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ABSTRACT: 
 
Grasslands are important ecosystems containing unique biodiversity. It has been reported that some herbaceous species inhabiting 
grassland reduced its number and became extremely rare. Restoring these species as well as maintaining the grassland are key issues. 
Light environment is crucial for plant growth and survival. It is particularly important to evaluate light environment of microsite for 
herbaceous vegetation. In this paper, NDVI, vegetation biomass and gap fraction were estimated using time-series UAV data, and 
compared to photosynthetic photon flux density (PPFD), solar radiation and gap fraction measured by traditional ground-based 
techniques to validate its utility in accessing light environment for herbaceous vegetation in semi-natural grassland. The results showed 
that UAV derived variables displayed overall good correlations with ground derived variables: relative PPFD, relative solar radiation 
and gap fraction. Analysis of time-series UAV data revealed that UAV derived NDVI and vegetation biomass were not suitable for 
evaluating light environment when vegetation attains its maturity. UAV derived gap fraction was most resilient to change of vegetation 
growth. UAV derived methods have advantage in evaluating light environment in microsite without disturbing valuable plants and 
would help restoring semi-natural grassland.  
 
 
 

1. INTRODUCTION 

Grasslands are important ecosystems containing unique 
biodiversity. In Japan, grassland of Miscanthus sinensis, which is 
a tall, perennial grass species and characterized by erect and 
tufted forms (Hayashi et al., 1981), has been one of the symbolic 
landscapes. It is a semi-natural grassland and requires controlled 
burn to maintain the grassland, however, local communities are 
increasingly shorthanded for controlled burn these days 
(Takahashi, 2019). It has been reported that some herbaceous 
species inhabiting grassland reduced its number and became 
extremely rare (Nebara-District and Asagiri-Highlands-
Revitalization-Committee, 2018). Restoring these species as well 
as maintaining the grassland are key issues. 
 
Light environment is crucial for plant growth and survival. It is 
particularly important to evaluate light environment of microsite 
for herbaceous vegetation. Ground-based techniques to access 
light condition have been commonly used.  A light sensitive film 
is one of the traditional techniques.  A color acetate film is 
exposed, and the absorbance of the dye gradually fades. The rate 
of fading associates well with solar radiation and photosynthetic 
photon flux density (PPFD) which plays an important role in the 
growth and survival of photosynthetic organisms. The film has 
been used in measuring solar radiation, for example, for soybean 
(Kumagai, 2018) and grapevine (Bontempo et al., 2018) . Light 
sensors can directly measure PPFD and used in many studies (e.g. 
Flanagan et al., 2002; Tang et al., 1989), although they are more 
expensive equipment compared to a simple film. Other method 
to access light environment is to compute gap fraction, which is 
defined as the fraction of sky visible through the canopy (Welles 
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and Norman, 1991), using fisheye camera. This method has been 
widely used in forest (e.g. Pinag¨¦ et al., 2014; Macfarlane et al., 
2007) and can be applied to grassland.  
 
The recent development of unmanned aerial vehicle (UAV) 
technology has shown great potential to study grasslands, since it 
can acquire data more frequently with higher spatial resolution 
(in the order of centimetres) in cost-effective manner, compared 
to the conventional airborne data acquisition by airplane. It is a 
non-destructive method to derive plant parameters in large area. 
Using UAV imagery with a combination of structure from 
motion (SfM) and multi-view stereo (MVS) technique, grassland 
biomass has been successfully estimated in numerous papers (e.g. 
Miura et al., 2020; Lussem et al., 2019; Grüner et al., 2019). 
Normalized difference vegetation index (NDVI) is a common 
and widely used remote sensing index which quantifies 
vegetation greenness. NDVI derived from multispectral sensor 
boarded on UAV has been extensively used in agriculture (e.g. 
Matese and Di Gennaro, 2021; Hassan et al., 2019). Both 
vegetation biomass and NDVI has potential for evaluating light 
environment in grassland. Gap fraction or fractional cover has 
been successfully estimated in forest environment by LiDAR 
boarded on airplane. Fractional cover was derived as the ratio of 
canopy returns to the total number of returns per unit area 
(Næsset, 1997). Similar methods utilising the point density of 
LiDAR returns to estimate fractional cover were presented in 
other studies (e.g. Coops et al., 2007; Hopkinson and Chasmer, 
2007; Morsdorf et al., 2006). Although traditional LiDAR cannot 
be applied to grassland because of low spatial resolution and 
point density, point cloud derived from UAV LiDAR or UAV 
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imagery with a combination of SfM and MVS would satisfy the 
requirement for analysis of herbaceous vegetation. The SfM 
point cloud is successfully used to derive structural parameters of 
crops (e.g. Zhang et al., 2021; Santos et al., 2020) and better in 
terms of cost than UAV LiDAR. The SfM point cloud can be 
applied to estimate gap fraction in grassland.  
 
