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Background:


There are various approaches to modeling complex systems, and the ones used in this project are agent-based modeling and system dynamics. These two methods were implemented in NetLogo, a modeling environment based on agents with specific rules meant to simulate natural and social phenomena. NetLogo provides an option for creating a system dynamics model, which concentrates on connecting variables with equations that closely simulate a phenomenon.


Agent-based complex systems are dynamic networks of many interacting agents. NetLogo uses three agents: turtles, patches and the observer. The turtles are the moving agents that move around in their environment which is composed of a lattice of patches. The whole system is composed of agents individually deciding what they want to do and how their decisions affect the environment of other agents around them. 


NetLogo was chosen for this project for two main reasons. First, it allows the user to incorporate both an agent-based system and a system dynamics. Second, it is free, easy to use, and does not take up much space. For climate modeling, the system dynamics controls the macrolevel modeling. This means that the overall system is based on generic algorithms that are dependent on each other. In this project, the macrolevel system is the earth energy balance system which takes into account the energy held by the Earth, atmosphere, and the input from solar radiation. The microlevel modeling is provided by the agent-based system, since their movements are based on a set of rules. Each agent acts independently from the other agent, based on its own "mental model" or heuristic made available to it by the program, and only has access to limited information at any given time. 


Climate modeling is used by scientists to predict the evolution of temperature with sufficient regional detail to be useful to people around the world. Currently, the main source of information on climate change comes from scenarios created and run by the IPCC. All of their programs involve complex models that take into account the different environments that contribute to climate stability and change. However, none of them involve the possible changes that climate change may have on population.

Description:


The general setup of my project uses three different agents: the patches, turtles (people) and cities. Patches have their own variables setting up their original temperature and elevation and the new temperature and elevation. They also have a death rate that is originally set to the current U.S. Death rate. People have an annual salary and an annually changing amount of money. The cities' variables never change. They have their own name, average salary and percent of people living under the poverty level.


The system dynamics model is a setup of the Earth Energy Balance System. It takes into account the atmosphere and the surface of the Earth, but does not give much attention to oceans (which usually are said to contribute a lot to climate change, but its modeling is too complex for a one year individual project). The atmospheric absorption coefficient of the system dynamics model tells the system how much outgoing energy greenhouse gases absorb in the atmosphere. A coefficient of 1 would mean that all of the Energy emmitted by the Earth was absorbed and not released to space. 


Every single agent has a carbon footprint, or greenhouse gas emission. The total U.S greenhouse gas emissions are calculated by multiplying the number of people by the set emissions per person. The amoutn of emissions then changes the absorption coefficient,which then manipulates the system dynamics and changes the average surface temperature. The average surface temperature then changes the death rate – the hotter it is, the higher the death rate (due to heat strokes and an accelerated spread of infectious diseases). 


The graphs of this project show an osciallating relationship between the population and temperature. As population increases, temperature increases. The increase in the death rate then decreases the population size and eventually the temperature. 

