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Abstract

The construction of Bakiibilisi-Ceyhan (BTC) Oil and South Caucasus Gas (SCP) pipelines was
completed in 2005The Azerbaijan section of BTC Oil and SCP Gas pipelines is 442 km long and 44 m
wide corridor named as the Rigbt-Way. BTC and SCP pipelines are aligned parallel to each other
within the same 44m corridor. The construction process of the pipeline#icsigttly disturbed
vegetation and soil cover alongightof-Way of pipelines. The revegetation and erosion control
measures were conducted after the completion of construction to restore the disturbed footprints of
construction activities.

The general gals of the present studies, dedicated to the environmental monitoring of revegetation and
planning of erosion control measures were: to evaluate the status of the revegetation in 2007 since the
completion of the construction activities in 2005, to deteentive climate and ground factors controlling

the vegetation regrowth and to predict erogioone areas alorigight-of-Way of pipelines.

Regression and root mean square error analysis between the Normalized Difference Vegetation Index
(NDVI) of IKONOS images acquired in 2007 and-fitu estimations of vegetation cover percentage
revealed Requal to 0.80 and RMSE equal t&6which were optimal for the normalization of NDVI to
vegetation cover. The total area of restored vegetation cover between 2005 aneh28® million sq.

m. An area ofL0.7 million sq. m. of ground vegetation needed restoration in order to comply with the
environnental acceptance criteria.

Based on the Global Spatial Regression Model, precipitation, land surface temperature and
evapotanspiration were determined as the main climate factors controlling NDVI of grasslands along
Right-of-Way of pipelines. In case of croplands, precipitation, evapotranspiration and annual minimum
temperature were determined as the main factors contréNigl of croplands. The regression models
predicting NDVI for grasslands and croplands were also formulated. The Geographically Weighted
Regression analyses in comparison with the global regression models results clearly revealed that the
relationship betwen NDVI of grasslands and croplands and the predictor variables was spatially non
stationary alonghe corridor of pipelines.

Even though the observed Ralue between elevation and NDVI of grasslands was Idw (RL4), the
accumulation of the largest NI patterns was observed higher than 150m elevation. This revealed that
elevation has nedirect control of NDVI of grasslands through its control of precipitation and
temperature along the grasslandfafht-of-Way.

The spatial distribution percentageMDVI classes within slope aspect categories was decreasing in the
southern directions of slope faces. Land surface temperature was decreasing with elevation but no
particular patterns of land surface temperature in the relationship with NDVI accumuwattiom the

aspect categories were observed. Aspect categories haxtrecncontrol of NDVI and there are some

other factors apart from land surface temperature which require further investigations.

Precipitation was determined to be controlling the fation of topsoil depth and the topsoil obviously
controls the VC growth of grasslands as one of the main ground fathersegression analysis between
NDVI of grasslands and croplands with groundwater depth showed very low correlation. But the
clusteredpatterns of vegetation cover were observed in the relationship with groundwater depth and soil
moisture for both grasslands and croplands. The modeling of groundwater depth relative to soil moisture
and MODIS NDVI of grasslands determined that the thrdelsloé groundwater depth for vegetation
growth is in the range of-% m. MODIS NDVI and soil moisture did not reveal a significant correlation.

Soil moisture revealed’Requal to 0.34 with elevation,’Rqual to 0.23 with evapotranspiratiorf, éjjual

to 057 with groundwater depth and® Rqual to 0.02 with precipitation. This allowed to suspect that
precipitation is not the main factor controlling soil moisture whereas elevation, evapotranspiration and
groundwater depth have nalirect control of soil moisire. Therefore, soil moisture has also {direct
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control of vegetation cover growth along the corridor of pipelifiég variations of soil moisture in the

1-3 m soil depth range may have the threshold of depth controlling vegetation cover regrowtis and th
requires more detailed soil moisture data for further investigations.

The reliability of the Global Spatial Regression Model and Geographically Weighted Regression
predictions is limited by the MODIS images spatial resolution equal to 250 m and spectral
characteristics.

The MorganMorganFinney (MMF) and Universal Soil Loss Equation (USLE) predictions revealed
nonsimilarity in the spatial distribution of soil loss rates aldRight-of-Way. MMF model revealed

more clustered patterns of predicted critieeosion classes with soil loss more tHahtorvha/yearin
particular ranges of pipelines rather than Universal Soil Loss Equation model witiddspread spatial
distribution PairedSamples TTest with p-value less than0.05 and Bivariate correlationwith the
Pearson's correlation coefficient equal to 0.23 showed that the predictions of these two models were
significantly different.

Verification of USLE and MMF predicted erosion classes againstsito 316 collected erosion
occurrencesollected n the period of 2002012revealed that USLE performed better than MMF model
along pipeline by identifying of 192 erosion occurrences out of 316, whereas MMF identified 117
erosion sites. USLE revealed higher ratio of frequencies of erosion occurrerttaghegtcritical erosion
classes (Soil Loss > 10 t/ha), what also showed higher reliability of soil loss predictions by USLE. The
validation of quantitative soil loss predictions using the measurements from 48 field erosion plots
revealed higher Requal b 0.67 by USLE model than by MMF. This proved that USirEdicted soil

loss rates were more reliable than MMF not only in terms of spatial distributions of critical erosion
classes but also in the quantitative terms of soil loss rates. The total nungyesiofiprone pipeline
segments with the identified erosion occurrences was 316 out of 38376. The number ofproysion
pipeline segments realistically predicted by USLE model e.g. soil loss more than 10 t/ha was 97 whereas
MMF predicted only 70 erosieprone pipeline segments. The regression analysis between 354 USLE
and MMF erosiorprone segments revealed &jual to 0.36 what means that the predictions by USLE
and MMF erosion models are significantly different on the level of pipeline segments.

The aveage coefficients of variation of predicted soil loss rdigsJSLE and MMFmodels and the
number of accurately predicted erosion occurrences within the geomorphometric elements of terrain
vegetation coveand landue categories were larger the USLE model. This supported the hypothesis

that larger spatial variations of erosion prediction models can contribute to the better soil loss prediction
performance and reliability of erosion prediction mod&lsis also supported theypothesis that better
undersanding of spatial variations within geomorphometric elements of terrainusaeénd vegetation

cover percentage classes can support in the selection of the appropriate erosion models with better
performance in the particular areas of pipelines.

Qualitaive multi-criteria assessmenfor the determination of erosieprone areas revealed stronger
relations with the USLE predictions rather than with MMF. Maliteria assessmeritientified 35 of
erosion occurrences but revealed more reliable predictiotieedavel of terrain units. Predicted erosion
prone areas by USLE revealed higher correlation coefficient with erosion occurrences than MMF model
within terrain units what proved higher reliability of the USLE predictions and its stronger relation with
the multicriteriaassessment
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1. INTRODUCTION

1.1 BACKGROUND

There are significant oil and gas reserves in Azerbaijan sector of the Caspian Sea.
However, the land locked geography of the Caspian region previously limited the
ability of Azerbaijan to fully ®ploit these reserves, due to difficulties with
transportation to international markets. By building of the dedicated BCT Oil and SCP
Gas pipeline systems, these transportation issues were partly re3dlgexbnstruction

of BTC and SCP pipelimestartedin 2003 and s completed in 2005 and 2006,
respectively. These pipelines were constructed parallel to each other within the same 44
m corridor(RoW). The entire BTC pipeline with 41" diameter is buried for its entire
length and total 1750 km in lengthyitled as follows: Azerbaijan442 km, Georgia

248 km, Turkey- 1060 km. The SCP pipeline is 690km long (442 km in Azerbaijan
and 248 km in Georgia) and also buried for its entire length. The diameter of SCP
pipeline is 42". The trenches for both pipekrwere excavated to approximately 2.2 m
allowing the pipelines to be buried with a minimum depth of cover of 1m. Deeper
burial was required at rivers, roads, rails and other crossings.

Pipeline construction activities result in varying degrees of surfdisturbance
depending on a number of factors, including the selected construction corridor,
diameter of the pipe, topography, soil condition, and equipment used during the
constructionUm et al. 1998)After the completion of construction which resultghe
disturbed VC along RoW, one of the risks is severe erosion which can lead to the
removal of backfill to depths of several meters and exposure of(plpegan et al.

2004). Establishing a vegetative ground cover is the most effective way of controlling
erosion to mitigate environmental damage. Since revegetation is a gradual process,
erosion control measures must be performed simultaneously because even moderate
erosion is sufficient to delay or prevent the growth of vegetation and on the other hand,
gradual vegetation regrowth may delay the process of soil protection against erosion
processes (Hann et 2004).

The 44 m wide corridor gfipelines is defined as GRight-of-Way (OnRoW), and the
nondisturbed aremadjacent to this corridor &ff-Right-of-Way (OffRoW). After the
completion of construction, a minimum of 70% ground cover vegetation had to be
restored along ORoW. Where the original cover was less than 70%, the requirement
was 70% of the original cover and another environmental requiteimethat VC
should reach the same level of adjacent-disturbed VC outside of 44m corridor
Off-RoW (BP 2006). According to the bangineering standards adapted from Zachar
(1982), it is recommended to restore 70% of VC to redoddossto 10t/ha vhat will



prevent from severe erosion (Hann et2406). Another goal of biorestoration is to
restore the habitat, landscape, drainage patterns. If land is restored to-its pre
construction state and the project footprint is barely noticeable, the prejdbec
considered as successful (BTC and Botas 2004).

1.2 PROBLEM FORMULATION

The environmental monitoring is a complicated process for the 4érrow and 442
kilometer longrange pipelines. Therefore it is necessary to select appropriate
collaborative enviromental management tools to be able to properly plan, implement,
monitor and measure the results of-béstoration and erosion control activities. This
was important, firstly because of the environmental restoration requirements and
secondly because of tisafety of the pipeline surface since opening of its surface may
cause the corrosion procesby rainfall and other factors.

The 44 m wide corridor of 442 km long oil and gas pipelines passing over Azerbaijan
section required the careful planning of restagion activities after the completion of
construction (Shahin et al. 2008). Better understanding of the controlling climate and
ground factors of VC regrowth is essential for the economic planning and
implementation of the revegetation activities. Quatitie assessment of VC, of its
controlling factors and identification of the areas with higher and lower potential to
restore allow to consider the following restoration measures: the prioritization of areas
for revegetation, determination of the matksriand their quantities (seeds, plants,
fertilisers, mulches, composts/manures, and imported soils), selection of the methods
(seeding, planting, earthworks) to be used and their timing, the estimation of the
performance to be achieved and by when, and toomeasure the performance (Hann

et al. 2004).

