
Land Cover Change in the Lower Columbia River Estuary, 1880 - 2011Land Cover Change in the Lower Columbia River Estuary, 1880 - 2011

Change in land cover type over the past 130 years was evaluated for the floodplain of the Lower Columbia River Estuary (LCRE) by comparing digital GIS representations of late 1800’s maps from the Office of Coast Survey and GLO with recent land cover data. 
This analysis constitutes one level of a multiple lines of evidence Habitat Restoration Strategy being developed by the Estuary Partnership to help inform its restoration and conservation practices. Losses of 68–70 % were noted for vegetated tidal wetlands, which 
are critical habitats for juvenile salmonids that utilize the lower river and estuary. A loss of 55% of forested uplands was also noted. The majority loss of these habitats is attributed to conversion of land for agriculture, as well as significant loss to urban development. 
We noted spatial patterns of change which varied within the lower river, and which may have practical implications for guiding restoration and conservation targets. The changes we noted are consistent with estimates derived from previous change analyses done 
for the lower Columbia. We built on these studies by utilizing the most current source data sets, which allowed us to significantly extend the range of coverage, both spatially and temporally, relative to previous analyses. Our analysis covered approximately 87% of 
the flooplain area, and compared the current landscape to that which existed prior to the advent of major anthropogenic disturbance. Uncertainties in the results arise predominantly as a result of uncertainties in accuracy and quality of the historical data, as well as 
differences in methods for developing the historic and current data sets to be used for comparison. Despite these uncertainties, the results provide useful insight into the extent of change which has occurred in the Lower Columbia River Estuary.
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The objective of this study was to compare digitized GIS
interpretations of historical land cover maps with recent land cover
map products derived from aerial and satellite imagery in order to
assess changes in the landscape which have occurred since the
late 1800s; before dikes, dams, agriculture, development, forestry,
and other major anthropogenic disturbances were well established.
The LCRE floodplain comprises an area of approximately 463,000
acres (including water), extending from the mouth at the Pacific
Ocean 146 miles to Bonneville Dam, the upstream extent of tidal
influence. Overall extent of the analysis was limited to
approximately 401,000 acres, or 87% of the floodplain, by the
availability of historical data.
To characterize habitat, we considered vegetation (land cover) type,
hydrology (wetland vs. upland) and tidal influence. We defined
‘tidally influenced’ as floodplain areas which are inundated by the
main stem Columbia River as a result of two possible factors: 1)
tidal forcing from the Pacific Ocean, and 2) river stage as a result of
upstream flow contributions. We were particularly interested in
quantifying changes in available tidally influenced wetlands. These
habitats are critical for supporting juvenile salmon, as well as other
species.
Each of the source data sets chosen for the analysis uses a unique
land cover classification scheme. In order to effectively compare
across data sets, it was necessary to aggregate all of these classes
into a set of normalized classes which provided a basis of
comparison.

‘Historical’ Data Set
The data set representing historical conditions was created from 
the following three sources:

1) GIS interpretation of 1800’s Office of Coast Survey (OCS) 
topographic maps (T-Sheets) done by Jen Burke at 
University of Washington Wetlands Ecosystem Team (WET) 
lab. Constitutes 307,800 acres (77%) of our total coverage.
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Extent of the Lower Columbia 
River Estuary historical 
floodplain, as defined in the 
Columbia River Estuarine 
Ecosystem Classification 
(CREEC)  (Simenstad et. al 
(2011))
The set of 8 Hydrogeomorhpic 
Reaches shown are also 
defined in the CREEC.  
Results of the analysis are 
presented based on these 
boundaries.

