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ABSTRACT

The Restionaceae species of the Fynbos biome is part of the Cape Floristic Region (CFR) that is
threatened by urbanization, agricultural expansion, groundwater extraction, and climate change.
Therefore, it is necessary to assess and monitor the Restionaceae species under the impact of
climate change. South Africa is a semi-arid environment, and hydrological factors are the main
variables in the determination of species niches. This study investigates the microclimate at
Jonkershoek, and examines the impact of climate change to the plant species distribution, thus
creating shifts in the hydrological niche. This study generates its own unique microclimate
hydrological datasets for modelling species niche. The Restionaceae species and their hydrological
niche at the Jonkershoek study area are assessed under future climate change scenario, at a
microclimatic level. It provided evidence regarding the importance of the study to understanding the
climate change impacts on hydrological niche and on species richness. As the CFR has been widely
used as a test case for modelling climate change impacts on biodiversity at biome and species level,
many studies have projected range contractions and species losses. This study should be further
explored as representative of climate change impacts on the hydrological niche of the Restionaceae
species in the long term observations.

Keywords: Climate change; hydrological niche; Restionaceae; Fynbos biome; microclimate;
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1. INTRODUCTION

Examining the recent debates on climate change over the Anthropocene hypothesis, which indicates
we as humans may have changed the planet Earth and its ecosystem, and our human activities have
an impact on the Earth's atmosphere and geological processes [1]. This makes conservation and
management of our ecosystem more difficult as not only we face prolonged droughts in Africa; we
also have problems of land transformation and deforestation. The Cape Floristic Region (CFR) is the
most biodiverse, non-tropical hotspot in the world. Fynbos consists of natural shrubland vegetation
and forms part of the Cape Floristic Region, which contains 80% of the plant species [2]. An important
driver of biodiversity in the CFR and the region is climate and is potentially vulnerable to climate
change. Recent studies have shown that changing weather already affect stressed ecosystems and
reduce the ability of their species to survive over the long term. Climate in the CFR has warmed over
the last century, but there are no clear rainfall patterns. More warming and drying are predicted for the
region. Several experiments on plants have shown species-specific responses to changes in
temperature and drought, and also limited direct effects of elevated CO2. The CFR has been widely
used as a test case for modelling climate change impacts on biodiversity at biome and species level.
Several studies have projected range contractions and species losses. Finch and Meadows [3]
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reviewed the future projections for the ecologically important Fynbos biome under anthropogenic
climate change, based on bioclimatic modelling. These studies demonstrate the dynamic nature of
South African biomes, and the range of natural and anthropogenic drivers which influence their
composition and distributions [3,4,5].

The Restionaceae are a family of perennial evergreen wind-pollinated flowering plants, which varies
from 10 cm to 3 m in height, and based on the evidence from fossil pollens, it originated from more
than 65 million years ago [2,3]. Regarding conservation, the Restionaceae is threatened by
urbanization, agricultural expansion, groundwater extraction, and as well as climate change.
Therefore, it is essential to discover the influence of hydrological variables on the Restionaceae at a
local microclimate level, under the effect of climate change. Hydrological factors are the significant
environmental variables which contributes to the determination of species niche, because of the semi-
arid environment of South Africa. For any species, separate life stages may differ in their niche
requirements, and environmental conditions may have different and complicated impacts on
population viability. Hydrological gradients also interact with interspecific interactions and competition
to determine undisturbed community assemblages [4]. A niche defines the way in which a species fits
into an ecosystem and ecological community, and it is modelled by the environmental variables [6]. In
this study, we examine the hydrological niche which models the Restionaceae habitat through
hydrological variables, under the impact of climate change and therefore hydrological changes.
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Fig. 1. Jonkershoek study location in South Africa
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Fig. 2. Jonkershoek study area plot and sample locations
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The study area is at Jonkershoek within the Cape Floristic Region, as shown in Fig. 1, in South Africa.
Due to the land topography of the study area, the precise plot area size can vary. Fig. 2 shows a plot
of the 50m by 50m study area, with 200 sample locations, placed on a grid 3-5 m apart. Samples
measurements were taken for the following variables: elevation, water table depth, and recordings for
the presence or absence of Restionaceae species at each sample point [7]. Previous studies of
species niche have focused on macroclimate level and on climate variables rather than local
microclimate level and hydrological variables, and primarily the previous studies of species niche and
climate change have used mostly countrywide macroclimate datasets.