Considering the length of 442 km of pipeline section in Azerbaijan, it is very costly to
maintain regular irsitu visual controbf erosion occurrencesongRoW of pipelines

by human beings. Therefore thevas a necessity for running of the erosion models to
make preliminary determination of sites vulnerable to soil degradation processes. This
would significantly contribute to the planning of erosion control measures because the
verification of the particulasites (Duzant 2008) is more sophisticated than the regular
widespread atrolling of 442 km RoW of longange pipelines. GIS based assessment
and spatial prioritization of erosion risk is an important instrument for planning of
natural resources managerné¢hrough the implementation of correct environmental
monitoring and management strategies with {@rgn sustainability (Beskow et al.
2009).



1.3 OBJECTIVES

1.3.1 General Objectives of Research

1. To determine restored VC status of 2007 since the completion efingip
construction in 2005

2. To determine main climate and ground factors controlling VC regrowth

3. To determine erosieprone areas along RoW of pipelines

1.3.2 Detailed Objectives of Research

1.3.2.1 Vegetation CoverMonitoring and Quantitative Assessmentof
Regrowth Progress

1. to determine the vegetation peak seasons for the acquisitidmglefesolution
multispectral KONOS satellite images

2. to validate the NDVI to VC relationship and normalize NDVI to VC

3.to quantitatively assess the spatial distribubbNC

4. to assess the regrowth progres2007against established environmental acceptance
criteria since the completion of pipeline construction in 2003007

1.3.2.2 Determination of Main dimatic and Ground Factors Controlling
Vegetation Coveregrowth

1. to identify the main climat factors among PRECIP, ET, LST, TMIN, TMAX and
SOLRAD having the greatest affect to V€rowthalong the corridors of pipelines

2. to guantitatively assess the relationship between NDVI and climatic and ground
factors

3. to achieve the reliable GSRM and GWR for the prediction NDVI values
corresponding to the preconstruction fehsturbed vegetation condition

4. to quantitatively assess the affect of +wrectly controlling factors of VC as
elevation, aspectgroundwater dep, soil moistureand topsoil depth

5. to validate the reliability of predicted values relative to VC condition during the
vegetation peak sson of 2007 using high and lewsolution remotely sensed data

1.3.2.3Prediction ofErosionProne Areas

1. to develop th MMF and USLEsoil lossprediction models

2. to perform the statistical quantitative analysis fbe comparison ofsoil loss
predictions by MMF and USLE models

3. to validate the prediction accuracy of MMF an8LUE erosion predictioomodels for
RoW of pgpelines usingthe qualitative method based on the erosion occurrentes
20052012andthequantitative method based on the field erosion mb#&)052007



4. to quantitatively assess the spatial variations of the MMF and U&bEion
prediction models vithin terrain geomorphometric elements, lande types and VC
percentage

5. to quantify the number of total and accurately predicteditim collected erosion
occurrences within the geomorphometric elements of terrain (slope, elevation, aspect,
terrain cuvature), vegetation cover and to investigate how the spatial variations of
these models contribute to the prediction reliability of these models

6. to investigate terrain dynamic behavior to erosion processes ushemdiiteering
criteria applied for quéhtive MCA methods and to determine TUs prone to erosion
processes

7. To determine how the qualitatiCA predictions correlate with the predictions of
MMF and USLE models within TUs

1.4 RESEARCH QUESTIONS

1.4.1 Vegetation Cover Monitoring and Quantitative Assessment of
Vegetation Cover Regrowth Progress

1. What are the vegetation peak seasons along BTC&SCP pipelines in Azerbaijan?
2. How well NDVI correlates with the ground truth estimations of p&centagend
how to achieve the optimal linear regression equdbr the normalization of NDVI to
VC percentage?

3. What is the spatial distribution of VC in quantitative terms?

4. What is the regrowth progress 2007against established environmental acceptance
criteriacorresponding tehe preconstructiorcondition of VCin 2005?

1.4.2 Determination of Main Climatic and Ground Factors Controlling
Vegetation Cover regrowth

1. What climate variables have the greatest affect on vegetation growth of grasslands
and croplands?

2. To what extent is vegetation affected by cliemand ground factors?

3. Which are the prediction models for the NDVI of grasslands and croplands and how
reliable arghey?

4. Which ground factors have the nalirect and direct affect on vegetation growth?

1.4.3 Prediction of Erosion-Prone Areas
1. What isthe spatial distribution of predicted soil erosion in quantitative terms?

2. How dosoil losspredictions by the MMF and USLE models differ along Row?



3. What are the spatial variation$ the MMF and USLEerosion predictiormodels
within terraingeanorplometric elementgslope gradient, aspect, elevaticarvature,
land-use and/C along RoW?

4. How are the spatial variations of MMF and USLE erosmwodels contribute to the
predictionaccuracyand reliabilityof these modets

5. What is reliability ofsoil losspredictions by the MMF and USLE models along
RoW in terms of the spatial distribution of predicted critical erosion claskat (0SS
>10t/ha) and quantitativ&oil lossprediction®

6. How to prioritize the areas for th@anning ofrevegetatia and erosion control
activitiesand plan the restoration measures along RoW?

1.5 HYPOTHESES

1. NDVI will reveal high correlation with situ estimations of VC

2.Both USLE and MMF models will predict a large number of erosion occurrences

3. MMF will provide more accurate prediction of erosiprone areabecause of larger
number of input parameters for computation.

4. USLE and MMF models will reveal differences in erosion prediction performance
depending in terrain characteristics

5. Higher spatial variatian of erosion prediction modelswithin terrain
geanorphometric elementdanduse and VCpercentage classe®ntribute to better
prediction accuracy and reliability

1.6 DISSERTATION STRUCTURE

The dissertation is organizednine chapters. In chapter one, adbtbackground of the

study is highlighting the need and relevance of the research. The specific research
objectives, formulated research questions and hypotheses to be tested are also given in
chapter one.

Chapter two provides eeview of existing literatre related withthe similar studies
Literature providesnformation related withthe previous studiesf the quantitative
assessment oVC percentagedetermination of VC controlling factorand applied
SEMsfor pipelines.

Chapter three provides the deption of study areas in terms tdcation and relief,
geology and soil, hydrology (ground water depth, soil moisture, hydrological network),
climatic factors and ground temperature (precipitation, evapotranspiration, annual air
temperature, land surfademperature, wind speed and direction), tasd, socie
economic aspects andonstruction principle ofBakuThilisi-Ceyhan andSouth
Caucasusipelines pipelines



Chapter four describes the materials and methods for the quantitative anal§ls of
spatialdistribution VC restoration status, determination of VC controlladighate and
groundfactors and soil erosion modeling.

Chapter five presents the results of the research. This iscthderesultsof the
guantitative analysis o¥C spatial distributionVVC restoration status, determined VC
controlling factors and soil erosion modeling.

Chapter six presentthe summary of findingsfrom these studes Chaptes seven
presents the discussions of this research. Chapht describe theconclusionsand
recommendations.



2. LITERATURE REVIEW

2.1 VEGETATIONDOVERMONITORING ALONGBIPELINES

VC monitoring research was conducted by BayranfB09 along the corridor of
pipelines. This research provided the possibility of NDVI to VC relatignsh
assessment and quantification of VC along pipelines in 2007 and 2008 using IKONOS
2007 and FORMOSAT 2008 images. Um et al. (1998) compared video remote sensing
and field survey techniques for revegetation monitoring of a pipeline route. Hann et al.
(2004 ) tried to simulate the VC regrowth pro
(Biot 1990; Thornes 1990) based on altitude, mean annual rainfall, mean number of
rain days, mean annual temperature, soil type and depth. The present research focused
on the deermination of the VC regrowth in comparison with the simulated status of VC
percentage before construction and also provided more reliable approach for the quality
control of NDVI to VC normalization process.

2.2 DETERMINATION OF CONTROLLING CLIMATE AND DU
FACTORS FOR VEGETATION GROWTH

In this study, NDVI is used to assess VC because NDVI is a proxy for aboveground
biomass and it is highly correlated to gréeaf density (Justice et al. 1985; Tucker and
Sellers 1986; Gamon et al. 1995; Rasmussen 1968;eal. 2011; Liu et al. 2010).
According to studies by Yang et al. (1998) and Ji et al. (2004), the PRECIP, potential
ET and Growing Degree Days (GDD) are the most important factors controlling the
NDVI of grasslands in the US northern and central GiRé@ins. Xiaomei et al. (2007)

and Wu et al. (2010) showed the significant relationship between vegetation and
groundwater depth in the Yinchuan Plain of China and lower reaches of Tarim River,
respectively. The relationship was determined between vegetand elevation and
aspects by Jin et al. (2009) in the Qilian Mountain area of China. Zuo et al. (2009)
determined the significant relationship between vegetation and soil in Horgin Sandy
Land, northern China. According to Cheng et al. (2018 is the primary
hydrological variable in all of the hydrologyegetation models because of its
comprehensive effect on the interaction of rainfall, surface water, and groundwater in a
semtarid desert region, northern China. Based on the studies of Overmarg603)

and Gao et al. (2010), NDVI is tightly related to the temperature and moisture and that
the areas with similar conditions of temperature and moisture should have similar
spatial characteristics of NDVI. According to Yang et al. (2006), VC is thendd
variations in temperature, and especially in the ground temperature at depths of 40 cm
in the source regions of the Yangtze and Yellow Rivers of the Tibetan Plateau from
1982 to 2001. The studies of Li et al. (2011) showed that the synchronibatiseen



NDVI and temperature is stronger than that between NDVI and precipitation in most
areas of China. To the best of our knowledge, there were no researches based on the
guantitative analysis for determination of VC controlling climate and groundr$acto
along the corridor of pipelines. The present studies provided the comparative
assessment of GSRM, SMRM and GWR models for the prediction of NDVI along
croplands and grasslands of RoW.

2.3 APPLIED QUANTITATIVEUNIVERSAL SOIL LOSS EQUATI&N
MORGANMORGANMN-FINNEY) AND QUALITATIVE(MULTI-CRITERIA
ASSESSMENT SOIL EROSION PREDICTION MODELS ALONG
PIPELINES

2.3.1 Selection of Universal Soil Loss Equation and Morgan -Morgan -
Finney erosion prediction models for present research

Different approaches are reviewed in Hud¢®f895) and Morgan (2005). In simple
terms, erosion can be characterized as the negative result from the interaction among
rainfall, soil, slope and land cover. Since these interactions are complex, erosion rates
can vary in time and space. According to yem (2005), no method proved 100% of
reliability in the prediction ofoil lossand the success of any model must be judged by
how well it meetsts objectives or requirements.

