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Abstract

This paper analyses the effect of forest-meteorological factors on vegetation cover
considering spatio-temporal variations in vegetation greenness intensity in the particular
environmental conditions of Upper Dikhu River catchment which is located in the Patkai
Hills of Nagaland Himalaya. The greenness intensity maps of each and every point of time
were prepared at one-metre spatial resolution to analyse the spatial and temporal variations
in vegetation greenness cover in the study area. Regression analysis was pursued to prioritize
the effects of meteorological factors of the change in vegetal greenness intensity.

The distributional patterns of greenness intensity spatially vary because of the variation
in topo-features (elevation and slope), while its temporal variations found significant owing
to noticeable variability in the meteorological attributes.

Polynomial regression was the best-fit mathematical form which captured the maximum
degree of temporal variability of mean greenness intensity up to 54.0 percent. It showed a
decreasing trend when Heat index, Precipitation and PET increased. However, there was a
positive impact of soil moisture which optimized greenness intensity as 117.5 mm moisture
was available in the soil. Such conditions of meteorological phenomena are prevalent in
the post-monsoon seasons (October to December) in the study area.

Keywords: Greenness intensity, topo-features, heat index, polynomial form, soil moisture
storage, mean-NDVI, spatio-temporal variation

Introduction

Vegetation phenology is an important
dimension of biological studies. While
reviewing the literature, plant growth
characterisation was more concerned with
the simulation of physiological processes
such as the analysis of photosynthesis,
transpiration, respiration, distribution of

dry matter among plant organs and water
absorption by roots and carbohydrate
assimilation in early literature (Dewit et
al. 1969, Hunt 1977). Later on, vegetation
growth models were developed in order
to examine the physiological processes
and phenological events, their stages
and environmental stress using Potential
Evapotranspiration based plant growth



index, photosynthetic efficiency index for
measurement of reproduction the green leaf
biomass (McCall and Bishop-Hurley, 2003)
and Thornthwaite-based thermal efficiency
index (Singh et al. 2006). Recently,
biophysical environment of vegetation and
its growth have widely been parameterised
by using remotely sensed data with various
techniques of predicting green leaf biomass
(Asshbindu 1989), ground water potentials
(Gupta 1991, Mukherjee and Banerjee
2005), rate of Potential Evapotranspiration
(PET), Net Primary Productivity (NPP) and
vegetation index (Ricotta 1999). Time series
data of Normalised Difference Vegetation
Index (NDVI) are being widely used for
spatio-temporal analysis of vegetation cover
and greenness intensity.

There are numerous Digital Image
Processing techniques such as slicing, image
reduction and magnification, transects,
contrast enhancement, band ratioing and
so on (Jensen 1996); out of which NDVI
happens to be the most widely used for
the purpose of understanding green leaf
concentration through calculation of Leaf
Area Index (LAI) (Pandya et al. 2007).
It is helpful in predicting chlorophyll
status in the vegetation for the analysis of
phenological as well as bio-technological
processes of different types of tree species
(Su 2002, Mukherjee and Banerjee 2005).
This technique has been widely used for
accurate description of vegetation cover
and land cover classification for various
purposes such as preparation of vegetation
index (De Fries et al. 1995), detection of land
cover changes using Landsat TM images
of different dates (Jomma and Kheir 2005),
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analysis of phenology of cropping system
and also prediction of spatio-temporal
variation of runoff generation using SPOT-
VEGETATION 10-day composite NDVI
data (Panigrahy et al. 2003, Upadhyay et
al. 2008, Gupta and Panigrahy 2008). No
doubt, multi temporal Remote Sensing
data are being widely used for the study of
dynamic phenomena (Upadhyay et al. 2008)
and gaining importance as an appropriate
tool for International Geosphere Biosphere
Programme- Data Information System
(IGBP-DIS) which runs in cooperation
with many worldwide agencies. Under this
program, a time series of AVRR-NDVI
monthly maximum value at spatial resolution
of 1*1 sq km data have been provided for
the earth surface (Eidenshink and Faundeen
1994). It is used for preparation of vegetation
index (Ricotta et al. 1999).

