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INTRODUCTION

Rangeland is a type of land which is characterized

RS and GIS techniques
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Abstract

In this study an indicator was introduced, namely “impact factor” (I). It shows
impacts of long term climatic conditions on rangeland vegetation status. It
considers precipitation and temperature as two main climatic parameters and also
a remotely sensed vegetation index, SAVI. The impact factor was successfully
implemented in this case study through integration of MODIS time series and
eight meteorological station records. Also digital elevation model (DEM) was
employed as an ancillary data for interpolation and generation of temperature
and precipitation maps. In the studied region, northern areas which were also the
plain outlet showed the maximum “I” values compared with other areas. These
areas were found more susceptible to degradation of their resources (vegetation
cover) as direct impacts of climatic conditions and drought spells.
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help decision makers to do necessary
interventions and adopt proper measure against

by non-forest, native vegetation [NRCS, 1997].
Types of land cover in a rangeland are grasslands,
shrub lands, and savannas, which are determined
by climate. Healthy rangelands are a national
resource that will sustain soil quality, enhance the
availability of clean water, sequester excess
carbon dioxide, maintain plant and animal
diversity, and support a myriad of other non-
agricultural uses [Follett et al., 2001]. Generally,
yearly variability of precipitation make rangelands
unsuitable for crop production, and livestock
grazing presents a sustainable means of food and
fiber production [Hunt et al, 2003 ]. Droughts, may
drastically affect plant community composition
and make rangelands more susceptible to diseases,
insect pests, weed invasions, and overgrazing.
Continuous monitoring of rangeland status seems
to be necessary and useful in this field. It would

drought spells.

Current ground-based methods are not suitable for
regional assessments and monitoring of
rangelands, seasonality. These methods invariable
consume plenty of time and expense. Conversely,
satellite remote sensing [RS] techniques can
provide useful information about changes of
rangeland status due to changes in climatic
attributes of the region [Lunetta et al, 2006]. This
technique is significantly promising for the
development of more reliable and economically
feasible measures of vegetation status over large
areas. This technique can monitor vegetation
cover status both in time and space [Tueller
1989]. In fact, monitoring of large areas at low
cost and a relatively low time span is the forte of
remote sensing technique.
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Successful application of this technique for the
monitoring of rangeland would be attainable with
the help of vegetation indices [Bhaskar et al,
1994; Hunsaker, 2005]. Vegetation indices [VI]
represent different combinations between red [R]
and near infrared [NIR] portions of the spectrum
[bands]. Green vegetative surfaces strongly absorb
red light and strongly reflect near-infrared energy.
No other materials have this spectral signature
[Lillesand and Keifer, 2000]. Many Red-NIR
combinations have been proposed on this basis
[Tucker 1979; Lymburner et al. 2000].
Furthermore, drought is a climatic phenomenon
that influences green vegetation and in addition,
water is one of the most common limitations that
cause this phenomenon. Therefore, remote
sensing of vegetation water content can play an
important role in monitoring of drought impacts
on rangeland vegetation. Besides the thermal
region of the electromagnetic spectrum [8—14um],
two spectral regions have been found to be
suitable for detection of plant water content: the
near-infrared region [NIR, 0.7-1.3pum] and the
shortwave infrared region [SWIR, 1.3-2.5pm]
[Reeves et al., 2002].

NDVI [Normalized Difference Vegetation Index]
is one of the most frequently used vegetation
indices for monitoring of moisture-related
vegetation condition. It calculates as [pNIR -
pRED]/[pNIR + pRED], where pRED and pNIR
are radiances in red and near infra red portions of
the spectrum, respectively.

