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ABSTRACT

Global information on land cover is a primary output of remote sensing applications due to its importance to global change
sciences, but also to governments and international initiatives. Consequently, a variety of land cover datasets have been
developed in the past. Today users can choose among different products with various spatial resolutions for applications on
global as well as on regional scales. A new classification covering the African continent was released by the European Space
Agency only recently. Thanks to its mapping approach of 20 m, the Sentinel 2 Prototype Land Cover 20 m Map of Africa 2016
constitutes a novelty among the freely available products. However, being only a prototype, it is still missing final validation.
This study aimed at evaluating the classification for the extent of Namibia by quantitatively and qualitatively comparing it to
a selection of four low- to medium-resolution land cover products. Within the framework of an accuracy assessment for four
test sites, statistical parameters were calculated which served as indicators for assessing the classification quality. According
to the analysis, the overall accuracy of the prototype land cover product is on a medium level attaining approximately 54%.
The per class accuracy varies from 2% to 100% suggesting that some classes require considerable reworking whereas others
need less improvement. However, compared to the reference datasets, the prototype classification already constitutes a major
development in land cover mapping.

Keywords: Accuracy assessment; classification; European Space Agency; land cover; Namibia; Sentinel 2; spatial resolution;

validation
INTRODUCTION

Global information on land cover (GLC) is of
importance for environmental change studies but also
for international initiatives engaging in e.g. land
resource management. Since the development of the
first land cover dataset in the 1980s, the number of
products has constantly risen (DeFries et al. 1995,
Matthews 1983, Olson et al. 1985, Wilson &
Henderson-Sellers 1985). However, not only the
quantity but also the quality has changed thanks to
the availability of higher resolution sensors. The
initially low spatial resolution of 1° has been
gradually increased to 1 km (e.g. DISCover)
(Loveland et al. 2000), 500 m (e.g. MODIS/Terra &
Aqua Combined Land Cover Type Global 500 m SIN
Grid, MCDI12Q1I) (Friedl & Sulla-Menashe 2018)
and 300 m (e.g. GlobCover) (Arino et al. 2011).
These spatial resolutions are still too low for most
regional and local scale applications. The publication
of the classification GlobeLand30 with a 30 m
mapping approach has therefore been of great
importance to the mapping society (Chen et al. 2015).
A further improvement is the 20 m medium-
resolution land cover map Sentinel 2 Prototype Land
Cover 20 m Map of Afirica 2016 (S2 LC Africa) of the
European Space Agency (ESA), which was released

in September 2017 (Ramoino et al. 2018). Due to its
exceptional spatial resolution, it currently takes a
special position among the freely available land cover
products for Africa. However, it is still a prototype
that has not yet been validated on a regional scale. Up
to the time of this research there was only one
detailed study of the authors Lesiv ef al. (2017) who
had examined the product accuracy using two
independent land cover datasets at 10 m resolutions
developed within the Copernicus Global Land
Services (CGLS). According to their estimates,
overall accuracy of the prototype LC Africa map at
20 m was approximately 65%. Regions were
highlighted where the spatial distribution of specific
land cover classes such as shrubs, crops and trees
should be improved before the map can be used as
input for research questions, e.g. conservation of
biodiversity, crop monitoring and climate modelling.
These regions also include the central and north
western areas of Namibia which are characterised by
a more inhomogeneous land cover and higher
overestimations of shrub, grass and croplands. The
main aim of the study was to comply with the request
of the ESA to evaluate the quality of the S2 LC Africa
product and provide further user feedback. Four
freely available low- to medium-resolution land
cover datasets served as reference.
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METHODS
Study Area

Namibia is characterised through clearly definable
landscape units with a multitude of different forms
and shapes (Hiiser er al. 2001). Along with the
gradually changing climatic conditions, they result in
a varying plant density and diversity (Mendelsohn et
al. 2009). This makes the country interesting for land
cover analysis. Furthermore, its rainfall gradient from
the northeast to the coast in the west allowed the
choice of four highly heterogeneous test sites with a
size of 50 km x 50 km (Figure 1). These not only
capture hydric differences, but also topographic
variability. Whereas the Zambezi is part of the plain
highland, the other three test sites are located in
terrain with higher relief energy.

