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The	Paris	Agreement	

“…pursue	efforts	to	limit	the	temperature	
increase	to	1.5	°C	above	pre-industrial	levels…”	

21st	Conference	of	the	ParOes	of	the	UNFCCC	in	Paris	during	
December	2015.	

IPCC	have	commission	a	Special	Report	on	1.5	degrees.	



PotenOal	issues	in	addressing	the	
Paris	Agreement	

1.  Differences	in	impacts	between	1.5	and	2	
degrees	will	likely	be	seen	in	the	extremes	of	
climate.	

2.  In	our	current	CMIP-style	experiments	do	we	
have	the	correct	scenarios?	
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2 NATURE CLIMATE CHANGE | ADVANCE ONLINE PUBLICATION | www.nature.com/natureclimatechange

opinion & comment

of global precipitation change (and, by 
implication, the overall intensification of the 
hydrological cycle) greatly differs between the 
two scenarios (Fig. 1b). This is in part driven 
by non-CO2 forcings, which play a larger 
role in the middle of the twenty-first century 
than towards the end, but also because the 
sensitivity of precipitation is known to be 
emission-scenario dependent13,14. Since 
the hydrological cycle does not respond 
uniformly, any assessment of impacts at 
1.5 °C based on transient simulations could 
not simply be scaled to agree with a more 
realistic, equilibrated 1.5 °C scenario without 
a considerable amount of guesswork. This is 
especially true when considering localized 
extremes or events that have been amplified 
through feedback mechanisms such as soil 
moisture15. Dedicated experiments should be 
assessed to understand the relative impacts 
of climate equilibrated at 1.5 °C and 2 °C for 
the 2018 special report. Why rely on a scaling 
pattern when we have spent the last several 
decades developing global climate models to 
give us a physically coherent response?

New experiments needed
The impacts of a global warming of 1.5 °C, 
and the impacts avoided by stabilizing 
temperatures at 1.5 °C instead of 2 °C, will 
be dominated, in many regions, by changing 
risks of extreme weather events exceeding 
critical thresholds (for example, in human 
health16). Relatively small ensembles of 
coupled model integrations, as requested by 
CMIP, are primarily suited to the assessment 
of expected changes in mean climate, not 
weather extremes. To quantify these changes, 
both high atmospheric resolution and large 
initial-condition ensembles are required.

The attribution community has been using 
large ensembles to deal with low signal-to-
noise problems for over a decade, and their 
methodology17 could be directly applied to 
this climate projection problem. To directly 
address impact differences between a 1.5 °C 
and 2 °C world, climate modellers could run 
large ensembles (>50 members) of ten-year 
periods for recent observed, and 1.5 °C and 
2 °C warmer worlds, using projected changes 
in sea surface temperatures drawn from 
existing coupled-model simulations. The 
use of ten-year time slices would allow for 
the assessment of long-lived extreme events, 
such as droughts, while still allowing for 
large ensembles. The use of >50 ensemble 
members of a ten-year analysis period 
should allow for statements to be made 
regarding policy-relevant return-times such 
as 50–100 years. The resultant probabilistic 
assessment of climate would allow for any 
clear and tangible differences to be detected 
between small changes in global temperature.

If additional research is not undertaken 
as a matter of urgency, there is a danger, 
under the UNFCCC/IPCC timetable, that 
the 2018 special report will present all the 
negative economic constraints of achieving 
1.5 °C18 but with insufficient evidence to 
distinguish between impacts at 1.5 °C and 
2 °C of warming, even if very different levels 
of risk are associated with these two outcomes 
in reality. The resources required for targeted 
‘attribution-style’ ensembles addressing this 
question are small relative to the investment 
planned in CMIP6. The climate research 
community prides itself on its policy 
relevance19. For once, we have been asked a 
very specific question, so we need a very good 
reason indeed not to step up and answer it. ❐
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Figure 1 | Precipitation response to different RCPs. a, Changes in global mean precipitation versus changes 
in the global mean surface temperature for annual-mean multi-model-mean data from CMIP5. Data cover 
the period 2006–2100 for RCP2.6 (blue) and RCP8.5 (red). b, Smoothed probability density functions of 
precipitation change for all CMIP5 models that have a global temperature response of between 1.35–1.65 °C. 
All anomalies are relative to 1850–1900. Only the first ensemble member of each model is used.

