GEOSCIENCE 001 FALL 2005
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

SOME DETAIL AT

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

HTM - CONSTRUCT2

IF YOU SCROLL DOWN THE FIRST PAGE, YOU WILL SEE A LINK THAT SHOULD
DOWNLOAD VERSIONS OF THE MODEL THAT YOU WILL NEED TO ANSWER THE
QUESTIONS IN THIS LAB.

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

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

GOING TO EXTREME LENGTHS.

IN FACT, THE SYSTEM IS SO



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.

TOTAL ADDED = 264 GT

ATMOS CHANGE = 194.7 GT (73.75%)
DEEP OCEAN CHANGE = 63.1 GT (23.9%)
SURFACE OCEAN CHANGE = 17.1 GT (6.5%)
LAND BIOTA CHANGE = 31.6 GT (11.9%)
SOIL CHANGE = -42.5 GT (-16%)

OCEAN BIOTA CHANGE = O

B) COMPARE THE MODEL’S CALCULATED HISTORY OF ATMOSPHERIC CO2
CONCENTRATION (PCO2 ATM) WITH THAT OF THE REAL WORLD (OBSERVED ATM
CO2) — 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) HOwW DOES THAT COMPARE WITH THE PRESENT?
PRESENT IS 357 PPM

c) How HOT DOES THE PLANET GET?

18.4 °C HOTTER THAN THE START (START Is 15°C)



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

TOTAL CHANGE = 4922.5 GT

ATMOS CHANGE = 3946.4 GT (80.29% Vs 73.75%)
DEEP OCEAN CHANGE = 1064.1 GT (21.6% Vs 23.9%)
SURFACE OCEAN CHANGE = 103.7 GT (2.1% VS 6.5%)
LAND BIOTA CHANGE = 443 GT (9 % Vs 11.9%)

SOIL CHANGE = -634.6 GT (-12.9% Vs -16%)

OCEAN BIOTA CHANGE = O

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 IMAGINE THAT WE MANAGE TO KEEP FOSSIL FUEL EMISSIONS AND LAND-
USE CHANGES TO THE CARBON CYCLE AT THE CURRENT LEVELS FOR THE NEXT
200 HUNDRED YEARS — WHAT WILL HAPPEN? TO DO THIS, CHANGE THE FFB
GRAPH SO THAT FROM YEAR 100, THE VALUE OF FFB IS 6.0 (THE UNITS HERE
ARE GIGATONS OF CARBON PER YEAR) — THIS MAKES FOSSIL FUEL BURNING
CONSTANT OVER THE REST OF THE MODEL TIME. DO THE SAME FOR THE LAND
USE CHANGES GRAPH (TAKE THE YEAR 100 VALUE AND EXTEND IT OUT TO YEAR
300).

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

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

c) 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

D) HOW LONG DOES IT TAKE THE SYSTEM TO 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.

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. ENHANCING THE OCEAN BIOTA + STABILIZATION

LET’S SEE WHAT HAPPENS IF WE ENHANCE THE OCEANIC BIOTA, BUMPING IT UP
BY 2 GT C/YR (THE FLOW IS INITIALLY DEFINED TO BE 10 GT C/YR). LEAVE THE
FFB AND LAND-USE CHANGES SET AS THEY WERE FOR THE LAST EXPERIMENT,
MAKE A CONNECTOR ARROW BETWEEN OCEANBIO ENHANCE AND THE FLOW
FROM THE SURFACE OCEAN RESERVOIR TO THE OCEAN BIOTA RESERVOIR (NET
TRANSFER). DOING THIS WILL MAKE A QUESTION MARK APPEAR INSIDE THE NET
TRANSFER FLOW, MEANING THAT IT NEEDS ATTENTION. DOUBLE-CLICK ON THAT
FLOW AND YOU’LL GET A WINDOW THAT DEFINES WHAT THAT FLOW IS. IN THE
UPPER LEFT, YOU’LL SEE A LIST CALLED REQUIRED INPUTS — INCLUDING YOUR
NEW OCEANBIO ENHANCE CONVERTER. IN THE LOWER HALF OF THE WINDOW,
YOU’LL SEE THE EQUATION FOR THE FLOW AS IT WAS PREVIOUSLY DEFINED
(SHOULD BE 10*(OCEAN_BIOTA/INIT(OCEAN_BIOTA)). PUT THE CURSOR AT
THE END OF THIS EQUATION, CLICK ONCE, THEN TYPE A PLUS THEN CLICK ON
OCEANBIO ENHANCE FROM THE LIST ON THE UPPER LEFT — THIS SHOULD
COMPLETE THE EQUATION AND YOU ARE READY TO GO; EXIT THIS WINDOW AND
BE SURE THAT THE QUESTION MARK HAS DISAPPEARED. RUN THE MODEL FOR
THE FULL 300 YEARS AND STUDY THE RESULTS

