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If we lose the Arctic, we lose the world.
What we must do to save the world

The Predicament We Are In, and 

What Will be Required and the 

moral implications of our choices

*With appreciation from Dr. Michael MacCraken and others involved in our Talanoa Dialogue input: https://unfccc.int/documents/65014 



A quarter-century ago, the internationally accepted UN 

Framework Convention on Climate Change 

set an objective of stabilizing the GHG concentrations 

at a level to avoid seriously disruptive consequences

Objective 2 of the UNFCCC calls for:

 Stabilization of the greenhouse gas concentrations in the 
atmosphere at a level that would prevent dangerous 
anthropogenic interference with the climate system. 

 Such a level should be achieved within a time-frame 
sufficient

 to allow ecosystems to adapt naturally to climate 
change,

 to ensure that food production is not threatened, and

 to enable economic development to proceed in a 
sustainable manner.

Earth Summit, Rio de Janeiro, 1992

(adopted widely by the world community 

and ratified by the US Senate in 1992)



In the past 25 years, however, the CO2 concentration 

has gone from ~355 to ~405 ppm, as much had 

occurred in roughly the previous 50 years

Also, methane is 3 times higher than preindustrial levels, and rising, 

and its Global Warming Potential is 120x that of CO2 when rising

Source: C. Le Quéré et al.: Global Carbon Budget 2017

… and the annual 

rate of increase has 

been increasing



Global CO2 emissions have grown from ~6 GtC/yr to 

almost 10 GtC/yr
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Time (yr)

Recent US/global recessions

But, the oil Industry expects to go from today’s production of 96 millions 

barrels/day to 120 million barrels a day by 2020

UNFCC

UNFCC

UNFCC

UNFCC



There is perfect correlation between atmospheric CO2 

and cumulative emissions 
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There has been no measurable sequestration of CO2 in 

comparison to fossil fuel emissions – so even a zero carbon 

economy will not reduce atmospheric CO2.



Since 1992, the global average temperature 

has risen ~0.5ºC, and the increase has been

larger over land areas and at higher latitudes

The increase in the global 

average land surface temperature 

is already up by nearly 1.16ºC 

compared to the 1880-1910 

baseline. The Arctic is 

experiencing especially amplified 

warming due heat flow which 

triggers positive feedbacks.

The increase in the global average 

ocean temperature is up ~0.8 C 

since the late 19th century. Note 

the anomalous warmth during 

WW II years that is likely a 

remaining, unremoved bias that 

has led to various doubts about 

the CO2 influence. 20th century baseline



All climate variables also show very significant 

trends toward disruptive conditions

These variables are highly connected, so a change in one forces 

a change in the others, resulting in amplified change and a 

tendency towards extremely rapid temperature increases



Recent sharp temperature rises do not correlate with 

radiative forcing from CO2 increases

𝑅𝑎𝑑𝑖𝑎𝑡𝑖𝑣𝑒 𝐹𝑜𝑟𝑐𝑖𝑛𝑔 = 5.35𝑙𝑛
𝐶

𝐶𝑜

The recent sharp deviation from the trend indicates that 

amplification mechanisms may becoming dominant



There is a very significant gap, however, between 

where we are, even if INDC pledges are met, and

pathways that would limit warming to 1.5 to 2ºC



With the most optimistic assumptions, we can get to 1.5 

to 2ºC by reducing near to net-zero emissions in roughly 

the next one to two decades

Source: http://www.gci.org.uk/images/ALE2.png

Wind and Solar provide ~2.3% of primary energy (BP Stats review), 

so a very large transition is needed!!! 

Assuming ongoing 

5.5%/yr growth in 

airline emissions, 

Assuming ongoing 

5.5%/yr growth in 

airline emissions



Setting Timescales - we need to start cooling the planet 

before the ice melts and before the pressure of a 10 

billion population become unsustainable

Sources: Population Data: United Nations, Department of Economic and Social Affairs, Population Division (2017). World 

Population Prospects: The 2017 Revision, custom data acquired via website, Sea Ice Extent – University of Illionis

In the most relaxed timeframe, we would need to get to  preindustrial 

CO2 levels in 50 years, that means sequestering ~11GtC/year with a 

zero carbon economy, and ~20GtC/year if emissions remain at today’s 

levels

Measurable ice loss 

starts in 1950



Anthropogenic Carbon Emissions since 1965 are ~315GtC.

Tropical forests store ~250GtC, equivalent to ~30 years fossil 

fuel emissions at current rates

Source: Sassan Saatchi et al (2011). Benchmark map of forest carbon stocks in tropical regions across three continents." 

