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Ecosystem Classification Approach:
The classification of ecotypes (local-scale ecosystems)
combines physiography (i.e., coastal, riverine, alpine),
bedrock geology, topography (DEM modeling), and
spectral characteristics of vegetation derived from image
processing to model ecotypes that best par tition geomorphic,
hydrologic, pedologic, and vegetative characteristics.

Map Sources:
Landsat TM Image from 3 Aug 2002;
Ecological Subsections map from NPS
for physiography and bedrock geology;
USGS  National Elevation Dataset for
elevation, slope, and moisture index.

Map Projection:
Albers Conical Equal Area; NAD 27 datum
Map prepared by ABR, Inc.
File: CAKR_Ecotype_02-329-1.mxd, 19 May 2004
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Using a Spectral 
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Spatial Modeling of 
Permafrost Distribution
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Ecosystem Classification Approach:
The classification of ecotypes (local-scale ecosystems)
combines physiography (i.e., coastal, riverine, alpine),
bedrock geology, topography (DEM modeling), and
spectral characteristics of vegetation derived from image
processing to model ecotypes that best partition geomorphic,
hydrologic, pedologic, and vegetative characteristics.

Map Sources:
Landsat TM Image from 3 Aug 2002;
Ecological Subsections map from NPS
for physiography and bedrock geology;
USGS  National Elevation Dataset for
elevation, slope, and moisture index.

Map Projection:
Albers Conical Equal Area; NAD 27 datum
Map prepared by ABR, Inc.
File: CAKR_Ecotype_02-329-1.mxd, 19 May 2004
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Landcover Mapping 
Using a Spectral 

Database

• Sampling Design

• Field Sampling

• Spectral Database

• Classification

• Thematic Mapping

Stratified, Gradient-Directed Sampling

• Physiography (Subsections)
• Topography (Transects)
• Vegetation (Plots)
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Replicate 3-5 transects per physiographic class
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Environmental Data

Spectral Database
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Node Hbl Bpv Hgdl Sddt HgmsdSlott Slobe Slobw Slow Stow Stcaw Hgmb FnowsSdee HgwsmHgwsbHgwhsW Grand 
8111 2 1 3
7111 2 2
8112 4 2 1 7
7122 3 3
1121 3 3
8121 2 2
7112 2 2
1221 19 1 20
1111 6 1 7
1122 8 1 1 10
8122 3 1 4
1311 1 1
6111 4 4 8
6221 1 1 2 1 5
1211 1 4 5
1112 1 6 7
5111 5 5
5112 1 5 2 8
5121 3 3
5222 1 1
2212 5 1 1 7
2121 7 5 12
2211 2 1 3
5211 2 6 8 16
2111 1 3 4
2122 1 1 2
2412 8 2 1 1 12
2311 3 3
2322 1 1 2
3113 1 1 1 1 4
3312 2 1 2 1 1 1 8
2321 2 1 3
2411 1 1 2
3322 2 1 2 1 1 1 8
2422 1 1
2312 1 1 2
3111 1 2 3
2621 1 2 3
2421 1 1 4 2 8
3122 1 2 3
2612 1 3 2 6
2622 3 3
3211 3 3
2500 1 1 2
4122 2 1 3
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7321 2 4 6
7311 1 3 4
5221 1 1 2
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6121 2 1 1 2 2 8
3321 1 1 1 1 1 1 2 1 9
8211 4 1 5
8221 1 1 2 4
7212 3 3 6
8222 1 1 2
7211 1 1 2
7220 1 2 3
9110 12 12
9113 1 1
9120 36 36
9220 7 7
Total 8 58 4 39 42 38 19 19 20 11 6 9 8 8 16 17 9 58 389

% in 100 88 25 62 33 66 42 84 30 36 67 22 88 38 56 35 78 100 65

Aggregation of Spectral and 
Vegetation Classes to 
Optimize Agreement
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Ecosystem Classification Approach:
The classification of ecotypes (local-scale ecosystems) combines physiography
(i.e., coastal, riverine, alpine), bedrock geology, topography (DEM modeling), and
spectral characteristics of vegetation derived from image processing to model ecotypes
that best partition geomorphic, hydrologic, pedologic, and vegetative characteristics.

