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•  Motivations (Why Study?) 
•  Implications 
•  Background 

•  Economy 
•  Equity 
•  Ecology 

•  Short Film (3 minutes) 
•  Technology 
•  How Measure (Pixel Based) 
•  Research Question (Hypothesis) 
•  Study Area 

•  Challenges 
•  Methods 
•  Results 
•  Discussion 
•  Recommendations 
•  Future Work / Questions 

Flight Itinerary 
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Motivation 

3	  

The	  real	  voyage	  of	  discovery	  consists	  not	  in	  seeking	  
	  new	  landscapes	  but	  in	  having	  new	  eyes.	  
(Mercel	  Proust,	  1871-‐1922)	  	  

Maybe	  they	  just	  don’t	  know.	  
	  Paskus,	  Alexandra	  
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Source: viaTime.org (2010) 

Motivation 
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Source: viaTime.org (2010) 

Motivation + Equity (Property Con!ict) 
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Source:	  Sustainability	  Triangle	  (Berke,	  Goldschalk,	  &	  Rodriguez,	  2006)	  
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Source:	  Sustainability	  Triangle	  (Berke,	  Goldschalk,	  &	  Rodriguez,	  2006)	  

Technology 
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•  Tool for Land Use Planning 
•  Better Understanding 
•  Model Justi"cation 

•  Transportation infrastructure 
•  Sustainable 
•  Multimodal 
•  Volume 

•  Consistency 
•  Change Laws 
•  De"ne New Boundaries 

•  Impact 
•  Restore Control 
•  Not Expensive 
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Implications 
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Source:	  Sustainability	  Triangle	  (Berke,	  Goldschalk,	  &	  Rodriguez,	  2006)	  

Economy 

9	  

The	  easiest	  way	  to	  become	  a	  millionaire	  is	  to	  start	  off	  a	  billionaire	  and	  go	  
into	  the	  airline	  business.”	  –	  Richard	  Branson,	  Virgin	  Founder	  
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Our Surroundings 

Source: Port of Bellingham 2008 
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Our Surroundings 

Victoria International (YYJ) 

Source: Port of Bellingham 2008 
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Source:	  Port	  of	  Bellingham	  (2004)	  
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Source	  viaTime.org/airdoctor(2012)	  

Source: United States Department of Transportation (1990-2012) 
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Source: United States Department of Transportation (1990-2012) 
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2050	  

Source: United States Department of Transportation (1990-2012) 

2004	  Forecast	  
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Doug	  Smith	  from	  the	  Port	  was	  quoted	  in	  the	  Bellingham	  Herald	  on	  June	  20th	  of	  
this	  year(2008).	  
	  
The	  whole	  idea	  of	  a,rac/ng	  Sea,le	  travelers	  to	  Bellingham	  to	  use	  our	  airport,	  I	  
think	  that	  would	  be	  totally	  unacceptable	  to	  the	  community,”	  Smith	  said.	  
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Source: Wall Street Journal((2012)  

June	  7,	  2012,	  9:18	  p.m.	  ET	  Jack	  Nicas	  
Canadians	  Crowd	  U.S.	  Airports.	  Why?	  Taxes	  
Miffed	  by	  Rising	  Fees,	  Canadian	  Travelers	  Flock	  to	  Nearby	  U.S.	  Airports	  
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“Extreme	  Upside	  Scenario”	  (Kincaid	  &	  Tretheway,	  2013).	  
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Source:	  h^p://www.trb.org/ACRP/ACRP.aspx	  
Transportaaon	  Research	  Board	  (2013)	  
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Source: United States Department of Transportation (1990-2012) 
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Source: United States Department of Transportation (1990-2012) 
Source: United States Department of Transportation (1990-2012) 
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Source: United States Department of Transportation (1990-2012) 
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Source: United States Department of Transportation (1990-2012) 
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Source: www.willallegiantbethere.org - 
Transportation Workers Union (2013) 

Un-Route Map 
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Passenger Load Factor(PLF) 

Source: United States Department of Transportation (1990-2012) 
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Source:	  Sustainability	  Triangle	  (Berke,	  Goldschalk,	  &	  Rodriguez,	  2006)	  