An effort is, therefore, made here (a)
to use 10-day time-series composite NDVI
data for parameterisaton of vegetation
greenness intensity to show spatial features
of vegetation type based on its leaf shade
density and (b) to compare this time-series
vegetation greenness intensity with the
meteorological data of same points of
time to examine the causes of changes in
vegetal cover. The main features of the
present research are the analysis of spatio-
temporal patterning of vegetation greenness
intensity and prioritisation of its impact of
forest-meteorology factors (Temperature,
Rainfall, Potential Evapotranspiration and
Soil Moisture) in the humid Patkai hills
of Nagaland Himalaya considering Upper
Dikhu River catchment as a meso- areal
domain of the present study.



Study Area

Study area includes the Upper Dikhu River
catchment that lies between 26° 0" N to
26°52" N latitudes and 94°30" E to 95°16°
E longitudes with an areal extent of about
3,047 sq. km. It is situated on the western
slopes of Patkai hills in Nagaland (Fig.1)
(see page 59 for the fig. 1). The upper ridges
of the catchments are elevated about 2,200
m a.s.l. while its mouth, i.e., the foothill
part of river catchment ends at 150 m a.s.l.
(Fig.-2A). It is important to note that more
than 50 percent of the cultivated area of the
entire state of Nagaland is concentrated only
within and around the Upper Dikhu River
catchment (Jha 1976). As such, the lower
part of the river valleys and gentle slopes
are under some kind of cultivation, whether
settled or jhum, while remaining areas are
dominated by forests. The river Dikhu is one
of the major tributaries of river Brahmaputra
and receives water through numerous small
tributaries from the hills through which it
flows. It originates near Surmi at an elevation
of 1,897 m. After traversing a tortuous
northerly course of 107.5 km through dense
forests in hilly terrain of Nagaland, it enters
the plains of Assam and thereafter traverses
an approximate distance of 80 km to join
the river Brahmaputra. The banks of the
Dikhu River vary in width from 40 m to
100 m associated with slopes varying from
moderate to strong (8-16%). However,
most of the areas of the upper reaches of the
catchment have strongly steep to cliff- like
slopes (more than 32% gradient) (Fig.-2B)
(see page 59 for the fig. 2A and 2B).

Average temperature is recorded
17°C in January (moderately cold) and

28°C in July (Hot). Rainfall is sometimes
sufficiently high in pre-monsoon period
(April) but July is the peak of monsoon
when it precipitates up to 600 mm. Post-
monsoon showers which occur from
October onwards are helpful for soil
recharge and vegetation growth. Due to
thick fertile soils (1.2 m to 1.8 m) having
200 mm of water retention capacity and
high nutrient contents promote vegetal
growth (NBSS & LUP 2004). Moderate
slopes along the river valleys and balanced
topographic features (almost equal areas
under valley slopes and high hills) and good
drainage conditions of the river catchment
create congenial ecological conditions for
dense vegetal cover and greenness intensity.
As a result, more than 54.50 % of land is
under dense forests which includes other
forest areas like reserved forests (0.77%),
protected forests (0.1%), proposed forests
(4.17%) and the village forests (48.90%)
(Statistical Hand book of Nagaland 2004).

