaaArzy o2w/ 0 tNR2SOO YpkHmkingintektoft6BR a9yl
wetlands through improving the quality of spatial wetland data in South Afri¢his projectprovided funding for research
assistance contracts and appointment of wetland specialist for quality control

* SAEON provided oversight of the data capturing process, though SANBI funded the human resources.
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Betweenl17 and 18 August2016 a training workshop focussing on wetland delineation and mapping was
hosted and administeretby SANBAt the Kirstenbosch Botanical Gardehe training workshop had a
seminarcentric approach complimented apractical field work excursion.

1 The mrposeof the training workshop was toxpose attending delegates to the different kinds of
HGMwetlandtypes as well their associative vegetative and geophysical fegtures

i Train delegatesin the practice ofdesktop mapping protocols and procedures wel as the
principles andules in capturing wetland data

f ¢KS dzaS 2F 9{wLQa ! NODL{ VY206Af&H ! NODL{ hyfAyS

1 Expose delegates to working on the wetland inventory workspace i.e. the classification system and
the geodatabase

The taining workshop was attended t8/traineesfrom SANBI, th&CG, as well as Hata capturerdrom

ICLEI the CSIR and SA[WIBble 42). Thereafter, assistants were expected to map the examples seen in the
field at a desktop level using Gifd improvements were suggested

Table 42: List of data capturers and assistants who participated in mapping wetlands in focus areas

Focus areaRistrict Data Capturemor Assistant
Municipality)
Amathole (EC) Leolin Qeguintern from National Research Foundation (NRF) based at the CSIR Pretoria from
Buffalo CityEC) 2016 to 31 March 2017.

Cape Winelands (WC) John April, Sinekhaya Maliwa and Bongiwe Sjnmkarns from National Research Foundation (NI
based at theCSIR Stellenbosds well as staff from the Freshwater Consultancy Group (F
Tumisho NgobelaKate Snaddon and Dean Ollis

Eden (WC) Mthobisi Wanda, ICLEI

Ehlanzen{MP) Millicent Dinala intern funded through the WRC K5/2546 project

Francis Baar{NC) Gcobani NzondaResearch Assistant to SANBI from 26 September 2016 to 26 March 2017, f
through the WRC K5/2546 project, for a total of 936 hours (on average 35 hours per week)

Lejweleputswa (FS) Ridhwannah Gangaintern funded through the€SIRPG funding

Vhembe (LP) Tebogo Kgongwanantern funded through the WRC K5/2546 project

Umgungundlovu (KZN) Phumlani Zwangintern funded through the€SIR PG funding

Following the training workshopsaistantawvere expected to capture wetlands in the focus areas allocated
to them using the guidelines documented in Appendikdther supervision was provided by Dr Heidi van
Deventer at the CSIR as well as Ms Namhla Mbona at SANBI or alternatively throughm&typgs and
sharing of screen® number of data sets were provided to them fpriding data capturing as well as the
guidelines for mapping wetlands in South Africa, which was in draft format at the time of the update of
NWM5 (Job efl., 2018. For theupdate of the NWM5the original intent was to use thenost recent
imageswhich hadnational coverage. The 5fin spatial resolutioncolour orthophotography through the
ArcGIS online viewer from DRDLR:IN&4 freely available for the update and dated back to between 2012
and 2013. SPOT imagery was also used in some instances, dasingléoyears. Unfortunatelyboth the
colour orthophotos and SPQmages were lardg taken during the dry season (possithd avoid cloud
cover) and were therefore less suitable for the purposeirgénd wetlandmapping. When a wetland
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deemed particularly difficult to discern the exteand/or HGM wetland type, multiple years of Google
Earth imagery was used to facilitatestmapping.

Theduration ofdata capturingook between approximately 3 months per focus area, followed by a review
period. Most districts were captured and reviewed betwednSeptember 201@nd 31 March 2017
although a few commenceand were completeaarlier.

4.5Integration of wetland data sets for the remainder of provinces

No data capturingvas done in the remainder of the provinges<cept for a seléed number of floodplains,

the eight limnetic depressions,and wetlands withinthe majority of the Ramsar sitesA number of
assistants who were mapping wetlands in the focus areas, continued with the integration of wetlands in the
remainder of the provinces, with help from a number of additional assistérable 43). The period of
integration took pace between 1 April an@6 March201& A G K | NBRdzOGA2Y Ay (K
available hours dedicat towards this effort in the last three months of this period. Hence a number of
unforeseen delays were experienced.

Table 43: List of data capturers who participated in the integration of wetlands outside focus areas

Focus area Data Capturer
(Province)
EC Leolin Qeguintern from National Research Foundation (NRF) based at the CSIR Pretoria from 1 May 201t

March 2017; thereafter Research Assistant to SANBI frdome 2017 to 30 November 2017, funded through
the WRC K5/2546 project, for a total of 830 hoursdwarage 31 hours per week)

FS Ridhwannah Gangaintern funded through theCSIR Parliamentary Grant (PG) fundiiogh 1 August 2016 31
March 2017; thereafteResearch Assistant to SANBI frblay 2018 to 29 September 20%@r a total of 760
hours (onaverage 34 hours per week).

GT Heidi van Deventer (CSIR), Gardaiise Ramjukadh (CSIR &idhwannah Gangaintern funded through the
CSIR Parliamentary Grant (PG) fundirignded with SANBI research assistant funding

KZN Phumlani Zwangintern funded through the€SIR PG fundifiggm 1 August 2016 till 31 January 2017; thereaft:
Research Assistant to SANBI frbiRebruary 2017 to 31 March 2017, funded through the WHRE5K6 project,
for a total 0f320 hours (on average 41 hours per Wge-rikan Erwee, research assistant funded by SANBI di
August 2017 for a total of 40 hrs

LP Namhla Mbona (SANBI)

MP Millicent Dinala intern funded through the WRC K5/2546 project on atfoie basifrom 16 August 2016 to 14
February 2018, and #reafter a Research Assistant on the same project from 15 February 2018 to 14 Augt
2018 full time.

NC Nhlanganiso Biyela (SANBI);-firtte staff member contributing partially to the project.

NwW DWS teanDirectorate: Spatial & Land Informatidhanagement (SLIM)

wC Kedibone Lamula (SANBI); fithe staff member contributing partially to the project.

During themapping andntegrationof the NWM5.3 versionghe following errors had to be addressed:

1 Depression and artificial wetlands attributes weaecidentallymixed through an automated GIS
process when data was integration into NWM5:Phis may be a result of limited computer
processing power in combining data at a national scale. This resultec:quaiement of extensive
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checking of these polygons across the provinces, to ensure esenseliminated. Inthe future,
processing should be considered only at provincial level, unless processing power has improved.

1 Polygons from the NWM3including hose modelled through remote sensing and split with the
landforms data setappeared to have crept back in to NWM5This resulted from of théne-scale
wetland data setswhich have used theseThese were not necessarily eliminated across all
provinces,though some assistants did pick up this error visually and have attentptetiminate
theseas far as possible

1 Merging of diplication of polygons as a result of combining multiple data sets. Noticeably
depressions were mapped by different projects usim@gery from different dates. Where the
differences were minor, the polygons were merged. Where the differences were larger, the outer
part of the depression was made the seep and the inner polygon the depression HGM wetland
type.

1 Smallslivers were mergewith the larger polygon, after exploding all features, to ensure there are
no multipart polygons

1 River channels still posed a contentious matter. Originally, the sand banks and flood bands of the
DRDLR:NGI data were merged into river channels, or fahts potentially riparian. Later on, the
section of the channel running through a floodplain or vabeytom wetland, were split and
included in the HGM wetland type adjacent to the chan@nsensus was not reasthamongst
members of the team and refence committee on how to deal with the river channels, flood banks
and sandbanks. A future update should table these for discussion to resolve a sensible way
forward.

1 Gaps within wetland andver channelavere filled in some instances, but not all. Saimes the
gaps are true islands, however in other instances these were data capturing errors resulting from
mapping errors or different purposes of mappimgand wetlands and hydrological features by
DRDLR:NGI. Future updates should attend to these ie hetiail
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4.6 Review protocol for the focus districts and remaining parts of the
provinces

In the focus areas, the reviewers commented on the extent and HGM wetland types of the draft NWM5
through generating points where errors were noted, and added suggesin the attribute field of the
shapefile (Appendix F). A total amount 849 points were received and addressed across all focus areas
(Figure 4.5) by the assistants (Tablé) 4.

Table 44: List of data capturers andssistants who participated in corrections of mapped wetlands in focus areas

Focus area (District Review comments Capturer Reviewers
Municipality)
Amathole (EC) Leolin Qegu, intern from National Research Foundation (NRF) based at tt Wetland Consulting
Buffalo City (EC) CSIR Pretoria fromNlay 2016 to 31 March 2017. services (WCS)
. Freshwater Consulting
C Winelands (WC' Freshwater C It G
ape Winelands (WC' Freshwater Consultancy Group Group(FCG)
N .
Eden (WC) Mthobisi Wanda, ICLEI | CaLnEcly Jobappointed by
Enhlanzeni (MP) Millicent Dinala, intern funded through the WRC K5/2546 project WCS
Francis Baard (NC)  Basanda Nondlazi (CSIR) &ainhla Mbona WCS
. Ridhwannah Gangat, intern funded through the CSIR Parliamentary Gran
Lejweleputswa (FS) ! W gat1 ! " ! y WCS
funding
Vhembe (LP) Tebogo Kgagwana, intern funded through the WRC K5/2546 project WCS
Umgungundlovu Phumlani Zwane, intern funded through the CSIR Parliamentary Grant (P( WCS
(KZN) funding

A documentemplate wasprovided to all reviewers who were involved in the reviewing ofdhaft NWM5

for the remainder of the provincesAppendix . A random selection of 30 points per HGM wetland type
was done in ArcGIS, and the resulted point shapefile, as well as corresponding polyaessnt to the
respected reviewers (Table 4.5)he Cape Winelands District was amended at desktop level by the
Freshwater Consultancy Group (FCG) and therefore no points are reflected in Figure 4.5 for this District.

1:11 500 000
Figure 45: Shapefile points received from FCG and WCSHerreview of wetlands mapped in the focus areas.
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Table 45: List of assistants who participated in corrections of wetlands outside focus areas

Province

Person integrating provincial finscale Personreviewingthe layer
data and editing layer

EC- Eastern Cape
FS- Free State

GT- Gauteng

KZN¢ KwaZuluNatal

LP¢ Limpopo

MP - Mpumalanga
NC- Northern Cape
NW - North-West

WC- Western Cape

Leolin Qegu (NRF intern based at CSIR Pretoria Mr Brian CollotfScherman, Colloty & Associates)
Ridhwannah Ganget (GISc intern at CSIR Pretol Dr Nacelle Collind6DESTEA

Mr Retief Grobler (Imperata Pty Ltd) and Dr Althe

Ridhwannah Ganget (GISc intern at CSIR Pretol Grundling (ARGSCW)

Phumlani Zwane (CSIR GISc intgfrikan Erwee
(SANBI research assistant) and Millicent Ketelo Mr Vince Egan or Mr Meshak Misindi, (LDEDET)
Dinala (SANBI)

Namhla Mbona (SANBI) Mr Skhumbuzd&hubeka (EKZNW)

Namhla Mbona (SANBI) Mr Hannes Marais and Mr Mervyn Létter, (MTPA
Nhlananiso Biyela (SANBI) Mr EnricoOosthuyser{NC DENC) / Ms Nancy Job
Ridhwannah Ganget (CSIR GISc intern) Ms Hermien Roux (UNIVEN)

Genevieve Penog€ape Naturg)Kate Snaddon
Kedibone LamuléSANBI) (FCG)Nancy JollUFS)Jeanne GouwEape
Nature) Dean ImpsorfCape Nature)

The random selection of 30 HGM wetland type points per province, has resulte€g®@hpoints across
South Africa (Figure 4.@)ata edits for the Eastern Cape, the Free State, Mpumalangaorthernand
WesternCapeProvincesvas receivedNamhla Mbona and Millicent Dinala ensurit the correctionof
the requiredpointswas done by data editors for the provinces

1:11 500 000

Figure 46: Wetland polygons sent for review in the remainder of the piioces.
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4.7 Assessing whether NWM4 should be added to the fiseale map version
of NWM5

As mentioned in the previous sections, the intention was to first compile a version of NWM5 which is
purely finescale mapped at a desktop level, and then assess wendttere are still areas of the NWM4
polygons which would be useful. In the focus areas, NWM4 were considered during the mapping of
wetlands, however in the remainder of the provinces, NWM4 were not included. As such, this section
reports the methods andesults of the comparison between NWM%dd polygons from NWM4 not within
NWM5.4. Both the extent and HGM wetland typologies of NWM4 were evaluated to assess whether the
extent should be included and the HGM unit be remodelled or manually retyped.

The smallest province, the Gauteng Province, was used for the prototype comparison, assuming that the
prevalence of commission and omission errors, generated through the modelling of wetland extent from
remote sensing in previous NWMs, may prevail in ofirevinces.

¢KS F2ft26Ay3 DL{ &0SLE 6SNB (I 1Sy BQ H &3 FBR K WNGSH

1. Extract NWM4 for the province> GT_NFEPA_GeoWG$8 latter referring to a naming
convention of the province, data set and coaralie system, being unprojected geographic with the
WGS84spheroid);

2.t N22SO0 Wbl e¢!w!'[Q ¢gSiGfllyRa (2 GKS 19! O22NRAYI
GT_NFEPA_NATwetlands_AEA

3. ERASE GT_NWM5.4 from thésT_NFEPA_NATwetlands_erased_ GTNWM54_AEA

4. Investigate the mtistics related to the sizes of the remaining NWM4 polygons (Figure 4.7):

The results showed the majority (74%) of NWM4 polygons are < 1.7 Ha in size (mean), or a total of
2760 of 3740. To assess whether there would be a certain threshold of seleletiga wetland
polygons, the Ha field was sorted from the smallest size to the largest size and then randomly
selected and viewed increments of approximately 0.5 and then 1 Ha at a time. Most of the
polygons between 0.1 and 18 Ha were found to be commissiaors, slivers or polygons on the
edges of artificial wetlands. Since a thorough check was not done, it may be that there are some
polygons which may be useful, however, the majority were found to be commission errors.

5. Polygons from NWM4 outside NWM5wkre then selected where the Ha field were >= 18.9 (an
arbitrary threshold selected from viewing each polygon below and above this size). The remaining
depressions from NWM4 were also omitted, assuming that these were not modelled from the
spectra and maystill be considered for inclusion. Thereforéda" >=18.9 AND "NWCS_L4" <>
'Depression’ An assumption here was that one would rather like to pick up large wetland systems
from NWM4 not present by NWM5.4, rather than the very small polygons which mayréswied
from spurious pixels from Landsat in the National Land Cover of 2000. The selection process
resulted in 51 polygons which appeared to be useful. This was then entered as a definition query
for the layer to minimise the display and these 51 polygyarere then inspected onby-one.
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Figure 47 NWM5.4 (blue polygons) displayed with NFEPA / NWM4 wetlands (pink) for the Gauteng Province, as well as the
statistics of the NWM4 polygon sizes in the graph.

6. Explode polygons to avoid mufiart polygons: Select all polygons from
GT_NFEPA_NATwetlands_erased_ GTNWMb54arndEdxplode; the UPDATE THE HA field.

The depressions remaining from the NWM4 outside NWM5.4 were then investigated from the largest to
smallestones. Most were seeps adjacent to existing depressions from NWM5.4 (Bigae In some
instances, the depressions were mapped on degraded land or appear to have resulted from interrupted
drainage of roads, and an artificial wetland has formed (Fig8B). Others merely represent differences

in the extent to which a depression was mapped with different images (Fg8cd. It was therefore
concluded that these polygons would have to be carefully evaluated before integration with thechfe
versionof NWM5.4 and it was agreed that this should rather be done during the improvement of NWM6.
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(b) (c - A

Figure 48: Remaining data from NWM4 after NWM5 was removed: (a) A seep polygon highlighted in yellow from the rérgain
NWM4 data adjacent to a depression from NWM.54 (bHited polygons); (b) artificial wetland mapped in a degraded area; (c)
slivers (red outlines) around depressions (bKi#ted polygons).

(a

7. Lastly, nordepression HGM wetland types remaining in NWM4#sale the finescale version of
NWM5.4 were inspected for extent and HGM wetland types
GT_NFEPA_NATwatts_erased GTNWM54_dslv_AEA.
To evaluate the usefulness of these remaining polygons above 5 Ha, the remaining polygons were
classified following visaly inspected, according to the following rules:
9 if the majority of the NWM4 polygon falls outside existing data (NWM5.4) and were not
O2y&aARSNBR G2 0SS 6SitFryRT AlG ol a OflF&aaAirFASH
 if the majority of the NWM4 polygon was artificialli ¢l & Of F aaAFASR | a u
9 if the majority of the polygon was useful but needs to be reshaped, it was classified as
W/ 2yaARSNDT
T AT (GKS LRted2y 61 a NIXGKSNI I NAGSNE Al gl a ¢
9 if the wetland was better represented by thneetland probability map(Figure 4.9), then it
gl a Of I wetland@pkoBaRilityt miag) W

R ———— ] R
T T R L L TABEISO My ARALQ N e B AT VO DUENART B, -
V- TR T L i ld Bt L ) YT

Mgt O W 0 - - "

Figure 49: Valleybottom polygon from NWM4 as a turquoise outline displayed with the NWM5.4 wetlands as blue filled
polygons and thavetland probability mapas redfilled polygons (for latter, see Chapter 5).
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The majority of the remaining NWM4 wetland types (raepression wetlands) were found to be
slivers or small polygons < 5 Ha in size (33%) or commission errors (32%¥ @)ahkess than
1122 ha (~19%) were considered useful for inclusion into NWM5.4; however most of these
polygons would require manual editing to reshaped it to the correct extent and to avoid the
inclusion of terrestrial areas (commission errors).

Table 46: Results of classes assigned to the remaining, 1a@pression, wetlands of NWM4 for Gauteng

Category Number Ha % of total nondepression
of NWM4 remaining
polygons wetlands
Slivers and very small wetlandsb(Ha 7628 1980.3 33.3
Artificial wetlands 30 699.4 11.8
Commission error 127 1872.9 315
Consider 31 1121.3 18.9
Watercourse probability map 4 50.3 0.9
River 8 215.8 3.6

The inclusion of the NWM4 polygons outside the NWMb5.4-ficale wetlands data set was therefore not
considered for NWM5, however recommended for consideration during the improvement to NWM6. The
size of the polygons that could be considered in Gauteng)06lha, could also be added through
consideration of large floodplain, valkdpttom and seep systems that could visually be detected and
mapped in a quicker way, than by inspecting multiple small polydgexgertiD wetlands from the NFEPA
wetlands whichwere natural, however, extracted and integrated into the provincial data set by Ms Namhla
Mbona, Ms Millicent Dinala, Dr Andrew Skowno and Dr Heidi van Deventer.

The supplementation of the wetlands probability map to the NWAvEs also considered and is tiled in
full in Chapter 6. Owing to a large amount of commission errors in this data set, it was not included into
NWMS.

Concurrent to the finalisation of NWM5.4 for each province, Dr Heidi van Deventer (CSIR) and Ms Anisha
Daryaram (SANBI) captured lardloodplain systems across the country, totallingl5 systems. All
provincial NWM5.4 data sets were reviewed by Dr Heidi van Deventer in January 2018 and sent back to
SANBI for final revisions and amendments.

4.8 Integration of provincial data sets into @ountry-wide National Wetland
Map 5 (NWMb5)

The improved provincial NWMbversions werereceived byDr Heidi van Deventeat the end of March
2018for final integration. A number of steps ¥&abeen taken during the final integration to ensure quality
of the output file:

1 Edgematching between provinces, giving preference to the extent and HGM wetland typing of
polygons where finescale data and mapping was available.

