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Executive Summary 
 

Because of stratification in the ocean, the waters are getting 

warmer. Stratification is a formation of layers that develop in the 

ocean. Upwelling is the process in which the deep, cold nutrient rich 

waters of the ocean rise to the top. We are focusing on a narrower 

topic, which are Baleen whales. Baleen whales live in all 

temperatures of water. Because of stratification, nutrient rich water is 

staying on the bottom layers and the warm non-nutrient rich water is 

staying on the upper layers of the ocean. There is a problem with the 

stratification of the ocean; stratification is causing the whales to go 

to different layers of the ocean. This makes the whales use up more 

energy. Some whales stay close to the coast during breeding time, 

while other whales swim in the open sea. Baleen whales main food 

source is krill. We plan on exploring the effects stratification has on 

Baleen whales.  
 

  



Problem Statement  

 

The stratification in the ocean has affected Baleen whales. 

Stratification is the formation of different layers of water temperature 

at different depths that develop in the ocean. Stratification is 

caused by climate change because as the temperatures increase in 

the ocean, the water becomes more stratified. An upwelling cycle is 

when cold nutrient-rich water from the bottom rises to the surface 

and then cycles back down. Without this cycling the ocean will be in 

stratified layers. 

 

Baleen whales eat krill and krill eat plankton. Plankton is usually 

produced in cold Antarctic waters and by sea ice.11  Sea ice is 

melting because of global warming. Not enough plankton is being 

produced for the krill to eat because of these changes.11 So, as a 

result, Baleen whales are dying because there are not enough krill to 

provide the nutrients the whales need. On average Baleen whales 

eat 40 million krill a day each.  

  



 Method  
 

 

Our model shows the stratification of the ocean and how it 

affects Baleen whales. We show how Baleen whales behave in their 

normal environment. The model also showed how whales interact 

with krill. When whales dive down to eat krill they interact. Our team 

modeled upwelling by the krill. The krill are at a certain depth so they 

can reach the nutrients (food) to survive. Upwelling is still occurring, 

but the cycle is becoming smaller and is only happening in the 

deeper layers of the ocean. So therefore the krill are towards the 

middle of the ocean. 

 

A whale in its natural environment usually consumes around 

eight thousand pounds of krill per day 3. Based on research, the 

model presents a whale diving, hunting, swimming, and breathing 3. 

A krill usually consumes zooplankton and other small food such as 

phytoplankton. The model also shows 2-3 whales eating krill over an 

extended time period. We chose 2-3 whales because Baleen whales 

usually travel alone or in groups of 2-3. The krill modeled in the 

program are shown as individual krill but represent a large group. 

Each krill represents 400 pounds. 

 

Besides showing what a whale does, the presentation as a 

whole is meant to give awareness and to stop stratification from 

doing long-term damage. The presentation tries to represent how 

whales are affected by showing how stratification can change their 

population. The model uses the rates of the krill depth to whales 

currently hunting them, and the information given shows what 

stratification could potentially lead to in the future. 



 

 

 

 

Code 

 
breed [object_1] 

breed [object_2] 

breed [object_3] 

 

 

 

turtles-own [ 

               steps 

             ] 

 

 

 

to setup 

 



  clear-all 

 

  ;;; back ground code idea was used from the "solid diffusion" 

library model, and modified. 

