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Abstract. Kumo, Kupa-Kupa, Pitu, and Luari beaches are tourist destinations that are always crowded with local and
foreign tourists. This becomes interesting, because recently the problem of human population density in an area has
become a hot topic for study. Using the polynomial method, it resulted in 6th order with R? 0.950 (Kumo), 0.868
(Kupa-Kupa), 0.799 (Pitu), and 0.399 (Luari) representing the distribution of visits. The highest levels of visits
occurred in the twelfth, fifth, fourth, and sixth months, respectively. The analysis by applying the logistics function
shows the highest level of visits throughout 2018 which are Kumo 283.95 tourists, Kupa-Kupa 342.12 tourists, Pitu
81.77 tourists and, Luari 1088.35 tourists. Based on the threshold analysis, the threshold value shows 255.56 tourists
(Kumo), 297.08 tourists (Kupa-Kupa), 65.58 tourists (Pitu), and 836.42 tourists (Luari). The results of this study
inform the level of tourist visits exceeding the threshold value in four tourist destinations. Given that the four tourist
destinations carry the concept of ecology as a selling point, the manager needs to reorganize the level of tourist visits.
Excess levels of tourist arrivals can have a negative impact on the comfort and sustainability of tourist destinations.
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1. INTRODUCTION

The study of tourist destinations is very interesting to discuss, because it multidisciplinary, including
economics and the environment [1,2]. Recorded before the COVID-19 pandemic, the tourism industry was
growing rapidly [3] as indicated by tourist visits to Bali in 2001 amounting to 1.38 million and increasing to
3.73 million in 2014, resulting in a 30% increase in Indonesia income. Likewise in the Mediterranean, since
1950 the number of tourist visits was 25 million and increased to 1,239 million in 2016 [4]. But it impact a
pressure on the environment [5] caused by anthropization [6,7,8]. This is explained through reports [3] the
increase in tourists is followed by changes in land use in Bali. Another case example, land cover change in
the Andes mountains [9]. In addition, it causes environmental pollution of plastic waste carried by tourists
[10,11]. This impact is because tourist visits are not in accordance with the capacity of tourist destinations
[12].

The impact of environmental pressures due to excess tourists is anticipated by determining the
maximum level of tourist visits. In order to determine this level, it usually refers to a mathematical model
symbolized by K (carrying capacity) which is defined as a space limitation at the same time [13,14,15]. The
practice uses population density in an area to describe the carrying capacity supported by the environment.
Initially, the carrying capacity was used by Verhulst to calculate the human population and determine the
maximum limit for space availability [16]. The description in the first paragraph regarding the surge in
tourists, refers to [17] locations designated as tourist destinations that are very sensitive to environmental
changes. Written by reports [18,19,20] in the form of tourist activities causing soil compaction and changing
the chemical-physical properties of the soil. Responding to the findings regarding the pressure on the
environment, previous researchers reported the results of studies on the maximum limit of tourist visits in
order to prevent landscape changes. For example, the report [21] describes the maximum number of visits in
Baluran National Park, which is 151.248 tourists per year. Meanwhile, other researchers emphasized the
benefits of threshold studies such as the finding of ecological safety in Wuhan which was initially 5.8023
(sensitive phase) in 2004, and changed to 6.459 (safe phase) in 2010 because of implementing the threshold
[22]. As for [11] states, the study of the threshold is a measuring tool in monitoring the pressure on the
environment caused by the increasing population of an area.

North Halmahera tourist destinations, including Kumo Beach, Kupa-Kupa, Pitu, and Luari have natural
beauty that attracts tourists. In accordance with the guidelines for "Perubahan Rencana Strategis" (P-
RENSTRA) 2016 to 2021 Dinas Pariwisata Halmahera Utara carries the concept of ecotourism as sustainable
development [23]. Referring to the statement [24,25,26,27] the concept of ecotourism that carries sustainable
development, should apply the tourist threshold as environmental control management. However, the P-
RENSTRA guidelines only report the number of visits during 2011-2015, while the threshold for tourists in
tourist destinations is unknown [23]. Then it will lead the question "What is the tourist threshold value at
Kumo, Kupa-Kupa, Pitu, and Luari Beaches?". The argument that can be built in answering this question is
to examine the threshold for tourist visits.

2. RESEARCH METHODS

This research uses analytical descriptive method. The method is to analyze data on tourist visits and
tourist thresholds on the beaches of Kumo, Kupa-Kupa, Pitu, and Luari.The data source is divided into two
categories; which are primary data and secondary data. Secondary data in the form of tourist visit data in
2018 from the Dinas Pariwisata Halmahera Utara, while primary data is the area of tourism.