Methods

FROM CLASS:

A D F FWNT FWT H HWNT HWT O S SWNT SWT TF UNC W WWNT WWT Historical 
acres,

total
Agriculture (A) 323 1411 265 54 5 28 42 3 47 25 14 2 7 (0) 44 67 7 2267
Developed (D) 216 1023 237 54 5 38 33 7 27 16 6 0 6 (0) 55 60 5 1724
Forested non‐wetland 
(F) 11559 31482 25355 3864 578 2449 1552 319 983 1430 517 152 289 (0) 2441 4381 730 82969
Forested wetland: 
non‐tidal (FWNT) 1123 1837 1305 1092 407 615 510 258 57 87 176 86 53 (0) 558 1268 493 8162
forested wetland: tidal 
(FWT) 9579 4769 1291 3297 1886 509 3172 1182 223 108 1039 1170 209 (0) 2131 4336 3056 30565
Herbaceous non‐
wetland (H) 9229 9706 2432 1044 305 1046 1207 337 323 245 153 19 59 (0) 635 1197 324 26739
Herbaceous wetland: 
non‐tidal (HWNT) 6393 1670 450 576 288 240 749 313 37 49 105 13 8 (0) 342 681 301 11236
Herbaceous wetland: 
tidal (HWT) 12521 4859 826 2201 824 646 3472 3877 128 126 980 1145 902 (0) 2959 3181 1969 35466
Other (O) 20 298 304 146 11 12 39 76 5 31 33 19 50 (0) 589 179 30 1632
Shrub scrub non‐
wetland (S) 1296 2367 870 208 16 108 117 12 34 21 21 4 22 (0) 166 229 20 5262
Shrub scrub wetland: 
non‐tidal (SWNT) 671 196 235 261 221 57 203 161 21 12 28 34 24 (0) 237 288 255 2359
Shrub scrub wetland: 
tidal (SWT) 3883 531 230 912 427 29 1027 124 29 15 620 701 61 (0) 287 1531 1128 8875
Tidal flats (TF) 155 722 581 571 277 129 389 1326 81 67 175 155 2588 (0) 5231 746 432 12448
Unclassified (UNC) (361) (497) (360) (92) (28) (46) (45) (17) (6) (28) (18) (2) (13) (0) (70) (110) ('30) 0

Water (W) 4883 4881 2608 3173 2265 1316 3111 3386 359 317 710 1274 10910 (0) 130921 3883 3539 170114

Wooded wetland: non‐
tidal (WWNT) 1794 2033 1540 1352 628 671 712 419 78 99 204 119 77 (0) 795 1556 748 10522
Wooded wetland: tidal 
(WWT) 13462 5300 1521 4208 2313 538 4198 1306 251 123 1658 1871 270 (0) 2419 5867 4184 39439

Current Acres, total 61849 65751 36989 17451 7516 7221 15623 11381 2354 2549 4576 4773 15187 (0) 146598 22027 12289 399817

% overall cover 
historical (excluding 
water) 

1.0% 0.8% 36.1% 3.6% 13.3% 11.6% 4.9% 15.4% 0.7% 2.3% 1.0% 3.9% 5.4% 4.6% 17.2%

% overall cover  
present: (excluding 
water)

24.4% 26.0% 14.6% 6.9% 3.0% 2.9% 6.2% 4.5% 0.9% 1.0% 1.8% 1.9% 6.0% 8.7% 4.9%
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The maps below highlight some of the more significant change scenarios for cover classes of particular interest. The same color scheme
is used throughout the estuary, which reveals patterns of change between different hydrogeomorphic reaches.
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The graphs below show areal coverage (in acres) of each land cover class, for the historical and current data sets, by Reach

Classified land cover polygons
from the 2010 Estuary
Partnership land cover map.

Aerial image of the area
classified in map to the left.

Example of 1880s T-sheet
map generated by the
OCS, with digitized WET
lab polygons outlined.
Tidal areas are evident in
the map symbology.
Shalowitz (1964) provides
a detailed explanation of
map symbols used.

Example of 1860s 
survey map 
generated by the 
GLO, with 
digitized polygons 
generated by 
Christy overlain.  

Extent of coverage 
used for each of 
the 3 historical 
data sources in 
our “historical’ 
data set.  

Normalized land cover classes used for change analysis (left hand column), 
with relevant source data cover classes. Columns 3–5 are the historical data 
sources. Column 6 is the ‘current’ data source.

