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ABSTRACT ARTICLE HISTORY
Nature-based tourism is a prominent component of the tourism Received 7 March 2024
sector in South Africa, attracting both domestic and international Accepted 11 September 2024

travellers. Camping plays a crucial role, providing both affordable KEYWORDS

lodging and an opportunity to engage more directly and continu- Camping; nature-based
ously with the natural environment. Climate is a key determinant of tourism; meteorological
the feasibility of camping activities and has been empirically estab- data; climatic suitability;
lished as a significant influence in tourists’ decision-making process climate change; South Africa
when selecting a destination. The climate in South Africa, while

highly heterogenous, has been generally classified as ‘ideal’ for

tourism. The Camping Climate Index (CCl) has recently been devel-

oped to quantify the climatic suitability of diverse camping loca-

tions, and the suitability of the index confirmed for South Africa.

This study applies the CCl to 33 stations across South Africa for the

period 1990-2022 or for the longest time period for which data are

available. The average annual CCl scores range from 3.5 (‘unfavour-

able’) for Sutherland to 5.3 (‘acceptable’) for King Shaka

International Airport. Mean monthly scores for the common period

2017-2021 range from 2.7 (‘unfavourable’) for Sutherland in August

to 6.2 (‘good’) for Springbok in January and December. This facil-

itates the advancement of the tourism sector in South Africa by

providing a quantitative assessment of the climatic conditions sui-

table for camping activities.

1. Introduction

Camping tourism, as both a recreational pursuit and form of lodging (Brooker & Joppe,
2014), is highly reliant on the natural environment, making it particularly susceptible to
the impacts of climate variability and change (Amelung & Nicholls, 2014; Mikulic et al.,
2017). Comparable vulnerabilities are reported in Europe, where climate variations
similarly affect camping tourism (Bacsi & Szanati, 2021; Ferrante et al., 2018; Hewer
et al.,, 2017; Jeuring, 2017). Enterprises engaged in camping activities should adopt
proactive and reactive approaches to strategies for mitigating climate change (Craig,
2019), and to maximize the competitive economic advantage that the weather and
climate resources can offer to the sector (Craig et al., 2023). In South Africa, tent camping
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takes precedence over RV camping, a notable difference from the prevailing trend in the
United States of America (Rogerson & Rogerson, 2020b). This distinction amplifies the
climatic sensitivity of camping activities, as campers are more exposed to environmental
conditions (Ma et al., 2020; Wong et al., 2021). Camping has gained significant popu-
larity in South Africa, notably among domestic tourists, due in part to its cost-
effectiveness relative to alternative lodging options (Rogerson & Rogerson, 2020b).
Furthermore, investigating the nexus between nature-based tourism and climate change
is crucial due to its significant economic repercussions (Craig, 2019; Hewer et al., 2015).

South Africa has established itself as a prominent tourism destination within Africa,
renowned for its diverse climatic zones that support a wide range of outdoor tourist
activities (Saarinen et al., 2022; Slabbert & Du Plessis, 2013). Generally, South Africa’s
climate is deemed ‘ideal’ for tourism, as classified by the Tourism Climate Index (TCI),
TripAdvisor reviews, and tourist interviews (Fitchett & Hoogendoorn, 2018; Fitchett
et al.,, 2017; Giddy et al., 2017). The TCI, a biometeorological index that quantifies and
classifies the climatic suitability for tourism on the basis of input meteorological data,
reveals that South Africa has bimodal, summer and winter peak distributions in climatic
suitability for tourism across various destinations, suggesting that the climatic hetero-
geneity of the country as a whole offers suitable conditions for tourism throughout
the year (Fitchett et al., 2017). However, it is important to note that the suitability of
climate for camping tourism may differ from other tourism climate index classifications
due to the heightened exposure to weather (Ma et al., 2020). While general tourism
indices may categorize an area as suitable despite adverse weather components, camping
tourists cannot evade the impacts of unsuitable weather (Ma et al., 2020, 2021; Matthews
et al,, 2021). The Camping Climate Index (CCI) therefore includes a set of critical
meteorological variables, and if the respective threshold of any of these variables is
exceeded, the index score is set to a maximum of 3’, and thus classified as ‘unfavourable’,
regardless of how suitable the thermal comfort or sunshine hours might be (Ma et al.,
2020). The CCI was developed in the United States of America based on campground
visitation data and considered the climate variability in tent, cabin and RV to develop
a comprehensive index. It is important to assess camping climatic suitability separately
from the rest of the tourism sector. The applicability and suitability of the CCI in South
Africa has been confirmed and recommended, dependent on the availability of appro-
priate meteorological data (Fitchett & Meyer, 2023). Furthermore, the adverse condition
thresholds proposed by Ma et al. (2020) have been confirmed for South Africa (Fitchett &
Meyer, 2023). To advance our understanding of the climatic suitability for tourism in
South Africa, and particularly to quantify the climatic suitability of destinations across
the country for camping given the popularity in the country, the local-scale application of
the index is important.

This study is the first to evaluate the climatic suitability of camping tourism at a local
scale outside of the United States of America, computing CCI scores and classifying these
across 33 diverse locations in South Africa. We apply CCI calculations at monthly,
seasonal, and annual intervals for the period 1990-2022 and for the longest period of
robust data for each respective location. Seasonal and interannual variabilities in CCI
scores are investigated, and spatial variability is explored. The quantification of climatic
suitability of South African destinations for tourism enables the forecasting of the
sustainability of tourism in the region, to facilitate the direction of adaptation measures
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(Fitchett et al., 2016a). The CCI has been applied on a global scale through the utilization
of gridded datasets (Ma et al., 2021). However, the integration of ground-based data is
imperative for validating the gridded data results. This methodology distinguishes itself
from previous studies by relying on data acquired from terrestrial meteorological
stations.

