
SCIENCE-BASED TARGET:
ADOPTED TO REDUCE GREENHOUSE GAS (GHG) EMISSIONS ACCORDING TO THE

LEVEL OF DECARBONIZATION REQUIRED TO KEEP GLOBAL TEMPERATURE
INCREASE BELOW 2°C COMPARED TO PRE-INDUSTRIAL TEMPERATURES, AS

DESCRIBED IN THE FIFTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL
PANEL ON CLIMATE CHANGE (IPCC AR5)

Avoided Risks and Returns Amidst the Landscapes of Science-Based Targets, 
Sustainable Development Goals, Climate Security Roadmaps, Adaptation 

Pathways, Co-Benefits, Resource Nexus and anything else?...
Where does or can the science support?

XLI MIT Global Change Forum, March 27-28, 2018, Cambridge, Massachusetts



A Brief Poli-Socio-Scientific
History of the 2˚C Target 

• First appearance of objective to limit temperature rise to 2°C shows no 
clear origin and its adoption neither from compelling scientific evidence 
nor to the negotiators’ informed choice based on scientific data.

• Before the UNFCCC negotiations adopted - 2°C was already used for 
scientific, economic and political apprehensions about climate change.

• Emergence not a recommendation from scientists consulted by 
negotiators to identify threshold of “anthropogenic disturbance of the 
climate system”.

• Late 1990s and 2000s, rising concern climate catastrophic and nonlinear 
changes, a.k.a. “tipping points” (e.g. popularized by M. Gladwell) such as 
shutdown of ocean overturning or massive permafrost thaw.

• Through Cancun (COP16), Durban (COP17), Doha (COP18), Warsaw 
(COP19), Lima (COP20), leading up to landmark COP21 Paris agreement 
– “…work to limit global temperature rise to well below 2 degrees 
Celsius, and given the grave risks, to strive for 1.5 degrees Celsius…”

• Leading up to and in wake of COP21 – rhetoric and debate to “ditch it” or 
move to “a suite of vital signs” has ensued…

Figure from: Two degrees - A selected history of climate change’s speed limit. R. Pearce, Carbon Brief. Other 
bullet points drawn from: Cointe, B., Ravon, P.-A., Guérin, E., 2011: 2°C: the history of a policy-science nexus, 
Working Papers N°19/11, IDDRI, Paris, France, 28 p.; http://unfccc.int/timeline/; and “Could the 2C climate 
target be completely wrong? A. Vaughan, The Guardian, Oct. 2014.

http://unfccc.int/timeline/


One target not enough?... How about 17 Sustainable 
Development Goals (SDGs) with 169 targets to chose from?

• Ban Ki-moon, the UN Secretary-General from 2007 to 2016, stated, "We don’t have plan B because there 
is no planet B." This thought has guided the development of the SDGs.

• Targets within each SDG goal may have 1-3 indicators to measure progress.  There are 304 indicators in 
total. Climate action – “regulating emissions and promoting developments in renewable energy”

• Only a very ambitious climate deal [COP21 – i.e. the 2C target] could enable countries to reach the 
sustainable development goals and targets – and vice versa... 

Replace the Millennium 
Development Goals (MDG) –

which ended Sept., 2015.

Also known as "Transforming 
our World: the 2030 Agenda 

for Sustainable Development" 
or ”2030 Agenda” in short. 



Most Recent IPCC “Reasons for Concern” (RFC) Framework
And the (Enhanced) Burning Embers Diagram

Risk levels enable integration within each RFC across different but related risks and evidence.

“The scale is inherently nonlinear and qualitative, even if quantified evidence enters the judgments”

O’Neil et al., 2017, NCC



• TO THE EXTENT POSSIBLE – SIMULATION FRAMEWORKS THAT SUPPORT
RISK-BASED ASSESSMENTS.

WITH ALL THESE IN MIND – WHERE CAN THE SCIENCE GO TO SUPPORT ALL
THESE SEEMINGLY INTERWOVEN AND GROWING MESH OF TARGETS?...

