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One of 28 estuaries in EPA’s National Estuary Program 
    - Network of community based programs working to protect 

and restore the water quality and ecological integrity of  
estuaries of “National Significance” 

 

Bi-State – Federal Partnership: 
     - OR, WA, US EPA 
 

3 Program Areas 

     - Habitat Restoration, Ecosystem Monitoring, Stewardship 

 

 

 

 

 

 

 

Lower Columbia Estuary Partnership 



Project development, coordination of partner projects 
 
CCMP targeted actions and goals 
 - Restore ecosystem structure and function through 

restoring natural habitat diversity;  key to restoring 
diversity of salmon life history strategies 

 
- 19k acres restored/protected by 2014 

 

Restoration Prioritization Strategy 

     - Framework for conducting landscape scale restoration 
using a strategic approach, rather than opportunistic 

 

 

 

 

 

Estuary Partnership Restoration Program 



Funded by EPA 
 
 

Incorporates a variety of data, including:    
     - Historical Habitat Change 

     - Juvenile Chinook salmon Habitat Suitability Index 

     - Priority lower Columbia tributaries  (OR/WA Recovery Plans) 

  - Suitable and available habitats for:  
- Tule Chinook, Columbia White Tailed Deer, migratory birds 

     - Priority Contaminant Clean-up Sites 
 

Draft Report Available on EP website 

     http://www.estuarypartnership.org/habitat-restoration-strategy 

 

 

 

Restoration Prioritization Strategy 



Assumption:  Historical habitat diversity played a key role in 
supporting a diversity of salmon life history strategies 

 
Cited as key task for ecosystem restoration approach 

     An Ecosystem-Based Approach to Habitat Restoration 
Projects with Emphasis on Salmonids in the Columbia R. 
Estuary. Johnson et al. (2003) 

 

Why another analysis? 

Availability of improved data sets (current and historical) allowing 
for better comparison and greater detail 

 

 

 

 

 

Why Consider Habitat Change? 



Habitat Change Overview 

Objectives  
Compare pre-Anglo European landscape to present landscape in 
the LCRE floodplain.    

Quantify changes, set targets for recovery of ‘priority’ habitats  
 

Use CREEC Hydro-geomorphic Reaches as basis for analysis 
 

Methods 
GIS overlay of existing historical and present data 

 

 

 

 

 



Habitat Change Data Requirements 

Temporal/Spatial 

     Complete data coverage of LCRE floodplain (mouth to Bonneville) 
for both ‘Current’ and ‘Historical’ periods 

     Historical period: pre Anglo European settlement (prior to 
diking/agriculture) 

 

Accuracy 

Good spatial alignment  (Historical is primary concern) 

High confidence in the predicted habitat types  
 

For most prior LCRE change analysis efforts, the above 
conditions have typically not ALL been met 

 

 



Previous Studies of LCRE Historical Habitats 

Author & Year Report Spatial 

Extent 

Historical Period 

(Data Source) 

Current Period 

(Data Source) 

Primary 

Limitation 

Thomas 1983 

(CREDDP) 

CREST/ 

LCEP 

RM 0 – 43 1880s (OC &GS) 1980 (Thomas) spatial (H,C) 

Graves/Christy 

1995 

CREST/ 

LCEP 

RM 0 – 102 1880s (OC &GS) 1991 (aerial 

photo) 

spatial (H,C) 

Allen/USACOE 

1991  

OSU/  

LCEP 

RM 0 – 146 1948, 1961, 1973, 

1983 (aerial photo) 

1991 (aerial 

photo) 

temporal (H,C) 

OR GAP 1999 PSU/ 

LCEP 

RM 0 – 146 Late 1800s (GLO) 1993 (LandSAT)  spatial (H) 

NOAA-CCAP 

1994 

NOAA RM 0 – 146 1989 (LandSAT)  1993 (LandSAT) temporal (H,C) 

Garano 2003 LCEP RM 0 – 146 1992 (LandSAT) 2000 (LandSAT) temporal (H) 

Burke  

2004 – 2006 

RM 0 – 43 1880s (OC &GS) 

 

2000 (LandSAT) spatial (H) 

OC&GS:  Office of Coast and Geodetic Survey 

GLO:  General Land Office 

C: current data source 

H: historical data source 



Historical Landscape Reconstruction: T-sheets 

US Coast & Geodetic Survey Topographic Sheets (T-sheets) 

Survey maps of nearshore zone, created from 1850 – 1890 for the 
coastal US. 