2, Study region

South Africa is located between 22-35°S and 17-33°E, spanning the mid-latitudes and
subtropics (Braun et al., 2017; Tyson & Preston-Whyte, 2000), with climate zones varying
from arid, semi-arid, sub-tropical, temperate and sub-alpine regions (Nicholson, 2000)
resulting in nine distinct biomes (Todd et al., 2016). Variability in the position of the
Intertropical Convergence Zone (ITCZ), the semi-permanent subtropical high-pressure
systems and interannual forcings such as the El Nino Southern Oscillation (ENSO), Indian
Ocean Dipole and Southern Annular Mode influence the South African climate and relate
to South Africa’s rainfall variability (Tyson & Preston-Whyte, 2000). The temperature
varies from daytime highs of 32°C during the summer and to below 0°C at night at higher
altitudes during winter (Jawtusch, 2014). The ocean currents off the east and west coast, the
cold Benguela current and warm Agulhas current, respectively, influence the coastal and
interior climate (Fitchett et al., 2017). The interior plateau is bounded by the Great
Escarpment (Lennard, 2019). South African rainfall is a result of the intersection between
the tropical, subtropical and temperate atmospheric pressure systems (Roffe et al., 2019).
This results in three distinct rainfall zones: Winter Rainfall Zone (WRZ), Summer Rainfall
Zone (SRZ) and Year-round Rainfall Zone (YRZ; Roffe et al., 2019).

The tourism sector in South Africa offers a diverse range of activities, encompassing
outdoor tourism (Fitchett et al., 2016b, 2016a; Utomo, 2021), rural tourism (Boonzaaier
& Philip, 2010), cultural tourism (Chivandi et al., 2020; Meyer, 2021), coastal tourism
(Rogerson & Rogerson, 2020a), adventure tourism (Giddy, 2016), sport tourism
(Nyikana et al., 2014) and nature-based tourism (Cole, 2004; Ramaano, 2021). Prior to
the COVID-19 pandemic, the tourism sector experienced consistent growth, primarily
driven by domestic tourism and local excursions, accounting for a majority of travel in
the country (Rogerson, 2015). The quantity of caravan parks and campsites in South
Africa is progressively increasing due to the rising popularity of camping (Rogerson &
Rogerson, 2020b). In 2019, a total of 629 caravan parks were reported across the country
(MapStudio, 2018), with close to 107,000 registered caravans (Van Heerden, 2008, 2010).
In 2010, the estimated 1,300 camping facilities were operational in South Africa (Van
Heerden, 2010).

To ensure that the results are representative of the diverse climate conditions in South
Africa and a range of camping destinations, a total of 33 study sites were used spanning
the nine provinces of the country (Figure 1). These study locations were chosen on the
basis of data availability, but span a wide range of climatic zones across the country, and
are proximate to a range of camping attractions. Applying global station density calcula-
tions to South African climate research, Van Der Walt and Fitchett (2022) find that
a minimum of 21 stations distributed across the three rainfall zones, nine provinces and
relatively equally distributed across the eastern, western, northern and southern
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Figure 1. Map of the 33 study locations and select registered campsites across the country.

quadrants of the country would be representative. These 33 stations (Figure 1) exceed this
requirement.

3. Methods
3.1. Data acquisition

Daily resolution maximum temperature (°C), minimum temperature (°C), average
temperature (°C), average relative humidity (%), rainfall (mm), wind (km/h) and
sunshine hour data were obtained from the South African Weather Service (SAWS) for
the 33 locations for which the requisite data were available (Figure 1; Table 1) for the
period 1990-2022 or the longest period possible within that time range. SAWS performs
basic quality checks prior to disseminating their data, but further exploratory data
analysis was conducted to identify any outliers and to fill data gaps.

The primary constraint in choosing the study locations and the applicability of the
CCI was the availability of consistent and detailed meteorological data for all the
necessary climatic variables required for the index, specifically sunshine hours as it is
seldom recorded in South Africa (Fitchett et al., 2016a). A number of the locations that
are popular for camping did not have nearby meteorological stations that have all the
meteorological variables needed to calculate the CCI (Fitchett & Meyer, 2023). Sunshine
hours were recorded for only 33 of the over 200 South African Weather Service meteor-
ological stations (Fitchett & Meyer, 2023), and some of the 200 stations did not record
maximum temperature, minimum temperature, or humidity data. Fortunately, those 33
weather stations for which sunshine hours were recorded, also recorded the other
requisite meteorological data, and could be included in the study (Table 1). The common
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time period 2017-2021 was identified to facilitate comparability amongst the locations,
in addition to the longest continuous data-set within each location. The full monthly and
annual CCI scores for Twee Rivieren and Springbok could only be calculated for 10 years
(2012-2022), 9 years for Cedara (2013-2021) and 5 years for Thohoyandou (2017-2022)
as the sunshine hours were only recorded for those years. Bloemfontein did not have any
wind data for the period 1990-2022 thus resulting in maximum ‘3’ scores from pre-
cipitation, minimum temperatures and maximum temperatures. King Shaka
International Airport had the required meteorological data-set from 2009 to 2022 but
sunshine hours were not recorded from January 2016 to January 2020 as well as missing
minimum and maximum temperature data from January to September of 2022. The
remaining 18 locations had at least 12 years of monthly CCI scores.

