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Introduction

The document covers the pseudo code design for the Snail Kite Model software application. It is derived from the existing Everkite model software source code and its final report. This document is written from a programmer’s perspective focusing more on the technical details of the model code and not on the model itself. Please refer to the Everkite model final report for a detailed explanation of the model. Some of the important content from this document could also be included in the overall design document.
Input Data


Hydrology
The model requires an input file containing hydrology data typically for 36 years, 1965 through 2000, covering the cells in the model grid area.
The hydrology data is modified to have 52 weeks per year by excluding December 31 of every year and always considering each year as a non leap year.

The hydrology data can be water level stage or depth only.

The input file is currently converted to a NetCDF file format from input hydrology text files. 

Spatial Units
The model requires an input file containing spatial units for the cells in the model grid area.
The spatial units are currently converted to a NetCDF file format containing the following variables:
· WETLAND_ID

· Values ranging from 0 through 15

· ELEVATION

· If hydrology data is depth only, provide elevation

· POTENTIAL_KITE_HABITAT
· LOW_WATER_STAGE

· VERY_HIGH_WATER_STAGE

· EXTREME_HIGH_WATER_STAGE

· DROUGHT_STAGE
Model Global Constants

· Model environmental state values

· STATE_HIGH = 0

· STATE_LOW  = 1

· STATE_DROUGHT = 2

· STATE_LAG  = 3

· STATE_MODERATELY_DEGRADED = 4

· STATE_SEVERELY_DEGRADED = 5

· STATE_DEGRADED_DROUGHT = 6

· STATE_DEGRADED_LAG = 7

· STATE_VERY_HIGH = 8

· STATE_EXTR_HIGH = 9


· Threshold values for environmental state change in weeks
· LOW_DURATION = 26

· DROUGHT_DURATION = 52

· LAG_DURATION = 52

· HIGH_DURATION = 208

· MOD_DEGRADED_DURATION = 208

· Thresholds values for snail kites

· MAX_AGE_WEEKS = 104

· MAX_AGE_YEARS = (MAX_AGE_WEEKS/MAX_WEEKS_PER_YEAR)

· MAX_NEST_ATTEMPT = 4

· MAX_BREEDING_STATUS = 9

· MAX_LIFE_STAGE = 5



Hypothesis


The model requires one of the four hypotheses available as input.


The hypothesis input provides the following variables:

· INITIAL_KITE_POPULATION

· MULT_BASE

· FAIL_BASE

· REPR_FACTOR

· MOVE_BASE

· INIT_BASE

· MORT_BASE

· MULT_PROCESS 
· For each ELEMENT
· INIT_MONTH

· For each MONTH

· INIT_LIFE_STAGE

· For each LIFE_STAGE

· INIT_NEST_ATTEMPT

· For each NEST_ATTEMPT

· INIT_ENV_STATE

· For each STATE

· FAIL_ENV_STATE

· For each STATE

· MOVE_ENV_STATE

· For each STATE

· MOVE_PREF_ENV_STATE

· For each STATE

· MOVE_PREF_WETLAND

· For each WETLAND

· MORT_LIFE_STAGE_ENV_STATE

· For each STATE and LIFE_STAGE

User Input

· The user should be able to select from the available four hypotheses the model should use. 

·  H1 or H2 or H3 or H4

· The user should be able enter output file name to store the model output in a NetCDF file format

· The user should be able to select the number of time steps the model should run from the input hydrology data time steps.
Model Steps
The model loops through each week and each POTENTIAL_KITE_HABITAT cell in the hydrology input to process the environmental state and the population of the kites.
1) Read input hydrology data for each grid cell and for each weekly time step
· If hydrology data is depth only, calculate stage by adding elevation to depth.
· For each WEEK

· For each CELL

· STAGE = DEPTH + ELEVATION

· Else STAGE is input hydrology data

2) Calculate environmental state for each grid cell and for each weekly time step
· Initial environmental state for all cells in the grid is zero.
For each CELL 


