P | Pt | [T wand| oo | Ruteol Chinge (ppyr) = Life-time) (Eq 1)

Here we describe using a simple mass balance model to help students better
understand past and future projections of CFC-12 In the atmosphere. Our
motivation Is two-fold. First, the activities described here are designed to help
students better understand general principles of mass balance: flow rates,
accumulation rates, net accumulation, equilibrium levels, first order loss rate, and
time delays. Secondly, chlorine loading In the atmosphere as related to

e M ass Balance and Atmospheric Chlorofluor ocarbon CFC-12:
H Using Interactive Models and Data in Introductory Atmospheric Science

Robert M. MacKay, Clark College Pnysics and Meteorology. Email: rmackay@clark.edu
o Cathryn A. Manduca, Science Education Resource Center, Carleton College
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The " Teaching with Data” and “ Teaching with Model” modules are two
examples of the many Starting Point modules available through the
Science Education Resource Center (SERC). These particular
resour ces are designed for introductory geoscience faculty interested in
learning how they can use data and models effectively to enhance
student learning.  All Starting Point modules intimately integrate

stratospheric ozone depletion and expected ozonerecovery.

Water Bucket Interactive Online M odel |nteractive Online M ass Balance M ode! for
Past and Future Projections of
L ear ning Objectives. The online interactive Atmospheric CFC-12
water bucket model can be used to help students
|8 @bouit L ear ning Objective: Use amodified = (slobal
oHow rates . 2250 — Total EECI
. version of the water bucket model to: - ~6% down
eAccumulation rates from

1. Estimate global emissions of CFC-12 2150
2. Estimate future CFC-12 concentrations 2100
with and without emission restrictions. 2050
3. Understand time delays between BN b= |

. . Isand a’[mosphenc 1991 1993 1995 1997 1999 2001
emissions contro N

reSpOHSG. ttp://www.cmdl.noaa.gov/hats/graphs/graphs.html

peak

PP

*First order loss rates
eEquilibrium levels
*Time delays and time constants

RE depends on water level
{content) C and the size of

£

Removal Rate = RR=—— Giobal Pollution 550 1 [start Runi(rea) &l
* Chlorofluorocarbon CFC-12 EAe GOHE.
is residence time - CEG-12 (yrs)  (ppew)
P o= N | (Ppty) ! 1990 480
7 L, W . 1992 505 B dC C
\ . 1994  521.1 — =8, ——
RR dC _ ’S—E AY 400 1996  530.5 di T

1958 534.9

2000 535.6
2002 533.5
2004 529.4
2006 523.7 v

250

1959 2010 tyrs) 2030 ' {The output from the last mode

run 15 appended to this list,
CFC data in black dots obtained from "Clear" also Clears this list.
http:/fwrww. cmdl noaa govthats/

B Figure 2. Growth of CFC-12

'B with constant emissions

'l estimated from 1980

i observations (left). Fitting data
'l with different emission reduction
'8 scenarios (right)

Figure 1. Example output from the online interactive
water bucket model.

(@) filling up at different rates w/o leak;

(b) aleaky bucket with different input flow rates,

(c) aleaky bucket with different initial contents.

ﬂ 3 S
1580, 1990  tiyrs) 2000

2010  t{yrs) 2030

Explorethis model and suggested student activity at:

Explor e this model and suggested student activity at: http://cs.clark.edu/~mac/physlets/Global Pollution/chl orofl ourocarbons.htm

http://cs.clark.edu/~mac/physl et/ Gl obal Pol | ution/WaterBucket.htm

pedagogy with solid examples of teaching [ esour Ces.

‘A How to Teach With Data. - Microsoft Internet Explorer,

“Teaching with Data” provides N e —

solid background of available | e

data and data types, describes ﬁﬁ?ﬂ;@ntﬁiwtg
how data can be used effectively e "

In the classroom, includes R
resourcesrelated to data o i How to Tencly With Data.

Field Labs

analysis and visualization, and -

contains many examples of ey [ S -
St Udent Center ed I ear nl ng r:le.jr lgemew Evidence from science education research suggests that activities are most

Rola Playing effective when they are designed to interactively engage students.,

. Y M - _ - learn more here
aCt VI tl es that make eXtenSI ve SO Esenne There are many ways to design activities that utilize data and also

Teaching with Data engage students as active participants in the learning process, We describe two basic activity design

u% Of d at a Teaching With Data archetypes below:
. What is Teaching With
Data? - o the collection and analysis of data by students in a microcomputer-based laboratory
Why Teach With Data? (MBL) environment.

Starting Point-Teaching Entry L

1! T eaChI n g WI t h M Od el S” 2} Model Types - Microsoft Internet Explorer

File Edit Vie Favorites  Tools  Help

describes what models are and Qs - © B B @ O foro

Address | @1 http:fiserc, carleton,edufintrogenimadelsWhatIsaMadel bkl

hOW they Cal be Used E Starting Point 2 " - PRy scorcn e sie
effectively in geoscience courses [l |s [Foosshsulingiall < o 88 | g’ V"

to enhance student lear ning. E——
Thisresource module also LTI | Model Types T e

Earth History Approach

includes resour ces on how to e L LR —
use common modeling e NN
environments along with many
examples of model related
inter active lear ning activities TP o ek e g

better understand real world systems. In general all models have an information input, an information
processor, and an output of expected results, Modeling Methodology for Physics Teachers (more info)

(1998)provides an outline of generic model structure that is useful for geoscience instruction, In

ﬁ;;glgare statistical | wymodeling the Environment” Andrew Ford gives a philosophical discussion of what models are an

:[fserc, carleton, edufintrogea/indes: ., html

Mathermatical Models

—|

L earn more at: http://serc.carleton.edu/intr ogeo/



