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PROJECT SUMMARY

The Gobustan State National Park is a nationallyoitant desert/semi-desert located west and south-
west of Baku, Azerbaijan. In 2007 Gobustan wasated a UNESCO World Heritage Site considered
being of "outstanding universal value" for the dyadnd density of its rock art engravings. Theudyt
Area at Gobustan contains a wealth of hisdbrand archaeological sites andis also kndaor

its rare vegetation. Climate change and varioubrapogenic activities are causing large losses to
natural habitats in this area. The importance isf blabitat type is one of the reasons that the Galpu
desert has been proposed as the State Nationgld®atlkat some level of protection is offered tis th
desert. But ecology and conservatiostatus of the vegetation in this area remain unknothis
vegetation is not listed as vulnerable or threatene

This study is aimed agstablishing and approving the methodology on tranitaring of spatial
distribution of the vegetation communities usingo-gpatial technologies; to assess evidence of
negative trends in the disappearance of rare viégetand draw recommendations on possible
conservation options for the vegetation in Gobustan

The first stage of the Project igre-processing stage that includes: Field obsematSpecies
information, Data collection and Data recordingt this stage the data on rare vegetation:
description/diagnostic character/species distrdruéind soil types were collected, quality checkad a
analyzed as own source of informatidite-specific data were collected in the followifuymats:
vegetatiorsurvey sample plots and field check sites.

The second stage of the Project includes as wellptiocessing of remote sensing data to produce
“measured” vegetation indicators.

The analysis of the spatial extent and temporahgbaf rare vegetation cover using remotely sensed
data is of critical importance to rare vegetatioonftoring. For this study, out of various change
detection techniques, spectral change analysisauetiith special emphasis on vegetation indices was
selected. The Normalized Difference Vegetation in(ldDVI) was used for rare vegetation change
detection because of its acceptable accuracy aitity b detect the green vegetatiohDVI change
was taken an account on the changes which happexr@regetation from 2004 to 2007.

The application of indices NDVI series of imagepmurted by the results of the classification
supervised generated in GIS indicates the vegeatdegradation in the study area.

This study showed that rare vegetation distributicas significantly decreased in the areas which
have been affected by anthropogenic and naturiaitées in this area.

The results indicates that major changes from 2002007 involved decrease in vegetation cover
types including Alhagi pseudoalhagi (-10.89%), Salsola Nodulosa/Artemisia Lerchiana/Salsola
Dendroides communities (-20.58%) an®@uaeda Dendroides (-8.94%); and increase ifamarix
(+17.99%) andBare ground (+4.35%).

The team members organized educational lessonsanuhg for schoolchildren and students.

Our work has also been widely published in natiagdncy AzerNews to make country people more
aware of the conservation of the vegetation in Gtdou As well, some information about the Project
has been shared through Internet: sooraments about the Project are available at theedmMations
Convention to Combat Desertification (UNCCRhd Convention on Biological Diversity (CBD)
Internet Web sites.

Three scientific papers have been published innatenal peer reviewed journals and few others are
under preparation.



1. INTRODUCTION

1.1 Background Information

Overview of Flora and Fauna in Azerbaijan

The Republic of Azerbaijan is included within onke@onservation International’s 25 ‘biodiversity
hotspots’. There are biologically rich areas the¢ ander the greatest threat of destruction and
represent a variety of global ecosystems, idedtifiased on the three criteria: the number of specie
present, the number of endemic species in an gevsyand the degree of threat faced. Azerbaijan is
included within the ‘Caucasus’ hotspot.

More than 10% of plants in Azerbaijan are consideéoebe under danger of extinction, 450 species of
them were presented as exotic and extinct spatiesder to be included in second edition of the Red
Book of Azerbaijan Republic (although only 140 bémn are mentioned in the current Red Book of
Azerbaijart). In 1992 the government recognised that 2,12tpépecies in Azerbaijan are rare,
endemic, threatened, or of economic importance €@oxient Order number 167). (Country Study on
Biodiversity of Azerbaijan Republic, Fourth NatidriReport to Convention of Biological Diversity,
Baku, 2010).

1.2 Location and Conservation Value

The Gobustans located between the southern outcrops of thec&as Mountain range and the
Caspian Sea, some 60 km south of the capital Bakao presented in the Figure 1.
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Figure 1.Gobustan, Azerbaijan

The study area at Gobustan contains a wedlthistorical and archaeological sites andhiso
known for its rare vegetation. In 2007 Gobustwas declared a UNESCO World Heritage Site
considered to be of "outstanding universal valwe'tie quality and density of its rock art engraan
for the substantial evidence the collection of rackimages presents for hunting, fauna, flarzd

! Red Book of Azerbaijan SSR, Published: Ishig, @98 his classifies species by threat (0-4): extieadangered, rare,
and vulnerable or data deficient.



lifestyles in pre-historic times and for tloaltural continuity between prehistoric and naedal
times that the site reflects.

The Gobustan semi-desert extends on 1780 km? (A@$he&ctares) and is characterized by a semi-arid
climate with continental influence and humid, ceghters and dry hot summers. The mean July
temperature reaches 26.4°C and the mean Januapeitaiure 2°C in this area. Average rainfall is
200-400mm per year in Azerbaijan but can be ae lgs 150-200mm in semi-desert areas such as
Gobustanational hydro-meteorological service 2004).