3.2. CClI calculation

To facilitate comparison with global results, the original formula developed by Ma et al.
(2020) was applied to allow for comparability within the global North:

0.5TC +0.5S
CCI = { Min(CCIL,3) if Ty, <8°C,or Ty, >34°C, (1)
P>10mm, W>23km/h

where TC = thermal comfort is calculated using humidex; and S = daily sunshine hours,
referring to the time between sunrise and sunset, minus hours of complete cloud cover.
Humidex is calculated by:

Humidex = (Tpean —|—§x 6.112 x 10%77 + Tmeanx 100~ 10 (2)

(Masterson & Richardson, 1979)
where T,,c.n = mean daily temperature and H = daily mean relative humidity.

The CCI applies maximum scores of ‘3’, classified as ‘unfavourable’” in any instance
where threshold temperature, rainfall and wind are exceeded (Ma et al., 2020). The
thresholds are set at: Minimum temperature (T.;, < 8°C), Maximum temperature
(Tmax > 34°C), Precipitation (p >10 mm) or Wind (W > 23 km/h) for the 24-h period.
Therefore, as there was sufficient data for these thresholds to be calculated for all of the
stations (as the thresholds did not include sunshine hours), these maximum scores of ‘3’
were assigned first. This allows for the calculation of the frequency of occurrences of the
maximum score of ‘3’. Additionally, investigation into the causes of the maximum ‘3’
scores allow for further demonstrations of climatic suitability in the respective locations.

Where the CCI value calculated from sunshine hours and thermal comfort is <3, that
score would remain. However, if any of the threshold conditions for unfavourable
weather are exceeded and the value for sunshine hours and thermal comfort is >3,
a value of 3 would replace this.

Thermal comfort and sunshine hours were each rated on a scale from 0 to 10 (Ma
et al., 2020; Table 2), which was entered into the equation to determine the daily CCI
scores ranging from 0 to 10.
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Table 2. Weather variable-ranking scores (adapted from Ma

et al., 2020).
Rating Thermal Comfort (TC) Sunshine Hours (S)
0 <2 <4
>42
1
2 4-8
3 2-4
4 5-8 7-9
5 9-12
6 13-18
7 17-20
35-42
8 21-24 10-12
9 25-28 13-14
10 29-34 >14

Table 3. CClI classifications
[adapted from Ma et al.

(2020)].
Value Category
0-3 Unfavourable
4-5 Acceptable
6-7 Good
8-10 Optimal

The overall CCI values were classified into categories from unfavourable (0) to
optimal (10) for each location (Ma et al., 2020), quantifying the climate suitability of
camping in South Africa (Table 3).

3.3. Data analysis

For the 22 stations which included all the requisite data, daily CCI scores were calculated
and averaged to obtain monthly scores for each location for a common time period and
for the longest period for which robust data exists, including the occurrences of max-
imum ‘3’ scores. These mean monthly CCI scores were then classified for their climatic
suitability for camping tourism using Ma et al. (2020) thresholds (Table 3). Thereafter,
the average monthly CCI scores were utilized to classify seasonality using Scott and
McBoyle’s (2001) typologies: Optimal, Poor, Summer Peak, Winter Peak, Bimodal-
shoulder Peaks and Dry Season Peak. Monthly CCI scores were then averaged to obtain
mean annual scores for climatic suitability for each location.

4. Results
4.1. Unfavourable weather: incidence of maximum ‘3’ scores

The climatic conditions experienced over the study period were averaged for each
location to illustrate climatic variability between the regions. The weather variables
examined are those included for the thresholds, further informing the overall climatic
unsuitability for camping.
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Table 4. Average climate conditions for all 33 stations.

Mean
Mean Max Mean Min Precipitation Mean Wind Speed

Location Temperature (°C) Temperature (°C) (mm) (km/h)
Barkly East (1992-2022) 20.8 56 1.8 1.3
Mthatha (1990-2022) 24.7 1.5 19 10.9
Ggeberha (1990-2022) 22.6 12.9 1.6 19.4
East London (1990-2022) 235 14.5 23 16.9
Willowmore (1990-2022) 239 9.4 0.7 9.7
Bethlehem (1990-2022) 225 6.6 2.0 10.5
Bloemfontein (1990 -20,220 25.2 7.2 15 13.9
Irene (1990-2022) 24.5 1.4 1.9 1.5
O.R. Tambo International Airport 225 10.2 20 14.0

(1990-2022)
Makhathini Research Station 29.4 16.6 1.5 12.0

(1990-2022)
Cedara (1990-2022) 231 9.9 2.2 8.5
King Shaka International Airport 25.1 16.5 2.4 13.8

