PAD824 – Advanced Topics in System Dynamics

Homework

1. Translate the following two models into systems of differential equations

a. A simple Urban model with two stocks
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(01)
AJM ([(0,0)-(2,2)],(0,2),(0.2,1.95),(0.4,1.8),(0.6,1.6),(0.8,1.35)


,(1,1),(1.2,0.5),(1.4,0.3),(1.6,0.2),(1.8,0.15),(2,0.1) )


Units: fraction

(02)
Area = 10000


Units: acres

(03)
Attractiveness from jobs multiplier = AJM(Labor to job ratio)


Units: fraction

(04)
BCN = 0.07


Units: fraction/year

(05)
BDN = 0.025


Units: fraction/year

(06)
BLFM ([(0,0)-(2,2)],(0,0.2),(0.2,0.25),(0.4,0.35),(0.6,0.5),


(0.8,0.7),(1,1),(1.2,1.35),(1.4,1.6),(1.6,1.8),(1.8,1.95),(2,2)


 )


Units: fraction

(07)
BLM ([(0,0)-(1,2)],(0,1),(0.1,1.15),(0.2,1.3),(0.3,1.4),(0.4,1.45)


,(0.5,1.4),(0.6,1.3),(0.7,0.9),(0.8,0.5),(0.9,0.25),(1,0) )


Units: fraction

(08)
BN = 0.03


Units: fraction/year

(09)
Business construction=



BCN*Business land multiplier*Business labor force multiplier*Business structures


Units: structure/year

(10)
Business demolition = BDN*Business structures


Units: structure/year

(11)
Business labor force multiplier = BLFM(Labor to job ratio)


Units: fraction

(12)
Business land multiplier = BLM(Land fraction occupied)


Units: fraction

(13)
Business structures = INTEG(Business construction-Business demolition,


1000)


Units: structure

(14)
DN = 0.015


Units: fraction/year

(15)
FINAL TIME  = 100


Units: year


The final time for the simulation.

(16)
IMN = 0.1


Units: fraction/year

(17)
INITIAL TIME  = 0


Units: year


The initial time for the simulation.

(18)
Inmigration=



Population*IMN*Attractiveness from jobs multiplier


Units: people/year

(19)
Jobs = JPBS*Business structures


Units: job

(20)
JPBS = 18


Units: job/structure

(21)
Labor force = LPF*Population


Units: people

(22)
Labor to job ratio = Labor force/Jobs


Units: people/job

(23)
Land fraction occupied=



 (Business structures*LPBS )/Area


Units: fraction

(24)
LPBS = 0.2


Units: acres/structure

(25)
LPF = 0.35


Units: fraction

(26)
Net births=



 (BN-DN)*Population


Units: people/year

(27)
OMN = 0.07


Units: fraction/year

(28)
Outmigration=



Population*OMN


Units: people/year

(29)
Population= INTEG (



Net births+Inmigration-Outmigration,




50000)


Units: people

(30)
SAVEPER  = 


        TIME STEP


Units: year


The frequency with which output is stored.

(31)
TIME STEP  = 1


Units: year


The time step for the simulation.
2. Build a Vensim diagram from the arm-race model developed by Lewis Richardson (1940s) (taken from Richardson, G. Feedback Thought in Social Sciences and Systems Theory pp. 38-41)
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where

x= stockpile of arms in nation I

y= stockpile of arms in nation II

m,n=positive “defense” coefficients

a,b=positive “fatigue and expense” coefficients

g,h=”aggressive intentions
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