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Abstract

The South African Rock Art Digital Archive (SARADA) is a repository of memory and a
testament to over 30.000 years of human activities including interactions between people and
the environment across the African continent. This archive is of great value to the African
history and cultural depictions. However, incomplete information related to suitable
geographic coordinates present a challenge for locating and accessing a considerable number
of rock art sites, in this case considering the 780 rock art sites without geographic coordinates.
This study assesses information records of rock art sites contained in SARADA to extract
suitable textual information that can be used for the purpose of geocoding rock art sites.
Geocoding methods are useful in transforming textual information into geographic coordinate
locations. In order to determine whether the extracted textual information from SARADA was
suitable for the purpose geocoding, attribute accuracy and completeness were assessed. Three
standard geocoding methods were explored: Geocoding using addresses, geocoding using
postal codes and geocoding using administrative boundaries. The textual information about
rock art sites extracted from SARADA only allowed the geocoding of rock art sites to be
performed at the postal code level (i.e. zip codes as geographic identifiers). The geocoding

match rate is 62% which geocoded at a road level.
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1.Introduction

1.1.Background

Rock paintings and engravings are Africa’s oldest continuously practiced art form. The form,
function, and spatial distribution of rock art can reveal a great deal of information about the
actions of the people, their environment, and the system in which they are deeply embedded
(Chippindale and Nash, 2004). A rock art constitutes a repository of memory and a testament
to over 30.000 years of human activity including interactions between people and the
environment (Haubt, 2015).

A digital or analogous (i.e. on a drawing or paper map) rock art record can be used in a number
of ways by different audiences. Campbell (2013) states that custodians require a precise,
detailed and measurable record of the rock art, its condition, and its surroundings in order to
monitor change and make informed decisions on management and conservation. According to
Hall et al. (2016) researchers want a wide range of information on the content and context of
the rock art. Interested members of the general public want a clear and accurate record of where
the rock art is and what it looks like (Merryman, 1989). A wider audience, including learners
and the public, want a visually exciting, accessible and engaging record that stimulates

their imagination and learning experience (Hall et al., 2016).

Accessing the rock art information in the form of spatial data (e.g. geographic coordinate
locations) provides opportunities for mapping and visualising the interaction between people

and their geographical and cultural surroundings across space and time.

The South African Rock Art Digital Archive (SARADA) is one of the largest rock art digital
archive in the world with collections from more than 30 institutions and individuals, giving
access to more than 270,000 digital images of rock art. SARADA is available on a digital
platform created by the Rock Art Research Institute (RARI). RARI holds a significant
collection of historical documents, photographs, redrawings and slides in addition to its large
working collection of slides, tracings and redrawings available on the South African Rock Art

Digital Archive.



However, the current data structure of SARADA is stored in a non-spatial repository and does
not support spatial searches or queries. Furthermore, data accessibility is limited to selected

metadata and non-geo-referenced imagery of the rock art information.

Geocoding is a method that will be used in this research to convert existing suitable textual
information of rock art sites into geographic coordinates of non-georeferenced rock art sites.
The term geocoding refers to the process of coding the earth with geographic reference
information that can be reconciled for computer mapping uses (Harries,1999). Geocoding
involves transforming indirect spatial information into direct locations which can be placed on
a map, thus allowing for spatial analysis and cross-referencing (Sanchez and Bertolotto, 2017).
According to Kellison (2012) geocoding provides one approach to spatialising street addresses,

parcels, or administrative zones.

1.2 Problem statement

Spatial information contained in SARADA is limited and not structured within a GIS-based
system. Such information includes descriptions of the landscape where the rock art is found,
the demographics and the human history as well as the positioning of the rock art tradition in
time. However, not all rock art sites have geographic coordinate locations. This makes it a
challenge for SARADA’s researchers and potential users to perform spatial queries or spatial
proximity analyses using the digital rock art archive as it is in its current format. This ultimately
hinders efforts towards a thorough understanding of the richness and depth of information that
one can extract from such a historic archive as alluded in the background section (section 1.1)
of this research report. Geocoding is an inevitable step in any spatially based study with
considerable bodies of data. This makes it a critical process in various contexts such as
historical geocoding. Many geocoding services have been developed to fulfil this need,
originating from private initiatives (Google Geocoding API,Mapzen (mapzen.com)), public
agencies or from the open-source community (OpenStreetMap Nominatim
(nominatim.openstreetmap.org), Gisgraphy (gisgraphy.com)). (Healy and Gilliland, 2012, Ng
et al., 1993, Zandbergen, 2008) have provided enormous contribution on assessing geocoding
tools using historical data. Searching SARADA for motifs or pictographs by location selection

results in unrequested results. Furthermore, determining the proximity of ancient species in a



desired area results in null responses as the spatial attribute is not encompassed in the database

for queries.

1.3 Aim

The aim of this research project is to assess the suitability of the textual information extracted
from SARADA for the purpose of geocoding rock art sites.

1.4 Motivation

Rock art sites are amongst the most vulnerable heritage sites due to the impact of climate
change, expansion of urban areas and vandalism (UNESCO World Heritage Centre, 2010). It
IS becoming important to implement conservation and preservation methods as more and more
rock art sites are being lost due to natural and cultural threats. Besides serving as a digital
repository, extracting spatial data could assist in improving an intelligent retrieval of rock art
information through spatial queries and proximity analyses. For example, rock art sites could
be queried in relation to other physical and natural features that are in the vicinity of such sites.
This will improve the understanding of rock art by researchers and the general public. For this
to happen, all rock sites recorded in SARADA will need to be georeferenced. At present,
besides having geographic coordinate locations of some rock art sites, the spatial information
contained in the SARADA is in a textual form (e.g. site name, place name etc.). Therefore, the

main

1.5 Research Objectives:

The objectives of the project are as follows:
1. Identify and assess suitable textual information that can be used to extract spatial
information for the purpose of geocoding rock art sites.

2. Design a geocoding routine and perform geocoding and accuracy assessment based on the

extracted spatial information obtained in the first objective.



2. Literature review

Over the years, the changing availability of geographic data has forced the concept of
geocoding to remain flexible and adaptive in terms of its requirements and capabilities (Vieira
et al, 2010 ). The increasing availability, accuracy, and reliability of digital geographic
reference datasets has meant that the geocoding process has continually evolved to keep pace
with the underlying datasets that facilitate its use (Vieira et al, 2010 ). More modern attempts
at geocoding have tackled the problems of assigning valid geographic codes to far more types
of locational descriptions such as street intersections (Levine and Kim 1998), enumeration
districts (census delineations) (Sheehan et al. 2000), postal codes (zip codes) (Gatrell 1989,
Collins et al. 1998, Sheehan et al. 2000, Krieger et al. 2002b, Hurley et al. 2003), named
geographic features (Davis et al. 2003, United Nations Economic Commission 2005), and even
freeform textual descriptions of locations (Wieczorek et al. 2004, Hutchinson and Veenendall,
2005).

2.1 Geocoding archival of non-address data

The geocoding of cultural content is becoming a very promising technique which is introducing
new scenarios of exploring and improving heritage sites across the globe (Vodeb and
Zakrajsek, 2013). Guidelines and recommendations were established by Kollen et al. (2013) to
provide an access to geographic (spatial) data and tools as well as how to catalogue non-address
data. Several applications have been established and are used in the cultural tourism, teaching,
research domains and e-infrastructure using GIS (Zakrajsek and Vodeb 2013). Kollen et al.
(2013) investigated techniques of storing spatial data and made recommendations on the
technology and software needs for transforming historical data to digital content. The findings
provided information on the current geospatial data catalogue practices and approaches by
academic libraries and the conclusion was that users can conduct a wide range of research as

well as planning, analysis, and decision making.

Nevertheless, there are still quite some challenges in terms of geocoding archival of non-
address data. For example, seldom studies have used archival classification standards in order
to define and catalogue the underlying geographical historical data and information (Titus,
2016). Both Sanchez and Bertolotto (2017) and Cura et al., (2018) mention that historical data
is filled with uncertainties (pertaining to temporal, textual and positional accuracy, as well as

to the reliability of historical sources) which can either be ignored or entirely be resolved.



Geocoding tools that work efficiently for current addresses such as Bing Maps, ESRI address
locator and USC geocoding platform were assessed by (Swift et al., 2008). However, these do
not tackle temporal information, and usually follow a very strict hierarchy (country, city, street,
house number, etc.) which is very challenging, if not impossible, to use with historical data
(e.g. rock art).

2.2 Geocoding Methods

Geocoding involves the process of assigning geographic coordinates (latitude and longitude)
to a location (or a place) by simply comparing the descriptive location-specific elements against
a reference geospatial dataset (Zandberg, 2008). ESRI (2014) outlines the geocoding process
steps involved in translating an address entry, searching for the address in the reference data,
and output the best match candidate or candidates as a point feature on the map. Dao (2015)

and Kellison (2012) outline geocoding steps which include the following:

Parsing the input address into address components (such as street name, street type,
etc.) as a first category,

= Standardizing abbreviated values,

= Assigning each address element to a category known as a match key, indexing the
needed categories, searching the reference data,

= Assigning a score to each potential candidate, filtering the list of candidates based on
the minimum match score and delivering the best match.

