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Introduction
Light Detection and Ranging (LiDAR)
is an active remote sensing technique
that uses laser light, can be used to
produce high-resolution scans of a
tree’s morphology, often known as
plant phenotyping. Laser scanning is a
technique for acquiring data that uses the
LiDAR principle. The laser scanner, also
known as 3-D laser imaging, is a device
that is used to capture, collect, and store
precise data of an object’s physical size
and shape. Laser scanners work on the
idea of producing laser light that hits
an object and then reflects back to the
scanner. The data is then transferred to a
computer and shown as a digital threedimensional model. The laser scanner
able to scan object’s surface rapidly then
record the shape and visual properties in
form of intensity and/or RGB information.
The collected information is returned to
the unit in the form of point cloud data
that consists of XYZ coordinates. It was
designed to capture accurately on smaller
objects for inspection, replication and
other purposes. There are various types
of laser scanners, including mobile,
airborne, and terrestrial scanning. The
mobile laser scanner (MLS) was designed
to work from a moving vehicle, such
as a car, boat, train, or other similar
vehicles. Aerial scanning, also known as
airborne laser scanning (ALS), is carried
out using an unmanned aerial vehicle
(UAV), planes, or helicopters. It usually
involves mapping and terrain surveys over
a large area. Terrestrial laser scanning
(TLS) is a ground-based version of the
airborne LiDAR is an accurate, quick and
flexible measurement technique that can
complement or partially replace other

existing geodata acquisition technologies.
Currently, there are three types of laser
scanner namely time of flight (TOF)
scanner, phase-shift (PS) scanner and
triangulation-based system scanner.
Previous research yielded high correlation
and accuracies indicates that LiDAR
technology can be used in the agricultural
field and possible to be applied in the
oil palm plantation for BSR disease
detection. A tree’s biophysical features
can be assessed to determine whether it
was infected with a specific disease or
related pathological disorders associated
with distinctive symptoms. Because of
the infection, there were differences in
canopy density between healthy and
infected trees, with infected trees having
reduced foliage density and leaf area.
The 3D canopy structure model was used
to analyse vegetation diseases, and it
was discovered that disease severity was
associated with a canopy structure. In
addition, because the disease affects crop
morphology and canopy structure, it can
be recognised early by observing changes
in canopy morphology. Furthermore,
canopy biophysical parameters, canopy
structure, and geometry are critical in
predicting the healthiness of the canopy.
This article discusses briefly the previous
study on the application of LiDAR for
Basal Stem Rot (BSR) disease in oil
palm plantation, consisting of changes
in oil palm architecture, stratification
of oil palm crown, combination of
parameters and machine learning
approach and multi temporal study.
The most threatening disease to the oil
palm is Basal Stem Rot (BSR) disease
caused by Ganoderma boninense. The
main canopy symptoms of BSR disease are

declination of the tree’s canopy forming a
“skirt-like” shape, appearance of unfolded
spears and smaller crown size because of
leaves deterioration. All these physical
symptoms are progressing gradually from
mild to severe level. Thus, the level of
infection can be classified. Therefore,
in these studies, oil palm trees were
categorised into four health levels - T0, T1,
T2 and T3, which represents the healthy,
mildly infected, moderately infected and
severely infected, respectively based on
the symptoms of BSR disease. The TLS
scanner was mounted at a height of 1 m
at a distance of 1.5 m and each palm was

scanned at four scan positions around the
tree to get a full 3D image. All collected
scans were imported into SCENE software
for processing and further analysis. The
“Registration” step was completed in
order to match the multiple scan positions
and to synchronise the laser point data
to create a cluster of point clouds.

Oil palm canopy architecture
Three parameters were investigated in the
research of oil palm canopy architecture:
the number of pixels inside the crown

Fig. 1. LiDAR for crown trees’ characteristics
Source: Moorthy et al. (2011); Pratihast (2010); Yang et al. (2016); Trochta et al. (2016)

(crown pixel), the degree of angle
between fronds (frond angle), and the
number of fronds (frond number). The
findings reveal that the crown pixel,
frond angle, and frond number are all
significantly related and that the BSR
severity levels are highly correlated.
As a result, the mildly infected (T1)
stage of a Ganoderma boninense was
the earliest stage that could be detected.
For frond angle, all post hoc tests
showed consistent results, and all levels
were significantly separated except for
T0 and T1. By using the crown pixel
parameter, healthy trees (T0) were
separated from unhealthy trees (moderate
infection [T2] and severe infection [T3].
Using the crown pixel and frond angle
data, Ganoderma boninense could be
diagnosed as early as the T2 level. It is
difficult to tell the difference between
T0 and T1 because the symptoms are
so similar with a moderate infection.
In the study of oil palm canopy
architecture, three parameters were
analyzed: number of pixels inside the
crown (crown pixel), the degree of angle
between fronds (frond angle), and the
number of fronds (frond number). The

The use of physical
features of the canopy
structure in this novel
image processing
Fig. 2. (a) Data collection setup; (b) Oil palm tree; (c) Oil palm’s point cloud image

technique is critical for
early disease identification,
management, and
control. With the help
of preprocessing and
postprocessing facilities,
it also can be employed

Fig. 3. Examples of crown top view images for each healthiness level
Source: Azuan et al. (2019)

for in situ application.
Coordinates April 2022 | 7

results show that the crown pixel, frond
angle, and frond number are significantly
related and that the BSR severity levels are
highly correlated. Therefore, the earliest
stage that a Ganoderma boninense could
be detected was mildly infected (T1). For
frond angle, all post hoc tests showed
consistent results, and all levels were
significantly separated except for T0 and
T1. By using the crown pixel parameter,
healthy trees (T0) were separated from
unhealthy trees (moderate infection
[T2] and severe infection [T3]. Thus,
Ganoderma boninense could be detected
as early as the T2 level by using the crown
pixel and the frond angle parameters.
It is hard to differentiate between T0
and T1, because during mild infection,
the symptoms are highly similar.

Stratification of oil
palm crown
Fig. 4. The descriptions of canopy stratification method.
Source: Husin et al. (2010)

This study used TLS data to examine the
effect of crown profile due to BSR and
develop a BSR detection model using
crown strata. The crown stratification
method was used to create crown strata
(referred to as Cn; where n is the crown
length in cm). The amount of laser hits
in the strata was used to create crown
profiles comparing healthy and diseased
oil palm trees, establish prediction
models, and evaluate crown density
trends in different regions of the tree. By
using a systematic multi-scan approach,
the study was able to account for the
occlusion issue. The profiles of crown
strata revealed that the healthy trees have
higher crown densities than unhealthy
trees starting from 250 cm from the
top (strata no. 5) to the bottom. In the
classification of healthy and infected
trees, prediction models based on the
strata parameters C650, C700, C800,
and C850 were 92.5 per cent accurate.

Combination of parameters
and machine learning approach
Fig. 5. Schematic of the method used for parameters extraction.
Source: Husin et al. (2020)
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Five parameters were analysed: canopy
strata at 200 cm from the top, canopy
strata at 850 cm from the top), crown pixel

The proposed method’s key flaw is the feature extraction
process, as some of the characteristics required to be
manually extracted. The extraction of features could be
automated in the future using deep learning technology.
(number of pixels inside the crown), frond
angle (degree of angle between fronds)
and frond number. According to statistical
analysis, the best single parameter for
detecting BSR illness as early as T1 was
frond number. In classification models,
a linear model with a combination of
parameters, ABD – A (frond number),
B (frond angle), and D (S200) produced
the highest average accuracy for
categorization of healthy-unhealthy trees,
with an accuracy of 86.67 per cent. It
also can classify the four categories of
infection severity with an accuracy of
80%. When compared to the severity
categorization based on frond number,
this model performed better. This model
performed better when compared to the
severity classification using frond number.
The aforementioned parameters were
evaluated using principal component
analysis (PCA) in a machine learning
approach to minimise the dimensionality
of the dataset and increase its
interpretability while minimising
information loss. The results showed that
the kernel naïve Bayes (KNB) model
developed using the input parameters of
the principal components (PCs) 1 and 2
had the best performance among 90 other
models with a multiple level accuracy
of 85% and a Kappa coefficient of 0.80.
Furthermore, the classification success
was aided by the combination of the
two largest PC variances with the most
weighted to frond number, frond angle,
crown area, and C200. The model was
also 100 per cent accurate in classifying
healthy and mildly infected trees.

Multi temporal study
In the precision agriculture field, spatiotemporal data is critical for better oil

palm management. It can be done by
understanding disease development
for long-term solutions, and providing
a quick response so that suitable
treatment may be delivered to the palm
as soon as feasible. With two distinct
scan lengths, i.e. 2- and 4-months
following the first scan, terrestrial laser
scanning data was used to analyse
changes in the crown and frond
metrics of oil palm plants. To evaluate
significant differences in the parameters
at different times in time, statistical
analyses were performed, including the
Kruskal–Wallis test with α = 0.05 and
the Wilcoxon post-hoc test. The crown
strata number 17 (850 cm from the top)
and the crown area were found to be
the most appropriate criteria to utilise.
Furthermore, by comparing the 4-month
scan with the second 2-month scan, oil
palm trees with BSR can be identified.
The findings revealed that the effects
of Ganoderma boninense infection can
be distinguished at the later stage.

Conclusion
It can be concluded from this study
that TLS remote sensing data provide
precise physical properties of oil
palm trees. The work filled a research
gap in the application of TLS in oil
palm disease detection research. The
terrestrial laser scanner’s extensive laser
point data can be used to identify the
geometric aspects of oil palm plants.
The use of physical features of the
canopy structure in this novel image
processing technique is critical for early
disease identification, management, and
control. With the help of preprocessing
and postprocessing facilities, it also
can be employed for in situ application.
TLS delivers tree-level data to help

farmers achieve their precision farming
goals. The laser scanner will give faster
scanning times and more broad scanning
coverage for the entire plantation in.
the future. A sensing system based on
cutting-edge algorithms and onsite
technology could provide more precise
data for establishing an up-to-date oil
palm plantation health database.
Despite its potential, the proposed
method’s key flaw is the feature
extraction process, as some of the
characteristics required to be manually
extracted. The extraction of features
could be automated in the future using
deep learning technology. Meanwhile,
the plantation manager could examine
the position and healthiness level
of the trees via an online platform,
and an alert system might be built.
Furthermore, by taking into account
the differences in static and dynamic
systems, such as spatial resolution,
viewing angle, scanning area, distance,
scanning mechanism, data capture
mode, and the obtainable accuracy, the
method could be expanded by using
mobile laser scanning (MLS) and
airborne laser scanning (ALS). The
scans might be done concurrently in
MLS by attaching the mobile scanner
to a trailer or tractor employed in the
plantation, with a clear path and clear
height in the plantation planned to avoid
colliding with the fronds. Meanwhile,
ALS has the potential to cover a bigger
area and take less time than TLS.
LiDAR data is becoming more widely
available and of higher quality, and
when combined with a method for
identifying individual oil palm trees, it
has the potential to be useful in research
and precision agriculture applications.
TLS’ availability and resolution are
anticipated to rise as technological
advances continue. Scanners with
advanced and greater capability, capable
of scanning an entire plantation area with
a single scan at a reduced cost, could
be created in the future. The method
might be used to create an accurate
and quick oil palm health map for
disease identification in real-time. x
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Spatial and economic inequities
and trends in South Africa
It paper aims to better understand the spatial interlinkages between racial segregation,
poverty, household composition, land value and income inequality in these areas
Sue Bannister
Director, City Insight
(Pty) Ltd
South Africa

Dr Michael Sutcliffe
Director, City Insight
(Pty) Ltd
South Africa

Willy Govender
Owner,
Dataworld (Pty) Ltd
South Africa

Introduction
The effectiveness of programmes realizing
urban equity and resilience in the South
African context are greatly constrained
by South Africa’s entrenched racial, (and
through that class) land ownership and
settlement patterns. Given the costs of
well-located urban land, the state efforts
to house the urban poor have often
resulted in housing opportunities being
provided at great distance from the urban
core and employment opportunities.
This has exacerbated the ability of even
the working poor to make ends meet as
high transport costs often consume over
25% of their income. The black working
poor often have to have three homes
to survive: a home where apartheid’s
forced removals forced them to live, a
home which they may have received as a
results of the democratic state’s massive
housing provision since 1994, and also
a home in the form of a shack which is
located close to their workplace and in
which they live in order to reduce travel
costs whilst working or seeking work.
This report analyses the spatial and
economic inequities between, and within,
South Africa’s major metropolitan areas.
It aims to better understand the spatial
interlinkages between racial segregation,
poverty, household composition, land
value and income inequality in these
areas. It examines the market valuation
of property across 11 municipalities
drawing out the implications of these
trends for reducing inequality. These
data also have implications for providing
housing on well located vacant land, as
well as for transforming the apartheid
spatial landscape. Overall, the report will
emphasise the challenges in overcoming
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inequality and providing access to
urban opportunities for particularly
poor and black South Africans who
were historically disenfranchised.

