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

14.1. Preamble

The Daisy World model is intendedto illustratea mechanismthroughwhich — accordingto the Gaian
hypothesis— biotamight optimizetheir abioticenvironmentby meansof negative feedback.Themodel
doesnotattemptto describeall of thepossiblemechanismsandfeedbackswhichmight influencetheways
in which theplantsandclimatedevelop. Instead,it is anheuristic model— onethatseeksto describethe
waysin which this mechanismmight work. Theoriginal modelwasdevelopedby WatsonandLovelock
(1983).A full descriptionof themodelcanbefoundin Hardistyet al. (1993).

You shouldbeawarethat therehasbeenconsiderable,quiteheateddebate,aboutthegeneralvalidity
of theDaisyWorld model,someof which is alludedto in Hardistyet al. (1993). It is not necessaryto be
conversantwith thisdebatein orderto implementandrun theDaisyWorld model,but it will provehelpful
to have readsomeof thesupportingliteraturewhenyou comewrite up your reporton this project(which
constitutesup to 40%of themarksfor this course).A setof guidelinesto helpyou structureyour report
aregivenin Section14.7on page115.

14.2. Aim and Objectives� To implementandtestamathematicalmodeldescribingthepossibleinfluenceof biotaonanabiotic
(climatic) systemusingGAWK andGNUPLOT;� To testthehypothesisthe ‘thereexist mechanismsthroughwhich biotacaninfluencetheplanetary
environment’.

14.3. Description of Daisy World

Thefollowing descriptionof DaisyWorld is takenfrom Hardistyet al. (1993):

Daisy World is an imaginaryplanet,with a transparentatmosphere,free from cloudsand
greenhousegases.Theplanetis flat, resultingin similarchangesin temperaturewith changing
solarluminosity(energy from thesun)andalbedobeingexperiencedsimultaneouslyover its
surface,anddoesnot experienceany seasonalityin climate. Thecompositionof theplanet’s
biota is similarly lackingin complexity: two speciesof daisiesoccurasdiscretepopulations;
onedark(black),theotherlight (white) in colour. In additionaspeciesof herbivoresgrazesthe
daisiesin anon-selectivemanner(i.e., they show nopreferencefor blackor whitedaisies)and
is responsiblefor recycling of any organicmaterial.Theherbivoresdonot,however, exertany
othermeasurableeffectonthesystemandarethusarenot furtherconsideredhere.Conditions
onDaisyWorld aresuitablefor thegrowth of daisiesover theentiresurfaceof theplanet.

14.4. Assumptions of the Model

Themodelmakesa numberof fundamentalassumptionsaboutthefunctioningof thesystem,namely:
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14. Implementinga SimpleBiosphericFeedbackModel: ‘Daisy World’

1. Therateof populationchangefor bothspeciesof daisydependson thedeathrateandthepotential
birth ratefor thatspecies,andtheamountof fertile landavailablefor growth;

2. Thebirth ratefor bothspeciesof daisydependson thelocal temperature;

3. The local temperaturedependson the differencebetweenthe global and local albedo,andon the
globaltemperature;

4. Theglobaltemperaturedependson theluminosityof theSunandtheplanetaryalbedo;

5. The planetaryalbedois the sumof the local albedocomponents(i.e., the albedoof the black and
whitedaisiesandof thebareground);

6. Theamountof fertile landavailablefor furthergrowth of theblackandwhitedaisiesdependson the
totalamountof fertile land(fixed)andthecurrentcoveragethetwo speciesof daisy.

14.5. Graphical Representation of the Daisy World Model

Thebasicfunctioningof DaisyWorld is shown graphicallyin Figure14.1.

14.6. Mathematical Formulation of the Daisy World Model

TheDaisyWorld modelcanberepresentedin mathematicaltermsby meansof thefollowing formulae:

1. Theamountof fertile landavailablefor daisygrowth is givenby:

����� ���
	���
���������� (14.1)

where� is theamountof availableland,� is theproportionof landavailablefor growth (default ������� � ),� 
 is theareaof blackdaisies( � 
 �����! initially), and�"� is theareaof whitedaisies( ���#�����! initially).

2. Thetotal (overall)albedofor theplanet(albedois theamountof radiationoutdividedby theamount
of radiationin) is givenby: $ �%�&	 $(' �)�*��
+	 $ 
,�)�����-	 $ �.� (14.2)

where$
is thealbedoof theplanet,$ '
albedoof bareground(default

$ ' �����!/ ),$ 
 albedoof blackdaisies(default
$ 
 �%�0�  1/ ), and$ � albedoof whitedaisies(default
$ �2�%�0�!3�/ ).