STATE = STATE_HIGH

· Update environmental state based on current state, stage, and spatial units input values at each cell.
For each WEEK
//Reset week counter and start week counter for each wetland to zero

For each WETLAND



WEEK_COUNTER = 0


WEEK_COUNTER_START = 0


For each CELL



WEEK_COUNTER = WEEK - WEEK_COUNTER_START


If STATE == STATE_HIGH




If STAGE < LOW_WATER_STAGE




STATE = STATE_LOW





//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER > HIGH_DURATION





STATE = STATE_MODERATELY_DEGRADED




//transition so update counter





WEEK_COUNTER = WEEK
Else If Hypothesis is H4 AND STAGE > VERY_HIGH_WATER_STAGE





STATE = STATE_VERY_HIGH

Else

//no transition

STATE = STATE_HIGH

Else If STATE == STATE_VERY_HIGH



If STAGE < LOW_WATER_STAGE





STATE = STATE_LOW





//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER > HIGH_DURATION





STATE = STATE_MODERATELY_DEGRADED




//transition so update counter





WEEK_COUNTER = WEEK

Else If STAGE < VERY_HIGH_WATER_STAGE





STATE = STATE_HIGH

Else If STAGE > EXTREME_HIGH_WATER_STAGE





STATE = STATE_EXTREME_HIGH

Else

//no transition

STATE = STATE_VERY_HIGH

Else If STATE == STATE_EXTREME_HIGH



If STAGE < LOW_WATER_STAGE





STATE = STATE_LOW





//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER > HIGH_DURATION





STATE = STATE_MODERATELY_DEGRADED




//transition so update counter





WEEK_COUNTER = WEEK

Else If STAGE < EXTREME_HIGH_WATER_STAGE





STATE = STATE_VERY_HIGH

Else

//no transition

STATE = STATE_EXTREME_HIGH 
Else If STATE == STATE_MODERATELY_DEGRADED



If STAGE < DROUGHT_STAGE





STATE = STATE_DROUGHT




//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER>MOD_DEGRAD_DURATION





STATE = STATE_SEVERELY_DEGRADED




//transition so update counter





WEEK_COUNTER = WEEK
Else

//no transition

STATE = STATE_MODERATELY_DEGRADED
 Else If STATE == STATE_SEVERELY_DEGRADED



If STAGE < DROUGHT_STAGE





STATE = STATE_DEGRADED_DROUGHT





//transition so update counter





WEEK_COUNTER = WEEK

Else

//no transition

STATE = STATE_SEVERELY_DEGRADED 
Else If STATE == STATE_DEGRADED_DROUGHT



If STAGE < DROUGHT_STAGE





STATE = STATE_DEGRADED_DROUGHT





//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER>DROUGHT_DURATION





STATE = STATE_DEGRADED_LAG





//transition so update counter





WEEK_COUNTER = WEEK

Else

//no transition

STATE = STATE_DEGRADED_DROUGHT 
Else If STATE == STATE_DEGRADED_LAG




If STAGE < DROUGHT_STAGE





STATE = STATE_DEGRADED_DROUGHT





//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER>LAG_DURATION





STATE = STATE_MODERATELY_DEGRADED




//transition so update counter





WEEK_COUNTER = WEEK

Else

//no transition

STATE = STATE_DEGRADED_LAG

Else If STATE == STATE_LOW




If STAGE < DROUGHT_STAGE





STATE = STATE_DROUGHT





//transition so update counter





WEEK_COUNTER = WEEK

Else If STAGE < LOW_WATER_STAGE





STATE = STATE_LOW




//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER>LOW_DURATION





STATE = STATE_HIGH





//transition so update counter