National municipal context
South Africa is divided into
257 municipalities, organised
into two basic groups:
• 8 Category A municipalities
often referred to as Metropolitan
municipalities; and
• 205 Category B municipalities
(referred to as locals) which are
distributed across 44 Category C
municipalities (referred to as Districts).
Municipalities exercise a range of
powers and functions, and in general
are the major distributors of basic
network services such as electricity,
water, sanitation, roads, transport; as
well as a number of community-based
and economic services such as planning
and development, parks, recreation,
cemeteries and crematoria, tourism,
and local economic development.
Municipalities receive a share of the
national fiscus (known as the equitable
share), as well as contributions from
national/provincial governments to deliver
a certain quantum of free basic services
(water, electricity, sanitation) as well as
to undertake a range of developmental
functions such as providing access to
electricity, water and sanitation for
particularly the poor, the building of roads
and the provision of public transport.
Municipalities that deliver services
such as electricity, water and

sanitation are able to recover these
costs through charging tariffs.
Metro and Local municipalities are also
able to tax property owners through
charging property rates. These taxes are
calculated using a formula (termed ‘rates
randage’) which is a proportion of the
market valuation of a property, and which
must be paid directly to a municipality.
The financial resources available to
municipalities differs markedly across
the country, with the Metros having
significantly larger budgets than the
Locals. The Metros have an aggregate
budget of R237 ZAR Billion, compared
to the rest of the municipalities have total
budgets of only some R143 ZAR Billion.

The following figures indicates the
significant spatial differences in municipal
budgets across the country, the first map
on the left showing the total municipal
revenue per municipality. When the
revenue data is standardised by the
population size being served, the spatial
inequalities become more clear, with
the larger urban areas having greater
resources with which to provide services
to their communities. The effects of
apartheid are clear in that the areas
shown as blue (ie with less revenue)
are largely former homeland areas. The
map figure 1 indicates the extent of area
of South Africa which fell under the
former apartheid homeland system:
There are also significant spatial disparities
when one compares municipalities in
terms of the rates
revenue being
generated per person
in each municipality.
This is indicated in
the map figure 2

Figure 1: Former homeland areas under the apartheid system

Overall, then, there
are clear spatial
inequities in the
funds available
to municipalities
to provide basic
services to their
communities, as
well as in the funds
the municipalities

are able to generate. These spatial
inequities are largely a result of the legacy
of apartheid, where formerly white areas
had higher levels of education, higher
levels of services in households (water,
electricity, etc.) and higher GDP (and
its effect of having higher employment
levels). Hence it is no real surprise to
find that there are very high levels of
correlations between the billed rates and
these variables which epitomised what
white people under apartheid received.
On the other hand, since South Africa’s
democracy in 1994 in particular,
significant additional numbers of
black South Africans have moved to
these areas of economic opportunity.
In many cases these migrants move
as individuals, at least initially, and
seek out the least expensive forms of
accommodation. There is therefore a
strong correlation between the size of
the property rates bill and the number
of households living in backyard shacks
and informal settlements. Indeed, the
numbers of people living in poverty are
even greater in the large urban areas.
The spatial inequities in the property
rates income for municipalities is
further evidenced in a review of the
municipal property valuation rolls. As
may be seen in the table below, 50% of
properties that can be valued in terms of
their market value, and which are used
to generate property rates income, are

Figure 2: Total Revenue, Revenue per person and Rates Revenue per person
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found in the 8 Metros which contain
only around 30% of the population.
The next section looks at how, within
municipalities, similar inequities exist.

The spatial distribution of
market value of property
within municipalities
Whilst spatial inequities with the
South African municipal system are
often discussed in general, and have
usually focussed on the impacts that
racial segregation continues to have on
development progress, very few studies
have provided empirical evidence
showing how the inequities in access
to decent housing have impacted on
property markets and in turn how those
markets have led to spatial inequities in
property markets within municipalities.
This forms the subject of this study
and in order to analyse the degree to
which such inequities exist, a set of
case study municipalities were chosen
and databases for each developed.
Eleven municipalities were selected
across the larger municipalities:
• Category A: Johannesburg, Ekurhuleni,
eThekwini and Nelson Mandela Bay;
• B1 - (Larger secondary city

centres): Msunduzi, Newcastle,
uMhlathuze and Madibeng;
• B2 - (Regional/tertiary
centres): Merafong, Ray
Nkonyeni and KwaDukuza.
A brief descriptions of these
municipalities follows1:
• City of Johannesburg is one of the
most commercial cities in Africa and
the engine room of the South African
and regional economy. Johannesburg
is home to almost five million people,
accounting for about 36% of the
Gauteng’s provincial population
and 8% of the national population.
The city’s main economic sectors
are finance and business services,
community services, manufacturing,
trade (collectively 82%)
• uMhlathuze: The City of uMhlathuze
Local Municipality is a Category B
municipality situated within the King
Cetshwayo District on the northeast coast of the KwaZulu-Natal
province. It is the largest among
the five municipalities that make
up the district. It boasts the deepest
water port, in Richards Bay, and is
home to the Richards Bay Industrial
Development Zone (RBIDZ), which
drives the inwards investment of
the City through foreign direct
investments. Its main economic sectors

•

•

•

•

•

•

Figure 3: Location and MIIF Category of Case Study Municipalities
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•

are: manufacturing (45.9%), mining
and quarrying (11.6%), financial,
real estate and business (10.7%),
community, social and personal
services (10.4%), transport and
communication (9.1%), trade (6.3%),
agriculture, forestry and fishing (3.2%)
City of Ekurhuleni: The City of
Ekurhuleni Metropolitan Municipality
is a Category A municipality in the
Gauteng province and in many ways
serves as the transportation hub
of the country. Its main economic
sectors include manufacturing
(23%), finance and business services
(21.3%), community services
(20%), trade (15%), transport
(11%), construction (4.1%),
electricity (2.3%), mining (2.3%)
eThekwini is a Category A
municipality in the province of
KwaZulu-Natal. eThekwini is the
third-largest city in the country. Its
main economic sectors include:
finance (22%), manufacturing
(22%), community services (18%),
trade (16%), transport (16%),
construction (3%), electricity (2%)
KwaDukuza is a Category B
municipality located within the
iLembe District in the KwaZulu-Natal
Province. Its main economic sectors
include: agriculture and tourism
Madibeng is a Category B
municipality located in the North
West Province within the Bojanala
Platinum District. Its main
economic sectors include mining,
manufacturing, agriculture and tourism
Merafong is a Category B
municipality situated within the
West Rand District in the Gauteng
Province. Its main economic sectors
include mining (50.7%), trade
(9.7%), finance and business services
(9.9%), community services (9.2%),
general government (9.1%)
Msunduzi is a Category B
municipality situated within the
uMgungundlovu District in KwaZuluNatal. Its main economic sectors
include community services (29%),
finance (24%), transport (13%),
trade (12%), manufacturing (12%)
Nelson Mandela Bay is a Category

A municipality and is the economic
powerhouse of the Eastern Cape
Province. Its main economic sectors
include Manufacturing (25%),
community services (23%), finance
(23%), trade (13%), transport (13%)
• Newcastle is a Category B municipality
situated within the Amajuba District
in KwaZulu-Natal. Its main economic
sectors include: Trade (24.9%),
community services (22.1%), finance
(14.71%), manufacturing (13.7%),
construction (6.9%), transport
(6.7%), agriculture (3.8%)
• Ray Nkonyeni is a Category B
municipality situated within the
Ugu District in the KwaZulu-Natal
Province. Its main economic sectors
include: Finance and business
services (21.5%), wholesale and retail
(18.7%), general government services
(13.3%), manufacturing (12.3%),
agriculture and forestry (8.9%),
transport and communication (8.9%).

properties, we find significant variation
across each of the municipalities in
terms of reliance on different property
sectors for their property rates income.
For example, the largest number of
properties are residential across all
municipalities, but there is significant
variation in the value of property across
municipalities. For example, 88% of
properties on the Johannesburg roll
are residential, constituting 65% of the
value of all properties. At the other end
of the spectrum, in uMhlathuze whilst
residential properties constitute 83% of
their properties, in terms of value these
are only 49% of total property value.
Business and commercial properties
constitute significantly higher proportions
of value than the number of properties
suggest should be the case.

All of the case study municipalities have
recently updated their general valuation
rolls and they contain market valuations
of at least 2,8 million properties.
Collectively, these properties have been
valued at around R2,8 ZAR trillion.
Johannesburg itself has properties valued
at over ZAR1,3 trillion whilst the smallest
valuation roll of Merafongs properties
are worth around ZAR19 billion.

For purposes of analysing the spatial
distribution of properties and values
across each municipality, the overall
number and values of all properties,
as well as the specific distribution and
values of residential and commercial
properties are described. Three sets of
analysis are provided. The first examines
the degree of concentration of property
values across the municipalities, the
second describes the spatial distribution
of property values and the third
section analyses these distributions.

In analysing the breakdown of properties
across each of the valuation rolls by
property type, the number and value of

In examining the degree of
concentration of values in specific
parts of the municipality, Lorenz

Table 1: Municipal case studies of valuation rolls, including dates of General valuations,
number of properties in each roll and overall valuation (in Rands Million)
Code

Municipality

Property Count

Overall value (Rand
Millions)

JHB
ETH
EKU
NMA
KZN225
KZN292
NW372
KZN216
KZN282
KZN252
GT484

City of Joburg
Ethekwini
City of Ekurhuleni
Nelson Mandela Bay
City of Msunduzi
KwaDukuza
Madibeng
Ray Nkonyeni
City of uMhlathuze
Newcastle
Merafong

914933
533421
714226
266849
86302
45698
62995
48064
35605
58251
36153

1303881
526606
489902
134145
83623
55299
49593
39363
36784
27966
19030

curves were produced, indicating:
• The cumulative proportion of property
values from the smallest values to the
highest property values in each ward.
• residential property values within each
municipality. For these, curves were
smoother indicating less concentration
of residential values in wards.
• The cumulative proportion of
commercial/industrial property values
found across the wards and, as may
be expected, they generally suggest
a greater degree of concentration
of commercial/industrial property
values across the wards.
Overall, in order to easily compare
these Lorenz curves, an adaptation of
Hoover’s index of concentration or
localization, as cited in Cox (2019)2,
was used for comparative purposes. The
indices provided in the table below are
percentages which reflect the proportion
of all properties that would have to be
moved around in order to get equality in
values (total, residential or business) in
order to get complete equality across all
wards in each municipality. For example,
in the case of Johannesburg, in order to get
equity across all wards in terms of total
property values, 50% of the residential
properties would have to be shifted and
60% of commercial/Industrial properties
would have to be shifted. On the one
hand, the results are expected in that one
does not expect to find high proportions
of commercial/industrial properties in
all wards. But on the other hand, these
concentration indices are very high lying
generally close to or above 50% across
all indicators and municipalities:
Clearly these data and indicators suggest
that within municipalities there is a very
high level of concentration of property
values with some wards having high
values and others very low values. This
is easily evidenced in grouping the
overall property values by wards across
municipalities. The following table shows
this, and it shows that 2 wards have overall
property values of over ZAR50 Billion,
with 34 wards having total property
values of less than ZARR10 Million:
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previous analysis showed there
were generally high levels of
concentration of property values, this
map shows that the concentration of
high values are generally in former
white areas and the low LQs are
in formerly black African areas;
• Map of LQs of commercial/business
which show even higher levels of
concentration but which also mirror
that of the LQs of total property values;

Whilst there are very high degrees of
concentration of property values across
the eleven case studies, it is important too
to understand the spatial distribution of
these property values. In order to do this
Location Quotients (LQs) were calculated
for each ward: high LQs indicate that the
overall values are very high compared
with an equitable situation. The following
sets of maps for some of the municipalities
reflect the spatial distribution of properties:
• Map of LQs of residential property
values across all wards: these
generally show that whilst the

