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Land use/cover effects on climate 

(Bonan 2008, Science)
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Land use/cover effects on climate 

Biophysical effects (albedo, evapotranspiration)

(Bonan 2008, Science)
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Land-based Mitigation
Low-emissions scenarios  from IPCC 
include extensive implementations of:
§ bioenergy use
§ bioenergy with carbon capture 

and storage (BECCS)
§ afforestation/ reforestation

All +1.5ºC-compatible scenarios 
include at least some these 
measures (IPCC SR15)

(Smith et al. 2016, Nature Climate Change)

Land use change in low-emissions scenarios
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Land-based Mitigation
Low-emissions scenarios  from IPCC 
include extensive implementations of:
§ bioenergy use
§ bioenergy with carbon capture 

and storage (BECCS)
§ afforestation/ reforestation

All +1.5ºC-compatible scenarios 
include at least some these 
measures (IPCC SR15)

Issues: 
§ Biophysical feedbacks are not 

integrated!
§ Are the projected land use

changes resilient to climate 
change?

(Smith et al. 2016, Nature Climate Change)

Land use change in low-emissions scenarios
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Overview

Hirsch et al. 2018, Earth’s Future

Seneviratne et al. 2018, Phil Trans. Roy. Soc. A“HAPPI-Land” experiment 
(based on IMAGE scenarios)

Review of expected effects.
Projected changes in land cover in
+1.5ºC and +2ºC scenarios in 
Integrated Assessment Models.
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Substantial co-benefits (no-till farming)
Substantial trade-offs (e.g. afforestation)

Biophysical effects of LU changes: Links to CO2 exchanges
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Agricultural management and temperature extremes

(Davin et al. 2014, PNAS)

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)!
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Irrigation and temperature extremes

Present-day impacts of irrigation

(Thiery et al. 2017, JGR)
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Land use changes in Integrated Assessment Models (1.5ºC)

(Seneviratne et al. 2018, Phil. Trans. Roy. Soc. A)
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Land use changes in Integrated Assessment Models (1.5ºC)

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 0.5ºC (2ºC,1.5ºC)

(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!

(Hirsch, Guillod, et al. 2018, Earth Future)

Land use changes in Integrated Assessment Models (1.5ºC)
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Differences in temperature of yearly hottest day (TXx) based on IMAGE 
land use scenarios: Also strong climate model dependence!

(Hirsch, Guillod, et al. 2018, Earth Future)

To be assessed: Respective contributions of IAM, 
SSP and Climate model choice for projections

Land use changes in Integrated Assessment Models (1.5ºC)
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Regional extremes vs global climate change

(Seneviratne et al. 2016, Nature)

• Stronger warming of 
extremes in land hot spots 
vs global temperature

Global warming (ºC)

RCP8.5
RCP4.5

Mediterranean warming, warmest day of the year [C]

Why is LU so relevant for regional changes in temperature extremes?
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Regional extremes vs global climate change

(Seneviratne et al. 2016, Nature)

• 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)
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Regional extremes vs global climate change

(Seneviratne et al. 2016, Nature)

• 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)

Global warming (ºC)

RCP8.5
RCP4.5

Mediterranean warming, warmest day of the year [C]

Why is LU so relevant for regional changes in temperature extremes?
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(Hirsch et al. 2017, JGR)

Biophysical effects of land use changes: Projections

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

Effects of albedo changes (+0.1) and irrigation on 
regional temperature extremes (CESM simulations)

Tglob

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



Sonia Seneviratne / IAC ETH Zurich03.12.2020 CIRAD/CLAND Workshop

(Hirsch et al. 2017, JGR)

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

Tglob

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

Biophysical effects of land use changes: Projections

Effects of albedo changes (+0.1) and irrigation on 
regional temperature extremes (CESM simulations)
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(Hirsch et al. 2017, JGR)

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

Tglob

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

Land use effects are 
particularly relevant for low-
emissions scenarios!

Biophysical effects of land use changes: Projections

Effects of albedo changes (+0.1) and irrigation on 
regional temperature extremes (CESM simulations)



Sonia Seneviratne / IAC ETH Zurich03.12.2020 CIRAD/CLAND Workshop

(Hirsch et al. 2017, JGR)

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

Tglob

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

Land use effects are 
particularly relevant for low-
emissions scenarios!
But not included in Integrated 
Assessment Models…

Biophysical effects of land use changes: Projections

Effects of albedo changes (+0.1) and irrigation on 
regional temperature extremes (CESM simulations)
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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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Land radiative management / Climate-effective land management

(Seneviratne et al. 2018, Nature Geoscience)

Considering potential 
effects of changes in 
albedo (but irrigation 
also relevant!)
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Land radiative management / Climate-effective land management

(Seneviratne et al. 2018, Nature Geoscience)

• +0.1 in albedo cools down hot extremes (4xCO2 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.
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Land radiative management / Climate-effective land management

(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.g. “trillion trees project”



Sonia Seneviratne / IAC ETH Zurich03.12.2020 CIRAD/CLAND Workshop

Land-based carbon dioxide removal vs extremes

• Afforestation

• Bioenergy with carbon 
capture and storage

• How about extremes? (not 
included in integrated 
assessments models deriving 
emissions scenarios); could 
be too optimistic
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ERC Proof-of-Concept MESMER-X project
(2021-2022)
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ESM emulator: Speeding up ESM-IAM interface

(Beusch et al. 2020, ESD)

Expanding phase space with 
grid-cell MESMER-X ESM 
emulator → inform emissions 
scenario development (bread-
basket regions, afforestation)                           
(ERC Proof-of-concept, 2021-2022)
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ERC PoC MESMER-X & JPI LAMACLIMA
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Conclusions 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. 1.5ºC, 2ºC)

sonia.seneviratne@ethz.ch
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Conclusions 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. 1.5ºC, 2ºC)

• 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.
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