WEEK_COUNTER = WEEK

Else

//no transition

STATE = STATE_LOW 
Else If STATE == STATE_DROUGHT




If STAGE < DROUGHT_STAGE





STATE = STATE_DROUGHT





//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER> DROUGHT_DURATION





STATE = STATE_LAG





//transition so update counter





WEEK_COUNTER = WEEK

Else

//no transition

STATE = STATE_DROUGHT

Else If STATE == STATE_LAG




If STAGE < DROUGHT_STAGE





STATE = STATE_DROUGHT





//transition so update counter





WEEK_COUNTER = WEEK




Else If WEEK_COUNTER> LAG_DURATION





STATE = STATE_HIGH





//transition so update counter





WEEK_COUNTER = WEEK

Else

//no transition

STATE = STATE_LAG



3) Simulate the process and determine Snail kites for each grid cell and for each weekly time step
· Calculate initial population state for each cell

For each cell, distribute 25% of the initial kite population among kites of age 39 weeks old and distribute remaining 75% of the initial kite population among kites of age 91 weeks old equally over the wetland cells they belong to.
For each CELL

For each AGE



For each BREEDING_STATUS




For each NEST_INIT





POP_STATE = 0.0


For AGE == 39 AND BREEDING_STATUS==0 AND NEST_INIT == 0
POP_STATE = (0.25*INITIAL_KITE_POPULATION) / (MAX_WETLAND*TOTAL_CELLS_PER_WETLAND)

For AGE == 39+52 AND BREEDING_STATUS==0 AND NEST_INIT == 0

POP_STATE = (0.75*INITIAL_KITE_POPULATION) / (MAX_WETLAND*TOTAL_CELLS_PER_WETLAND)

· Initialize Kite hypothesis factors beginning of each time step for all cells
For each CELL


· Calculate nest initiation and no nest initiation
NOT_NEST_INITIATION = Math.exp (-INIT_BASE * INIT_MONTH * INIT_NEST_ATTEMPT * INIT_LIFE_STAGE * INIT_ENV_STATE) 
NEST_INITIATION = 1.0 - NOT_NEST_INITIATION

· Calculate nest failure and not nest failure
NOT_NEST_FAILURE = Math.exp (-FAIL_BASE * FAIL_ENV_STATE)

    
NEST_FAILURE = 1.0 - NOT_NEST_FAILURE

· Calculate survival factor
SURV = Math.exp (-MORT_BASE * MORT_LIFE_STAGE_ENV_STATE)

· Calculate movement factor
CURRENT_WETLAND = Wetland (CELL)
STAY = Math.exp (-MOVE_BASE * MOVE_ENV_STATE)
For each WETLAND


If CURRENT_WETLAND is not equal to WETLAND



SUM_MOVE_PREF += MOVE_PREF_WETLAND

For each WETLAND


If CURRENT_WETLAND is equal to WETLAND



MOVE_FACTOR = STAY


Else

MOVE_FACTOR = MOVE_PREF_WETLAND/ 


     SUM_MOVE_PREF

· Get reproduction factor
Ex. REPR_FACTOR = 0.9806764
· Calculate Mult factor for all 6 elements
For each ELEMENT

MULT_FACTOR = MULT_BASE * MULT_PROCESS
· Calculate element for nest initiation
ELEMENT0 = MULT_FACTOR*NEST_INITIATION*SURV
· Calculate element for not nest initiation
For each WETLAND

ELEMENT1 = MULT_FACTOR * NOT_NEST_INITIATION * SURV * MOVE_FACTOR
· Calculate element for reproduction
ELEMENT2 = MULT_FACTOR * SURV * REPR_FACTOR * NOT_NEST_FAILURE
· Calculate element for movement

For each WETLAND

ELEMENT3 = MULT_FACTOR * SURV * MOVE_FACTOR

· Calculate element for survival

ELEMENT4 = MULT_FACTOR* NOT_NEST_FAILURE*SURV
· Calculate element for nest failure

For each WETLAND

ELEMENT5 = MULT_FACTOR * NEST_FAILURE * SURV * MOVE_FACTOR
· Start simulating Sail Kites
For each WEEK