Ecology 
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Beaver Dams a Constant !reat to Bellingham International Airport 
	  	  McClurg,D.	  	  Whatcom Watch 2002 

28	  

On	  a	  New	  York-‐to-‐Denver	  flight,	  a	  commercial	  jet	  would	  generate	  840	  to	  
1,660	  pounds	  of	  carbon	  dioxide	  per	  passenger.	  That's	  about	  what	  an	  SUV	  
generates	  in	  a	  month.	  
~USA	  TODAY	  12/19/2006	  
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Source: Port of Bellingham Noise Study by HMMH (2009) 

Integrated	  Noise	  Model	  (INM)	  
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Fidell,	  A	  first-‐principles	  model	  of	  aircraQ	  annoyance,	  2011	  
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	  (Source:	  Harris	  Harris	  Miller	  Hanson,	  2013)	  	  
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Source:	  Sustainability	  Triangle	  (Berke,	  Goldschalk,	  &	  Rodriguez,	  2006)	  

Equity 
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Source: Port of Bellingham Noise Study by HMMH (2009) 

Integrated	  Noise	  Model	  (INM)	  
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It’s	  not	  the	  airport,	  but	  the	  airplane	  
(Airport	  Operaaons,	  Ashford,	  Stanton,	  
&	  Moore,	  1997)	  
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Source: Port of Bellingham Noise Study by HMMH (2009) 

2000	  60	  dB	  

Integrated	  Noise	  Model	  (INM)	  
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Source: Port of Bellingham Noise Study by HMMH (2009) 
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Source: Whatcom County Assessor Office (2012) 
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Source: Port of Bellingham Noise Study by HMMH (2009) 

Integrated	  Noise	  Model	  (INM)	  
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Source: Whatcom County Assessor Office (2012) 

Source: Port of Bellingham Noise Study by HMMH (2009) 
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Short Film 
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Technology 
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Tools 
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•  Python Programming Language (2.7.3) 
•  Python Image Library (PIL) 

•  Bash Shell 
•  Hardware Platform:  Apple Mac Mini 
•  OS: 10.8.3  
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Hypothesis:	  If	  the	  number	  of	  enplaned	  passengers	  increases	  at	  a	  
small	  regional	  airport,	  land	  uses	  inside	  the	  airport	  boundary	  and	  
the	  immediately	  adjacent	  areas	  will	  shiQ	  towards	  urbanizaVon	  
therefor	  decreasing	  the	  grasslands	  and/or	  greenbelts.	  
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Study Area 
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Source: Wall Street Journal((2012)  

June	  7,	  2012,	  9:18	  p.m.	  ET	  Jack	  Nicas	  
Canadians	  Crowd	  U.S.	  Airports.	  Why?	  Taxes	  
Miffed	  by	  Rising	  Fees,	  Canadian	  Travelers	  Flock	  to	  Nearby	  U.S.	  Airports	  
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Source:	  Google	  Maps	  (2013)	  
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Source: City of Bellingham 2013 
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Challenges 

Sorting Colors 
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Methodology 

48	  



Matt Paskus   � !esis Presentation  � Huxley College  �  06.may.2013 

Color	  is	  the	  aspect	  of	  things	  that	  is	  caused	  by	  
differing	  qualiVes	  of	  light	  being	  reflected	  or	  
emi[ed	  by	  them	  (Crayola,	  2013).	  

Color 
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The	  colors	  that	  humans	  see	  are	  a	  combinaaon	  of	  red,	  green,	  and	  blue	  light.	  The	  
RGB	  color	  model	  is	  based	  on	  how	  humans	  interpret	  color.	  	  The	  RGB	  color	  model	  
in	  today’s	  digital	  age,	  allows	  us	  to	  retrieve	  and	  send	  images	  between	  various	  
types	  of	  devices	  (Gonzalez	  &	  P.,	  1987).	  

