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Outline

Scientific motivation
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- Earth’s electric circuit

- Atmospheric ionisation

Field campaigns
- GRM - Gamma radiation monitoring — ENA (Graciosa island, Azores)
- RELECT campaign - Hyytiala station (Finland)
- SAIL campaign (NRP Sagres, Atlantic ocean)
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Earth-space interactions

Systems science / holistic perspective
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Earth’s electric field

ionospheric potential
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V~250 kV Solar activity
T & oAb Ak e § A Geomagnetic field
T lonosphere Global thunderstorm activity

~1000
thunderstorms
active at any one
time on Earth




Earth’s electric field

ionospheric potential

V~250 kV
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~1000
thunderstorms
active at any one
time on Earth

Solar activity
Geomagnetic field
Global thunderstorm activity

Atmospheric conductivity
* aerosols

* jonisation



Aerosols

Primary (emitted particulate matter)
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Aerosols

Primary (emitted particulate matter)  Secondary (formation from precursor vapors)
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. . " aerosol nucleation
' . o - gas-particle conversion
L !' ' ‘a’ - ion-induced nucleation
& & ‘. 1 -
EN # aerosols
@ Sulfuric acid vapor

@ Low-volatility organic vapor
# Ammonia or amine vapors

lon-Aerosols attachment

- ion removal
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Atmospheric ionisation

> 10 km - cosmic radiation
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Atmospheric ionisation

> 10 km - cosmic radiation < 2km - ambient radioactivity
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Earth’s electric field

ionospheric potential

V ~250 kV
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Solar activity

+ + + + + + + + 4 Geomagnetic field

_I_
T lonosphere

Global thunderstorm activity

~1000
thunderstorms
active at any one
time on Earth

Atmospheric conductivity
* aerosols

* jonisation

Space / earth processes

Global / Local processes

Climate-driven / Climate-drivers




Field campaigns

Systems science / holistic perspective
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Ambient radioactivity
+

Atmospheric conditions
+

Surface conditions
+

Electric field




Field campaigns
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Systems science / holistic perspective

Ambient radioactivity
Azores — gamma radiation + atmosphere + surface - island

+
Atmospheric conditions _ _ o _ _
Hyytiala — “ “ + soil Radon + electric field — high-latitude
+
Surface conditions SAIL — gamma + electric field + meteo - over ocean
+

Electric field




GRM campaign - Azores

Gamma Radiation Monitoring [2015 - current]
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surface-atmosphere interactions

AZORES

ATLANTIC OCEAN

U.S. Department of Energy

R e Eastern North Atlantic

2016 2017 2018 2019




GRM campaign - Azores

Gamma radiation & precipitation
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GRM campaign - Azores

Gamma radiation & precipitation

% variation in gamma
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GRM campaign - Azores

Gamma radiation & precipitation

Day 128
= L
g /\
- +
E = - 4 -|+
=
=,
: \
ﬂ:M_ n
E +y
& ++++ + ! Hart i ; o
S o +++++++++++ N H+ ++++++++++++++++++ S R SO R S o R Y
tahbad Faaptt et
I | | | I | I I | I I | | I I | | I | | I | | I
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
hour
Day 161
++
.
T © +
2 \
C <t — o ;
: il
O ! o
g~ ' .
= = f! L] ++_|_+
] bt 4 -+ P47 ++a
Y R AR AR e R e a k= i o L = TR el ool P AL TR o
++ :
E-=———.3] M—:

| | I | | | |
o 1 2 3 4 5 6 7 8 98

I | I | | I | | | I |
10 11 12 13 14 15 16 17 18 19 20
hour

1 1
21 22 23

mm/hotir

mm/hour



Q -
L GRM campaign - Azores X
(& o .
g Gamma radiation & precipitation : z
Z Day 128 2 J
= Tt # A

= / \ *

2+ e i 3

\ E

2 N o _

E : * : : _ .

BO-  Hp, HHRTTT N T 4 ty i +++++++++-++++*++++++++++++++ e 3 -

A : ) P, | -

I | I I | |
0 1 2 3 L 5 6 7 8 9 10 11 12 13 14 15 16 17 1

hour
=
3
0
o
Day 161 5
o
ot
++ 2
gﬁ— + =
@ \ *
E <— + o
3 + + 8
© 4 Th &
E o~ + + . : : 5
c . k I & iy s Y
|++ " ] + ke + ¥ a o ' '1‘-. -_- A
O O+ttt AR T o a k= i & T L S A N ! el
++ E ) (N
| i M j _,/" __._? )
I | | I —
0

I | | | | | I | I | | I | | 1 - - - - =
1 2 3 4 5 T 8 9 1M 11 12 13 14 15 16 17 18 19 20 21 22 23
hour




GRM campaign - Azores

Gamma radiation & precipitation
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GRM campaign - Azores
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Gamma radiation & soil moisture . 2015-08-26 _ 2
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RELECT campaign - Hyytiala

Gamma in air + Rn in soil + Electric field [ jun-Dec 2017 - including X-class flare 9.3 on 09-06]
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SAIL campaign

