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Executive Summary 

  

The sequoia trees are starting to die out and become more rare due to the El 

Nino drought. They are unable to receive the proper amount of water causing them to 

become stressed. Our project is a simulation of a Sequoia forest for 300 years. We will 

simulate the forest to see how long until or if the forests ever will recover. This project is 

very important because we can save many species that rely on the Sequoia trees for 

shelter and protection. Using birth rates and death rates we are able to calculate the 

population each year. We have a grid to visualize the forests using different color to 

show different amounts of trees in that part of the forest. Although we have not been 

able to accurately predict what will happen in the future, due to the fact that we have not 

found the actual birth and death rates, we have learned how important and hard it is to 

get real data to set various parameters in the simulation. 
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Problem Definition and Importance:  

The problem is that the Sequoia trees will start dying soon due to the drought in 

California. 

They are looking extremely stressed and sick. We want to find out when the sequoia 

forests will be healthy again, or until they eventually die. This is a very important thing to 

solve, as if we don’t  solve this problem of when they will die or gradually get healthy 

and flourish again, we will endanger a lot of  species of animals and even make some 

go extinct.  

One of these animals is the Townsend’s big eared bat (Corynorhinus 

townsendii), which uses the Sequoias as a source of shelter. Also, there is a Tufted 

Titmouse (Baeolophus bicolor), which is a bird that also uses the sequoias as shelter. 

While the titmouse is more common and is not endangered, the townsend’s big eared 

bat is on the endangered species list, sensitive species list, and species of special 

concern list.  These three lists prove even more that the Townsend’s Big eared bat 

should be protected and that its habitat should be monitored and protected as well. 

There are also the tidewater goby, the bald eagle, the Chinook salmon, the northern 

spotted owl, the stellar sea lion, the black bear, the mountain lion, the bobcat, the  

beaver, the river otter, the black-tailed deer,elk, and coyote that could be hurt with the 

sequoias extinction.There are also the southern bald eagles(Haliaeetus leucocephalus) 

are important to America, as they are our national bird and very endangered.  

 

 The Townsend’s Big-Eared bat (Corynorhinus townsendii) is a medium sized bat 

with very long and large ears. Their fur is pale gray or brown and buff colored on the 

top. Their ears are enormous, roughly 38 centimeters long in average. In fact, when the 

ears lay back on its body, the ears reach halfway down its body. The bat is listed as an 

endangered species in Washington,  a sensitive species in Oregon, and a Species of 

Special Concern in Texas, Montana and California. 

https://en.wikipedia.org/wiki/American_black_bear
https://en.wikipedia.org/wiki/Mountain_lion
https://en.wikipedia.org/wiki/Bobcat
https://en.wikipedia.org/wiki/Beaver
https://en.wikipedia.org/wiki/North_American_river_otter
https://en.wikipedia.org/wiki/Black-tailed_deer
https://en.wikipedia.org/wiki/Elk
https://en.wikipedia.org/wiki/Coyote
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 The Titmouse is a bird that uses the sequoias as a shelter, and is found all over 

the United States, and in some parts of Canada. It has a very strange call, it fades in 

another place where the bird is not, so that the predator will chase the fake bird call, and 

the bird will be safe. 

  One of the unique features that the titmouse has is that the tufted titmouse eats 

with its feet.Tufted Titmice are the only birds that hold the seeds that they eat in their 

feet as they crack the shell open to eat the nut/seed.These are only a few animals that 

rely on the sequoias as a place to live. 

 If the sequoias die out, we will endanger and possibly kill many other species of 

animals and plants, including the above featured, along with the trees.These animals 

and plants are very important, and if the sequoias die out, they will lose an extremely 

good shelter source to thrive and grow.  

Also, Sequoiadendron giganteum (giant sequoia, giant redwood, Sierra redwood, 

Sierran redwood, or Wellingtonia) is the sole living species in the genus 

Sequoiadendron, and one of three species of coniferous trees known as redwoods. If 

the sequoias die out, than the whole species of the genus Sequoiadendron will be more 

rare and more likely to die out completely. The sequoia is very important to the lives of 

other species both plants and animals. If they die out, that those species can as well. 

