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ecosystems. Inland aquatic ecosystems (or freshwater ecosystems) consist of rivers and inland wetlands.
The open water bodies listed in Ollis et al. 2018 rapresented by permanently inundated inland wetlands,

with subclasses being limnetic and littoral, as described in Ollis et al. 2013. NWM = National Wetland Map;
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Figure 3.3: Natural wetland types mapped in the National Freshwater Ecosystems Priority Areas (NFEPA)
project. NWCS_L4 = National Wetland Classification System4.evel.............ccccoicciiiiinviiiiniiinnennnee. 24

Figure 4.1: Examples of errors in the National Freshwater Ecosystems Priority Areas (NFEPA) wetlands: (a)
An artificial wetlan outlined in yellow modelled as a wetland fl@he extent should be corrected to match

the image and the type corrected to artificial; (b) Commission errors which were inherited from National
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modelling of Landsat satellite imagery; (¢) Wetland hydrogeomorphic (HGM) units outlined in yellow have
been split in a zigag way by the landform dataset used to model HGM units in the NFEPA 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 unit; (d) Part of an
NFEPA polygon remaining in an area and typed as damebtflat. The extent includes terrestrial
(commission error) and wetland areas have been missed (omission error) which should be corrected, as well
as the HGM unit; (e) Small sliver polygons also remained where larger river polygons were removed; (f)
Artificial wetlands mapped; ¢g) Mining excavations and tailing impoundments; (i) A swimming pool; (j)

Power station; and (k) The shadow of silos. These should be deleted............cccccooviiii . 28
Figure 4.2: Flow diagram showing the process of compilation of the National Wetland Map version 5
(NWMD5) through the creation of SHRISIONS. .......ooiii i e e e e e e e e e e e e e e e 30

Figure 4.3: Figure posted for discussion on the National Biodiversity Assessment for 2018 (NBA 2018) Inland
Aquatic Google Forum illustrating (A) scenarios in which artificial wetktiraldd be removed or integrated



National Biodiversity Assessment 20t8South African Inventory of Inland Aquatiecosystems (SAIIAE)

into the National Wetland Map version 5 (NWM5) and (B) errors related to artificial wetlands detected in

the SUBVEISION NWWIMS. 3. ...ttt e e e et e e e e e e ettt e e e e s e nnnnbreeeeee s 34

Figure 4.4: Location of priority areas where wetlands were mapped for National Wetland Map version 5
(NWM5). MDB = Municipal Demarcation BOAKd............cccovviiiiiiieiiiii e 35

Figure 4.5: Shapefile points received from the Freshwater Consulting Group (FCG) and Wetland Consulting
Services (WCS) for the review of wetlands mapped in the fOCUS areas.............occvveveeeeiiiiiiineneeenn 41

Figure 4.6: Point indicating where wetland polygons were selected and sent for review in the remainder of
1001 010171 Tt =PSRRI 42

Figure 4.7: Subversion National Wetland Map 5.4 (NWM5.4, blue polygons) displayed with the National
Freshwater Ecosystems Priority Areas (NFER&aJibnal Wetlands Map version 4 (NWM4) wetlands (pink)

for the Gauteng Province, as well as the statistics of the NWM4 polygon sizes in the.graph........... 43

Figure 4.8: Remaining data from National Wetlands Map version 4 (NWM4) after NWM5 was removed: (a)
A seep polygon highlighted in yellow from the remaining NWM4 data adjacent to a depression from sub
version NWM.54 (bludilled polygons);(b) artificial wetland mapped in a degraded area; (c) slivers (red
outlines) around depressions (DHIEEd POIYGONS).......coiiiiiiiiiie e 44

Figure 4.9 Valleybottom polygon from National Wetland Map version 4 (NWM4) as a turquoise outline
displayed with the sulvyersion NWM5.4 wetlands as blue filled polygons andwietland probability map

as redfilled polygons (for latter, see ChaptB). .........ccevveieiiiiiiiiiiiee e 4D

Figure 4.10: Artificial wetlands in the South African Inventory of Inland Aquatic Ecosystems (SALLAR).
Figure 4.11: The extent of Waste Water Treatment Works (WWTW) as mapped by the Department of Rural

Development and Land Reform: National @efmrmation (DRDLRINGL)..........cccceeeviiiiiiieneeeniiiiieeee. 51

Figure 4.12: Representation of the estuaries and inland wetland ecosystem types of National Wetland Map
version 5 (NWMb5). Logos thfe funding organisations are inCluded............cccvvveiieiiieeieiiieiiiieeieeeeeeenn. 52

Figure 4.13: Increase of area (ha) being mapped for the inland aquatic and estuasgsteots in National
Wetland Map Version 5 (NWIMA)........cooiiiiiiiii e e e e e e e e e e e e e e e e e aaeeaaaeeaaeesaeasaeassanaannnns 54

Figure 4.14: Improvement in the extent (ha) of hydrogeomorphic (HGM) units Natmonal Wetland Map
VErsion 4 (NWM4) 10 NWMB.... ...ttt e s e e e e s e e e e e s s sbrn e e e e e e aanes 55

Figure 4.15: Differences in the extent (ha) of hydrogeomorphic (HGM) units repedsie the National
Freshwater Ecosystem Priority Areas (NFEPA) natural wetlands and NWMS5 for the nine focus areas and the
West Rand District Municipality (USAID 2018). HGM units include: CVB = Channelledottaley
wetland; FLOOD = Floodplain; SEEReeps; UVB = Unchannelled valbeytom wetland; DEPR =
Depression; WFLAT = Wetland flat...........ooviio e e e e e e e e e e e e 56

Figure 4.16 Extent of areas with various ranks of confidence for the extent and hydrogeomorphic units of
inland wetlands in the country. Table 4.9 provides definitions of the various ratings of confidence.59

Figure 5.1: Three tiles from the 2014 SP®Tmages were included due to technical issues with 2013
images.The remainder of the images are from the period 10 October 2013 and 31 DecerhBS2NSA

Figure 5.2: Divisions of the study area (South Africa). Abbreviations are explained in Table.5.1....67

Figure 5.3 The standard deviation in elevation was calculated p80a ha hexagons to quantitatively
express relief (A) after which they were grouped per the Jenks natural breaks, using the Free State Province
AS AN EXAMPIE (B .eeeeiieeiiiiiiiii ettt e e e a e e e e e e e e e e r e e e e e nn e aas 68

Figure 5.4: Simplified version of the 1:1 million geological map, used to inform creation of the mapping
=70 (o] 4 1SR OTPPPPPPP T PPPTPPPRPR 69

Figure 5.5: Mean annual precipitation (MAP) of the South Africa mapped at 100 mm intervals which was
used to inform creation of the MappiNg regions..............oooii oo iiiiiiciiiiiieeeieeeeeeeeeeeeeeeeeeeeeeeeeeee L O

X



National Biodiversity Assessment 20t8South African Inventory of Inland Aquatiecosystems (SAIIAE)

Figure 5.6: The percentile filter tool analyses a raster on &bgelell basis as illustrated by target cells A
and B and the accompanying moving wamg which follow the target 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........... 71
Figure 5.7: Areas of low relief require larger moving window sizes to detect the-flabeyareas while
smaller moving window sizes are more suitable for areas of high relief................cccccoiviiiiiieinnnnn. 71

Figure 5.8: Comparison of flow accumulation outputs as derived from Digital Elevation Models {RHEMS)

were subjected to different methods of pgrocessing. 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 WhitedBreach Fast Only tool with Arcé@l&ived flow direction and flow

I OO0dzydzt F A2y . fF01 tAySa AYyRAOFIGS Ft2¢ | OO0dzydz I (
FlLraidQ G22fta Ay 2KAGS02E DS23NL.LKAOLL...LY.T2NXABIGAZ2Y
Figure 5.9: Comparison of the extent to which the accuracy of the base percentile filter maps with set

threshold can be IMPrOVE.............ooiiiiiiii e e ree e e e e saaaaaeeaneeee e A
Figure 5.10: Comparison of the output for Option 3 with the option to base selection of the flow
accumulation features on it being multipart (A) amigbepart (B).........cvvveeeiiiiiiiiiieeeeeiieeee e 78

Figure 5.11: The user has the option to include all ancillary data (blue polygons) irrespective of whether
they irtersect the percentile filter (green polygons) or the flow accumulation features (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)...........ooooiiiiiii e 79

Figure 5.12: Creating the finaktland probability magequires the percentile filter, flow accumulation and
ancillary data to be combined to create a single seamless map for the division. A: the results of the flow
accumulation features which have been buffered bynd(B: the percentile filter features (pel polygons)
displayed on top of the flow accumulation features (green polygons). C: the final results (blue polygons)
include the merged flow accumulation and percentile filter features to create a single seanddasd
probability mapfor the division.The protruding portions of the flow accumulation map (green polygons)

were removed during the simplifying and cleaning ProCeSSES.........ccuuuiiiiiiieeieen e 81
Figure 5.13: Divisions and mapping regions of the study area (South Africa). Mapping regions smaller than
40 knt were dissolved into NEIGhDOUNNG FEAIUIES. ...........cvivieeee e eeee et 82

Figure 5.14: All comparisons between tlietland probability maand the National Wetland Map version 4
(NWM4) were limited to mesic areas of high relief in the eastern regions of South Africa. A visual and
guantitative comparisn was done for areas in the north eastern Free State (red square and points
respectively) while a comparison of surface area was done for an area transecting the Gauteng (GT),
Mpumalanga (MP), Free State (FS) and KwaXatal (KZ) divisions (Cyan square)...........ccccceveeeernnnne 83

Figure 5.15: The potential presence and extent of wetlands can be estimated from A while B shows the
improved wetland representi@n of thewetland probability magcyan features) compared with that of the
National Wetland Map version 4 (NWM4) (red fEAtUIES)..........ooourriiiieeiiiiiiiee e 84

Figure 5.16: Differences between theetland probability map(A) and National Wetland Map version 4
(NWM4) (B) are clearly visible when comparing divisions Gauteng (GT), Mpumalanga (MP), Free State (FS)
and KwaZulkNatal (KZ). A comparison of area (Tahl2) was done for features located within the area
indicated DY the CYaN SQUALE..........ooii ittt e et e et e e e e e e e e e e e e aaaaaaaaeaeeens 34

Figure 5.17Valley floor areas in an arid area 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 wgerely on expert knowledge on which areas, if any,

are to be MapPed aS WETIANAS. .......ooiiiiie e 87

Figure 5.18: Because there is no vegetatiorihien valley floor areas, assumptions have to be made on
whether they represent wetland or not. Rightly or wrongly so, these washes (areas indicated by all areas)

Xi



National Biodiversity Assessment 20t8South African Inventory of Inland Aquatiecosystems (SAIIAE)

were not considered to be wetland. All areas indicated by the yellow outline were mappedtlasdvior
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(GLOSSARY OERMS

Artificial waterbodies / artificial wetlands include terrestrial and aquatic ecosystems which have been
modified by humans to varying degreeither within or in the vicinity of aquatic ecosystensaichdatases

may include point or polygon data on the extent and distribution of for example artificial wetlands,
aquaculture facilities, bridgessanals, excavationsailways, reservoirs, roadsals works, sand mining,
treatment works and weirs.

Aquatic ecosystems#n 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 saitesurf
(Olliset al. 2013:94)

Biodiversity. Whe diversity of genes, species and ecosystems on Earth, and the ecological and evolutionary
processes that maintains this diver<k($ANBI 2016)

Classificationrefers to the categorisation of watercourses according to their resource quality objectives as
per Chapter 3 of the National Watéict RSAL99813).

Commission errarfor the purpose of this reporterrestrial areas mapped as wetlands.

Coordinate systenused for data is the South AfricaAlbers Equal Area conical projection with the central
meridian at 25°E, parallelt 24°S and 33°8nd the spheroid and datunthe World Geodetic System of
1984 WGS84

Floodout Wobate/fanshaped sediment body that déates downstream from an intersection point of a
discontinuous channel. Typically comprise sandy materials immediately downstream of the intersection
point, but may terminate in swamps or marshes as jnained sediment accumulates downstre&m.
(Brierley & Fryirs 2005:113).

Groundwater. Wubsurface water in the saturated zone below the watertéble6 52 ! C Hnny Y o @

Inland aquatic ecosystems Wn ecosystem that is permanently or periodically inundated by flowing or
standing water, or which has soils thate permanently or periodically saturated within 0.5 m of the soil
surfac€2 O dt &l ROLZL) and which occursland and is not estuarine or marine in nature

Lacustrine (nonvegetated wetlands?w St I Ay 3 G2 | avatér @l Yvetlandhabkayst | y R
associated with lakes and reservoirs and characterized by the absence of trees, shrubs, or emergent
@SASGI GA2009Q o6/ 2ff Ay A

Lakes Wre depressions in the valley bottoms which may be temporarily, seasonally or permanently
inundated. Unlike pas, 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 or
otherwise restricted by dune deposits; terminal moraines (e.g. LRistrict; 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 deflational processes creating the typical circular or oval
depressional an shapeYDWAF 2008:20).

Limnetic Yeb littoral) inundated to a maximum depth ofr@ or more at the average annual lemater level
2F Ly 2Ly gdtal 30BP.RE Woht f A4

Littoral: 4&b limnetic) inundated to a maximum depth of less tham?2at the average annual lowater
f S@St 2F +y 2L 20398 SNb2Re WohtftAa
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Omission error for the purpose of this reportwetland areas not mapped in Bational Wetland Map
(NWM).

Palustrine (veget 1t SR ¢ SRefatiny tR & 8yste#h of inland freshwater wetlands, such as marshes,
swamps, and lake shores, characterized by the presence of trees, shrubs, and emergent veQetation.
(Collin2014).

Riparianhabitat: Yhcludes the physical structure ardsociated vegetation of the areas associated with a
watercourse which are commonly 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 arsicahy
structure distinct from those of adjacent land ar€#3SAL998:9).

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 indbadle the active channel and the
riparian zone as a unifdapted from Ollist al. 2013:100)

Strategic Water Source Area G NI 6§ SIA O 2+ GSNJ { 2dzNDS ! NBlFa o{2{! al
either: (a) supply a disproportionate (i.e. relativédyge) volume of mean annual surface water runoff in
relation to their size and so are considered nationally important; or (b) have high groundwater recharge
and where the groundwater forms a nationally important resource; or (c) areas that meet bothac(@g

and (b)XYLe Maitreet al. 201717).

Subquaternary catchmeng (SQ4s)A fifth level of catchment division which has been derived in South
Africa from a 50n spatial resolution Digital Elevation Model (DEM) for the National Freshwater Ecosystems
Priority Areas (NFEPA) project (Melal. 2011). The Department of Water and SanitatigpWs) uses this
datasetfor their Present Ecological State (PES) assessments issued i5@0Hlso Quinary.

Typing of inland aquatic ecosystems refers to the categorisation of ecosystems according to the
Classification System for wetlands and otheu&gp Ecosystems in South Africa

Quinary. A fifth level of catchment division which has been derived in South Africa from tine §@atial
resolution DEM which was hydrologically corrected from the original Shuttle Radar Topodviigsign
(SRTM) DEM. Aingilar procedure to the SQ4s were used, however the boundaries of the updated
guaternary catchments from WRReport No. 1908/1/1Weepeneret al. 2012) were used to constrain
the calculation (Mahernet al. 2013. WRC Repomlo. 2020/1/12).See also Sufuaternary catchments

(SQ4s).

Wash a term used in the arid and seraiid regions which refers to the broad, gravelly, normally dry bed of
an intermittent stream (derived from Bate% Jackson 1987:730, Glossary of Geologykash is a type of
floodout.

Watercourse W2 I {1 SND2dzNESaQ Ay Of dzR Sks of @i rivérs, sprn§sandrfatrgly St |
OKFyySta WAY 6KAOK ¢ 0 SNRIMIMHE NBIdA F NI & 2N AydsSN

Wetland: $heans land which is transitional between terrestrial and aquatic systehese the water table

is usually at or near the 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 saturat@dRSal
1998:9).

Wetland delineation: ¥he determination and marking of the boundary of a wetlxnd ¢ IXymBrBing the
outer edge of the temporary zone of wetn€¥adapted from DWAF 2008:11i. this document the term is
used to refer to both in field and desktop dedation.
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EXECUTIVABIMARY

A South African Inventory of Inland Aquatic Ecosystems (SAIIAE) was establisingdthe 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 previous efforts while also introducingovements 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 legislative Acténcludingthe South
African Natonal Water ActNo. 36 of 1998(NWA) and the National Environmental Management:
Biodiversity ActNo. 10 of 2004(NEMBA)This report provides a full overview of historical efforts in the
inventorying of inland aquatic ecosystems, as well as efforts undertaken between 2015 and 2018 in the
update of data layers associated with river and inland wetland ecosystem fiyptiee NBA 2018

Key highlights

1 A South African Inventory of Inland Aquatic Ecosystems (SAllAE)eka established as a
collection of data layers that represent the extent of river and inland wetland ecosystem types as
well as pressures on these systems

1 Theextent of inland wetland ecosystentgs been increasedby 123% compared to the NFEPA
wetlands

1 Eight uniqudreshwater lakes olimneticwetlandshave been identifiegand

1 A confidence map of inland wetlands gusdesers to make appropriate use of theNational
Wetland Map (NWM)

Key indings

1 Inlandaquatic ecosystems are represented by a river lidagsetas well as polygons of river and
inland wetland types in NWMS5. Botdatases should be used to represent inland aquatic
ecosystems

1T NWMS5 representqearly 4 million hectares (ha) of aquatic ecosystems which cover 3.3% of the
surface area of South Africihese include:

o0 Inland wetlands which constitutes > 2.6 million ha or 2.2% of the surface area of South
Africa;

o > 1 million ha of river channels; and

0 201 381 ha of estuarine ecosystems(Q2% of the surface area of South Africa)

1 The riversdatasetrepresent 200 955 km of river length of which 164 018 km (82%) is situated
within South Africa. The majority of the rivers in South Africa (90%) has a river ecosystem types
assignedf which10% are ephemeral and episodic systems within the arid Nort@age Province
andless tharD.1% coincide within an estuary. Mairedm rivers constitute 76 830 km (47%) of the
total length of the South African rivers, and tributaries 87 188 km (53%)

1 Eightfreshwater lakeslimnetic wetlandg have been identified wherthe depth of the watetevel
at low tide is > 2n. These systestonstitute 13376 ha of which Lake Sibayi is the largestd

1 Artificial wetlands have been mapped as a separate layer, totalling almo$t080ba.

XiX



National Biodiversity Assessment 20%8South African Inventory of Inland AquatiEcosystems (SAIIAE)

Listand extent of freshwater lakeglimnetic wetlands) of South Africa:

Name Extent (ha) Percentage of the total extent of limnetievetlands

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 1.4
Lake Fundudzi 192.3 1.4
Lake Sibayi 8 360.1 62.5
Tevredenpan 329.2 25
Total extent 13375.9 100

Knowledge @ps

1 Addresing uncertainties pertaining to the conceptual ecosystem types implemented and species
biodiversity observedand

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(HGM)unit is associated with these systenfaurther work should be done to
better define and distinguish wer courses, floodouts and washes in these regions.

KeyMessages

1 Baseline data related to inland aquatic ecosystems are crucidhéoplanning, conservation and
management of inland aquatic ecosystems. Currently tlesebne datases 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, with an estimated 50% omission et@mfidence and accuraciesaher data layers,
such as rivers and artificial wetlands, are deficient.

Priority actions

Institutional collaboration across all organisations and stakeholders for the improved understanding,
mapping, conservation, monitoring and management of inlagdatic ecosystems should be established
and sustained. Responsibilities related to ecosystiatases should bdisted by relevantdata custodians
under the South African Spatial Data Infrastructure (SASDN@&A&4 of 2003.

1 The esearch prioritiesre to:

(0]

Improve understanding ofhe relationship between the ecosystem types and species
biodiversity

Improve understanding and classification of watercourses, particularly in arid systems
Broaden regional representation of Level 2 of the Classificat®ystemshat should be
informed by analysis of relevé data from the National Wetland Vegetation Database
Improvethe extent of river and inland wetland ecosystem type

Improve national modelling and monitoring of inland wetlands across -ternyg
hydrological regime cycles. This will improve our understanding of ecosystem types and
their functions. CurrentlyGeographical Information SystemGI§) are used for onceoff

XX
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prediction of extent, types and condition. Tirseries should be considered in such
modelling. The improvement of freely available remote sensing images at finer acale

o Ensure mthods of accuracy assessment of the extent and types of inland aquatic
ecosystems at various scales.

1 Collak species data, particularly maciovertebrate dataand
1 Improve understanding between the association of ecosystem services and ecological
infrastructure with ecosystem types.

