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Abstract Remote sensing offers fast and reliable tech-
nique to map the variation in plant diversity and distribu-
tion at different scales. Using 891 geo-tagged ground
sampled point collected for the Western Ghats, India from
a national level study on biodiversity characterization. We
analyzed the distribution of plant species with respect to
the satellite derived vegetation indices. The moderate res-
olution imaging spectroradiometer derived vegetation
products, i.e., normalized difference vegetation index
(NDVI), enhanced vegetation index (EVI), fraction of
absorbed photosynthetically active radiation (fPAR), leaf
area index (LAI), and surface reflectance (SR-645nm and
SR-858nm) were fitted to suitable regression curves with
respect to plant species richness where NDVI demonstrated
the best fit (R> = 0.07); while fPAR showed (R* = 0.08)
better relation with woody species richness. We observed
positive but weak correlation for all the biophysiological
proxies with species richness in the forests of Western
Ghats. The annual pattern of correlation faired than sea-
sonal (i.e., post-monsoon) between biophysical variables
and species richness, while the woody subset of the species
richness demonstrated marginally better relation at annual
scale. The range of each biophysical proxy varied from
medium to high, indicating higher vegetation strength. The
species richness trend increased linearly for NDVI and
EVI. The positive correlation showed by fPAR and LAI
could be due to varied canopy architecture of the Western
Ghats forests. Utility of fine resolution spatio-temporal data
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could render better understanding of species richness pat-
tern using biophysical proxies, and thereby, help in long-
term biodiversity monitoring.
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1 Introduction

Remote sensing is a technology which provides spatial
information to map the plant productivity as stored
potential energy that species reflect on the ground. The
examination of the relationships between satellite derived
biophysical proxies and biodiversity distribution is possible
[1, 2].With the free availability of coarse to high-resolution
temporal satellite images, studies on productivity rela-
tionship with species richness have enhanced [3]. Remotely
sensed estimates of biodiversity patterns are useful in
decision making for land use and conservation. Usually,
habitat heterogeneity allows more species to coexist that
project higher spectral variations are expected to have the
higher number of species [4]. It is expected that higher the
spectral variability, higher the habitat and species vari-
ability [5]. Therefore, species richness and complemen-
tarity are convenient ‘proxies’ for plant diversity that can
be estimated using spectral heterogeneity [6]. The spatial
heterogeneity perceived by the remote sensors could be
lower in forest ecosystems because of potentially similar
canopy cover [7]. The variation in species number at the
ground may alter the reflectance sensed by the remote
sensor, similar to mirror-image relation [8]. Therefore, the
satellite-derived information on vegetation can be used as a
proxy for ground measured species richness.
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Species richness (with 300 plots) regressed with Nor-
malized difference vegetation index (NDVI) explained
76% of the variance in Hood river region of central
Canadian arctic [9]. A study performed in Tuscany, Italy
on a 380 ha nature reserve wetland using 22 plots (25 ha,
plot size) was attempted to link field derived species
richness with spectral properties from satellite data for
investigating effects of mapping scales on the spatial and
spectral resolution of images [10]. Mapping diversity pat-
terns is accomplished by analyzing variation of some
spectral signal, and correlating this variation with measures
of species richness [11]. Furthermore, these researchers
utilized 3954 plots for Kalahri woodland savannah and
compared woody versus non-woody species richness for
multi-sensor data. A better fitting of Moderate Resolution
Imaging Spectroradiometer (MODIS) data was modeled
for woody species compared with non-woody species [12].

