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 Compare how two major forest types
interacts with the atmosphere and
climate.

* Explore how these forests ecosystems
affect and are affected by atmospheric
processes.

* Focus on the “natural” systems and
their interaction.




Alarming findings:

* Climate change, temperature and precipitation changes are inducing major changes in
the ecosystem and thus all interaction with the atmosphere.

* The tropical forest is most likely in a transition phase strongly affecting its interaction
with the atmosphere. It is no longer a carbon sink and decreased evapotranspiration
reduce precipitation down wind.

* The continental boreal forest experience increasing occurrence of fires due to dryer
and hotter summers.



Key findings on similarities and differences on aerosols

* Continental boreal and Amazon tropical forest similar on
* Particle chemistry, organic dominates
 Size distributions, nucleation in boundary layer very rare
* Biomass buring is the major source during warm and dry periods
* Hygroscopic and optical properties during clean conditions

e Continental boreal and Amazon tropical forest differ
e ZOTTO 2-3 higher SO2 and BC background concentrations
e« ZOTTO monoterpene and ATTO isoprene driven SOA formation

* Finnish boreal site Hyytiala show higher background concentrations,
chemistry and size, much more frequent nucleation than the continental
boreal site ZOTTO which also has more undefined NPF.



General findings:

* The understanding of land-ecosystem-atmosphere has increased considerably lately,
but still on a global scale the knowledge is only in many parts rudimentary concerning
emissions, atmospheric chemistry, particle formation and effects on clouds and
climate. The feedback processes are mostly hypothetical where many interfering
processes are not well known.

* The really remote continental boreal forest seems at the moment least studied and
where major ecosystem changes are expected to be large due to climate change.

e Climate change, temperature and precipitation will induce major changes in the
ecosystem and with that in the interaction with the atmosphere. The forest carbon sink
might be gone before we know. Knowledge and measurements needed!!!

* More supersites are desperately needed!!! | wish for a CaTTO, The Canadian Tall Tower
Observatory, placed as remote as ever possible in the Canadian Boreal Forest.



The boreal forest and important observation sites

Covers 10 % of the global land area, i.e. 30% of forested area, 1/3 of forested carbon

store.
Winter and summer, large temp differences, about 0.5 (0.2-1) m annual precipitation with
a maximum during summer



The tropical forest and the observation site

Tropical forest land based on UN FAO FRA 2000
dataset. Mark Marathon, 2017. Licensed under
the Creative Commons Attribution-Share Alike 4.0
International license.

Covers 16 % of the global land area, i.e. 50 % of forested area,
1/2 of forested carbon store.

Dry and wet season, small temp difference, generally >2 m annual

Tropical Forest Types precipitation with a maximum during Nov — March (i.e. summer)

Tropical other wooded land

| Tropical open/fragmented forest The tropical and boreal forests, >% of all forested areas
- Tropical closed forest The forested area is 40 milj km2, 31% of global land.



https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/4.0/deed.en

ATTO, Amazonas Hyytiala (SMEAR2), Finland ZOTTO, Krasnoyarsk

A
X
:

“’m n‘p '

. R

+ many large field campaigns



PM1 Mass Concentration (ug/m?3)

[N
!\J
o

[N
o
o

g
o

6.0

4.0

2.0

0.0

Observations; Atmospheric Chemistry

Organics dominate the aerosol in both the boreal and tropical forest

PM1 Aerosol Composition at ATTO ACSM 2014-2016
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Meteorology in both the boreal and tropical forest strongly
affect the aerosol, concentrations and properties.
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Biomass burning are the dominating source in both the boreal and
tropical forest during the summer (May — September) and dry periods.
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Aerosol Optical Depth (AQD) for several sites in Amazonia
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Urban emissions boost natural atmospheric chemistry over the Amazonas
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(S et al., 2018, 2019)



Tropical Aerosol Size Distribution shows seasonal and altitude dependence

. (a) Wet Season . (b) Dry Season
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Boreal Aerosol Size Distributions reveal large differences between Siberia
and Fennoscandia.
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New Particle Formation (NPF) is
common at Hyytiala but very rare at

ZOTTO.

NPF at Hyytiala is detected in clean air masses
from the Arctic Sea or very North Atlantic. The
aerosol is sampled in the forest canopy

Zotto is located 1500 km from the Siberian Coast
in the central Siberia and the sampling at ZOTTO
is at 320 meter altitude.
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Out of 752 days with valid measurements, only 11 were new particle
formation events, 83 were undefined and 658 were non-event days.
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The average formation rate (J15)
and growth rate at clear events are
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6.4*1072%) and 2.4 nmh (0.8 -4.6),

Fig. 1. Statistics of new particle formation (NPF) events in each month during the experiment period. respectively

Wiedensohler et al., Atm Env 2019
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Northern Amazonin suggesting
nucleation (Krejci et al., 2003).

Martin et al, 2010, Reviews of
Geophysics “The original intent was to
describe observations over Suriname, but
the processes depicted are applicable to
the wider Amazon Basin.



Scattering

Mm-1

Absorptiom

Single scattering albedo

35
30
25
20
15
10

o

Mm-1

1.00

0.95

0.90

0.85

0.80

Aerosol Optical Properties

Boreal sites Amazonia
Osp 1l @)
O (] 1
- em o 1L
AP - 1L o
a
a dL
| | IE 1
1r O
- Gap
(] [ |
a © e 1L
A @ o
o o Am e O
1 1 il 1 1 1
(m] SSA
Al el
a (@)
(m] Qo 1L
an @ o
(] [ | 1L
Al = ®
Winter Spring Summer Autumn Season: Wet Dry

@ Hyytiala

A Pallas, all

A Pallas, continental
W ZOTTO, polluted
OZOTTO, clean

O ATTO

Scattering and absorption show
ATTOwet = ZOTTO clean

ATTOdry >> Hyytiala = ZOTTO polluted

Data from Virkkula et al. (2011), Lihavainen et al.
(2015), Chi et al. (2013), Saturno et al. (2018).