How it began

Celebration of the 500 years of the 1st circumnavigation

by the Portuguese Fernao de Magalhaes (1519-1522)

NRP Sagres circumnavigation in 2020/21




SAIL campaign

Motivation
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The Carnegie under full sail, 1909
5 _

source: the Carnegie Institute of Washington




SAIL campaign

Motivation
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The Carnegie under full sail, 1909

source: the Carnegie Institute of Washington

E,V/im

Atmospheric electric field — Carnegie curve

hour of day

1
18

source: Harrison, 2013
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SAIL campaign

Motivation

Atmospheric electric field — Carnegie curve

Africa

Flashes / second

E,V/im

hour of day

Time of Day (UT) ‘; ‘: 1'2 1'8

source: Harrison, 2013



SAIL campaign

Motivation

Global measurements over the ocean still used today as the reference
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1909-1921 .
J—— (the Carnegie curve)

Compelling motivation for XXI measurements:
* Climate change - + convection - + lightning

* Pollution - + aerosols — conductivity




SAIL campaign

I L Space-Atmosphere-Ocean Interactions in the marine boundary Layer
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SAIL campaign

Set-up
Oct-Dec 2020
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SAIL campaign

Earth-space interactions
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1-sec measurements

- Atmospheric electric field
(2 sensors, # heights)

- Gamma radiation (+ cosmic radiation)
- lon counter (concentration + mobility)
- Visibility sensor

- Solar radiation + meteo (navy)

- Kinematic GNSS

Grafana




SAIL campaign

Data collection

List * -
Chegada 10JAN21|
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At
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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)



SAIL campaign

Preliminary results
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gamma radiation - land /ocean contrast
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SAIL campaign

Preliminary results
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SAIL campaign

Open Science

Project SAIL community

Recent uploads

February 82021 1) View
SAIL campaign - Technical report on Sensor Data correction

(& Amaral, Guilherme; & Dias, Nuno,

Technical report on the correction of sensor data from the SAIL campaign

Uploaded on February 8, 2021

View
SAIL campaign - Technical report on GNSS Post-processing

(& Ferreira, Antdnio;
Technical report on the post-processing of GNSS data from the SAIL campaign

Uploaded on January 18, 2021

£ New upload

Community
Space-Atmosphere-
Ocean Interactions
in the Marine
Boundary Layer

Project SAIL community

Project SAIL (Space-Atmosphere-Ocean
Interactions in the marine boundary Layer) Zenodo
community. SAIL aims to improve the scientific
understanding of the marine boundary layer by
means of an unigue menitoring campaign on board
the ship-rigged sailing ship NRP Sagres during its
2020 circumnavigation expedition.
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SAIL campaign

QOutreach

F UV

: :

VOLTA AD MUNDO
EM ELETRICIDADE

O Sagres zarpa em janeiro para comemorar a mais venturosa
das expedigdes maritimas e recolher dados que ndo sao
recolhidos ha quase um século, mas que poderao revelar-se
determinantes no estudo das alteragdes climaticas

SSIEE
L
«A viagem de Magalhdes foi feita devi-
doao conhecimento cientifico e, por sua
vez, deu um grande impulso A ciéncia.
O que nos deu a ideia: por que ndo me-
ter projetos cientificos nesta missio?»,
recorda Mauricio Gamilo.
O mote estava dado: guando iniciar a
rotade Magalhies, aSagres levard consigo

trie mrnistac de dmhitn aenlAien. i

Viagem da Saes aj

4

J :-. jm
uda
a prever mudancas climaticas

Objetivo do projeto SAIL, do INESC TEC, &€ melhorar os modelos de estudo do clima e da saude
dos oceanos. Recolhidos todos os dias 13 GB de informagio para investigar durante trés anos

i

QUTROS DADOS

HA cem anos
Aultima medigio do
campo elétrico da at-
mosfera numa expedi-
o global a bordo de
um navio acontecen
entre 1907 € 1920, com
0norte-americano Car-
negie. Depois, 0 russos
tentaram uma expedi-
o no Atlantico, e 03
japoneses no Pacifico.

Microplisticos
Hé outro projeto de
investigagioa bordo
donavio que vai mo-
nitorizar o lixo mari-
nho e medir a quanti
dade de microplisticos
no oceano, realizado.
com o Instituto Hidro-
grifice. Os dados vio
contribuir para ma-
pear zonas de acumu
lagio e avaliara saiide
dos peixes.

Apoio do Governo

O Ministério da Defesa
Nacional e o do Am-
biente e da A¢éo Cli-
matica garantiram um
financiamento de 200
mil euros aos rrabalhos
de investigagio a bor-
do da Sagres, através
do Fundo Ambiental.
Metade é para 0 SAIL,
nogual o INESC TEC
prevé investir 300 mil
nototal.




Concluding remarks

Earth-space interactions — holistic, trans-disciplinary perspective
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Relevance of field measurements (+ models + lab )
“Low-cost” campaigns

- Available infrastructure

- Specific environments
Open science (data, technical documentation,...)

Climate scientific basis




Susana Barbosa

susana.a.barbosa@inesctec.pt

INESCTEC
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