Map Sources:
Landsat TM Images from 28 June 2000, 1 Aug 2002, 3 Aug 2002;
Ecological Subsections map from NPS for physiography and bedrock geology;
USGS  National Elevation Dataset for elevation, slope, moisture index.

Map Projection:
Albers Conical Equal Area; NAD 27 datum
Map prepared by ABR, Inc.
File: BELA_Ecotype_02-329-1.mxd,
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BELA_T13-01_Slobe Slobe 63.3 48.4 45.7 89.5 85.6 44.7 1.9 0 65 40 5 5 85 10 0 0 0 35 0 0 1 4 0 3 6 10 0 20 0 4.4 140 22
BELA_T13-02_Hgwsbt Hgwsbt 68.1 56.6 59.1 97.6 105.1 57.7 1.7 0 5 40 50 5 90 30 0 0 0 5 0 0 50 0 0 1 8 16 0 22 0 4.3 90 18
BELA_T13-03_Slobw Slobw 61.9 47.6 40.8 90.2 73.7 36.4 1.5 0 35 25 15 2 90 15 0 0 1 20 0 0 0 0 0 0.1 13 13 0 13 0 5.9 40 30
BELA_T13-04_Hgmt Slobe 65.0 52.2 50.3 99.5 90.7 46.8 1.0 0 25 20 10 10 40 50 0 0 1 1 0 0 0 10 0 5 6 16 0 25 0 4.4 30 48
BELA_T13-05_Slcbe Slcbe 63.1 52.3 50.1 106.0 90.4 46.7 1.4 0 80 20 15 8 70 10 0 0 0 60 0 0 0 0 0 7 4 4 0 26 0 5.2 30 45
BELA_T13-06_Hgwsb Hgwsmb 65.1 50.8 50.7 83.1 89.4 49.2 1.9 0 15 5 70 0.1 80 5 5 0 0 4 0 0 60 0 0 0 25 25 0 25 -2 5.5 30 36
BELA_T13-07_Stcw Slcw 60.9 46.9 40.2 89.5 69.8 34.1 2.7 0 75 0 10 60 50 2 1 0 0 2 0 0 0 0 0 0 3 3 0 25 -1 6.6 60 30
BELA_T13-08_Wlsit/W/W W 55.1 36.4 28.7 28.4 19.0 11.4 2.2 0 0 0 1 1 1 0 100 0 0 0 0 0 1 0 0 0 0 0 0 0 40 7.4 90 28
BELA_T14-07/8_Slow Slobw 59.0 46.0 37.5 93.5 74.3 37.8 2.2 1 60 5 30 20 80 2 0 1 5 5 0 0 0 0 0 10 5 5 0 24 0 5.6 110 6
BELA_T14-10_Slcw Slcbw 59.8 46.7 39.4 94.0 76.9 38.6 3.1 0 95 0 10 35 50 2 0 0 0 10 0 0 0 0 0 0 4 8 0 25 0 5.7 60 4
BELA_T14-11_Hgwsb Hgwsb 62.3 48.3 45.7 83.0 86.2 46.8 2.3 0 2 1 50 1 75 0 20 0 0 0.1 0 0 30 0 0 0.1 28 28 0 28 0 5.7 60 2