Seasonal variations of o, G,, and SSA

at the boreal forest sites Hyytiala, Pallas and ZOTTO and
ATTO.

All o, are at A=550 nm, at Hyytidla and Pallas also &,
and SSA are at A= 550 nm. At Zotto ,, and SSA are at
A=574 nm and at ATTO &,, and SSA are at A=637 nm



Increased scattered light increase C uptake!

0- —Dry Season - NEE increase: 46 % Effects of aerosols on carbon

—Wet Season - NEE increase: 24 % uptake expressed as Net Ecosystem
Exchange (NEE) for dry and wet
seasons in a LBA tower in Rondonia
(Rebio Jaru), Amazonas.

Negative NEE = uptake of C

NEE (umolm™s™)

(Cirino et al., 2014)
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Inorganic fraction determines hygroscopicity

but ATTO more sensitive!

Relationship of the composition-derived
-;—250 hygroscopicity parameter k to the binned and
v CES averaged ratio of organic (OA) to inorganic (IA) aerosol
Ball components for:
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Note that the asymptotic-like approach of the curves
TN , - towards 0.1 is due to the assumption of kg = 0.1.
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Larger particles less hygroscopic in the tropical forest

Hygroscopicity parameter «
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for boreal and tropical forests.
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25th and 75th percentiles. Legend entries also
indicate the slope of the linear regression y = ax +b
fit.

Figure from Paramonov et al., 2013.



BVOC emissions strongly dependent on ecosystem type

* Major and clear difference is isoprene is the primary SOA precursor in
the Amazonas and monoterpenes in the boreal forest.

* The BVOC emissions are highly sensitive to landuse change, climate
change, and other disturbances but our limited understanding of the
processes controlling the specific responses makes it difficult to
guantitatively compare and contrast tropical and boreal ecosystems.



Similarities and differences

e ZOTTO and ATTO similar on

* Particle chemistry, organic dominates

 Size distributions, nucleation in boundary layer very rare

* Biomass buring is the major source during warm and dry periods
* Hygroscopic and optical properties during clean conditions

e« ZOTTO and ATTO differ
e ZOTTO 2-3 higher SO2 and BC background concentrations
e« ZOTTO monoterpene and ATTO isoprene driven SOA formation

e Hyytiala show higher background concentrations, chemistry and size, much
more frequent nucleation. Zotto has more undefined NPF. Time
perspective?



The ecosystem take up CO, and CH, in the boreal forests
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Boreal forest takes up
about 80 ton C / km? year

Ni and Groffman (2018).



Less rainfall and more dryness decrease C-uptake in the Amazon
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Measurements as ATTO show decrease from about 50 ton C uptake
per km? and year to zero uptake during the last years !!



Normalized VPD

Major change in the hydrological cycle, The forest return less of the precipitation to

the atmosphere!!

Figure show Increase in vapor pressure deficit (VPD) in Southeast and Northwest
Amazonia from 1979 to 2016. From Barkhordarian et al., 2019.
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Land atmosphere exchange of CO,, CH, and other trace gases
are affected by climate change.

* According to Global Carbon Project the global forests take up 29% of
anthropogenic CO, emissions, i.e. about 3.2 Gton C /y=80ton C /y
and km?

* Forest Net Ecosystem Exchange is regulated by rainfall, and any
changes in the hydrological cycle affects CO, exchange. Recent
increase in extreme events are reducing the net uptake of CO, and
evapotranspiration of H,O in Amazonia.

* Tropical forests are the major source of N,O, due to high nitrogen
turnover. N,O and CH, are emitted by tropical soils, and increase in
global temperature can change these fluxes.

* Tropical flooded areas are a major source of CH,, as well as boreal
regions with permafrost.



Land atmosphere exchange of CO,, CH, and other trace gases
are affected by climate change.

* CO and O; precursors from biomass burning are key to regulate oxidative
processes in the atmosphere.

* Ozone damage to plants can reduce significantly the CO, uptake for tropical
forests. OH reactivity is controlled by VOC emissions and reactions, and is
key to atmospheric lifetime of key gases.

* NO, regulates the pathway of VOCs oxidation.
* SO, emissions are important to NPF even at very low concentrations.

* The effect on atmospheric composition, and thus feedback on climate,
due to climate change is not known!



Ecosystem feedback processes
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AT LAST final conclusions

* The understanding of land-ecosystem-atmosphere has increased considerably lately,
but still on a global scale the knowledge is only in many parts rudimentary concerning
emissions, atmospheric chemistry, particle formation and effects on clouds and
climate. The feedback processes are mostly hypothetical where many interfering
processes are not well known.

* The really remote continental boreal forest seems at the moment least studied and
where major ecosystem changes are expected to be large due to climate change.

e Climate change, temperature and precipitation will induce major changes in the
ecosystem and with that in the interaction with the atmosphere. The forest carbon sink
might be gone before we know. Knowledge and measurements needed!!!

* More supersites are desperately needed!!! | wish for a CaTTO, The Canadian Tall Tower
Observatory, placed as remote as ever possible in the Canadian Boreal Forest.