 

Paper/cloth sheets scanned and georeferenced by NOAA   

Accuracy assessment by Daniels, R.C. and R.H. Huxford. 2001 
 

Columbia River Sheets: 

- Mapped to RM 129 (Rooster Rock).  27 sheets total.  

- Survey period predates most diking and draining of tidal 
wetlands  (Tidal Marshes of the United States. Nesbit, 1885) 

 

 
 

 



Historical Landscape Reconstruction: T-sheets 

Scanned T-Sheet example: 

 

 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 

From Shalowitz – Shore and Sea Boundaries Volume II Part 2, Chap 4 (1964) 

 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 

From Shalowitz – Shore and Sea Boundaries Volume II Part 2, Chap 4 (1964) 

 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 

From Shalowitz – Shore and Sea Boundaries Volume II Part 2, Chap 4 (1964) 

 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 

Chronology of T-Sheet Symbols (From Shalowitz, 1964) 

 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 

Chronology of T-Sheet Symbols (From Shalowitz, 1964) 

 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 

Chronology of T-Sheet Symbols (From Shalowitz, 1964) 

 

 



Historical Landscape Reconstruction: T-sheets 

T-Sheet Digitization:  Jennifer Burke, Univ. of WA.  2006-2010 

Extended work of Thomas (1983) and Graves/Christy (1995) 

- Increased spatial extent (RM 42/105 to RM 129) 

- Modified classification (increased detail) 

Difficulties  

- Multiple surveyors using slightly different mapping 
conventions 

- Quality of scanned images 

 

 
 

 



Historical Landscape Reconstruction: T-sheets 

 

 

 

GIS Reconstruction of T-Sheet Data 

 

 



Historical Landscape Reconstruction: T-sheets 

Edge Matching Adjoining Digitized T-Sheets  (LCEP) 
 Sheet 1455 + digitized features 

Sheet 1495 + digitized features 

Digitized features overlay 

Edge-matched features based on reference data 



Historical Landscape Reconstruction: T-sheets 

Edge Match Reference Data 
 



Historical Landscape Reconstruction: GLO maps 

Maps and Field Notes from General Land Office Cadastral Survey 

Same survey period as T-sheets (late 1800s) 

Digitized by John Christy (Oregon Natural Heritage Program, 1999) 

Fill gaps in T-sheet data 

 
 

 



Historical Landscape Reconstruction: Final Coverage 



Present Day Landscape: LCEP 2010 Data Set 

LCEP 2010 High Resolution Land Cover Data Set 

Funded by Bonneville Power Administration 

Part of Columbia R. Estuary Ecosystem Classification 

Classification scheme adopted from 2000 LCEP LandSAT TM 
classification (Garano) 

High resolution (0.25 acre) segmented approach based on:  

 2009 NAIP, 2010 LiDAR, 2007-2008 LandSAT 

Improved estimates for tidal/fluvial and diking extents based on 
recent LiDAR and WSE data 

 
 

 



Present Day Landscape: LCEP 2010 Data Set 

Segmented vs. Raster Land Cover Data Comparison 
 
 

 
 

 

2010 LCEP High Resolution (NAIP) 2000 LCEP 30m (LandSAT) 



Present Day Landscape: LCEP 2010 Data Set 

Derivation of Tidal/Non-Tidal/ 

Diked Designation for Wetlands 

Habitats: 

1) Compare Approximate 1 Year 

      Water Surface Elevation Data 

      to LiDAR Derived DEM 

     (tidal vs. non-tidal) 

2) Add levee and point barrier 

    information  (tidal vs. diked) 



Present Day Landscape: LCEP 2010 Data Set 



Cover Class Crosswalk 

Normalized 

Class 

Code T-Sheet Classes 

(Burke) 

T-Sheet Classes 

(Graves/Thomas) 

GLO Classes 

(Christy) 

2010 Classes 

(LCEP) 

Herbaceous 

Tidal WL 

HWT - Marsh: tidal 

- Submerged Marsh:  