These maps reinforce the arguments made
that the spatial inequities that have their

Table 2: Concentration indices for property values across wards in sample
municipalities: total values, residential values and commercial/industrial
Name

Concentration index for residential
property values
50
45
43
41
53
61
46
43
58
65
67

City of Joburg
Ethekwini
City of Ekurhuleni
Nelson Mandela Bay
Merafong
Ray Nkonyeni
City of Msunduzi
Newcastle
City of uMhlathuze
KwaDukuza
Madibeng

Concentration index for business/
industrial property values
60
62
63
61
54
72
67
76
79
72
60

2
3

14

Grand Total

GT484

NW372

22

KZN292

R10-20Bn

KZN282

21

KZN252

R20-50Bn

KZN225

1

KZN216

1

NMA

ETH

>R50Bn

EKU

JHB

Table 3: Total property values across all wards broken into value bands

14

24
1

1

1

2

1

56

R5-R10Bn

12

21

15

8

1

5

1

1

64

R2,5-R5Bn

25

13

12

8

6

6

4

3

1

4

82

R1-R2,5Bn

46

28

46

14

4

8

3

5

6

7

9

176

R500Mn-R1Bn

7

19

18

14

3

4

7

5

2

3

5

87

R250Mn-R500Mn

1

6

3

11

4

3

11

3

4

3

2

51

R100Mn-R250Mn

5

1

4

4

3

5

5

8

11

6

52

R50Mn-R100Mn

1

2

1

1

4

2

4

15

R25Mn-R50Mn

1

2

5

2

1

1

1

2

15

R1-R10Mn

1

10

3

2

2

4

22

8

4

12

R0Grand Total

135
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110

112

60

36

39

34

34

29

41

28

658

roots in apartheid continue to play a
major role in the shape and form of
South African cities, showing that the
spatial distribution of property values
and corresponds largely to the shape
of the apartheid reality, with high
levels of concentration (high property
values in formerly white areas and
low property values in formerly
black areas) and spatial inequality.
A set of correlations were also
calculated to show the degree
to which the property values in
each municipality, as dependent
variables, were associated with a set
of independent variables reflecting
dimensions such as race, education,
employment, income, housing
type and access to services.
The correlation coefficients further
reinforce the arguments that the
racially-based apartheid system
remains etched into the concrete of
the country, where areas where there
is a higher concentration of whites
who, because of apartheid were better
educated and have higher income
and employment levels have high
correlations with property values.
Variables such as the proportion of
formal housing have lower levels of
correlation with property values, in
part due to the fact that post-1994 the
massive house building strategy of the
democratic government has focussed
on providing access to housing for
as many, particularly poor and black,
people as possible and so the sheer
number of formal houses is not as
good a predictor of high property
values as, for example, race (white)
and educational levels. At the same
time, property values are inversely
correlated with the proportion of
black people residing in a ward:
As would be expected, a very similar
situation shows when examining
the correlations between residential
property values and the same
set of independent variables.
However, in the case of the

Most municipalities do not currently charge property rates in former black townships.
This is a response to high levels of poverty in these areas as well as to the fact that
many townships do not have freehold tenure as they are located on traditional
land. However this also allows for a situation where new housing is developed in
these areas specifically because the owners do not have to pay for property rates

Figure 4: Spatial analysis of Property values across wards in Johannesburg

Figure 5: Spatial analysis of Property values across wards in eThekwini

Figure 6: Spatial analysis of Property values across wards in Msunduzi

Coordinates April 2022 | 15

relationship between business/
commercial/industrial property values
and the set of independent variables,
the results are not as strong. Whilst the
results still reflect the effects of apartheid,

with black areas unlikely to have high
business property values as compared
with white areas, the reality is also that
black South Africans often created and
moved into informal settlements close

Table 4: Correlation coefficients using Total Property Values as the
dependent variable correlated with independent variables

Policy implications
Merafong City

Newcastle

uMhlathuze

Ray Nkonyeni

Madibeng

KwaDukuza

The Msunduzi

Nelson Mandela Bay

eThekwini

Ekurhuleni

Johannesburg

Property Values

Black

-0,47 -0,62 -0,51 -0,51 -0,66 -0,53 -0,09 -0,62 -0,42 -0,53 -0,52

White

0,75

No schooling

-0,42 -0,44 -0,38 -0,45 -0,62 -0,30 0,33

-0,55 -0,37 -0,50 -0,21

Higher Education

0,86

0,74

Unemployed

-0,61 -0,66 -0,58 -0,63 -0,64 -0,48 -0,20 -0,39 -0,38 -0,44 -0,66

Formal house

0,58

Backyard Informal

-0,24 -0,35 -0,09 -0,27 0,07

No Income
HH Income total

0,90

No energy

-0,07 -0,24 0,00

-0,22 -0,01 -0,03 0,55

-0,03 -0,26 -0,02 -0,31

No Water in house

-0,36 -0,45 -0,36 -0,53 -0,70 -0,37 0,12

-0,48 -0,51 -0,43 -0,10

No Sanitation in house

-0,12 -0,20 -0,29 -0,15 -0,69 -0,34 0,11

-0,29 -0,49 -0,38 -0,26

0,82

0,88

0,59

0,68

0,79

0,87

0,87

0,73

0,83

0,87

0,83

0,65

0,78

0,77

0,66

-0,23 0,15

0,22

-0,03 0,03

0,01

-0,11 -0,26 -0,38

0,84

0,77

0,88

0,90

0,30

0,73

-0,32 -0,39 -0,11 -0,16 -0,14 -0,32 0,15
0,86

0,15

0,80

0,53

0,87

0,67

0,90

0,57

0,85

0,56

0,76

0,55

0,91

0,53

0,81

0,83

0,42
-0,33

0,73

Table 5: Correlation coefficients using Residential Property Values as
the dependent variable correlated with independent variables

Merafong City

Newcastle

uMhlathuze

Ray Nkonyeni

Madibeng

KwaDukuza

The Msunduzi

Nelson Mandela Bay

eThekwini

Ekurhuleni

Johannesburg

Property Values

Black

-0,51 -0,63 -0,53 -0,58 -0,65 -0,53 -0,13 -0,59 -0,38 -0,66 -0,58

White

0,81

No schooling

-0,44 -0,46 -0,36 -0,53 -0,58 -0,32 0,19

-0,51 -0,41 -0,64 -0,33

Higher Education

0,89

0,74

Unemployed

-0,64 -0,68 -0,58 -0,70 -0,63 -0,48 -0,18 -0,36 -0,40 -0,58 -0,41

Formal house

0,56

Backyard Informal

-0,26 -0,38 -0,10 -0,37 0,04

No Income

-0,37 -0,43 -0,17 -0,23 -0,15 -0,32 0,12

-0,02 -0,08 -0,37 -0,09

HH Income total

0,94

0,83

No energy

-0,08 -0,25 -0,04 -0,30 0,06

-0,05 0,44

-0,12 -0,24 -0,31 -0,31

No Water in house

-0,38 -0,47 -0,37 -0,63 -0,69 -0,38 0,03

-0,49 -0,59 -0,58 -0,27

No Sanitation in house

-0,14 -0,23 -0,28 -0,27 -0,63 -0,34 0,02

-0,27 -0,57 -0,51 -0,28
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0,79

0,90

0,53

0,94

0,75

0,79

0,52

0,90

0,89

0,96

0,60

0,98

0,86

0,93

0,69

0,97

0,92

0,73

0,14

0,76

0,86

0,90

0,83

0,77

0,93

0,92

0,93

0,93

0,45

0,59

0,65

0,31

-0,25 0,11

0,13

0,04

-0,21 -0,32

0,88

0,89

to places of economic opportunity in the
post-1994 period. As a result the strong
relationships evidenced in the previous
two tables, would have been diluted to
a certain extent, even though the effects
of the racist past are still evident.

0,87

0,97

0,37

The policy challenge at a national level is to
create greater equity between municipalities,
providing greater resources to municipalities
who are faced with high levels of need, but
low financial resources to address them.
This needs to be done without compromising
the growth of the large metro areas which
accommodate growing numbers of poor
migrants in search of work opportunities.
Within municipalities there is a need to:
• Increase the revenue base of
municipalities, through measures which
ensure that property values are able to
be realised in all areas, not just former
white areas. This requires mechanisms
to bring ‘unrated’/ traditional areas into
the rates system to avoid the problem
of people living and building homes in
these areas to avoid property rates. This
must be done whilst ensuring that poor
and indigent households are not burdened
with additional costs they cannot afford.
• Use increased revenue’s from
broadening the property rates base
to improve access to services and
improved urban environments for
the poor and in underserved areas.
• Use the resources already available
in former white areas to benefit
poorer black households and allow
them to get access to the city,
improved social and other services
and lower their costs of living.
• Develop mechanisms to use vacant
land and densification as a means of
improving equity whilst increasing rates
The following policy
amendments are proposed

0,83

Well-located areas of opportunity
Identify well located areas within
each municipality which are close

located on traditional land. However
this also allows for a situation where
new housing is developed in these
areas specifically because the owners
do not have to pay for property rates.

Table 6: Correlation coefficients using Business, Commercial and Industrial
Values as the dependent variable correlated with independent variables

Merafong City

Newcastle

uMhlathuze

Ray Nkonyeni

Madibeng

KwaDukuza

The Msunduzi

Nelson Mandela Bay

eThekwini

Ekurhuleni

Johannesburg

Property Values

Black

-0,31 -0,38 -0,34 -0,28 -0,45 -0,50 -0,29 -0,49 -0,37 -0,20 -0,26

Coloured / Indian

0,09

0,24

0,12

0,02

0,34

0,15

0,77

0,28

0,25

0,35

0,07

White

0,52

0,56

0,39

0,37

0,36

0,69

0,70

0,44

0,72

0,26

0,17

No schooling

-0,29 -0,30 -0,30 -0,31 -0,46 -0,35 0,04

-0,43 -0,27 -0,21 -0,09

Higher Education

0,63

0,45

Unemployed

-0,44 -0,40 -0,41 -0,33 -0,42 -0,43 -0,30 -0,36 -0,29 -0,04 -0,57

Formal house

0,49

Backyard Informal

-0,17 -0,19 -0,07 -0,17 0,07

No Income

-0,19 -0,19 0,02

HH Income total

0,67

0,40

No energy

-0,08 -0,15 0,03

No Water in house

-0,27 -0,28 -0,25 -0,30 -0,51 -0,38 -0,02 -0,32 -0,37 -0,10 0,11

No Sanitation in house

-0,13 -0,12 -0,23 -0,18 -0,54 -0,35 -0,06 -0,27 -0,36 -0,12 -0,13

0,57

0,43

0,56

0,57

0,39

0,55

0,42

0,27

0,51

0,42

0,72

0,49

0,26

0,22

0,41

-0,18 0,16

0,39

-0,07 0,29

-0,18

-0,09 -0,12 -0,25 0,05

0,12

-0,08 0,07

-0,44

0,72

0,55

0,61

0,28

-0,17 -0,10 -0,09 0,41

0,15

-0,22 0,08

0,80

0,26

0,08

0,26

0,45

0,21

0,62

0,30

0,24

-0,21

Whilst South Africa’s municipal system has
been reformed, including the legislative system
which guides it and the allocation of financial
resources across municipalities, these have
not addressed the spatial inequality that exists
across the country as well as within cities
to job opportunities and which are
in well-serviced neighbourhoods
with adequate service and social
infrastructure. Within each, undertake
an analysis of available vacant land, as
well as under-used land which can be
repurposed or densified. These should
be demarcated and prioritised for social
or rental housing opportunities where
low income households are given
accommodation opportunities. These
should be funded from the national
fiscus (as social housing currently is).
The current housing subsidy grant –
which although not discussed in this

document – is a considerable quantum of
funding available for housing purposes
is currently used to fund and develop
low income housing on inexpensive
land, generally on the outskirts of
urban areas, should be re-designed to
focus increasingly on social housing.

