Quantitative Assessment of the Restoration Progress in the Shirvan National
Park using Multi-Temporal Remote Sensing and GIS Analysis
Emil Bayramov
British Petroleum (BP, Azerbaijan)
Izmir 9, Apt. 24, AZ1065, Baku, Azerbaijan
emil.bayramov@yahoo.com

ABSTRACT
The main objectives of this research were to determine the vegetation peak season for the Shirvan National Park
in Azerbaijan, to monitor vegetation cover restoration progress from 2000 till 2010 and to predict the erosion prone
areas. The multi-temporal analysis of MODIS Normalized Vegetation Difference Indexes for 2010 year allowed to
determine that the vegetation peak season was observed to be during May. The remote sensing analysis of
Normalized Difference Vegetation Indexes derived from Landsat-5 (TM) multispectral images for the Shirvan
National Park revealed that the areas of bare lands were decreasing during the period of 2000- 2010. 236 sq. km. of
bare land in 2000 decreased to 142 sq. km in 2007, in 2009 to 103 sq. km. and in 2010 to 37 sq. km. This was
considered as a positive spatiotemporal environmental trend related to a number of strategic improvement measures
taken since the establishment of the Shirvan National Park in 2003. However, the largest spatial distribution of bare
lands was observed around the Flamingo Lake in 2010 because of the high soil salinity level affecting to restoration
progress of vegetation cover.
The predicted soil loss rates by the Universal Soil Loss Equation model without consideration of the vegetative
cover factor allowed to determine that critical soil rates more than 10 ton/ha was 38.92 sq. km. whereas with the
consideration of vegetative cover factor was 7.8 sq. km. This showed how critical the role of vegetation cover is for
the soil protection in the Shirvan National Park.
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1. INTRODUCTION
The Shirvan National Park (SNP) was established in 2003 as the first National Park in Azerbaijan. SNP is
situated in the coastal zone of the Caspian Sea within the Kura-Araz lowland and has a semi-desert and steppe
ecosystems. The SNP was selected because of the national importance of the territory within the protected areas
system of Azerbaijan. The particular value of the territory is a habitat for the goitered gazelle and migratory birds.
The main goals in the establishment of the SNP were to protect the semi desert landscape, to protect of gazelles, to
conduct ecological monitoring, to raise the ecological awareness, and to develop the tourism. SNP is supposed to be
an optimal model of national park for other protected areas of Azerbaijan (Burmester 2005). Prior to its
establishment and so far, SNP is negatively affected by a number of following anthropogenic impacts: soil
salinization from irrigation collectors, overgrazing by domestic livestock, land occupation for agricultural activities
etc. Starting from 2003, Azerbaijan Government prohibited the grazing and agricultural activities in SNP, installed
water treatment systems, developed wetlands etc. This research provides the basis for the quantitative assessment of
the achieved results focused on the improvement of vegetation and soil cover of SNP.
A number of researches were performed for SNP to study its environmental conditions. Schmidt (2005)
conducted a research to classify the types of vegetation communities in SNP. Burmester (2005) studied the socio economic situation and land use conflicts in SNP. BfN (2009) applied the landscape planning principles for the
determination of the areas for conservation and development in SNP. FHOOW (2007) developed the report for the
future development of the technical infrastructure in SNP. None of these researches had the goals in the
determination of the spatiotemporal changes of vegetation cover in SNP for the quantitative monitoring of the
environmental changes focused on vegetation cover.
A variety of vegetation cover, land-use and landcover monitoring and change detection principles have been
applied and evaluated using GIS and Remote Sensing over the last twenty years (Rogan et al. 2002; Woodcock et al.
2004; Healey et al. 2005). The review of Coppin et al. (2004) observed extensive application issues of change
detection in management of protected areas. Understanding of the vegetation and soil cover change magnitude and
patterns contributes to the establishment of the strategic development plan of the national parks and other protected
areas. The main focus of the present research is the monitoring of the vegetation cover changes in the period of
2000-2010 based on the detected vegetation cover growth season and prediction of potential erosion prone areas
using GIS and Remote Sensing.
Many investigations have been performed to develop the erosion prediction methodology. Hudson (1995) and
Morgan (1995) investigated different approaches. In simple terms, erosion is a function of the interaction between
rainfall, soil, slope and land cover but it is obvious that interaction is a highly complex process so that erosion rates
vary greatly in spatiotemporal aspects. That’s why none of the methods has proved particularly successful when the