BELA_T14-12_Hgwsb Hgwsb 60.9 46.3 44.1 69.5 76.9 46.9 1.5 0 0 0 70 3 70 0 35 0 0 0 0 0.1 30 0 0 0 25 25 0 25 0 5.9 50 3
BELA_T16-01_Hgwsb Hgwsb 62.0 47.9 44.2 101.8 84.6 41.5 1.7 0 0 0 30 8 25 0 65 0 0 0 1 5 5 0 0 0 30 30 200 30 -5 6.1 60 19
BELA_T16-02_Hgwst Hgwsmb 66.4 52.6 53.1 80.7 92.0 52.0 1.6 0 0 4 25 0 40 0 35 0 0 1 0 0 20 0 0 0 23 23 200 23 -3 4.8 70 12
BELA_T16-03_Hgwfs Hgwfs 60.5 43.5 39.6 57.6 83.8 49.3 1.8 0 0 1 30 1 0 0 70 0 0 0 0 0 20 0 0 0 35 35 200 35 15 5.7 60 22
BELA_T16-05_Slcbe Slcbe 63.7 48.5 45.9 73.1 87.5 48.7 2.0 0 5 80 1 0 20 3 0 0 0 50 0 0 0 1 0 0 14 14 200 14 -14 5.4 10 36
BELA_T16-06_Hgwsbt Hgwsbt 68.5 56.0 59.9 91.1 99.5 54.9 2.6 0 0 10 10 5 35 20 0 0 0 5 0 0 10 5 0 0 17 17 200 17 0 0 0 24
BELA_T17-03/4/5_Hgwhsb Hgwhss 61.8 49.3 44.2 76.7 55.1 31.0 0.7 0 0 0 50 10 0 0 5 0 0 0 0 0 0 0 0 0 18 28 200 90 -8 6.3 29800 1
BELA_T17-07_Hgwhsb Hgwhsgb 62.6 48.7 43.5 59.7 46.0 28.3 1.4 0 0 0 35 1 0 0 0 0 0 0 0 0 0 0 0 0 16 26 200 53 -50 7 13600 1
BELA_T17-08_Hgwhsb Hgwhsgs 61.8 48.6 44.0 70.4 51.4 30.8 1.5 0 0 0 35 15 0 0 0 0 0 0 0 0 0 0 0 0 31 31 200 0 -40 6.9 24200 1
BELA_T17-09_Hgwhsb Hgwhsgs 61.8 48.8 43.9 70.9 51.9 30.2 2.3 0 0 0 35 25 0 0 0 0 0 0 0 0 0 0 0 0 36 36 200 45 -40 6.9 22800 1
BELA_T18-03/4_Bpv Bpv 84.4 73.8 80.2 66.7 86.3 77.1 3.4 0 0.1 0 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 200 90 -90 5.8 110 6
BELA_T18-05_Sdee Sdee 63.6 48.7 47.0 80.5 79.0 43.0 2.2 0 15 30 7 5 15 45 0 0 0 2 0 0 0 0 0 0 1 3 200 78 -78 6.2 80 5
BELA_T18-06_Sdee Sdee 64.9 50.4 49.3 86.6 92.5 48.4 2.6 0 5 50 1 5 10 50 0 0 0 10 0 0 0 1 0 0 1 1 200 81 -81 7 20 3
BELA_T18-08_Hgwsb Hgwsb 58.7 41.4 37.9 53.0 50.2 30.2 4.1 0 0 0 15 0.1 0 0 90 0 0 0 0 0 10 0 0 0 60 40 200 40 12 6.5 130 1
BELA_T19-01_Slobw Slobw 62.2 50.3 43.4 99.1 81.7 39.2 1.6 0 30 1 15 2 10 0.1 2 0 0 10 0 0 3 0 0 0 27 27 200 32 -7 5.9 90 5