In this paper, NDVI, vegetation biomass and gap fraction were 
estimated using time-series UAV data, and compared to PPFD, 
solar radiation and gap fraction measured by traditional ground-
based techniques to validate its utility in accessing light 
environment for herbaceous vegetation in semi-natural grassland. 
We use time-series UAV data, which covers growing season of 
vegetation in the study area, because growth stage of vegetation 
may have an impact on the analysis (Miura et al., 2020). 
 

2. METHODS 

2.1 Study area 

The Study area locates in Nebara district, Asagiri Highlands at 
the western foot of Mt. Fuji in Shizuoka Prefecture, Japan 
(138°35'47.133"E 35°25'32.151"N, Figure 1). The elevation 
ranges from 926 m to 977 m above sea level. Mean annual 
precipitation and temperature are 2249 mm and 10.6 °C, at the 
nearby Shiraito Meteorological Station and Kawaguchi-ko 
Meteorological Station respectively. Grassland which mainly 
consists of M. sinensis spreads over a plateau of lava where 
complex topography was formed. Nebara district is a famous 
field of M. sinensis, which is used for repairing roof of cultural 
assets, and registered in 2012 by Agency for Cultural Affairs, 
Government of Japan as an important area to conserve materials 
used for cultural properties. The grassland is burnt annually in 
April to produce good quality M. sinensis. After the burn, M. 
sinensis grows until it attains maturity in September. Then, it 
withers in the next couple of months and is finally harvested 
during winter before the annual control burn is conducted in the 
next April. In the grassland, rare and important herbaceous 
vegetation such as Viola orientalis inhabits, however, some 
species such as Hemerocallis citrina Baroni var. vespertine have 
reduced their number recently (Nebara-District and Asagiri-
Highlands-Revitalization-Committee, 2018; Yuasa et al., 2002). 
 

 
 

Figure 1. Study area. 
 
2.2 Ground survey 

Ground survey was conducted on May 30-31, June 28-30 and 
August 25-26. Through this period, vegetation grows and attains 
maturity. A rectangular plot, which is approximately 10 m by 10 

m, was set up in north and south area respectively. In the plot, 9 
measurement points were set up at the intersections of squares 
divided into 16 parts. Measurement for PPFD, solar radiation and 
gap fraction was conducted at a hight of 20 cm from the ground 
at each measurement point (Figure 2). The height was selected to 
access light environment for vegetation species in the low layer 
of M. sinensis community. Nemoto (2010) divided species of M. 
sinensis community into 3 hight layers: top (higher than 151 cm), 
intermediate (between 51cm and 150 cm) and low (lower than 50 
cm). The low layer includes Viola species which is one of the 
targeted species in this study. 
 

 
 

Figure 2. Plot design.  
 