Page 98

measured and predicted values were compared. Selection of the appropriate method requires the consideration of the
criteria as following: simplicity in the use of the erosion prediction model, data availability and acceptable accuracy.
Based on the consideration of these criteria, the Universal Soil Loss Equation (USLE) erosion prediction model
developed by Wischmeier & Smith (1978) was considered as an appropriate method combining acceptable accuracy
with relative simplicity and the ability to use quite basic data. Although developed initially for agricultural land in
the USA east, it has been widely used in many countries of the World (Morgan 2005; Gray & Leiser 1982; Gray &
Sotir 1996). It should be stressed that the USLE erosion prediction model predicts only erosion from fieldsized areas
on hillslopes by interrill and rill erosion. It does not predict gully erosion, subsurface processes or mass soil failure.
USLE erosion prediction method is an empirical model for the estimation of potential soil loss by water based on
five factors: the rainfall erosivity, the soil erodibility, the topographic factor (slope length factor and slope steepness
index), the vegetative cover and the soil conservation (Wischmeier & Smith 1978). GIS significantly contributed to
the optimization of USLE erosion prediction model and has been widely applied so far for the quantitative
estimation of soil loss with the spatial visualization of erosion prone areas (Fu et al. 2006). Remote Sensing methods
in combination with the in-situ measurements significantly contributed to development of the necessary variables for
the USLE erosion prediction model and simplification of analysis based on the geographic visualization of soil loss
patterns (Ongsomwang et al. 2009).
Detailed research objectives are following:
1. Determination of the vegetation cover peak season over SNP using NDVI derived from MODIS 16-day
composite NDVI time series data acquired monthly during 2010. The main contribution of this research objective is
the selection of the suitable Landsat-5 (TM) images for the monitoring of vegetation cover restoration progress in
SNP.
2. Monitoring and assessment of the vegetation cover status in 2000, 2007, 2009 and 2010. The main contribution of
this research objective is to determine the vegetation cover restoration progress in SNP based on the NDVIs derived
from multi-temporal Landsat-5 (TM) images.
3. Prediction of the erosion prone areas of SNP using the USLE erosion prediction model. The main contribution of
this research objective is to predict the areas prone to erosion processes in the quantitative soil loss rates within SNP.
Research questions are following:
1. What is the vegetation cover peak season in SNP for the determination of the optimal archive Landsat-5 (TM)
multispectral satellite images?
2. What are the spatiotemporal changes of NDVI as a result of environmental and anthropogenic factors in SNP?
3. Which areas of SNP are erosion prone in the predicted quantitative terms of soil loss?
4. How significant is the role of vegetation cover in the quantitative terms for the protection of soil cover against
erosion processes?

2. STUDY AREA
Azerbaijan is located at the crossroads of Western Asia and Eastern Europe. Azerbaijan is bounded by the
Caspian Sea to the east, Russia to the north, Georgia to the northwest, Armenia to the west, and Iran to the south.
Azerbaijan lies between latitudes 38° and 42° N, and longitudes 44° and 51° E. The area of Azerbaijan is 86.6
thousand square kilometers with around 9.4 million people. Five physical features dominate Azerbaijan: the Caspian
Sea with shoreline in the east, the Greater Caucasus mountain range in the north, Lesser Caucasus and Talish
mountains in the south and the extensive Kura-Araz Lowland in the country's centre. The study area is located
within Azerbaijan's Kura-Aras lowland at the coast of the Caspian Sea. SNP has the total area of 652 sq. km. and
stretches from 39°50' N to 39°30' N and 49°03' E to 49°25' E. (Figure 1). From the western part, SNP is under high
pressure of agricultural landuse (Figure 2(a)). The Shirvan collector is located in the north of SNP and Baku Lenkoran motorway is in the west. SNP is located below the Baltic Sea level and elevation rises from the east to
west (Figure 2(b)).
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Fig. 1 General Map of Azerbaijan Country and SNP

