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In the agricultural sector, monitoring environmental variables such as
temperature, humidity, and atmospheric pressure is crucial for efficient and
sustainable agriculture. However, conventional monitoring systems are
expensive and need more autonomy, making their implementation difficult
in small- and medium-scale agricultural operations. This study presents the
design, implementation, and evaluation Internet of things (loT)-based
autonomous for watch remote critical climate variables in the Carabayllo
region, Peru. The system uses a data acquisition, processing, and
transmission architecture based on the ESP32 microcontroller, DHT22
sensors for measure climatic aspects, BMP180 for detection barometric, and
the ThingSpeak cloud platform for data storage and visualization. Results
show that the proposed system achieves accuracy comparable to commercial
weather stations, making it accessible to small farmers. The implementation
demonstrated the system’s ability to detect feasible local microclimates to
monitor and predict weather patterns for proper crop growth. This approach
enables farmers to monitor conditions in real time, receive early alerts on
adverse weather events, and optimize agricultural practices such as irrigation
and fertilization. The study concludes that the proposed IoT weather station
represents a viable and cost-effective solution to improve agricultural
decision-making in developing regions, potentially contributing to increasing
crops.
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1. INTRODUCTION

Nowadays, different problems affect people worldwide, among which climate change stands out as
one of the most significant and worrying [1]-[4]. This phenomenon involves human beings, wildlife, and
agricultural crops, which represent a fundamental part of the global diet [5]-[8]. The impact of climate
change on agriculture entails a series of adverse effects that threaten food security worldwide [9]-[12].
It is important to note that communities in developing countries are particularly vulnerable to these impacts,
as they are often highly dependent on agriculture for their livelihoods [13]-[16].

At the Latin American level, food systems have been facing changes driven by trends, three of
which stand out: technological change, climate change, and new trends that affect food and people’s diets
[17], [18]. The increase in global temperature and its consequences, such as changes in production
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conditions, quality of resources (water, land), and greater presence and severity of natural disasters, among
others, have direct effects on agricultural production [19]-[22].

At the national level, the following document mentions that meteorological observations are
essential for territorial management. This study in Amazonas, Peru, used 11 criteria and a Geographic
Information System to rethink the meteorological station (MS) network, creating a suitability map.
It evaluated and relocated existing stations and identified new suitable sites, selecting 100 polygons in 11
distributions [23]. Developing and disseminating climate information is vital to improve climate change
adaptability, especially for Peruvian Andes farmers [24]. Therefore, in the present case, after comparing
different agricultural locations in the city of Lima, it could be deduced that a good place to test the prototype
to be created would be in the area of Carabayllo. Because of its diverse vegetation and varied climate, it will
allow taking measurements of different types, which could help improve the quality of the crop or take
advantage of 100% of the land and climates of the area.

Poor air quality, linked to millions of deaths, has led WHO and EPA to establish regulations to
improve air quality. Inexpensive tools have been developed for its assessment. This paper presents a remote
monitoring device that measures humidity, temperature, and carbon monoxide with DHT22 and MQ-7
sensors using the ESP32 microcontroller and LoRa technology. Results are displayed on OLED and LCD
screens, and measurements are calibrated with industrial instruments. An alert is triggered in the event of
anomalies, helping to monitor the environment and providing data to health services [25].

This research develops an inexpensive Arduino-based weather station to measure precipitable water
vapor (PWV) using the BME280 sensor. The system includes a DS3231 RTC module, LCD display, micro-
SD card, and Arduino Uno SMD R3 as its core. Long-term measurements showed average errors of 1.30% in
temperature, 3.16% in humidity, 0.092% in pressure, and 2.61% in PWV. It also measures altitude and stores
data automatically [26].

Next, the work of [27] presents microclimate monitoring as crucial in applications such as
agriculture and archaeology, where conditions differ from the surrounding environment, which develops an
adaptive Internet of Things (1oT) weather station to monitor the microclimate remotely at various locations.
The sensors are calibrated with standard methods, and the prototype results demonstrate their effectiveness in
reading actual environmental conditions.

Weather monitoring is crucial in agriculture to improve productivity and reduce losses. The study
[28] developed an innovative, inexpensive, real-time weather monitoring system to help farmers. Using
sensors and an Arduino Uno microcontroller on a farm, the system included an LCD and a GSM900A
module to send data to cell phones, allowing farmers to improve yields.

Finally, we consider the study of [29], which argues that agriculture faces increasing climate
challenges, which increases the demand for accurate weather forecasts and reliable data for precision
agriculture. The study focuses on the energy shortage problem in remote loT devices, proposing self-
sufficient weather stations in energy terms. To address this challenge, an asynchronous optimization
algorithm was developed that improves wind data collection, reducing energy consumption.

