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Extended Abstract (1/2)

Background and Objectives: Nongsano Subdistrict, Lao Khwan District, Kanchanaburi
Province, Thailand, is a recurring disaster area frequently affected by droughts and windstorms,
which cause severe damage to agricultural yields and livelihoods. In response to these challeng-
es, this research transformed the arid land into the 999 Herbal Learning Center, High-Tech Khok
Nong Na Bamboo Garden for Developing Livelihoods—a model area integrating Internet of Things
(loT) technology for natural disaster prevention and sustainable agricultural development. The
project aimed to demonstrate how modern technology, combined with the Khok Nong Na model
and New Theory Agriculture principles, could restore degraded land, improve self-reliance, and
strengthen local livelihoods.

Methodology: The project employed a participatory action research (PAR) approach to
engage local farmers, community leaders, and administrative organizations in technology-driven
adaptation for disaster resilience. The process consisted of five key stages:

1) Design and Development of loT Systems for Disaster Prevention: loT technologies were
developed and installed to monitor and mitigate environmental risks. These included (a) a disaster
warning system using the Blynk mobile application, (b) a cloud-attraction system for artificial
rainfall induction, (c) a misting system to reduce dust and atmospheric temperature, (d) a drip
irrigation system for soil cooling and drought prevention, and (e) a water-level monitoring system
to prevent reservoir depletion. An Ecowitt automatic weather station was also installed to record

real-time weather data for comparison with 1oT sensor data, ensuring accurate environmental
tracking.

2) Web Application Development: A web-based dashboard was created to display
real-time weather data from the learning center, integrated with radar information from the Thai
Meteorological Department’s platform (weather.tmd.go.th). The system enables both local residents
SUSTAINABLE ™ s ) ' T
DEVELOPMENT T’ and the general public to access up-to-date environmental data, facilitating timely responses to
sudden climatic changes.

fRr el 13 S 3) Knowledge Transfer and Capacity Building: Training sessions and workshops were

conducted to transfer knowledge about loT applications for disaster prevention to community
_/\’\/\' @ leaders, subdistrict and district administrators, and local farmers. These sessions raised awareness
about the potential of technology to mitigate drought and wind damage while promoting the
adoption of modern agricultural innovations.
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4) Integration into Local Development Plans: The loT installation project was
formally incorporated into the Nongsano Subdistrict development plan, ensuring long-term
institutional support and expanding the use of technology across the entire subdistrict
and neighboring areas.

5) Transformation of Degraded Land into a Learning Center: The 999 Herbal
; = Learning Center was established on four rai (1.6 acres) of previously barren land that
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had no trees in 2021. A 4-meter-deep reservoir covering approximately 1.2 rai (30%
of the total area) was excavated, with a storage capacity of 7,000 cubic meters—sufficient to collect rainwater during heavy rainfall and supply
irrigation throughout the dry season. Around the reservoir, 999 species of herbs (approximately 1,000 plants) were cultivated using precision
drip irrigation. The surrounding bamboo belt helped reduce ambient temperature by 3 °C, increased relative humidity by 10%, and served as
a natural windbreak against summer storms.

Results and Findings: The integration of loT with the Khok Nong Na model successfully improved microclimatic conditions, soil
moisture stability, and ecosystem resilience. During the summer storm season of 2025, the learning center suffered no structural damage—
demonstrating the protective efficiency of its bamboo buffer and drip irrigation system. The project became a district-level model learning
center in 2023 under the “One District, One Royal Initiative Learning Center” program and was later recognized as a provincial model in 2024.

Thirty households adopted the model, each converting one rai of land from monoculture to integrated farming, creating a total of 30 rai
of sustainable green space. Members applied New Theory Agriculture principles by dividing land for reservoirs, mixed-crop cultivation, and herbal
planting. The project improved year-round water availability, diversified household income, and enhanced food and medicinal self-sufficiency.

To sustain the loT system, the community established a maintenance fund by allocating 10% of income from all product sales to
support equipment repair, upgrades, and technological expansion. Over 3,000 people from Lao Khwan District and other provinces have since
participated in hands-on learning visits, gaining knowledge applicable to their local contexts. The center now serves as a national model for
integrating smart agriculture and local wisdom to build community resilience.