Material and Methods

There are two main dimensions of the
present analysis to characterise the spatio-
temporal pattern of vegetal cover based on
its greenness intensity and to describe the
main causes of change in these patterns. As
land attributes of the area (elevation, slope,
drainage as well as soils) are static in its
nature over a period of time, the temporal
changes in vegetal cover might be the result
of variable meteorological phenomena.
However, many studies conclude that
spatial patterns of vegetation cover are
controlled implicitly by two elements of
topography: the elevation and the slope
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(Thapa 2004). Spatio-temporal analysis of
vegetal cover was pursued by using Multi
Spectral 10-day time series composite NDVI
data which are being provided at 1*1 sq
km spatial resolution using SPOT images
under Vegetation for Africa Program (VGT
Extract, see http://www.vgtdafrica.org/
VEGTExtract.do). The data of vegetation
cover for an interval of three months were
downloaded from the website of above
cited program (http://free.vgt.vito.be/)
to characterize the seasonality effects of
changes in vegetal cover taking into account
five years downloaded data (January 2004
to December 2008). The months of January
(moderately cold but dry), April (moderately
cold and moderately dry), July (warm
and wet) and October (moderately cold
and moderately wet) for each year were
considered to analyse the regular features of
spatial distribution of vegetation greenness
intensity. The variations in these four
seasons are with the attributes concerned
to forest meteorology to show their effects.
It is to note that this website provides 10-
days average raw data sets. First 10-days
average data of each required month were
used to make the spatio-temporal analysis
in order. After downloading the concerned
data from website, a standard procedure was
adopted to make data of NDVI through the
use of software downloaded from the given
website. Raw physical DN values of each
pixel were converted to obtain NDVI by
applying the following formula as given
in the Manual of the Program (Bartholome
2006: 100) see also website http://www.
devococast.eu/VGTExtract.do.

PV= (Scale*DN) + Offset, ... O
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where PV= Physical Value as output
for NDVI value, DN= the Digital Number
stored in the input data file, scale (constant)
= (0.004 and offset (constant) = -0.1 for
NDVI. Pixel-wise statistics of NDVI were
generated by using ILWIS (Integrated
Land and Water Information System) and
its distributional patterns were analysed
considering its spatial resolution of 1*1 sq
meter size.

In fact, NDVI values vary ranging from
+1 to -1. In order to analyse the intensity of
greenness of vegetal cover to show its spatial
variability for which a given classification in
which five classes of vegetation greenness
types was followed (Bartholome 2006).
They are: Non-Vegetation cover (NDVI
value below 0.0), Stressed Vegetation (0.0-
0.4), Normal Vegetation (0.4-0.7), Dense
Vegetation (0.7-0.9), Very Dense Vegetation
Cover (0.9-1.0). This classification must
provide the main features of the distribution
of each point of time in order to highlight
the greenness- based spatio-temporal
characteristics of vegetal cover. Statistical
analysis of greenness intensity distribution
was pursued on the basis of its main
parameters like maximum, minimum, mean,
variance and growth rate values that vary
over time.

After collecting monthly statistics of
Temperature (T) and Precipitation (P) for
all defined periods of time (January 2004
to December 2008) from centrally located
meteorological station of the study area -
Mokokchung (Nagaland), the statistics of
four main attributes of forest-meteorology,
namely, Heat Index (HI), Potential-
Evapotranspiration (PET), Precipitation



(P) and Soil Moisture Storage (ST) were
generated using T-M procedure that is based
on ‘thermal efficiency’ criteria of vegetation
growth and is dependent on general water
budget equation {P- (PET+ AST+ RO)=
0} (Thornthwaite and Mather 1957). HI is
directly converted from Temperature as it
establishes the relationship following ‘base
variable and power constant’ equation:

HI= (Tm/5)54, ... ©)

where Tm = mean monthly temperature
(°C); Tm= {(T__ - T . )/2}. The attribute
Precipitation is directly used from given
raw data, while other attributes like PET
and ST were calculated with a specific given
T-M procedure (Singh et al. 2010). Mean-
NDVI for each point of time is considered
as dependent variable and these attributes of
forest-meteorology as independent variables
to establish the ‘best- fit line’ in each
distribution for which five mathematical
functions, namely, linear, polynomial,
logarithmic, power and exponential, were
used. The main analysis of the distribution
and discussions are mainly based on the
‘best- fit statistics’ for prioritizing the
vegetation factors

Results and Discussion
(A) Statistical Analysis

The mean-NDVI values in the temporal
distribution of 20 points of time (January
2004 to October 2008) appear to be very
high (0.62 to 0.68) in the month of January;
in the case of January 2004, it was 0.6826. It
implies interestingly that greenness intensity
and its growth rate are higher in moderately
cold (15°C to 20°C) weather conditions.