24	  bit	  color	  	  2563	  	  	  ~	  	  16.7	  Million	  Colors	  
16	  bit	  color	  2562	  	  	  =	  65,536	  Colors	  
8	  bit	  	  	  color	  2561	  	  =	  256	  	  Colors	  

RGB Color 
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1,513	  x	  2,025	  =	  3,063,825	  pixels	  

2,	  025	  pixels	  	  x	  or	  width	  

1,
51
3	  
pi
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ls	  
y	  
or
	  h
ei
gh
t	  

getpixel(x,y)	  
putpixel(x,y)	  

Chicken.png	  3.9	  Megs	  
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1,513	  x	  2,025	  =	  3,063,825	  pixels	  

2,	  025	  pixels	  	  x	  or	  width	  

1,
51
3	  
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ls	  
y	  
or
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getpixel(x,y)	  
putpixel(x,y)	  1,042,475	  Unique	  Colors	  

Chicken.png	  
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HSV Color 

53	  
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def	  hsv2rgb(h,	  s,	  v):	  
	  	  	  	  h	  =	  float(h)	  
	  	  	  	  s	  =	  float(s)	  
	  	  	  	  v	  =	  float(v)	  
	  	  	  	  h60	  =	  h	  /	  60.0	  
	  	  	  	  h60f	  =	  math.floor(h60)	  
	  	  	  	  hi	  =	  int(h60f)	  %	  6	  
	  	  	  	  f	  =	  h60	  -‐	  h60f	  
	  	  	  	  p	  =	  v	  *	  (1	  -‐	  s)	  
	  	  	  	  q	  =	  v	  *	  (1	  -‐	  f	  *	  s)	  
	  	  	  	  t	  =	  v	  *	  (1	  -‐	  (1	  -‐	  f)	  *	  s)	  
	  	  	  	  r,	  g,	  b	  =	  0,	  0,	  0	  
	  	  	  	  if	  hi	  ==	  0:	  r,	  g,	  b	  =	  v,	  t,	  p	  
	  	  	  	  elif	  hi	  ==	  1:	  r,	  g,	  b	  =	  q,	  v,	  p	  
	  	  	  	  elif	  hi	  ==	  2:	  r,	  g,	  b	  =	  p,	  v,	  t	  
	  	  	  	  elif	  hi	  ==	  3:	  r,	  g,	  b	  =	  p,	  q,	  v	  
	  	  	  	  elif	  hi	  ==	  4:	  r,	  g,	  b	  =	  t,	  p,	  v	  
	  	  	  	  elif	  hi	  ==	  5:	  r,	  g,	  b	  =	  v,	  p,	  q	  
	  	  	  	  r,	  g,	  b	  =	  int(r	  *	  255),	  int(g	  *	  255),	  int(b	  *	  255)	  
	  	  	  	  return	  r,	  g,	  b	  	  

def	  rgb2hsv(r,	  g,	  b):	  
	  	  	  	  r,	  g,	  b	  =	  r	  /	  255.0,	  g	  /	  255.0,	  b	  /	  255.0	  
	  	  	  	  mx	  =	  max(r,	  g,	  b)	  
	  	  	  	  mn	  =	  min(r,	  g,	  b)	  
	  	  	  	  df	  =	  mx	  -‐	  mn	  
	  	  	  	  if	  mx	  ==	  mn:	  
	  	  	  	  	  	  	  	  h	  =	  0	  
	  	  	  	  elif	  mx	  ==	  r:	  
	  	  	  	  	  	  	  	  h	  =	  (60	  *	  ((g	  -‐	  b)	  /	  df)	  +	  360)	  %	  360	  
	  	  	  	  elif	  mx	  ==	  g:	  
	  	  	  	  	  	  	  	  h	  =	  (60	  *	  ((b	  -‐	  r)	  /	  df)	  +	  120)	  %	  360	  
	  	  	  	  elif	  mx	  ==	  b:	  
	  	  	  	  	  	  	  	  h	  =	  (60	  *	  ((r	  -‐	  g)	  /	  df)	  +	  240)	  %	  360	  
	  	  	  	  if	  mx	  ==	  0:	  
	  	  	  	  	  	  	  	  s	  =	  0	  
	  	  	  	  else:	  
	  	  	  	  	  	  	  	  s	  =	  df	  /	  mx	  
	  	  	  	  v	  =	  mx	  
	  	  	  	  return	  h,	  s,	  v	  	  
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rgb2hsv(255,255,0)=(60.0,1.0,1.0).	  
rgb2hsv(253,255,0)=(60.47058,1.0,1.0)	  

rgb2hsv(253,255,0)=(60.47058,1.0,1.0)	   	  	  
h,s,v=(60.47058,1.0,1.0)	  
h=int(h)	  	  	  	  #	  the	  int()	  funcaon	  turns	  the	  h	  value	  of	  60.47058	  into	  60.	  
hsv2rgb(h,1.0,1.0)=(255,255,0)	  #	  Convert	  back	  to	  RGB	  

17,621	  unique	  colors.	  	  