Since hydrological factors are the significant environmental variables which contribute to the
determination of species niche, because of the semi-arid environment, the water-table depth becomes
the main hydrological variable in this study. The soil water regime of hydrological variable used in the
study is based on the hydrological models from previous research [8]. The water-table depth was
monitored by the use of tube wells, and supported by automatic logging pressure transducers. The
tube wells were read manually every two weeks, and subsample data was recorded every four hours
for at least twelve months. Using the hydrological data from the tube wells, the water-table depth for
each sample location was obtained [7,9,10].

This research has generated its own unique microclimate hydrological datasets for modelling species
niche at a local level. It focuses on the microclimate level, and examines the influence of the
hydrological variable on plant species distribution, creating a hydrological niche for the individual plant
species. The primary objective of this study is to assess the microclimate at Jonkershoek, and to
model the impact of future climate change to the plant species distribution and hydrological niche, and
to provide evidence of the importance of the study to understanding the climate change impacts on
hydrological niche and on species richness.

2. RESTIONACEAE AND HYDROLOGICAL VARIABLE

To explore the hydrological niche of plant species, the hydrological variable needs to be first
evaluated, which is the water table depth. This study generated its own microclimate hydrological
datasets for modelling species niche based on the elevation and water table depth, and samples were
taken at each sample point to determine the presence or absence of Restionaceae species [7]. The
seven Restionaceae plant species found at the Jonkershoek study area are: Elegia asperiflora, Elegia
juncea, Hypodiscus albo-aristatus, Hypodiscus aristatus, Restio filiformis, Restio triticeus, Staberoha
cernua.

Ordinary kriging was performed on the data in order to produce the microclimate environmental
layers, which was then used to calculate the hydrological niche of the Restionaceae species. Kriging
is an interpolation procedure that uses collected observations and a semivariogram, in order to
determine the values of non-sampled locations, and the procedures involved in kriging does
incorporate measures of error and uncertainty when determining the estimations. Ordinary kriging is a
form of kriging which uses a location-dependent weighted average, of the observed data values,
collected from the given locations, where the weights depend on the spatial correlation structure of the
data itself [5,11,12,13].

Ordinary kriging is a linear predictor [5,11,12,13].
Z (80 )= Z-/‘;‘{Z (s,) (1)

where s; is a location with observation Z(s;)), and coefficient A; satisfies the ordinary kriging linear
equation system:
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The ordinary kriging system is produced under the assumption of an additive spatial model:

Z(s)=p(s)+e(s) A3)
where u (s) is the basic (expected) spatial trend, and ¢ (s) is an error term.

E[s(s)|=0,V[s(s)]="(s) (4)
Accordingly, the variogram 2y of the random error function ¢ is defined as follows::

27 () =E|(a(s+h)=s(h)’| (5)

where h is the separate vector between two the spatial points s+h and s [5,11,12,13]. The
semivariogram model used in this study is as follows:

y[h;e]zﬁ{l—exp{—?{%J'H (6)

for all h, where 6s > 0 and 0 <6, < 2 [14]. Finally, the microclimate variables of elevation and water
table depth are generated.

