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CHANGE IN

POPULATION DENSITY
& DISTRIBUTION

IN

BEND, OREGON

Dasymetric Mapping, 1990-2000

Bend, Oregon
|

0 Largest city in Oregon east of the Cascade Mountains
01 Seventh largest city in Oregon

01 Population jump between 1990 & 2000:
20,469 to 52,800 (some of this due to growth, some to
expansion of UGB)

0 2009 estimated population: 82,280
01 Bend proper covers approximately 32 square miles

01 Many jobs tied to real estate and construction since the
population boom that took shape in the 1990s — much
of which has now dried up

01 (Source: City of Bend Website)




Dasymetric Mapping Review

A method for disaggregating aggregate data

Not 100% reliable, but provides a general idea of
population concentrations within polygons that show
aggregate data

Uses land cover information to open possibilities of
how population is structured within polygons

Uses mapping units (raster pixels) to represent data
in enumeration units (polygons)

(Source: Readings, lectures)

Dasymetric Mapping of Bend Population
Density Change, 1990-2000

Data collection

Land Cover Data

Multi-Resolution Land Characteristics Consortium (MRLC),
part of USGS

Same land cover data used in Lab 4

Census Data
Oregon Geospatial Data Library
Whole feature classes for 2000
Whole feature classes for 1990, via 1995 shapefiles
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Land Cover Data
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Retrofit Land Cover Change Data
Data Donnload.
Single Scene Data Download
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What do you notice right away?
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Raster Differences

o Should | directly compare land cover from NLCD 92 with land
cover from NLCD 2001?

Direct comparison is not recommended. Each dataset was mapped
with different methods and slightly different classes. While the two
NLCD products are designed to be similar, the slight differences in
classification, combined with the final accuracy of the mapping (from
70-80%), result in two distinct products. The typical result of direct
comparison will result in a change map showing differences between
mapping methods rather than real change on the ground. The NLCD
mapping team has completed a product that highlights areas of
potential change between the two eras of land cover using the
original TM imagery. This product is available for download at the
MRLC web site. Access the Retrofit Land Cover Change Data
product.

o1 From: http://www.mrlc.gov/faq.php

Retrofit Land Cover Change Data product
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2 Open Water to Urban

B Open Water to Barren

14 Open Water to Forest

5 Open Water to

16 Open Water to Agriculture.

7 Open Water to Wetlands

18 Open Water to Ice/Snow.

21 Urban to Open Water

2 Urban to Barren

24 Urban to Forest

25 Urban to Grassland/shrub

26 Urban to Agriculture

27 Urban to Wetlands

28 Urban to Ice/Snow

3 Barren to Open Water

52 Barren to Urban

34 Barren to Forest

£ Barren to Grassland/shrub

36 Barren to Agriculture

A7 Rarren to wetlands




Census Data
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Deschutes County Block Groups, 1990

Deschutes County, Oregon

Block Group Polygons
1950
0 20,000 40,000

Meters
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Choosing Block Groups for Study

Deschutes County, Oregon
Block Group Polygons & MRLC Raster

Choosing Block Groups for Study
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Creating a new layer for the Bend area
B 1111

1990 2000

Bend Area, Oregon

Block Group Folygons

Bend Area, Oregon

Bend Area, Oregon

Elodk Group Polygons
1550




Bend Area, Oregon

Elodk Group Polygons
2000

£l zam wam
Bk
Hewn

Population (Choropleth by Block Group)

1990 2000
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Population Density (Choropleth by Block Group)

Bend Area, Oregon

Fopulation Density by Block Group

Bend Area, Oregon
Population Deasity by Block Groug
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Calculation of Population per
Landcover Raster Cell

01 Directly from Lab 4:
0 P = {[RA*(Pa/PAT*N/E}/ Ay
m P = population of cell
m R, = relative density of the cell with landcover type A
m P, = proportion of cells of landcover type A in enumeration
unit
= N = actual population of enumeration unit

m E = expected population of enumeration unit calculated
using the relative densities

u A; = total number of cells in the enumeration unit

6/8/2010



Raster Map of actual population of

enumeration unit (N

1990 2000

Bend Area, Oregon Bend Area, Oregon
Population D ensity by Block Group ; Fopulation Density by Block Group
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Reclassification of Landcover Rasters (R,)
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Landcover Rasters from MRLC

