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Normalized difference vegetation index (NDVI) is widely used to estimate leaf
area index (LAI) for the vegetation of large areas because numerous foreign studies
have shown that NDVI is highly correlated with LAI. Nevertheless, most studied
objects of these studies are low species-diversity forests. In recent years, the
development of unmanned aerial vehicle (UAV) technology enables researchers to
acquire real-time and high-resolution aerial images. The main purpose of the present
study was to confirm whether NDVI orthographic images generated with the UAV
technique can be used to estimate LAI for forests with high species diversity. One of
the two study sites was the 1.2-ha campus plantation (hereafter campus plot) located
in National Chung Hsing University, in which there were more than 10 coniferous
species. The other was the 25-ha Lienhuachih Forest Dynamics Plot (forest plot) in
central Taiwan, which was a naturally-regenerated broad-leaved forest harboring 144
tree species. In a period of nearly one year, three image acquisition experiments
were conducted for each of these two plots. In every experiment, canopy
photographs were taken with the technique of hemispherical photography for every
sample location in the plots (19 and 26 sample locations respectively for the campus
and forest plots). Aerial photographs were taken simultaneously with multi-spectral
band cameras mounted on unmanned aerial vehicles (UAVs). These aerial
photographs were processed to NDV I orthographic images. Results showed that the
significant correlation between LAI and NDVI were found in at least one
experiment for the two plots. The present study confirmed that NDVI can be used to
estimate LAI for high species-diversity forests, but not all NDVIs generated with the
UAV technique are suitable for the LAI estimation. The approach of using UAV-
generated NDVI to estimate LAI hinges on whether NDV I orthographic images are
correctly stitched together.

(Key Words: hemispherical photography; LAI; multispectral camera; NDVI; unmanned aerial
vehicle)
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Figure 1 Anexample for NDVI calculation.

(a) A healthy plant with NDV1 of 0.72; (b) an
unhealthy plant with NDV1 of 0.14.
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Figure 2 Sample locations for canopy
fisheye photographs in the campus and forest
plots
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Table 1 Conditions for NDVI collection and the LAI-NDV!I correlationships
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Table 2 The LAI-NDVI and canopy openness-
NDVI correlationships under different window

sizes of NDVI.
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Figure 3 The correlationships between LAl and NDV1 acquired in different dates in the campus
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plot. L represents LAI, N represents NDVI and C represents canopy openness (%); the four digit
numbers represent the year and month (e.g. 1902 represent Feb. of 2019). Values in grids are
correlation coefficient r. *p<0.05, **p<0.01, ***p<0.001.
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Figure 4 The correlationships between LAI and NDVI acquired in different dates in the forest
plot. L represents LAI, N represents NDVI and C represents canopy openness (%); the four digit
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numbers represent the year and month (e.g. 1902 represent Feb. of 2019) ; P2 ~ P3---P5 indicate 200,

300---500 aerial photographs were used respectively for constructing NDVI images. Values in grids

are correlation coefficient r. *p<0.05, **p<0.01, ***p<0.001.
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Figure 5 Comparison for (a) a visible-light

image and (b) a red near-infrared-light image.
These two images were taken in the forest plot
in May 4, 2019. The red squares mark a
canopycovered by flowers.
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Table 3  Factors influencing LAl and NDVI of
coniferous and broad-leaved forests.
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