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Why Central Asia?

Central Asia is hardest hit by climate crisis

Dec-Jan-Feb 2022 L-OTI(° C) Anomaly vs 1951-1980
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The Third Pole: the largest reserve of freshwater
outside the polar regions

This region is the source of the 10 major river systems that provide irrigation, power and drinking water to almost 2 billion people in Asia—a
quarter of the world’s population
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Why Kyrgyzstan

Geography

93% area - mountains
Sharply continental climate
Avg altitude 2750 m a.s.|

Over 2000 mountain lakes

Impact of climate change:

The number of natural disasters had
increased,

Six times more floods in 2024
compared to 2023

The highest temperature peak
registered in 2024
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Cellular network coverage in Kyrgyzstan (areas in pink color) showing that rural areas with low population density and remote areas are not served

Cellular coverage in Kyrgyzstan



in and topography of Kyrgyzstan
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Tools: Internet of Things: sensors, end-devices

 2"d tier weather stations
e Barani Design Meteohelix,
* Barani Design MeteoRain,
* Barani Design MeteoWind

* Soil (soil moisture and
temperature, triaxial
accelerometer sensors)

* Seeed Studio
* Milesight

* Water (ultrasound distance |

sensors)

 Meratch
* Milesight
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Tools: Communication technology

Traditional LoRaWAN Architecture

Proposed LoRaWAN Architecture
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Technology: LoRaWAN data transmission | Disruption tolerant Milesight UG67

 MaTT

Gateways | BotRF for terrain profile.

Height in meters referenced to Radio Line of Sight between

ak-say and aksaycellularstation
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Profiles Between ak-say and aksaycellularstation (2.87° magnetic azimuth)
at 868 MHz for K=1.333
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Tools: Software

Relative air Humidity
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09/29 10/02 10/05 10/08 1oMm 10714 1won7
== Ak-say Last:75.00 %H Mean: 65.95 %H Min: 18.80 %H Max: 92.20 %H

== Baytik Last: 99.60 %H Mean: 68.81 %H Min:13.60 %H Max: 100.00 %H

== Kok-Moinok Last: 76.80 %H Mean: 58.04 %H Min: 13.60 %H Max: 93.60 %H
== Kyz-Kuyo Last:85.20 %H Mean: 6012 %H Min: 11.80 %H Max: 96.40 %H
== Tatyr Last: 99.40 %H Mean: 59.37 %H Min: 13.80 %H Max: 100.00 %H

Meteohelix Battery

415V 415V 415V
Ak-say Baytik Kok-Moinok
4.20 V 415V
Kyz-Kuyo Tatyr

Irradiation - Sunshine quality
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09/29 10/01 10/03 10/05 10/07 10/09 10/ 1013 1015 1017 1019 10721 1w0/23 10/25 10/27
== Ak-say == Baytlk == Kok-Moinok == Kyz-Kuyo == Tatyr

Air temperature

09/29 10/01 10/03 10/05 10107 10/09 om 1013 1015 1017 1019 1021
== Ak-say Last: 510 °C Min: -3.90 °C Max: 18.40 °C Mean: 7.40 °C == Baytik Last: -0.70 *C Min: -4.90 °C Max: 20.10 °C Mean: 7.50 °C

10/23 10/25 10f27

== Kok-Moinok Last: 0.80°C Min: -3.80 °C Max: 22.30 °C Mean: 9.78 °C == Kyz-Kuyo Last: 1.20 °C Min: -3.30 °C Max: 21.70 °C Mean: 10.31°C
== Tatyt Last: -0.40 °C Min: -2.50 °C Max: 20.30 *C Mean: 9.43 °C

Open-source software: OpenVPN | MQTT Protocol | Telegraf | InfluxDB | Grafana



* Reference weather station: Baitik (Baytik)

[ ]
P I I Ot * Tatyr landslide

*  Mudflows: Kyz-kuio, Boom Gorge | Kok-moinok, Boom Gorge

[ ]
I O Cat I O n S * Glacier lake outburst floods (GLOFs): Ak-say, Issyk-kul lake (1950m), Adygene glacier lake

(3500m)
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Implementation: Tatyr landslide

Tatyr lanasiide - Uit sensors

Galeway at the crossing of the lines from senosrs Kyrgyz Alyly Ethnographic Complex M Tatyr tilt1 angle x -9.48 ¢ -9.58° -8.70° -935° -872° N 985" -989°*
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5 73 atyr Gateway s " Sensor
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< ‘Sensor 3 ’ Sky Bridge
- Tatyr Ski base

Tatyr Landslide Al ) T [ nd

Tatyr tit2 angle x 34 282* 339* 286" 145* 1.54° 237 0.790*
Tatyr tit2 angle y -2.64° -2.08° -263° -2.52° 239° -262° -237°* 449"
Tatyr tilt3 angle x 0.0800 * 103° -0.550° -0.200 ° mze 124° 114" 152¢
‘Sensor 4
Tatyr tiit3 angle y -260°* -2.04° -3.20°* -3.02°* -165° -128* -0.090 ° -130°*
Tatyr tiltd angle x -2.22° 2.2° -146° -1.38° -155° =202° -165° -133°
42.65775 74.65926 3S¢n‘sor 5
Tatyr tiitd angle y -312° -226°* -158°* e -209° -137°* -355°¢ -357°*

Tatyr tiltS angle x =5.55° -5.81° -517° -4.89° -587° -595* -832* -860*

Tatyr ttS angle y 3.38° 430° 174* 107* a23* 496°* 591° 702*
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Insights: weather
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MeteoHelix: error daily cycle
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The histogram presents the error distribution of temperature measurements for the MeteoHelix sensor, indicating how many values fall
within specific error ranges. The majority of the data points (96.2%) are in the “not rejected” category, centered close to zero degrees

Celsius difference, suggesting minimal measurement error and reliable performance. This distribution demonstrates that the sensor
predominantly provides accurate readings, with a small fraction of outliers.



Insights: 2"9 tier vs 1%t tier weather stations
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MeteoHelix vs ref: 1 week temperature and error comparison
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Insights: weather station outputs: error distribution

M eteO H el iX: error d iStri bUtion MeteoHelix vs reference: T-T scatter and error distribution
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A smaller proportion (3.8%) of the data points fall into the “rejected” category, which likely represents

measurements with significant deviations that exceed acceptable error thresholds. This distribution demonstrates
that the sensor predominantly provides accurate readings, with a small fraction of outliers.



Insights: received sighal strength indicator

Tatyr - Received Signal Strength Indicator (©
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Insights

» LoRaWAN technology provides good opportunity to monitor locations with no/low cellular connectivity

» Gateways with built-in LoRaWAN servers, local data buffer and automatic retransmission after backhaul failures,
implement delay tolerant networks, well suited to operate well in extreme weather conditions

» Adoption of 2" tier weather stations provides an opportunity for monitoring wider audiences with lower budgets

* Mountainous areas are challenging for communication, both wired and wireless, but they also offer opportunities
for long distance wireless, by using high altitude sites and leveraging diffraction in sharp edges.

* Soil moisture and temperature sensors using resistant measuring method are not well suited for rocky
mountainous areas

* Glaciated, rocky, loamy soils (landslides, mudflows) would require special type of sensors
e Ultrasound sensors for river water level measurements are not suited for mountainous highly
turbulent rivers in steep gradient terrains

* Massive amount of generated data require machine learning algorithms to analyze and monitor natural disasters
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