The climate of this region, characterized by exte@mperatures and low rainfall, makes the land
increasingly fragile with respect to anthropogenipacts (from agricultural and industrial uses)l an
water management (including irrigation) has hadigaar impacts on the territory.

1.3 Species Information

The desert vegetation of this region has primasnlaetermined by the extreme climate, with its low
rainfall and high summer temperatures, which ceeat@ronounced seasonal rhythm of growth and
seed production typical of interior continental el¢s.

The desert communities in the Gobustan State Naltidark represent the most ecologically important
habitat, from a botanic point of view. The grea¢ & many of the desert communities and their slow
growth rate further enhance their botanic signifca The importance of this habitat type is onthef
reasons that the Gobustan desert has been propesedtate National Park, so that some level of
protection is offered to this desert. Plant comriesisuch as these, which develop very slowly are
particularly susceptible to this disturbance arel easily lost, taking many years to recover (astlea
10-12 years).

Desert and semi-desert vegetation in this region theo main components, perennial plants and,
annual or ephemeral plants. Perennial plants ieclodshes such as mugwort specidgemisia
species) and several species of saltwdshlola species) which are visible all year, beginning growth
in early spring with the rains, slowing in mid-sumand then growing again with the autumn rains
until colder temperatures stimulate leaf fall.dtan ephemeroid a long-lived perennial speciesgtwhi
flowers and sets seed early each spring within-&804@ay period, and then withers until autumn rain
stimulate new growth from underground root stocks.

Due to ephemeral nature of the herbaceous speti@ssert plant communities the different seasonal
rhythms of the different vegetation groups, ithie arying dominances of perennial bush specids tha
are used as a basis for vegetation classificaG@merally one or two species will form the basisdo
vegetation type. Combinations of three or four dwant species are rare.

Table 1below lists the three prevailing semi-desert batammmunities and their normal restoration
time listed in percent ground cover reclaimed duee. Table Zresents a recovery time in years for
each species.



Table 1. Habitat natural recovery rates

COMMUNITY |SOIL PERCENTAGE RECOVERY
TYPE AFTER 1-12 YEARS
1 2 3 4 5 6 7 8 9 10 11 17
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Table 2. Recovery time in years for each species

Species Recovery time in Years
Salsola nodulosa 10-12
Salsola dendroides 10-12
Alhagi pseudoal hagi 1-2
Suaeda dendroides 8-10

Source: Dr. V. Hajiyev, Azerbaijan Academy of Sciences.
Name and floristic description/diagnostic charactefspecies distribution

Salsola nodulosa

Low, 10-30cm, shrub of heavily protruding brancbégrayish scales. Buds almost globular, grayish.
Leaves periodical, short, and gibbous at the battdtowers singular, in bushy spiciform
inflorescence.

Distribution in Azerbaijan: Caspian lowland, Apsheron, Gobustan, Steppe pl&tra-Araz lowland,
Nakhichevan valley

Salsola dendroides

Subshrub, 40-70 cm high, with dense lowered stenisamches in the upper part. Light green plant.
Leaves periodical, fleshy, short, adjoining stefowers on spiciform branches in wide paniculate
pyramidal inflorescence

Distribution in Azerbaijan: Absheron, Gobustan, Caspian coast, Kura-Arazdodi Kura zone, Nakhichevan
valley

Artemisia fragrans

30-40 cm high perennial. Vertical root, lower lesave stalk, oblong, seated, globular. Infloreseen
narrow, pyramidal paniculate. Flowers yellow.

Distribution in Azerbaijan: Gobustan, Samur-Devechi lowland, Caspian lowbsheron, Kura valley,
Lencoran, Mugan.

Alhagi pseudoalhagi

Perennial, reaches 60 cm. Deep rooted. Light gnedtsed plant. Straight stem, oblong obtuse leaves,
flowers on leave fistula.

Distribution in Azerbaijan: Major Caucasus (Guba zone), Gobustan, Samur-Devewland, Caspian coast,
Apsheron, Kura zone.



Tamarix

Naked, bluish grey shrub of brown greyish bark.&mhaped coming down leaves. Clusters lateral
cylindrical, 3-9mm wide. Bracts blunt, 1- 2mm lor@€prona bell-like. Petals pink, egg-like, straight.
Distribution in Azerbaijan: Major Caucasus (Guba zone), Steppe Plato, Kuea-Fawl. Nakhichevan
valley, alluvial soil.

Gobustan, the easternmost part of the Greater Gasicaanges from the Caspian shore up to its
highest point, Mount Gijakiat 1047 m a.s.l. The e&gion changes with rising elevation from semi
deserts with salt shrubs to semi-deserts and stepith wormwood to grass steppes at higher
altitudes. In the rain shadow of hill ridges, igenerally more desert-like than in the surroundiresn.
Furthermore, a distinction can be made betweerheortand southern slopes of the tall mud volcano
cones, rising up to 400 m above the surrounding.

The height above the Caspian Sea level as welieasdil texture is main factors on the development
of certain vegetation communities. The vegetatypes$ described below (Figure 2).
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Figure 2. Gobustan: Cross section from the Casp&nto Mount Gijaki
Source: Sebastian Schmidt, Martin Uppenbrink, Michael Succow Foundation. Potential Analysisfor Further Nature
Conservation in Azerbaijan, 2009

2. OBJECTIVES

General Objective

To assess evidence of negative trends in the désagpce of rare vegetation in GSNP and amend the
current situation. The project also seeks to biln&lcapacity of relevant organizations and instins

for quantitative evaluation of rare vegetation gpatistribution.

