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Abstract
Aboveground plant biomass is one of the most important features of ecosystems, and it is
widely used in ecosystem research. Non-destructive biomass estimation methods provide an
important toolkit, because the destructive harvesting method is in many cases not feasible.
However, only few studies have compared the accuracy of these methods in grassland
communities to date. We studied the accuracy of three widely used methods for estimation of
aboveground biomass: the visual cover estimation method, the point intercept method, and
field spectroscopy. We applied them in three independent series of field samplings in semiarid sand grasslands in Central Hungary. For each sampling method, we applied linear
regression to assess the strength of the relationship between biomass proxies and actual
aboveground biomass, and used coefficient of determination to evaluate accuracy. We found
no evidence that the visual cover estimation, which is generally considered as a subjective
method, was less accurate than point intercept method or field spectroscopy in estimating
biomass. Based on our three datasets, we found that accuracy was lower for the point
intercept method compared to the other two methods, while field spectroscopy and visual
cover estimation were similar to each other in the semi-arid sand grassland community. We
conclude that visual cover estimation can be as accurate for estimating aboveground biomass
as other approaches, thus the choice amongst the methods should be based on additional pros
and cons associated with each of the method and related to the specific research objective.

Nomenclature: The Plant List (2010).
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Introduction
Aboveground plant biomass, as a key variable of the primary production assessment
(Scurlock et al., 2002), is one of the most important features of ecosystems (Nemani et al.,
2003). It is widely used in ecosystem research, including observational (Knapp et al., 2015;
Sala et al., 1988), experimental (Fay et al., 2011; Grime et al., 2008), and modelling studies
(Scurlock et al., 2002). Harvesting is the conventional method for aboveground biomass
estimation by means of removing, separating into fractions, drying and weighing plant
material (Sala and Austin, 2000). This method can be used in observational studies (Sala et
al., 1988), in field experiments with sufficiently large plots (Fay et al., 2011), or in
ecosystems that are grazed or mown (Gilgen and Buchmann, 2009), where biomass removal
is the normal management. However, there are reasons for which non-destructive methods are
preferred (Paruelo et al., 1997). Harvesting is labour intensive (Jobbágy et al., 2002), and
furthermore, in field experiments with small permanent quadrats it is often not practical to use
destructive method (Kongstad et al., 2012). Non-destructive biomass estimation provides
biomass proxies as important toolkits for long-term ecosystem experiments. However, the
accuracy of the proxies should be evaluated in comparative studies.

Several non-destructive methods have been suggested and used for estimating aboveground
biomass and aboveground net primary productivity (ANPP) (Byrne et al., 2011; Sala and
Austin, 2000; Wilson, 2011), but there is not a single universal approach applied in ecological
studies. The choice of the method may depend on several factors including the purpose of the
research, the structure of the vegetation, the size of the area to be assessed, repeatability of the
sampling, accuracy required, scientific traditions, time and workforce available (Catchpole
and Wheeler, 1992). In grass and shrub dominated communities, the most widely used
methods for estimating aboveground biomass are: (1) visual cover estimation of abundance
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(Braun-Blanquet, 1932; Peet et al., 1998; Sykes et al., 1983), (2) line intercept (Canfield,
1941) and point intercept (Goodall, 1952; Jonasson, 1988) methods, and more recently, (3)
ground-based remote sensing techniques, such as field spectroscopy (Milton et al., 2009;
Pearson et al., 1976), light interception methods (Asrar et al., 1986) and image analysis
(Röttgermann et al., 2000).

Various arguments have been raised in the literature for and against the different nondestructive methods. Visual cover estimation is a traditional, quick and cost-efficient method
(Hahn and Scheuring, 2003; Klimeš, 2003; Peet et al., 1998), but is often considered
unrepeatable (Greig-Smith, 1983) and subjective (Wilson, 2011; but see Klimeš, 2003). Many
authors argue for the use of point intercept method because of its high accuracy and
repeatability (Bråthen and Hagberg, 2004; Frank and McNaughton, 1990; Jonasson, 1988),
but it requires relatively high sampling effort compared to other indirect methods (Byrne et
al., 2011). Field spectroscopy is characterized by objectivity and quickness (Byrne et al.,
2011; Milton et al., 2009), but it provides only a cumulative estimate for vegetation
abundance as it cannot differentiate between species or life forms. While many studies apply
one of these methods for estimating aboveground biomass, there are very few studies that
compare different methods (Godínez-Alvarez et al., 2009; Sykes et al., 1983) and even fewer
test the accuracy of multiple methods in estimating biomass (Byrne et al., 2011; Redjadj et al.,
2012; Whitbeck and Grace, 2006). No studies to date have compared all the three major
methods, the visual cover estimation, the point intercept, and the field spectroscopy.