(2009-2022)
Shaleburn/Underberg 224 5.4 2.8 6.0

(1990-2022)
Estcourt (1990-2022) 24.6 10.1 2.1 49
Polokwane (1992-2022) 25.5 11.8 13 131
Thohoyandou (1996-2022) 27.7 14.9 23 8.9
Ermelo (1993-2022) 21.8 9.0 2.0 15.9
Mahikeng (1990-2022) 26.9 11.9 1.5 13.9
Calvinia (1990-2022) 24.8 8.5 0.5 15.7
De Aar (1990-2022) 25.0 9.8 0.9 173
Fraserburg (1990-2022) 242 7.5 0.5 12.0
Kimberley (1990-2022) 26.9 9.9 1.1 13.9
Nieuwoudtville (2003-2022) 251 8.1 0.9 9.7
Pofadder (1990-2022) 26.8 12.2 0.3 12.1
Springbok (1990-2022) 23.8 124 0.6 16.8
Sutherland (1990-2022) 21.1 33 0.7 1.3
Twee Rivieren (1990-2022) 31.0 11.3 0.8 49
Upington (1990-2022) 29.7 12.6 0.6 13.0
Vanwyksvlei (1990-2022) 27.8 10.3 0.5 11.4
Cape Town (1990-2022) 225 12.0 13 18.7
George (1990-2022) 21.8 1.7 1.8 12.4
Robertson (1990-2022) 25.3 1.1 0.9 8.0
Vredendal (1990-2022) 27.3 1.4 0.4 7.6

The mean climatic conditions illustrate the climatic variability between the regions
over the study period. Barkly East, with the smallest average maximum temperature of
20.8°C and a minimum of 5.6°C, experiences relatively cool temperatures, while Twee
Rivieren and Upington record the highest mean maximum temperatures at 31°C and
29.4°C, respectively (Table 4). Sutherland experienced the lowest average minimum
temperature at 3.3°C, closely followed by Underberg at 5.4°C (Table 4). Precipitation
levels vary across locations, with Pofadder having the smallest mean precipitation of
0.3 mm and Underberg experiencing the largest at 2.8 mm (Table 4). Calvinia, Fraserburg
and Vanwyksvlei had an average rainfall of 0.5 mm (Table 4). Wind speeds also differ,
with Twee Rivieren and Estcourt reporting the smallest mean wind speed of 4.9 km/h,
whereas Gqeberha has the highest at 19.4 km/h (Table 4).

The assignment of maximum ‘3’ scores occurred for all 33 stations. Therefore, we first
explore the proportion of days for which the maximum ‘unfavourable’ classification is
calculated for the individual contributions of the threshold variables to the overall
maximum ‘3’ scores.
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Table 5. Number of days demonstrating extreme weather events variables attributing to maximum ‘3’

scores.
Days with more than ~ Number of Total
1 “unfavourable”  maximum “3” number  Overall
Location Tmax Tmin P w factor days of days %
Barkley-East (1992-2022) 11 6668 621 724 518 7504 11323 66.3
(0.14%]88.9%)(7.7%) (8.3%) (6.9%)
East London (1990-2022) 92 525 780 1474 153 2716 12053 225
(3.4%)(19.3%)28.7%)54.3%) (5.6%)
Ggeberha (1990-2022) 90 1780 553 3255 469 5180 12053 43.0
(1.7%)(34.4%]10.7%)62.8%) (9.1%)
Mthatha (1990-2022) 519 3023 680 163 152 4229 12053 351
(12.3%])71.5%]16.1%)(3.9%) (3.6%)
Willowmore (1990-2022) 829 4554 240 249 168 5701 12053 47.3
(14.5%]79.9%)(4.2%) (4.4%) (2.9%)
Bethlehem (1990-2022) 15 6166 709 232 182 6930 12053 57.5
(0.2%) (89%)(10.2%)(3.3%) (2.6%)
Bloemfontein (1990-2022) 566 5952 515 0 30 7003 12053 58.1
(8.1%) (85%) (7.4%) (0%) (0.4%)
Irene (1990-2022) 50 3221 742 143 64 4090 12053 339
(1.2%)(78.8%J18.1%)(3.5%) (1.6%)
0.R. Tambo International 2 3697 770 595 242 5064 12053 42.0
Airport (1990-2022) (0.04%) (73%) (15.2%)11.7%) (4.8%)
Makhathini Research Station 1777 583 512 1817 533 4130 12053 343
(1990-2022) (43) (14.1%]12.4%) (44%) (12.9%)
Cedara (1990-2022) 151 4103 762 183 125 5069 12053 421
(3%) (80.9%)(15%) (3.6%) (2.5%)
King Shaka International 29 23 288 295 23 612 4792 12.8
Airport (2009-2022) (4.7%) (3.8%)(47.1%]48.2%) (3.8%)
Shaleburn/Underberg 19 6689 977 196 296 7584 12053 62.9
(1990-2022) (0.3%)(88.2%]12.9%)(2.6%) (3.9%)
Estcourt (1990-2022) 276 4005 765 0 52 4994 12053 414
(5.5%)(80.2%]15.3%) (0%) (1%)
Polokwane (1991-2022) 184 2971 440 349 68 3876 11499 337
(4.7%)(76.7%]11.4%) (9%) (1.8%)
Thohoyandou (1996-2022) 872 215 1M 7 14 1190 9588 124
(73.3%]18.1%)(9.3%) (0.6%) (1.8%)
Ermelo (1993-2022) 1 4139 696 1102 535 5384 10898 494
(0.02%) (76.9) (12.9%])20.5%) (9.9%)
Mahikeng (1990-2022) 755 3284 548 885 225 5243 12053 43.5
(14.4%])62.6%)10.5%]16.9%) (4.3%)
Calvinia (1990-2022) 1065 5509 177 1136 560 7292 12053 60.5
(14.6%]75.5%)(1.6%)(15.6%) (7.7%)
De Aar (1990-2022) 916 4650 327 1781 769 6893 12053 57.2
(13.3%])67.5%)(4.7%)(25.8%) (11.2%)
Fraserburg (1990-2022) 812 6051 171 413 301 7145 12053 59.3
(11.4%])84.7%)(2.4%) (5.8%) (4.2%)
Kimberley (1990-2022) 1602 4451 432 1012 465 7013 12053 58.2
(22.8%]63.5%)(6.2%)(14.4%) (6.6%)
Niewoudtville (2003-2022) 759 2210 90 14 75 2991 7305 4
(25.3%]73.9%) (3%) (0.5%) (2.5%)
Pofadder (1990-2022) 1963 3195 107 426 173 5516 12053 45.8
(35.6%157.9%)(1.9%) (7.7%) (3.1%)
Springbok (1990-2022) 604 2725 188 1420 588 4937 12053 4
(12.2%]55.2%)(3.8%)(28.8%) (11.9%)
Sutherland (1990-2022) 79 8823 197 523 513 9076 12053 753
(0.9%)(97.2%)(2.2%) (5.8%) (5.7%)
Twee Rivieren (1990-2022) 4395 4156 179 52 229 8553 12053 71
(51.4%])48.6%)(2.1%) (0.6%) (2.7%)
Upington (1990-2022) 3730 3438 218 579 304 7640 12053 63.4
(48.8%) (45%) (2.9%) (7.6%) (4%)
Vanwyksvlei (1990-2022) 2782 4669 180 324 195 7758 12053 64.4
(35.9%]60.2%)(2.3%) (4.2%) (2.5%)