Many researchers also use MODIS-derived enhanced
vegetation index (EVI), Leaf Area Index (LAI), fraction of
photosynthetically active radiation (fPAR), gross primary
product (GPP) to measure species richness. The MODIS
has two bands of surface reflectance: (1) red absorbance
(620-670 nm or SR-645nm), and (2) infrared reflectance
(841-876 nm or SR-858nm). The valid range of surface
reflectance data is from O to 1. Basically, SR-645nm is the
red absorbent region of the electromagnetic spectrum.
Alternately, SR-858nm lies in the far-infrared region its
properties are to reflect the vegetation from the ground.
MODIS surface reflectance (MODO9A1) product was uti-
lized along with its derived vegetation indices to analyze
land surface phenology in the pixels containing the field
plots for Qinling Mountains, China [13]. The ordination
statistics inferred high temporal resolution land surface
reflectance remote sensing data may be used as significant
predictors of floristic ordination axes obtained using data
from field surveys. For generalist species diversity and
distribution measurement in a heterogeneous environment
was improved when MODIS derived surface reflectance
was integrated to habitat distribution mapping [14]. The
cumulative effect of all spectral bands MODIS spatio-
temporal data was mapped during winter and summer to
identify the regulator variables of complex biosphere [15].

NDVI is sensitive to chlorophyll changes. It saturates at
high biomass levels, and therefore not responsive to the full
range of canopy. Rather, it saturates in dense forest canopy
at intermediate values of LAI [16]. EVI is more sensible to
variations in canopy structure, including LAI, canopy type,
plant physiognomy, and canopy architecture. Usually, EVI
fits better to address the change in canopy structure over a
high biomass regions. The relationship between NDVI and
species richness is reported to be positive. The correlation
coefficient is weak depending on scales with vari-
ance <= 6% at 1 m® scale to 49% at 1 ha scale [17]. The
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relationship between species richness and spectral reflec-
tance observed to be poor (R* = 0.1) compared with the
spectral derivatives [5]. The mixed pixels effects the rela-
tionships of spectral heterogeneity to species richness as
observed weaker for LANDSAT-8 compared to the other
two satellite images (RapidEye, ASTER) [18]. The tree
species richness from low to high range was analyzed with
NDVI and observed varied but good correlation
(R*> = 0.66) in a tropical forest [19]. Due to the presence of
water in study site, i.e. Montepulciano Lake Reserve,
Central Italy that severely affects the spectral response of
the vegetation index, thus species richness and NDVI
encountered with a weak correlation [10]. Using Landsat-
derived normalized difference vegetation index (NDVI) the
linkages between species richness—vegetation heterogene-
ity observed to be positive for Great Basin of western
North America [20]. The MODIS GPP, NPP and NDVI
were analyzed to explain species richness in North Amer-
ica [21]. MODIS derived standard deviation of GPP
marked in grassland habitat, Normalized Difference
Senescent Vegetation Index (maximum) in forests, and
Land surface water index (average) in deserts are observed
to be the best predictor of species richness in Semi-arid
region of Inner Mongolia [22].

EVI is a refined version of NDVI, and its range varies
between minimum — 1 to maximum -+1. The two vege-
tation indices are complementary to each other, the dif-
ferences can be captured either during growing season or
dense canopy [23]. EVI overall showed a better relation-
ship and a lower root mean square error to measure
greenness of vegetation than NDVI [24]. The response of
MODIS derived NDVI and EVI tested towards the change
in Amazon vegetation and observed 0.6 —0.8 units change
in leaf area (2-6% change in NDVI) while no
detectable change marked for EVI [25]. In a flood plain
meadows, Loire River of Western Europe, to identify
spatial surrogate for species richness tested with NDVI and
EVI, where EVI (R2 = 0.61) resulted best [26]. Also, the
different derivatives of vegetation indices viz., standard
deviation, annual maximum, seasonal maximum-minimum
etc. observed to predict species richness better. With four
different formulations of EVI (annual maximum, the
annual integrated, and the growing season defined mid-
point and growing season averaged values) the tree species
diversity can explain up to 60% for 65 ecoregions in
contiguous United States [27]. Leaf area index (LAI) and
fraction = of  photosynthetically  active  radiation
(0.4-0.7 mm) absorbed by vegetation (fPAR) are two key
structural variables for vegetation [28]. MODIS derived
LAI observed to be the most important variables parallel to
other environmental variables derived from Quick Scat-
terometer, Shuttle Radar Topography Mission, and Tropi-
cal Rainfall Mapping Mission to predict tree species
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richness and plant diversity [29].Using MODIS-LAI the
distribution of woody needle leaf forest pattern fairly
positive (R* = 0.41) as the influence of understory are
limited in Ruokolahti coniferous forest, Finland [30]. The
relationship between NDVI and woody species observed to
be very high tested for urban forest area of Istanbul, Turkey
[18].