Research on geocoding methods by Kellison (2012), Titus (2016) and Zandbergen (2008)
demonstrates that even though geocoding applications vary and span numerous types of
applications, there are several common problems that were identified. For example, poor
matching rates, requiring excessive manual mapping by the user, inaccuracies and/or
incompleteness of the resulting spatial datasets. It should be noted that spatial datasets have
become an essential element in geographic information system (Goodchild, 2003). In the
context of the study presented in this report, the process of geocoding results in the creating of

spatial datasets of rock art sites.



2.2.1 Geocoding by Addresses

In 2004, Standards South Africa, a division of the South African Bureau of Standards (SABS),
began a project of developing a South African National Standard (SANS) for ‘a standard
framework for South African addresses’, subsequently given the designation SANS1883
(Coetzee and Cooper, 2007). The aim of the standard was not to devise a new system of
addressing or to build a national address database, but rather according to Van Rensburg
(2015), this was to enable interoperability in address data sets and geographical information

systems (GISs), which will facilitate developing a national address database.

The information captured in SARADA does not follow the standard framework for south
African addresses. The web-database does not provide site location data other than the
geographic coordinate locations (latitude and longitude) of some rock art sites. However,
SARADA contains imageries organized by institution or contributor. This is one of the
challenges for geocoding rock art data. According to Coetzee and Cooper (2007) formal
addresses have never been assigned in vast areas of South Africa. These areas include farms,
rural villages and former black townships. In the SARADA database, directions or addresses
are given in textual forms such as “How to find site” whereby it highlights the direction or

paths to take in order to get to a specific rock art site.

2.2.2 Geocoding by Postal codes

The postal code system of South Africa was launched on the 8th of October, 1973 (Rossow,
2008). A postal code is a 4-digit code that relates to the region, specific to post office
distribution, postal sorting centre (HUB), and to some extent, province (Lombaard, 2010). It is
ordered numerically according to a distribution area and as such, the sorting ranges do not
directly relate to province. Postal codes are often the only geographic identifier available for
assigning contextual or environmental information to a study population (Charif et al., 2010).

The accuracy of geocoding from postal codes can vary and geocoding imprecision may result
in misclassification, depending on the spatial resolution of the environmental or contextual
measures. According to Charif et al (2010) and Tian et al (2016) geocoding based on a full
street address is a highly accurate way of assigning geographic coordinates to an individual’s
residential location than using postal codes. However, the SARADA address information is not
standardized and fully available in this format.



2.2.3 Geocoding by boundaries

Geocoding by boundary is the least accurate of the three methods of mapping point locations
(Dramowicz, 2004). Any boundary file, such as provinces or districts, can be used, as long as
the boundary name in the table to be geocoded can be matched with the boundary name in the
reference table. The larger the boundary, the less accurate the results (Charif et al., 2010, Dao,
2015, Dramowicz, 2004). The three standard geocoding methods are explored in order to

transform non-spatial data to spatial data.

2.3 Challenges on geocoding historical data

Sanchez and Bertolotto (2017) developed a historical GIS database for the City of Dublin
(Ireland) and in developing a system for storing and manipulating historical data related to the
visitors of a library in the city of Dublin in the time period 1826-1926, they faced several
challenges linked to the uncertainty associated with such data. According to Sanchez and
Bertolotto(2017) these were due to several different aspects including lack of consistency in
the recording of visits to the library over time, interpretation of different handwriting styles,
varying levels of granularity in both the spatial (address of visitors) and temporal (date of visit)
dimension of the records.

The approach they took was inspired by the work of (Malizia, 2013) who defines three types
of inaccuracies as locational, incompleteness and temporal which are the biggest challenging
factors in assessing historical GIS data.

A geocoding process of a set of addresses will be more successful if the percentage of addresses
that can be associated with geographic coordinates is high. To achieve this high percentage, a
loosening of conditions may be required to accommodate some trade-offs between the rate of
matches and locational accuracy. Therefore, the positional accuracy of those coordinates will
likely decrease (Sanchez and Bertolotto, 2017). Malizia (2013) mentions three reasons which
lead to poor geocoding outcomes: misspelled or abbreviated addresses; records which include
alternative identifiers to address (e.g. PO box numbers); or missing attribute information in the

reference file.



Van Rensburg (2015) conducted a study in South Africa to determine a geocoding workflow
for South African Data and concluded that South African addresses are not standardised. This

was also previously mentioned by Coetzee and Cooper (2007).

2.4 Geocoding match rates

The simplest measure of geocoding quality is the match rate, or the percentage of records that
produce a reliable match (Tian et al., 2016, Zandbergen, 2008). An obvious question that
emerged in most geocoding literature is: What is an acceptable match rate? But this question
has been given limited attention in the literature. In general, match rates reported in studies that
have used geocoding vary greatly since they depend on many factors (Dao, 2015, Kellison,
2012, Tian et al., 2016, Zandbergen, 2008). There is no agreement on a common standard for

an acceptable geocoding match rate.

According to (Cura et al., 2018) and (Vodeb and Zakrajsek, 2013) the match rates increases if
efforts are made to increase the quality of the address file and the geographic reference file.
Interpreting match rates, however, is very subjective since much rely on the criteria used to
characterize a match. The match rate is based on how well the locations found in the reference
data match with the tested data.

The match rates are based on a weighted numbering system; based on the number of matching
characters in each of the prioritized/configured address element areas as well as zip codes. So,
the more characters that can match the better the likelihood of a high score. Every individual
character contributes a percentage to the total score. This is based on the algorithm of address
locators in ESRI ArcGIS. When using postal/zip code boundaries, a match rate goes to the
correct 4-digit code. Scores are weight summed, with percentage normalization. Missing
elements do not penalize a score, they simply do not contribute (Zhan et al., 2006) and
(Zandbergen, 2008).

2.5 Geographical Data Quality Assessment

Given that the process of geocoding rock art sites recorded in SARADA would result in the
creation of geospatial data (i.e. geographic coordinate locations of rock art sites), it is relevant
to review how the quality of geospatial datasets are assessed. Prescott (1996) comprehensively
outlines quality as an essential or distinguishing characteristic necessary for the spatial or

geographic data to be fit-for-use; meeting an expectation; degree of excellence and



conformance to a standard. Furthermore, quality is about meeting satisfaction with a data
product. A satisfactory level is commonly met by “conformance to a standard” or a
specification, i.e. by a specified set of regulations for a data producer to follow in order to meet
an agreeable quality level (Prescott, 1996).

2.5.1 Components of data quality assessment

Accuracy is defined as the degree or closeness to which the information on a map matches the
values in the real world (Veregin, 1999). However, spatial datasets are subject to a variety of
quality issues, due to factors related to data acquisition and calibration (Levesque et al., 2007).
For example, assessing the quality of the data in terms of its attribute accuracy, can help to

assure its suitability within a specific application area (Fischer and Getis, 2009).

2.5.1.1 Positional Accuracy

Positional accuracy is basically related with ensuring that lines and polygons have the correct
shape and are correctly located (Docan, 2013), can also be defined by the accuracy of positions
of spatial features of a data set in correspondence to the geographical space. Positional accuracy
is the accuracy of positions of spatial features depicted within a spatial data set in relation to a
prevailing projected geodetic reference system (Zandbergen, 2008). Furthermore, Zandbergen
(2008) explains that “positional accuracy is basically related with ensuring that lines and
polygons have the correct shape and are correctly located”. In this study, the positional
accuracy was not assessed because there is no ground truth data from a reference file of rock
art sites and the geocoding process is to determine positional points of the sites.

2.5.1.2 Attribute accuracy

Another relevant element of data quality is the attribute accuracy. The term attribute is referred
to a fact or a specific property about some geographic feature or location (e.g. elevation, land
cover class, etc.), stored as spatial information in a GIS database (Van Oort, 2006). According
to Haklay (2010) Attribute accuracy is the closeness of attribute values to their true value. The
attribute accuracy was assessed in this study to determine the producer and user accuracy that
will further assist in determining if the geocoding match rate is affected by the data quality.



2.5.1.3 Completeness

Completeness in the simplest term shows if each entity occurrence is present and whether all
its attributes are present. Entity occurrence can be defined as the real-world phenomenon of a
given type. Completeness also refers to the presence and absence of spatial features, associated
attributes, and relationships between features within a dataset (Siebritz, 2014). Completeness
focuses on information of selection criteria, definitions and mapping rules (Docan, 2013). It is
important in this study to understand the omission and commission error of the datasets,

therefore the completeness of the dataset in this research was assessed.

2.5.1.4 Lineage

The lineage contains descriptions of data sources, methods which are used for databases
designs, including all data transformations and transactions used in the development of data
(Joksi¢ and Bajat, 2004). This component must include all data significant for both, data
sources and for the data upgrading process. Joksi¢ and Bajat (2004) mention that “lineage is
usually the initial component given in data quality reports, because all other spatial data quality
components are subordinate on data lineage”. The final purpose of lineage report is to keep
valuable information of data history for future users and this can be seen as metadata. This
assessment was compiled from the Rock Art Research Institute history and working along with

the director of ringing rocks digitisation laboratory, the metadata of the database was compiled.
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2.6 Geocoding tools assessment

There are numerous software tools being used to geocode data. The most commonly used tools
are Google Maps, Google Earth Pro, ESRI ArcGIS and Bing Maps, these tools are compared
and selected for evaluation as they are most commonly used geocoding applications. “Google,

which is the most preferred on a global scale, has limitations

on how the data can be displayed”. “According to the Maps API Terms of Service Licence
restrictions”, the “Geocoding API may only be used in conjunction with a Google map”

(Google, 2013).