(Continued)
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Table 5. (Continued).

Days with more than ~ Number of Total
1 “unfavourable”  maximum “3” number  Overall
Location Tmax  Tmin P w factor days of days %
Cape Town (1990-2022) 125 2304 486 2879 363 5406 12053 449
(2.3%)(42.6%) (9%) (52.3%) (6.7%)
George (1990-2022) 128 2333 505 556 193 3318 12053 27.5
(3.9%)(70.3%]15.2%]16.8%) (5.8%)
Robertson (1990-2022) 976 3388 282 91 97 4640 12053 385
(21%) (73%) (6.1%) (2%) (2.1%)
Vredendal (1990-2022) 1692 2786 86 32 64 4532 12053 37.6
(37.3%)61.5%)(1.9%) (0.7%) (1.4%)

Minimum temperature is observed as the dominant cause for the unfavourable
conditions experienced in 24 locations (Table 5). Sutherland, located in the
Northern Cape province, recorded the largest proportion of maximum ‘3’ scores
attributable to minimum temperature with 8823 days (97.2%), and experienced the
largest percentage of the overall maximum ‘3’ scores at 9076 days (75.3%; Table 5).
The overall number of ‘unfavourable’ days for Barkly East, Bethlehem,
Bloemfontein, Cedara, Underberg, Estcourt and Fraserburg are largely due to
below-threshold minimum temperatures, with proportions ranging from 80.9% for
Cedara to 89% for Bethlehem (Table 5). Twee Rivieren, located in the Northern
Cape, received the second largest percentage of ‘unfavourable’ classifications at
8553 days (71%; Table 5). This outcome was primarily influenced by the occurrence
of minimum and maximum temperatures, which accounted for 4156 days (48.6%)
and 4395 days (51.4%), respectively (Table 5).

Thohoyandou, located in the Limpopo province, exhibits the largest proportion of
maximum ‘3’ scores resulting from the maximum temperature having been exceeded,
accounting for 872 days (73.3%) of the observed cases (Table 5). Other locations such as
Upington, Makhathini Research Station, Vredendal, Vanwyksvlei and Pofadder also
demonstrate notable percentages of extreme maximum temperature events, with values
of 3730 days (48.8%), 1777 days (43%), 1692 days (37.3%), 2782 days (35.9%) and 1963
days (35.6%), respectively (Table 5). Maximum temperatures contribute less than 25% to
the overall maximum ‘3’ scores of the other study locations (Table 5). For example, the
maximum temperature only accounts for 128 days (3.9%) for George and 2 days (0.04%)
for O.R. Tambo International Airport (Table 5).

The wind speed threshold has a limited impact on the output of maximum ‘3’ scores,
with the exception of the coastal towns of Gqeberha and East London in the Eastern
Cape, Cape Town in the Western Cape and King Shaka International Airport in KZN
(Table 5). Wind speed contributes 295 days (48.2%) for King Shaka International
Airport, 2879 days (52.3%) for Cape Town, 1474 days (54.3%) for East London and
3255 days (62.8%) for Gqeberha (Table 5). Estcourt demonstrated zero instances of
wind speed exceeding the threshold (Table 5). A significant amount of intense precipita-
tion was recorded in East London at 780 days (28.7%) and King Shaka International
Airport at 288 days (47.1%), while the remaining regions experienced less than 20% of
precipitation induced ‘unfavourable’ conditions (Table 5). For example, extreme rainfall
was experienced 680 days (16.1%) in Mthatha and 240 days (4.2%) in Willowmore
(Table 5).
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The smallest proportion of maximum ‘3’ classifications are exhibited for King Shaka
International Airport at 612 days (12.8%) and Thohoyandou at 1190 days (12.4%),
despite demonstrating large proportions of individual unfavourable climatic events
(Table 5). Alongside Sutherland, the proportion of ‘unfavourable’ days for Barkly East
at 7504 days (66.3%) and Twee Rivieren at 8553 days (71%) distinguish them as the least
climatically suitable locations (Table 5).

