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deserts, oceans, etc.); see e.g. Laurence et al. (2018). The 
first category includes proposals to interfere with the solar 
radiation before it reaches the planet. The second includes 
proposals to manipulate processes in the planet. These are 
not science fiction movies but adjudicated scientific papers 
based on math and physics. Such geoengineering solutions 
rarely consider the uncertainty associated with the nonlinear 
dynamics of the Earth system, and do not consider serious 
sensitivity analyses of “after effects”.

Consider a couple of examples from “in-house “geoen-
gineering proposals. One example proposes to make clouds 
whiter by seeding them with a fine mist of seawater (Bower 
et al. 2006; Kramer 2013). The seawater would make the 
cloud droplets much finer and more reflective, thus reducing 
the amount of radiation reaching the surface of the planet, 
and thereby cooling the planet and reducing global warm-
ing. Similar ideas have been proposed to dissipate hurri-
canes in order to save lives (Latham et al. 2012). Another 
example is carbon sequestration from the atmosphere and 
subsequent storage in the ground. Mother Nature does this 
rather effectively through forests, kelp beds, etc. and with 
no harmful after effects.

We see two issues with these proposals. First, as any 
climate scientist would testify, climate system dynamics 
are only approximately known. Most physical processes 
in atmospheric models are not well understood. A prime 
example is clouds. Cloud microphysics is represented in 
these models by linear parameterizations. This means that 
the actual physics and equations describing cloud devel-
opment and cloud interactions with climate are approxi-
mated by linear equations. This is true of other processes 
such as heat fluxes between the oceans and the atmosphere, 

In the 1991 released science fiction movie Highlander II: 
The Quickening, the story line is that in 2024 industrial 
pollution has destroyed the ozone layer, leading to wide-
spread deaths from ultraviolet light. To solve this problem a 
scientific team creates an electromagnetic shield to protect 
people from these harmful rays. However, while the shield 
initially saves the planet, after effects throw the planet into 
constant darkness, high temperatures, and high humidity, 
with deadly consequences. The after effects were worse than 
the engineers of the electromagnetic shield could have ever 
imagined or predicted. While only a movie, Highlander II 
makes a very important scientific point relevant to today’s 
geoengineering proposals.

Geoengineering solutions to climate change that have 
been proposed in peer reviewed scientific journals can be 
divided into two categories: “space-based” (mirrors and 
shields, and recently dust from the moon), and “in-house”, 
atmospheric (stratospheric aerosol injection, marine sky 
brightening, cirrus cloud thinning), and surface-based 
(modifying urban areas, agricultural land, grasslands, 
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interaction between climate and ecosystems, and solar 
radiation absorption, scattering and reflection. In addition, 
there are self-organizing phenomena such as hurricanes. 
Self-organization in dissipative systems such as the atmo-
sphere and ocean must exchange energy with the environ-
ment. Hurricanes involve huge amounts of energy yet no 
one has any idea of how the atmosphere and the ocean 
will be affected if the exchange of that energy is reduced. 
The other issue is that many of these “in-house” proposals 
require regular reseeding to be effective. Both the monetary 
and environmental costs are rarely adequately considered.

Other ideas/proposals include orbiting reflecting mirrors 
or solar shields, and ejecting moon dust near the Earth–Sun 
L1 Lagrange point (Bromley et al. 2023; Early 1989; Hud-
son 1991; McInnes 2002) to limit the amount of solar radia-
tion reaching the planet.

In essence, although peer reviewed, geoengineering pro-
posals stray far from scientific reality, as they ignore the fact 
that the climate system’s highly nonlinear character means 
extreme sensitivity to initial conditions (the butterfly effect) 
and to changes in system parameters. Even if we had the 
perfect climate model (which we don’t have) or a climate 
theory (which does not exist), sensitivity to the initial con-
ditions and parameter values will have unknown chaotic 
effects. Therein lies the whole problem with potential geo-
engineering solutions; i.e. the formulation of the climate 
system and its components is only approximately known.

More than 40 climate models are floating around in the 
climate community, and their predictions about general 
dynamics simply don’t agree with each other. In a recent 
publication (Steinhaeuser and Tsonis 2013), the commu-
nity structure (a reflection of dynamics) of 28 control and 
70 forced climate simulations from 23 climate models was 
examined, using network theory, and the similarity of their 
community structure in four different fields (upper-level 
flow, sea-level pressure, surface air temperature, and pre-
cipitation) was evaluated. It was found that except for the 
upper-level flow, the agreement between the models was 
not good. Simply put the results proved that climate models 
are imperfect with significant differences in predictions of 
fundamental characteristics of the ocean and atmosphere. 
Even worse, none of the models compared well with actual 
observations.

An important note to be made here is that no geoengi-
neering proposal has ever done a thorough analysis of the 
nonlinear effects of changing an input or of the uncertainty 
on the initial conditions in the climate system, including a 
realistic assessment of the related costs. Therefore, although 
interesting, if implemented without a better knowledge of 
the intricate dynamics of our climate system, geoengineer-
ing solutions could pose dangerous and unknown risks, like 

the unpredictable effects in the above mentioned science fic-
tion movie.

It is worth noting that humans have already “geoengi-
neered” climate by urbanization and deforestation. Urban-
ization and deforestation have altered 20% of the land 
surface, with obvious effects on the average albedo of the 
planet. Since 1850, about 30% of all CO2 emissions are due 
to deforestation (Le Quéré et al. 2016). Deforestation has 
already made serious climate impacts. Trees release mois-
ture that cools the air around them. This has contributed 
to more intense heat waves in North America and Eurasia 
(Lejeune et al. 2018). Did we know that would happen back 
in 1900? We had no clue about our climate system then. 
Today we know much more about the climate system, but 
do we know enough to risk having geoengineering propos-
als being taken seriously? Climate scientists have a good 
idea of the large-scale flow of ocean currents, but detailed 
measurements are not available. They know the basic phys-
ics of cloud formation and its thermodynamics but do not 
fully understand detailed cloud microphysics or the com-
plex connections between climate and ecosystems. And 
with complex nonlinear systems, details are important. Time 
and effort spent on geoengineering would be better spent to 
improve understanding of the climate system and its com-
ponents. When new car or plane models are proposed, rig-
orous testing procedures are executed and corrections are 
applied to ensure the products are safe to use and unwanted 
effects are minimized before they go in the market. Suc-
cessful engineering is built on repeated failure. In contrast, 
it is not easy to undo geoengineering projects when they go 
wrong. The experiment is done and that’s it. We better be 
right on the first go as we may have to live with disastrous 
consequences.
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