Broadening municipal revenue
Most municipalities do not currently
charge property rates in former black
townships. This is a response to high
levels of poverty in these areas as well
as to the fact that many townships do
not have freehold tenure as they are

Considerable work is currently being
done in looking at South Africa’s tenure
system and how it can be reformed
to provide greater security of tenure
for those living on traditional land.
Whilst not the focus of this paper, it is
important to recognise that there are
a variety of mechanisms that could
be used to levy charges on land that
is communally owned. One such
mechanism could be to use the sectional
title or share block mechanisms.
However this must be done in a way
that does not over-burden the poor,
but ensures that residential structures
over a certain value are taxed. The
experience from the levying of tolls on
highways in Gauteng “e-Tolls” must be
incorporated into any initiative to levy
taxes onto what has previously been
free. It is important to ensure adequate
consultation is held on this and initial
costs are kept as low as possible.

Township focussed commercial
and industrial development
In order to increase access to employment
opportunities in former black townships
and to address the lack of amenities in
these areas, the spatial focus for industrial
and commercial development should
be on land within or adjacent to these
areas. South Africa has experience –
although with mixed degrees of success
- in establishing Special Economic Zones
(SEZ’s) and Industrial Development
Zones (IDZ’s) in order to encourage
development in particular spatial areas.
As above, however, it is vital to learn from
the failures of some previous initiatives:
development must be located in areas that
are suitable for commercial development
and not all outlying townships will be
suitable. In addition, it is important to
ensure that these do not become single
land use areas, but instead are well
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planned integrated zones which include
business, light industry, government
services as well as residential areas.
A strong infrastructure component
must accompany these initiatives to
ensure that former neglected areas are
provided with greater access to transport,
energy and water infrastructure.

Concluding comments
The above data and maps show that
the spatial effects of apartheid spatial
planning are still deeply etched in
the national and urban landscape.
Whilst South Africa’s municipal system
has been reformed, including the
legislative system which guides it and the
allocation of financial resources across
municipalities, these have not addressed
the spatial inequality that exists across
the country as well as within cities.
The financial system attempts to
equitably allocate resources across
municipalities according to their needs.
Many municipalities raise revenue from
the sale of services, but this does not
generate significant net revenue for the
municipality. Municipal income from
property rates, however, can generate a far
higher proportion of net profit. However,
because the ability of municipalities to
raise their own revenues is linked to the
commercial value of property, areas that
benefited from the allocation of resources
under apartheid remain privileged and
these benefits are being further endorsed
with greater access to resources,
perpetuating the apartheid legacy.
The policy proposals made aim to
ensure that apartheid spatial patterns
are effectively disrupted through firstly,
creating space within former white
residential areas for lower income black
residents who will be able to benefit from
the resources and facilities that were
developed for whites during apartheid.
Secondly, it is proposed that there is a
focussed initiative to develop infrastructure
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and facilities on land within or near
former black townships which are
located in outlying areas. These are
aimed at ensuring that these former
‘dormitory townships’ are made into
viable, liveable environments which
support a greater range of land uses.
Finally, policy proposals are made to
ensure that municipal own-revenue
sources are increased through bringing
in currently un-taxed land on which
development is currently taking place.

Endnotes
1

See www.municipalities.
co.za for municipal profiles.

2

Uneven Varieties of Space
Economy Paper prepared for
the annual conference of the
Cambridge Journal of Regions,
Economy and Society, July, 2019:
‘Rethinking the Economy of
Place: Challenges of Inclusion,
Productivity and Power.’ x

Finding other earths by surveying space dust
A team of scientists found NASA’s
Nancy Grace Roman Space Telescope
will be able to measure a specific kind
of space dust littered throughout dozens
of nearby planetary systems’ habitable
zones, or the regions around stars
where temperatures are mild enough
that liquid water could pool on worlds’
surfaces. Finding out how much of this
material these systems contain would
help astronomers learn more about how
rocky planets form and guide the search
for habitable worlds by future missions.
In our own solar system, zodiacal dust
– small rocky grains largely left behind
by colliding asteroids and crumbling
comets – spans from near the Sun to the
asteroid belt between Mars and Jupiter.
Seen from a distance, it’s the brightest
thing in the solar system after the Sun.
In other planetary systems it’s called
exozodiacal dust and creates a haze that
obscures our view of planets because
it scatters light from the host star.
By studying exozodiacal dust,
astronomers can find clues to what
other planetary systems are like.
The amount of debris hints at comet
activity, since a greater number
of comets should produce more
dust. Seeing the dust’s distribution
pattern could offer hints about
orbiting planets, which could sculpt
the debris with their gravity and
carve paths through the material.

While other observatories, such as the
Hubble Space Telescope, have observed
cold debris disks far from their host
stars – farther from their stars than
Neptune is from the Sun – no one has
been able to photograph warm dust in the
habitable zone region. While previous
NASA projects have made preliminary
measurements of exozodiacal dust in
habitable zones, Roman’s images will
be much more sensitive, thanks to its
advanced high-contrast Coronagraph
Instrument and its stable location in
space. Orbiting a million miles from
Earth around the Lagrange Point 2
(L2), instead of in low-Earth orbit like
Hubble, means our planet won’t present
such a challenging environment from
which to make these observations.
Imaging warm debris closer to host stars
is important because it’s made up of
different material than outer dust disks.
Closer to the host star, rocky grains
dominate the dust; farther away, it is
largely composed of icy grains. The debris
in each region is created by different
processes, so studying the chemistry
of exozodiacal dust offers information
astronomers can’t get by observing
the outer regions around other stars.
By Ashley Balzer
NASA’s Goddard Space Flight
Center, Greenbelt, Md.
www.nasa.gov
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Mapping the urban
atmospheric carbon stock
We present this study in two parts. In this part, the materials and methods are discussed.
The results of the study will be published in May 2022 issue of Coordinates
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Abstract
Currently, the worsening impacts of
urbanizations have been impelled to
the importance of monitoring and
management of existing urban trees,
securing sustainable use of the available
green spaces. Urban tree species
identification and evaluation of their
roles in atmospheric Carbon Stock
(CS) are still among the prime concerns
for city planners regarding initiating a
convenient and easily adaptive urban
green planning and management system.
A detailed methodology on the urban tree
carbon stock calibration and mapping
was conducted in the urban area of
Brussels, Belgium. A comparative
analysis of the mapping outcomes was
assessed to define the convenience
and efficiency of two different remote
sensing data sources, Light Detection
and Ranging (LiDAR) and WorldView-3
(WV-3), in a unique urban area.
The mapping results were validated
against field estimated carbon stocks. At
the initial stage, dominant tree species
were identified and classified using the
high-resolution WorldView3 image,
leading to the final carbon stock mapping
based on the dominant species. An objectbased image analysis approach was
employed to attain an overall accuracy
(OA) of 71% during the classification of
the dominant species. The field estimations
of carbon stock for each plot were done
utilizing an allometric model based on
the field tree dendrometric data. Later
based on the correlation among the field
data and the variables (i.e., Normalized
Difference Vegetation Index, NDVI and
Crown Height Model, CHM) extracted

from the available remote sensing data,
the carbon stock mapping and validation
had been done in a GIS environment. The
calibrated NDVI and CHM had been used
to compute possible carbon stock in either
case of the WV-3 image and LiDAR data,
respectively. A comparative discussion
has been introduced to bring out the
issues, especially for the developing
countries, where WV-3 data could be a
better solution over the hardly available
LiDAR data. This study could assist city
planners in understanding and deciding
the applicability of remote sensing data
sources based on their availability and the
level of expediency, ensuring a sustainable
urban green management system.

1. Introduction
To date, rapid urbanization intensely
poses the need for greener landscapes
in many urban areas worldwide.
Green spaces allow maximizing urban
resilience and livability and to positively
respond to climate change effects.
While cities are striving for more green
space, more than half of the earth’s
population is already living in cities,
and by 2050, 66% will be city dwellers
[1]. Overexploitation of environmental
resources for the huge population is
indeed increasing the vulnerability of
the urban dwellers to natural hazards.
To keep pace with rapid urbanization,
efficient urban green planning could
be nothing but a time being and an
expeditious solution. Conservation and
expansion of existing urban vegetation
based on their structural and functional
roles in an urban atmosphere are some of
the most effective factors of green urban
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planning. Thus, various approaches based
on advanced technologies have been
implemented to assess the contributions
of urban trees, especially evaluation of
their roles in atmospheric Carbon Stock
(CS) is being increasingly acknowledged
[2,3]. Trees in city streets and parks
are now being recognized as a key tool
against impacts caused by the increased
rate of atmospheric carbon dioxide
(CO2) concentrations [4–7], since they
sequester atmospheric carbon during
the whole growth process and at the
same time delay the adverse effects
of climate change contributing to the
accumulation of carbon in the soil [8–
10]. Studies found that the total yearly
reduction in carbon emission can be up
to 18 kg/tree in urban areas [11–13],
which clearly brings out the importance
of planting trees along with having
an efficient tree management policy,
especially in a complex city environment.
Trees directly impact atmospheric
CO2 fixation through photosynthesis,
but in urban areas, the process is quite
fitful due to tree health issues. As it is
well known that the well-grown trees
store far more carbon than the poorly
grown ones, in urban areas, it is a huge
challenge to maintain and preserve
mature trees and well-managed urban
forests that also include tree plantations
and replacements. Therefore an efficient
and timewise monitoring approach
is essential to introduce an adequate
urban tree management system [14,15].
In addition an effective monitoring
system could be ensured utilizing an
accurate and convenient species-based
CS mapping approach. Most of the
CS calibration and predictive models
are based on the estimation of Above
Ground Biomass (AGB) production
[13,16–20], which is considered to be
primarily responsible for the atmospheric
CS [10,21–23]. In this study, the
AGB was estimated based on the tree
allometric information (i.e., Height
(H), Diameter at Breast Height (DBH))
collected during the field surveys.
Currently, remote sensing-based mapping
has been availed as an influential
approach in monitoring functional
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and structural urban tree features to
policymakers [24–31]. In fact, spatially
extracted information on tree species
and habitats over large areas are
significant in understanding species’
roles, such as in providing ecosystem
functions and services [32–35]. Over
the last few decades, remote sensingbased classification of tree species has
been widely utilized either in the case
of mapping specific species-based
ecosystem services (ES) outcomes (i.e.,
[36]), or growth and yield models and,
etc. (e.g., [33,37,38]). Remote sensing
approaches, especially hyperspectral
imagery, have significantly upgraded
the tree classification outcomes either in
single trees or mixed populations [33,39–
43]. The utilization of very high spatial
resolution multispectral satellite imagery
(e.g., 1-m IKONOS, 0.6-m QuickBird)
and aerial photos/digital imagery has
been rapidly increased, especially in
spatial mapping [44–47]. As a matter
of fact, recently, with the advancements
of remote sensing technologies, a
diversified type of very high resolution
remotely sensed images (such as
WorldView-3, WV-3) are commercially
available, certainly introducing a wave
of opportunities for the accurate mapping
of urban trees at a significant level
[31,33,48–52]. Moreover, in the case
of this study, a high-resolution WV-3
image has been successfully utilized
to classify the dominant tree species
in Brussels, which has been found
useful for further CS mapping as it was
earlier in the case of Sassuolo [36].
Additionally, there are also many
convincing applications of Light
Detection and Ranging (LiDAR) based
calibration of the tree CS utilizing the
individual tree metrics (i.e., [53–61]).
On the other hand, much less evidence
is available in the CS calibration
of the urban trees utilizing only the
multispectral satellite data [11]. In
the case of urban areas, tree species
mapping is still a considerable challenge
due to having spatially heterogeneous
land cover types from isolated trees
to the dense forest, high tree species
diversity along with heavily and regularly

managed trees, as well as the interruptions
by buildings and their shadows [7,62–
66]. Considering these facts, Geospatial
Object-Based Image Analysis (GEOBIA)
has been utilized in this study to
classify the dominant tree species.
However, it is yet a crucial concern
to dig out the most convenient and
compatible ways to map and predict the
urban tree CS in a specific urban area. A
method could be considered convenient
in various ways, such as its application,
time consumption, and execution
expenses. Even LiDAR application is
the most acceptable and widely reliable,
it is still expensive and hardly costeffective for the more significant part
of the world. Therefore, it would be
a timely consideration to analyse the
utilization of multispectral satellite
data (i.e., Sentinel-2, WorldView-2/3/4)
regarding CS computation possibilities
of the trees in an urban area. A remote
sensing-based biomass assessment has
been employed in many studies [10,67–
69] to obtain forest information over
a large area at a reasonable cost with
acceptable accuracy and minimal effort
[70]. It is also evident that the method of
determining relationships between field
estimations and remote sensing dataderived variables and then extrapolating
these relationships over large areas is
very useful [10,71–78]. Here, the main
goal of this study was to map the urban
tree CS based on field measurements
and the application of remote sensing
tools considering the following:
• A comparative analysis of the
application of two different
remote sensing data sources (i.e.,
LiDAR and WV-3 image data)
regarding CS mapping in the case
of dominant urban tree species;
• To recommend an approach in the
case of CS mapping for policymakers
involving urban green management.
In a word, this study has been
done to provide a fundamental tool
considering urban CS mapping, which
is one of the most critical issues for
sustainable urban green management
systems and their policymakers.