Impacts and Sustainability: The impacts of this initiative can be summarized in three interrelated dimensions:

1) Social Impacts: The project enhanced local participation and collective responsibility. Farmers developed positive attitudes toward
sustainable land use, water conservation, and forest restoration following the “five-layer forest” principle. Women and youth gained new
vocational skills in herbal processing, packaging, and online marketing, contributing to daily, weekly, and monthly income streams. The learning
center was formally registered as a farmer organization under the Kanchanaburi Provincial Farmers Council, signifying institutional recognition
of community leadership.

2) Economic Impacts: Through integrated herbal and mixed farming, household incomes increased measurably. The diversification of
crops and the introduction of value-added herbal products helped reduce production risks and create steady income sources. The model has
been identified by the Kanchanaburi Provincial Farmers Council (2025) as a Success Case for agricultural disaster prevention and innovation-
driven rural enterprise development.

3) Environmental Impacts: The project restored degraded land, improved biodiversity, and reduced the local temperature and dust
levels. The efficient use of water and energy through loT-controlled systems exemplifies climate-smart agriculture. By balancing technology
with ecological principles, the center became a sustainable food and herbal production site resilient to climate variability.

Conclusions: The 999 Herbal Learning Center, High-Tech Khok Nong Na Bamboo Garden for Developing Livelihoods demonstrates
how the integration of modern loT technology with traditional agricultural wisdom can transform disaster-prone drylands into productive,
self-reliant learning ecosystems. The initiative not only revitalized the landscape and strengthened livelihoods but also established a replicable
model of sustainable community-based disaster prevention and smart farming for Thailand’s arid regions.

Keywords: Kanchanaburi Province, Internet of Things, Natural disaster, Drought, Wind disaster, Khok Nong Na
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Table 1 Disaster information in Kanchanaburi Province, 2020-2024

1. Muang Kanchanaburi District v v v
2. Saiyok District v

3. Bophloi District %

4. Sisawat District v
5. Thamaka District v vi

6. Thamuang District v

7. Thongphaphum District v

8. Sangkhlaburi District v v
9. Phanomthuan District v v v
10. Laokhwan District v v v v v
11. Danmakhamtia District v v
12. Nongprue District v

13. Huaikrachao District v v
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U (Laokwan District Agricultural Office, 2024) aviau iy
femausioudouniisuarueslan dufiedas Rewanienis
inwssLRevneynt enafisinosibiluiisunsiaada
WA, 2559-2568 Fam1aNdl 2 (Table 2) Wudn Huan(xngs

99 LsTlHustammaeFon uazansan udensanax
wazwgeanew el w.e. 2563 uaz w.a. 2566 HindaRiR
siasitiudshuasding g inupsnafi bihindseafnnsing s
Faaurianne uazinvionbunading gyini nananraunssans

' v
aA 0

findnsesgamdiud i fsumnudeneludaeSuiufan
AINAFBNITNUARNITNZUNUAE NS LA EIHANER
wiagaHnIASguazniaeuLnAsasaauinatinly

dy dl o o/ = v L o/
NUVIDUNBLAIVILY A5 BIVBNTIIANWI R (USTINTHAUIRI

Table 2 Annual rainfall (in millimeters) in Lao Khwan District, 2016-2025

26 0 15.6 6.9 70 132 153 102 194 224 56 0.81
23 0.007 57 13.9 228 88 164 233 115 200 45 36
2 15.7 29 97 154 63 40 84 165 171 16.4 31
1.28 5.4 4.1 40 145 116 45 84 132 59 13.7 0
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0.157 3.0 8.3 47 188 49 70 62 2368 - - -
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Figure 1 (a) The storm and (b) Damage at the 999 Herb Learning Center in 2022

Figure 2 The 4-rai area before the establishment of the 999 Herb Learning Center in 2021
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11 2023-08-22 23:00 260 % 00 0 yes no
12 2023-08-23 03:00 254 9 18.9 [ -
13 2023-08-23 07:00 299 75 7923 7 —
14 2023-08-23 11:00 345 57 9964 | 9
15 2023-08-23 15:00 35 59 7000 |6
16 2023-08-23 19:00 282 7 0.0 [
17 2023-08-23 23:00 265 8 0.0 0
0
6

Figure 3 Weather data from weather station sensors and data mining results
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w rapidminer

Smartphone Alert System via Line Notify

*  Alert system to activate the drip irrigation system (to prevent storms)

+  Alert system to activate cloud seeding for rainmaking (to prevent drought)
Alert system for pond water levels (to prevent floods)
Alert system to activate the misting system (to reduce PM dust)
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Figure 4 Designing Internet of Things (loT) technology to support natural disaster prevention
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Table 3 loT sensor set for measuring soil and air temperature/humidity and wind speed