Fig. 3 shows the relative elevation. These values were recorded in relation to a reference point near
the plot: longitude 18.9529, latitude -33.99333 at 350 meters. The reference point at the Jonkershoek
location was at a higher elevation than the plot, so all points on the plot appeared negative; the darker
colours indicate higher relative elevations. In Fig. 4, the water table depth (WTD), sometimes referred
to as depth to water (DTW), is shown. Higher WTD values signify deep or lower water tables, which
are related to drier conditions [7].

elevation according to reference point
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Fig. 3. Relative elevation according to reference point, longitude 18.9529, latitude -33.99333 at
350 meters

3. CLIMATE CHANGE MODELLING

In order explore the possible changes in the hydrological niche between the present and future
climate, new microclimate data are produced for the future scenarios. Present current water table
depth is used in determining the hydrological niche of the seven Restionaceae species. As for the
future, since no microclimatic variables are available, our own modelled results are used. MPI-ESM-
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MR model from the Max Planck Institute for Meteorology was selected based on it proved to be a
good Global Climate Model by comparison to others [15,16]. The MPI-ESM is a comprehensive Earth-
System Model, and it consists of component models for the ocean, the atmosphere, and the land
surface. It is a fairly conservative model and as such was seen to be well suited for predictions of
Southern Africa climate, with its inherent regions of dryness and wetness [15,16].

Current water table depth
I 0.459010 - 0.475085
I 0.475086 - 0.493573
I 0.493574 - 0.514837
[ 0.514838 - 0.539295
0.539296 - 0.567427
0.567428 - 0.599782
0.599783 - 0.636997
0.636998 - 0.679800
[ 0.679801 - 0.717015
I 0.717016 - 0.749370
[] Jonkershoek study area

Fig. 4. Current Water table depth (WTD) at Jonkershoek

In this study we used RCP2.6 and RCP8.5 as comparative future scenarios. Representative
Concentration Pathways (RCPs) are greenhouse gas concentration trajectories adopted by the
Intergovernmental Panel on Climate Change for its fifth Assessment Report in 2014 [17]. The RCP
are named after a possible range of radiative forcing values in the year 2100 relative to pre-industrial
values, +2.6 and +8.5 W/m2, respectively. RCP 2.6 assumes that global annual emissions measured
in CO2-equivalents peak between 2010-2020 with emissions declining after, and RCP 8.5 assumes
emissions continues to rise throughout the 21st century [17]. Obviously, RCP2.6 is a good but unlikely
future scenario, and RCP8.5 is a more realistic future scenario based on the present human activity.

To interpret macroclimate data into microclimate data:
Future WTD:(C!F]*‘WTD 7)

In which WTD is water table depth, and F is future total precipitation for Jonkershoek, and C is current
total precipitation for Jonkershoek, and therefore (C / F) the ratio. For RCP2.6 the WTD is not too
different from the present WTD with a slight loss of water, while in RCP8.5 WTD is much higher in
value due to more loss in water. In this way, the two future WTD for RCP2.6 and RCP8.5 are
generated on the microclimate level, and the hydrological niche for the seven Restionaceae can also
be generated for present and the two possible future scenarios.

4. CHANGES IN HYDROLOGICAL NICHE

To explore future climate impacts, the new microclimate data are used to model the changes in
hydrological niche of the seven Restionaceae species. Restionaceae species occupy a wide range of
environmental conditions, and inhabit both moist and dry environmental conditions [7]. Therefore, the
seven species used in the study have different hydrological preferences; some are distributed in
wetter environment and some are distributed in drier environment, and some has no preferences. A
species distribution model is used to estimate the relationship between Restionaceae species records
at sites, as well as the spatial and hydrological characteristics of the sites [18]. The species
distribution model used in this case is MaxEnt [19].
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The conventional Bayesian risk criterion is based on the use of a conjugate family, and the quadratic
loss function [20], and Maximum Entropy modelling (MaxEnt) is basically a Bayesian inference, and it
is established by using different risk criterions. Therefore, MaxEnt has a Bayesian approach by which
the species probability distribution, subject to environmental constraints, are statistically estimated by
searching the family of probability distributions, under the maximum entropy criterions [5].