Estimation of standing dry mass and yields was
one of the earliest applications of satellite remote
sensing for agricultural crops, and the developed
techniques were applied early on to rangelands
[Tucker et al.,, 1975; Richardson et al., 1983;
Everitt et al., 1986; Aase et al., 1987; Anderson et
al., 1993b]. At the time, field techniques for
estimating productivity were based on measuring
peak biomass, so estimation of productivity for
rangelands was based on remote sensing peak
biomass [Tucker et al., 1983; Everitt et al., 1989].
However, two main approaches have been
followed for the purpose of rangeland monitoring
through RS data. Establishment of direct
empirical ~ relationships ~ between  spectral
reflectance of land cover and its biomass is one
the approaches that have been accomplished by
some researchers [e.g. Tucker et al. 1983 and
Wylie et al. 1995]. In the second approach,
spectral reflectance data have been used to derive
different vegetation indices and also other
vegetation related parameters. I this regard,
numerous broad scale studies [Thoma 1998,
Tucker et al. 1983, Kennedy 1989 and Merril et

al. 1993] have shown that live biomass of a
rangeland is correlated to remotely sensed
vegetation indices, particularly NDVI. Also leaf
area index [LAI] is related to mass of the foliage;
the ratio between leaf area and leaf mass is the
specific leaf area. Many studies examined the use
of remote sensing for estimating LAI [Curran,
1983; Hatfield et al., 1985; Price, 1993; Price and
Bausch, 1995; Qi et al., 2000c]. Absorbed
photosynthetically active radiation [APAR] also
was found suitable for estimation of rangeland
biomass [Choudhury 1987]. However, the second
approaches are likely to be more successful in
predicting rangeland status across different
climatic conditions. But some problems became
apparent, which limits the usefulness of these
approaches. One of the major limitations refers to
soil background. It has strong effects on remotely
sensed data [Ezra et al., 1984; Huete et al, 1985;
Huete, 1988; Price, 1993; Qi et al., 1994; Price
and Bausch, 1995] and forces the established
equations to be site specific. However, multi
temporal remote sensing is powerful and allows
more mechanistic models of plant production to
be used because, in part, the soil background is
constant [Hunt et al, 2003]. Data from the Landsat
Thematic Mapper [TM4 and TMS5] and the
Enhanced TM plus [Landsat 7] are suitable for
rangeland management [Nouvellon et al., 2000;
Nouvellon et al., 2001] because the 20-year time
series of these data can be averaged to overcome
the high year-to-year variation from precipitation
[Hunt et al, 2003]. With Landsat Multispectral
Scanner [Landsat 1 to 5] data, the time series of
data extends to 30 years. Long time series of these
data type have been used by Washington-Allen et
al. [1999] to examine plant community changes in
relation to climatic variability. Also in most
applications, remotely sensed imagery has been
merged with other images or geospatial data such
as Digital Elevation Model [DEM], records of
meteorological stations, soil maps and field
observations of some rangeland attributes.

In the present study a time series of Moderate
Resolution Imaging Spectroradiometer [MODIS]
data have been used to monitor rangeland status in
ten successive years, and also to investigate the
impact of climatic parameters on vegetation cover
and its variability in the rangeland. MODIS was
successfully deployed by NASA on 18, December
1999. Several decades of  improved
communications, hardware, software, data storage
capacity, and satellite engineering enable the
MODIS instrument to provide enhanced
monitoring capabilities. A suite of satellites has
been used to measure and monitor biophysical
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constituents of the earth’s surface, each exhibiting
different haracteristics. The MODIS sensor,
however, is unique because it combines both the
spatial and spectral resolution of several satellites
on a single platform [Hunt et al, 2003]. MODIS
presents greater radiometric resolution than
traditional sensors providing a broader range of
measurement and therefore increased sensitivity
to small changes in spectral reflectivity. The
MODIS has 36 spectral bands, as compared to 5
on the AVHRR instrument, 7 on Landsat TM or 8
on the Landsat ETM+.

MATERIAL & METHODS

Study area is Yazd-Ardakan plain in Yazd
province, in central Iran. This area lies between
53°19'33" to 55° 00' 28" east longitudes and 31°
12'31" to 32° 39' 27" north latitudes. This plain is
surrounded by Shirkouh mountain ranges in south
and west, Kharanaq Mountain in east and
Siahkouh playa in north. The Siahkouh playa is
also the plain outlet. Total area of Yazd-Ardakan
plain is 11630 square kilometers with elevations
between 3240 and 990 m above sea level.