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 rivéasasetfor the NBA 2018

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

Chapter 4: The results of the update of National Wetland Meygion5

Chapter 5: Probability modelling of wetids for South Africa

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

Chapter 7: Conclusions and Recommendations

XXi
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1. CHAPTERL: THE DEVELOPMENDF A SOUTHAFRICAN
INVENTOROFINLANDAQUATIECOSYSTEMS

Chapter Citation:Van Deventer, H2019. Chapter 1:The Development o& South African
Inventory of Inland Aquatic Ecosystenmis: Van Deventeret al. South African National
Biodiversity Assessment 2018: Technical Report. Volum&auth Africaninventory of Inland
AquaticEcosystems (SAlIAR)ersion 3final released on3 October2019 Council for Scientific
and Industrial Research (CSIR) Sodth African National Biodiversity Instit (tfBANBI)Pretorig
South Africa Report Number: CSIR report numbeZSIR/NRE/ECOS/IR/2018/0001/A; SANBI
report numberhttp://hdl.handle.net/20.500.12143/5847

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

1 Van Devater, H, SmithAdao, L.Petersen, CMbona, N, Skowno, A& Nel, Jeanne 12018
Review of available data for a South African Inventory of Inland AgHabsystems (SAIIAE).
Water SA, 44(2):184199.DOl:http://dx.doi.org/10.4314/wsa.v44i2.05

This chaptemprovides an overview of the original mapping of hydrological feataed aquatic
ecosystemsn South Africa since the 194Gand subsequent development of directories of aquatic
ecosystems since the late 1980s. The National Freshwater Ecosystem Rrieaisy(NFEPA) project

of 2011 marked the first milestone where both rivers and wetlands were typed into ecosystem types
at a countrywide scale This supported the conservation planning outputs of NFEPA, and the
National Biodiversity Assessment (NB®&L1) in 2011. The first South African Inventory of Inland
Aquatic Ecosystems (SAIIAE) now builds on these previous effattsxpand the directory to a

wider representation of watercoursesnd additional information for the purpose of inventorying,
assessmenand 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

TheSouth African National Water BENWA) ActNo. 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 the TH&VA.

condition of the aquatic ecosystemsn terms ofquantity and qualityis addressedy DWShrough

the classificationof water resourcesn which resource quality objectives are definéthe NWA

includes all watercourses, surface water, estuaries and auds water resources governed by the

OO W2 GSND2dzNBESEAQ Ay Of dZRNA OBNER GABIAGRAFY §
GKAOK gl GSNJ Tf2g6a NRIMWOZINIvedands Ndkes gt idldrBisinitiong &e/ G f 8 Q
provided for guifers, riparian habitats and wetlands (Box 1).
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Box1: Selective definitions of terms related tmland aquatic ecosystems from the National Water AcRG/

1998:89).
|

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

(xxi) riparian habité ificludes the physical structure and associated vegetation of the areas associated v
watercourse which are commontharacterisedy alluvial sod, 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 areas;

(xxix) ' wetland' means land which is transitiobatween terrestrial and aquatic systems where the water ta
is usually at or near the surface, or the land is periodically covered with shallow water, and which land i
circumstances supports or would support vegetation typically adapted to Katirated soil.

In addition to the NWAandthe National Environmental Management: Biodiversity B&EMBA)Act

10 of 2004 (RSAR004)provides for the managemenplanning, monitoringnd conservation of the
biodiversity associated withwater resourceswhether ecosystemsor species.The South African
National Biodiversity Institute (SANBI) is the implementation agency responsible for monitoring and
reporting on the status of biodiversity in South Africa.

In response tdoth the NWAand NEMBAan invenory of all water resources, includimgformation

related to the quantity, quality use, biodiversityand 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 (Finlay&o8piers 1999; Finlays@i ald M dpddpv & , ! WRA N
in contrast is considered merely a list of, for examplegtland ecosystems and their coordinates.
Gomponentsof an inventory may therefore be more than just a list or spatial map of the water
resources and would include information @ompiled fromFinlaysor& Spiers 1999):

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

Habitat (eg. saltmarsh, peat, mangrove)

Floral/faunal groups (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).

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

Owing to the multitude of components in an inventory, it may well be that the components are
stored in multiple databases in a variety of formatsspects of water resources and related
biodiversity are governed bymore than oneAct and government departments irsouth Africa. It
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, includusys; waterbodies and springsave
beendone since the 1940s by the South African Surveys and Mapping Directorate of the Department
of Land AffairsThese datases are updated every three years and still form a significant spatial
representationof water resources in the country (Van Deventer al. 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 Mappindpirectorate of theformer Department of Land Affairsare
hydrologically correct and reach codes were calculated for the 1:500 000 datsrset Hydrological
features as mapped by the current Department of Rural Development and Land Reform: Directorate
National Geespatiallnformation (DRDLR:NG#xe consicered a coredatasetfor South Africa under

the Spatial Data Infrastructure Act, Act 54 of 20@®&ribute information inclucs the seasonal
variability of the water resources (perennial, nparennial 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 represented, estimated at less than 54% of what
can be mapped by a wetland specialist at local scale (Miebmh 2015; Schaedt al. 2015;Melly et

al. 2016;VVan Deventeet al. 2016), butthe spatial extent of river channels inadequate for fine
scale planning, whileatures such as aquifers and riparian habitats are poorly represented. Further
work was requiredo improve these base layers from how they are served to the public by the
above institutions, in ordeto use riveran hydrological modellingndto develop river andvetlands
datainto ecosystem types for response to the NEMBA.

Directories ofthe diversiy of aquatic ecosystemis South Africa date back to the early 1970s and
1980s (Noble& Hemensm bt y T h1988)S Subsgég@ently, the Department of Environmental
Affairs and Tourism (DEAT) compiled directories in the late 1990s (CGbowan Riet 1998)Ince
2004, SANBI has been involvedtie 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 piesalee the mid1990s,
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 2QC0&ver types were modelled using a combination of attributes from
DRDLR:NGI and DWAF (Bkehl. 2004).The former DWAF and current Department of Water and
Sanitation (DWS) has been supplementing the major river systems (1:500 000 scaldaiased

with information on the condition of the water resourcdhispartially fulfils the needs of an
inventory for the NWA and enables the assessment of river ecosystemd\NBA forthe NEMBA.

More recently, the Water Research Commission (WRGhded a projectto investigate the
development ofa draft National Wetland Classification Syst¢dMWCSYXollowing previous work
done internationally and locallfEwartSmithet al. 2006) The NWCS was subsequently adopted by
SANBI as a policy document (SANBI 20D83. typing of wetland ecosystemi®r the purpose of
conservation planning of freshwater ecosystems in South Afwea applied in the National
Freshwater Ecosystems Priority Areas (NFEPA) projectt(BlleR011). The NFEPA wetland types, as
well as theriver ecosystem typeswere used for the first timén the assessment of the threat status
and protection level®f freshwater ecosystemat a national scalen the NBA 2011During the same
period of time, theNFEPA wetlandaere alsoused for classification in Reserve Determinatian,
requirement ofthe NWAwhich, until that time, had not been possible to achieve spati@ilthough
neither of thedatases constituted a complete inventory of water resources or aquatic ecosystems,
the effort has drawn much attention to thehallenges associated witompleteness and accuracy of

3



National Biodiversity Assessment 20t8South African Inventory of Inland AquatiEcosystems (SAIIAE)

representation of theselatases in response to the NWA and NEMB'he momentum gained after
70years of mapping hydrological featureand more than 30years of attempting to classify
ecosystems with ecosystem typindinally being enabledthrough GIS, has resulted in a growing
number of users and professionals interestedhia improvement of water resources in South Africa.
The NFEPA projedherefore,servesas an enabling benemark From this grew a robustventory
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 NWC&der the new nameClassification System of viabds 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 periodically saturated within 08 2 F GKS &2 At a
(Olliset al. 2013:1).! lj dzt G A O SO2 a & a {ilé&asaponks/ daimsizRE othbt NAtedIds dcs ;

estuaries; and (shallow) marine syste®{®llis et al. 2013:1). The Classification y&tem divides

aguatic ecosystems into three broad systems, being Inland, Estuarine and Marine Sgsigms

adopts atiered or hierarchical structurgwith Inland Systems being dividéd several wayfrom the

upper to the lower levels:

9 the ecosystem context at kel 2 (regionasetting) 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 Systelsts 6 hydiogeomorphic (HGM) unitsjamely,
channelled valleyottoms, depressions, floodplains, seeps, unchannelled vhtéypms and
wetland flats. Vallehead seeps and seeps from the NWCS were lumped together.

Inland Systemare further subdivided into three lwad types, including rivers, open waterbodies and
inland wetlands. This is in keeping with the South African NWA, which distinguishes rivers from
inland wetlands and other watercourset the Classification Systemmesethree broad categories
arecollechk @St & NB mandagiaice@i2a & ahBRcdrrdspondto the broader sense of

the & SNXY Wa$ ii isdpplidd By the RamsaConvention However, he South African NWA
differentiates between riversyetlands and other watercourses.

1.3 Developments during thecourseof 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 (EC@gYye established, including those for Rivers (RECC) and Wetlands
(WECC). A National Bgstem Classification Committee (NECC) was established to coordinate
alignment between the Terrestrial, Marine, Estuarara Freshwateecosystem@&ascomponents of

the NBA 2018Discussions during tlse meetings, as well as those at theference committee
workshop held between2 and 4 October 2017 for the freshwater ecosysterfsge AppendixA),
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resulted in a number okey decisiongind changes for the freshwatecosysems. These decisions
include:

0] The alignment between ecosystem types for the NB2018 necessitats clear
boundaries between the foumajor ecosystems(Figure 1.1) This resulted in a
reconsideration of the representation of freshwater ecosystems within wtbgetation
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 vegatati
map and amalgamation of the ecosystem map will be documented in a report by the
vegetation map team at SANBI and the National Ecosystem Classification System Report
(Dayaramet al. 2017). The mapping of coastal ecosystems duttihg first semester of
2018 resulted infurther refinement ofthe boundaries between inland wetlands, coastal
ecosystems and estuarine systems.

(ii) Using thetermWL yf F YR ! ljdzZ GAOQ (2 | fARiredofniséd G KS /
that inland aquatic ecosystems include other systems which are not 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
WLy | YR & |j LA 383BRS | (f2S$hsNCeNBBry andassessment reports of
the NBA 2018.

(iii) The consideration and inclusion of coastat@system for the NBA 201®as requested
by the leads of the estuarine and marine ecosysteomponens. Noble & Hemens
(1978) provides criteria @hexamples ofcoastal aquatic ecosysten(3able 11). The
coastal ecosystems mapped by Dr Linda Harris from the Nelson Mandela University
(NMU) primarily included the shore from the base of the dunes to shallow marine
systems. It is however recognised tisgtawater and marine species do infiltrate further
inlandinto inland aquatic ecosystemseyond the coastal shore, however uncertainties
prevail on the extent of influencelhe inland aquatic team and reference committee
memberstherefore gives recognitiono a broader coastal region of influence, which
potentially may be prevalent inthe Albany Thicket, Indian Ocean Coastal Belt,
Namaqualand Sandveld, South and West Strandveld Bioiegion

(iv) Identification of eight unique freshwater lakes ljmnetic wetlands) totalling 13376 ha.
Freshwater lakes ithnetic wetlands) are inland wetlands which are inundated to a
YFEEAYdZY RSLIIK 2F x H YwaterievelioktBe ope@ Gaiibadg | v y dz
(Olliset al. 2013).Wetlands within the Estuarine Functional ZoneZEWere removed
from the list of coastal ecosystems identified by Nol#eHemens in 1978 (Tablel).
Attributes of these systems were updated in the field related to the hydrological regime
or Level 5 of the Classification System NWM5 No specificationis given in the
Classification System of the minimum extent of this depth or duratibfioodingin a
cycle of the hydroperiod of the system. Further studies would be required to refine the
definition and evaluate the suitability of the listed candidatetlands. Although Lake
Futululu and Teza (KwaZtMatal) were considered for the list, Lake Futululu has
reduced in size and depth to such a degree that it is considehatiower(Grenfell et al.
2010; Grenfell pers. corm.) and insufficient evidence exidor Lake TezgScott &
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Steenkamp 1996) for it to be classified as limnaiath Lake Futululu and Teza may also
be coastal ecosystems.

(V) Rivers andinland wetlands were the only two sultomponents ofinland aquatic
ecosystemsinland Aquatic Ecosystemsth open water features were considered to be
either Estuarine Systems (estuaries or lagoons) or Inland Systems (artificial or
depressions whether littoral or limnetiy. Therefore the & dzo Ol (4 S32 NB
g G SND 2 Ride SCGlaSsificatidn Systerwas omitted from the inventory and
assessment ahlandaquaticecosystems

(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, micreestuaries
were also added tohe polygondatasetof the estuaries. Agnment betweerthe 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
estuaries were also transfred to theriver 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 effectidggcribe the
biodiversity of wetland ecosystem typdsevel 2 describéhe broad biodiversity setting
of the types, whereas level 4A includes tH&M or functional diversity of wetlands.
Although the &ndscape unit (Level 2Joesnot describe (bio)diversityit contributes to
the identification ofHGMunits (at Level 4A)

Ecosystem/ habitat map (SANBI 2019)
Vegetation map (SANBI 2019)

Aquatic ecosystems Terrestrial
ecosystems
Marine Estuarine Inland aquatic
systems systems ecosystems

(“freshwater |ecosystems”)

l l

Rivers Open Inland wetlands
(lines) water (Level 4A: hydrogeomorphic units; polygons)
bodies
(inland S REER | Permanently inundated |
lakes, FLOOD SEEP
™

Figure 11: Diagram illustrating the conceptual alignment between different ecosystems, their representation and the
hierarchical nested classification of aquatic ecosysterfitie habitat magncludes all aquatic and terrestriatosystems.

The Aquatic ecosystems include marine, estuarine and inland aquatic ecosystems. The National Wetland Map version 5
(NWMD5) includes estuarine and inland aquatic ecosystems. Inland aquatic ecosystems (or freshwater ecosystems) consist of
rivers and inland wetlands. The open water bodies listed in Ollis et al. 2013, are represented by permanently inundated
inland wetlands, with subclasses being limnetic and littoral, as described in Ollis et aN20¥3= National Wetland Map;

CVB = Channelled l\&y-bottom wetland; FLOOD = Floodplain; SEEP = Seeps; UVB = UnchanneHedttaatieyetland;

DEPR = Depression; WFLAT = Wetland flat.

P2



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

Table 11: The original list of coastal ecosystems by Nol&IHemens (1978) and the list afnique freshwater lakes
(limnetic wetlands) of South Africa

Systems identified by Noble Inland aquatic ecosystems identified in 2017 as uniqu Extent (ha)
& Hemens (1978) as coast: freshwater lakes odimnetic wetlandsin South Africa

ecosystems:

Cubhu* Barberspan (North Westjlepth 7.5m 1721
De Hoopvlei* De Hoop (Western Capelepth between 87 m*** 949
Groenvlet* Groenvlei (Western Capgverage 23 m, maximum Sn*** 357
Kuzilonde* Lake Banagher (Mpumalangayerage depth 4n 185
Nsezi* Lake Chrissie (Mpumalangayerage depth 68 m 1283
Nhlabane* Tevredenpan (Mpumalanga) 329
Mgobezeleni* Lake Fundudzi (Limpopajaximum depth 2T 192
Mzingazi* Lake SibdyKwaZuluNatal) average depth of 18 and 8361
Shazibe* maximum depth of 4in (Miller 1998)**

Sibay/ Sibay&*

Soetendalsvléi (Total extent) (13376)
Verlorevlei*

Wadrifsoutparf and other
west coasal vleis*

Zeekoevlei*

* identified as Estuarine Systems mapped within the Estuarine Functional Zone (EFZ). **Inland Bygtatits
Information sourced frorNoble & Hemens (1978Hill (1969)Butcher (1984)https://www.lakepedia.com/ Miller (1998)

Parsons (2014)an der Waal (1997Whitfield et al. (2017). ***Although these are currently inland aquatic ecosystems,
the recent geological uprift of the coastal plain has resulted in eoffubetween the ocean and the inland system. Relics of

marine species are still found in these systeamsl thereforethese gstems are considered not onlynique but also

coastal as a result of the combination of inland aquatic and marine feafwWhéfield et al. 2017%.

LP

G TTevredenpan

Barberspan

[ ]
NW

wcC

De Hoop

Groenvlei

500 km

L]
Lake Fundzudzi

Lake Sibayi

Chris‘siesmeer" Lake Banagher

1:11 400 000 £

Figure 12: Location of knowrfreshwater lakes ollimnetic wetlandsin South AfricaOutlines of polygons exaggerated for

visual purposes.
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1.4 The South African Inventory of Inland Aquatic Ecosystems (SAIIAE)

Compilation of the first South African Inventory of Inland Aquatic Ecosystems (SAIIAE) was
undertakenas part of theNBA 2018with the primary intentionof includingthose datases 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 systems.

Four broad categories of spatial data featsinwere collected, including those related to rivers,
wetlands,their condition and others (Table.2). The latter consisted of data which could be used for
assessing the protection levels of the sedmsystemsas 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) NWMS5 (results of this report)

Plots that relate to wetlands from the National
Vegetation Database (NVD_Wetland_PI¢Byaram
2017

Peatland points@rundlinget al. 2017)

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

Condition (pressures) Other information
Land coved 990 and 2013/4 (GRO15H Waterfalls(results of this report)
Land cover update (SANBI 2017) Springs (DRDLR:NGI 2006 and 2016)

Wastewater Treatment Wiks (WWTW (CSIR015  Thermal springs (Olivi&x Jonker 2013)
Water Treatment Work/ NTW) (CSIR015 Protected Areas (SANBI, 2017)
Invasive specieBrosopigVan den Berg010 SWSA (Le Maitret 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 resultsof the audit showed that the records wenmmostly related to wetland
ecosystemsand few recordselated to speciesthe regional context within which inland aquatic
ecosystems occur, conditiosr monitoring history. An initial comparison between the hydogical
classes from the most recent land cowataset(GTI 20%) and thehydrological categories mapped
through headsup desktop digitising of hydrological features, showed thatfthe-scale mappingf
inland wetlands resulted in a much higher percentagfemappedwetlands with an improved
interpretation of the HGMunits. The use ofensors with a higher spectral and spatial resolution
remairs to be assessed for their potential tcontribute to improved mapping of wetland
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ecosystems The audit papefVan Deventeret al. 2018)revealed that 5 million ha of finscale

wetland mapping datases were received from a number of organisationBhe DRDLR:NGI

contributed the largest percentage (73%) of hydrobadifeature mapped at a fine scale, although

y2i R2yS o6& gSGflyR &ALISOAI f A-quatérmary faBments(IQUsy  y:7z 2
have been mapped by wetland specialigis typedto the HGMunits of the NWCS or Classification

System Recommendadbns were made with regards to collaboration between DRDLR:NGI, DWS and

SANBI for an improvedoordinated effort of finescale mapping of wetlands, as well as attending to

the collation and curation of othatatases related to inland aquatic ecosystems

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

The CSIR has alseconsideredthe feasibility of mapping the landscape units, or level 3 of the
Classification System, at a countmide scale. Since NWM5 wasdertaken at a finescale (see
Chapter 4) and not modelled,datasetreflecting landscape units was not considered an immediate
priority. It remains a research topic of interest for the inland aquatic ecosystems, though, and effort
hastherefore been spent on agssing whether morphometrics of a Digital Elevation Model (DEM)
could be used to model landscape units. At the time of this publication, the CSIR has drafted their
report on the intermediatdindings(Van Deventer 2018

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

1 Chapter 2: The origin and improvement of the riveasasetfor the NBA 2018

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

1 Chapter 4The results of the update dational WetlandVap 5

1 Chapter 5: Probability modelling wletlandsfor South Africa

1 Chapter 6: Evaluation of the watercourse probability map for supplementing the

National Wetland Map
1 Chapter 7: Conclusions and Recommendations

The first South African Inventory of InlaAdjuatic Ecosystems (SAIIAE)thoil previous effortdor
the establishment of airectory to representwatercourses and additional information for the
purpose of inventorying, assessment and planning.
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2. CHAPTER: ORIGIN DEVELOPMENAND IMPROVEMENOF THE
RIVERBATASET

Chapter CitationSmith-Adao, L. Petersen, C.Nel, J, Silberbauer, M.Scherman, P& Grenfell, M.

Chapter 2:Origin, development and improvement of the rivdegaset in Van Deventeret al. South

African National Biodiversity Assessment 2018: Technical Report. Voai@ew2h Africarinventory of

Inland AquaticEcosystems (SAlIAEersion 3final released o3 October2019 Council for Scientific
and Industrial Research (CSIR) &odth African National Biodiversity Instit(t8ANBI)Pretoria South

Africa ReportNumber: CSIR report numb&SIR/NRE/ECOS/IR/2018/0001/A; SANBIrtreponber

http://hdl.handle.net/20.500.12143/5847

This chapter provides an overview of the origin, development and improvement of the 1:500 000 spatial
datasetof the rivers of South Africa. For tipeirposes of the National Biodiversity Assessment (NBA) 2018,

a rivers network 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 divdrgityero
ecosystems. These subtypes are components of rivers with similar physical features and serve as essential
coarsefilter biodiversity surrogate (Nekt al. 2011). A river ecosystem is viewed as a system operating
within its surrounding surface anduls-surface catchment environment, and includes biotic interactions
amongst animals, plants and mieooganisms, as well as abiotic chemical and physical interactions
(modified from Angelier 2003). This chapter begins with a summarized history of the Q0B0Giver
coverage. It then outlines the updates of tldatasetrelevant specifically to the NBA 20a8d ends by
describing possible future updates to the riveletaset

2.1 History of the 1:500 000 riverdataset

In this section key information is draw from the former national Department of Water Affairs and
Forestry DWAF2006). 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 scanningtariging

the blue plates of their published 1:500 000 map sheets. In 1885Institute for Water Quality Studies
(IWQS, now Resource Quality Information Services, RQIS) of the DWAF, saw the need for an accurate
regional riverdatasetto serve as a background vector coverage for cleaning up point records of national
DWAF monitoring sites. IWQS also had plans for developing a water quality monitoring network, for which
a hydrologicallycorrect river network was requiredWQS wasppoirted the consulting group GisLAB to
produce a contiguous and consistent atataset from the DLA:CDSNhow the Department of Rural
Development and Land Reform: National &patial Information or DRDLR:N@&jv data. GisLAB filled

gaps in the network, aligrd arcs downstream, ensured that all existing surface 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 flen1990 Surface Water Resources of
South Africa Study (WR90) database (Midgltegl 1994). A reach code is a unique identifier for each reach

in the river network, based on the approach applied in tierited States Geological Survéiational
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HydrographyDataset (ttps://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 m.

