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Assessment of space and time changes of NDVI (biomass)
in Armenia’s mountain ecosystems using remote sensing data
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This study of vegetation biomass for different areas in the mountain ecosystems of Armenia was implemented for the
vegetation period of 2013. The research was done based on time series of Normalized Difference Vegetation Index
(NDVI) as NDVI images have been proven to be a powerful tool to monitor biomass growth during the last decade.
NDVI, which can be directly calculated from Landsat satellite data, is related to vegetation canopy characteristics.
This NDVI-based research of different-aspect slopes at 1850-3150 m have indicated that during vegetation period the
highest biomass is detected on north facing slopes at altitudes of 2300-2400 m, and the lowest — on south facing slopes
at altitudes of 2000—2100 m. High correlation coefficients between NDVI values of southwest slopes and absolute
altitudes of localities are detected in April and August, whereas variation in NDVI values depending on the altitude
is nonlinear.

Keywords: biomass, mountain ecosystem, NDVI, remote sensing data

Accepted: 23.10.2015
DOI: 10.21046/2070-7401-2016-13-1-49-60

Introduction

The enormous diversity of Armenia’s plants is determined by complexity of its relief, various
bioclimatic conditions, geographical position, peculiarities of centuries-long geological evolution of
natural environment, and diversity of landscape belts. Both the current status of Armenia’s economy and
its development perspectives require improvement and effective management of native vegetation cover.

The country’s vegetation cover represents an entity of exclusively diverse plant species widely
spread throughout the South Caucasian region. The vegetation cover is highly bioactive and produces
substantial reserves of biomass. Due to their high productivity and nutritional value plant communities
are utilized as grasslands mainly with a stock rising purpose. In Armenia, vegetation cover studies
and mapping were initiated and implemented by renown Armenian scientists (Aghababian, 1959;
Maghakian, 1941) as far back as in 1940-50s. In recent years, large-scale investigations were
implemented aimed at assessing and studying biomass generated from Armenia’s native grasslands
and peculiarities of time and space changes in them (Ziroyan, 2008; Mezhunts, 2005; Narinian, 1966).
In different vegetation belts, relationships between biomass and height of a locality were studied.
For instance, in respect of meadow steppe associations a direct relationship is established between
aboveground biomass and height (r=0.43-0.54) as well as grass stand density (r=0.78-0.82). The
studies were implemented mostly by the accepted field research methods, however application of
advanced geographical technologies emphasizing remote sensing data is very desirable and helpful.

Application of remote sensing data that encompass vast areas and reflect natural interrelations,
allows exclusion of random or short-term changes, focusing thus on the processes of transformation
of ecological state of the ecosystem under observation (Trifonova et al., 2005; Kronberg, 1988).

Since the advent of remote sensing technologies many researchers have studied the potential

of remote sensing devices to monitor green vegetation. They developed robust and significant
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relationships between sensor derived measurements and ground truth vegetation measurements
such as biophysical and biochemical variables. Remote sensing optical tools as a rule operate
onboard either aircrafts or satellites, and are used for describing green vegetation features. While
having the advantage of speed, surveying using space and airborne sensors involves extremely
expensive equipment, complex processing, and is affected by frequent cloud cover, when imaging
is useless. To overcome these problems, ground or field based optical sensing tools (or proximal
sensors) are being developed with some already commercially available. These have been used
to evaluate vegetation and field crops characteristics. In addition, proximal sensors provide real-
time information for decision making (Hatfield et al., 2008; Hunt et al., 2003).

Landsat satellite data are the most widely used data type for land cover mapping and
have provided Earth observation data to meet a wide range of information needs since 1972
(Williams et al., 2006). Change detection can be performed using Vegetation index (Singh, 1989).
Vegetation index differencing is often regarded as an effective method to enhance the difference
among spectral features (Lu et al., 2005). NDVI is often used to monitor vegetation dynamics
(Zhou et al., 2001).

This study was designed to monitor the development of vegetation biomass by remote
sensing methods for Armenia’s different areas in vegetation period. Time series of NDVI images
were used for the study, as NDVI was proven to be a powerful tool to monitor biomass growth
during the last decade (Minamiguchi, 2005). NDVI, which can be directly calculated from satellite
data, is related to vegetation canopy characteristics such as biomass and percentage of vegetation
cover and is representative of plant photosynthetic efficiency and fluctuations due to changes
in meteorological and environmental parameters. NDVI images allow agricultural managers to
analyse vegetation conditions for all seasons from NDVI maps, NDVI curves and figures and
forecast major variations in productivity and potential harvest (Biard, Lepoutre, 2005).