Table 1: Assessed geocoding tools (Van Rensburg, 2015)

Address Address
Geocoding | Accuracy | Accuracy | Geocode Usabilit Cost Additional | Used in
Tool (South (South Output y Info Study
African) African)
Upload a Simple, Only free
Csv .
. but up to Requires a
fileto a
. .| the 10,000 fee
Bing Maps | Street browser Geographic . .
. . connection | Geocodes | to register NO
API Centroid based Coordinate
often per 24 API
Geocode .
times hour key
Dataflow out eriod
API P
Not for Geographic
Centrus South N/A grap N/A N/A NO NO
. Coordinate
Africa
DB
connection .
or Free:
Excel/CSV Simple. (23553%(330 des: Desktop
Esri . upload to Both raw ' | Software
Point or - . Entry -
(World application | Geographic | and requires
Street . . level . YES
Geocode with Coordinate | mapped . licence
. Segment . cost: .
Service) connection data /geocoding
. R29,000 o
to available Rla Subscription
central
. Geocode
geocoding
server
Import flat
files Time
toa .| intensive, Not always
Gazetteer Postal . database; Geogrgphlc often Free up NO
Centroid Coordinate
Match produces to date
suburb duplicates
and town
Not for .
Geocoder. | g4 th N/A Geographic | \ ;A N/A NO NO
us . Coordinate
Africa
Quantum Excel/CSV
GIS Map upload to | Geographic
geocoding markers/p | application | Coordinate N/A N/A Yes NO
web service with
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oint connection
markers | tO
central
geocoding
server
Building .
Google or N/A Geographic |\, N/A N/A Only
Earth Pro Coordinate secondary
Landmark
T Geographic Raw data Free: Requires
Google E’ru”dmg JavaScript | Coordinate ;Svgiolgble 100,000 ];(raeeistered Only
Maps API Landmark API on Google in requests Agl secondary
anamar Maps only per day
bulk key
Not for Geographic
MapQuest Sou_th N/A Coordinate N/A N/A NO
Africa
Service
Yahoo no
Maps API longer N/A N/A N/A N/A NO
operating
usc Not for Geoaraphi
Geocoding | South N/A €ograpnic |/ a N/A NO
. Coordinate
Platform Africa

The table above shows a distinctive evaluation of the tools to use in this research. Google,

which has the most accurate results worldwide, has limitations on how the data can be

displayed. As such, Google can be used only as a reference. Among the evaluated geocoders,

ESRI geocoding service was used.
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2.7 Geocoding Matching rate

The geocoding matching rate used in this study is adopted from (Tian et al. 2016) and

(Zandbergen, 2008). The accuracy of geocoding is one of the biggest concerns highlighted

from both studies (Tian et al. 2016; Zandbergen, 2008). The following criteria are used to

determine the matching degree of geocoding results.

Table 2: Geocoding match rates

Matcl},mg “Matching Level Information”

degree

100% “Matched with accuracy”
“Matched at the building level (building

90-100% numbers); building numbers
interpolation is possible”

80-90% “Matched at the block level”

70-80% “Matched at the community level”

60-70% “Matched at the road level”

50%-60% “Matched at the sub-district level”

50%-0% “Matched at the district level”

Unmatched “Unmatched at any level”

According to (Tian et al., 2016, Zandbergen, 2008), a matching degree shows the quality of a

geocoded record. A record

unmatched.

is

accurately  matched,

inaccurately matched

or
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3. Research Methodology

3.1 Study Area

The South African Rock Art Digital Archive, which is now known as The African Digital
Archive, includes information and depictions of rock art sites across the African continent.
Majority of the information in the archive is geographically located in South Africa. The
Limpopo province of South Africa has been identified as the study area of this research. The
reason being, this province presents rock art diversity with a total number of 1180 of rock art
sites recorded, some with and others without precise geographic coordinates. As such, this
study area is ideal for assessing the suitability of the South African Rock Art Digital Archive
for the purpose of geocoding Rock Art Sites. Limpopo is located in the northern part of South
Africa and shares border with three countries: Botswana, Mozambique and Zimbabwe. This
province has a great diversity of cultural heritage and is home to the World Heritage Site of
Mapungubwe and the Stone Age and Iron Age relics of the Makapansgat Valley.

Blouberg

o ® e
Makhado
. Greater Giyani
Molemole Greater Lptaba
Grealer Tzaneel Ba-Phalaborwa

Legend

E Limpopo Province
D Local Municipalities

@ RockArtSites

Thabazimbi

Bela-Bela

Hlias Motsoaledi

160
Kilometers

Figure 1 : Map of the Limpopo Province as the Study Area
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3.2 Methods
This section presents the details of the procedures and tools that are employed to accomplish

the objectives of this research. A discussion of the data requirements and geocoding techniques

implemented is also provided.

e ~  eExtraction of Data

Assessment of eSample selection for Testing

spatial content eSpatial and Non-Spatial data assessment
</ eSummary tables

v N
Data quality

eAttribute accurac
— assessment to support Y
Geocoding eCompleteness

\  elineage

4 ™\ eSelection and comparison of geocoding softwares
‘ Geocoding | epata configuration and data transfer

prototype | espatial data accuracy assessment
;

Figure 2 : Workflow showing geocoding methodology

The first process was to assess the spatial content of the database, both spatial and non-spatial
attributes were extracted to a common file format and categorized into summary tables as seen
from table 3 to table 5. ESRI ArcGIS is selected as a compatible geocoding software. The final
step was assessing the spatial data accuracy following the data quality component as described

in the literature review.

3.2.1 Assessing the spatial capabilities of SARADA

SARADA contains both spatial and non-spatial information although set up in an environment
that is not capable of performing spatial queries. The information captured within this database
consists of images of different rock art panels across the African continent. There are different
image types found in the database, showing paintings, drawings, ethnographic materials,
scanned historical copies of rock art, overview images of rocks containing drawings, maps
saved in .jpg format showing routes to the rock art sites, rock engravings, image of sketches
and tracings. This project focuses on processing the attributes and material of the associated
documented data in order to extract spatial information that can be used in the process of

geocoding.
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The assessment of the spatial capabilities is undertaken in two phases: the extraction of data
from SARADA and assessing the extracted datasets in order to identify suitable spatial

information for the geocoding process.

Information about all rock art sites in Limpopo are extracted from SARADA to a JSON file
using a script written in JavaScript. The script itself is provided in Appendix A. The extracted
information is organised into specific fields containing province, district, how to find site (i.e.
addresses, nearest town and map sheets) and other fields that have been captured as part of the

metadata in the archive.

An excerpt of some extracted information of a rock art site is illustrated in the example below:

[

"alternative_site_id": null,

"mountain_region": null,
"brief_description_of_site": null,
"how_to_find_the_site'": "Follow the Steillopbrug-Zwart road. Large hill. Site obvious from well
out on the South side of the hill. A dark recess up a steep face near the top.",
"security_level™: null,
"site_name"": ""Breda | 373 LR",
"'site_coordinates_longtitude': 28.69722,
"district™: ""Mokerong 2",
""conservation_interventions": null,
"site_id": "RSA BRE1",
Type : "engraving™: [],
"technique": "Painting",
"'site_coordinates_latitude'': -23.36389,
"when_was_site_visited latest™: null,
"nearest_town"': "Monte cristo"
"date": "1999-02-04",
"images":
{
"date": "1999-02-04",
"collection_id": 2,
"has_rights": false,
"id": 20067,
"image_id": "RSA BRE1 1",
"image_large": "http://www.sarada.co.za/api/library/images/1200x800/RSA_BRE1 1",
"image_thumb": "http://www.sarada.co.za/api/library/images/300x200/RSA_BRE1 1",
"isFavourite": false,
"slug": "RSA-BRE1-1",
"url": http://www.sarada.co.za/api/images/RSA-BRE1-1 }
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3.2.2 Geographical data quality assessment

The assessment which includes both the spatial and non-spatial information, consisted in
verifying fields ‘district’,

‘site_coordinates_longtitude’, ‘site_coordinates_longtitude’ and the ‘how to find_the_site’,

whether such as ‘site_name’, ‘postal_codes’,
‘Nearest town’ contain relevant information for each rock art site recorded in SARADA. Quite
a considerable number of recorded rock art sites had missing values (null values) for the
different fields of database (SARADA).Tables 3 and Table 4 below illustrate how the various
pieces of information of selected rock art sites have been extracted and categorised under their

respective fields in SARADA.