NLED 1382 Lasd Coves Classifization Legend
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Ice/Snow 23
Commercial/Industrial/Transportation

Barren Forested Upland
31 Bare Rock/Sand/Clay 41 Deciduous Forest

32 Quarries/Strip Mines/Gravel Pits 42 Evergreen Forest

33 Transitional 43 Mixed Forest
Shrubland Non-Natural Woody
51 Shrubland 61 Orchards/Vineyards/Other

Herbaceous Upland Natural/Semi- Herbaceous
natural Vegetation Planted/Cultivated
71 Grasslands/Herbaceous 81 Pasture/Hay

82 Row Crops

83 Small Grains

84 Fallow

85 Urban/Recreational
Grasses

Wetlands

91 Woody Wetlands
92 Emergent Herbaceous Wetlands

NLCD Land Cover Class Definitions

Water - All areas of open water or permanent ice/snow cover.

11. Open Water - all areas of open water, generally with less than 25% cover of vegetation/land cover.
12. Perennial Ice/Snow - all areas characterized by year-long surface cover of ice and/or snow.
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Checking on definitions

2 Multi-Resolution Land Charactersiics Consortium (MRLC) - Microsolt Intemet Explorer
e Edt Vew Favotes Toos Heb
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Adiress [ €] o/ /v mic gov/ricd_defindions php

NLCD 2001 Land Cover Class Definitions

Download the NLCD 2001 Land Cover Color Classification Legend

11. Open Water - All areas of open water, generally with less than 25% cover of vegetation or soll

2. Perennial Ice/Snow - All areas characterized by a perennial cover of ice and/or snow, generally greater than
25% of total cover.

21. Developed, Open Space - Includes areas with a mixture of some constructed matarials, but mostly vegatation in
e form of [awh rasses. Impervious surfaces SCCoUNt for 1555 than 20 percent of total cover. Thase afeas most
‘commonly include large-iot single-family housing units, parks, golf courses, and vegetation planted in developed
settings for recreation, erosion control, or aesthetic prposes

22. Developed, Low Intensity - Includes areas with a mixture of constructed materials and vegetation. Impervious
Surfaces account for 20-49 percent of total cover. These areas most commonly include single-family housing units.

23. Developed, Medium Intensity - Includes areas with a mixture of constructed materials and vegetation.
impervious surfaces account for 50-79 percent of the total cover. These areas most commonly include single-family
housing units.

24. Developed, High Intensity - Indudes highly developed areas where people reside or work n high numbers.
Examples inclu w houses a mpervious surface
£5300 percent of the total cover.

n Land (Rock/Sand/Clay) - Barren areas of bedrock, desert pavement, scarps, talus, slides, volcanic
material, glacial debris, sand dunes, strip mines, gravel pits and other accumulations of earthen material. Generally,
ation accounts for less than 15% of total cover.

2. Unconsolidated Shore* - Unconsolidated material such as sit, sand, or gravel that is subject to inundation and
redistribution due to the action of water. Characterized by substrates lacking vegetation except for pioneering plants
ecome established during brief periods when growing conditions are favorable. Erosion and deposition by

waves and currents produce a number of landforms representing this class.

Deciduous Forest - Areas dominated by trees generally greater than S meters tall, and greater than 20% of total
vegetation cover. More than 75 percent of the tree species shed foliage simultaneously in response to seasonal

42. Evergreen Forest - Areas dominated by trees generally greater than 5 meters tall, and greater than 20% of total
vegetation cover. More than 75 percent of the tree species maintain their leaves all year. Canopy is never without
areen foliage.