Fig. 2 (a) Detailed satellite image; (b) Relief of SNP
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3. DATA PROCESSING
3.1 Determination of Vegetation Peak Season, Conversion of LANDSAT-5 (TM) DN to
Top of Atmosphere (TOA) Reflectance and Development of NDVI in SNP
In the present research for the determination of vegetation growth season, MODIS 16-day composite NDVI
time series data products with the spatial resolution of 250 m acquired for each month of 2010 were used. MODIS
16-day composite NDVI time series data products are provided by the Earth Resources Observation Systems
(EROS) Data Centre (Zhang et al. 2009). This product was applied because of the spatiotemporal frequency and
easy accessibility for the monitoring of vegetation cover change processes (Townshend et al. 1988; Verbesselt et al.
2010). Vegetation Index values for the mid of each month during 2010 were extracted for two positions in SNP from
MODIS NDVI composite data. The MODIS NDVI was rescaled to 0-200 scale to avoid of negative values and
simplify the use in GIS spatial analysis. The entire process allowed to determine the period of vegetation cover peak
suitable for the selection of archive LANDSAT-5 (TM) satellite images (Figure 3).
For the environmental monitoring of vegetation cover temporal changes, LANDSAT-5 (TM) satellite
images have been used within this present research. The Thematic Mapper sensor is seven-band multi spectral
scanning radiometer. The LANDSAT-5 (TM) satellite images acquired in May 21, 2000, June 1, 2007, May 21,
2009 and May 24, 2010 were geometrically, radiometrically and terrain corrected (Level 1G). Geometric correction
procedures removed image errors due to factors such as variation in altitude, attitude and velocity of the sensor
platform, earth curvature, panoramic distortion, relief displacement and non-linearities in the sweep of a sensor
(Lillesand and Kiefer 1994). The normalization procedure from DN data to TOA is crucial when analysis are
performed using LANDSAT-5 (TM) multi-temporal satellite images as it largely removes variations between these
images due to sensor differences. earth-sun distance and solar zenith angle (Bruce et al. 2004; Guyot et al. 1994).
This is caused by different scene dates, overpass time and latitude differences. This conversion from DN to a TOA
reflectance has been applied in many studies because it is the most important step in the computation of accurate
NDVI from multitemporal Landsat-5 (TM) satellite images. The conversion of DN to reflectance was performed
using the ENVI software. At the first stage, DNs of Landsat Satellite images were converted to radiance and at the
second the radiances were converted to top of atmosphere (TOA) reflectance data (Figure 3). The first stage
involves the conversion of measured DN to radiance using sensor calibration parameters supplied with the imagery.
The conversion is performed using the following Equation 3.1.
L Gain * DN  Bias [Eq. 3.1]
where: L = spectral radiance measured over spectral bandwidth of a channel; DN = digital number value
recorded; Gain = (Lmax – Lmin) ⁄ 255; Bias = intercept of response function; Lmax = radiance measured at
detector saturation in mWcm-2sr-1; Lmin = lowest radiance measured by detector in mWcm-2sr-1.
The second stage involves calculating top of atmosphere (TOA) reflectance for each band which corrects for
illumination variations (sun angle and Earth-sun distance) within and between scenes. The conversion is performed
using the following Equation 3.2.
πd 2 L λ
[Eq. 3.2]
ρO
E 0 λ cosθ s
reflectance as a function of bandwidth; d = Earth-sun distance correction; L λ
radiance as a
where: p λ
function of bandwidth; E 0 λ = exoatmospheric irradiance; θ s = solar zenith angle.
The conversion of DN to reflectance was performed using the ENVI software. The Equation 3.3 based on the fact
that chlorophyll absorbs RED whereas the mesophyll leaf structure scatters NIR was used for the development of
NDVI from LANDSAT-5 (TM) reflectance images (Rouse et al. 1974; Pettorelli et al. 2005; Fontana et al. 2008).
The derived NDVI from Landsat-5 (TM) images was also rescaled to 0-200 scale to avoid of negative values and
simplify the use in GIS spatial analysis.
(nearIR  R) [Eq. 3.3]
NDVI
(nearIR  R)
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Fig. 3 The workflow for the determination of vegetation peak season, conversion of Landsat-5 (TM) images to reflectance
images and development of NDVI