2. Materials and Methods
2.1. Dataset
2.1.1. Field Data
The study area, covering an area of
around 49 km2 in the eastern part of
the capital region in Belgium (Figure
1), was selected considering the
availability of airborne LiDAR.

Figure 1. The study area at the eastern part of the urban area in Brussels (Belgium)

As the main goal of this study was
to identify only the dominant urban
tree species, all other non-dominant
vegetations have been excluded during
sampling. The sample plots were
randomly selected, covering only the
streets of the whole study area. Since in
the parks most of the cases of tree crowns
were overlapped and or completely
overshadowed by the other species. That
is why overcrowded tree populations
were excluded to avoid misinterpretations
of the species dominance information,
during the final CS mapping. During field
data collection, 75 plots (yellow dots in
Figure 2) of 100 m2 (10 m × 10 m) each
were selected throughout the study area
following the well-known Simple Random
Sampling (SRS) approach [79–82]. Only
the areas with tree species dominance
(i.e., woody or tall perennial plants) have
been considered, excluding the ornamental
herbs, shrubs, or grassland areas. The
sample plots were also used during the
training and validation of the tree species
for GEOBIA classification. Among the
75 plots, 20 plots (red square boxes in
Figure 2) were considered for the CS
mapping and validation. The Diameter
at Breast Height (DBH) was measured
for each tree in the plot. The height
(H) of trees was measured utilizing the
hypsometer Nikon Forestry 550, a laser
rangefinder with angle compensation
technology optimized for forestry use [83],
and a field computer was used to mark
the plots on QGIS. Field data (H, DBH)
were collected in the summer of 2019.

2.1.2. Remote Sensing Data
Figure 2. The map shows the distribution of sample and validation point to the estimation of Carbon
Stocks (CS) superimposed over the WorldView-3 (WV-3) image data of the study area in Brussels.

The airborne LiDAR dataset had been
collected in Summer 2015 by Aerodata

Surveys Nederland BV [84]. The Crown
Height Model (CHM), i.e., the height of
objects obtained through the difference
between the digital surface model (DSM)
and the digital terrain model (DTM), was
produced at a spatial resolution of 0.25
m using the LAStools software [84].
The WV3 image data for this study was
acquired on 17 April 2017 (Figure 2),
which provides one panchromatic band
of 0.3 m and eight multispectral bands
at 1.2 m spatial resolution (Table 1). The
available WV-3 image data have been
pan-sharpened at the initial stage. Pansharpening is the process of merging
high-resolution panchromatic and
multispectral imagery where the outcome
is an image that has the high spectral
resolution tion of the multispectral image
and also the high spatial resolution of
the panchromatic image [85–87].

were educed from the UrbIS database
(UrbIS P& B and UrbIS-Adm), a general
GIS database of the Brussels region [91].

2.2. Methodology
2.2.1. Geospatial Object-Based Image
Analysis (GEOBIA) Classification
Tree species classification based on
spectral properties is quite a matter of
con-tention due to the high intra-class
spectral heterogeneity and/or interclass spectral similarities [7,44,64–66].
The traditional pixel-based procedures,
which classify each object only based
on a distinct spectral signature (ignoring
other spatial/contextual informa-tion)
[48,92,93], are hardly capable of reaching
an acceptable accuracy [94,95]. In our

study, GEOBIA was applied, which
is already approved as an efficient
technique in the case of high-resolution
image classifications [48,85,92,96–
99]. Instead of the single pixels, the
GEOBIA approach typically works on:
(i) Segmenting a remote sensing image
into spectral similarities (i.e., segments
or objects), and (ii) Evaluating the
spectral, spatial, and/or context features
of these segments for image classification
[48,63,94,100,101]. As a result of
segmentation, this approach can consider
the textual and contextual information
along with the spectral information
during the classification [48,94,102–
104]. Therefore GEOBIA classification
outcomes are more acceptable than
those based on the existing traditional
pixel-based approach [102,105–111].

The pan-sharpen process was conducted
using the hyperspectral colour sharpening
(HCS) algorithm that combines the
high-resolution panchromatic data with
lower res-olution multispectral data and
specifically implemented for the WV
imagery [88]. The cubic convolution
resampling technique was chosen to
resample the multispectral image to the
high-resolution image using a 4 × 4 pixel
moving window. The pan image and the
multispectral image have been separately
orthorectified using the DSM downloaded
from the GeoPunt portal [89] and the
available LiDAR data. All the steps
were conducted in an ERDAS Imagine
environment [90]. Later, the required
shapefiles (for classification in Ecognition)
Table 1. The eight multispectral bands of
the WorldView-3 (WV-3) satellite imagery.
Bands

Wavelength [nm]

Coastal band

400–450

Blue band

450–510

Green band

510–580

Yellow band

585–625

Red band

630–690

Red edge band

705–715

Near-Infrared (NIR)1 band

770–895

Near-Infrared (NIR)2 band

860–1040
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Figure 3. The Geospatial Object-Based Image Analysis (GEOBIA) approach of tree
classification utilizing Trimble eCognition Developer® 9 platform in Brussels.

The Trimble eCognition Developer® 9
platform (Trimble, Munich, Germany)
[112] was utilized to classify the dominant
tree species in Brussels (Figure 3). At the
initial stage, the chessboard segmentation
has been introduced to initiate the
GEOBIA classification approach. Then the
primary classification was done utilizing
the available shapefile from the Urbis
database [91]. After that, the contrast split
segmentation algorithm was implied to
define the green and non-green areas with
higher accuracy. This approach is based on
the Normalized Difference Vegetation Index
(NDVI) layer, where the ‘contrast split’
segments the scene into the dark and bright
image objects based on a threshold value
that maximizes the contrast between them
[113]. The algorithm utilizes the optimal
threshold separately for each image object
which initiates a chessboard segmentation
of variable scale and then performs the split
on each square [114,115]. It was found quite
helpful to identify the shadows, pathways,
and pavements between the tree crowns.

polygons) and have been classified
separately from the rest. In these areas, a
subsequent multiresolution segmentation
had been applied to have the smaller
objects. For this segmentation, rather
than the thematic layers, the spectral
information and the geometric information
of WV-3 bands have been considered.
The segmentation was done several times
utilizing a different number of values
for each parameter. For scale, the values
were within 5 to 30, whereas for the
shape and compactness, the values were
between 0.1 to 0.9 [48,94,117,118]. After
several attempts with different values, the
ideal values utilized for segmentation,
were found as scale parameter = 10,
shape = 0.5 and the compactness = 0.8.

Subsequently, the multiresolution
segmentation (MRS) algorithm [116] was
performed to group contiguous pixels into
areas (i.e., segments) geometrically and
radiometrically homogenous. The MRS
algorithm was set by tuning the following
parameters such as the “smoothness/
compactness” that determines the preferred
shape of segments, and the “colour/
shape” parameter that controls the weights
of spectral and shape information in the
calculation of segments heterogeneity
[48,94,117,118]. Considering the study
of Choudhury et al. [36], green areas and
streets have been identified with very
large objects (as the size of the shapefile

CCCI = NDRE/NDVI2

Before starting the Nearest Neighbour
(NN) approach, an index known as
Canopy Content Chlorophyll Index
(CCCI) is used to separate the grasses
from the vegetation class. This index
can be calibrated as follows,

where,
Normalized Difference Red
Edge index [119]

NDRE = NIR2 – Red Edge/
NIR2 + Red Edge,
NDVI2 = NIR2 – Red/NIR2 + Red
Then the Nearest Neighbour (NN)
algorithm [120] was performed, which is
a supervised classification technique that
classified all objects in the entire image
based on the selected samples and the
defined statistics [94]. For the sample
selection and algorithm training, the
sample plots had been considered. Once
the algorithm training had been done,
classification was initiated utilizing the
“Assign class” algorithm. Three dominant
tree species have been classified, such as
Tilia spp. L., Acer spp. L. and Aesculus
hippocastanum L. [121] covering the
whole study area in Brussels. In this
case, the larger and intensely green
parks were not considered as it was
hardly possible to differentiate crowns
from a mixed or overlapped tree species
population. Moreover, those trees could
not be considered in further CS (AGB
estimation) mapping due to the larger
difference between the street and the
park environment concerning tree health
issues. Validation of the classification
outcomes (Table 2) had also been done
at the Trimble eCognition Developer® 9

Table 2. Validation results expressed in
percentage for the trees in Brussels.
Acer
spp.

1

Tilia
spp.

Aesculus
hippocastanum
0.67

PA 1

0.80

0.69

UA 1

1

0.69

0.61

Hellden

0.89

0.69

0.64

KIA per Class

0.77

0.42

0.5

Overall
Accuracy

0.71

KIA

0.53

PA: Producer Accuracy, UA: User Accuracy.

Figure 4. The overall methodology of Carbon Stock (CS) mapping, based on
the combined use of CHM and NDVI, in the urban area of Brussels.
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platform [112] using confusion matrices
[122–124] which is usually applied to
compare the true classes with the ones
assigned by the classifier on the generated
maps. During the validation, 10%–15%
of the total area for each class had been
chosen as “true samples”, as known
species or classes, to train the algorithm.
The estimated producer accuracy shows
the completeness of classification, and the
user accuracy indicates the correctness of
the classes [36,125], while the Hellden
parameter is used to estimate the mean
accuracy for each class. The mean
accuracy for each class i can be calculated
using the equation presented in [36,126]:
Mean accuracy (i) =
where A is the number of correctly
classified reference points for class
i, B is the total number of reference
points in class i in the reference data,
and C is the total number of reference
points classified into class i.
In Table 2, KIA known as Kappa Index of
Agreement (or Cohen’s kappa coefficient),
estimates the proportion of agreements
[36,127]. Moreover, the overall accuracy
(OA) has been estimated, which is the
ratio of the sum of diagonal values of
the confusion matrix to the total number
of cell counts in the matrix [36,128].

2.2.2. Carbon Stock (CS) Mapping
Several studies suggest that tree AGB
is the most visible, dominant, dynamic,
and essential pool of the terrestrial
ecosystem [8,129–131], constituting
around 30% of the total terrestrial
ecosystem carbon pool [132]. In this
study, based on the relationships
among the WV-3 (NDVI) data and
LiDAR (CHM) data derived variables
and the field data, the predictive AGB
estimation and, eventually, CS mapping
has been done in both cases (Figure 4).
At first, the total AGB was calculated
based on the field data (i.e., DBH, H,
tree species, etc.) for each of the sample
plots. For this calculation, an allometric
model [133] was implied to calculate
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Table 3. The results obtained during the validation of estimated CS in the validation plots.
Plot ID

Tree Species

Mean CS (Field
Estimation) kg/Plot

CS in QGIS Estimation
(kg/Plot)

Difference (Field
and QGIS)

1

Acer spp.

689.49

426.0

263.49

2

Acer spp.

930.91

397.8

533.11

3

Acer spp.

224.04

285.0

60.96

4

Aesculus hippocastanum

216.95

581.1

364.15

5

Tilia spp.

302.25

158.2

144.05

6

Acer spp.

534.17

355.5

178.67

7

Tilia spp.

277.49

411.9

134.41

8

Acer spp.

188.18

31.3

156.88

9

Acer spp.

332.73

242.8

89.93

10

Tilia spp.

626.63

341.4

285.23

11

Tilia spp.

277.97

538.8

260.83

12

Tilia spp.

64.1

214.6

150.47

13

Acer spp.

698.78

397.8

300.98

14

Aesculus hippocastanum

641.46

341.4

300.06

15

Tilia spp.

112.44

271.0

158.56

16

Acer spp.

466.16

341.4

124.76

17

Tilia spp.

97.31

45.4

51.91

18

Acer spp.

