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Scientific motivation

– Earth’s electric circuit

– Atmospheric ionisation

Field campaigns

– GRM – Gamma radiation monitoring – ENA (Graciosa island, Azores)

– RELECT campaign – Hyytiälä station (Finland)

– SAIL campaign (NRP Sagres, Atlantic ocean)

Outline



Earth-space interactions

source:
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Primary (emitted particulate matter)

Secondary (formation from precursor vapors)

Aerosols

Myhre, 2013



aerosol nucleation

- gas-particle conversion

- ion-induced nucleation

Primary (emitted particulate matter) Secondary (formation from precursor vapors)

Aerosols

Myhre, 2013

Ion-Aerosols attachment

– ion removal

– ions size / mobility
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Systems science / holistic perspective

Ambient radioactivity

+

Atmospheric conditions

+

Surface conditions

+

Electric field

Field campaigns

Azores – gamma radiation + atmosphere + surface - island

Hyytiälä – “ “ + soil Radon + electric field – high-latitude

SAIL – gamma + electric field + meteo -  over ocean



Gamma Radiation Monitoring [2015 - current]

GRM campaign - Azores

surface-atmosphere interactions



Gamma radiation & precipitation

GRM campaign - Azores
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Drop formation mechanism: 
slow condensation



Gamma radiation & precipitation

GRM campaign - Azores

15

Drop formation mechanism: 
slow condensation

Drop formation mechanism: 
fast collision-coalescence

Barbosa 2017
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Gamma radiation & precipitation

GRM campaign - Azores



Gamma radiation & soil moisture

GRM campaign - Azores

2015-08-26

2015-08-26

soil moisture effect: 

fast, highly non-linear



Gamma in air + Rn in soil + Electric field [ Jun-Dec 2017 – including  X class flare 9.3 on 09-06]  ‐

RELECT campaign - Hyytiälä



How it began

SAIL campaign

Celebration of the 500 years of the 1st circumnavigation

by the Portuguese Fernão de Magalhães (1519-1522)

NRP Sagres circumnavigation in 2020/21



Motivation

SAIL campaign

The Carnegie under full sail, 1909

source: the Carnegie Institute of Washington
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Motivation

SAIL campaign

1909-1921

2020

Global measurements over the ocean still used today as the reference

(the Carnegie curve)

Compelling motivation for XXI measurements:

* Climate change  → + convection → + lightning

* Pollution  → + aerosols → conductivity

Credit: Tommy Eliassen/Science Photo Library



How it began

Space-Atmosphere-Ocean Interactions in the marine boundary Layer

SAIL campaign

space / atmospherespace / atmosphere ocean

- physical

- bio /health

- Efield

- ions

- radiation(s)

- visibility/...

- GNSS

dissemination

- workshops

Trans-disciplinary

Open science
@sail_sagres



Set-up

Oct-Dec 2020

SAIL campaign



Earth-space interactions

SAIL campaign

source: Nuno Dias

1-sec measurements

- Atmospheric electric field
(2 sensors, ≠ heights)

- Gamma radiation (+ cosmic radiation)

- Ion counter (concentration + mobility)

- Visibility sensor

- Solar radiation + meteo (navy)

- Kinematic GNSS



Data collection

SAIL campaign

1-sec data from all sensors

~10 GB / day

5 January – 9 May 2020  (navigation)

15 May – 20 September  - Lisboa (port)

21 – 27 September – South coast of Portugal

since 27 September - Lisboa (port)



Preliminary results

SAIL campaign

gamma radiation – land /ocean contrast



Preliminary results

SAIL campaign



Open Science

SAIL campaign



Outreach

SAIL campaign



Earth-space interactions – holistic, trans-disciplinary perspective

Relevance of field measurements (+ models + lab )

“Low-cost” campaigns

– Available infrastructure

– Specific environments 

Open science (data, technical documentation,…)

Climate scientific basis

Concluding remarks



Susana Barbosa

susana.a.barbosa@inesctec.pt
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