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Scenario matrix framework:
New climate change scenario paradigm

Community generated successor to IPCC SRES scenarios.
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Scenario matrix framework:
Deep narrative scenarios of climate/economic futures

Representative Concentration Pathways (RCPs)
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Scenario matrix framework:
Deep narrative scenarios of climate/economic futures

Shared Socio-Economic Pathways (SSPs)
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Socio-economic challenges
for adaptation

Five narrative scenarios for evolution of the human system,
arranged on two ‘challenge’ axes. O 'Neill et al. 2012
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Scenario matrix framework:
Deep narrative scenarios of climate/economic futures

Shared Socio-Economic Pathways (SSPs)
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Scenario matrix framework:
Deep narrative scenarios of climate/economic futures

Shared Policy Assumptions (SP As)

SPA4 LUC Tax Fraction
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Concerns:

Scenario matrix scenarios provide limited
glimpse into deeply uncertain future.

SSP ‘challenges’ nebulous:
Challenging for whom, when?

By what metrics!?

RCP target finding implies greater control,
certainty, and coordination:

May underestimate magnitude of challenges




3750 worlds sampled from SSP space
4 policies sampled from SPA space

3 fixed taxes

33,750 global change scenarios




Global Change Assessment Model (GCAM)

Models interaction between natural and human systems.

Human Systems

Natural Earth Systems

Atmospheric Carbon
Earth
System Hydrology Ecosystems
Models

11/21/ 2017




Global Change Assessment Model (GCAM)

Complex modular representation of supply and demand sectors, linked by
markets (energy, ag, ect.) at both regional and international levels.
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Global Change Assessment Model (GCAM)

32 Energy-Economic Regions

10 primary energy sources
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Global Change Assessment Model (GCAM)

283 Agro- Ecologlcal Zones

12 crops, 6 animal products, forest, and bio-energy crops
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Applications of the GCAM

1. Roots in 1980°’s DOE’s Energy/ Emissions trajectories
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Applications of the GCAM

2. GCAM used in virtually every major climate-energy-economic
assessment over the last 20 years, including every IPCC assessment.
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Applications of the GCAM

3. GCAM 1 of 4 models used to create the newest IPCC’s scenarios.
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Applications of the GCAM

4. One of chief models used by US Government
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Experimental Design: SSP sampling

Pop/ GDP Ind/ T rans/ Build AGLU Fossil Ext. Cost Energy CCS

33,750 global change scenarios sampled from the SSP/ SP A space,
evaluated using GCAM.

Self-consistent, multi-sector, multi-scale, time-evolving scenarios of
hundreds of climate, economic, demographic, land use variables.
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Radiative Forcing vs. Global Cost
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What are key scenario drivers for a high
cost, ineffective carbon tax?

Do new scenario narratives emerge!




High cost RCP 6.0:
Worlds where high tax regime is relatively ineffective
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Ineffective Tax Worlds:
High tax worlds with high radiative forcing
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Ineffective Tax Worlds:
High tax worlds with high radiative forcing

Pop/ GDP Ind/ Trans/ Build AGLU Fossil Ext. Cost Energy o CCS

These worlds share SSP5 demographics and SSP3
agriculture and land use assumptions.
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Ineffective Tax Worlds:
High tax worlds with high radiative forcing

SSP5 GDP per capita (PPP)
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We've explored how SSP assumptions
impact efficacy of abatement regime.

How do SSP elements and abatement
regimes impact agricultural water use!




North Africa

Without abatement regime, North Africa
adheres to global trends

2100 Agricultural Water Use (% 2015 Level)
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Impact of Alternative LUC Tax Assumptions
on water use: North Africa vs. Global

SPA2 LUC Tax Fraction
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North Africa

Impact of Abatement regime on water use:
North Africa vs. Global

180

160 -

140 -

120 -

100

80 r

60 -

40 -

20 -

-20

2100 Agricultural Water Use (% 2015 Level)

\
- | - No Taxes

. Pt
i B spa2 ucT
L7 L sPA4UCT

Global

Global Trend Depends
on LUC Tax

0.9r

0.8~

0.7

0.6

—

Z 05
04
03"
0.2

0.1}

0

0.8

Increased Water
Consumption in North
Africa

Empirical CDF

1 1.2 1.4 1.6 1.8 2
2100 Agriculture Water use Globally.

27



Afforestation vs.Water Outsourcing:
Impact of LUC Tax

Empirical CDF
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Universal LUC tax raises cost of new agriculture.

Suppresses growth of global ag. water use.
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Afforestation vs.Water Outsourcing:
Impact of LUC Tax
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North Africa

LUC Emissions Tax Regime water use impacts:
North Africa vs. Global
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Water Intense Worlds:
High Global & North Africa Water Use
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Water Intense Worlds
High Global & North Africa Water Use

SSP3 Population Change (%) from 2015
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Where do water intense worlds reside in
the forcing/abatement cost space!?

Change in Agricultural Water Use
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Mapping Vate

r Intense Worlds in

Forcing-Cost Space
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Conclusions

(1) Utilizing a broad ensemble of scenarios and detailed
regional metrics, enables the tailoring of assessments to
better discover consequential scenarios of interest.

(2) Agricultural development (specifically LUC change) iIn
Africa exerts significant controls over future global-scale
mitigation & adaptation challenges

(3) Reducing MENA region poverty, aiding multi-sector
technological innovations/ efficiencies and advancing
agriculture are all low regret actions across climate futures.

(4) Policy goals for climate futures must consider a diverse
ensemble of multi-sector, multi-scale scenarios.




Questions?

Change in Agricultural Water Use
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Change in Agricultural Water Use
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Significant heterogeneity in regional water use, most new
water use Iin generally focused in developing countries.

How does North Africa compare to global trends?
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Agricultural water use with no abatement regime

300 |

200 -

S 1 e

20

Count

100
Increase in Global Ag. Water Use (% 2015 Level

Without abatement regime, most scenarios show increasing
water use for agriculture.
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How does regional water use change with increased
global water use!

Change in Agricultural Water Use Change in Agricultural Water Use
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How does North Africa compare to global
water use trends?




Narrative 1:
Low Short-Term Price Frag.
Low LUC Emissions Price Fra

Narrative 2:
Low Short-Term Price Frag.
High LUC Emissions Price Fra

Narrative 3:
High Short-Term Price Frag.
Low LUC Emissions Price Fra

Narrative 4:
High Short-Term Price Frag.
High LUC Emissions Price Fra
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No tax RCP 6.0 worlds:
Relatively little warming with no tax applied
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