Table 3: Rock art sites with coordinates

Site name District HOW 0 Latitude Longitude Postal Nearest town
find site codes

RSA BREL8 | Mokerong2 | Null -23.36389 | 28.69722 | 0600 E:Ar:)r?;teo

RSA CRD1 | Ellisras Null -23.67083 | 27.93056 | 0555 Onverwacht

Fgg"ﬁ;‘g's’b“rg Soutpansberg | Null -22.30972 | 29.28389 | 0600 GaMonyebodi

Goedgedacht | \\iorperg | Null -24.08222 | 27.83611 | 0530 Vaalwater

| 184 KQ

E'F;pp'aat 134 | \Waterberg | Null 2404861 | 28.31389 | 0530 Vaalwater

'I\B/Iaggor 759 | soutpansberg | Null 2298194 | 2955028 | 2°30 GaMonyebodi

viana 98 Elisras Null -23.80833 | 27.53028 | 230 GaMonyebod

mgde”a 113 1 soutpansberg | Null 2225419 | 29.17378 | 230 GaMonyebod

Bonne

Esperance Seshego Null -23.29722 | 28.80722 | 0712 GaMonyebodi

XXI 356 LR

Bonne

Esperance Seshego Null -23.29583 | 28.80833 | 0712 GaMonyebodi

XXI1 356 LR

Greefswald Messina GaMonyebodi

VILSTMS | (Musing) Null -22.23056 | 29.37028 | 0900

Greefswald X | Messina GaMonyebodi

37 Mo (Musing) Null -22.21361 | 29.35472 | 0900

Schroda V 46 Mess!na Null 2291111 | 29.41389 | 0900 GaMonyebodi

MS (Musina)

1D8"éa}"i'g°ek | Waterberg | Null -24.07083 | 27.81889 | 0530 Vaalwater

Dwaalhoek

111 185 KQ Waterberg Null -24.07 27.81944 | 0530 Vaalwater

Dwaalhoek

V1185 KQ Waterberg Null -24.06806 | 27.81944 | 0530 Vaalwater

17



CraafustVl | aterberg | Null 2395 | 28.26044 | 0330 GaMonyebodi
oM waterberg | Nui 23.91889 | 2825833 | 0230 | GaMonyebod
Schroda VI Messina 0530 GaMonyebodi
s (Mosing | Nl 22.21111 | 29.41389

Table 4: Rock art sites with postal codes

“How to find
Site name District site” - Latitude Longitude Postal code
Address
Too Late
XXVIII 359 Bochum null null null 0709
LR
Too Late
XXXIX 359 Bochum null null null 0709
LR
Doppie 11195 | Venda
MT (Thohoyandou) null null null 0950
Alicedale Il Messina
138 MT (Musina) null null null 0900
Amonda Il Messina
161 MT (Musina) null null null 0900
David VI 160 | Messina
MT (Musina) null null null 0900
Dawn | 71 Messina
MT (Musina) null null null 0900
Doreen | 108 | Messina
MT (Musina) null null null 0900
Schroda XVI | Messina
46 MS (Musina) null null null 0900
Millstream
VII1 358 LR Seshego null null null 0699
Edmondsburg
1l 32 MS Soutpansberg null null null 0900
Hackthorne V
30 MS Soutpansberg null null null 0900

Although there are 1180 total records of rock art sites in the Limpopo province,
only rock art sites with well-defined post (ZIP) codes (and without geographic coordinate
locations) were geocoded using the postal code region shapefile as a reference dataset. The
attribute accuracy and completeness were assessed using a selected sample dataset and results

shown in Results and Analysis.
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3.2.3 Geocoding

For this research, ESRI’s address locator was used to geocode against a table of standardized
information obtained from the rock art database. The main method of geocoding that was used
in this research is by postal code. Geocoding was performed using reference layers, these layers
were obtained from the South African Post Office (SAPO), NGI (National Geospatial

Information) and Google maps as a base map reference.

Geocoding
method

Address table Zip code list Districts (*shp)
{*C5V) {*CSV MAF)

Data Elementisation

Data Cleansing
[Standardization)

Processing software

Accuracy and error
checks

Extraction of
acceptable results

Figure 3 : Geocoding Framework

The diagram above describes a broad workflow for geocoding data. “The process is followed
in order to reach an acceptable confidence level and understand the potential error rates in the

data; it is broken down into steps”. The first step was to separate extracted information into
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three different categories as mentioned above and remove information with null values, the

data was extracted to a *CSV file format.

The reason for using a *CSV is because ESRI ArcGIS can read the file. The data elementisation
and cleansing step involved removing characters such as punctuation symbols that will hinder
processing from mentioned software. (Van Rensburg, 2015) mentions that the supported level
for South Africa is level 2, which ESRI considers to be a compromising quality geocoding

experience (Esri, 2013)

The following structure in figure 4 was used in the geocoding process using ESRI ArcMap
Desktop, first step was to create an address locator file using datasets taken from the National
Geospatial Information (NGI), Statistics South Africa (Stats_SA), South African Postal office
(SAPO) and the Limpopo Survey General (Department of Rural Development and Land
Reform). In South Africa there are no address locators available/accessible from public GIS
data sources, an option was to purchase the file from ESRI South Africa. A geodatabase was
created to add all features needed to complete the process of geocoding along with the feature

classes and results are discussed in Chapter 4.

Address
being searched
840 Thabo Mbeki st,
Seshego
0699

Selection Criteria
“City" ="polokwane"

Citywide _—
Address Locator oS
for city of Simi Vay

Nationwide Streets
Address Locator

First Address

Locator Not Used.
Selection criteria prevented
use of first address locator.
Address passed to next
address locator.

No Match Found
Address is passed
to the next
address locator.

Martch

‘ Found / <

Postal Code
Address Locator
Match
( Found i No Match Found

Composite address
locator results in no
matched locations.

Figure 4 : A workflow diagram showing the geocoding routine (ESRI, 2013)
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4. Results and Discussion

This chapter discusses the output results of data quality and geocoding rock art sites in the
study area. There are a total number of 1180 of records extracted in Limpopo, 400 sites with
coordinates, 780 without coordinates, 480 sites with “how to find sites” as a description for

addresses and all 1180 sites contain postal codes and district boundaries (see Appendix B).

4.1 Data quality assessment

Attribute accuracy

In several literatures, there has not been a technical or quantitative method used to assess the
attribute accuracy, by visually inspecting the data from the reference file and sample data, it is
seen that there are many features lacking attribute information compared to the reference
dataset. The district attributes in the rock art data are not named correctly as compared to
reference data same goes to the nearest town. This misclassification affected overlaying the
features for geocoding.

Completeness

For this study, the completeness was investigated for the rock art sites, based on the assumption
that the NGI and SAPO dataset is complete. The completeness was computed by dividing the

total number of towns, districts and postal codes from the reference dataset and the study area.

Reference Datasets

% Completeness = X 100

Sample Datasets

% Completeness (Districts) = 5/10 x 100 = 50%
% Completeness (Towns) = 6/8 x 100 = 50%
% Completeness (Postal codes) = 1260/1180 x 100 = 106%

For both the districts and towns there is only 50% completeness of the rock art dataset
compared to the reference file this is omission of data while for postal codes there is

commission of data.
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4.2 Geocoding results

This section explains results obtained using ESRI ArcGIS to geocode rock art sites. On the
map below on figure 5, the Waterberg district was assessed in closer details, the map shows
geocoded sites on the central of postal boundaries of the reference dataset, On the map shown,

geographic coordinate locations are assigned to the centroid of the parcel.

Musma < \};

5 }
r\(/\gM.t ‘_‘A
o 'E/%”V/L Thuls

. Blou berqt‘i

Legend

WATERBURG Local Municipalities  [777] Limpopo Local_Municipaliies
0 55 110 220_ u WATERBURG_WARDS E Limpopo Province
I s <ilometers e  Geocoded Sites

Figure 5 : Mapped rock art sites

Using the three standard geocoding methods proved to be feasible to assign rock art sites (X, y)
coordinates but at a postal code level, the variability in match rates also points to the influence
of the data input quality. This strongly outlines that the quality of the input data and the quality
of the geocoding process are both important contributors to the final output. Geocoding using
addresses is not possible on rock art sides as there is no address data. Geocoding using
postal/zip codes is feasible but with poor accuracy as this uses centroid points of postal code
boundaries. Geocoding using district boundaries or administrative is the least accurate as

mentioned in literature and cannot be used for navigational purposes.
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One of the main problems identified with the postal code files was that many postal codes, as
well as many place names, are mapped to multiple coordinate points, as shown in figure 5. The
reason being that town/suburbs/cites can encompass more than one postal code. This
means that a greater city region such as Polokwane, will result in dozens of related postal codes
and geographic points. This is further shown below when using the Geocoding API on Google

Maps.

The results obtained correlate with existing literature on geocoding with postal code i.e. rural
areas have more inaccuracies in terms of geocoding outcomes when compared to urban areas
(Healy and Gilliland, 2012, Ng et al., 1993, Zandbergen, 2008).
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Figure 6: Geocoding Rock Art Sites using Google Maps

Google Maps service APl was used as secondary check, this was to compare with the results
from ESRI ArcGIS, a total of 250 sites were geocoded as shown in the figure.
But there were error returns in the first run. Only 26 sites in the northern area of Mapungubwe
produced a complete match rate, in the Polokwane area showing 143 sites, it showed to have
been misallocated. With this geocoding method, it firstly looks at address and if not

available it passes to postal codes and lastly it uses the place name or town to place the points.
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Options have been automatically set, but they should be changed if anything is wrong. Changing options can change the marker description sample.