Key: t = tidal, nt = non-tidal, fp = floodplain, d = diked, u = upland, WL = wetland
Normalized 
Class

Code Classes from WET 
lab (T‐Sheets)

Classes from 
Graves

Classes from Christy 
(GLO)

Classes from Estuary 
Partnership 2010

Herbaceous 
WL: t

hwt Marsh: t
Submerged Marsh: t

Marsh Tidal marsh
Marsh, unknown
Wapato Marsh

Herbaceous WL:  t

Herbaceous 
WL: nt

hwnt Marsh: fp, u
Submerged Marsh: 
fp

Wet prairie
Marsh/Wet Meadow

Herbaceous   WL: nt, d

Shrub‐Scrub 
WL: t

swt Shrub‐Scrub Marsh: 
t

Willow 
Swamp

Willow Swamp
Swamp: unknown
Wetland: unknown

Shrub/Scrub WL: tidal

Shrub Scrub 
WL: nt

swnt Shrub Scrub Marsh: 
fp

Wetland: unknown Shrub/Scrub WL: nt, d

Forested  
WL: t

fwt Wooded Marsh: t Spruce 
Swamp
Cottonwood 
Swamp 

Sitka Spruce Swamp
Ash Swamp

Coniferous WL Forest: t
Deciduous WL Forest: t

Forested  
WL: nt

fwnt Wooded Marsh: fp, 
u

Riparian Classes (Black 
Cottonwood, Red 
Alder‐Mixed Conifer, 
Mixed, Sitka Spruce)
Red Alder Swamp

Coniferous WL Forest: 
nt, d
Deciduous WL Forest: 
nt, d

Herbaceous 
non‐WL

h Grass Prairie, wet and dry 
undifferentiated
Upland and xeric 
prairie

Herbaceous

Shrub‐Scrub 
non‐WL

s Shrubs Doug Fir (Savannah)
Rose or briar thickets
Brush: all  categories

Shrub/Scrub

Forested 
non‐WL

f Mixed Forest , Pine, 
Woodland

Doug Fir
White Oak
Sitka Spruce

Coniferous Forest
Deciduous Forest

Tidal Sand/ 
Mud Flats

tf Sand flat: t Tidal Flats, 
Shallows

Sand
Mud

Agriculture ag Orchard, Cultivated Agriculture
Tree Farms

Developed d Dwellings, Road, 
Levee
Overwater Structure

Urban: Impervious
Urban: Open Space 

Water w Riverine/Estuarine
Open Water
Stream/river

Deep Water
Medium‐
Shallow 
Water

Water Bodies
Seasonally Flooded 
Lake

Aquatic Beds
Water

Other o Barren, Sand,
Sand Flat , Rocky 
bluff,
Eroded Bank

Rock Outcrops, talus, 
exposed bedrock, 
scree etc. 
Gravel bar

Barren
Rock

Unclassified unc Unclassified

2) GIS interpretation of 1800’s General Land Office (GLO) 
survey maps, done by John Christy at Oregon State 
University’s Oregon Natural Heritage Information Center. 
Constitutes 87,000 acres (21%) of our total coverage.

3) GIS interpretation of 1800’s T-Sheets done by Graves et. 
al at CREST. Constitutes 6,600 acres (2%) of our total 
coverage.

Aggregation of cover classes for the source data sets:

‘Current’ Data Set
Current current land data was created for the Estuary 
Partnership by  Sanborn Map Co. in 2010. The classification 
scheme was adopted from Garono (2003). Data was derived 
from 2009 NAIP imagery, with ancillary LiDAR and LandSAT 
data. The classification process utilized a software segmentation 
process to generate high resolution, polygon based land 
segments, which were classified using a supervised 
classification algorithm.

Matrix showing change (in acres) between normalized land cover classes from ‘Historical’ to ‘Current’ time 
period. Wooded wetland categories include the summed forested and shrub-scrub wetland categories (ie
WWNT = FWNT + SWNT). ‘Unclassified’ values are not included in the summed ‘Historic total’ and 
“Current total’ calculations. Classes are listed using code values. Grey shaded boxes show the amount of 
‘unchanged’ area for each class.

TO CLASS:


