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Abstract

Travel and Tourism as a sector has been resilient despite the diverse climatic
conditions that affect tourists. Climatic conditions prevailing in the tourist
destinations determine the number of tourists visiting those destinations. In
1985, Mieczkowski developed the Tourism Climate Index (TCI) to estimate
the impact of climatic conditions on tourism. A mathematical model for
Tourism Climate Index South African (TCISA) is proposed. Five climatic
variables such as maximum temperature, minimum temperature, precipita-
tion, cloud cover and wind speed are used as the input to the index to estimate
the values of TCISA. The model for TCISA is validated using the climate da-
ta for the Durban region. Results show Durban as one of the popular tourist
destinations due to its climate suitability for various tourist activities. This
is comparable with the data from TripAdvisor. This study recommends the
validation of the mathematical model by using more data points and climatic
variables.
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1 Introduction

Climate plays a key role in the sustainability of the tourism sector of a country [1] [2].
Studies have shown that the climate change is considered one of the most affecting
factors in decision making for the selection of tourist destinations during holidays
and other leisure activities [3]. Among several metrics and indexes that have been
developed to study the influence of climate change in the field of tourism is the
Tourist Climate Index (TCI). Mieczkowsk (1985) introduced the concept of TCI
as a measure to evaluate the influence of various climatic indices on the quality
of experience for the average tourist. Generally, a suitable climate is defined by
temperatures within human comfort levels, no rainfall, low wind speed low humidity,
little to no cloud cover and maximised sunshine hours. This is determined by the
TCI formula[4]

TCI = 2(4CD + CA+ 2R + 2S +W )

where CD = daytime thermal comfort, CA = average thermal comfort, R = total
monthly rainfall, S = total monthly sunshine hours and W = monthly average wind
speed.

The tourism sector in South Africa (SA) attracted over 14.3 million people over
the last decade [5]. It contributes 3% of the gross domestic product of South
Africa [5] [6]. Tourism also plays an important role in reducing unemployment
rates as more than half a million of the population in SA work in the tourism sec-
tor [7] [8] [5]. The South African tourism sector is negatively affected by the abrupt
and unpredictable climate change due to the low adaptive nature of indoor and out-
door tourist attractions in SA. Therefore, the awareness of climate indices and their
influence on tourism are essential knowledge for tourist activities in SA. The tourist
destination cannot be easily identified by observing behaviour of the individual cli-
mate indices alone or separately in tourism. This is because the climate conditions
of a region depend on a group of indices such as temperature, wind and rain which
are highly correlated to each other. In this study a data driven approach based on a
mathematical model is used to analyse the climate patterns and respective changes
in the temporal distribution of the climate indices for tourism in SA. The proposed
model is used to estimate Tourism Climate Index South African (TCISA) to specify
the favourable or preferred month for tourism in different regions in SA.

2 Problem statement

In 1985 Mieczkowski developed the TCI, a method to quantify, classify and compare
the climatic suitability of various destinations for tourism and to determine changes
in climatic suitability through time. This index was based on expert opinion re-
garding the climatic factors which are of importance to tourists and the relative
weighting thereof. In the past five years a proliferation of new indices have emerged
such as the Climate Index for Tourism, the Beach Tourism Index [9], the Holiday
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Climate Index (Urban), Holiday Climate Index (Beach) [10] and the Camping Cli-
mate Index [11]. Each of these is argued to be more suitable than the TCI as they
are based on the experience of tourists, rather than expert opinion. They all re-
ly on only the experiences of tourists in the Northern Hemisphere ignoring Africa.
This problem involves developing a (TCISA) based on the experiences of tourists
and behaviour of climatic variables/indices in different regions in South Africa. The
index will need to be appropriate to the tourist expectation of southern Africa (sun,
sea and nature), be operational using the regularly collected meteorological vari-
ables in southern Africa and produce output measures of climatic suitability that
are consistent with the experiences of tourists.