Gibbs sampling is a statistical algorithm used by Bayesian inference, which is used in MaxEnt. The
Gibbs family {g, (x), A € L}, where

o 1 ) m ) N
7.(9= 571 exp| > Ah() )

with Ai= (A, A2 ..., Ay) as the weight vector, and A; being the weight parameters, L being the m-
dimensional space, and f; (X) representing species i's probability distribution, Z,(x) being the
normalized constant. Each element x is a pixel of the investigated area. The probabilities f; (x)
represents relative suitability of the environmental variable in each pixel [19,21,22].

Figs. 5 and 6 depicts the hydrological niche of the Elegia asperiflora species, modelled using present
and future hydrological variable water table depth. Clearly, under the RCP8.5 scenario, there is a
greater loss of niche, but it also shows niche expansion to the left of the study area.

Figs. 7 and 8 depicts the hydrological niche of the Elegia juncea species, modelled using modelled
using present and future hydrological variable water table depth. Under the RCP2.6 scenario, not
much changes, with loss and gain of the niche area. But under the RCP8.5 scenario, there is a
significant loss of niche.

Figs. 9 and 10 depicts the hydrological niche of the Hypodiscus albo-aristatus species, modelled
using modelled using present and future hydrological variable water table depth. Under both future
scenarios, the species loses habitat, but under RCP2.6, most of the original niche area is maintained.

Figs. 11 and 12 depicts the hydrological niche of the Hypodiscus aristatus species, modelled using
modelled using present and future hydrological variable water table depth. Under RCP2.6, there is no
area loss, but it shows a niche expansion. However in RCP8.5, there is a loss of niche area.

@ Elegia asperiflora
[ negative change
[ positive change
[ no change (RCP2.6)
[1 Jonkershoek study area

Fig. 5. Change in hydrological niche of Elegia asperiflora under RCP2.6
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@ Elegia asperiflora
[ negative change
[ positive change
771 no change (RCP8.5)
[ Jonkershoek study area

Fig. 6. Change in hydrological niche of Elegia asperiflora under RCP8.5

@ Elegia juncea
I negative change
[ positive change
77 no change (RCP2.6)
[ Jonkershoek study area

Fig. 7. Change in hydrological niche of Elegia juncea under RCP2.6

@ Elegia juncea
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Fig. 8. Change in hydrological niche of Elegia juncea under RCP8.5
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@ Hypodiscus albo-aristatus
[ negative change
[ no change (RCP2.6)
[ Jonkershoek study area

Fig. 9. Change in hydrological niche of Hypodiscus albo-aristatus under RCP2.6

@ Hypodiscus albo-aristatus
[ negative change
[ no change (RCP8.5)
[ Jonkershoek study area

Fig. 10. Change in hydrological niche of Hypodiscus albo-aristatus under RCP8.5

@ Hypodiscus aristatus
I negative change
[ positive change
27 no change (RCP2.6)
[ Jonkershoek study area

Fig. 11. Change in hydrological niche of Hypodiscus aristatus under RCP2.6
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@ Hypodiscus aristatus
[ negative change
[ no change (RCP8.5)
[] Jonkershoek study area

Fig. 12. Change in hydrological niche of Hypodiscus aristatus under RCP8.5

Figs. 13 and 14 depicts the hydrological niche of the Restio filiformis species, modelled using
modelled using present and future hydrological variable water table depth. In this case, both scenarios
are losing hydrological niche areas.

@ Restio filiformis
[ negative change
[ no change (RCP2.6)
[ Jonkershoek study area

Fig. 13. Change in hydrological niche of Restio filiformis under RCP2.6

Figs. 15 and 16 depicts the hydrological niche of the Restio triticeus species, modelled using
modelled using present and future hydrological variable water table depth. This species is more
widespread and maintains are greater part of its niche under different conditions.