2.1 Research Procedure

Determine the area and show the research location using GPS, then proceed with data processing by
arcGIS. Plots the curve from the secondary data, followed by determining the mathematical equation for the
curve. The mathematical equation is intended to provide an overview of tourist visits throughout 2018, and
the mathematical equation referring to[28,29] is written into equation (1). The selection of equation (1) refers
to the secondary data curve which shows the irregularity of the tourist visit data.

y =pp(x) = ag + a;x + azx? + ... + apx™ (1D
With:
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ap+ a;x + ax? + .. +ax" =y,
ap+ a;x; + ax?+ .. +ax" =y,

Ap + apxy, +apx™ + o+ apx™ =y,

The use of equation (1) in its application for each order is close to the secondary data, the calculation
is discontinued, as long as the value of R? is close to the value of 1. Then determine the threshold value of
tourist visits. It begins by analyzing the level of tourist visits using equation (2).

N _ (=N ,
-7 X 2)

Where dN/dT = population density in the interval t (time), r = population increase rate, N = population
number, and K = threshold. Differential equation (2) produces a new solution, namely equation (3).

K
N = T Tk = No)/Ngle ™ )

Equation (3) is the final formula applied to determine the threshold value of tourist visits in tourist
areas in this study [30,31,32,33].

3. RESULTS AND DISCUSSION

3.1. Tourist Visit Profile

The results of the mapping analysis using arc GIS are presented through the research map in Figure 1.
While the area of the five tourist destinations is Kumo beach 1.64 ha, Kupa-Kupa 2 ha, Pitu 2.17 ha, and
Luari 4.01 ha.
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Figure 1. The Four North Halmahera Beach Tourism Destinations.

Based on data from Dinas Pariwisata Halmahera Utara, three locations of Kumo, Kupa-Kupa, and Pitu
beach tourist destinations were visited by local tourists. Meanwhile, Luari beach besides local tourists, there
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are also foreign tourists. The total tourists for the four tourist destinations in a row are 3.068 tourists, 3.759
tourists, 787 tourists, and 10.036 tourists.

Referring to the description of equation (1), the distribution of tourist visits each month is represented
through a function which is summarized in Table 1.

Table 1. Functions Output Equation Analysis (1)

Functions (Kumo Beach) R? Orde
y =16.08x + 151.1 0.789 1
y = 0.824x2 + 5.363x + 176.1 0.808 2
y = —0.339x3 + 7.445x% — 30.45x + 222.4 0.837 3
y = —0.018x* + 0.148x3 + 3.252x%2 — 17.15x + 210.7 0.837 4
y =—0.001x°% + 0.031x* — 0.449x% + 6.369x% — 23.96x — 215.3 0.837 5
y = 0.033x% — 1.291x5 + 19.49x* — 142.9x3 + 526.5x% — 886.5x + 693 0.950 6
Functions (Kupa-Kupa Beach) R? Orde
y = 8.367x + 258.8 0.071 1
y = —2.038x% + 34.87x + 197.0 0.111 2
y = 2.233x3 — 45.59x% + 270.5x + 107.8 0.525 3
y = 0.677x* — 15.38x3 + 105.9x% — 210.2x + 314.9 0.835 4
y = —0.081x> + 3.315x* — 46.58x% + 268.5x? — 565.5x + 314.9 0.868 5
y = —0.002x% + 0.003x° + 2.042x* — 37.26x3 + 234.5x% — 509.0x + 522.8 0.868 6
Functions (Pitu Beach) R? Orde
y = —24.71x + 3497 0.251 1
y = 1.143x? — 10.15x + 69.65 0.389 2
y = 0.481x3 — 8.237x% + 40.59x + 3.989 0.601 3
y = —0.043x* + 1.599x3 — 17.85x% + 71.11x — 22.85 0.615 4
y = —0.052x° + 1.647x* — 18.40x% + 86.41x% — 156.6x + 130.4 0.766 5
y = 0.009x% — 0.412x5 + 7.09x* — 58.25x° + 231.9x? — 397.9x + 264.3 0.799 6
Functions (Luari Beach) R? Orde
y =—=24.71x + 996.9 0.019 1
y = —26.35x% + 10.15x + 69.65 0.221 2
y = —1.174x3 — 3.446x? + 193.9x + 258.0 0.225 3
y = 1.658x* — 44.29x3 + 367.3x% — 982.7x + 1393 0.281 4
y = 0.310x> — 2.577x* + 5.809x3 + 106.1x? — 412.1x + 1008 0.384 5
y = —0.331x° + 130.7x> — 197.7x* + 1435x3 — 5111x% + 8239x — 3791 0.399 6

Referring to the output of equation analysis (1) Table 1, the distribution of tourist visits is represented
by order-6 for the four tourist destinations because R? is close to 1. Previous researchers [34] reported that
the use of equation (1) was able to provide accurate information about the profile of tourist visits. For
example, their research results show that tourist visits are represented by y = 72.953x2 — 555.68x +
117.56 for R? = 0.957 or is of order-2. In addition, it has similarities from the report [11], the profile of
tourist visits where R? = 0.793, and the function is y = —0.179x° + 7.086x° — 109.0x* + 824x3 —
3176x2 + 5756x — 2832 is order-6. The results of Table 1 of order-6 have similarities with [34,11], where
a negative value represents a decrease in tourist visits, while a positive value represents an increase in tourist
visits. Other researchers [35] informed secondary data matching using equation (1) in the case of population
growth resulting in order-3. Similarly, [36] states that human fertilization in various countries uses equation
(1) to produce order-3 as a data match. In addition, the profile of tourist visits in table 1 for order-6 is
visualized by curves of green (Kumo beach), orange (Kupa-Kupa beach), blue (Pitu beach), and yellow (Luari
beach) Figure 2.
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Figure 2. 6th order curve with (A) Kumo Beach; (B) Kupa-Kupa Beach; (C) Pitu Beach; (D) Luari Beach.