(Mitchell	et	al,	NCC,	2016)	
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Figure SPM.2 | Widespread impacts in a changing world. (A) Global patterns of impacts in recent decades attributed to climate change, based on studies since the AR4. Impacts 
are shown at a range of geographic scales. Symbols indicate categories of attributed impacts, the relative contribution of climate change (major or minor) to the observed impact, 
and confidence in attribution. See supplementary Table SPM.A1 for descriptions of the impacts. (B) Average rates of change in distribution (km per decade) for marine taxonomic 
groups based on observations over 1900–2010. Positive distribution changes are consistent with warming (moving into previously cooler waters, generally poleward). The 
number of responses analyzed is given within parentheses for each category. (C) Summary of estimated impacts of observed climate changes on yields over 1960–2013 for four 
major crops in temperate and tropical regions, with the number of data points analyzed given within parentheses for each category. [Figures 7-2, 18-3, and MB-2]
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Figure SPM.2 | Widespread impacts in a changing world. (A) Global patterns of impacts in recent decades attributed to climate change, based on studies since the AR4. Impacts 
are shown at a range of geographic scales. Symbols indicate categories of attributed impacts, the relative contribution of climate change (major or minor) to the observed impact, 
and confidence in attribution. See supplementary Table SPM.A1 for descriptions of the impacts. (B) Average rates of change in distribution (km per decade) for marine taxonomic 
groups based on observations over 1900–2010. Positive distribution changes are consistent with warming (moving into previously cooler waters, generally poleward). The 
number of responses analyzed is given within parentheses for each category. (C) Summary of estimated impacts of observed climate changes on yields over 1960–2013 for four 
major crops in temperate and tropical regions, with the number of data points analyzed given within parentheses for each category. [Figures 7-2, 18-3, and MB-2]
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Figure SPM.2 | Widespread impacts in a changing world. (A) Global patterns of impacts in recent decades attributed to climate change, based on studies since the AR4. Impacts 
are shown at a range of geographic scales. Symbols indicate categories of attributed impacts, the relative contribution of climate change (major or minor) to the observed impact, 
and confidence in attribution. See supplementary Table SPM.A1 for descriptions of the impacts. (B) Average rates of change in distribution (km per decade) for marine taxonomic 
groups based on observations over 1900–2010. Positive distribution changes are consistent with warming (moving into previously cooler waters, generally poleward). The 
number of responses analyzed is given within parentheses for each category. (C) Summary of estimated impacts of observed climate changes on yields over 1960–2013 for four 
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CO O

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

Australasia

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Significant change in community 
composition and structure of coral reef 
systems in Australia (high confidence)

[25.6, 30.5, Boxes CC-CR and CC-OA]

• Ability of corals to adapt naturally appears limited and insufficient to offset the 
detrimental effects of rising temperatures and acidification.
• Other options are mostly limited to reducing other stresses (water quality, 
tourism, fishing) and early warning systems; direct interventions such as assisted 
colonization and shading have been proposed but remain untested at scale.

Increased frequency and intensity of flood 
damage to infrastructure and settlements 
in Australia and New Zealand 
(high confidence)

[Table 25-1, Boxes 25-8 and 25-9]

• Significant adaptation deficit in some regions to current flood risk.
• Effective adaptation includes land-use controls and relocation as well as 
protection and accommodation of increased risk to ensure flexibility.

Increasing risks to coastal infrastructure 
and low-lying ecosystems in Australia and 
New Zealand, with widespread damage 
towards the upper end of projected 
sea-level-rise ranges (high confidence)

[25.6, 25.10, Box 25-1]

• Adaptation deficit in some locations to current coastal erosion and flood risk. 
Successive building and protection cycles constrain flexible responses.
• Effective adaptation includes land-use controls and ultimately relocation as well 
as protection and accommodation.

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium 

Heat-related human mortality 
(high confidence)

[26.6, 26.8]

• Residential air conditioning (A/C) can effectively reduce risk. However, 
availability and usage of A/C is highly variable and is subject to complete loss 
during power failures. Vulnerable populations include athletes and outdoor 
workers for whom A/C is not available. 
• Community- and household-scale adaptations have the potential to reduce 
exposure to heat extremes via family support, early heat warning systems, 
cooling centers, greening, and high-albedo surfaces.

Urban floods in riverine and coastal areas, 
inducing property and infrastructure 
damage; supply chain, ecosystem, and 
social system disruption; public health 
impacts; and water quality impairment, due 
to sea level rise, extreme precipitation, and 
cyclones (high confidence)

[26.2-4, 26.8]

• Implementing management of urban drainage is expensive and disruptive to 
urban areas. 
• Low-regret strategies with co-benefits include less impervious surfaces leading 
to more groundwater recharge, green infrastructure, and rooftop gardens. 
• Sea level rise increases water elevations in coastal outfalls, which impedes 
drainage. In many cases, older rainfall design standards are being used that need 
to be updated to reflect current climate conditions.
• Conservation of wetlands, including mangroves, and land-use planning 
strategies can reduce the intensity of flood events.