In this study 36 cloud free images were taken for
derivation of ten well-known vegetation indices.
These images were acquired from the MODIS
sensor of Terra satellite in the first decade of 21*
century [2000 to 2009]. Additionally, a Landsat
ETM" image was used for preparation of land use
map and also interpretations due to its good
spatial resolution [30 m]. [Table 2] represents the
list of employed time series of satellite images.
Primarily, a correction approach was performed to
convert pixel values of MODIS original data [or
scaled integers, SI] to reflectance values for Red
and NIR, separately. This approach is based on
calculation of different indictors namely
eccentricity correction factor, equation of time,
local apparent time, hour angle, solar declination,
cosine of solar zenith angle and earth sun distance
for calibration of reflectance and radiance bands,
respectively and finally correction of reflectance
bands [Mokhtari, 2005]. After preparation of
corrected reflectance bands [R and NIR], different
vegetation indices [VI] were derived to monitor
vegetation cover status in monthly and yearly time
intervals [refer to [Table 2] to see the accurate
time intervals]. Also [Table 3] shows list of
employed indices with their calculation formulas.
Using updated land use map of the region,
rangeland areas were identified and then, different
VI values were extracted via crossing operation in
ILWIS software. Mean VIs of Yazd-Ardakan
rangeland for each image acquisition date then
were calculated.

Accordingly, at least three VI datasets for April,
May and June were prepared in different years.
Month with maximum values of these VIs was
identified and registered as representative month
of that year. Finally, a dataset including mean VI
values of representative months for ten successive
years [2000-2009] was generated.
Identifying relationships  between climatic
attributes and rangeland vegetation status was
accomplished in the next stage. In this stage,
records of eight meteorological stations [Table 1]
were collected for 2000-2009 time period.
Precipitation [P], temperature [T], relative
humidity [H], wind speed [W] and standardized
precipitation index [SPI] were selected as the
main climatic indicators of the region.
Correlations between yearly values of these
climatic parameters and different vegetation
indices were established using R® correlation
matrix. Through this procedure, fair correlations
were investigated and therefore, the best
vegetation index was identified. This index then
was used for monitoring of drought impact on
Yazd-Ardakan rangeland vegetation.
Precipitation and temperature maps of the studied
region also were generated using gradients
between Digital Elevation Model [DEM], P and T
values of meteorological stations.
To investigate and monitor the impact of main
climatic attributes [P and T] on rangeland
vegetation cover status a rationale relationship
was defined as follow:

T

=y ]

Where, I is impact factor and shows pressure
of climatic condition on rangeland vegetation
status. It considers P and T as two main
climatic parameters. As was mentioned
before, P and T have been distinguished via a
correlation analysis approach. VI in this
formula is the selected remotely sensed
vegetation index that can appropriately
represent vegetation status of the studied
rangeland. Therefore, to generate an impact
factor map for the entire rongland of the
studied region, averaged maps of T, P and VI
would be necessary for this incorporation via
GIS approach capabilities. Based on this
rationale relationship, regions with high
values of impact factor [I] would be more
susceptible for degradation of their resources
[vegetation cover] as direct impacts of main
climatic attributes. In this case study, impact
factor map has been generated and classified
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into three different levels [low, medium and
high] and then interpreted, visually.

RESULTS & DISCUSSION

[Table 4] shows the matrix of correlation
coefficients [R® statistics] between different
climatic parameters and vegetation indices of
Yazd-Ardakan rangeland. These values have been
extracted through crossing operation between
maps of P, T, H, WS, SPI and different vegetation
index maps. Referring to this table, SAVI has the
highest correlations with P, T and SPI. These
climatic parameters and vegetation indices also
are interrelated. For example, fair correlations
exist between SAVI and PVI or fPAR [R*=0.60
and R*=0.46, respectively]. It means that SAVI is
similar to PVI and fPAR, originally. Of which,
SAVI was found better for this study. In fact,
SAVI is the soil adjusted vegetation index that
minimizes soil background effects.