Region o
SOUAlNica Y Sample marker description
Address | How to find site v
City | City Name v RSA BRE1 8
I3 T Provines : Follow the Steillopbrug-Zwart road. Large hill.
a State X Site obvious from well out on the South side
Zip (Postal) Code | Z|P code v of the hill. A dark recess up a steep face near
- the top.",
7V | Country Name Y Polokwane, Limpopo 600
Latitude | | atitude v South Africa
Gondis Country Abbreviation: ZA
ongitude | Longitude i Nearest town: Monte Christo
Marker Title | Feature ID o District: Mokerong 2
Url (website) | none v
(website) Image  none v
(website) E-mail | none v
Group (marker colors) @ | none v
Default Marker Color @ Redv
Pin Label @ subscription feature
default map display type | Street v
Zoom In @ | metro area detailed v
enable clustering @
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Figure 7: Geocoding Rock Art Sites using Google Maps

For the second run of using this geocoding method as a reference check, only 480 out of 1180
were geocoded. There were a lot of problems discovered using this service, for example Google
uses place names or nearest town as a field to provide geocoding results if there is no address
data. Hence a total number of 316 sites fall under “Polokwane” city from both figure 6 and
figure 7. Rock art sites are mostly found in mountainous or rocky areas and it is almost

impossible to find these sites in a city.
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Match rate = 730 (Geocoded)/1180 (Total) x 100
Match rate = 62% (Based on the geocoding scale, this was measured on a road level)

A related study was conducted by Duncan et al. (2011) that is based on online geocoding
services (Google and MapQuest) to validate the geocoding results from those obtained by a
commercial GIS (ArcGIS). He concluded that Google has a higher match rate and its geocoding
results are likely to be closer to the ones obtained from ArcGIS but in the case of geocoding
using postal codes, Google was found to not be reliable in this study due to the nature of the
data.
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5. Conclusion and Recommendations
The aim of this study was to assess the suitability of textual information extracted from

SARADA for the purpose of geocoding rock art sites in Limpopo. SARADA is a very large
database that encompasses African rock art history. Limpopo was selected as the study area in
order to cover a variety of rock art forms and the rich cultural history. A JavaScript was used
to extract essential information from the database. The spatial content of the extracted data was
assessed, the data was categorised using summary tables with respectable allocations i.e. site

names; district; “How to find site , site coordinates, postal codes and nearest town.

The data quality is a huge contributor to the geocoding rate, as per literature all geographical
data quality assessment was taken into consideration but only two data quality assessments
were performed due to the nature of data. This paper extends the current state of knowledge on
geographical data quality assessment by focusing on completeness and attribute accuracy. A
manual record matching procedure was used to analyse the extend of the data quality and the

percentage of matches was demonstrated in terms of completeness of the data.

After assessing the data quality, a geocoding procedure was performed using ESRI ArcGIS
software and Google Earth for secondary check. Geocoding of a rural space was problematic
because of the rural routes which cannot be geocoded. Rural routes and postal boxes are
assigned the coordinates of the zip code centroids and results in misclassification. Even when
rural addresses can be geocoded, results of our study and others indicate that positional errors
are likely to be larger than for addresses in towns. Furthermore, as indicated by this study the
choice of a geocoding method affects both geocoding success and the positional error.

Therefore, careful consideration should be given to the approach used for geocoding.

In conclusion, the information within the South African Rock Art Digital Archive can be
geocoded only at the postal code (or municipal and district levels) but with poor quality and
accuracy. To improve the chances of locating the rock art sites, the attributes of “How to find
site” can be used in addition in order to assist the RARI community/interested individuals to
further locate sites. Due to the poor level accuracy obtained in the geocoding routine, this study
recommends that the solution in improving the positional error lies upon capturing the correct

coordinates of rock art sites in the field.

Assessing the spatial capabilities of the South African Rock Art Archive (SARADA) in

purpose geocoding the rock art sites will lead to positive contributions to the rock art research.
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7. Appendices:
Appendix A : JAVASCRIPT used to extract data from SARADA database

“import java.io.FileNotFoundException”;
“import java.io.|OException”;
“import java.io.PrintWriter”;
“import org.json.JSONArray”;
“import org.json.JSONObject”;
“import okhttp3.0kHttpClient”;
“import okhttp3.Request”;
“import okhttp3.Response”;
“public class” SaradaExtract {
“public static void main(String[] args)” {
SaradaExtract extract = new SaradaExtract();
String searchUrl =
"http://www.sarada.co.za/api/sites?search=%7B%22search%22:%22Limpopo%22%7D";
String outputFilepath = "C:/tmp/";
extract.getSitesDetails(searchUrl, outputFilepath);
}
public void getSitesDetails(String searchUrl, String outputFilepath){
String[] siteUrlList = getSiteUrlList(searchUrl);
JSONArray siteDetailsList = getSiteDetails(siteUrlList);
String[] siteSpatailDatalist = extractSpatialData(siteDetailsList);
writeJSONArrayTofile(siteDetailsList,outputFilepath);
writeArrayDataToFile(siteSpatailDatalist, outputFilepath);
}
public String[] getSiteUrlList(String searchUrl){
String sResponseBody
JSONObject jsonResponseBody
int totalNumberOfSite
String[] saSiteUrsList
= makeRequest(searchUrl);
= new JSONObject(sResponseBody);
= jsonResponseBody.getInt("total");
= new String[totalNumberOfSite];
int numOfRequiredSubsequetRquest = jsonResponseBody.getInt("last_page");
String nextReguestUr|
jsonResponseBody.getString("next_page_url");
JSONArray jaResonpseSites
String[] saResponseSites
int sitesAdded

= jsonResponseBody.get]SONArray("data");
= extractSiteUrlData(jaResonpseSites);
=0;
for (String siteUrl : saResponseSites){
saSiteUrsList[sitesAdded] = siteUrl;
53
sitesAdded++;
break;

}
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for (int nextRequestCounter = 2; nextRequestCounter <=
numOfRequiredSubsequetRquest; nextRequestCounter++) {
sResponseBody
jsonResponseBody
= makeRequest(nextReguestUrl);
= new JSONObject(sResponseBody);

jaResonpseSites
saResponseSites
= jsonResponseBody.get)SONArray("data");
= extractSiteUrIData(jaResonpseSites);
for (String siteUrl : saResponseSites){

saSiteUrsList[sitesAdded] = siteUrl;

sitesAdded++;

}

if (nextRequestCounter < numOfRequiredSubsequetRquest) {
nextReguestUrl = jsonResponseBody.getString("next_page_url");
}

}

System.out.printIn("Retrived Site Urls");

return saSiteUrsList;

}

public String[] extractSiteUrIData(JSONArray sites){

int numOfSites = sites.length();

String[] sitesUrl = new String[numOfSites];

for (int index = 0; index < sites.length(); index++) {
sitesUrl[index] = sites.getJSONObject(index).getString("url");
}

return sitesUrl;

}

public JSONArray getSiteDetails(String[] siteUrlList) {
JSONArray jaSiteDetailsList = new JSONArray();

String sResponseBody;

JSONObject jsonResponseBody;

for (String siteUrl : siteUrlList) {

sResponseBody = makeRequest(siteUrl);

jsonResponseBody = new JSONObject(sResponseBody);

jaSiteDetailsList.put(jsonResponseBody);
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}
System.out.printIn("Retrived Site Details");

return jaSiteDetailsList;

}

public String[] extractSpatialData(JSONArray siteDetailsList){
int listSize = siteDetailsList.length();
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String[] saSpatialData = new String|[listSize];
JSONObject jSite;

String siteRecord,;

String site_id;

String site_name;

String site_coordinates_latitude;

String site_coordinates_longtitude;

String country;

String province;

String district;

String nearest_town;

String how_to_find_the_site;

String map_sheet;

for “(int index = 0; index < listSize; index++)” {

“jSite = siteDetailsList.get)SONODbject(index);

site_id = jSite.getString("site_id");

site_name = jSite.getString("site_name");
site_coordinates_latitude = jSite.get("site_coordinates_latitude").toString();
site_coordinates_longtitude =
jSite.get("site_coordinates_longtitude").toString();
country = jSite.get("country").toString();

province = jSite.get("province").toString();

district = jSite.get("district").toString();
nearest_town = jSite.get("nearest_town").toString();
map_sheet = jSite.get)SONArray("map_sheet").toString();
how_to_find_the_site =

jSite.get("how_to_find_the_site").toString().replaceAll("\n", " ");”



siteRecord = site_id

+"|" + site_name
+"|" + site_coordinates_latitude
+"|" + site_coordinates_longtitude

+"|" + country

+"|" + province

+"|" + district

+"|" + nearest_town

+"]" + map_sheet
+"|" + how_to_find_the_site;
saSpatialData[index] = siteRecord;

}

return saSpatialData;

}

public void writeJSONArrayTofile(JSONArray jsonArray, String Filepath){
try {

PrintWriter out = new PrintWriter(Filepath + "JSONSitesDetails.json");
out.print(jsonArray.toString());
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out.”close”();

} catch (FileNotFoundException e) {

// TODO Auto-generated catch block

e.printStackTrace();

}

y

public void writeArrayDataToFile(String[] list, String Filepath){
PrintWriter out”;

try {

“out = new PrintWriter(Filepath + "SitesDetails.txt")”;

“String siteRecordHeader”
="site_id|site_name|site_coordinates_latitude|site_coordinates_longtitude | country"
+

"|province| district| nearest_town|map_sheet|how_to_find_the_site";

out.printin(siteRecordHeader);



for (String line : list){

out.printin(line);

}

out.”close”();

} “catch (FileNotFoundException e)” {

// “TODO Auto-generated catch block
e.printStackTrace”();

}

y

public String makeRequest”(String url){

//"final MediaType JSON = MediaType.parse”("application/json; charset=utf-8");
“OkHttpClient client = new OkHttpClient()"”;

String results ="";

“Request request = new Request.Builder()”
“.url(url)”

“.get()”

“ .addHeader("content-type", "application/json")”
“ build();”

“try” {

“Response response = client.newCall(request).execute”();
results ="response.body().string()”;

} “catch (IOException e)” {

// TODO Auto-generated “catch” block
e.printStackTrace();

y

return results”;

}

}

38



Appendix B: Extracted sample data into standard geocoding format

Site name

Countr
y

Provinc
e

City

Nearest
town

ZIP
code

District

Latitude

Longitude

"How to find site"

RSA BRE1 8

ZA

Limpopo

Polokwane

Monte
Christo

0600

Mokerong 2

-23.36389

28.69722

Follow the Steillopbrug
Zwart road. Large hill.
Site

obvious from well out
on

the South side of the
hill. A

dark recess up a steep
face

near the top.",

RSA CRD1

ZA

Limpopo

Polokwane

Onverwacht

0555

Ellisras

-23.67083

27.93056

Direction from Ellisras.
Take

the road to Marken
from

Ellisras. Approximately
20km from Ellisras
there is

sign on the right for
Zingela.