Figs. 17 and 18 depicts the hydrological niche of the Staberoha cernua species, modelled using

modelled using present and future hydrological variable water table depth. The RCP8.5 scenario
shows much greater of loss of habitat area.
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@ Restio filiformis
[ negative change
[ no change (RCP8.5)
[ Jonkershoek study area

Fig. 14.Change in hydrological niche of Restio filiformis under RCP8.5

@ Restio triticeus
[ negative change
[ no change (RCP2.6)
[ Jonkershoek study area

Fig. 15.Change in hydrological niche of Restio triticeus under RCP2.6

@ Restio triticeus
[ negative change
[ no change (RCP8.5)
[ Jonkershoek study area

Fig. 16. Change in hydrological niche of Restio triticeus under RCP8.5
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Fig. 17. Change in hydrological niche of Staberoha cernua under RCP2.6

@ Staberoha cemua
I negative change
[ no change (RCP8.5)
[ Jonkershoek study area

Fig. 18. Change in hydrological niche of Staberoha cernua under RCP8.5
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Fig. 19. Present species richness in Jonkershoek
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As shown in Figs. 5-18, some Restionaceae species prefer wetter conditions and some prefer drier
conditions, and each individual species has its own hydrological niche with their own niche
requirements, but they also coexist with other species within the same ecological niche, and thus
compete for the same hydrological resources. Under changes in climate and in competition for water
resources, the species would change their niche areas accordingly.

5. SPECIES RICHNESS INDEX

Fig. 19 shows the present species richness index of the Restionaceae species at Jonkershoek. The
species are concentrated on the lower half of the plot area, where the WTD is lower, with more
availability of water resources.

Figs. 20 and 21 shows the future species richness of the Restionaceae species at Jonkershoek.
Under RCP2.6, the species richness index is very similar to the present species richness index, and in
RCP8.5, the high species richness areas are reduced to the plot area with the lowest WTD. There is a
definite loss of species richness in the RCP8.5 scenario, due to a loss of water in the future scenarios.

| Jonkershoek study area
Future RCP2.6 Species richness
oy Hih:7

Low:0

Fig. 20. Future RCP2.6 species richness index in Jonkershoek

[] Jonkershoek study area //

Future RCP8.5 Species richness
— High: 7

Low: 0 | /"

Fig. 21. Future RCP8.5 species richness index in Jonkershoek

24



Current Advances in Geography, Environment and Earth Science Vol. 1
Study on Climate Change Impacts on Restionaceae Species in Jonkershoek, South Africa

These study results suggest a direct climate impact on the conservation of species richness, linked to
hydrological variable changes. Should there be any climate change (in this case, less rainfall)
resulting in a higher water table depth, it could result in a reduction of species richness, as some
species might not survive with the changed conditions. Accounting for South Africa’s semi-arid
environment, groundwater extraction and the creation of more boreholes will ultimately cause a
change in hydrology and therefore impact the Restionaceae species niche [23,24,25].

6. CONCLUSIONS

In this study, we used microclimate modelling techniques to generate hydrological layers, in order to
explore the hydrological niche of the Restionaceae species, in the present and the future. In the
Jonkershoek study area, the water table depth was identified as the main contributing hydrological
variable. The seven Restionaceae plant species Elegia asperiflora, Elegia juncea, Hypodiscus albo-
aristatus, Hypodiscus aristatus, Restio filiformis, Restio triticeus, Staberoha cernua; all have their own
hydrological niche, which indicates the different hydrological requirements of each individual species,
all of which yet coexist and share the same hydrological niche area in Jonkershoek.

The study assessed and modelled the effectiveness of using hydrological variables to determine
hydrological niches at a microclimate level in a semi-arid environment. The study has also provided
evidence that any climate changes will cause changes in the hydrological variables, which will cause
changes in the hydrological niche of the individual species and a subsequent change in the species
richness index. The results of this study are invaluable to the assessment and monitoring of plant
species due to hydrological changes. As the CFR has been widely used as a test case for modelling
climate change impacts on biodiversity at biome and species level, many studies have projected
range contractions and species losses [3,4]. This study should be further explored as representative
of climate change impacts on the hydrological niche of the Restionaceae species in the long term
observations.