A) DESCRIBE THE EFFECTS OF THIS ENHANCEMENT — HOW DOES THIS MODEL
COMPARE WITH NO ENHANCEMENT?

THIS HAS A POTENT AFFECT, TRANSFERRING LOTS OF CARBON INTO THE
DEEP OCEAN — 2534 GT INTO THE DEEP OCEAN COMPARED TO 1464 GT C
ADDED TO THE SYSTEM BY FOSSIL FULE BURNING, SO IT MORE THAN
COMPENSATES FOR OUR SINS. IT REMOVES ALMOST ALL THE CARBON FROM
THE SURFACE OCEAN POOL, AND DEPLETES ALL THE OTHER RESERVOIRS AS
WELL — ONLY THE DEEP OCEAN SEES AN INCREASE.

B) IS THIS 20% ENHANCEMENT ENOUGH TO HALT THE WARMING AND LOWER
THE TEMPERATURE TO THE MODEL TEMPERATURE AT TIME 100 (WHICH
REPRESENTS THE PRESENT DAY)?

YES, IN FACT, IT IS MORE THAN ENOUGH! THE MODEL COOLS TO 2.1°C
BELOW THE STARTING POINT, AND ABOUT 3°C BELOW THE TEMPERATURE AT
THE TIME THE ENHANCEMENT

5. FULL STOP

FIRST, DISABLE THE OCEANBIO ENHANCE CONVERTER FROM THE PREVIOUS
EXPERIMENT. THEN, EXPLORE THE CONSEQUENCES OF COMPLETELY HALTING
FOSSIL FUEL EMISSIONS AND LAND-USE CHANGES TO THE CARBON CYCLE. ToO
DO THIS, CHANGE THE FFB GRAPH SO THAT AFTER YEAR 110, IT DROPS TO O
AND STAYS THERE FOR THE REST OF THE TIME DO THE SAME FOR THE LAND-
USE CHANGES GRAPH. THEN RUN THE MODEL AND SEE WHAT HAPPENS.

A) DESCRIBE WHAT HAPPENS TO THE GLOBAL TEMPERATURE.

IT CONTINUES TO RISE FOR A BIT (ABOUT 5 YEARS), THEN DROPS OFF
QUICKLY AT FIRST, THEN MORE SLOWLY, SO THAT BY THE END OF 300



YEARS, THE TEMP IS 0.3°C ABOVE THE STARTING POINT (THE PRE-
INDUSTRIAL WORLD), ABOUT 0.6°C COOLER THAN THE PEAK TEMP

B) IF YOU RUN THE MODEL OUT LONGER, DOES IT RETURN TO THE SAME
TEMPERATURE THAT IT BEGAN AT?

NO, AT LEAST NOT WITHIN THE TIME PERIOD THAT YOU CAN RUN THIS
MODEL OUT TO — THE MODEL REACHES A NEW STEADY STATE, BUTIT IS A
BIT WARMER (.23°C) THAN THE INITIAL TEMPERATURE AFTER 3000 YEARS.