• SELF-CONSISTENT MODEL
FRAMEWORKS TO ASSESSING
MULTI-SECTORAL IMPACTS

• INFORMATIVE IMPACT
METRICS AND INDICES

• IMPROVE SKILL, CONFIDENCE, 
DETAIL, AND CONSENSUS OF
PREDICTIONS Monier et al., 2017, Nature Comm.

• “...THE PRACTICAL QUESTION IS HOW WRONG DO [MODELS] HAVE TO BE IN
ORDER TO NOT BE USEFUL?” (BOX AND DRAPER)

• CAN “SOMEWHAT USEFUL” MODELS THAT ARE LINKED BECOME USELESS?
• “GARBAGE IN – GARBAGE OUT” OR “GARBAGE IN – GOSPEL OUT” (GIGO)



» Negative impacts on maize yields 
(orange) are highest in the semiarid 
and humid zones (~80% of current 
harvested maize area)

» Uncertainty (white) increases as aridity 
increases

RESULTS MEDIAN PERCENT CHANGE IN CROP YIELD, 2010-2050

Dale et al., Earth’s Future, 2017
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AGRO-CLIMATE ANALYSIS

Positive
Negative
Mixed

Impacts:

Not	robust

Monier, Xu, Snyder (2016) Environmental Research Letters

AFD: Accumulated Frost Days
GSL: Growing season length
PHS: Plant Heat Stress

SFO: Start of Field Operations
DD: Dry Days



CHANGE IN DECADAL WATER STRESS (2040S-2010S)
UNCONSTRAINED EMISSIONS

CHINA (Baseline WSI = 0.88) INDIA (Baseline WSI = 0.73)

Water Stress Index (WSI)
Baseline

- Population-weighted
- Red shades are changes into “heavier 

stressed” category(ies)
- Green shade within climate variability

WHAT ARE THE RISKS/LIKELIHOODS WE FACE?
WHAT SHOULD WE TRY TO AVOID?

Fant et al., 2016

India shows a far greater risk of increased water stress (33% of outcomes) than any decrease

While China’s risk for increase stress is commensurate to India – it also shows a considerable 
chance of seeing decreased stress (about 25% of the simulated outcomes).



WHAT ARE THE RISKS/LIKELIHOODS WE FACE?
MITIGATION CAN REDUCE THE RISK

UNDER A MITIGATION PATHWAYS COMMENSURATE TO 50% CHANCE OF MEETING 2˚C TARGET

• 400 million people see odds of moderate water stress go from about 1-in-5 to 1-in-10.
• 100 million fewer people see odds of experiencing extreme water stress.
• 100-200 million people’s odds of moderate water stress remains at least 1-in-3… adapt!

Risk of Water Stress over China and India
2040s 
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CASE STUDY ON EXTREME SUMMER HEAT
MITIGATION – UNDERLYING RISK IS LIKELY TO BE DOUBLED.
NO ACTIONS – UNDERLYING RISK COULD BE QUADRUPLED.

IMPROVE CONSENSUS AND SKILL IN CLIMATE PREDICTIONS THAT TARGET TRENDS IN THE
FREQUENCY OF DAMAGING/EXTREME EVENTS

CASE STUDY: “CRITICAL” LARGE POWER TRANSFORMERS (LPTS)

NOVEL APPROACH (“NEW”) COMPARE TO CONVENTIONAL METHOD (“OLD”)

OTHER
INFRASTRUCTURE &

EXTREMES
Gao et al., 2018, Climatic Change

“CRITICAL” LOCATIONS

NEW TECHNOLOGY



THANK YOU
http://globalchange.mit.edu/ 

We gratefully 
acknowledge all our 
federal and industrial 
sponsors

CLOSING REMARKS
• HISTORY ASIDE – GLOBAL TARGET IMPETUS FOR SCIENCE-

BACKED ASSESSMENTS

• ANY SUSTAINABLE GOALS MUTUALLY EXCLUSIVE TO

CLIMATE TARGET?

• MODELS, METHODS, ANALYSES MUST EVOLVE TO MATCH

THE COMPLEXITY AND DETAIL OF TARGETS

• CAREFUL OF THE GOSPEL