The concept of using vegetation indices either derived
from MODIS or other satellites to relate with species
richness with different vegetation indices is rarely
attempted [13, 14]. In India, the Western Ghats biodiversity
was studied using satellite images to spatially identify the
landscape elements [31]. Further, the relationship between
NDVI and species richness evaluated using 59 plots laid in
homogeneous strata and observed accuracy of 61% [32].
The linkage between species richness with spectral indices
was attempted for Indian biogeographic region that sug-
gested it’s application on multilevel assesment of biodi-
versity [33]. In another study in the same region, species
richness and normalized difference vegetation index
(NDVI) were compared and found to be highly correlated
[19]. A positive correlation was obtained between NDVI
values and forest density in the western Himalaya region
[34]. Higher resolution data showed a statistically signifi-
cant correlation with species richness. An increasing
number of studies cited the species—energy hypothesis
while using NDVI to predict plant species richness [35].
But the large-scale spatial coverage by MODIS and pro-
viding vegetation indices at a high temporal scale is useful
for large-scale early detection of ecological challenge.

Temporal environmental fluctuations such as seasonality
define the ability of a habitat to support unique species at
different times of the year that exert strong controls on
biodiversity [36]. Through symbiotic interaction habitat
sharing enhances recycling of nutrient in temporal vari-
ability [37]. The seasonal species germinated in post-
monsoon with fresh pigments have high reflectance thus
have more spectral variation in images, which get sup-
pressed in annual scenario. Also, the growth of existing
species get accelerate in the monsoon to post-monsoon
period which derive the most floristic composition and
pigments reflectance of a particular site. Hence, the vari-
ation in floristic composition vary with time and well
addressed through seasonal variability. The annual vari-
ability summarized overall pattern of species distribution,
mostly accounts the species have higher longevity that
termed as perennial (woody species). This study attempts
to correlate the field-based plant species richness with that
of satellite-derived proxies of different diversity attributes.
This is done by analyzing the species richness variation at
(1) annual and post-monsoon period corresponding to
capture the total and maximal plant growth; and (2) woody

and non-woody categories in the Western Ghats region,
India.

2 Methodology/Methodologies
2.1 Study Area

The shared biogeographical history introduced the Western
Ghats of India and Sri Lanka listed as single unit and rank
21 among the 34 global biodiversity hotspot. Within a
geographical area of 1, 25, 035 Km? bounded between
8°14’45" to 21°52’40"” N latitude and 72°38'34" to
78°26'18"” E longitude consists of 24 major vegetation
types as per new vegetation types map of India [38]. The
high levels of topographic and climatic heterogeneity
supports the diverse vegetation types (abandoned jhum
cultivation to tropical moist deciduous) and distinct fauna
(amphibians-purple frog to mammals-Panthera tigris) in
the Western Ghats [39]. Moving from north to south of
study site, the positive correlation was observed between
plant diversity and seasonality [40]. Similarly, the increase
of plant endemism also reported in the direction of north to
southern region [41]. It is also reported as the world’s most
densely populated biodiversity hotspot. Human invading to
the hotspot that raising agricultural land, plantation, graz-
ing and built-up brought the alteration in the composition
of vegetation types, i.e., natural versus managed [42]. For
this study, we simplified the new vegetation types for
Western Ghats into forest and non-forest classes (Fig. 1a).

