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1. INTRODUCTION

The boreal zone land cover has a very significant influence on the northern hemisphere albedo and is an important
component of the northern hemisphere carbon budget [1, 2] and is sensitive to changes in local and global climate
[3]. Forest transition zones react to changes in mean temperature and moisture conditions in the long term [4]
whereas changes in, for example, forest leaf area index (LAI) through defoliation indicate stress factors in shorter
time scale [5]. Also the timing of the phenological phase transitions is an important indicator of global
climatological processes [6]. LAI is one of the Essential Climate Variables (ECV) defined in the Implementation
Plan for the Global Observing System for Climate in Support of the United Nations Framework Convention on
Climate Change (UNFCCC) [7]. The development and validation of satellite based LAI estimation methods
require reliable in situ measurements of LAI. For large areas of tall vegetation it is difficult to get aerially

representative ground truth using direct or indirect methods [8, 9], especially in regions of difficult accessibility.

2. MATERIALS AND METHODS

A new airborne method is presented here for leaf area index estimation. The basic technique is the same as used in
hemispherical photo analysis [10, 8]. The difference is just that the background is the snow covered terrain instead
of the sky. This naturally limits the use of the technique to the areas with annual snow cover. In addition, the
method is not directly suited for broadleaved canopies, which are usually without leaves at the time of the snow
cover. Boreal forests are typically dominated by coniferous species and the snow covered season is mostly long.
Therefore the method is well suited for LAI estimation of boreal forest in larger areas and especially useful in the
northernmost regions, where the roads are sparse and it is difficult to access the forests scattered between

wetlands.



Figure 1. An example of the wide optics airborne photos taken from a helicopter.

The photos are taken automatically and stored to a laptop during the flights [Figure 1]. The hemispherical analysis
is carried out later using the Nobis-Hunziker [11] or Ridler-Calvard [12] thresholding algorithms to separate the
vegetation pixels from the background. Possible shadows of trees can be removed using the 2™ principal

component of the blue channel of the RGB images.

3. RESULTS

The R value of the linear regression of the airborne and ground based LAI measurements was 0.89
for the whole test data set and better, when the amount of deciduous species was reduced [Figure 2]. The
reason for this is that the ground truth was measured in the autumn, when the leaves were still present,

but the airborne data was gathered in winter, when the deciduous trees were without leaves.
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Figure 2. Relationship of the ground based and airborne LAI values. The airborne values were measured in March

13, 2009 and corresponding ground measurements were carried out during August 26 - September 5, 2008.

The angle from the image centre for the airborne camera was about 41° at the corners of the rectangular images

and 35° and 28° at the middle of the image edges. The ground based images were taken using a full hemispherical

view angle, but only zenith angles 0-75° were utilized in the analysis so as to correspond to measurements by the

LAI-2000. This explains why the slope of the ground vs. airborne LAI estimates deviates from unity.
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