 

 

 

 

Research 

 This project included a lot of research to make it accurate and work well. We 

learned about the life cycle of a tree, a definition of a healthy forest, and lots of facts 

about Sequoia trees.  
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 The life cycle of a Sequoia tree has many different parts. It all starts with a cone. 

The cone holds the actual seed for the tree. The cone is the size of a chicken egg and 

the seed is roughly the size of a cornflake. The next stage is the seedling. The definition 

of a seedling is a young plant. Once a Sequoia seedling has grown for 500 years, it old 

enough to be called a mature tree. The third stage is a mature tree. A mature tree is 

over 500 years old, has a conical top and is bare 100-150 feet at the bottom of the 

trunk.(No leaves or branches) The tree starts dropping cones with seeds when they are 

teens.  

 Since we want to know how long until the forests will grow back into a healthy 

forest, we found the definition of a healthy forest. That is that there are no diseases in 

the forest, there are trees of all ages in the forest, the trees grow close enough together 

that they can self prune themselves however not so close that it affects the total number 

of trees, is a good habitat for animals, and the forest floor is completely covered with 

plants or moss to absorb more moisture. 

  We also found out that a sequoia tree uses an average of 300 gallons of water 

everyday. With El Nino, that is hard for the sequoias to receive all the water they need. 

This causes the Sequoia trees to be stressed. One sign of a stressed Sequoia tree is 

that it’s foliage is turning brown. Scientists say that even though these trees have been 

around for millions of years, in the last four or five years they have been pushed to their 

extremes.  

  To our amazement, later in our research and project we came across a website 

that stated that when a tree is stressed it actually drops more cones and seeds as a 

survival mechanism. That shows that due to a loss of water, the population may 

increase. However, the Sequoia seedlings may have a harder time growing and 

sprouting if they do not receive the right amount of water.  
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Scientists have also told us that the forest will be healthy if the birth and death 

rate are the same. Using the code we currently have, there is a very small chance of 

this happening. However, that is the same in the real forests as well. 

  We have also found that some of the plants that accompany the Sequoia groves 

are the Coast Douglas-fir, which is measured to grow over 300 feet. Another common 

tree to be found in the Sequoia forests is the Sitka Spruce. We also have learned about 

the fauna in the Sequoia Forests as well. We have found many animals and plants that 

live in the sequoia forests. The animals rely on Sequoias as shelter. Some of these 

animals include the tufted Titmouse, the tidewater goby, the bald eagle, the Chinook 

salmon, the northern spotted owl, the stellar sea lion, the black bear, the mountain lion, 

the bobcat, the  beaver, the river otter, the black-tailed deer, elk, and coyote. These are 

only some of the animals in the forest. Many of these animals are endangered and are a 

very important part of the ecosystem.  

 

 

 

 

 

Coding 

 We have four variables that are:  disease, rain, death rate, and birth rate. The 

death rate is based off of disease and the whole number of  trees is then multiplied by 

rain over the needed number of rain.  

Before the while loop we define all the variables except for rain, which is defined 

in the loop itself. Since we know that the trees take up 300 gallons of water a day we 

decided to make the rain between 200 and 400. The rain is then divided by 300 and 

multiplied by the whole formula so that if there is 300 rain then it is normal and then 

https://en.wikipedia.org/wiki/Elk
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number of trees doesn’t change but if the number is different, that affects the whole 

number of trees. 

Every time the program goes through the loop it’s a new year because of the 

“year=year+1” line, and every year it prints the number of trees the year and the amount 

of rain. If the number of trees is more than or equal to 2000 we say that the forest is 

healthy, and end the loop. If 1000 years past and the forest isn’t healthy we end the 

loop. 

 

We are simulating a Sequoia Tree Forest by drawing a ten by ten grid. Since we 

are simulating the population in the forest, we have programmed it to fill the squares 

with different colours. In the past, we have made little squares, symbolizing the trees. 

However, this did not work because the “trees” kept on overlapping on each other 

andreal trees do not overlap on each other. Then, we decided that we should use 

numbers to simulate the sequoia growth/health but we didn’t like this type of simulation 

because there was no visualization so we added a grid as the visual.  