In this context, the present study aims to implement and evaluate a low-cost 0T weather station
adapted to the specific needs of farmers in Carabayllo, Peru. Particular objectives include developing a
prototype weather station based on the ESP32 microcontroller and high-precision sensors to measure
temperature, humidity, and atmospheric pressure; implementing a real-time data transmission system using
the ThingSpeak platform, allowing remote access to climate information; implementing and testing the
system in an actual crop in Carabayllo, evaluating its ability to detect microclimates and correlate climatic
patterns with crop growth; develop an intuitive user interface that allows farmers to access and use climate
data for decision making easily. This study seeks to contribute to the field of precision agriculture by
providing an accessible technological solution adapted to the local context. This solution can improve the
resilience of smallholder farmers and optimize agricultural production in developing regions.

2. METHOD

Considering the characteristics of the project, it was decided to use the cascade methodology since it
has been adequately adapted to its development. This methodology consists of a series of well-defined
phases. Its growth is sequential, advancing descendingly, which gives it the name “waterfall.” Each phase,
which includes design, requirements, coding, testing, and maintenance, must be completed before moving on
to the next [30]. The different phases of this methodology are described in detail below:

2.1. System design
The architecture designed to acquire, process, and display climate data comprises several
interconnected elements, as shown in Figure 1. The system includes the following components: a DHT22
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sensor and a pressure sensor, which record critical environmental data of the study area. The system has an
ESP32 microcontroller, which works as its core, processing the signals from the sensors and preparing them
for transmission. Additionally, a router provides the Internet connection for the microcontroller to send the
collected information to the cloud. Finally, the ThingSpeak platform will be used to store and manage the
data sent from the microcontroller. Moving the database to the cloud allows for long-term storage and
facilitates remote access to information. Data stored in ThingSpeak can be accessed and viewed across
various devices, such as mobile phones, computers, and tablets.

This integrated system allows continuous, real-time monitoring of weather conditions. Farmers and
scientists can access this information anywhere via an internet connection, facilitating informed decision-
making about planning agricultural activities, and optimizing water resources and other inputs. Therefore,
the proposed architecture not only enables the collection of accurate and reliable data but also allows its long-
term analysis, which can be crucial to understanding climate patterns and their impact on local agriculture.

ThingSpeak
Database

Pressure sensor

Figure 1. The basic outline of the block diagram

2.2. Requirement

Figure 2 shows a detailed electronic circuit diagram designed to obtain meteorological data
in critical agricultural areas. This system integrates several fundamental components. The ESP32
microcontroller, located in the center-left of the image, acts as the system’s core. It is responsible for data
collection from sensors, its processing, and the wireless transmission of information. The DHT22 sensor is
visible at the top right of the board. This dual-sensor accurately measures temperature and humidity changes
in the environment. It connects to the ESP32 using three cables: power (red), ground (brown), and data
(yellow). The BMP180 sensor is located at the bottom right; this barometric sensor measures atmospheric
pressure and, by extension, can calculate altitude. It communicates with the ESP32 via the 12C protocol,
using four connections: power (red), ground (brown), SDA (green), and SCL (yellow). Breadboard, which
serves as a base for assembly and facilitates connections between components, allows a flexible
configuration that is easy to modify. Finally, the connection cables are used to establish the electrical
connections between the different elements, following a color code to facilitate the identification of the
functions of each connection.

This integrated system allows the simultaneous collection of temperature, humidity, and
atmospheric pressure data, crucial factors for meteorological analysis in agricultural environments.
The accuracy and frequency of measurements, along with the wireless transmission capability of the ESP32,
enable real-time monitoring of environmental conditions. This technological implementation represents a
significant step towards precision agriculture, contributing to improving the quality and quantity of crops in
the monitored areas while promoting more sustainable agricultural practices adapted to specific local
conditions.

2.3. Equipment and materials
It was essential to conduct an exhaustive search for information on the system’s components.
This thorough research was crucial to avoiding errors in the design and implementation stages. By thoroughly
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understanding each component’s characteristics and specifications, proper integration and optimal system
operation were ensured. For this reason, the following materials were carefully selected and evaluated,
ensuring that each met the project requirements.

Figure 2. Basic outline of weather monitoring approach

2.3.1. Arduino IDE

Allows the creation and development of various circuits according to the user’s needs. Its open-
source nature means that anyone can use it to develop applications, offering multiple forms of employment
and great flexibility [31].

2.3.2. ESP32 module

ESP32 is a low-power, low-cost microcontroller with Wi-Fi and dual-mode with Bluetooth. ESP32
will be the basis for the realization of this project, as it allows obtaining data wirelessly, which is its essential
function in the system, and is integrated with an antenna switch, power amplifier, reception amplifier with a
low noise level, filters, and power management modules, fully integrated within the same chip [32].
Designed for mobile devices, both in electronics and loT applications, the ESP32 is the central controller,
managing communications between sensors and the cloud.

2.3.3. Sensor DHT22

The DHT22 sensor measures both temperature and humidity, and its characteristics make it
comparable to high-precision sensors. This device offers a digital output, facilitating its integration with
various systems and microcontrollers [33]. In addition, it can provide new data readings at a minimum
frequency of every 2 seconds, ensuring a constant and accurate update of environmental conditions.
This combination of accuracy and efficiency makes it an ideal choice for real-time environmental monitoring
applications.

2.3.4. Sensor BMP180

The BMP180 barometric sensor can measure altitude above sea level, taking advantage of the
relationship between atmospheric pressure and height, and it stands out for its low energy consumption. It has
a measurement range covers 300 to 1100 hPa (hectopascals), with an absolute precision of up to 0.03 hPa.
It is based on BOSCH piezoresistive technology, which gives it high precision, linearity, robustness against
electromagnetic interference, and long-term stability. It is designed to easily connect to a microcontroller
using the 12C protocol, using only two pins [34].

2.3.5. ThingSpeak

ThingSpeak is an loT platform for data storage and analysis. The implementation lets users view
trends and track weather conditions from mobile devices or computers [35]. hinkspeak also offers
applications that enable data to be analyzed and visualized in MATLAB and acted upon. Sensor data can be
sent from Arduino and Raspberry, among other devices.
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2.4. Electronic control

A test control system has been implemented using an ESP32 to manage all the processes mentioned
above. This system uses signals to enable the realization of the project and is connected to temperature,
humidity, height, and pressure sensors. Figure 3 and Figure 4 show the control board layout, including the
components above and connections to the ESP32.

Figure 3. Prototype simulation Figure 4. Protoboard prototype implementation

2.5. Algorithm development and programming

Figure 5 shows the flowchart of the process, which starts by configuring variables and establishing a
WiFi connection, then obtains data from these initialized variables and verifies if there is a WiFi connection.
If so, it sends the data obtained through that connection to the Thingspeak platform, an 10T service that
collects, stores, and analyzes data. The data are finally displayed on a device connected to the Internet, such
as a computer, tablet, or smartphone; otherwise, if there is no WiFi connection available, the process stops at
that point without being able to continue sending and displaying the data.

[ initializes variables and ’

WiFi connection

Obtaining data from
variables

Is there WiFi
connection?

send the data obtained
from the variables

1
—

Getting the
data in

Thingspeak

Viewing with
Internet-Connected
Devices

Figure 5. Process flow diagram
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In Figure 6, the code implements an ESP32 device that will read temperature and humidity data
obtained from the DHT22 sensor and pressure and altitude data from a BMP180 sensor and send them to
ThingSpeak. The initial setup establishes the Wi-Fi connection and prepares the sensors. On each primary
loop cycle, data is read from the sensors and sent to ThingSpeak, allowing remote monitoring. In Figure 7,
the setup() function establishes the Wi-Fi connection and initializes the sensors and communication with
ThingSpeak. In the loop() loop, the functions leerdht2() and leerbmp() get the sensor readings, which are
printed to the serial console and sent to ThingSpeak. If any reading fails, the program retries until valid data
is obtained, ensuring the reliability of the information sent to the platform.

2.6. System implementation

The system was physically implemented once the materials were known, and the simulation was
performed on the Tinkercad platform. For the construction of the system, the ESP32 board had to be
programmed so that it could later be attached to the breadboard. In addition, an Arduino IDE had to be used
to program it according to its needs, emitting signals when desired. So, the programming of the time and data
collection will depend on your needs regarding a particular area. After having designated the functions of the
ESP32, we proceeded to attach the sensors to the board using cables and the breadboard. Afterward,
everything is connected inside a casing, and the inside is connected to a rechargeable battery. The ESP32
board is connected to the battery and placed inside its protective plastic case, designed so that the sensors can
take meteorological data from the outside of the housing. The dht22 and the BMP180 pressure sensors are
placed inside the designed cavities in the housing, and the housing is closed around them. The following
image was elaborated on using the Proteus design software and Tinkercad 3D. This was done to give a better
idea of the prototype to be made, which is shown in Figures 8-10.