3 Methods and results

The TCISA in this study uses five climatic variables which are related to the three
components essential to tourism called thermal comfort, aesthetic and physical com-
ponent. The five climatic variables used for the TCISA input are maximum temper-
ature (X1), minimum temperature (X2), precipitation (X3), cloud cover (X4) and
wind speed (X5). The TCISA score is calculated based on the following formula:

TCISA = X1 +X2 +X3 +X4 +X5 (3.1)

where X1, . . . , X5 are the input features of the climate elements. The estimation of
TCI using a mathematical model involves the following steps.

3.1 Pre-processing data and visualisation

We collected data from Climate Explorer [12]. Variables that were considered are
maximum temperature, minimum temperature, precipitation, cloud cover and wind
speed from Durban. The data was split into a training set and a test set. We
also visualised 2017 data of tourist opinions from Trip Advisor. Trip Advisor data
helped us determine the Towns to consider when collecting climate data from climate
explorer. Figure 1 shows people who consider weather asan important factor before
travelling. Cape Town and Durban were the cities for which a larger number of
tourists selected their destination based on the reviews.

To exhaustively understand the Tourism experience in South Africa we visualised
Trip Advisor reviews where 464 climate reviews have been recorded. Referring
to Figure 2, almost 40 per cent of tourists have commented on the cold weather,
followed by 30 per cent who are very sensitive to the hot weather. The tourists also
mentioned rainy days and sunny days, which are 10-11 per cent. Tourists mentioned
cloud, humidity, mist and wind less frequently.

Figure 3 shows the number of climate references made by tourists to specific
destinations. Tourists in Cape Town have the highest number, while the lowest is
in Port Nolloth. Almost all 19 destinations in South Africa seemed to have received
comments on ’cold’ weather, as shown in Figure 4. The greatest number of comments
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Figure 1: Proportions of Destination Weather Consideration before Travel

Figure 2: Proportion of Climate mentions by the tourists for all 19 destinations in
South Africa.
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Figure 3: Climate mentioned for all 19 destinations in South Africa.

were made by the tourists who visited Bethlehem about the cold weather. On the
other hand, comments on ’hot’ weather were recorded in Kimberly.

Figure 5 shows the rating scale for the questionnaire data. Scale 1 is for the
highest rating while 5 is for the lowest rating. All destinations record the highest
rating for sunshine followed by temperature. Rating scale 5 is given for rainfall.
These show the tourists prefer a sunny day compared to a rainy day to do their
activities at the destinations. The sensitivity of tourists to the weather of each
destination may give some indication of the climate suitability of the destination.
Here, we conduct a statistical analysis using the contingency table to determine the
link between the climate reviews and the destinations of the trip.

Ho: The climate reviews made by the tourists is not associated with the desti-
nation

H1: The climate reviews made by the tourists is associated with the destination
For the test hypothesis, a chi-square test was performed. A p-value=0.000, which

is less than 5% of the significance level, is observed. We therefore conclude that the
climate reviews made by the tourists are linked to the destination. In other words,
it means that tourists have become aware of the climate.

3.2 Mathematical model - Regression Analysis

Now we develop a mathematical model to estimate the TCI. We consider data for
Durban from 2005 to 2019 (downloaded from [12]) of the following variables:
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Figure 4: Proportion of climate reviews for all 19 destinations in South Africa.

Figure 5: Rating Scale for Questionnaire Data.
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h

Figure 6: Correlations between Climate Elements

1. Maximum temperature (x1)

2. Minimum temperature (x2)

3. Precipitation (x3)

4. Cloud cover (x4)

5. Wind speed (x5)

There are 25 correlation pairs of the considered variables. The correlation matrix
shown below and in Figure 6 indicates that there is no correlation of variable x5

with the other variables.