The overall objective of this study was to compare the accuracy of three frequently used
aboveground biomass estimation methods, namely visual cover estimation, point intercept
method, and field spectroscopy. We wanted to test if the quick and traditionally used visual
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cover estimation method performed poorly compared to other methods that are often
considered more objective in estimating aboveground biomass. In three independent series of
field samplings, we compared the accuracy of the proxy data obtained by the above
mentioned methods against direct biomass harvest. In particular, we asked if there were
differences in accuracy among visually estimated cover, number of point hits, and normalized
differential vegetation index (NDVI) in semiarid grasslands.

Materials and methods

Site description
Studies were conducted in the area of the Kiskunság National Park, in the Fülöpháza (N 46˚
52’, E 19˚ 25’) site, and in the Orgovány (N 46˚ 47’, E 19˚ 28’) site of the KISKUN LTER
project (Kovács-Láng et al., 2008), Central Hungary. The climate of the study area is
temperate continental with sub-Mediterranean influence. Mean annual precipitation is around
500 mm; mean monthly temperatures ranges from -2 °C in January to 21 °C in July (KovácsLáng et al., 2000). The soil is calcaric arenosol with low humus content (< 1%). In each study
we sampled the forest-steppe vegetation of the Kiskunság Sand Ridge Area (Molnár, 2003),
which is a mosaic of open calcareous grasslands and shrub patches dominated by poplars
(Populus alba L. and Populus nigra L.) and common juniper (Juniperus communis L.). The
vegetation has a semi-desert character due to the extreme soil moisture regime of the windblown coarse sandy soil (Kovács-Láng et al., 2000). In the present study we sampled
grasslands, which also included shrubby root suckers of Populus alba. The wide biomass
range applied in our study covered the range of natural vegetation types and allowed a good
performance of biomass proxies.

6

Sampling
We used three datasets to analyse the relationship between aboveground live plant biomass
and different biomass sampling methods to study the applicability of biomass proxies
obtained from non-destructive sampling and harvested biomass. These datasets belong to
ongoing long-term studies.
Dataset 2002: visual cover estimation and point intercept method in nine elongated plots of
0.2 m x 3 m, in June 2002, in the Fülöpháza site, as part of the preparation for the VULCAN
field experiment (Peñuelas et al., 2007).
Dataset 2010: visual cover estimation, point intercept method, and field spectroscopy in ten, 1
m x 1 m quadrats in June 2010, in the Fülöpháza site in order to check the non-destructive
biomass estimation proxies applied in the VULCAN and INCREASE field experiment
(Kröel-Dulay et al., 2015).
Dataset 2014: visual cover estimation and field spectroscopy measurements in 16, 0.5 m x 0.5
m quadrats in June 2014, in the Orgovány site along the preparations for a new climate
change field experiment.
In all cases, aboveground vascular plant biomass was harvested in each sampling plot after
conducting non-destructive estimation methods. The biomass of live materials (green and
woody parts) separated from standing dead and litter components were used during the
analysis. Biomass samples were dried at 60 °C until weight constancy and weighed. We
contrasted annual live biomass to biomass proxy values obtained from biomass estimation
methods. Biomass measurements did not provide enough data for species level calibrations of
proxy methods because the sample sizes and biomass ranges for unique species were not large
enough.
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For visual cover estimation, we recorded the cover values of each vascular plant species
adding percentage values between 0 and 100. As a proxy for aboveground biomass, we used
the total canopy cover of vascular plant species. Overlaps in cover were considered in the case
of multilevel canopy, thus total canopy cover could reach values higher than 100 percent. In
the case of Dataset 2002, each 0.2 m x 3 m sampling plot was divided into six 0.2 m x 0.5 m
subplots, where subsamples of visual cover estimation were conducted. Values of subsamples
were averaged in each plot. Decimal fractions of percentage values were used at the low end
of the range (below 2%) because finer resolution is needed at the ends of the scale (Hahn and
Scheuring, 2003). Visual cover estimation has low expected errors at the plot sizes of our
study (Klimeš, 2003). Sampling was performed by the same person (G. Ónodi) in Datasets
2010 and 2014 and by G. Kröel-Dulay in Dataset 2002. The possible bias was further reduced
by adjustments with other experienced persons before each series of estimations, in
accordance with previous recommendations (Sykes et al., 1983; Wintle et al., 2013).