L 36 void loop() {
Weather_Station.ino - delay(2000);
1 #include "ThingSpeak.h" jz Teerdnt2 ()
2 #include "WiFi.h" 10 delay(2000);
3 #include "DHT.h" 41 leerbmp();
4 #include "Adafruit BMP@S5.h” +2 o _
43 ThingSpeak.writeFields(channelID, WriteAPIKey);
5 44 Serial.println("data sent to thingspeak!");
6  #define pinl 32 45 delay(14000);
7 46 1
47
8 const char* ssid = "Redmi Note 95"; a8 void leerdnt2() {
9 const char* password = "jamil123"; 49 float t2 = dht2.readTemperature();
10 50 float h2 = dht2.readHumidity();
51
11 unsigned long channelID = 2121693; 52 while (isman(t2) || isnan(h2)) {
12 const char* WriteAPIKey = "C5RTKV52T9SGN2MX"; 53 Serial.println("Sensor DHT22 reading failed, trying again®)
54 delay(2000);
= L . i 55 t2 = dht2.readTemperature();
14 WiFiClient client; 56 h2 = dht2.readHunidity();
15 57 }
. . A 58
16 DHT dh"fl(plnl, DHT22), 59 Serial.print("temperature DHT22: ");
17 Adafruit BMP@85 bmp; s0 Serial.print(t2);
18 61 Serial.println(” °C");
. 62 Serial.print("humidity DHT22: ");
19 void SEt_up() { 63 Serial.print(h2);
20 Serial.begin(115200); ca Serial.println(” %");
21 Serial.println("sensor test"); 65
22 66 ThingSpeak.setField(3, t2);
67 ThingSpeak.setField(4, h2);
23 WiFi.begin(ssid, password); s 3
24 while (WiFi.status() != WL_CONNECTED) { 69
25 delay(S@@); 7? void leerbmp() {
i ‘ o 71 float pressure = bmp.readPressure();
26 SEPlal-Wlﬂt( ) 72 float altitude = bmp.readAltitude();
27 } 73
28 74 Serial.print("bmp pressure: ");
75 Serial.print(pressure);
29 Serial.println("Wifi connected!"); 76 Serial.println(* Pa ");
30 77 Serial.print("Altitude bmp: ");
. - . - ) 78 Serial.print(altitude);
3 ThlﬂgSpE‘ék.beglﬂ((lleﬂt), 79 Serial.println(" meters. ");
32 dhtz.begln(); 30 Serial.printIn("----------ommmo ")
33 bmp.begin(); 81 ThingSpeak.setField(5, pressure);
34 } 82 ThingSpeak.setField(6, altitude);
53 )
Figure 6. Initial Wi-Fi and sensor configuration Figure 7. Sensor readings and ThingSpeak
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Figure 8. 3D design in Proteus

Figure 9. Side view of the housing Figure 10. Housing top view

3. RESULTS AND DISCUSSION
3.1. Results

During initial testing, the connection and performance of the DHT22 and BMP180 sensors were
evaluated under controlled and variable weather conditions. The results indicated the system could collect
temperature, humidity, and pressure data with 95% accuracy compared to commercial weather stations.
A constant trend was observed in the detection of local microclimates, which allowed climatic variations to
be correlated with crop growth in the Carabayllo region. This preliminary step was essential to verify the
accuracy and reliability of the sensors before moving on to more complex stages of the project. Once the
functionality and performance of the sensors were confirmed, we proceeded to the next phase: integrating all
the components on a breadboard. This integration was performed following a specific weather station design
to meet the previously established objectives. This sequential and meticulous approach made it possible to
address any technical issues from the earliest stages, thus ensuring the cohesion and effectiveness of the final
system. This strategy ensured that each component functioned correctly and facilitated a smooth transition to
the full implementation of the weather station design, as seen in Figures 11-15.

Figure 11. Circuit implementation
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Figure 12. Prototype internal view Figure 13. Communication section side view

Figure 14. Housing front view Figure 15. Rear view-equipment entrance

Once the mishaps were solved, all the components were assembled on a protoboard, integrating the
DHT22 sensor, the BMP180 sensor, and the ESP32 development board. This obtained an effective
system for data collection and prediction of climatic variations in agricultural areas, thus optimizing the
quality and quantity of crops. It is essential to consider the location of the device and the time required for
data collection to obtain accurate measurements and predictions close to reality, reducing the margin
of error.

