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Doughnut and the nine planetary
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De nio planetara granserna

. Climate change

. Biodiversity

. Stratospheric ozone

. Ocean acidification

. Biogeochemical cycles

. Land use change

. Freshwater use

. Aerosols in the atmosphere
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. New chemical substances



BIOSPHERE INTEGRITY

Planetary
boundaries

CUMATE CHANGE
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{Not yet
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g NOVEL ENTITIES

LAND-SYSTEM
CHANGE
STRATOSPHERIC
OZONE DEPLETION
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FRESHWATER USE

.~ ATMOSPHERIC AEROSOL
.’ LOADING
(Not yet quantified)

Find legend here:
https://www.stockholmresilience.org/research/planetary-

boundaries/planetary-boundaries/about-the-research/the-nine-planetary-
boundaries.html

ACIDIFICATION

BIOGEOCHEMICAL
FLOWS

I Below boundary (safe)
I i z0ne of uncertainty (increasing risk)
B 8eyond zone of uncertainty (high risk)
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Global EU’s energy and climate goals by
2030:

e 40% lower GHG emissions compared to 1990
« 27% renewable energy
* 27% energy saving



Swedish Governmental
Framework Agreement
on energy

* By 2020: 40% GHG emissions (vs. 1990) & 50% renewable energy
e By 2040: 100% renewable electricity

* By 2045: No net emissions Of GHGS - thereafter achieve negative emissions.

W Government Offices of Sweden



Where is the
renewable energy?

Berg i dagen och
6vrig mark 3 %
Bebyggd mark 2,8 %

Naturligt grasbevuxen
mark 8 %

Golfbanor och skidpistar 0,1 %
Takter och gruvomraden 0,1 %

Jordbruksmark 8 %

Oppen myr
(exkl torvtakter) 9 % Skogsmark

69 %

(Stats Sweden)




Sweden’s share of
the world’s forests
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Varldens ledande exportorer
av massa, papper och sagade travaror 2011

Finland
Tyskland
Ryssland
Brasilien
Osterrike
Chile
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Kalla: Skogsindustrierna, CEPI, PPI, FAO, Nationella Foreningar
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Can the forest stock
deliver even further?
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Demand for biomass from forests
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Fig. 2. Semmary of potential increased demand of forest faels for energy purposes in Sweden. and as feedstock in the chemical and petrochemical industry replacing fossil
feedstock, in 2000 and 2050, respectively, and in comparson with potential sustainable increased supply of forest fuels based on current conditions, according to de Jong ot 2!
(201 7. The uncertainty intervals indicate the differences in forest fued demand due to the magnitede energy efficiency mmgeovement and electnfication in the vamous sectors
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(Borjesson et al., 2017)



Balancing other ecosystem services
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Foreseeing feedback effects

Dry and wet
ET deposition

Soil |

‘ solution Weathering
Nutrients

Fig. 1. The ForSAFE model. Climate input parameters (temperature and radiation)
drive the potential vegetation growth. Nutrient and water availability constrain the
potential growth to actual biomass growth and accumulation.

(Zanchi et al., 2014)




Acidification & nutrient imbalances
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North

Empirical evidence of
“biological acidification”
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Nutritional imbalances
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Fig. 4 Number of plots in the three foliar nutrient status classes. Each bar presents the number of plots in which the mean foliar con-
centration of the current-year leaves or needles falls within the thresholds set by Mellert & Gottlein (2012) for N, P, Ca, Mg and K and
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(a) Needle N/P ratio

0 _
T N limitation =
=1 -~ P limitation
S o
"é —
a
Z o
B I A =
I T T T T | T
1800 1850 1900 1950 2000 2050 2100
year
(b) Annual N&P uptake ratio
B 1.8 E
= :
-]
[=]
& o
5 3
Sy =
g |l e P
© T T T T T T T
1800 1850 1900 1950 2000 2050 2100
year
Net plant available P sources Net plant available P sinks
® weathering
# deposition ® biomass
» desorption * leaching

mineralization

(Yuetal., 2017)




Mapping nutrient budgets
with ForSAFE
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Upscaling
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Fig.3 Modelled tree biomass as compared 10 the estimated one based climase regrons from northern 10 southern Sweden). b One-to-one
on SNH data. a Comparison a the regional level (Meas: estimated comparson between measure-based (Meas) and modelled tree bao-
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Upscaling
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Fig. 3. Exceedance of critical harvesting in spruce forest at stem harvesting (a) and
whole-tree harvesting (b).
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Weaker increase in mineral weathering than

expected

CCSM

Anual weathering change (%)
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Combined higher temperatures and lower summer precipitation

Water deficiency change (%)
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(Belyazid and Zanchi, 2019)



Integrated assessment of multiple services
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Fig. 8. The grey lines represent the relative change of the indicators, Al (%), in the
INT scenarios compared to the BAS scenario at the end of the rotation period (option
B). Solid green line: INT1 (only residues); green dashed line: INT2 (residues and
additional thinnings); dark green dot-dash line: INT3 (residues and shorterrotation).
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Driver precedence:
Exchangeable base
cations
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Driver precedence:

Nitrogen leaching
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