Moderate growth rate (10-12 %) is observed
during the post Monsoon season (October
to January) especially when it is associated
with moderate monthly rainfall of 50-100
mm even in the month of January at the time
of less soil moisture storage (Table-1). There
are general inferences drawn from numerous
studies that warm humid conditions are
suitable for optimal intensity and growth of
vegetal cover (Champion and Seth 1968).
In the present study, the evidences of NDVI
based greenness intensity of vegetation and
its growth as found in Table -1, are deviating
from the general findings but they are
interesting. Vegetal growth starts increasing
with increasing greenness intensity from
post-monsoon time of October. It is argued
that the growth of the vegetation at foothills
in Assam Valley may continue until a
secondary peak of growth is realized in post-
monsoon season sometime in November
due to abundance of soil moisture and high
temperature (Uma Shankar 1991, Uma
Shankar et al. 1993). Similar results are
also drawn from the present analysis that
post-monsoon season is ideal for maximum
growth of vegetation intensity. On the other
hand, the growth is recorded negative, for
instance in April 2004, up to -44.36 percent
during the spring season (January to April)
when soil is dry and evaporative demand is
not filled by the precipitation. The causes
of such variability may be the most variable
phenomenon of soil moisture storage as it
was recorded to the maximum of 200 mm in
the month of April and July 2004, October
2005, July and October 2006, April, July
and October 2007 and July 2008. The lowest
soil storage was recorded in the year of April
2008 with a storage capacity of only 42 mm.
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Table- 1: Distributional Characteristics of Vegetal Cover and Meteorological Parameters (January
2004- October 2008)

NDVI Characteristics Meteorological Parameters
Coeffi-
cient of
Stan- | Varia-
3-months | dard tion Precip-
Max | Min | Mean | growth Devia- | (C.V Kurto- | Skew- | Heat |itation | PET ST
Period | NDVI [ NDVI | NDVI | Rate (%) | tion %) sis ness Index | (mm) (mm) | (mm)

January

2004 0.88 | 0.37| 0.68 0.00 0.12| 2423| -064| -039| 632 52.00| 36.14|104.00
April

2004 0.68 | 0.07| 0.38 -44.64 0.79 | 127.60 | -1.19 0.00 | 9.22 | 385.60 | 83.46|200.00
July2004 | 0.84 | 0.04| 0.44 16.43 024 29.08| -1.20 0.00 | 11.56 | 215.60 | 136.89 | 200.00
October

2004 090 | 0.07| 0.49 12.00 024 | 2847| -1.18| -0.02| 1047 | 57.60| 100.98 | 161.00
January

2005 0.86| 0.34| 0.63 27.13 0.14| 2725| -1.02| -0.14| 5.05 7.60 | 27.80 | 88.00
April

2005 078 031]| 0.57 -8.27 0.12| 2527| -1.02| -0.09| 1051 | 66.50| 109.14 | 88.00
July2005 | 0.87 | 0.07 | 048 -16.91 022 28.07| -1.18| -0.01| 11.60 | 327.30 | 136.89 | 49.00
October

2005 092| 0.14| 0.53 11.66 022 28.58| -1.17| -0.04| 10.65| 63.80| 103.95 |200.00
January

2006 090 | 0.36| 0.66 24.42 0.14| 2575| -095| -0.18| 4.52 0.00 | 19.46 | 131.00
April

2006 0.78 | 022 0.50 -24.87 0.15| 27.17| -1.14 0.01| 9.49 | 177.40 | 83.46 | 104.00
July2006 | 0.88 | 0.09 | 0.52 4.31 022 2727| -1.11| -0.11| 13.17 | 579.80 | 157.95 | 200.00
October

2006 090| 0.14| 0.57 9.16 020 2593| -1.04| -0.12| 11.55| 69.90| 112.86 | 200.00
January