1 Identification and refinement of the eight limnetic depressions in the country.

1 Inclusionof the large floodplain systems.
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1

Improvementsof the HGM wetland types:

o Floodplain depressions, kept in some provinseparate from the floodplain flats, were
correctly attributed at CS_L4Band corrected at CS_L4A and the subtype field to be
floodplains.Not all floodplain depressions were included across all the provinces, since
many have already been merged by interns into the Level 4A floodplain category. Future
dzLJRF 6S&a 2F (GKS b2a O2dzAZ R GSNAFe GKS afl{1Sa
to distinguish artificial ponds from floodplain depressiarsoxbow rivers on floodplains
The latter could be included as floodplain depressions into all floodplains of future NWM
updates, and attributed to Level 4B of the Classification System. The DROLR:Ni f | { S & -
polygons are not inland lakes all and should not be used for reporting lakes. Only the
SAIKG tAYYSGAO RSLINBaaizya FINB fl1Sao ¢KS
points data set and cleaned up by two interns and points added, tased potentially in
modelling floodplain systems. These required a final check and update by experts before it
is used.

0 Wetland flats in most provinces were correctedltevel 4Adepressions, except where it
originated from data captured by wetlarekperts, such as the C.A.P.E. fagale projectA
discussion with the inland aquatic reference committee and a number of wetland experts
concluded that these systems are difficult to distinguish at desktwpl, particularly to
determine if the source fovater is purely groundwater driven, or also from seepage.

Slivers < 0.125 Ha in size was checked eititer merged or deletedSprings buffered to th
resultedin an extent of 0.00313 Ha. These were kept in the data set and can potentially still
indicate the origin of inland wetland#dany other slivers and small polygons remain in the data set
which can be considered for deletioA.thinness index can be calculated and a threshold selected
to delete slivers, though users should be careful not to delatyy polygons before visual
inspection, since some may still be valid inland wetlafide smallest depression mapped, for
example, was measured at 0.0031 Ha on33

Polygons with no HGM wetland type (435) were attributed a landform and HGM wetland type.
Cther corrections to HGM wetland types were done, particularly in the North West Province where
longitudinal systems have been attributed as seeps. Further quality check would be required to
ensure that longitudinal systems are correctly attributed.

Polygors from the KwaZuhlNatal Vegetation Map, where the KZNVEGBIOME was related to
wetlands, which were not included in the NWM5ersion of the KZN Provinceere added and
typed.

Other data sets such as those of the Hogsback and Tevredenpan areas, ogdiratinthe WRC
K5/2545 projecbn the remote sensing of wetland vegetati¢@mngoingproject, dueto completein

the year 2020) as well as thavetlands map from théNest Rand District Municipalitgone by
Aurecon (Pty) LtqUSAID, 2018)vas integratednto the NW5

Updates to the peatlands data set in 2018talling 635 pointsrequired the digitising of about 170
additional polygonsvhich were not in the NWMSOf these, 33 points were not mapped and will
still require further investigating.

Topology becks in ArcGIS wed®ne several times to ensure no duplicate polygons remained.
Gonsistencyof all attribute fields, in particular those of CS_L3, CS_L4A and the subtypes field
(NWCS_LA4A).

Dissolving the polygons to remove small slivers or divisionsHiBl wetland unitA dissolve on

the national data set containing 1@26 polygons was reduced to 878 records after 5 hours on a
laptop and then exploded to 15840 records again within 15 minutes.
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9 Assigning Level 2 attributes to CS_L2 for each po)yagawell as adding Bioregion information:

0 An update of the National Vegetation Map (NVMEGMAP17_v15_8 210518 ARas
received from SANBI following updates done in 2018. The update included changes to the
Albany Thicket Biome, the amalgamation of certagtland-related polygons into adjacent
vegetation groups, as well as the exclusion of the estuarine and coastal ecosystems
mapped for the NBA 2018.

o Swamp forests from the NVM were attributed to Level 6 (CS_L6) in the attribute fields.

0 TheWetland VegetationGroups(WVG)(Nel et al., 2011jas reassigned to the related
vegetation types of the NVM. Alluvial vegetation, inland saline, forest and azonal categories
were reassigned to adjacent vegetation types. Long linear systems were not split, resulting
in potential intrusions of one category onto another. These need to be improved during
future updates. TheVVGwere then dissolved and intersected with the NWM&here a
polygon was dominated by one WVG, the WVG was assigned to Level 2 (CS_L2). Where
more than me WVG was present within a wetland polygon, the dominant WVG was
determined inExcelthrough an INDEX command using the extent (ha) in each WVG, and
then attributed to the polygon under Level 2.

o Bioregionsfrom the NVM update(SANBI, 2018yere derived through dissolving the
polygons on the Bioregions field. The ArcGIS Eliminate tool was used to subsume the
following categories into adjacent bioregiomlluvial VegetationAzonal Forestsinland
Saline Vegetation and Zonal & Intrazonal ForeSisiilar tothe WVG, the dominant
Bioregion for each polygon was assigned in NWM5.

Owing to time and budget constraints, the names of wetlands present in NWM5.2, were not assigned to
the polygons of NWM5.2 again. Although this is not a priority for the NBA 201&ocmiah making and
planning, names offer key reference points to users. Consideration should also be diverstandardised
names and aliases for estuaries and whether these should be adopted by river (lines and polygons).

4.9Alignment of Inland Aquatic €systems with Estuarineand Coastal
Ecosystems

During the investigation of the alignment between the NWM5.2 and the estuaries from the NBA 2011 in
the Estuarine Ecosystems Classification Committee workshop March 2017, the estuarine and inland aquatic
team noted a number of issues. Polygons mapped by the DRDLR:NGI outside the Estuarine Functional Zone
(EFZ) as hydrological features were either inland wetlands, estuarine, coastal or terrestrial in nature. Some
of these polygons, for example, included tigabls, dunes or dune vegetation of which the latter had been
captured at a low spatial resolution (lower than 1:10 00@lthough it is recognised that all aquatic
ecosystem would contribute to biodiversity, and that the ecotone of change is a frmdary, several

steps were taken to ensure alignment of inland wetlands with the estuarine and coastal ecosystem types in
the National Wetland Map 5:

1 The extent of the Estuarine Functional Zones (EFZs) as well assgstams(micro-estuaries,
ephemeralcoastal streams, coastal seeps and waterfalls into the ocean@ finalised using the
first 5 m contour above the shore, as well as vegetation mapped by NMU estuarine experts. These
included Dr Lara van Niekerk (CSIR), Dr Fiona McKay (Oceans Resttehdri3RI), Dr Janine
Adams, Ms Taryn Ridden and Ms Meredith Fernandez (NMU). EFZs anesysiernos were
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mapped where seawater surges inland into open waterbodies along the coast and are represented
as polygons in the NWM5.

1 The extent of the estuarin@cosystems were then aligned with the coastal ecosystem types,
mapped by Dr Linda Harris (NMU) at a scale of 80@8 The coastal ecosystem types distinguished
between the openwater and "floodplain” of the estuaries and the estuarine shores, both part of
the EFZs, as well as miggstems but excluded outlets and seeps in the map integration. These
amendments were then rncorporated into the NWM5.

1 Where an inland wetland exists through the shore as a seep, it was magpe@aint in the outlet
data se of the estuarine ecosystems. These outlets will therefore not be reflected as polygons in
the NWMS5.

Further updates of the NWM should ensure that for each estuarine system, whether EFZsysiemn or
outlet, an inland wetland should be mapped to refléfte connectivitybetween inland wetlands, estuaries
and the coast

4.10 Creation of an artificial wetlands layeo be used for planning

As part of the development of the national wetland magata set ofartificial water bodies was built using

the DRDLRIGI hydrological featuresxported from NWMS5.2All nonnatural feature types were included

in this feature class and were checked for consistency and then integbgt&t Andrew Skowno (SANBI)
with the national 1:50 000 dams mapbwever, they were alswerified or supplemented by data from the
dams register of the Department of Water and Sanitation (DWS), which lists approximately 15@¥8&s
2015). This formed the foundational layer for the development of the artificial water bodiessdaiehich

wha SELRNISR Ay GKS 3S2RI G oL B8 prdcess of develapgBrk & th® | i A
map included basic desktop validation of features oveh@%n extent, and the identification of dams built
after 1990¢ using the national dams registédWS 2015) and a range of remote sensimgducts. This

final step was conducted in order to facilitate the use of the data set in the land cover change analyses.
AppendixH containsa technical report covering the development of the artificial water bsdmap for

South Africa, version 1 (Skowno et al., 2018).

In a second phase of update to the artificial wetlands data layer, Dr Heidi van Deventer (CSIR) refined the
extent and names of the 92 large dams monitored in the DWS NEMP. In addition, inforrfration
available point shapefiles, including the Aquaculture faciliti®?&HF & DEA, 20118s well as the WTW and
WWTW (CSIR015, were attributed to the polygon data set. Not all points had a polygon to attribute the
information to (Table 4). Some slivers were removed up to an extenk@.000313 Ha and some of the
adjacent polygons with different but related categories were merged. These include, for example,
reservoirs, purification plants, sewerage works and WWTWs which may have beeaddeom different
sources and dates of classification, however were the same facility.

The final map contains just over 200 000 features, covering an are@883%a, with dams making up the
bulk of the artificial water bodies in South Africa (Tahlg Bigure 410).

The accuracy of the underlying DRDLR:NGI hydrological features data dictates the accuracy of this layer to a
fIF NBES RSAINBS® !fiK2dza3K STFF2NIaA KF@PS 06SSy YIRS G2
makes a comprehensiveedture by feature, validation process impossible, and many classification and
mapping errors are likely to be encountered in the data set. The aim is to iteratively improve this data set
through the release of an updated version annually or biennially.
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The polygon representing artificial wetlands should be used in association with the Water Treatment Works
(WTW), Wastewater Treatment Works (WWTW), invasive species and other data sets for condition
modelling and planning processes to obtain a better reftecof the pressures on inland wetlands.

It is furthermore important to note that the current data sets have not been assessed for completeness.
Some of the artificial wetland types listed in the Classification System but not in the inventory includes
cands, excavations, salt works, aquaculture points and storm water ponds. Future updates should attend
to the assessment of the completeness and accuracies of the existing data sets, as well as mapping the
point features which are not represented in the Aidial wetlands layer. Furthermore, the full extent of a
facility should be captured in the map. The DRDLR:NGI only maps the extent of the hydrological feature,
therefore the points or reservoirs, and not the extent of the WTW or WWTW (Figadd. Similaities
between categories should be considered and those polygons amalgamated, following finalisation of
definitions.

Table 47: Total extent and number of artificial water bodies and related features captured in the JanuanB82@ksion of the
data set

Type Count Total extent (Ha) Percentage ofhe extent Nr of feature represented
(ha) ofall artificial in polygon data set of total
wetlands (%) mapped as points

Large dams 97 225140.0 37.6

Aquaculture facility 15 372.3 0.1 150f 265

Bridge 1 0.0 0.0

Closed reservoir 201 93.4 0.0

Dam 191353 360809.0 60.3

Fish farm 35 97.4 0.0

Large reservoir 3031 894.6 0.1

Open reservoir 9140 9296.7 1.6

Purification plant 47 62.3 0.0

Reservoir 3 8.4 0.0

Sewerage works 335 337.0 0.1

Slimes dam 1 5.0 0.0

Water tank 373 44.2 0.0

Waterworks 3 0.2 0.0

Weir 3 0.7 0.0

WTW (CSIR) 11 326.7 0.1 11 of 630

WWTW (CSIR) 243 852.3 0.1 243 of 780

Total 204892 598380.6
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Figure 410: Artificial wetlands in the South African Inventory of Inland Aquatic Ecosystems.

Figure 411: The extent of Waste Water Treatment Works (WWTW) as mapped by DRDLR:NGI.
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4.11 Results of the improvemenof NWM5

4.11.1 Results of NWMS5 focountry

The final National Wetland Map version 5 (NWM5) shows the distributibrihe estuariesand inland
wetland HGM typesacross South Africgrigure 412). Not only has the number of data sets represented in
the South African Invdary of Inland Aquatic Ecosystems (SAIIAE) increased, but also the number of
ecosystem types within the NWM#&ve now have Estuarine Functional Zones (EFZs), estuarine- micro
systems, inland wetlands and rivers included, totalhegrly 4 million hectaresia) of aquatic ecosystems
which cover 3.3% of the surface area of South Affiedble 4.8; Figure 4.13Various categories of artificial
wetlands are also nhow mapped, totalling almost ha in a separate data layer.

NWM5 shows an increase of 123%ioland wetlands mapped compared to the NFERAural inland
wetlands.A total of 2.6 million ha of inland wetlands have been mappad NWM5 and typed to HGM
wetland types, making up 2.2% of the surface area of South Afralald 4.8; Figure 4.13A total amount
of 201381 ha of estuaries have been added @&fdmillion ha of river channels.
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Figure 412: Representation of the estuaries and hydrogeomorphic wetland types of National Wetland Map 5. Logos of the
funding organisations are included.
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Table 48: Statistics for Aquatic Ecosysterhsepresental in the National Wetland Map 5

National Wetland Map version (across)/ Realm types NWM1 (2006) NWM2 (2007) NWM3 (2008) NWM4 (2011) NWMS5 (2018)
EstuarineFunctionalZone (EFZ) 165 934.1 200 820.6
Estuarine microsystems (micestuaries) 560.7
Artificial wetlands- large damg92 of NEMP) 225 140.0
Artificial wetlands other - 321 114.2 528 067.3 528 187.3 373 240.5
Rivers 1146 232.1
Wetlands (nottyped) 1961 948.5
Totalextent of inland wetlands mapped for SA 1575 683.3 1527 607.4 2152 104.3

Wetland and waterbodies 1961948.5 1575 683.3 1527 607.4

Channelled vallepottom 494 380.8

Depression 734 042.0

Wetland flat 151 573.0

Floodplain 452 838.6

Seepgincluding Hillslope seeps) 238 232.7

Unchannelled vallepottom 81 037.2
Total extent of estuaries - - - 165 934.1 201 381.3
Total extent of inland wetlands 1961 948.5 1575 683.3 1527 607.4 2152 104.3
Total extentof rivers - - - - 1146 232.1
Total extent of all wetlands 1961 948.5 1575 683.3 1527 607.4 2318 038.4 2851296.1
Total extent of Aquatic Ecosystems 1961 948.5 1575 683.3 1527 607.4 2318 038.4 3997 528.2
Extent of estuaries as % of SA 0.14 0.17
Extent of inland wetlands as % of SA 1.61 1.29 1.25 1.76 2.17
Extent of all wetlands as % of SA (estuariesialahd wetlands) 1.61 1.29 1.25 1.90 2.34
Extent of all Aquatic Ecosystems as % of SA (estuaries, inlan
wetlands and rivers) 1.61 1.29 1.25 1.90 3.28

* Shallow marine systems are included in Aquatic Ecosystems but will be documented by the Coastal Ecosystem.
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Figure 413: Increase of area (hectares) being mapped for the inland aquatic and estuarine ecosystems in National Wetland Map

version 5 (NWM5).

NWM5 showsan increasdn the extent for the majdty of HGM wetland types compared to the NFEPA
natural wetlands (Figure 44). The over estimation of the extent of wetland flats modelledhia NFEPA

natural wetlands data set, has been reduced to reflecly wetland flats mapped in fingcale data se,

such as the C.A.P.E. project. Depression wetlands show a minor increase from the NFEPA natural wetlands
to the NWM5 data set. Depressions were not modelled in the NFEPA wetlands, but incorporated from the
DRDLR:NGI data from 2006. Similarly, NWM5 usél the 2006 and 2016 depressions from DRDLR:NGI,
though supplemented it with finscale mapped data which included additional depressions. An increase in
extent of > 120% of wetlands mapped in NFEPA, is observed for the other HGM wetland types, including
the floodplains, seeps and valkegpttoms.
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In total we estimate that more 31 data editors distributed across > 10 organisations havenedred in
the data mapping, integration and finalisation of the inland wetlands and estuarine ecosystem represented
in NWMS5. The cost of generating NWM5 is estimated at > R7 million during a period of only two years.

4.11.2 Results of NWMS5 for the focus areas

NWM5 showed an increase the extent of HGM wetland types for seven of the nine focus areas where
inland wetlands had been mapped (Figure5}.1n three of these focus areas, the extent increase by >
150% of the inland wetland extent mapped in the NFBE®lands, including the Umgungundiovu,
Vhembe, Ehlanzeni Districts. In three of the focus areas, namely the Buffalo City, Lejweleputshwa and
Frances Baard Districts, a reduction in the extent of inland wetlands was observed when NWM5 was
compared to the REPA natural wetland#ll three of these districts are in more arid regio®&ame of
these had been attributed to commission errors in the NFEPA wetlands that had been removed, as well as
expert knowledge from Dr Nacelle Collins on inactive paleo rivaemss in the northwestern part of the
Free State Province, which now had been removed in NWM5.
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Figure 415: Extent (ha) of hydrogeomorphic wetland types represented in the NFER&ural wetlands and NWM©5or the nine
focus aeasand the West Rand District Municipality (USAID, 2018)

It was quite interesting to note that the extent of inland wetlands for the West Rand District Municipality in
Gauteng had increased by >800%! The increase followed the supplementation of NWiNtedGauteng
Provincewith the wetlands probability magChapter 6), as well as the reshaping and HGM typing of the
inland wetlands by Dr Joseph Muldersd Dr Heidi van Deventefhe NWNMb.3 for the Gauteng Province,
prior to the supplementation of thevetlands probability mapshowed a 314% improvement of the extent
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of the inland wetlands compared to the NFEPA natural wetlands map, whereagettends probability

map added another 500% improvement compared to the NFEPA Wétie the integration of mor¢han 9

data sets for the Gauteng Province into NWM5.3 took quite some time, the supplementation, reshaping of
extent and typing of the wetlands of theetlands probability mapook less than two weeks by the two
experienced personnel.

4.12 Comparison betweenthe NWMS5 and the National Wetland
Vegetation Database

A comparison was done between the NWM5 andl37 relevés of the National Wetland Vegetation
Database (NWVD) of Sieben (20MNgarly 60% of the relevés of the NWVD had no polygons represented in
NWM5 (Table 4.9), which emphasize that there remain a large underrepresentation of inland wetlands,
regardless of the improvements. Twerttyo percent of the relevés had polygons in the NWM5 which were
congruent in HGM wetland types. Another 6% of the relevésd palygons in NWM5 however showed
discrepancies in the HGM wetland types. Further investigation showed that multiple relevés were taken
within one large inland wetland unit represented by one polygon, and if the HGM wetland unit different,
this was detectd as multiple differences. In addition, HGM wetland types of floodplains, for example, was
G8LISR Ay UKS b2zx5 |4 [S@St n . 2F GKS OflFaaArfAaor i
Comparisons with Level 4A appeared as discrepanciesydrnethowever similar HGM wetland types. Some
relevés within the estuarine ecosystems were also typed as inland wetlands, which may reflect a gradual
transition from one system to another, and is not necessarily incorrect in either of the two data sets, but
merely that different criteria and scales have been used in the typing of the aquatic system.

The HGM wetland type assigned to approximately 291 relevés (5% of the total number of relevés) could
potentially be updated, however since NWM5 received foale typed data sets from various wetland
experts, the changes of these polygons require a process of verifying the type against the source and
review points before it is changed. Owing to time and budget constraints, the team decided to leave these
pointsfor further investigation and improvement in NWM6.

Table 49: Comparison between NWM5 and the National Wetland Vegetation Database (Sieben, 2015)

Category Numberof % of totalinland wetlands % of totalnumber of
points matching with the NWVD relevés
and mapped in NWM5
Comparable / congruent 1223 53.4 21.9
Not congruent with the NWVD 330 14.4 5.9
Consider changing in NWM6 291 12.7 5.2
Not mapped in NWM5 3293 59.0
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4.13 Confidence map

A confidence map was compiled to identdyeas where the extent and HGM wetland types attained a
higher level of certainty compared to other areas. For the purpose of this first version of the SAIIAE, higher
levels of certainty are associated with areas that have been visitéidlthby a wetlad specialist(s) over
multiple seasons and cycles of the hydroperiod of a wetland, and accurately represented in the data set.
Accuracy, on the other hand, reflects the degree to which the spatial boundaries and/or attributes of the
wetlands match those ithe real world (Pascual, 2011). A higher confidence score would imply an increase
in accuracy assuming that the spatial boundaries of a wetland had been informed by water, soil and
vegetation indicators, and recorded with differential GPSs. ¢anfidence scores would imply the inverse.

