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The internet of things (IoT) has allowed important technological advances
for monitoring and telemetry, thanks to the fact that loT-based systems allow
to obtain information in large areas, far from urban environments, and where
low energy monitoring systems are required, features that are consistent with
the requirements for high Andean wetlands telemetry. The monitoring of
environmental variables, such as water quality in high Andean wetlands, is a
topic of great importance for the scientific community, since, if the
knowledge of the dynamics of the wetlands is improved, it is possible to
optimize the decision making for their conservation. In that sense, to know
the application of the 10T in this type of wetlands at a global level, this work
presents a review of the literature related to the use of the loT in the
monitoring of high Andean wetlands. In order to carry out a historical
review, a methodology was proposed under some guiding questions, which
allowed designing a structure for background searches. Both the questions
and the structure guided the search process from macro areas, such as loT

and environment, to micro areas, such as loT applications in wetland
monitoring. Finally, the review concluded that 10T has not been applied in
high Andean wetland monitoring.
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1. INTRODUCTION

Habitats such as swamps, peatlands, floodplains, rivers, lakes and coastal areas are called wetlands.
Within the coastal areas are marshes, mangroves, and seagrass beds, but also coral reefs and other marine
areas whose depth at low tide does not exceed six meters. Also, some unnatural constructions are called
artificial wetlands in which wastewater treatment ponds and reservoirs can be found [1], [2]. Depending on
their location, some of these are defined as high Andean wetlands, such is the case in Colombia, where some
are located over the Andes Mountains. In Colombia, the high Andean wetlands are in a high degree of
vulnerability, due to the fact that a part of the population has located in their vicinity, thus generating a high
demand for land for agricultural production, and expanding the agricultural frontier, with the consequent
drying up, contamination and destruction that such expansion generates [3]. Thus, according to [4], more
than 60% of wetlands located in paramos in the upper basin of the Chinchina River Colombia have been lost
in a period of 10 years. The problem of loss of wetland coverage can be related, on one hand, to global
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warming and, on the other hand, to anthropogenic aspects. It is also an issue of great importance for the
scientific community, since, if the understanding of the dynamics of wetlands is improved, it is possible to
optimize decision-making for their conservation.

In order to achieve the purpose of improving the understanding of wetland dynamics, it is necessary
to collect information, in a wide spatial and temporal window (large areas of land over long periods of time
with high periodicity), which is possible by developing and implementing technology-based monitoring
systems. Some wetland monitoring mechanisms have used techniques such as remote sensing [5], related to
aerial photos, hyperspectral imaging, radar and light detection and ranging (LiDAR). On the other hand, it is
possible that these monitoring systems, use other techniques from the application of the internet of things
(10T). In connection with the 10T, in 1999, Kevin Ashton, coined the concept "loT" as part of a presentation
to "Proctor & Gamble" about incorporating radio frequency identification (RFID) tags into their supply chain
[6]-[8]. On the other hand, according to CISCO's IBSG (Internet Business Solutions Group), 0T was born at
a point in time when more "things or objects" than people were connected to the Internet, that point can be
estimated between 2008 and 2009 [9]. In this sense, according to [10], they indicate that in 2012 8.7 million
devices were connected to the Internet, in 2017, 20 billion devices and in 2023, an estimated 50 billion
devices would connect to the Internet. Since its inception, l0T has been applied to different fields of research
and development, this has led to the generation of a high volume and variety of data.

In the environmental field, given the need to measure different variables, which require important
sampling frequencies in large areas of spatial coverage, 10T has proved to be a viable solution, given the low
power consumption required, with good operating autonomy, which facilitates its application in places of
difficult or controlled access [11], [12]. Now, another area of application of 10T, related to the environmental
field [13], [14] and water quality, but not to the high Andean wetlands, is health, and it is there where authors
like [15]-[18] and [19] have ventured into the design of system for monitoring water quality, based on loT
techniques. The above taking into account not only the ease of applying these developments in areas of
difficult access, but also the low cost that they can have, so much so that 10T techniques are being addressed
in an interesting way in telemedicine [20], [21].

This paper aims to analyze how IoT has been active in wetland monitoring, specifically in the high
Andes, as a response to the growing interest in implementing strategies to conserve wetlands, and finally to
present a review of the related background. This paper is divided into: Review Methodology, which presents
the way in which the search was carried out, the search equations used, the inclusion and exclusion criteria.
Then, the results of the background search are presented, and finally a conclusion section.

2. METHODOLOGY
2.1. Review structure

In order to define a structure for the review of the related background, some questions were posed,
and allowed to address the review from a macro level (general): environmental applications of the 10T, to a
micro level (more specific): environmental applications in high Andean wetlands of the l0T. The questions
mentioned were:
— How has 10T's involvement in environmental solutions been?
— What have been the main contributions of the 10T to wetland monitoring?
— Has loT been applied in the monitoring of high Andean wetlands?