The first test site is located in the Zambezi region.
The high annual precipitation allows for savanna
woodland as well as grassland (Hiiser et al. 2001).
Cropland can be found especially along the major
roads and in proximity to settlements (Mendelsohn et
al. 2009). The second test site contains the
southwestern part of the Waterberg. Here a mosaic of
vegetation and rocks form the plateau (Hiiser et al.
2001). The surroundings are partially used for
farming (Mendelsohn et al. 2009). The third test site
lies on the foothills of the Great Escarpment. Its land
cover is substantially affected by the arid climate
(Jacobson et al. 1995). Vegetation can almost only be
found along the banks of the ephemeral and
endorheic river Tsondab and its inflows (Jacobson et
al. 1995). The Brandberg Mountain area forms the
last test site. Even though the climate is arid
(Nordenstam 1974), plants can grow thanks to the
rainfall-increasing impact of the relief (Hiiser et al.
2001). The ephemeral river Ugab (Eckardt ez al.
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Figure 1: Average annual rainfall and locations of the
four test sites.

2001) runs through the north of the tile suggesting the
presence of denser riverine vegetation.

Land Cover Products

The comparison included five freely available low to
medium resolution products (Table 1). The global
dataset DISCover classified according to the IGBP
(International Geosphere Biosphere Programme)
scheme is based on monthly maximum Normalised
Difference Vegetation Index (NDVI) composites of
the months April 1992 to March 1993 derived from
the NOAA-AVHRR (National Oceanic and
Atmospheric Administration — Advanced Very High-
Resolution Radiometer) satellite sensor scheme
(Hansen & Reed 2000). These served as input into an
unsupervised cluster classification. The MODIS
(Moderate Resolution Imaging Spectroradiometer)
MCDI12Q1 Version 6 product of the year 2016 was

Table 1: The land cover products and their spatial resolution. Sources: Friedl & Sulla-Menashe (2018), Hansen & Reed
(2000), Ramoino et al. (2018), Santoro et al. (2017), Servir Global (2015).

Spatial Period of Classification Spatial Overall
Product Sensor . Data Accuracy| Group
Resolution AR Scheme Coverage %
Acquisition
DISCover NOAA AVHRR j000m APl 1992 yopy Global  59.4%
March 1993
MCDI2QL MODIS 2016 IGBP Global - Low
V006 500 m resolution
MERIS FR & RR,
CCI-LC 2015 SPOT-VGT, AVHRR 300 m 2015 FAO LCCS Global 71.5%
& PROBA-V
Namibian Land Modified LC
Cover 2010 Landsat 5 TM 30m 2009 - 2011 categories of ~ Namibia  76.9%
Scheme I1 the IPCC Medium
S2 Prototype D;%elrgﬂier Own resolution
LC20m Map  Sentinel 2 20 m classification Africa 65.0%
. December
of Africa 2016 2016 scheme

*Overall accuracy computed by the product developers
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chosen as a second product, also containing classes
of the IGBP scheme. The product was developed
using a supervised classification algorithm of
MODIS reflectance data (Friedl & Sulla-Menashe
2018). As a third global medium-resolution product
the ESA CCI-LC (Climate Change Initiative Land
Cover) of the year 2015 was used. The product is
based on the time series of MERIS (Medium
Resolution Imaging Spectrometer) Full Resolution
(FR) and Reduced Resolution (RR), but it is
supplemented by images of SPOT-VGT (Satellite
Pour I’Observation de la Terre - VEGETATION),
AVHRR and PROBA-V (Project for On-Board
Autonomy - Vegetation) allowing for mapping and
incorporation of land cover changes (Santoro et al.
2017). The legend was developed applying the Land
Cover Classification Scheme (LCCS) of the United
Nations (UN) Food and Agriculture Organization
(FAO). This was supposed to facilitate comparisons
with other global land cover products.

The medium-resolution and national dataset Namibia
Land Cover 2010 Scheme II (NLC 2010) served for a
more detailed comparison. It was generated using
images derived from the sensor Landsat 5 TM
(Thematic Mapper) of the years 2006, 2010 and 2011
as inputs for a supervised classification. A country-
specific legend with 13 classes was created, which is
based on the LC categories of the Intergovernmental
Panel on Climate Change (IPCC) (Servir Global
2015). The S2 LC Africa product was developed
applying the classification algorithms Machine
Learning and Random Forest to data of the sensor

Sentinel-2A for the period December 2015 until
December 2016. The two resulting maps were then
combined allowing the selection of best land cover
representations. The initial 22 classes of the global
CCI-LC map were reduced to the ten most relevant
land cover classes for the African continent
(Ramoino et al. 2018).