Even though WEPP (Nearing et al. 1989), EUROSEM (Morgan et al. 1998) and
RHEM (Nearing et al. 2011) are more detailed prodessed models which can
simulate the effects of vegetation on erosion in individual storms, they are often too
complex and dataungry (Morgan et al. 2008).

USLE model was selected to be used in this resdaechuse of several reasons: its
relative simplicity, the possibility in using of quite basic data, previous studies by
Morgan et al. (2004) for determination @lUs prone to erosion processes along
Georgia BTC pipeline section (Morgan et al. 2004). To libst of our knowledge

MMF has never been used for the corridor of pipelines. MMF model also holds
advantages in simplicity of usage and requirements to quite basic data. MMF model
used the concepts proposed by Meyer and Wischmeier (1969) and Kirkby {€976)
provide a stronger physical base than USLE (Wischmeier and Smith, 1978) and to
retain the advantages of an empirical approach by simplicity of understanding and data
availability (Morgan 2001).

The MMF and USLE models have broad application globally,tbey have rarely

been used for oil and gas pipelines corridors. Morgan et al. (2004)IUseak a basis

for erosion risk assessment along pipeline RoW in Georgia. The saidMdsrgan et

al. (2004) validated the use of the USLE mod&hey showed thaTUs are suitable



land units for assessing both current erosion condition and predicting risk since they
were significantly different from each in their soil erodibility and slope. In addition,
these dynamic landscape units were found to be good indicaft@rosion behaviour.

In comparison with the studies by Morgan et al. (2004), the present studies compared
the quantitative differences and spatial variations of detailed USLE and MMF models
within the geomorphometric elements of terrain, tasd and \C percentage classes.

2.3.2 Spatial variations of soil degradation models within terrain
geomorphometric elements, land -use and VC percentage classes as the
criteria of high performance by erosion models

Based on the studies of Yazidhi (2003), there was a migntf difference between

USLE and MMF models and it was also determined that RUSLE performed better than
RMMF in Lom KaaPhetchbun, Thailand. RUSLE model showed higher sensitivity to
the cover factor and organic matter whereas RMMF was more sensitivep® sl
gradient and rainfall amount. Baruti (2004) conducted the studi&/an the relation

to MMF soil erosion at Tancitaro Geopark, Central Mexico. These studies showed
different soil erosion rates with respect to landscape, individual mapping units and
land-use/cover and also revealed significant relationship between the predicted soill
erosion rates an8M at study area (Baruti 2004). The studies of Suriyaprasit (2008)
showed that the overall average anns@il lossrate was highest in the agricultural
areas and that the change of lamgk from natural to agricultural causes more erosion.
The present research has similar approach applied by Yazidhi (2003) by evaluating the
spatial variationsof USLE and MMF modelsvithin geomorphometric elements of
terran (slopes, aspects amtirvatures), VC percentage and largk The coefficients

of variations are usedo investigate how the spatial variations of these models
contribute to the predictioaccuracy andeliability of erosion prediction

2.3.3 Quantitative and Qualitative Validation of Erosion -Prone Areas
Predicted by USLE and MMF models

Despite the relative ease of applying USLE and MMF, the models exhibited limited
predictive accuracy in the different regions. USLE and MMF models should not be
applied in a ®ndard form without explicit groursurvey based local calibration
(Cohen et al. 2008)SLE and MMF models were widely used in the majority of
studies focused on the predictioniserosionprone areas. But the validation of USLE
and MMF results was alwayomplex in particular because of navailability of the
groundtruth data required for the quantitative evaluation of the prediction reliability by
the erosion modeld$n the present studieifthe qualitative assessment of the USLE
and MMF- predided spatial distribution of critical erosion classes, erosion occurrences



collected in the period of 2682012 were used. For the quantitative assessment of the
USLE - and MMFi predictedsoil loss measurementsf field erosion plot§rom 2005
till 2007 were used.

2.4 QUALITATIVE MULHMCRITERIAASSESSMENMETHODS FOR
EROSION PREDICTION

Based on the studies of Zhang et al. (2010), a qualitative assessment using multi
criteria evaluation method is used to identify areas prone to erosion processes. Zhang et
a (2010) recommends that a qualitative assessment method can be used to prioritize
conservation areas without the need for more complex quantitative methods. Morgan et
al. (2004) used TUs as a basis for erosion risk assessment along pipeline RoW in
Georgia As a result, the studies revealed that TUs are suitable land units for assessing
both current erosion condition and predicting risk since they were significantly
different from each in their soil erodibility and slope and that these dynamic landscape
units are good indicators of erosion behaviour. The present studiesletséldd data
sources to run M& for determination of erosieprone TUs for the Azerbaijan section

of pipelines. In the present studies, M@esults were validated using USLE and MMF
models and irsitu identified erosion occurreas along pipelines within TUs.
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3. STUDY AREA

3.1 LOCATIONANDRELIEF

The BTC is the 1768 kilometer crude oil pipeliaed SCP is the 692 kilometer gas
pipeline(Fig. 3.7). They areroutedparallel to each ottt over Azerbaijan, Georgia and

Turkey. The study area is thd meter wideorridor (RoW)of 443kilometerBTC and

SCP pipelinepassing oveAzerbaijansectionltstar t s from 49A 286 420
40A1206 0 éndSanbazhali Termidakand camiies until the Georgihorder at

45° 10' 52 longitudeand 41° 2' 27" latitude(Fig. 3.2) . Construction of
di ameter) and SCP (420 diameter) pipelines
and 2006, respectively. The depth of the buried pipelaeies between 12 meters.

At the river crossings, roads, rails and other crossings, it can reach up to 31 meters. The
corridor of pipelines is routed through Gobustan, ShiRkin, KuraAraz lowland

and GanjeGazakh because of suitable topographire Thighest elevations are in
Gobustan, ShirvaRlain and Ganj@azakh while the lowest is in Kuxraz lowland

(Fig. 3.2)

SANGACHAL
TERMINAL

4 BTC KP Markers
_ “, BTC Pipeline Route
el o SCP Pipeline Route

Fig. 3.1 Map of BTC&SCP pipelines passing over Azerbaijan, Georgia and Turképties
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Fig. 3.2 Map of BTC&SCP pipelinepassing oveAzerbaijanterritory

Azerbaijan is predominantly a mountainous country. It is surrounded by three mountain
ranges the Greater Caucasus form pafttiee northern bordethe Lesser Caucasus
from the southeasterly directionTalysh Mountainsfrom the south directianThe
remaining area of the territory consists of lowlands and plains. Chief among these is the
central, flat, alluvial KuréAraz and Uppr KuraAraz Lowlands, through which the

BTC and SCPpipelines areroutedin Azerbaijan The Caspian Seis located at the
eastern part of Azerbaijan and fornise coastal landscapeSignificant elevation
changes can be observed in the kilometer ranff@s60km' and> 23km' whereas flat

areas aréocated in the range of '&Bkm' (Fig. 3.3)
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Fig. 3.3 Relief and elevation profile along BTC&SCP pipelines in Azerbaijan

3.2 GEOLOGMYNDOIL

Cretaceous, Taary and Quaternary sedimentary rocks underlie the pipeline route in
Azerbaijan(Fig. 3.4) These rocks are predominantly sandstone, limestone and marl,
with relatively minor sections underlain by metamorphic and igneous formations. A
superficial quaterngrcover, of varying thickness and character, mantles underlying
rocks over most of the pipeline route. These deposits mainly consist of alluvial
materials, although fluviaglacial deposits and mud flows are also encountered.
Mudflows from mud volcanoescour only in the Gobustan region in the eastern part of
the pipeline routeAlluvial deposits predominate along the majority of ttwaites
between KazMagomed (KB2) and the Georgian border and consist of clay to cobble
size sediments. Clays and finer iged sediments tend to predominate in the eastern
sections of the routes, tending to gravels and cobbles west of the Kura East River
crossing to the Georgian border. The extensive flatlands of the Shirvan and Karabakh
Plains are still accreting due to theggh sediment load of the rivers with catchment
areas in the Greater Caucasus. This accretion is also characteristic of the plain and
lowlands of the Lesser Caucasus in the west. These flood plain deposits provide fertile
soils and are the basis for intaresagriculture of these regions.
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Quaternary

- Clay, sand, loam, coarse gravel
I ciay, sand, loam, gravel
[ cCoarse gravel, sand, loam and clay over Tertiary rocks
[ Coarse gravel, sand, loam, clay, saline soils
[ Lake deposits
Loam, coarse gravel, sand, saline soils
Goare-everoiRemaY s, Wl 1 PeeceiRaronRiomutsh iy Biagiporanite, granodiorie,
Loess, coarse gravel, sand, loam, clay, saline soils, loess
] Loess, coarse gravel, sand, loam, clay, saline soils, loess, Braided rivers included
:} Muds and breccias
Rare loam, clay, sand, coarse gravel
- Saline soils, coarse gravel, loam, conglom, sands, clays
- Sand, silt, clay, organic matter, coarse gravel, loam
- Sands, shells, coarse gravel, loam, conglom, sabka
- Shells, sands, coarse gravel, loam
Il Lacustrine, alustrine deposits, silts, clays, organic matter, saline soils
fan SR [T conglom, coarse gravel, sand, loam

Tertiary
Clay, sst, conglom, volc ash-faulted and folded, NW-SE structural grain

[ Conglom, clay, sst-faulted and folded, E-W and NW-SE structural trend

I conglom, sst, loam, clay

psi clay, marl, sst, volc ash-faulted and folded, NW-SE structural trend

= G;psiferous clay, sst O BTC KP Mal'kers

- Gypsiferous clay, sst, andesite tuff breccia & lava-faulted and folded

- Gypsiferous clay, sst, Ist, marl, andesite tuff breccia, lava-faulted and folded, E-W structural trend BTC/ SCP Pipelines
Cretaceous 0 125 25 50 75 100
"1 Andesite, quartz-porpyiritic tuff breccia, sst, basalt, dolerite-faulted and folded P——— km

Fig. 3.4 Cretaceous, Tertiary and Quaternary sedimentary rocks underling the route of BCT and SCP
pipelines in Azerbaijan

The spatial distribution of soil texture typesdeledbased on the field collectesbil
texturesamples is presented in Fig. 8} The area and length of soil texture types
along RoW are presented in Table 3A%.it is presented in Fig. 3.5(bpdsoil depth
increases from east to we$he formaton of topsoil is particularly controlled by the
precipitation factar
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Fig. 3.5 (a) Soil texture along the corridor of BTC&SCP pipelines for Azerbaijan section

(b) Topsoil depth along the corridor of BTG&LP pipelines for Azerbaijan section
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Table3.1 Length and area of soil texture types along the corridor of BTC&SCP pipelines

NAME AREA OF RIGHT -OF-WAY (sg. m.) LENGTH (m)
Clay 325524 7163
Clay loam 656962 149051
Clay loam with stones 54945 1283
Loamy sand 30173 506
Sand 80031 1715
Sandy clay 1028476 22826
Sandy clay loam 3865371 87027
Sandy loam 2347837 53298
Silt 776174 17464
Silt loam 32457 1213
Silty clay 4404461 96058
Silty clay loam 170149 4405

3.3 HYDROLOGY

3.3.1 Groundw ater Depth

Groundwater depth modelebased on the data froB27 boreholes and 154 test s

presented in Fig3.6. It is possible to observe that theghestlevel of ground water

depth is located in the range of 1280 km. Thisis related with the wide spread
agricultural irrigation activities in this rangé RoW.