A number of confidence ratings have been developed for the inland wetlands included in the NWM5
(Table4.10). These have been primarily derived from the data received for the SAIIAE (Van Deventer et al.,
2018). Cafidence ratings have been assigned to the -gulaternary catchments (SQ4s) of South Africa
(Figure 4.6). The majority of the country (69%) hakaav confidence rating for NWM5, where the data is a
crosswalk of DRDLR:NGI hydrological features to the H&ifand types. For 24% of the country, interns
trained by wetland specialists, haveapped the extent and HGM wetland types at a desktop level,
resulting in a Low to Medium rating of confidenéar 7% of the country, desktop mapping was done by
wetland specialists, resulting in a Medium confidence. For a very few number of SQ4s, or parts thereof, in
field verification was used to modify the extent and HGM wetland types of polygons in the NWM5. None of
the SQ4s had studies which considered the {wmrgy hydological cycles of the inland wetlands, and
therefore no part of the country had a confidence rating of High.

The confidence rating map should always be consulted to assess whether the NWM5 is fit for purpose. The
confidence of estuarine and coastal ecet®ms is not reflected in this confidence map (Figure 4.16). In
general, areas mapped as a Low confidence, is likely to still have a 50% omission error, though the
commission error may have been reduced to < 10% compared to the previous versions of the NkéM
appropriate scale of use would be 1:50 000. Where the confidence rating is Low to Medium, Medium and
Medium to High, we estimated the omission error to be <30% and the commission error < 10%. The
appropriate scale of use would be 1:10 000.

Table 410: Confidence ratings assigned to swuaternary catchments based for inland wetlands

Rating Description

1cLow Desktop mappingof the extent of inland wetlandsvas done by noswetland
specialistdor a part of, or the full extent of the SQ4.

2 ¢ Low to Medium Desktop mappin@f the extent of inland wetlands/as done byinterns trained by
wetland specialistfor the full extent of the SQ4.

3 ¢ Medium Desktop mappingf the extent of inland wetlandand HGMtyping was done by
wetland specialistfor the full extent of the SQ4.

4 ¢ Medium to High Desktop mappin@f the extent of inland wetlandand HGMtyping as well adield
verification and revision by expentgas canpleted for the full extent of the SQ4.

5-High Inland wetlands have been mapped and verified for a period of > 10 years
multiple hydrological cyclefr the full extent of the SQ4Verification may include
field observations as well as soil and/or vegetation surveys.
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Figure 416: Extent of areas with various ranks of confidence for the extent and hydrogeomorphic typing of inland wetlands in

the country. Table 4.9 provides definitions of the variowstings of confidence.

4.14 Recommendations of future updates

Duringthe course of he finalisation of the NWM5, Ms Nancy Job has been appointed as the Programme
Manager of the Freshwater Biodiversity Unit at SANBI (1 February 2018). This unit will further address the

strategy ofupdating NWM6 and the identification of priority areas agproaches in doing so.

We provide herewith asummary of recommendations for future updates of the NWMs for the
consideration not only by this unit of SANBI, but many other stakeholders who have interest in the

improvement of the NWM.
Adopt theprinciplesin data capturing:

1 The original extent of the wikand should always be captured.

1 The maximum extent of a wetland should always be captured. Nertporal imagery across
hydrological cycles should be used to determine the maximum inundated extent of a wetland

across hydrological cycles.

1 The HGM wetland types and condition assignedine-scale wetlands data sets received from

wetland experts should always be retained.
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Improvements to the extent of the NWM5:

1 Aim for immediate improvement of 75% of the country to at least marfce level 2 (Low to
Medium) within the next 5 years. Imrd&ate updates of the FEPAs are illogical while the majority
6cagz0 2F GUKS O2dzyiNEQa AyflyR&a ¢SitryRA I NB Y
omission errorCollaboration in reaching this target is crucial.

1 Desktop reshaping and typing of polygons from tiretland probability mamppears to be a very
quick and effective way of addressing omission errors in the NWM5.

1 Desktopmapping wetlands for the remaining peatlands points and relevé points not captured in
NWMS5. These should be a quick exercise since there are < 350 polygons to map.

f Reintegrate theNA GSNJ OKI yy St a 2F (GKS 5w5[wYbDL Ayid2 GF¢
inland wetlands which should be in fact rivers.

91 Desktop verification of small polyge mapped in NWM5 as inland wetlands, but also appear in the
Artificial wetlands layer as farm dams.

1 The improvement of definitions, categories and desktop mapping of artificial wetlands. These
systems are important for assessing hydrological regime inspaxt wetlandsand rivers
fragmentation and planningsimilar to the inland wetlands, a confidence map should be developed
for the artificial wetlands, as improvements are progressively done across the country.

1 Closingpolygons where a dam are dwave beenwithin the inland wetland These improve the
original extent of the inland wetland ecosystem types for NBAg artificial wetlands can always
be used with the NWM for planning purposes.

1 Large floodplain and valldyottom wetlands not mapped in NWM5 care easily detected and
supplemented from the alluvial categories of the 1:250 000 geology and, NiVikbt already
integrated from thewetland probability map

Improvementgo the NWMthat are of secondary importance:

1 Removing slivers using a thinness sheld. This may be a tirmnsuming process with minor
impact on the extent of inland wetland ecosystem types represented and assddsedhould not
be done as a top priority.

1 Names of wetlands were lost from NWM5.2 to NWM5.4. Spend time assigning nanidand
wetlands again. It makes the map user friendly and serves as search facility and common reference.

1 Do a desktop cleaning of the oxbow rivers (polygons and point data set). Both these data sets can
be valuable for use in the tymgy of the HGM typs. The pointdata set could facilitate improved
modelling of inland wetlands in modelled data sets, such aswb#ands probability mapThe
polygon data set can facilitate the division of a floodplain into the floodplain flat and floodplain
depression sbcomponents.
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5. CHAPTER MODELLINGFPROBABLWETLANIEXTENT

ChapterCitation: Collins, NB. 2018. Chapter5: Modelling ofprobablewetland extent South African
Inventory of Inland Aquatic Ecosystems (SAIIAE): Technical ReEPOESTEAternal report

This chapteprovides amoverview of the method used tprocedure to create a map of predicted wetland
extert.

5.1Introduction

An objective of the National Biodiversity Assessment 2018 @IB8) process was to improve on some of
the existing national spatial datsets available at the time. The poor spatial accuracy of the national
wetlands layer has been a lotigye concern and was identified as a priority layer for improvement.

Methods previously employed for mapping wetlands have not produced satisfactory reSoite casual
observations haveestimated that in certain regions the wetland features of the Nadilo Freshwater
Ecosystem Priority Areas (NFEPA) wetlands layer, which is informed by National Wetlands Map 3 (NWM3),
account for only £20% of the wetlands in certain regions. Not all wetlands are mapped equally yitbr
wetlands of the valley floor laiscape unit being of particular concern:field mapping of wetlands by
Mbona et al. (2015) showed that 68% of wetlands mapped in the Mpumalanga Highveld were located on
valley floors, which when considering the above, explains findings that the moratracd improved
National Wetland Map 4 (NWM43 estimated to account for less than 54 % of the wetlands found at the
fine-scale leve(Mbona, et al., 2015; van Deventer H. , 201B)e results of these studies alscosted
hydrogeomorphic (HGM) type classification and the wetland condition assigned to the wetlands to be
inaccurate in NWM4van Deventer, et al., 2016)

Low mapping accuracies of NWM4 are also expected for the rest of th&trgoiMbona, et al., 2015)
According to Mbona et al. (2015) these widespreaghknessesire considered to be of sufficient severity

to warrant investment in the improvement of the National Wetland Map as a matter of urgéeage the
efforts of the NBA018 process to improve on this layer. In addition to presence/absence inaccuracies the
NWM4 also suffers from poor contiguity of inland aquatic systems within and between individual wetlands.

The NBA 2018 process therefore set out to improve on NWM4 by crelldtignal Wetlands Map 3
(NWM5). Two approaches to improve the NWM5 were pursued, these lfeamgDeventer H. , 2016)

1 A finescale wetlands map to be creatdy headsup digitising from imagery with inclusion of data
from the Department of Rural Development and Land Reform: Nationals@atial Information
(DRDLR:NGI) as well as newly acquireddoade data.

1 A data set of modelled (predicted) wetland exten

This chapter reports on the technical procedure to create the map of predicted wetland extent.
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5.2Background

The South African national wetland inventory has seen several improvements over the past decade.
Numerous improvements have been enacted twe riginal wetlands map and the latest release is the
NWM4. NWM4 has recently received some criticism, specifically the spatial accuracy, the latter referring to
both wetland representation and boundary delineation. Wetlands associated with the valley flo
landscape unit in particular are considered to be poorly mapped. Considering the fact that previous image
based approaches have not produced satisfactory results, alternative methods for mapping wetlands were
investigated.

A Digital Elevation Model (DEMased approached was considered as a possible alternative. It is a desktop
approach which, considering the extent of the study area (RSAgonsidered to be a practical and
appropriate solution. The DEWbhsed approachedtems from the landscape position criterion of the
indicators and criteria for identifying and delineating wetlands (DWAF, 2005)sapased on the logical
assumption that water will accumulate within the lowest position of the landscape which therefore
represent areas of highest probability for wetldrabvelopment. The low lying areas are watercourses per
the National Water Act and include amongst others rivers, springs, natural areas in which water flows
regularly or intermittently, wetlands, lakes anms(DWAF, 2005)t follows that although wetlands are

most likely to develop within these lelying areas, that features other than wetlands are also present. It is
also possible that many of the watercourse areas do nottaionany wetlands at all as wetland
development does not only require the presence of low lying areas, but also depends of other factors, e.g.
mean annual precipitation, slope, soil depth, etc. The aim was therefore to map the valley floor areas, but
to limit the valley floor areas mapped to those that are considered to be wetland as subjectively identified
from imagery. Depending on a number of factors the areas mapped in the final output may or may not be
wetland, and considering the fact that it is a Be® approach using remote sensed data, there is no
certainty as to the likelihood of the mapped areas actually being wetland or not. The output of the mapping
LIN2E OS&da A& 0KSNbelandNBobabiyrn®a@MBR (2 +Fa | v

There are a number of toolsvailable in Geographical Information Systems (GISs) with which to identify
and map the valley floor landscape unit from Digital Elevation Model (DEMs). Probably the best known is
the Topographical Position Index (TPI) t@@nneas, 2013) The TPI tool determines landscape position by
comparing differences in elevation of a cell with the average elevation of surrounding cells. The degree to
which elevation and slope of the target and surrounding cells differ are used tmassig to different
landscape position categories. For example, cells that are significantly higher than the surrounding cells and
that are located on a flat surface are likely to be ridgetops or hilltops, whereas cells that are on a flat
location and ator near the bottom are most probably valley floors. The number of values surrounding the
target cell considered is determined by the user by specifying the size of a moving window where the
elevation of the target cell (the cell in middle of the windowgdnpared with the elevation of the cells
within the remainder of the moving window.

The TPI tool was used during initial attempts at mapping valley floor areas and although the outputs were
subjectively considered to be not satisfactory, they did repnése minimum level of improvement on
previous attempts at mapping wetlands. Perceived inaccuracies of the TPI tool relate to mapping wetland
occurrence and extent. Relief can change over very short distances and areas of different relief require
different TPl tool parameters, specifically different moving window sizes. Suitable parameters are

! Watercourses include wetlands, but not all watercourses are wetldDigA, 1998)
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determined by trial and error and the area of which the valley floors were satisfactory mapped for a
specific set of parameters are determined as a post mapping eeeidew parameters need to be set for
0KS Wy2d a2 | O00dzN> G4Ste& YIFLIWSRQ FINBFra ¢gKAOK 3l A
parameters will have to be determined of the remainder of the areas for which the current parameters do
not apply. To mp wetlands in different landscape positions within the same area will also require different
parameters, specifically different moving window sizes. It follows that a set of parameters will map some of
the wetlands within an area while a new set of paraarstare required to map other wetlands of the same
area. Similarly the wetlands of other areas will again require new parameters. Because the accuracy with
which the valley floor areas are mapped can only be determined after the tool finished a run,ItteITP
cannot be applied in a systematic manner to consistently map wetlands of all landscape positions in all
areas and was therefore considered not suitable for mapping the valley floors of an area the size of South
Africa. In addition to the latter theutput of the TPI tool is a single continuous feature which in reality may
consist of different HGM units. This is undesirable as the mapped feature (valley floors) will at a later stage
have to be typed per Ollis et al. (2013). This will be problematietfands of potentially different HGM

type are not mapped as separate features.

While the TPI tool maps all terrain units (ridges, upper slopes, middle slopes, flat slopes, lower slopes and
valleys), other tools are dedicated to mapping valley floor areaz yf 8 2 So3d (KS WIOEG!
Whitebox GIS. Other tools are also available, e.g. the Topographical Wetness Index (TWI) as available in
020K {!D! YR 2KAGS02E DL{ 6KAOK I {(SYLlipstreainz YI L
contributing area and slope.

Unlike the TPI tool many dfie abovementioned tools are not able to map the extent of the valley floor

areas, i.e. the identified valley floor is mapped as a single line rather than as an area (polygon). Another
limitation is that someof the tools, similarly to the TPI tool, require different parameters to accurately map

the valley floors of different areas, or different wetlands within the same area, due to differences in e.g.
topography. Similarly the areas accurately mapped can belidentified at the end of the run. Applying

these tools for mapping wetland extent therefore require continuous adjustment to accurately account for
different areas and different wetland ecosystems, particularly when applying them at a cauidieyscale
CKSANI LI AOFdA2Yy Aada GKSNBF2NB YvYzaidte | Wi NRA | f |
consuming and cumbersome.

It was subjectively concluded that none of the investigated tools were deemed suitable for improving
NWM4 by way of modellingRequirements for a new method for creating an improved wetland map
included the ability for it to:

map the extent of valley floor areas;

reflect the contiguity of inland wetland ecosystems;

be applied to all regions of the study area (South Africa);

be rapid while still producing results suitable for (1@@0) countrywide application; and
have minimum data and budget requirements.

=A =4 =8 -8 -4

Considering the limitation of the TPl and other existing tools, as well as the abatee requirements,
modelling the extent of wetlands from a coumnwide Digital Elevation Model was considered the most
suitable alternative approach for creating a namd improved wetland map.
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5.3AIm

The aim of this part of the study was to develop a method for creating an improved wetland map for South
Africa that will satisfy the abovstated requirements.

5.4 Materials and methods

5.4.1 Introduction

Of the differenttools ¥ R YSGK2R& O2yaARSNBRXZ |y [ LILINRBFOK 2F O
tool of Whitebox Gl$Lindsay, 2014and flow accumulation maps of ArcGIS5L0 (ESRL9992017) were
considered to be most suitable at achiegithe stated objectives. Whitebox GIS was used to create
percentile filter maps as this or a similar tool is not available in ArcGIS. Whitebox GIS also offers DEM
preparation tools that a& superior to those of ArcGlSe(Hion5.4.5.

Implementation of the method required the following data:

T Imagery:
Thegzoyl3 SPOT 5 national mosaic coverage obtained from the South African National Space Agency
(SANSA) was used fidentifying wetland ecosystems. Most of the imagery was for the period between
2013/01/10 and 2013/12/31. Due to some technical issues three image footprints had to be patched
with acquisitions taken on 2014/01/11, 2014/01/16, and 2014/01/Egure 5.1) The 2013 SPOT 5
mosaic was created from pseudolour pansharpened scenes, which were derived from panchromatic
and multispectral pair6SANSA, 2013)

1 A Digital Elevation Model (DEM):
The DEM used was the 30 meter Shuttlel&al opology Mission (SRTM) lagdASA, 2000)

A number of python scripts were developed to facilitate the mapping process. Pyiyhon Software
Foundation)is the preferred ArcGIS scripting language that allows for automation of GIS related tasks.
Python 2.7 is automatically installed with every ArcGIS installation and is therefore easily accessible and
freely available to all ArcGIS users. In addition twjoling access to the standard ArcGIS tools, Python also
provides additional functionality without which automating certain aspects of the mapping process would
not have been possible, e.g. branchingtlfign-else statement), the use of lists and dictioiee, etc. The
scripts are run from the standard ArcMap and ArcCatalog interfaces and automate many of the required
processes, e.g. creating the mapping regions (Sedidid. The scripts also automate the process of
converting user definechapping parameters (Sectidn4.6 to the wetland probability maplt is important

to note that the mapping procegser seis not automated, but that the scripts merely automaeme of

the geoprocessing tasks required for creating Wetland probability map

83



National Biodiversity Assessment 2058South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

15%00'E 20°00°E 25'00°E 30*00'E IB"V'E
= . . : r f
s
£
N
w
&
:é -
&
514 -ur,:;-m;)ﬁ 7150021
ST aB4012 071002
f»!l‘,.(‘u.".l.lltff,n'“-‘v. 2!
51354071401 16D 255042
w
=
=%
g
- ; I/N"lmiu(‘.l') t}
S92 AN 107521427

Legend

2014 SPOT 5 imagery (paiched)

ADate
| I
B £
84
3 2

A 740 3012 9POT & magery
N [ ]K.:l— E Proen: ul e iews

Figure 51: Three tiles from the 2014 SPOT 5 images were included due to technical issues with 2013 images. The remainder of the
images are fsm the period 2013/01/10 and 2013/12/3BANSA, 2013)

The mapping process can be summarised as follows:

1 The study area (South Africa) was subdivided to account for computer processing limitations (Section
5.4.2.
9 The divisions were further subdivided into mapping regidstion 5.4.3 which serve as the mapping
units for which percentile filter and flow accumulation thresholds were determigedtion5.4.3.
1 Percentile filter maps of varying moving window sizes were created for each of the diviSéatien
5.4.9.
Flow accumulation mapsere created for each of the divisiorettion5.4.5.
For each of the divisions:
- the mapping regions were displayed over the SPOT 2013 imagery.
- percentile filer and flow accumulation mapping thresholds were determined for each of the
mapping regions3ection5.4.6):
- wetlands not sufficiently accounted for by the percimtfilter and/or flow accumulation maps
were captured manually and included as ancillary d&&tjon5.4.7).
- the wetlands, as informed by the percentile filtand flow accumulation thresholds and ancillary
data, were mapped%ction5.4.9.

=A =

The method used to create theetland probability maps therefore not an autom&d process. It can be
considered to be similar to onscreen mapping but differs in that whereas with standard onscreen mapping
each wetland identified from imagery is mapped individually, the modelled approach simultaneously maps

all wetlands identified 2 Y A Yl 3SNE GAGKAY | YIFLIWAY3I NBIAZ2Y dzAAy
determines a set of mapping thresholds which when applied to the percentile filter and flow accumulation
maps gives the best approximation of wetland extent on valley floeaawithin the mapping region.
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5.4.2 Subdividing the study area

To overcome computational limitation imposed by the size of the study area the latter was subdivided
according to existing provincial boundaries. Provincial boundaries used are those per theAfiatan
Municipal Demarcation Board (MDB). Due to its size the Northern Cape Province was further subdivided
into four regions, these being the Northern Cape East (NC_E), Northern Cape North (NC_N), Northern Cape
South (NC_S) and Northern Cape West iMQFigure 5.2) The division boundaries of the Northern Cape
Province follow those of secondary catchment areas (referTable 5.1for an explanation of the
abbreviations).
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Figure 52: Divisions of the study area (Soutifrica). Abbreviations are explaineth Table 5.1

5.4.3 Creating the mapping regions

Because no single set of mapping thresholds are suitable for all areas of a division, the latter were further
d4dz0 RAGARSR AylG2 WYI LILAYy3 NiStapgpoyna@lpof ardaScongitletdddd fea NB
homogenous in terms of the variables that were subjectively considered to be most influential at
determining wetland development, these being relief, mean annual precipitation and generalised geology.
They theefore represent areas in which a certain set of parameters (the mapping thresholds) should
theoretically be able to consistently map the wetlands of the valley floor areas.