ACKNOWLEDGEMENTS

The species and hydrological data used in this study were collected using grants from the Leverhulme
Trust and the Darwin Initiative (Defra), and using South African National Biodiversity Institute (SANBI)
resources. Sincere thanks to the CGIAR Research Program on Climate Change, Agriculture and Food
Security (CCAFS) and WorldClim for the climate data. This work was financially supported in part by
the National Research Foundation (NRF) Funding, Reference: IFR150206113775, Grant number:
96163.

COMPETING INTERESTS
Authors have declared that no competing interests exist.
REFERENCES

1. Smith BD, Zeder MA. The onset of anthropocene. Elsevier, Anthropocene. 2013;4:8-13.
2. Wikipedia. Fynbos. Restionaceae. [Online]; 2015.

Accessed: 04-05-2015

Available: http://fen.wikipedia.org/

3. Finch JM, Meadows ME. South African biomes and their changes over time. In The Geography
of South Africa. 2019;57-69. Springer, Cham.

4. Valdez JW, Hartig F, Fennel S, Poschlod P. The recruitment niche predicts plant community
assembly across a hydrological gradient along plowed and undisturbed transects in a former
agricultural wetland. Frontiers in plant science. 2019;10:88.

5. Guo D, Zietsman G, Hockey PAR. Climate change impacts on the common swift in South
Africa. Journal of Environmental Science and Development. 2016;7(4):306-311.

6. Moyle P. Niche and habitat. Marine Conservation. [Online]; 2012.

Accessed: 20-04-2012

25



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Current Advances in Geography, Environment and Earth Science Vol. 1
Study on Climate Change Impacts on Restionaceae Species in Jonkershoek, South Africa

Available: http://marinebio.org/Oceans/Conservation/Moyle/ch7.asp

Araya YN, Silvertown J, Gowing DJ, McConway KJ, Linder HP, Midgley GF. A fundamental,
eco-hydrological basis for niche segregation in plant communities. New Phytologist. 2011;189:
253-258.

Gowing DJ, Youngs EG. The effect of the hydrology of a thames flood meadow on its
vegetation. British Hydrological Society Occasional Paper. 1997;8:69-80.

Araya YN, Silvertown J, Gowing DJ, McConway KJ, Linder HP, Midgley GF. Do niche-
structured plant communities exhibit phylogenetic conservatism? A test case in an endemic
clade. Journal of Ecology. 2012;100:1434-1439.

Silvertown J, Araya YN, Gowing DJ. Hydrological niches in terrestrial plant communities: A
review. Journal of Ecology. 2014;103(1):93-108.

Guo D, Guo R, Thiart C. Predicting air pollution using fuzzy membership grade kriging. Journal
of Computers, Environment and Urban Systems. 2007;31(1):33-51.

Guo D, Guo R, Thiart C, Oyana T. GM(1,1)-Kriging prediction of soil dioxin pattern.
Representing, Modeling and Visualizing the Natural Environment: Innovations in GIS 13, N. J.
Mount, G. L. Harvey, P. Aplin, G. Priestnall, Ed. Florida: CRC Press, Taylor & Francis Group.
2009;243-253.

Guo D, Guo R, Thiart C, Cui YH. Imprecise uncertainty modelling of air pollutant PM10.
Advanced Air Pollution, F. Nejadkoorki, Ed. InTech, Open Access Publisher. 2011;193-212.
Environmental Systems Research Institute (ESRI), Using ArcGIS Geostatistical Analyst,
Redlands, USA: Environmental Systems Research Institute; 2001.

Connolle WM, Bracegirdle TJ. An Antarctic assessment of IPCC AR4 coupled models.
Geophys. Res. Lett. 2007;10:L.22505.