For all the locations, the occurrence of maximum ‘3’ scores resulted from exceeding
the thresholds of more than one meteorological factor. Among these locations,
Springbok and Makhathini Research Station have the largest proportion of combined
extreme weather events at 588 days (11.9%) and 533 days (12.9%), respectively (Table 5).
De Aar demonstrates the second largest percentage of combined extreme weather days at
769 days (11.2%; Table 5). The limited availability of wind speed data for Bloemfontein is
a contributing factor to the relatively low occurrence of combined ‘unfavourable’ condi-
tions (0.4%; Table 5).

4.2. Mean CCl scores

For the common time period and longest continuous meteorological datasets, the mean
annual scores exist within the ‘unfavourable’ and ‘acceptable’ classification across the
country (Figure 2). The average annual scores for the longest uninterrupted meteorolo-
gical dataset for each location vary from 3.6 at Twee Rivieren to 5.3 at King Shaka
International Airport. The mean annual scores of all the stations remain consistent, with
minimal variation between the two time periods. In certain cases, no discernible differ-
ence is detected.

The cities of Gqeberha, Kimberley, Upington, Cape Town, George, Cedara,
Thohoyandou and Bloemfontein have maintained the same ‘acceptable’ average annual
scores over the specified time periods (Table 6). Twee Rivieren also maintained the same
‘unfavourable’ average annual score of 3.6 between the two time periods (Table 6). The
remaining locations demonstrated a marginal variation of 0.1 in the average annual
scores between their corresponding time intervals (Table 6). Furthermore, the 18 loca-
tions that encountered ‘unfavourable’ months still obtained acceptable classifications
owing to the presence of mitigating variables such as coastal currents (Figure 1; Table 6).
The occurrence of eight ‘unfavourable’ months for Sutherland resulted in ‘unfavourable’
annual scores for both time intervals (Table 6).

The average monthly scores for the study locations are restricted to the classifications
of ‘unfavourable’, ‘acceptable’ and ‘good’, with no months classified as ‘optimal’ condi-
tions for camping at any of the stations (Table 6). These monthly scores serve as crucial
comparative metrics for identifying optimal time frames for campsite visitations and
seasonal patterns, enabling us to assess and contrast the climatic suitability across
stations. The mean monthly scores for 2017-2022 range from a low of 2.6 (‘unfavour-
able’) in August for Sutherland to a high of 6.2 (‘good’) in January and December for
Springbok (Table 6). Similarly, the mean monthly scores, derived from the longest
continuous meteorological dataset span from 2.4 (‘unfavourable’) for Sutherland in
July to 7.2 (‘good’) in January for King Shaka International Airport (Table 6).

The classification of ‘unfavourable’ conditions is consistently observed across all
locations, primarily concentrated in the shoulder and winter months, except for East
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Figure 2. Map showing the mean annual CCl scores.

London and Cedara (Table 6). For instance, Sutherland experiences ‘unfavourable’
conditions from April (CCI = 3.2 and 3.4) to November (CCI = 3.5) in both time periods,
with the lowest score occurring in July (CCI=2.4; Table 6). Gqeberha experiences
‘unfavourable’ conditions between June and August for the longest dataset (CCI=
3.4-3.7), while King Shaka International Airport records ‘unfavourable’ conditions in
October for the common time period (CCI=3.0; Table 6). Mahikeng experiences
‘unfavourable’ conditions for 3 months of (CCI=3.1 and 3.9) from June to August for
the continuous dataset and 4 months (May-August) for 2017-2021 (Table 6). Bethlehem
endures ‘unfavourable’ climatic conditions, with scores ranging from 2.8 to 3.9, spanning
6 months from April to September for both time intervals. However, it experiences
‘acceptable’ weather conditions (CCI = 4.2-5.7) from October to March (Table 6). Twee
Rivieren stands out with the highest number of ‘unfavourable’ monthly classifications,
totalling 11 months (CCI = 3.0-3.8; Table 6). Notably, this station only attains ‘accepta-
ble’ scores (CCI=4.7 and 4.8) during the month of April for both time intervals
(Table 6).

East London and Cedara only experience ‘acceptable’ conditions throughout both time
periods, rendering them the most suitable camping locations year-round (Table 6).
Springbok has ‘good’ climatic conditions (CCI = 6.0-6.3) for 4 months, specifically from
December to March (Table 6). Mahikeng maintains an ‘acceptable’” categorization, span-
ning 9 months (CCI = 4.1-5.9) for the period 1993-2022 and 8 months (CCI = 4.6-5.9) for
2017-2021 (Table 6). Locations within the same province tend to share similar CCI scores,
exemplified by Calvinia, De Aar and Twee Rivieren observing ‘unfavourable’ classifications
during the same months (May to September). Nevertheless, distinctions emerge in the
climatic conditions across provinces, such as Polokwane and Irene both experiencing
‘good’ conditions in March (CCI = 6.1 and 6.0, respectively), while Thohoyandou and O.
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Table 6. Mean monthly CCl scores for the period 2017-2021 and the longest continuous dataset for

each location.