Relief

Relief was determined by creating a grid d ha hexagons for each dfet divisions after which the

Al YRFNR RSOAIGAZY 2F StS8OFGAYy3 F2N SFOK KSEF3I2
¢roftSQ (22t 9tSPGLriA2y RIFGF 6SNB RSNAOGSR FNRY
considered to be a quanative expression of the relief of the terrain underlying each hexadogure

5.3A). The map was subsequently simplified by grouping the standard deviation values. Grouping was
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achieved by displaying the output of the Zonal Statistics tool in ArcMapsyittbology set to quantity, 5

classes and natural breaks (Jenks) as the classification method. The indicated Jenks break values were
used to define the borders for the 5 categories according to which they were grouped. The output is
therefore a map with 5anes of reliefFigure 5.8B).

0000000 - 1458071
B 14 684072 - 31,355040
31360250 - 9. 57T
W HETTTT - 115709615
15705617 - 308833635

Figure 53: The standard deviation in elevation was calculated pe®d0 ha hexagons to quantitatively express relief (A) after
which they were grouped per the Jenks natural breaks, using theeFBtate an example (B).

Generalised geology

The geological data used is a simplified version of the 1:1 million Geological Data of the Council for
Geoscience's RSA Geological Data(Seuncil for Geoscience, 199Fjgure 54).

B Acid and wtermadiste exdtraion

B Adid and istermediate lavas

W Assembliage of tilite and shale

B Assembiage of tilite, shale and sandstone

B Banc / Mafic and ultamafic intrusves

W Bauc / Mafic lavas

0 Compact sedinerftary strata

W Doleevte and imestone

W intercalated arenacesus and aepllacecus strate

B0 inteccalated blage of comg y
and extrutive rocks

8 Porcus deted and
sedimentary strata
[ Pencipally aenaceows strata
0 Prncipally argllacecus strats
[0 Tilste
W Undfferentiated lage of
Y and rocks

Figure 54: Simplified version of the 1:1 million geological map used to inform creation of the mapping regions.
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Mean annual precipitation (MAP)

While relief and the generalised geology relate to the extent to whiehghrcentile filter maps will be

able to consistently map valley floor areas within different mapping regions, the mapping regions also
need to account for the environmental variables that influence the probability of the mapped valley floor
areas actuallypbeing wetland. There may, for example, be differences in the likelihood of wetlands
occurring within regions of similar relief but which are characterised by differences in MAP. As wetlands
are predominantly a function of rainfall, the MAP is expecteddcan important modifier that needs to

be accounted fo(Hiesterman & River§loore, 2015) MAP data were sourced from the Water Research
Commissior{fLynch & Schulze, 200@)d was categorised into 0anm intervalqFigure 5.5)The output is
therefore a mean annual precipitation map with zones of 200 mm interval.
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Figure 55: Mean annual precipitation (MAP) of the South Africa mapped at 100 mm intervals which was useddon creation
of the mapping regions.

Mapping regions for each division were obtained by creating a union of the relief (the 5 category zones),
3SYySNIrftAaSR 3IS2f23& YR a!t oO00GKS wmnn YAgurei518)S NI €
Mapping regions smaller than 40 Kmwere dissolved into neighbouring features using the ArcGIS
WOfAYAYLIGSQ (22t 66A0GK GKS 9fAYAYyFGS o6& 02NRSNJ LI
process of assigning mapping thresholds by manually subdivigapging regions to account for situations

where the wetlands in a mapping region could not be adequately accounted for by any set of percentile
filter and flow accumulation map thresholds.
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5.4.4 Percentile filter maps

Percentile filter maps were used tmap the broader valley floor areas where typically floodplain and
channelled and unchannelled valibpttom wetlands would occur.

t SNOSYGAftS FAEGSNI YILIA 6SNB ONXBSI ( SRLindsayl 30BhAditieS Wt S
name of the tool suggests it performs a percentile filter analysis on a raster image. The tool expresses the
value of each cell as a percentile (0%900%) of the range of values within a moving window. Because cell
values of a DEM represengdevation, the percentile value assigned to each target cell (the cell in the
centre of the moving window) is therefore a quantitative expression of its elevation relative to the
elevation of the surrounding cells, specifically the cells covered by thengnavindow. Once the percentile

for a target cell has been calculated, e.g. target cell Rigiire 5.6the tool moves the target as well as the
moving window to the neighbouring cell, e.g. target cell B and moving windowFBjuie 5.6Gespectively.
Aswas for target cell A, a percentile value is calculated for target cell B by expressing its value as a
percentage of the range of values of all the other cells that are covered by the moving window at its new
location. This process is repeated until aqeattile value has been calculated for all cells.

Moving window

A B
Target cells

Figure 56: The percentile filter tool analyses a raster on a ejl-cell basis as illustrated by target cells A and B and the
accompanying moving windows which follow the itget cell. The value of the target cell is expressed as a percentage of the
value of all cells that are covered by the moving window.

The size of the moving window is adjustable, i.e. the size of the neighbourhood against which the value of
the target cdl is being evaluated can be changed. This feature is of particular use and allows for the
percentile filter tool to be applied to areas of different relief. For example, a small moving window (9x9
cells) was found to be appropriate for mapping valley ffoim areas of high relief while a larger moving
window (81x81 cells) was found to be more suitable in areas with a relative flat topography (low relief). In
Figure 5.7 Ahe 9x9 moving window size is unable to detect the vallegr areas as the entirevindow is
located within the valleyfloor as opposed to the 81x81 window eigure 5.7 which, because the window
extends beyond the vallefjoor, is able to detect it. Both the 9x9 and 81x81 windows in the high relief
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areas of image A and image B ardeatn detect the valley floors but, because of the different window
sizes, will require different percentile values (percentile thresholds) to display them (e.g. "t fdentile

of the 81x81 window of B will represent a larger portion of the vallegrfthan the 18 percentile of the

9x9 window of A because the former includes a larger range of numbers of which most are of higher
elevation than the latter).
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Figure 57: Areas of low relief require larger moving window sig to detect the valleyfloor areas while smaller moving window
sizes are more suitable for areas of high relief.

For mapping purposes percentile filter maps with moving window sizes of 9x9, 15x15, 21x21, 31x31, 51x51
and 81x81 were created for each bt divisions. These are referred to as the base percentile filter maps.

The extent of area mapped by a percentile filter map is controlled by specifying a percentile threshold. A
threshold of e.g. 10% means that only the cells of which their elevatib®%s or less of the elevation of all
cells in the moving window will be mapped, i.e. the cells at the lower end of the elevation (the valley
floors). Similarly a percentile threshold of 50% means that all cells with a value that is halfway between the
cellwith lowest elevation and the cell with highest elevation will be mapped.

5.45 Flow accumulation maps

The flow accumulation maps were used to map the narrower wetland systems that typically connect the
broader floodplain and vallelgottom wetlands (those maped by the percentile filter maps) as well as
those on the adjacent slopes. These are typically rivers or seeps that occur along channels or within the
valleyfloor landscape unit, but can also be narrow occurrences of other HGM types.

Creating flow accuniation maps has become standard practice in hydrological modelling processes. To
create flow accumulation maps the DEM first needs to be hydrologically corrected, a process also referred

to as DEM prerocessing which involves removing sinks from the DEMaddition to the standard fill

tools, Whitebox GIS also includes tools to create hydrologically corrected DEMs by way of breaching the
aAyla AyaidSIR 2F FAftAy3a GKSY Fa GKS aidl yRINR ! NI
rasesKS St S@IFGA2Y GAGKAY RSLINBaaAz2yas oOoNBFOKAy3 WOl
this approach is clearly visible ifigure 5.8blue lines) where the outcome of the flow accumulation
derived from a DEM preINE OSda SR gAGK HNERSdZWWOABAPKODAYSE ogKAOK |
water would follow in the landscape. In contrast, the result of flow accumulation derived from a traditional

fill operation Figure 5.8red lines) result in illogical and unnatural straight lines fagrthrough the fills.

89



National Biodiversity Assessment 2058South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

DEMpreLINRE OS&daAy3 4l a R2yS o0& FANRG adzneSOGAy3a GKS 5
2F GKAOK GKS 2dzildzi ¢l & dzaSR Fa AyLldzi F2NJ G64KS W,
The output was subseggntly exported to ArcGIS and used as input to create flow direction maps using the
WCt 29 S5ANBOGAZ2YQ (22fd ¢KS fFAOGSNI AYF2N¥SR (KS Fi¢
wCct2g ! OO0dzydzZE F A2y Q (22t @

Figure 58: Comparison of flow accumulation outputs as derived from DEMs that were subjected to different methods of pre
processing. Red lines are flow accumulation derived from first applying the ArcGIS fill and then the flow direction and flow
accumulation tools.Blue lines indicate flow accumulation derived from the Whitebox breach fast only tool with Ared6ved

Ft26 RANBOUGAZY FyR Ft2g | OO0dzydzd GA2yd . t1F01 tAySa AyRAOFGS
WoNBI OK Fladacisz22ta Ay 2KAGS02

5.4.6 Determining mapping thresholds

All the mapping regions of a division occur as separate features (rows) within the mapping region attribute
table. The attribute table contains fields in which the percentile filter and the flow accumulation threshold
considered to best map the wetlandstbe mapping regions are recorded.
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Percentile filter thresholds

It follows from Section 5.4.4that it is highly unlikely that a single percentile filter map will be suitable to
accurately map the valley floor areas for all mapping regions of a division. The user therefore the needs to
make a judgement on the appropriate moving percentile base map and percentile threshold for different
mapping regions.

In many instances the accuracy of the base percentile filter maps can be improved by iteratively expanding
and shrinking cells or viogersa. The process of creating the modified percentile maps is an iterative one
which is not done as a separate task but as part of the process for determining which percentile filter maps
and thresholds are best for mapping the visually identified wettaatla mapping region. Percentile filter
thresholds were determined by first subjectively deciding on a base percentile filter map and a percentile
threshold which was considered to be suitable for the mapping region. Depending on whether the chosen
percertile threshold was found to accurately represent the identified wetlands or not, different base maps
with the same or other threshold, or a different threshold using the same base map were tested. It may
become evident at this time that the accuracy of these map for a given threshold may be improved with
some modification. The base percentile filter map was modified in such instances.

Modification involves reclassifying the base map so that only values (percentiles) that satisfy the
subjectively chosenhreshold are retained (assigned a value of 1) while the remainder of the cells are
RAaOI NRSR 061 &aAFgyrS§ R9)THé rRrbalnifig- c@IF (thbse ®ith value 1) can then at the
discretion of the user be repeatedly expanded and/or ustkr so that the end result is improved
representation of the identifiable wetlands (B Bigure 5.9. The benefits of such modifications are clearly
visible fromFigure 5.9vhere A is a base percentile filter map (81x81 moving window) with a threshold of
30 percentié, while Figure B is the same percentile filter map (81x81 moving window) which was also
reclassified to the same percentile threshold (30) after which it was modified by first shrinking it with 1 cell,
then expanding it by 5 cells and then again shrinkiby 8 cells.

Figure 59: Comparison of the extent to which the accuracy of the base percentile filter maps with set threshold can be
improved.

Subsequent to having created the different modified percentile filter maps, process of assigning
percentile thresholds to a mapping region involved (i) testing different percentile filter base maps and
thresholds, (ii) creating modified percentile filter maps where the base maps are found to be unsuitable or
(i) determining vhich of the already created modified percentile filter maps are best at covering the
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wetlands (this only after modified percentile filter maps have been created for previously assessed
mapping regions). What is referred to as the percentile threshold foapping region is therefore actually

a map which is the culmination of a process involving identifying a suitable base percentile filter map,
reclassifying it to the determined percentile threshold and applying the modification per the above
explanation.

It follows from the above that the percentile filter tool provides an almost endless number of permutations
that can be created by:

a) using different moving window sizes (the base maps);
b) applying different thresholds to the base maps; and
c) applying a numbeof additional modifications to the reclassified base maps

It is mostly the modified percentile filter maps that were used to inform mapping and not the base
percentile filter maps. The latter were only used for mapping areas where the modified maps tdid no
increase mapping accuracy. The process of creating the modified percentile filter maps is simplified and
automated by a script developed specifically for this purpose. The output is a new map with a unique name
that incorporates all these modification drit is this map that is recorded in the appropriate field of the
mapping region attribute (the name of the map is entered to inform the mapping tool to use this modified
map to map the wetlands of the valley floor areas for the mapping region; ses#b8. The neighbouring
mapping region may require the use of a different combination of base map, threshold and modifications.
In such instances, as for the previanapping region, the script was used to apply the reclassification and
modifications to the base map and to again create a new modified percentile filter map with a different
name. This newly created modified percentile filter map was then listed as thetmanform wetland
mapping for that mapping region. In addition to creating the modified percentile filter maps, the script also
creates a text file which lists the base percentile filter, the threshold (used for reclassifying the base map)
and the expandand shrink operations used to create the modified percentile filter map. This text file is
automatically saved to disk for record keeping purposes.

For many mapping regions more than one modified percentile filter map is required to account for all the
wetlands visually identified from the image. This is common for mapping regions that contain wetlands of
very dissimilar shape, specifically where they contain large and flat wetlands while also containing wetlands
that are long and narrow. All modified pemtile filter maps necessary to map all of these wetlands can be
entered into the mapping region attribute table (separated by an underscore).

Flow accumulation thresholds

Determining the mapping threshold for the flow accumulation maps followed a sipriteoress whereby

the most appropriate threshold was determined by trial and error on account of what was subjectively
considered to give the best representation of the visually identifiable wetlands. However, unlike the
percentile filter maps, the flow aceulation maps were not modified. The thresholds value represents the
number of cells of which their surface water will flow towards a particular cell. It follows that if the flow
accumulation threshold is set to 1 then all but the outer cells at the tbphe catchment of the flow
accumulation map will be mapped as they have the surface water of at least 1 cell flowing towards it. A
threshold of 1000 means that only cells which receive surface water fro@® cells or more will be
mapped. Flow accumulan thresholds were recorded in the appropriate field of the mapping regions
attribute table.
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While determining the most appropriate maps and thresholds for each mapping region, the most
appropriate mapping relationship between the percentile filter aravflaccumulation features were also
determined. As for the percentile filter and flow accumulation thresholds, the attribute table of the
mapping regions also contains a field in which the user can specify the mapping relation between the
percentile filterand flow accumulation features. A number of options exist where features are retained or
omitted in the final output depending on the content of this field. These mapping options are set
individually for each mapping region and are:

1 Option 1: Select and npathe percentile filter features that intersect the flow accumulation features,
AND map all the flow accumulation features (all the flow accumulation features are mapped,
irrespective of whether they intersect percentile filter features or not).

, Percentile filter featurs

/ Flon aceumiibation features
{multip=rt)

1 Option 2: Select and map the percentile filter features that intersect the flow accumulation features, but
do NOTmap the flow accumulation features (none of the flow accumulation features are mapped,
irrespective of whether they intersect percentile filter fages or not).

&

N
« = ’
- #F  Percentie fiter featurs

/ Flow accumutation features
{multipsrt)

1 Option 3: Select and map the percentile filter features that intersect the flow accumulation features,
AND only map theintersectingflow accumulation featuresQonly flow accumulation features that
intersect the percentile filter featwes are mapped; depending on the user defined selection the flow
accumulation features are either multipart or singlepéftgure 5.24)i.e. all or only sections of the flow
accumulation features that intersect percentile filter features are mapped respagt

S 2/ ’ Percentile filter featurs
/f Flow accumulation features
{multip=rt)
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9 Option 4: Map all percentile filteANDall flow accumulation features, irrespective of whether they
intersect each other or not.

Percentile filier feature
- =
/ Flow accumulation features
{multipsrt)

1 Option 5: Map only the percentile filter features (all percentile filter features are mapped, irrespective
of whether they intersect flow accumulation features or not). All ancillary data are mapped along with
the percentile filter features, i.e. the outpwvill be all the percentile filter features as well as all the
features contained in the vector and raster ancillary data.

4
\ N )
(=

- - , Percentile filier feature

/ Flenw accumtulation features
{multip=rt)

1 Option 6: Map only the flow accumulation features (all the flow accumulation features are mapped,
irrespective of whether theyntersect percentile filter features or not). All ancillary data are mapped
along with all the flow accumulation features, i.e. the output will be the flow accumulation features as
well as all the features contained in the vector and raster ancillary data.

Percentile filier feature
L]
/ Fleoww accumulation features
{multip=rt)

1 Option 7: No features are mapped, i.e. the mapping region does not contain any wetlands.

Except where indicated otherwise, in all of the above options the ancillary data are mapped per the
mapping options of sectiob.4.7.

In all of the above stated options the flow direction lines are of the singlepart type. The ArcGIS tool that
creates the finalWwetland probability map(Figure 5.23 includes the options toiew and apply all flow

I OO0dzydzt F A2y FSIF{ddzZNBa Fa Ydz GALI NI FSIGdzNB& 6 LI NI
2yt @bT dz&S Ydzf GALI NI C! QOd ¢KAA 2LIiA2y 2yfe | LILX A
settoOption3¥W{ St SOG YR YI LI GKS LISNOSYyGAtS FAECGSNI FSI G
AND only map theintersecting¥t 26 | OOdzYdzt F A2y FSIGd2NBaQod LT
accumulation features is enabled, then the flow accumulation linelided in the finalvetland probability

map will be based on a multipart feature selection, i.e. all sections that are connected to any part of the
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flow accumulation features that intersects a percentile filter features will be selected and will beeshapp
Figure 5.1). However, if the option is not enabled then the flow accumulation features will be
considered to be singlepart, i.e. only those sections of the flow accumulation feature that intersects the
percentile filter feature will be selected andampped, while those that do not intersect any percentile filter
feature will not be selected and therefore not be included in the fiwatland probability map(Figure
5.10B) For the purpose of creating thevetland probability map this option was enabledi.e. flow
accumulation lines were multipart.

A Option 3 with option to base selection of Flow accumulation features
on multipart feaiure enabled

N A

B Option 3 with option to base selection of Flow accumulation featuras on
rultipart feature disablad

N

= ’ Parcentila filler feature

/ Flow accumulation features

Figure 510: Comparison of the output for Option 3 with the option to base selection of the flow accumulation features on it being
multipart (A) and singlepart (B).

In some mstances it may be found that no combination of percentile filter and/or flow accumulation maps
are able to consistently map all wetlands within the mapping region. In such instances the mapping region
was manually subdivided and separate percentile fitted flow accumulation thresholds are assigned for

the two newly created mapping regions.

5.4.7 Incorporating ancillary data into the output probability map

In addition to having wetland presence and extent predicted through the percentile filter and flow
acamulation maps, wetlands which cannot be adequately accounted for using these tools can be captured
by way of manual oscreen digitizing. The script that performs the mappiRggure 5.2B8 allows for such
ancillary data to be listed as inputs to supplerhére percentile filter and flow accumulation data. Similarly
vector and/or raster wetland data from other existing sources can be added to the list of ancillary data to

95



National Biodiversity Assessment 2058South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

be included in the final output. Although available, limited use was made of thisrog$ it contradicts the

rapid mapping objective of the method. Ancillary data can be incorporated during the mapping process
according to the following options (setting for both vector and raster ancillary data can be set individually
for each mapping regn):

1 Map all the vector ancillary data irrespective of whether they intersect the percentile filter or flow
accumulation features or not. This was the default option used during the mapping pr@cess
Figure 5.11)

1 Map only the vector ancillary data dh intersects the percentile filter or flow accumulation features
while excluding the ancillary features that do not intersect the percentile filter or flow accumulation
features (B ofigure 5.1}1

1 Map all the raster ancillary data irrespective of whethbey intersect the percentile filter or flow
accumulation features or not.

