	Comparative Analysis of Leaf Area Index Measurement Methods in a Mixed mid-European Forest

	The Leaf Area Index (LAI) is a critical ecological variable of the canopy structure. It is highly relevant for biomass and carbon estimation as well as for a variety of silvicultural and climate modelling approaches. Accurate LAI measurements are vital for understanding forest health, biodiversity, and productivity. This study focuses on comparing different LAI measurement methods in a 1-hectare mixed forest in Mecklenburg-Western Pomerania, Germany. The forest stand comprises approximately 300 individual trees including European beech (Fagus sylvatica), English oak (Quercus robur), green Douglas fir (P. menziesii), European larch (Larix decidua), and Norway spruce (Picea abies). Therefore, it provides a complex canopy structure necessary for robustly evaluating LAI measurement techniques.

The objective of our research is to compare different methods for deriving the LAI in terms of accuracy and measurement efficiency. Additionally, we aim to better understand the main differences between single tree and forest stand detection methods, and to explore the possibility of combining various methods for enhanced accuracy.

We utilized a range of instruments and techniques, including Fish-Eye cameras, the LI-COR 2200 Plant Canopy Analyzer, litter traps, the SOL300 Solariscope, Airborne Laser Scanning (ALS), and Terrestrial Laser Scanning (TLS). Data collection occurred during two field campaigns in September 2023 (leaf on) and in March 2024 (leaf off), to capture seasonal variations in LAI and to differentiate between the woody and actual leaf contribution, i.e. Plant Area Index (PAI) vs. LAI.

Preliminary results indicate significant differences in LAI measurements between the methods. Fish-Eye photography, LI-COR 2200, and Solariscope measurements provided quick, efficient and comparable LAI estimates (r² between methods of 0.46 to 0.95, depending on measurement angles and linear / non-linear correlation) but varied greatly in accuracy when compared to ground truth measurements obtained through litter traps. The analysis of ALS and TLS data is ongoing and promises high-resolution three-dimensional insights into forest canopy structure.

The comparison between active (e.g., LiDAR-based methods such as ALS and TLS) and passive (e.g., Fish-Eye, LI-COR 2200) LAI measurement techniques reveals relevant differences. Active methods offer detailed three-dimensional representations of canopy structure, potentially providing LAI values for single trees. However, they require sophisticated pre-processing and are resource intensive. Passive methods, while less accurate in complex forest structures, offer efficiency and ease of use. The integration of active and passive methods could potentially offer a robust solution for LAI measurement across different forest types.

Our study contributes to the discussion on the most effective method for measuring LAI in forest ecosystems. The mixed forest in Mecklenburg-Western Pomerania serves as an excellent study area for this comparison, given its diverse species composition and complex canopy structure. 

Further analysis is required to refine the comparison of measurement techniques and to explore the potential of method integration. The possible combination of active and passive methods might provide a LAI measurement of high accuracy and efficiency. Our study underscores the importance of selecting appropriate measurement techniques based on forest type and research objectives.











































































