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ABSTRACT 

Storage of interception water in che canopy (Se) heavily 
affects measurements ofvegetation optícal depth (VOD) from 
rain, dew and fog, ímpeding rhe dírect retrieval of tree physi­
ological parameters such a5 biomass and plant water content. 
This study present5 a time series decomposition of VOD 
from Global Navigation Satellite System-Transmissometry 
(GNSS-T) into biomass, plant moisture content (NJ

9
) and 

Se . The experiment was conducted at eddy covariance (EC) 
towers in two temperate forest types in Germany, over the 
entire vegetation period of 2023 and under fairly wet con­
ditions. Sc-values were 1.5 times (needleleat) ro two times 
(broadleaf) higher than the average diumal M

9 
cycle, al­

lowing partitioning of interception water storage from plant 
water. Furthermore, we found indications that Se maxima did 
not linearly increase with precipitation, suggesting sensitivity 
of VOD to saturation effects when canopy interception stor­
age reacbes a maximum during strong precipitation events. 
Results indicate tbe sensitivity of VOD frorn GNSS-T to 
canopy wemess. This ailows panilioning of canopy water 
storage from other VOD components and irnproves the use­
fulness of VOD as a remate sensing metric for forest canopy 
water relations. Moreover, it opens pathways to quantify Se 

and evaporation fluxes independently from EC measurements 
and field experiments. 

llldex Terms- Vegetation optical depth, ttansmissivity, 
L-band, hydrology, GNSS, ínterceptíon water

l. INTRODUCTION

Emerging droughts and changing rainfall patterns fundamen­
tally alter water supply and tumover of global forest ecosys­
tem and fue! forest mortality (1, 2]. These large-scale phe­
nomena call for remote sensing approaches to assess the vari­
ation of plant moisture content (M

9
). In this context, vegeta­

tion optical depth (VOD) has shown potential to explain vari­
ations of J.\1

9 
in forest ecosystems and provides a biophysical 

attenuation-based too! for hydrological applications [3, 4, 5]. 
However, the influence of canopy wetness from rainfall, dew 
and fog on VOD impairs Lhe retrieval of M9 from VOD , es­
peciaJly in hum.id regions [6]. 

Canopy wetness can be expressed as water storage term 
Se describing the bulk of water in tbe tree canopy not bound 
in leaf or wood tree tissue. 1t is coupled witb íts correspond­
ing evaporative flux, the ínterception water loss to the atmo­
sphere Uc ). Se reduces photosynthetic turnover due to ob­
structed gas exchange [7] and facilitates foliar water uptake 
into leaves [8]. Ic is a major flux in the forest water balance 
that can account for up to half of the precipitation amount [9]. 
Thus, estimation errors greatly impact the forest water bal­
ance. Se and Ic are usually derived from wetness sensor 
measurements [JO], labor-intensive Jysimeter, throughfall and 
stemflow experiments [11] or inverted from energy balance 
models from eddy covaiiance data [12]. The measurement 
of fluxes during ra.infall events by EC is especially prone to 
errors [9], calling for additional measurement techniques. 

We use data frorn Global Navigation Satellíte System-
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