2007 0.88| 0.33| 0.62 9.66 0.14| 2554| -1.04| -007| 7.14 0.00 | 41.70 | 80.00
April

2007 0.73 | 0.04| 0.38 -39.23 0.20 | 28.51 -1.19 0.01 | 10.92 | 187.80 | 109.14 | 200.00
July2007 | 0.86 | 0.08 | 0.49 30.46 0.21 2730 | -1.17| -0.02 | 13.50 | 338.00 | 157.95 | 200.00
October

2007 091 | 0.04| 0.50 1.03 024 27.78| -1.15| -0.04 | 12.50 | 184.00 | 133.65 | 200.00
January

2008 0.89| 0.37| 0.66 32.88 0.13| 2399| -083| -0.19| 791 2790| 47.26| 73.00
April

2008 077 0.36| 0.58 -12.58 0.11| 26.68| -1.09| -0.06| 12.85| 84.00 | 144.45| 42.00
July2008 | 0.87 | 0.08 | 0.47 -19.51 023 28.67| -1.19 0.00 | 13.94 | 602.20 | 157.95 | 200.00
October

2008 090 | 0.04| 0.1 10.41 023 26.60| -1.05| -0.12 | 12.21 | 116.90 | 127.71 | 190.00
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Secondly, the coefficients of spatial variation
of mean-NDVI are moderate (24.23 to
28.58%) in almost all points of time
considered for present study except for April
2004 when it was recorded very high. During
this time the meteorological conditions were
found more wet with exceptionally high
precipitation (385 mm) that might have
fully saturated the field capacity of soils. As
aresult, some areas with steep slopes might
have released much more sub-surface water
and created flood conditions in valley floors
in the lower parts of Dikhu River catchment.
Consequently, this made spatial variability
of mean-NDVI very high (127.60%) and the

negative vegetal growth (-44.64%) during
three-month of dry season (January to April
2004) was experienced.

Thirdly, each and every distribution of
greenness intensity follows ‘platykurtic’
curve (more flat than normal) indicating a
trend towards uniform pattern of greenness
intensity in the study area. It means that, in
spite of significant temporal variations in
greenness intensity (mean-NDVI values)
and seasonal growth, the spatial features
of growth do not vary much temporally.
If 24.23 percent coefficient of spatial
variability is contributed by topographic
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Fig. 3 : Temporal Variation in Mean NDVI with its Forest- Meteorological Attributes
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factors in the study area as it is minimum in
the temporal distribution, then its temporal
fluctuation of about 4 to 6 percent (varying
from 24.23 to 30.0 %) may be the result of
variable meteorological factors contributing
to the vegetal growth processes.

Fourthly, greenness intensity does
not correspond to forest-meteorological
attributes in its temporal trend. Mean-NDVI
value has inverse trends with almost all
factors attributing to greenness intensity.
So the relationship of mean-NDVI with
its contributing factors becomes negative
(Fig.3), which may be elaborated in detail
in the coming discussion.

(B)
It is described earlier that spatial variation
in greenness intensity (mean-NDVI
value) was minimum (CV=24.23%) in the
month of January 2004 when the value of
meteorological attributes were recorded very
low. If this time period (January 2004) is
considered as base point of time and spatial
constant to analyse its temporal trends that
occurred due to changes in meteorological
attributes of greenness intensity, then two

Analysis of Spatial Variation

dimensions of this analysis may provide
clues to justify the impact assessment of
meteorological attributes. First, the need to
understand the causes of spatial variations at
base point of time, assuming spatial features
of greenness intensity as constant (January
2004 conditions) which can be compared with
topo-features for causality description and
secondly to interpret the changes in spatial
variation of greenness intensity over time
in respect to changes in the meteorological
parameters that can be used for soil salanity
management (Aldakheel 2011).

