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* research within the framework of project CHARTER (Drivers and Feedbacks of Changes in Arctic Terrestrial

Biodiversity)
 CHARTER aims to simulate the future effects of social-ecological changes for indigenous and local

communities and traditional livelihoods in the Arctic, looking at reindeer herding as a specific form of bio-
geoengineering:
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* research within the framework of project CHARTER (Drivers and Feedbacks of Changes in Arctic Terrestrial
Biodiversity)
 CHARTER aims to simulate the future effects of social-ecological changes for indigenous and local
communities and traditional livelihoods in the Arctic, looking at reindeer herding as a specific form of bio-
geoengineering:
* reindeer and caribou, like other big grazers, shape the environment they live in
* studies suggest that herbivory might counteract the effect of warming in abundance of rare taxa as

well as some vegetation shifts
» studies also suggest that large herbivores might be able to protect permafrost in certain areas
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* research within the framework of project CHARTER (Drivers and Feedbacks of Changes in Arctic Terrestrial
Biodiversity)
 CHARTER aims to simulate the future effects of social-ecological changes for indigenous and local
communities and traditional livelihoods in the Arctic, looking at reindeer herding as a specific form of bio-
geoengineering:
* reindeer and caribou, like other big grazers, shape the environment they live in
* studies suggest that herbivory might counteract the effect of warming in abundance of rare taxa as

well as some vegetation shifts
» studies also suggest that large herbivores might be able to protect permafrost in certain areas

* The question we want to look at is: What would a climate change
shaped future look like with very low numbers of reindeer versus very
high numbers of reindeer in the Arctic?
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* research within the framework of project CHARTER (Drivers and Feedbacks of Changes in Arctic Terrestrial
Biodiversity)
 CHARTER aims to simulate the future effects of social-ecological changes for indigenous and local
communities and traditional livelihoods in the Arctic, looking at reindeer herding as a specific form of bio-
geoengineering:
* reindeer and caribou, like other big grazers, shape the environment they live in
* studies suggest that herbivory might counteract the effect of warming in abundance of rare taxa as
well as some vegetation shifts
» studies also suggest that large herbivores might be able to protect permafrost in certain areas

* The question we want to look at is: What would a climate change
shaped future look like with very low numbers of reindeer versus very
high numbers of reindeer in the Arctic?

» to do that, we have to put reindeer into CTSM

What this talk is about: What this talk is not about:
feasibility of mimicking big grazers model results — hopefully
plausibility of the approaches coming soon, but not done yet
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impacts of large herbivores on the Arctic environment

PSS

animal browsing grazing Effects on defecating trampling
behaviour «\Wild animals?
/ ,/” ST ,
impacts on ,,x’l’r’npacts on biodiversity ' v
environ- vegetation 47 (species removal, species Impacts on snow soil compaction &
mental structure biomass favoritism) fertilization (density, accumulation, erosion
impact removal thickness, snow cover,

impurity)
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impacts of large herbivores on the Arctic environment

PSS

browsing grazing Effects on defecating trampling

animal
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impacts on ,,/l’r'npacts on biodiversity ' v
environ- vegetation 47 (species removal, species Impacts on snow soil compaction &
mental structure biomass favoritism) fertilization (density, accumulation, erosion
impact removal thickness, snow cover,

N B I
biogeophysical & biogeochemical snow soil
translation « pft distribution * snow compaction * soil porosity
into model » background albedo * snow optical properties * soil color
parameters « carbon cycling ° * organic matter content
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Stark, S. et al (2022). The ecosystem effects of reindeer (Rangifer tarandus) in northern
Fennoscandia: Past, present and future. Perspectives in Plant Ecology, Evolution and Systematics,
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Dry Mesic

* Quantifying these impacts is
usually attempted using

c
exclosure sites E
l_
* specific impacts found in studies
like this are variable
=
o0
* However, a number of effects £
seem to be common: exclosure 5
sites have =
* more shrubs
* more lichen
* thicker organic soil layers T
(with similar carbon storage) 8

* |ower snow density (higher

snow depth with the same

SWG) Stark, S. et al (2022). The ecosystem effects of reindeer (Rangifer tarandus) in northern
Fennoscandia: Past, present and future. Perspectives in Plant Ecology, Evolution and Systematics,
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* but for pfts to add up correctly, we need to
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* from the exclosure studies, grasses are the
best choice to reduce
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* but for pfts to add up correctly, we need to
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e across studies, deciduous shrubs increased in exclosure sites by 15% (+- quite some margin!)