2.2 Flora Data

The diversity and distribution of species across India bio-
geographic zones were brought out through a study on
Biodiversity Characterization at Landscape Level (BCLL)
initiated by Indian space research institute (ISRO, Dehra-
dun). The large database is available for free access at (
http://bis.iirs.gov.in/). The nested quadrat represents
20 x 20 m* for the tree (> 15 cm cbh) and lianas, two
5 x 5 m? plots for shrubs and sapling (> 5 to < 10 cm
cbh), four 1 m? plots for herbs and seeding were recorded
in designated forms with appropriate species identification
and site characteristics [43]. The geo-tagged plant database
optimized sampling sufficiency at vegetation type’s level
using stratified random sampling. The quadrat-wise species
richness (count of unique species in a plot) data was pooled
from the national database for the Western Ghats region.
There are 891 sample points laid over the forest area are
considered for analysis (Fig. 1). The number of species
(species richness) with respect to each quadrat location was
utilized in the analysis (Fig. 1b, Table 1).
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Fig. 1 a Forest cover map of
the Western Ghats, derived from
the Vegetation type map of
India [38]; b Map showing the
distribution of 891 field
sampling quadrats distribution
in the study area (as per [43]);
the species richness (i.e.,
number of species) varies from
1 to 48 per quadrat

Legend
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Forestmap Species Richness
Table 1 The frequency distribution of 891 field sampling quadrats in the study area (as per [43])
Species richness Quadrat Species richness Quadrat Species richness Quadrat
1 3 17 51 33 18
2 2 18 40 34 8
3 4 19 49 35 7
4 7 20 43 36 4
5 11 21 42 37 3
6 7 22 40 38 1
7 1 23 40 39 1
8 17 24 35 40 5
9 21 25 28 41 2
10 19 26 39 42 1
11 29 27 30 43 2
12 31 28 25 44 1
13 18 29 17 45 1
14 42 30 16 46 1
15 48 31 14 47 2
16 42 32 13 48 1

2.3 MODIS Vegetation Indices

Moderate Resolution Imaging Spectroradiometer (MODIS)
data products are available since 2000 at various spatial
resolutions (i.e., 250 m, 500 m, 1000 m) at daily to
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monthly interval. For this study, the data were downloaded
for the year of 2000. The MODIS derived vegetation
indices, band composition, and peculiarities are important
to explain the vegetation pattern [44]. The spatial
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resolution of 500 m data was downloaded for SR-645nm
(MODO09A1), SR-858nm (MODO09A1), JPAR
(MOD15A2H), LAI (MOD15A2H), EVI (MOD13A1) and
NDVI (MOD13A1) (https://modis.gsfc.nasa.gov/,
https://reverb.echo.nasa.gov/).

2.3.1 Spectral Absorbance Properties

The MODIS surface reflectance product derived by using
6 s radiative transfer model that considered performed
using aerosols (MODO04), water vapor (MODO05), ozone
(MODO07) and cloud mask (MOD35) for atmospheric cor-
rection. The MODIS derived surface reflectance SR-645nm
(MODO09A1) and SR-858nm (MODO09AL1) is the 8-days
interval data available at 500 m spatial resolution in the
range of 620-670 nm, and 841-876 nm respectively.

2.3.2 Based on Biomass Storage

The two vegetation indices i.e., NDVI and EVI were
derived using MODIS surface reflectance product from the
band blue (459-479 nm), red (600-680 nm) and near-in-
frared (846-885 nm) region [45]. NDVI is simple and
widely used vegetation index using NIR and red band:

(NIR — R)

NDVI=+—
(NIR +R)

The MODIS derived EVI algorithm also includes the
blue band to minimize the aerosol influence by the red
bands:

(NIR — R)

EVI =
(NIR+CI xR—C2xB+L)

The adopted coefficients are, Canopy background
adjustment (L) = 1, Coefficients of the aerosol resistance
term: C1 = 6, C2 = 7.5, G (gain factor) = 2.5

2.3.3 Based on Canopy Density and Structure

MODIS algorithm to derive LAI and fPAR considered
atmospherically corrected BRDF, a three-dimensional (3—
D) radiative transfer model (derive spectral and angular
biome-specific signatures of vegetation canopies) and
MODIS land cover product (MOD12) [46, 47].

