GEOSCIENCE 001

CARBON CYCLE MODELING LAB

NAMES

LAB SECTION

WORK IN GROUPS OF TWO; EACH GROUP HANDS IN ONE LAB

IN THIS WEEK’S LAB, WE ARE GOING TO EXPERIMENT WITH A COMPUTER MODEL OF THE

GLOBAL CARBON CYCLE. WE WILL USE THIS MODEL TO CARRY OUT A SERIES OF
EXPERIMENTS THAT WILL HELP US UNDERSTAND SOME BASIC THINGS ABOUT THE
OPERATION AND FUTURE PROSPECTS FOR OUR CARBON CYCLE.

THE MODEL WE WILL USE AND THE CONSTRUCTION OF IT ARE DESCRIBED IN

DETAIL AT

HTTP://WWW.GEOSC.PSU.EDU/~DBICE/DAVESTELLA/CARBON/C_CYCLE_ MODELS.

HTM - CONSTRUCT2

THE MODEL IS A BIT MORE COMPLICATED THAN THE CLIMATE MODEL WE
WORKED WITH LAST TIME, AS CAN BE SEEN BY THE DIAGRAM:
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MOST OF THE COMPLEXITY ARISES FROM THE WAY THAT PHOTOSYNTHESIS AND
OCEAN CARBONATE CHEMISTRY ARE REPRESENTED.
COMPLEX THAT IT CANNOT BE SET INTO A PERFECT EQUILIBRIUM WITHOUT

GOING TO EXTREME LENGTHS.

IN FACT, THE SYSTEM IS SO

IF YOU RUN THE BASIC MODEL, YOU’LL SEE THAT

EVERYTHING CHANGES, BUT THE MAGNITUDES OF THESE CHANGES ARE SO
SMALL (COMPARED TO THE CHANGES WE’LL IMPOSE) THAT THEY DO NOT MATTER
AND SE CAN CONSIDER THE BASIC MODEL TO BE IN A STEADY STATE.



1. WHERE DOES THE ANTHROPOGENIC CARBON GO?

THIS CARBON CYCLE MODEL DOES NOT HAVE A MISSING SINK — THAT IS, ALL
THE CARBON CAN BE ACCOUNTED FOR. USING THE STANDARD MODEL WITH THE
ANTHROPOGENIC EFFECTS, FIND OUT WHERE THE CARBON GOES BY GRAPHING
THE ATMOS CHANGE, SURF OCEAN CHANGE, ETC CONVERTERS — THESE GIVE
THE AMOUNT OF CARBON ADDED TO OR SUBTRACTED FROM EACH RESERVOIR.
RUN THE MODEL FOR JUST THE FIRST 100 YEARS, WHICH AMOUNTS TO
STARTING 100 YEARS AGO AND RUNNING TO THE PRESENT TIME.

A) WHERE DOES ALL THE CARBON GO? SUMMARIZE THE CHANGES OF ALL
RESERVOIRS BY COMPLETING THE TABLE BELOW.

RESERVOIR AMOUNT ADDED IN GT C | % OF TOTAL ADDED C
ATMOSPHERE 194.7 73.75

LAND BIOTA 31.6 11.9

SoOIL -42.5 -16

SURFACE OCEAN 17.1 6.5

OCEAN BIOTA o o

DEEP OCEAN 63.1 23.9

GRAND TOTAL 264 100

B) COMPARE THE MODEL’S CALCULATED HISTORY OF ATMOSPHERIC CO2
CONCENTRATION (CONVERTER LABELED PCO2 ATM) WITH THAT OF THE REAL
WORLD (CONVERTER LABELED OBSERVED ATM COZ2) — ARE THEY CLOSE? DOES
THE MODEL DO A PERFECT, A DECENT, OR A POOR JOB OF MATCHING THE
OBSERVED RECORD?

DECENT JOB

2. BUSINESs—-AS-UsSUAL (BAU)

IN THIS MODEL, | HAVE EXTRAPOLATED THE CURVES FOR FOSSIL FUEL BURNING
AND LAND USE CHANGES (FOREST BURNING AND SOIL DISRUPTION) FOR AN
ADDITIONAL 200 YEARS. I’VE DONE THIS EXTRAPOLATION CONSERVATIVELY,
TRYING TO CONTINUE THE TREND OF THE RECENT PAST. NOwW RUN THE MODEL
AND SEE WHAT HAPPENS.