Proceedings of the National Academy of Sciences, June 3, 2011. 

Harvesting and burying the entire tropics, and regrowing it, would 

not sequester enough carbon to offset the legacy emissions



Achieving net zero CO2 emissions 

(and reduced emissions of short-lived greenhouse gases) 

would require very significant negative CO2 emissions to 

eventually return the temperature increase to 1.5-2ºC
Source: Anderson and Peters, 2016

There are no proven approaches for energetically and  

economically accomplishing this at scale (!!) and in ways 

that are politically acceptable



The prospects for Carbon Dioxide Removal (CDR) 

are uncertain and very likely too limited 

to quickly pull warming back to less than 0.5ºC

Approaches and prospects include:

• BECCS: Requires very significant amounts of energy, land, 

water and nutrients [very low thermal efficiency];

• Biochar: Again, requires large amounts of land and efforts to 

collect waste;

• Geotherapy: Claimed, but reforestation, afforestation and 

building up soil carbon via growth of vegetation are slow (multi-

decadal) and limited by nutrients, land area, water, etc.;

• Fertilization of the ocean: Claimed, but the fraction of C 

transferred to deep ocean & sediments is not established; 

benefit may instead be enhanced fish populations, which will be 

equally critical likely food shortages

• Direct air capture: Possible, but likely energy intensive, and the 

captured carbon must be stored/sequestered; and

• Generation of aggregate for use in construction: Claimed, but 

not proven viable at scale.



 Would a sustained warming of 1.5 to 2ºC reached by 
2050 and continuing thereafter “allow ecosystems to 
adapt naturally to climate change”?

 Would a sustained warming of 1.5 to 2ºC reached by 
2050 and continuing thereafter “ensure that food 
production is not threatened”? and

 Would a sustained warming of 1.5 to 2ºC reached by 
2050 and continuing thereafter, along with the 
associated commitment to sea level rise at rates likely 
well over 1-2 m/century for a millennium or more* 
“enable economic development to proceed in a 
sustainable manner”?

But does limiting global warming to 1.5 to 2ºC 

actually meet the objectives of the UNFCCC? 

* Paleoclimatic records suggest that each degree increase in global average temperature will lead to 

a 15-20 meter (!!) increase in sea level at equilibrium (which may take as much as a few millennia). 

Projected 21st century warming is at a rate ~50 times faster than the warming rate during glacial 

termination phase as sea level rose an average of 1m/century for 120 centuries!!



At a bit more than 1ºC, we are already experiencing: 

 Summertime high-temperature extremes for NH land areas that occurred 

0.1% of the time from 1951-80 are now occurring well over 10% of the time;

 Extreme precipitation events are much more frequent on all continents;

 Higher temperatures have raised evaporation rates, leading more rapidly to 

significant drying and drought conditions, often in inland agricultural areas;

 Terrestrial ecosystems are becoming seriously stressed during drying and due 

to pests, creating situations leading to more intense wildfires. Virtually all of the 

world’s warm water coral ecosystems are already headed toward extinction;

 Snow cover, sea ice cover, and mountain glaciers are retreating rapidly;

 Glacial ice streams on both Greenland and Antarctica are moving and 

calving faster, committing the world to a significant increase in sea level over 

coming centuries and millennia.

 Sea level rise is already causing problems in low-lying areas, the rate of rise has 

accelerated, and conditions are not at equilibrium, presaging much more rise 

before stabilization; and

 Environmental refugee flows raising serious social and security concerns, 

while population is headed toward 10 billion or more

Based on current changes and disruptions occurring with 

roughly 1ºC warming, the answer would seem to be “No”



Becoming 

evident early

Start of ice melting that could lead to rates of sea level rise of a meter per century

Start of ocean acidification leading to substantial impacts on coral reefs and marine ecosystems

Glaciers and 

Oceans

Ecosystems

Becoming

evident early

Modified by MCM 

from Stern Report

Based on the types of impacts already being experienced, 

ensuring the UNFCCC objectives likely requires

limiting global warming to no more than 0.5ºC

Warming of ~0.5ºC

Becoming 

evident early

No reference to 

political and 

economic 

breakdown



 Critical ecosystems started unravelling in 1980

 Coral reef bleaching started simultaneously across 

the planet (Tom Goreau, 1980)

 Arctic Sea Ice Volume loss was already measurable 

(Wadhams, 1976-1988)

Establishing appropriate targets

The safe temperature increase must be 0.5ºC below 

baseline and the safe level of CO2 must be below 300ppm



These observationally set targets concur with Paeloclimate

records

When it comes to CO2, what goes up, does not 

necessarily come down.