Max-Planck-Institut fir Meteorologie. MPI-ESM [Online]; 2015.

Accessed: 15-03-2016
Available:https://verc.enes.org/models/earthsystem-models/mpi-m/mpi-esm

Wikipedia. Representative concentration pathways. [Online]; 2016.

Accessed: 20-04-2016

Available: http://en.wikipedia.org/

Franklin J. Mapping species distributions: Spatial inference and prediction, Cambridge, UK:
Cambridge University Press; 2009.

Phillips SJ, Anderson RP, Schapire RE. Maximum entropy modeling of species geographic
distributions. Ecological Modelling. 2006;190:231-259.

Guo R. Bayesian reliability modelling. In International Encyclopedia of Statistical Science, M.
Lovric, Ed. Springer-Verlag, Berlin. 2010;104-106.

Elith J, Phillips SJ, Hastie T, Dudik M, Chee YE, Yates CJ. A statistical explanation of MaxEnt
for ecologists. Diversity and Distributions. 2011;17:43-57.

Phillips SJ, Dudik M, Schapire RE. A maximum entropy approach to species distribution
modeling. Proc. of the 21st International Conference on Machine Learning. 2004;655-662.
Kuhlmann M, Guo D, Veldtman R, Donaldson J. Consequences of warming up a hotspot:
Species range shifts within a centre of bee diversity. Diversity and Distributions. 2012;18(9):
885-897.

McLeish M, Guo D, van Noort S, Midgley GF. Life on the edge: Rare and restricted episodes of
a pan-tropical mutualism adapting to drier climates. New Phytologist. 2011;191(1):210-222.

Guo D, Midgley GF, Araya YN, Silvertown J, Musil CF. Climate change impacts on hydrological
niches of Restionaceae species in Jonkershoek, South Africa. An Open Access Journal:
Journal of Water Resource and Hydraulic Engineering (JWRHE). 2016;5(1):20-28.

26



Current Advances in Geography, Environment and Earth Science Vol. 1
Study on Climate Change Impacts on Restionaceae Species in Jonkershoek, South Africa

Biography of author(s)

Dr. Danni Guo
Climate Change and Land Degradation Unit, South African National Biodiversity Institute, South Africa.

Research and Academic Experience:
2002-2003 University of Durham, Durham, United Kingdom
Master of Science, Majored in Spatial Information Technology

2004-2007 University of Cape Town, Cape Town, South Africa
Ph.D. in Statistical Sciences, Majored in Spatial Statistics

2007 — present: Senior Scientist at the South African National Biodiversity Institute

Research Area:

- Specialise in analysing and modelling species; using spatial, statistical, and GIS methods and techniques.

- Studying the climate change impacts and risk vulnerability upon species.

- Developing microclimate models and modelling hydrological niche, at small scale local level.

- Modelling climate change impacts modeling upon plant species, in terms of the uncertainty measure theory, including
random fuzzy doctrine.

Number of Published papers: She has 7 book chapters in edited books, 42 peer reviewed journal papers, and 71 peer
reviewed conference papers.

Judith L. Arnolds
Climate Change and Land Degradation Unit, South African National Biodiversity Institute, South Africa.

Research and Academic Experience:
PhD (Botany)- completed 2016
North West University, Potchefstroom, South Africa

PhD (Environmental Health) — completed May 2016
Cape Peninsula University of Technology

Research Area: She is a Scientist with 20 years of experience in research environment, performing field and laboratory
experiments and teaching students.

Number of Published papers: She has 1 book chapters in edited books, 4 peer reviewed journal papers, and 2 peer reviewed
conference papers.

© Copyright (2021): Author(s). The licensee is the publisher (B P International).
DISCLAIMER

This chapter is an extended version of the article published by the same author(s) in the following journal.
Journal of Water Resource and Hydraulic Engineering, 5(1): 20-28, 2016.

27