121.50

369.6

248.10

19

Aesculus hippocastanum

577.99

609.3

31.31

20

Acer spp.

316.80

200.5

116.30

Table 4. The results obtained during the estimation of CS in the validation plots.
Plot ID

Tree Species

Mean CS (Field
Estimation) kg/Plot

CS in QGIS Estimation
(kg/Plot)

Difference (Field
and QGIS)

1

Acer spp.

689.49

761.3

71.81

2

Acer spp.

930.91

548.6

382.31

3

Acer spp.

224.04

343.5

119.46

4

Aesculus hippocastanum

216.95

188.5

28.45

5

Tilia spp.

302.25

356

53.75

6

Acer spp.

534.17

675

140.83

7

Tilia spp.

277.49

283.3

5.81

8

Acer spp.

188.18

230.9

42.72

9

Acer spp.

332.73

670.3

337.57

10

Tilia spp.

626.63

790.2

163.57

11

Tilia spp.

277.97

462.6

184.63

12

Tilia spp.

64.13

57.6

6.53

13

Acer spp.

698.78

696.9

1.88

14

Aesculus hippocastanum

641.46

179

462.46

15

Tilia spp.

112.44

200.2

87.76

16

Acer spp.

466.16

464.5

1.66

17

Tilia spp.

97.31

188.3

90.99

18

Acer spp.

121.5

93.9

27.6

19

Aesculus hippocastanum

577.99

599.4

21.41

20

Acer spp.

316.8

283.8

33

the AGB for each plot. The mean AGB/
plot estimation was necessaryas it is
recommended that the tree above ground
CS is assumed to be 50% of the total
AGB [134–138]. Then to estimate the
mean CS/plot, the mean AGB/plot was
multiplied by 0.5 as a conversion factor
[139–141]. Then in QGIS utilizing the
WV-3 image data (from 2017, see Section
3.2.1 for details), the NDVI (Red edge
and NIR1 band) of the whole study
area was computed. The NDVI layer
was considered in this study for the CS
prediction and mapping, as previous
studies claimed to find a strong correlation
between the NDVI and total AGB of
the trees [11,142–144]. In the case of
LiDAR data, the CHM was utilized to
map the CS for the dominant tree species.
Then the NDVI-derived metrics were
extracted for the sample plots utilizing
the “Zonal statistics” plugin [145] at
the QGIS interface. The CHM-derived
matrices had been computed in the case
of available LiDAR data (from 2015, see
Section 3.2.2 for details). After that, the
linear regression models were created
in a Microsoft® Excel™ spreadsheet,
calibrating the correlation between the
mean CS/plot and the NDVI derived
metrics to find out the best model to
estimate and map the CS covering
the whole study area [36]. The CHMderived matrices have also been done
to determine the best model concerning
the perspective CS mapping. A fishnet
of 100 m2 (10 10 m) resolution (as for
the sample plots) was built in QGIS
for both cases (NDVI and CHM) to
recognize the minimum to maximum CS
zones, based on the dominant species
map (exported as a shapefile in QGIS)
obtained from the WV-3 image data. The
classification shapefile was essential to
define the regions of interest, providing
QGIS to map the estimated CS values
considering only the dominant tree
species [36]. Otherwise, the map will
show the CS values for other areas, i.e.,
the area covered with grass or even in
an area where there is no vegetation.
Then, to validate the mapping outcomes,
20 randomly selected plots have been
utilized in both cases (NDVI and CHM).

This time the linear regression models
were created only for the validation plots.
Therefore, the differences (Tables 3 and
4) among the QGIS computed CS values,
and the ground truth-values were shown to
recognize the methodology’s effectiveness.
The validation plots were the same in both
cases, which was necessary to compare
the impacts and to discuss the prospects
and convenience of CS mapping in urban
areas (see Section 4.2 for details).
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Tech Mahindra and Cisco join hands
Tech Mahindra has collaborated
with Cisco to drive the infrastructure
modernization of optical transport
networks with the introduction of
Cisco routed optical networking. The
collaboration aims to simplify the Internet
transport networks by leveraging state-ofthe-art optical and routing technologies to
converge services over an IP Infrastructure
enabling a high degree of automation.
The collaboration will empower service
providers to reduce their operational
expenses and their total cost of ownership.

Meter-level location
accuracy for smartphones by
Qualcomm and Trimble
Trimble and Qualcomm Technologies,
Inc. have announced the availability
of Trimble RTX GNSS technology for
Snapdragon 8 Gen 1 and Snapdragon
888 Mobile Platforms. This technology
enables superior location capabilities in
premium Android smartphones worldwide.
Coupling the Trimble RTX technology with
premium Snapdragon Mobile Platforms
supercharges Android phones’ positioning
capabilities. This will enable smartphone
manufacturers, service providers and
application developers using Snapdragon
to provide mobile users with robust meterlevel accuracy (or about 3 feet) when used
with a Trimble RTX-based correction
service. This represents a 5x improvement
in location accuracy compared to typical
accuracy available today. www.trimble.com

DeepRoute.ai to integrate
NVIDIA DRIVE Hyperion
DeepRoute.ai will integrate the NVIDIA
DRIVE Hyperion AVcomputing
architecture into its Level 4 autonomous
driving solution. With this upgrade,
DeepRoute-Driver 2.0 will meet
automotive-grade requirements and
advance the company’s plans to bring
production-ready solutions to the
consumer market. Road testing will start
during Q2 of 2022, with mass production
expected to begin in Q1 of 2023. x

Coordinates April 2022 | 31

x NEWS - GIS
Assessment of geo-hazards in Nepal
Synspective Inc., under the supervision
of the World Bank and National Disaster
Risk Reduction and Management
Authority (NDRRMA), Government
of Nepal, investigated the land
displacement hazards in the upstream
part of the Melamchi River, Nepal in
response to the destructive flood disaster
that occurred in June’21. The results
demonstrated that Synthetic Aperture
Radar (SAR) data and time-series
interferometric SAR (InSAR) analysisbased Earth observation techniques
have the capabilities to offer a more
cost-saving alternative to periodically
monitor slopes with susceptibility and
identify the potential precursors of
slow-evolving failure conditions.
Using data gathered by the European
Space Agency’s SAR satellite,
Synspective’s Land Displacement
Monitoring (LDM) service monitored
over 400 km2 of slope area in the
upstream proximity of the Melamchi
River. The analysis results were used
to support the authorities’ work in
managing slope susceptibility risk in
the region. In addition to residential
communities, critical facilities and
lifeline infrastructure are also present
in the region including the Headworks
of the Kathmandu Valley Water Supply
Improvement Project financed by
the ADB. https://synspective.com

Project to support EV chargepoint
infrastructure in UK
The UK Geospatial Commission has
launched a discovery project to explore
how location data can be better utilised to
support planning and delivery of electric
vehicle charge points by local authorities.
This project will support the approach
set out in the government’s Electric
Vehicle Infrastructure Strategy, published
by the Department for Transport,
which focuses on enabling the rollout
of a robust EV charging infrastructure
network by 2030. Setting out a vision
and approach for EV infrastructure roll-
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out and expectations of key stakeholders,
the Strategy identifies that addressing
barriers to data sharing will be important
to enable decision making. www.gov.uk

White House launches COVID.gov
The White House launched COVID.
gov, a new one-stop shop website to
help all people in the United States gain
even better access to lifesaving tools
like vaccines, tests, treatments, and
masks, as well as get the latest updates
on COVID-19 in their area. As part of
COVID.gov, a new Test-to-Treat locator
will help people access pharmacies
and community health centers across
the nation where people can get tested
for COVID-19 and receive appropriate
treatments if they need them.
Built upon GIS and mapping technology
from Esri, which is used for the Johns
Hopkins worldwide COVID-19 map, the
COVID-19 Test-to-Treat locator provides
locations for people to get tested – and
if they test positive and are eligible
for treatment – receive a prescription
from an on-site or affiliated health care
provider, and have their prescription
filled all at one convenient location.

ABB inaugurates its
Innovation Center in India
ABB has inaugurated a new and
expanded R & D and engineering facility,
the ABB Innovation Centre (AIC) in
Bengaluru, India. This state-of-the-art
facility is one of its largest globally and
serves as the backbone for technology
developments to accelerate innovation.
It houses 2500 diverse technologists
including engineers, principal and
data scientists, architects, domain and
analytics specialists, programmers, and
developers. https://global.abb/group/en

India’s second space training
center opens in Jammu
ISRO, Department of Space, and
Central University of Jammu (CUJ)
has jointly established a Space science
center for carrying out research in

Space science and technology in the
Central University campus, Jammu.
The Centre is named after the renowned
Space Scientist, teacher and former
Chairman, ISRO, Prof. Satish Dhawan,
who hailed from Jammu & Kashmir.
The Satish Dhawan Space Science
Centre was inaugurated by Dr. Jitendra
Singh, Minister of State (MoS) for
Space, in the presence of Somanath
S, Chairman, ISRO/Secretary DOS,
Dr. K. Radhakrishnan Former
Chairman, ISRO & Member, Space
Commission and Prof. Sanjeev Jain,
VC-CUJ, on March 12, 2022.
The Centre houses different labs/
facilities related to geospatial data
analysis, materials, astrophysics,
natural disasters and avionics.

Fugro supports NIOT’s coastal
community development plan
India’s National Institute of Ocean
Technology (NIOT) has commissioned
Fugro to carry out a bathymetric survey
along the Andhra Pradesh coast in southeastern India. The survey will facilitate
the Indian Government’s plans to develop
and manage the exclusive economic zone
(EEZ) to benefit the coastal community
and protect marine living resources.
The data will also be used for a range of
scientific research projects and coastal
resilience studies like assessment of
coastal vulnerabilities and geohazard
potential and ocean climate change.
The six-month project started in
November 2021. Fugro will survey
around 56,000-line kilometres of coastline
in total, collecting bathymetric data in
water depths between High Tide Line
(HTL) and 30 m. To gather insights about
the seabed, its specialist team is using a
shallow-water boat equipped with a dual
frequency echosounder and a DGPS for
data acquisition. For safe and efficient
surveying in very shallow water (up to
5 m) and the surf zone area, the team
is going to use jet ski equipped with
Differential Global Positioning System
(DGPS) and a single beam echosounder.

Real-time kinematic positioning
(RTK) technology is being used for
topography survey. www.fugro.com

UKHO signs collaboration agreement
with The Nippon FoundationGEBCO Seabed 2030 Project
The UK Hydrographic Office (UKHO)
has signed a MOU with The Nippon
Foundation-GEBCO Seabed 2030
Project, which will see the parties
work together to advance the industry’s
understanding of ocean bathymetry,
and in support of the Decade of Ocean
Science for Sustainable Development.
Seabed 2030 – a flagship program of the
Ocean Decade – is a collaborative project
between The Nippon Foundation and the
General Bathymetric Chart of the Oceans
(GEBCO) with the goal of the complete
mapping of the world’s oceans by 2030,
as well as compiling all bathymetric data
into the freely available GEBCO Ocean
Map. GEBCO is a joint program of the
International Hydrographic Organization
(IHO) and the Intergovernmental
Oceanographic Commission (IOC),
and is the only organization with a
mandate to map the entire ocean floor.
As part of its official partnership with
Seabed 2030, the UKHO will provide
bathymetric gridded map products to be
used by the project within the GEBCO
gridded bathymetric data set. UKHO
will also share and promote methods
and best practices in technological
innovation, infrastructure and solutions
for ocean mapping and bathymetric data
management. https://seabed2030.org

Infrastructure-based 3D perception
software by Seoul Robotics
Seoul Robotics has introduced an
infrastructure-based version of its
patented 3D perception software.
SENSR-I processes data captured by
3D sensors over large spaces to provide
high-resolution environmental insights,
enabling a wide range of applications
to inform organizations on operational
efficiencies, safety enhancements, crowd

management and customer experience
improvements. Designed for use with
3D sensors that are placed on static
infrastructure in both indoor and outdoor
applications, SENSR-I is equipped
with weather-filtering capabilities to
ensure the highest level of accuracy in
all conditions, including heavy snow
and rain. www.seoulrobotics.org

Education, the top 20 finalists will receive
USD 500 each. The winner chosen by
expert judges will receive a prize of
USD 5,000, and the winner from the
popular vote category will win a prize
of USD 2,000. www.bentley.com

Updated land-cover map with
new sets of global data by Esri

TatukGIS announces integrated support
for highway and route shields in its GIS
SDK and desktop GIS products. A builtin SVG symbols library provides easy
access to shields commonly used to label
road and highway maps in the United
States, Canada, Europe, and countries
around the world. https://tatukgis.com

Esri in partnership with Impact
Observatory and Microsoft, is releasing
a globally consistent 2017–2021 global
land-use and land-cover map of the world
based on the most up-to-date 10-meter
Sentinel-2 satellite data. In addition to
the new 2021 data, 10-meter land-use
and land-cover data for 2017, 2018,
2019, and 2020 is included, illustrating
five years of change across the planet.
This digital rendering of earth’s surfaces
offers detailed information and insights
about how land is being used. The map
is available online to more than 10
million users of geographic information
system (GIS) software through Esri’s
ArcGIS Living Atlas of the World.