43. Mixed Forest - Areas dominated by trees generally greater than 5 meters tall, and greater than 20% of total
vegetation cover. Neither deciduous nor evergreen species are greater than 75 percent of total tree cover.
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Initial Reclassification of Landcover

Rasters
[ |

1 Landcover codes first reclassified into 5 classes for
clarity and uniformity:

Residential (includes MRLC codes 21 & 22)

Commercial/Industrial (codes 23 & 24)

Agricultural (codes 61, 71, 81, 82, 83, 85)

Natural (codes 41, 42, 43, 51, 51, 72)
Water & Other Uninhabited (codes 11

33, 90, 91, 92, 95)

12, 31

6/8/2010
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Calculating Relative Density (R,)
|

Population Density = Population/Area
Total Density = ) Densities of all classes
Relative Density (R,) = Population Density /Total Density

R4 Value for Classification = R, * 100

1990
Comm./Ind.  |Agricultural Natural
8438 546| 846 321]
|Area 454463 1035770 4699570| 4237830 | Total Den.
IDensity 0.001865938| 0.000527144| 0.000180016| 7.57E-05 0.002649|
Rel. Density 0.704434671| 0.199008999| 0.067960355| 0.028596
R, Value 70.44346705| 19 6.7 2.859597| 100]
2000
IComm./Ind. |Agricultural Natural
670 352 954 1452
|Area 426448| 1051290 18072400 30552800] | Total Den.
IDensity 0.001571118|0.000334827| 5.27877E-05 4.75243E-05] 0.002006
Rel. Density  0.783109128|0.166891299| 0.02631153| 0.023688042
R, Value 78.31091283|16.68912993| 2.631153043)  2.368804202 100

Relative Density Values (R,)

B 1111
0 1990

o 1= Residential = 70

o 2 = Commercial /Industrial = 20

o 3 = Agricultural =7

0 4 = Natural = 3

0 5 = Water & Other Uninhabited = 0
o 2000

0 1= Residential = 78

o 2 = Commercial /Industrial = 17

o 3 = Agricultural = 3

0 4 = Natural = 2

0 5 = Water & Other Uninhabited = 0

6/8/2010

13



Relative Density Output Rasters (R,)

Block Group Raster by Unique Code

1990 2000

Bend Area, Oregon Bend Area, Oregon
Block Groups by Unique Code Block Groups by Unique Code
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Tabulating Area with Zonal Toolset
S,

-
—| Tabulate Area o

Calculates cross-tabulated

areas between two
datasets.

* Tabulate Area
‘Input raster or feature zone data.
[1990s\BG_ID_1350
Zone field
VALUE
Input raster or feature dass data
[1990s51990 F
Class field

VALUE

[ E:\5pring20 10\GIS 2 Projectiictsb_1950
Processing cell size {optional)

| 57809565

]

Cancel Environments..,

not counted)

o P1 = VALUE_1/TOTAL,
etc. (proportion of
VALUE_1 to total
number of cells)

o E=P_1*70+ P_2%20
+ P_3*7 + P_4%*3
(example is 1990;
proportions established
by relative density
calculation)

Adding Proportional Data (Using Field Calculator)

(B
o VALUE_1, VALUE_2, etc. = #of cells in each class (VALUE_5

o TOTAL = VALUE_1 + VALUE_2 + VALUE_1+ VALUE_2

i i e e
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Joining Proportional Data to Population Data

butes o al_1990
BLOCKGRA_| TOTPOP| VALUE * | VALUE 1

¥ e 73| 3| o1s6250.28875
35| 17| 35| 961307775316,
7| e 37| 1sissse.a25
At 38| 732242413102
EE] 35| 7esraTs.sezs
W] o0g| R
w107 “| serosaaToiee)
24| “0e222 3557
782 4T250721159%

= S248052.
23] 3580540.3646%

B =3
21 745494197702
12| 5309608.5532¢
BRI 50| 1a763080.362¢
51 633 51 320116447613,

B =

s e 53| 291363473276
B 5e| 77622396258
B S5 20ziaressait
% e S| 3536158423
57| e 57| 11880405.973%
5|28 56| 620418201068,
B EESENEE
B o1 B0| 104564683337
Gl 578 51| 3095736 50355
w2 _m 52| 21363473275
B 3] e2rec0esizs)
EI 52| aisaaszesns)
6 0 65| _ 770112744
B 72| 5] 10427745, 3564
& 7| 47538250903,
B 5| 15526505, 1417
) 0 59| 36121206551
70| 0 70| asatest sases)
I 71| asosa0.47525)
72 st 72| 237691254515
2 st 74| 155265061417
e e 75| 267114068122