 The way we draw the grid is that we draw it by rows and every time we draw a 

square, we fill it with a different color based off of the number of trees in that area. 

  Every time we draw a square in the first column we make a row for it so every 

time it goes through the whole loop it makes a row. As it is going to be mentioned later, 

to fill in the squares we use RGB colors.  
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      Fig.1  The algorithmic scheme for our code  

 In the grid the different colors mean different amounts of trees. To make different 

shades of green and brown we added extra colors in some places as shown:  

t.fillcolor(0*forest[q][w]+ 96, forest[q][w]+ 96, 0*forest[q][w]+ 64)  If the color is darkish 

brown,  means there aren’t many trees in that area and if it is light green there are lots 

of trees. 



9 

  

Fig. 2   A visualization of a 10 by 10 forest grid 

 

 The math we used was percentages.  The birth rate is between 30 percent and 

90 percent and the death rate is between 10 percent and 50 percent. Then we put it into 

a formula: numberOfTrees = (numberOfTrees * birth - numberOfTrees * death + 

numberOfTrees) * (rain/300) to count the number of trees in each year.  Where the rate 

ranges intersect the death rate could be bigger than the birth rate and the trees will die 

out, otherwise it will either be the same amount. 
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Conclusions and Next Steps 

From doing this report, we have learned a lot. We have learned about for loops 

and making ten by ten grids. 

We learned how to use the turtle to draw the ten by ten grid. When we run the 

program, we have two outcomes: a visualization and some numbers that explain what 

the visual represents. The turtle “draws” the picture, which is the ten by ten grid. We 

also learned how to color the grid by using numbers. We did it by coding the RGB of the 

colors; t.fillcolor(0*forest[q][w]+ 96, forest[q][w]+ 96, 0*forest[q][w]+ 0). 

In the future, we plan on making a bigger grid, instead of a ten by ten grid. We 

plan on doing this because the places that have Sequoia tree forests aren’t necessarily 
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100 square miles. We have tried to change the grid to an eleven by eleven but that 

caused some errors in the program  

 
 We are also looking for scientists that can tell us what the birth and death rate of 

Sequoia trees. We did have help from Dr. Nathan Stephenson, and we learned that 

Sequoias live for a very long time even with drought, but the ones that have been 

damaged by wildfires don’t survive that long during drought. 

 We also need to know the rate of which the Sequoia forest is changing. We did 

receive information from Dr. Stephenson, but we would like to have more information.  

Once we know the birth and death rate of the Sequoia trees and the rate of the 

changes of the Sequoia forest and change the starting number of trees into a control 

variable in the code, we will run the program multiple times and record the results. This 

will make the simulation more accurate. 

 

 

Acknowledgments  

We would like to thank Mrs. Zeynep Unal for sponsoring us and letting us meet in her 

room whenever we need to. We would also like to thank our mentor, Mike Fisk, for 

giving us advice and helping us. A special thanks to the judges at the interims for their 

great suggestions. We would also like to thank Dr. Nathan Stephenson for answering 

some questions that we asked him.  

 

  



12 

 

Resources   

● https://en.wikipedia.org/wiki/Sequoiadendron_giganteum  

● https://www.giant-sequoia.com/faqs/giant-sequoia-landscape-questions  

● www.livescience.com/47524-giant-sequoias-climate-change.htm  

● http://www.nps.gov/parkhistory/online_books/science/hartesveldt/chap5.htm  

● https://docs.python.org/2/library/turtle.html  

● http://www.nps.gov/seki/learn/education/upload/seq_seeds2.pdf 

● http://e360.yale.edu/feature/giant_sequoias_face_looming_threat_from_shifting_clima

te/2631/ 

● http://www.nrs.fs.fed.us/pubs/jrnl/1996/nc_1996_Dey_001.pdf 

● http://texastreeid.tamu.edu/content/howTreesGrow/ 

● http://ucanr.edu/blogs/blogcore/postdetail.cfm?postnum=9705 

● http://www.werc.usgs.gov/fileHandler.ashx?File=/Lists/Products/Attachments/5063/vanmant