Spectral reflectance in the red and near infrared (NIR) regions of the spectrum has been
shown to be directly related to ground forage biomass. Mathematical combinations of red and
NIR spectral wavebands constituting vegetative indices take advantage of plant reflectance
in both regions of the spectrum (Lusch, 1999). Indices such as NIR:red ratio and NDVI take
advantage of reflectance in both NIR and red regions reducing measurement variability due to
soil type, sunlight intensity and angle of sunlight incidence (Lusch, 1999). NDVI is correlated
with biomass when the leaf area index (LAI) is less than 3 (Flynn et al., 2008; Serrano et al.,
2000). However, NDVI alone showed very weak relationship with biomass in corn and mixed tall
grass prairie, that can be improved by combination with canopy or plant height (Freeman et al.,
2007; Olson, Cochran, 1998).

Materials and methods

This research covers Armenia’s mountain ecosystems located at altitudes of 1850-

3100 m and was implemented in vegetation period of 2013 using the obtained satellite images.
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Armenia (40° 6’ 0" N, 45° 3" 0" E) is located in the Southern Caucasus, the region between the Black
Sea and the Caspian Sea. About half of Armenia’s area of approximately 29,800 km? has an elevation
of at least 2,000 m, and only 3% of the country lies below 650 m. The climate is highland continental:
hot summers and cold winters. Temperatures in Armenia generally depend upon elevation.

Armenia’s vegetation cover is characterized by sharply pronounced vertical zonation and
semi-desert to alpine vegetation. Our studies cover mountain steppe, mountain meadow steppe,
subalpine meadow and alpine meadow ecosystems. Pastures lying at different heights and in dif-
ferent vegetation belts differ not only in their productivity and biomass, but also in species compo-
sition (7able 1) (CARMAC...; Mezhunts et al., 2005).

Table 1. Pasture productivity and plant formations per landscape belt

Belts Area, ha DEVBI’",?g”/'ZZS’ Formation
Mountain steppe 1800-2200 2300 Grain forbs
Mountain meadow steppe 2200-2500 2100 Legume forbs
Subalpine mountain meadow 2500-2900 2550 Grain forbs,
tall growing grasses
Alpine mountain meadow 2900-3400 1520 Alpine meadows
and carpets

The study region’s pastures are dominated by plant species belonging to basic genera
of grasses, forbs and legumes such as Poa bulbosa, Poa alpina, Hordeum crinitum, Aegilops
cylindrica, Agropyrum trichophorum, Festuca sulcata, Festuca ovina.

Field studies indicate that productivity of plant communities and their dominants significantly
change in period of vegetation and that productivity varies rather widely from year to year. In most
cases such changes have a character of cyclic fluctuations and are determined by ecotonic and
climatic conditions and biological peculiarities of species. A seasonal biomass accumulation process
is characterized by an intense start in spring and a gradual drop in summer. The size of aboveground
biomass in the intense growth period is rather closely associated with edaphic factors (Ziroyan, 2008).

Landsat OLI images obtained in 2013 were selected for the analysis in this research (7able 2)
(https://lta.cr.usgs.gov/L8).

Table 2. Satellite image information for data acquisitions

Imagery date Spatial resolution Satellite/sensor No. of bands Format
April 24,2013 30 m Landsat-8 OLI 10 GeoTIFF
May 05, 2013 30 m Landsat-8 OLI 10 GeoTIFF
June 15,2013 30 m Landsat-8 OLI 10 GeoTIFF
July 01,2013 30 m Landsat-8 OLI 10 GeoTIFF
August 18,2013 30m Landsat-8 OLI 10 GeoTIFF
September 03, 2013 30 m Landsat-8 OLI 10 GeoTIFF
October 21, 2013 30 m Landsat-8 OLI 10 GeoTIFF
November 06, 2013 30 m Landsat-8 OLI 10 GeoTIFF

All satellite data were geometrically corrected to the UTM (Universal Transverse Mercator)

zone 38 projection. Radiation from the Earth’s surface undergoes significant interaction with the
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atmosphere before it reaches a satellite sensor. Hence, it is essential to consider the effects of the
atmosphere by applying a reliable and efficient atmospheric correction during pre-processing of
digital data (Hadjimitsis et al., 2010). The most recent addition to empirical methods requiring no
ground reference information is the QUAC (quick atmospheric correction) method. QUAC is a
VNIR (visible near infrared) through SWIR (shortwave infrared) atmospheric correction method
for multispectral and hyperspectral imagery. Unlike other first-principles atmospheric correction
methods, it determines atmospheric compensation parameters directly from the information contained
within the scene (observed pixel spectra), without ancillary information (Bernstein et al., 2005).