Legend Harmonisation

A quantitative and qualitative comparison was used
to show differences between the land cover products.
A key challenge before product comparison was the
harmonisation of the different legends, as the number
of classes as well as their definitions varied
substantially. By assigning a common legend to all
datasets the classifications became comparable. The
developed legend (Table 2) is based on the S2 LC
Africa product due to the lower number of classes, the
absence of mixed classes and the broader formulation
of classes.

Comparison of Land Cover Products

The reference products were compared to the S2 LC
Africa classification in respect to common features
and classification differences using the geographical
information system ArcMap 10.4 of the company
ESRI. So-called agreement maps (Figure 4) were
produced to visualise areas of uncertainty or
mismatch as well as areas of thematic consistency in
the map outputs, allowing conclusions on product
accuracy. Prior to the comparison, the spatial

Table 2: The classes of the common legend and the assignment of the respective classes per product.

Value | Class Description DISCover CCI-LC NLC
& 2015 2010
MCD12Q1
0 Unclassified 100 0 0
1 Woodland Opened to closed woodlands with a minimum 1,2,3,4,5, 60, 62 1,2
surface coverage of 10% 8,9
2 Shrubland Opened to closed shrubs and bushes; 6,7, 14 11, 12, 40, 4
proportion of trees must not exceed the 100, 110,
proportion of the shrubs 120, 122
3 Grassland Dominance of grasses; the proportion of 10 130 3,5
woody plants must be negligible
4 Cropland Comprising cultivated as well as uncultivated, 12 10, 20, 30 6
irrigated as well as unwatered fields
5 Wetland Regularly flooded areas which can be covered 11 180 7
by grasses, shrubs and trees
6 Sparse vegetation, Sparsely vegetated areas, lichens or mosses * 150, 153 *
lichens, mosses
7 Bare areas Areas without vegetation or almost no 16 200, 201, 10, 11,
vegetation such as rocks, barren soil, dunes, 202 12,13
desert, salt pans and streets
8 Built up areas Artificial surfaces, settlements and industrial 13 190 9
areas; excluding streets
9 Permanent snow Areas that are covered with snow and/or ice 15 * *
and/or ice all-season
10 Water bodies Areas that are covered with water all-season 17 210 8

*Class does not exist in the classification
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Figure 2: False-colour images (SWIRI — NIR — Red) of the test sites (a) Zambezi, (b) Waterberg, (c) Solitaire and (d)
Brandberg showing the location of the reference data.

resolution of the reference maps was resampled to the
higher resolution prototype dataset.

Accuracy Assessment

The majority of the datasets analysed in this paper
include their own accuracy assessment (Table 1).
However, comparability is limited as products were
derived using different methodologies and reference
data. For that reason, a common accuracy assessment
was performed to evaluate the land cover datasets.
The accuracy assessment was carried out by means
of an error or confusion matrix which is a cross
tabulation of classification results against reference
data. An error matrix allows for statistical
conclusions on the proportion of correctly classified
pixels and the dependency of misclassifications on

other classes (Lange 2002). The derived
classification accuracy parameters included the
overall accuracy (OA) as the percentage of pixels
classified correctly, the producer’s accuracy (PA) as
the percentage of correctly classified reference data
and the user’s accuracy (UA) as the percentage of
correctly classified map pixels (Lange 2002).
Moreover, the kappa coefficient was calculated
which indicates how good the classification results
compare to reference data. Kappa coefficient values
range between 0 (no agreement between the
classification results and the reference data) and 1
(total agreement between the classification results
and the reference data) (Congalton & Green 2009).

The reference data were generated applying a
stratified sampling methodology (ground truthing).