NodeMCU ESP8266 is a microcontroller. It supports wifi connectivity 1508
ESP8266 for Arduino, and it supports the MQTT protocol (for loT).
USB connectivity: For uploading program code.
Small flash memory (RAM)
Standard jumper wire pins
Reset button and LED to view the status
Soil moisture Soil moisture sensor 308
sensor Uses 5V DC power supply
Connects to Pin AO
Wind speed RS485 wind speed sensor 5008
sensor Model PR-3000-FS
Uses 12V DC power supply
DHT22 Temperature and relative humidity sensor 808
sensor Temperature measurement range: -40 to 80 °C (+0.5 °),
== Relative humidity measurement range: 20% to 90% (+2%)
pEzen Measurement time: 2 seconds
Power supply: 5V DC
Waterproof DS18B20 submersible temperature sensor 608
temperature (or waterproof temperature sensor)
sensor Operating temperature rRange: -55 to +125 °C,
o Power supply: 3V to 5.5V DC
Relay module Switch for turning electrical devices on/off 408
220VAC (or Switch for operating electrical devices)
Supports 220VAC power supply
Centrifugal 2-Inch centrifugal water pump 2,0008
pump (For drip irrigation system)
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Table 4 IoT sensor set for monitoring wind direction, light, dust, air temperature, and relative humidity

NodeMCU ESP8266 is a microcontroller. It supports wifi connectivity 1508
ESP8266 for Arduino, and it supports the MQTT protocol (for IoT).
USB connectivity: For uploading program code.
Small flash memory (RAM)
Standard jumper wire pins
Reset button and LED to view the status
Wind direction RS485 wind direction sensor 5008
sensor Model PR-3000-FXJT-NO1
Power supply: 12V DC
® DHT22 Temperature and relative humidity sensor 808
:E E: sensor Temperature measurement range: -40 to 80 °C (+0.5 °),
.;.-E.;,.E Relative humidity measurement range: 20% to 90% (+2%)
gEzen Measurement time: 2 seconds
Power supply: 5V DC
LDR photoresistor | Light sensor 308
sensor Analog signal output: 0-1023
Power supply: 5V DC
Laser dust Dust sensor model GP2Y1014AUOF 2008
sensor Power supply: 5V DC
Relay module Switch for turning electrical devices on/off 408
220VAC (or Switch for operating electrical devices)
Supports 220VAC power supply
Submersible One 2-inch submersible pump (Dewatering pump) 1,5008
pump (For water jet/spray system)
Submersible One 1-inch submersible pump (Dewatering pump) 1,100B
pump (For mist spray/fogging system)
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Table 5 loT sensor set for monitoring pond water level and rainfall

NodeMCU ESP8266 is a microcontroller. It supports wifi connectivity 1508
ESP8266 for Arduino, and it supports the MQTT protocol (for loT).
USB connectivity: For uploading program code.

Small flash memory (RAM)

Standard jumper wire pins

Reset button and LED to view the status

Water direction Rain gauge sensor (or rain level sensor) 508
sensor Power supply: 3.3V DC
Ultrasonic Distance sensor (or ultrasonic distance sensor) 508
sensor Operates at a frequency of 40 kHz

Measures distance approximately 2 cm-4 m

Power supply: 5V DC

Laser dust Dust sensor model GP2Y1014AUOF 2008
sensor Power supply: 5V DC
Relay module Switch for turning electrical devices on/off 408
220VAC (or Switch for operating electrical devices)

Supports 220VAC power supply

Solenoid 1-inch brass solenoid valve, round head, AC 220V 5008
valve Power supply: 220V AC

(For the water filling/replenishing system in the pond)

Submersible 2-inch submersible pump (Dewatering pump) 1,5008B

pump (For the water removal/draining system from the pond)
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Implementation of an loT kit for monitoring
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‘ Implementation of an loT kit
for monitoring pond water level
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Figure 5 Implementation of an loT technology at 999 Herbal Learning Center, High-Tech Khok Nong Na Bamboo Garden for