Drive straight following
the

phone lines until you
come

to a sign. Follow
directions

to spider (manager).
This

road ends up at the
Stubb's
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house. To get to the
site

follow road for about
500m

where there is a track
on

the left. Follow the
track to

towards the mountain
(Tafelkoppe). Walk up
the

old road to the Dam.
Near

the top ridge turn left.
The

shelter is along the

ridge on
the right.",
Edmondsburg .
132 MS ZA Limpopo Polokwane Onverwacht | 0555 Soutpansberg | -22.30972 29.28389 null
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Gallashiels

VI ZA Limpopo Polokwane | Blouberg 0790 | Bochum null null null
316 LR
Goedgedacht
I ZA Limpopo Polokwane | Vaalwater 0530 | Waterberg -24.08222 27.83611 null
184 KQ
Klipplaat | 34 .
KR ZA Limpopo Polokwane | Vaalwater 0530 | Waterberg -24.04861 28.31389 null
ﬁjsngor 1759 ZA Limpopo Polokwane Onverwacht 0530 | Soutpansberg | -22.98194 29.55028 null
E/II;\'rla 564 ZA Limpopo Polokwane Onverwacht 0555 | Ellisras -23.80833 27.53028 null
Mgdena 113 ZA Limpopo Polokwane Onverwacht 0555 | Soutpansberg | -22.25419 29.17378 null
Vincent | ZA Limpopo Polokwane | Onverwacht 0555 | Soutpansberg | null null null
Langbryde . Bochum and
- ZA Limpopo Polokwane Gamonyebodi 0709 | Bochum null null null
Millbank II Bochum and
325 ZA Limpopo Polokwane . 0709 | Bochum null null null
IR Gamonyebodi
Driekoppies
Mont Blanc Il | ZA Limpopo Polokwane | and 0709 | Bochum null null null
Gamonyebodi
Driekoppies
:\I/IIont Blanc ZA Limpopo Polokwane | and 0709 | Bochum null null null
Gamonyebodi
Driekoppies
B
Mont Blanc ZA Limpopo Polokwane | and 0709 | Bochum null null null
XV .
Gamonyebodi
Driekoppies
Too Late lll ZA Limpopo Polokwane | and 0709 | Bochum null null null
Gamonyebodi
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Driekoppies

Too Late XIX | ZA Limpopo Polokwane | and 0709 | Bochum null null Ed Eastwood
Gamonyebodi
i;_lrrbeek 73 ZA Limpopo Polokwane mizi:/r;?j?nd 0900 ?I/IVIej:;::) null null null
Bonne
Esperance VI | ZA Limpopo Polokwane iGaMonyebod 0712 | Seshego null null null
356 LR
Bonne
)E&Fl’erance ZA Limpopo Polokwane iGaMO”VebOd 0712 | Seshego -23.29722 | 28.80722 | null
356 LR
Bonne
)E&‘I’Iera”ce ZA Limpopo | Polokwane iGaMonyebOd 0712 | Seshego 2329583 | 28.80833 | null
356 LR
Enter Greefswald
from
Denstaat road. Turn
right,
drive along the fence
until
you see an old
Greefswald Messina communications
Vil ZA Limpopo Polokwane | null 0900 . -22.23056 29.37028 building
(Musina) . .
37 MS (with transmitters),
park
here. The site is
about
200m North of the
building
in the first valley you
encounter.
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Greefswald X
37 MS

ZA

Limpopo

Polokwane

null

0900

Messina
(Musina)

-22.21361

29.35472

null

Greefswald
Xl 37 MS

ZA

Limpopo

Polokwane

null

0900

Messina
(Musina)

null

null

null

Schroda V 46
MS

ZA

Limpopo

Polokwane

null

0900

Messina
(Musina)

-22.21111

29.41389

null

Dwaalhoek Il
185 KQ

ZA

Limpopo

Polokwane

Vaalwater

0530

Waterberg

-24.07083

27.81889

See directions to
Dwaalhoek I.
Dwaalhoek Il

is a little further up
stream

on the left (West
bank) of

the river.

Dwaalhoek IlI
185 KQ

ZA

Limpopo

Polokwane

Vaalwater

0530

Waterberg

-24.07

27.81944

About 15m from
Dwaalhoek

Il - to the right as you
face

the rock. For
directions see
Dwaalhoek I.

Dwaalhoek VI
185 KQ

ZA

Limpopo

Polokwane

Vaalwater

0530

Waterberg

-24.06806

27.81944

See Dwaalhoek | for
directions to the
valley. Site

is approximately
800m up

valley in a large
overhang

up stream on the
west bank

of the river.",
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3Km before reaching
Graaflust II-1V on the
dirt

road turn left up a
new,

steep dirt road.
Follow this

for about 8km,
branching

right half way. This
new

road reaches the

Lapalala
g:;a&““ VIl 1 za Limpopo | Polokwane | Onverwacht 0530 | Waterberg | -23.95 28.26944 Lzr;ie;“d doubles
itself down in to the
valley.
Cross the river, walk
to the
Lady Grey fence.
Climb the
steep cliff. \nLarge
site just
below a huge cave,
along
the cliff wall with a
straight
overhang.",
From Kolobe camp in
Kliphoek Il Lapalala; drive out
636 LR ZA Limpopo Polokwane | GaMosidi 0530 | Waterberg -23.91889 | 28.25833 through

the back road. Go
down a
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steep concrete road;
take

the track to the West
down

into the
Bloklandspruit

river- cross small
stream. At

the T-junction turn
left

cross Main River.
Drive

400m and park. The
cave is

half way up the cliff
acCross

the river.",
Schroda VI 46 ZA Limpopo Polokwane | Onverwacht 0530 Mess.ma -22.21111 | 29.41389 null
MS (Musina)
ﬁ/ldc:ens 1131 ZA Limpopo Polokwane | Beitbridge 0900 | Soutpansberg | null null null
;';gi/ll's'gh ! ZA Limpopo Polokwane | Tshikuwi 0900 | Soutpansberg | null null null
i/(l)snt Drift 112 ZA Limpopo Polokwane | Onverwacht 0900 | Soutpansberg | null null null
Venda
Hetty 1 93 MT | ZA Limpopo Polokwane | Tshiungani 0530 | (Thohoyandou | null null null
)
Start on Den Staat
road.
Den Staat | 27 ZA Limpopo Polokwane | Onverwacht 0530 | Soutpansberg | null null Turn on to Den Staat

MS

farm
at the private road
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sign.

Take the first road to
the

right; follow it to the
end

(there is a large
baobab and

a khami ruin). Walk
south

from here over rocky
area.

The site is on the
edge of

the rocky outcrop,
where it

drops down to the
plane.",

Too Late

Onverwacht

XXVIIl 359 LR ZA Limpopo Polokwane 0709 | Bochum null null null

Too Late . Onverwacht

XXXIX 359 LR ZA Limpopo Polokwane 0709 | Bochum null null null

Dopoie 1l 95 Onverwacht Venda

MTpp ZA Limpopo Polokwane 0950 | (Thohoyandou | null null null
)

Alicedale Il . Onverwacht Messina

138 MT ZA Limpopo Polokwane 0900 (Musina) null null null

Amonda lll . Onverwacht Messina

161 MT ZA Limpopo Polokwane 0900 (Musina) null null null

David VI 160 . Onverwacht Messina

MT ZA Limpopo Polokwane 0900 (Musina) null null null

Dawn 171 MT | ZA Limpopo Polokwane Onverwacht 0900 xﬂejss;rr:aa) null null null
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Doreen | 108

Onverwacht

Messina

MT ZA Limpopo Polokwane 0900 (Musina) null null null
Zzhlz/cljsda XV ZA Limpopo Polokwane Onverwacht 0900 {\[/\lﬂejss;:::) null null null
Millstream Onverwacht
VI ZA Limpopo Polokwane 0699 | Seshego null null null
358 LR
:E|d3r721(:\;|1§sburg ZA Limpopo Polokwane Onverwacht 0900 | Soutpansberg | null null null
ggcl\ljltshorne v ZA Limpopo Polokwane Onverwacht 0900 | Soutpansberg | null null null
Driekoppies
E;I(cl)lnt Blanc ZA Limpopo Polokwane | and 0709 | Bochum -23.29289 | 28.78194 null
Gamonyebodi
De Driekoppies 200m North-East of
Villiersdale ZA Limpopo Polokwane | and 0709 | Bochum -23.26531 | 28.79119 site
I Gamonyebodi two.
Diepkloof | 41 Muungadi
LS ZA Limpopo Polokwane | and 0709 | Soutpansberg | -23.01417 | 29.40556 null
Tshikwarani
Take the track from
the
hikers tent camp
downstream Lapalala
River.
Doornleegte | For about 1.5km.
ZA Limpopo Polokwane | Onverwacht 0709 | Waterberg -23.90833 | 28.34167 Then scale
594 LR .
down from the high
point

on the cliff and the
site is

just under an
overhang
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face. It is a small and
well
sheltered site.",

Rynie | 158
MT

ZA

Limpopo

Polokwane

Musekwa

0900

Messina
(Musina)

-22.63389

30.2425

null

Haakdoorn
Draail 711 LR

ZA

Limpopo

Polokwane

Ga Mathekga

0746

Mokerong 2

-23.6375

28.57083

Take road from
Potgietersrus to
Marken.