Key risk Adaptation issues & prospects  Climatic
drivers

Risk & potential for 
adaptationTimeframe

North America

Near term 
(2030–2040)

Present

Long term
(2080–2100)

2°C

 4°C

Very
low 

Very 
high Medium Wildfire-induced loss of ecosystem 

integrity, property loss, human morbidity, 
and mortality as a result of increased 
drying trend and temperature trend 
(high confidence)

[26.4, 26.8, Box 26-2]

• Some ecosystems are more fire-adapted than others. Forest managers and 
municipal planners are increasingly incorporating fire protection measures (e.g., 
prescribed burning, introduction of resilient vegetation). Institutional capacity to 
support ecosystem adaptation is limited. 
• Adaptation of human settlements is constrained by rapid private property 
development in high-risk areas and by limited household-level adaptive capacity.
• Agroforestry can be an effective strategy for reduction of slash and burn 
practices in Mexico.

Assessment Box SPM.2 Table 1 (continued)
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to sea level rise, extreme precipitation, and 
cyclones (high confidence)
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drainage. In many cases, older rainfall design standards are being used that need 
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strategies can reduce the intensity of flood events.
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(high confidence)

[26.4, 26.8, Box 26-2]

• Some ecosystems are more fire-adapted than others. Forest managers and 
municipal planners are increasingly incorporating fire protection measures (e.g., 
prescribed burning, introduction of resilient vegetation). Institutional capacity to 
support ecosystem adaptation is limited. 
• Adaptation of human settlements is constrained by rapid private property 
development in high-risk areas and by limited household-level adaptive capacity.
• Agroforestry can be an effective strategy for reduction of slash and burn 
practices in Mexico.

Assessment Box SPM.2 Table 1 (continued)

Summary for Policymakers

Regional Response 
and Extreme Weather 



HAPPI	–	experiments	and	status	
1.  Time	slice	experiments	of	historical,	1.5	and	2	

degree	climates.	
2.  Decade	long	simulaOons.	
3.  ~50-100	member	iniOal	condiOon	ensembles.	
	

1.  AcOvely	seeking	funding	for	HAPPI-ISIMIP	
coordinaOon.	

Climate	
sims	

Impact	
models	

Analysis	 PublicaOons	

Special		
Report	

June	2017	Feb	2017	Oct	2016	



HAPPI	–	possible	science	
(mitchell	et	al,	ERL,	2016)	

CapOon:	Return	period	curves	of	mortality	counts	in	(lee)	London	
and	(right)	Paris	for	two	scenarios.	
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ISI-MIP	collaboraOons	

•  HAPPI	modelling	protocol	compaOble	with	
ISIMIP		

•  Model	output	will	be	provided	bias	corrected	

•  Keen	for	parOcipaOon	from	the	ISIMIP	
community.		



Bias	correcOon	

ESDD
6, 1999–2042, 2015

Ensemble bias
correction

S. Sippel et al.
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Figure 3. Evaluation of the resampling bias correction methodology for the study area in Central
Europe for (a) temperature, (b) precipitation, (c) incoming short-wave radiation, and (d) incom-
ing long-wave radiation.

2038

(Sippel	et	al,	2016;	Hempel	et	al,	2013)	

Temperature	 PrecipitaOon	

•  What	are	you	biases	correcOng	to?	
•  Models	sample	spaces	that	observaOons	do	not.	
•  Bias	correcOng	can	result	in	physical	inconsistencies.		



Impacts	we	are	interested	in	
•  Extreme	meteorology:	Heat,	precipita4on	and	wind	related	

risks.		
•  Health	impacts	rela4ng	to	extreme	hot	or	cold	spells	and	

infec4ous	diseases.	
•  Flood	risks	changes,	including	droughts.	
•  Economic	impacts	from,	e.g.	flood	damage	
•  Crop	yield	changes,	specially	in	developing	na4ons.	
•  Projected	clima4c	extremes	and	sustainable	development	

pathways.	
•  Changed	extreme	frequency	on	terrestrial	carbon	cycle.	
•  Hurricane	frequency	and	loca4on	changes	
•  Open	sugges4ons	for	other	impacts	



Summary	
•  The	UNFCCC	and	IPCC	have	asked	the	
community	a	specific	quesOon.	

	
•  We	are	not	necessarily	set	up	to	answer	it.	
	
•  HAPPI	presents	an	experimental	design	that	is.	
	
•  There	is	sOll	much	to	address,	especially	
linking	to	the	impacts	community.	
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