Bentley Education Announces
New Student Contest
Bentley Systems, Incorporated has
announced Bentley Education’s Digital
Twin Design Challenge—a student
contest that provides an opportunity
to reimagine a real-world location
with a structure designed with the
popular Minecraft video game. Digital
twin technology is set to be the next
powerful tool for future engineers, and
this contest is a unique opportunity for
students to explore it in a creative way.
Through the Digital Twin Design
Challenge, students have the chance to
combine their imagination and creativity
by exploring infrastructure digital
twins. Students will use Minecraft to
take a real-world location and design
a new structure within it. In addition
to gaining recognition from Bentley

Integrated support for highway
and route shields in TatukGIS SDK

Infotech Partners with cultivate
geospatial solutions
Infotech has announced a partnership
with Cultivate Geospatial Solutions
(CGS) to enhance the incorporation
of GIS across Infotech software to
track digital as-built data. Through
this partnership, the companies will
focus on integrating GIS capabilities
with project data captured in Infotech
solutions and delivering geospatialbased products that support the asset
lifecycle. In addition, Cultivate will
support Infotech’s strategic alliance
with Esri, the global leader in location
intelligence. www.infotechinc.com

XMAP GIS tool aids UK Government
XMAP, the local government GIS service
from Geoxphere, now offers a smart,
green transport module to help local
councils promote Active Travel and
secure funding from the Government’s
£2 billion package to encourage walking
and cycling. The XMAP Isochrone tool
provides a detailed and visual insight into
existing transport infrastructure, assessing
accessibility and the local environment
to calculate and compare travel times
by foot, cycle and car. Its Isochrone tool
allows a user to create polygons on a
map showing how far it is possible to
drive, walk or cycle in a set amount of
time. https://xmap.geoxphere.com x
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Terra Drone raises
$70M funding
Terra Drone Corporation has raised $70
million (8 billion Japanese yen) in Series
B funding with investments from Mitsui &
Co., Ltd., SBI Investment Co., Ltd., Tokyu
Land Corporation, Kyushu Electric Power
T&D, and Seika Corporation. The round
also saw the funding by Japan Overseas
Infrastructure Investment Corporation
for Transport & Urban Development
(JOIN) – a public-private infrastructure
fund by the Japanese Ministry of Land,
Infrastructure, Transport and Tourism
(MLIT) – to the newly established
joint venture, as well as participation
from existing investor Venture Lab
Investment. www.terra-drone.net/global

FedEx plans to test autonomous
drone cargo delivery
FedEx Express is teaming up with Elroy
Air, the company building the first endto-end autonomous vertical take-off and
landing (VTOL) aerial cargo system.
FedEx Express will develop plans to
test Elroy Air’s Chaparral autonomous
air cargo system within the company’s
middle-mile logistics operations, moving
shipments between sortation locations.
This is the latest initiative from FedEx in
its effort to explore and adopt emerging
technologies across its networks.

Blueprint to build 165 mile
drone ‘Superhighway’
A consortium led by Reading-based
UTM (Unified Traffic Management)
software provider Altitude Angel,
are planning to build the world’s
largest and longest network of ‘drone
superhighways’. The consortium has
submitted plans for a ‘165 miles (265km)
drone superhighway’ connecting
airspace above cities including Reading,
Oxford, Milton Keynes, Cambridge,
Coventry, and Rugby. Known as Project
Skyway, it will enable businesses
to develop and grow through the
commercialisation of new and innovative
drone-based products, processes, and
services. www.altitudeangel.com
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Developing Urban Air
Traffic Management
System
In 2022, FIXAR becomes a partner of the
project Urban Air Traffic Management
DEVelOpment & DEMOnstration,
led by Istanbul Kultur University
Technology Transfer Office. In this
project, FIXAR is working together
with the project’s technical team and
providing the full-stack drone solution
for flight and system integration, as
to demonstrate real time examples of
possible solutions. It also takes the role
of a lead commercialization partner
for RIS (Regional Innovation Scheme)
innovation project. https://fixar.pro

New lightweight vehicle
surveillance system
Teledyne FLIR Defense has launched a
new Lightweight Vehicle Surveillance
System (LVSS) with revolutionary
air domain awareness (ADA) and
advanced counter-unmanned aerial
system (C-UAS) capabilities. The LVSS
ADA C-UAS is an enhanced addition
to Teledyne FLIR’s field-proven LVSS
platform. The new system leverages
a powerful combination of 3D radar,
EO/IR camera, and RF detection
and mitigation sensors to provide
early warning alerts and recognition.
Threats are detected and displayed
simultaneously, showing position and
elevation for all radar tracks. www.flir.com

eBee TAC drone solution
added to Blue UAS
AgEagle Aerial Systems Inc. announced
that senseFly, an AgEagle subsidiary, is
one of the first eleven vendors to complete
the required testing, evaluations and
demonstration process to be designated a
Blue UAS under the Defense Innovation
Unit’s Blue sUAS 2.0. As a result, the
NDAA-compliant eBee TAC Unmanned
Aerial System (UAS), pioneered by
senseFly, has been approved by the
Defense Innovation Unit (DIU) for
procurement by the U.S. Department of
Defense (DoD). www.ageagle.com x

€2.5 million raised by Neuraspace
to prevent satellite collisions
Neuraspace, the developer of an advanced
AI-powered Space debris monitoring &
satellite collision avoidance platform, has
announced that it has raised €2.5 million
from Armilar Venture Partners. The
company will use these funds to accelerate
the commercialisation of its platform.
Neuraspace’s proprietary AI technology
enables more accurate satellite collision
risk prediction and, by applying a
data fusion strategy, offers increased
robustness and resilience. The platform
also automates many of the current
manual processes and communications
and delivers an end-to-end solution,
providing operators with actionable
orbital maneuver recommendations
to avoid collisions, while delivering
valuable insights to various other
stakeholders including regulators,
insurers and other Space-asset dependent
businesses. https://blog.neuraspace.com

HFX funds a Satellogic dedicated
satellite constellation
HFX has launched the worldwide
Ukraine Victory Fund with an initial aim
of raising $10 million to dramatically
improve Ukraine’s access to satellite
imagery as it fights Russia’s invasion.
The move comes after Ukraine’s
Ministry of Defence asked for help in
raising funds for a Dedicated Satellite
Constellation (DSC) – a service provided
by Earth observation satellite and data
company, Satellogic. It will deploy
its DSC service enabling Ukraine to
manage a fleet of satellites for encrypted
tasking and satellite imagery. It will
drastically increase the country’s access
to high-resolution images and video
intelligence. https://halifaxtheforum.org

Pixxel announces $25m investment
Pixxel announced a $25 million Series A
led by Radical Ventures, a Toronto-based
firm known for investing in entrepreneurs
that use artificial intelligence to transform

massive industries. The new funding
enables Pixxel to expedite production
of the world’s highest resolution
hyperspectral satellite constellation and
to offer industry AI-powered insights.
https://timesofindia.indiatimes.com

SES adds third satellite from
Thales Alenia Space
SES has announced that it has ordered
SES-26 a fully software-defined
geostationary (GEO) satellite from Thales
Alenia Space. SES-26 will maintain and
expand the wide range of content delivery
and connectivity services to broadcasters,
media companies, telco operators, internet
service providers and governmental
organisations across Europe, Africa,
the Middle East, and Asia-Pacific. The
digital satellite with both Ku-band and
C-band frequencies will replace SES’s
NSS-12 satellite at 57 degrees East, one
of SES’s longest-held and most valuable
orbital positions. From this key location
at the crossroads of Europe, the Middle
East, Africa and Asia, SES will continue
to deliver content and connectivity
solutions to some of the world’s fastestgrowing markets. www.thalesgroup.com

OneWeb to resume satellite launches
OneWeb, the low Earth orbit (LEO)
satellite communications company and
SpaceX entered into an agreement that
will enable OneWeb to resume satellite
launches. The first launch with SpaceX
is anticipated in 2022 and will add to
OneWeb’s total in-orbit constellation that
currently stands at 428 satellites, or 66
percent of the fleet. OneWeb’s network
will deliver high-speed, low-latency
global connectivity. https://oneweb.net

NOAA and Partners Discover Wreck
of 207-year-old Whaling Ship
NOAA and partners have announced the
discovery of the wreck of a 207-yearold whaling ship, called Industry,
found on the bottom of the Gulf of
Mexico. The remains of the 20-metre
long, two-masted wooden brig open a
window into a little-known chapter of

American history when descendants
of African enslaved people and Native
Americans served as essential crew in
one of the nation’s oldest industries.
With guidance provided via satellite
connection from partner scientists on
shore, a team aboard NOAA ship Okeanos
Explorer piloted a remotely operated
vehicle (ROV) to explore the seafloor on
25 February 2022, at a suspected location
first spotted by an energy company in
2011 and viewed briefly by an autonomous
vehicle in 2017, but never fully examined.

Extra-terrestrial lab launches
in South Australia
The Extraterrestrial Environmental
Simulation (Exterres) Laboratory is
the first of its kind in Australia and
will allow researchers to develop new
technologies to withstand the harsh deep
space environment. Led by University
of Adelaide Associate Professor John
Culton, the lab will be used to test
equipment such as rovers and materials
needed for human exploration.
“Understanding how technology will
perform when exposed to harsh extraterrestrial environments is critical to
supporting long-term human presence
in deep space, specifically the Moon
and Mars,” said Culton, who is
Professor of Off-Earth Resources
and the Director of the Andy Thomas
Centre for Space Resources.
“Space hardware will be tested in the
lab’s Regolith Thermal Vacuum Chambers
(rTVAC), a nine square metre sealed
lunar regolith simulant pit and a 27 square
metre sandpit which can be tailored to
simulate specific off-world environments.”