VALUE 2 VALUE S VALUE 4
712569738 241141611435 | 156275539358
12430869.2361| 123350259904 | 63467398.6854
03612661056 67484679625 362415522117
2610005475 47921 621884 | 161112488522
225231630302 |_44o1os6.047E2| 618363925042
454566533608 | 108015340257 | 11740778541
1386727.09263|  36337.299115|  3a7%682.32215
73776031552 | 1S3340.196481 | 397749478321
316282717701 19166649558 104469140088
2012708.20355 | S46306.512393 372580828764
210858 145134 0 15
5135 9teaeints|  727993.00757
5194702.03012] 484005401331 | 108396713249
“T0Se03.4658| 305T39%.0445| 224848258311
S415143.50008| 134142208504 175527322699
06696392972 | 9584324779 726408683191
7226500 65304 | 124596.22212 550
785014531658 BO071.384078  1130950.3238
1645503.6195| 102562275123 603812.461065
507969213275 230023.794652 00553
45717225195 | 23%608.118471|  2367326.22037)
$352515.25005 | 60860462345 | 87447379252
5656022.43966| 1706009.81063| _ 5923112.71332
07es2.ce0s| s72173554873] 618147380712
D1SE4T3.07604| 431294615047 52042883540
4035000.73185| 105427572567 | 542646.15310:
3297007.72362 | 220439.469913| _1159703.29628
26069%5.33584 | 239605.119471| 4380035, 42352
1625064.35205| 402541 640711 | 1370555.44337
1 1| 16293352124 1057.483¢
293777.50091| 3543314.23631|  4504632.64605
280319626285 C71376.62635| 107248584275
1773100.08405, 565 EXEHE]
33526506717 | 122678257169 126512087081
155265061417 | 222365334589 400261402768
114795.20858 3502 17546896 67
17635157593 | 68281215,5376| 995619658025
TeSS14531654 | 343118627062 385960758643
274111668674 | 178460127262 26931952628

VALUE &
108111183505
171559413541

28752 874337
0

0

352957 315932
23002 754652
143754 ET1652
0

78674 S65231
73799300797
<7921 623894

0
737593.00797)

153349.106481
0

0
<7921 623894,

134180 546902
0

354204 341595
‘539253 828325
554643 511508
2683610.93807 |
T0sé275. 72567
230023.75462

TOTAL
15435307 625

ca365539.4012
50490222.9349|

020278
0575284
0174908
0.081407
0106515
0.012381
0.034967]
0.05884

o Simple table join (made not so simple by a

simple problem)

P2 3 23 £
0022607 0123667 0511658 =
0427065 0.126065| 0. 12286547
0085e61|  0.108362|  0.559455 21184705
0087253 0.001362|  0.528E% 2858
0023355 | 0.04593) 05107 Bsit
0150658 | 0338515 03648 16580258
0.086026]  0.002545| 0233113, 9413265
0450641 0.010255 _ 0.26602%, 28898077
0.051805| 000314 0471115, 55747253
072131 1 0323 B7sTET
0043383 0 se747ER
0008202 0.161765] 5220
0483108 0.170608| _ 0.38208% 24455945
0071221 721 034025 145767
0016467 040718 0533768, TisTE
0.072235| 57 071 751693
001127s|  0.084125) 30855768
012231 0025 0204881 128128
02336 014533 0085568 Gaai1ss
0Assesz| 0.0705¢8) 015 47708824
04265 0.022%1 022083 =61z
00817é2|  0.082%3| 0761031 semozs
0269996 | 0.078657| _0.273089 247901
0212174 0052754 0374453 sTesiz
018172 0.023834  0.285189 494748
0452974 0.012881 0115525 TT2E
0434363 00204 0152778, 217172
0225667 0020533 0.3808% E)
0224736 0063348 0215658 waaizsr
0041083 0.673755| 20336578
0Ags124] 0.eeser| 0. 3711565
0112881 0204857 0.457482 10.438675
0085656 | 0.0621%8| 42905445
0462088 0058808 0.604356 17708791
0032553 0046533 0.839387) 84372
0450655 0310345 0.ézész 13839772
0009166 0.459837 __0.518596 5825021
0017714] _0.077339] =3 sess2s
0.05429| 0352456 0523408, 9279423