3.2 USLE for the Prediction of Erosion Prone Areas in SNP
Many attempts have been made to develop a methodology for predicting erosion rates. Different approaches are
reviewed in Hudson (1995) and Morgan (1995). In simple terms, erosion is a function of the interaction between
rainfall, soil, slope and land cover but the interaction is a highly complex process so that erosion rates vary greatly
depending on the spatiotemporal conditions (Morgan 2005). None of methods has proved to be successful with the
prediction reliability of 100% when the measured values were compared to predicted values (Morgan 1995).
Therefore in practice erosion prediction models are mainly used for planning, verification and implementation of
erosion-control measures at the potential erosion sites. They are useful tools for planners, politicians and other
decision makers on how the environment should be managed based on the quantitative principle. Selection of the
suitable erosion prediction method requires the consideration in how easy it is to use the erosion prediction model,
to find the input geospatial variables and the accuracy that can be obtained. USLE (Wischmeier & Smith 1978) is
considered as an appropriate erosion prediction model combining acceptable accuracy with relative simplicity and
the ability to use quite basic data. Although developed initially for agricultural land in the USA east of the Rocky
Mountains, it has been widely used in many countries of the World and has been extended for application to
environmentally protected areas. It should be stressed that USLE predicts only erosion from field sized areas on
hillslopes by interrill and rill erosion. It does not predict gully erosion, subsurface processes or mass soil failure.
USLE was used for the present studies because of its simplicity and low requirements for input data and as one of
the most widely-used model for effective conservation planning based on predictions of average annual soil erosion
rates with the advantage to estimate soil loss over a wide range territories. USLE erosion prediction model
quantitatively estimates soil erosion with the following empirical Equation 3.4. (Morgan et al. 2003; Wischmeier &
Smith 1978; Hann et al. 2006):
A R * K * LS * C * P [Eq. 3.4]
where A = mean annual soil loss; R = rainfall erosivity factor; K = soil erodibility factor; LS = topographic
factor; C = crop management factor; P = erosion-control practice factor.
Rainfall erosivity is the ability of the precipitation to cause erosion from the impact of raindrops and consequences
of the runoff generated by precipitation (Wischmeier & Smith 1978).
The soil erodibility factor (K) is a quantitative value that is experimentally determined based on the soil texture and
structure parameters (Reusing et al. 2000). The soil erodibility factor (K) describes the vulnerability of the soil to
detachment and transport caused by raindrops and runoff.
The vegetative cover factor (C) is described as the effect of plant or vegetation cover on erosion. It is well known
that vegetation cover is a protective layer preventing the direct contact of the erosive agents with the soil.
Among the factors affecting soil erosion, soil loss is also very sensitive to topographical factor (LS) (Renard et al.
1997). Flow direction, flow accumulation and slope are computed using Digital Elevation Model (DEM) of 5m
spatial resolution. DEM was developed using 1:25000 topographic maps through the extraction of spot heights and
contour lines. The workflow of the USLE erosion prediction model is presented in Figure 4. The methods including
the equations and input data for the computations of foregoing USLE factors are presented in Table 1.
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Fig. 4 The workflow for the USLE erosion prediction model

Table 1 USLE factors, equations and input data

USLE Factors

Equations

Input Data

Rainfall Erosivity (R)