A) WHAT IS THE ATMOSPHERIC CO2 CONCENTRATION (PCO2 ATM) AT THE END
OF THIS TIME?
2121 PPM

B) HOw DOES THAT COMPARE WITH THE PRESENT?
PRESENT IS 357 PPM, SO THIS IS ~6 TIME MORE

c) How HOT DOES THE PLANET GET?




18.4 °C HOTTER THAN THE START (START Is 15°C), so 33.4°C

D) HOw DO THE PROPORTIONS OF THE CHANGES COMPARE WITH THOSE
OBSERVED IN THE FIRST 100 YEARS? |l.E., ARE THE CHANGES LINEAR
(CONSTANT SLOPES) OR NON-LINEAR?

RESERVOIR AMOUNT ADDED IN GT C | % OF TOTAL ADDED C
ATMOSPHERE 3946.4 80.2

LAND BIOTA 443 9

SoiL -634.6 -12.9

SURFACE OCEAN 103.7 2.1

OCEAN BIOTA o o

DEEP OCEAN 1064.1 21.6

GRAND TOTAL 4922.5 100

THE CHANGES ARE OBVIOUSLY MUCH GREATER, AND THE PROPORTIONS
CHANGE SOMEWHAT — MORE AND MORE OF THE CARBON IS TAKEN UP BY
THE ATMOSPHERE, LESS AND LESS BY THE OCEANS AND THE LAND BIOTA;
THE SOIL CONTINUES TO BE A SOURCE RATHER THAN A SINK, BUT IT IS LESS
OF A SOURCE, IN TERMS OF PERCENTAGE OF THE WHOLE.

3. STABILIZATION

LET’S SEE WHAT HAPPENS IF WE MANAGE TO KEEP FOSSIL FUEL EMISSIONS AND
LAND-USE CHANGES TO THE CARBON CYCLE STABLE FOR THE NEXT 200
HUNDRED YEARS. DOING THIS WILL NOT BE EASY, BUT IT CAN BE ACHIEVED VIA
A VARIETY OF MEASURES SUMMARIZED IN THE PAPER ON CARBON ‘“WEDGES”,
WHICH IS LINKED TO THE SYLLABUS.

FIRST, WE NEED TO CHANGE THE CONVERTERS CALLED FFB AND LAND USE
CHANGES.
DOUBLE-CLICK ON FFB AND YOU’LL SEE A GRAPH LIKE THIS:
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-PLACE THE CURSOR ON 7.100 IN THE FFB COLUMN ON THE RIGHT OF THIS
WINDOW, THEN CLICK, HOLD, AND DRAG THE MOUSE DOWN; YOU’LL SEE THE
YEARS SCROLL DOWN TO 300, THEN RELEASE THE MOUSE BUTTON.

NoOow ENTER A VALUE OF 6 IN THE EDIT OUTPUT BOX, THEN CLICK THE OK
BUTTON TO MAKE THE CHANGES AND EXIT THE WINDOW. THIS SHOULD HAVE
CHANGED THE FFB VALUES FOR YEARS 110 THROUGH 300 TO A VALUE OF 6.0.

DOUBLE-CLICK ON THE FFB CONVERTER AGAIN, THEN SCROLL ALONG THE
GRAPH TO BE SURE THAT THE CHANGES WORKED — YOU SHOULD SEE A FLAT
LINE FROM YEAR 100 1O 300.

DO THE EQUIVALENT CHANGE TO THE LAND USE CHANGES CONVERTER (TAKE
THE YEAR 100 VALUE AND EXTEND IT OUT TO YEAR 300).

A) BEFORE RUNNING THE MODEL, MAKE A PREDICTION — WILL THIS HALT THE
WARMING? INCLUDE YOUR REASONING, ALONG WITH YOUR PREDICTION.