As Figure 2 shows, the level of tourist visits in the four tourist destination locations fluctuated
throughout 2018. The distribution of tourist visits to Kumo beach (Curve A) tends to increase every month,
although there is a decrease in the second month. Meanwhile, the two beach destinations Kupa-Kupa and Pitu
(Curves B and C) have similarities when entering the third to fifth month, the number of tourist visits has
increased. But entering the sixth to eighth month, the number of tourists decreased, and increased again until
the twelfth month. In contrast to the Luari beach destination, the data shows (Curve D), in which the fourth
to seventh month there was a surge in tourists, but the eight to twelve month tourist visits decreased more
than the second month. The peak point of tourist visits to the four tourist destinations occurred in the twelfth
month of 349 tourists (Kumo), 498 tourists in the fifth month (Kupa-Kupa), 122 tourists in the fourth month
(Pitu), and the sixth month of 2.750 tourists (Luari). Besides that, overall tourists tend to prefer the tourist
destinations of Luari beach with the lowest number of tourists as many as 304 tourists, while Kumo 145
tourists, Kupa-kupa 182 tourists, and as many as 29 tourists in Pitu.

3.2.  Tourist Threshold

According to equation (2), the output is poured into the form of a black curve for the four tourist
destination locations. Meanwhile, the tourist threshold based on equation (3) is represented by red (Kumo),
purple (Kupa-Kupa), pink (Pitu), and brown (Luari) curves (Figure 3).
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Figure 3. Outcome equations (2 & 3) for four tourist sites, (E) Kumo Beach, (F) Kupa-Kupa Beach (G) Pitu
Beach, and (H) Luari Beach.

The analysis of tourist thresholds for the four beach tourism destinations has differences where 255.56
tourists for Kumo beach, 297.08 tourists on Kupa-Kupa beach, 65.58 tourists on Pitu beach, and as many as
836.42 tourists on Luari beach. While the analysis of the number of tourist visits in a year (black curves E, F,
G, and H) shows Kumo 283.95 tourists, Kupa-Kupa 342.12 tourists, Pitu 81.77 tourists and, Luari 1088.35
tourists. The results of the analysis of equation (3) confirm that the four tourist destinations exceed the tourist
threshold value. The results of this study are in line with [11] which uses equation (2) shows that tourist visits
are represented by an exponential curve, with a total visit of 737.15 tourists. While the threshold generated
by equation (3), which is 606.25 tourists, means that the level of visits is inversely proportional to the capacity
of the area. The other side asserts [21] that equation (3) provides accurate information regarding the limits of
tourist visits that are intended to protect from an early stage environmental pressures from increasing tourist
visits.

The four tourist destinations studied in this study have an ecological concept background as a tourist
attraction, therefore important to maintain environmental conditions for sustainable development in tourist
areas. In the report [37] applied the tourist threshold as a solution. This statement is justified by [26], because
the perception of tourists 26% and the public 24% stated that they were uncomfortable caused by the tourist
threshold of Eastern Costa del Sol urban beach destinations exceeding 19% and 5% for natural beaches.
While the economic side experienced an increase in income of 13.6% (community) and 66.6% (tertiary
sector), but experienced pressure on the environment, among others, water supply reached 20% and increased
plastic waste 13% during 2000-2005. Exposure [38] in the form of the application of thresholds in tourist
destination areas is able to control pressure on the environment, because there has been an increase of 0.621
for ecological security in the Yangtze river during 2011-2016. Usually, the concept of ecotourism that is
carried as the theme of a tourist destination should use a threshold, thus the goal of the concept of sustainable
development is achieved.
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4. CONCLUSIONS

1.

The description of the research results and discussion explains several things as follows:

The application of equation (1) to the case of the distribution of tourist visits in four tourist destinations
resulted in the 6th order as the order of selected for matching secondary data. In addition, order-6
shows a fluctuating tourist visit profile throughout 2018. Fluctuations show from the highest level of
visits, which are the twelfth month (Kumo), the fifth month (Kupa-Kupa), the fourth month (Pitu),
and the sixth month (Luari).

Equation (2) which is used to inform the level of tourist visits throughout 2018 is in the form of an
exponential graph, to show the highest level of visits.

The study of the threshold of tourist visits analyzed using equation (3) reveals that the output of the
analysis of equation (2) exceeds the threshold value for the four tourist destinations.
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