C =


1 0.9042 0.4088 0.4988 −0.0168

0.9042 1 0.6182 0.7803 0.0117
0.4088 0.6182 1 0.6543 0.0551
0.4988 0.7803 0.6543 1 0.0310
−0.0168 0.0117 0.0551 0.0310 1


Hence correlations of x5 with all the other variables can be ignored in the model.
Moreover all the diagonal elements are correlations of a variable xi with itself for
i = 1 to 5. Hence the diagonal correlations along the diagonal can be ignored.
The correlation matrix is a symmetric matrix. Therefore only the upper triangular
correlations are considered as parameters of the model. Hence the matrix for the
non-linear model is of the form
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M =


0 a12 a13 a14 0
0 0 a23 a24 0
0 0 0 a34 0
0 0 0 0 0
0 0 0 0 0


From this matrix, consider the model

fN(x) = a0 + aTx+ xTMx (3.2)

where a0 ∈ IR,
aT = (a1, a2, a3, a4, a5),
xT = (x1, x2, x3, x4, x5).

Expanding the right hand side of (3.2) using matrix multiplication, we obtain

fN(x) = a0 +
5∑

j=1

ajxj +
1

2

3∑
i=1

4∑
j=i+1

aijxixj.

In expanded form

fN(x) = a0 + a1x1 + a2x2 + a3x3 + a4x4 + a5x5 + a12x1x2 + a13x1x3 + a14x1x4

+a23x2x3 + a24x2x4 + a34x3x4 .

Hence there are 12 parameters a0, aj, aij for the non-linear model considered. To
include the non-linearity in the model, consider the logistic function.

F (x) =
ex

1 + ex
.

Now substituting equation (3.2) in the logistic function, gives

F (fN (x)) =
efN (x)

1 + efN (x)
.

Let

āT = (a12, a13, a12, a23, a24, a34 .)

Now consider a single given data, say

xj
T

= (x1, x2, x3, x4, x5) .

This implies from equation (3.2),

fN(a0, a, ā) = a0 + aTxj +
1

2
xjTMxj .
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From equation (3.2),

F (fN (a0, a, ā)) =
efN (a0,a,ā)

1 + efN (a0,a,ā)
.

For given data xj, we can write

F
(
fN
(
a0, a, ā, x

j
))

=
efN(a0,a,ā,xj)

1 + efN (a0,a,ā,xj

and therefore

f(a0, a, ā, x
j) = F (fN(a0, a, ā, x

j)) .

Consider the maximum likelihood

max
N∏
j=i

F (fN(a0, a, ā, x
j)). (3.3)

From the above maximum likelihood function, we obtain

max
a0,a,ā

ln
N∏
j=i

F (fN(a0, a, ā, x
j))

=⇒ max
a0,a,ā

N∑
j=i

lnF (fN(a0, a, ā, x
j))

=⇒ min
a0,a,ā

−
N∑
j=i

lnF (fN(a0, a, ā, x
j))

=⇒ min
a0,a,ā

N∑
j=i

ln
1

F (fN(a0, a, ā, xj)

=⇒ min
a0,a,ā

N∑
j=i

ln
[
1 + e−fN(a0,a,ā,xj)

]
.

Let us denote

L(a0, a, ā) =
N∑
j=1

ln
[
1 + e−fN(a0,a,ā,xj)

]
.

The aim is to minimize the objective function L by adjusting the 12 model parame-
ters represented by a0, a, ā. For this optimization process, it is required to determine
the gradient of the objective function L with respect to the 12 model parameters
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a0, a, ā. Now the gradient of L with respect to (a0, a, ā) is

∇L(a0, a, ā) =
N∑
j=1

∇ ln
[
1 + e−fN(a0,a,ā,xj)

]
=

N∑
j=1

1

1 + e−fN
∇(1 + e−fN )

=
N∑
j=1

e−fN
1 + e−fN

∇
(
−fN

(
a0, a, ā/x

j
))

=
N∑
j=1

−e−fN

1 + e−fN
∇(fN(a0, a, ā)) .