LOOK FOR SOME REASONABLE STATEMENT

B) DOES THIS HALT THE WARMING?
NO — THE ARMING CONTINUES, BUT AT A LESSER PACE AND NOT IN AN
ACCELERATING WAY

c) How HOT DOES THE PLANET GET?
3.5°C WARMER THAN THE INITIAL TEMPERATURE (so 18.5°C TOTAL)

D) DESCRIBE WHAT HAPPENS TO THE TEMPERATURE AFTER THE STABILIZATION
TAKES BEGINS (YEAR 100).

THE TEMPERATURE CONTINUES TO RISE, BUT AT A LESSER PACE, A SHALLOW
SLOPE — BUT IT SHOWS NO SIGN OF LEVELING OFF



E) DOES THE SYSTEM APPROACH A NEW STEADY STATE? YOU MAY NEED TO
EXTEND THE LENGTH OF TIME THE MODEL RUNS FOR, BY SELECTING THE TIME
SPECS MENU FROM THE RUN MENU (DON’T GO MORE THAN A COUPLE
THOUSAND YEARS).

IT DOES NOT APPROACH A STEADY STATE, AT LEAST WITHIN 3000 YEARS,
AND IN FACT, THE RATE OF CHANGE SLIGHTLY INCREASES OVER THIS TIME —
BAD NEWS.

4. YoUu FiIxX IT

CONGRATULATIONS — YOU HAVE BEEN PLACED IN CHARGE OF BRINGING THE
GLOBAL CARBON CYCLE AND THUS THE GLOBAL CLIMATE UNDER CONTROL. THE
FATE OF THE WORLD (WELL, AT LEAST THE TEMPERATURE) RESTS IN YOUR
HANDS. TAKE A DEEP BREATH AS YOU CONTEMPLATE THE POWER.

YOUR RECOMMENDATION TO THE WORLD WILL BE BASED ON MODEL
SIMULATIONS SO THAT PEOPLE UNDERSTAND EXACTLY WHAT MUST HAPPEN AND
WHEN WE CAN EXPECT STABILIZATION AND THE SOONER, THE BETTER.
THERE ARE SOME CONSTRAINTS, HOWEVER:

®* YOU CANNOT DROP THE EMISSIONS TO A LEVEL BELOW 6 GT/YR

®* YOU CAN DO WHATEVER YOU WANT TO THE LAND USE CHANGES

® YOU CANNOT RELY ON SOME MYTHICAL TECHNOLOGY TO SCRUB CO,

FROM THE ATMOSPHERE.

TO BEGIN, YOU NEED TO STUDY THE MODEL CAREFULLY AND THINK ABOUT
WHETHER OR NOT YOU CAN ENHANCE SOME FLOW PROCESS TO SOLVE THE
PROBLEM.

LOOK AT EACH FLOW AND ASK YOURSELF WHETHER OR NOT CHANGING IT
WILL AFFECT THE ATMOSPHERE DIRECTLY OR INDIRECTLY AND WHETHER OR
NOT A CHANGE IS FEASIBLE.

HERE IS AN EXAMPLE OF A CHANGE THAT IS NOT FEASIBLE: INCREASING
DOWNWELLING OF OCEAN WATER, WHICH BRINGS SURFACE WATERS DOWN INTO
THE DEEP OCEAN — THERE IS NO REASONABLE WAY OF CONTROLLING
SOMETHING LIKE THIS. ANOTHER CHANGE THAT COULD NOT BE FEASIBLE IS TO
DRASTICALLY LOWER THE OCEAN TEMPERATURE.

YOUR SOLUTION SHOULD BEGIN AT TIME 100, WHICH IS THE PRESENT DAY.