The river coverage extends to the limits of intetioaal basins (e.g. Namibia and Zimbabwe), at the lower
accuracy of 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. Mdhiglad channels,
impounded flow and exchange with the atmosphere or soil are ignored. An important component of the
river coverage is the set of attributes attached to each arc which provide useful information for basin
network analysis. These include a ngmeéhere available, and various network descriptors such as flow
variability and Strahler order. In time, thtataset has found widespread practical application in, for
example, river management and conservation, hydrological modelling and river profiexragien. The

latest version of the 1:500 000 river coverage for South Africa is available froDetpertment of Water

and Sanitation DPWS and can be downloaded from the following website:
http://www.dwaf.gov.za/iwgs/gis_data/river/rivs500k.aspx It is now almost stablein terms of
representation and attributes following years of editing procedures, consistency checks, network and name
verifications and a consolidation process. Tbigital Elevation Mode(DEM determination process of
Weepeneret al. (2011) also provided several corrections.

OccasionallyGIS userdo report errors and inconsistencies that are related to some shortcomings in the
dataset For example, the reach codesthin 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 DWS shut down the system on which the editing tookapiddberebre development

of the riversdataseton the RQIS website is frozerhis no longer occurs because the DWS shut down the
system on which the editing took place and therefore development of the rivers dataset on the RQIS
website is suspendedideally, the each codes should remain attached to the 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 detetf river arcs. It is

also essential to 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 50 000 rivers. However, the greatest discrepancy is in the flow variability, i.e. the
classification of rivers as perennial, nperennial or dry from the 1:5000 river coverages, which
DLA:CDSM derived from aerial photographs. These data are lesstadmrause they depended to a large
extent on the season during which each aerial photograph was taken and whether the river channel had
water in it at the time of mapping (Net al. 2011).

2.2 Update of the1:500 00Qrivers datasetfor the NBA 2018

In the NBA 2018 theNational Freshwater Ecosystem Priority ArbHcEPArivers GIS layewas used to
represent thediversity of riversnationally (Table 2.1 and Figure 2.IJhis layer was also used in the
freshwater component of the NBA 2011 assessméhily miror river arc edits (e.g. deleting duplicate
vertice9 were performed.This updatedrivers dataset represent 200 955 km of river length of which
164018km (82%) is situated within South Afriddainstens make up 76 830 km (47%) of the total length
of the Suth African rivers, and tributaries 87 188 km (53%).

When comparing the NBA 20EIhd NBA 201&ssessmentdotal river length within South Africdiffers
only slightly at a decreasean 242 km or 0.1% (Table 2.The NFEPAvers Gl3ayer was compileddm the
DWAZ1:500 000 river networkoverage (Figure 2.2apd 97 coastal river@igure 2.2b and Table 2ftpm
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the 1:50000 rives GIS laye(DLACDSM2006) These smaller streams were added to the DWA rivers
datasetso thatall rivers associated with estuariesuld beincluded in theNFEPAnalysegNelet al. 2011,

Nel & Driver 2012. They were connected testuariesmapped forthe NBA 2011(Van Niekerlk& Turpie
2012). TheNFEPAivers GIS layewas coded todistinguishquaternary catchment(Midgley et al. 1994)
mainstems and tributariegTable 2.1)river segments andwver reachesMainstems typicallpass through a
guaternary catchment into a neighbouring quaternary catchmeshile tributaries nest within a single
guaternary catchment(Nel et al. 2011). The quaternary catchment is used as the basic unit for national
water resource management (mean size 650%knand each contains hydrological data (gauged or
simulated) that is updated occasionally.

Table 21: The different river layers with total lengths (km) for the mainsteriversand tributaries in South Africa

DWA rivers(2008) Additional rivers NFEPAivers(2011) NBArivers 2018
Mainstem Tributaly | Mainstem Tributaly | Mainstem Tributarly | Mainstem Tributary
14 818 86 134 832 0 76190 87 238 76830 87 188
100 952 164 260 164 018
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Figure 21: NBA 2018 rivers layer with quaternary mainstem rivers and their tributari€vers in grey areshared rivers in
neighbouring countries.
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A river segment represent$i¢ portion of riverjoining two 1:500 000 river confluense Subquaternary
catchmentsor quinary catchmentsvithin amean size of 35 km? were delineated around river segment
They are nested within quaternary catchmentsnd were used by NFEPA as the units of selection or
planning units for identifying prioritareas(Nelet al. 2011). Qinary catchments were refined biaherry
et al. (2013).River reachesnay be several metres or kiteetres in length. Thegan be made up of a
number of river segmentand signifythe whole river suksystem In the RQISiver dataset a reach is the
piece of river between two river confluences or nod€sher attributes attached to the&NFEPA rivers GIS
layer, for example, included theevel 1 ecoregiofKleynhanst al. 2005) geomorphic zonéRowntree&
Wadeson 1999; Rowntreet al. 2000; Moolman 2008Yiver ecosystem type and river conditioNg] et al.
2011; Nel& Driver 2012) The NFEPA rivers weadso shifted from the original Cape datum to tWéorld
Geodetic System 1988%/GS84) datum.

(a) DWA rivers (2008) (b) NFEPA rivers (2011) N

Bloemfontein
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“Qurban

° Estuaries

® Towns ~/
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Figure 22: Improvement of the 1:500 000 river coverage of South AfricaK S F 2 NY' SNJ 5 S LI NI Y®gsiaye2 T 2 | (¢
before the National Freshwater Ecosystems Priority Aredd~EPA(a) and NFEPAivers layer with 97 additional 1:50 000 rivers

(b).

2.3Recommendations for updatinthe 1:500000rivers dataset

Recommendations to improve th&500 000 river coveragmclude working towards stable reach codes
and a comprehensive hydrologiadtasetfor example, by looking atariables such as channel elevation,
stream velocity and connectivitythis would require migrating the rivedatasetfrom an Arcinfo coverage

to an ArcGIS geodatabase withpology recorded within the rivers network, as well as between the rivers
network and otherdatases. High resolution idital elevation moded should be considered famproving
drainage network generatioand the accuracy dhe rivers network.
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Future developments ought to also include applying the updated 1:500 000 verification and reach

allocation procedures to the 1:3W00 rivers DWAR2006; Van Deventest al. 2018). This would necessitate
substantially more computing rtie since the 1:5@00 river coveragesare more accurate and
comprehensivebeingabout 100 times larger than the 1:500 O€i@er coverageA finer river network GIS
layer for example biodiversity planning or lande planning may be preferable, as this Webindicate

smaller streams and habitats that need to be managed and conserved. The 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 hydrologicalkgorrectedasupstream and downstream linkages can now be defined for each river
reach. They were vectorised from the 1:50 000 topographical map series in the late 1990s by the DLA:CDSM

(DWAF 2006), now DRDLR:NGI.

Other specific recommendatiorfsom members of the River Ecosystem Classification Committee (RECC)

and Reference Committee famland aquaticecosystems, pertaining specifically to futlhiBAassessments
of river ecosystemsnclude

1 Improvement of the spatial accuracy of the riversdaysed for assessment$here is a need for
using ahigher resolutionrivers network,a new national hydrologicallgorrected riversdataset
derived from the 1 arsecond (30n) Swttle Radar Topographiission (SRTM data, or better
resolution if availake. This include addressing the mismatch of various 1:50Qi086 with that of
the 1:50 000 rives;

1 Transferring attributes such as river ecosystem type and condition from the 1:500 000 rivers
network to the 1:50 000 river coverages. However, it wakeddhat the 1:50 000 rivers also have

errors and thaemploying them imational scalassessmentsould be problematic

9 Obtaining higher @nfidence inthe flow variability attributes attached to the 1:500 000 rivers
network. In addition, theriver flow categoriesshould be revised and more categories must be

added, for example those recommended by @ys QY SSTFF&d O mpdT 0
1 Exploring new approaches to the classification of geomorphic zones developed f@eremial
river systems, which cover a largeearof southern Africa. Jaeget al. (2017), for example,

NEO23IyAasS | WT tparénRid duérQysténssywherelnychanhél Yreakdown through
transmission losses results in environments of net deposition with diverse and sometimes

distinctive gemorphic features, sedimentary deposits and ecosystem characteristics.
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3. CHAPTER ORIGIN®FTHENATIONAMWETLANIMAP (NWM)

Chapter CitationVan Deventer, H& Mbona, N. 2018Chapter 3: Origins of the National Wetland Map
in Van Deventeket al. South African National Biodiwsity Assessment 2018: Technical Report. Volume
2a: South Africaninventory of Inland Aquati€Ecosystems (SAIIAB)ersion 3,final released on

3 October 2019 Council for Scientific and Industrial Research (CSIR)Santh African National
Biodiversity Institute (SANBI): Pretorig South Africa Report Number: CSIR report number
CSIR/NRE/ECOS/IR/2018/0001/A; SANBI report nuntifpet’hdl.handle.net/20.500.12143/5847

This chapteprovides an overew 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 wetlands

During the 1970s thedbth African government initiated a number 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 ecosystemdl¢ble& | SYSy a wmdpTy T). Me@rédd dferSa diebtyry list and

map of the location of some of theseland aquatic ecsystems.The interest in inland aquatic ecosystems
has sparked a number of conferences, reports and research projects around the cdontexample, the

CSIR cderence held 1%nd16 Octoberinmcpy T 2y W9 O2f 238 | yR O2yaSNII GA
(Walmsley& Botten 1987).Subsequently, thdormer national Department of Environmental Affairs and
Tourism DEAT has developed a second national directory wétlands in 1998, usingseographical
Information SystemsQIS at that time (Cowan& Van Riet 1998)Althoughthe authors of these early
reports have taken care in mapping wetland extent, type and condition with great care, the lack of readily
available patial information from this time has resulted in a slow percolation of the information into
current inventories.

A period followed during which the capabilities of remote sensing and GIS were evatoaspatially
representhydrological features including waterbodies and wetlantisis period was also characterised by
the increasing use of Global Positioning System (@RS8jversby civilians. The use of GPSs has enabled
more accuratemappingof features. This resulted in ¢hwidespread use of th&/orld Geodetic System
1984 (WGS84pheroid andhe Hartebeesthoek9dlatum in South Africa since 1 January 1999 (DRDLR:NGI
2013). The formalisation of a framework for the responsibility of spatial data amongst organisations
followedwith the gazetting of the South Africa Spatial Data Infrastructure (SASDI) Act (No. 54 of 2003).

The first land cover products of 1996 and 206@ifbankset al. 2000; Van den Bergt al. 2008) were
generated during this time and served ® main inputlayer for the establishment of a formal National
Wetland Map. Although the nationaDepartment of Land Affairs, Chief Directoraté Surveys and
Mapping has been involved in mapping hydrological feature related to wetlands fopréngous70 years,
these dataset only became freely available as shapefiles in the late 198@glly only aerial and
orthophotography was available to the wider community with interest in capturing wetlandspatial
formats. However,since 2001, Google Earth imagery haeased historical images dating as far back as
1984 (Europa Technologies United States Department of State Geographer ZbiOpast twenty years

has therefore offered a significant different scope for the mapping and modelling of the extent and HGM
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units of wetlands compared to the first thirty year§he pastten yearshavetherefore seenan increasing
number of efforts investigating possible improvements in modelling wetlands from remote sensing and GIS
(see Van Deventest al. 2018).

3.20rigin of theNational Wetland Maps 1o 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 fzat of
Working for Wetlands Programmén the Working for Wetland€Programme remote sensing, field and
desktop approach using GlBad been usedo map and classify wetlandsto different wetlandtypes
based on available data at the time.

The firstNational Wetland Map NWM1)Beta Version or Map tayer was derived from the National Land

Cover 2000(NLC2000GISlayer Thompsonet al. 2002 Van den Berget al. 2008)in which wetland
Ll2fe32ya ' NBE RS&aONM O S RFigu@ 3. WRLEG0D Wag Beflved®@fidin siitka8oB ND 2 R &
Landsat imagery primarilgf the year 2000 (GTI 2008yWM1was released in 2006 for public uard its

polygons did notistinguish between natural or artificial waterbodiest merely between waterbodies and

wetland cagegories, as derived from NLC2060storical wetlands lost through impacts were therefore not
represented ilMNWML1

INPUT DATA

National Land Cover 2000
* Waterbody

NATIONAL WETLAND MAP 1
(“Beta version”)
* Waterbody

Grid cells “smoothed”

* Wetland
* Wetland
DWAF 2004 Farmdams & MIVETS .....o..uveeeeeeesseseeneesssanssmssenesseans ,1
* Dam
. La_rke NATIONAL WETLAND MAP 2
* River * Artificial waterbody
Wetland

* Natural waterbody

Chief Directorate: Surveys & Mapping Unclassified waterbody (20%)

2005-2007 Inland Water Features

Natural Artificial Wetland | ===========r====ssessssssauannean >}
Waterbody Waterbody NATIONAL

Dry pan Dam Marsh vlei WETLAND MAP 3

Lake Fish farm Swamp

Mud flats

Large reservoir

!

|

|

|

Non-perennial pan | Purification plant
Perennial pan Sewerage works Wetland Natural Unclassified || Artificial
Pool Water tank waterbody|| waterbody waterbody|

I\/
NFEPA: WETLAND MAP 3

* Natural
* Artificial

Figure 31: Flow chart illustrating the combination of hydrologicdiatasets into National Wetland Maprersion3.
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Wetlands and waterbodies categories from anproved version of the NLC20@@tasetwere used to

derive NWM2in March 2008. Upon request of SANBI and the Water Research Commission (WRC), both
NWM2 and the National Wetland Probability Map (NWPMhompsonet al. 2002) were provided to
GeoTerralmage (GTI) for the assessment of accuracy (GTI 2008). The assesasidated congruency
between the datasetand reference data which primarily consisted of features mapped by the former
Department of Lad Reform: Chief Directorate Surveys and Mapping (DLA:CDSM) for the topographical
maps, as well as data from the Mpumalanga and Kwalatalprovinces.

The majority of the referencelataset represented nowwetland categories and few included fiseale
mapped wetlands and were not mapped by wetland specialists. The congruency assessment found that
both NWM2and the NWPM had an overall agreement of betw&8oand 90% for both the wetland and
water classes@TI2008).A high commission error was also ohse for bothdatases, in relation to the
referencedatases. A number of recommendations were made to improve the NWM2, including the use of

a new range of mulkseasonal 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 the
result of confidence 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 ForestB\WAFdate unknown. The
resultant layer constituted of a number of GIS layers: wetlandsatural waterbodes and artificial
waterbodes(Table 3.1)

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

Natural waterbodies from DLA:CDSM (200¢ Artificial waterbodiesfrom DWAHRdate unknown)

Dry pan Dam

Lake Fish farm
Marsh/Vlei Large reservoir
Mud flats Purification plant
Non-perennial pan Water tank
Perennial pan Sewerage works
Pool

Swamp

In NWM3, data from DLA:CDSM was included and four layers created to includatthizom NWM2
more artificial waterbodies from DLACDSM and those in NWM&om DWAFE as well as natural
waterbodies from DLA:CDSM and remaining unclassified waterbodies.

An analysis done by the CSIR showed that all three vex$iad mapped nearly 2 million hectares of
wetlands and other waterbody features (Table 3.2) with an increase in extentname@ attribute
informationin the datase(s) (Figure 3.2).
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Table 32: Extent of inland aquatic ecosystesrmapped in Mtional Wetlands Map (NWMY to 3.

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

NWM1 1961948.t - -

NWM2 1896 797. 1575 683.3 321114.2

NWM3 2055674.5 1527607.4 528067.3

[ Provincial boundary
[ Waterbodies
B Wetlands

1:11 500 000

(@
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(b)

1:11 500 000

[ Provincial boundary

[ Waterbody Merge

I Wetland Map 2 (smoothed)
I NWM3 Attificial waterbodies
I NWM3 Natural waterbodies
I NWM3 Unclassified waterbodies
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Figure 32: Extent and types of wetlands mapped (a) National Wetlands Map versiod (NWM1); (b) NWM2; and ¢) NWM3.
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3.3Wetlands from the NFEPA Atlas, NWM4

A number ofimprovements tothe NWM3 weae madeduring the NBA2011 and NFEPA projdébisl et al.
2011)in which existing suational (datasets at provincial, district or smaller catchment scalastland
delineations from other biodiversity planning initiatives were added to the NWM8ese included the
following subnational data of wetland delineations:

W Wetlands for the entire KwaZulNatal Provinceréceivedfrom Ezemvelo KZN Wildlife);

() C.A.P.E. finscale biodiversity planning wetlands of Saldanha/Sandveld, Riversdale plain and Upper
Breede River Valley (available fremwvw.bgis.sanbi.org

W Overberg, Niewoudtville and Kamieskroon wetlands (available fraw.bgis.sanbi.org and

() Slected wetlands of conservation importance in Mpumalanga Province (available from

Mpumalanga Parks and Tourism AgeQdTPA.

The C.A.P.E. firscale biodiversity planning project was still in development at the time when the wetlands
datasetfor the NFEPA and NBA 2011 projects were compiled. More wetldatdses from the C.A.P.E.
project became available after théFER and NBA 201frojectswere completed

Not all of the abovealatases had typed wetlands thydrogeomorphic HGM units and therefore some of

the seven HGMinits of the NWC$SANBI 2009). Thleven HGM unitgcluded channelled vallelyottoms,
depressions floodplains, seeps, valldyead seeps, unchannelled vaHlbgttoms and wetland flats
(Figure3.3). While the artificial wetlands and depressions types were inferred from the formerd.3M

of 2006 the remaining wetland types were modelled using landfsrand ancillandatases (Nelet al

2011; Van Deventest al. 2014; Van Deventest al. 2016).In this version the artificial wetlands were not
separated from the natural inland wetlands but were issued as a topologically integrated shapefile at a
country-wide extent. The NFEPA wetlands layer had also aligned the inland wetlands with the estuaries
which had been mapped for the NB211 (Van Niekerlet al. 2011). Theesultant layer showed that
165953KF gt & YIFLIISR |a SaddzZ NARSa o n @88ha @as mapped at O 2 dzy
artificial wetlands (0.4%) and252118 as natural inland wetlands (1.8%) (Van Devesitat. 2016).

The output of the improved wetlanddatasetwas released witlthe NFEPA atlas and has subsequently
0SSy GSN¥YSR GKS WwWbCot! gSGflyRaAaQ o0& Yowgwer adogtdtihA A Rd
as NWM4 by SANBI and has been used in a number of applications (sdetteas provinciddiodiversity

plans and Erixonmental Impact Assessments
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Figure 33: Natural wetland types mapped in theNational Freshwater Ecosystems Priority Area$FEPAproject. NWCS_L4 =
National Wetland Classification System Level 4.
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4. CHAPTER NATIONAMWETLANIMAPS (NWMS5)

Chapter CitationVan Deventer, HMbona, N.& Skowno, A. 2018 hapter 4: National Wetland Map 5
(NWMD5) in Van Deventeet al. South African National Biodiversity Assessment 2018: Technical Report.
Volume?2a: South Africarinventory of Inland AquatiEcosystems (SAlIAEErsion 3final released on

3 October2019 Council for Scientific and Industrial Research (CSIR)Samth African National
Biodiversity Institute (SANBI): Pretorig South Africa Report Number: CSIR report number
CSIR/NRE/ECOS/IR/2018/0001/A; SANBI report nuntifpet’hdl.handle.net/20.500.12143/5847

This chapteiprovides anoversight of the rationale and approach for the update of the National Wetland
Map version5 (NWM5) which will be used in the National Biodiversity Assessment of 2018 (NBA 2018). This
chapter documents the principles adopted and methods used for the mgppf HGMunits and the
integration of existinglatases for various parts of theountry. The results of reviews done by experts are
provided as well as the results of the final NWM&Econfidence map guides users as to the completeness of
the extent of nland wetlands mapped in an area, as well as the accuracy confidence of the attribution of
hydrogeomorphic (HGM) units. Recommendations for improvements to the NWM are provided in
conclusion.

Wetland 'means land which is transitional between terrestriad aquatic systems where the
water table is usually at or near the surface, or the land is periodically covered with shallow water,
and which land in normal circumstances supports or would support vegetation typically adapted
G2 ftAFS Ay 319P&ENT G SR &a2Af ®Q b?2

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

Since the publishing of theational Freshwater Ecosystems Priority ArddSEPAwetlands or NWM4 in
2011, many users have noted the amount of errors present in tataset Possibly the majority of the
errors originated from the National Land Cover (NLC) of the year 2000 (Van deet B&rg008), derived

from the spectral modelling of Landsat® Thematic Mapper (TM) imagery with a iB0spatial resolution.
Reflectance vaks of inland wetlands are as diverse as their nature across the country, and the broad
bands of these older generation sensors are incapable of distinguishing these systems adedmately.
addition, using Geographical Information System&I§ to model some HGM units has contributedto
further problems bydividing single wetland units into more than on@lygon(see Van Deventeet al.