1 Map only the raster ancillary data that intersects the percentile filter or flow accumulation features
while excluding the ancillary features that do not intersect the perceniiier for flow accumulation
features.

A B

Figure 511: The user has the option to include all ancillary data (blue polygons) irrespective of whether they intersect the
percentile filter (green polygons) or the flow accumulatfeatures (green lines) or not (A), or to only include ancillary data that
intersect either the percentile filter or the flow accumulation features (blue polygons with cyan border of B).

5.4.8 Producing the wetland probability map

The wetland probability mapcan be created for a division once the mapping thresholds of all mapping
regions have been determined and captured. This is accomplished by combining the percentile filter and
flow accumulation data per the thresholds as captured in the mapping regiongtriiable, as well as all
indicated ancillary data. The process of combining these data sources is facilitated by an ArcGIS tool
(python script) which creates the predicted wetlands maps for each division. Processes performed by the
scrip are (not necessify in this order):

A. The tool loops through the mapping regions dmgone (records of the mapping region attribute
table) and performs the following tasks for each mapping region before moving on to the next:
a) The tool reads the percentile filer and flowcaenulation thresholds from the mapping regions
attribute table.
b) The mapping region is buffered by 150 meters. All subsequent clipping and selections are per the
buffered extent of the mapping region to allow for seamless integration of features of neighigou
mapping regions.
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¢) The flow accumulation map is clipped to the buffered mapping region extent.

d) The clipped flow accumulation map is reclassified according to the flow accumulation threshold
[only flow accumulation cells with value larger or equal to theeshold are retained (assigned
G tdzS M0 gKAETS (GKS NBAG FNBE RAAOFNRSR 6Faardays

e) The flow accumulation raster is converted to a line feature.

f) The modified percentile filter maps per the attribute table per the attribute table are ctigpehe
buffered mapping region extent.

g) Raster ancillary data, if listed, are clipped to the buffered mapping region extent.

h) Vector ancillary data, if listed, are clipped to the buffered mapping region extent.

i) The flow accumulation lines are buffered bgtandard 10 metergtop left of Figure 5.12).

i) The mapping relation instruction is applies, i.e. percentile filter and flow accumulation data are
selected and retained or discarded depending on whether they intersect each other or not. The
option to haw flow accumulation be treated as multipart or singlepart is applied during this
process.

B. The tool starts the process of combining the features of the different mapping regions.

k) The flow accumulation polygons of all mapping regions are merged.

I) Overlappingieatures in the merged flow accumulation output are dissolved to establish a smooth
transition of the features over mapping region boundaries.

me¢KS LISNOSYGAtS FAEGSNI NadSNBR | NS WYSNHSRQ (2

n) The merged percentile filter rasters are modifiedfill voids (donut holes) that may be present.

0) The raster percentile filter data are converted to vector format.

p) All vector ancillary data are merged.

Q! tf NIXraadgSNI FyOAftrNE RFEGIE FNBE WYSNHSRQ |yR 02y

r) Depending on the ancillary datetting all or only the ancillary features that intersect either the
percentile of flow accumulation data are selected.

s) The ancillary data are merged with the vector percentile filter data.

t) The buffered flow accumulation features and the percentile ffifeatures are smoothed.

uy! tft FSIGdzZNB& 20601 AYySR FTNRY GKS Ft2¢ | OOdzydzZ I GA
attribute table.

vV!Iftt FSFEGdz2NBA 20GFAYSR FNRY (GKS LISNOSyGAtS FAL
attribute table.

w) The percentile filter features are used as erase feature to remove portions of the buffered flow
accumulation features that overlap with the percentile filter featu(Eggure 5.12 B).

X) The remaining flow accumulation features are merged with the peiteefilter features to create a
single continuousvetland probability layefor the division.

y) A simplification and cleaning process is applied to remove voids (donut holes) and other
undesirable features to produce a single seamigsiand probability lagr for the division Figure
5.12C, blue features).
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Figure 512: Creating the finaletland probability mapequires the percentile filter, flow accumulation and ancillary data to be
combined to create a single seamless niapthe division. A: the results of the flow accumulation features which have been
buffered by 10m. B: the percentile filter features (peach polygons) displayed on top of the flow accumulation features (green
polygons). C: the final results (blue polygpimclude the merged flow accumulation and percentile filter features to create a single
seamlessvetland probability magdor the division. The protruding portions of the flow accumulation map (green polygons) were
removed during the simplifying and claéag processes.

To create a single seamlesstland probability magor the study area the maps of all divisions are merged

and then dissolved on account of the field containing the values indicating the source of the feature, i.e.
W{¢Q FT2NJ RSIFTNBENS & KEBSNK @S | OOdzydzt F GA2Y YI LA 2N W+
filter maps.

5.5Results

The result of subdividing the study area and creating the mapping regions are preseriggiie 5.13
while Table 5.Jprovides a summary of the totaumber of mapping regions per division.
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w—— South Africa
Divisions
—— Mapping regions

Figure 513; Divisions and mapping regions of the study area (South Africa). Mapping regions smaller than 40 km2 were dissolved

into neighbouring features.

Table 51: The number of mapping regions for each of the divisions. The indicated value includes mapping regions manually added
during the process of determining mapping thresholds.

Division name

Number of mapping regions

Eastern Cape Province (EC)
Free State Province (FS)
Gauteng Province (GT)
KwaZuluNatal Province (KZ)
Limpopo Province (LP)
Mpumalanga Province (MP)
Northern Cape East (NC_E)
Northern Cape North (NC_N)
Northern Cape South (NC_S)
Northern Capé&Vest (NC_W)
North West Province (NW)
Western Cape Province (WC)

948
537
162
372
630
379
263
463
278
364
406
1437

Total

6239

A visual comparison was done as a first estimation of whether the -D&dd approach provides any
improvement on NWM4. A comparison of the area covered by each as well as a quantitative comparison
was also done to gain more insight into improvements, iy,aoffered by the DENbased approach.
Comparisons were limited to mesic areas of high relief in the eastern regions of South Africa as both the
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DEMbased and the imagefyased method used for creating NWM4 are expected to perform optimally in

such areagHgure 5.14).
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Figure 514: All comparisons between thevetland probability mapand NWM4 were limited to mesic areas of high relief in the
eastern regions of South Africa. A visual and quantitative comparison was done for areétse north eastern Free State (red
square and points respectively) while a comparison of surface area was done for an area transecting the GT, MP, FS and KZ

divisions (cyan square).

The visual comparisofFigure 5.1% HTCc nyQ
between the two maps. The contiguity and extent of vaflepr wetlands can be estimated from the

sinuous features in the landscape fejure 5.15 Alt can be seen that NWM4 has poor representation of
the valley floor vetlands with most of the NWM4 features being farm dams (red featurésgare 5.158).
Thewetland probability mapshows a marked increase in representation of wetland extent for this area

(cyan inFigure 5.18).
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Figure 515: The potential presence and extent of wetlands can be estimated from A while B shows the improved wetland
representation of thewetland probability map(cyan features) compared with that of NWM4 (red features).

To obtain a more quantitative estimatioof the observed differences the area (Rntovered by the
different maps were compareccyan square of Figure 3lland Figure 5.16 A visual comparison of the
areas cover by the respective mapspigsented inFigure 5.16 while Table 5@esents a quaritative
comparison.

Figure 516: Differences between thevetland probability map(A) and NWM4 (B) are clearly visible when comparing divisions
GT, MP, FS and KZ. A comparison of afieble 5.2 was done for features locatedithin the area indicated by the cyan square.
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Table 52: Comparison of surface area (I?Dnof the wetland probability mapand NWM4 for the wetlands located within the cyan
square perfFigure 5.16.

Sample area  Wetland Probability NWM4 total area Difference (km2) % increase
(km2) Map total area (km2) (km2)
76799 7085 3524 3561 201

According toTable 5.2he DEMbased methodesultedin a 201 % increase in wetland area compared to
NWM4.

To gain more insight as to whether tiEMbased approach offers better accuracy of wetland presence,

the ability of each to indicate actual wetland occurrence was tested. A total of 93 points of confirmed
wetland occurrence were collected along a route of 150 kilometres by driving alongdarrdbe north
eastern Free State (points pé&igure 5.1% The number of points that intersect theetland probability

map as well as NWM4 were subsequently determined and expressed as a percentage of the total number
of points Table5.3). To account fomapping errors all points were buffered by increments of 30 meters to

a maximum of 210 meters. Similarly as for the original point data the number of points of the different

buffer widths that intersect thavetland probability mapas well as NWM4 werdetermined and expressed

as a percentage. A 30 m incremental buffer was chosen on account of the 30 m resolution of the DEM used
during the DEMiased mapping proces$dble 5.3.

Table 53: Comparison of the number and perctage of features of both thewetland probability mapand NWM4 that intersect
points of known wetland location. Buffer: Buffer (meters) around each point; Cells: DEM cell equivalent of buffer width;
Intersect: The number of points the intersect wetland faates; Percentage: The number of points the intersect wetland features
expressed as a percentage of the total number of points

Wetland probability map NWM4

Buffer (m) Cells (n) | Intersect Percentage | Intersect Percentage
0 0 31 34 2 2

30 1 51 55 2 2

60 2 67 72 5 5

90 3 74 80 8 9

120 4 78 84 9 10

150 5 81 87 13 14

180 6 82 88 16 17

210 7 87 94 18 19

The results suggesthat the wetland probability mapoffers a significant wetland presence accuracy
advantage over NWM4. Most notable froirable 5.3is the fact thewetland probability mapntersects

more nonebuffered points (31 points; 34%) than 210 meter buffered points intersected by NWM4 (18
points, 19%). These results would suggest thatwketand probability magprovides improved coverage for
wetlands in this and other areas of similar environmental characteristics. However, one must remain
conscious of the fact that these findings are not the result of an accuracy assessment, but of a comparative
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analysis, i.e. if all of the Free State was pegp as wetlands then 100% of theetland probability map

would have intersected the reference points, which is an obvious false representation of accuracy. A proper

I OOdzN} Oé FaaSaavYSyl aK2dAZR AY FTRRAGAZ2YyWYZEFPORYREAN
reference points so that both omission and commission errors are reported and considered.

A visual comparison of accuracy in other regions was favourable for the DERRsed approach. Initial
indications are that the DEMased approach lhlow accuracy in arid regions as well as regions of low
relief. Regions that are characterised by these constrains are expected to have lowest adduweaegstern

region of the Northern Cape Province (division NC_E) is arid but also of highRiglief.5.1706 o nc 0 Q
no®dnmMQQ{T Hpc MCcQ MTPATQQOUV &aK2ga Y2RStfSR gSaftly
Asfor Figure 5.15the NWM4 features accounts mostly for farm dams whereaswietdand probability

map (cyan features) includes tharim dams but also the watercourses that drain to and from the farm
dams. However, unlikEigure 5.15vhere thewetland probability mapcovers areas with high certainty of

them being wetland, this is not the case for the features of this area. While thiangeprobability features

of Figure 5.17covers some of the watercourses, numerous watercourses not covered by the map are
evident (indicated by the blue arrows). There is high certainty that the areas covered by the features of
Figure 5.17are watercourss, however, there is also high uncertainty as to whether they represent actual
wetlands or not. The same applies to the watercourses indicated by the blue arrows. Of the indicators for
identifying wetlands it is only the vegetation indicator that can beedid with some degree of reliability

from imagery. The uncertainty whether the valley floor areas are wetandot, therefore stems from the

fact that these features are without vegetation. The fact that some of the watercourses are mapped and
others are not is the result of a conscious decision to indicate selected areas of the watercourses as
possible wetland, while excluding other areas from this possibility. In this case that rationale was that there

is uncertainty all around as to whether any betvalley floor areas are actually wetland, but that the most

lower parts of the valley floor areas have the highest likelihood of being wetland, and were therefore
mapped. It is important to note that exclusion of the remainder of the valley floor aveasther rightly or

wrongly so, is a result of conscious decisions taken by the user and not a failure on account of the method
(i.e. these areas would have been mapped if they were considered to be wetland). Different users,
depending on what they considés be wetland from the imagery, will therefore produce different results

and it is in instances like this where the expert knowledge of the user is key to producing an accurate map.
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Figure 517: Valley floor areas in an atfiarea of high relief of which some portions of the valley floors were indicated to be
possible wetland (cyan features) while others were not (blue arrow). The absence of vegetation from the valley floor areas
requires the user to rely on expert knowledgen which areas, if any, are to be mapped as wetlands.

A common feature of the Northern Cape Province/ligt is commonly referred to as washes (black arrow

of Figure 5.18 These are low lying areas towards which surface water flows during high reveats. It is

clear fromFigure 5.18hat these areas are water affected, but it is not clear whether they are wetlands or
not as they, similar to the valley floor areas Eifjure 5.17 are often without vegetation. A challenge
experienced during thenapping process is that when deciding thatg. the area indicated by the blue
arrow is a wetland, is to then motivate why any one of the other valley floor areas (all valley fldogsiaf

5.18 are not wetland since these, similarly to the valley flawdicated by the blue arrow, are equally
likely/unlikely to satisfy the indicators and criteria for identifying and delineating wetlands. Because it is a
desktop based method assumptions had to be made. When following this rational then all of théyvisual
identifiable valley floors should or should not be mapped as wetland. This conundrum applies to all valley
floor areas in arid regions and highlights the subjective nature of the mapping process. However, this
limitation of mapping wetlands in arid regis does not only apply to the DEbAsed method but also to

other method applied previously as is evident from the NWM4 features (red featurEgyofe 5.18 The
DEMbased approach, however, will allow for the mapping of these areas should it be dstahiigt they

are wetland or if the objective is to map all watercourses, whereas an imagery based approach will most
probably fail.
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Figure 518: Because there is no vegetation in the valley floor areas, assumptions haveetmmade on whether they represent
wetland or not. Rightly or wrongly so, these washes (areas indicated by all areas) were not considered to be wetland.asll are
indicated by the yellow outline were mapped as wetland for thveetland probability map

It is subjectively concluded from the above assessments that areas for which low accuracies are expected
are those of low MAP (MAP < 500 mm) and low relief (standard deviation of elevation less than 10 m).
While low relief relates to difficulties at accuratahapping the valley floors and wetland extent, low MAP
relates to difficulties at identifying and recognizing wetlands from imagery. Ratings of mapping confidence
were assigned to areas on account of MAP and rdfiglufe 5.19
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B Low MAP & Low Relief: Low confidence
B Low MAP & High Relief: Low confidence
I High MAP & Low Relief: Moderate confidence
I High MAP & High Relief: High confidence

Figure 519: Ratings of mapping confidence for regions based on MAP and relief. Regions with an MAP <=500 mm are considered
to have a low MAP while regions with a standard deviation in elevation <=10 are considered to have low relief.

The categaes of confidence rating are relative, i.e. a confidence rating of high does not imply that the
wetlands of these areas are necessarily accurately mapped, but rather that they are considered to be more
accurately mapped than regions with a lower confiderreging. High confidence therefore refers to
mapping accuracy within the constraints and limitation of the Diieded method as discussed in Section
5.6.

The confidence rating pdfigure 5.19s a very simplistic representation and does not account folofac

other than MAP and relief. Regions of low MAP and sparse vegetation were found to be more problematic
than regions of similar MAP but which are better vegetatM#gktlands located within the grasslands of the

low confidence regions are therefore expedtto be better mapped then e.g. areas of deserKairrooin

the same low confidence region. The converse is also true, i.e. certain vegetation types in the high
confidence region are not conducive to the DBlbsed approach and wetlands of these aread bal
mapped at lower accuracy than the wetlands of other vegetation types. The confidence ratings also do not
account for other environmera drivers such as seasonality of rainfall. Differences in mapping accuracy
were also reported for the high relief 18 standard deviation) category. In some regions wetlands at the
lower end of this category were found to be reasonably well mapped while wetlands at the upper end of
this category (i.e. areas of very high relief) were found to be poorly mapped.

Criticismof the existing national wetland map (NWM4) includes amongst others the lack of contiguity
amongst and within wetland ecosystems. The DiEded method was designed to address these
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shortcomings and the results indicate that the method has to some extertesded thereinThe isolated
and disconnected nature of features in the NWM4 Map (red in A & Bignfre 5.19is clearly visible as
opposed to the modellesvetland probability magblue), which to a large extent overcomes this defect (B).

Figure 520: The DEMbased approach (blue features) was to a large extent able to overcome the poor contiguity of NWM4 (red
features).

A comparison of spatial accuracy also allowed for the comparison of other technical aspects. Manually
mapped polygons, as is required for mapping wetlands, typically suffer from a number of mapping errors
such as gaps between features, unintended overlaps, switchbacks, knots and loops. It is evident from casual
observations of thevetland probability maghat the automated process has to a large extent negated the
occurrence of such errors in tiveetland probability map

An objective when developing the DEdMsed approach was for it to be able to rapidly map extensive areas
with minimum data, skill and &b requirements. Imagery and DEMs were freely available while it took a
single person on average approximatelyd Avorking days to determine and capture the mapping
thresholds for all mapping regions of a division (excluding the time for data preparatmncreating the
percentile filter and flow accumulation maps). Although it is acknowledges that the results have suffered
from the fact that all mapping was done by a single user, it was possible for a single person to map the
entire South Africa withimeasonable time at cost. Development of the Python scripts did require skills not
common amongst mostvhom in future will be mapping wetlands. However, once the scripts are made
available the mapping of wetlands following the DBEb&sed approach will requarminimum GIS skills of the

user. An added advantage of this benefit is that users who have detailed knowledge of wetlands in a
particular region will in future be able to easily improve on the results of the mapping exercise using the
same method, somethg that was not possible with previous mapping method.

Although the percentile filter and flow accumulation features are combined to create a single seamless
wetland probability mapthese remain as individual features within the final outgig(re 5.2 The fact

that they are mapped as separate features allows for the possibility of automating HGM typing of these
features per Ollis et al. (2013) which would not have been possible if all percentile filter and flow
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accumulation features were dissolved onta single feature. The fact that the features are mapped
individually is considered to be a distinct advantage for the initial creation of a wetland map that will allow
for the assessment of other wetlands attributes, e.g. wetland function and wetlanthheehich in turn

are required to prioritize wetlands. Wetland priority is a key factor to be included in tools and systems that
inform wetland conservation and management decisions such as provincial biodiversity plans.

Figure 521: Individual wetland ecosystems are reflected in different colours. Symbology was set to the feature unique identifier
(field OBJECTID) to assign each individual features (potentially a different HGM wetland type than the adjoining feature) a
unique colour.

Wetlands are a key component of provincial biodiversity plans. For most provinces the wetland component
of their biodiversity plans are informed by the NFEPA of which the spatial component is informed by
NWMA4. If the finding that the NWM4 acants for less than 50 % of the wetlands associated with the valley
floor landscape unit is accurate, then it means that priority wetlands were identified without having
considered half of the wetlands. NFEPA priority wetlands may therefore in actualdiaberthe priority
wetlands, implying the Critical Biodiversity Areas (CBAs) that are selected on account of important wetlands
may have been incorrectly identified as such. Wedland probability mapnay to some extent contribute
towards the spatial comgment of future wetland priority assessments and therefore contribute towards
improved confidence of such processes.
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2SGflyRa I NB RSTA yhériRal dirédumstants| séippodskok Wdld supportWegetation
typically adapted to life in saturated 8@ 0 5 2 ! .3Methodsdeynployed during previous attempts at
creating a national wetland map used multispectral imagery with which to detect wetlands. Only wetlands
that displayed sufficient reflectance were mapped which, amongst others, resulted irotrecpntiguity of
wetlands per NWMA4. It follows thdhe wetlands of which the hydrology has been altered and therefore no
longer supports hydrophytic vegetation, but which under normal circumstances would, were not mapped
and are therefore not included INWM4. The DENvased method assumes such areas to be wetland and is
therefore more compliant with mapping wetlands per the South African Water Act. It is therefore also
more suitable for mapping original wetland extent which if combined with wetlandstified from
multispectral imagery, allows for determining wetland loss.