Namibian Journal of Environment 2020 Vol 4. Section A: 1-12

Legend

- 1: Woodland

- 2: Shrubland

- 3: Grassland

‘:l 4: Cropland

- 5: Wetland

|:| 6: Sparse vegetation, lichens, mosses
:I 7: Bare areas

- 8: Built-up areas

|:| 9: Permanent snow and/or ice
- 10: Water bodies

N
A 0 150 300 km
| I T S N— |

Figure 3: Reclassified land cover products DISCover, 1993 (a), MODIS/Terra & Aqua Combined Land Cover Type Global
500 m SIN Grid (MCD12Q1 2016) (b), Climate Change Initiative Land Cover (CCI-LC 2015) (c), Namibia Land Cover 2010
Scheme II (NLC 2010) (d), Sentinel 2 Prototype Land Cover 20 m Map of Africa 2016 (S2 LC Africa) (e) with legends
harmonized to the Sentinel 2 product.
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According to Congalton (1991) the minimum number
of reference points for each land cover class should
be 50. Classes of greater extent require between 75
and 100 samples. In this study the maximum number
of samples was limited to 338 for Zambezi, 296 for
Waterberg, 228 for Solitaire and 334 for Brandberg
(Figure 2). The number depended on the test site’s
diversity and land cover heterogeneity. The sampling
points were classified based on visual image
interpretation of recent high-resolution World
Imagery Basemap of ArcGIS, SPOT imagery with a
spatial resolution of 5 m acquired in 2010 as well as
Aerial Orthophotos acquired in 2009 with a 1 m
spatial resolution covering the northern communal
areas. The multi-temporal approach was necessary as

different time stamps of the investigated land cover
products have effect on land cover and land cover
changes over time.

RESULTS

Comparison of freely available Land Cover
Products

Significant differences in the distribution of land
cover classes can be seen countrywide, but vary
depending on the product. Areas in the northeast with
small-scale mosaics of land cover, where woodlands
are mixed with shrubs, grass and cropland (Hiiser et
al. 2001), represented a major challenge for

Legend

- Disagreement N

0 150 300 km
- Agreement A L

Figure 4: Spatial agreement and disagreement among the datasets Sentinel 2 Prototype Land Cover 20 m Map of Africa 2016
(82 LC Africa) and (a) DISCover, (b) MODIS/Terra & Aqua Combined Land Cover Type Global 500 m SIN Grid (MCD12Q1);
(c) Climate Change Initiative Land Cover (CCI-LC), (d) Namibia Land Cover 2010 Scheme II (NLC 2010).
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consistent mapping. However, also large areas with
predominantly homogenous land cover types show
patterns of disagreement. In the southern area, where
shrubland  is  interspersed  with  grassland
(Mendelsohn et al. 2009), the disagreement is largely
due to the under-representation of grassland in the
DISCover and MCD12Q1 products (Figure 3).

Figure 4 shows the spatial agreement and
disagreement between the S2 LC Africa product and
the four chosen reference products. All four maps
show large areas of agreement along the coastline of
Namibia due to the extensive dune belt and the large-
scale gravel plains of the Namib desert (Leser 1982).
Irregular patterns of disagreement increase further
inland (i.e. in the transition zone between the Great

2 I8
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Figure 5: (1) The Zambezi region, (2) the Solitaire region and (3) the Etosha Pan classified by (a) the Namibia Land Cover
2010 Scheme Il (NLC 2010) and (b) the Sentinel 2 Prototype Land Cover 20 m Map of Africa 2016 (S2 LC Africa. Locations
are visible in the overview map.
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Figure 6: Difference between the producer’s and the user’s accuracy.

Escarpment and the coast or towards the central-
eastern regions, Kalahari).

The highest level of agreement is visible when
comparing the NLC 2010 and the S2 LC Africa
product. The comparison with the DISCover map
shows the highest disagreement. The increase of
agreement thus correlates with the increase of sensor
resolution (Table 1), suggesting higher thematic
accuracies of these products. The disagreement
amounting to 49.7% of the total area in the agreement
map of S2 LC Africa and NLC 2010 (Figure 4c) tends
to slightly negatively correlate with the rainfall
gradient. Therefore, it is opposed to vegetation
density and height. As already mentioned, the largest
connected agreement area covers the coast where
land cover varies slightly. This leads to a relatively
high percentage of qualitative correlation (35%) of
bare areas. The grassland class shows the second
highest qualitative agreement of 27%.

The map extracts (Figure 5) compare the NLC 2010
product with the S2 LC Africa product for selected
sites. The Etosha Pan is a salt pan which is irregularly
flooded in the rainy season but dry during the winter
(Namibia National Commission for UNESCO 2016).
Due to seasonally changing land cover patterns,
correct mapping of the salt pan is definitely a
challenge. The NLC 2010 product classified it as a
permanent water body. The S2 LC Africa product
shows a mosaic of barren, vegetated and flooded

areas. The test sites Zambezi and Solitaire also show
significant  differences such as an under-
representation of sparse vegetation in the NLC 2010
product extract for ‘Solitaire’ and a seemingly more
detailed representation of the classes woodland,
shrubland and cropland in the S2 LC Africa product
extract in the Zambezi region.