2014; Van Deventest al. 2016) The 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 scalblbonaet al. 2015; Schaedt al. 2015; Mellyet al. 2016 Van
Deventeret al. 2016;

1 Polygons mapping artificial wetlands, fire scars and shaduwnountains as wetlands (commission
errors, estimated at 30% of thdatase) 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 Terres (SPOG5), the 50cm spatial resolution colour orthophotography of tBepartment of
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1

Rural Development and Land Reforirectorate National Gemmformation (DRDLR:NGIpf
2012/3, Google Earthnd other aerial photography;

Polygons subdivided into HGMhits, showing ziggag boundaries which resulted from using a
rasterderived landformdatasetfor typing wetlands (Van Deventet al. 2014;Van Deventekt al.
2016);

Errors inHGMunits as a result of automated modelling of some of these units. [@hdformtool
that was used showed to have owpredicted valley floors and benches while underestimating
slopes and plains (Van Deventtral. 2014; Van Deventaat al. 2016)

Areas mappedaround dams were initially thought to be natural palustriaad seepwetlands
howeverupon closer inspection after NWMit wasagreed to haveather classifiedhese wetlands
as artificiaffor the purpose of a national mapnd

Sliversof inland wetland polygons whiatesulted from a number of overlaynd editing processes

Erors of omission and commissi@an both affecthe assessment of the Ecosystem Threat Status and

Ecosystem Protection Levels, the headline indicators of an NBA. Errors of commigsatmnresult in the
overestimation of the extendf an inland wetland eosystem type, are particularly problematic in that they

can lead to significant underestimation of threat status and over estimation of protection |&ezlthe
purposes of the NBA 2018, it was therefore crucial to redumammission errors. In an attempt to address
the vast number of issues reported for NWM4, as wellesunderrepresentation of the extent of wetland
ecosystem typesan approach was followed to first@ithe fine-scale wetlandgi.e. high confidencejata
collected for NWMS5 (Van Deventet al. 2018), and then evaluate whether the NFEPA data could still add
value.The followingSections (4.2 to 4.9) describe the way in which the #cale data was amalgamated
and typed wherea$ection 4.10 describes the ngarison of this amalgamatathtaset(NWM5) with the

NFEPA wetlandsNWM4.
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Figure 41: Examples of errors in th&lational Freshwater Ecosystems Priority Aredd—EPAwetlands: (a)An artificial wetland

outlined in yellow modelled as a wetland flatThe extent should be corrected to match the image and the type corrected to
artificial; (b) Commissioarrors whichwere inherited fromNational Wetlands Map version BI\WM3), the shadows of mountains

are likely to have resulted from the spectral modelling of Landsat satellite imagery; (c) Wegidrodjeomorphic HGM units

outlined in yellow have been split in a-ziag way by the landforrdatasetused to model HGMnits in the NFEPA 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 H®M (d) Part of an NFEPA polygon eening in an area and

typed as a wetland flat. The extent includes terrestrial (commission error) and wetland areas have been missed (omi¥sion erro
which should be corrected, as well as the H@Mt; (e) Small sliver polygons also remained whergelariver polygons were
removed; (fArtificial wetlands mapped; () Mining excavations and tailing impoundments,ABwimming pool; (jPower station

and (k)The shadow of silo§-hese should be deleted.
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4.2 Approach process flonand protocolsused for NWM5

A key decision made at the onset of the improvement of NWM5 was to first splis€iale desktop
mapped wetlands data from wetlands modellegher from a Digital Elevation Model (DEM) or satellite
imagery (Appendix B). This implied thatall the finescale wetlandsdatases would be identified
amalgamatedand typed to HGM ung, 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 he hydrological features mapped by tBeRDLR:NGI was issued as provincial geodatabases at
the end of March 2016. Thidatasetshowed a larger amount of hydrological features captured by the
DRDLR:NGI, compared to the 2aftasetwhich was readily available at the Council for Scientific and
Industrial Research (CSIR). Although the DRDLR:NGI issues updatéisresgsars, the time constraints

on the inventory resulted in consideration of only the 2006 and 2fdi@ises, which wee readily available

for use at a national scale (merged)s a first step in the compilation of the fiseale NWMZFigure 4.2)

the 2016 provincial geodatabases were merged to a natigeadatabasaising the GIS softwar&rcGIS

10.3 (ESRI 1962014)and topological errors cleaneand referred to as NWMS5.(Figured.1; AppendixQO).

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 V@mtitletic System of 1984
(WGS84). This coordinate system least distorts the surface area extent calculated for ecosybiems.
coordinate system uses the 25°E as central meridian with two standard parallels including 24°S and 33°S.

A geodatabase was chaseas the preferred format of the spatial data related to the South African
Inventory of Inland Aquatic Ecosystems (SAIIAE), since it could economically and effectively contain
multiple feature classes under a single featwl&tasetand allow for the asses®ent and correction of
topological errors. Most particularly, the use of defined subtypes for multiple categories in all the fields,
and relationships between theskad the advantage that during distributed editing of the subsequent
versions, consistency classifications will persist which limits timeously editing after amalgamation.
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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
NWMS5.3 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-1D
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 Natiopal st A

Figure 42: Flow diagram showing the process of compilation tife National Wetland Map versiorb (NWM5) through the
creation of subversions

Concurrent to the period during which the NWM5.1 was compiled, the CSIR and the South African National
Biodiversity Institute (SANBI) undertook a data audit of available data which could be used for the SAIIAE.
In particular, finescale wetlands data wersought for improving the NWM. A wide range of wetland
datases had been received during the course26fL6 until 2017or use in NWM5This haveen compiled

as an inventory list (Van Deventer al. 2018). The list was updated for this publication andisilable in
AppendixE

In the second step of integratigfine-scale mapped wetlands datahich arenationally available from the
Working for Wetlands teamat the Department of Environmental Affai(®EA), the Water Research
Commission (WRC) project (@dling et al. 2017) and the estuaries from the NBA 2Qtdre integrated

into NWM5.2 (Figurd.2; AppendixE). Hereafter the data was clipped to the provincial boundaries of the
adzy A OA LI £ 5SYLI NDldaiase? ahd disgibuliR® & numbemod assiants for further
processing. The available fisealedataset for the provinces were then evaluatexh a fit-for-purpose
basis,and a selected number of these chodenintegration(Appendixg).

Finescale wetlandsdata received for the purpose of uptiag NWM5 (Van Deventer et al. 2018
AppendixE) were incorporatedwith subversionNWM5.2 for each province inteubversionNWM5.3 The
naming convention of the output feature classsgiven as [province_name_NWM5.3_coordinate system].
For example, Gauteng would be GT_NWMS53_AEA. Firstly, the existinguhiGMllocated to finescale
wetlands map data from the firscale data received, were transferred to the subtype fields of NWMS5.3. In
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addition, a field Condition was added and where informationthe conditionwas availablehis was also
transferred

Secondly, topology was calculated for the feature data class to show where duplicate polygons occurred, as
a result of the merging. Thiallowed the assistant to review these multiple polygons and make a choice of
extent and HGMunit. The error inspector tool in ArcGihsakes provisiorior the topological overlap error

to be dealt with through either merging, subtracting or deleting sélecpolygons. A choice can then be
made to select the polygon with the preferred HGikit and name of the wetland (from NWM5.2 or higher
confidence finescale wetlands data).

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

1 The original extent of the wetland should always be capturéar the purpose of an NBAThe
original extent ofwetlands is required fothe assessment of ecosystem types in the NBA 2018
(SANBI 2017Even though this project had no funding to capture wetlands from historical imagery,
the principle implied thagll artificial wetlands and modificationte wetlandswere removed, and
gaps within large valley bottom systems were filled @ijpis will be elaborated on in the sub
sectionsto follow.

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

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

1 The HGM units and condition assigned in fingcale wetlandsdatasets received from wetland
expertsshould always be retainedWhere HGMunitsand condition of wetlands has been assigned
by wetland specialists, even if desktop assessed, retain thededo not remodel these wetlands.
The timeperiod within 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 reme artificial wetlands from the NWM layers, within the focus areas 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 purposf assessing the headline indicators

of the NBA 2018, these systems r@enot 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
floodplain system, the polygon had to be merged with the surrounding H@GNM in NWM5
(Figured4.3.A.1-3). The extent of the featurewaskept in the Artificial wetland layer;

ii. Large dams were deletedfrom the NWM5 but retained in the Artificial wetland layer
(Figure4.3.A.4) Largedams cover both terrestrial and wetland ecosystem types, although the
SEGSYd 2F SFOK O2dA R y2d 08 &&0FhebrigifaRextdnN@ Y { K
the original inland wetlands, prior to the construction of the dam, would have to be captured from
historical aerial photography to determine the original extent of the wetlaxidety-two (92) hrge
dams monitored by the Department of Water and Sanitation (DWShe National Eutrophicain
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 déwesinland wetlands andive Estuarine
Functional Zones (EFZs); and

Isolated dams were deleteiom the NWM5(Figure4.3.A.1-3). In focus areas the extent of the
smaller HGMunit, which would be present where a series of small dams occur, had to be captured,
while in the remainder of the provinces, these smaller system&wet captured.
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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 NWMBG6 to connect wetlands.

2 —these artificial water bodies are completely surrounded by a valley-bottom wetland. Merge it into the adjacent
Wetlands. The NWMS5.2 version will be used to extract the artificial water bodies to a separate feature class.

3 —removal of this artificial water body will have noimpact on the extent of natural wetlands.

4. Removal of the large dams will
leave a big gap which should be
filled in NWM6 with the historic
extent of the original natural
wetland.
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5. These large artificial .
waterbodies should be

double checked. They >

are perhaps valley-

bottom wetlands and

should not be deleted, “

but kept and in

6. These artificial waterbodies
would be extracted to a
modification layer but then also
merged in the NWMS5 with the
adjacent valley-bottom wetlands.

corrected in NWM6. ’ -y

"

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

v"

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

NWM6 and the modification
captured in the modification feature
class.
B) OTHER ERRORS NOTED

=i . i) Errorsin

R classification

O Provncen AtA between NGI 2006

- and 2016 data

5 @ NGLIIS AEA

= ] Netional Wetland Map 3 2
cs 1A

1 Unspeciied (not sttended to)
. Wetiand fla
& B4 South Afnca S0om Colour Imagery
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.

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

[ SpmnguAth
| o 0 wsayonnta

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

i iv) Working for wetlands (yellow) captured the full extend
Unchanneiled Vailey Botiom ' but called this a valley bottom wetland. Use full extent but
HGM type = depression

v) Future update should separate seep zone from
depression.

vi) Delete small “Non-Perennial Pan” northeast and
southeast of this depression.

Figure 43: Figureposted for discussion on théational Biodiversity Assessment for 2018IBA 2018 Inland Aquatic Google
Forumillustrating (A) scenarios in which artificial wetlands should be removed or integrated itite National Wetland Map
version 5 NWMD5) and (B) errors related to artificial wetlands detected in thsaib-versionNWM5.3.

The following subsections will detailome of steps 47 (Figure &) taken at a provincial level for the
mapping and integration of the fingcale version of NWM5. Concurrently to the process of mapping and
integrating the finescale wetlands data, wetland probability mapvas developed by DXacelle 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 &e State Province. The output has been very impressive and therefore
we have asked him whether he would be willing to run the same script for the rest of the cowhigh he

did. The methods and outputs of thidatasetare provided in Chapter 5 of thigport. A comparison
between the finescale and modelled wetlandtatases will enable more choices in the compilation of a

final NWM5 for the NBA 2018, and could contribute to future fsocale mapping of NWM updates. The
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comparison between finscale wethnd maps and thevetland probability maghas been done for selected
areas and the results hereof are presented in Chapter 6 of this report.

4.3 Mappingof inland wetlands fordistricts of South Africa

Inland wetlands have been mapped at a fine scale (beld® Q@00) for nine district municipalities of South

Africa during the update of the NWM5 and the NBA 2018 (FiguresédS:ction 4.4. 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 the inventory list for more details). The formdistrict 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 have been mapped to various degrees of
scales ad accuracies, and few have aligned the inland wetlands with the estuarine ecosystems.

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

[7] Focus areas mapped for NWM5

- Mapped prior to NWMS

@ Mapped by external party and included in NWM5S

ks
AR <‘\/'\
2’ Umgungundiovu

' 4 eThekwini
: o
.
N~
I oo T oy VR )ﬁ o
\\ g
2" =
Y A pmdfhole
| cape ~ /
Winelands ™ Buffalo City
CoCT
Nelson Mandela Bay
1:9 000 000

Figure 44: Location of priority areas where wetlands were mapped fblational Wetland Map version 5NWM5). MDB =
Municipal Demarcation Bard.

In addition to the availablelatasets 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 Memviyotter and Mr Hannes Marais of the Mpumalanga Tourism and
Parks Agency (MTPA). The baseline of the NWM5.3 for the Mpumalanga Province, which ialtItieed
data received for the province, was used to improve the extent &@M unit typing of the inland
wetlands.
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For the West Rand District Municipalitythe Gauteng Provingéhe United StatesAgency for International
Development (USAI2018 provided funding tothe International Council fo Local Environmental
Initiatives (ICLEfpr the improvement of the inland wetlands. The funds were secortdedurecon Pty Ltd
who obtained theNWM5.3 of the Gauteng Provinte use as baseline. Mr Joseph Mulders supplemented
the baseline data with thevetland probability magChapter 5) and aanded the outlines antHGMunits

of the polygons from theprobability 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 been included in NWM5hwebiastitutes 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 situationassessment results (Tablel}t.Funding 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 Researcitommission W/ 0 t N22SO0 Y HpncX WOylFofAy3ad Y2I
making in relation to wetlands through improving the quality of spatial wetland data in South
' FNAOF QT

1 Global Environment Facilig/(GEF5)

1 International Council for Local Environmentsiitiatives (ICLEIX 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)

Table 41. Focus areasvhere mapping ofhydrogeonmorphicunits were improved inthe National Wetland Map version 5
(NWM5) and their respectivefunding sources

Area Source
Amathole DistricMunicipality (EC) Global Environment Faciliy (GEF5)Water Researct
Cape Winelands Distritunicipaity (WC) Commission (WRC) Project K5/2546he CSIR i
EhlanzenDistrictMunicipality (MP) Parliamentary Grant (PG) antunding from the
Umgungundlovu Distrid¥lunicipality (KNZ) National Researchoundation (NRF)
Buffalo City Metropolitan Municipality (EC) International Council for Local Environmental
Eden DistricMunicipality (WC) Initiatives (ICLEt) Local Governments for

Sustainabilityas well as CSIR Parliamentary Grant (
funding and Ndbnal Research Foundation (NRF)

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

VhembeDistrictMunicipality (LP) WRC Project#2546

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

* Water Research Commission (WRC) Project K5/2546 #texbling more responsive policy and decisi@king in relation to
wetlands through improving the quality of spatial wetland dataSouth AfricaOThis 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 andconvenedby SANB&t the KirstenbosciNationalBotanical Gardes The training workshop had

a seminafcentric approach complimented kgypractical field work excuisn. The purposenf the training
workshop to:

1

Expose attending delegates to the different kindsHs&EMunits as well their associative vegetative

and geophysical features

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

Makeuse2 ¥ 9{ wLQ& ! NODL{ VY20AfSsT ! NodDL{ hytAyS I yF
Expose delegates to working on the wetland inventory workspace i.e. the classification system and
the geodatabase

The training workshop was attended Bytraineesfrom SANBI, thé&reshwater Consulting GroupQ@, as
well as 12data capturerdrom ICLEI, the CSIR and SA(NBble 42). Thereafter, assistants were expected
to map examples seen in the field at a degktevel using Gl3mprovements to these attempts were then
suggestedy the trainers

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

Focus areaRistrict DataCaptureror Assistant
Municipality)
Amathole (EC) Mr Leolin Qeguintern from National Research Foundation (NRF) based at the CSIR Pretori
Buffalo City (EC) 1May 2016 to 3IMarch2017.
Cape Winelands (WC) Mr John April,Ms Sinekhaya Maliwa and/ls Bongiwe Simka interns from National Researc

Foundation (NRF) based at the CSIR Stellenbascludingstaff from the Freshwater Consulting
Group(FCG)Mr Tumisho NgobelaVs Kate Snaddon anklr Dean Ollis

Eden (WC) Mr Mthobisi Wanda, ICLEI

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

Francis Baard (NC) Mr Gcobani NzondaResearch Assistant to SANBI from 26 September 2016 to 26 March
funded through the WRC K5/2546 project, for a total of 936 hours (on average 85 fperuweek)

Lejweleputswa (FS) Ms Ridhwannah Gangaintern funded through th€€SIR PG funding

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

Umgungundlovu (KZN) Mr Phumlani Zwangintern funded through theCSIR PG fiiding

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 CSl&hd Ms Namhla Mbona at SANBI or alternatively through Skype meetings and sharing
of screensA number ofdatases were provided tdhe assistantdor guiding data capturing as well as the
guidelines for mapping wetlands in South Africa, which was in draftdbahthe time of the update of
NWM5 (Jobet al. 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 fno DRDLR:NGI was freely available for the update and dated back to between 2012
and 2013. SPOT imagery was also used in some instances, dainglaoyears. Unfortunatelyboth the
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colour orthophotos and SPQmages were lardg taken during the dry seson (possilyl to avoid cloud
cover) and were therefore less suitable for the purposeinddnd wetlandmapping. When a wetland
deemed particularly difficult to discern the exteand/or HGM units, multiple years of Google Earth
imagery was used to faciltathe mapping.

The data capturingrocesstook approximatelyjthree months per focus areand wasfollowed by a review
period. Most districts were captured and reviewed betwednSeptember 201@nd 31 March 2017
although a few commenceand were completeearlier.

4.5Integration of wetlanddatasess for the remainder of provinces

No data capturingvas done in the remainder of the provingescept for a seléed number of floodplains,

the eight freshwater lakeslimnetic wetlands) and wetlands withinthe majority of theRamsar 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 assigfBaliée 43).

The period of integration took place between 1 April aftiMarch2018 with a reduction in the availability

2F aldl F¥Qa | Jledtbwadld this ekt daNte lait Siké rddntlis of this period. Hence a
number of unforeseen delays were experiedce

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

Focus area Data Capturer
(Province)
EC Mr Leolin Qeguintern from National Research Foundation (NRF) based at the CSIR Pretoria from 1 May 2

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

FS Ms Ridhwannah Gangaintern funded through the€SIR Parliamentary Grant (PG) fundiogh 1 August 2016
31 March 2017; thereafteResearch Assistant to SANBI frbrlay 2018 to 29 September 28 %or a total of
760 hourgqon average 34 hours per week).

GT DrHeidi van Deventer (CSIR)s CarlaLouise Ramjukadh (Cy#RdMs Ridhwannah Gangaintern funded
through theCSIR Parliamentary Grant (PG) fundixignded with SANBI research assistant funding

KZN Mr Phumlanizwane intern funded through the€€SIR PG fundifigom 1 August 2016 till 31 January 2017;
thereafter Research Assistant to SANBI fibfebruary 2017 to 31 March 2017, funded through the WRC
K5/2546 project, for a total 0820 hours (on average 41 hoursrpeeek);Mr Frikan Erwee, research assistant
funded by SANBI during August 2017 for a total of 40 hrs

LP Ms Namhla Mbona (SANBI)

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

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

NwW Department of Water and Sanitaticleam Directorate: Spatial & Land Information ManagemedD¥\(SSLIM)

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

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

91 Depression and artificial wetland attributes weeecidentallymixed through an automated GIS
process when data was integetinto NWM5.2 This mayhavebeen a result of limited computer
processing power in combining data at a national seai® resulted inthe extensive checking of
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these polygons across the provindesorderto ensurethat theseerrors were eliminated. Inthe
future, processing should be considered only at provincial level, unteaputerprocessing power
has improved.

1 Polyens from the NWM3including those modelled through remote sensing and split with the
landform dataset appeared to have crept back in to NWM5Bhis resulted from thdine-scale
wetland datases having included modelled or remote sensing datdese werenot necessarily
eliminated across all provinces, though some assistants did pick up this error visually and have
attemptedto eliminatetheseas far as possible

1 Merging diplicated polygons which result from combining multiple datases. Noticeably
depresions were mapped by different projects using imagery 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 depned§ Munit.

1 Smallslivers were merged with 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 identified as potentially riparian. Later on, the
section of the channel running through a floodplain odlesbottom wetland were split and
included in the HGMinit adjacent to the channelConsensus was not reaathamongst members
of the team and reference committee on how to deal with the river channels, flood banks and
sandbanks. A future update should talthese for discussion to resolve a sensible way forward.

1 Gaps within wetland andver channelsvere filled in some instances but not all. Sometimes the
gaps are true islands, however in other instances these were data capturing errors resulting from
mapping errors or different purposes of mappingand wetlands and hydrological features by
DRDLR:NGI. Future updates should attend to these in more.detail

39



National Biodiversity Assessment 20%8South African Inventory of Inland AquatiEcosystems (SAIIAE)

4.6 Review protocol for the focus districts and remaining parts of the
provinces

In the focus areaghe reviewers commented on the extent and HGMits of the draft NWM5 through
generating points where errors were noted and added suggestions in the attribute field of the shapefile
(Appendix F). A total amount 849 points were received and addressed@ss all focus areas (Figure 4.5)

by the assistants (Table4).

