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Introduction
Jonckheere et al. (2004) and Zarate-Valdez 

et al. (2012) refer to LAI as a dimensionless 
variable, which was originally defined as the 
total one-sided area of photosynthetic tissue 
per unit ground surface area. Gower & Nor-
man (1991) defined LAI as the projected leaf 
area per unit ground area, which means half 
of the total leaf area per unit of ground sur-
face  (Chen  & Cihlar  1995).  According  to 
Chen & Black (1992),  both  definitions  are 
unproblematic for flat broadleaf species, but 
are  less  applicable  to  coniferous  species, 
whose  leaves  may be  cylindrical  or  nearly 
hemicylindrical, and grouped in foliar clum-
ps of various shapes (e.g., spherical or elli-
psoidal).  These difficulties  have led to  nu-
merous studies defining LAI on the basis of 
projected leaf area.  Jonckheere et al. (2004) 

suggested that half of the total  interception 
area  per  unit  ground  surface  would  be  a 
more suitable definition of LAI for non-flat 
leaves than projected leaf area.

LAI is a fundamental characteristic of ter-
restrial ecosystems because it is an important 
canopy  structure  variable  affecting  vegeta-
tion processes and their interactions with soil 
and climate (España et al. 2008). As reported 
by Zarate-Valdez et al. (2012), this parame-
ter  is  essential  for  modeling  the  processes 
occurring in  the soil-plant-atmosphere con-
tinuum. LAI is highly related to rates of eva-
potranspiration  and  photosynthesis,  forest 
production  and site water balance (Larcher 
1977). LAI is also an important variable in 
carbon  balance  models  (Chen  &  Cihlar 
1996,  Eriksson  et  al.  2006).  Bréda  (2003) 
summarizes the importance  of LAI.  Accor-

ding to this author, it drives both the within 
and  the  below canopy microclimate,  deter-
mines  and  controls  canopy water  intercep-
tion,  radiation extinction,  water and carbon 
gas exchange and therefore is a key compo-
nent  of  biogeochemical  cycles  in  ecosys-
tems. Hence, it is a critical variable for forest 
management (Hernández et al. 2014).

LAI can be estimated either directly or in-
directly (Gower & Norman 1991,  Deblonde 
et al. 1994, Chen & Cihlar 1995, Dufrêne & 
Bréda  1995,  Bréda  2003).  Direct  methods 
are naturally destructive of the forest stands 
and involve analysis of canopy dimensions, 
which  implies  that  they  are  laborious  and 
time consuming.  Alternatively,  indirect me-
thods such as point quadrant, allometric and 
non-contact methods, have been developed. 
As reported by  Chianucci & Cutini (2013), 
over the last two decades much attention has 
been given to indirect measurements of ca-
nopy properties  in  forest  ecosystems  using 
ground-based  instruments,  mainly  because 
harvesting of trees for direct measurement is 
labor-intensive,  time-consuming,  destructi-
ve, and practical only over small areas.

Pompelli  et  al.  (2012) reported  that  allo-
metric  models  can  be  very  accurate  and 
proved their capacity to produce results with 
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Forest leaf area index (LAI) is an important structural parameter controlling 
many biological and physiological processes associated with vegetation. A wide 
array of methods for its estimation has been proposed, including those based 
on the sunfleck ceptometer, a ground-based easy-to-use device taking non-de-
structive LAI measures. However, use of ceptometer in pine stands leads to the 
underestimation of LAI due to foliage clumping of this species. Previous studies 
have proposed a correction of biased LAI estimates based on the multiplication 
by a constant factor. In this study, a new method for obtaining a correction 
factor is proposed by considering the bias (the difference between the cepto-
meter measure and the reference LAI) as a function of the stand structural 
variables, namely the basal area. LAI data were collected from 102 sampling 
plots (age range: 14-74) established in  Pinus pinaster  forests all across nor-
thern Portugal. Data from 82 sampling plots were used for the adjustment of 
the LAI ceptometer correction model, while the remaining 20 plots were used 
for the model validation. The observed LAI ranged from 0.34 to 6.4 as expec-
ted from the large heterogeneity of the sampled pine stands. Significant diffe-
rences were detected between LAI values estimated by ceptometers and LAI 
reference values. Different correction methods have been compared for their 
accuracy in predicting LAI reference values. Based on the results of the stati-
stical analysis carried out, the new proposed LAI correction outperformed all 
the other methods proposed so far. The new approach for bias reduction pro-
posed here has the advantage of being easily applied since the basal area is al-
most always available from forest inventory or can be inferred from remote 
sensing surveys. However, the bias correction model obtained is site-specific, 
being dependent on stand species composition, soil fertility, site aspect, etc. 
and should therefore be applied only in the study area. Nonetheless, the de-
velopment of a correction methodology based on an allometric approach has 
proved to greatly improve LAI ceptometer estimations.
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