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Sisalto

Biogeokemialliset palautemekanismit

Biofysikaaliset palautemekanismit

Miten metsanhoitotoimet nakyvat palautteissa?

www. helsinki.fi/yliopisto



Biogeokemialliset ja biofysikaaliset
palautejarjestelmat (1)

The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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Ekosysteemien hiilivarastot:
Boreaalinen << trooppinen

Maaekosysteemeissa on varastoituneena n. 2100 Gt C, lahes 3 kertaa
enemman kuin ilmakehéassa

LAND AREA CARBON STORAGE
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Missa hiilivarastot sijaitsevat?

TROPICS: Most of the carbon is
in vegetation, with biomass
estimates of 170-250t C hal

Soil carbon pools 90-200t C hat
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BOREAL: Plant biomass 60-100 t C ha!

Due to low temperatures, decomposition in
boreal forests is slow—> large accumulations
of carbon in the soil pool (116-343 t C hal)

R

Source: adapted from Olson et al, 2001,

Photo: Sari Timonen
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Hiili maaperassa

Soil Organic Carbon Density

Soil Organic Carbon Density (kg-C/m2 to 1m depth)
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|

Dats taken from: IGBP-DIS Global Soils Dataset (1998)
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Atlas of the Biosphere

Center for Sustainability and the Global Environment
University of Wisconsin - Madison

Carbon turnover time:

Boreal conifer forest zone
350 years
Temperate forests
5-20 years
Mediterranean forests
4 years
Tropical forests
0.4 years
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Euroopan metsien hiilivirrat

Fossil fuels

Fires Decomposition '.:;"5356 1 !0 60 Tg c

Rising emissions of CO, and nitrogen

7 Tg C 533 Tg C teragrams of compounds are helping to make

carhon mature forests net carbon sinks.

Wood-product
decompositon
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sink harvest
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Harvested wood can

In 1990-2005, Europe’s 1.5 million square kilometres replace fossil fuels or
of forests absorbed about 100 teragrams of carbon energy-intensive materials.

more each year than they released, or 10% of the
c A R B 0 N region’s fossil-fuel emissions. Carbon is absorbed by
growing trees and is released during decomposition

CYCLE and burning. Wood products act as a temporary Be”assen & Luyssaert (Nature, 2014)

carbon sink, and can substitute for fossil fuels.
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Hillinielun muutokset:
Boreaaliset metsat >> tropiikki
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Observed substantial increase of 18}

the seasonal cycle of CO, over
the last 50 years indicates that the
land uptake is changing in
northern latitudes, especially in :
boreal forests

5 25 35 45 55
Latitude (*N)

CO_ amplitude (ppm)
ra

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI Graven et al 2013

www. helsinki.fi/yliopisto



Pohjoisessa suuri muutos hiilen
varastoissa ja sidonnassa
Ilmastonmuutoksen seurauksena

- Kasvukauden piteneminen
Table4 Overview of expected effects of CO,, temperature, ’ KeSkllampOtllan muutos
precipitation, N-deposition and management on NBP and its o Sgdemaaran ja _jakauman muutos

component fluxes

MNPP Ry, H F D NBFP _ .
— . o o - > ° Maaperanvarastot ja prosessit
Temperatre  + 0 PR herkkia lampotilan muutoksille
Precipitation  + + 0 s 2 (mutta suuret epavarmuudet!)
MN-deposition + [y 0 0 - + . T )
Management -+ N Kasvilajiston muutokset (Arctic
greening)
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Biogeokemialliset ja biofysikaaliset
palautejarjestelmat (1)

The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
3
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I II
Small clusters and Critical size
molecules for clustering
= No direct connection to NPF
* Very slow growth .

- Determines J, .

> > @ -]
@ @ ’ bl <@ @ T e
= @ Y @ Q@
5 ‘_al J\ l‘ o > D
= o @° o : ; "‘ 3@
2 @
L > Y
®, 02 9 ﬁ
> = [*] @
@ -

Key processes:

Gas-phase ions,
cluster form ‘evaporation

e Sulphuric acid and amines .
Slowly growing (<1 nm/h) .

Palautemekanismi ilman
kemiallisen koostumuksen kautta

111
Growing
clusters
Low-volatile organics
Rapidly growing (~2 nm/h)
= Nano-Kdéhler
« Determines J,

oot Activatio clusters for
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; i -
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e Kulmala et al. 2013 Science
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CO, —ilmasto —palautemekanismin
kKvantifioint

Climate sensitivity 0.8 K/(W/m?),
equalling 3C warming for doubling of CO,
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Earth System Model simulations of the
feedback mechanism

{ L \

\\\ \_)
Y - CsS, AtOt’ Vtm

_ Diffuse radiation -+
T f= Global radiation

Two experiments with Norwegian Earth System Model
1) with COBACC mechanism turned off (red)
2) with fully interactive feedbacks

N | CO, is doubled in both systems and resulting climate is analyzed




Monoterpene emission 76 Tg yr+

Aerosol number concentration
(W.r.t. 1xC02)
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Monoterpene emission 100 Tg yr+
(32% increase with AT=3.2 K)




Boreaalisissa metsissa on suuri potentiaali
biofysikaalisen palautemekanismin
tenhostumiseen ilmaston muuttuessa

- Kasvukauden piteneminen

« Ennustettu lampdotilan muutos suuri (jopa 6C vuoteen 2100
mennessa)

« Kasvillisuuden VOC péaastot kasvavat

* Arctic greening ja muut lajistomuutokset suosivat suuria
kasvillisuuspaastoja
 Positiivinen lampdétilavaste ja paastojen reaktiivisuus
* Pohjoisten teollistuneiden alueiden saastepaastojen kehitys
vaikuttaa palautteisiin (rikkihappo, otsoni)
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IPCC AR5
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Voiko sateilytaseeseen vaikuttaa
metsanhoidon avulla?

Radiative forcing (Watts per square metre)

The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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Yhteenveto

1. Hiilen sidonta (tropiikki) ja maaperan hiilivarat (boreaaliset
metsat ja suot) tuottavat merkittavan biogeokemiallisen
IImastopalautteen

2. Biofysikaalinen palaute ilmakemian ja aerosolien kautta
lisaantyy ilmaston lammetessa erityisesti boreaalisella
vyohykkeella

3. Metsanhoidon ja hairididen vaikutus palautejarjestelmiin on
merkittava
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