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What is a dynamic model?

System Dynamics is a computer-based 

mathematical modeling approach for strategy 

development and better decision making in 

complex systems. 





A simple population dynamic model

population

Immigration Emmigration

Birth Death

Annual birth 

rate=0.04

Means every year 4 

births occur in 100 

population

Annual death 

rate=0.025

Means every year 2.5 

deaths occur in 100 

population

Annual immigration 

rate=0.02

Means every year 2 

move in occur in 100 

population

Annual emigration 

rate=0.01

Means every year 1 

walking out occur in 

100 population



Coefficients in three scenarios

Fast growth

senario1

Intermediate 

senario2

Low growth 

senario3

imm. rate 0.02 0.015 0.01

emmi. rate 0.01 0.01 0.01

birth rate 0.04 0.035 0.03

death rate 0.025 0.025 0.025



The trend of population in 100 
years in three different scenarios

senario1: fast growth, 1181.384

senario2: intermediate growth, 

443.199

senario3: low growth, 164.665
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senario1 senario2 senario3

imm. rate 0.02 0.015 0.01

emmi. rate 0.01 0.01 0.01

birth rate 0.04 0.035 0.03

death rate 0.025 0.025 0.025

year

population at 

the beginning 

of year 

number 

death

number 

birth

number 

immig.

number 

emmi.

population 

at the end 

of year

population at 

the beginning 

of year 

number 

death

number 

birth

number 

immig.

number 

emmi.

populatio

n at the 

end of 

population 

at the 

beginning 

number 

death

number 

birth

number 

immig.

number 

emmi.

population 

at the end 

of year
1 100000 2500 4000 2000 1000 102500 100000 2500 3500 1500 1000 101500 100000 2500 3000 1000 1000 100500

2 102500 2562.5 4100 2050 1025 105063 101500 2537.5 3552.5 1522.5 1015 103023 100500 2512.5 3015 1005 1005 101003

3 105063 2626.6 4202.5 2101.3 1050.63 107690 103023 2575.6 3605.81 1545.35 1030.23 104568 101003 2525.1 3030.09 1010.03 1010.03 101508

4 107690 2692.3 4307.6 2153.8 1076.9 110382 104568 2614.2 3659.88 1568.52 1045.68 106137 101508 2537.7 3045.24 1015.08 1015.08 102016

5 110382 2759.6 4415.3 2207.6 1103.82 113142 106137 2653.4 3714.8 1592.06 1061.37 107729 102016 2550.4 3060.48 1020.16 1020.16 102526

6 113142 2828.6 4525.7 2262.8 1131.42 115971 107729 2693.2 3770.52 1615.94 1077.29 109345 102526 2563.2 3075.78 1025.26 1025.26 103039

7 115971 2899.3 4638.8 2319.4 1159.71 118870 109345 2733.6 3827.08 1640.18 1093.45 110985 103039 2576 3091.17 1030.39 1030.39 103554

8 118870 2971.8 4754.8 2377.4 1188.7 121842 110985 2774.6 3884.48 1664.78 1109.85 112650 103554 2588.9 3106.62 1035.54 1035.54 104072

9 121842 3046.1 4873.7 2436.8 1218.42 124888 112650 2816.3 3942.75 1689.75 1126.5 114340 104072 2601.8 3122.16 1040.72 1040.72 104592

10 124888 3122.2 4995.5 2497.8 1248.88 128010 114340 2858.5 4001.9 1715.1 1143.4 116055 104592 2614.8 3137.76 1045.92 1045.92 105115

11 128010 3200.3 5120.4 2560.2 1280.1 131210 116055 2901.4 4061.93 1740.83 1160.55 117796 105115 2627.9 3153.45 1051.15 1051.15 105641

12 131210 3280.3 5248.4 2624.2 1312.1 134490 117796 2944.9 4122.86 1766.94 1177.96 119563 105641 2641 3169.23 1056.41 1056.41 106169

13 134490 3362.3 5379.6 2689.8 1344.9 137852 119563 2989.1 4184.71 1793.45 1195.63 121356 106169 2654.2 3185.07 1061.69 1061.69 106700

14 137852 3446.3 5514.1 2757 1378.52 141298 121356 3033.9 4247.46 1820.34 1213.56 123176 106700 2667.5 3201 1067 1067 107234

15 141298 3532.5 5651.9 2826 1412.98 144830 123176 3079.4 4311.16 1847.64 1231.76 125024 107234 2680.9 3217.02 1072.34 1072.34 107770

16 144830 3620.8 5793.2 2896.6 1448.3 148451 125024 3125.6 4375.84 1875.36 1250.24 126899 107770 2694.3 3233.1 1077.7 1077.7 108309

17 148451 3711.3 5938 2969 1484.51 152162 126899 3172.5 4441.47 1903.49 1268.99 128802 108309 2707.7 3249.27 1083.09 1083.09 108851

18 152162 3804.1 6086.5 3043.2 1521.62 155966 128802 3220.1 4508.07 1932.03 1288.02 130734 108851 2721.3 3265.53 1088.51 1088.51 109395

19 155966 3899.2 6238.6 3119.3 1559.66 159865 130734 3268.4 4575.69 1961.01 1307.34 132695 109395 2734.9 3281.85 1093.95 1093.95 109942

senario1: fast growth senario2: intermediated growth senario3: low growth

population

Immigration Emigration

Birth Death



Formula of the model







Dog population model 

predictions according to fve

diferent scenarios of animal 

birth control in a 5- and 10-

year intervention program 

(*Consistent spaying of dogs 

over 5 years so as to cover 

70% of the females in the fnal

year. 

**Consistent spaying of dogs 

over 10 years so as to cover 

70% of the females in the fnal

year).



Simple model for Influenzas in Iran





Estimation of incidence rate of hepatitis

Incidence=0.01

Incidence=0.017



Healthy one

Hospitalized in CCU

hospitalized in emergency

undiagnosedAcute event

PTCA and CABG

Follow-up after 

the surgical 

intervention

Follow-updeath

Daily rate of acute 

cardiac event in >40 

years: 0.00022

Frequency of death in 

emergency room: 3%

Percentage of death 

before hospitalization

20%

Model of CVD care 
and treatment in Iran



The results of models in Iran in 2006

Outputs of the model numbers

Number of daily cardiac attacks in Iran 5180

Number of needed emergency beds for cardiac attacks 23520

Number of needed CCU beds 8540

Number of specialists to provide care to hospitalized cases 2240

…..

……



Common terms in dynamic models

In deterministic models, the output of the model is fully determined by the parameter values and the 

initial values, whereas probabilistic (or stochastic) models incorporate randomness in their approach.

Deterministic 

models

Assumes certainty in all 

aspects

Stochastic 

models

Represents a situation 

where uncertainty is 

present