The questions posed, allowed to visualize an initial structure of background search as shown in
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Figure 1. Initial structure for the background search
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The initial search structure in Figure 1, meets the condition of going from macro to micro in the
review. Being so, initially it was started in the application area, which is the 10T. The area of the IoT, is
subdivided in diverse areas where it has had application, among such areas, is the area of interest of the
present paper, which is environment (macro level). Finally, at the micro level, the scheme indicates that the
search should be refined, within the environment area, to the point of applications in wetlands, and
specifically in high Andean wetlands.

2.2. Data collection

The structure shown in Figure 1, allowed the generation of an FDC type framework (fragmenting-
deriving-combining), which is a support for data collection. Initially, the starting point was to "facet”, that is,
to define facets of the background review such as: Object of Study and Theoretical Framework. Later, key
words associated with the established facets are "derived". Finally, the derived key words are "combined”,
and the search equations are generated. The facet and derive section of this background review can be seen in
Table 1. The "combine" section of the framework can be seen in Table 2. In this review, the bibliographic
data used were obtained from the main WoS collection, using the search equations, given in Table 2.

Table 1. Faces of background screening

Faces Derivade key words
Object of study Wetlands and their different synonyms: “wetlands", "marsh",
"moss”, "swamp", “bog", "marshland"”, "moorland", "slough"
Theoretical framework “environmental”, “ecology”
Technology "Internet of things", “Web of things”, "WSN"

Table 2. Search equations

("Internet of things" OR "Web of things" OR "1oT")

(("Internet of things" OR "Web of things" OR "WSN" ) AND ( "wetlands" OR "marsh" OR "moss" OR "swamp" OR "bog" OR
"marshland" OR "moorland” OR "slough"))

As inclusion criteria, for the bibliographic data, were defined: papers published in peer-reviewed
journals, in English language. The exclusion criteria were the following: Informal literature, non-scientific
publications, languages other than English, conference proceedings. Papers that did not meet the established
criteria were eliminated as they were outside the scope of this review.

3. RESULTS AND DISCUSSION

The annual scientific production of the 10T began in 2002, and since then has shown a significant
increase from 2012 to the present, as can be seen in Figure 2. Although, according to CISCO [9], the 10T was
born somewhere between 2008 and 2009, the scientific production related to the subject, according to
Figure 2 begins in 2002, with the publication: "The 1oT" by Schoenberger, [22] that publication, mentions the
developments of some companies, related to the optimization of the supply chain, from the use of RFID
technology, which for the moment was seen as the 10T. One of the following publications, previous to the
emergence of IoT according to CISCO, was made in 2004, by Gershenfeld [23], where he relates the
beginnings of the 10T, and mentions how the elements that started the internet led to a new type of network
of everyday devices, an "Internet-0" (10). This 10 will allow things to exchange information between
themselves and with computers, according to the needs of the systems.

What Gershenfeld described, is being lived at present, having devices "things" that are connected to
each other, sharing and obtaining information, which is used to channel research in different areas of
knowledge, so that the 10T has been applied, in about 79 areas. In Figure 3, it is possible to observe the 25
most relevant areas of application.

One of the 25 research areas in Figure 3 is Environmental Sciences Ecology, which is ranked 13th,
with a total of 186 publications. The publications in this area, associated with 10T, began in 2013, then in
2014 there was a decrease in the annual scientific production, and since 2015 there has been a tendency to
increase until 2019, see Figure 4. This made possible to define an additional inclusion criterion, which was to
consider papers published from 2013 to 2019.

Once the previous criteria of additional inclusion is defined, and following the initial structure for
the background search as shown in Figure 1, the background search was carried out at the third level of the
scheme, relating the Internet of things with the keyword wetlands and their different synonyms, through the
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equation: (("Internet of things" OR "Web of things") AND ("wetlands" OR "marsh" OR "moss" OR "swamp"
OR "bog" OR "marshland" OR "moorland" OR "slough™)). The previous search equation gives 3 results in
WoS, which are not related to the topic discussed in this review, therefore, are excluded leaving no
background of scientific papers on this topic.
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Figure 2. Annual scientific output in the 10T area, window 2002-2019 (Data source: Web of science)
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Figure 3. The 25 most important research areas in 10T (Data source: Web of science)

Given the previous result of the review, the term wireless sensor networks (WSN), was included in
the search equation. Whereas the 10T is the connection of "things" to the internet, i.e., a wide area network
WAN, and WSNs are networks of sensors that allow information to be obtained wirelessly, but do not
necessarily connect to the internet, i.e., they connect sensors in a local area network [24]. Consequently, there
may be papers, about remote wetland monitoring systems implemented in a local area (WSN solution), rather
than in a wide area (loT solution). Therefore, the scheme in Figure 1 is modified, removing the loT
applications in wetland monitoring, at the level of scientific publications, and incorporating WSN applied in
wetland monitoring, see Figure 5.
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Figure 4. Temporary distribution of scientific publications on the 10T and environmental sciences ecology
(Data source: Web of science)
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Figure 5. Modified scheme of areas of knowledge, as a consequence of results

In relation to Figure 5, the resulting search equation, including WSN, is: (“Internet of things" OR
"Web of things" OR "WSN") AND ("wetlands” OR "marsh” OR "moss" OR "swamp" OR "bog" OR
"marshland” OR "moorland” OR "slough™)). With the present equation there are 5 results in the WOS
baseline, from these results, 3 papers are filtered as not related to the present review, obtaining 2 papers that
meet the criteria of the review raised, these being the ones that make up the state of the art.