Specific objectives
= To establish and approve methodology on the moangoof spatial distribution of the
communities using geo-spatial technologies andgpadial data;
= To identify some of the threats facing rare vegetain GSNP;
» To draw recommendations on possible conservatitioregpfor rare vegetation in GSNP.



3. METHODOLOGY

One of the most important areas of ecological stigdyhe quantitative assessment of biomass
production. These measurements have a direct atomelto the level of primary, or photosynthetic,
productivity in a biological system. Investigatiohbiomass production typically involves takingflea
or plant level measurements on representativestranod scaling the data to larger areas. Data
acquisition becomes more difficult with larger stuareas, and projections of regional biomass flux
become inaccurate. Geographic Information Syste@1S)(and Remote Sensing provide new and
powerful tools for large-scale biomass measuremerte processing of satellite imagery and its
analysis in a GIS provide a useful method for asegdarge-scale photosynthetic biomass flux over
time.

The methodological approach of this project inclutt@ining in the field of identification and cessu
methods and the use of standardized monitoring adsthRemote Sensing (RS) and Geographic
Information Systems (GIS) together form a poweifdbrmation acquisition and analysis tool for
monitoring environmental changes.

Flow-chart in Figure 3 shows the analysis methopplied in the study to attain the research
objectives.

SPOT5 Images:

26-09-2004
N7-09-2007
[ Geographical Data - Ground truth data]
Bast¢ - Field dat:
[ |
[ Classification ] [NDVI Calculation]
\
SUPERVISE NDVI 26-09-2004
Maximum Likelihooc NDVI 07-09-2007

[Classification ma@s\_ [ NDVI maps ]

Accuracy assessment gf Rare vegetation
Image classification Change detectio

Major Threats in the
Study Arei
Figure 3. Flowchart of methods applied in the study

SPOT 5 images in 2.5m and 5m resolutions, acquietdeen 2004 and 2007 were used for analysis
of rare vegetation distribution. Analysis of thestdbution of rare species was focused on an
Environmentally Sensitive Area (ESA) which is a type of designation for an arebiol needs
special protection because of its landscape, \igldir historical value. The Sensitive Area within
GSNP was divided into four parts conditionally defle as: North, West, East and Sqigure 4).



Figure 4. Environmenally Sensitive Area in GSNP

4. DATA COLLECTION

4.1 Field observation
The field surveys were carried out beginning in midugust 2010 and ending at the end of April,
2011. A total of four different field reconnaissaricips were made. Before each field reconnaissance
trip was made, mission preplanning was conductee@rnsure successful data collection. Specific
factors where considered for data collection:
1. Geographic distribution - an attempt to obtain pdigta evenly throughout the study area
2. Proximity routes - for travel purposes
3. Comprehensive classification - to ensure point deda collected for all rare vegetation
classes employed in this study.

Field Survey 1

The preliminary vegetation survey was undertakemunyteam in August 2010. Because of scattered
distribution of vegetation these fieldwork actiegiwere done in different locations. Route planmsng
usually carried out to achieve a single objectivehsas to minimize transport cost, distance tralele
travel time. In order to find an optimal route weeded topography maps and maintenance facilities.
Printed map sheets with patch boundaries overlaithe image, as well ancillary information such as
determination of optimal diversion route to objetinterest, were taken into the field.

4.2 Data Recording

During this survey we compared satellite image$wihat really existed on the ground, establishing
the so-called “ground truth”.

Every plot was registered with Global Positioningstem (GPS) device to allow further integration
with spatial data in GIS and image processing syst@ppendix 1).

The Global Positioning System has developed intefficient GIS data collection technology which
allows for users to compile their own data setedly from the field as part of ‘ground truthing’
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(Cunningham, 1998). Ground-truth surveys are essential componemntth&determination of accuracy
assessment for classified satellite imag€&ugngalton, 1996).

The Field Survewas conducted in order to collect qualitative andrgitative data and information
on actual rare vegetation classes to be use fargiged classification analyses.

The measurements were done on two different ddtdeagrowing seasons. GPS measurements were
done at selected points of geographical coordinategstem WGS84.

Figure 5. Field surveys, growing season.

As the result of these Field Surveys, we suffidieenlarged our data and information on the rare
vegetation distribution in Gobustan. Sampling wasducted in the Sensitive Area of Gobustan
National Park, where we registered new localitiéshe vegetation (Figure 5). The latitude and
longitudes were recorded for each igtpendix 1 and Appendix 2).
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Field Survey 2

Field Survey 2 was conducted to:

Identification of the floristic and structure ofetlvegetation type in GSNP
Provide confirmation of rare plants recorded inatagon samples (releves)
Soil types identification in GSNP

« Better understand the current distribution and dhaane of plants in GSNP

The identification of collected plants is verifiading plant keys and by consulting with other bistsn
(Figure 6)

N

Salsola nodulosa/Suaeda dendroides communities

obustan, November 201 0 :
Termination of vegetation period Gobustan, 2011

Ficld Survey in Gobustan, November 2010
ldentification of the floristics and structure of the vegetation type

[Field Survey, Gobustan 2010
[Vegetation samples

Figure 6. Field surveys, November 2010.

Soil and soll types
The expanses of semi-desert communities that aoctlre eastern plains and at the foot of the west
hills and in the north hills vary in species compors and abundance where there are differences in

12



soil type and salinity levels. The topsoil in theldastan desert region is very thin and has an &dva
salinity, supporting sparse, saline tolerant vegaig Table 3).

