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Temperature (K)

Conceptual framework: Avoided impacts
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BRACE: RCP8.5, ~3.7 C warming 2060-80 vs.
RCP4.5, ~2.5 C warming

Benefit: Avoided
impacts

BRACE 1.5: 2 C stabilization vs. 1.5 C stabilization



The Paris Agreement (2015)

Aims to limit global warming...

“to well below 2°C above pre-industrial levels and to
pursue efforts to limit the temperature increase to
1.5°C above pre-industrial levels”
2°C target previously agreed in Copenhagen
Accord (2009)

Just released: IPCC Special Report on 1.5
Degrees



Climate model simulations
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Indices of impact-relevant extremes

Temperature Agriculture-related
Annual max/min of daily Dry spell duration
temperature

_ Annual frost days
Warm spell duration

Precipitation
Days >10mm
Precip intensity
Max 5-day precip

Total precip, days >95th
percentile

Growing season length

Aerenson et al., 2018.



Precip. Indices

# of indices
with stat. signif.
differences in
1.5vs2C
scenario

Agric. Indices

# of indices
with stat. signif.
differences in
1.5vs2C
scenario

Aerenson et al., 2018.




Multi-sector climate and vulnerability hotspots

Multiple indicators (14) across 3 sectors
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Multi-sector climate and vulnerability hotspots

Global population exposure to
substantial multi-sector risk

| 15c . 2C

Exposed 20% 39%
Exposed & vulnerable 3% 6%

Results more sensitive to socio-economic
development pathway



1.5/2 C Ensembles

2.5
- 1.5° [mean)
27 1.5% (10-90)
29 (mean)
15! 2° {10-90) e
" e 1.5% OJS {mean}
1.5° O/S (10-90)
1t Historical

05+

Global mean temperature (K)
change above preindustrial

g ~—J

05 | | |
1850 1900 1950 2000 2050 2100
Year

i Sanderson et al., 2017

Emplrlcal Model Crop Yields
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Ag & Land Use

CLM Crop Yields
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% Yield change

% Yield change

Global crop yield, empirical model
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2100

Estimated from global aggregated
yield and climate data, 1962-2014

Projection results, 1.5 Cvs 2 C

With COg fertilization:

No significant difference in wheat
yields

A few percent lower yields in
maize

Without COg fertilization:

A few percent lower yields for both
wheat and maize



Integrated assessment framework

Earth System Models
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Community Land Model (CLM)

Climate change Change |n potentlal yleld
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Eight crop types

Wheat, temperate/tropical maize,
temperate/tropical soybean, rice, cotton,
sugarcane

N fertilizer, irrigation



Integrated Population-Economy-Technology-
Science (iPETS) Model: 9 Regions, with Trade

Transition
Countries

Other
4 Developing
Countries

Other »
Industrialized
Countries



IPETS model structure and components

Taxes, Transfers
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Inputs > > Outputs

(SSP-based) Model
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Difference in impacts, 1.5vs 2 C

Default assumptions: With CO, fertilization (381 vs 443 ppm)

Armington elasticity = 2
Single CESM ensemble member
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Uncertainty variants

Model _\Variable ________|Valee

Climate  CESM ensemble member High regional temperatures

Low regional temperatures

Crop CO, fertilization Included
None

Economy Trade elasticity High (6.45)
Medium (2.0)

Low (0.45)
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IPETS agriculture conclusions

* Sign of change in regional agricultural impacts
between 1.5 and 2 C scenario is uncertain

* Largest source of uncertainty is CO,
fertilization
* Caveats:
— Single climate model and crop model
— Treatment of mitigation
— Additional uncertainties in economic model



BRACE 1.5 Conclusions

Temperature & precipitation:

Means and many extremes differ significantly.
Implication for impacts?

Agriculture

Aggregate impact differences small or of uncertain sign
Building energy

Small differences in economic impacts

Exposure to multi-sector risks

Substantial differences in exposure
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Climate: Climate simulations to assess impacts (Sanderson et al.)

Approximating low warming scenarios (Tebaldi & Knutti)
Extremes: Changes in extreme temp/precip (Aerenson et al.)
Health: US heat wave-related mortality (Anderson et al.)

Agric.: Economic & biophysical impacts on agriculture (Ren et al.)
Empirically modeled differences in yields (Tebaldi & Lobell)

Energy: Economic impacts of energy demand changes (Chan et al.)
Multiple: Exposure/vulnerability to climate hotspots (Byers et al.)