3. Theglobally-averagedtemperatureof theplanetis givenby:

4)5 �7698.: 	;�<� $ �= >@?BA CED �2 "3GF (14.3)

where
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Figure14.1.:Graphicalrepresentationof thefunctioningof theDaisyWorld model.
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14. Implementinga SimpleBiosphericFeedbackModel: ‘Daisy World’4 5
is theglobally-averagedtemperature,8 is asolarconstant(energy from thesun;default 8 ���B�1��� ),: is the solarluminosity (proportionof presentdayvalue;0.7 initially, but increasingin
stepsof 0.025),and= is Stefan’sconstant( /�� H�3JIK�B��LNM ).

4. Thelocal temperaturesfor populationsof blackandwhitedaisiesare:4 
 ��	PO�	 $ � $ 
 �Q� 4R5 � (14.4)4 � ��	PO�	 $ � $ � �Q� 4)5 � (14.5)

where4 
 is thelocal temperatureof blackdaisies,4 � is thelocal temperatureof white daisies,andO is aconstantusedto calculatelocal temperatureasafunctionof albedo(default OS�� T� ).
5. Thegrowth rateof thepopulationsof blackandwhitedaisiesis givenby:U 
V�XW��<�XYZ�0� �1��F1 �H1/<	[ 1 ��!/(� 4 
E� C]\N^ (14.6)U � � W �<� Y �0� �1��F1 �H1/<	[ 1 ��!/(� 4 � � C \_^ (14.7)

whereU 
 is thegrowth ratefor blackdaisies,U � is thegrowth ratefor whitedaisiesand� , �0� �1��F1 �H1/ and  1 ��!/ areall constantsso thatgrowth occursbetween/1`Ba and b �1`Ba andpeaksat � �`Ba .

6. Thechangein areaof blackandwhitedaisiesover time is givenby:c ��
c1d ��	���
+	e� U 
f�#g��;� (14.8)c ���c1d ��	�� � 	e� U � �#g��E� (14.9)

wherec ��
 is thechangein areaof blackdaisies1,c � � is thechangein areaof whitedaisies,g is thedeathrate(default gh�i���! ), andd
is time.

7. Thenew areaof blackandwhitedaisiesis givenby:

��
V� 6 c ��
c�d ����
 > (14.10)

���K� 6 c � �c�d ���"� > (14.11)

where��
 is thenew areaof blackdaisies,and� � is thenew areaof whitedaisies.

1Notethat j;kmljEn meansthechangein areaof blackdaisiesover agivenperiodof time ( omp ). It doesnot meanthatyou shoulddivide
thechangein areaof daisiesby thechangein time.
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14.7. Assignment

14.7. Assignment

You arerequiredto producea written reporton your work to implementtheDaisyWorld modelin GAWK

andto testtheresultingimplementation.Thereportshouldcontainthefollowing elements:

1. An executivesummary(onepage);

2. An introductionto theDaisyWorld modelandits assumptions;

3. A discussionof the computationalmethods(e.g., assignments,loops,functions2) usedin your im-
plementationof theDaisyWorld model;

4. An explanationof the resultsobtainedfrom your implementationof the Daisy World model. The
discussionshouldmake useof examplegraphswhereappropriateandshouldincludea shortsensi-
tivity analysis3 of themodel(e.g., by varyingthealbedovaluesof theblackandwhite daisies,or by
includinganadditionalspeciesof daisyhaving differentalbedovalues);

5. A brief comparisonof theresultsobtainedusingDaisyWorld with thoseobtainedusingtheEnergy
BalanceClimateModel (EBCM)4;

6. A list of references,asappropriate;and,

7. An appendixcontainingtheGAWK codeusedin your implementationof themodel,with line num-
bersappended.

14.8. Tips� Whenconvertingthe formulaepresentedabove for theDaisyWorld modelinto GAWK code,work
a line at a time. Make sureeachnew line of codethatyou addis working beforeproceedingto the
next line.� Renameeachnew versionof your code(e.g., daisy1.awk, daisy2.awk, . . .daisy6.awk), keep-
ing copiesof thethepreviousversionsasback-ups.Thatway, if youdomakeamistake,youwill be
ableto back-trackto a previous,working programme.� Becarefulaboutthenamesyouassignto variables.Usevariablenamesthatmeansomethingto you
(e.g., area_black_daisies in preferenceto ab): the small amountof extra typing will be more
thanrewardedby theeasewith whichyouwill beableto spotmistakesin thecode.Rememberthat,
asfar asGAWK is concerned,Area andarea aredifferentvariables.� Don’t panic if your programdoesn’t appearto work. Calmly go back over the codeto look for
mistakes.RememberthatGAWK, likeall computerprogramminglanguages,requiresyouto typethe
codein exactly asexpected.

14.9. Deadline

Your reportshouldbe handedin to the DepartmentalOffice no later than3.30pmon the final day of the
springsemester.

2Notethattheuseof functionswill becoveredin next week’s lectureandpractical.
3Notethatsensitivity analysiswill becoveredin thelectureandpracticaldeliveredtwo weekstime.
4Notethatthis modelwill becoveredin two weekstime.
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