Realistically, efficiency, mitigation, and CO2 removal seem 

quite unlikely to bring forcing back to 1.5ºC equivalent during 

21st century, much less return forcing to 0.5ºC equivalent

Solar geoengineering is likely the only approach able to provide 

the near-term cooling influence to avoid overshooting 1.5 to 2ºC, 

and the only way to get back below 0.5ºC before at least 2100. 



Conceptually, Solar Radiation Management is simple; 

reducing the incoming solar radiation (e.g., via adding to 

the stratospheric sulfate layer) will result in global cooling

T Alipalo/UNEP/Topham 

Mt. Pinatubo 

eruption,

Philippines, 

15 June 1991



While interventions would require ongoing injections, 

there are also potential SRM approaches 

focused on altering the tropospheric energy balance

 Stratospheric injection of sulfur dioxide to 

increase its current cooling influence in clear 

and cloudy skies (sulfate lifetime ~10 days)

 Injection of cloud condensation nuclei to make 

clouds brighter (CCN lifetime ~few days?)

 Increasing reflectivity of the land surface (e.g., 

by whitening cities, roadways, vegetation, etc.)

 Increasing reflectivity of the ocean surface (e.g., 

by microbubbles, floating reflectors, etc.)

 Increasing wintertime IR loss in high latitudes by 

thinning of wintertime cirrus ice clouds



Latham and Salter have proposed controlled 

enhancement of the albedo and 

lifetime of low-level maritime clouds

 The ships are wind-

powered (Flettner 

rotors)

 They loft a spray of 

very fine sea water 

that is carried up into 

clouds, brightening 

their albedo

 The approach works 

best in pristine areas

 Ship locations could 

shift with the season

 The basic effect is to 

reduce uptake of 

solar energy by the 

oceans



The uncertainties associated with reasonably 

researched SRM seem likely to be well less than the 

projected consequences of proceeding without SRM

 The technological approaches to SRM generally imitate natural 

processes that have already been included in climate models and 

their effects studied;

 The climatic conditions that SRM would be used to induce are 

within the bounds of recent experience rather than the 

unprecedented conditions projected in the absence of SRM which 

would constitute a complete change in the global energy system;

 The failure to invoke SRM will lead to a range of irreversible 

consequences that seem far more likely, serious and impactful than 

the prospect of a hypothetical and arbitrary SRM termination;

 Early deployment can be done gradually and iteratively, adjusting 

as appropriate and within the range of natural fluctuations.

 The scale of intervention and risks will grow exponentially with 

delay, due to the amplification effects being left unaddressed

In our view, an aggressive research and an early deployment program 

is needed to determine possibilities and evaluate prospects



A number of options have been suggested 

for artificially restoring the climate 

Reflect more 
sunlight to space or 
increase outgoing IR

Climate (Geo)-Engineering Options

Remove greenhouse 
gases from 
atmosphere

(decreased potential 
with warming and impacts)



Early and aggressive reductions in emissions of 

short-lived greenhouse gases offer a 

possible path to slowing near-term warming

Reductions in concentrations of short-lived greenhouse gases 

can slow the rate of warming over the next several decades, 

particularly if focus on

1. Methane

2. Precursors to tropospheric ozone (e.g., nitrogen oxides, CO)

3. Black carbon

4. Hydrofluorocarbons (the replacements for CFCs)

Key problem: The ongoing use of the 100-year Global Warming 

Potential (GWP-100) as the metric for the climate change 

implications of GHG emissions hides the opportunities that 

cutting emissions of short-lived species provide.

A new metric based on radiative forcing will soon be proposed 

under ISO/ANSI auspices to replace CO2e. 



SRM  - the moral implications

1. We need to plan for ultra long term SRM 

deployment, while hoping for success in 

developing  the fastest reduction in CO2 levels.  

2. The CO2 problem needs to be considered in the 

same way as nuclear waste.