Topographic correction of satellite images of mountain areas is an essential prerequisite.
Topographic correction restores reflectance values of shady areas, and simultaneously approximates
identical objects located in differently lit areas.

We implemented topographical correction by a NRCGIT Topocorrection utility for ENVI
(http://nregit.ru/topocorr/). In particular, we used the Minnaert-Colby method for topographic
correction as it takes into account surface inclination angles (Belsius, Weirich, 2005). As
topographic correction is based not only on a satellite image, but also on a digital relief model
having a spatial resolution corresponding to the image, so we used 30m-resolution SRTM (Shuttle
Radar Topography Mission) data.

The NDVI is used for monitoring and assessing the vegetation (Kaufman, Tanre, 1992). In
general, NDVI values range from -1.0 to 1.0, with negative values indicating clouds and water,
positive values near zero indicating bare soil, and higher positive values of NDVI ranges from sparse
vegetation (0.1-0.5) to dense green vegetation (0.6 and above). After this fixed range of densities (0.7),
an increase in green plant volume results in slight increase of NDVI (Milich, Weiss, 2000) (7able 3).

Table 3. Assessment of biomass and vegetation cover of ecosystem by NDVI values

NDVI Biomass and vegetation cover
-1-0.10 Bare soil or no data
0.11-0.20 Minimum biomass, very low-standing grass vegetation
0.21-0.30 Middle biomass, low-standing grass vegetation
0.31-0.55 High biomass, high-standing grass vegetation
0.56 -0.70 Very high biomass, high-standing grass vegetation with random shrub vegetation
0.71 - 1.00 Maximum biomass, forested plots

The NDVI is also directly related to:

- herbaceous or total green biomass (tons/ha) for a given vegetation type;

- photosynthetic activity of vegetation;

- percentage of ground cover.

A satellite spectrometer or radiometric sensor measures and stores reflectance values for
both red and NIR bands on two separate channels. NDVI is calculated by subtracting the red
channel from the nearinfrared (NIR) channel and dividing their difference by the sum of the two
channels (Rause et al., 1973; Kriegler et al., 1969):
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NDVI= (NIR - RED) / (NIR + RED),

where RED is the red portion of the electromagnetic spectrum (0.6-0.7 pm) and NIR is the near
infrared portion of the electromagnetic spectrum (0.75-1.5 um).

NDVI difference images easily track changes in the amount of biomass for a particular period
relative to the historical average or a previous year (Minamiguchi, 2005). Thus the technique
highlights areas with comparatively reduced or increased plant growth.

The ND VI difference image (NDVIdiff) between two time periods is calculated by subtracting
the NDVI image of the earlier time period (NDVI1) from the time period of interest (NDVI2):

NDVIdiff = NDVI2 — NDVII.

Based on a digital elevation model (DEM), derivative thematic slope layers and aspects
using a 3D Analyst expansion moduli were obtained. ERDAS Imaging 2011 and ENVI 4.7 were
used for the image processing, ArcGIS 9.3 with 3D Analyst, Spatial Analyst expansion modules
were used for analysis of DEM. MS Word was used for documentation while MS Excel was used

for statistical analysis by linear and nonlinear regression equations.

Results and discussion

Based on a series of Landsat OLI multi-channel images obtained in 2013, studies were
done of NDVI variations in the vegetation period (April through November) on different aspects
at altitudes between 1850 and 3150 m (steppe, meadow steppe, subalpine and alpine meadow).

Meadow steppe plant communities (2200-2500 m) are composed of species having different
growth rhythms, which determines a seasonal increase in the biomass of coenoses. The grass stand
is composed of lowest-productivity early spring-cycle plants and of maximal-productivity summer-
cycle plants. In spring, the grass stand is dominated by synusia of early-spring ephemeroids.
Field studies indicate that on different plots of land, the green biomass is 218-260 g/sq.m and
absolutely dry — 42-50 g/sq.m. Ephemeroids grow very rapidly after snowmelt, so in 7-10 days
the aboveground biomass accumulation reaches its maximum, then starts decreasing and almost
completely dries out during 3 weeks. By the beginning of June, the productivity of dry aboveground
mass in clover association makes 88—110 g/sq.m (Ziroyan, 2008). In June, productivity increases
rapidly reaching its maximum in mid-June, then the green mass starts decreasing again in result of
the aboveground green mass die-off. Beginning early August, this process accelerates drastically.