ES T ——— )

show: [ A1 selected | Records (0 out of 38 Selected) optons «|

TOTAL Raster Maps

1990

2000

Bend Area, Oregon

Total Number of Cells n Inhabited Cla sses

[amssms.sasm2377
[ ss43523773 - 7861280806
[ me1 180507 - 111,788.3723
[ 11i7mamas. wrosi5996
[ x7mssmsn7 - tose15065
I 54141507 2203180742
I zosiaomes messiss
essisets. w7 a7
I 252712080 328.89776

2000 4000

Bend Area, Oregon

Total Number of Cells in Inhabired Cla sses

[ +15001275 - 023286467
[ soaszssees. 7631571858
[ 761571659 - 1123985605
[ 1120985686 - 1484814204
[ 145414205 - 184564272.3
I 1545602728 2208471202
I 2006471243 - 2567239762
[ 2567255763 292512028 1
B 2525105282 s2messeno
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E Raster Maps

1990 2000

Bend Area, Oregon Bend Area, Oregon

Expected Population per Enumeration Unit Expected Fopulation per Enumeration Unit

200 4000 ] 2000 4000

Calculating Population per Cell

0 Using Raster Calculator in Spatial Analyst

o1 ([Density Raster 1990] * [Population Raster 1990] *
CellSize * CellSize) / ([E Raster 1990] * [TOTAL
Raster 1990])

1 ([Density Raster 2000] * [Population Raster 2000] *
CellSize * CellSize) / ([E Raster 2000] * [TOTAL
Raster 2000])

0 Cell Size = 97.8995648

6/8/2010
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1990

Final Dasymetric Maps
|

2000

Bend Area, Oregon

‘Population per Cell

High:3.39406

Low:0

Bend Area, Oregon

Fopulation per Cell
High: 202626

Low: 0

s000
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Checking Results, 2000

Difference in Population Density
|

2000 Population
Density Raster

Bend Area, Oregon

Population per Cell

P igh: 202626

MInUS ‘} ] Low :-2.96948

1990 Population
Density Raster

Equals:

6/8/2010
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Conclusions

Population Changes

Density appears to have increased the most in the Northeast and
Southwest portions of Bend, though there are increases
elsewhere.

Neither raster matched terribly well with census block population
data, but 1990 was slightly better.

Questions
Counterintuitive: Why was density higher in 1990 populated
dareas?
Could reclassification have been done differently to get a better
outcome?
Why is 1990 more accurate than 2000 when checked?
Drop in Relative Density in agricultural and natural areas: is this
relative to the increase in density in the city, or has population
density dropped there as well?

What role does growth vs. expansion of UGB play?

Conclusions

Shortcomings of Dasymetric Mapping
Not to be used for definitive data

Only a very general idea of the possible distribution
and density of population

Different densities during different time periods
Problematic Landcover Rasters

Not intended for comparisons

Issues with reclassification

Disparities in population change raster

With comparable rasters, results would give an even
better idea of population density and distribution

6/8/2010
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Conclusions

(B
0 Possibility of a better study
o1 Rasters with identical classification systems

01 Rasters with consistent land cover classification and from
same time of year

1 Using census blocks instead of block groups

o User gaining experience

Sources

[ TS
0 Websites

o City of Bend Website: http://www.ci.bend.or.us/
0 GEOG 492/592 Course Website:
http: //web.pdx.edu/~jduh/courses/geog492s10/index.htm

o Multi-resolution Landuse Characteristics Consortium Website:
http: //www.mrlc.qov/

0 Oregon Geospatial Data Library:
http: //www.oregon.gov/DAS /EISPD /GEO /alphalist.shtml

0 People
o Duh, Geoffrey: GEOG 592 Professor
o0 Jones, Nadia: GEOG 592 Lab Instructor

6/8/2010
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Course Lecture 4a (April 20, 2010)
GEOG 592 Lab 4 instructions
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