R Peros (0.119  0.0873log10I) * I 30

Input Data: Rainfall (Worldclim Database)
and recommended Rainfall intensity value by
Hudson (1995) and (Wischmeier & Smith
1978)
Landsat-5(TM) NDVI for 2010

Vegetative cover factor (C)

C

§
NDVI ·
exp ¨¨  D
¸
E  NDVI ¸¹
©

LS

§ FlowAccumulation* CellSize·
¨
¸
22.13
©
¹

Topographic Factor (LS)
Soil Erodibility (K)

Erosion-control
Factor (P)

0.6

1.3

§ sinSlope* 0.01745·
¨
¸
0.09
©
¹

The recommended soil erodibility factor (K)
recommended by Morgan (2005) assigned to
the map of soil texture types developed by
Schmidt (2005)
Since no erosion-control measures were taken
in SNP, erosion-control practice factor was
assigned to 1

No equation

Practice

DEM from 1:25000 topographic maps with
spatial resolution of 5 meter

No equation

4. RESULTS AND DISCUSSIONS
4.1 Vegetation Peak Season and Detected Vegetation Cover Changes of SNP
The results of the detection of vegetation cover peak season based on the MODIS 16-day composite NDVI time
series data acquired monthly during 2010 demonstrated that the most suitable period for the selection of the archive
Landsat-5 (TM) satellite images is during May. To the possible extent, the Landsat-5 (TM) satellite images were
selected to fit to the determined frame of vegetation cover peak season during May. However Landsat-5 (TM) image
for 2007 without cloudiness was only available for the beginning of June. The selected Landsat-5 (TM)
multispectral images were acquired for the following dates: 2000-05-21, 2007-06-01, 2009-05-21 and 2010-05-24. It
was concluded that a time-series of the 16-day composite MODIS 250m NDVI data had sufficient spectral,
temporal, and radiometric resolutions for the determination of the vegetation peak season in SNP. NDVI changes for
every month during 2010 are presented in the Figure 5 for two positions in SNP.

Fig. 5 Vegetation Peak Season in SNP
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The modeling of NDVI for SNP revealed that the area of bare lands decreased from 2000 till 2010 (Figure 6(ad)). 236 sq. km. of bare land in 2000 decreased to 142 sq. km in 2007, in 2009 to 103 sq. km. and in 2010 to 37 sq.
km (Figure 7). It is also possible to observe in the Figure 8 that a count of pixels with NDVI values more than 110
corresponding to existence of ground cover increases towards 2010 year. This can be considered as a positive
environmental spatiotemporal trend that can be related to a number of taken strategic restoration and improvement
measures since SNP was established in 2003 as the first national park of Azerbaijan. Since 2003, livestock grazing
was prohibited in SNP to improve the biodiversity conservation and ecosystem protection principles. It is possible to
assume that the prohibition of livestock grazing contributed to the recovery of vegetation cover from overgrazing in
SNP. In addition, the water treatment systems were installed at the entry of the irrigation collector and canal
networks to the territory of SNP. This was performed to reduce the level of soil salinity around the Flamingo Lake
and along the collectors and the canals passing over SNP. Wetlands were also developed in the territory of SNP for
cleaning of domestic waste water. It is obvious that all of these infrastructure development projects and legislative
landuse restrictions positively affected to the restoration progress of vegetation cover in SNP. However, the largest
spatial distribution of bare lands was observed around the Flamingo lake in 2010. This provides the basis to assume
that the soil salinity level is still increasing in these areas affecting to restoration progress of vegetation cover.
Therefore the restoration activities should continue around the Flamingo Lake to reduce soil salinity and the root
cause from irrigation collectors should be investigated.