Legend

A BTC KP Markers
BTC&SCP Pipelines corridor
Ground water depth
I 0.993 -1.771
P 1.771 - 2.549
2.549 - 3.326
3.326 -4.104
4.104 - 4.881
N 4.881 - 5.659
I 5.659 - 6.437
B 6.437 - 7.214

0 15 30 60 90 120
B 7.214 - 7.992 ——

Fig. 3.6 Map of ground water level along BTC&SCP pipelines for Azerbaijan section
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3.3.2 Soil Moisture
Highest SM is observed in the range of @80 km which corresponds to croplands

(Fig. 3.7. These areas are under significant impact of irrigation activities. SM surface
was interpolated based on the -pomstruction geotechnical measurements of 156
boreholes and testitp along RoW of pipelines using the Inverse Distance Weighted
(IDW) method. The length and areas of RoW under SM classes with the interval of 5%
are presented in Table23.

N

A

Legend
e BTC KP Markers
—— BTC&SCP Pipelines
SOIL MOISTURE (%)

. 13-5

[ |5-10
[10-15
I 15-20
B 20-25
B 25 - 30
B 30-35

I 35-41 015 30 60 % 120
Fig. 3.7 Map of soil moisturalong BTC&SCP pipelines for Azerbaijan section

Table3.2 Length and area of Riginf-Way of BTC&SCP pipelines under soil moisture classes

SOIL MOISTURE AREA OF RIGHT -OF-WAY (sq. m.) LENGTH (m)
CONTENT (%)

35 951115 2019.7
5-10 1138893.5 25754.6
10-15 3674225.7 84304.5
1520 5093733.3 116336.2
20-25 6684481.9 147841.4
2530 2269957.8 49806.3
30-35 421483.4 9483.2
3541 307394.6 6808.6

3.3.3 Hydrological Network

The BTC pipeline route crosses 20 river sings between KP D 442. Precipitation

(and snowmelt) over the Caucasus ranges controls the magnitude and seasonal variation
of flows in the rivers crossed by the pipebneThe route also crosses numerous
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streams, canals, drainage ditches and irrigagimtems (Fig3.8@)). Eleven of these

river crossings are considered as critical based on the annual monitoring of pipeline
depth of coer from the river bed (Fig. 3B)). The erosion processes caused by rivers

are mitigated by annual remediation ad¢tivi e s of ri ver Dbanks. The
consider the erosion processes caused by rivers. Prediction of erosion processes caused
by critical rivers requires separate investigations to mitigate the risks to pipelines.

BTC KP Markers

=== BTC Oil Pipeline

== SCP Gas Pipeline

Legen
® Critical
@ Noncritical

Main river crossings

e : [ Azerbaijan border | —— BTC&SCP pipelines - ko

Fig. 3.8 (a) Map of main hydrological network along BTC&SCP pipelines for Azerbaijan section;
(b) Critical and noncritical river crossings

3.4 CLIMATICFACTORANDGROUNDTEMPERATURE

3.4.1 Precipitation
The average precipitation is 2800mm butcan be as little as 18200mm in semi

desert areas such as Gobusidre precipitation increases from east to west because of
elevation factoalong RoW of pipelines (Fig. 3.9Data of precipitation is based dret
WorldClim climatic database.
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Fig. 3.9 Elevation and precipitation along BTC&SCP pipelines
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3.4.2 Evapotranspiration

As it can be observed in Fi§.1Q elevation is not the main factor controlling the

spati al di stributi on ie possible ® olbservetsignificaotn |, t ha
increase of precipitation in the range of 224 km. This is related with the significant

increase of evapotranspiration factor as a result of agricultural activities in this range

(Fig. 3.1Q. Evapotranspiration ig particularcontrolled by the followinglimatic and
groundfactorsalong RoW solar radiation, substantial periods of unbroken shines

high air temperature, high wind speedsd low atmospheric humidityData of
evapotranspiration is based on the MOIEI6developed by Mu et al. (2007).
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Fig. 3.10 Elevation and evapotranspiration along BTC&SCP pipelines

3.4.3 Annual Air Temperature
Arid subtropical humid subtropical, temperate and cold climatic types can be

differentiated in Azerbaijan, principally depending on the altitude of the area and
distance from the Caspian. The arid-$udpical climate is typical for the KurAraks
Lowlands where the majority of the pipelines are locaf€de average annual
temperatire is 15°CThe highest air temperatures occur in the K&raz lowlands and
along the Caspian Coastline whiatelocated in the @0 km and 126250 km ranges

of pipelines(Fig. 311). From east to west, the climate becomes codenual air
temperatures controlled by a number of different factors as elevation, solar radiation,
wind etc. Average annual temperature is based on the WorldClim climatic database.

19



B S — e —— - 16
— Pipeline Elevation Profile

— Annual air temperature

ELEVATION (m)
P
[=]

100

ANNUAL AIR TEMPERATURE (°)

T T T T T W L S | T T T T T T T T T T T T T T T T T T T T T T T T T T _\
=] = = = = = = — — - — .
s 3 5 = 45 o5 4 B o= -
O .G D C l- B @& L L 13
KILOMETER RANGE (km)

Fig. 3.11 Elevation and annual air temparee along BTC&SCP pipelines

3.4.4 Land Surface Temperature
Land surface temperature for the vegetation peak months decreases from east to west as

a result of decreasing solar radiation and increasing eley&ign3.139. Other factors
which control LST disthbution aresoil texture types influencing the thermal properties
such as conductivitySM content and vegetation coverST datais based on the
MODIS LST data.
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Fig. 3.12 Elevation and Land Surface Tempira along the corridor of BTC&SCP pipelines
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3.4.5 Wind Speed and Direction
The highest wind speed is observed in the following kilometer ranges of pipelib@s: 0
km and 256330 km (Fig. 313). It is known that wind speed and direction are one of
the most mportant natural processes controlling erosion processes. Wind erosion
prediction was not considered in the present researdhihe quantitative assessment of
wind influence to erosion processes and vegetation growth shoirddstigatedn the
future lesearches.

N

A

o
v

(]
<
>
z

LE,

Vi3s

Legend
BTC/SCP Route
[l BTC KP Markers
Wind Speed (m/s) & Direction

Fig. 3.13Wind speed and direction along BTC and SCP pipelines

3.5 LANDUSE

The spatial distribution of croplands, grasslands gastures is presented in Fgy14

The length and area of lanetypes alongRoW of pipelines areresented in Table

3.3 The majority of land crossed by the pipelines is agricultural and of little conservation value
with respect to plant specie.he remaining 2% of habitats along the route are of increased
nature onservation importance since they have a greater structural and species diversity
compared to agricultural land and arermseminatural in character.
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Fig. 3.14 Land-use along BTC&SCP pipelines for Azerjaai section

Table3.3 Length and area of Rigluf-Way of BTC&SCP pipelines under langse types

LAND -USE TYPE AREA OF RIGHT -OF-WAY (sgq. m.) LENGTH (m) LENGTH (%)
Croplands 14128027 313449 70.%
Grasslands 4804394 112430 25.4
Pasture 724109 15977 3.62

Total 19656530 441856 100%

3.6 SOCIGECONOMIC ASPECTS

Distribution of property types is presentedFig. 3.15a) and Table 3.4During the
construction land ownersand lenderavere temporarily moveffom ther lands with

the regulatedcompensatiosfor leave and return to their landehey returned to their
lands at thecompletionof the constructiotbut with the restrictions in the utilization of
landsas nonpermitted excavation using heave equipnentfor the prevention from
damagse to the BTC&SCP pipelinesTotal number of villages along pipelines is 144.
Total number of administrative districts is 13. Total number of houses is 119374 and
total number of population is 5752€ig. 3.15(b))
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NUMBER OF DISTRICTS: 13

Fig. 3. 15 (a) Map of property rlghts along BTC&SCP plpehn«éb) Map of settlements and
administrative districts for Azerbaijan sections of pipelines
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Table3.4 Number @ parcels by property type along BTC&SCP pipelines for Azerbaijan section

LAND PROPERTY NUMBER OF AREA OF RIGHT -OF-WAY (sg. m.) LENGTH (m)
TYPE PARCELS

Municipal 1922 6376029 139909

Private 4944 7168916 161994

State 593 6118186 140106

3.7 (QOONSTRUTION PRINCIPLE OF BAKU-TBILISI-CEYHAN AND
SOUTHCAUCASUSPIPELINESPIPELINES

On the first stage the initial activity associated with the BTC and SCP pipelines
construction was the final surveying and setting out or staking of the RoW and
additional tempary workspacegFig. 3.16(a)). On the second stage the routes for
pipelines needed to be cleared and graded to permit the safe installation of the pipeline
and associated facilitigfig. 3.16(b)). This process included thevelingand benching

of the terain, stripping of cultivated areas and the removal of scrubs, trees etc. On the
third stage pipe sections were transported to the RoW and laid end to end along side the
trench line(Fig. 3.16(c)). Following stringing and bending, the pipe sections were
elevated onto wooden blocks to the correct height to allow proper alignment of the
sections and safe welding with further inspections. On the forth step of trenching was
the staking and marking of the trench edie (Fig. 3.16(d)). Where possible, exisg
third-party services (e.g. underground cable, pipelines and drainage systems) were also
located and marked prior to the commencement of excavation work. The trenches for
two pipelines were dug to the depth that allows BTC and SCP installations with a
minimum of 1m of cover from the top of the pipe to the existing ground surface. To
ensure that the RoW can be properly reinstated and to allow theowh of
vegetation, the topsoil and subsoil were removed as required and stored separately. The
topsoil was stripped across the working width by appropriate earth moving equipment
and stored in the RoW. The presence ofsuitface structures (such as other pipelines)
and surface features (such as hills, rivers or irrigation channels) required deeper
installaton of theBTC&SCP in some areas. The trenching operation was undertaken
using methods to suit the local terrain and ground conditions. On the fifth stage it was
the lowering- in and backfilling(Fig. 3.16(e; f)). But before loweringn, the BTC and
SCPtrenches were prepared to accept the pipes. Surface rocks or debris that could
damage the pipe coating were removed from the trench. Where needed imported
materials, screened to remove rocks were placed in the bottom of the trench. After pipe
join coatingand testing, the section of the BTC was lowered into the trench. On the
sixth stage trench was backfilled with the material taken from the trench, in the reverse
order to which it was excavat€dig. 3.16(g; h)). The process ensured that appropriate
compation of the material in the backfilled trench to be achieved and reduced the risk
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of future settlement, washout and erosion. Only topsoil and equivalent materials were
re-spread over the surface. Where original topsoil depth was less than or equal to 300
mm, it was provided topsoil or equivalent covering necessary to restore the original
fertile depth.The technical parameters of pipelinesdepth of cover, nominal wall
thickness, elevation and maximum operapngssure are presented in RBgl7(ad).