Location

East London 2017-2021
1997-2022

Mthatha 2017-2021
1996-2022

Ggeberha 2017-2021
1992-2022

Sutherland 2017-2021
1990-2022

Calvinia 2017-2021
1990-2022

De Aar 2017-2021
1993-2022

Twee Rivieren  2017-2021
2012-2021

Springbok 2017-2021
2012-2022

Kimberly 2017-2021
1993-2022

Upington 2017-2021
1993-2022

Cape Town 2017-2021
1993-2022

George 2017-2021
1992-2022

Cedara 2017-2021
2013-2021

King Shaka International
Airport 2017-2021

2010-2018;2022

Polokwane 2017-2021
1993-2022

Thohoyandou  2017-2021

2017-2022
0.R. Tambo International
Airport 2017-2021
1990-2022
Irene 2017-2021
1993-2022
Ermelo 2017-2021
1994-2022
Mahikeng 2017-2021
1993-2022

Bethlehem 2017-2021
1990-2022

Bloemfontein ~ 2017-2021
1990-2022

Jan Feb  Mar Apr May Jun Jul

Legend: Red = “Unfavourable:; Orange = “Acceptable”;

Aug  Sep Oct Nov  Dec | Average

= “Good”

Legend: Red = “Unfavourable; Orange = “Acceptable”; Yellow = “Good".
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R. Tambo International Airport experience ‘acceptable’ and ‘unfavourable’ conditions
(Table 6). These observations underscore the substantial climatic variability observed
across provinces and the entire country (Table 6).

Scott and McBoyle (2001) argue that the tourism climate resources can be categorized
into one of six annual tourism climate distributions of seasonality. The bimodal-shoulder
peak distribution is observed for nine locations in this study (Figure 3). These locations
have winter temperatures that are too cold to be considered suitable for tourism, but the
temperatures and other climatic variables are more suitable during spring or autumn. All
the locations that fall under this distributional category, are locations that are situated
inland except for Cape Town, King Shaka International Airport, East London and
Ggqeberha (Figure 1). The inland locations experience far greater extreme temperature
differences between winter and summer due to the effects of continentality, whilst the
two coastal towns have climates influenced by the Warm Agulhas and Cold Benguela
oceanic currents.

The summer-season peak distribution is observed for 13 stations (Figure 4). These
locations observe ‘unfavourable’ conditions in winter months (Table 6). For example,
Irene demonstrates ‘acceptable’ classifications from August to May (CCI =4.0-5.9) and
‘unfavourable’ conditions occur in June and July (CCI=3.1-3.4; Table 6). The low
temperatures experienced during the winter months for Bethlehem and Bloemfontein
results in the dominance of ‘unfavourable’ conditions for camping from April to
September (Table 6).

e Cape Town
De Aar

Kimberley

CCl Score
=y

Twee Rivieren

3 e Jpington

== Thohoyandou

e ing Shaka International Airport
e F3st London

e G eberha

Months

Figure 3. Locations that demonstrate a bimodal-shoulder peak distribution in mean monthly CCl
scores.
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Figure 4. Locations that demonstrate a summer season peak distribution in mean monthly CCl scores.

5. Discussion
5.1. Climatic suitability for camping

The ‘excellent’ and ‘ideal’ categorizations obtained from mean annual TCI scores calculated
revealed that the overall South African climate is a positive factor contributing to tourism,
particularly outdoor activities aligning well with the country’s marketing as ‘sunny South
Africa’ (Fitchett & Hoogendoorn, 2019; Fitchett et al.,2017). Positive reflections on the
climate can also be found in TripAdvisor reviews from tourists staying in hotels, guest-
houses and backpackers (Fitchett & Hoogendoorn, 2019). However, when it comes to
camping, the suitability of the climate is markedly lower, primarily due to the unique
exposure of campers to the natural elements which are accounted for through the inclusion
of threshold values for ‘unsuitable’ conditions in this index (Mikulic et al., 2017; Rogerson
& Rogerson, 2020b; Van Heerden,2020). The consideration of the threshold of maximum
‘unfavourable’ days is crucial in assessing the climatic suitability of a location for camping.
In light of the analysis of maximum ‘3’ scores, it is recommended that the threshold be set
at 75%, as this level represents a significant proportion of ‘unfavourable’ climatic condi-
tions that can largely alter the camping experience; the likelihood of encountering adverse
weather events during camping activities is high when 75% of days are classified as
‘unfavourable’. It is also important to note the climatic variability of locations and there
may be situations where a camping destination falls into a cautionary range of 50-74%.
While the climatic conditions may not be highly ‘unfavourable’ or represent extreme
climatic events, they can still impact the camping experience. Locations such as
Sutherland and Twee Rivieren experience large proportions of days classified by ‘unfavour-
able’ conditions and further highlight the need for these recommended thresholds. This
information can help campers make informed decisions about the optimal time to visit
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a region, particularly when the likelihood of encountering unfavourable conditions is
reduced to a rating of ‘3’ or lower.

The most common climatic factor that reduces the suitability for camping in South
Africa is the minimum temperature (Table 5). Unlike hotels and other forms of perma-
nent accommodation, campers have considerably less protection from the low tempera-
tures at night (Ma, Craig, & Feng, 2021,c). The data reveals that stations such as
Bethlehem, Bloemfontein, Calvinia, De Aar, Kimberley, Ermelo and George experience
significant percentages of ‘unfavourable’ days due to their minimum temperatures
(Table 5). Tents, which are dominantly used for camping in South Africa, offer limited
insulation against the cold, and campers heavily rely on sleeping bags for warmth (Cena
et al,, 2003). By contrast, traditional forms of accommodation provide better insulation,
bedding and heating options, making them less vulnerable to cold temperatures (Anand
et al., 2017; Latha et al., 2015).