Comparing topo-features (elevation and
slope) with areal extent of the variations in
greenness intensity at base point of time, it is
evident that the areas of moderate to strong
and gentle slopes (0-8%) of open valley
floors have dense intensity of greenness of
vegetation cover (mean-NDVI varies from
0.7 to 0.9), while the remaining areas of
high elevation except few patches of jhum
occupy normal vegetal greenness cover
(0.4 -0.7 mean-NDVI). The upper reaches
of Dikhu River and its tributaries which are
topographically classed as high-elevated relief
features show normal greenness intensity (see
page 60 for the fig. 4).

Table-2: Area and Percentage coverage of Various Vegetation classes for Different Periods

Non-Vegetation | Stressed Vegetation | Normal Vegetation | Dense Vegetation Very Dense

Cover Cover Cover Cover Vegetation Cover

Area Area Area Area Area
Period (sq km) | % (sq km) % (sq km) % (sq km) % (sq km) %
January 2004 | Neg Neg 1.00 0.03 705.60 | 23.16 2340.47 76.81 Neg Neg
April 2004 Neg Neg 984.55 32.31| 2062.52| 67.69 0.00 0.00 Neg Neg
July2004 Neg Neg 2347.35 77.04 358.93| 11.78 340.80 11.18 Neg Neg
October 2004 | Neg Neg 264.68 8.69 72510 23.80 2056.40 67.49 Neg Neg
January 2005 | Neg Neg 5.49 0.18| 1489.33| 48.88 1552.25 50.94 Neg Neg
April 2005 Neg Neg 9.65 0.32| 2844.94| 93.37 192.48 6.32 Neg Neg
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July2005 Neg Neg 376.53 12.36 1426.03 | 46.80 1244.51 40.84 Neg Neg
October 2005 | Neg Neg 131.12 4.30 354.50| 11.63 2552.64 83.77 8.81 0.29
January 2006 | Neg Neg 2.25 0.07 941.07| 30.88 2103.74 69.04 Neg Neg
April 2006 Neg Neg 847.76| 27.82| 2184.01| 71.68 15.30 0.50 Neg Neg
July2006 Neg Neg 103.94 3.41 398.88| 13.09 2544.25 83.50 Neg Neg
October 2006 | Neg Neg 69.51 2.28 499.71| 16.40 2477.84 81.32 Neg Neg
January 2007 | Neg Neg 4.51 0.15 1982.47| 65.06 1060.09 34.79 Neg Neg
April 2007 Neg Neg 1751.58 57.48| 1289.77| 42.33 5.72 0.19 Neg Neg
July2007 Neg Neg 245.57 8.06 741.00| 24.32 2060.49 67.62 Neg Neg
October 2007 | Neg Neg 370.14 12.15 933.45| 30.63 1741.72 57.16 1.76 0.06
January 2008 | Neg Neg 1.00 0.03 959.22| 31.48 2086.84 68.49 Neg Neg
April 2008 Neg Neg 3.11 0.10| 2900.80| 95.20 143.16 4.70 Neg Neg
July2008 Neg Neg 661.23 21.70 713.44| 2341 1672.40 54.89 Neg Neg
October 2008 | Neg Neg 225.86 7.41 1087.24| 35.68 1733.97 56.91 Neg Neg

N.B,.: Bold figures show very high percentage shares, neg= negligible

Secondly, most of the areas of valley
of Dikhu River system which have normal
greenness intensity of vegetation in winters
become stressed patches (mean NDVI 0.0-
0.40) and the areas of dense vegetation
become normal. It can be said that in general,
overall greenness intensity increases in
valley slopes and valley flats of gentle
slopes during post-monsoon season and
it diminishes during pre-monsoon season
(Fig-4). For example, the months of October
and January have the maximum area (more
than two-third) under the class of dense
vegetation (mean-NDVI 0.7 to 0.9) which
shrinks to one-third or even much lesser
sometimes during the dry season of pre-
monsoon (till April) (Table-2). In this time
soil recharge and the level of moisture
storage becomes lower than 100 mm.
Greenness intensity becomes very low as
mean- NDVIbelow 0.4 resulting to stressed
vegetation (Fig-4).