According to remote sensing data obtained in meadow steppe belt (2200-2500 m), NDVI values
registered for south facing slopes are higher than those for north facing slopes in April, October and
November, during the rest of the months NDVI values for north facing slopes are higher (Fig. 7).

Among north facing slopes, the highest biomass is on 2300-2400 m high slopes, which have
high NDVI values except in October and November.
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Fig. 1. Variations of averaged values of NDVI in the vegetation period on different-aspect slopes
at different altitudes

Collation between different-altitude south facing slopes shows that low biomass is detected
at heights of 2000-2100 and 2750-2800 m, the highest — on the southeast and south facing slopes
at 2300-2400 m.

The results obtained for meadow steppe belt from remote sensing data agree well with
field data, proving NDVI useful for the studies of mountain ecosystem biomass dynamics in the
vegetation period. To demonstrate time and space variations in biomass in April — October 2013,
collation was done between NDVI maps of slopes with southwest aspect.

One of effective methods to register space variations of biomass within a definite period
of time is to compute the difference between NDVI raster maps. This was implemented by
Raster Calculator function of Spatial Analyst Tool of ArcGIS program package for raster maps
of southwest mountain slopes NDVI for 2 different months. The derived NDVIdiff indices
show trends in biomass variations and vegetation share in the given ecosystem according to the

following scale:

NDVIdiff values Biomass variations trend
—-1.00 +-0.60 significantly decreasing
—0.61 +-0.20 decreasing
-0.21+0.20 no changes

0.21 +0.60 increasing
0.61 +1.00 significantly increasing

NDVIdiff maps (Fig. 2) show a considerable growth of biomass in the high altitude belt of
2800-3150 m in June, July, August and September as compared to April. In October, NDVIdiff

values varied between —0.21+0.20, i.e. almost no variations were observed in the entire area.
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Collation of NDVI values for June vs. August, September, October indicates a sharp decrease
of biomass particularly in the medium-altitude (2000-2500 m) belt, which is determined by
increasing temperature and decreasing amount of atmospheric precipitation in the noted months,
whereas changes in low and high altitude sections are very insignificant. Certainly, drying climatic
conditions are observed also in low-altitude belts, however farming activities there prevent the

decrease in biomass, in fact, they boost biomass increase.
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Fig. 2. Differences between NDVI raster maps of southwest slopes in the vegetation period

Similar trends last after July, however by the month of October the biomass decreases
almost over the entire area. It is noteworthy, that there are almost no sharp changes on the August-
September NDVIdiff map.

To obtain an objective picture of space and time variations of NDVI values, we made an
attempt to investigate relationship (correlation) between the averaged values of NDVI and absolute
altitude of a locality through regression equations.

With this end in view, superposition was performed of digital elevation maps of the locality
and NDVI for different months in the vegetation period. As a result, a correlation was established
of NDVI values for northeast and southwest slopes for April through October 2013 and absolute
altitude of the locality.

To derive correlation, in the first turn we brought into compliance the ordinal relations
of pixels of NDVI map and digital elevation model. Then, by a Raster to Point command we
derived vector point layer corresponding to each pixel and, using data from the database, produced
correlation graphs by regression equations.

According to the linear regression equations, the relationship between absolute altitudes of

northeast and southwest slopes and NDVI for August indicates presence of positive correlation
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(correlation coefficients are 0.5 and 0.72, respectively), better pronounced for southwest slopes,
i.e. the higher the locality, the higher is NDVI and therefore the biomass.

However, considering nonlinear regression coefficients: 0.53 and 0.75, respectively, we

conclude that the correlation between NDVI and absolute altitude of a locality is nonlinear rather

than linear. For instance, ND VI for southeast slopes decreases upward for altitudes of 1800 to 2000

m, then increases up to 2950 m, then decreases again. The maximal biomass is detected at altitudes
of 2900-3000 m. NDVT for northeast slopes decreases upward for altitudes of 1800 to 2000 m,

then increases up to 2800 m, mildly decreases up to 3000 m and increases again. The maximal

biomass, unlike southwest slopes, is detected at heights of 1750-1850 m. Collation between the

obtained NDVI and field research data (7able 1) shows that variations in biomass data obtained on

different belts and NDVI agree well.
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Fig. 3. Relationships of averaged NDVI for southwest slopes and their absolute altitudes by linear
regression equation for 2013: April (a), June (b), July (c), August (d), September (f), and October (g).
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As pointed out earlier, we also established the correlation between NDVI for southwest
slopes (Syuniq volcanic plateau) and absolute altitude of the locality for each month of the 2013
vegetation period (Fig. 3).

