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environmental systems



two topics

environmental consequences of technology

global climate modeling



MBTE

to solve an air pollution problem, added a 
complex (carcinogenic) chemical to gasoline

tanks at gas stations leak

average distance between municipal water 
source and the nearest gas station is 

between 1 and 2 km



ground water transport



we could have calculated how 
far MBTE would spread over 
time ...

... but it was not part of the design process

not uncommon:  we create a new problem 
when solving an old problem

we often lack systems-level thinking



1. Electrification
2. Automobile
3. Airplane
4. Water Supply and 

Distribution
5. Electronics
6. Radio and Television
7. Agricultural 

Mechanization
8. Computers
9. Telephone
10. Air Conditioning and 

Refrigeration

11. Highways
12. Spacecraft
13. Internet
14. Imaging
15. Household Appliances
16. Health Technologies
17. Petroleum and 

Petrochemical 
Technologies

18. Laser and Fiber Optics
19. Nuclear Technologies
20. High-performance 

Materials

Most important technologies of 20th century (NAE 2000)



Moore’s law







we know

• some of any material we use will 
escape into the environment

• it will spread spatially

recognition of these facts must become 
part of our technological decision making 
process:  would prevent worldwide spread 
of scotchgard, teflon, etc. 



compact fluorescent lightbulbs

• much more 
efficient

• contain mercury 
(a poison)

• need a balance 
between energy 
saving (lower 
CO2) and 
environment



in US, still better than 
incandescents (we burn coal)



“We wouldn’t take a drug the FDA didn’t 
think fit within the metabolism of the 
human body.  Why do we think we could 
invent chemicals and put them in the 
earth that don’t fit the metabolism of the 
earth?  That’s a mistake.   We need to get 
past that.”

Philip Gschwend, MIT



global climate change:  
what is in store?

6 m rise in sea level



energy balance

http://www.eoearth.org/article/
Energy_balance_of_Earth



energy balance in a nutshell



energy balance in a nutshell



energy balance in a nutshell





greenhouse gases

small but important 
quantities (linked to humans)
• nitrous oxide
• chlorofluorocarbons 



in:  the sun

out: + -

long wavelength 
radiation (constant)

greenhouse gases 
(human caused)

reflection off 
atmosphere (can 

change with climate)

absorption by 
oceans and land

reflection off ice and 
water (can change 

with climate)



the issue

there is really no doubt that increasing 
amounts of greenhouse gases are leading 

to rising global temperatures, and that 
humans are the primary culprits

the real issue is what the effects will be and 
where they will occur and if it matters



some potential issues of global 
warming

• polar ice melts and sea levels rise, 
drowning the coasts

• changes in weather patterns (e.g., 
droughts) damage farming and limit 
water availability

• storms will be stronger
• ...



predicting the future

our only tools are complicated computer 
models and simulations that try to capture 

the essential physics of the climate



the parts

need to develop and then couple:

• atmospheric models

• ocean models

• land models

• sea ice models



the methods

• divide space into grids

• solve simplified transport equations 
(mass, material, energy) on the grids

• input:  amount of CO2, etc.

• output:  flow of atmosphere, water, 
etc. 





parallel ocean model

• discretize the oceans

• approximate the land

• solve fluid and temperature flows with 
reduced model

can “postdict” behavior of such features as 
El Niño and La Niña

http://www.youtube.com/watch?v=N3bXHeIc88U



land models



community sea ice model

• energy conserving thermodynamics 

• four ice layers and one snow layer

• elastic-viscous-plastic rheology 

• subgrid-scale ridging and rafting

• horizontal advection with 
incremental remapping scheme 

• ...



Community 
Land Model!

(CLM)!

Community Atmosphere 
Model (CAM)!

Community 
Sea Ice Model !

(CSIM)!
Ocean component!

(POP)!



problems

• grids are too sparse

• each model is solved separately with 
approximate couplings

• physical models are relatively primitive



climate modeling:

global versus local



global models not refined 
sufficiently for local variations



Dynamical Downscaling 

Continually update the 
regional model around its 
lateral boundaries using 
later results from the 
global model. 

Run the global model, storing output 
several times per day. 

Interpolate global model 
results to initialize the 
regional model grid. 

Christopher J. Anderson, ISU



specific technical issues

• dissolution of CO2 in oceans not very 
well captured

• treatment of particulate matter (soot) not 
very well captured

• glacier flow (critical to knowing if ice 
sheets fall into the sea) are not well 
captured

• and many more ...



work at ISU

Researchers from ISU have recently found 
that greenhouse gas uptake by continents is 
less than previously thought because of 
methane emissions from freshwater areas.   

http://www.ag.iastate.edu/news/releases/905/.



assessment
• “Measuring the quality of climate models so the 

metric used is directly relevant to our confidence in 
the models’ projections of future climate has proven 
difficult.”

• “Regional trends in extreme events are not always 
captured by current models, but it is difficult to assess 
the significance of these discrepancies and to 
distinguish between model deficiencies and natural 
variability.”

• “Uncertainties about carbon-feedback processes in 
the ocean as well as on land, however, must be 
reduced for more reliable future estimates of climate 
change.”

from “Climate Models: An Assessment of Strengths and Limitations,” US Climate Change Science 
Program (2008)



is there an arctic tipping point?

Based on simulations, “Amstrup and colleagues, 
however, found no evidence of a critical temperature that 
resulted in a tipping point. Rather, they found a linear 
relationship between global mean surface air temperature 
and sea-ice extent, and that rapid ice loss could partially 
reverse. But the authors caution that tipping 
points could occur in the real world and that the 
situation could still be dire.” 

Derocher, Nature (2010)



overall assessment

• we need to prepare to mitigate the 
effects of a future with global 
temperatures higher than we have now

• much work remains for climate models 
to be truly predictive, but they are all we 
have



extra slides



waste

"Studies estimate that 315 - 600 million desktop and 
laptop computers in the U.S. will soon be obsolete... [and] 
contain a total of more than 1.2 billion pounds of lead. 
About 40% of the heavy metals in landfills, including lead, 
mercury, and cadmium, come from electronic equipment 
discards."

in China:  “An estimated 12 million tonnes of grain are 
contaminated by heavy metals every year, causing direct 
losses of 20 billion yuan (US$2.57 billion). Harmful 
substances accumulate in crops and, via the food chain, 
find their way into our bodies, where they can cause a 
variety of illnesses.”  - chinadialogue 2007 



the developing world gets our waste