5.6 Limitations

5.6.1 Image limitations

In-field identification and delineation of wetlands are informed by the indicators and criteria as contained
in the field procedure for the identification and delineation of wetlands and riparian aiiR#sAF, 2005)

Of the indiators it is only the soil wetness indicator that is considered to be diagho&ttbough soil maps

can be included as ancillary data, the method relies mostly on the visual observation of wetlands from
remote-sensed images. This is considered to be mwialtic, especially so in arid regions where neither the
soils nor the vegetation of valley floor areas satisfy any of the wetland indicators.

The ability to identify wetlands from imagery differs from one region to the next as areas with different
vegetafon structure, moisture regime, topographgt ceterg present different conditions for wetland
development and has different reflectance properties. The extent to which vegetation expresses the
presence of a wetland therefore differs between mapping ragiso that the accuracy with which wetlands

are mapped will differ, even if mapped by the same user. Similarly, areas that are frequently inundated
within a mapping region are more readily identified as wetland as opposed to areas in the same mapping
region that are inundated less frequently. Depending on the quality of the imagergjterdisturbances

and experience of the user, the drier wetlands may or may not be identified as wetidigutrd 5.21 A
certain amount of error is therefore an inherent paf the mapping process.

Deriving wetlands from imagery should ideally be informed by images from different years and seasons to
account for environmental and temporal variability. All of the mapping performed was informed by
identifying wetlands from sailite imagery of a single season of (2013; Seetion 5.4.1). It is can be seen

from Figure 5.22that the three years preceding 2013 received mostly above average annual rainfall
(indicated by the red line), with the preceding year received below aeeraigfall (South African Weather
Service, 2016)The dry year preceding the imagery used for mapping is not considered to be ideal and may
contribute towards omission errors.

2 Although the presence of hydrophytic vegetation is considered to be diagnostic, the absence of such vegetation does not
necessarily indicate thabsence of wetlands as other indicators such as soil form or soil wetness may confirm wetland presence in
the absence of this indicator. It is acknowledged that certain soil forms do indicate the presence of a wetland and they are
considered to be diagrstic. However, some soil form may or may not indicate wetlands presence. The soil form indicator is
therefore not considered to be diagnostic.
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Figure 522: Different reflectance properties of wetlands may affect the outcome of the mapping process. Clearly discernible

wetlands are indicated by the blue outlines, while those demarcated in red are less obvious wetlands. Different users may
include the wetlands @marcated by the red outline while others users may exclude them (Note: the above image is for

demonstration purposes only and is not considered to be a complete and accurate delineation of wetlands).
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Figure 523: Annual total rainfall for the period 1904 to 2015 in South Africa.
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5.6.2 DEM limitations

The ability of the percentile filter tool to distinguish valley floors from surrounding slopes diminishes in
areas of low relief. The accuracy with which wetland presence and lavie@sdcould be predicted is
therefore assumed to be low in flat areas, and more so where these occur in arid regions. Increased
accuracy is expected in areas of higher relief and rairffaufe 5.19

Another limitation of the DEMbased approach is that does not perform well at mapping very large
expanses of valleffoor landscape units. The fudktent of such areas isften not fully mapped and they
are more prone to having voids (donut holes) in the final output.

5.6.3 Other technical limitations

The mapping tool Figure 5.23 offers various options which, in general, are expected to improve the
output. They may, however, have unintended consequences which in some instances may result in
mapping errors.

¢CKS 2LJiA2y G2 FAf{ REARIA KO2LOFSNEOY SIGKS NI Y2COAEFideNg BIEBAGRKEA YO
will fill all voids located within a feature&igure 5.24). Often the filling of voids is desirable as many of

them are the result of the percentile filter and ancillary maps not covettiregfull extent of the visually
identified wetland, especially in extensive wetland systems. However, this option may result in non
wetland areas being filled and therefore incorrectly mapped as wetlgigli(e 5.2B).
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E 2) Map Valley Bottom Areas_All

Drive letter for intermediate data {e.g. C or Z) (optional) |
Province (seperate with comma if more than one) (optional)

[ Use default province

% Raster environment setting (snap to and cell size) according to:

[+] A1) Map the valley bottom areas on account of the Percentile fiter maps and the submitted ancillary data

[] A2) Map the valley bottom areas on account of the Percentile fiter maps alone (i.e. without considering the submitted ancillary data)
B1) Collate watercourses of all Mapping regions into a single coverage

B2) Fill voids {donut holes) that occur within a single feature

B3) Simplify and clean the collated features

C1) "Rasterfill"; expand combined percentile fiter and raster ancillary features to fil gaps

Mumber of cells by which to fill (expand)
1

[1C2) For "Map PF that intersect FA; map intersecting FA only”; use multipart FA

C3) Smoothing tolerance for Percentile filter features (optional)
200

C4) Smoothing tolerance for Flow accumulation (stream) features (optional)
100

D1) Input: Vector andillary data {optional)

« &% [+ ®]

D2) Input: Raster andillary data (optional)

« =& [x [+ @&

I OK I | Cancel | |En\r\ronments... | | << Hide Help |

Figure 524: User interface of the mapping tool. The tool offers the user a number of mapping options as well as the opportunity
to list both vector and raster ancillary data.
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Figure 525 Comparisonofré dzf 46 & A GK GKS WCAff @2AR& OR2ydzi K2t Sao dGKFG 2
opposed to it being enabled (B).

Another limitation of this option is that voids that contain islands of isolated features are not considered to
be empt and are therefore not filledSigure 5.25 Contrary to the example dfigure 5.2%uch areas of
wetland are incorrectly mapped as novetland.

Figure 526:. Unintended consequences of having an area which is not wetlanyl f(led and thereof incorrectly mapped as
wetland (B).
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Figure 527: A indicates all voids before filling compared to B which indicates the voids after filling. Voids that contain features
are not filled thereby resulting irvetlands areas being incorrectly mapped as naretland (B).

Although the method is aimed at mapping wetlands which are primarily associated with the-fladiey
landscape position, it inevitably predicted wetlands of other HGM types, specificallysseprevetlands.

For the purpose of creating a single wetland layer for South Africa containing wetlands of all HGM wetland
types, the latter is considered to be more of an inconvenience as opposed to an error. Ideally the output of
awetland probability mawould be able to predict different HGM wetland types, or alternatively an output
containing only wetlands that are associated with the valley flaodscape unit. The use of the percentile
filter tool, however, predicts vallefloor-related HGM wetlandypes such as channelled and unchannelled
valleybottom wetlands, but also includes HGM wetland types found on plains, such as depression
wetlands. Further investigations are required to determine whether depressions can be excluded.

As mentioned previougl the mapping thresholds represent a best average for all wetlands within a
mapping region. Although this allows for the rapid assessment of wetlands, it does imply that wetland
occurrence and extent (boundary) of almost none of the wetlands will be 1p&%ally accurate. The final
output will therefore always to a certain degree be an approximation of wetland occurrence and extent.

It is important to keep in mind that the DENased method only maps wetlands of the valley floor
landscape position. To creaa national wetland map that includes wetlands of all HGM types the wetlands
of other landscape units will need to be obtained from alternative sources.
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5.7 Recommendations for improvement

The 10 m buffer applied is a subjectively chosen width that was considered to represent a suitable average
for wetlands of the flow accumulation maps. Wetlands located in the upper catchments are typically
narrower than those of the lowlands. The possipibf applying a strearorder analysis to quantitatively
inform buffer allocations should be investigated.

Inclusion of avetland probability mapletermined by way of e.g. Bayesian statistics or logistic regression
(Hiesterman & RirsMoore, 2015)will greatly contribute towards and should ideally be available during
mapping. The use of multiple imagery (different years and seasons) as well as images derived from other
sensors will also allow for improved detection of wetlartdsinform the process of setting mapping
thresholds. Data from neimagery related sources to confirm wetland presence/absence should also be
considered, e.g. relevé data from the national vegetation database where vegetation and soil data can
confirm thepresence or absence of wetland ecosystems.

Although initial testing did not suggest that DEMs of courser resolution (e.g. 90 m and 500 m) provide any
advantage over and above those provided by the 30 m DEM, the ability of coarser DEMs to possibly
overcomethe limitation of mapping extensive wetland systems requires further investigation.

The method relies heavily on the ability of the user to visually identify wetlands from imagery using the
vegetation indicator. Vegetation, however is absent in most pafrthe arid regions. Research of the valley
floor areas of the arid regions to better understand their ecology will greatly improve decision making as to
whether these areas should be mapped as wetlands or watercourses.

5.8 Conclusion

Development of the miiod and its application were done simultaneously. Time to collect alternative data
sources for indicating wetland absence and presence was therefore limited. However, in spite of this and
other limitations it is concluded that the method does show pronfiseimproving on existing wetland
spatial data, more so for some regions than others. Although it was not possible to do a detailed accuracy
assessment, thavetland probability mapis considered to represent an improvement on the existing
NWM4 in mesic rgions of high relief. The worth of the results in arid regions, especially in regions of low
relief, will need to be reviewed. In the absence of a detailed accuracy assessment the use of the results
from such areas to inform conservation and managemenigieas is not recommended. Areas of which

the results are subjectively considered to be not suitable for general use are those from regions that
receive on average less than 500 mm rainfall per year and / or that have a standard deviation in elevation
of 10 meters or less.

For the remaining areas the results are considered to be an improvement on existing alternatives. Although
the accuracy with which wetland extent was mapped in these areas could be improved, the results do
indicate wetland presence whenmany of the alternatives do not. From this perspective the results of
these regions are considered to be useful to inform decision making at various levels (areas of high
confidence pefFigure 5.1%

The accuracy of the outputs are very much dependant lan @ffort. Depending on time constraints the
user can decide how much effort to increase accuracy can be afforded. Such efforts will include more
percentile filter base maps of different DEM resolutions and different moving window sizes, of DEMs with
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improved horizontal and vertical accuracy, spending more time testing different modification options to
arrive at the best modified percentile filter map, using other environmental variables to inform the
mapping regions, obtaining other sources of known wellant 2 OF G A2y G2 dzasS | & Wi NI
process of determining mapping thresholds, obtaining more imagery as well as imagery from other sensors
and manual subdivision of mapping regions. All of these, along with an improved understandingt of wha
constitutes wetland may result in greatly improved mapping results. Although many of the above stated
recommendation will improve accuracy, many of them will result in severe time penalties and the user will
need to determine the tradeff between increaed accuracy and mapping effort.

Irrespective of the accuracy of theetland probability mapthe logic and rationale on which it is founded is
considered to be sound. Mapping errors are mostly the result of DEM resolution, horizontal accuracy of the
DEM,time constraints, insufficient scientific data to distinguish wetlands from watercourses in the arid
regions, etc. Although these have resulted in unsatisfactory mapping accuracy in the regions mentioned
above, future improvements to these current limitatis may still prove the approach to be useful in such
areas.

Although thewetland probability mags at present being viewed as being the final output of a wetland
mapping exercise, its use to support other mapping processing should be considered. édtrigisp

F LILINRF OKSa 2FGSy dzaS Yl ala G2 WFAfOGSND 2dzi SNNENE
used to distinguish between wetland reflectance values that are likely to be wetland (i.e. those within the
valley floor areas), and thoseahare unlikely to be wetland (i.e. this not in valley floor areas). The method

can therefore in future be used to create landscape data to support and inform other mapping process
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6. CHAPTER: EVALUTATIORF THEWETLANDOPROBAILITYMAP
FORSUPPLEMENTINGIENATIONAMWETLANDIAP

Chapter CitationVan Deventer, HKassier, D.; Snaddon, Ravis S. 2018. Chapter 6: Evaluation of the
wetland probability magor supplementing for the Neonal Wetland MapsSouth Africarinventory of
Inland  Aquatic Ecosystems  (SAIIAE) Technical Report. CSIR report  number
CSIR/NRE/ECOS/IR/2018/0001/A.

This chapteiprovidesinformation on the comparison between firseale mapped wetlands and modelled
wetlands for a number of areas in South Africa. At least three cowmitlg modelled wetland data sets
were compared for four catchments, one district and three metropolitan municipalities. Recommendations
are provided on the use of these data sets for NWMs.

6.1 Introduction

Omission errors in NWM5 remain a concennd are difficult to quantify at a countiwide scale. Where
reference data sets exist, a comparison of agreement, omission and commission errors can be done to
evaluate thequality and completenessf a NWM. At a finer scaland whereexpenses fofieldwork can be

made the levelof agreement, omission and commission candssessedor a corridor along transects,
similar to those done by Werner (202005).

Supplementation of a NWM with modelled wetlands data has been considered previously (Chapter 1), and
likewise, we have also considered the supplementation of NWM5 with wetlands data modelled at a
country-wide scale.

This chapter has two objectives:

i) to evduate the agreement, omission and commission errors of NWM5 in comparison to
reference data; and
ii) to assess whether wetland data modelled at a cowuntigie scale could be used to address

omission errors of NWMS5 without introducing more commission errors.

6.2 Methods

NWM5 was evaluated against three figeale wetlands data set@eference data sets)mapped by
Wetland Consultancy ServicBsy Ltd(WCS) for study areas in the Free State (FS) and Mpumalanga (MP)
provinces(Table6.1, see also Appendil). Thecomparison was done with a nefinal draft of NWM5,
version 5.4, which as available 30 November 201RNo edits to these areas were done between this
version and the release of NWMb5 for these areas.

The data sets were compared using ArcGIS 10.3 (ESRI2B9) and an overlay procedure with all the
data in the Albers Equal Area coordinate system for South Africa which least distorts surface area. The
statistics were summarised in two ways:
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a) the extent of the wetlands mappedor each data set was listed rectares (ha) as well as the
percentage (%) of wetlands relative to the surface area of each study areae 3tatistics
LINE JARSa | 3ASYySNIt 2@0SNWASs 2F GKS SEGSyd 27
agreement or disagreement between thatd sets.

b) the percentageagreement omission and commission erroref NWM5.4 relative to the

reference data set and expressed as percentage of the surface area of each study area.

Table 61: Areas for which finescale wetlandsmaps were used in comparison tdWM5

Area or district Extent (ha) Description
Free Statestudy area (FSSA)S 109831 Not provided
Olifants Rivestudy area (ORSAYIP 30 886 Located near the towiVitbank, characterised by sandy

soils derived from Karosandstonesresulting in very
extensive seep wetlands.

Vaal Rivestudy area (VSRSAJP 13763 Located near the town Secunda, characterised/dxyic
clay soils derived from intrusive dolerites. Given the clay
soils, seep wetlands are less prevalenthis area and
valley bottom wetlands predominate.

Three wetlands data sets whigtere modelledat a countrywide extent weresubsequenthconsideredfor
supplementation of NWMS5:

1 Wetlands modelled for South Africa Bjpompson et al. (2002);
9 TheGloballnundation Extent from MultBatellites GIEMS{FluetChouinarcet al., 2015); and
1 the wetland probability magfsee Chapter 5).

Although otherprobablewetland mappingdata setshave been produced fahe KwaZuleNatal Province,
these were not consideretbr inclusion in the NWM%Van Deventer et al2018. For example, time and
budget constraints prohibited the typing of the extent of wetlands modelled for the province (Hiestermann
and RiveraMoore, 2015) from inclusion and comparison to fiseale inlad wetland data sets.

A comparison was done betwedhe three data setswhich hadmodelledinland wetlandsat a national
scaleand eight fine-scale wetlands datacross the country (Tabkg2). Inland wetlands from three study
areas listed in Table 6.1 weecompared to thevetland probability maplIn addition, ébaseline of NWM5.4
which was available b$0 November 2017and included finescale data for the three metropolitan
municipalitiesas well agthe Cape Winelands District (CWD), was also usadtamparison to Thompson et
al. (2002) andhe GIEMS datd(uetChouinard et a]2015).
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Table 62: Areas for which finescale wetlands maps were used in comparison to modelled wetlands data

Study area or district Extent (ha) Biome Thompson GIEMS Wetland
etal, probability
2002 map
City of Cape Town Metropolitan Municipalit) 244048.9 Fynbos K K K
of 2016(CoCTMM2016), WC* ko
City of Johannesburg Metropolitan 164493 Grassland K K K
Municipalityof 2016(CoJMM2016), GT**
City of Tshwane Metropolitan Municipalibtf 217456.5 Grassland K K K
2009(CTMM2009, GT**
FSSA, FS 109831 Grassland K
ORSA, MP 30 886 Grassland K
VRSA, MP 13763 Grassland K
Saldanh&Sandveldstudy area (SSSA), WC* 2592 192 Fynbos K
Cape Winelands Distriof 2016(CWD2016), 2147328 Fynbos/ K K K
WC** Succulent
Karoo

* Prior to inclusion into NWM5.44ncluded in NWM5.4y time of assessmefit* The extent excluding islands was used

The data sets iMable 6.2 vary in completeness and accuracy. Most were captured at a desktop scale
without fieldwork verification and edits. In some instances, such as the City of Tshwane, the data capturing
focused on what was attairable within arestricted timeframe andbudget. Therefore, many of the
reference data sets represent ondyportion of wetlands that exists in these catchments, althowgth

high confidenceFor most of the municipalities, the latest boundaries from the Municipal Demarcation
Board hae been ugd, except for the City of Tshwane where the 2009 boundary was used, because the
reference data was mapped to the 2009 boundafpe mehod of comparison and resultingtatistics
between the modelled wetlands data sets and the reference data se&tse simlar to thoseusedfor the
NWMS.

6.3 Results

6.3.1 NWMS5 comparisorto reference data sets

All three reference data sets showed that more than 10% of the surface area of the study areas in the Free
State and Mpumalanga (grassland biomes), were mapped as wetlands (TablEo8.8)o of the three

study areas, the NWM showed an underrepresentatadrmapped wetland area by 5% of the surface

area of the study areawhereas in the Vaal River study area there was only a 3% difference in wetlands
mapped
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Table 63: Comparison between the extent (ha and %) of wetlands ppad relative to the size of the study area and the
reference data set

0,
Study area Data set Extent of wetlands Percentage (%) surface of study area
(ha) mapped as wetlands

FSA Reference 11027 10.0
NWM 5.4 1425 1.3

ORSA Reference 7663 24.8
NWM 5.4 2841 9.2

VRSA Reference 2227 16.2
NWM 54 1838 134

NWM5.4 showed a low percentage of agreement for the Free State study area (1.1%) compared to the
Orange River and Vaal River study areas0®), relative to the surface areas of the study areas (Figure

6.1). Theomission errors of the Olifants River stualga was the highest (17%) followed by the Free State

study area (9%) and the Vaal River study area (6%). This means that between 30% of the Vaal River, 70% of
0KS htAFlryidia wAGBSNI YR drE: 2 Pof the KefererCdNdtd sefréi hoti S a G
represented in NWM5.4. Commission errors, on the other hareltewenerally low (<3%), ranging from

the highest for the Vaal River (3%), followed by the Olifants River (1.3%) and the Free Statst(@12%)

areas.
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W COmimession

s — Omission

B Agreement

20

10

Percentage of study area

FS5A ORSA VRASA

Figure 61: Comparison of NWM5.4 to the reference data set as percentage (%) of the surface area of each study area.

6.3.1 Comparisondetween modelled wetlands data sets and reference data

The extent of wetlands relative to the surface area of the study avaaed from 2% in the arid biome to

25% in some parts of the grassland biome (Table 6.4). On average, 10% of the surface area of most study
areas was wetland. The modelled wetland data from Thompson et al. (2002) anketlzand probability

map (Chapter 5predicted the surface areas of the study areas to be betwdgandd 12% wetland, and on
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average 6%, whereas the DIEMS data, with an average spatial resolution of a pixelrd&8ing from 11
to 28% and on average predicting 11% of the study areas teetiand.