BTC
Centre line

Fig. 3.16(a) Surveying and setting out or staking of RigiWay; (b) clearing and grading; (c)
transportation of pipe sections to RigiftWay; (d) staking, marking and digging of the trench
centerlinej(e) lowering- in of pipes; (f) backfilling of trenches in the reverse order to which it was
excavated; (g) backfilling of top soil; (h) reinstatement
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4. DATA PROCESSING

4.1 NORMALIZATION OF NDVI TO/EGETATION GOVER AND
ASSESSMENT OF RESTORATION STATUS

4.1.1 Determination of Vegetation Cover Peak Periods along Right-of-

Way of Pipelines and Acquisition of High -resolution Satellite Images

Time series of MODIS NDVI data have been successfully applied to quantify
vegetation activity and to measure vegetation dynamics (Ahl et al. 2006; Zhang et al.
2003; Jacquiret al. 2010; Wang et al. 2009 the present studie$JODIS 16day
composite NDVI time series data products from Earth Resources Observation Systems
(EROS) Data Centrés used for the determination of vegetation peak seaddres
MODIS NDVI imageswith 250m spatial resolutiowereacquired in the mid of each
month of 2003what corresporgito the preconstruction staté VC. NDVI values for

the mid of each monthre determined for the rationally distributed points of interest
along thenonagricultural aras ofBTC& SCP pipénes Fig. 4.1).
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Fig.4.1 Rational distribution of points for the determination of MODIS NDVI of each month
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Based on thse computation®ptimum vegetation peaseriods forlKONOS images
acquisitionand in-situ estimations of VC percentagee determinedn the similar
apprach as it is presented in Fi§2

Growing Season

)
Growing Days Brown Days

]
: Maximum NDVI
1

LG« )

3
-30 - Onset of - ; Accumulated
Greenness ! NOVI
\~

Latent NDVI \
0

Jan | FebTMar| Apr [ May | Jun | Jul | Aug | Sep | Oct | Nov [Dec
Source: BC.Reed, 1997 \ONTH

End of
Greenness

- - -

NDVI VALUES
&
]

Fig. 4.2 Model of vegetatiorwoverpeak months

The launch of highresolutionmultispectral satellitesensor as IKONOS providean
opportunity to reassess the capabilities of satellite remote sensing for mabping
vegetation and monitoring of upland vegetation (Slater and Brown, 2000; Melaher et
2004).

IKONOS satellite images aracquired during vegetation peak season in 200%
technical specification of IKONOS satellite sensor is presented in Tabl&ldirhages
are geometrically corrected. The positional accuracy is 22/m RMSE, which is

required for the integration of d#rent sets of remotely sensed and ground truth data
(Ormeciet al. 2009)

Table4.1 Technical specification of IKONOS satellite sensor (Space Imaging, 2002)

IKONOS SATELLITE SENSOR

Launch Date September ,999

Spectral Bands Pan: 0.45 0.90 um; Blue: 0.450.53 um; Green: 0.52
0.61pm
Red: 0.64 0.72pum; Neatinfrared: 0.77- 0.88 pum

Spatial resolution B&W: 1 meter, Multispectral (R, G, B, NIR): 4 meter

Swath Width 11 kmx 11 km

Orbit Altitude 681 km

Orbit Inclination 98.1 degrees, stBynchronous

Speed 7 km/second

Revisit Time 1.53 days depending on latitude

Image Dynamics 11 bits

Original Metric Accuracy | 12 m horizontal (RMSE)

(Horizontal)
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4.1.2 Linear Regression for Normalization of NDVIto Vegetation Cover
Percentage

The most common procedure for the development of VC uses a regression equation
model derived from the correlation analysis between the vegetation factor estimated in
the field and a satellitderived NDVI (De Jongt al. 1999; Wangetal. 2002). NDVI is

an index derived from reflectance measurements in the red and infrared portions of the
electromagnetic spectrum. Higher NDVI values imply more vegetation coverage; lower
NDVI values imply less coverage, and zero NDVI indicates roclacg land (Jiret al

2009). NDVI is not an intrinsic physical quantity, although numerous studies spanning
many years have shown a positive and generally linear relationship between NDVI and
VC (Carlsonet al 1997; Meusburgeret al 2010; Vemuet al 201Q. These studies

form the basis of the null hypothesis which is that NDVI is unrelated to VC. One of the
objectives of collecting Hsitu data is therefore to test the hypothesis within established
limits of confidence. Another objective is that the direshversion of NDVI to VC
factor, without field verification can be misleading because, in practice, many
biophysical factors besides VC can affect reflectance such as atmospheric effects,
anisotropic effects, background soil reflectance, shadow effenls; and viewing
angle, norphotosynthetic plant material, vegetation structure @ht(Bechtelet al

1997 Hueteet al 1994; Leprieuret al. 2000. The influence of these effects can be
reduced by using the4situ estimations of V@ercentage collected correspondence

with the acquisition dates of remotely sensed.data

The relationshipof in-situ estimated data of V@ercentaggo NDVI values derived

from IKONOS 2007 images was obtained through the linear regression, wkt ND
values as dependent \ale and VC as ndependent variabléFig. 4.3@)). Both
regression coefficient and RMSE of omitted field data were used to achieve the most
accurate regression equation for the normalization of NDVI to VC (Orriecil

2009). The coefficient of regressi@md RMSE are assessed using four iterations of
regression model.

The collection of iesitu transect data occurred within the time planned for the
acquisition of images. The study used 96 transects located along the 44 m wide On
RoW of which 48 were locatieon the OFRoW and 48 were located along G¥bW.

For the reduction of negative impacts from soil reflectance, 10 of these transects were
collected in the bare soil (Montandehal 2008). Estimations were taken along 60 m
long transects placed across-RaW. VC percentage involved the use of quadrate with
the size of 1m x 1m and with a minimum sampling of eight quadrates per transect
where five is for OFRoW and three is for O#RoW. At each quadrate, VC was
assessed by the estimation of the relativep@rton of bare ground to vegetation that
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can be observed looking vertically onto the quadriitee sample of transect location
along RoW is presented Fig. 4.3(b).
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4.1.3 Analysis of Vegetation Cover Spatial Distribution along Right-of-
Way and Evaluation of Restored Vegetation Cover in 2007

As discussed aboye¢he requirement was restoration of a minimum of 70% cover of
ground vegetation, and where the original cover was less than 70%, the requirement is
70% of the original covealong RoWof pipelines(BP 2006). Another indicator of the
restoration success vghen disturbed VC of ORoW reaches the same percentage of
nondisturbed VC of O#RoW. VC for OrRoW was interpolated based on the non
disturbed VC percentage of G®oW to model the nodisturbed VC level along the
corridor of pipelines. This was used the simulation model of the original VC spatial
distribution prior to construction and also as the environmental acceptance criteria.
Comparative rgrowth analyses were performed between -disturbed VC
interpolated from OfRoW and VC developed for @, to understand how restoration
activities comply with the regrowth target aftee ttompletion of construction.

4.2 DETERMINATION OF MAIN CLIMATIC AND GROUND FACTORS
CONTROLLING THE REGROWTHVHGETATIONDOVER

4.2.1 Development of Dataset for Standard Multiple , Global Spatial,
Geographically Weighted Regression Models

4.2.1.1 Dataset for Determination of Vegetation CoverControlling

Factors

1 MODIS (Moderate Resolution Imaty Spectroradiometer) is the senstoard the
Terra (EOS AN and Aqua (EOS PM) satelliteddODIS/Terra NDVI 16-day
composite product from NASA with the spatial resolution of 250 m was used in this
research to monitor VC along the corridor of pipelines. Many previous studies have
demonstrated that there is a correlation between MODIS NDVI and VC ead iie
used to detect and monitor vegetation (Huete et al. 2002; Li et al. 2010; Sun et al.
2011). The MODIS NDVI is the ratio of the red (62670 nm) and neanfrared
(NIR, 8411876 nm) spectral channels. The MODIS NDVI images were acquired for
the midde of vegetation peak months (MayAugust) in 20@ to quantify the
preconstruction vegetation condition and also for the middle of the same months in
2007 to monitor the postonstruction vegetation condition. The average NDVI
values for months were compgtto assess the mean of vegetation peak period.

1 MODIS LST data for an 8day composite with the spatial resolution of 1 km was
acquired for the same vegetation peak months. Four months of LST were averaged to
be consistent with NDVI data.
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1 Digital ElevationModel (DEM) was developed using the stereo aerial photography
along the corridor of pipelines. The spatial resolution of DEM is 10 m. The aspect of
slopes was also computed based on this DEM. The TMIN, TMAX and annual
PRECIP were acquired from the World@Ili Global Climate Data. These data were
developed through the interpolation of average monthly climate data from weather
stations in each country to a 30-aecond resolution grid or 1 Krapatial resolution
(Hijmans et al. 2005).

1 The MOD16 ET datasetssed are estimated using ET algorithm described in Mu et
al. (2007). The ET algorithm is based on the PenManteith equation (Monteith
1965). The annual ET was considered in the regression analysis.

1 SOLRAD was computed based on the methods from the pbkearisal viewshed
algorithm developed by Rich et al. (1994), as further developed &t &L(2002).