Salsola nodulosa and Suaeda dendroides association

The Salsola nodulosa and Suaeda dendroides association is common for this region and is
characteristic ofSolonchak (i.e. soils containing relatively high levels ofutkal salts) andsalsola
dendroides with slightly saline, clay and pale loam soils.rmiimgonous groupings &alsola nodulosa
and Suaeda dendroides would occur where these soils types occurred eliskyr, with the former
species showing a preference $ofochak and the latter species preferring the slightlynsatlay.

Table 3. Main indicative desert and semi-desenlshand their soil and salinity affinities

SPECIES SOIL AFFINITY
Mugwort sp Artemisia fragrans) Low salinity, typically clay
Saltwort sp $alsola dendroides) Slight salinity, clay and pale loam
Saltwort sp $alsola nodul osa) Salty pale soils (Solonchak)
Sea blight spSuaeda dendroides) Salty pale soils (Solonchak)

Solonchak associated with Salsola nodulosa, Solonchak associated with Salsola
Gobustan, September-October 2010 Gobustan, November 2010

Salt accumulations on the soil surface and polygonal cuts below Salsoletum nodulosae,
Gobustan 2010

Salsola nodulosa.
Gobustan, November 2010

Figure 7. Soil types in Gobustan
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5. DATA PROCESSING AND ANALYSIS

5.1 Statistical analysis. Results and interpretatio

In this study, the NDVI techniques of changferare vegetation distribution were appliggalveo et

al., 2000, Sader et al., 1992 and Lillesand et al., 2007).

NDVI values which extracted for SPOT5 26/09/2004 &POT5 07/09/2007 images were compared
statistically. NDVI change was taken an accounttlo® changes which happen on rare vegetation
distribution from 2004 to 2007.

Comparison of NDVI values on the Sensitive Area aswhole

An attempt was made to show whether any differemecedDVI values will come up when using
methods of statistical analysis. The Median, Mestandard Deviation values are showrFigure 8
and inTable 4. As Table 4 shows the NDVI values in 208iegally lower than in 2004 year.

Sensitive Area

Min: 0 Ma 298 Mean 83812 Mir: B Maw 250 Mean: 79.439
Median 83 hode; 64 Std. Dey: 21071 Median: 80 Mode; 54 Std Dev: 26517

Figure 8. Results of Statistical analysis on the/N[26/09/2004 and 07/09/2007

Figure 8 shows both periods of NDVI images. It shdhat high reflectance of vegetation was seen in
2004 image of the study area, with increase in Ni2Alues. Conversely, vegetation reflectance is low
in 2007 image, likewise in NDVI value.

Comparison of NDVI values on the North, West, Easand South as segments

Comparison of NDVI values oNorth, West, East and South as segments was also done for NDVI
images for 2004 and 2007 yeatpendix 3).
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The statistical analysis carried out on NDVI valdes the North, West, East and South parts of
Sensitive Area have shown that the reduction of NiZalues in 2007 was significant (Table 4)

Table 4. Results of Statistical analysis on thetiNdNest, East and South parts of the Sensitiva Are

North-West-East-South Mean Std. Deviation
NDVI_ North _26-09-2004 37.876 23.352
NDVI_ North _07-09-2007 41.796 30.732
NDVI_West 26-09-2004 60.130 35.085
NDVI_ West 07-09-2007 41.796 30.732
NDVI_ East 26-09-2004 89.925 24.466
NDVI_ East 07-09-2007 82.513 28.855
NDVI_ South 26-09-2004 97.071 74.395
NDVI_South 07-09-2007 38.165 30.637

5.2 Rare vegetation classification in the Sensitivkrea of GSNP
Figure 9 shows the spatial extent of rare vegetatfter classification according to supervised
classification.

Date: 26-09-2004 Date: 07-09-2007

Classification 26-09-2 Classification 07-09-20

Legend

Alhagi-pzeudoalbagi
T amaris

Suaeda dendroides I:[

SalMod/artlerch/S all end
Bare ground

Figure 9. Rare vegetation classification
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The application of indices NDVI series of image€D20and 2007 supported by the results of the
classification supervised generated in a geograpiiccmation system has permitted to determinate
vegetation degeneration in the study area.

5.3 Change detection using Normalized Difference getation Index

The use of remote sensing data in recent timedbéas of immense help in monitoring the changing
pattern of vegetation. Change detection as defirygdoffer (1988) is temporal effects as Variation in
spectral response involves situations where thetigdeharacteristics of the vegetation or othereco
type in a given location change over tingngh (1989) described change detection as a process that
observes the differences of an object or phenomandiiferent times.

Change detection and monitoring involve the usemofti-date images to evaluate differences in
vegetation distribution due to environmental coods$ and human actions between the acquisition
dates of images. Figure 10 shows the changingrpaifesegetation for both periods been crossed.

2004-2007
Legend

Class Mames Calor

B ackground
Drecreaszed

Some Decrease

Unchanged

Some Increase

Increazed

Figure 10: Sliced map of difference of NDVI valiir2004 and 2007. Red - highly
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decreased NDVI values in 2007, yellow — some deg@&DVI values in 2007, white - no change NDVI
values, green - increased NDVI value in 2007.