Table 44: List of data capturers and assistants who participated in corrections of mapped wetlands in focus.areas

Focus area (District Review comments Capturer Reviewers
Municipality)
Amathole (EC) Mr Leolin Qegu, intern from National Research Foundation (NRF) based ¢ Wetland Consulting
Buffalo City (EC) CSIR Pretoria from 1 May 2016 to 31 March 2017. services (WCS)

Freshwater Consulting
Group (FCG)
Nancy Job, appointed by

Cape Winelands (WC' Freshwater Constitig Group

Eden (WC) Mr Mthobisi Wanda, ICLEI ICLEI
Enhlanzeni (MP) Ms Millicent Dinala, intern funded through the WRC K5/2546 project WCS
Francis Baard (NC)  Mr Basanda Nondia (CSIR) anlds Namhla Mbona WCS
Ms Ridh hG t, intern funded th h the CSIR Parli tary G
Lejweleputswa (FS) sRi wgnna angat, intern funded through the arliamentary G| WCS
(PG) funding
Vhembe (LP) Mr Tebogo Kgongwana, intern funded through the WRC K5/2546 project WCS
Umgungundlovu Mr Phumlani Zwane, intern funded through the CSIR Parliamentary Grant WCS
(KZN) funding

A documentemplate wasprovided to all reviewers who were involved in the reviewing of the draft NWM5
for the remainder of the provinceg\ppendix I A random selection of 30 points per HGMit was done in
ArcGIS, and the resulted point shapefile, as well as corresponding polygemssent to the respected
reviewers (Table 4.5)The Cape Winelands District was amended at desktop level bymbshwater
Consulting GrouFCG) and therefore no points are reflected in Figure 4.5 for this District.
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Figure 45: Shapefile points received frorthe Freshwater Consulting Grou@-CG and Wetland ConsultingServices\(VC$ for the
review of wetlands mapped in the focus areas.

Table 45: List of assistants who participated in corrections of wetlands outside focus areas

Province

Person integrating provincial finascale
data and editing layer

Personreviewingthe layer

EC- Eastern Cape

FS Free State

GT- Gauteng

KZN¢ KwaZuldNatal

LP¢ Limpopo

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

WC- Western Cape

Mr Leolin Qegu (NRF intern based at CSIR Prett Mr Brian CollotfScherman, Colloty & Associates)

Ms Ridhwannah Garag (GISc intern at CSIR
Pretoria)

Ms Ridhwannah Garag (GISc intern at CSIR
Pretoria)

Mr Phumlani Zwane (CSIR GISc intévin)Frikan
Erwee (SANBI research assistant) BisMillicent
Ketelo Dinala (SNBI)

Ms Namhla Mbona (SANBI)

Ms Namhla Mbona (SANBI)

Mr Nhlananiso Biyela (SANBI)

Ms Ridhwannah Garag (CSIR GISc intern)

Ms Kedibone LamuléSANBI)

Dr Nacelle Collin&GDESTBA

Mr Retief Grobler (Imperata Pty Ltd) and Dr Althe
Grundling (ARTCSCW)

Mr Vince Egan or Mr Meshak Misindi, (LDEDET)

Mr Skhumbuzdutheka (EKZNW)

Mr Hannes Marais and Mr Mervyn Létter, (MTPA
Mr EnricoOosthuyser{NC DENC) / Ms Nancy Job
Ms Hermien RouxUniveristy of VendalNIVE})

Mrs Genevieve Pendg€apeNature)Ms Kate
SnaddonFCG)Ms Nancy JolfUFS)Ms Jeanne
Gouws(Cape Nature)Mr Dean Impson
(CapeNature)

The random selection of 30 HGMiit points per province has resulted 1690 points across South Africa
(Figure 4.6)Data edits for the Eastern Cape, Free State, Mpumalahgadhernand WesterrCape
Provincesvere received Ms Namhla Mbona an1s Millicent Dinala ensurethat the correctionof the
requiredpointswas done by data editors for the provinces
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Figure 46: Point indicating where vetland polygonswere selected angent for review in the remainder of the provinces.

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 NWilMb i8 purely
fine-scalethough mapped at a desktop level, and then assess whether there are still areas of the NWM4
polygons which would be useful. In the focus areas, NWM# eonsidered during the mapping of
wetlands However, in the remainder of theprovinces NWM4 was not included. As such, this section
reports the methods andhe results of the comparison between NWM5a#d polygons from NWM4 not
within NWM5.4. Both the extent and HGlwhit typologies of NWM4 were evaluated to assess whether the
extert 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 modelliwgtlaind extent from
remote sensing in previous NWMs, may prevail in other provinces.

CKS F2ftt26Ay3 DL{ &GSLE 6SNB G(F1Sy BQ K a3 FSRIK NG

1. Extract NWM4 for the province> GT_NFEPA_GeoWG %8 later referring to a naming

convention of the provincejatasetand coordinate system, being unprojected geographic with the
WGS84spheroid);

2.t N22SO0 Wbhb! ¢!l w!'[Q ¢6SGflyRa (G2 GKS 19! O22NRAYL
GT_NFEPA_NATwetlands_ AEA

3. ERASE GT_NWM3rom the->GT_NFEPA NATwetlands_erased GTNWM54_AEA

4. Investigate the statistics related to the sizes of the remaining NWM4 polygons (Figure 4.7):
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The results showed the majority (74%) of NWM4 polygons are tdlid size (mean), or a total
numberof 2760 of 3740. To assess whether there would be a certain threshold of selection large
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 thiem & a time. Most of
the polygons between 0.haand 18ha were found to be commission errors, 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, howevhg majority were found to be commission errors.

5. Polygons from NWM4 outside NWM5.4 were then selected wherehetaresfield [Ha] was >=
18.9 (an arbitrary threshold selected from viewing each polygon below and above this size). The
remaining depressionfom NWM4 were also omitted, assuming that these were not modelled
from the spectra and may still be considered for inclusion. TherefBia&»>=18.9 ANDNWCS 1@
<> 'Depression’'An assumption here was that one would rather like to pick up large wetlan
systems from NWM4 not present by NWM5.4, rather than the very small polygons which may have
resulted from spurious pixels from Landsat in the National Land Cover of 2000. The selection
process resulted in 51 polygons which appeared to be useful. Thithem®ntered as a definition
guery for the layer to minimise the display and these 51 polygons were then inspectduyame.

[ Statistics of GT_NFEPA_NATwetlands_erssed GTNWMSE AEA

Fadd

(TR - Froquency Distribation
Qency 4000

Cort Y700

Mewrum 0 3000

Maxrrum 183 501778

Sum 82173347 2000

Mean: 168255

Sterded Devaton 7 584186 1000

Pk 0

0 .
00 B9 778 1167 1555
194 %83 972 1261 1750

Figure 47: Subversion National Wetland Map 5.NWM5.4, blue polygons) displayed witlthe National Freshwater Ecosystems
Priority Areas NFEPJ/ National Wetlands Map version 4NWM4) wetlands (pink) for the Gauteng Province, as well as the
statistics of the NWM4 polygon sizes in the graph.
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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. Mosf these depressionaerein factseeps adjacent to existing depressions from NWM5.4
(Figure4.8a). In some instances, the depressions were mapped on degraded land or appear to have
resulted from interrupted drainage of roadsyhich resulted inthe formation of anartificial wetland
(Figure4.8b). Others merely represent differences in the extent to which a depression was mapped with
different images (Figuré.8c). It was therefore concluded that these polygons would have to be carefully
evaluaed before integration with the finscale version of NWM5.4 and it was agreed that this should
rather be done during the improvement of NWM6.

(a

(b) (c ¥

Figure 48: Remaining data fromNational Wetlands Map version 4ANWM4) after NWM5 was removed: (a) A seep polygon
highlighted in yellow from the remaining NWM4 data adjacent to a depression freub-versionNWM.54 (bluefilled polygons);
(b) artificial wetland mapped in a degraded area; (c) slivers (red outlines) around degioas (bluefilled polygons).

7. Lastly, nordepression HGMnits remaining in NWM4 outside the firgcale version of NWM5.4
were inspected for extent and HGivhits ->
GT_NFEPA NATwatts erased GTNWM54 dslv_AEA.
To evaluate the usefulness of these remainpolygons above 5 Ha, the remaining polygons were
classified following visuaispection according to the following rules:

1

if the majority of the NWM4 polygon falls outside existing data (NWM5.4) and were not
considered to be wetland, it was classifisgia I W/ 2 YYAaadA 2y SNNENRDT
AT GKS YFI22NAGe 2F GKS b2an LRfe3azy gl a | NI
if the majority of the polygon was useful but nestto be reshaped, it was classified as

WY/ 2yAARSNRT

if the polygon was rather ariver,itwasclass8 R I & | WYwA GSNRT | yR

if the wetland was better represented by thieetland probability map(Figure 4.9), then it

gl a Of I wetland@pkoBaRilityl mam W

44



National Biodiversity Assessment 20%8South African Inventory of Inland AquatiEcosystems (SAIIAE)

TS Ve Bemets Bet M Seemesy Twese Vedms o —
1ANS AR~ 8 CARITED Ny AAACO N 6 KA VO BUAALT By
-y TR T M E SRy BTy | 3 Ny
- O @ -n. v
om0 ree
l .
V-

v
0

B O
.

h———n

————
T T
o
DL )
P WL ) et vt § VAR b
] v lv] L] A —
e W reut o

" ~ -
b T Y bl § 1

AT AL -

[ = g U DU U P P P NE—— N N Ry

Figure 49: Valley-bottom polygon fromNational Wetland Map versiot (NWM4) as a turquoise outline displayed with theub-
version NWM5.4 wetlands as blue filled polygons and theetland probability map as redfilled polygons (for latter, see
Chapterb).

The majority of the remaining NWM4 wetland types (raepression wdands) were found to be
slivers or small polygons < 5 Ha in size (33%) or commission errors (32%¥ @)akhless than

1122 ha (~19%) were considered useful for inclusion into NWM5.4; howewvest of these

polygons would require manual editing to regle it to the correct extent and to avoid the
inclusion of terrestrial areas (commission errors).

Table 46: Results of classes assigned to the remaining, Hdepression, wetlands ofNational Wetland Map version 4 (NWM4)
for Gaueng.

Category Number Ha % of total nondepression
of NWM4 remaining wetlands
polygons

Slivers and very small wetlandsy H3 7628 1980.3 33.3
Artificial wetlands 30 699.4 11.8
Commission error 127 1872.9 315
Consider 31 1121.3 18.9
Watercourseprobability map 4 50.3 0.9
River 8 215.8 3.6

The inclusion of the NWM4 polygons outside the NWM5.4-§icale wetlandslatasetwas therefore not
considered for NWM5and isrecommended for consideration during the improvement to NWM6. The size
of the polygons that could be considered in Gautetfig0O0ha, could also be added through consideration
of large floodplain, vallehpottom and seep systems that could visually beedééd and mapped in a
quicker way than by inspecting multiple small polygoBgpertiD wetlands from the NFEPA wetlands
which were natural, however, extracted and integrated into the provindéaasetby Ms Namhla Mbona,
Ms Millicent Dinala, Dr Andrew &kno and Dr Heidi van Deventer.
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The supplementation of thevetland probability mapsee Chapter 50 the NWM5was also considered
and is detailed in full in Chapter 6. Owing to a large amount of commission errors dathéet it was not
included intoNWM5.

Concurrent to the finalisation of NWM5.4 for each province, Dr Heidi van Deventer and Ms Anisha Dayaram
captured large floodplain systems across the country, totalkrith systems. All provincial NWM5.4
datases were reviewed by Dr Heidi van DevaniteJanuary 2018 and sent back to SANBI for final revisions
and amendments.

4.8Integration of provincialdatasets into a countrywide National Wetland
Map 5 (NWM5)

The improved provincial NWM&versions 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 H@M of polygons
where finerscaledata and mapping was available

1 Identification and refinement of the eiglfiteshwater lakeslimneticwetlands)in the country

Inclusion of the large floodplain systems

1 Improvementsof the HGMunits:

o Floodplain depressions, kept in some provineeparde 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 inte tbevel 4A floodplain category. Future
updates of the NWM could verify théke<hydrological category of DRDLR:NGI visually to
distinguish artificial ponds from floodplain depressiamsox-bow rivers on floodplainsThe
latter could be included as flalplain depressions into all floodplains of future NWM
updates, and attributed to Level 4B of the Classification System. The DRDH&KBQI
polygons are not inland lakex all and should not be used for reporting lakes. Only the
eight limneticwetlandsare considered to be freshwatdakes. The DRDLR:N&ke<have
been converted to a pointglatasetand cleaned up by two internsvhere points were
added in order to potentially be useid modelling floodplain systems. These required a
final check and ugate by experts before it is used.

0 Wetland flats in most provinces were correctedltevel 4Adepressions, except where it
originated from data captured by wetland experts, such as the C.A.P.Ecfite project.
Errors in typing wetlands as wetland flatsulted from the incorporation of some datasets
which retained the modelled HGM unit from the NFEPA wetlaAddiscussion with the
inland aquatic reference committee and a number of wetland experts concluded that these
systems are difficult to distingsh at desktogevel, particularly to determine if the source
of water is purely groundwater driven, or also from seepage.

9 Slivers < 0.125 Ha in sizeens checked anceither merged or deletedSprings buffered to gh
resultedin an extent of 0.00313 Ha. Tlese were kept in thedatasetand can potentially still
indicate the origin of inland wetlandMany other slivers and small polygons remain in da¢aset
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 delete any polygons before visual
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inspection, since some may still be valid inland wetlaidge smallest depression mapped, for
examplewas measured at 0.0031 Ha on;

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

1 Polygons from the KwaZuNatal Vegetation Map, where the KZNVEGBIOME was related to
wetlands, which were not included in the NWM5ersion of the KZN Provinceere added and
typed,

9 Otherdataset such as those of the Hogsback and Tevredenpan areas, originating from the WRC
K5/2545 projecon the remote sensing of wetland vegetatigangoingproject, dueto completein
the year 2020) as well as thavetlands map from théNest Rand District Municipalitgone by
Aurecon (Pty) LtqUSAID 2018)as integrated into the NW5

1 Updates to the peatlandatasetin 201§ totalling 635 pointsrequired the digitising of about 170
additional polygnswhich were not in the NWMSOf these, 33 points were not mapped and will
still require further investigating

1 Topology checks in ArcGIS wdome several times to ensure no duplicate polygons remained

1 onsistencyof all attribute fieldswere confirmed in particular those of CS_L3, CS _L4A and the
subtypes field (NWCS_L4A)

1 Dissolving the polygons to remove small slivers or divisions of a HGMAudissolve on the
nationaldatasetcontaining 169826 polygons was reduced to 878 records after 5 houra @ptop
and then exploded to 15840 records again within 15 minuteand

9 Assigning Level 2 attributes to CS_L2 for each po)yagowell as adding Bioregion information:

0 An update of the National Vegetation Map (NVMEGMAPL17 v15 8 210518 ABR/S
recaved from SANBI following updates done in 2018. The update included changes to the
Albany Thicket Biome, the amalgamation of certain wettegldted 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 Vegetation Group8@VV@) (Nel et al. 2011)was reassigned to the related
vegetation types of the NVM. Alluvial vegetation, inlaatire, 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. Th&VVG were then dissaled and intersected with the NWM&Vhere a
polygon was dominated by one WVG, the WVG was assigned to Level 2 (CS_L2). Where
more than one WVG was present within a wetland polygon, the dominant WVG was
determined inExcelthrough an INDEX command using #adent (ha) in each WVG, and
then attributed to the polygon under Level 2.

0 Bioregionsfrom the NVM update(SANBI 2018Wwere derived through dissolving the
polygons on the Bioregions field. The ArcGIS Eliminate tool was used to subsume the
following categoies into adjacent bioregionsAlluvial VegetationAzonal Forestsinland
Saline Vegetation and Zonal & Intrazonal ForeSimilar to the WV& the dominant
Bioregion for each polygon was assigned in NWM5.

Owing to time and budget constraints, the namdswetlands present in NWM5.2, were not assigned to
the polygons of NWM5.2 again. Although this is not a priority for the NBA 2018, or decision making and
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planning, names offer key reference points to users. Consideration should also be giverstandadised
names and aliases for estuaries and whether these should be adoptibe byer lines and polygons.

4.9 Alignment of inland aquatic ecosystems 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 byDRDLR: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 tidal pools, dunes or dune vegetation of which #rehiatk been
captured at a low spatial resolution (lower than 1:10 00®ithough it is recognised that all aquatic
ecosystens would contribute to biodiversity, and that the ecotone of change is a fuzzy boundary, several
steps were taken to ensure alignmeottinland wetlands with the estuarine and coastal ecosystem types in

the National Wetland Map 5:

1 The extent of the EFZs as well as miystems(micro-estuaries, ephemeral coastal streams,
coastal seeps and waterfalls into the ocear@re finalised usinghe 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 Research Ingti@i®d), Dr Janine Adams, Ms Taryn Ridden and
Ms Meredith Fernandez (NMU). E~and micresystems were mapped where seawater surges
inland into open waterbodies along the coast and are represented as polygons in the NWM5

I The extent of the estuarine ecosystemags then aligned with the coastal ecosystem types,
mapped by Dr Linda és (NMU) at a scale of kk3000. The coastal ecosystem types distinguished
between the openwater and HoodplainQof the estuaries and the estuarine shores, both part of
the EFZs, as well as miggstems but excluded outlets and seeps in the map gregion. These
amendments were then rncorporated into the NWM5and

1 Where an inland wetland exists through the shore as a seep, it was magpe@aint in the outlet
datasetof the estuarine ecosystems. These outlets will therefore not be reflectgubbgons in
the NWM5.

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

4.10 Creationof an artificial wetlands layeto be used for planning

As part of the development of the national wetland magadasetof artificial water bodies was built using
the DRDLR:NGI hydrological featueaported from NWM5.2AIl 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 egister of the Department of Water and Sanitation (DWS), which lists approximately 159 [0/fSs
2015). This formed the foundational layer for the development of the artificial water baditssetwhich
was exported in the geodatabase a®odification<Ieature classThe process of development of the map
included basic desktop validation of features oveh25n extent, and the identification of dams built after
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1990¢ using the national dams registddb{VS2015) and a range of remote sensimgducts.This final step

was conducted in order to facilitate the use of tHatasetin the land cover change analyses. Apperidlix
containsa technical report covering the development of the artificial water bodies map for South Africa,
version 1 (Skown& Van Devater 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, information from
available point shapefiles, includingettAquaculture facilitiesAFF & DEA 201&s well as théaVater
Treatment Works WTWs) and Waste Water Treatment WorksWWTWs) (CSIRR015 were attributed to

the polygondataset Not all points had a polygon to attribute the information to (Tablé).4Sone slivers

were removed up to an extent of 0.000313 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 been deriveahf different sources and dates of classification, however
were the same facility.

The final map contains just over 200 000 features, covering an are®8&83%a, with dams making up the
bulk of the artificial water bodies in South Africa (Tablg Bgure 410).

The accuracy of the underlying DRDLR:NGI hydrological features data dictates the accuracy of this layer to a
fI NHS RSINBSP 'fiK2dzAK STFF2NIa KFFS 06SSy YIRS (2
makes a comprehensive, featul®y feature, validation process impossible, and many classification and
mapping errors are likely to be encountered in tiataset The aim is to iteratively improve thiataset

through the release of an updated version annually or biennially.

The polygon representing artificial wetlands should be used in association with the SVTWW TV,
invasive species and othelatases for condition modelling and planning processes to obtain a better
reflection of the pressures on inland wetlands.

It is furthemore important to note that the currentlatases have not been assessed for completeness.
Some of the artificial wetland typeare listed in the Classification System but not in the inventwhich
includes canals, excavations, salt works, aquaculturetpaind storm water ponds. Future updates should
attend to the assessment of the completeness and accuracies of the exdstiages, as well as mapping
the point features which are not represented in the Artificial wetlands layer. Furthermore, the feiiteof

a facility should be captured in the map. The DRDLR:NGI onlyarapsesentative point associated with
the WTWs or WWTWs, but not the full extent of the propertyFigure4.11). Similarities between categories
should be considered and those polygoamalgamated, following finalisation of definitions.
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Table 47: Total extent and number of artificial water bodies and related features captured in the January 2018 version of the
dataset

Type Count Total extent (Ha) Percenage ofthe extent  No. of feature represented
(ha) ofall artificial in polygondatasetof total
wetlands (%) mapped as points
Large dams 97 225140.0 37.6
Aquaculture facility 15 372.3 0.1 15 of 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 a7 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 598340.2 100.0 269 of 1675

B Aquaculture facilitties
¢ WTW
o wwiw

D Provinces

Artificial wetlands:
- (Large) Dam
| Aquaculture facility
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Figure 410: Artificial wetlands in the South Africaimventory of Inland Aquatic EcosystentSAIIAE)
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Figure 411: The extent of Waste Water Treatment Works (WWTW) as mappedHhgy Department of Rural Development and
Land Reform: National Gemformation (DRDLR:NGlI

4.11 Resultsof the improvementof NWM5
4.11.1 Results of NWM5 focountry

The final National Wetland Map version 5 (NWM5) shows the distributibrihe estuariesand inland
wetland HGMunits across South AfricgFigure 412). Not only has the number afatases representedn

the South African Inventory of Inland Aquatic Ecosystems (SAIIAE) increased, but also the number of
ecosystem types within the NWM3ave now have Estuarine Functional Zones (EFZs), estuarine- micro
systems, inland wetlands and rivers included, totaltiegrly 4 million hectares (ha) of aquatic ecosystems
which cover 3.3% of the surface area of South Affiedle 4.8; Figure 4.1.3Various categories of artificial
wetlands are also now mapped, totalling almost & ha in a separate data layer.