+15% /-15%

CTSM standard

* luckily, no grid cells with shrubs above 85% ©

* but for pfts to add up correctly, we need to
decrease other pfts

* from the exclosure studies, grasses are the
best choice to reduce

e unfortunately, there are many areas with
Arctic grasses below 15% (red areas)

 part of that can be considered by changing C3
grasses

* everywhere else, the increase in shrubs is
decreased so there is no reduction of forest
HELMHOLTZ
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* thereis no lichen representation in CTSM yet

* tundrais represented as a mix of bare ground and grass Dry Saturated
» effect of lichen increase we can account for is albedo by changing Color Class  vis nir vis nir
soil color class (10% increase of lichen cover corresponded to 11 024 037 0413 026
0.01-0.02 increase of albedo)
12 023 035 012 0.24
13 022 033 011 0.22
14 020 031 010 020
15 0148 029 009 0.8
16 016 027 008 016
17 014 025 007 014
18 012 023 006 0.12
19 010 021 005 0.0
20 008 016 004 0.8
CLM Technical Note, https://escomp.github.io/ctsm-
docs/versions/master/html/tech_note
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* there is no lichen representation in CTSM yet

* tundrais represented as a mix of bare ground and grass Dry Saturated
» effect of lichen increase we can account for is albedo by changing Color Class  vis nir vis nir
soil color class (10% increase of lichen cover corresponded to 11 024 037 013 026

0.01-0.02 increase of albedo)
* we shift soil color class of all grid cells with bare ground by 1

12 t 0.23 0.35 0.12 0.24

13 022 033 011 022

14 020 031 010 020
: 15 018 029 009 0.18
C16 016 027 008 016
5 17 014 025 007 014
1: 18 012 023 006 012
f 19 010 021 005 0.0
o 20 008 016 004 008

- @ -. CLM Technical Note, https://escomp.github.io/ctsm-
color class gz, O\ o docs/versions/master/html/tech_note
HELMHOLTZ
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* in a study on the possible “Protection of Permafrost Soils from Thawing by Increasing
Herbivore Density”, Beer at al modified the snow compaction to mimic high reindeer

density (Beer, C., Zimov, N., Olofsson, J., Porada, P., & Zimov, S. (2020). Protection of permafrost soils from thawing by increasing
herbivore density. Scientific reports, 10(1), 1-10.)

 CTSM has a more complex snow compaction scheme then the model used for this study
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* in a study on the possible “Protection of Permafrost Soils from Thawing by Increasing
Herbivore Density”, Beer at al modified the snow compaction to mimic high reindeer

density (Beer, C., Zimov, N., Olofsson, J., Porada, P., & Zimov, S. (2020). Protection of permafrost soils from thawing by increasing
herbivore density. Scientific reports, 10(1), 1-10.)
 CTSM has a more complex snow compaction scheme then the model used for this study

* possible approaches:
1. decrease snow compaction by introducing an additional factor

AP = Azl (1+ CriAt) EEEEP Az = A2l (1+ a- CgAb)

1 Az
Cri= —— = Cr1.i +Croi +Chrs i+ Crai+ Chrsi.
Az ot ' '
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* in a study on the possible “Protection of Permafrost Soils from Thawing by Increasing
Herbivore Density”, Beer at al modified the snow compaction to mimic high reindeer

density (Beer, C., Zimov, N., Olofsson, J., Porada, P., & Zimov, S. (2020). Protection of permafrost soils from thawing by increasing
herbivore density. Scientific reports, 10(1), 1-10.)
 CTSM has a more complex snow compaction scheme then the model used for this study

* possible approaches:
1. decrease snow compaction by introducing an additional factor

AP = Azl (1+ CriAt) EEEEP Az = A2l (1+ a- CgAb)

1 Az,
~ Az o

=CRr1.i +Cr2.i+Cprs i+ Cprai+ Crsi

2. decrease snow density by modifying the density of freshly fallen snow

HELMHOLTZ
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« exclosure sites showed thicker organic soil layers (but with similar carbon storage), associated with top
soil layer erosion caused by herbivory

organic layer
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* exclosure sites showed thicker organic soil layers (but with similar carbon storage), associated with top
soil layer erosion caused by herbivory
* possible approaches:
1. increase the organic matter content of the top soil layer(s) -> increases the overall carbon storage,
there is limited “room” to increase organic matter density

organic matter density HELMHOLT?Z
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* exclosure sites showed thicker organic soil layers (but with similar carbon storage), associated with top

soil layer erosion caused by herbivory
* possible approaches:

1. increase the organic matter content of the top soil layer(s) -> increases the overall carbon storage,
there is limited “room” to increase organic matter density

2. “move” the organic matter content of the deeper soil layer to the top layers -> keeps the overall
carbon storage similar where there is room for the additional organic matter

[kg/m3]

organic matter density
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parameters usable for mimicking the impact of big grazers in the environment:
* shrub abundance v
* lichen abundance (V)
* thickness of organic soil layers (with similar carbon storage) X

* snow density (different snow depth with the same swe) X

‘photo’by Bruce C kafbes . Hrvwsi s i i e MR N e X iy VLR SO HELMHOLTZ



»
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

conclusions $*CHARTER

parameters usable for mimicking the impact of big grazers in the environment:
* shrub abundance v
* lichen abundance (V)
* thickness of organic soil layers (with similar carbon storage) X

* snow density (different snow depth with the same swe) X

‘photo’by Bruce C kafbes . Hrvwsi s i i e MR N e X iy VLR SO HELMHOLTZ



»
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

conclusions $*CHARTER

parameters usable for mimicking the impact of big grazers in the environment:
* shrub abundance v
* lichen abundance (V)
* thickness of organic soil layers (with similar carbon storage) X

* snow density (different snow depth with the same swe) X

‘photo’by Bruce C kafbes . Hrvwsi s i i L DR g, g et T OB HELMHOLTZ



»
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

conclusions $*CHARTER

parameters usable for mimicking the impact of big grazers in the environment:
* shrub abundance v
* lichen abundance (V)
* thickness of organic soil layers (with similar carbon storage) X

* snow density (different snow depth with the same swe) X

‘photo’by Bruce C kafbes . Hrvwsi s i i L DR g, g et T OB HELMHOLTZ



»
ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

conclusions $*CHARTER

parameters usable for mimicking the impact of big grazers in the environment:
* shrub abundance v
* lichen abundance (V)
* thickness of organic soil layers (with similar carbon storage) X

* snow density (different snow depth with the same-swe X
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parameters usable for mimicking the impact of big grazers in the environment:
* shrub abundance v
* lichen abundance (V)
* thickness of organic soil layers (with similar carbon storage) X

* snow density (different snow depth with the same-swe X

‘photaiby Briee Lo FQroes . ot S ni i o B AT e e g G g, Ry . gt Bk HELMHOLTZ



»

\ ALFRED-WEGENER-INSTITUT
HELMHOLTZ-ZENTRUM FUR POLAR-
UND MEERESFORSCHUNG

Coming up with parameters — exclosure sites =*CHARTER

A Arctic subzone

Soininen, E. M., Barrio, I. C,,
Bj@rkas, R., Bjornsdottir, K.,
Ehrich, D., Hopping, K., ... &
- B Speed, J. D. (2021). Location
of studies and evidence of
effects of herbivory on

- 10 Arctic vegetation: a
systematic map.
29 Environmental Evidence,
D 50 10(1), 1-21.
E
Subarctic
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(@)

Ambient 2011

D.pr.dwarf

6% D.s-pr.dwarf
4%
D.tall
5%

Shrub heath

1995 Lich
13%

D.pr.dwarf arf

4y, D.s-prdwarf Sr‘;)

9% D.tall

205 6% & Forb
1%

E.pr.dwarf

D.pr.dwarf
10%

D.s-pr.dwarf

3%

Moss
<

Gram

0,
3A)Forb

3%

Exclosures 2011

(b)

Ambient 2011

D.s-pr.dwarf
D.tall
3%

Birch forest

1995 .dwarf
D.s-pr.dwarf
7% D.tall E.tall
3% & Lich 159 Forb 2%
1% 2%
r.dwarf
E.tall
1%
Forb D.s-pr.dwarf
am 2% % % D.tall

Lich 11%
3%

i 1
LZIS/?G ramForb.,
9% 1% 7

Exclosures 2011

Vowles, T., Gunnarsson, B., Molau, U., Hickler, T., Klemedtsson, L., & Bjork, R. G. (2017). Expansion of deciduous tall shrubs but

not evergreen dwarf shrubs inhibited by reindeer in Scandes mountain range. Journal of Ecology, 105(6), 1547-1561.
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