As stated earlier, the temporal trend
of vegetation greenness intensity does
not match with forest-meteorological
attributes. It appears that greenness intensity
is higher during low Heat Index (below
9.50), low amount of monthly rainfall (150
mm) and moderate level of soil moisture
storage (aboutl00 mm) as appeared in
Table-1. In such situations of intensive
greenness of vegetal cover especially during
post-monsoon season, all parameters of
meteorology have negative relationship, it
is to be stated that intensity of greenness
diminishes as temperature, precipitation and
PET increases. However, these variables
determine the priority of factorial impact;
the concerned analysis may be extended to
make the exercise of best-fit regression for
each and every distribution.

(C) Regression Results

Applying five mathematical functions for
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distribution of mean-NDVI subject to each
forest-meteorological attribute, it is found
that coefficient of correlation is negative and
weak in many cases, that is why degree of
determinant is very low (Fig-5). However,
there are a few important inferences form
regression analysis.

Polynomial is found the best-fit form
because it captures the maximum degree of
variability in the distribution of mean-NDVI
with all considered meteorological attributes
like heat index (R?= 45.1%), precipitation
(R?=53.5%), PET (R?>=53.5%) and soil
moisture storage (R*=48.5%), (Table-3). It
implies that variability in greenness intensity
follow a curvilinear pattern of polynomial
type rather than linear ones. Undoubtedly,

(&) (B)

in case of mean-NDVI with soil moisture
storage, the degree of curve linearity is
seen to be convex. It shows that increasing
soil moisture storage increases greenness
intensity up to a certain extent, after that
greenness intensity diminishes sharply (Fig-
5, see inset 2D). However, the polynomial
coefficient X? of greenness intensity with
soil moisture storage is calculated in minus
terms (though its value is extremely low
as 0.00002) and another coefficient X is
positive (as 0.0047) that have combined
positive effects during the initial stage of leaf
development especially after few showers of
rain. But when X reached to its (soil moisture
storage) optimal level of 117.5 mm during
rainy season, a negative condition appears
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Fig.-5: Best-Fit of Mean NDVI with its Forest-Meteorological Attributes for different mathematical
functions: 1=Linear, 2= Polynomial, 3=Logarithmic, 4= Power and 5= Exponential

54 | Transactions | Vol. 36, No. 1, 2014



and consequently, diminishes greenness
intensity. On the other hand, the concave
nature of greenness intensity (decreasing
with decreasing rate) has been found with
heat index. This is indicative of thermal
efficiency and precipitation as priority
factors of normal vegetal growth. The above
factors also control soil moisture which
plays an important role in plant growth.

Optimization of such polynomial
functions with the help of their first order
differentials to make it zero dY/dX= 0 (the
first order differential of any polynomial is

dY/dX =2aX +b=0 if equation is written as
Y=aX?+bX + ¢ ) must provide the solution
as X= (b/2a) (see Table-3 for optimal levels
of greenness intensity as well as its factors).
It is found that Heat Index at 13.0 (that is
indicative of 24°C temperature), 250 mm of
rainfall, 100 mm of PET and 117.5 mm of
soil moisture storage are ideal conditions for
optimal greenness intensity for vegetal cover
(Table-3). Such conditions are prevalent in
the post- monsoon seasons in the study area. It
implies that soil moisture storage has a direct
impact on greenness intensity of vegetation
in the Upper Dikhu River catchment.