Another crucial adverse weather factor is maximum temperature, especially in
locations such as Upington, Makhathini Research Station, Vredendal, Vanwyksvlei
and Pofadder (Table 5). The material of tents prevents them from effectively regulat-
ing temperature, and due to the lack of amenities such as air conditioning or fans,
which are commonly found in hotels and guesthouses, it is difficult to reduce heat.
Thus, campers are more susceptible to the heat on hot days, and tents can potentially
trap heat, making camping less comfortable during extreme heatwaves. As noted by
Collins and Kearns (2010), some holidaymakers may alternate between staying in
hotels and campgrounds. This flexibility highlights that the challenges associated with
camping, such as limited access to basic facilities and exposure to temperature
extremes, are often a choice rather than necessity (Collins & Kearns, 2010;
Rogerson & Rogerson, 2020a).

5.2. Adapting to adverse camping conditions

To adapt to adverse camping conditions, tourists have several options (Brooker & Joppe,
2013). First and foremost, they can choose to camp during the season that is most
climatically suitable for camping for a particular destination (Hewer et al., 2015). For
instance, if a location has an “‘unfavourable’ score during the shoulder or winter months
due to cold minimum temperatures, tourists can plan their camping trips for the warmer
months when the climate is more suitable. Conversely, locations with consistently high
temperatures may be unsuitable for camping throughout the year such as Twee Rivieren,
in which case tourists could explore other forms of accommodation if they are specifically
interested in visiting Twee Rivieran, or find an alternate destination if camping is an
important component of the trip. The calculation of CCI scores is therefore particularly
important in determining the seasonality of camping and choice of destination (Ma et al.,
2020).

Although campers appreciate the natural surroundings, modern camping seeks
a balance between experiencing outdoor tourism and maintaining a level of comfort
and convenience (Brooker & Joppe, 2013). Short-term campers usually travel on week-
ends or vacations which results in a periodic interaction with weather conditions
(Brooker & Joppe, 2013; Rogerson & Rogerson, 2020a). However, more frequent or
longer-term campers can invest in equipment and gear designed to mitigate the



SOUTH AFRICAN GEOGRAPHICAL JOURNAL e 361

challenges posed by extreme weather conditions (Craig & Ma, 2022). For cold minimum
temperatures, sleeping bags with cold ratings can provide extra warmth. High wind
speeds can be addressed by choosing camping sites that offer natural windbreaks or
creating windbreaks using tents or other materials. To combat high maximum tempera-
tures, campers can seek shade during the hottest parts of the day and use ventilation
techniques such as portable fans to cool down their tents.

New trends in camping including glamping offer lodging choices with better facilities
(Craig, 2020). These more permanent tented accommodation offerings can more easily
and effectively provide conveniences like electricity, air conditioning, insulation and
sheltered structures (J. M. Fitchett & Meyer, 2023; Ma et al., 2021). Most notable has
been the emergence of ‘Africamps’, a tourism operation offering glamping in a range of
locations across South Africa with permanent tents on stilts, with air conditioning,
a jacuzzi and a pizza oven (Africamps, 2024). In addition to glamping, caravans remain
used in South Africa as an alternative to tent-based camping (Rogerson & Rogerson,
2020b). Unlike countries such as the U.S.A. where recreational vehicle (RV) travel is
common (Craig & Ma, 2022), and locations such as Spain where camper-vans have
recently emerged as a key tourist offering (Mundet et al., 2023), these forms of camping
are not common in South Africa.

With effective communication of the science, governments and tourism authorities
can use CCI scores to promote the most suitable camping seasons for various regions and
conveying these findings to campgrounds, national parks, tourism authorities and even
to the campers themselves (Scott & Lemieux, 2010). The investment of infrastructure that
addresses the challenges posed by adverse camping conditions, such as providing shaded
camping areas or low-cost caravan structures for campers who prefer more comfortable
accommodations can increase the tourists’ satisfaction and revenue of the camping sector
(Craig, 2020; Radovic et al., 2021). However, in communicating these results to a range of
tourism operators and tourists, it is important to keep in mind the limitations inherent in
any index as an approximation of the experiences of a diverse group of tourists, travelling
from a wide range of climatic environments. Moreover, while this study does have
a comparatively large number of meteorological stations for the terrestrial land area
(Van Der Walt & Fitchett, 2022), not all of the weather stations are in close proximity to
all campsites in the country. While ground-based meteorological data are more accurate
than gridded-data for much of South Africa, continued improvements in this domain,
coupled with enhanced satellite remote sensing capabilities, are likely to enhance the
capacity to calculate campsite location-specific tourism climate index scores in South
Africa and further afield across the African continent.

6. Conclusion

This study presents the first application of the CCI for 33 destinations in South Africa,
with full calculations for 22 of these locations. The quantification of ‘unfavourable’
classifications reveals that Sutherland is climatically unsuitable whilst 11 locations fall
under the recommended cautionary range. This study highlights the importance of the
CCI as a tool to quantify the climatic suitability of camping tourism in South Africa and
allows for the comparison of locations within South Africa and globally. The CCI scores
are expected to decrease as ‘unfavourable’ conditions will become more prevalent, and all
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the extreme weather variables will exceed the thresholds more frequently and affect the
climatic suitability of camping in South Africa. The maximum ‘3’ classifications will
account for most of the scores, highlighting the necessary implementations of mitigation
strategies including funding for climate science research (Overland et al., 2022).
Although data limitations have the potential to hinder the calculations of CCI scores
for many stations in developing countries, the use of gridded reanalysis data for the
wider-scale investigation of the CCI for countries dependent on nature-based activities
will facilitate the forecast of climate-related impacts and enhance climate change mitiga-
tion strategies within global tourism management.
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