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Low-emissions scenarios from IPCC 2 Fossil fuel energy b Bioenergy
include extensive implementations of: T ~l
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= bioenergy with carbon capture
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Fossil fuel Biogenic

= afforestation/ reforestation

emissions emissions .
Geological ——‘/ ] Geological

€ Direct air capture (DAC) f Enhanced weathering

All +1.5°C-compatible scenarios
include at least some these

measures (IPCC SR15) Capture Reaction
infrastructure | . with minerals
}
g8 Afforestation/changed h Ocean fertilization/alkalinization

agricultural practices

Geological Geological

(Smith et al. 2016, Nature Climate Change)
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Low-emissions scenarios from IPCC 2 Fossil fuel energy b Bioenergy
include extensive implementations of: T ~l

. Fos.sil fuel Bigggnic
] bloenergy use emissions emissions
= bioenergy with carbon capture

Geological - i—/ A Geological

and storage (B ECCS) € Carbon captur nd storage (CCS) d Bioenergy + CCS (BEC)

Fossil fuel Biogenic
emissions emissions

L 1 = ‘\ | - : 1
T R Geoion

€ Direct air capture (DAC) f Enhanced weathering

= afforestation/ reforestation

All +1.5°C-compatible scenarios
include at least some these

measures (IPCC SR15) Capture Reaction
| infrastructure | | with minerals
Issues:
. . g8 Afforestation/changed h Ocean fertilization/alkalinization

= Biophysical feedbacks are not agricultural practices

integrated! mosiee
= Are the projected land use ——

. : eologica
changes resilient to climate

change?
(Smith et al. 2016, Nature Climate Change)
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Key Points:

+ Land-use change (LUC) accounts for
20% change in temperature extremes
for low-emission scenarios

« Multimodel results show projected
temperature extremes depend on
where and what land-based
mitigation activities are pursued

« For some regions and models, LUC
can affect temperature extremes as
much as a half degree change in
global mean temperature

P
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“‘HAPPI-Land” experiment
(based on IMAGE scenarios)
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Review of expected effects.
Projected changes in land cover in
+1.5°C and +2°C scenarios in
Integrated Assessment Models.
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ing)
e.g. afforestation
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Impacts of no-till
farming (albedo,
evaporation) on
regional temperature
extremes:

Preferential cooling of
hot extremes both from

albedo and evaporation
effects (up to 1-2C)!

03.12.2020

(Davin et al. 2014, PNAS)

Sonia Seneviratne / IAC ETH Zurich

Tmax change (K)

Tmax change (K)

Tmax change (K)

1.0 4

0.0
1.0 4

2.0

3.0 -

T T T T T T T T T
Q1 Q5 Q10 Q30 Q50 Q70 Q%0 Q85 Q99

EVA -CTL, SE
1 1 1 1

2.0 o

il

T T T T T T T T T
Q1 Q5 Q10 Q30 Q50 Q70 Q90 Q95 Q99

NOTILL - CTL, SE
1 1 1 1 1 1

T T T T T T T T T
Q1 Q5 Q10 Q30 Q50 Q70 Q90 Q95 Q99

CIRAD/CLAND Workshop



ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

(Thiery et al. 2017, JGR)
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Differences in temperature of yearly hottest day (TXx) due to LU
feedbacks based on IMAGE LU scenarios:

Regionally, differences in land use (SSP1,SSP2) can have as much
impact as difference in global warming of 0.5°C (2°C,1.5°C)
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(Hirsch, Guillod, et al. 2018, Earth Future)
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Differences in temperature of yearly hottest day (TXx) based on IMAGE
land use scenarios: Also strong climate model dependence!

HadAM3P MPI-ESM

SSP1

Plus20 — Plus15

SSP2

1.5°C

SSP1 - SSP2

2.0°C

(Hirsch, Guillod, et al. 2018, Earth Future)
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Differences in temperature of yearly hottest day (TXx) based on IMAGE
land use scenarios: Also strong climate model dependence!

HadAM3P MPI-ESM
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(Hirsch, Guillod, et al. 2018, Earth Future)
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Why is LU so relevant for reglonal changes in temperature extremes?

Mediterranean warming, warmest day of the year [C]
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(Seneviratne et al. 2016, Nature)
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Why is LU so reIevant for reglonal changes in temperature extremes?

Mediterranean warming, warmest day of the year [C]
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804 —— RCP8.5 2099 @ extremes in land hot spots
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6.0 - - .
] .+ Robust and almost linear
] T scaling, mostly

40:] * B independent of emissions
) P . i scenario! (see also Wartenburger et
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(Seneviratne et al. 2016, Nature)
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Why is LU so reIevant for reglonal changes in temperature extremes?