All data were projected using MODIS re-projection tool
(MRT). Further, processing that includes scaling, normal-
ization and masking for the study area is performed using
ArcGIS [48, 49]. Final data compilation was carried out at
the temporal resolution of monthly average, seasonal and
annual. The 16-days data intervals were averaged to gen-
erate monthly and subsequently annual data. The 4 months
data from June to September was analyzed for monsoon to
capture the maximum plant growth that may have better

reflectance and species richness patterns. There are 891
sampling plots recorded from the forest area of Western
Ghats. For each plot species richness was assessed and
compiled to point shape file where each plot denoted with a
unique id as point. Using ArcGIS the reflectance values for
each ground sampled point (total 891 plot each marked a
one point) of forest area were extracted for all the six
MODIS vegetation proxies. Further, sampling plot having
more than 50% tree species defined as woody plot while
non-woody plots identified those were dominated by more
shrubs or herbs. Similarly, the woody and non-woody plots
species richness variation with annual and monsoon period
was analyzed for fPAR and LAIL

2.4 Statistical Analysis

The species richness with respect to each MODIS derived
vegetation indices regressed linearly. The model evaluation
and output interpretation is based on R* value and slope
(Table 2). The statistical distribution concerning vegetation
surrogate derived from MODIS observed to have a better
fitting with linear and descriptive than smooth fitting.
Hence the interpretations are based on linear fitting output.
However, the two curves resemble each other unless very
few sampled at targeted data range. Graphically, the fitted
modelled for species richness with individual vegetation
index was performed using R software (CRAN ggplot).

3 Results and Discussion

3.1 Species Richness Relation with MODIS
Vegetation Indices

Using 891 randomly sampled nested quadrat plots in forest
area and its relation with MODIS derived vegetation
indices was analyzed for the Western Ghats. The com-
prehensive ground sampled data is randomly distributed,
and no clustering effect of skewness was observed. Plot
wise species richness were assessed and observed to be
varied from minimum 1 to maximum 48 (Fig. 1b). The
majority of the plot (51) out of 891 is having species
richness of 17 (Table 1). The plot density as well as the
range of vegetation indices also varies from medium to
higher range for all the six MODIS vegetation indices that
infer study sites have diverse and dense forest canopy
(Figs. 3,4, 5, 6, 7). The species co-existence addressed the
diversity and distribution, which enhance productivity by
symbiotically access, share and recycled nutrient resources
to grow together [4-6]. Both spatially or ground measured
of productivity can be performed through chlorophyll
concentration and reflectance, leaf area, light absorbance or
reflectance by species. The ground variability of species

@ Springer


https://modis.gsfc.nasa.gov/
https://reverb.echo.nasa.gov/

932

S. Mahanand, M. D. Behera

Table 2 Showing the linear fitting of each vegetation indices (annual, monsoon) with species richness, (Refer: ns=non-significant, nw=non-

woody, w-woody)

MODIS index Annual Post-monsoon

R? Slope R? Slope
SR-645nm 0.05 — 594 0.006 — 154
SR-858nm 0.003 — 18.6 ns — 4.6
NDVI 0.07 23.9 0.02 17
EVI 0.04 31.2 0.006 114
fPAR 0.05 14.5 0.01 10.4

w-0.08, nw-ns w-17.7, nw-(—0.4) w-0.01, nw-ns w-11.6, nw-5.5
LAI 0.03 1.1 0.02 1.2

w-0.07, nw-ns w-1.6, nw-(0.69) w-0.04, nw-ns w-1.6, nw-(—0.6)

Post-monsoon

NDVI

-H'gh:o.ss
-'I.MIZO

Fig. 2 The images showing 2-reflectance bands (at 645 and 848 nm) and 4-biophysical variables (i.e., NDVI, EVI, fPAR and LAI) derived from
MODIS instruments during annual and post-monsoon period

represents the spatial heterogeneous canopy cover, which
captured the spectral heterogeneity from the remote sensor
[7]. For monoculture or managed forests have good spec-
tral signature hence the accuracy to predict species richness
using biophysical proxies is nearly 70%. NDVI explained
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61% of tree species richness tested for 59 homogeneous
ground sampled plot in Western Ghats [32]. Here, we used
891 random plots in the total forest area of the Western
Ghats for 2-reflectance bands (at 645 and 848 nm) and
4-biophysical variables (i.e., NDVI, EVI, fPAR and LAI)
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Fig. 3 Scatter plots for SR-645nm and SR-858nm shown against species richness, where (a, b) for annual and (c-d) for post-monsoon period,

(where ns refers to non-significant)

derived from MODIS instruments during annual and post-
monsoon period.