2.2.1 Relative photosynthetic photon flux density: PPFD 
was measured using LI-COR light sensor LI-250 and LI-190SA. 
Measurement was conducted at 9 measurement points and 
outside of the plot, where the sun light was unobstructed, for 15 
seconds respectively. The values were averaged at each 
measurement point. These values were then divided by the value 
outside of the plot to compute relative photosynthetic photon flux 
density (RPPFD). The value is expressed as percentage.  The 
reason to compute RPPFD instead of using the raw value of 
PPFD is to monitor and compare how much PPFD is received at 
each measurement point compared to PPFD under full sunlight 
in the process of vegetation growth. 
 
2.2.2 Relative solar radiation: Solar radiation was measured 
using light sensitive film, Optoleaf (Taisei Fine Chemical Co., 
Ltd.). Three pieces of the film were set up at the measurement 
points (Figure 3) and outside of the plot where the sun light was 
unobstructed. The films were exposed for 19 to 45 hours. The 
degree of absorbance was measured before and after the exposure 
using a portable photometer, D-Meter RYO-470M (Taisei Fine 
Chemical Co., Ltd.). Color fade rate was calculated dividing the 
degree of absorbance after the exposure by that before the 
exposure. The values of 3 films at each measurement point were 
averaged. The integrated amount of solar radiation was 
calculated utilizing OptoLeaf color fade curves provided by the 
manufacturer (Taisei Fine Chemical Co.). Solar radiation S 
(MJ/m2) is expressed: 
 

𝑆 =  −1.675
𝐷

𝐷𝑜
× 100 + 18.23        (3)  

 
where  D = Degree of absorbance after exposure  
 Do = Degree of absorbance before exposure 
 
Relative solar radiation (RS) was calculated dividing solar 
radiation at each measurement point by that outside of the plot. 
The value is expressed as percentage.   
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Figure 3. Light sensitive films at a measurement point. 
 
2.2.3 Gap fraction: Gap fraction (GF) was measured using a 
360-degree camera, RICOH THETA. Image was captured at each 
measurement point and transformed to fisheye image of upper 
hemisphere. In this process, we used the method of Honjo et al. 
(2019). Then, gap fraction was calculated using CanopOn 2 
software (Figure 4).  
 

 
 

Figure 4. Fisheye image of upper hemisphere at a measurement 
point. 

 
2.3 UAV data 

2.3.1 Data acquisition: UAV data were acquired on April 26, 
June 1, June 28 and August 25 in 2019. UAV flight in June and 
August was conducted at the same time with the ground survey. 
We used DJI Phantom 4 Pro for orthomosaic image, Digital 
Surface Model (DSM) and point cloud, and Phantom 4 
Multispectral for NDVI. Flight altitude was set as 15 m from the 
ground, which resulted in image data with a ground sampling 
distance (GSD) of between 0.40 and 0.43 cm for Phantom 4 pro 
data and of between 0.68 and 0.82 cm for Phantom 4 
Multispectral data. Images were captured with 2 seconds shutter 
interval, and 85%/90% side/forward overlap. Ground control 
points (GCPs) were set up at 4 places outside of both vegetation 
plots respectively and GNSS surveyed. Additionally, 4 corners of 
the vegetation plots were GNSS surveyed as validation points to 
examine z values of UAV data products. The captured images 
were processed using SfM + MVS software, Pix4D. For 
calculation of UAV derived variables, a circular subplot of 1 m 
radius was defined at the measurement points in each plot (Figure 
5). 
 

 
 

Figure 5. Nine circular subplots of 1 m radius for calculation of 
UAV derived variables. An ortho mosaic image is August 25 

data of the north plot. 
 