NWM5 $ows an increase of 123% of inland wetlands mapped compared to the N¥ERAl inland
wetlands.A total of 2.6 million ha of inland wetlands have been mappad NWM5 and typed to HGM
units, making up 2.2% of the surface area of South Afrf€able 4.8;Figure 4.1R A total amount of
201381 ha of estuaries have been added afdmillion ha of river channels.

! The extent of South Africa has been calculated as 121 973 563.7 ha using the provincial boundaries of the Municipalddemarcati
Board (MDB) of 2011, however the marine reserves have been excluded from the shapefile by the CSIR.
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Figure 412: Representation of the estuaries andland wetland ecosystemtypes of National Wetland Maprersion5 (NWM5).
Logos of the funding organisations are included.
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Table 48: Statistics foraquatic ecosystems representead in the National Wetland Map (NWM) versions 1 t6 (including wetlands outside South Africand outside the provincial boundaries

National Wetland Map version (across)/ Realm types (down) NWM1 (2006) NWM2 (2007)

NWM3 (2008) NWM4 (2011)

NWMS5 (2018)

EstuarineFunctionalZone (EFZ) 165 934.1
Estuarine microsystems (micestuaries)

Artificial wetlands large dams*

Artificial wetlands; other** - 321 114.2 528 067.3 528 187.3

Rivers
Wetlands (notyped)
Total extent of inland wetlands mapped for SA
Wetland and waterbodies
Channelled valleottom
Depression
Wetland flat
Floodplain

1961 948.5
1575 683.3

1961948.5 1575 683.3

Seeps (including Hillslope seeps)
Unchannelled vallepottom

1527 607.4
1527 607.4

2152 104.3

494 380.8
734 042.0
151 573.0
452 838.6
238 232.7

81 037.2

200738.9
639.9

225 140.0
373284
1146238

2 660509.0

6811025
7647731

15 266.6
547 10.4
4541926
188 ®6.8

Total extent of estuaries - -
1961 948.5 1575 683.3

Total extent of inland wetlands

- 165 934.1

201 381.3

1527 607.4 2 152 104.3

2 6605090

Total extent of rivers - - - - 114623.8
Total extent of all wetlands 1961 948.5 1575683.3 1527 607.4 2318 038.4 2 8518903
Total extent of Aquatic Ecosystems 1961 948.5 1575 683.3 1527 607.4 2318 038.4 3981121
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 (estuaries and inland wetlai 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 includedquaticecosystemsthe shoreline and estuary of EFZs and microsystems are therefore included

** Artificial wetlands show a minor overlap of 372.1 hawith natural, inland wetlands, constituting 0.03% of the surface area of South Africa.
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Figure 413: Increase of areah@) being mapped for the inland aquatic and estuarine ecosystems in Natioiatland Map
version 5 (NWM5).

NWM5 showsan increasen the extent for the majority of HGMnits compared to the NFEPA natural
wetlands (Figure 44). The over estimation of the extent of wetland flats modelledhia NFEPA natural
wetlandsdataset has leen reduced to refleconly wetland flats mapped in fingcaledatases, such as the
C.A.P.Hine-scaleproject. Depression wetlands show a minor increase from the NFEPA natural wetlands to
the NWMb5 dataset Depressions were not modelled in the NFEPAame, but incorporated from the
DRDLR:NGI data from 2006. Similarly, NWM5 used both 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 H@N&, including the
floodplains, seeps and valkdpttoms.
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Figure 414: Improvement inthe extent (ha) of hydrogeomorphic (HGM) units frorilational Wetland Mapversion 4(NWM4) to
NWMS.

In total we estimate that mor¢han 31 data editors distributed acrogaore thanten organisations have
been involved in the data mapping, integration and finalisation of the inland wetlands and estuarine
ecosystem represented in NWMb5. &ltost 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 HGMunits for seven of the nine focus areas where inland
wetlands had been mapped (Figu4.15). In three of these focus areas, the extent increase by > 150% of
the inland wetland extent mapped in the NFEPA wetlands, includingetten, Ehlanzeni, Vhembe and
Umgungundlovu Districts. Ifive of the focus areas, namely the Buffalo CiBape Vihelands,Frances
Baardand LejweleputshwaDistricts, a reduction in the extent of inland wetlands was observed when
NWM5 was compared to the NFEPA natural wetlaitie Buffalo City, Frances Baard and Lejweleputshwa
Districtsare in more arid regionsSone 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
river systems in the nortwestern part of the Free State Province, which now had beenoxed in
NWMS5.
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Figure 415: Differences in theextent (ha) of hydrogeomorphiqHGM)units represented in theNational Freshwater Ecosystem
Priority Areas NFEPAnatural wetlands and NWMb5for the nine focus areasand the West Rand District Municipality (USAID
2018) HGM units include:CVB = Channelled valldyottom wetland; FLOOD = Floodplain; SEEP = Seeps; UVB = Unchannelled
valley-bottom wetland; DEPR = Depression; WFLAT = Wetland flat.

It was quite interestingo note that the extent of inland wetlands for the West Rand District Municipality in
Gauteng had increased bearly 00%! The increase followed the supplementation of NWM&.4he
Gauteng Provincavith the wetland probability magChapter5), as well aghe reshaping and HGMnit
typing of the inland wetlands by Dr Joseph Muldarsl Dr Heidi van Deventelhe NWM.3 for the
Gauteng Province, prior to the supplementation of twetland probability map showedalmosta 200%
improvement of the extent of ta inland wetlands compared to the NFEPA natural wetlands map, whereas
the wetland probability mapdded another 500% improvement compared to the NFEPA Wdlale the
integration of more than Qatases for the Gauteng Province into NWM5.3 took quite sotinge, the
supplementation, reshaping of extent and typing of the wetlands ofviledland probability magook less

than two weeks by the two experienced personnel.
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4.12 Comparison between the NWM5 and the National Wetland
Vegetation Database

A comparison wa done between the NWM5 anl 137 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 theemainsa large underrepresentan of inland wetlands,
regardless of the improvements. Twertyo percent of the relevés had polygons in the NWM5 which were
congruent in HGMunits. Another 6% of the relevés had polygons in NWHki& with discrepancies in the
HGMunits. Further investigation showed that multiple relevés were taken within one large inland wetland
unit represented by one polygon, and if the HGM uwiéas different, it was detected as multiple
differences. In addition, HGMhits of floodplains, for exampleyere typed in the NWVD at Level 4B of the
classification system a#depressionQvhich occurred on floodplains. Comparisons with Level 4A appeared
as discrepancies, but were however similar H@Ms. Some relevés within the estuarine ecosystems were
alsotyped as inland wetlands, which may reflect a gradual transition from one system to another, and is
not necessarily incorrect in either of the twdatases, but merely that different criteria and scales have
been used in the typing of the aquatic system.

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

Table 49: Comparison batreen wetlands mapped inthe National Wetland Map version 5NWM5) and the National Wetland
Vegetation Databas¢NWVD)(Sieben 2015)

Category Numberof % of totalinland wetlands % of totalnumber ofrelevés
points matching with the NWVD
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 identify areas where the extent and bi@slattained 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 visitefield by a wetland specialist(s) over multiple
seasons and clgs of the hydroperiod of a wetland, and accurately represented inddiaset Accuracy,

on the other hand, reflects the degree to which the spatial boundaries and/or attributes of the wetlands
match those in the real world (Pascual 2011). A higher cenéid 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. Low confidence scores would imply the inverse.

A number of cafidence 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 Devexter
2018). Confidence ratings have been assigned to thegsalbernary 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 HiGi4.

For 24% of the country, interns trained by wetlagpecialists havenappedthe extent and HGMunits at a
desktop levéresulting in a Low to Medium rating of confidené@r 7% of the country, desktop mapping
was done by wetland specialists, resulting in a Medium confidenceorigra fewof the SQ4s, oparts
thereof, infield verification was used to modify the extent and H@Mts of polygons in the NWM5. None
of the SQ4s had studies which considered the {mmm hydrological cycles of the inland wetlands, and
therefore no part of the country had a chdence 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 ecosystems is not reflected in this confidence map (Figure 4.16). In
general, areas mappedsaa 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 NWMs. The
appropriate scale of use would be 1:50 000. Where the confidence rating isoLiledium, Medium and
Medium to High, we estimated the omission error to b&80% and the commission error < 10%. The
appropriate scale of use would be 1:10 000.

Table 410: Confidence ratings assigned to swgjuaternary catchment$ased for inland wetlands

Rating Description

1cLow Desktop mappingof the extent of inland wetlandswas done by nowwetland
specialistfor a part of, or the full extent of the SQ4.

2¢ Low to Medium  Desktop mappingf the extent of inland wetlandsvas done hyinterns trained by
wetland specialistfor the full extent of the SQ4.

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

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

5-High Inland wetlands have been mapped and verified for a period of > 10 years
multiple hydrological cyclefor the full extent of the SQA4Verification 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 extend hydrogeomorphiainits of inland wetlands in the
country. Table 4.9 provides definitions of the variouatingsof confidence.

4.14 Recommendations of future updates

Duringthe course of the finalisation of the NWM5, Ms Nancy Job has been appointed as the Programme
Manager of the Freshwater Biodiversity Unit at SAABOf1 February 2018. EnFreshwater Biodiversity

Unit at SANBWill further address the strategy afpdating NWM6 and the identification of priority areas

and approaches in doing so.

Asummary of recommendationis providedfor future updates of the NWMs for the consideration not only
by the Freshwater Biodiversity Unit at SANBt also formany otherstakeholders who have interest in the
improvement of the NWM.

Adopt thefollowing principlesin data capturing:

1 The original extent of the viland should always be capturgd

1 The maximum extent of a wetland should always be captured

1 Multi-temporal imageryacross hydrological cycles should be used to determine the maximum
inundated extent of a wetland across hydrological cycesl

1 The HGMunits and condition assigned in firgcale wetlandsdatases 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. Immediate updatef the FEPAs are illogical while the majority
dcdz0 27T O K&s efadns arblihdpped dt o fow confidence with an estimated 50%
omission errorCollaboration in reaching this target is crugial

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

91 Desktopmappingof wetlands for the remaining peatlands points and relevé poimtéch werenot
captured in NVWM5. These should be a quick exercise since there are < 350 polygons;to map

f Reintegrate theiver channels® G KS 5w5[ wYbDL Ayid2 GKS b2a G2
inland wetlands which should be in fact rivers

9 Desktop verification of small polygons mapped in NWpear 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 impacts on wetlandsrivers
fragmentation and planningsimilar to the inland wetlands, a confidence nsquld be developed
for the artificial wetlands, as improvements are progressively done across the cpuntry

1 Clo® polygons where das were or have beenwithin the inland wetland This improves the
original extent of the inland wetland ecosystem types for NBAg artificial wetlands can always
be used with the NWM for planning purposesd

1 Large floodplain and valldyottom wetlands not mapped in NWMS5 can be easily detected and
supplemented fom the alluvial categories of the 1:2800 geology and NVMif not already
integrated from thewetland probability map

Improvementgo the NWMthat are of secondary importance:

1 Removing slivers using a thinness threshold. This may be actim®iming pocess 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 hames to inland
wetlands again. It makeabe map user friendly and serves as search facility and common reference
and

1 Do a desktop cleaning of the oxbow rivers (polygons and migit#tse). Both thesedatases can be
valuable for use in the typg of the HGMunits. The pointdataset could faciliate improved
modelling of inland wetlands in modelledataset, such as thavetland probability map The
polygondatasetcan facilitate the division of a floodplain into the floodplain flat and floodplain
depression subcomponents.
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5. CHAPTER MODELLINGFPROBABLWETLANIEXTENT

Chapter Citation: Collins, NB. 2018. Chapter5: Modelling of probable wetland extent FSDESTEA
internal report, in Van Deventeget al. South African National Biodiversity Assessment 2018: Technical
Report. Volume & South Africaninventory of Inland Aquati&€cosystems (SAllABjersion 3,final
released on3 October2019 Council for Scientific and IndusttiResearch (CSIR) a8duth African
National Biodiversity Institutd SANBI)Pretorig South Africa ReportNumber: CSIR report humber
CSIR/NRE/ECOS/IR/2018/0001/A; SANBI report nuntifpet’hdl.handle.net/20.500.12143/5847

This chapteprovides aroverview of the method used tprocedure to create a map of predicted wetland
extent.

5.1 Introduction

An objective of the National Biodiversity Assessment 2018 @IB8) process was to improve on some of
the existing national spatialataset available at the time. The poor spatial accuracy of the national
wetlands layer has been a concern and was idientiis a priority layerequiringimprovement.

Methods previously employed for mapping wetlands have not produced satisfactory reSoitee casual
observations haveestimated that in certain regions the wetland features of the National Freshwater
Ecosystm 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 landscape unit being oftailar concern. Iffield mapping of wetlands by
Mbonaet 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 more recent and improved
Nationd Wetland Map 4 (NWM4is estimated to account for less than 54 % of the wetlands found at the
fine-scale leve(Mbona et al. 2015; Van Deventest al. 2016. The results of these studies also showed
hydrogeomorphic (HGM)nit typingand the wetland condion assigned to the wetlands to be inaccurate

in NWM4(Van Deventeet al. 2016)

Low mapping accuracies of NWM4 are also expected for the rest of the cofigna et al. 2015.
Accordingto Mbonaet al. (2015) these widespreageaknessesire considered to be of sufficient severity

to warrant investment in the improvement of the National Wetland Map as a matter of urgency, hence the
efforts of the NBA018 process to improve on this layer. In addition to presemm@absenceinaccuracies

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 crehlldtignal Wetlands Mafb
(NWM5). Two approaches to improve the NWM5 were peds these beingvan Deventer 2016

1 A finescale wetlands map to be created by heaxgisdigitising from imagery with inclusion of data
from the Department of Rural Development and Land Reform: Nationals@atmal Information
(DRDLR:NGI) as well as neadyuired finescale data and

1 Adatasetof probablewetland extent.

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 on the original wetlands map and the latest release is the
NWM4. NWM4 has recently received some criticism, specifidhié spatial accuracywith the latter
referring to both wetland representation and boundary delineation. Wetlands associated with the valley
floor landscape unit in particular are considered to be poorly mappatsidering the fact that previous
imagebased approaches have not produced satisfactory resulédernative methods for mapping
wetlands were investigated.

A Digital Elevation Model (DEM#sed approached was considered as a possible alternative. It is a desktop
approach which, aosidering the extent of the study area (RSK) considered to be a practical and
appropriate solution. The DEWRBsed approachedtems from the landscape position criterion of the
indicators and criteria for identifying and delineating wetlands (DWAF 280&)s based on the logical
assumption that water will accumulate within the lowest position of the landscape which therefore
represent areas of highest probability for wetldrikvelopment. Théow-lyingareas are watercourses per

the National Water AcfNo. 36 of 1998and include amongst others rivers, springs, natural areas in which
water flows regularly or intermittently, wetlands, lakes and daf@$VAF 2005)kt follows that although
wetlands are most likely to develop within these kying areas, datures other than wetlands are also
present. It is also possible that many of the watercourse areas do not contain any wetlands at all as wetland
development does not only require the presencdaf-lyingareas, but also depends of other fact@sch
asmean annual precipitation, slopend soil depthfor example 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 omamber of factors the areas mapped in the final
output may or may not be wetland, and considering the fact that it is a desktop approach using remote
sensed data, there is no certainty as to the likelihood of the mapped areas actually being wetland or not.
¢CKS 2dziLdzi 2F GKS YILLAY3 MwWNBOSBdcbabilitgma@dK SNE T2 NBE NB

There are a number of tools available in Geographical Information Systems (GISs) with which to identify and
map the valley floor landscape unit from DEMs. Probady best known is the Topographical Position
Index (TPI) too{Jenness 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 elevationpend slo
of the target and surrounding cells differ are used to assign cells 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 hilltops, whereas cells that are on a flat location and at or 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 thatela of the target cell

(the cell in middle of the window) is compared 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 represent a 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 vaogrtsdistances and areas of different relief require
different TPI tool parameters, specifically different moving window sizes. Suitable parameters are

2Watercourses include wethds, but not all watercourses are wetlan@®SA 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 exercise. New parameters need to be set for
GKS Wy2dG a2 | O0O0dzNI Gagefordly abid th hddiR@ynapNeBY tiaid areddwhil€ Kew
parameters will have to be determinddr the remainde of the areas for which the current parameters do

not apply.To map 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 parametensapibome of

the wetlands within an area while a new set of parameters are required to map other wetlands of the same
area. Similarlythe wetlands of other areas will again require new parameters. Because the accuracy with
which the valley floor areas araapped can only be determined after the tool finished a run, the TPI tool
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 ftid@ms area the size of South
Africa. In addition to the latter the output 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 pethe Classification System for Wetlands and other Aquatic Ecosystems in South Africa
(Olliset al. 2013). This will be problematic if wetlands of potentially different H@il are not mapped as
separate features.

While the TPI tool mapall terrain unitssuch asridges, upper slopes, middle slopes, flat slopes, lower
slopes and valleys, other tools are dedicated to mapping valley floor areasfangxampleii K S W9 E i NJ
+ £ SeaQ (22f ahichlyl (2SRALEIS0 2082 DVI{L2 Fi KISy WoNRugsBémima SR 2
contributing area analope. Othertools are also availableuch aghe Topographical Wetness Index (TWI)
whichisavailable in both SAGA and Whitebox.GIS

Unlike the TPI tool many dfie abovementioned tools are not db to map the extent of the valley floor
areasresulting inthe identified valley floobeingmapped as a single line rather than as an arepolygon.

Another limitation is that some of the tools, similarly to the TPI tool, require different parameters t
accurately map the valley floors of different areas, or different wetlands within the same area, due to
differences in topographfor example Similarlythe areas accurately mapped can only be identified at the

end of the run. Applying these tools forapping wetland extent therefore require continuous adjustment

to accurately account for different areas and different wetland ecosystems, particularly when applying
them at a countryg A RS a0l t S® ¢ KSANI I LI AOF A2y rdagh whighS NB T 2
inevitably becomes very time consuming and cumbersome.

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

1 map the extent of valley floor areas;

9 reflect the contiguity of inland wetland ecosystems;

91 be applied to all regions of the study ane&ich in this case iSouth Africa;

1 be rapid while still producing results suitatite 1:50000 countrywide application; and
1 have minimum data and budget requirements.

Considering the limitation of the TPI and other existing tools, as well as the -sbateel requirements,
modelling the extent of wetlands from a countwide DEMwas ©nsidered the most suitable alternative
approach for creating a new and 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 requirenents.

5.4 Materials and methods

5.4.1 Introduction

hT GKS RAFTFSNBYG (22fa YR YSiK2Ra O2yaARSNBRST Iy

tool of Whitebox GlgLindsay 2014and flow accumulation maps of ArcGIS5L0 (ESR1999;2017) were
consdered to be most suitable at achieving the 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 ArcG(Section5.4.5).

Implementation of the method required the following data:

T Imagery:
Thegzoyl3 SP@% national mosaic coverage obtained from the South African National Space Agency
(SANSA) was used for identifying 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 fotgphiad to be patched
with acquisitions taken on 2014/01/11, 2014/01/16, and 2014/01fFgure 5.1) The 2013 SPQ@Q3
mosaic was created from pseudolour pansharpened scenes, which were derived from panchromatic
and multispectral pair6SANSA 2013)

1 A Ogital Elevation Model (DEM):
The DEM used was the 30 m Shuttle RadmographyMission (SRTM) lay@ASA 2000)

A number of python scripts were developed to facilitate the mapping process. Pgtffofvan Rossum
1995)is the preferred ArcGIS scriptitapguage 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 to providing access to the stand&tSAools, Pythof.7 also
provides additional functionality without which automating certain aspects of the mapping process would
not have been possiblsuch asbranching (Hthen-else statement), the use of lists and dictionaries. The
scripts are run frm the standard ArcMap and ArcCatalog interfaces and automate many of the required
processesuch ascreating the mapping regions (Sectiémt.3. 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 automate some of
the geoprocessing tasks required for creating Wetland probability map
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Figure 51: Three tiles from the 2014 SP@% images were included due to technical issues with 2013 imagdée remainder of
the images are from the ped 10 Octobe2013 and31 DecembeP013(SANSA 2013)

The mapping process can be summarised as follows:

9 South Africa ashie study area 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 diviSatisn
5.4.9;
Flow accumulation mapsere created for each of the divisior&e€tion5.4.5; and
For each of the divisions:
o the mapping regions were displayed over the SPOT 2013 imagery
o percentile flter and flow accumulation mapping thresholds were determined for each of the
mapping regions3ection5.4.6);
o wetlands not sufficiently accounted for by the pertile filter and/or flow accumulation maps
were captured manually and included as ancillary d&&t{on5.4.7); and
o the wetlands, as informed by the percentilitdr and flow accumulation thresholds and ancillary
data, were mapped%ction5.4.8.

=A =

The method used to create theetland probability maps therefore not an automated process. It can be
considered to be similar to onscreen mappindowever, what distinguishes it is thatvith standard
onscreen mapping each wetland identified from imagery is mapped individudilgreasthe modelled
approach simultaneously maps all wetlands identified from imagery within a mapping region using an
W2 @SN £t o0Sad TFA G Mindslalsahld® Imapkiny théeghSlds datdich NherRappii&ING the
percentile filter and flow accumulation maps gives the best approximation of wetland extent on valley floor
areas within 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 boundarig$e povincial boundaries used are those per the South African
Municipal Demarcation Board (MDB). Due to iteghe 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 (NQFWyuire 5.2) The division boundaries of the Northerapge

Province follow those of secondary catchment areas (referTable 5.1for an explanation of the
abbreviations).