Change detection was taken an account on the chamgeh happen on 2004 to 2007. The Change
Image is a five-class thematic image, typicallyididd into the five categories of Background,
Decreased, Some Decreased, Unchanged, Some Inaeddacreased (Figure 10).

5.4 Rare vegetation degradation in the Sensitive &a of GSNP
Premised on the objective of this study, vegetatiover over the study area has changed. The above

mentioned methods for analysis have proved thimmghaTable 5shows the spatial extent of
vegetation after classification according to sujsad classification for both images

Table 5. Spatial extents of rare vegetation in GSNP
Rare vegetation Areain % of the area | Areain % of the | % change
communities hectares, hectares, Area between both
September 2004 September 2007 periods
Alhagi pseudoal hagi 229.26 15.85 70.7 4.96 10.89 decreasg
Tamarix 251.07 17.36 503.07 35.35 17.99 increase
Suaeda Dendroides 240.36 16.9 113.15 7.96 8.94 decrease
Salsola Nodul osa/ 622.13 43.08 320.64 22.5 20.58 decreasp
Artemisia
Lerchiana/ Salsola
Dendroides
Bare ground 230.64 15.95 288.75 20.3 4.35 increase
700 - O Alhagi pseudoalhayi
600 -
) 500 - ®m Suaeda Dendroides
< 400
m
:;:‘E 300 @ Salsola Hodulosa/
200 - Artemisia Lerchiana’
100 - Salsola Dendroides
0. o Tamarix
2004 2007
Years

Figure 11. Rare vegetation distribution from 2002007 years in the study area (Area in hectares)

The results indicates that major changes in thdysawrea from 2004 to 2007 involved decrease in
vegetation cover types includingAlhagi pseudoalhagi (-10.89%), Salsola Nodulosa/Artemisia
Lerchiana/Salsola Dendroides communities (-20.58%) arffliaeda Dendroides (-8.94%); and increase
in Tamarix (+ 17.99%) andBare ground (+4.35%)- Figure 11
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The rapid development of infrastructure in the oegduring the last decade contributed to the rapid
spread ofTamarix, which began to capture more space near humidgissTamarix has a deep,
extensive root system that extends to the watde tamd is also capable of extracting water from
unsaturated soil layers (a facultative phreatophyteitially, the primary root grows steadily
downward with little branching until it reaches tivater table, which can be at the depth of 3 m or
deeper (Figure 12). Once the water table is regcdezbndary root branching becomes profuse. An
extensive root system is largely responsible focdampetitiveness and survival under stress.

Analysis of biological and ecological charactedstif Tamarix and its effect on the ecological
environment demands special optional researchtgffiorore surveys and ground measurements.

,
=
A
gl Extensive root system of Tal
that exiends to the water table

Figure 12. Root system dBmarix

6. IMPACTS OF RARE VEGETATION DEGRADATION
Threats facing to rare vegetation in the Gobustan Bitional Park

In this study we outline the main threats facingace vegetation and their habitats. In order &orle
more about these threats, our team has organikeldsfirveys in the study area. During the survegs w
highlighted some potential threats facing to ra¥getation in the Gobustan National Park.

Accompanying the images are insights from Gobusietails on how we made information on the
threats facing each species. We examined the tfteseats facing species.

Direct Threat 1: Overgrazing

Overgrazing of winter and summer pastures by damebkeep, goats and cattle is a major threat to
terrestrial biodiversity. In many cases overgrazhmgatens rare and endemic plants. Traditiontiky,
main land use system of Azerbaijan used to be sikterivestock breeding with summer pastures in
the mountains and winter pastures in the lowlapgss. And still today they provide very important
fodder grounds for livestock production. Apart frahe oil business, agriculture including livestock
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breeding plays the most important role in the cgurflumber of sheep and goats increased by 60%
from 4.6 to 7.5 million headsom 1995, when privatization reform began, uni03 (FAO 2006).

Some vegetation is strictly protected by law, whoéhers extensively for livestock grazing,
particularly in the winter when mugwort speciégtémisia species) are palatable to animals due to
low concentrations of alkaloids. In the spring @aadnmer alkaloid concentrations are high making the
plants unpalatable. Saltwort speci&al¢ola nodulosa) is a plant of very high nutritional value and
provides much more energy per gram than mugwordisp€S A Ecological Baseline Report, 2002).

The semi-deserts of Gobustan are mainly used aempastures (November-April/May) for various
livestock (Figurel3).

Project team with cattleman

Goat herds, Gobustan, 2010 Gob Novernber 2010

Drinking place for sheet, Gobustan

Cowherds in Gobustan, November 2010

Figurel3. Direct Threat 1: Overgrazir{§hotos by Yelena Gambarova, 2010-2011)

In addition, herdsmen have built artificial ponas datch the surface runoff as drinking water for
livestock (Figurel3)

Direct Threat 2: Infrastructure Development
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Oil and gas exploration and all of the equipmeidifprms, wells, processing plants, reservoirs and
pipelines dominate much of coastal Azerbaijan aihdplls along the coast are a common problem
The well at the Duvanniy field have been gas welithwproject depth 3,000 meters.
The daily debit of the gas from the Southern-Eas@obustan comprises 400,000 cub m fuel or 12
million cub m a month. Gobustan in particular isssed by a growing number of oil, water and gas
pipelines. Pipeline construction and petroleum ergilon damage long strips of soil and vegetation
that are slow to recover.

To identify this threat, our team has made fieldveys in April 2011 (Figure 14)The task of the
survey team has been to inspect this potentiahttioe rare vegetation.