BELA_T19-02_Sloeb Sloeb 64.3 50.8 48.3 87.2 83.1 44.1 2.1 0 35 5 20 0.1 60 1 3 0 0 3 0 0 20 0 0 0 20 31 200 32 -7 5.5 80 12
BELA_T19-03_Slobe Slobe 64.7 50.8 49.5 91.7 88.3 45.7 1.3 0 10 10 5 3 20 55 0.1 0 0 10 0 0 0 3 0 5 40 0 200 28 -15 3.8 110 6
BELA_T19-04_Hgmbh Hgmbh 64.3 52.6 51.6 104.2 93.5 47.3 1.1 0 3 0 25 7 50 1 0.1 0 0 0.1 25 0 1 0 0 0 9 9 200 28 -3 5.7 90 9
BELA_T19-05_Hwgsb_quest Hgwsb 66.1 50.4 51.0 78.1 89.9 49.8 1.1 0 1 1 30 1 25 0.1 60 0 0 1 0 0 4 0 0 0 28 28 200 28 8 5.5 100 10
BELA_T19-06_Hgwfs_questioHgwfs 60.6 45.9 42.1 79.4 73.9 39.7 1.6 0 0.1 0 30 3 5 0 60 0 0 0 0 0 15 0 0 0 13 15 200 40 12 5.6 60 15
BELA_T2-01_Hgwsb Hgwsmb 65.3 54.6 52.7 98.4 98.6 52.2 1.5 0 5 5 30 5 80 0 0 0 0 2 5 0 2 0 0 0 25 25 200 25 0 5.4 40 54
BELA_T2-04_Hgwsb Hgwsmb 64.0 51.1 48.3 92.5 90.5 46.4 1.4 0 1 3 20 1 30 0 10 0 0 0.1 1 0 15 0 0 0 32 32 200 32 4 5.9 40 55
BELA_T2-05_Slcbw Slcbw 62.7 51.5 45.5 105.3 88.3 43.7 1.9 0 90 0 3 5 50 3 0 0 0 50 2 0 0 0.1 0 0 6 6 200 26 -17 4.9 60 60
BELA_T2-06_Slcbw Slcbe 61.7 47.2 42.7 89.8 82.5 41.6 2.0 0 80 10 1 1 30 3 0 0 0 30 0 0 1 1 0 0 10 10 200 16 -14 5.3 380 69
BELA_T2-07x_Hgwsb Hgwsmb 67.5 54.5 54.3 89.2 105.4 56.7 0.9 0 1 5 20 1 70 0 10 0 0 1 0 0 10 0 0 0 31 31 200 31 5 4.9 70 66
BELA_T2-08_Slott Slott 66.5 53.2 50.8 92.7 93.3 47.6 1.4 0 5 50 15 3 30 40 0 0 3 5 0 0 0 10 0 15 18 18 200 23 0 4.9 220 0
BELA_T2-09_Hgwsb Hgwsb 60.5 44.8 39.7 74.1 74.9 39.5 2.1 0 0 1 15 0 20 0 70 0 0 0 0 0 5 0 0 0 41 41 200 41 5 6.1 100 0
BELA_T21-01_Hgwhss Hgwhsgb 63.0 51.7 48.7 83.0 77.0 42.4 2.2 0 0 2 35 10 30 0 0 0 0 0 0 0 0 0 0 0 1 0 0 35 -10 6.6 1560 0
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Spatial Modeling of Permafrost Distribution