Hunting for pathogen
killing Hawaiian tree using
airborne remote sensing
A new study published in Ecological
Applications by researchers from
the Center for Global Discovery and
Conservation Science discovered aircraftmeasured spectral differences in the foliar

traits of trees that would later develop
visible signs of ROD. This finding
suggests that their unique aircraft mapping
system may provide early detection
of trees affected by the pathogen.
“We used repeat laser-guided imaging
spectroscopy of forests on Hawaiʻi
Island collected by the ASU Global
Airborne Observatory to derive maps
of foliar characteristics previously
found to be important in distinguishing
between ROD-infected and healthy
ʻŌhiʻa canopies,” said Erin Weingarten,
lead author, and now a PhD student at
Colorado State University. “Data from
these maps were used to develop a
prognostic indicator of tree stress prior
to the visible onset of browning.”
The ASU Global Airborne Observatory,
or “lab in the sky,” mapped the two
forest canopies from 2018 to 2019. Over
the course of the year, one group of
trees remained green. The other group
changed from green to brown due to the
onset of ROD symptoms. The team then
assessed and compared spectral data of
each group in 2018 for the foliar traits,
or properties, of the leaves that have
been linked to ROD. After analysis,
the researchers observed key spectral
differences in the leaf traits before the
canopy turned brown. https://news.asu.edu

Remote sensing satellite lifted
successfully into orbit
China successfully sends a new remote
sensing satellite of the Yaogan 34 series
into space from the Jiuquan Satellite
Launch Center in Northwest China
at 3:09 pm on March 17, 2022.
The satellite will team up with its
predecessor, the Yaogan 34-01, which
has been in operation for nearly 11
months www.chinadaily.com

MOSTI helps NADMA to
analyse soil movement
The Ministry of Science, Technology
and Innovation (MOSTI), Malaysia is
helping the National Disaster Management
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Agency (NADMA) to analyse soil
movement at Taman Bukit Permai 2,
Ampang using space remote sensing.
MOSTI deputy minister Datuk Ahmad
Amzad Hashim said the analysis was
carried out using the technology developed
by the Malaysian Space Agency (MYSA).
He said seven types of information
obtained from remote sensing and
satellite images could provide early data
in connection with soil movements,
which could help in addressing landsliderelated risks posed by such incidents that
occurred at the housing area. www.nst.com

Introducing the US Commercial
Remote Sensing Legislation
House Science, Space, and Technology
Committee Ranking Member Frank
Lucas (R-OK) and Representative
Ed Perlmutter (D-CO) announced
the introduction of H.R. 6845, the
Commercial Remote Sensing Amendment
Act, to support commercial remote
sensing activities in the U.S. The bill
renews an expired requirement for the
Department of Commerce to send an
annual report to Congress on the status of
commercial remote sensing applications,
regulations, and adjudications.
“Remote sensing has become a crucial tool
allowing us to improve crop production,
weather forecasting, and emergency
responses to natural disasters,” Lucas
said. “The technology is constantly
evolving, and the commercial remote
sensing industry is seeing tremendous
growth. To effectively support and manage
commercial remote sensing activities,
Congress needs timely and comprehensive
reports from the Department of
Commerce so we can evaluate the state
of the industry and how regulations
are affecting its growth. I appreciate
Representative Perlmutter’s support of
this legislation, and I look forward to
working with him to pass this into law.”
“The American remote sensing industry
leads the world in developing new
technologies and capabilities to better
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understand what’s happening here on
Earth and make informed decisions,”
Perlmutter said. “Congress has a
responsibility to effectively encourage
and support the remote sensing industry,
and this legislation will provide the
information and data necessary to
ensure continued growth and global
leadership. I look forward to working
with Ranking Member Lucas and my
colleagues on this important bill.”
https://republicans-science.house.gov

Copernicus Land Monitoring Service
The European Environment Agency
(EEA) recently awarded a contract to
a consortium under the lead of GAF
with the partners GeoVille and VITO
to implement the new High-Resolution
Layer (HRL) Vegetated Land Cover
Characteristics (VLCC), as part of
the pan-European Copernicus Land
Monitoring Service (CLMS). Its rich
product portfolio will ensure both the
continuation and evolution of successful
precursor HRLs, such as Forest and
Grassland, and the establishment of new
HRL products focusing on crops and
agricultural practises. The implementation
of HRL VLCC will happen with
funding by the European Union.
The HRL VLCC will comprise panEuropean mapping of several new
agriculture-related CLMS products
such as annual crop types, agricultural
cropping patterns and grassland mowing
until the year 2023, while ensuring
consistency with the grassland and forest
products. The VLCC will form part of
the pan-European component of the
Copernicus Land Monitoring Service
(CLMS), making regular large-scale
information products available to a broad
user community from European public
bodies, to EEA member and cooperating
countries, regional environmental
authorities, research and academia as
well as the value-adding sector. It will
provide support for various environmental
policies and make a significant
contribution to assessing Europe’s current
environmental status and monitoring
changes over time. www.pressebox.de x

EASA publishes SIB to warn
of intermittent GNSS outages
near Ukraine conflict areas
The European Union Aviation Safety
Agency has published a Safety
Information Bulletin (SIB) warning of
the increased probability of problems
with GNSS in the current context of
the Russian invasion of Ukraine.
The SIB proposes mitigation actions to be
taken by the National Aviation Authorities,
Air Navigation Service Providers and
air operators to address the issue that
spoofing and/or jamming has intensified in
geographical areas surrounding the conflict
zone and in other areas. www.easa.europa.eu

Ready to navigate into the future
- Galileo 2nd generation satellites
Airbus has successfully completed the
Preliminary Design Review (PDR) for its
system concept for the second generation
Galileo navigation satellites. During this
important milestone, Airbus’ proposed
preliminary design and the customer’s
system requirements have been fully
reviewed and agreed. This paves the
way for further verification, acceptance
and qualification at equipment and
module level. Verification at payload
level is already in full swing, with the
Critical Design Review (CDR) for the
satellite structure also due shortly.
In parallel, the Airbus site in
Friedrichshafen, on Lake Constance, is
preparing for an industrialised production
line for currently six second-generation
Galileo satellites. The satellite integration
centre, is being completely upgraded to
meet current and future requirements for
efficient, environmentally friendly, safe
and secure production for the Galileo
2nd generation satellitesthat are planned
to be launched in 2024. The world of
navigation is changing, driven by rapidly
emerging and changing user needs
(availability and reliability), a growing
number of security threats (jamming
and spoofing) and the evolution of other
navigation systems. The new batch of
Galileo spacecraft built by Airbus is the

x NEWS - INDUSTRY
answer to this changing context. It will
make the Galileo service more accurate,
secure and dependable, and adaptable
over its lifetime spanning two decades.

GMV guarantees PAZ
satellite services

Weighing around 2.3 tons, each satellite
is designed to operate for about 15 years.
The state-of-the-art and all-electric
medium-Earth orbit (MEO) platform
from Airbus, reuses flight proven
building blocks from our Telecoms and
Earth Observation programmes, taking
advantage of a unique combination of
heritage and in orbit experience. The
flexible and modular navigation payload
solution with future growth capability
is also based on telecom elements for
signal generation. www.airbus.com

GMV has signed a new contract with
INTA (Instituto Nacional de Técnica
Aeroespacial) for the corrective
maintenance of the main elements of
its ground segment. The Spanish Paz
satellite, with an estimated useful life of
seven years, is a dual-use (civil/military)
Earth observation satellite in orbit at an
altitude of 514 kilometers over the poles
and designed for surveillance applications,
high-resolution mapping, border control,
tactical support in foreign missions, crisis
and risk management, natural disaster
assessment, environmental control, and
maritime environment monitoring.

HawkEye 360 detects GPS
interference in Ukraine

VERIPOS expands SPAN
GNSS+INS portfolio

HawkEye 360 Inc. has announced
the capability to detect and geolocate
GPS interference, with analysis of data
over Ukraine revealing extensive GPS
interference activity. HawkEye 360 uses
satellites to monitor radio frequency
signals for interference that might threaten
military and civil navigation applications.
The capability was tested last year in
a variety of exercises and is currently
available as part of HawkEye 360’s RFGeo
signal product catalogue. www.he360.com

VERIPOS expands its proven inertial
solution SPAN GNSS+INS technology
from NovAtel, to dynamic positioning
(DP) applications and vessels. SPAN
technology delivers a deeply coupled
GNSS and inertial navigation system
(INS) that provides robust, reliable and
continuous centimetre-level positioning
for operators to maintain safety and
maximize uptime. With a GNSS+INS
solution, DP vessels can bridge outages
in GNSS tracking and through short
periods of radio frequency interference,
jamming or spoofing. https://veripos.com

i83 IMU-RTK GNSS receiver
by CHC Navigation
CHC Navigation (CHCNAV) today
announced the availability of the i83
GNSS receiver, a new and innovative
addition to its premium GNSS receiver
series for surveying, mapping and
construction professionals. It is powered by
1408-channel multi-band GNSS, the latest
iStar technology, and a calibration-free,
high-end IMU sensor for faster and reliable
field GNSS surveying. The receiver
combines GNSS and IMU into one single
receiver to provide optimal automatic
pole tilt compensation that requires no
calibration and is fully immune to magnetic
interference. Operators just need to focus
on their tasks and no longer need to level
their pole vertically. chcnav.com x

Septentrio GNSS receivers
to support the CLAS
Septentrio has launched three new
products: mosaic-CLAS, AsteRx-m3
CLAS and AsteRx SB3 CLAS, which
support Japan’s high-accuracy Centimeter
Level Augmentation Service (CLAS).
These GNSS receivers support CLAS
on a single device, thanks to the latest
GNSS technology which receives
the L6 signal, which transmits highaccuracy corrections from Japan’s QZSS
constellation. This technology was
developed in close cooperation with
CORE, a leading integrator of highaccuracy positioning technology and
services in Japan. septentrio.com

Harxon Smart Antenna TS112 PRO
Harxon has introduced Smart Antenna
TS112 PRO to provide scalable and
reliable positioning solutions for severe
environments with uneven grounds,
underground cables, etc. It is designed
with the most up-to-date GNSS
technology provided by Harxon and
GNSS module provided by Hexagon |
NovAtel. Harxon’s X-Survey™ OEM
GNSS antenna and Hexagon | NovAtel’s
OEM GNSS module combine to offer
centimeter-level positioning accuracy
with excellent interference mitigation
performance for farming fields and
wild environments. harxon.com

Locating Shackleton’s
historic Endurance using
technology by Sonardyne
After more than 100 years lost more
than 3,000 m underneath sea ice in the
Antarctic’s Weddell Sea, the almost
fully intact wreck of Ernest Shackleton’s
Endurance has been found, supported
with underwater navigation and
positioning technology from Sonardyne.
The pioneering search, launched in February
this year, saw the Endurance22 team deploy
Saab Seaeye Sabertooth hybrid autonomous
underwater vehicles (AUVs) from the
icebreaking polar supply and research
shipS.A. Agulhas II. During their hunt of
the seabed, close to where the 1914-1917
expedition came to its end, these underwater
robots used Sonardyne’s SPRINT-Nav
hybrid acoustic-inertial navigation system
(INS) technology navigate their search
routes. They also used Sonardyne’s AvTrak
6 tracking and telemetry transceiver, to
send commands and position updates from
a Ranger 2 Ultra-Short BaseLine (USBL)
system, also from Sonardyne, onboard the
S.A. Agulhas II. https://endurance22.org

Eos Laser Mapping for
Android by Eos Positioning
Eos Positioning Systems has released its
popular Eos Laser Mapping™ for ArcGIS
solution on Android devices. Previously
the free solution, which allows mobile
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crews to capture asset locations from
a distance with survey-grade accuracy,
was available only on iOS. The solution
combines technology from GIS provider
Esri, laser rangefinders from Laser Tech
(LTI), and Eos’ own popular Arrow
Series® GNSS receivers. The new release
on Android currently supports three
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Asteria Aerospace has launched its end-toend drone operations platform – SkyDeck.
It is a cloud-based software platform to
deliver a DaaS solution for multiple industry
verticals such as agriculture, surveying,
industrial inspections, and surveillance
and security. https://asteria.co.in
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ORKID has partnered with Unifly, UTM
technology provider, in a series of test
operations. These flight operations will mark
an especially important milestone in the
certification process required by Aeronáutica
Civil, so that ORKID can continue to
conduct recurrent commercial flight
operations in the near future. www.orkid.tech
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World’s smallest Iridium antenna
Helix Geospace has launched the world’s
smallest Iridium antenna, which can
operate safely near the human head with
minimal performance degradation. At only
37mm long and 13.5mm diameter, the
HXDC1600 antenna family that meets the

Iridium satellite data network’s voice and
short-burst data (SBD) requirements. The
new Iridium antenna will enable satellite
phones to be built at close to the size and
cost of a normal cellular mobile phone.

SingularXYZ Launched SAgro100
Automated Steering System
SingularXYZ recently released SAgro100
automated steering system for precision
agriculture, improving agricultural
resource utilization and productivity.
The integrated full-constellation tracking
GNSS module and sensitive electric motor
enable the SAgro100 to deliver centimeter
auto-steering accuracy. The 2.5cm passto-pass accuracy largely improves the
utilization of land and other resources,
while freeing farmers’ hands. x

x MARK YOUR CALENDAR
May 2022
GEO Business 2022
18-19 May
London, UK
www.geobusinessshow.com

June 2022
8th International Conference
on Cartography and GIS
20 to 25 June 2022
Nessebar, Bulgaria
https://iccgis2020.cartography-gis.com

July 2022
IGARSS 2022 (hybrid form)
17-22 July 2022
Kuala Lumpur, Malaysia
https://igarss2022.org

September 2022
Commercial UAV Expo Americas
6-8 September 2022
Las Vegas, USA
www.expouav.com
ION GNSS+ 2022
19-23 September
Denver, CO, USA
www.ion.org/gnss/index.cfm

October 2022
Intergeo Hybrid
18-20 October 2022
Essen, Germany
www.intergeo.de

November 2022
Trimble Dimensions+
7-9 November 2022
Las Vegas, USA
https://dimensions.trimble.com
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