Accuracy Assessment

The accuracy varies depending on land cover class
and spatial resolution (Table 3). Bare areas were
classified most precisely. The class sparse vegetation,
lichens, mosses shows complete disagreement due to
the absence of corresponding classes in the original
legends. The error matrix reveals a clear trend to
higher accuracy values as the spatial resolution
increases. Therefore, the S2 LC Africa product has
the highest OA and the highest kappa coefficient of
all freely available products. None of the analysed
classifications is satisfactory according to Anderson
etal. (1976) or Fitzgerald & Lees (1994) who defined
a minimum accuracy of 85% and 70%, respectively.
Considering the kappa coefficient values, only the
prototype classification reaches a medium agreement
(kappa coefficient >0.4) according to Congalton &
Green (2009).

To evaluate the balance between the producer’s and
the user’s accuracy, the differences between these
two measurements were calculated (Figure 6). The

Table 3: Accuracy assessment showing the overall accuracy (OA, %), user’s accuracy (UA, %) and producer’s accuracy
(PA, %) and the kappa coefficient of the freely available land cover products for the four test sites (summed up).

DISCover MCD12Q1 | CCI-LC 2015 NLC 2010 S2 LC Africa

UA__ PA | UA__ PA | UA__ PA | UA__PA | UA _ PA

1. Woodland 357 711 0 0 | 403 406 | 591 561 | 760 439

2 Shrubland 176 191 | 362 586 | 372 292 | 519 426 | 574 6717

3: Grassland 124 187 | 123 383 | 114 402 | 77 262 | 107 206

4: Cropland 59 400 0 0| 167 400 | 222 400 | 24 100

5. Wetland 0 0| 231 130 | 600 130 | 400 87 | 214  13.0

6: Sparse vegetation, 0 0 0 0| 20 58 0 0| 417 227

lichens, mosses

7. Bare areas 763 517 | 728 594 | 759 568 | 682 615 | 795 760

10: Water bodies 0 0 0 0 | 393 688 | 310 563 | 100.0 6.3
OA 345 38.5 38.1 4323 54.4
Kappa 0.18 0.21 0.24 0.29 0.41
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Table 4: Accuracy assessment showing the overall accuracy (OA, %) and the kappa coefficient of the freely available land

cover products for the four test sites.

DISCover MCD12Q1 CCI-LC 2015 NLC 2010 S2 LC Africa
OA 334 139 59.6 44.7 453
Zambezi
Kappa - -0.9 23.6 23.1 24.7
OA 18.9 53.0 314 39.2 53.0
Waterberg
Kappa 7.6 22 8.1 23.8 21.2
o OA 22.8 27.2 20.6 21.5 51.3
Solitaire
Kappa 6.5 9.3 7.0 5.8 15.4
OA 53.9 59.9 59.6 59.9 67.7
Brandberg
Kappa 17.5 19.4 23.6 11.4 41.5

balance varies strongly among the different classes
and products. S2 LC Africa shows the highest
imbalance due to the strong bias towards the user’s
accuracy in class Water bodies. The product CCI-LC
2015 shows the second highest imbalance. The
results of DISCover and MCDI2Q1 are more
concerted but difficult to compare due to the presence
of zero wvalues. The classes shrubland, sparse
vegetation, lichens, mosses and bare areas are the
least biased in all land cover products.

The achieved accuracies vary considerably. Not only
for the land cover products but also for the four
chosen test sites (Table 4). All products achieve the
highest accuracy for the test site Brandberg. One
reason might be the more homogeneous land cover
which is predominately unvegetated and bare and can
therefore be mapped with little confusion. In contrast,
the test site Solitaire was classified with almost
exclusively low values mostly due to confusions in
the classes shrubland, grassland, sparse vegetation,
lichens, mosses and bare areas. Terrain variability,
which is more homogeneous within the Zambezi test
site compared to the mixed terrain of the other three
test sites, does not seem to influence classification
accuracy.

DISCUSSION

The applied methodology is one possible way to
compare and validate land cover classifications.
However, it should be considered that inherent
dataset characteristics and personal assumptions
might have induced some bias in the results. The re-
classification of the reference products could have
modified the classification results to some extent.
Even though it was conducted with care, a perfect re-
coding of some classes was challenging because of
missing or insufficient class descriptions. The biggest
challenge was the re-classification of mosaic classes.
These contain several land cover types, which are
subject to regional differences in vegetation
composition. Furthermore, it should be noted that,
although assumed to be correct, the ground truth data

is easily subject to misinterpretation. According to
Congalton & Green (2009) up to 30% of the
differences between the reference data and the
classification results are likely to be the result of
subjective interpretation.