Developing Livelihoods
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Figure 6 Weather dashboard of the 999 Herbal Learning Center; (a) Google sites web application for real-time weather

dissemination, and (b) Amount and direction of cloud movement referring to the data on weather.tmd.go.th/chnLoop.php
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anemdsanndaasinliAnnaiuliuazlanszun wesaan
ﬁ'qLLfmﬁ@uﬁmﬁLﬁﬁlﬂmmﬂwﬂwum (Office of Agricultural
Natural Resources and Environmental Planning, 2011) ﬂ’ﬁL‘WIN
ﬁuﬁmeLﬁufﬂmﬂmiﬁmuéqmmmuéfuﬁmu%l,ﬁuummq
LLﬁﬁfymifwhwgﬂsmﬂLmeimmLLmuﬁyﬁTﬁ (Chiamsathit
et al., 2020)
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Wawnszuuduges 5 il Uszneudian iwsesammngd
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sensor) WARIANANANAIAFIMANEINISLAREUTAY BRI ds
uas A mSUReNN uresTaUBNNnaHY (Rain gauge
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ANTLARDURAUBIRY (Soil drift sensor) RS UATI9TURUAAN
(Beltran et al,, 2021) neimMIATIURERMARERTIFY
AFINnTELazFaui eI TN TRLLLR AN STRgRIAnt
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sasidieyadnlTRLIUANIIANe399ngUnE0] 0T sensor 71
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faliiln arnfeyaqaansendedonayn 3 dalug vinli
AUNIUTBITULATUTIINIET1TUABTINIAATARLT LA
UTT TEAM ansnsa@iasnuaniunisniuazifiouiosssnn il
TR LAziUsEANBAM (Kamching & Homhuan, 2020) 119
W loT manadudanBezdmsusTuURnmauazFiamivian
LWUUAHIIRNe3Y Banstelndedneiinseunguazesing T
Ultrasonic HC-SR04 9a:fiU Arduino WARAWaSH TagolO LAy
ThingSpeak 10T WAHLAALIE LoRAWAN Fadnetn Hnasam
WANDTIR (Zokaria et dl., 2023) finaindiyatAanosinnmn
AEUUUSABININENNTevianEen1sYn Data analytics
eI WA 2536-2553 WWLIIABIBRNTNIAT (Time Series
Models — TSMs) indnaesitlanisilunisneansoiivion
Faustt a1 2554 wuLdaesnMsEeuSnaAEadns (Machine
Learning - ML) Tngdaulnejfe Tasednedssamidien (Artificial
Neural Networks - ANNs) inanenfhuuiudnansiilnsisinign
senanGfantdn N3sanfaesuILSaeeYNANeN (Hydro-
logical) Tams08n (Hydraulic) wazlaseingUszamiiie (ANN)
\dugpuundraasiiliunnfigadmiunianeinsoiimionly
sUL FEWSs iflasanniannausiugnmilanduazannuaanan
Tunnsuvd A Biusnen Tz (Byaruhanga et al., 2024)
4. {1 PM 2.5 feRTAn9sTsnTATIARTIuALE
anngrusstunnt Tnehull w.e. 2567 eufinantiaaiuuas
U33mMans13tuial sz Amaninngin1s A ngemae
HusrausieRufnadianin nedliuazessauman PM 2.5
Taefuiilafinazons PM 2.5 Tuussanieiall Sdwadsly
a1 24 dalus daud 150 Tulpansusegnuiedinnstuly

¥
5

- 215815 LLNDNTITN UL TIN WA

Ansiriu 5 1 WiRessmlsznaduannisiianugeemae
HuUsrauieRdRnstianiidn (Department of Disaster Prevention
and Mitigation, 2024b) NMFRMHITEUULTIFDHLNASHAFNTN
p1n79 AmsunnsiniTnGenneEeainie Tnald o ESP32
Fa3usTngomgRinnuEuniin DHT22 fdusinannaudindiuu
¥fim PMS5003 szuunsuaninauuuannlailngitiusing
uazMIudFaNNIHIzLL Line Notify Tnanantanaasstdann
A5uReraUnsRNuarAgANSIMIN 22 Wwig naaeulfu
gunsolsuaunsRnsuuulisunafoalangfisanas
86 (Siripanth et al., 2025) NITWAHIFUILLTEUUATITILUAY
wiaifeniuazeaslaetimaluladdumediialunasmas
Dust Sensor PMS3003 Gl’i'w;fmgu PM2.5 (Decharoenchitpong
& Tortrakul, 2019) nnst¥maluladdumesfintumnasands
sonfiumalulagansmumauaznisiamsdmiunaimii 4.0
AuanuRe TunMsmINSEIY loTATURNANTWLAT DD
ﬂmﬁl%ﬂuﬂmﬂ%mmﬂﬁuﬁuﬁ (Paranan & Petchwattananone,
2021)
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Figure 7 The water storage pond at the 999 Herb Learning Center
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