3. SRM is not an alternative to reducing CO2 

emissions. Instead, recognition for its long-term  

requirements should be used to force more radical 

thinking on CO2 reduction



SRM  - the moral implications

The global 

commitment to 

nuclear storage is 

accepted and 

massive investment 

is underway; no 

such long term 

commitment exists 

to CO2



Radical thinking on CO2 reduction

1. Current strategy on climate change relies on:

a. Conservation: Reducing per capita demand 

for energy services and products

b. Efficiency: Providing the required products 

and services with less energy

c. Low carbon technology: Supplanting fossil 

fuel with renewables

d. Profitable or cost neutral carbon removal: 

use of BECCS

Adoption of efficient and energy saving technologies

is going too slowly to limit warming to 2ºC, 

much less to return global warming to less than 0.5ºC



Radical thinking on CO2 reduction

2. The radical CO2 reduction strategy would

a. Curtail excessive emissions: Target the ultra emitters.

b. Link achieving a zero-carbon economy with far 

reaching security agreements: This will most likely 

need a modern day equivalence of the 1947 Baruch 

Agreement that recognizes the absurdity of developing 

weapons systems that will outlast the societies they 

purport to protect while incentivizing first strike responses 

to threats and demanding high carbon economies.

c. Have an independent body to enforce carbon targets:

Financial and Insurance markets are already in place to 

do this.

d. Acknowledge and accept the costs of CO2 removal



We are in a situation where SRM increasingly seems 

likely to be the least bad situation, even though it will 

need to be carried on for a century or more

 Adoption of available conservation and efficiency measures is going too 

slowly to be adequate;

 New, non-fossil sources of energy are being developed and coming on too 

slowly to limit warming to 1.5ºC, much less to pull the warming down to less 

than 0.5ºC;

 To meet the energy needs of a growing population and a higher standard-of-

living in developing nations, energy demand is growing too much to yet 

reduce the share of global energy from fossil fuels to less than 80%, much less 

to near zero;

 The prospects for CO2 removal technologies are too uncertain to depend on 

to limit warming to 1.5ºC, much less pull back to 0.5ºC;

 The impacts of climate change, extreme weather, sea level rise, 

biodiversity loss, ecosystem disruption and environmental refugees are 

increasing too rapidly for adaptation to deal with, as indicated by the rising 

trend in multi-billion dollar impacts; and

 The risks of additional warming due to positive feedbacks from surface 

albedo reductions, GHG emissions from thawing permafrost and forest floor 

warming are too high to ignore and not take actions to avoid.



… efforts to limit emissions 

that cannot, even if they 

succeed, sufficiently limit 

21st century warming to 

avoid very serious 

societal and environmental 

impacts and risks

. . . Or, with its many 

implications, pursue  climate 

engineering approaches that 

allow slower changing of the 

global energy system while 

likely diminishing 

environmental risk

Modified from Ken Caldeira

With emissions reductions sure to take many decades, 

humanity faces its gravest ever collective decision—a 

decision that must be presented forthrightly for consideration

Humanity’s choice will 

dramatically affect the 

natural environment 

and future generations 

(raising complex moral 

and political issues 

intimately tied to 

consideration of 

stewardship and equity)



Other slides for reference

34



Switching to alternative sources of energy (mitigation) has 

significant potential to reduce emissions of long-lived CO2, 

but somewhat offset by loss of sulfate cooling

The most relevant and timely options would seem to include:

1. Wind-based technologies

2. Solar-based technologies

3. Geothermal based technologies

4. Ocean wave and current-based technologies

The most touted are not going to be nearly timely enough to 

be useful over both the near- and long-term:

1. Switching from coal to natural gas (temporary benefit)

2. Carbon capture and storage of fossil fuel technologies

3. Nuclear based technologies

Adoption of alternative sources of energy for electricity and transport 

is going too slowly to limit warming to 1.5ºC, much less to <0.5ºC



Early and aggressive reductions in emissions of 

short-lived greenhouse gases offer a 

possible path to slowing near-term warming

Reductions emissions of short-lived species can slow the rate of 

warming over the next several decades, particularly if focus on

1. Methane

2. Precursors to tropospheric ozone (e.g., nitrogen oxides, CO)

3. Black carbon

4. Hydrofluorocarbons (the replacements for CFCs)

Key problem: The ongoing use of the 100-year Global Warming 

Potential (GWP-100) as the metric for the climate change 

implications of GHG emissions hides the opportunities that 

cutting emissions of short-lived species provide. 



A UNEP/WMO 2012 report describes the potential for limiting 

near-term climate change and improving air quality, also 

producing significant health and environmental co-benefits

2000 205019501900

“Dangerous” warming per 

Copenhagen Accord

See http://www.unep.org/dewa/Portals/67/pdf/Black_Carbon.pdf

BC emissions: -80% by 2030

CH4 emissions: -25% instead of 

+25% by 2030



Without undertaking Solar Radiation Management to prevent 

further warming and bring the global average temperature 

back down below 0.5ºC, warming of 1.5 to over 2-3ºC 

will be disastrous and largely  irreversible (!!)