The total amount of direct, diffuse, and global insolation was calculated relative to the
topographic surface based on DEM along the corridor of pigeline

1 Topsoil depth samples were collected along the corridor of pipelines at 647 point,
prior to the construction of the pipelines in 2003. Groundwater depth was also
observed for 327 boreholes and 154 test pits along the RoW. Kriging, the
geostatistical irdrpolation technique predicting unknown values at unmeasured
locations based on measurements of known surrounding locations, is used to compute
the continuous surface of topsoil depth and to compute the continuous surface of
groundwater depth with the sntbong factor of 0.5.

1 The IKONOS hidp-resolution multispectral images acquired along RoW in 2007
were used to compute the NDVI with the spatial resolution of 4 m. These high
resolution images were needed to investigate how the predictions computee relativ
to MODIS NDVI correlated with the detailed NDVI of grasslands and croplands for
the postconstruction state of Row.

100 m long and 44 m wide polygons were created by the division of the RoW corridor.

As a result of this, 4410 total polygons were devealogeng RoW. In each polygon,

the pixel values of MODIS and IKONOS NDVIs, PRECIP, ET, LST, TMIN, TMAX

and SOLRAD, Elevation, Groundwater depth, Topsoil depth were averaged using the

method of zonal statistics. These data was used for running of statiSktRM,

GSRM and GWR analysis.

4.2.1.2 Standardization of Response and Predictor Variables

Since LST, PRECIP, ET, TMAX, TMIN and SOLRAD have different units of
measurement, the standardization of variables was necessary to compare the relative
influence of differat independentariables (Hu et al. 2011kq.4.1 was used.
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X-* — (Xl - Xiavg)

(4.1)

where X/ is the standardized variablé; is the original data of the variable X,
is the mean of the corresponding variable , gnt the standard deviation. Since the

dependent variable NDVI normally has a range fronl to 1, it is scaled to an-@t
data range of 6255 to avoid of negative valuesthe predicted results.

4.2.2 Spatial Multiple Regression Model and Ridge Standardized
Regression Procedure for Grasslands and Croplands

4.2.2.1Satial Multiple Regression Modelith all Predictor Variables
A multiple linear regression analysis is performed for gjeasls and croplands using
the dependent variabieNDVI and predictor variables as PRECIP, ET, TMAX, TMIN,
LST and SOLRAD. The full linear regression model equation is espreas follows
in Eq.4.2 (Ji et al. 2004).

NDVlgasqcrop = Do + £ (PRECIP) + b, (EVATR + 53(TMAX) + (4 9)

+ 0,(TMIN) + 5, (LST) + 5, (SOLRAD + e
where b, is the intercept,b,, b,é é . b, are regression coefficients of the climate

predictors, ande is random error.

4.2.2.2 Detect Multi-collinearity of the Regression Model and
Elimination of Variables Causing the Multpbllinearity in the Regression
Model

Pearson correlation analysis was conducted to determine the existence and type of
correlation between NDVI and other climate variables (Ji et al. 200®%)e $ihe mult
collinearity is defined as a high degree of correlation among predictor variables, this
also detects the presence of matilinearity in the regression model (Ji et al. 2004).
The presence of multiollinearity in the regression model vdts in the poor estimation

of the regression coefficients because it reduces the dispersion of the residuals, which
are the independent variable in the regression models (Montgomery et al. 1982; Belsley
1991; Freund et al. 2006). According to Montgomeryak (1982), if the variance
inflation factor (VIF) exceeds five, then the presence of ruolfinearity in the
regression model is probable. According to Belsley (1991), a condition number in
excess of 30 is also a reason to suspect the presence ofcotliearity in the
regression model. Since it is not recommended to use the stepwise selection ¢Ereund
al. 1991) for the model with mukgollinearity, the ridge standardized regression
procedure proposed by Hoerl and Kennard (1970) was used tonoetethe useful
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predictor variables through the elimination of the mattilinearity in the regression
model. This allowed to make the predictors nearly orthogonal and the coefficients less
variable (Ji et al. 2004).

4.2.3 Spatial Regression based on the Maximum Likelihood Estimation
of Spatial Errors

4.2.3.1Detect the Spatial Autocorrelation in the Regression Model

The combination of geostatistical model of spatial dependence -{seimgram
functions) and a maximum likelihood regression procedure is used in Haarch

(Lark 2000). The spatial autocorrelation is detected based on thevaeogram
analysis of the regression residuals from the Ordinary Least Squares (OLS) procedure.
The spherical semiariogram function is defined as follows in Eq. 4.3 (Ji e2@04).

€0 if h=0
g(h)=1C, +C,[L5(h/a)- 0.5(h/a)?]  if O<hca (4.3)
1C, +C, if h>a

where g(h) is the variogram function, h is the distance lag between the centrfoids o
100m long and 44 m polygons.

4.2.3.2Maximum Likelihood Spatial Error Model

Spatial regression model as simultaneous autoregressive (SAR) models considers

spatial autocorrelation of residuals as an additional variable in the regression equation

and adds the normalization effect in the estimation of the significance of independent

variables (Ji et al. 2004). The parameters for the spatial regression models are estimated

based on the maximum likelihood procedure. The SAR model, or the spatial error

model, is formulated as follows in Eq. 4.4 (Erener et al. 2010; de Smith et al. 2007)
Y=Xb+rWy+e (4.4)

Where e Vector of errors with zero mean and constant varianée W Proximity

matrix s Interaction parameter or spatial autoregressive coefficterst.the parameter

to be estimated due to relationship between the variables. SAR provides a global

prediction model, and it determines the coefficients whichsignificantly contribute

to the model based on a spatially oriented estimationhef dtandard errors of

coefficients (Fotheringham et al. 1998).
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4.2.3.3Geograplcally Weighted Regression

Since the relationship between the dependent variable (NDVI) and predictor variables

can vary over space, it is also necessary to consider a local moeelhmggue (Miller

et al. 2007). GWR estimates parameters across space and contributes to the
understanding of local variations in the study area (Fotheringham et al. 2002; Brunsdon

et al. 1996; Brunsdon et al. 1998; Foody 20@)R is represented in E4.5 (Zhao et

al. 2010):

y=b,(mn)+b(mnx +....+ b,(mn)x,+e (4.5)
where y is the dependent variablex, to x, are the independent variables;
(mn) denotes the sample coordinate in spacel e is the error term.

The parameteb is estimated from:
Bmn) = (XW(mm)X)  X'W(mn)y  (4.6)
where ﬁmn) is the estimate fromb, W(/mn) is the weighting ratrix, ensuring that

observations near the location have greater influence than those far away.

4.2.4 Detect the Non-direct Influence of Ground Factors Controlling
Vegetation Cover Distribution

4.2.4.1 Investigation of Elevation and Aspect Role in the Distribution
Patterns of Vegetation Cover

Elevation, aspect and slope indirectly affect the vegetation distribution by controlling
climate and ground variables such as LST and PRECIP (Huang 2002; Jin et al. 2009).
The regression analysis and contour color fill modeling weegormed between
elevation and NDVI of grasslands and croplands to detect the patterns of VC
distribution. Polar modeling was used to determine the patterns of LST in relationship
to the slope aspect and elevation.

4.2.4.2 Investigation of the Topsoil Role in the Distribution of
Vegetation Cover

Prior to the construction start of BTC and SCP pipelines, the topsoil with the depth
varying in the range of-8 cm was removed from the 44 m RoW, stockpiled during the
construction period and then redistributed aldmg pipeline RoW after laying of the
pipelines into trenches and backfilling subsoil (Sljivic et al. 2004). The field collection
of 647 soil samples was performed in 2003 prior to construction to evaluate the soil
texture and topsoil depth. According to fBkio et al. (2004), the success of the
revegetation significantly depends on correct redistribution of the topsoil back to the
RoW. This is because the plant nutrients, viable propagules, mychorriza and
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microfauna required for the vegetation growth aretaioed in the topsoil (Hargis and
Redente 1984; Skrindo et al. 2004). Therefore, a quantitative assessment of NDVI of
grasslands and croplands based on the existing data for the preconstruction soil will
demonstrate the extent to which the NDVI of grassdaand croplands is affected by

the topsoil depth along RoW. The Kriging method was used to interpolate the surface
for the topsoil depth based on the field collected 647 soil samples. The regression
analysis was conducted between NDVI of grasslands aplacids and topsoil depth.

The relationship between the precipitation and topsoil depth was also investigated to
better understand to what extent precipitation had a role in the formation of the topsoil
as one of the main factors of soil formation.

4.2.4.3 Invesigation of Groundwater Depth Role in the Distribution
Patterns of Vegetation Cover

Vegetation growth and patterns is controlled strongly by the groundwater table
(Stromberg et al. 1996). Groundwater supportsShenecessary for maintaining the
vegetationroot systems (Jin et al. 2019M depends on how close the groundwater
depth is to the ground surface (Rodrigiiezbe 2000; Farmer et al. 2003; Pan et al.
2008). The Kriging technique is used to compute the surface of the groundwater depth
at the same patial resolution as the MODIS NDVI image by interpolating the
groundwater depth measurements to 250m x 250m grid (Isaacs and Srivastave 1989).
The regression analysis between the NDVI and groundwater assesses their relationship.
Contour color fill methodmodels the relationship between groundwater depth,
elevation and NDVI of grasslands and croplands.

4.2.4.4 Investigation of the Soil Moistug Role in the Distribution of
Vegetation Cover
SM was collected for 156 boreholes and test pits in the process of precbastru

geotechnical survey along the corridor of pipelinése range of soil depth for
collected samples was3lmetersThe Inverse Distance Weighted (IDW) method was
selected as the optimal for the interpolation of $iM surface.The regression analysis
was used among§M, ELEV, EVATR, LST andAAT.

4.2.5 Validation of the Predicted NDVI by the Regression Models

The validation of the GSRMand GWRpredicted results of NDVI for grasslands and
croplands was performed based on the regression analysis with MODIBRQNO®S
NDVI 2007 and modeling of polynominal trends. MODIS and IKONOS NDVI 2007
correspond to the pasbnstruction state of partially restored vegetation after two years
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from construction completion. The different satellite sensors measure the int#nsity
different wavelengths of light being reflected from the earth's surface and this leads to
different components of the reflectance spectra of vegetation and soil (Steven et al.
2003; Gallo and Daughtry 1987; Guyot and Gu 1994). Therefore, combining NDVI
from different sources of remotely sensed data can create difficulties (Steven et al.
2003). One solution is the table for the intercalibration of vegetation indices between
different sensors developed by Steven et al. (2003). Based on that approsmhgé¢he

of IKONOS NDVI of grasslands and croplands was intercalibrated to MODIS NDVI
range using the linear regression as follows in Eq. 4.7.