  Tidal 

- Marsh: tidal - Tidal marsh: salinity 

  undifferentiated 

- Marsh: unknown 

- Wapato Marsh 

- Herbaceous Tidal WL 

Herbaceous 

Non-tidal WL 

HWNT - Marsh: 

  floodplain, upland 

- Submerged Marsh:    

  floodplain 

  - Seasonally or perennially 

  wet prairie 

- Marsh/Wet Meadow, 

  unknown 

- Herbaceous Non-tidal WL 

- Herbaceous Diked WL 

Shrub-Scrub 

Tidal WL 

SWT - Shrub-Scrub Marsh: 

  Tidal 

- Willow Swamp: Tidal - Willow Swamp 

- Swamp: unknown 

- Shrub/Scrub Tidal WL 

Shrub Scrub 

Non-tidal WL 

SWNT - Shrub Scrub Marsh: 

  floodplain 

  - Wetland: unknown - Shrub/Scrub Non-tidal WL 

- Shrub/Scrub Diked WL 

Forested 

Tidal WL 

FWT - Wooded Marsh: 

  Tidal 

- Spruce Swamp: Tidal 

- Cottonwood Swamp: 

  Tidal 

- Sitka Spruce Swamp 

- Ash Swamp 

- Coniferous Tidal WL Forest 

- Deciduous Tidal WL Forest: 

Forested 

Non-tidal WL 

FWNT - Wooded Marsh: 

  Floodplain, Upland 

  - Black Cottonwood Riparian 

- Red Alder – Mixed Conifer  

  Riparian 

- Red Alder swamp 

- Mixed Riparian 

- Riparian Sitka Spruce Forest 

- Mixed Riparian 

- Black Cottonwood Riparian 

- Coniferous Non-tidal WL  

  Forest 

- Coniferous Diked WL Forest 

- Deciduous Non-tidal WL     

  Forest 

- Deciduous Diked WL Forest 



Cover Class Crosswalk 

Normalized 

Class 

Code T-Sheet Classes 

(Burke) 

T-Sheet Classes 

(Graves/Thomas) 

GLO Classes 

(Christy) 

2010 Classes 

(LCEP) 

Herbaceous 

non-wetland 

H - Grass: upland, 

  floodplain 

  - Prairie, wet and dry  

  undifferentiated 

- Upland and xeric prairie 

- Herbaceous non-wetland 

Shrub-Scrub 

non-wetland 

S - Shrubs: upland,  

  floodplain 

  - Doug Fir (Savannah) 

- Rose or briar thickets 

- Brush fields or thickets on  

  slopes and ridges 

- Brush, composition unknown 

- Brush fields or thickets on  

  bottoms or wet terraces  
 

- Shrub/Scrub non-wetland 

Forested 

non-wetland 

F - Mixed Forest:  

  upland, floodplain 

- Pine: upland,  

  floodplain 

- Woodland: 

   upland, floodplain 

  - Doug Fir 

- Doug Fir/White Oak 

- White Oak 

- Sitka Spruce 

- Doug Fir/White Oak  

  (Woodland) 

- Doug Fir (Woodland) 
 

- Coniferous Forest 

- Deciduous Forest 

  

Tidal 

Sand/Mud 

Flats 

TF - Sand flat, tidal - Tidal Flats,  

- Shallows 

  - Sand 

- Mud 

Agriculture AG - Orchard: upland,  

  floodplain 

- Cultivated: upland,  

  floodplain 

    - Agriculture 

- Tree Farms 



Cover Class Crosswalk 

Normalized 

Class 

Code T-Sheet Classes 

(Burke) 

T-Sheet Classes 

(Graves/Thomas) 

GLO Classes 

(Christy) 

2010 Classes 

(LCEP) 

Developed D - Dwellings: 

  upland, floodplain 

- Road: 

  upland, floodplain 

- Levee: 

  upland, floodplain 

- Overwater Structure:  

  floodplain 

    - Urban: Impervious 

- Urban: Open Space  

  Developed 

Water W - Riverine/Estuarine:  

  tidal 

- Open Water: 

  upland, floodplain 

- Stream/river: 

  upland, floodplain 

- Deep Water 

- Medium/Shallow 

  Water 

  

- Water Bodies 

- Seasonally Flooded Lake 

- Aquatic Beds 

- Water 

Other O - Barren: 

  upland, floodplain 

- Sand: floodplain 

- Sand Flat: floodplain 

- Rocky bluff: upland 

- Eroded Bank: upland 

  - Rock Outcrops, talus, exposed  

   bedrock, scree etc.  

