14. Implementing a Simple Biospheric
Feedback Model: ‘Daisy World’

14.1. Preamble

The Daisy World modelis intendedto illustrate a mechanisnthroughwhich — accordingto the Gaian
hypothesis— biota might optimizetheir abiotic ervironmentby meansof negative feedback.The model
doesnotattemptto describeall of the possiblemechanismandfeedbacksvhich mightinfluencetheways
in which the plantsandclimatedevelop. Instead|t is anheuristic model— onethatseekdo describethe
waysin which this mechanismmight work. The original modelwasdevelopedby WatsonandLovelock
(1983).A full descriptionof themodelcanbefoundin Hardistyet al. (1993).

You shouldbe awarethattherehasbeenconsiderableguite heateddebate aboutthe generalvalidity
of the Daisy World model,someof which is alludedto in Hardistyet al. (1993). It is notnecessaryo be
corversanwith this debaten orderto implementandrun the Daisy World model,but it will prove helpful
to have readsomeof the supportingliteraturewhenyou comewrite up your reporton this project(which
constitutesup to 40% of the marksfor this course).A setof guidelinesto help you structureyour report
aregivenin Sectionl4.7on pagell5.

14.2. Aim and Objectives

e Toimplementandtesta mathematicaimodeldescribingthe possibleinfluenceof biotaon anabiotic
(climatic) systemusingGAWK andGNUPLOT;

¢ To testthe hypothesighe ‘there exist mechanismshroughwhich biota caninfluencethe planetary
ervironment'.

14.3. Description of Daisy World
Thefollowing descriptionof DaisyWorld is takenfrom Hardistyet al. (1993):

Daisy World is an imaginary planet, with a transparentatmospherefree from cloudsand
greenhousgasesTheplanetis flat, resultingin similar changesn temperaturevith changing
solarluminosity (enegy from the sun)andalbedobeingexperiencedsimultaneouslhover its

surface,anddoesnot experienceary seasonalityn climate. The compositionof the planets

biotais similarly lackingin complexity: two specief daisiesoccurasdiscretepopulations;
onedark(black),theotherlight (white)in colour. In additionaspecie®f herbivoresgrazeghe
daisiesn anon-selectre manneii.e., they shav no preferencdor black or white daisies)and
is responsibldor regycling of ary organicmaterial. The herbivoresdo not, however, exertany

othermeasurableffect onthesystemandarethusarenot furtherconsideredhere.Conditions
on DaisyWorld aresuitablefor the growth of daisiesoverthe entiresurfaceof the planet.

14.4. Assumptions of the Model

The modelmakesa humberof fundamentahssumptiongaboutthe functioningof the systemnamely:
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14. Implementinga SimpleBiosphericFeedbackodel: ‘Daisy World’
1. Therateof populationchangefor both specief daisydepend®n the deathrateandthe potential
birth ratefor thatspeciesandtheamountof fertile land availablefor growth;
2. Thebirth ratefor bothspecieof daisydepend®nthelocal temperature;

3. Thelocal temperaturelependson the differencebetweenthe global andlocal albedo,and on the
globaltemperature;

4. Theglobaltemperaturelepend®n theluminosity of the Sunandthe planetaryalbedo;

5. The planetaryalbedois the sumof the local albedocomponentgi.e., the albedoof the black and
white daisiesandof thebareground);

6. Theamountof fertile land availablefor furthergrowth of the blackandwhite daisiesdepend®nthe
total amountof fertile land (fixed)andthe currentcoveragethetwo specieof daisy

14.5. Graphical Representation of the Daisy World Model

Thebasicfunctioningof DaisyWorld is shavn graphicallyin Figure14.1.

14.6. Mathematical Formulation of the Daisy World Model
The DaisyWorld modelcanberepresenteth mathematicatermsby meansof thefollowing formulae:

1. Theamountof fertile land availablefor daisygrowth is givenby:

z =[P — (ap + ay)] (14.1)
where
x is theamountof availableland,
P is the proportionof land availablefor growth (default P = 1.0),
ap is theareaof blackdaisies(a; = 0.2 initially), and
Gy is theareaof white daisieq(a,, = 0.2 initially).

2. Thetotal (overall) albeddfor the planet(albedois theamountof radiationout divided by theamount
of radiationin) is givenby:

A= x(Ag) + ap(Ap) + aw(Ay) (14.2)
where
A is thealbedoof the planet,
Ag albedoof bareground(default A, = 0.5),
Ay albedoof blackdaisieg(default A, = 0.25), and
Ay albedoof white daisies(default 4,, = 0.75).