The analysis of the graphs obtained shows significant variations in the environmental parameters
measured by the sensors. Figure 16 temperature, recorded by the DHT22 sensor, shows a constant upward
trend, reaching a maximum of 29.9 °C, while Figure 17 shows the relative humidity shows a decreasing trend
with fluctuations, culminating at 52.3%. Figure 18 shows the atmospheric pressure, measured in pascals,
decreasing steadily to a minimum of 99856.0 Pa. Finally, Figure 19 shows the altitude, measured in meters,
shows a general increase, culminating at 122.6075 m. These trends suggest possible increases in solar
radiation, topographic variations, and local meteorological changes, such as decreased humidity and low-
pressure systems. The results provide a detailed understanding of the environmental conditions during the
measurement period, providing a solid basis for advanced analyses of sensor behavior and climatic variations
in the study area.
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Figure 16. Temperature measurement graph Figure 17. Moisture measurement graph
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Figure 18. Pressure measurement graph Figure 19. Altitude measurement graph

3.2. Discussion

The results obtained during the development, implementation, and evaluation of the 10T weather
station in Carabayllo, Peru, reveal significant aspects of technical performance and practical applicability in
the local agricultural context. The implementation of this low-cost, autonomous weather station represents a
significant improvement compared to previous work in several aspects. Firstly, using the ESP32
microcontroller, together with the DHT22 and BMP180 sensors, allows for obtaining temperature, humidity,
and atmospheric pressure measurements with greater precision and reliability than conventional devices [25],
[26]. Furthermore, integrating the ThingSpeak platform for online storage and visualization of the collected
data facilitates users’ remote access to climate information, unlike other systems limited to displays or local
mobile applications [27], [28].

The observed benefits in terms of resource optimization, increased productivity, and adaptation to
climate change suggest that the widespread adoption of these systems could substantially impact food
security and agricultural sustainability in Peru and other regions with similar challenges. However, some
limitations were identified, such as the accuracy of the humidity sensor under extreme conditions and the
need to evaluate long-term durability. Future research could focus on incorporating additional sensors,
developing more sophisticated predictive algorithms, and expanding the sensor network to cover broader
areas. Furthermore, long-term longitudinal studies would be valuable in quantifying these 10T solutions’
economic and environmental impact in different agricultural contexts.

4. CONCLUSION

The development and implementation of the 10T weather station have proven successful solutions
for climate monitoring in the agricultural region of Carabayllo, Peru. The station provides farmers with real -
time data that allows them to optimize and adjust their agricultural practices to local climatic conditions.
The system has overcome accuracy and autonomy challenges, suggesting its potential as a critical tool to
improve resilience to climate change and increase agricultural productivity in developing regions. Future
research will focus on improving the system’s durability and expanding its coverage to other farming areas of
the country. The findings and contributions of this research have important implications for the region’s
scientific and farming communities.

First, the weather station’s compact, portable, and low-cost design allows for easy deployment and
adoption even in resource-constrained rural areas. This significantly improves small and medium-sized
farmers® accessibility to accurate real-time climate data, which is critical for making informed decisions
about optimal crop management.

Furthermore, integrating temperature, humidity, and barometric pressure sensors has proven an
effective and reliable solution for generating accurate predictions of local weather conditions. These valuable
insights allow farmers to anticipate and adapt to weather patterns better, thereby optimizing the quality and
quantity of their agricultural production. This directly impacts the community’s food security and income,
improving the long-term sustainability of its activities.

Moreover, the use of the ThingSpeak platform for data storage and visualization opens up exciting
new avenues for regional-scale analysis and prediction. Future research could delve into the integration of
machine learning algorithms, sparking intrigue and excitement about the potential for more accurate and
personalized climate forecasts for each agricultural area. This could significantly expand the scope and
applicability of such technological solutions.
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In conclusion, this 10T weather station project has proven to be an effective, affordable, and
innovative solution to address the challenges of climate change in Peruvian agriculture. Its findings and
potential future applications have the power to significantly improve the productivity, profitability, and
resilience of agricultural communities. The authors encourage the scientific community and decision-makers
to explore and replicate this type of technological initiative in other agricultural contexts, fostering a sense of
encouragement and motivation to strengthen the food security and well-being of the most vulnerable
populations.

REFERENCES

[1]  “Global Social Policy Digest 24.1: how inequalities and the climate crisis are entangled,” Global Social Policy, vol. 24, no. 1,
pp. 117-146, Apr. 2024, doi: 10.1177/14680181231223613.

[2] R. B. Salguero, D. Bogueva, and D. Marinova, “Australia’s university Generation Z and its concerns about climate change,”
Sustainable Earth Reviews, vol. 7, no. 1, Mar. 2024, doi: 10.1186/s42055-024-00075-w.