Table 64. Comparison between the extent (ha and %) of wetlands mappetative to the size of thestudy area and the
reference data set

Study area Data set Extent of Percentage (%) surface of study are
wetlands (ha) mapped as wetlands
Reference 11205.5 4.6
Thompson et al., 2002 7615.3 3.1
CoCTMMO16 GIEMS 68372.4 28.0
Wetland probability map 16072.8 6.6
NWM5.4 (reference) 18992.5 11.5
Thompson et al., 2002 7236.3 44
CoIMM2016 GIEMS 4963.6 3.0
Wetland probability map 9208.1 5.6
NWM5.4 (reference) 11507.1 5.3
Thompson et al., 2002 1977.1 0.9
CTMM2009 GIEMS 14307.3 6.6
Wetland probability map 11430.5 5.3
Reference 11027 10.0
FSSA .
Wetland probability map 13198 12.0
ORSA Reference 7 663 24.8
Wetland probability map 3007 9.7
VRSA Reference 2227 16.2
Wetland probability map 1684 12.2
SSSA Reference 51 320.6 2
Wetland probability map 136906.4 5
NWM5.4 (reference) 108609.3 5.1
Thompson et al., 2002 25540.7 1.2
CWD2016 GIEMS 102871.6 4.8
Wetland probability map 116464.02 5.4

The comparison between the modelled data from Thompson et al. (2002) and the reference data showed a
low % of agreement (<2.7%glative to the surface area of the catchmeffiigure 6.2)This accounts for

less than 24% of the extent of wetlands mapped by the reference dat®satsion errors ranged from 3.7

to 8.8% of the study areasr between 76% and 90% of the wetlands mapped in the reference datalset.
amount of @mmission errors \asgenerally low (< 2%).
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Figure 62: Comparison of thefhompson et al. (2002p the reference data set relative to theurface areeaof the study area.

The GIEMS data showedoav agreement with the refereredata set® Xh: 0 NBf F A S (2 GK
the study areas when compared to the modelled wetlands data of Thompson et al. (FEa§i2e 6.3)Even

though there is a low agreement, in the City of Cape Town Metropolitan Municipality, it accoudt3%or

of the extent of the wetlands mapped by the reference data set. In the Gauteng municipalities, it accounts
however only for <3.5% of the extent of wetlands mapped by the reference data, but increases to 33% for
the Cape Winelands District. The omissaéwrors ranged from 2.6% to 11% of the surface area of the study
area, accounting for between 57% and 97% of the extent of wetlands mapped by the reference data. The
amount of commission errors as generally low (<6.5%) except for the City of Cape Towrrdyetitan
Municipality where 25% of the surface area of the municipality was predicted as wetlafids visually
inspectingthese areast was concluded that they largetoincided with the coastline and the Cape Flats
andare unlikelyto bewetlands.
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Figure 63: Comparison of theSIEMSlata to the reference data set relative to the size of the study area.

When the wetland probability mapwas compared to the reference datd#, showed a low agreement
(<8.9%) with the reference data relative to the surface area of the study areas (Figure 6.4). This accounted
for less than 58% of the extent of wetlands mapped by the reference data sets. Omission errors ranged
from 1% to 18% of the surface area of the stadgas, which accounts for between 42% and 74% of the
extent of wetlands mapped by the study area$e Dlifants River catchment showed the highest omission
error (18%), whereas the omission errors in the other study areas leerer < 8%). Commission &ors

were mostly low (6.4%) for all study areas.
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Figure 64: Comparison of thavetland probability mapto the reference data set relative to the size of the study area.

6.4 Discussion andacommendations

The assessment of threpresentation of NWM#B! relative to three reference data sets, showed agreement
between8% and 10%or the Orange and Vaal River study areas, relative to the surface area of the study
areas, which accounts for only between 30% and 64% of the extentttdngle mapped by the reference

data sets. Wetlands in the Free State study areaapoorly representedsince NWM5.4 mapped only 10%

of the wetlands which were mapped by the reference data set. The omission errors ranged from 6% to 17%
of the surface areaf the study areas, which accounted for up to 89% of the extent of wetlands mapped in

the reference data setThe amount of commission errors wasSy S NJ f £ & dorBpareddothe m ® 02"z 0
surface area of the study areas.

Of the three data setthat modelledwetlands for the country, thevetland probability mapappeared to
perform better: Pr three of the eightreference study areas, the agreement ranged from 6% ton®fhe

the maximum commission error was63%o0f the surface area of the study aiea@\ll three modelled data

sets showed, however, that a large percentage (average 70.4%) of the extent of wetlands mapped in the
reference data sets have not been included in the prediction, raising a concern about the capability of the
models to predict truepresence of wetlands. The Thompson et al. (2002) model had the least commission
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errors (<2.2% of the surface area of the study areas), compared to the GIEMS data and the watercourse
probability map. Yet in section 4.1 of this report, we indicated thestgp commission errors which were
present in the NWM4, as a result of the inclusion of modelled data.

The watercourse probability would likely address shortcomings of the NWM5 and can be selectively used to
supplement NWM5, however the limited number offeeence data available for comparison, yielded a
narrow view and understanding of where the data could be valuable without adding level oftleatas
unacceptablyhigh It is clear from the statistics of the reference dakts thatthe extent of wetlard area

varies across regions and thife reference data or accuracy assessment would be required to determine
the completeness of representation of the NWM across the countigual inspection in some parts of
Gauteng did indicate that thevetland probaliity map predicted valleybottom systems which were
omitted, however, thewetland probability mapmverestimated the extent of these systenithe results will

be presented to the Wetland Ecosystems Classification Committee (WECC) at the end of Janyanyd?018
the final decision to include the modelled data into NWMS5 for the assessment of inland aquatic ecosystems
in the National Biodiversity Assessment of 2018 (NBA 2018), will be documented in an update of this
report, as well as the NBA 2018 technicgbads. The intention is to recommend no modelled wetlands
data to be included in NWM3However, these modelled data came used as a guide for the capturing of
wetlands in NWM6. The data should be made widely available by the South African NationalrBitydive
Institute (SANBI) to interested parties, to usecombination with NWM5 for an improved inland wetlands
data set

6.5 References

FluetChouinard, E.; Lehner, B.; Rebelo, L.M.; Papa, F.; Hamilton, S.K. 2015. Development of a global
inundation map at hig spatial resolution from topographic downscaling of coessale remote sensing

data. Remote Sensing of Environmentl58 348361. dx.doi.org/10.1016/j.rse.2014.10.015;
http://www.estellus fr/index.php?static13/giems15

Hiesterman, JandRiversMoore, N. 2015. Predictive modelling of wetland occurences in Kwddathl,
South AfricaS Afr J $S&1(7/8), 1-10.

Thompson, N.; Marneweck, G.; Bell, S.; Kotze, D.; Muller, J.; Cox, D.; Clark, RMa&i@2dology
Proposed for a South African National Wetland Inventegport to John Dini, Wetlands Conservation
Programme, Department of Environmental Affairs and wor Council for Scientific and Industrial
Research (CStR®retoria, South Africa.

Van Deventer, H.; Smihdao, L.; Petersen, C.; Mbona, N.; Skowno, A.; Nel, Jeanne L.2018 Review of
available data for a South African Inventory of Inland Aquatic Ecosyg@AllAEYWaterSA 44(2):184;
199. http://dx.doi.org/10.4314/wsa.v44i2.05

Werner, HW. 2004;2005. Accuracy assessment of Nationatland Inventory maps at Squoia and Kings
CanyorNational ParksParkScienc2319¢23.

125


http://www.estellus.fr/index.php?static13/giems-d15

National Biodiversity Assessment 2018South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

7. CHAPTER CONCLUSIOANNDRECOMMENDATIONS

Chapter CitationVan Deventer, H.SmithAdao, L.; Petersen, @018. Chapter 7. Conclusions and
recommendations South Africaninventory of Inland Aquatic Ecosystems (SAlIAEEhnical Report.
CSIR report numbeZSIR/NRE/ECOS/IR/2018/000

This chapterprovides an overview of the motivation for a South African Inventory of Inland Aquatic
Ecosystems (SAllA&)d elaboratesfurther detailsthe appropriate scale and uses of the associated data. A
summary of the recommendations of the S¥Hldata is provided, as well as those pertaining to the rivers
and inland wetlands.

7.1Introduction

Awide range of strategic, regulatory and reporting processes require a comprehaemgargory of inland
aguatic ecosystemséncluding the National Biodivatg Assessment (NBAState of Environment Reporting,
reporting on international conventions (e.g. the Ramsar Convention,Uhiéed NationsConvention on
Biological Diversity (UNCBBNd the Sustainable Development Goals (SDGsystematicconservation
planning, Environmental Impactséessment4EIAS) and Strategic Environmental Assessments (S&#NS)
inventory of inland aquatic ecosystems is therefore not only needed, but also supported by a number of
legislative Acts, such as the South African Natidwater Act (NWA) and the National Environmental
Management: Biodiversity Act (NEMBA) with ministries of the Department of Water and Sanitation (DWS),
Department of Environmental Affairs (DEA) and the South African National Biodiversity Institute (SANBI)
mandated with responsibilities related to these ecosystems.

To date, the South African inventory of inland aquatic ecosystems had a strong focus on the river
ecosystems as well as the National Wetland Map (NWM). The capabilities of Geographical Information
Systems (GISs) enabled the faster capturing easfsupdating, efficient storage and wide dissemination of
these datasets to multiple stakeholders. Building on previous efforts, this document provides an overview
of the creation of the first South Africanventory of Inland Aquatic Ecosystems (SAIIAE) which includes
additional data on the condition and management of inland aquatic ecosystem types.

This SAIIAE version and document list key decisions betdeen 2015 2018by the inland aquatic team,

in ageement with the inland aquatic reference committee of the NBA 2018 as well as the River and
Wetland Ecosystem Classification Committee (RECC; W#tBCggards to the mapping of the ecosystem
types as well as proposed improvements for future updates\adions. It has become quite clear tihe
representation ofboth rivers andinlandwetlands, which aresmall finescale objectspose a challengat a
country-wide scale The maps serveultiple purposes at various scales. Considering that the data sets will
be used in a variety of applications, we have therefore attempted to diééadkigins and shortcomings as
bestaspossible. In conclusion, we therefore provide guidance on the @pjate use of the products as

well as recommendations in this chapter.
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7.2Key highlights, findings and knowledge gaps

Key highlights

1 A South African Inventory of Inland Aquatic Ecosystems (SAIIAE) have been established as a
collection of data layers tt represent the extent of river and inland wetland ecosystem types as
well as pressures on these systems.

1 The extent of inland wetland ecosystems have bewreasedby 123% compared to the NFEPA
wetlands.

1 Eight unique limnetic depressions (lakes) haverblentified.

1 A confidence map of inland wetlands guidesers to appropriate use of the map.

Key fndings

91 Inland Aquatic ecosystems are represented by a river lines data set as well as polygons of river and
inland wetland types in NWM5. Both data sethould be used to represent inland aquatic
ecosystems.

1T NWMS representqearly 4 million hectares (ha) of aquatic ecosystems which cover 3.3% of the
surface area of South Africdhese include:

o Inland wetlands which constitutes > 2.6 million ha or 2.2%hef durface area of South
Africa;

o > 1 million ha of river channels; and

0 201381 ha of estuarine ecosystems (<0.2% of the surface area of South Africa).

9 The rivers data set represent 200 955 km of river length of which 164 018 km (82%) is situated
within Souh Africa. The majority of the rivers in South Africa (90%) has a river ecosystem types
assigned; 10% are ephemeral and episodic systems within the arid Northern Cape Province and
<0.1% coincide within an estuary. Mainstem rivers constitute 76 830 km @fi#e total length of
the South African rivers, and tributaries 87 188 km (53%).

1 Eight limnetic depressions (lakes) have been identified where the depth of the deaidrat low
tide is > 2n. These system constitute8 376 ha of which Lake Sibayi issthargest.

1 Artificial wetlands have been mapped as a separate layer, totalling almo$t0&0ba.

List of Limnetic depressions (lakes) of South Africa:

Name Extent (ha) Percentage of the total extent of limnetic depressions
Barberspan 1720.6 12.9
Chrissiesmeer 1282.6 9.6
De Hoop 949.3 7.1
Groenvlei 357.3 2.7
Lake Banagher 184.5 14
Lake Fundzudzi 192.3 1.4
LakeSibayi 8 360.1 62.5
Tevredenpan 329.2 2.5
Total extent 13 376.0
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Knowledge @ps

1 Uncertainties pertaining to the conceptual ecosystem types represented for river and inland
wetlands implemented in the SAIIAE should be addressed. Research is required to better
understand whether these conceptual ecosystem types represent faunal andl fiprecies
biodiversity as well as function diversity well.

1 Inland aquatic ecosystems in the arid regeme poorly understood. In the rivers data layer these
are typed as ephemeral and episodic rivers. In the NWM a high uncertainty of the
hydrogeomorphiayping is associated with these systems. Further work should be done to better
define and distinguish water courses, floodouts and washes in these regions.

KeyMessages

9 Baseline data related to inland aquatic ecosystems are crucial for planning, commeraad
management of inland aquatic ecosystems. Currently the baseline data sets provide a poor
representation of inland aquatic ecosystem types, as well as their pressures and impacts. The
inland wetlands, for example, showed a 69% low confidence foresgmting the extent of
ecosystems, with an estimated 50% omission error. Confidence and accuracies of other data layers,
such as rivers and artificial wetlands, are deficient.

Priority actions

Institutional collaboration across all organisations ankstelders for the improved understanding,

mapping, conservation, monitoring and management of inland aquatic ecosystems should be established
and sustained. Responsibilities related to ecosystem data sets sholifddukby relevantdata custodians
underthe South African Spatial Data Infrastructure (SASDI) Act

1 Research priorities:
o Improve understanding of the relationship between the ecosystem types and species
biodiversity.
o Improve understanding and classification of watercourses, particularly irsystdms.
0 Broad regional representation of Level 2 of the Classification Systems should be informed
by analysis of relevé data from the National Wetland Vegetation Datafssben, 2015).
o Improved national modelling and monitoring of inland wetlands aclamsgterm
hydrological regime cycles. This will improve our understanding of ecosystem types and
their functions. Currently GIS is used for omdeprediction of extent, types and condition.
Timeseries should be considered in such modelling. The impnewt of freely available
remote sensing images at finer scale
0 Methods of accuracy assessment of the extent and types of inland aquatic ecosystems at
various scales.
Improvement of the extent of river and inland wetland ecosystem $ype
Collation of specidata, particularly macrmvertebrate data (Nel and Driver, 2012)
Improved understanding between the association of ecosystem services and ecological
infrastructure with ecosystem types (adapted from Nel and Driver, 2012)

= =4 =
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7.3 Appropriate use of the ecostem data sets

Disclaimer of the data and report:

This report was compiled and reviewed by at least 14 experts within the field of inland aquatic ecosystems
prior to the approvalfor publication. Approval does not signify that the contents necesseeflgct the

views and policies of the respective organisations, nor does it mention of trade names or commercial
products constitute endorsement or recommendation of use.

All data sets were amalgamated from previously created data sets done for a vafigiyrmoses at
multiple scales. Regardless of the attempt made to explicitly state known errors, the complete
understanding of representation and accurannotbe provided in full. Therefore we acknowledge that

this nationally compiled data set is not &€rom errors, be it spatial or attribute accuracy, errors of
omission or commissigmames, ecosystem types or any other error. Therefore, the authors and designers
hold no responsibility in the use of the data and content of the report. The data isdetefor country

wide assessment and planning and no other uses at a regional to local scale. The data and reports can
provide context, guidance and support to inform the improved mapping of inland aquatic ecosystems at a
regional to local scale.

The appr@riate use of the data is therefore recommended in short as set out in Table 7.1.

Table 71: Guidelines on the appropriate use of the data sets compiled in the SAIIAE

Scale Appropriate use

Countrywide National biodiversity assessments and conservation planning
1:250 000 1:1 000 000
1 km spatial resolution

Regional To inform provincial biodiversity assessment and conserva
1:50000¢ 1:250000 planning

Approximately 3@; 50 m spatial resolution

Local Providing context and guidance to support the improved mapping
(1:1 000¢ 1:50 000) inland aquatic ecosystems

< 30 m spatial resolution

7.4Recommendations

Table 7.2 provides a summary of the recommendations made in the Technical Report of the Freshwater
component of the BA 2011 (Nel and Driver, 2012), and extended to the recommendations made in this
report. The table summarises information discussed in Section 7.2 of this chapter and elaborates on a
number of aspectsRecommendations madeclude those by members of thereference committee
members of the inland aquatic ecosystems component of Hi@A 2018 the Ecosystem Classification
Committees (ECCs) and the National Ecosystem Classification Committee (NECC).
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Table 72: Recommendations fothe improvement of SAIIAE and related data sets

Component Recommendation
of SAIIAE
Collaboration across mandated ministries for inland aquatic ecosystamidjsting ofdata
custodians under the South African Spatial Data Infrastructure (SASDI)
SAIIAE Address uncertainties and knowledge gaps through concerted research funding. Funde

should be approached to discuss the advancement of these research priorities listed.
Improve species representation in the SAIIAE.

River network

Maintain and updatehe 1:500 000 rivers datset. Improved spatial accuracy should be
obtained using best available data (e.g. hydrologically corrected digital elevation data &
high resolution), techniques and software. Human capacity and knowledge transfer in t
regardis essential at Resource Quality Information Services (RQIS), DWS.

Produce a countrywide polygon coverage for the 1:500 000 rivers. The Department of R
Development and Land ReforgrChief Directorate: National Geospatial Information
(DRDLR:N%é&lready mapped some river channels and their associated geomorphologic
features (e.g. flood benches)he Department of Water and Sanitation (DWS) has done ¢
hydrological and topological correction of the DRDLR:NGI data and should be considel
Obtain higher confidence in the 1:50 000 river coverages. Their utility continues to be
constrained by several inconsistencies (e.g. river coverage densities differ) and inaccul
(e.g. isolated and incomplete river arcs), imparted by compilation from gdratbgraphs
(Weepener et al., 2015). Future improvements should also include applying the 1:500 (
verification and reach allocation procedures (DWAF, 2006) as well as transferring its
attributes (e.qg. river ecosystem types) to the 1:50 000 rivers.

Updatethe flow variability attributes attached to the 1:500 000 rivers dsgh This includes
a revision and adding more river flow categories. Flow types for quinary catchments art
important. There may also need to be a stronger focus on the water requiresyamon
perennial rivers. These rivers cover a large area of South Africa. An update is needed {
improving the description of river ecosystem types in the country (Nel, et al., 2011).

Catchment
boundaries

Developanendorsed quaternary and sufuaternay or quinary catchment boundary GIS
layers using the latest information amdethods Updates of these data layers were done f
example by Schulze and Horan (2010), Weepener et al. (2012) and Maherry et al. (201
Develop sb-catchment planning units #t takeinto accountaltitudesand where possible
change in functional hydrology may occur

River
ecosystem

types

Improve and validate théandscape classification mayith data. Consider different
approachesuch as thé.evel lecoregiongKleynhanst al., 2005) andhe geomorphic
provinces(Partridgeet al., 2010).

Validate the river ecosystem types with species data. These subtypes are components
rivers with similar physical features and are an essential ceidtsebiodiversity surrogate
However, lnowledge on whether the river types identified are associated with species
representing biodiversity for persistence and evolution, remains lacking (Nel et al., 201

Consideration ohew approaches to the classification of geomorphologicébogitudinal
zones developed for both perennial and nperennial river systems (e.daeger et al.,
2017).This will influence the extent of the river ecosystem types. In addigaplore
ecological meaningful lumping of the geomorphologimaie categorieby extending the
Dallas and Day (2007) macroinvertebratelysis to include fish and vegetation data.
Map and identify ripariarzones and their vegetatiomlong rivers (both mainstems an
tributaries) on a national scaleRiparian zones are not repreded in the river ecosystern
type layer.This data layer should be incorporated in river typing proceduBagfers of
vegetation surrounding all freshwater ecosystems, even heavily used ones, go a long
reducing the effects of harmful langse practies(Nel and Driver, 2012).
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Publish a river ecosystem type map. This product should resemble the Mucina
Rutherford (2006) vegetation map, with descriptions and characteristic species attache

River
condition

Improve skills and monitoring capacity fiver ecosystem condition update$his process i
also linked to gengthening collaboration of DWS and Department of Environmental Affi
(DEA) around managing and conseniirigndaquaticecosystems.