• The rate of mass loss by ice sheets and concomitant sea level rise 

seem likely to be primarily determined by peak warming due to 

various feedbacks, not the long-term stabilized temperature;

• The displacement and disruption of species and ecosystems is

likely most dependent on peak temperature change; ecosystems 

deteriorate far faster than they can rebuild. Biodiversity loss, such 

as near complete pending loss of warm water corals, can only be 

reversed by evolution over the very long term;

• The thawing of permafrost and consequent emission of methane 

and CO2 will likely be responsive to the peak temperature period, 

and amplify the period of warmth;

• Extreme weather, droughts, and precipitation will likely depend on 

peak temperature, but have long-term consequences due to 

wildfires, species loss, erosion, etc.

• With some areas becoming unbearable for outdoor living, the 

generation of environmental refugees will create serious problems



Research is needed in 

order to determine if 

any of the proposed 

approaches has 

the potential to 

play a role in 

back-stopping 

mitigation and 

adaptation as 

approaches for limiting 

climate change and 

moderating its most 

severe impacts, and a 

regional focus on 

limiting severe impacts 

seems worthy of 

investigation



We are not on a pathway that will limit warming to 2ºC

and nowhere near a pathway for the aspirational 1.5 ºC 

Temperature 

increases are 

relative to 

1850-1900

average 



Resolving governance may be a more significant 

challenge that technological feasibility; 

both inadvertent and advertent changes to the climate 

are the subject of International Protocols

 Inadvertent climate change (i.e., caused by fossil-fuel emissions) 

is governed by the UN Framework Convention on Climate 

Change (and for some nations by the additional Kyoto Protocol). 

The Montreal Protocol also governs emission of some of the 

greenhouse gases.

 Advertent climate change  (i.e., climate engineering) may be 

subject to the UN Convention on the Prohibition of Military or any 

Other Hostile Use of Environmental Modification Techniques

agreed to in 1978 (and the US ratification was filed on January 

17, 1980). Other conventions (e.g., for air pollutants, ocean 

dumping, etc.) may also apply.

 Undertaking localized and focused interventions focused on 

alleviating severe impacts of a nation or regional set of nations 

might be a workable issue for existing governance systems  to 

address (e.g., Arctic Council for the Arctic)



Injecting reflective materials into the stratosphere has 

the advantage of particles remaining aloft for 1-2 years

 “Hose to the stratosphere”
 Skinny pipe/hose, ground to ~25 km-high HAA (DoD)

 Artillery (shooting barrels of particles into stratosphere)
 “…surprisingly practical” – NAS Study, 1992

 High-altitude transport aircraft
 “Condor/Global Hawk, with a cargo bay”

 Half-dozen B-747s deploy 106 tonnes/year of engineered aerosol; 
towed lifting-lines/bodies for height-boosting the sprayer-
dispenser an additional 5-10 km above normal cruising ceiling

 Other options
 Anthropogenic (mini-) volcanoes (e.g., created by explosions)

 Tethered (set-of-) lifting-body – a set of high-tech kites

 Lofting of balloons into the stratosphere (possibly micro-scale 
and shaped as corner reflectors to reduce problems of light 
scattering)

 Increase release of carbonyl sulfide (COS) from oceans, leading 
to sulfates after chemical reaction in the stratosphere

Modified from original prepared by Lowell Wood

There are a number of options for stratospheric injections:



Hypothetical feedback –

independent and connected



The problems emerge when evaluating all of the various 

aspects and potential consequences

Approach Scal-

ability

Potential 

speed of  

deploy-

ment

Risk  

per unit

effect

Cost

Govern-

ance

issues

Space based 

reflectors

Stratospheric 

aerosols

Cloud albedo 

approaches

Land albedo 

approaches

Ocean albedo 

approaches

best worst
Adapted and modified 

from Caldeira, 2011



Focused (rather than global) climate engineering may have 

the potential to moderate specific global-warming impacts, 

possibly with reduced adverse side effects

Particular objectives for which it might make sense to 

determine if climate engineering technologies can be 

developed to attempt:

 Moderating Arctic (and/or Antarctic) warming (and/or 

permafrost thawing)  

 Moderating the intensification of tropical cyclones 

and hurricanes

 Nudging storm tracks

 Sustaining (or enhancing) the cooling offset of 

aerosols as SO2 emissions decrease

 Slowing the rate of retreat of outlet ice streams

 Other ideas?



46https://www.climate-restoration-foundation.com/single-post/2017/07/25/Renewables-are-great-theyre-just-not-great-enough


