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Forestry background to this talk:
The Swedish landscape is dominated by
privately owned productive forests
- Landowners use aerial images and laser 
scanning for management planning
- Authorities use satellite data for overview 



The Swedish boreal forest is managed by clearfelling of few ha 
stands after about 100 years,
follwed by planting of new forest.



Landsat-5 TM 
1992-06-11
Vilhelmina



Landsat-5 TM 
2004-06-03
Vilhelmina



⇒ A yearly, nationwide, database 
with about 200 SPOT or similar scenes,

The database, SACCESS, is free of charge in Sweden.
Data policy, thus similar to USGS and CBERS at some areas.

The Swedish Forest Agency 
compares cutting permits (yellow) 
with results from  satellite data 
change detection.
Done:
- Local at forest district level
- Yearly
- Country-wide

Bred and butter application: 
Operational monitoring of clear felled areas 



3 examples of operational follow-on use of 
the satellite data set

and how they might be improved by dense 
time series.

1) Nation wide kNN estimates 
2) Monitoring of plantations
3) Areas of interest for reindeer grazing 



Example 1,  nationwide forest “kNN-map”
trained by 30 000 National Forest Inventory plots

2003: by use of 40 Landsat TM scenes
2008: by use of 200 SPOT 5 scenes
will be ready this autumn



Relativt medelfel för virkesförråd per hektar 
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Reduction of volume RMSE on plot level when 
a 14 year change image was added: 2,3%,
Similar results obtained also for: volume per 
tree species, stand age and height.



Example 2: Screening of young stands in need for 
decidous shrub cleaning. 

Operational today at the Forest Agency, 
based on R/(R+NIR) SPOT data
within earlier detected clear felled areas. 



Information  
letter about 
need for 
cleaning 
cutting of
deciduous
shrubs are
sent to the 
forest 
owners



Example 2, future?: Spectral development for three 
stands cut year 0. Will estimation be improved?



42 stands, TM band 5
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47 pine alternative

> 1000 Pine

Scots Pine Lodgepole Pine (imported, fast growing)

Norway Spruce Deciduous dominated plantation 



TM 7, averaged by category and smoothed



Regression of spectral trend, 
starting 5 years after estimated year of cutting



Best subset multiple regressions, R2 (adj)%, stand level

Only
single        
ETM+ 
bands, 
2004 image

Only time 
series 
slope and 
offset 
measures

Combined 
2004 
ETM+ and 
time series 
slope and 
offset

Improvement 
by adding 
time series 
data

Coniferous 
stems no 51,5 31,2 52,9 1,4

Coniferous 
height 70,7 78,7 80,9 10.2

Coniferous
height*stems 62,0 50,4 66,1 4,1

Coniferous
growth rate 74,8 71,6 78,6 3,8

Age 22,8 46,4 56,8 34,0
Proportion 
decidous 44,8 40,6 55,7 10,9



Example 3: 
areas of interest for 
reindeer grazing
are being screen 
digitized against 
SPOT data by the 
Samí people.

>10 milj ha are being 
mapped for grazing
by > 100 Samí

The maps are used in
negotiations with
forest companies 



Example 3: future?:
Using kNN maps, and time series images which 
are analysed for historic fellings, the forest 
landscape could be forecasted as well.

The following slides shows forecasting of the forest 
landscape using an economic model that optimises 
net present value for each time point.

In the area shown, the reindeer is dependent of 
areas with old forest that can carry epiphytic 
liechens (blue). 
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Conclusions

A “bred and butter” application is essential.
Dense (yearly) time series then provides:

- Recent data that are valuable for authorities and 
enterprises for updating and surveillance 

- Documentation of yearly landscape changes, 
which can be used for studies of change 
processes, as well as for forecasting of landscape 
development

- A possibility for improved estimates.



Challenges and development needs for using 
time series for improved estimation 

- Methods
- e.g detection of abrupt changes in a time 
series

- Image database system
- keep track of all combination of images

- Data assimilation
- combine estimates and forecasts in an 
optimal way



Thank you Questions?

Visualization made with 
Visual Nature Studio 2 and Onyx Tree
of landscape forecasting based on Landsat data 
and National Forest Inventory sample plots
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