;; BACKGROUND FOR WATER 

  ask patches with [pycor < 250] 

    [   set pcolor blue + 4.25 ] 

 

  ask patches with [pycor < 204] 

    [   set pcolor blue + 1.05 ] 

 

  ask patches with [pycor < 182] 

    [   set pcolor blue + .5 ] 

 

  ask patches with [pycor < 160 ] 

    [   set pcolor blue + .1 ] 

 

  ask patches with [pycor < 138] 

    [   set pcolor blue - .5] 

 

  ask patches with [pycor < 116 ] 

    [   set pcolor blue - 1] 

 

  ask patches with [pycor < 94 ] 

    [   set pcolor blue - 1.5] 

 

  ask patches with [pycor < 72] 

    [   set pcolor blue + -2] 

;/ 

 

 ask patches with [pycor < 50] 

    [   set pcolor blue + -2.5] 

;/ 

 

 ask patches with [pycor < 28] 

    [   set pcolor blue + -3] 

;/ 



 

 ask patches with [pycor < 13] 

    [   set pcolor blue + -3.5] 

;/ 

;; BACKGROUND FOR LAND 

     ask patches with [pycor < -86  and pxcor > 6 ] 

   [   set pcolor brown ] 

 

      ask patches with [pycor < -69   and pxcor > 8 ] 

   [   set pcolor brown - .25 ] 

 

      ask patches with [pycor < -52   and pxcor > 10 ] 

   [   set pcolor brown - .5 ] 

 

     ask patches with [pycor < -35   and pxcor > 12 ] 

   [   set pcolor brown - .75 ] 

 

      ask patches with [pycor < -18   and pxcor > 14 ] 

   [   set pcolor brown - 1 ] 

 

 

 

 

  set-default-shape turtles "whale_1" 

 

  crt whale_number [ 

    set color random 100 

 

    set steps random 100 

    set size 20  ;; 

  locate_whale] 

 

set-default-shape turtles "krill" 

    crt krill_number [ 

    set steps (-50 + random -2) 

    set size 10  ;; 

  locate_krill] 



 

  reset-ticks 

 

 

 

 

end 

 

 

 

 

;; model was based off of "ants, wolf and sheep predation, and 

termite (next-task) " library model 

;; also cancer cell by Hanna Montoya model. 

;; if-else set up was from internet example found by "Neil 

hannsfields" 

 

 

to go 

 

;ask turtles 

;[if not any? "krill" [ stop ]] 

 

;[if not any? turtles with[shape = "krill"]  [ stop ]] 

 

ask-concurrent turtles 

 [ 

  if-else steps = -50 [ krill_swim   ]    [ 

  if-else steps = -51 [ krill_swim_1 ]    [ 

  if-else steps = -52 [ krill_swim_2 ]    [ 

  if-else steps = 0  or  steps <= 15    [  swim        ]    [ 

  if-else steps = 16  or  steps <= 25   [  swim_2      ]    [ 

  if-else steps = 26  or  steps <= 45   [  dive        ]    [ 

  if-else steps = 46  or  steps <= 60  [  dive_deep   ]    [ 

  if-else steps = 61  or  steps <= 89  [  hunt     ]    [ 

  if-else steps = 90  or  steps <= 100  [ breath     ]    [ 

 



               set steps  random 100 

  ]]]]]]]]] 

 

 

 

 

 ] 

 

tick 

 

 

 

end 

 

 

 

 

 ;;  need to make this a little more interactive in future useage 

 to locate_whale 

 

     setxy random 400 random 220 

     set heading 90  ;; point to the right (east) 

     set steps random 100 

 end 

 

 to locate_krill 

 

 

    set xcor random 400 set ycor 100 

    set heading 90  ;; point to the right (east) 

 

 

 end 

 

 

 

 



 

 ;;/// this defines how a whale will rest and move 

 

to swim     ; whale 

 ;to move2 

  ; set steps 2 

   fd 1 

   fd random 15 

   fd 1 

   rt (10 + random 10) 

   fd 3 

   lt (10 + random 10) 

   fd random 15 

   fd 1 

   fd 1 

   ;;14 moves 

   rt (15 + random 10) 

   fd random 15 

   lt (5 + random 10) 

   fd 5 

   lt (5 + random 10) 

   fd random 15 

   lt (5 + random 10) 

   fd 5 

   ;48 moves 

   ;set heading 180 

   lt 5 

   fd random 15 

   lt 5 

   fd 10 

   set heading 90 

 