[l [ TR el

ure development on local vegetation

Figure 14. Direct Threat 2: Infrastructure Devel@mmPhotos by Yelena Gambarova

It shows a typical pattern of single halophyticudi®, like Salsola nodulosa, on bare soil. Almost all
plots are affected by erosion.

Other Threats:

Climate change threat to natural resources:

Based on global models of Climate Change, expstimate that average temperatures in Azerbaijan
could increase more then 2°C. Associated with ithis expected that the incidence of temperature
extremes will increase, as will extreme weatheme&xeThis process will strongly affect the Gobustan
area, where the climatic and anthropogenic faabidimate change would coincide with each other.
Global Climate Change is increasingly affecting alowegetation due to increasing the annual
temperatures, which modify the vegetation commusitgistributions. Change in climate and
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atmosphere features effects upon function of etesysand subsequently, causes to decreasing of
biodiversity.

Natural contamination

In the Gobustan area natural seepages of cruadeair in small quantities from mud volcanoes. As a
result, an elevated concentration of hydrocarboretals and phenols from natural sources (mudflow
and seepage) presents threat to local vegetatioer. 800 mud volcanoes are present in Azerbaijan,
the majority of which are found in the Gobustan.dflows form as the mud travels down slope away
from its source. The total volume of gas emittecabbynud volcanoes in Azerbaijan is estimated to be
about 20 million cubic meters each yd&allagher et al, 2001). Gas emitted by mud volcanoes of
Gobustan is composed mainly of £30-99.8 vol%) and C£0.2— 8.6 vol%)Etiope et al, 2004).

Mud flow creates deep cuts on the slopes, Gobustan

Figure 15. Gobustam®hoto by Yelena Gambarova, 2011

7. RECOMMENDATIONS

Consultations were carried out with local commusitand discussions were conducted to generate
ideas regarding measures for reducing threats¢ovegetation in the study area.

All participants foresaw a big need to have clead #orward-looking environmental management
policies to ensure that these resources are cawarsustain both the present and future genesatio
Arising from the threats mentioned above, fromeéhelogical information of the vegetation, and from
the outcomes of this project on rare vegetatiotridigion are the following recommendations, which
aims to reduce these threats and protect eachespeci

How rare vegetation in GSNP can be conserved and giected against further threats:

— More surveys and monitoring are needed to idemtifyhe available rare species, and generate
data for the GSNP authority use in the managentehiarea.

— Establish the biodiversity status of the vegetaiiorGSNP to convince the policy maker to
change the conservation status of the vegetatipnlptions presented in this research.

— Encourage local communities’ participation in thengervation activities, for example, by
offering the local communities with alternative susable livelihoods like eco-tourism so that
they can reduce the number of sheep and goatardatgularly herded through this area.

— Set educational and awareness programs, ecoldgaxeiing programmes and ecological clubs
should been developed for schools.
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8. CONCLUSION

The three most important outcomes of the project
— The most important outcome is that rare vegetationitoring using Remote Sensing approach

gave significant results. During the project, dethiand updated information about rare
vegetation communities were collected and preserteldtabase on the status of these species
and their habitats in selected sites combined;thadacquired data skillfully processed. The
statistical analysis carried out on the NDVI valuedifferent years show disappearance of rare
vegetation.

— The data we are producing is crucial to design eaagion and management strategies for rare
vegetation, and also to identify sensitive areagHe spatial zoning scheme, particularly in the
Gobustan National Park to be created in the sbkart.t

— The recommendations which aim to reduce threatar® vegetation and protect each species
were determined.

A key observation based on the field reconnaissandeanalysis is as follows:

The study area has been undergoing direct andectdactivities for these years. In areas undergoing
direct activities (natural and anthropogenic), dfiect of these activities has left the study awdt
degraded land, bare surfaces today. The data wpradeicing is crucial to design conservation and
management strategies for rare vegetation, andtalsdentify sensitive areas for the spatial zoning
scheme, particularly in the Gobustan National Ratke created in the short term.

9. RESULTS DISSEMINATION

9.1 Education and Public awareness activities
Increasing outreach of awareness campaigns of comgation education in schools

Enlightenment work in school of Baku was conduaam members organized educational lesson on
the “Rare and endangered species and their prateagainst disappearance” for schoolchildren in
Baku school. Supporting materials banners anddtafiere used during the lesson. 30 participants
attended the training: schoolchildren, teachers dimdctor of the school. Pictures, maps, GPS
equipment and slides were used to have a bettstréition of the field work.

By using interactive methods during the trainingytigipants were informed about the threat of
disappearance of rare and endangered species gmutamce of their conservation. Moreover,
participants shared with their knowledge and exgmees and one of them, the director of the school,
said that it is also necessary to conduct suchitrigs for schoolchildren to bring up on them lowe a

a serious attitude towards environment as a whole.
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Photos: Educational lesson in Baku school

Involvement of students in environmental activities

Two training sessions were conducted on the “Usiegy space technologies for rare vegetation
monitoring” in Training Centre, Baku. Within theafmework of this training, importance of
vegetation’s role in ecosystems and necessityef tonservation as well as Remote Sensing and GIS
as an advance space technology for rare vegetaoitoring, were undertaken.

Photos: Training centre, Baku, Azerbaijan

9.2 Media Appearance

During implementation of the Project few articlegscribing the main point of work done by our
team, were published in the international peeraweid journals.