 
2.3.2 Vegetation biomass: Vegetation biomass is calculated 
using the pixel size and canopy height information in each 
subplot using the method of Miura et al.(2020) where vegetation 
biomass is calculated as a volume. We used the DSM made from 
images acquired in April as Digital Terrain Model (DTM), since 
there was no vegetation on the ground at the time of data 
acquisition due to annual burning in the area. Canopy height was 
calculated by subtracting DTM from DSM. This creates Canopy 
Height Model (CHM). The volume of each subplot in each data 
acquisition, V is expressed: 
 
 𝑉 = ∑ 𝑎 ℎ                    (1) 
 
where  a = pixel size of each CHM  
 h = canopy height value of each pixel in each subplot 
 n = the number of pixels in each subplot 
 
2.3.3 Gap fraction: GF is calculated using the point density 
of point cloud generated by Pix4D. First, fractional cover is 
derived as the ratio of canopy points, which is defined as points 
higher than 20 cm from the ground to the total number of points 
per subplot area. Then, the value of fractional cover is subtracted 
from 1. GF is expressed:  
 

𝐺𝐹 = 1 −
𝑃

𝑇
                  (2) 

 
where  P= number of points higher than 20cm from the ground 

in each subplot 
 T = total number of points in each subplot 
 
2.3.4 NDVI: NDVI is computed as a mean value in each 
subplot using NDVI images derived from Phantom 4 
Multispectral. 
 
These values are compared with the values collected in the 
ground survey. It is noted that both ground survey and UAV 
derived variables for A, B, C and F measurement points of the 
south plot in August data were excluded, because the area around 
the measurement points were accidentally mowed and altered.    
 

3. RESULTS 

3.1 Validation of z values of UAV data 

As a result of comparison of z values at 4 corners of the plots 
between GNSS survey and DTM acquired in April, RMSE was 
4.4 cm for the north plot, and 2.5 cm for the south plot. 
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3.2 Comparison between ground survey data 

Ground derived variables: relative photosynthetic photon flux 
density (G_RPPFD), relative solar radiation (G_RS) and gap 
fraction (G_GF) showed good and significant correlation among 
them (Figure 6, 7 and 8). G_RPPFD and G_RS showed good 
correlation in May 31 data with R2 value of 0.58 (Figure 6a), and 
significant correlation in June 28 and August 25 data with R2 
value of 0.82 (Figure 6b) and 0.91 (Figure 6c) respectively. 
Similar trend was observed between G_RPPFD and G_GF with 
R2 value of 0.54 (Figure 7a), 0.79 (Figure 7b) and 0.84 (Figure 
7c), and between G_RS and G_GF with R2 value of 0.58 (Figure 
8a), 0.82 (Figure 8b) and 0.91 (Figure 8c). 
 

 
Figure 6. Comparison between ground derived relative 

photosynthetic photon flux density (G_RPPFD) and relative 
solar radiation (G_RS): May 31 (a), June 28 (b) and August 25 

(c). 
 

 
Figure 7. Comparison between ground derived relative 

photosynthetic photon flux density (G_RPPFD) and gap 
fraction (G_GF): May 31 (a), June 28 (b) and August 25 (c). 

 

 
Figure 8. Comparison between ground derived relative solar 

radiation (G_RS) and gap fraction (G_GF): May 31 (a), June 28 
(b) and August 25 (c). 

 
3.3 Comparison between UAV data 

UAV derived NDVI (UAV_NDVI) was well correlated with 
volume (UAV_V) in June 1 and June 28 data with R2 value of 
0.84 (Figure 9a) and 0.69 (Figure 9b), except August 25 data with 
R2 value of 0.32 (Figure 9c). UAV_NDVI also displayed 
significant correlation with UAV derived gap fraction 
(UAV_GF) with R2 value of 0.91 (Figure 10a), 0.93 (Figure 10b) 
and 0.69 (Figure 10c). UAV derived volume (UAV_V) was 
significantly correlated with UAV_GF in June 1 data with R2 
value of 0.91 (Figure 11a), however, displayed moderate 
correlation in June 28 and August 25 data with R2 value of 0.53 
(Figure 11b) and 0.49 (Figure 11c). 

 

 

Figure 9. Comparison between UAV derived NDVI 
(UAV_NDVI) and volume (UAV_V): June 1 (a), June 28 (b) 

and August 25 (c). 
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Figure 10. Comparison between UAV derived NDVI 
(UAV_NDVI) and gap fraction (UAV_GF): June 1 (a), June 28 

(b) and August 25 (c). 
 