Strengtherriver inventorying and monitoring programmes. Strategic field sampling sites
metricsshould be chosen and an implementation pl@mcluding a financing plan) for
monitoring these over time should be develop@del and Driver, 2012 he River Health
Progranme (RHP)Ynow the River EcoStatus Monitoring Programme (REMP)) offers an it
platform from which to beginTheseREMP siteshould be reassessed, refined and
supplemented according to an explicit set of criteria that also includes consideration of
wetlands and other new information, e. §WSA

Explore aldatasets(e.g. Reserve and Classification daita) could be used for a national
assessmentCollationof these datasetsshould be a medium term gaal

The desktop Present Ecological State (PES) ds¢abmust be updated with highe
confidence data (i.e. provincial to local level PES data) as it becomes available. It is b
expert opinion. A confidence rating (e.g. mean rating per ecosystem typ#d be appied
to improve the accuracy of the data

Develop biodiversity indices that speak directly to biodiversity (i.e. of wi
macroinvertebrates would be one, and fish, riparian vegetation, diatoms, etc.). Tt
related to developing a comprehensive fish atlas and a solid database of macroinveste
for use in assessments and planning.

NWM5
(extent of
inland
wetlands)

Improvement the representation and hydrogeomorphic wetland types to at least a Low
Medium confidence level for 75% of the country within the next 5 yetnsse can be
achieved hrough continuous desktop improvement of NWMS5, supplemented with the
cleaning and typing of thevetlands probability mapThe NWM5 confidence map should bt
used to identify areas where thgetlands probability maghould be used.

Prioritise certain areas ere the NWM needs higher levels of confidence. Set a minimur
target for the minimum confidence, omission and commission errors as well as minimu
requirements for the mapping and-iireld visits for these priority areas. Consideration
should be given tohe Strategic Water Source Areas (SWSA), areas identified in the
Assessment report of Inland Aquatic ecosystems as threatened and poorly protected,
Ramsar sites and other areas where development pressure is high.

Continue to develop and compare the capalg$ of remote sensing an@ISprobability
modelling to map the extent of inland aquatic ecosystems. The results should be evalu
against finescale data sets. Modelled data shoulddmnsidered to supplement NWMinly
in data-poor areas.

Improve the etent of artificial systems and consolidate categories in the polygon data le
Ensure that systems represented in point files (e.g. Aquaculture and the WWTW) are fi
represented in the polygon data layer.

Inland
wetland
ecosystem

types

Continue to develop and compare the capabilities of remote sensing and probability
modelling to map thescosystem typesf inland aquatic ecosystems$he results should be
evaluated against fingcale data sets. Modelled data should be used only in-data
areas.

Condition of
inland
wetlands

Condition modelling of wetlands should be attended to with urgency, particularly identif
data sets which can best be used to represent existing pressures on inland aquatic
ecosystems.
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APPENDIA: USTOFMEETINGHELOFORDEVELOPMENOFTHISREPORT

The following meetings were held for the development of this technical report. Meeting reports are available on request

Meeting date

Venue

Nature of meeting

Participants

Key decisions

Andrew Skowno; Boyd Escott; Bonani 1 Inaugural meetingf WECC
Madikizela; Denise Schael; Dirk Roux; Elija 1 Need for guidelines and standards were|
Mogakabe; Farai Tererai; Genevieve Pence; highlighted, as well as registration as da
Hannes Marais; Heidi van Deventer; Hermien custodian under SASDI Act
Wetland Ecosystem .
. . . Roux; John Dini; Kate Snaddon; Kennedy
2015/07/27 SANBI Pretoria Classification Committee . . .
(WECC) Nemutamvuni; Mervyn Lotter; Mike Silberbaug
NacelleCollin; Namhla Mbona; Nancy Job;
Naomi Fourie; Nick RiveMoore; Nicolene
Fourie; Peter Ramsilo
1 TOR of WECEq of meetings
1 Availability of EIA data
Namhla Mbona, Nancy Job, Heidi van 1 Preliminary results of the data audit
De , Nacelle Collin , Mervyn Lotter, ioriti
CSIR/Cs: Pretoria, : venter, N : i B vy . 1 Pnont@s for NWM5
2016/01/28 WECC Nicolene Fourie, John Dini, Hannes Marais, N 1 Dr Collins presented watercourse
Stellenbosch . . . o
RiversMoore, Mike Silberbauer, Andrew probability map
Skowno, Kate Snaddon; Skhumbuzo Kubheka f  Errors in threat status of wetlands in NB
2011 resulted from assessment done at
L4A
River Ecosystem Mike Silberbauer (DWS), Dean Impson 1 Inaugural meeting of RECC
2016/05/23 SANBI Capgown | Classification Committee (CapeNature), Mmaphefo Thwala (standing in 1 Agreement to use the 1:500 000 rivers

(RECC)

for Lebogang Matlala, DWS), Michael Granfell

data used for the NBA 2011
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(UWC), Jeanne Nel (CSIR), Chantel Petersen
(CSIR), Ashton Maherry (CSIR), Heidi
Deventer (CSIR), Lindie Smitlao (CSIR),
Namhla Mbona (SANBI), Helen Dallas (FRC),
Reinecke (Southern Waters), Andrew Gordon
(DWS) and Andrew Skowno (SANBI)

[3 DWS staff members, 1 CapeNature staff

member, 1 UWC staff member, 5 CSIR staf]

members, 2 expert consultants and 2 SANBI s

members. Representing 14 participants from
organisationd.

1 Keep river ecosystem type categories a
1 Use PES PES/BM1 data to update the
river condition data for NBA 2018

SANBI VC Pretorial

National Ecosystem

1 Inaugural meeting, TOR
1 Coastal ecosystems introduced

2016/0812 Cape Town Classification Committee NECC members from SANBI and CSIR 1 Connectednesbetween aquatic
(NECC) ecosystems
1 Mapping of islands
1 Accuracy assessment discussiShould
) be taken up in future meetings
Inland Aquatic reference 1 CSIR, 1 SANBI, 4 Inland aquatic reference 1 see CSIR report no
2016/1027 NWI2016 ) committee members, 6 interns, 1 collaborator
committee CSIR/NRE/ECOS/IR/2016/0161/A
(ICLEI) and Douglas McFarlane ) ) _ .
1 Alignment with WRC prj of Dean Ollis of
conditior*
Namhla Mbona, Heidi van Deventer, Nacelle 1 NBA 2018 progress on the Freshwater
Collin, Mervyn Lotte, John Dini , Hannes Component
CSIR VCs: Pretorig Marais, Mike Silberbauer , Tebogo Kgongwa
2017/01/26 Durban, Cape WECC Andrew Skowno, Kate Snaddon, Nancy Job ,
Town Nick Riverdvoore
Skhumbuzo Kubheka , Erwin Sieben
2017/05/19 CSIR VCs: Pretorig RECC Andrew Gordon (DWS), Chantel Petersen (CS T Nomination of 2 RECC members for Inland

Stellenbosch

Christa Thirion (DWS), Heidi van Deventer (C$

Aquatic reference committee
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Helen Dallas (FRC), Lindie SrAittao (CSIR),
Michael Grenfell (UWC), Mike Silberbauer
(DWS), Namhla Mbona (SANBIick Rivers
Moore (Private Consultant, presented in
absentia) and Patsy Scherman (SC&A)

[3 DWS staff members, 1 UWC staff member
CSIR staff members, 3 expert consultants an
SANBI staff member. Representing 11

participants from 7 organisatioris.

Update of the PES data for the NBA 2018
Fish species atlas
Nick Riverm 2 2 NEQa LINBaSy
prj modelling instream flow requirements
Keep all detailed condition categories and
do not lump.
Addition of 22 rivers approved
Agreement that a change analysis can be
done, not trends
Priorities after NBA 2018:
0 Reuvisit the river flow categories
0 Macroinvertebrates
0 Riparian vegetation mapping on a
national scale
0 Subquaternary catchmentand
altitude zones (NFEPA) ACTION: L§
discuss with Jeanne Nel as to the
motivation for getting this done
o If new data is generated then it
should be used
o PES (habitat template) is the totality
and features characteristics of a rive
and its riparian areashtt can
support an appropriate natural faung
and flora. Not a biodiversity
assessment but an indication of the
ecological condition of the resource.
0 Need biodiversity indices that speak|
directly to biodiversity (of which
macroinvertebrates would be one,
and fish, riparian vegetation, diatom
etc.) (DEA mandate)
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1 Update and integration efforts
2017/09/27 SANBI Pretoria and e NECC members from SANBI and CSIR T Vegetation map
Cape Town 1 Coastal ecosystems

1 Ecosystem map

T Inventory:
0 Hydrological features which are not rivers
or wetlands should be kept in the
inventory geodatabase as a separate
feature class and may include for examp
streams from thewetland probability map
as well as washes
o Correction on terminology was done to
align with the Classification System
0 8 unique limnetic depressions identified
set target as 100% for threat status.
0 agreement that the NWA definition of
SANBI Inland Aquatic reference 3 SANBR CSIR, 1 WC8&reference committee wetlands should be used
Kirstenbosch committee members (complete) 0 add information on groundwater
dependent ecosystems
0 EIA polygons are consideréesssuitable
compared to large, catchment funded
projects for mapping wetlands and
updating the NWMs
o Citizen science may contribute, however
inconsistent collection and verification no
ideal.

1 Landforms was previously used to inform
modelling of wetlandypes and not required
when HGM wetland types have been captur
at desktoplevel.

2017/10/2-4

CSIR VCs: Pretorig A t: only Levedsand 4A should b
S rreton Inland Aquatic reference 3 SANBI, 3 CSIR, 1 WCS, 8 refcom members 1 ssessmen on.y e,v §an ) snouldbe
2017/11/24 Durban Cape used for assessing biodiversity pattern

committee representation) ) i ) )
Town 1 The improvements of L2 is essential using
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the NWVD

1 Atarget threshold of 20% will be retained
for assessing ecosystem threat status until
further research has been done on species
responses and otir outcomes which would
inform other target thresholds for wetlands

1 Grouping of HGM wetland types: 4 to 3
groups can be considered, but first presen
the results of the assessment, before the
refcom will decide.

1 Landforms:

o Landforms in the Classificati@ystem are to
3dzZA RS Of I aaATFTAOLF (A2
biodiversity of wetland ecosystem types

o0 Landforms automated at desktop level is n
essential for now, since NWM5 was typed
desktop level to L3 and 4A

Namhla Mbona, Heidian DeventerNacelle 1 National Wetland Map progress
) | Collin Mervyn Lotter, Hannes Marais, Mike 1 SAIAE
2018/01/23 gjrlsa\r:C;éE;etonc WECC Silberbauer, Millicent Dinala, Happy Khumalo | {1 Layout of NBA 2018 Assessment report
' Andrew Skowno, Kate Snaddadancy Job, 1 Future planning for the SAIIAE and NWM
Town Mogakabe ElijaSkhumbuzo Kubheka, Erwin | 1 Wetland modeliing inclusion
Sieben
Andrew Skowno (SANBI), Chantel Petersen 1 Agreement not to update the NFEPA rivers
(CSIR), Dean Impson (CapeNature), David le GIS layer with additional 1:50 000 rivers
Maitre (CSIR), Heidi van Deventer (CSIR), He associated with estuaries
Dallas (FRC), Michael Grenfell (UWC 1 Do not in_clude rivers.which have RES
. Mike Silberbauer (DWS), Namhla Mbona scores, since modelling has a number of
2018/05/23 CSIR VCs: Pretorig pecc (SANBI), Nancy Job (SANBI) and Patsy Sche complications .-
Stellenbosch ' 1 Most of the rivers are episodic / ephemera
(SC&A) YR &K2dzZ R 6S f SNoi
necessary to model the condition of the PE
[1 DWS staff member, 1 UWC staff member, scores for the DD systems. Don't assess,
CSIR staff members, 1 CapeNature staff display as DD on the fihenap.
member, 2 expert consultants and 3 SANBI st 9 Erosion can be natural and not induced an
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members. Representing 11 participants from
organisationd.

the current maps cannot distinguish
between these, therefore do not use it to
model river condition

1 Do not use invasive species (ePgosopi¥to
model river condition, experts are needed

1 Intersect the riers with the dam layer and
type the section of a river within any of the
large 92 dams as artificial and PES = F.

2018/05/28

SANBI
Kirstenbosch

Inland Aquatic workshop

Team members, reference committee membe
and coeauthors to the Assessment Report.

Please refer to the attendance register for mor
information.

Wetland flats in most of the provinces would be
depressions, since they may receive surface
contribution from adjacent seep wetlands. These
are not purely groundwater driven systems.
Wetland flds from the C.A.P.E. project was also
desktoptyped and have a low confideacThese
should however be kept as wetland flats in the
NWMS.

* WRC project K5/254%roject lead Mr D Olli®eveloping a refined suite of todigr assessing the Present Ecological State of wetland ecosy§tems.
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APPENDIXB: PROCESSINGTEPSTAKENTO CREATEA SOUTH
AFRICANINVENTORYOF INLAND AQUATIC ECOSYSTEMS
(SAIIAEANDUPDATHHENATIONAMWETLANDMAPS

Chapter CitationVan Deventer, H2016. AppendixB: Creation of a National Freshwater Inventory
and update of the National Wetland Map 5 in preparation for the National Biodiversity Assessment
for 2018.CSIR: Pretoria, South AfriGauth Africarinventory of Inland Aquatic Ecosystems (SAIIAE)
Technical ReportCSIR report numbeZSIR/NRE/ECOS/IR/2018/00Q1/A

Introduction and purpose

The National Wetland Map 4 (NWM4) resulted from the modelling of wetland types from the extent

of wetlands in the NWM3 for the National Biodiversity Assessme@0a&fl (NBA2011) and National
Freshwater Priority Areas Atlas (NFEM9Il et al,, 2011;Nel and Driver, 201Driveret al,, 2012)

The South African National Biodiversity Institute (SANBI) compWWMBl from various sources,

including the National Land Cover of 200an den Bergt al, 2008) hydrological polygon data

from the former Department of Land Affairs (DLA): Directorate Surveys and Mapping, as well as
wetlands predicted for the country in 200@Thompsonet al, 2002) A flow diagram of the

inteANF GA2y 2F (GKS RFEGlF aSiéa dz2d 42 b2ao A&B BFAfl o

INPUT DATA
National Land Cover 2000 o4 ool "wmoathed NATIONAL WETLAND MAR 1
* Waterbody ERMR VSR>
* Wetland Sy
DVWAF 2004 Farmdams & IVErS ,.........0evesesesesssesssasssssssnensnesenses N
* Dam
* Lake NATIONAL WETLAND MAP 2
* River * Artificial waterbody
* Wetland
- ) * Natural waterbody
Chief Directorate: Surveys & Mapping * Unclassified waterbody (20%)
2005-2007 Intand Water Features
N‘wm Amﬂc"’ w’umd ooooooooooooooooooooooooooooooooo K3
Waterbody Waterbody NATIONAL
Dry pan Dam Marsh viei WETLANDMAP 3
Lake Fesh farm Swamp
Mud flats Latge reservoir l l l l
Non-perennial pan | Purification plant
Perennial pan Sewetage works Wetland Natural Unclassified || Artificial
Pool Water tank waterbody| | waterbody waterbody

L 1 J
Finer-scale sub-nationaldata L eeeieeensssnanes V

* KZN

* CAPE fine-scale plans 4

* Kamieskroon NFEPA: WETLAND MAP 3
* Niewoudville * Natural

* Overberg * Artificial

Figure Bl: Flow-diagram showing the development of the National Wetland Map 3, used in the modelling of wetland
types for the NBA2011. Image frofittp://bgis.sanbi.org/NFEPA
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A number of errors in the NWM4 became evident subsequent to the publishing of the data and
ud SNDa ¢2NJAy3I 6AGK GKS RFEGF® ¢KS&S AyOf dzRSR &azy
1 The inclusion of the predicted wetlands introduced a large number of commission errors
(although not indicated in Figuil, this data set was included);
9 Artificial wetlands such as tailing impmdments were classified as natural; and
1 Polygons around dams were initially thought to be natural palustrine type of wetlands

however later considered to rather be dams and should be merged with the polygon of the
dam.

In addition a number of projects ifchted that the NWM4 represented54% of the wetlands found
at fine-scale leve(Mbonaet al,, 2015; Schaadt al, 2015; Van Deventest al,, 2016)

To address the errorand shortcomings of the NB218, Heidi van Deventer and Jeanne Nel (CSIR)
decided that it is better to start from scratch and create two separate products for the28B&

i. A Finescale data set which will include the NGI data and anydoade data thwas
mapped through headap digitising from orthophotos.
ii. A data set of predicted wetland extent and possibly types.

The typing of the Freshwater Ecosystems will be done according to the 7 hydrogeomorphic types of
the Classification Syste(@lliset al.,, 2013)

In addition to the extent and types of the wetlands, the landscape unit (landforms) will be updated
to improve on previous limitationd/an Deventeet al,, 2014)

b-versions of the National Wetland Map 5 (NWM5) as well as associated data in the National
Freshwater Inventory (NFI) will be made available during the course of the project on the Freshwater
ecosystems page, to allow all users to provide feedback andgestigns to Heidi
(HvDeventer@csir.co.y#or improvement. The freshwater page can be accessed via

http://gsdi.geoportal.csir.co.za/projects/nationdtiodiversityassessmenbf-2018

The aim of involving stakeholders during the progress of the work allows the best quality is delivered
for the NBA2018. The planned update is listed in TaBlewith the plamedwork flow of the project
in FigureB2.

Table Bl: Existing and fanned subversions of the NWM5

National Wetland Map 5Sub Description
version ro.

5.1 The topologically corrected national extent of the NGI data issued in March 20!
provincial data sets.

Called feature class National_Wetland_Map_5 1

5.2. NGI2006 and 2016 data unioned into a single feature ch&s (2006_2016D and DZ,
section 1 béow), as well asunion with the Estuaries Functional Zone, Working
Wetlands data, peatlands data, and the 1 m buffers of the NGI spring points (referr
as theADD1 feature class see section 2 below).

Called feature clagdational_Wetland_Map_5 2

The data will from here on be split into provincial data sets dtiending to slivers
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checking nameandassigningdGM unitsto a polygon

The finescale data sets will be unioned as per section 3 below.

5.3. This will include the following data sets:

NGI 2006 & 2016

Working for wetlands

Selected peatlands data*

Estuaries functional zongs

Springs andhermal springs*

At provincial level the data will be first cleaned as a separate data set.

= —a —a —a 2

The finescale data obtained from other sources will be cleaned ssparate data sets
The two data sets will be unioned and the Level 1 and Level 4A fields o
National_Wetland_Map_5 updated.

5.4. Cleaned NWMS5 for desktop and fieldwork validation.

The predicted wetlands and landscape features (L3) will be issued as a separate 1
data sets to be validated with NWM5.4.

5.5. Cleaned NWMS5 including desktop and fieldwork validation. To be completed 31 M
2017
5.6. A possible integration betweethe finescale wetlands of NWM5.5 and the wetlar

extent andmodelled data

FCKS /{Lw FYR {!b.LQ& RFGF FdzZRAG NBLRNI& ¢gAtf R20dzySyid GKS
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NBA 2018 Frashwatar
component work plan

Situation assessment / datn audit

Component work plan species
work plan

1. ¥ ./ o8 L v Latylis nen
of Weatand ol fiyer
foosystem Scosysiem
classification clisadfication

comnmelice commities Colection and cofrectionof
NGI 2006 and 2016 (issued March
2016 a8 provincial geodatatuses)

Dr Nacolle Colling [FS DESTEA)
Dovelogs model for the predction of
water courses and valley battom
wetlands

| Lars estinies

CHR GEC ntarn Stats
*Dertwe ricipes = bonches; highe: than 3 degress = slopas
ST oae Shpe (gions 10 plades / Berches

TAbove average elrason « besch, rear o below = plaln
*Calosietn concandty / ]

Integration of WG 2006
and 2016

4

Flalsation of model

Figure B2: Workflow for the updateof the National Wetland Inventory in preparation for the NB2018.
















































































































