gemdas2014.pdf 

● http://www.na.fs.fed.us/pubs/silvics_manual/Volume_1/sequoia/sempervirens.htm 

● http://ngm.nationalgeographic.com/2012/12/sequoias/quammen-text 

● http://www.ingentaconnect.com/content/saf/wjaf/2009/00000024/00000001/art00004 

● http://www.newworldencyclopedia.org/entry/Redwood 
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Code 

import math 
import random 
import turtle 
 
 
 
birth=random.uniform(0.0, 2) 
death=random.uniform(0.0, 0.05) 
 
print "Birth =", birth 
print "Death =", death 
 
t=turtle.Turtle() 
t.speed(0) 
 
def printForest(forest): 
    for i in forest: 
        print [sum(j) for j in i] 
 
 
# Make a new forest map 
forest=[] 
for i in range(FORESTSIZE): 
    forest.append([]) 
    for j in range(FORESTSIZE): 
        forest[i].append([]) 
        forest[i][j] = [] 
        for y in range(MAXAGE): 
            forest[i][j].append(random.randint(0, MAXSTARTTREES)) 
 
#printForest(forest) 
 
def draw_forest(): 
  for q in range(0, FORESTSIZE): 
    t.penup() 
    t.sety(-150+q*20) 
    t.pendown() 
    for w in range(0, FORESTSIZE): 
        t.penup() 
        t.setx(-150+w*20) 
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        t.pendown() 
        t.fill(True) 
        stress_level=random.randint(64, 128) 
        t.fillcolor(96, sum(forest[q][w])+ 96, 64) 
        for e in range(4): 
            t.forward(20) 
            t.left(90) 
        t.fill(False) 
 
year=0 
while True: 
    year = year + 1 
    if year > MAXYEARS: 
        break 
     
    numberOfTrees = 0 
    for q in range(0, FORESTSIZE): 
        for w in range(0, FORESTSIZE): 
            births = 0 
            for y in range(MAXAGE, 1): 
                trees = forest[q][w][y-1] 
                forest[q][w][y] = trees - trees*death 
                if y > MINREPRODUCEAGE: 
                    births += forest[q][w][y] * birth 
            forest[q][w][0] = births 
                 
            numberOfTrees += sum(forest[q][w]) 
    print numberOfTrees, "trees after year", year 
 
    if year % 100 == 1: 
        #draw_forest() 
        pass 
     
    if numberOfTrees >= 2000: 
        #break 
       pass 
         
 
 
import random 
import turtle 
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t=turtle.Turtle() 
t.speed(0) 
def printForest(forest): 
    for i in forest:  
        print i 
def applyForest(forest, f): 
    for i in forest: 
            for j in i: 
                    j = f(j) 
forest=[] 
for i in range(10): 
    forest.append([]) 
    for j in range(10): 
        forest[i].append(random.randint(000, 255)) 
printForest(forest) 
year=0 
birth=random.uniform(0.3, 0.9) 
death=random.uniform(0.1, 0.5,) 
numberOfTrees=1000 
while True: 
    rain= random.uniform(200, 400) 
    year=year+1 
    numberOfTrees = (numberOfTrees * birth - numberOfTrees * death + 
numberOfTrees) * (rain/300) 
    print (year, numberOfTrees, rain) 
    if numberOfTrees >= 2000: 
        print ("Healthy", year, rain) 
        break 
    if year >= 1000: 
         break 
def draw_forest(): 
  for q in range(0, 10): 
    t.penup() 
    t.sety(-150+q*20) 
    t.pendown() 
    for w in range(0, 10): 
        t.penup() 
        t.setx(-150+w*20) 
        t.pendown() 
        t.fill(True) 
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        t.fillcolor(0*forest[q][w]+ 96, forest[q][w]+ 96, 0*forest[q][w]+ 64) 
        for e in range(4): 
            t.forward(20) 
            t.left(90) 
        t.fill(False) 
year=0 
while True: 
    year = year + 1 
    for q in range(0, 10): 
        for w in range(0, 10): 
            forest[q][w]= forest[q][w]*birth- forest[q][w]*death +  forest[q][w] 
    draw_forest() 
    if year == 200: 
        break 
 
      
 

 