 
Figure 11. Comparison between UAV derived volume 

(UAV_V) and gap fraction (UAV_GF): June 1 (a), June 28 (b) 
and August 25 (c). 

 
3.4 Comparison between ground survey and UAV data  

UAV_NDVI presented negative and good correlation with 
G_RPPFD in June 28 and August 25 data with R2 value of 0.77 
(Figure 12b) and 0.64 (Figure 12c), with G_RS in June 28 data 
with R2 value of 0.64 (Figure 12e), and with G_GF in May 31-
June 1 and June 28 data with R2 value of 0.64 (Figure 12g) and 
0.62 (Figure 12h). The rest of the data showed moderate 
correlation (Figure 12a, 12d, 12f and 12i). 
UAV_V was negatively associated with ground derived variables. 
Good correlation was observed with G_RPPFD and G_RS in 
June 28 data with R2 value of 0.67 (Figure 13b) and 0.58 (Figure 
13e), and with G_GF in May 31-June 1 data with R2 value of 0.63 
(Figure 13g). Other data displayed moderate correlation (Figure 
13a, 13c, 13d, 13f, 13h and 13i). 
 UAV_GF was well correlated with ground derived variables in 
most data (Figure 14b, 14c, 14e, 14f, 14g, 14h and 14i) displaying 
R2 value between 0.6 and 0.8. Only G_RPPFD and G_RS in May 
31-June 1 data showed moderate correlation with R2 value of 
0.51 (Figure 14a) and 0.44 (Figure 14d). 
 

 
 

Figure 12. Comparison between UAV derived NDVI 
(UAV_NDVI) and ground derived relative photosynthetic 

photon flux density (G_RPPFD): May31-June1 (a), June 28 (b) 
and August 25 (c),  ground derived relative solar radiation 

(G_RS): May31-June1 (d), June 28 (e) and August 25 (f), and 
ground derived gap fraction (G_GF): May31-June1 (g), June 28 

(h) and August 25 (i). 
 
 

 
 

Figure 13. Comparison between UAV derived volume 
(UAV_V) and ground derived relative photosynthetic photon 
flux density (G_RPPFD): May31-June1 (a), June 28 (b) and 

August 25 (c),  ground derived relative solar radiation (G_RS): 
May31-June1 (d), June 28 (e) and August 25 (f), and ground 

derived gap fraction (G_GF): May31-June1 (g), June 28 (h) and 
August 25 (i). 
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Figure 14. Comparison between UAV derived gap fraction 
(UAV_GF) and ground derived relative photosynthetic photon 

flux density (G_RPPFD): May31-June1 (a), June 28 (b) and 
August 25 (c),  ground derived relative solar radiation (G_RS): 

May31-June1 (d), June 28 (e) and August 25 (f), and ground 
derived gap fraction (G_GF): May31-June1 (g), June 28 (h) and 

August 25 (i). 
 

4. DISCUSSION 

The accuracy of z values of DTM is considered to be within the 
acceptable range for the analysis with RMSE 4.4 cm for the north 
plot and 2.5 cm for the south plot at GSD of 0.40-0.43 cm. Similar 
value was obtained in the study of Borra-Serrano et al. (2019) 
with RMSE of 1.0-4.8 cm at GSD of 0.39-0.64 cm. 
 
Ground derived variables: G_RPPFD, G_RS and G_GF 
correlated well each other (Figure 6, 7 and 8). This means that 
each variable represents light condition properly with seasonal 
variation. When gap fraction is large in an area at an early stage 
of vegetation growth (Figure 15a), more PPFD and solar 
radiation are received from the sun. As vegetation grows (Figure 
15b), gap fraction is reduced due to upper leaves and stems of 
vegetation. PPFD and solar radiation were also reduced because 
leaves and stems block the sunlight.  
 