As seen from Fig. 3, the correlation coefficients for different months are quite different. For
instance, in April, June, July and October a negative linear correlation is detected with correlation
coefficients of 0.84, 0.3, 0.1, and 0.2, respectively, and rather high correlation coefficient
attributed only to April. In August and September, linear correlation is positive: 0.3, 0.2, and 0.2,
respectively. It is obvious, however, that correlations derived from linear regression equations
are either insufficient or almost equal to zero. The analysis demonstrates that a high correlation
coefficient (0.615) is derived from nonlinear regression equation.

Finally, we may conclude that high correlation coefficients between NDVI of southwest
slopes and absolute altitudes of localities are detected in April and August, while altitude NDVI

variation is nonlinear.

Conclusions

From the obtained results we can conclude the following:

1. NDVI derived from multispectral satellite images allows assessing and investigating
peculiarities of space and time variations of biomass of mountain ecosystems.

2. NDVI for south facing slopes is higher than that of north facing slopes in April, October
and November, for the rest of the months it is vice versa.

3. The NDVI-based research of different-aspect slopes at 1850-3150 m indicates that during
the vegetation period, the highest biomass is detected on north facing slopes at altitudes
0f 2300-2400 m, while the lowest on south facing slopes at altitudes of 2000-2100 m.

4. Correlation between NDVI of southwest slopes and absolute altitudes of localities is
nonlinear (R?= 0.6), because the linear correlation gives R? values of 0.2-0.3.

5. In the first approach, collation of NDVI obtained from remote sensing data and field
research results demonstrates a close relationship between them. However, to achieve
higher accuracy, it is essential to obtain and process concurrent field and satellite data.

The obtained results can be used in farming and land management, in particular managing

natural grasslands.
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OueHka NMpocTpaHCTBEeHHO-BpeMeHHbIX n3MeHeHuiit NDVI (6uomaccer)
B F'OPHBIX IKOCHUCTEMAX APMEHHH € UCIIOJIb30BAHUEM
AMCTAHUMOHHBIX JAHHBIX
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JlaHHOe mcclieoBaHue PacTUTEIbHONW OMOMACChl Pa3IMuHbIX TEPPUTOPHI TOPHBIX dKOCHUCTEM ApPMEHUH OBUIO BbI-
MIOJIHEHO B BereTaliMoHHbIN nepuon 2013 1. MiccnenoBanue 0CHOBaHO Ha MCIIOIb30BAHUU BPEMEHHBIX PsIOB HOpMa-
JIM30BaHHOI'O PAa3HOCTHOTO BereTaloHHOro nHjaekca NDVI, nmockonbKy B mociensee aecstuierue nanusie NDVI
JIOKA3aHHO SIBJISIFOTCS MOLIHBIM MHCTPYMEHTOM MOHHTOpHHra pocra ouomacchl. Muaexc NDVI, kotopblii MOXKHO
paccunTarh IpsIMO U3 JaHHBIX CHYTHHKOB cepur Landsat, OTHOCHTCS K XapaKTepUCTHKAaM PacTUTEIBHOTO MOKPOBA.
Oto ocHoBaHHOE Ha MaHHBIX NDVI nccnenoBanne ckIOHOB ¢ pa3HOi sKkcmo3umel Ha Beicote 1850-3150 M H.y. M.
MOKa3aJI0, 4TO B TIEPHO]] BereTaluy HanOoubInas OrnomMacca oOHapyxuBaercsi Ha ceBepHbIx (2300-2400 m), a Hau-
MEHBbIIasl — Ha I0KHBIX cKkiloHax (2000-2100 m). Beicokne ko3 GHUIIMEHTH! KOPPEISIMN MEXy 3HaUCHUSIMH HHJIEKCa
NDVI roro-3anaiHeIX CKIIOHOB M a0COTIOTHOW BBICOTOM MECTHOCTH HaOIIFOMAIOTCS B allpesie U aBrycTe, a KoIeOaHus
3HaueHuit uujaekca NDVI B 3aBUCHMOCTH OT BBICOTHI HOCSIT HEJIMHEHHBIN XapakTep.
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