3. Theglobally-averagedemperaturef the planetis givenby:

0.25
T, = (M) - 273 (14.3)

S

where
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14.6. MathematicaFormulationof the Daisy World Model
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Figure14.1.:Graphicalrepresentationf the functioningof the Daisy World model.
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14.

Implementinga Simple BiosphericFeedbackodel: ‘Daisy World’

T, is theglobally-averagedemperature,
S is asolarconstan{enegy from thesun;default.S = 1000),
L is the solarluminosity (proportionof presentday value; 0.7 initially, but increasingn
stepsof 0.025),and
s is Stefan’s constan(5.67 x 1078).
. Thelocal temperaturefor populationsf blackandwhite daisiesare:
Ty = (¢(A — 4) + Te) (14.4)
Tw = (q(A— Ay) +Te) (14.5)
where
T, is thelocaltemperaturef blackdaisies,
Ty is thelocal temperaturef white daisiesand
q is aconstanusedto calculatdocaltemperatur@safunctionof albedo(defaultg = 20).
. Thegrowth rateof the populationsof blackandwhite daisiesis givenby:
By = {1 - [0.003265 (22.5 — T,,)Q} } (14.6)
By = {1 - [0.003265 (22.5 — Tw)2]} (14.7)
where
By is thegrowth ratefor blackdaisies,
By, is the growth ratefor white daisiesand
1, 0.003265 and22.5 areall constantsothatgrowth occursbetween5°C and40°C andpeaksat
22°C.
. Thechangen areaof blackandwhite daisiesovertime is givenby:
da
d_tb = (ap(zBy — y)) (14.8)
day,
— = (ay(xBy — 14.9
= (au(@By — y)) (14.9)
where
day, is thechangen areaof blackdaisies,
day, is thechangen areaof white daisies,
y is thedeathrate(defaulty = 0.2), and
t istime.
. Thenew areaof blackandwhite daisiess givenby:
dab
— (&% 14.10
ap ( at + ab) ( )
day,
w = =2+ ay 14.11
a ( 7 +a ) ( )
where
ap is the new areaof blackdaisiesand
Ay is the new areaof white daisies.

1Notethat‘%” meanghechangen areaof blackdaisiesover agiven periodof time (dt). It doesnot meanthatyou shoulddivide
thechangan areaof daisiesby the changen time.
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14.7. Assignment

14.7. Assignment

You arerequiredto producea written reporton your work to implementthe Daisy World modelin GAwk
andto testtheresultingimplementationThe reportshouldcontainthe following elements:

1. An executve summary(onepage);
2. An introductionto the Daisy World modelandits assumptions;

3. A discussiorof the computationamethods(e.g., assignmentdpops, functions) usedin your im-
plementatiorof the Daisy World model,

4. An explanationof the resultsobtainedfrom your implementatiorof the Daisy World model. The
discussiorshouldmale useof examplegraphswhereappropriateandshouldincludea shortsensi-
tivity analysi$ of themodel(e.g., by varyingthe albedovaluesof the black andwhite daisies or by
includinganadditionalspecieof daisyhaving differentalbedovalues);

5. A brief comparisorof theresultsobtainedusing Daisy World with thoseobtainedusingthe Enegy
BalanceClimateModel (EBCM)*;

6. A list of referencesasappropriateand,

7. An appendixcontainingthe GAWK codeusedin yourimplementatiorof the model,with line num-
bersappended.

14.8. Tips

e Whencorverting the formulaepresenteabove for the Daisy World modelinto Gawk code,work
aline atatime. Make sureeachnew line of codethatyou addis working beforeproceedingo the
next line.

e Renamesachnew versionof your code(e.g., dai syl. awk, dai sy2. awk, ...dai sy6. awk), keep-
ing copiesof thethe previousversionsasback-ups.Thatway, if you do make a mistale, youwill be
ableto back-trackio a previous,working programme.

e Becarefulaboutthe namesyou assignto variables.Usevariablenameghatmeansomethingo you
(eg., area_bl ack_dai si es in preferenceo ab): the smallamountof extra typing will be more
thanrewardedby the easewith which youwill beableto spotmistalesin thecode.Remembethat,
asfarasGAwk is concernedAr ea andar ea aredifferentvariables.

e Don't panicif your programdoesnt appearto work. Calmly go back over the codeto look for
mistales.RemembethatGAwk, like all computeprogrammindanguagesiequiresyouto typethe
codein exactly asexpected.

14.9. Deadline

Your reportshouldbe handedn to the DepartmentaDffice no later than3.30pmon thefinal day of the
springsemester

2Notethatthe useof functionswill be coveredin next weeks lectureandpractical.
3Notethatsensitvity analysiswill becoveredin thelectureandpracticaldeliveredtwo weekstime.
“Notethatthis modelwill becoveredin two weekstime.
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