N

A

0 70 140 280 420 560
Kilometers

Figure 52: Divisions of the study area (South Africa). Abbreviations are explaime@able 5.1

5.4.3 Creatingthe mapping regions

Because no single set of mapping thresholds are suitable for all areas of a division, the latter were further
d4dz0 RAGARSR Ayid2 WYI LIWLAY3 NB Apppxhatomdf atessSondiderediidibg 3 NB
homogenous in term of the variables that were subjectively considered to be most influential at
determining wetland developmerguch agelief, mean annual precipitation and generalised geology. They
therefore represent areas in which a certain set of paramets® knownas the mapping thresholds

should theoretically be able to consistently map the wetlands of the valley floor areas.
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Relief

Relief was determined by creating a grid ddd0 tectare sized hexagons for each of the divisions after

which the standard deviaA 2y 2 F St S@F GAy3a F2N) S OK KSEI3A2y 41 &
Fa ¢l ofSQ (22t @ 9f SAI (A 2nyDERI Thd stamd&dNdeviaRod Nel@aten iF N2 Y
considered to be a quantitative expression of the relief of the tarranderlying each hexagon
(Figure5.3A). The map was subsequently simplified by grouping the standard deviation values. Grouping
was achieved by displaying the output of the Zonal Statistics tool in ArcMap with symbology set to quantity,
five classes andhatural breaks (Jenks) as the classification method. The indicated Jenks break values were
used to define the borders for thBve categories according to which they were grouped. The output is
therefore a map witHive zones of reliefFigure 5.3B).

0000000 - 14880t
14 684072 - 31, 358000
31360050 - S 5TTTTY

¥ 59677772 - 115709616

B V15,705617 - 308833635

Figure 53: The standard deviation in elevation was calculated pefd0 ha hexagons to quantitatively express relief (A) after
which they were grouped per the Jenks natural breaks, using the Free Rateince asan example (B
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Generalised geology

The geological data used is a simplified version of the 1:1 million Geological Data of the Council for
Geoscience's RSA Geologkataset(CGS 1997 Jigure 5.4)

W Aod and rtermedute extrane

Wl AGd and weermediate lavas

W Assemblage of tile and shale

W Assemnblage of tiee. shale and sandstone

[0 Banc / Mafic and uRramabic intrusaes

B Banc /Mo levan

I Compact sedemantary strata

I Ooleemete and imestone

W ntercalated arenacecys and arplacecus straty

B nteccoloted lage of cormg 4
nd etrusve recs

[ Peecun deted end Idated

Figure 54: Simplified version othe 1:1 million geological majpused to inform creation of the mapping regions.

MeanAnnual PrecipitatioiMAP)

While relief and the generalised geology relate to the extent to which the percentile filter maps will be
able to consistently map valley flo@reas 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 actually being wetland. There may, for example, be differences in the ddetlibf 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 expected to be an important modifier that needs to
be accounted folHiesterman& RiversMoore 2015. MAP data were sourced from the Water Research
Commissior{Lynch& Schulze 20008nd was categorised into 100 mm intervéisgure 5.5) The output is
therefore a mean annual precipitation map with zones of 100 mm interval.
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Figure 55: Mean annual precipitation (MAP) of the South Africa mapped at 100 mm intervals which was used to inform creation
of the mapping regions.

Mapping regions for each division were obtained by creating a union of the relieb (daegory zones),
generalised geology and MARtKS mnn YY AYyGiSNBIt 1 2y SEFigd®ana (KS
Mapping regions smaller than 40 knwere dissolved into neighbouring features using the ArcGIS
WOEtAYAYLF(SQ (22¢f ordehparkmeterkcBeck8d Mapping tediofis weré added during the
process of assigning mapping thresholds by manually subdividing mapping regions to account for situations
where the wetlands in a mapping region could not be adequately accounted for by aony getcentile

filter and flow accumulation map thresholds.

5.4.4 Percentile filter maps

Percentile filter maps were used to map the broader valley floor areas where typically floodplain and
channelled and unchannelled valibgttom wetlands would occur.
PeOSY G At S FAEGSNI YI LA 6SNB ONBI SR (zmdsay2014)4 e Wt S NJ
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%00%) of the range of values within a moving window. Because cell
values of a DEM represent elevation, the percentile value assigned to each target cell (the cell in the centre
of the moving window) is therefore a quantitative expression of its elevattative to the elevation of the
surrounding cells, specifically the cells covered by the moving window. Once the percentile for a target cell
has beercalculated, for examplearget cell A oFigure 5.6the tool moves the target as well as the moving
window to the neighbouring cellAnother example isarget cell B and moving window B Bfgure 5.6
respectively. As was 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 oftla¢ other cells that are covered by the moving window at its
new location. This process is repeated until a percentile value has been calculated for all cells.
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Figure 56: The percentile filter tool analyses a raster on alleey-cell basis as illustrated by target cells A and B and the
accompanying moving windows which follow the target 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 sizeof the moving window is adjustablavhichimplies thatthe size of the neighbourhood against
which the value of the target cell is being evaluated can be changed. This feature is of particular use and
allows for the percentile filter tool to be applied treas of different relief. For example, a small moving
window of 9x9 cells was found to be appropriate for mapping valley floors in areas of high relief while a
larger moving windovef (81x81 cells was found to be more suitable in areas with a relativeoflagraphy

or low relief.

In Figure 5.7Athe 9x9 moving window size is unable to detect the vallegr areas as the entire window is
located within the valleyfloor as opposed to the 81x81 window Bigure 5.8 which, because the window
extends begnd the valleyfloor, is able to detect it. Both the 9x9 and 81x81 windows in the high relief
areas of image A and image B are able to detect the valley flétoaever,because of the different
window sizes,it will require different percentile valuesr percentile thresholds to display thentor
example,the 10" percentile of the 81x81 window of B will represent a larger portion of the valley floor
than the 10" 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.

m.a.s.l.
. HIGH RELIEF ,- LOW RELIEF
Hig A \A
alley floors \l
\ Valley floor
a0 X0 -
Low L 4 ]

High B/ \A -
\ f
; \:y"/ /\ \

Low

Figure 57: Areas of low relief require larger moving window sizes to detect theley-floor areas while smaller moving window
sizes are more suitable for areas of high relief.
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For mapping purposes percentile filter maps with moving window sizes of 9x9, 15x15, 21x21, 31x31, 51x51
and 81x81 were created for each of the divisions.sEhare 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 10%for example means that only the cells of which their elevation is 10%ess lof 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 percentile threshold of 50% means that all cells with a value that is halfway
between the cell with lavest elevation and the cell with highest elevation will be mapped.

5.4.5 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 mapped bihe 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 HiGtel

Creating flow accumulatiomaps 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 prgrocessing which involves removing sinks from the DEM. Intiaddb the standard fill

tools, Whitebox GIS also includes tools to create hydrologically corrected DEMs by way of breaching the
aAyla AYyaaSIR 2F FAfEAy3d GKSY Fa GKS &adl yRIENR ! ND
raisestheelev G A2y GAGKAY RSLINBaairAz2yas oNBFOKAy3d WOl NBS3
this approach is clearly visible ifigure 5.8blue line3 where the outcome of the flow accumulation

derived from a DEM preINE OSda SR A G K (KS AWo NBAIyGEKAQ oikA2G0 K NISSATFdit S
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 runningugh the fills.
DEMpreLINRP OS&aaAy3 ¢+ a& R2yS o0& FTANRG &adzoeSOGAy3a (GKS 5
2F GKAOK GKS 2dzillzi ¢l & dzaSR Fa AyLldzi F2NJ G4KS W,
The output was subsequentgxported to ArcGIS and used as input to create flow direction maps using the
WCf 2 S5ANBOGAZ2YQ (22fd ¢KS f10GSNI AYF2N¥SR (GKS Ff
wCct2g ! OO0dzydzE F iA2yQ (22 @
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Figure 58: Compaison of flow accumulation outputs as derived fromigital Elevation ModelsEM9 that were subjected to

different methods of preprocessing. Red lines are flow accumulation derived from first applying the ArcGIS fill and then the flow
direction and flowaccumulation tools. Blue lines indicate flow accumulation derived from the Whitet®seach Fast Onlyool

with ArcGISRSNA @SR Ft2¢ RANBOGAZ2Y YR Ft2g | OO0dzvydzZ  GA2yd . 1Ol €Ay
ddz0 4 Sl dzSy (& & QWb AB DBebgfabphick InfbrératianESysten(S.

5.4.6 Determining mapping thresholds

All the mapping regions of a division occur as separate featwithén the mapping region attribute table.
The attribute table contains fields in which the pentile filter and the flow accumulation threshold
considered to best map the wetlands of the mapping regions are recorded.

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 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 vice varsThe 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
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and thresholds are best for mapping the visually identified wetlands wlapping 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
percentilethreshold 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 the dasap 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 chosen thehold are retainedvhile the remainder of the cells are discardeuhd assigned

Wh 2 5 [AloF Fiyure 5.9).The remaining cellsnay then at the discretion of the user be repeatedly
expanded and/or shimk so that the end result is improved representationtiog identifiable wetlands (B of
Figure 5.9. The benefits of such modifications are clearly visible fifeigure 5.9where A is a base
percentile filter map (81x81 moving window) with a threshold of 30 percentile, 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 wiihe cell, then expanding it bfive cells and then

again shrinking it by 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, the 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
iii.  determining which of the already created modifiedrpentile filter maps are best at representing
wetland occurrence and extent

What is referred to as the percentile threshold for a mapping region is therefore actually a map which is the
culmination of a process involving identifying a suitable base peiteefiiter map, reclassifying it to the
determined percentile threshold and applying the modification per the above explanation.
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It follows from the above that the percentile filter tool provides an almost endless number of permutations
that can be create by:

i. using different moving window sizes (the base maps);
ii. applying different thresholds to the base maps; and
iii. applying a number of additional modifications to the reclassified base maps

It is mostly the modified percentile filter maps that were usedindorm mapping and not the base
percentile filter maps. The latter were only used for mapping areas where the modified maps did not
increase mapping accuracy. The process of creating the modified percentile filter maps is simplified and
automated by a sqoit developed specifically for this purpose. The output is a new map with a unigue name
that incorporates all these modificatisrand it is the newmap that is recorded in the appropriate field of

the mapping region attribute Thename of the map is enteretb inform the mapping tool to use this
modified map to map the wetlands of the valley floor areas for the mapping re@ution 5.4.8. The
neighbouring mappingegion may require the use of a different combination of base map, threshold and
modifications. In such instances, as for the previous mapping region, the script was used to apply the
reclassification and modifications to the base map and to again cremagsvanodified percentile filter map

with a different name. This newly created modified percentile filter map was then listed as the map to
inform wetland mapping for that mapping region. In addition to creating the modified percentile filter
maps, the scpt also creates a text file which lists the base percentile filter, the threslvbidh isused for
reclassifying the base map and the expand and shrink operations used to create the modified percentile
filter map. This text file is automatically saveddisk 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 dissinmar shape, specifically where they contain large and flat wetlands while also containing wetlands
that are long and narrow. All modified percentile filter maps necessary to map all of these wetlands can be
entered into the mapping region attribute table z@ated by an underscore.

Flow accumulation thresholds

Determining the mapping threshold for the flow accumulation maps followed a similar process 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 accumulation maps were not modified. The thresholds value represents the
number of cells of which their surface waterliwilow towards a particular cell. It follows that if the flow
accumulation threshold is set to 1 then all but the outer cells at the top of the catchment of the flow
accumulation map will be mapped as they have the surface water of at least 1 cell flowiagls it. A
threshold of 1000 means that only cells which receive surface water fro@® cells or more will be
mapped. Flow accumulation thresholds were recorded in the appropriate field of the mapping regions
attribute table.

While determining themost appropriate maps and thresholds for each mapping region, the most
appropriate mapping relationship between the percentile filter and flow accumulation features were also
determined. As for the percentile filter and flow accumulation thresholds, thebate table of the
mapping regions also contains a field in which the user can specify the mapping relation between the
percentile filter and flow accumulation features. A number of options exist where features are retained or
omitted in the final outputdepending on the content of this field. These mapping options are set
individually for each mapping region and are:
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9 Option 1: Select and map the percentile filter features that intersect the flow accumulation features,
AND map all the flow accumulation fatures (all the flow accumulation features are mapped,
irrespective of whether they intersect percentile filter features or not).

\X \X ’ Percentiie fiker festurs

Flow accumulation features
{multip=rt)

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

' 4
N\ A )
- JF  Percentic fiter featurs

/ Flow accumulation features
{multip=rt)

1 Option 3: Select and map the percentile filter features that intersect the flow accumulationrésatu
AND only map theintersectingflow accumulation featuresOnly flow accumulation features that
intersect the percentile filter features are mapped; depending on the user defined selection the flow
accumulationfeatures are either multipart or singlepa(Figure 5.24)i.e. all or only sections of the flow
accumulation features that intersect percentile filter features are mapped respectively.

(« =
- ’ Parcentie flter festurs
Flow aceumulation features
/ {multip=rt)

9 Option 4: Map all percentile filteANDall flow accumulation features, irrespective of whether they
intersect each other or not.

’ Parcentie filtar foaturs
Flenar accumulation features
{multip=rt)
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1 Option 5: Map only the percentile filter features (all percentile filter features are mapped, irrespective
of whether they intersect flow accumulation features orth@All ancillary data are mapped along with
the percentile filter features, i.e. the output will be all the percentile filter features as well as all the
features contained in the vector and raster ancillary data.

' 4
\ N )
d = d

- - ’ Percentile filter featurs

/ Flenar accumulation features
{multipsrt)

9 Option 6: Map only the flow accumulanh features (all the flow accumulation features are mapped,
irrespective of whether they intersect 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 accunauld@atures as
well as all the features contained in the vector and raster ancillary data.

N\

’ Parcentile filter feature

/ Flenar accumulation features
{multip=rt)

9 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 ofection5.4.7.

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

I OO0dzydzf F GA2Y FSIGdzZNBa | a WakiPE thaidtenNdet FA; S raplinteidd&ting AL NJ-
onlyd dzaS YdzZ GALI NI C! Qud ¢KA&a 2LJiA2y 2yfe I LLXASE
aSié G2 hLGA2Y o oW{StSOG FYR YILI §KS LISNOSydaAtS ¥
AND only map theintersecting¥f 2 ¢ | OOdzydzf | GA2y FSIFGdz2NBaQued LF
accumulation features is enabled, then the flow accumulation lines included in theviatiaind probability

map will be based on a multipart feature selectiorg.iall sections that are connected to any part of the

flow accumulation features that intersects a percentile filter features will be selected and will be mapped
Figure 5.1). However, if the option is not enabled then the flow accumulation featurek heil
considered to be singlepart, i.e. only those sections of the flow accumulation feature that intersects the
percentile filter feature will be selected and mapped, while those that do not intersect any percentile filter
feature will not be selected antherefore not be included in the finaketland probability map(Figure

5.10B). For the purpose of creating theretland probability map this option was enabled, i.e. flow
accumulation lines were multipart.
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A Option 3 waith option to base selection of Flow accumulation features
on multipart feaiura enabled

\ N

B Option 3 with option to base selection of Flow accumulation faatures on
multipart feature disablad

N

- , Parcentila filter feature

P Flow accumulation featuras

Figure 510: Conparison 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 instancest 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 filter anal f@cumulation 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
accumulatiomn maps, wetlands which cannot be adequately accounted for using these tools can be captured
by way of manual ocreen digitizing. The script that performs the mappiRigure 5.23 allows for such
ancillary data to be listed as inputs to supplement thergeatile 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 be included in the final output. Although available, limited use was made of this optidn as i
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 region):

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 prosest
Figure5.11)

1 Map only the vector ancillary data that insects 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},
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1 Map all the raster ancillary data irrespective of whether thetelisect the percentile filter or flow
accumulation features or npand

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 percentilerfittr 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 accumulatideatures (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 regionwtiriiable, as well as all
indicated ancillary dataThe process of combining these data sources is facilitated by an ArcGIS python
script which creates the predicted wetlands maps for each division. Processes performed by the Python
Script are the followig and do not necessarily have a set order

A. The tool loops through the mapping regions dmeone and performs the following tasks faach
mapping region before moving on to the next:

a) The tool reads the percentile filer and flow accumulation thresholdsnftbe 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 neighbouring
mapping regions.

¢) Theflow accumulation map is clipped to the buffered mapping region extent.

d) The clipped flow accumulation map is reclassified according to the flow accumulation threshold
whereby only flow accumulation cells with value larger or equal to the threshold araimet
(assigned value 1) while the rest are discardadl 8 8 A 3y SR @ f dzS Wb25F G Qo

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 clipped to the
bufferedmapping 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 by a standard 10 rs€tep left of Figure 5.12).
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J) The mapping relation instruction is appliei.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 have flow accumulain 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.
[) Overlapping features in thmerged flow accumulation output are dissolved to establish a smooth
transition of the features over mapping region boundaries.
me¢KS LISNOSYGAtS FAEGSNI NradSNBR | NS WYSNHSRQ (2
n) The merged percentile filter rasters are modified to fill voidisnut holes) that may be present.
0) The raster percentile filter data are converted to vector format.
p) All vector ancillary data are merged.
Q! ff NFXradSNI FyOAfftrrNE RFEGF FNB WYSNHSRQ FyR 02y
r) Depending on the ancillamgata, setting all oronly the ancillary features that intersect either the
percentile o flow accumulationdata are selected.
s) The ancillary data are merged with the vector percentile filter data.
t) The buffered flow accumulation features and the percentile filter featuressareothed.
uy! £t FSHGdzNB& 200FAYSR FTNRY (GKS Ft2¢ | OOdzydz I (A
attribute table.
vVIft FSIFEGdNBEA 200FAYSR FNBY (KS LISNOSYdGAtS FAf
attribute table.
w) The percente 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 percentile filtdéufea to create a
single continuousvetland probability layefor the division.
y) A simplification and cleaning processe applied to remove voids (donut holes) and other
undesirable features to produce a single seamigsiand probability layefor the division Figure
5.12C, blue features).
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Figure 512: Creating the finalwetland probability maprequires the percentile filter, flow accumulation and ancillary data to be
combined to create a single seamless map for the dimis 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 polygons) include timerged flow accumulation and percentile filter features to create a
single seamlessvetland probability map for the division. The protruding portions of the flow accumulation map (green
polygons) were removed during the simplifying and cleaning 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 FSIGdzNBE& RSNAGSR FNBY (KS T 2the perc@qildzy dzf |
filter maps.
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5.5Results

The result of subdividing the study area and creating the mapping regions are preseriggiia 5.13
while Table 5.1provides a summary of the total number of mapping regions per division.

Figure 513: Divisions and mapping regions of the study area (South Africa). Mapping regions smaller than 20drm dissolved
into neighbouring features.

wm— South Africa
Divisions
Mapping regions

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) 948
Free StatéProvince (FS) 537
Gauteng Province (GT) 162
KwaZuluNatal Province (KZ) 372
Limpopo Province (LP) 630
Mpumalanga Province (MP) 379
Northern Cape East (NC_E) 263
Northern Cape North (NC_N) 463
Northern Cape South (NC_S) 278
Northern Cape West (NC_W) 364
North West Province (NW) 406
Western Cape Province (WC) 1437
Total 6239

82



National Biodiversity Assessment 20%8South African Inventory of Inland AquatiEcosystems (SAIIAE)

A visual comparison was done as a first estimation of whether the-Bd&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
DEMbased and the image#lyased method used for creating NWM4 are expected to perform optimally in

such areagHgure5.14).

Comparison of area

[] Visual comparison
@ Comparison of intersection

Figure 514: All comparisons between thevetland probability map and the National Wetland Map version 4NWM4) were
limited to mesic areas of high relief in the eastern regions of South Africa. A visual and quantitative comparison was alone f
areas in the north eastern Free State (red square and points respectively) while a comparison of surface area was dane for
area transecting theGauteng GT), Mpumalanga MP), Free State £§ and KwaZuluNatal (K2 divisions (cyan square).

The visual comparisofFigure 5.1% HTCc nyQ odpdMTQQ{ T HPC MMQ HPDPYYy
between the two maps. The cdguity and extent of vallefloor 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 wetlands with most of the NWM4 features being farm dams (red riesiinFigure 5.198B).
Thewetland probability mapshows a marked increase in representation of wetland extent for this area

(cyan inFigure5.15B).
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Figure 515: The potential presence and extent of wetlands can be estindtom A while B shows the improved wetland
representation of thewetland probability map (cyan features) compared with that ofthe National Wetland Map version 4
(NWM4) (red features).

To obtain a more quantitative estimation of the observed differentes area (kM) covered by the
different maps were compareccyan square of Figure 3lland Figure 5.16 A visual comparison of the
areas cover by the respective mapspigesented inFigure 5.16 while Table 5@esents a quantitative
comparison.