3.2 Surface Reflectance (SR-645nm and SR-858nm)

The range of surface reflectance for SR-645nm is from 0 to
0.45, while O to 0.57 for SR-858nm (Fig. 2a, b, g, h). The
relationship between species richness to SR-645nm have
negative slope fitting with poor R* value (0.05). As per SR-
645nm, majority of species richness points are distributed
in between 0.11 to 0.14 (Fig. 3a). Similarly, the range for
SR-858nm from 0.28 to 0.37 (Fig. 3b). The highest species
richness distribution was between 0.1 to 0.14 for SR-
645nm, and 0.28 to 0.30 for SR-858 nm. The model fitting
resulted better for SR-645 nm with species richness com-
pared to SR-858 nm. From annual to monsoon, the range
vegetation indices with respect to sample plots distribution
seems to be enhanced for SR-645nm from 0.25 to 0.4
(Fig. 3c, d). Similarly, for SR-645nm the annual range was
0.45, which made up to 0.55 in monsoon (Fig. 3c, d). The
absorption spectra where finished its species distribution

the reflectance spectra resumed from that point, which is
clearly interpreted for both annual or monsoon period
(Fig. 3). The slope for both SR-645nm and SR-858nm
observed to have negative for species richness (Table 2).
Among the two MODIS derived surface reflectance
bands, one is red absorbance (SR-645nm) and another
infra-red reflectance (SR-858nm) region of the photosyn-
thetically active radiation (Fig. 2a, b). Monsoon invites
germination of new species and enhance photosynthesis of
both new and existing using light energy. Therefore, the
range of SR-645nm is comparatively more due to more
light absorption in monsoon for photosynthesis than annual
(Fig. 3a, c). Similarly, with the increase in photosynthesis,
productivity and species reflectance also increases. Hence
more reflectance from new leaves or canopy surface have
enhanced reflectance for monsoon than annual SR-858nm
(Fig. 3b, d). More diversity leads to more species richness
that resembles positively to surface reflectance that could
better explain the relationship and helpful to mapped the
generous species distribution the complexity in heteroge-
neous environments [14]. Overall, we observed positive
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Fig. 4 Scatter plots for NDVI and EVI shown against species richness, where (a, b) for annual and (¢, d) for post-monsoon period

pattern for species richness and surface reflectance for
annual and monsoon (except SR-848nm, monsoon).

3.3 NDVI and EVI

The pattern of richness is distinguished and positively
ranging up to 0.89 for NDVI and 0.68 for EVI (Fig. 2¢, d, 1, j).
The species having the range less than 0.2 NDVI and 0.1
EVI perhaps not distributed in forest area of the Western
Ghats (one exception out of 891 quadrats). The majority of
sampled data distributed in the range of 0.4-0.8 NDVI and
the highest species richness covered in between 0.6 to 0.7
NDVI (Fig. 4a). In other hand, the distributions of maxi-
mum sample points are in between 0.3 to 0.5 EVI. The
highest species richness recorded in between 0.35 to 0.39
for EVI (Fig. 4b). The monsoon versus annual NDVI and
EVI derived a clearer pattern with respect to species rich-
ness. Few distribution of species ranged towards the
highest range of NDVI (0.8) in monsoon than annual
(Fig. 4a, c). Similarly, the range of EVI enhanced from 0.5
annual to 0.6 for the monsoon period (Fig. 4b, d).
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The relationship observed to be positive for both NDVI
and EVI with species richness where the range of distri-
bution has expanded for monsoon season (Fig.4). As
during monsoon season, more new leaf formation contains
fresh chlorophyll pigments. Both NDVI and EVI are sen-
sitive to pigment concentration, which optimized the
monsoon response compared to annual average. Compar-
ing with NDVI the range of EVI is less, as NDVI has
limitation to saturate in dense forest; the Western Ghats
being a hotspot of biodiversity holds diverse and dense
forest all along. The analysis of species richness with
NDVI in addition to other productivity indices minimizes
the strength of NDVI to explain richness [21]. However, in
particular NDVI with species richness have derived posi-
tive relation to explain the pattern better. Sometimes,
NDVI has emerged as a comparatively better proxy for
species richness of Western Ghats [19]. Oppositely, NDVI
observed as a weakly correlating variable to explain spe-
cies richness [17].
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3.4 fPAR and LAI