- Gravel bar 

- Barren 

-Rock 

Unclassified UNC - Unclassified       



Change Analysis Results 



Change Analysis Results, cont’d 



Change Analysis Results, cont’d 



Change Analysis Results, cont’d 



Change Analysis Results, cont’d 



Change Analysis Results, cont’d 

 Historic: 

Ag D F H HWNT HWT O S TF UNC W WWNT WWT 

  
historical 

acres 
percent   

loss 

Agriculture (Ag) 323 1,411 265 28 42 3 47 25 7 (0) 44 67 7   2,267 

Developed (D) 216 1,023 237 38 33 7 27 16 6 (0) 55 60 5   1,724 

Forested (F) 11,559 31,482 25,355 2,449 1,552 319 983 1,430 289 (0) 2,441 4,381 730   82,969 55 

Herbaceous (H) 9,229 9,706 2,432 1,046 1,207 337 323 245 59 (0) 635 1,197 324   8,162 73 

Herb. wetland,  
non-tidal  (HWNT) 

6,393 1,670 450 240 749 313 37 49 8 (0) 342 681 301   11,236 

Herb. wetland,  
tidal  (HWT) 

12,521 4,859 826 646 3,472 3,877 128 126 902 (0) 2,959 3,181 1,969   35,466 68 

Other (O) 20 298 304 12 39 76 5 31 50 (0) 589 179 30   1,632 

Shrub-scrub (S) 1,296 2,367 870 108 117 12 34 21 22 (0) 166 229 20   5,262 52 

tidal sand/mud flats  (TF) 155 722 581 129 389 1,326 81 67 2,588 (0) 5,231 746 432   12,448 

Unclassified  (Unc) (361) (497) (360) (46) (45) (17) (6) (28) (13) (0) (70) (110) (30)   (1,583) 

Water  (W) 4,883 4,881 2,608 1,316 3,111 3,386 359 317 10,910 (0) 130,921 3,883 3,539   170,114 14 

Wooded/ss wetland,  
non-tidal   (WWNT) 

1,794 2,033 1,540 671 712 419 78 99 204 (0) 795 1,556 748   10,522 

Wooded/ss wetland,  
tidal  (WWT) 

13,462 5,300 1,521 538 4,198 1,306 251 123 270 (0) 2,419 5,867 4,184   39,439 69 

                                  

Present Acres 61,849 65,571 36,989 7,221 15,623 11,381 2,354 2,549 15,187 (0) 146,598 22,027 12,289   399,817   

% overall cover historical 
(excluding Water): 

1.0 < 1 36 12 5 15 < 1 2.3 5     5 17       

% overall cover present 
(excluding Water): 

24 26 15 3 6 5 1 1 6     9 5       

Present: 



Change Analysis Results, cont’d 

Overlay analysis, map symbolized to show changes in Tidal Wooded/Shrub-Scrub Wetland.  RM 0 - 50 



Application 

Priority Habitats By Hydrogeomorphic Reach (as 
identified by LCEP Science Work Group) 

Rules: 

- Identify habitats which historically comprised >10% of total 
cover for the Reach 

- Include habitats which suffered >25% loss  

- Prioritize by severity of loss 

 

- Include ‘rare’ habitats (those which historically comprised 
<10% cover within the Reach) 

 
 

 
 

 



Application 

Reach 

Priority Habitats 

1 2 3 

 

4 

 

A herbaceous tidal 

WL 

wooded tidal WL 

B wooded tidal WL herbaceous tidal 

WL 

C wooded tidal WL herbaceous tidal 

WL 

D herbaceous tidal 

WL 

wooded tidal WL forested herbaceous 

 

E herbaceous forested  shrub-scrub herbaceous tidal 

WL 

F forested herbaceous herbaceous WL shrub-scrub 

G forested herbaceous herbaceous WL 

H wooded WL 



Application 

Next Steps 

Determine Target acreages for recovery/protection by Reach 

 - Identify ‘recoverable’ habitat types 

    Consider:  habitat type, effects of climate change, etc. 

 - Distribution based on public/private ownership 

Role of Habitat Change Within Landscape Planning Framework 

 - Include as additional statistic for site analysis 

 - Other ideas?? 
 
 

 
 

 



Application 
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