Scientific articles based on the results of the ibeoing and the data base analysis in the Gobustan
National Park was published in:

1. Yelena M. Gambarova, et aRemote Sensing and GIS as an Advance Space Tege®ofor Rare
Vegetation Monitoring in Gobustan State NationakPAzerbaijan,|nternational Research Journal

of Geographic Information System, Volume 2, 2010, 93-99.
www.scirp.org/Journal/Home.aspx?IssuelD=261

2. Yelena M. Gambarova et aRare vegetation classification of remotely sensedges, Gobustan
National Park, Azerbaijannternational Geoinformatics Research and Development Journal, Vol. 1,
Issue 2, June 2010.

www.igrdg.com/Home.htm
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3. Yelena M. Gambarova et al., Using Remote Sensirchiigue for Monitoring Rare Vegetation
Degradation in Azerbaijar8rd International Conference on Geoinformation Technology for Natural
Disaster Management, 19-20 October, 2010, Thailand.

3rd International Conference on Geoinformation Technology for Natural Disaster Management &
Rehabilitation was held in Chiang Mai, Thailand, 19-20 October@®0lhe symposium will focus on
the use of geoinformatics for natural disaster arepness such as earthquake, flood, typhoon and
tsunami etc., and for rehabilitation and risk mamagnt by exploring the various causative factors.
There will also be deliberations on how to use @IDetter planning of risk areas.

For more information about the conference pleasi tie conference website
www.e-geoinfo.net/git4ndm2010/conf.htm

Success Stories

As well, some information about the Project hasnbsleared through Internet: for example, some
Comments about this Project were post by Yukie HObordinator of United Nations Convention to
Combat Desertification (UNCCDn website:
http://www.unccd.int/publicinfo/partners/stories.php?newch=gobustan

Information brochure “Rare vegetation of the Gobusan State National Park under close

attention”

We contributed in the design of a leaflet, aimirigheghlighting this Protected Area, natural area
resources value, mainly rare vegetation. 100 leafleere printed and distributed during public
campaigns: at training sections, meetings and cenée. They were also sent to primary schools.

Information brochure published under the Project

PLANS FOR THE FUTURE: The Way Forward
Our objective is to continue this project to a geeaxtend. We aim to complete planned activities

which will include obtaining more information abotamarix distribution in recent years.
The results of this study have shown the rapid gn@iTamarix between 2004 and 2007 years.

24



Tamarix have occupied 503 hectares in 2007 (35% of thdySdwea) as compared with 2004 (17% of
the Study Area) (Table 5). Comparatively, the are@upied byTamarix in 2007 is slightly larger than
twice the size of the territory in 2004.

To our knowledge, this distribution map is the tfiesgpproximation towards modeling the potential
range in GSNP. The result produced in this studywskthat there is a very high risk dbmarix
distribution over large areas in Azerbaijan. CorhpresiveTamarix field surveys are thusquired to
confirm the preliminary results of this study. Aysib of biological and ecological characteristic of
Tamarix and its effect on the ecological environment (wlohg rare vegetation) demands special
optional research efforts, more surveys and grounaedsurements. Analyzing the effectlaimarix on
the ecological environment, we should to take attoount its positive and negative r@igan, 1996),
(Zeng et al, 2002).

The Future project will include the response otraegetation to the rapid growti Tamarix in the
study area. Future work will also have to inclulde &nalysis of higher resolution remotely sensee i
series (from 2007 to 2010 years).

We have intention to continue what we were ablstéot last year very successfully, with the aim to
improve scientific investigations, increase the ljpid awareness and achieve political decisions in
order to safeguard rare vegetation in the regidszerbaijan.

The Future project will facilitate further in-deptifaining, interaction, and coordination of Azejbai
teachers, students, and other groups interestpregerving their ecosystem. Details of plannedréutu
activities will be included in the application farsecond RSGF.
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Appendix 1

Field Survey 1

Sample Plot Proformas

Habitat Type

The name of vegetatio
communities

Sample plot
GPS
coordinates

DESERT/SEMI-DESERT

Salsola Nodulosa/
Artemisia lerchiana

49°21'59.43"E
40°05'52.10"N

49022'23.72"E
40°04'48.75"N

49°22'39.36"E
40°03'29.91"N

Salsola Nodulosa/
Salsola dendroides

49°22'11.23"E
40°04'28.90"N

49022'18.64"E
40°05'12.97"N

Suaeda dendroides

49°22'30.23"E
40°06'11.59"N

49°23'19.01"E
40°04'36.56"N

49°21'44.05"E
40°04'32.81"N

Alhagi pseudoalhagi

49022'53.63"E
40°05'19.66"N

49022'34.05"E
40°05'03.07"N

Tamarix

49°23'18.72"E
40°05'2.51"N

49023'57.4"E
40°03'30.91"N

49022'27.54"E

40°03'30.99"N
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Appendix 2

Field Survey 2

Sample Plot Proformas

Habitat Type | The name of vegetation Sample plot
communities GPS
coordinates
DESERT/SEMI- [Salsola nodulosa/ 49023'57.09"E
DESERT Artemisia lerchiana 40°03'47.29"N

49°21'53.63"E
40°03'35.90"N

Salsola Nodulosa/ Salsol
dendroides

[#9°21'11.23"E
40°03'28.90"N

Suaeda dendroides

49°22'26.85"E
40°04'16.21"N

49°23'04.96"E
40°05'22.23"N

Alhagi pseudoalhagi

49°22'21.65"E
40°03'22.74"N

49°20'59.18"E
40°04'13.54"N

[Tamarix

49°21'20.22"E
40°04'42.43"N

49°22'17.74"E
40°05'45.74"N
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Appendix 3

NDVI output from the image taken in 2004 and 2007

North part_26-09-2004

North part 07-09-2007
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Appendix 4
www.azernews.az/.../27518-Rare_vegetation_mongoim Azeri_national_ park -

dZErnews.