The fPAR range varies from O to 0.88, while LAI is from 0
to 6.1 (Fig. 2e, £, k, 1). The species richness for fPAR varies
between 0.4 and 0.8, which holds the majority of sample
strength. The highest species richness corresponds to fPAR
ranges are distributed near 0.5 and 0.7 (Fig. 5a). The major
distribution of sample observed between 1 to 2 LAI and
again from 0.35 to 4.8 ranges. The maximum species
richness also holds in both ranges of LAI. A range gap
observed from 2.5 to 3 LAI ranges where limited number
species are distributed. Perhaps, the species falling under
that range of LAI distribution are abundant in the Western
Ghats (Fig. 5b). The monsoon pattern of fPAR and LAI
considerably different than annual. The fPAR and LAI
range for annual and monsoon remain same, but the uni-
formity in distribution marked in monsoon (Fig. 5c).
Another hand, the gap observed between 2.5 to 3 for LAl in
annual became generously filled with monsoon plant spe-
cies (Fig. 5d).

The statistically fitting of species richness is positive for
both fPAR and LAI (Fig. 5). The fPAR with respect to

species richness have the uniform pattern. The wide range
of fPAR interprets the availability of open forest to more
dense, that are photosynthetically more active and pro-
ductive forest in the Western Ghats. Also, LAI range is
high and could reach up to 6.1 in Western Ghats; whereas
researchers of the great Amazon rainforest have the LAI
range of 67 [25]. The range of LAI explains the distri-
bution of grassland or herbs to the tall and large canopy
based plant distribution in the Western Ghats. Therefore,
the Western Ghats is considered as an important region to
have wide range of plant diversity and distribution. The
annual distribution of LAI expected to have two groups i.e.,
non-woody towards the lower LAI range, while woody
species occupy the higher extent (Fig. 5). The monsoon
LAI distribution of species richness also holds sample point
for the range 2.5-3 of LAI This reported the distribution of
seasonal species also holds a distinct range of distribution
with respect to vegetation indices that remain suppressed in
annual variability.
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Fig. 6 Scatter plots showing distribution of annual fPAR and annual LAI, with woody species (a, b) and non-woody species (c, d)

3.5 Woody/Non-woody (fPAR and LAI)
3.5.1 Annual

The sample plots having more than 50% tree species were
considered as woody plot and the remaining as non-woody.
There are 726 plots recorded under woody categories and
165 as non- woody plots. The distribution of woody species
pattern concerning fPAR and LAI resembles with the
overall pattern shown in Fig. 5. Additionally, the statistical
fitting (R value) increases from 0.05 to 0.08 for the fPAR
woody, and 0.03 to 0.07 in case of woody species richness
plot compare to the whole (Table 2). The ranges of dis-
tribution for the woody or non- woody species remain
unchanged for both fPAR and LAI (Fig. 6). However, the
majority of species ranges between 0.4 to 0.6 for fPAR
while 1.5 to 3 for LAI (Fig. 6¢, d). The statistics of fitting
woody species with fPAR (R?>=0.08) and LAI
(R? = 0.07) are positive, while very weak for non- woody
(R* = 0.01) for fPAR and (R* = 0.07) LAI (Fig. 6). The
negative relation of non- woody may infer less simple leaf
architecture with less density.