 
 
Figure 15. Early stage of vegetation growth (June 1 data in the 
south plot; a) and grown vegetation (June 28 data in the south 

plot; b). 
 
UAV derived variables: UAV_NDVI, UAV_V and UAV_GF 
presented good to significant correlations between the variables 
with some exceptions (Figure 9, 10 and 11). UAV_NDVI and 
UAV_V have inverse relationship with UAV_GF. Both NDVI 
and volume, i.e., biomass represent the amount of vegetation. 
When vegetation is less in an area at an early stage of vegetation 

growth, larger gap fraction is presented. As vegetation grows, 
NDVI and biomass is increased, while gap fraction is reduced. 
The exceptions were observed in August 25 data between 
UAV_NDVI and UAV_V (Figure 9c), and between UAV_V and 
UAV_GF (Figure 11c). These two correlations show relatively 
low R2 value of 0.32 (Figure 9c) and 0.49 (Figure 11c) 
respectively. Late August is around the time when the dominant 
species, M. sinensis attains its maturity. NDVI has been reported 
to have saturation problem that NDVI saturates over high 
vegetation surface and underestimate vegetation (e.g. Gu et al., 
2013; Huete et al., 1997; Chen et al., 2010). It was also found out 
that a small patch of M. sinensis formed ears in the south plot. 
NDVI is related with greenness, however, the ears are brown 
color. NDVI in August 25 data might not represented the amount 
of vegetation accurately. For the issue of NDVI saturation, 
numerous papers present improved or other vegetation indices 
such as the red-edge triangular vegetation index (RTVI) and the 
modified chlorophyll absorption ratio index (MCARI2) (e.g. 
Haboudane et al., 2004; Chen et al., 2010) which could be applied 
to our data. UAV_GF seems to have similar problem. Gap 
fraction in the south plot already reached nearly 0 % in June 28 
data, and almost all measurement displayed less than 5 % in 
August 25 data. On the other hand, UAV_V represents seasonal 
growing of vegetation properly. This could explain why 
UAV_NDVI and UAV_V, and UAV_V and UAV_GF in August 
25 data have week association with each other. 
 
UAV_NDVI and UAV_V were negatively associated with all 
ground derived variables (Figure 12 and 13), displaying overall 
moderate and good correlations. These were reasonable 
outcomes, since UAV_NDVI and UAV_V represent the amount 
of vegetation in each subplot, while ground derived variables 
represent the amount of light received at the height of 20 cm in 
each subplot. As vegetation grows, NDVI and vegetation volume 
in the subplot are increased and the amount of light at the point 
is decreased. NDVI in August 25 data should be treated with 
caution regard less of R2 value because saturation of the value is 
observed (Figure 12c, 12f and 12i). UAV_V in August 25 data 
also needs caution, since it shows vegetation growth while 
ground derived variables exhibit saturation (Figure 13c, 13f and 
13i). 
UAV_GF presented positive and high correlations with ground 
derived variables (Figure 14). Although relatively low R2 value 
of 0.44 (Figure 9c) was observed with G_RS in May 31-June 1 
data, UAV_GF was well correlated with the rest of ground 
derived variables through all periods of time. In particular, since 
UAV_GF and G_GF access exactly the same variable and highly 
correlated with each other (Figure 14g, 14h and 14i), ground 
derived method can be replaced by UAV derived method, which 
has flexibility in setting up assessment points without disturbing 
valuable plants and site.  
 
In conclusion, NDVI, vegetation biomass and gap fraction were 
estimated using time-series UAV data. UAV derived variables 
showed overall good correlations with ground derived variables: 
relative PPFD, relative solar radiation and gap fraction. Analysis 
of time-series UAV data revealed that UAV derived NDVI and 
vegetation volume were not suitable for evaluating light 
environment when vegetation attains its maturity. UAV derived 
gap fraction was most resilient to change of vegetation growth. 
UAV derived methods have advantage in evaluating light 
environment in microsite without disturbing valuable plants and 
would help restoring semi-natural grassland.  
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