Home | Mation | Business | Oil & Gas | Arts & Culture | Sports | Region | Analysis & Opinion

LATEST NEWS : Azerbaijana-

04-12-2010 11:05:54

Rare vegetation monitoring in Azeri
national park

MOST READ NEWS BaAKLU — A team of scientists from the Institute of Botany of Azerhaijan and Azerbaijan MNational
Academy of Sciences and specialists in Geographic information Systems and Remote Sensing are
undertaking an initiative on monitoring rare vegetation inthe Gobustan MNational Parkin southemn
Azerbaijan,

With funding from Rufford Small Grant Foundation, the Azerbaijani scientists will continue the project
Yerli avto xabarlar on spatial menitoring of rare vegetation spread in the Gobustan Mational Park.
Avtornobil dlnyas:n
an son matumati Previously, the project team was awarded the Planet Action grant which provided SPOT satellite
imagesand GIS software,

Test-drive A ) N
Tiinin The gaal of the project is to identify and evaluate the extent of the Rare Vegetation Communities found
q within the Gobustan Maticnal Park using SPOT images.

The scholars aim to establish and approve methodology on the monitoring of spatial distribution of
the communities using geo-spatial technelogies and geo-spatial data; to assess evidence of
negative trends in the disappearance of rare vegetation and amend the current situation. The project
also seeks to build the capacity of relevant organizations and institutions for quantitative evaluation of
Rare Vegetation spatial distribution.

Dwuring the project, detailed and updated informaticn about Rare Vegetation Communities will be
collected and presented; a database on the status of threatened species and their habitats in
selected sites combined; and the acquired data skillfully processed. Consistent maonitoring in the
target region will be premoted by fraining and suppording young local researchers. The cutputs of the
surveys can find their way into national conservation strategies.

The methodological approach of this project includes fraining in the field of identification and census
methods and the use of standardized monitoring methods, Remote Sensing (RS) and Geographic
Information Systems (GIS) together form a powerful information acquisition and analysis tool for
monitoring environmental changes.

An Environmentally Sensitive Area (ESA) is a type of designation for agricultural area which needs
special protection because of its landscape, wildlife or historical value. Change in rare vegetation
distribution over time is focused on the Sensitive Area within the Gobustan National Park.

The field surveys were conducted in accordance with preliminary data on the spread of rare plants in
the area researched. Since GPE devices provided the locations for ground-reference, data during
fieldwork and the sample plots were accurately linked to SPOTS imagery. Information about different
vegetation types and other indicators such as grazing pressure, land-uselcover patterns, general
topography of the area and cultivation were also recorded.

The sunveys were conducted by scholars headed by Team Leader Yelena Gambarova, Project Mentor
Adil Gambarov, and Local Project Experts Rustam Rustamov and Maral Zeynalova.

AssA-Irada

Azerbajan Inkrmational News Agenty
Phous: S04/ 563 06433610142
B 10645
Eaad o
s el e
URL: kg s et
frizpm e e

Jswn of 061200
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Appendix 5

http://www.unccd.int/publicinfo/partners/storiesgfmewch=gobustan

United Nations

Conwvention to Combat Desertification

:_—-- Search — _I
o 0 n T tt
About UNCCD i

V=L ‘('\r.'
Secretariat :
Actionprogrammes  \With funding from Rufford Small Grant Foundation (R3GF), Azerbaijani scientists be
Regional profiles ~ permitted to continue a Project on spatial monitoring of rare vegetation distribution in
Focal points Gobustan Mational Park. Azerbaijan. Previously the project team has been awarded of the
Setaiane " Planet Action grant which provided SPOT satellite images and GIS software.

Official documents ;
—  Date and location of event:

Reports

Meetings  Country: Azerbaijan

CRIC matters

Science " Project Period (years): 2010-2011

The Gobustan is located between the southern outcrops of the Caucasus Mountain range
and the Caspian Sea. some 60 km south of the capital Baku

The desert communities in the Gobustan State National Park represent the most ecologically
important habitat. from a botanic point of view. The great age of many of the desert
communities and their slow growth rate further enhance their botanic significance. The
importance of this habitat type is one of the reasons that the Gobustan desert has been
proposed as a State National Park, so that some level of protection is offered to this desert.

Primary organizer(s):
This project is being carried out by scientists from Institute of Botany of Azerbaijan

Azerbaijan MNational Academy of Sciences and specialists in Geographic Information
Systems and Remote Sensing.

1) Yelena M. Gambarova - Project Leader (Aeronawvigation Applications Development
Department. R1.5 K Company, Baku, Azerbaijan)

2) Adil'Y Gambarov — Project Mentor (SAHIL IT Company. Baku. Azerbaijan)

3) Rustam B. Rustamov - Senior scientist (Institute of Physics of the National Academy of
Sciences, Azerbaijan)

4) Maral H. Zeynalova — Senior scientist (Institute of Biclogy of the MNational Academy of
Sciences. Azerbaijan)
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