Hence finally we obtain the gradient of the objective function L with respect to the
12 model parameters a0, a, ā :

∇L(a0, a, ā) =
N∑
j=1

−e−fN

1 + e−fN



1

xj1
xj2
xj3
xj4
xj5
xj1x

j
2

xj1x
j
3

xj1x
j
4

xj2x
j
3

xj2x
j
4

xj3x
j
4.


Here, it is clear that ∇L(a0, a, ā) ∈ IR12. The steps of the optimization procedure
to minimize the objective function L(a0, a, ā) by adjusting the 12 model parameters
a0, a, ā is summarised below.

Optimization Procedure

Let A = (a0, a, ā)

1. Initialize Ak, k = 0 at random.
Calculate the gradient of Ak, k = 0
i.e. ∇L(A0) ∈ IR12 or ∇L(Ak), k = 0

2. Set β = 1
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3. Find Ak+1 = Ak − β∇L(Ak)

4. Compare if L(Ak+1) < L(Ak)
Set k = k + 1 and go up to step (v)
else β = 1

2
β and go to step (iii)

5. Calculate ∇L(Ak+1),
Stop if ‖∇L(Ak+1)‖ < 10−3

Else go to step (ii) with Ak+1

After this procedure, we obtain 12 optimized model parameters A∗ = (a∗0, a
∗, ā∗).

On inserting the optimized model parameter values into equation (3.2), we define
the TCI Predictor as

f(x) =
efN (x)

1 + efN (x)
.

Considering training data

xi = (xi1, xi2, xi3, xi4xi5)T ,

we obtain a TCI value
TCI = f(xi)× 100.

Note that the proposed TCI predictor will lie in the range [0, 100].

4 Discussion of results

1. Database for Durban city was downloaded from [12].

2. The data is for the years 1905-2019 and 5 parameters: maximum temperature,
minimum temperature, precipitation, cloud cover and wind speed.

3. The correlation matrix between these parameters was constructed.

4. The non-linear model was developed based on the 12 parameters of the corre-
lation matrix: 5 individual parameters, 6 pairs of parameters and 1 constant
parameter.

5. The l ogistic function was used to determine the objective function.

6. The o ptimization procedure was proposed and a python code was attempted
for the optimization procedure.

7. The optimization procedure was performed for five data points and one itera-
tion.

For five data points for Durban and one iteration of the optimization procedure, the
TCI index for 10 data points was estimated and is shown in Figure 7.
The limitation of the python code are:
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Figure 7: Screenshot of python code, TCISA Values for the Logistic Function.

1. Only the data for Durban was considered.

2. Humidity data was unavailable.

3. For simplicity, only 5 data points are taken (against 1380).

4. For simplicity, the algorithm is run for only 1 iteration.

As a part of future work, the code can be updated to overcome above limitations.

5 Conclusion and recommendations

In conclusion, this paper aimed at developing a TCISA that contributes to deter-
mining the climate suitability for Tourists and increase on the Tourists tourism
experience in South Africa. A mathematical model is proposed to estimate the
TCISA index for South Africa. Five climate elements are used as an input for the
model. The proposed model is validated using the climate data for Durban. Based
on the results from this work, we recommend the following.

• Development of a Holiday Climate Index, Beach Climate Index and Camping
Climate Index for South Africa is recommended.

• Customized TCISA index to integrate tourist opinion as part of the thermal
comfort factors is recommended.

• The effect of other climatic indices such as Humidity , Sunshine and Extreme
weather patterns in tourism can be of interest to specify the tourists popular
destinations in SA.

• Use of the nonlinear statistical model and ML techniques is recommended to
handle the multicollinearity of climatic indices in the estimation of TCI

• Because of competitive pressure within the tourism industry, tourism mar-
keters need to innovate continuously to enjoy competitive advantage and to
deliver customer satisfaction more effectively and efficiently. It will translate
into long term development and growth of tourist destinations and help in
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achieving strong market position. Hence, future research can be undertaken
to develop an Index for Destination Attractiveness (IDA) where along with
Climate, other important factors and corresponding variables can be studied.
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