Table-3: Best Fit Mathematical Functions of Mean NDVI (Dependent) with respect to Meteorological

Parameters (independent Variables)

Degree of | Optimal Level Optimal Level of
Mathematical Determinant | of Attributes | Greenness Intensity
Function Form of NDVI w. r. t. R?») (mean-NDVI)
Heat Index (HI, Unitless)
Linear Y=-0.019X +0.735 0.38
Polynomial Y=0.003X*-0.078X +0.983 0.45 13.0 0.476 (Normal)
Logarithm Y=-0.17In(X) +0.935 0.42
Power Y= 1.067X"03! 0.35
Exponential Y=0.748¢093% 0.32
Precipitation (P, mm)
Linear Y=-0.000X+0.585 0.37
Polynomial Y=2E-06X*-0.01X +0.643 0.69 250.0 4325 (Normal)
Logarithm Y=-0.0112 In(X) +0.591 0.36
Power Y= 0.585X002 0.34
Exponential Y= 0.580¢0-000006X 0.35
Potential Evapotranspiration (PET, mm)
Linear Y=-0.001X+0.657 0.40
Polynomial Y=2E-04X*-0.004X +0.772 0.54 100.0 0.5722 (Normal)
Logarithm Y=-0.09In(X) +0.967 0.48
Power Y= 1.134X017 0.41
Exponential Y= 0.654¢09 0.33
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Soil Moisture Storage (ST, mm)
Linear Y=-0.000X+0.658 0.34
Y=-2E-05X2 +0.0047X 117.5 0.705 (Dense)
Polynomial +0.429 0.49
Logarithm Y=-0.08In(X) +0.951 0.25
Power Y=1.169X7016 0.25
Exponential Y=0.666 %X 0.33

N.B.: N= 20 for present case as 20 occurrences are considered for temporal analysis

Conclusions

The greenness intensity of vegetal cover
found normal (0.62 to 0.68 mean-NDVI
value) with its low coefficient of spatial
variation (CV varies from 24 to 28%) during
the winters of moderate meteorological
conditions. Such variations in the vegetal
cover are due to the elevation and slope
gradient of land surface features in the Patkai
Hills. However, relationships of greenness
intensity with the meteorological factors are
calculated negative in all the cases except
available soil moisture storage which is most
influential factor for the growth of greenness
of vegetal cover especially during the post-
monsoon season when there is occurrence
of soil moisture recharge with its fairly high
storage to feed water during winter growth
of vegetation greenness. In particular, the
following inferences are drawn from the
present study:

(a) In spite of variable topo-features of
land surface, the spatial variability
of greenness intensity does not vary
significantly. Consequently, spatial
pattern of greenness intensity are not
much diversified as coefficient of
spatial variation ranges from 24.6 to
29.0 percent. Its distribution follows
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‘platykurtic’ nature (more flat) that is
indicative of less spatial variation in
vegetation greenness.

(b) Temporal variations of mean-NDVI do
not match significantly with the forest-
meteorological attributes. However,
these attributes have variable effects on
greenness intensity.

(c) Polynomial regression is the best fit form
of the distribution of mean greenness
intensity of vegetal cover. Soil moisture
storage is the most influential factor of
meteorology which optimizes vegetal
greenness growth at its ideal availability
of 117.5 mm which is available in the
post-monsoon seasons of high growth
and dense-vegetal cover.
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1=Areas above 1600
m a.s.l., 2= Areas of
900 to 1600 m a.s.1. ,
3= Study Area
Fig.-1: Dikhu

River Catchment
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Fig-2A: Elevation Map: 1= 150-600m, 2= 600-1000m, 3= 1000-1400m, 4= 1400-1800m, and
5=1800-2200 m

Fig-2B: Slope Map: 1- Very gentle and gentle slope (0-8%), 2- Moderate and Moderately Strong
(8-16%), 3- Strong and Very Strong (16-24%), 4- Highly Strong (24-32%) and 5- Steep Slopes and
Cliffs (above 32%) (See page 47 for text)

Transactions | Vol. 36, No. 1, 2014 | 59



Trans. Inst. Indian

BN
' Lddd
L L L4
L4
2244

Fig.4: Greeness Cover distribution:

IZI Non-Vegetation Cover (<0), 1 Stressed Vegetation (0.0-0.40),
-Normal Vegetation greeness Cover (0.40-0.70), = Dense vegetation (0.70-0.90),

= Very Dense Vegetative Cover of high intensity of its greeness (0.9-1.0)
(See page 52 for text)
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