Mediterranean warming, warmest day of the year [C]
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]

Stronger warming of
extremes in land hot spots
vs global temperature

Robust and almost linear
scaling, mostly
independent of emissions

scenario! (see also Wartenburger et
al. 2017, GMD)

Much of the additional
warming is due to land
processes (projected
drying) (see Vogel et al. 2017, GRL)

(Seneviratne et al. 2016, Nature)
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Effects of albedo changes (+0.1) and irrigation on
regional temperature extremes (CESM simulations)

Central North American warming, hottest day of the year [C]

12

TXx (hottest day of year):
| Reference run and Land use
scenarios (albedo increases,
irrigation, and combination)

10 -

(

glob

Temperature Anomaly Relative to 1850-1870 (°C)
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CO, Concentration (ppm) (Hirsch et al. 2017, JGR)
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Effects of albedo changes (+0.1) and irrigation on
regional temperature extremes (CESM simulations)

Central North American warming, hottest day of the year [C]

12

TXx (hottest day of year):

| Reference run and Land use
scenarios (albedo increases,
irrigation, and combination)

(

glob

Temperature Anomaly Relative to 1850-1870 (°C)

400 600 800 1000 _
CO, Concentration (ppm) (Hirsch et al. 2017, JGR)
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Effects of albedo changes (+0.1) and irrigation on
regional temperature extremes (CESM simulations)

Central North American warming, hottest day of the year [C]
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Effects of albedo changes (+0.1) and irrigation on
regional temperature extremes (CESM simulations)

Central North American warming, hottest day of the year [C]
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If land albedo and other biophysical land use effects are
so effective, could we consider them to intentionally
modify climate? (“climate-effective land management”,
“land radiative management”)
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anﬂradlatl nanagement L e-effec dand management

nature . PERSPECTIVE P :
geoscience Considering potential
effects of changes in
Land radiative management as contributor to albedo (but i rrigation
regional-scale climate adaptation and mitigation also relevant!)
Sonia l. Seneviratne®™, Steven J. Phipps©23, Andrew J. Pitman*, Annette L. Hirsch®', Edouard L. Davin’,
Markus G. Donat®?, Martin Hirschi', Andrew Lenton®, Micah Wilhelm' and Ben Kravitz®¢
Table 1| Approaches relevant to LRMreg in agricultural and urban areas
No-till farming (albedo changes from Crop phenology and Biogeoengineering Greenhouses Urban albedo (white
retaining crop residues) timing of practices  (cropping with roofs, higher reflectivity
(for example, double natural, selected, or of paving)
cropping genetically modified
reflective varieties)
Impact on land Approx. +0.05 to +0.20 in the Not quantified, Approx. +0.02to +  Approx. +0.05 Approx. +0.1to +0.15
albedo case of crops with high reflectivity probably similar 015 (including crop  (winter) to +0.15 as average increase over
residues (for example, wheat)'=?%7; to no-till farming dependent variations (summer)?©. the urban areas'®®"”
less efficient for other crops. in regions with in glaucousness, (locally: approx. +0.15
tillage; depends on trichomes, canopy over roofs and +0.25 over
crop albedo, and morphology) 78425, pavement’®).

background bare soil
albedo, may also vary
during crop growth®.

(Seneviratne et al. 2018, Nature Geoscience)
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Land radiative management.AClimate-efféctive-land management

« +0.1 in albedo cools down hot extremes (4xCO, simulations)

* Negative effects possible (e.g. precipitation decrease in SE Asia)

« Effects mostly regionally constrained (e.g. less impact on
monsoon precipitation if no changes in albedo in SE Asia)

« Realism? ... Probably better than sulfate aerosol injections, but
also limitations and concerns; no mitigation.

Precipitation

ALLOp1

NAMOp1

<E_III|:-II> HN | DEEEN g

-6 <4 -2 0505 2 4 6 -4 -2 0505 2 4 -14 -1 0602 02 06 1 14

(Seneviratne et al. 2018, Nature Geoscience)
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Table 2 | Comparison of LRMreg and SRMglob with respect to common concerns over climate engineering

Concern

SRMglob

resland management

LRMreg

Regional climate
trade-offs

Environmental side
effects

Risk for cross-
boundary conflicts

Testing

Reversal

Continued
detrimental effects of
CO, concentrations
on environment

(for example ocean
acidification*®)

Moral hazard’

Substantial regional climate trade-offs®’”’%. Reduction
of monsoon precipitation’? and major regional
overshooting in temperature extremes and precipitation
(Supplementary Fig. 3) if aiming at cancelling global
temperature response.

Possible ozone depletion from sulfate aerosol
injections'#°,

Large, because of creation of ‘winners’ and ‘losers'®' and
possibility for single country to affect climate in other
countries.

Not tested”®? prior volcanic eruptions proposed as
analogies*®'.

Deployment could be stopped quickly, but
environmental effects could be long-lived (ozone
depletion). Rapid increase in surface temperature if
stratospheric sulfate injections were stopped abruptly,
possibly leading to even larger impacts (‘termination
effect’)*>4,

Not addressed (unabated, or possibly increased®).

Exists for arguments in favour of strong deployment to
reduce global mean temperature.