Apart from procedural issues, natural processes are
likely to have caused some disagreement. Landscape
units or land cover itself can easily be influenced
through seasonal and inter-annual changes. The
transition from dry to rainy season leads to changes
in phenology every year (Hassler ef al. 2010). Due to
the significant time difference in the data collection
of up to 26 years, it is highly probable that real land
cover changes such as desertification (Klimm et al.
1994, Seely & Klintenberg 2011), bush
encroachment (Mendelsohn & Obeid 2005) or
urbanisation (Rdder et al. 2015) took place and led to
disagreements when comparing the reference
datasets with the prototype classification. Timely
differences and the lack of high-resolution reference
imagery definitely had an effect on the evaluation of
the older DISCover land cover product based on
imagery of the years 1992 and 1993. For time reasons
the study did not include historical imagery which
can be accessed in Google Earth Pro. The other
products were derived from imagery of almost the
same period in time (see section on land cover
products).

Consequently, most of the differences can be
assumed to be the result of misclassification. This is
the case in the north due to the overestimation of
grassland in the CCI-LC 2015 and NLC 2010
products. Apart from a few exceptions, extensive
grassland can be located in the transition area from
the central highland to the Namib desert (Hiiser ef al.
2001), whereas in the north, grassland only covers
small areas near rivers or is mixed with other types of
land cover (Mendelsohn et al. 2009). Most of the
country, however, is dominated by shrubland of
different densities (Hiiser et al. 2001). The S2
prototype classification displays the distribution of
grassland  more  accurately, yet  slightly
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Figure 7: Images of Landsat-5 and Landsat-8 as false natural colour composites showing the desiccation of the Etosha pan
in (a) May 2009, (b) May 2010; (c) June 2015, (d) May 2016. Source: USGS (2018).

overestimating it in parts of the country. Varying
results can rather be attributed to the presence of
different land cover types, particularly in areas of
land cover mosaics which can be challenging for
consistent  mapping, especially when the
heterogeneity leads to the generation of mixed pixels.
In general, this issue is independent from the spatial
resolution of the satellite sensor. However, low-
resolution sensors produce higher amounts of mixed
pixels (Fisher & Pathirana 1990).

The map extract of the Etosha pan (Figure 5) suggests
that small-scale mosaics were classified more
accurately in the S2 LC Africa product dataset.
Although the years of the data collection (2009-2011)
for the NLC 2010 map were extraordinarily high in
precipitation (Earth Observatory 2018), displaying
the whole area as a permanent water body is
considered critically. Firstly, satellite images prove
that the salt pan dried out in the dry season of the
years considered (Figure 7). Secondly, images of the
dry season were preferred according to the product
description. Consequently, a classification as a
mosaic of barren, vegetated and flooded areas, as
described by the Namibia National Commission for

10

UNESCO (2016), is believed to be more realistic.
This finding implies that the higher resolution
prototype map provides more precise information on
the actual land cover than the lower resolution
reference datasets. This assumption is confirmed by
the accuracy assessment, however, some of its per
class accuracies are still on a low level. This finding
implies that other factors such as spatial coverage,
tools and classification procedures influence the
accuracy of land cover products.

CONCLUSION

The results of the study suggest that the S2 LC Africa
product constitutes a major improvement for land
cover mapping of Namibia. It is more detailed and
precise in terms of quantitative and qualitative
representation of land cover than the low and
medium-resolution reference datasets. However, the
accuracies per class are still too low to meet the user
requirements of a good qualitative and reliable land
cover map which can be used as a basis for
environmental analysis. Consequently, further
improvements should be made to satisfy all user
needs. Finally, it should be noted that the results do
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not represent a complete accuracy assessment of the
analysed products since these are limited to the test
sites. The objective was rather to provide information
on the possible strengths and weaknesses of the
datasets, and to contribute to the validation of the S2
LC Africa product. Hence further examination and
validation is recommended. These should include
reference data for the whole country to ensure
meaningful results.