THE FOLLOWING EXAMPLE (WHICH MAY OR MAY NOT BE REASONABLE) SHOWS
THE GENERAL STRATEGY FOR MAKING SUCH A CHANGE — FOLLOW ALONG SO
THAT YOU GET THE HANG OF IT. LET’S SAY WE WANT TO SEE WHAT WILL
HAPPEN IF WE INCREASE THE TRANSFER OF CARBON FROM SOIL TO THE
SURFACE OCEANS THROUGH THE PROCESS OF RUNOFF (THIS IS ALSO CALLED



SOIL EROSION, AND HAS SOME UNPLEASANT CONSEQUENCES). FIRST, YOU
MAKE A NEW CONVERTER, CALLED ENHANCE AND CONNECT IT TO RUNOFF AS
SHOWN BELOW:
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THEN DOUBLE-CLICK ON ENHANCE AND YOU’LL SEE A WINDOW THAT IS USED
TO DEFINE THE CONVERTER. TYPE IF TIME<100 THEN 1 ELSE 2 INTO THE
BLANK SPACE, AS SHOWN BELOW:

Converter
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THEN CLICK OK TO EXIT THIS WINDOW. NEXT, DOUBLE-CLICK ON THE RUNOFF
FLOW AND MODIFY THE EQUATION DESCRIBED THERE SO THAT ENHANCE IS
MULTIPLIED BY THE PRE-EXISTING EQUATION, AS SHOWN HERE:
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CLICK OK TO EXIT AND THE MODEL IS READY TO RUN. STUDY WHAT HAPPENS
BY GRAPHING THE GLOBAL TEMP CONVERTER AND SEE WHAT HAPPENS
FOLLOWING TIME 100. DOES THE CHANGE WORK? APPARENTLY NOT. SO, YOU
NEED TO BE CREATIVE AND TRY A VARIETY OF CHANGES TO FIND A SOLUTION.

WHAT IS YOUR SOLUTION?

DESCRIBE THE CHANGE YOU MADE (IN ENOUGH DETAIL SO THAT WE CAN
REPLICATE IT — IF WE CAN’T REPLICATE IT, YOU WILL NOT GET FULL CREDIT)
AND SHOW A GRAPH OF THE GLOBAL TEMPERATURE FROM TIME O TO 300 TO
DEMONSTRATE THE SUCCESS OF YOUR CHANGE. ALSO, DISCUSS WHAT WOULD
HAVE TO HAPPEN IN THE REAL WORLD TO MAKE YOUR CHANGE A REALITY.
HERE ARE SOME IDEAS THAT WORK:

1. ENHANCING OCEAN BIOTA BY A SMALL AMOUNT CAN HAVE A VERY STRONG
EFFECT — IT EXPANDS THE OCEAN BIOTA, WHICH THEN BECOMES MORE
EFFECTIVE DRAWING UP CARBON FROM THE SURFACE WATERS, WHICH IS THEN
QUICKLY TRANSFERRED TO THE DEEP OCEAN. THIS REQUIRES SPREADING THE
RIGHT FERTILIZER AROUND THE WORLD’S OCEANS ON A REGULAR BASIS, WHICH
IS A BIG TASK.

2. BUILDING MORE DAMS AND RESERVOIRS TO TRAP CARBON THAT IS NORMALLY
TRANSFERRED FROM SOILS TO THE OCEANS. YOU CAN CREATE A NEW
RESERVOIR AND DIVERT SOME FRACTION OF THE SOIL CARBON INTO THIS BOX.
THIS REQUIRES BUILDING DAMS DOWNSTREAM OF AREAS UNDERGOING SOIL
EROSION, WHICH IS NOT WITHOUT CONSEQUENCES.

3. ENHANCING PHOTOSYNTHESIS WILL ALSO DO THE JOB — BUT IT’S NOT AS
EASY AS YOU MIGHT THINK. YOU HAVE TO REALLY INCREASE THE
PHOTOSYNTHESIS — LIKE BY A FACTOR OF 3 OR 4 TO HAVE A LONG-LASTING
IMPACT. THE REASON FOR THIS IS THAT THE PLANT RESPIRATION FLOW WILL
ALSO INCREASE.

4. MAKE A BIG PIPE FROM THE ATMOSPHERE INTO THE DEEP OCEAN — COULD
BE DONE, BUT PRETTY TOUGH TO GENERATE THE POWER TO PUMP SO MUCH AIR
DOWN SO DEEP.

5. REDUCE LAND-USE CHANGES SUBSTANTIALLY. THIS IS PROBABLY THE
EASIEST THING TO DO IN TERMS OF FIDDLING WITH THE MODEL.