Sonia Seneviratne / IAC ETH Zurich

Signal mostly regional in scope as long as LRMreg is applied over
single regions (Figs. 1and 2). Application not as effective in all
regions, and possible negative effects (weakening of monsoon) if
applied in Southeast Asia (Fig. 1).

In the case of agriculture-based LRMreg, implementation needs
to be weighed against other demands for land use*® No reported
side environmental effects of increased reflectivity of buildings or
pavement'®.

Limited because of mostly regional impact, provided deployment is
kept regional in scope (Fig. 1).

Approaches (see Table 1) are generally related to existing agricultural
or urban implementations. Testing of relevant techniques available
at local to subregional scale (in particular for modified urban
albedo™7¢), but no large-scale testing and assessment with specific
focus on LRMreg questions. Monitoring on larger scale in the case

of partial deployment would be possible without major investments
(existing measurement networks and satellite retrievals).

Over agricultural areas, crops are renewed every year. Reversal
possible. No expectation of an abrupt response because of required
timescales of implementation on the ground.

Not addressed.

Less critical because of smaller/negligible global impact.

(Seneviratne et al. 2018, Nature Geoscience)
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Are wide-spread modifications of land use/land cover to
modify climate a safe bet (either through carbon-cycle
or biophysical effects)?

...e.q. “trillion trees project”

Trump says US to join one trillion trees
initiative

03.12.2020 Sonia Seneviratne / IAC ETH Zurich CIRAD/CLAND Workshop
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geet=a 110D S Cb.Aa1 Idesremoval vs extremes

« Afforestation

* Bioenergy with carbon
capture and storage

 How about extremes? (not
iIncluded in integrated
assessments models deriving
emissions scenarios); could
be too optimistic

Sonia Seneviratne / IAC ETH Zurich CIRAD/CLAND Workshop
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(2021-2022)

Integrated

semmmmmmm—  ASsessment
Models

Climate extremes

A

Fossil fuel emissions,
land-use emissions and
other climatically
relevant substances

Models

Socio-economic assumptions:

economic development, population
growth, consumption, technology,
policy and governance

A 4

Change in cropland,
grassland, bioenergy
crop, forest area,
irrigation, fertiliser

ERC PoC MESMER-X

Earth System from LUC

Emissions

| _F#

Ecosystem
models

80

Dedicated
land-use
models

4

N

A 4

(e.g. DGVM,

crop models)

/N

Ecosystem response to climate
and land-use change, e.q., yields,
productivity, vegetation cover, carbon
and nitrogen cycling, water cycling

itMESMER-X project
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Emulating Earth system model temperatures with k=l
MESMER: from global mean temperature trajectories to
grid-point-level realizations on land
Lea Beusch, Lukas Gudmundsson, and Sonia L. Seneviratne
Institute for Atmospheric and Climate Science, ETH Zurich, Zurich, Switzerland l l
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scenario development (bread-

basket regions, afforestation)

(ERC Proof-of-concept, 2021-2022) (Beusch et al. 2020, ESD)

03.12.2020 Sonia Seneviratne / IAC ETH Zurich CIRAD/CLAND Workshop



ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Integrated
Assessment
Models

Climate extremes

Fossil fuel emissions,
land-use emissions and

Earth System

Emissions
from LUC

Models

other climatically
relevant substances

Socio-economic assumptions:

economic development, population
growth, consumption, technology,
policy and governance

V

Change in cropland,
grassland, bioenergy
crop, forest area,
irrigation, fertiliser

50

Dedicated
land-use
models

A 4

1t JPI LAMACLIMA

Biophysical effects

4

Ecosystem
models
(e.g. DGVM,
crop models)

N

Ecosystem response to climate
and land-use change, e.g., yields,
productivity, vegetation cover, carbon
and nitrogen cycling, water cycling

03.12.2020

Sonia Seneviratne / IAC ETH Zurich

CIRAD/CLAND Workshop



—y— .\;%.;_.;!.LJ,sionS and outlook

« Biophysical effects of land use changes (e.g. albedo, irrigation, land
cover type) are of strong relevance for temperature extremes, in
particular in low-emissions scenarios (e.g. 1.5°C, 2°C)




~Conelusions and outlook

« Biophysical effects of land use changes (e.g. albedo, irrigation, land
cover type) are of strong relevance for temperature extremes, in
particular in low-emissions scenarios (e.g. 1.5°C, 2°C)

* Low-emissions scenarios include major changes in land use:
* Bioenergy use
« Bioenergy with carbon capture and storage (BECCS)
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BEmMusions and outlook

Biophysical effects of land use changes (e.g. albedo, irrigation, land
cover type) are of strong relevance for temperature extremes, in
particular in low-emissions scenarios (e.g. 1.5°C, 2°C)

Low-emissions scenarios include major changes in land use:
* Bioenergy use

« Bioenergy with carbon capture and storage (BECCS)

« Re-Afforestation

Biophysical effects are not included in Integrated Assessment
Models (IAMs) but could affect identification of «optimal» pathways

Resilience of land cover changes to extremes need to be carefully
quantified! Develop IAM-ESM emulator interface.




