TREELIM – model doscumentation 

PURPOSE
The model simulates the spatial patterns of secondary forest succession above the current alpine tree line in the context of land use and climate change. In particular we are interested in showing the relative importance of:
(1) climate change, (2) land use change, (3) initial species composition

STATE VARIABLES AND SCALES
The models entities are points, representing individual trees of Norway spruce and European larch in a grid with a resolution of 10 x 10m, representing a virtual landscape of 150ha (150m x 1000m) between 1500m and 2500m a.s.l..
The model simulates the forest establishment above the current tree-line in time steps of masting years.

Global variables
	* year
	* mast-period ; 7 years

Tree attributes
	* species ; spruce or larch
	* age ; age of trees in years
	* height ; tree height in m
	* seed-tree? ;  boolean, is tree mature, i.e. able to produce seeds?
	* crown-radius
	* ZOI ; radius of the max. competition influence radius, depending on tree age
	* FON ; sum of assymetric competition influence of neighbouring trees on a tree
	* i ; inflection point

Cell attributes
	* elevation
	* land use / land cover (lulc) at the beginning of the simulation (forest,
	  pasture and recently abandoned pasture)
	* tree density

PROCESS OVERVIEW
At its initial stage, the model represents a tree-line ecotone with a dense forest below, and pastures or recently abandoned pastures above a sharp tree line. At the beginning of each simulation, the user is asked to set the amount and the spatial distribution of abandoned land. In a simulation run, seed trees produce and disperse seeds. Forest succession patterns emerge from landscape hetereogeneity (lulc and elevation determine germination-rates) and tree competition (tree mortality is driven by age and density).


SCHEDULE
1) tick
	* advance one time step
2) set year
	* year of last time step + mast-period (7 years)
3) Update trees' variables:
	* get older
	* grow
	* check if mature
	* crown-radius
	* ZOI (=area of competition influence around a tree)
	* set FON (=competition stress factor) 0
	* inflection point (=climate change induced germination probability factor) i
4) Compete
	* calculate FON (high competition stress =  high FON)
5) Mortality
	* trees die because of competition (FON > 0.5) or age (AGE > 250) or randomly
	(1% mortality rate per year)
6) Dispersal
	* disperse seeds of future saplings (only seeds that have successfully
	  established are considered);
	* germination (= future establishment) depends on lulc and elevation;
	* FON = 0 (no seedling dies due to competition)
7) Succession
	* the succession stage (a patch variable) below tree crowns gradually changes
	* each time step
8) Report output variables
	* tree density
	* fraction of larch trees
	* number of seed trees

each process is executed for all entities before the next process starts

DESIGN CONCEPTS
Emergence
The quantity and spatial distribution of trees above the tree line after abandonment of alpine pastures.

Sensing
Trees are assumed to sense trees in their neighbourhood (ZOI).

Interaction
Tree competition for resources is modelled indirectly through tree denisity.

Stochasticity
Seed dispersal follows a gaussian kernel.
The initialial distribution of abandoned pasture is random, within the user-defined lulc fraction and distance variables.

Observation
Two state variables describing tree establishment above the tree line are reported:
	* number of trees above the forest edge
	* mean distance of trees to the forest edge.
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Breitlehn study area
import lulc, DEM and trees from GIS data files

artificial landscape
1. Set topography and land use:
a) The tree-line is at 1650m, the area below is initialised as dense forest

b) Above 1650m, the spatial distribution of lulc is user-defined. It can be:

* random (randomely distributed cells of pasture and abandoned pasture)
The user can chose the fraction of abandoned pasture.

* not-random (one or more circular clusters of abandoned pasture within the pasture with a defined distance to the forest)
The user can chose the amount of clusters, the cluster radius and the distance to the forest

2. Create trees in the forest at random positions with a normal random age distribution around 60 years. The number of trees per forest cell equals the maximum age dependent tree density.