55	  

	  
	  
	  

	  
	  
	  

"e Conversion Process 
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Color Wheel Test 

17,621	  unique	  colors.	  	  
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Grey Scale Test 

57	  
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Methodology Steps 
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1	  Categorize	  Images	  
Category	  Examples	  
Populaaon	  
Economic	  

Cost	  
Market	  

Enplanements	  
Catchment	  
Product	  

Operaaons	  
Departures	  
Arrivals	  

Locaaon	  
Historical	  Comparison	  
Image	  Differencing	  
	  

59	  
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2	  Select	  Common	  
Object	  	  

60	  
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3	  Selecang	  	  buffers	  	  

Rings	  are	  used	  to	  circle	  a	  specific	  
area	  and	  with	  two	  radius	  variables	  
which	  control	  the	  thickness	  of	  the	  
ring.	  
Circles	  are	  points	  with	  a	  specific	  
radius.	  
Rectangles	  or	  squares	  have	  a	  
length	  and	  width	  based	  on	  the	  
upper	  leq	  pixel	  coordinates	  to	  the	  
lower	  right.	  
Random	  points	  are	  used	  to	  help	  
with	  calibraaon	  and	  gathering	  
random	  sample	  of	  pixels	  over	  a	  
specific	  rectangular	  region.	  
Lines	  are	  used	  with	  an	  adjustable	  
width	  allowing	  for	  paths	  to	  be	  
analyzed.	  	  

SDF.png,98,213,128	  
SEA.png,114,254,72	  
SEA.png,114,240,72	  
.	  
.	  
.	  
SEA.png,114,240,409	  
SEA.png,114,222,389	  
SFB.png,98,426,250	  
SFB.png,98,412,262	  	  
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3	  Selecang	  	  buffers	  	  
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3	  Selecang	  	  buffers	  	  
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4	  Analysis	  	  

64	  
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5	  Categorize	  
Colors	  	  

65	  
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!emes  
•  Global 
•  local 

66	  

5	  Categorize	  
Colors	  	  

Training Area 
Pixel Based 
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6	  Final	  Analysis	  

67	  
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Step	  1	  

Step	  4	  

Step	  2	   Step	  3	  

Review Process 

Step	  5	  

Step	  6	  
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Results 
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Burlington, Vermont (BTV)

1999 2004 2009 2012

Dry Field:       69.40%
Water:               0.20%
Greel Belt:     19.82%
Urban:            10.58%

Total Pixels:    69,864
Unique Colors:    215

Dry Field:           1.57%
Water:                 0.03%
Greel Belt:        78.21%
Urban:               20.13%

Total Pixels:       69,864
Unique Colors: 35,780

Dry Field:            18.85%
Water:                    0.03%
Greel Belt:          52.78%
Urban:                 28.34%

Total Pixels:        69,864
Unique Colors: 39,697

Dry Field:    13.54%
Water:            0 .44%
Greel Belt:   36.20%
Urban:          49.83%

Total Pixels:       69,864
Unique Colors: 23,641

  

Step 1

Step 2 & 3

Step 4

Step 5 

Step  6

(Source USGS,2013)
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Dultuh, Minnesota (DLH)

1991 2003 2008 2011

Dry Field:      31.34%
Water:              0.40%
Greel Belt:   27.77%
Urban:          40.50%

Total Pixels:    69,864
Unique Colors:    254

Dry Field:     44.22%
Water:             0.27%
Greel Belt:    21.44%
Urban:           34.66%

Total Pixels:       69,864
Unique Colors: 40,457

Dry Field:    47.52%
Water:             0.23%
Greel Belt:    29.42%
Urban:          22..84%

Total Pixels:        69,864
Unique Colors: 27,309

Dry Field:        13.51%
Water:                 0.60%
Greel Belt:       35.83%
Urban:              50.06%

Total Pixels:       69,864
Unique Colors: 31,424

  