Point intercept method (Goodall, 1952; Jonasson, 1988) was applied along transects, at 5 cm
intervals. In the case of Dataset 2002, each sampling plot contained one transect of 57 points.
In Dataset 2010, three parallel one-meter transects were used, evenly spaced within the 1 m2
quadrat (3*20=60 points). During sampling, a metal pin was lowered at 5 cm intervals along a
metal frame, fixed at the two ends and having a horizontal bar at 80 cm height. At each
sampling point, all hits were recorded, together with species identity and state (live or dead).
Therefore, the number of point hits can be higher than the number of points. For the current
study, we used frequency data on live touches of all species combined as a biomass proxy.
The sampling of both datasets was carried out by the same person (J. Garadnai), who was
experienced in both the study object and the sampling technique.
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Field remote sensing data were collected by using field spectroscopy techniques. We
measured the incoming and the reflected light intensity using a portable Cropscan MSR87
multispectral radiometer (Cropscan, Inc., Rochester, MN) in each quadrat. We levelled the
sensors of the instrument at 2.8 meters height for the Dataset 2010 (1 m2 quadrats), and at 1.8
meters height for the Dataset 2014 (0.25 m2 quadrats) above the centre of the quadrats. The
sampling of both datasets was carried out by the same experienced person (G. Ónodi). We
calculated NDVI (Rouse et al., 1974) values based on the equation:
NDVI = (NIR810 – R660) / (NIR810 + R660),
where NIR810 is the reflectance measured by the near-infrared (NIR) channel (centred at 810
nm, bandwidth 10 nm) and R660 is the reflectance measured by the red (R) channel (centred at
660 nm, bandwidth 10 nm) of the instrument.
NDVI is correlated with the amount of green vegetation (Tucker and Sellers, 1986), and is
widely used as a proxy for aboveground net primary production in temperate perennial
grasslands (Paruelo et al., 1997). NDVI is mostly determined by the leaf area index (Roujean
and Breon, 1995), and it goes to saturation in dense vegetation (Gu et al., 2013). However, in
the open vegetation of our studies total leaf area index was between 0 and 2 in each quadrat,
which is a range not affected by saturation (Gamon et al., 1995).

Statistical analyses
For all datasets, the relationships between biomass proxies as explanatory variables (visually
estimated cover, number of point hits, or NDVI) and harvested biomass as dependent variable
were tested by linear regression (Faraway, 2005), in accordance with numerous relevant
studies (Jonasson, 1988; Redjadj et al., 2012; Röttgermann et al., 2000). The accuracy of the
studied proxies was characterized by the coefficient of determination (R2). All analyses were
carried out in R (R Core Team, 2013).
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Results
In case of the Dataset 2002, linear regression yielded significant positive relationship between
the values of visual cover estimation and aboveground live biomass (R2 = 0.756, F = 21.71, df
= 7, p = 0.002, Fig. 1a). Point intercept and biomass was related only marginally significantly
(R2 = 0.420, F = 5.07, df = 7, p = 0.059, Fig. 1b).

The analysis of the Dataset 2010 resulted in significant relationships between biomass proxies
(visually estimated cover, number of point hits, NDVI) and aboveground biomass (Fig. 2).
Field spectroscopy showed the highest accuracy (Fig. 2c, R2 = 0.838, F = 41.31, df = 8, p <
0.001), followed by visual cover estimation (Fig. 2a, R2 = 0.693, F = 18.04, df = 8, p = 0.003),
and point intercept method (Fig. 2b, R2 = 0.550, F = 9.78, df = 8, p = 0.014).

For the Dataset 2014, we found high values of the coefficient of determination in both cases;
visual cover estimation had higher accuracy (Fig. 3a, R2 = 0.819, F = 63.49, df = 14, p <
0.001), but regression of biomass with NDVI proved to be also significant (Fig. 3b, R2 =
0.770, F = 46.75, df = 14, p < 0.001)

Discussion
Although it is frequently stated in the literature that visual cover estimation is a subjective and
less repeatable method (Godínez-Alvarez et al., 2009; Greig-Smith, 1983; Wilson, 2011), we
found no evidence that it was less accurate than point intercept method or field spectroscopy
in estimating biomass. The accuracy of visual cover estimation was intermediate between that
of field spectroscopy and point intercept methods in the Dataset 2010 on which all three
methods were studied. For the other two datasets, visual cover estimation proved superior to
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the other methods studied. Our results are different from those of Godínez-Alvarez et al.
(2009), who found visual cover estimation performing poorer than point and line intercept
methods for cover estimations. However, they did not compare estimates with harvested
biomass, but only looked at coefficient of variation of the estimates. Our results are in
agreement with the findings of Döbert et al. (2015), who found that even a semi-quantitative
assessment based on Braun-Blanquet scale can provide a reliable proxy for aboveground
biomass. Similar to our results, Redjadj et al. (2012) also found that visual cover estimation
can be accurate in estimating biomass, although they estimated biomass directly (and not
cover), and estimation procedure was preceded by a training series. The relatively weak
performance of point intercept method found in our study is in contrast to comparative studies
that found good accuracy for this method (Byrne et al., 2011; Godínez-Alvarez et al., 2009).
The number of points used to describe the vegetation may affect the reliability of estimation
(Bråthen and Hagberg, 2004). However, the numbers of points we used (57 and 60) were
above the minimum number recommended for grasslands (40 per m2; Bråthen and Hagberg,
2004) and were similar to other studies, including methodological comparative studies (Byrne
et al., 2011; Godínez-Alvarez et al., 2009; Kongstad et al., 2012). The acceptable accuracy we
found for field spectroscopy is in contrast to results of Byrne et al. (2013, 2011), who found
field spectroscopy less accurate in a three-year field experiment than point intercept method.
However, they did not measure incident radiation, which may have decreased the accuracy of
the remote sensing method they applied.