@ Springer

Our objective was to identify the distribution of woody
and non-woody species as per fPAR and LAI range could
provide insights to ecology of the Western Ghats. The
woody species occupy the majority of species along the
wide range of vegetation indices. The range of maximum
LAI reported up to 3 from Ruokolahti coniferous forest and
proved to have positive fitting of LAI with woody species
[30]. However, non-woody species occupy the medium
range in fPAR while low LAI range. It describes that the
low canopy cover (non-woody) species are mostly sea-
sonal, hence could made their contribution up to the lower
LAI range. A linear pattern between field measured tree
species richness of broadleaf forest with MODIS fPAR and
LAI was reported in Petersham, United States [28].

3.5.2 Monsoon

The monsoon period best explain the plant life-cycle.
Mostly, the non- woody can be figured in monsoon as their
life-span is short and maximum growth achieved in during
this period. The maximum woody species is ranged
between 0.4 and 0.8 for fPAR (Fig. 7a). Similarly, LAI
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(where ns refers to non-significant)

ranged between 1 to 2.5 for maximum woody species
richness. The distribution of non-woody species observed
between 0.5 to 0.6 for fPAR, while 1.5 to 2.5 maximum
species richness for LAI observed. Also, along with non-
woody species the woody species are present in the range
of 2-3 (Fig. 7b, d).

The variability of woody and non-woody distribution for
fPAR and LAI was assumed to capture the seasonal species
distribution. Here, the distribution for fPAR is nearly same
with annual pattern of woody and non-woody species.
However, the LAI range holds a complete range of woody
species distributed from 1 to 5.3 (Fig. 7b). In addition to
woody species, the seasonal non-woody species also dis-
tributed between the range of 2.5-3; which remain sup-
pressed in annual LAI pattern with species richness
(Figs. 5b, 7d). The non-woody holds the open canopy
architecture that more clearly define the species for LAI
pattern variation. As observed for boreal forest the incor-
poration of non-woody vegetation into the validation
enhanced the ground observed to MODIS derived

correlation compared only to woody species distribution in
northern Canada [50].

The overall positive relationship was observed in four
vegetation proxies (NDVI, EVI, LAI and fPAR), while
negative pattern fitting observed for SR-645nm and SR-
858nm (Fig. 3). Statistically, each MODIS vegetation
indices fitted with positive R? values although weakly
related, except SR-858nm (monsoon). The model fitting
was relatively good for annual NDVI (0.07) for total spe-
cies richness of 891 plots in Western Ghats (Table 2). The
probable reason for weak positive pattern could be the
more moisture availability in the atmosphere as Western
Ghats is moist region; secondly the mixed pixel also affects
the relationship to become weaker [10, 18]. The analysis of
woody species versus non-woody species summarized the
robust model fitting with R* 0.08 for fPAR with woody
species. The non-woody species with annual or monsoon
distribution have non-significant R* for both fPAR and LAI
(Table 2).
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4 Conclusions

In general, annual pattern of correlation faired than sea-
sonal (i.e., monsoon) between biophysical variables and
species richness. The woody subset of the species
demonstrated better relation with the biophysical variables
at annual scale. Although, each index explains the distri-
bution pattern differently, the model fitting of NDVI with
species richness is comparatively better. NDVI ranges
relatively high due to its sensitivity to photosynthetic pig-
ments. However, the same species richness and distribu-
tion, EVI range is relatively lower than NDVI. This is due
to their differences in algorithm, utilized for correction fact
or in the blue band. The distribution of fPAR found very
high (0.4-0.8) and the species of different absorbance
range are distributed in the study site. The annual LAI
derived two distinct clusters that minimize the effect of
seasonal species distribution. The monsoon species rich-
ness pattern shows LAI clearly represents the seasonality in
the Western Ghats. The relation between the species rich-
ness to biophysical proxies are positive. They show poor
correlation, but the expandability varies from medium to
high. The correlation is likely to improve by considering
homogeneous pixel for forest area or by down scaling to
high resolution satellite imagery.
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