      Step 1 & 2

Step 3

Step 4

Step 5

Step 6

(Source USGS:2013)
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Glacier Park, Montana (FCA)

1990 2002 2005 2012

Dry Field:      59.79%
Water:               0.00%
Green Belt:    14.44%
Urban:            25.78%

Total Pixels:    69,864
Unique Colors:    219

Dry Field:         69.86%
Water:                  0.00%
Green Belt:       10.09%
Urban:               20.05%

Total Pixels:       69,864
Unique Colors:      178

Dry Field:         38.17%
Water:                  0.61%
Green Belt:       33.79%
Urban:               27.43%

Total Pixels:        69,864
Unique Colors:  26,875

Dry Field:      39.13%
Water:             0 .78%
Green Belt:   26.44%
Urban:            33.65%

Total Pixels:       69,864
Unique Colors: 27,958

  

      (USGS,1990)       (USGS, 2002)           (USDA, 2005)       (USDA,2012) 

Step 1

Step 2

  Step 3

Step 4 & 5
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Niagara Falls, New York (IGA)

1995 2005 2011

Dry Field:     35.90%
Water:              0.00%
Greel Belt:      1.38%
Urban:           62.73%

Total Pixels:    69,864
Unique Colors:   249

Dry Field:    35.05%
Water:             1.02%
Greel Belt:      0.00%
Urban:          63.93%

Total Pixels:        69,864
Unique Colors: 42,425

Dry Field:       67.97%
Water:               0 .02%
Greel Belt:      10.10%
Urban:             15.27%

Total Pixels:       69,864
Unique Colors: 42,900

  

Step 1 & 2

Step 3

Step 4

Step 5

Step 6

(Source Images, USGS 2012)
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Minot, North Dakota (MOT)

1995 2003 2006 2011

Dry Field:      30.66%
Water:               0.34%
Green Belt:    41.70%
Urban:            27.30%

Total Pixels:    69,864
Unique Colors:    255

Dry Field:          66.58%
Water:                  0.58%
Green Belt:       13.73%
Urban:               19.11%

Total Pixels:       69,864
Unique Colors: 22,734

Dry Field:          67.88%
Water:                  0.00%
Green Belt:       16.22%
Urban:               15.91%

Total Pixels:        69,864
Unique Colors:  37,608

Dry Field:       13.52%
Water:               0.22%
Green Belt:    56.89%
Urban:             29.37%

Total Pixels:       69,864
Unique Colors: 35,754

  

      (USGS,1995)       (USGS, 2003)           (USDA, 2007)       (USGS,2012) 

Step 1

Step 2

  Step 3

Step 4 & 5
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Plattsburg, New York (PBG)

1995 2003 2009 2012

Dry Field:     29.59.%
Water:              0.79%
Greel Belt:    46.14%
Urban:           23.49%

Total Pixels:    69,864
Unique Colors:    204

Dry Field:     22.79%
Water:             0.13%
Greel Belt:   20.41%
Urban:         56.67%

Total Pixels:       69,864
Unique Colors: 28,149

Dry Field:     38.93%
Water:              1.92%
Greel Belt:    15.27%
Urban:           43.88%

Total Pixels:        69,864
Unique Colors: 34,960

Dry Field:     29.77%
Water:             0.31%
Greel Belt:      4.11%
Urban:          65.76%

Total Pixels:       69,864
Unique Colors: 30,408

  

Source Images: (USGS, 2012)

Step 1 & 2

Step 3

Step 4

Step 5

Step 6
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Discussion 
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Recommendations 

81	  

•  Use	  tools	  like	  this	  to	  determine	  growth.	  
•  Consistency.	  
•  Impacts	  outside	  the	  boundary.	  
•  Volume.	  
•  Addiaonal	  equity	  analysis.	  
•  Stay	  in	  center	  of	  triangle.	  
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•  Tool for Land Use Planning 
•  Better Understanding 
•  Model Justi"cation 

•  Transportation infrastructure 
•  Sustainable 
•  Multimodal 
•  Volume 

•  Consistency 
•  Change Laws 
•  De"ne New Boundaries 

•  Impact 
•  Restore Control 
•  Not Expensive 

82	  

Implications 
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Future Work / Questions? 