 

 

 

     ifelse pycor < 125 [set steps 100]      ;border 

          [set steps random 100] 



 

 end 

 

 

  ;;/// this defines how a whale will rest and move 

 

to swim_2 

 

 

 

 

   fd 2 

   rt 10 

   fd random 15 

   lt 5 

   fd random 15 

   lt 5 

   fd 5 

   rt 5 

   fd random 15 

   rt 5 

   fd random 15 

   lt 10 

   fd 1 

   set heading 270 

 

 

 

 

     ifelse pycor < 75 [set steps 100] 

          [set steps random 100] 

 end 

 

 

 ;;// this defines how a whale will dive 

 to dive 

 



   set heading (120 + random 10) 

   fd  random 15 

 

   set heading (140 + random 30) 

   fd random 15 

 

   set heading  (180 + random 10) 

   fd random 15 

 

   set heading (220 + random 20) 

   fd random 35 

 

   set heading (330 + random 30) 

 

   fd random 35 

 

   set heading 90 

 

      ifelse pycor < 125 [set steps 100] 

          [set steps random 100] 

 end 

 

 

 ;;// this defines how a whale will dive 

 to dive_deep 

 ;to move1 

   set heading 120 

   fd 10 

 

   set heading 140 

   fd 5 

 

   set heading  180 

   fd 20 

 

   set heading 200 

   fd 25 



 

   set heading 190 

 

   fd ( 10 + random 30) 

 

   set heading 90 

   ; 62 moves 

 

   ifelse pycor < 75 [set steps 100] 

          [set steps random 100] 

 

 

 end 

 

 

 ;;// this defines how a whale will hunt 

 to hunt 

 

repeat 20 [ 

 

 ask-concurrent turtles-here [ 

 

 

 if-else count turtles-here > 1 

      [ 

        if shape = "krill" [ die ] 

          ][fd 1 rt random 5 lt random 5] 

     ]] 

 

   ifelse pycor < 125 [set steps 100] 

        [set steps random 100] 

 

 

 end 

 

 

 ;;// this defines how a whale will breath 



 

 to breath 

 

   set heading 0 

   ifelse pycor >= 200 

    [ set heading 90 

      fd 1 

      fd 1 

      fd 1 

      fd 1 

      fd 1 

      rt random 10 

      fd 1 

      fd 1 

      fd 1 

      fd 1 

 

 

      repeat 6 [ 

 

      ask-concurrent turtles-here [ 

 

 

      if-else count turtles-here > 1 

          [ 

        if shape = "krill" [ die ] 

          ][fd 1 rt random 5 lt random 5] 

     ]] 

 

       set steps random 100 ] 

 

    [ fd 1 

      fd 1 

      fd 1 

      fd 1 

      fd 1 

      set heading (340 + random 40) 



      fd 1 

      fd 1 

      fd 1 

      fd 1 

      set heading (340 + random 40) 

      fd 1 

      fd 1 

      fd 1 

      fd 1 

      repeat 6 [ 

 

     ask-concurrent turtles-here [ 

 

 

     if-else count turtles-here > 1 

      [ 

        if shape = "krill" [ die ] 

          ][fd 1 rt random 5 lt random 5] 

     ]] 

 

      ] 

 

 end 

 

 

 

 

 to krill_swim 

  set heading 90 

   fd  2 

      set heading 65 

   fd  10 

      set heading 90 

   fd  10 

      set heading 90 

   fd  10 

      set heading 115 



   fd  10 

      set heading 90 

   fd  10 

      set heading 90 

   fd  10 

      set heading 90 

   fd  2 

 

   set steps (-50 + random -2) 

 

 end 

 

 

 to krill_swim_1 

  set heading 270 

   fd  17 

      set heading 245 

   fd  10 

      set heading 270 

   fd  10 

      set heading 270 

   fd  10 

      set heading 295 

   fd  10 

      set heading 270 

   fd  10 

      set heading 270 

   fd  10 

      set heading 270 

   fd  2 

 

   set steps (-50 + random -2) 