ACKNOWLEDGEMENTS

We would like to thank the United States Geological
Survey (USGS) for providing the DISCover data product
online in the data portal EarthExplorer [https://
carthexplorer.usgs.gov/], the NASA EOSDIS Land
Processes Distributed Active Archive Center (LP DAAC),
USGS/Earth Resources Observation and Science (EROS)
Center, Sioux Falls, South Dakota for providing the
MCDI12Q1 V006 data product in the online Data Pool
[https://Ipdaac.usgs.gov/data_access/data_pool], the ESA
Climate Change Initiative - Land Cover led by UCLouvain
for making available the CCI-LC data product
[http://maps.elie.ucl.ac.be/CCl/viewer/download.php],
Servir Global for making available the Namibia Land
Cover 2010 Scheme II data product [https://www.
servirglobal.net/data-maps/GeoPortalMetaDataViewer?
recordID=5a1025aa-0514-4945-b921-eedeec1911a0], the
ESA Climate Change Initiative - Land Cover project for
providing the S2 prototype LC map of Africa 2016 data
product [http://2016africalandcover20m.esrin.esa.int/
download.php], Map Library for offering administrative
data [http://www.maplibrary.org/library/stacks/Africa/
index.htm] and all contributors to the Atlas of Namibia
project and the online data base for making climate and
vegetation data of Namibia available [http://www.uni-
koeln.de/sfb389/e/el/download/atlas_namibia/
main_namibia_atlas.html]. Reviewers Drs B. Strohbach
and N. Knox, both anonymous at the time, are thanked for
useful comments on the manuscript.

REFERENCES

Anderson JR, Hardy EE, Roach JT, Witmer RE (1976) 4
Land Use And Land Cover Classification System For Use
With Remote Sensor Data. U.S. Geological Survey
Professional Paper 964, Washington. https://landcover.
usgs.gov/pdf/anderson.pdf.

Arino O, van Bogaert E, Bontemps S, Defourny P,
Kalogirou V, Perez JR (2011) GlobCover2009. Products
Description and Validation Report. due.esrin.esa.int/
filess GLOBCOVER2009 Validation Report 2.2.pdf.

Chen J, Chen J, Liao A, Cao X, Chen L, Chen X, He C,
Han G, Peng S, Lu M, Zhang W, Tong X, Mills J (2015)
Global land cover mapping at 30m resolution: A POK-
based operational approach. ISPRS Journal of
Photogrammetry and Remote Sensing 103: 7-27.

Congalton RG (1991) A review of assessing the accuracy
of classifications of remotely sensed data. Remote
Sensing of Environment 37(1): 35-46.

Congalton RG, Green K (2009) Assessing the Accuracy of
Remotely Sensed Data. Principles and Practices, 2nd ed.
CRC Press, Boca Raton, USA.

DeFries R, Hansen M, Townshend J (1995) Global
discrimination of land cover types from metrics derived

11

from AVHRR pathfinder data. Remote Sensing of
Environment 54(3): 209-222.

Earth Observatory (2018) Flooding across Northern
Namibia. https://earthobservatory.nasa.gov/images/
50100/flooding-across-northern-namibia.

Eckardt FD, Drake N, Goudie AS, White K, Viles H (2001)
The role of playas in pedogenic gypsum crust formation
in the Central Namib Desert: a theoretical model. Earth
Surface Processes and Landforms 26(11): 1177-1193.

Fisher PF, Pathirana S (1990) The Evaluation of Fuzzy
Membership of Land Cover Classes in the Suburban
Zone. Remote Sensing of Environment 34: 121-132.

Fitzgerald RW, Lees BG (1994) Assessing the
classification accuracy of multisource remote sensing
data. Remote Sensing of Environment 47(3): 362-368.

Friedl M, Sulla-Menashe D (2018) User Guide to
Collection 6 MODIS Land Cover (MCDI2QI1 and
MCDI12CI)  Product.  https://Ipdaac.usgs.gov/sites/
default/files/public/product _documentation/
mcd12_user guide v6.pdf.

Hansen MC, Reed B (2000) A comparison of the IGBP
DISCover and University of Maryland 1 km global land
cover products. International Journal of Remote Sensing
21(6-7): 1365-1373.

Hassler SK, Kreyling J, Beierkuhnlein C, Eisold J, Samimi
C, Wagenseil H, Jentsch A (2010) Vegetation pattern
divergence between dry and wet season in a semiarid
savanna — Spatio-temporal dynamics of plant diversity in
northwest Namibia. Journal of Arid Environments
74(11): 1516-1524.

Hiiser K, Besler H, Bliimel WD, Heine K, Leser H, Rust U
(2001) Namibia. Eine Landschaftskunde in Bildern.
Klaus Hess Verlag, Gottingen, Germany, Windhoek,
Namibia.