From Marken turn
right

(East) at the T-
junction. The

road is tar for few
hundred

meters, and then
becomes

dirt. Drive till road
turns to

the right (South), you
will

see a sign to Masebe
Game

Reserve. From
Masebe

reserve gate take the
gate

opposite to what is
called

\"A\" reserve. The
gate you

take is smaller than
the

main one. Follow the
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road

onto the reserve for

about

200m. The road goes
left

and curves up to the
rock

art site.",
m:chete 129 ZA Limpopo Polokwane | Onverwacht 0900 | Soutpansberg | -22.24994 | 29.2925 null
;gt:\;SMUCk : ZA Limpopo Polokwane | Vergenoeg 0728 | Soutpansberg | -22.24556 29.25972 null
Samaria lll 28 .
MS ZA Limpopo Polokwane | Onverwacht 0900 | Soutpansberg | -22.20975 | 29.32014 null
i;lasutpan 1459 ZA Limpopo Polokwane | Kromhoek 0709 | Soutpansberg | -22.975 29.33194 null
De Driekoppies
Villiersdale ZA Limpopo Polokwane | and 0709 | Bochum -23.25278 28.80417 null
I Gamonyebodi
Driekoppies
Mont Blanc IX | ZA Limpopo Polokwane | and 0709 | Bochum -23.26806 | 28.825 null
Gamonyebodi
Driekoppies
Mont Blanc X | ZA Limpopo Polokwane | and 0709 | Bochum -23.26333 | 28.82083 null
Gamonyebodi
Driekoppies
Mont Blanc XI | ZA Limpopo Polokwane | and 0709 | Bochum -23.25917 | 28.82 null
Gamonyebodi
Take the old Ellisras
road
Bulsfontein Il | ZA Limpopo Polokwane | Onverwacht 0500 | Ellisras -23.99667 27.53917 from Vaalwater, pass

Bulgerivier. Turn left
at the

49




sign to Steenbokpan.
11.5

km down the road
thereis a

sleeper on the left
saying
\"Kurumakatiti\".
Directions

to site can be
obtained

from the farm
owner.",

Baviaanskrans
111 659 LR

ZA

Limpopo

Polokwane

Mongatane
and Gamusi

0617

Mokerong 2

-23.49722

28.52583

Approximately 100m
from

Baviaanskrans II-
Nearly

directly opposite the
Ga

Hlala settlement.

Haakdoorn
Draai lV 711
LR

ZA

Limpopo

Polokwane

Ga Mathekga

0617

Mokerong 2

-23.63833

28.57056

When facing
Haakdoorn

Draai | follow the
rock face

to the right (West).
The site

will be located at
approximately 60m.

Frishgewaagd
111590 LR

ZA

Limpopo

Polokwane

Ga Mosidi

0650

Potgietersrus

-23.91644

28.34978

Just north of
Frishgewaagd

Il. Higher up on the
cliffs.
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Bonne

Esperance VI | ZA Limpopo | Polokwane iGaMO”yebOd 0699 | Seshego 123.29389 | 28.82917 | null

356 LR

Bonne

Esperance VIII | ZA Limpopo | Polokwane iGaMO”yebOd 0699 | Seshego -23.29606 | 28.831 null

356 LR

Bonne

Esperance XIV | ZA Limpopo | Polokwane iGaMO”yebOd 0699 | Seshego 123.29603 | 28.83206 | null

356 LR

Bonne

Esperance XIX | ZA Limpopo Polokwane iGaMonyebod 0699 | Seshego -23.29056 | 28.84111 null

356 LR

Bonne

E M

o Tz Limpopo | Polokwane | >° onyebod 0699 | Seshego -23.29306 | 28.80833 | null

356 LR

Tromp | 252 . Louis

LS ZA Limpopo Polokwane Trichardt 0920 | Soutpansberg | -23.00972 29.78417 null
About 15m from

Dwaalhoek IV . Dwaalhoek

185 KQ ZA Limpopo Polokwane | Vaalwater 0530 | Waterberg -24.06944 27.81944 IIl. For directions see
Dwaalhoek I.

Onverwacht Just above Graaflust

Graaflust Ill . Il'in

637 LR ZA Limpopo Polokwane 0530 | Waterberg -23.94861 28.25278 the next level of the
rock.

Onverwacht Take road to

Graaflust Il
instead of crossing

g;;;allust v ZA Limpopo Polokwane 0530 | Waterberg -23.94722 28.25417 the river,

walk along the bank
to theright. Cross the
river where
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there are many black
rocks.
In front there is an

obvious
shelter.
Approximately 80m
Kliphoek IV . . along
636 LR ZA Limpopo Polokwane | GaMosidi 0530 | Waterberg -23.91944 | 28.25889 the same cliff line
from
Kliphoek IlI.
Klipplaat IlIC .
34 KR ZA Limpopo Polokwane | Vaalwater 0530 | Waterberg -24.04861 28.30611 null
Drive to Lapalala
West bush
camps. Follow the
signs to
Mukwa camp. Cross
New Belgium . the
11l 608 LR ZA Limpopo Polokwane | Vaalwater 0530 | Waterberg -23.83611 | 28.25278 river at the rocks and
walk
up the river. Just
before the
bend in the river,
thereis a
shelter on your left.
Alem | 544 LR | ZA Limpopo Polokwane | Vaalwater 0530 | Waterberg -23.78583 | 28.27083 null
Schroda I 46 ZA Limpopo Polokwane Vaalwater 0530 Mess.ma -22.18111 29.42833 null
MS (Musina)
Schroda i 46 ZA Limpopo Polokwane Vaalwater 0530 Mess.ma -22.1825 29.42917 null
MS (Musina)
Little Muck | .
26 MS ZA Limpopo Polokwane | Vergenoeg 0900 | Soutpansberg | -22.24556 29.25972 null
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Folorodwe IV
79 MT

ZA

Limpopo

Polokwane

Onverwacht

0950

Venda
(Thohoyandou
)

-22.51778

30.49861

null

Nieuwe
Jerusalem |
327 LR

ZA

Limpopo

Polokwane

Drikoppies
and
Gamonyebodi

0709

Bochum

-23.25472

28.86583

null

Palmietfontei
nl32KQ

ZA

Limpopo

Polokwane

Vaalwater

0530

Waterberg

-24.04861

28.33278

East side of main
road,

opposite cattle lands
farm

sign. Follow track to
Melkrivier valley.
Cross

river, follow yellow
paint

splodges, 30m up on
the

West side of the
riverbank.

Shelter hidden by
trees.

Preezburg |
400 LR

ZA

Limpopo

Polokwane

Monte cristo

0617

Mokerong 2

-23.43472

28.70556

Take track running
through

Preezbury from
either side.

At the river drift look
at the

north bank for a
cattle

trough (cement).
Turn along

a small track running
north,

53




on the left thereis a
wind

pump; continue until
up

against the hillside.
The site

is on the boulder on
the

corner of the hill as it
turns

on the bulge of the
hill. The

site is where two
boulders

lean into one
another.

Waterval |
601
LQ

ZA

Limpopo

Polokwane

Onverwacht

0555

Ellisras

-23.85694

27.66111

Take the old road
between

Vaalwater and
Ellisras,
approximately 25kms
from

Ellisras. Just before
the

bend on the road a
large

cave can be seen on
the left

hand side of the
road. Just

before one is directly
opposite the cave,
thereis a
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small overgrown road
(on

the left), leading to
abarbed wire and
stick gate.

Follow the road,
which later
becomes a path
towards

the river, cross the
river and

head up to the
cave.",

Buffelskom |
764 MS

ZA

Limpopo

Polokwane

Onverwacht

0900

Soutpansberg

-23.00833

29.19417

null

Bulsfontein |

ZA

Limpopo

Polokwane

Onverwacht

0555

Ellisras

-23.99514

27.53917

Take the old Ellisras
road

from Vaalwater, pass
Bulgerivier. Turn left
at the

sign to Steenbokpan.
11.5

km down the road
thereisa

sleeper on the left
saying
\"Kurumakatiti\".
Directions

to site can be
obtained

from the farm
owner.",
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Domboni and

Venda

Dambale | ZA Limpopo Polokwane Mataulu 0950 | (Thohoyandou | -22.49889 30.73111 null
)
Start on Den Staat
road.
Turn on to Den Staat
farm
at the private road
sign.
Take the first road to
the
right; follow it to the
Den Staat i Domboni and ;;ireisalarge
27 ZA Limpopo Polokwane 0900 | Soutpansberg | -22.23194 29.24389
MS Mataulu baobab and
a khami ruin). Walk
south
from here over rocky
area.
The site is on the
edge of
the rocky outcrop,
where it
drops down to the
plane.",
From Vaalwater take
the
road to Melrivier
Graaflust | Domboni and (right) for
637 ZA Limpopo Polokwane 0530 | Waterberg -23.92639 | 28.2175 .
IR Mataulu about 32 km, passing
Nyathi

Game Lodge on your
right.
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You will then come
across a

left turning, with a
sign to

Betesda Farm and
Dorset.