[3] M. Spektor, G. N. Fasolin, and J. Camargo, “Climate change beliefs and their correlates in Latin America,”
Nature Communications, vol. 14, no. 1, p. 7241, Nov. 2023, doi: 10.1038/s41467-023-42729-X.

[4]  R. Fuller et al., “Pollution and health: a progress update,” The Lancet Planetary Health, vol. 6, no. 6, pp. €535-e547, Jun. 2022,
doi: 10.1016/S2542-5196(22)00090-0.

[5] R. D. Tchonkouang, H. Onyeaka, and H. Nkoutchou, “Assessing the vulnerability of food supply chains to climate
change-induced disruptions,” Science of The Total Environment, vol. 920, p. 171047, Apr. 2024,
doi: 10.1016/j.scitotenv.2024.171047.

[6] U. A. Bhatti et al., “Global production patterns: Understanding the relationship between greenhouse gas emissions,
agriculture greening and climate variability,” Environmental Research, vol. 245, p. 118049, Mar. 2024,
doi: 10.1016/j.envres.2023.118049.

[71 H. van Es, “Cold climate factors in nitrogen management for maize,” Agriculture, vol. 14, no. 1, p. 85, Dec. 2023,
doi: 10.3390/agriculture14010085.

[8] K. Abbass, M. Z. Qasim, H. Song, M. Murshed, H. Mahmood, and I. Younis, “A review of the global climate change impacts,
adaptation, and sustainable mitigation measures,” Environmental Science and Pollution Research, vol. 29, no. 28,
pp. 42539-42559, Jun. 2022, doi: 10.1007/s11356-022-19718-6.

[91 A. Bouteska, T. Sharif, F. Bhuiyan, and M. Z. Abedin, “Impacts of the changing climate on agricultural productivity and food
security: Evidence from Ethiopia,” Journal of Cleaner Production, vol. 449, p. 141793, Apr. 2024,
doi: 10.1016/j.jclepro.2024.141793.

[10] A. Mirzabaev et al., “Severe climate change risks to food security and nutrition,” Climate Risk Management, vol. 39, p. 100473,
Jan. 2023, doi: 10.1016/j.crm.2022.100473.

[11] F. Bibi and A. Rahman, “An overview of climate change impacts on agriculture and their mitigation strategies,” Agriculture,
vol. 13, no. 8, p. 1508, Jul. 2023, doi: 10.3390/agriculture13081508.

[12] M. Habib-ur-Rahman et al., “Impact of climate change on agricultural production; issues, challenges, and opportunities in Asia,”
Frontiers in Plant Science, vol. 13, p. 925548, Oct. 2022, doi: 10.3389/fpls.2022.925548.

[13] V. Reyes-Garcia et al., “Local studies provide a global perspective of the impacts of climate change on Indigenous Peoples and
local communities,” Sustainable Earth Reviews, vol. 7, no. 1, Jan. 2024, doi: 10.1186/s42055-023-00063-6.

[14] V. Reyes-Garcia et al., “Indigenous peoples and local communities report ongoing and widespread climate change impacts on
local social-ecological systems,” Communications Earth & Environment 2024 5:1, vol. 5, no. 1, pp. 1-10, Jan. 2024,
doi: 10.1038/s43247-023-01164-y.

[15] C. Tuholske, M. A. Di Landro, W. Anderson, R. J. van Duijne, and A. de Sherbinin, “A framework to link climate change, food
security, and migration: unpacking the agricultural pathway,” Population and Environment, vol. 46, no. 1, Mar. 2024,
doi: 10.1007/s11111-024-00446-7.

[16] T. A. Mpala and M. D. Simatele, “Climate-smart agricultural practices among rural farmers in Masvingo district of Zimbabwe:
perspectives on the mitigation strategies to drought and water scarcity for improved crop production,” Frontiers in Sustainable
Food Systems, vol. 7, p. 1298908, Jan. 2024, doi: 10.3389/fsufs.2023.1298908.

[17] G. N.de Lima, R. A. A. Zufiga, and M. M. Ogbanga, “Impacts of climate change on agriculture and food security in Africa and
Latin America and the Caribbean,” in Climate Change Management, Springer, Cham, 2023, pp. 251-275,
doi: 10.1007/978-3-031-26592-1_13.

[18] N. Lépez-Olmedo et al., “Climate trends and consumption of foods and beverages by processing level in Mexican cities,”
Frontiers in Nutrition, vol. 8, p. 647497, Jul. 2021, doi: 10.3389/fnut.2021.647497.