Figure 516: Differences between thavetland probability map(A) andNational Wetland Map version 4ANWM4) (B) are clearly
visible when comparing division&auteng (GT), Mpumalanga (MP), Free State (FS) and Kwa\athl (KZ) Acomparison of area
(Table 5.2 was done for features located within 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 theyan
square perFigure 5.16

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

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

To gain more insight as to whether the Dibllsed 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 colleaealong a route of 150mk by driving along a road in the north eastern
Free State (points pdfigure 5.1% The number of points that intersect thveetland probability magas well

as NWM4 were subsequently determined and expressed as a percentage oftaéhendonber of points
(Tableb.3). To account for mapping errors all points were buffered by increments of 30 m to a maximum of
210 m. Similarlyas for the original pointatases the number of points of the different buffer widths that
intersect thewetland probability mapms well as NWM4 were determined and expressed as a percentage. A
30m incremental buffer was chosen on account of the 30 m resolution of the DEM used during the DEM
based mapping proces$dgble 5.3.

Table 53: Comparison of the number and percentage of features of both thetland probability mapand the National Wetland
Map version 4 KWM4) that intersect points of known wetland location. Buffer: Buffer (meters) around each point; Cé&digjital
Elevation Malel (DEM cell equivalent of buffer width; Intersect: The number of points the intersect wetland features;
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 probabilitymap offers 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 240buffered points intersected by NWM4 (18 points,

1999. These results would suggest that thestland probability mapprovides 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 resfilin accuracy assessment, but of a comparative
analysis, i.e. if all of the Free St&eovincewas mapped as wetlands then 100% of thetland probability

map would have intersected the reference points, which is an obvious false representation of @cclira

LINE LISNJ | OOdzN> Oé FraaSaavySyild akKz2dzZ R Ay FTRRAGAZY (2
6SOHfFYRQ NBFSNBYOS LRAYyGAa a2 GKIFIG 020K 2YAadarzy
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A visual comparison of accuracy in other regiovasless favourable for the DEbBsed approach. Initial
indications are that the DEMased approach had low accuracy in arid regions as well as regions of low
relief. Regions that are characterised by these constrains are expected to have lowest addueaggstern

region of the Northern Cape Province (division NC_E) is arid but also of highFigligé 5.170 o nc 0 pQ
nodnmMQQ{ T Hpc McQ MTPATQQI9UV &aK2ga Y2RSEttSR gSaGtly
Asfor Figure 5.15the NWM4 eatures accounts mostly for farm dams whereas tinretland probability

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

them being wetland, this is not the case for the features of this area. While the wetland probability features
of Figure 5.17cover some of the watercourses, numerous watercourses not covered by the map are
evident (indicated by the bluarrows). There is high certainty that the areas covered by the features of
Figure 5.17are watercourses, however, there is also high uncertainty as to whether they represent actual
wetlands or not. The same applies to the watercourses indicated by tleeashows. Of the indicators for
identifying wetlands it is only the vegetation indicator that can be detected 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 thasgibility. In this case that rationale was that there

is uncertainty all around as to whether any of the valley floor areas are actually wetland, but that the
majority of thelower parts of the valley floor areas have the highest likelihood of being metiand were
therefore mapped. It is important to note that exclusion of the remainder of the valley floor areas, whether
rightly or wrongly so, is a result of conscious decisions taken by the user and not a failure on account of the
method, asthese areasvould have been mapped if they were considered to be wetland. Different users,
depending on what they consider to be wetland from the imagery, will therefore produce different results
and it is in instances like this where the expert knowledge of the isdary to producing an accurate map.
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Figure 517: Valley floor areas in an arid area of high relief of which some portions of the valley floors were indicated to be
possible wetland (cyan features) while others were not (el arrow). The absence of vegetation from the valley floor areas
requires the user to rely on expert knowledge on which areas, if any, are to be mapped as wetlands.

A common feature of the Northern Cape Provincevigt is commonly referred to d#tashe€) ¢ Kake O K
low lying areas towards which surface water flows during high rainfall eyelatsk arrow of Figure 5.18]}

is clear fromFigure 5.18hat these areas are water affected, but it is not clear whether they are wetlands
or not as theyare simiar to the valley floor areas dfigure 5.17and are often without vegetation. A
challenge experienced during the mapping process is that when decidingrilaaéa indicated by the blue
arrow is a wetland, is to then motivate why any one of the otheteyalloor areas are not wetland since
these, similarly to the valley floor indicated by the blue arrow, are equally likely/unlikely to satisfy the
indicators and criteria for identifying and delineating wetlaifdl valley floors of Figure 5.18ecausst is

a desktopbased method assumptions had to be made. When following this ratiertdlen all of the
visually identifiable valley floors should or should not be mapped as wetland. This conundrum applies to all
valley floor areas in arid regions and Hights the subjective nature of the mapping process. However, this
limitation of mapping wetlands in arid regions does not only apply to the D&d¢d 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 established that they
are wetland or if the objective is to map all watercourses, whereas an im#gegd approach will most
probably fail.
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Figure 518: Because there is no vegetation in the valley floor areas, assumptions have to be made on whether they represent
wetland or not. Rightly or wrongly so, these washes (areas indicated by all areas) were not considered to tendefll areas
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 l@ef (standard deviation of elevation less than 10 m).
While low relief relates to difficulties at accurately mapping the valley floors and wetland extent, low MAP
relates to difficulties at identifying and recognizing wetlands from imagery. Ratingspgimgaconfidence

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 Mean Annual Precipitation JAP) and relief. Regions with a
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 categories of confidence rating are relativeplying that a high confidence rating 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 confidence ra#tnggh confidencerating therefore

refers tomapping accuracy within the constraints and limitation of the Biielided method as discussed in
Section 5.6.

The confidence rating pdfigure 5.19s a very simplistic representation and does not account for factors
other than MAP and relief. Regions oMMAP and sparse vegetation were found to be more problematic
than regions of similar MAP but which are better vegetattbtlands located within the grasslands of the
low confidence regions are therefore expected to be better mapped then e.g. areasat de«Karooin

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 Diblsbed approach and wetlands of these areas will be
mapped at lower accuracy than the wetlandf 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 (0 standard deviation) category. In some e 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.

Criticism of the existing national wetland map (NWM#Agludes amongst others the lack of contiguity
amongst and within wetland ecosystems. The Diaded method was designed to address these
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shortcomings and the results indicate that the method has to some extent succeeded thEneirsolated
and disconne@d nature of features in the NWM4 Map (red in A & Brafure 5.19is clearly visible as
opposed to the modellesvetland probability magblue), which to a large extent overcomes this defect (B).

Figure 520: TheDigital Elevation Model (DEM-based approach (blue features) was to a large extent able to overcome the poor
contiguity of wetlands mapped irthe National Wetland Map version 4ANWM4) (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 overlapdétchbacks, 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 DIEbased approach was for it to be able to rapidly map extensive areas
with minimum data, skill and cost requirements. Imagery and DEMs were freely available while it took a
single person on average approximatelg97working days to determine and capture ethmapping
thresholds for all mapping regions of a divisiemcluding the time for dat@reparation such ascreating

the percentile filter and flow accumulation maps. Although it is acknowlddipat the results have
suffered from the fact that all mappinwas done by a single user, it was possible for a single person to map
the entire South Africa within reasonable time at cost. Development of the Python scripts did require skills
not common amongst mosvhom in future will be mapping wetlands. Howevemae thePython Sdpts

are made available the mapping of wetlands following the Edalsked approach will require minimum GIS
skills of the user. An added advantage of this benefit is that users who have detailed knowledge of wetlands
in a particular regiowill in future be able to easily improve on the results of the mapping exercise using
the same method, something that was not possible with previous mapping method.

Although the percentile filter and flow accumulation features are combined to create & siegmless
wetland probability mapthese remain as individual features within the final outpig(re 5.2Q The fact
that they are mapped as separate features allows for the possibility of automating tH@Myping of
these features(Ollis et al 2013 which would not have been possible if all percentile filter and flow
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accumulation features were dissolved into a single feature. The fact that the features are mapped
individually is considered to be a distinct advantage for the initial creation of Emeetmap that will allow

for the assessment of other wetlands attributesdated towetland function and wetland health, which 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 OBJETD) to assign each individual feature (potentially a different H@it than the adjoining feature) a unique colour.

Wetlands are a key component of provincial biodiversity plans. For most proyviheesetland component

of their biodiversity plangsinformed by the NFEPA of which the spatial component is informed by NWM4.

If the finding that the NWM4 accounts for less than 50 % of the wetlands associated with the valley floor
landscape unit is accurate, then it means that priority wetlands were ifiedtwithout having considered

half of the wetlands. NFEPA priority wetlands may not be the priority wetlands, imphanbghe Critical
Biodiversity Areas (CBAs) that are selected on account of important wetlands may have been incorrectly
identified as sch. Thewetland probability mapmay to some extent contribute towards the spatial
component of future wetland priority assessments and therefore contribute towards improved confidence
of such processes.

91



National Biodiversity Assessment 20t8South African Inventory of Inland Aquatiecosystems (SAIIAE)

2 SGflyRa | NB RSTAyndrRal tiraumstandds Isuppors & Avaukl suppbrt Wgetation
typically adapted to life in saturated sS{RSA 1998:9Methods employed 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 in the poor contiguity 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 in NWM4. The DBE&sed method assumes such areas to be avetland is
therefore more compliant with mapping wetlan@s per the NationalWater Act(No. 36 of 1998)It is also

more suitable for mapping original wetland extent which if combined with wetlands identified from
multispectral imagery allows for deterniimg 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 dBASAF 2005)Of

the indicators it is only the soil wetness indicator that is considered to be diagho&ticough soil maps

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

The ability to identify wetlands from imagery differs from one region to the nexaraas with different
vegetation structure, moisture regime, topographst, ceterg present different conditions for wetland
development and has different reflectance properties. The extent to which vegetation expresses the
presence of a wetland thereforefters between mapping regions so 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 ts anethe same mapping
region that are inundated less frequently. Depending on the quality of the imagersite@ulisturbances

and experience of the user, the drier wetlands may or may not be identified as wetidigutrd 5.21 A
certain amount of errois therefore an inherent part of 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 satellite imagery of a single season of (28L3ion5.4.1). It is can be seen from
Figure 5.22hat the three years preceding 2013 received mostly above average annual rainfall (indicated by
the red line), with the preceding yeseceived below average rainfé®outh 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.

% Although the presence of hydrophytic vegetation is considered to be diagnostic, the absence of such vegetation does not
necessarily indicate the absence of wetlands as other indicators such as soil form or soil wetness may confirm wetlacel ipresen
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 diagnostic. However, some soil form may or may not indicate wetlands presence. The soil form indicator is
therefore na 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 demarcated byhe 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 br the period 1904 to 2015 in South Afri¢g&outh African Weather ServicesSAWS)
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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 whiaketland presence and boundaries could 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 theDEMbased approach is that it does not perform well at mapping very largas
of valleyfloor 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 Othertechnical limitations

The mapping tool Rigure 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.

The optionto fillvdRd O LI N} YSGSNJ WCAff @2ARa O0R2Y dAQU&RBSA U
will fill all voids located within a featurd-igure 5.248). Often the filling of voids is desirable as many of
them are the result of the percentile filter and @llary maps not covering the full 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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' 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) "Raster fill"; expand combined percentile fiter and raster ancillary features to fill gaps

Mumber of cells by which to fill (expand)
1

C2) 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)

« =[x [+ @]

D2) Input: Raster andilary data (optional)

« =[x [+ @]

[ ok || cencel ||Envionments.. || <<Hdetep |

Figure5.24: 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 Comparig y 2 F NB&adzZ (& 6AGK (GKS WCAtt @2AR& oR2ydzi K2t Sao ifFk
opposed to it being enabled (B).

Another limitation of this option is that voids that contain islands of isolated featwk&h are not
consideed to be empty and are therefore not filleFigure 5.2% Contrary to the example dfigure 5.25
such areas of wetland are incorrectly mapped as-n@tland.

Figure 526: Unintended consequences of having an area whicm@ wetland (A) filled 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 therebyresulting in wetlands areas being incorrectly mapped as neatland (B).

Although the method is aimed at mapping wetlands which are primarily associated with the-fladiey
landscape position, it inevitably predicted wetlands of other H@#Ms, spediically depression wetlands.
For the purpose of creating a single wetland layer for South Africa containing wetlands of alliit& ¥he
latter is considered to be more of an inconvenience as opposed to an error. Ideally the outpwetéad
probabilty mapwould be able to predict different HGMnits, or alternatively an output containing only
wetlands that are associated with the valley fldandscape unit. The use of the percentile filter tool,
however, predicts vallefloor-related HGMunits such as channelled and unchannelled vatayttom
wetlands, but also includes HGMits found on plains, such as depression wetlands. Further investigations
are required to determine whether depressions can be excluded.

As mentioned previously the mapping thhedds 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 100% spatially acGefaal
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 DEbMased method only maps wetlands of the valley floor
landscape position. To create a national watlamap that includes wetlands of all HGMits 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& RiversMoore 2015)will greatly contribute towards and should ideally be available during
mapping. The use of multiple imagdor different years and seasons as well as images derived from other
sensors will also allow for improved detection of wetlands to inform the process tohgemapping
thresholds. Data from neimagery related sources to confirm wetland presenca@bsence should also be
consideredsuch agelevé data from the national vegetation database where vegetation and soil data can
confirm the presence or absencéwetland 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 abilitpaterDEMs to possibly
overcome the limitation of mgping 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 parts of the arid redqi@search 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 method and its appliaati 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 promise for improving otirexigetland

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 regions of high reli@fe 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 management decisions is not recametheAreas of which

the results are subjectively considered to tnasuitable 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 where many of the alternativks not. From this perspective the results of
these regions are considered to be useful to inform decision making at various fevelseas of high
confidence(Figure 5.1%

The accuracy of the outputsvery much dependant on the effort. Depending amé constraints the user
can decide how much effort to increase accurdlegtt 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 andertical 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 wetland location to udela®N\l A y Ay 3 TSI (i dzNBS
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 understanding of what
constitutes wetlad 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 increased accuracy and npapg 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, sufficient 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 limitat®may still provethe 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. Multispectral
approachesaf Sy dzaS Yl aia (G2 WFAEtGSND 2dzi SNNRBNBE 27F &L
used to distinguish between wetland reflectance values that are likely to be wetland (i.e. those within the
valley floor areas), and those that are unlikely towetland (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
FORSUPPLEMENTINGENATIONAMWETLANDIAP

Chapter CitationVan Deventer, HKassier, D Snaddon, K.& Davis S. 2018Chapter 6: Evaluation of
the wetland probability magdor supplementing for the National Wetland Maps Van Deventeet al.
South African NationaBiodiversity Assessment 2018: Technical Report. VolumeS@uth African
Inventory of Inland Aquati€cosystems (SAllIARersion 3final released o3 October2019 Council

for Scientific and Industrial Research (CSIR)Smah African National Biodivaty Institute (SANBI):
Pretoriag South Africa ReportNumber: CSIR report numb&SIR/NRE/ECOS/IR/2018/0001/A; SANBI
report numberhttp://hdl.handle.net/20.500.12143/5847

This chapteiprovidesinformation on the comparison between firgcale mapped wetlands and modelled
wetlands for a number of areas in South Africa. At least three cowmithg modelled wetlanddatases
were compared for four catchments, one district and three metropolitan muniitipgal Recommendations
are provided on the use of theskatases forthe National Wetland Map version 5 (NWM5)

6.1 Introduction

Omission errors in NWM5 remain a concennd are difficult to quantify at a countiwide scale. Where
reference datases exist, a comparison of agreement, omission and commission errors can be done to
evaluate thequality and completenessf a NWM. At a finer scalend wherefundingfor fieldwork can be

made available the levelof agreement, omission and commission camdssessedor a corridor along
transects, similar to those done by Werner (26R@05). Supplementation of a NWM with modelled
wetlands data has been considered previously (Chapter 1), and likewise, the supplementation of NWM5
with the wetlands probabilitymap data, modelled at a countrwide scale has also been considered and
reported here

This chapter has two objectives:

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

omission errors of NWMS5 without introducing more commission errors.

6.2 Methods

NWM5 was evaluatedgainst three finescale wetlandeferencedataset, mapped by Wetland Consinlg
ServicedPty Ltd(WCS) for study areas in the Free State (FS) and Mpumalangaidtices(Table6.1,
see also Appendil). The comparison was done with a ndenal draft of NWMD5, version 5.4, whichas
availableon 30 November 201 Mo edits to these areas were done l&ten this version and the release of
NWMS5 for these areas.
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The datases were compared using ArcGIS 10.3 (ESRI¢2994) and an overlay procedure with all the
data in the Albers Equal Area coordinate system for South Africa which least distorts sardac&he
statistics were summarised in two ways:

a) the extent of the wetlands mappedor eachdatasetwas listed in hectares (ha) as well as the
percentage (%) of wetlands relative to the surface area of each study areae 3tatistics
provide a general werview of the extent of wetlands mappedbhut do not indicate the
agreement or disagreement between tidatases, and

b) the percentageagreement omission and commission erroref NWM5.4 relative to the
referencedatasetand expressed as percentage of thefane area of each study area.

Table 61: Areas for which finescale wetlands maps were used in comparisonNational Wetlands Map version SNWM5).

Area or district Extent (ha) Description
Free Stategudy Area (FSSAFS 109831 Not provided
Olifants RiveBudy Area (ORSAMP 30 886 Located near the towhVitbank, characterised by sandy

soils derived from Karoo sandstonessulting in very
extensive seep wetlands.

Vaal RiveBudy Area (VSRSAMP 13763 Located near the town Secunda, characteriseddxyic
clay soils derived from intrusive dolerites. Given the clay
soils, seep wetlands are less prevalent in this area and
valley bottom wetlands predominate.

Three wetland datases modelled at a countrywide extent were subsequently considered for
supplementation of NWM5:

1 Wetlands modelled for South Africa Bjpompsoret al. (2002);
1 TheGlobal Inundation Extent from Mu8atelliteGIEMS]FluetChouinardet al. 2015); and
1 Thewetland probability magsee Chapter 5).

Although otherprobablewetland mappingdatases have been produced fathe KwaZuleNatal Province,
these were not considered for inclusion in the NW&an Deventeet al. 2018. For example, time and
budget constraints prohibited the typg of the extent of wetlands modelled for the province (Hiestermann
& RiversMoore 2015) from inclusion and comparison to fiseale inland wetlandatases.

A comparison was done betweethe three datases which hadmodelled inland wetlandsat a national
scale and eight fine-scale wetland datsets fromacross the country (Tabl6.2). This included nland
wetlands fromthe three study areas listed in Table 6uhich were compared to thevetland probability
map. In addition, ebaseline of NWM5.4Avhich was available b30 November 201and included finescale
data for the three metropolitaimunicipalitiesas well aghe Cape Winelands District (CWD), was usedl in
comparisonagainst thewetland probability mapas well asThompsonet al. (2002) and the GIEMS data
(FluetChouinardet al. 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
et al., ok Kk probability
2002 map
City of Cape Town Metropolitan Municipalit 244048.9 Fynbos K K K
of 2016(CoCTMM2016), Western Cape i
(WQ*
City of Johannesburg Metropolitan 164493 Grassland K K K
Municipalityof 2016(CoJMM2016),
Gauteng (GTF
City of Tshwane Metropolitan Municipalibf 217456.5 Grassland K K K
2009(CTMM2009), GT**
Free State Study AreB$SH Fee Sate 109831 Grassland K
Olifants River South Africa (ORSA), 30886 Grassland K
MpumalangaMP)
Vaal River Studfrea YRSHA MP 13763 Grassland K
Saldanh&Sandveldudy Area (SSSA), WC* 2592192 Fynbos K
Cape Winelands Distriof 2016(CWD2016), 2147328 Fynbos/ K K K
WC** Succulent
Karoo

* Prior to inclusion into NWM5.4**Included in NWM5.4y time of assessmerit* The extent excluding islands was used
*** GIEMS $lobal Inundation Extent from MulBatellitegFluetChouinard et al. 2015).

The datases in Table 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 w&s attairable within arestricted timeframe and budget. Therefore, many of the
referencedatases represent onla portion of wetlands that exist in these catchments, althougith high
confidence.For most of the municipalities, the latest boundaries from the Municipal Demarcation Board
have been used, except for the City of Tshwane where the 2009 boundary was used, becauserthreecfe
data was mapped to the 2009 boundaiyhe mehod of comparison and resultingtatisticsbetween the
modelled wetlandslatases and the referencdatases, were similar to thoseisedfor the NWMS5.

6.3 Results

6.3.1 NWMS5 comparisorto referencedatasets

All three referencalatases 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 mapped relative to the size of the study area and the
referencedataset FSSA = Free State Study Area; FS = Free State; ORSA = QlifantStudy AreaMP = Mpumalanga; VRSA =
Vaal River Study Area

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

Ref 11027 10.
FSA eference 0 0.0
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 13.4

NWM5.4 showed a low percentage of agreemegiative to the surface aredsr the Free Stat&udy Area

(1.1%) compared to the Orange River arahl River study areas-1®%)(Figure 6.1). Themission errors

of the Olifants RiveBudy Areawere the highest (17%) followed by the Free Stafeidy Area (9%) and the

Vaal RiveRudy Area (6%). This means that between 30% of the Vaal River, 70% of the Olifants River and
90% of the Free Stat8udy ANS I 4 Q ®f3hk freffeyeitédatasetare not represented ifNWM5.4.
Commission errors, on the other handese generally low (8%), ranging from the highest for the Vaal
River (3%), followed by the Olifants River (1.3%) and the Free State $0uBY@reas.
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Figure 61: Comparison ofNational Wetland Map subversion5.4 (NWM5.4)to the referencedatasetas percentage (%) of the
surface area of each study areBESSA = Free State Study Area; ORSA = OliRings Study AreaVRSA ¥aal River Study Area.
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