The road is tarred for
a

short while, and then
becomes dirt. Follow
this

road for about
15km(don't

turn left again). You
will

then see the
Rivierdans

Farm sign on the
right hand

side of the road.
From the

farm take the road
heading

right just before the
start of

the farmhouse, and
then

you need to ask the
owners

for the directions to
the

site.",
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Groothoek |
220 KR

ZA

Limpopo

Polokwane

Potgietersrus

0600

Potgietersrus

-24.12917

28.65389

null

Witbank | 647
LQ

ZA

Limpopo

Polokwane

Onverwacht

0555

Ellisras

-23.98889

27.71944

The site is located
approximately 250m
South

of the Dam wall on
the

right. The small cave
is quite

obvious from the
water

level and it is fenced
off at

the moment. Since
the Dam

wall is out of bounds
to the
unauthorized, it is
better to

get to the cave by
boat.

De La Roche
VI

ZA

Limpopo

Polokwane

Gamonyebodi

0709

Bochum

-23.28778

28.79667

null

De
Villiersdale
Il

ZA

Limpopo

Polokwane

Driekoppies
and
Gamonyebodi

0709

Bochum

-23.26731

28.78989

null

Samaria IV 28
MS

ZA

Limpopo

Polokwane

Domboni and
Mataulu

0900

Soutpansberg

-22.22058

29.33653

This site is on the
same hill

as Samarial. It ison
the

western side in a
small
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reserved sheltered
area.

Haakdoorn

Draai V711 ZA Limpopo Polokwane | Ga Mathekga 0617 | Mokerong 2 -23.62833 | 28.56722 null
LR

Groothoek Il . . .

290 KR ZA Limpopo Polokwane | Potgietersrus 0650 | Potgietersrus | -24.12361 | 28.64333 null
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School of Geography, Archaeology and Environmental Studies

Private Bag ¥, ‘Wis 2050, South Africa Enguinie: GEGGRAMHY:  TEL: «2711 T17-6503 = FAR: ¢ 17 046 651 6366
ARCHAEOLOEY: TEL: 817 21 TAT-5045 « FAR: #17 0BG 651 6368

il raeegra g

'
L

15 Jaomay 2019
I | Eshics Cl Certifi
MName and number:  Bellina Choloe 1727895
Degree: MSe coursework

Thile of Project: Rock art in the geographical context: the design of a spanal database for
the South African Rock Art Digital Archive (SARATIA)

Protocol number: GEOG-5-2019-0001

Vabd unnl: December 2020

L™

3

D1 Alex Wafer

Eshics Comnmaties Char, Geography Divsacs

Schund af (keapraphy, Srchasolgy and Envrosmenial Siadics
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cernficate is granted in compliance with the University of the Witwatersrand Besearch Ethics {non-
medical) protocol, and that as such I am bouad by that protocol. Aoy changes to the above-mentioned
research project mest be commmuanicared to the ethies committee for approral
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Appendix E: Positional error measure

ID Name Y START | X START | Y_END X_END Shape_Leng | Distance(m)
0 \L’\gtbank 1647 1 539889 | 2771806 | -23,9889 | 27,71944 | 0,001377715 | 140
1 | Fancyl 223,8793 | 27,63761 | -23,8793 | 27,63769 | 8,24838E-05 | 8
2 \L’\gter"a' 1601 | 3857 | 27,66112 |-23,8569 | 27,6611 | 0,000102643 | 11
3 | RSA CRD1 223,6708 | 27,93068 | -23,6708 | 27,93056 | 0,000139139 | 14
4 | Alem (544 LR | -23,7863 | 2827096 | -23,7858 | 28,27083 | 0,000514723 | 57
5 | NewBelgium | o3 0061 | 2825278 | -23,8361 | 2825278 | 3,21407E-05 | 4

11l 608 LR
g | NewBelgium | oo c117 | 2826615 |-23,8417 | 28,26611 | 4,6686E-05 |5

I 608 LR
7 ggg\' Lielg'um "'| 23845 | 2826808 | -23 845 2826806 | 518998E-05 | 6
8 ﬁ;aaﬂm 1637 539263 | 282176 |-23.9264 | 282175 | 0,000114359 | 12
9 2‘;2*1;“ V' | 230191 | 2825892 |-23,0194 | 28,25889 | 0,000312158 | 35
10 E;phoek 1636 | 139056 | 2825553 | -23,9056 | 28,25556 | 3,27806E-05 | 3
11 S;a&““ V' | 239473 | 2825417 | -23.9472 | 2825417 | 8,30393E-05 | 9
12 S;a&u“ . -23,9487 | 28,25416 | -23,9486 28,25417 | 8,79081E-05 | 10
13 S;;a&““ W1 539488 | 2825273 | -23.9486 | 28,25278 | 0,000168604 | 19
14 Zgzdfscm " | 239533 | 2825887 | -239533 | 2825889 | 2,45285E-05 | 3
15 S;;a&““ VI' | 230499 | 2826947 | -23,95 2826944 | 0,000100812 | 11
16 Egpplaat W34 | 540487 | 283125 |-240486 |283125 |6,082236-05 |7
17 Egpplaat W34\ 540486 | 2831398 |-240486 | 283125 |0,00147576 | 150
18 :Dglzmgfonte'" 240486 | 2833277 | -24.0486 | 2833278 | 5,93997E-06 | 1
19 ﬂi‘fg;onte'" 24,1585 | 28,40182 | -24,1583 | 28,40194 | 0,00024295 | 26
20 Ioll'fl' Tgonte'” 24,1567 | 28,40232 | -24,1569 | 28,40278 | 0,000517854 | 54

Groothoek |
21 | 550 kR -24,1298 | 28,65459 | -24,1292 28,65389 | 0,000942628 | 100
22 )'\(/I'ﬁnt Blanc | 539773 | 2886104 | 232758 | 28,85833 | 0,003082045 | 321
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Mont

23 Blone X -23,2608 | 28,82547 | -23,2633 | 28,82083 | 0,005262487 | 549
Nieuwe

24 Jerusalem | | -23,2577 | 28,86924 | -23,2547 | 28,86583 | 0,004521641 | 480
327 IR

25 De La -23,2879 | 28,79855 | -23,2878 | 28,79667 | 0,001884564 | 193
Roche VI

26 fglﬁﬂrgo' -22,2875 | 29,20195 | -22,2875 | 29,20194 | 2,50612E-05 | 3

27 Eg'ﬁﬂrgo” -22,2875 | 29,20278 | -22,2875 | 29,20278 | 7,00209E-06 | 1
Armenia

28 Ulaohis | 222792 | 29,21501 | 22,2792 | 29,215 | 1,77353E05 | 2

29 ?g”&;:'a)(' -22,2789 | 29,21528 | -22,2789 | 29,21528 | 1,19218E-05 | 1

30 /;gﬁ:'av 22272 | 29,22945 | -22,2719 | 2922944 | 1,57711E-05 | 2

3 /;(r)nn:/?a V| 22,2717 | 2922044 | 22,2717 | 29,2044 | 4,34264E-06 | 0

32 é\(r)n,:f:'aw 2227 | 29,22972 | 2227 | 29,22972 | 3,28184E-06 | 0

33 ?g'ﬁ;go V| 22265 | 2918806 | -22,265 | 29.18806 | 4,201196-07 | 0

34 %O&Zna' -22,2544 | 29,17375 | -22,2542 | 29,17378 | 0,000185201 | 20

35 'I/;O&Zna” -22,2541 | 29,15784 | -22,2539 | 29,15778 | 0,000228747 | 25
Rhodes

36 Drift 122 | -22,2278 | 29,18432 | -22,2274 | 2918419 | 0,000501784 | 55
MS

37 h'tztéel\:/'su‘:k -22,2456 | 29,25989 | -22,2456 | 29,25972 | 0,000168207 | 17
Den Staat

38 Lorve | 22232 | 2924391 | 22,2319 | 29,24389 | 4,84215€-05 | 5
Machete |

39 29 MS -22,25 29,29266 | -22,2499 | 29,2925 | 0,000165677 | 17

40 f\\;zens'?’l -22,2592 | 29.33625 | -22,2592 | 29,33611 | 0,000143057 | 15

41 32";::3\/ 222,206 | 29,33742 | -22,2039 | 29,33653 | 0,002280256 | 250

42 ;gnlzjsr'a V1 222208 | 2933709 | -22,2206 | 29.33653 | 0,000588103 | 61

43 )G(;e;:c\;‘ga'd 22,2135 | 29,35518 | -22,2136 | 29,35472 | 0,000477208 | 49

44 ﬁ;eff\;‘g’a'd -22,2167 | 29,35436 | -22,2167 | 29,35389 | 0,000471142 | 49

45 Greefswald | ) o517 | 29,36862 | 22,2253 | 29,36833 | 0,000636647 | 70
VIl 37 MS

46 IG;;e“;s;N Ad | 559314 | 2937446 | 22,2314 | 29,37444 | 2,79963E-05 | 3
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Greefswald

47 il a7 e | 22,2301 | 2937039 | 22,2306 | 29,37028 | 0,00044109 | 4
48 Greefswald | ) 2335 | 29,37425 | 22,2334 | 29,37394 | 0,000307976 | 32
X1l 37 MS
Schroda VI
49 26 S -22,2109 | 29,41406 | -22,2111 | 29,41389 | 0,000284703 | 31
50 Dambale | | -22,4879 | 30,71499 | -22,4989 | 30,73111 | 0,019500738 | 2059
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