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Normalized Difference Vegetation Index,  NDVI  =

(http://internet1-ci.cst.cnes.fr:8100/cdrom/ceos1/titlep.htm) 
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Change in maximum annual value of NDVI, 1982-2008
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Changes in aboveground plant biomass
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28 July 1989
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Pedicularis sudetica Lousewort



Geobotanical mapping layers available for analysis

• Vegetation type

• Glacial geology

• Surficial geology 

• type of deposit: glacial till, alluvial, collluvial, etc.

• Surficial geomorphology

• patterning: water tracks, high-centered polygons, 

etc.



www.ArcticAtlas.org



Tussock sedge, dwarf-shrub, moss tundra

Photo by S. Dashevsky



Non-tussock sedge, dwarf-shrub, moss tundra

Photo by S. Dashevsky



Sedge, moss tundra (Fen)

Photo by S. Dashevsky



Prostrate dwarf-shrub, forb, fruticose lichen tundra (acidic)

Photo by S. Dashevsky
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SAR Radar data DEM-derived layers available for analysis

• Slope

• Aspect

• Elevation

Data from Matt Nolan’s Digital Elevation Model (DEM) for the Kuparuk River Basin 

acquired from Star3i, Interferometric Synthetic Aperture Radar (InSAR) 

5-m spatial resolution

http://www.drmattnolan.org/olderprojects/kuparuk/kupdem/index.html



Slope

Aspect Elevation



Cassiope tetragona

Arctic mountain heather

Photo - M.K. Raynolds



Landsat data processing steps

1. Acquire Landsat data (1985, 1989, 1995, 1999, 2004, 2007, 2009)

1. Clip Landsat scenes to study area

2. Calculate radiance , reflectance and NDVI for Landsat data

3. Choose best year (1985) and radiometrically correct Band 3 and 

Band 4 data from other years to reference data

4. Recalculate NDVI using radiometrically corrected band data

5. Mask out water, clouds, shadows, Landsat 7 gaps

6. Calculate linear regression of pixels to determine NDVI trend

7. Co-register ancillary maps to Landsat and DEM 



Select best Landsat scenes available on GLOVIS for study area

Selection criteria:

• only TM or ETM+ data (earlier MS scenes were too poor quality)

• Late July to early August for maximum NDVI

• Minimal cloud cover in that portion of scene

• Minimize effect of banding in Landsat 7 data

Date

Satellite

Resolut

ion

SCENE - Glovis ID Path, Row Cloud cover Download

8/4/1985
L5-4 TM 30 m LT50730121985216XXX07

073 012 Clear download

7/29/1989
L5-4 TM 30 m LT40740121989210XXX02

074 012 Clear dowload

8/9/1995
L5-4 TM 30 m LT50720121995221XXX00

072 012 Small puffs in NW download

8/3/1999

L7 SLC on 30 m LE70730121999215AGS00

073 012 maybe small puff in NW download

8/16/2004

L7 SLC off 30 m LE70730122004229EDC02

073 012 Clear order

8/9/2007

L7 SLC off 30 m

LE70730122007221EDC00 073 012 Totally clear over Toolik download
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Results of pixel-based regression analysis, p < 0.1



Distribution of pixels with significant NDVI trends, p < 0.05

Summary of all pixels in study area

Significant trend in NDVI,  p < 0.05
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Ross’ avens

Geum rossii

Photo - M.K. Raynolds



Pink – older, 

Sagavanirktok 

glaciation (mid-

Pleistocene)

Blue – younger, Itkillik

glaciation (late 

Pleistocene

Gray – recent deposits

Different patterns 

of greening on 

surfaces of different 

glacial ages



Ground sampling 

locations,

August 2011



Ground data collected

• Latitude, longitude

• Slope, aspect, topographic position

• Landform, presence of patterned ground and snowbanks 

• Any evidence of permafrost degradation or other recent landscape 

changes. 

• Ground cover - % live and dead vegetation, water, bare soil and rocks

• Vegetation cover - % cover of different plant lifeforms

• Species cover of dominant plants 

• Soil characteristics  

• Thickness of live moss, dead moss, peat, A and B horizons 

• Active layer depth

• Soil moisture

• Soil texture 



Ground observations

• Boundaries between NDVI trends coincided with changes in vegetation 

types and landform

• Areas of decreasing NDVI were discrete locations with obvious changes 

e.g. erosion, killed vegetation.

• On younger surfaces, areas of increase were on dry, partially vegetated 

ridges. Areas with no change were more moist, continuously vegetated.

• On older surfaces, areas of increase were usually tussock tundra. 

Moister drainage areas showed no change.
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Principal Components Analysis (PCA) of ground points
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Tussock tundra vegetation type 

that most commonly showed 

increases on older, 

Sagavanirktok glacial surfaces

Prostrate-shrub tundra 

vegetation type that most 

commonly showed increases on 

younger, Itkillik glacial surfaces

Photo by S. Dashevsky

Photo by S. Dashevsky



Conclusions

• Increase in NDVI is not homogenous at finer spatial 

resolution

• 5% of the area responsible for increase in NDVI

• Decreases in NDVI related to specific disturbance events

• Boundaries between NDVI trends coincided with changes in 

vegetation types and landform

• Patterns of NDVI change are different on landscapes of 

different glacial ages

• Younger glacial surface - more scattered greening on 

partially vegetated areas. 

• Older glacial surfaces – discreet areas of change, possibly 

due to increased nutrient availability from melting of ice-

rich soils.

• Increased NDVI was not concentrated  in shrubby areas



Questions?

M.K. Raynolds

Kiitos!



River beauty

Epilobium latifolium

Photo - M.K. Raynolds