 

 end 

 

 

 to krill_swim_2 



  set heading 90 

   fd  6 

      set heading 65 

   fd  5 

      set heading 90 

   fd  10 

      set heading 270 

    ; set-default-shape turtles  "krill_2" 

   fd  5 

      set heading 245 

   fd  5 

      set heading 90 

     ; set-default-shape turtles "krill" 

   fd  7 

      set heading 90 

   fd  2 

      set heading 90 

   fd  2 

   set steps (-50 + random -2) 

 end 

 

 

 

 

 

 

 

 

 



  



 

 

How we Verified and Validated our Model 
 

Stratification data in our model was verified by data 10. The 

model used behavioral characteristics of Baleen whales daily 

activities. The problem was presented by showing the basic models 

of whale activities, and limiting how far the whales could move or 

dive. We limited the whales to reach the krill then come back up for 

air. Several runs were evaluated time lowering the level of the krill. 

The rates of how much time it takes for whales to eat a certain 

amount of krill, and the ticks shows how long it took for this to 

happen. When the program was modified to show the stratification 

effect on krill, it put the krill at lower levels of the ocean to show what 

stratification does and how it affects the whales. Upwelling is showen 

because the krill are at a certain depth in the model because due to 

stratification the water with the krill’s food will be in the lower layers. 

When the model was changed to represent the effects of 

stratification, it also showed how the whales had to dive deeper 

(which takes up more energy) and how this could potentially be 

deadly. 
 

 

  



Results 
 

  The results of our study show that stratification is not healthy for 

Baleen whales. Upwelling is what should be happening in the ocean, 

but due to global warming, stratification is happening instead. If 

stratification continues over time, the population of Baleen whales 

will keep decreasing. Krill will also decline because not enough 

plankton is being produced. Plankton is usually produced in cold 

arctic water; because the oceans are getting warmer, the amount 

of plankton being produced is not enough for the krill to eat. We 

gathered our data from research (all sources are in the 

Bibliography). From our research we made our program and we got 

our results. The results are, the deeper the krill are in the ocean the 

longer it takes for the whales to get the krill. The more ticks it takes for 

the whales to get the krill the more energy the whales. When the krill 

started at the depth of 160 out of 250 total depth. It took 7368 ticks 

for the whales to eat the all the krill on the screen. When we put the 

whales at the furthest depth, which was 100 out of 250 it took 18159 

ticks which shows an increase in time. 

 

  



Conclusion 
 

In this project we have discovered the effects that stratification 

has on the Baleen whales. Upwelling is healthy for the ocean and 

stratification is not healthy for the ocean. Upwelling moves the 

nutrient rich water to the top. Stratification is bad for Baleen whales 

because Baleen whales don’t have enough food to eat. Not 

enough plankton is being produced for the krill to eat. As a result, 

some Baleen whales are starving due to the fact that not enough krill 

are being produced. Little by little Baleen whales are slowly 

increasing but that may all change because of stratification. 
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What We Learned 

 

 Our most significant achievement this year was learning about 

stratification and the effects it has on Baleen whales. Our team has 

also learned about upwelling and down welling in the ocean. We 

also learned more about using the research our team found and 

then being able to make a program out of the research. Also we 

learned how to research efficiently and effectively. Overall, our 

team’s main accomplishment was our model. 

 

 In our model we have made different layers from light blue to 

dark blue. The colors stand for the water barriers in the ocean. There 

is not an exact measurement just to show the ocean is stratified. We 

chose these colors to represent the ocean. Our team also made 

these different layers to show the different temperatures in the 

ocean. Our team made whales in the model library. We also made 

krill in the model library.  We created both as original models. Our 

program is successful and we hope to continue this project next 

year. 
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