Jacobson PJ, Jacobson KM, Seely MK (1995) Ephemeral
Rivers and their Catchments. Sustaining People and
Development in Western Namibia. Desert Research
Foundation of Namibia, Windhoek, Namibia.

Klimm E, Schneider K-G, Hatten S (1994) Das siidliche
Afrika. 1I. Namibia - Botswana. Wissenschaftliche
Landerkunden, 39. Wissenschaftliche Buchgesellschaft,
Darmstadt, Germany.

Lange N (2002) Geoinformatik in Theorie und Praxis.
Springer, Berlin, Heidelberg, Germany.

Leser H (1982) Namibia. 1st ed. Klett, Stuttgart, Germany.

Lesiv M, Fritz S, McCallum I, Tsendbazar N, Herold M,
Pekel J-F, Buchhorn M, Smets B, van de Kerchove R
(2017) Evaluation of ESA CCI prototype land cover map
at 20 m. IIASA Working Paper. WP-17-021, Laxenburg,
Austria.  http://www.iiasa.ac.at/web/home/about/news/
Evaluation_of ESA CCI_prototype land _cover map_a
t 20m.pdf.

Loveland TR, Reed BC, Brown JF, Ohlen DO, Zhu Z,
Yang L, Merchant JW (2000) Development of a global
land cover characteristics database and IGBP DISCover
from 1 km AVHRR data. International Journal of
Remote Sensing 21(6-7): 1303—1330.

Matthews E (1983) Global Vegetation and Land Use: New
High-Resolution Data Bases for Climate Studies. Journal
of Climate and Applied Meteorology 22(3): 474-487.

Mendelsohn J, Jarvis A, Roberts C, Roberts T (2009) Atlas
of Namibia. A portrait of the land and its people. 3rd ed.
Sunbird Publishers, Cape Town, South Africa.

Mendelsohn J, Obeid S (2005) Forests and woodlands of
Namibia, RAISON, Windhoek, Namibia.



Namibian Journal of Environment 2020 Vol 4. Section A: 1-12

Namibia National Commission for UNESCO (2016)
Etosha Pan. Description. In: UNESCO: World Heritage
Centre. http://whc.unesco.org/en/tentativelists/6095/.

Nordenstam B (1974) The Flora of the Brandberg. Dinteria
11: 1-76.

Olson JS, Watts JA, Allison LJ (1985) Major world
ecosystem complexes ranked by carbon in live
vegetation: A Database (NDP-017), Carbon Dioxide
Information Analysis Center (CDIAC), Oak Ridge
National Laboratory (ORNL), Oak Ridge, Tennessee,
USA.

Ramoino F, Pera F, Arino O (2018) S2 prototype LC map
at 20m of Africa 2016 - Users Feedback Compendium.
ESA  Working Paper. http://due.esrin.esa.int/files/
S2 prototype LC map_at 20m_of Africa 2016-
Users_Feedback Compendium-6-Feb-2018.pdf.

Roder A, Propper M, Stellmes M, Schneibel A, Hill J
(2015) Assessing urban growth and rural land use
transformations in a cross-border situation in Northern

12

Namibia and Southern Angola. Land Use Policy 42: 340—
354.

Santoro M, Kirches G, Wevers J, Boettcher M, Brockmann
C, Lamarche C, Bontemps S, Defourny P (2017) Land
Cover CCI. Product User Guide Version 2.0, Brussels,
Belgium. http://maps.elie.ucl.ac.be/CCl/viewer/
download/ESACCI-LC-Ph2-PUGv2_2.0.pdf.

Seely M, Klintenberg P (2011) Case Study Desertification:
Central-Northern Namibia. In: Stimm B, Giinter S,
Weber M, Mosandl R (eds): Silviculture in the Tropics,
Berlin, Heidelberg, Germany: 491-500.

Servir Global (2015) Data Catalog. Namibia Land Cover
2010 Scheme 1L Download Metadata.
https://www.servirglobal.net/DesktopModules/
GeoPortalMetaDataViewer/XmlDownload.asp.

U.S. Geological Survey (USGS) (2018) EarthExplorer -
Home. https://earthexplorer.usgs.gov/.

Wilson MF, Henderson-Sellers A (1985) A global archive
of land cover and soils data for use in general circulation
climate models. Journal of Climatology 5(2): 119-143.



