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TEMBO Africa: Partners
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TEMBO Africa: Approach
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TEMBO Africa: Approach

4



TERENO-OZCAR 29 SEP 2023

1. Reduce costs (<10%) => sensors / HR
2. Earn money => services
3. (Free products)

TEMBO Africa: Approach
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TEMBO Africa: Seven sensors
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Atmosphere 1.1 Commercial Microwave Links for rainfall estimates (WP5, ≥1 contract)
1.2 X-Band radar for spatial rainfall estimates (WP5, ≥1 station)
1.3 Intervalometers for rainfall detection and typification (WP5, ≥50)

Land Surface 1.4 Cost-effective neutron counters for large scale soil moisture (BLOSM) 
(WP6, 20 operational)
1.5 Low cost GPS/GNSS receivers for mapping and multiple additional 
applications (WP7, 10 operational)

Open Water 1.6 Camera-based river discharge measurements (WP7, 10 operational)
1.7 UAVs, fish-finders, and GNSS (WP3, 7, ≥10 water management systems)
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1. Rainfall Maps
2. Soil Moisture Maps
3. Open Water
4. River discharge 
5. Floodplain Mapping & Bathymetry

TEMBO Africa: Five products 
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GEOSS
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1. Flood Early Warning Systems
2. Reservoir Management
3. Agriculture Insurance

TEMBO Africa: Three Services
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3 Services
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TEMBO Africa: Transects



TERENO-OZCAR 29 SEP 2023

TEMBO Africa: Intervalometer
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TEMBO Africa: Intervalometer

Inhomogenous
Homogenous

Poisson 
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TEMBO Africa: Intervalometer



TERENO-OZCAR 29 SEP 2023

TEMBO Africa: Intervalometer
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TEMBO Africa: Intervalometer

TAHMO Network 600+ stations
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Cosmic rays

Soil moisture

Edward van Amelrooij

TEMBO Africa: BLOSM
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Neutrons:

Fast (20,000 km/s)

Thermal (200 km/s)

Cosmic rays

Hendrick and Edge (1966)

TEMBO Africa: BLOSM
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Cosmic rays:

Large radius (300m)

Soil moisture
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TEMBO Africa: BLOSM
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COSMOS (r=300m): 3He

Soil moisture

TEMBO Africa: BLOSM
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Cosmic rays:

Fast (20,000 km/s)

Thermal (200 km/s)

Soil moisture

Zreda et al. (HESS, 2012)

TEMBO Africa: BLOSM



TERENO-OZCAR 29 SEP 2023

3He

TEMBO Africa: BLOSM
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$100 muon detector (Spencer Axani, MIT)

TEMBO Africa: BLOSM
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Silicon Photon Multiplier (SiPM)

$100 muon detector (Spencer Axani, MIT)

TEMBO Africa: BLOSM
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Boron: 20% 10B !!!

TEMBO Africa: BLOSM
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Alpha particle

BN

TEMBO Africa: BLOSM
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Fluoresces

ZnS(Ag)

TEMBO Africa: BLOSM
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TEMBO Africa: BLOSM
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Kuraray

Wavelength
Shifting 
Fibers

TEMBO Africa: BLOSM
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Sandwich

TEMBO Africa: BLOSM
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Boron: 10B5 + 1n0 → 4He2 (α)+7Li3 + 2.38 MeV

First results

TEMBO Africa: BLOSM
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System

TEMBO Africa: BLOSM
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Moderated Bare
TEMBO Africa: BLOSM



TERENO-OZCAR 29 SEP 2023

Soil moisture

Field

TEMBO Africa: BLOSM
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PPP & Atmospheric moisture

TEMBO Africa: GPS/GNSS
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TEMBO Africa: GPS/GNSS



TERENO-OZCAR 29 SEP 2023

TEMBO Africa: Cameras

Large Scale Particle Image Velocimetry

https://openrivercam.readthedocs.io/
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TEMBO Africa: Cameras

Challenge:

Large rivers
Natural floodplains (kms)
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TEMBO Africa: Riverflow

1. Measure bathymetry (fish finder + GNSS)
2. Measure floodplain topography (UAV + GNSS + SRTM)
3. Measure level (GNSS and/or camera)
4. Measure speed at surface (camera)
5. Integrate along profile => Q
6. Repeat => Q(h)
7. Assimilate => error / change bathymetry
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