Correlation coefficient between P and SPI also is
significant [R’=1]. The SPI index has originated
from precipitation. This similarity led to
elimination of SPI from the analysis procedure.
Figure 2 illustrates changes of annual precipitation
and SAVI during 2000 to 2009. As shown in this
figure, good agreements exist between temporal
changes of these two indicators. It means that
vegetation cover status in the studied rangeland is
highly depended upon annual precipitation.
Finally, maps of SAVI, P and T [Figure 3] were
integrated using the introduced relationship and
ILWIS software capabilities. As a preliminary
result, impact factor [I[] map of Yazd-Ardakan
plain was generated.

Figure 4[a] shows impact factor map of Yazd-
Ardakan plain. “I”” value in this map changes from
0.005 to 17.32, spatially. As shown in this map,
lower “I” values belong to bordered areas in east,
west and south. Northern areas have the higher “I”
values, dominantly. As was mentioned before,
regions with high values of impact factor [I]
would be more susceptible for degradation of their
vegetation cover. In the studied region, northern
areas which are also the plain outlet [see figure 1]
have the maximum “I” values compared with
other areas. Spatially, lower part of Yazd-Ardakan
plain [its outlet] is a region with minimum
agricultural and pastoral activities due to its
degraded soil and water resources, salinization,
harsh climatic conditions and poor natural
vegetations.

Visual interpretation of impact factor map also
suggests three separate geographical areas in the
plain. Based on this interpretation, regions with

low, medium and high impact factor values were
extracted and illustrated in figure 4[b]. Results
show that occupied areas for low, medium and
high classes are 13%, 38% and 49% of total area,
respectively.

To investigate the impact factor of Yazd-Ardakan
rangeland, the “I” map was crossed with updated
land use map of the plain. Figure 5[a] illustrates
this map for rangeland areas. As shown in this
figure, the impact factor ranges from 0.005 to
13.76. Figure 5[b] also presents classified impact
factor map for Yazd-Ardakan rangeland. The
results show that about 23%, 59% and 18% of
total area belong to low, medium and high impact
factors, respectively.

As shown in these maps, lower values for “I”
belong to bordered areas, spatially. These areas
are high elevated regions with relatively cold
winters and moderate summers. In contrast, areas
with high impact factors are generally located in
low elevated rangelands, near to the foothills and
desert areas of the plain. Major grazing activities
also have focused on this region due to its
moderate land slope, distance from water and to
population centers. Therefore, it seems that areas
with high impact factor values that are the
consequence of both harsh climatic condition and
low vegetation surfaces can significantly
influence grazing activities in the rangeland.
Consequently, vegetation cover in this region is at
risk of degradation in upcoming decades.

CONCLUSION

In this study an indicator was introduced,
namely “impact factor” [I]. It shows pressure of
climatic conditions on rangeland vegetation status.
It considers precipitation and temperature as two
main climatic parameters and also a remotely
sensed vegetation index, SAVI. The impact factor
was successfully implemented in this case study
through integration of MODIS time series and
eight meteorological station records. Also digital
elevation model [DEM] was employed as an
ancillary data for interpolation and generation of
temperature and precipitation maps. In the studied
region, northern areas which were also the plain
outlet had the maximum “I” values compared with
other areas. These areas were found to be more
susceptible for degradation of their resources
[vegetation cover] as direct impacts of climatic
conditions and drought occurrences.
The impact factor map can be used by researchers;
decision makers and stakeholders for doing
necessary interventions and for the purpose of
sustainable rangeland management. It also can be
interpreted and used based on other related
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aspects such as grazing pattern, distance to water
and population centers. Considering results of this
case study, the introduced indicator was found
suitable for monitoring of drought impact on
rangeland vegetation and its classification.
Repeatability and relatively low cost and time
consumption are the major advantages of the
introduced indicator.
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Table 1. Climatic attributes of some synoptic and climatologically stations inside the Yazd-Ardakan plain

Station/ Chah Ebrahim .
Parameter Ardakan Meybod Afral Ashkezar Abad Mehriz Aqda Yazd
Trnean 19.2 19 19.3 19.1 17.9 19.1 20.8 20.2
Piean 60.3 45.1 46.6 50.3 63.4 63.2 79.6 51.9