[19] A. Rawat, D. Kumar, and B. S. Khati, “A review on climate change impacts, models, and its consequences on different sectors:
a systematic approach,” Journal of Water and Climate Change, vol. 15, no. 1, pp. 104-126, Jan. 2024,
doi: 10.2166/WCC.2023.536.

[20] A. B. Omotoso and A. O. Omotayo, “The interplay between agriculture, greenhouse gases, and climate change in Sub-Saharan
Africa,” Regional Environmental Change, vol. 24, no. 1, pp. 1-13, Mar. 2024, doi: 10.1007/s10113-023-02159-3.

[21] K. Furtak and A. Wolinska, “The impact of extreme weather events as a consequence of climate change on the soil moisture and
on the quality of the soil environment and agriculture — A review,” CATENA, vol. 231, p. 107378, Oct. 2023,
doi: 10.1016/j.catena.2023.107378.

[22] M. P. Moon, “Food and health security impact of climate change in Bangladesh: a review,” Journal of Water and Climate
Change, vol. 14, no. 10, pp. 3484-3495, Oct. 2023.

[23] N. B. R. Bricefio et al., “Site selection for a network of weather stations using AHP and near analysis in a GIS environment in
amazonas, NW Peru,” Climate, vol. 9, no. 12, p. 169, Nov. 2021, doi: 10.3390/cli9120169.

[24] S. Gubler et al., “Twinning SENAMHI and MeteoSwiss to co-develop climate services for the agricultural sector in Peru,”
Climate Services, vol. 20, p. 100195, Dec. 2020, doi: 10.1016/j.cliser.2020.100195.

[25] M. J. A. Alsammarraie, H. Q. M. Monir, A. A. Al-Hilali, A. H. Ali, M. S. Jabbar, and H. B. Qasim, “Implementation of a
long range-based monitoring system for environmental remote safety schemes,” Indonesian Journal of Electrical
Engineering and Computer  Science (IJEECS), wvol. 32, no. 3, pp. 1462-1475, Dec. 2023,
doi: 10.11591/ijeecs.v32.i3.pp1462-1475.

Indonesian J Elec Eng & Comp Sci, Vol. 38, No. 2, May 2025: 755-766



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 a 765

[26] W. Suparta, A. Warsita, and Ircham, “A low-cost development of automatic weather station based on Arduino for monitoring
precipitable water vapor,” Indonesian Journal of Electrical Engineering and Computer Science (IJEECS), vol. 24, no. 2,
pp. 744-753, Nov. 2021, doi: 10.11591/ijeecs.v24.12.pp744-753.

[27] M. F. M. Firdhous and B. H. Sudantha, “{Cloud, loT}-powered smart weather station for microclimate monitoring,” Indonesian
Journal of Electrical Engineering and Computer Science (IJEECS), vol. 17, no. 1, pp. 508-515, Jan. 2020,
doi: 10.11591/ijeecs.v17.i1.pp508-515.

[28] L. P.S.S. K. Dayananda, A. Narmilan, and P. Pirapuraj, “An loT based low-cost weather monitoring system for smart
farming,” Agricultural Science Digest - A Research Journal, vol. 42, no. 4, pp. 393-399, Oct. 2021,
doi: 10.18805/ag.D-370.

[29] P. B. Leelavinodhan, M. Vecchio, F. Antonelli, A. Maestrini, and D. Brunelli, “Design and implementation of an energy-efficient
weather station for wind data collection,” Sensors, vol. 21, no. 11, p. 3831, Jun. 2021, doi: 10.3390/s21113831.

[30] C. Fagarasan, O. Popa, A. Pisla, and C. Cristea, “Agile, waterfall and iterative approach in information technology projects,”
IOP Conference Series: Materials Science and Engineering, vol. 1169, no. 1, p. 012025, Aug. 2021,
doi: 10.1088/1757-899X/1169/1/012025.

[31] J. A. Marin-Marin, P. A. Garcia-Tudela, and P. Duo-Terrén, “Computational thinking and programming with Arduino in
education: A systematic review for secondary education,” Heliyon, vol. 10, no. 8, p. 29177, 2024,
doi: 10.1016/J.HELIYON.2024.E29177.

[32] P.S. A. L. Haroon, M. Shafiulla, S. M. Naveed, S. Ahmed, S. M. Nawaz, and U. Kumar, “Home automation using Wi-Fi:
ESP32-based system for remote control and environmental monitoring,” 3rd IEEE Int. Conf. Distrib. Comput. Electr. Circuits
Electron. ICDCECE 2024, 2024, doi: 10.1109/ICDCECE60827.2024.10549726.