Permafrost Area = 62% Permafrost Area = 4%
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Ice wedges occupy 20% 
or more of older terrain 
units

Time-Series Photo-interpretation 
of Permafrost Degradation

Thermokarst Pits

Stages of Ice-Wedge Degradation

Permafrost

Vegetation Mat

Organic 
Layer

Silt

Active Layer (30–40 cm)

(2–4 m at top)

Transient 
layer at 
base of 

active layer 
(5–15 cm)

Ice 
Wedge

Winter 
contraction crack

Undegraded 
Ice Wedge

Thawed 
transient 

layer

Mean trough depth = 5 cm

Mean depth to ice 
wedge = 35 cm

Initial 
Degradation

Permafrost

Vegetation Mat

Organic 
Layer

Silt

Active Layer (30–40 cm)

(2–4 m at top)

Transient 
layer at 
base of 

active layer 
(5–15 cm)

Ice 
Wedge

Winter 
contraction crack

Undegraded 
Ice Wedge

Thawed 
transient 

layer

Mean trough depth = 5 cm

Mean depth to ice 
wedge = 35 cm

Initial 
Degradation

Mean depth to ice 
wedge = 44 cm

Mean trough depth = 65 cm

Water  
(37 cm)

Advanced 
Degradation

Mean depth to ice 
wedge = 58 cm

Mean trough depth = 29 cm

New sedge 
peat (16 cm)

Water (4 cm)

Aggrading 
permaf rost

Advanced 
Stabilization

Mean depth to ice 
wedge = 44 cm

Mean trough depth = 65 cm

Water  
(37 cm)

Advanced 
Degradation

Mean depth to ice 
wedge = 58 cm

Mean trough depth = 29 cm

New sedge 
peat (16 cm)

Water (4 cm)

Aggrading 
permaf rost

Advanced 
Stabilization

1982

1945

50 m

2001

Stabilization Degradation

1:45,000 scale

1:63,000 scale

1:18,000 scale

Photo-interpretation 
and Classification 

of Degradation Stages

Thermokarst Pits 2001

250 m

1982

1.5 m pixels

2001

1945 1982 2001
Thermokarst Pits

•93% (n=202) of easily 
visible large pits (>9 m2) in 
2001 not evident in 1982

•Area increased from 1.0% 
in 1982 to 5.4% in 2001 0.6 m pixels
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C1

C2

Flooded only in 1945
Flooded only in 2001
Flooded in both years
2001 lakes and ponds 500 m

Spectral Analysis
• Density slice of 1945 B&W photo
• Unsupervised classification of 2001 Photos
• Change analysis 

SUMMARY
• GIS analyses are strengthened  by spatially 

representative field data
• Data linked at appropriate spatial scale
• Image processing and manual interpretation 

both useful techniques
• Airphotos can extend remote sensing data 

back to 1950
2001
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Ecosystem Classification Approach:
The classification of ecotypes (local-scale ecosystems) combines physiography
(i.e., coastal, riverine, alpine), bedrock geology, topography (DEM modeling), and
spectral characteristics of vegetation derived from image processing to model ecotypes
that best partition geomorphic, hydrologic, pedologic, and vegetative characteristics.

Map Sources:
Landsat TM Images from 28 June 2000, 1 Aug 2002, 3 Aug 2002;
Ecological Subsections map from NPS for physiography and bedrock geology;
USGS  National Elevation Dataset for elevation, slope, moisture index.

Map Projection:
Albers Conical Equal Area; NAD 27 datum
Map prepared by ABR, Inc.
Fi le: BELA_Ecotype_02-329-1.mxd,
19 May 2004
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Figure 4.

Ecotypes
Land Cover Mapping

Bering Land Bridge
National Preserve

Approximate scale = 1:690,000

5 0 5 10 15 20 Kilometers

5 0 5 10 15 Miles

Ecotypes

Alpine Alkaline Dry Barrens

Alpine Alkaline Dry Dryas Shrub

Alpine Nonalkaline Dry Barrens

Alpine Nonalkaline Dry Dryas Shrub

Upland Dry Lichen

Upland Moist Spruce Forest

Upland Moist Dwarf Birch–Ericaceous Shrub

Upland Moist Dwarf Birch–Tussock Shrub

Upland Dry Crowberry Shrub

Upland Moist Low Willow Shrub

Upland Moist Sedge–Dryas Meadow

Lowland Moist Tal l Alder–Willow Shrub

Lowland Moist Low Willow Shrub

Lowland Moist Dwarf Birch–Willow Shrub

Lowland Wet Dwarf Birch–Ericaceous Shrub

Lowland Moist Sedge–Dryas Meadow

Lowland Sedge Fen Meadow

Lowland Sedge–Moss Fen Meadow

Lowland Lake

Lacustrine Moist Bluejoint Meadow

Riverine Barrens

Riverine Moist Low and Tall  Wil low Shrub

Riverine Moist Dwarf Birch–Willow Shrub

Riverine Water

Coastal Barrens

Coastal Brackish Wet Sedge–Grass Meadow

Coastal Water

Human-modified Barrens

Coastal Dry Dunegrass Meadow