MODIS,,, =0.029+1.072 IKONOS,,,  (4.7)

4.3 PREDICTION OF EROSINRONE AREASALONG THE
CORRIDOR OF PIPELINES

4.3.1 Development of Quantitative Universal Soil Loss Equation and
Morgan -Morgan -Finney Erosion Predictions Models

4.3.1.1 Development of Morgan-Morgan-Finney Erosion Prediction
Model

The MMF model was developed by Morgan et al. (1984) for the predictisaildbss

from field-sized areas on hislopes. The MMF model used the concepts proposed by
Meyer and Wischmeier (1969) and Kirkby (1976) to provide a stronger physical base
than USLE (Wischmeier and Smith, 1978) and to retain the advantages of an empirical
approach by simplifyig the approach and the needed data. (Morgan 2001). The model
separates the soil erosion process into the water and sediment phases (Yazidhi 2003;
Morgan 2005). The water phase involves prediction of detachment by rain splash. The
sediment phase compris@gotcomputations; one for the rate of splash detachment and
one for the transport capacity of overland flow (Jasrotia et al. 2006; Li et al. 2010;
Behera et al. 2005; Lope#cente et al. 2008). GIS is a powerful lanse management
instrument simplifying te process of erosion prediction modeling, but the quality of
the results corresponds to the quality of the input data (Svorin 2003). 4.2blé.5
summarize the GIS input parameters needed to run the MMF model and sources for the
generéion of these pameters. Fig. 4.¢resents the flow of parameters input for the
MMF model. MMF model was developed with the pixel resolution of 4m x 4m. Input
parameters with higher pixel resolution were also resampled to 4 m before development
of the MMF model.
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Fig. 4.4 Flow chart showing the data input and methods in soil erosion prediction using Mdoggan

Table4.2 Input parameters for the prediction oft@tial soil loss using Morg

Finney model

aMorganFinney model

INPUT DESCRIPTION DATA SOURCE/METHODS SPATIAL RESOLUTION (m),
PARAMETER POSITIONAL ACCURACY (m,
RMSE), PREDICTION ERROR
FOR CONTINUOUS SURFACE
SM Soil moisture | Field measured samples fb66 boreholes and te§ Spatial Resolution: 4 m
content at field| pits from geotechnical preonstruction survey fol Positional accuracy of fieldg
capacity or 1/3 ball pipeline routing. Geostatistical Kriging techniq| samples measurements:- §m
tension (% w/w) was applied to grid the values of field collect{ (RMSE)
samples for the pplication in the prediction| Prediction error for continuous
models of soil degradation (Lin et al. 200 MS surface: 0.07
Elgubshawi 2008
BD Soil bulk density| Based on typical values for soil parameters for | Spatial Resolution: 4 m
(Mg/m) MMF model (Morgaii Duzant version) by Morgar| Positional accuracy of fielg
et al. (2008) samples measurements:- -§m
(RMSE)
Prediction error for continuous
_ BD surface: 0.06
% RD Rooting depth (m) | Based a landuse parameters used in soil erosi Spatial Resolution: 4 m
o modeling by Baruti (2004) Positional accuracy of field
= samples measurements:- m
> (RMSE)
8 Prediction error for continuou
£ RD surface: 0.01
Wi K Soil detachabilig | Collected 647 samples with typical particle si Spatial Resolution: 4 m
c index (g/J) distributions for the soil texture classes alo| Positional accuracy of fielg
g pipelines. Computation of soil erodibility based | samples measurements:- §m
5 the relationship developed by Rdmkens et | (RMSE)
S (1988). Geostatistical Kriging technique wj Prediction error for continuou
z applied to grid the values of field collecte K surface: 0.05
@ samples for the application site (Lin et al. 20(
(o2 Elgubshawi 2008
O| Et/E0 Ratio of actual (B | Actual (E) developed by Mu et al. (2007) wg Spatial Resolution: 4 m
= to potential (k) used in this research. The MOD16datasets arg Positional accuracy:
evapotranspiration| estimated usingElgorithm described in Mu et a
(2007). The Ealgorithm is based on the Penmg
Monteith equation (Monteith 1965).E, is
described in Zomer et al. (2008).
A Rainfall Based on landise parameters used in soil erosi N/A
intercepted by thel modeling by Baruti (Q04)
vegetation and
crop residue (%)
© Crop cover VC for nonagricultural and pastures wg For nonagricultural and pastur
management generated based on NDVI of IKONOS 20( lands:
factor satellite images and ground truth data of estimg Spatial Resolution: 4 m
VC percentage. Positional IKONOS NDVI
For the agricultural lands, the average annual| accuracy: +/2m (RMSE)
factor values prposed by Wischmeier and Smit| Normalized VC Grid accuracy
1978; Morgan, 1995) were assigned to { +/-15% (RMSE)
cultivated vegetation types. For agricultural lands:
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N/A
Ra Annual rainfall Annual PRECIP were acquired from th Spatial Resolution: 1 km
(mm) WorldClim i Global Climate Data. These da| Positional accuracy: uncertain
were developed through the interpolation | Prediction error for continuou
average monthly climate data from weath R, surface: uncertain
stations in each country to a 30caecond
resolution grid or 1 kf spatial resolution
(Hijmans et al. 2005).
R, Number of rain Azerbaijan meteorological gtans along pipelines| Spatial Resolution: 1 km
days in the year Positional accuracy of station
+-5m
Prediction error for continuou
R surface: 0.1
| Typical value for | Recommended value of 75 mm/h by Wischme N/A
intensity of and Smith (1978)
erosive rain
(mm/h)
I30 Typical 30minute | Recommended value of 25 mm/h by Wischmeg N/A
intensity of the and Smith (1978)
erosive rain
(mm/h)
S Slope gradient Digital Elevation Model (DEM) generated frorl Spatial Resolution: 4 m
(radians) stereo aerial photography DEM Horizontal and Vertical
Accuracy: + 1 m (RMSE)
Ro Mean rain per Derived based on the ratio offe R, N/A
erosive rain day
(mm)

Table 4.3 Input soil parameters for MorgavlorganFinney and Universal SoLoss Equation erosion
prediction models

SOIL TYPE BULK DENSITY SOIL ERODIBILITY FACTOR
Clay 1.1 0.15
Clay loam 1.3 0.28
Clay loam with stones 1.3 0.28
Loamy sand 14 0.18
Sand 1.5 0.13
Sandy clay 1.4 0.15
Sandy clay loam 1.4 0.25
Sandy loam 1.2 0.28
Silt 1.3 0.6
Silt loam 1.3 0.5
Silty clay 1.3 0.25
Silty clay loam 1.3 0.35

Table4.4 Land-use parameters used in MorgslorganFinney erosion prediction model

LAND -USE TYPE ROOTING DEPTH RAINFALL IN TERCEPTED BY THE
VEGETATION AND CROP RESIDUE (%)
Bareland 0.09 0.00
Croplands 0.12 0.25
Pasture 0.14 0.33
Grasslands 0.14 0.33
Shrubs 0.12 0.25
Forest 0.12 0.25

The operating functions for the MMF approach are:

Water phase:

(4.8)

where E = kinetic energy of the rainfall (JJmR = annual rainfall (mm), | = typical
value of the intensity of erosive rain (mm/h)

E=R*(11.9+8.7*log)
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Q=R*exp ) (4.9) R, =1000 SM* BD* RD* (E/E,)** (4.10)
R,=R,/R (4.11)
where Q = volume of overland flow (m),,R number of rainy days in the year; R
annual rainfall (mm), &, = ratio of actual (E to potential (E) evapotranspiration,
SM = soil moisture content in tifeeld capacity or 1/3 bar tension (%/wy), BD = bulk
density of the top soil layer (mg/m), RD = top soil rooting depth (m).
Sediment phase:
F=K*(E*e®%")*10° (4.12)
where F = rate of detachment by raindrop impact (Kg/=soil detachability index
(9/d), E= kinetic energy of the raitif4l/m), A= percentage of rainfall contributing to
permanents interception and stem flow (%).
G=C*Q**sinsr10° (4.13)
where G transport capacity of overlain flow (kg/m), C=crop cover management factor,
S=steepness of ground slope (radians).
The coer-management factor (C) is one of the most important variables because soil
organic cover is a major determinant of the success of restoration pra¢essendez
et al. 2010; Pierson et al. 2001; Pannuk et al. 2003; BenaSwmleso et al. 2005; Vega
et al. 2005; Wagenbrenner et al. 2006; Fernandez et al. 2007). VC plays an important
role by minimizing the impact of each raindrop (Suriyaprasit 2008).
Performance of soil erosion models can be improved using rersairbed spatial data
about vegetationgrameters (De Asis and Omasa, 2007; De Asis et al. 2008; De Jong
1994; De Jong et al. 1999; Jain et al. 2002; Meusburger et al. 2010). In the present
studies, C factor was computed based on VC percentage along R@attoCvalue
decreases exponentiallytviincreasing VC percentage and is computed using HEq.
NDVI is the most widely used of all vegetation indices and it requires data from the red
and neainfrared portions of the electromagnetic spectrum (Lunetta 1999; Dafalla
2006; Muzein 2006; Sulieam 2008). VC percentage was computed using Eqg. 4.15
derived from the regression analysis between IKONOS NDVI assitunestimations
of VC percentage for 96 transects along RoW of pipelines (Bayramov 2D@&jtors
recommended by Wischmeier and Smith78Pand Morgan (1995) were assigned to
the croplands since the accurate data of the land parcels was available along RoW of
pipelines(Table 4.5).
C =g 2%COV (4.14)
VC = (NDVI + 0.0282) / 0.0038 (4.15)
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Table 4.5 Landuse types, areas and assignefdior along Righbf-Way of pipelines (Adapted from
Wischmeier and Smith 1978; Morgan 1995)

LANDUSE AREA (sg. m.) AREA (%) CROP COVER MANAGEMENT FACTOR
Rangelands 16390117.38 34.20 .
PaETie 884432 37 16.45 Computed based onDVI| to VC equation
Bareland 3330397.42 6.95 Determined bass\gs ';S“‘S'?g‘,ﬁ;j’t‘g‘i,éq;‘%if” anéaClor = 1
Apple 5932.30 0.01 0.11
Apricot 9766.17 0.02 0.11
Broom 736658.55 1.54 0.1-0.4
Cabbage 17093.02 0.04 0.1-:04
Cherry 2521.61 0.01 0.11
Corn 254986.45 0.53 0.40
Cotton 191022.57 0.40 0.400.70
Fig 493.78 0.00 0.11
Forest 99640.56 0.21 0.00%0.004
Garlic 15343.42 0.03 0.1-0.7
Grape 30857.41 0.06 0.11
Irrigated Grazing 852221.62 1.78 0.11
Lucerne 5439509.15 11.35 0.1-0.7
Medlar 14699.94 0.03 0.11
Melons and Gourds 623811.66 1.30 0.1-0.7
Mulberry 45027.53 0.09 0.11
Onion 43102.85 0.09 0.100.50
Pear 4117.24 0.01 0.1-:04
Plum 2768.90 0.01 0.1-0.4
Potato 1152120.71 2.40 0.100.50
Sunflower 262555.37 0.55 0.1-0.7
Vegetables 909505.79 1.90 0.1-0.7
Wheat 8270239.44 17.26 0.100.40
White poplar 5772.92 0.01 0.00%0.004
Water 886681.37 1.85 0
Industrial 443827.02 0.93 1
TOTAL AREA 47925224.52 100

4.3.1.2 Development ofUniversal Soil LosBguation Erosion Prediction
Model
Application of the USLEerosion predictioomodel (Renard et al. 1997) was based on
the procedure described by Wischmeier and Smith (1978) to essmiatessby the
Eqg. 4.16 (Wolf 2006).