    For each CELL


       For each AGE


         //increase the age in week index by 1
   // if they have not reached their maximum age


          AGE = (a < MAX_AGE - 1)? a + 1: a


          //get life stage from age

   LIFE_STAGE = Life Stage (AGE);





          For each BREEDING_STATUS



For each NEST_INIT

                        CURRENT_POP_STATE = POP_STATE


    //calculate hypothesis factors and elements as above in step 2

   //reset nest attempt index at start of the breeding season in week 38


   NEST_INIT = (WEEK % 52 == 38)? 0: n
  
   // handle the birds that were not breeding


   If BREEDING_STATUS is 0


      
// handle the birds that start breeding


BREEDING_STATUS = 1


NEW_POP_STATE = NEW_POP_STATE (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT0* CURRENT_POP_STATE
// handle the birds that stay not breeding and stay in the same //wetland



BREEDING_STATUS = 0


NEW_POP_STATE = NEW_POP_STATE (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT1* CURRENT_POP_STATE

// handle the birds that stay not breeding and move to another //wetland

//store kites population in temporary wetland cells

//temporary wetland cell is the first cell occurring for each //wetland type

TEMP_POP_STATE_FIRST_CELL_WETLAND = TEMP_POP_STATE_ FIRST_CELL_WETLAND (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT1* CURRENT_POP_STATE

Else if BREEDING_STATUS is MAX_BREEDING_STATUS - 1


      
// handle the birds that reproduce



BREEDING_STATUS = 0




AGE = 0



NEST_INIT = 0

NEW_POP_STATE = NEW_POP_STATE (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT2* CURRENT_POP_STATE

                 
 // handle the birds that reproduce and stay in the same wetland



BREEDING_STATUS = 0




If NEST_INIT<MAX_NEST_INIT-1




NEST_INIT = NEST_INIT+1





NEW_POP_STATE = NEW_POP_STATE (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT3* CURRENT_POP_STATE

// handle the birds that reproduce and move to another wetland

//store kites population in temporary wetland cells

//temporary wetland cell is the first occurring cell for each //wetland type

TEMP_POP_STATE_FIRST_CELL_WETLAND = TEMP_POP_STATE_ FIRST_CELL_WETLAND (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT3* CURRENT_POP_STATE

  
Else


      
// handle the birds that stay breeding



BREEDING_STATUS = BREEDING_STATUS + 1


NEW_POP_STATE = NEW_POP_STATE (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT4* CURRENT_POP_STATE

                 
 // handle the birds that fail nesting and stay in the same wetland



BREEDING_STATUS = 0



If NEST_INIT<MAX_NEST_INIT-1




NEST_INIT = NEST_INIT+1


NEW_POP_STATE = NEW_POP_STATE (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT5* CURRENT_POP_STATE

// handle the birds that fail nesting and move to another wetland

//store kites population in temporary wetland cells

//temporary wetland cell is the first cell occurring for each //wetland type

TEMP_POP_STATE_FIRST_CELL_WETLAND = TEMP_POP_STATE_ FIRST_CELL_WETLAND (AGE, BREEDING_STATUS, NEST_INIT) + ELEMENT5* CURRENT_POP_STATE

//At the end of each week, recalculate population state of kites

For each CELL


       For each AGE


           For each BREEDING_STATUS



For each NEST_INIT
NEW_POP_STATE = NEW_POP_STATE + 

TEMP_POP_STATE_FIRST_CELL_WETLAND/ TOTAL_CELLS_PER_WETLAND
CURRENT_POP_STATE = NEW_POP_STATE
TOTAL = TOTAL + CURRENT_POP_STATE
TOTAL_KITES_IN_CELL = TOTAL
Output Data

The output file (ideally NetCDF) should contain the following variables for each cell and each time step:


· Stage: The water stage from the input hydrology data
· State: The environmental state determined through the model run
· Kites: The total number of Snail Kites from the model simulation run
· Additional output variables could be total number of Snail Kites by their age or breeding status or nest initiation.
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