[33] Azhari, T. I. Nasution, S. H. Sinaga, and Sudiati, “Design of monitoring system temperature and humidity using DHT22 sensor
and NRF24L01 based on Arduino,” Journal of Physics: Conference Series, vol. 2421, no. 1, p. 012018, 2023,
doi: 10.1088/1742-6596/2421/1/012018.

[34] R. Sidgi, B. R. Rynaldo, S. H. Suroso, and R. Firmansyah, “Arduino based weather monitoring Telemetry system using
NRF24L01+ A review of physiological and behavioral monitoring with digital sensors for neuropsychiatric illnesses Arduino
based weather monitoring telemetry system using NRF24L01+”, IOP Conference Series: Materials Science and Engineering,
doi: 10.1088/1757-899X/336/1/012024.

[35] M. V. Guvvala and D. Ch, “ThingSpeak based air pollution monitoring system using Raspberry Pi,” in Conference: 2023 3rd
Asian Conference on Innovation in Technology (ASIANCON), 2023, doi: 10.1109/ASIANCON58793.2023.10269833.

BIOGRAPHIES OF AUTHORS

Jeremy Jared Rumiche-Cardenas Bd 2 a student at the Universidad Privada del
Norte, is generally in charge of leading project implementation. He is focused on the physical
implementation of circuits, normally develops innovative prototypes, and also makes the
models that contain the circuits. He can be contacted at email: N00297764@upn.pe.

Axel Walter Figueroa-Guevara 4 B8 ¢ is a student at Universidad Privada del Norte,
specializing in programming and developing control systems for electronic prototypes.
His work includes the design, coding, and execution of final tests to ensure the functionality of
programmed circuits. With an interest in automation and control, he is committed to
continuous learning in emerging technologies. He can be contacted at the email:
N00287763@upn.pe.

Deyvis Jhosmar Gamarra-Pahuacho RIBd ©isan undergraduate student at Universidad
Privada del Norte in Lima, Peru, where he develops skills in implementing technological
prototypes. He mainly focuses on achieving project objectives by planning and
executing practical solutions. With experience in interdisciplinary collaboration, he seeks to
contribute to the development of engineering innovations. He can be contacted at email:
N00291822@upn.pe.

Internet of things meteorological station for climate monitoring ... (Jeremy Jared Rumiche-Cardenas)


https://orcid.org/0009-0004-7558-7739
https://orcid.org/0009-0002-4120-079X
https://orcid.org/0009-0005-2680-5303

ISSN: 2502-4752

Josue Daniel Quiroz-Grados B0 B3 © s a student at the Universidad Privada del Norte,
interested in the research and development of technological projects. Currently, he is focused
on achieving project objectives by designing and improving functional prototypes.
His academic training and practical experience prepare him to face the challenges of the field
of electronic engineering. He can be contacted at email: N00292493@upn.pe.

Jamil Segovia-Ojeda £:J B © is a student at the Universidad Privada del Norte, dedicated
to developing projects and implementing prototypes that integrate innovative electronic
alternatives. With experience in collaborative work, he has led and participated in academic
teams to achieve common goals. His focus is on combining technical knowledge and practical
skills to provide effective solutions in the field of engineering. He can be contacted at email:
N00217826@upn.pe.

Maritza Cabana-Céceres Bl 2 is a teacher-researcher who develops thesis
consultancies at various universities and leads projects related to Electronic Engineering.
She also gives presentations and constantly trains in technological innovations to develop
innovative solutions for the social environment. She is studying for university teaching.
She can be contacted at email: maritza.cabana@upn.pe.

Cristian Castro-Vargas RIEE develops electronics projects related to innovative 10T
solutions. He is responsible for several project teams, for which he provides training and
permanent monitoring, preparing them to have new independent capabilities in the field of
innovative project development. He can be contacted at email: cristian.castro@upn.pe.

Indonesian J Elec Eng & Comp Sci, Vol. 38, No. 2, May 2025: 755-766


https://orcid.org/0009-0004-8222-8523
https://orcid.org/0009-0001-4971-6996
https://orcid.org/0000-0002-3442-5950
https://scholar.google.com/citations?user=6LtiSx8AAAAJ&hl=es
https://www.scopus.com/authid/detail.uri?authorId=57219024045
https://www.webofscience.com/wos/author/record/KII-7411-2024
https://orcid.org/0000-0002-9696-8635
https://scholar.google.com/citations?user=s_CSmXoAAAAJ&hl=es
https://www.scopus.com/authid/detail.uri?authorId=57219258369
https://www.webofscience.com/wos/author/record/KII-6980-2024