Fig. 6 NDVI Maps of SNP for: (a) May 2000; (b) June 2007; (c) May 2009 & (d) May 2010

Fig. 7 Area of Bare Land in May 2000, June 2007, May 2009 & May 2010
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Fig. 8 Distribution of Count of Pixels of NDVI for May 2000, June 2007, May 2009 and May 2010

4.2 Predicted Erosion Prone Areas using USLE Erosion Prediction Model
The developed USLE factors for the prediction of soil loss rates are presented in Figure 9(a-d). The results of
predicted soil loss rates by the USLE erosion prediction model are presented in Figure 10(a; b) and Table 2. USLE
erosion prediction model was run twice with and without the vegetative cover factor (C) to understand how
significant the role of vegetation cover in the protection of the soil cover and prevention from soil erosion processes
is for SNP. In the first case when the C-factor was considered as ‘1’ corresponding to the status of bare ground
without vegetation cover, it is possible to observe in Figure 10(a) the larger spatial distribution of areas with the
critical soil loss rates more than 10 ton/ha, whereas in the second case the USLE erosion prediction model with
considered C-factor that corresponds to ground with vegetation cover in 2010 presented smaller spatial distribution
of critical erosion classes more than 10 ton/ha (Figure 10(b)). This shows the significance of vegetation cover in
SNP for the protection of soil and prevention of erosion processes in SNP. Besides, the comparison of two erosion
prediction model runs allows to prioritize areas where the vegetation cover should be under more protected regime
and where to continue the restoration activities of vegetation cover. Predicted soil loss results by USLE erosion
prediction model may also be useful in the planning of field verification activities of potential erosion sites in SNP
for the environmental restoration purposes. The results of the predicted erosion prone areas were not validated
because of the absence of long-term erosion occurrences and field verification activities in SNP.

Fig. 9 USLE Erosion Prediction Factors: (a) Rainfall Erosivity (R); (b) Soil Erodibility (K); (c) Vegetative Cover (C); (d)
Topographic (LS) factors
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Fig. 10 Predicted Soil Loss (a) without C-factor; (b) with C-factor
Table 2 Predicted Areas of Erosion Classes
EROSION CLASS
DESCRIPTION
0-2
Very slight
2-5
Slight
5-10
Moderate
10-20
High
20-50
Very High
50-100
Severe
>100
Very severe

WITHOUT C-FACTOR (sq. km.)
407.38
145.74
59.12
22.92
11.37
3.01
1.62

WITH C-FACTOR (sq. km)
589.43
42.32
10.69
4.84
2.07
0.54
0.35

5. CONCLUSSIONS
This research focused on three main objectives: determination of vegetation peak seasons for SNP using multitemporal MODIS NDVI images, monitoring of vegetation cover restoration progress from 2000 till 2010 using
multi-temporal Landsat-5 (TM) satellite images, prediction of erosion prone areas using USLE erosion prediction
model. The following conclusions were achieved:
1. The studies of vegetation peak season based on the multi-temporal images of MODIS allowed to determine that
May is the month of the vegetation cover peak season in SNP.
2. The remote sensing analysis of NDVI derived from Landsat-5 (TM) multispectral images for SNP revealed that
the areas of bare lands were decreasing in the period of 2000 - 2010. The 236 sq. km. of bare land in 2000 decreased
to 142 sq. km in 2007, in 2009 to 103 sq. km. and in 2010 to 37 sq. km. This was observed as a positive
spatiotemporal environmental trend that can be related to a number of strategic improvement measures since the
establishment of SNP in 2003. The largest spatial distribution of bare lands was observed around the Flamingo lake.
Therefore the restoration activities should continue around the Flamingo Lake to reduce the soil salinity and the root
cause from irrigation collectors should be investigated.
3. The predicted soil loss rates by USLE model without consideration of the vegetative cover factor allowed to
determine that critical soil rates more than 10ton/ha was 38.92 sq. km. whereas with the consideration of vegetative
cover factor was 7.8 sq. km. This showed how critical the role of vegetation cover is for the soil protection in SNP.
This research demonstrated the role of the GIS and Remote Sensing for the quantitative assessment of SNP
vegetation cover restoration status and prediction of the erosion prone areas.
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