In the present study, we evaluated the three methods solely based on their ability to estimate
aboveground biomass, but the choice of the method best suited to a particular study may also
depend on additional criteria, including add-on values and shortcomings of the different
methods. The advantage of visual cover estimation is that it is easily adaptable to different
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vegetation types and architectures, thus it can be particularly suitable for extensive monitoring
studies (Peet et al., 1998). Because of its quickness (Sykes et al., 1983) and low cost (Klimeš,
2003), visual cover estimation is a widely used technique. This method is the most
appropriate in studies assessing plant species richness (Godínez-Alvarez et al., 2009), as it
includes the search for all species within plots. On the other hand, the observers doing visual
cover estimation need to mentally integrate the cover values of a given species in the
sampling unit (Godínez-Alvarez et al., 2009), thus training of observers may be crucially
important, and reliable visual estimation requires highly experienced field botanist, preferably
the same person in a whole field study.

The point intercept method provides information about three dimensional vegetation structure
(Godínez-Alvarez et al., 2009; Jonasson, 1988), and repeated point intercept method is also
suitable for plant demography studies due to its precise positioning within the sampling unit
(Damgaard et al., 2011). However, we found that the method is not superior over other
methods in the accuracy of biomass estimation. The results for the Dataset 2010 show the
effect of an outlier (Fig 2.), which is caused by the sensitivity of the point intercept method to
the highly uneven distribution of the biomass, namely occurrence of poplar shoots in our case.
In addition, point intercept method has been found to underestimate species richness
(Godínez-Alvarez et al., 2009), most likely because it samples only points, and rare species
may be difficult to detect this way. Although this method is considered objective, it is based
on many decisions on contact accounts and separation of species and organs, which can be
challenging, especially on windy days (Catchpole and Wheeler, 1992). Therefore, betweenobserver error may cause problems in long-term studies (Filella et al., 2004), similar to visual
cover estimation. Vegetation sampling using point intercept method is less time intensive than
harvesting biomass (Bråthen and Hagberg, 2004; Byrne et al., 2011; Jonasson, 1988), but it
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takes more time than field spectroscopy (Byrne et al., 2011). Therefore, point intercept
method is recommended only if the additional information it provides is needed.

Field spectroscopy provides the most objective estimate of vegetation abundance, because
once the exact location is selected, the measurement does not require decisions from the
observer. A major advantage of this method is its quickness (Byrne et al., 2011), but we also
found it as accurate in estimating biomass as the more time-demanding visual cover
estimation and point intercept methods. It can be a reliable estimator of aboveground live
biomass in open communities, where living parts of the plants rarely overlap, and saturation
effect (Gu et al., 2013) does not occur. This method requires costly equipment, and favourable
weather conditions for the sampling days, as it is constrained by the clearness of the sky and
the angle of incident radiation (Roujean and Breon, 1995). As field spectroscopy does not
detect vegetation composition (species, life forms) or structure, it can only be appropriate
when the focus is on biomass.

The results of the three case studies are in accordance with each other. We conclude that
visual cover estimation, which is generally considered subjective, is not less accurate for
estimating aboveground biomass than point intercept method and field spectroscopy.
Moreover, in the open grasslands, visual cover estimation proved superior to point intercept
method. Since all of the studied non-destructive methods estimated the live biomass properly,
but they differ in the level of detail they provide about the studied vegetation, the choice
amongst the methods should be based on the need for additional data other than biomass and
the available time, expertise and equipment.
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Figure 1. Relationship between biomass proxy and actual biomass for visual cover estimation
(a), and point-intercept sampling (b) based on Dataset 2002. Solid line stands for significant
regression (p < 0.05), while dashed line shows marginally significant one (0.10 < p < 0.05).
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Figure 2. Relationship between biomass proxy and actual biomass for visual cover estimation
(a), point intercept method (b), and field spectroscopy (c) based on Dataset 2010. All linear
regressions were significant; see the text for details.
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Figure 3. Relationship between biomass proxy and actual biomass for visual cover estimation
(a) and field spectroscopy (b) based on Dataset 2014. All linear regressions were significant;
see the text for details.
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