
Using Rockets to Engineer Climate without 

Harming the Ozone Layer

Prof. Darin Toohey

Atmospheric and Oceanic Sciences

CU Science Sampler

The Academy for Lifelong Learning

March 3, 2010



Before we get started, shouldnôt we address this yearôs winter 

storms? How can we be having ócoldô weather if global average 

temperatures are increasing?

Answer ïA few major winter 

storms, even though they seem 

very unusual to us, donôt 

really tell us what Earthôs 

climate is doing. They could 

be a sign that global climate is 

cooling, but they could just as 

easily be a sign of warming. 

We have to look at these 

events in context of what is 

going on everywhere ïand we 

canôt just look at a single year 

ïeven a single decade.

1911 ïNiagara Falls



Note that 1905-1915 

was the coldest decade 

in past 150 years

Global average surface temperatures are currently 1 oC higher than 

they were in 1910



Is it better to say that climate today is warmer than the past, or 

that the climate in the past was colder than today? 

In other words, what is normal?

We canôt rely on temperature records beyond ~100-200 years or 

so. We need proxies ïphysical, chemical, and biological changes 

that respond to temperature in the environment. 

Tree rings

Palynomorphs(e.g. pollen)



Above is the famous ñhockey stickò 

temperature reconstruction (in blue) 

based on proxy records (i.e., tree rings, 

ice cores, bore holes, corals, etc.) 

pinned to the modern temperature 

record (in red). The original proxy 

records at are left for 0-2000 (top left) 

and 1000-2000 AD  (bottom left)



How do scientists explain recent warming?

The best place to go is the 2007 IPCC Report 

(Intergovernmental Panel on Climate 

Change). IPCC is an international group 

scientists that have been charged with 

assessing the scientific literature relating to 

climate change. There were three  Working  

Groups in 2007:

I. The Physical Science Basis

II. Impacts, Adaptation, and Vulnerability

III. Mitigation of Climate Change

The least controversial part of the report was 

I. It is far more difficult to predict assess the 

impacts and to predict the future (II and III)



Note that IPCC prefers to óspeakô in terms of óradiativeforcing.ô 

What does this mean?

Climate is complex!!

The earth is heated by the sun, which has an output that varies 

with time. In addition, 30% of the incident sunlight is reflected 

back to space (the ñalbedoò, or reflectivity). 

The earth ócoolsô by radiating heat back to space. In the absence of 

an atmosphere, Earthôs global temperature would be below -20 oC

and the earth would be completely covered with ice. 

The atmosphere acts to trap heat near the earthôs surface, stopping 

it from escaping to space (this is referred to as ñthermal trappingò 

or the ñGreenhouse Effectò).



The Simplified View of Earthôs Energy (Radiation) Balance



NOTE ïIn Earthôs Climate System, EVERYTHING plays a role

The sun is critical for providing the input to the Earth system (all 

other energy sources are minuscule in comparison)

Clouds, ice, and deserts are responsible for reflecting 30% of the 

incident solar energy back to space. With more reflection, the 

Earth would absorb less sunlight and climate would cool. With 

less reflection, the climate will warm. There are important 

feedbacks  (e.g., the ñice/albedofeedbackò) that amplify the 

changes in climate that are due to small changes in solar input 

(for example, due to orbital variations), and that cause the 

temperature to vary enough to cause ice ages or warm 

óinterglacialsô (such as our current warm climate)



Gasesthataretransparentto visible light, but cantrapinfraredradiation,arevery

effective at warmingEarthôssurface. We call themñgreenhousegases.òGHGs

can be viewed as a layer that warms up by absorbingheat from the

surfaceandradiatessomeof that heatbackto the surface. Think of this

layerasan infraredóspaceheater.ôTheheatthatcomesfrom this layer is

REAL, andcanbereadilyfelt.

Think about how 

warm you feel in a 

sleeping bag on a 

cold night in the 

desert (the layer of 

goose down is 

warmed by your body 

heat and then heat is 

radiated back to your 

body).



NOTE ïContrary to some reports (even by reputable scientists!) 

greenhouse gases (GHGs) DO NOT heat the earth by reducing the 

amount of energy that Earth radiates to space! In fact, if that were 

to occur, the Earth would get very warm very fast! What GHGs do 

is shift the altitude at which thermal radiation can escape to space. 

The surface becomes warmer, because it has an extra heat source, 

and this heat is propagated upward. Eventually, the atmosphere 

will radiate back to space with the same óeffective temperatureô as 

it had without an atmosphere. That radiation is now coming from 

higher up in the atmosphere. 



The atmosphere and oceans are like fluids in your body. By 

circulating, they act to move heat and nutrients from one part of the 

Earth system to another. 

It is the average of weather and 

precipitation that represents the 

climate. As climate changes, some 

places get warmer, some colder. 

Some get wetter, some more dry.

It is the movement of 

heat (and water) around 

the earth that is the basis 

of weather.