The first paper, published in 2013 [25], in which the authors evaluate two WSN solutions, one
commercial, and one made by students. Both solutions monitor wetland water level, precipitation,
evapotranspiration, and water storage, along with mass concentration of ionic solutes (specific conductance)
and chromophore dissolved organic carbon. The authors sampled at a frequency of 4-2 samples per hour.
Because of the sampling frequency, the researchers observed a rapid infiltration of precipitation into the
peatlands, which were surrounded by land that was used for commercial timber harvesting. They conclude
that future wetland observatories would benefit from automation and standardization of data management
and analysis protocols. Data management, processing and dissemination represent a major challenge because
the volume of data from integrated sensor networks can grow rapidly. This is made possible by WSNs, which
provide information on the hydrology, geochemistry and sensitivity to wetland disturbance.

In 2017, an paper was published [26], in which, the authors present a WSN solution implemented to
monitor environmental conditions, related to temperature and light intensity variations, and how these
modified the level of dissolved oxygen added by Typha latifolia and Phragmites australis in wetlands. The
wetlands under analysis, in the paper described, are constructed wetlands (CW's), for the discharge of
wastewater. According to the authors, WSNs are ideal in environmental detection applications because of the
following conditions: small size and accuracy of data detection, high sampling frequency, ready-to-deploy
nodes that operate with low power consumption. The WSN solution, designed in the paper discussed, has
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three nodes, which were equipped with sensors: Temperature, humidity and light intensity. The
communication between the nodes and the receiving station was achieved with wireless transmitters and
receivers at 2.4 GHz. The data are displayed on a website, at a 10-minute interval, and are stored for further
analysis by the researchers. The data obtained, from the WSN, allowed them to conclude that the ideal
temperature and light intensity for T. latifolia to release maximum oxygen, is in the range of 30°C to 35°C
and 15000 Ix respectively. For P. australis the optimum conditions are a temperature of 35°C and a light
intensity between 10,000 Ix and 15,000 Ix. They also conclude, that the release of dissolved oxygen from
plant roots was associated with the process of photosynthesis and the adjustment of the optimal temperature
and light intensity favorable to photosynthesis helped to increase the dissolved oxygen released from plant
roots, which consequently improved the efficiency of constructed wetlands.

Finally, and after analyzing the 2 papers related to the topic that concerns this work, it is possible to
answer, in the following way, the questions initially raised. First, 10T has had a wide participation in
environmental solutions, which is reflected by the 186 publications that relate 10T and environmental
sciences ecology. Second, according to the review carried out, 10T has not been involved in wetland
monitoring, at least this is how it appears from the scientific production published in journals. Given the
above and accepting that a solution from the 10T can be confused with a solution from the WSNs and
considering that their difference lies in the coverage areas (wide and local respectively), the literature on
WSNs and their application in wetland monitoring was analyzed. Finally, as reflected in the review, neither
the 10T nor the WSNs have been applied in the monitoring of high Andean wetlands.

4. CONCLUSION

The main objective of this paper was to provide a review of the background of the environmental
applications of the 10T, by proposing a search methodology in an international reference base. Therefore,
some conclusions were obtained based on the results obtained from the search and the problems presented
during the search.

In the first place, the term loT arises since 2002, at least at the level of publications and future
visualizations on the behavior of technology, but it is only, until a moment between 2008 and 2009,
according to CISCO [9], where one could think that it arises at a technological level, that is, it is at that point
in history where the loT materializes, and different applications begin to thrive.

Secondly, it is possible to visualize that the 10T has been present in environmental applications since
2013, but these have not been related to wetlands. Given the above, the first and only problem of the
proposed revision is presented, which makes it take a direction towards the environmental applications of
WSNSs, which is not far from the 10T, considering that the difference between both technologies is the space
of coverage of their applications and the transport of the data to the internet network.

Thirdly, in modifying the search structure to include WSNSs, there are publications focused on
wetland applications, which agree on the importance of WSNs for their low cost, high sampling frequency,
low power consumption, and ease of deployment of nodes. It should be noted that at the level of high Andean
wetlands, the application of WSNs is still non-existent, which leaves an area of research completely open.

Finally, the 10T could be a technological tool that would help enormously in the research and
understanding of the dynamics of wetlands, and especially high Andean wetlands, and their relationship with
climate change, and which, at least from the literature, has not been sufficiently explored.
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