Table 2. List of acquired MODIS data that were used in this study
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2000 * * * * *
2001 * * *
2002 * * *
2003 * * *
2004 * * *
2005 * * *
2006 * * *
2007 * * * * * * *
2008 * * *
2009 * * *

Table 3. List of different vegetation indices that were derived from MODIS® products

No. Index Description Formula
1 DVI (Tucker, 1979) Difference Vegetation Index  NIR-R
fPAR (Fensholt et al fractional Photosynthetically ~ 1.51 NDVI;,,4i5-0.4
2004) Active Radiation
3 IPVI (Crippen, 1990) Infra-red Percentage NIR /(NIR +R)
Vegetation Index
4 MSAVI (Qi et al. Modified Soil Adjusted NIR - R
(1994a) Vegetation Index e TE——— (1 + L)
NIR+R+L

L=1-2%y* NDVI*WDVI
¥ =slope of soil line = Arc tan(a)

5 MSAVIL, (Qietal. 2" Modified Soil Adjusted « _ % 2 o _
(1994b) Vegetation Index (2*NIR) +1 ‘/(2 N§R+ 1) 8*(NIR-R)
6 PVI (Jackson, 1983) i’e;pendicular Vegetation 0.647* NIR—0.763*R—0.02
ndex
7 RVI (Jordan, 1969) Ratio Vegetation Index NIR
R
8 SAVI (Huete, 1988) Soil Adjusted Vegetation NIR—-R
Index _— (1 + L)
NIR+R+L
L=0.5
9 WDVI (Clevers, 1988) Weighted Difference WDVI = NIR — y * R

Vegetation Index
¥ =slope of soil line = Arc tan(a)

10  NDVI (Rouse et al. Normalized Difference NIR - R
,1973) Vegetation Index S —
NIR+ R
§: In MODIS products, reflectance values of band1 and band2 represent Red and NIR ranges of spectrum,
respectively
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Table 4. Correlation coefficient (R*) matrix between climatic parameters and different vegetation indices for Yazd-

Ardakan rangeland”

Index P T H WS SPI DVI {PAR IPVI MSAVI MSAVI2 NDVI PVI RVI SAVI WDVI
P 1 0 003 0.02 1 031 021 0.22 0.41 0.00 002 020 002 0.82 0.04
T 1 076 000 0.00 031 018 0.06 0.21 0.01 0.03 009 002 036 0.25
H 1 0.05 0.03 0.15 005 0.00 0.26 0.01 023 038 023 0.05 0.06
WS 1 0.02 0.07 0.01 0.06 0.06 0.00 0.09 002 012 0.12 0.00
SPI 1 031 020 022 041 0.00 002 020 002 082 004
DVI 1 0.00  0.64 0.94 0.40 0.15 000 0.15 0.14 0.63
fPAR 1 0.10 0.10 0.34 055 084 0.55 046 0.05
IPVI 1 0.48 0.54 021 008 021 0.07 0.53
MSAVI 1 0.21 0.03 002 0.04 026 0.46
MSAVI2 1 062 047 0.60 0.01 0.64
NDVI 1 085 099 039 0.33
PVI 1 0.84  0.60 0.12
RVI 1 0.40 0.32
SAVI 1 0.02

WDVI 1

*: In this table P is precipitation, T is temperature, H is humidity, WS is wind speed, SP1 is standardized precipitation index and other
indicators are different remotely sensed vegetation indices
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Figl. Satellite image of Yazd Ardakan plain in Yazd province, central Iran, and also its digital elevation model (DEM)
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Fig 2. Temporal changes of annual precipitation and SAVI indicators in Yazd-Ardakan rangeland
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Fig 3. Averaged (a) annual precipitation, (b) annual temperature and (c) Soil Adjusted Vegetation Index (SAVI) maps

of Yazd-Ardakan plain in a decade (2000-2009)
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Figd. (2) Impact factor map and (b) its classification in Yazd-Ardakan plain
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Fig5. (a) Impact factor map and (b) its classification in rangeland areas of Yazd-Ardakan plain
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