A=R*K*LS*C*P (4.16)
where A = the rate ofoil loss (tha), R = a factor for annual rainfall erosivity
(MJ.mm/ha.h), K = a factor for soil erodibility (g/J), LS = the topographic factor, C =
vegetative cover factor, P = erosioontrol practice factor. Fig4d.5 and Table 4.6
presents the flow of parameters input for USLE model.

2 Tt Erosion-control
Typical 30-minute Amount of T Ty Ty Flow Flow . SI?.pe Percentage of

intensity of the erosive rainfall Sses Direction A I G v ion cover practice factor
erosive rain (159 (mm) (Pepoy) ypl, (FD) n TA) S) (\ic) )
Es: ing e P .
Rainfall Erosivity Soil Erodibility Topographic Crop management

Factor (K) Factor (LS) @)
1 [ l I
!

Estimating of soil loss

Fig. 4.5 Flow chart showing the data input and methods in soil erosion prediction using Universal Soll
Loss Equation model
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Table 4.6 Input parameters for the prediction of potential soil loss using Universal Soil Loss Equation

erosion prediction model

INPUT
PARAMETER

DESCRIPTION

DATA SOURCE/METHODS

SPATIAL RESOLUTION (m),
POSITIONAL ACCURACY (m, RMSE),
GRID ACCURACY

R

Rainfall erosivity factor

Derived through the rapid method of
estimation equation from Laws an
Parsons (1943) multiplied by the amoy
of erosive rainfall (mm) and typical 3(
minute intensity of the erog rain

Spatial resolution: 1km
Positional accuracy: uncertain
R Grid accuracy: uncertain

Soil detachability index
(91)

Collected 647 samples with typic
particle size distributions for the so
texture  classes along pipeling
Computation of soikrodibility based on
the relationship developed by R&mke|
et al. (1988). . Geostatistical Krigin
technique was applied to grid the valy|
of field collected samples for th
application site (Lin et al. 2002
Elgubshawi 2008

Spatial Resolution: 4 m

Positonal accuracy of field sample
measurements: +bm (RMSE)
Prediction error for continuous
surfaceuncertain

Crop cover managemer|
factor

VC for nonragricultural and pastures wg
generated based on NDVI of IKONO
2007 satellite images and groundith
data of estimated VC percentage.

For the agricultural lands, the avera
annual Gfactor values proposed b
Wischmeier and Smith, 1978; Morga
1995) were assigned to the cultivat
vegetation types.

For
lands:
Spatid Resolution: 4 m

Positional IKONOS NDVI accuracy|
+/- 2m (RMSE)

Normalized VC Grid accuracy: -/
15% (RMSE)

For agricultural lands:

N/A

nonragricultural and pasturg

Erosion control practice
factor grid

Default value of 1 because of no erosi
control practice along RowW

N/A

LS

Topographic factor

Digital Elevation Models generated fro
aerial photography (spatial resolution:
meters)

Spatial Resolution: 4 m
DEM Accuracy: +/ 1 m (RMSE)

Universal Soil Loss EquationModel

Peros

Amount of erosive
rainfall (mm)

40 percent of the mean annual rainf|
(Hudson 1995)

N/A

I30

Typical 3Gminute
intensity of the erosive
rain (mm/h)

Recommended value of 25 mm/h
Wischmeier and Smith (1978)

N/A

Typical value for
intensity of erosive rain
(mm/h)

Recommended value of 75 mm/h
Wischmeier and Smith (1978)

N/A

Ra

Annud rainfall (mm)

Annual PRECIP was acquired from t
WorldClim 1 Global Climate Data,
These data were developed through

interpolation of average monthly clima
data from weather stations in ea
country to a 30 arsecond resolutior|
grid or 1 knt spatal resolution (Hijmans|

et al. 2005).

Spatial resolution: 1km
Positional accuracy:
R, Grid accuracy: uncertain

Since data was not available from rainfall recording stations, a rapid estimate of the R

factor was obtained from:
R =P, (0.119+0.0873log,l) * I ,, (4.17)

where | = rainfall intensity (mm/h),.Bs= the amount of erosive rainfall (mmj)o F a
typical 30minute intensity of the erosive rain (mm/h).

Soil erodibility describes the vulnerability of the soil to detachment and transport

caused by raindrops drrunoff (Erdogan et al2007). Field assessments of typical
particle size distributions for the soil texture classes were made bytéwndng 647

sample sites along RoW. Using these data, soil erodibility was computed based on the

relationship develogd by Romkens et al. (1998) through the Eg. 4.18 and 4.19.
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‘ 2 4 n 5
< =0,0034+ 00307exs 0500909+ 15338 (4.18) g oxpfe0id 1, logm§ (4.19)
€ 0.7671 a ¢ i=1 +

where Dg = geometric mean particle diameter (mm), wtierepercentage weight of
particlesize fracton i, m = arithmetic mean of particlgize fractioni (mm), n =

number of particlesize fractions.

Among the factors affecting soil erosiospil lossis very sensitive tovC and
topographical factors (Renard et al. 1993). Flow direction, flow accumulation and slope
are computed using DEM of 4 m spatial resolution and applied in Eq. 4.20.

o 06 o . 3
aFlowAccumlation* CellSizeD asinSlope 0.0174& (4 20)
LS= e o 0 * e&———0 .
o 22.13 = (o} 0.09 =

C factor was developed using the same method as fdf MBihce there are no erosion
control measures in place, P is equal t&J3LE model was developed with the pixel
resolution of 4m x 4m. Input parameters with higher pixel resolution were also
resampled to 4 m before development of the USLE model.

The resits of soil losspredictions by erosion models were quantified in accordance
with the erosion classes proposed Mgrgan et al. (2004) in Table 4.7 to perform
further analysis.

Table4.7 Erosion severity clags (Morgan et a004)

EROSION | VERBAL EROSION VISUAL ASSESSMENT

CLASS ASSESSMENT | RATE (T/HA)

1 Very slight <2 No evidence of compaction or crusting of the soil. No w|
marks or scour features. No splash pedestals or exposed
or channels.

2 Slight 2-5 Some crusting of soil surface. Localized wash but ng

minor scouring. Rills every 5000m. Small splash pedestg
where stones or exposed roots protect underlying soil.
3 Moderate 5-10 Washmarks. Discontinuous rills spaced everyb@én. Splash
pecestals and exposed roots mark level of former surf
Danger of pollution problems downstream.

4 High 10-50 Connected and continuous network of rills evergQin or
gullies spaced every 5000m. Washing out of seeds al
young plants. Reseeding may be uieed. Danger of
pollution and sedimentation problems downstream.

5 Severe 50-100 Continuous network of rills every-2m or gullies every 20m
Access to site becomes difficult. Regetation work
impaired and remedial measured required, damage to
by erosion and sedimentation. Siltation of water bodies.

6 Very severe 100500 Continuous network of channels with gullies everi(n
surrounding soil heavily crusted. Integrity of the pipel
threatened by exposure. Severe siltation, pollution
eutroghication problems.

7 Catastrophic > 500 Extensive network of rills and gullies; large gullies (> 10(
m2) every 20m. Most of original surface washed ay
exposing pipeline. Severe damage from erosion
sedimentation on site and downstream.
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4.3.2 Methods of Statistical Processing for Quantitative Assessment of
Morgan-Morgan-Finney and Universal Soil Loss Equation Erosion
Prediction Models

4.3.2.1 Quantitative Assessment of Differences and Validation of
Erosion Prediction Accuracy of the MorgaviorganFinney and the
Universal Soil Loss Equation Erosion Prediction Models

Pairsample {Testand Pearson product momentum correlation were computed between
the pixelsoil lossvalues of MMF and USLE spatial grids. This provided quantitative
differences betweesoil losspredctions of two erosion models. Descriptive statistics
were used in the present studies to evaluate how the USLE and MMF models differed
in terms of minimum, maximum and mean values, standard deviation, COV based on
the computations frorsoil lossvalues ofpixels in both models

The everyday patrolling of the RoW of pipelines by horses and vehicles began right
after the completion of pipelines construction in 2005 for theitin determination and
inspection of erosion occurrences along RoW of pipelinbs i€ regularly performed

to record erosion occurrences along RoW of pipelines for the prevention of pipeline
corrosion or thireparty intervention risks by open surface of pipelines. In total, 316
erosion occurrences sites have been recorded througim-#iiel visual inspections
along RoW during the period of 20@®12 (Fig. 4.6(ab)). The erosion occurrences
were measured using handheld Trimble GPS system with the accuracylometer
(RMSE). These erosion occurrences were used as the grotimdhta to assess the
gualitativeprediction accuracy and reliabilifgr the spatial distributiomf the USLE

and MMF predicted critical erosion classes along RoW of pipelifibs. validation of
guantitativesoil losspredictions was performed using 48 diedrosion plots installed in
2005 aftethe completion of construction. The size of field erosion plots was 22 m long
and 1.8m wide. The measurements of erosion rates were performed based on the
quarterly repeatesioil lossmeasurementsom 2005 till 2007 (Fig. 4.6(a}b)).
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!Legend
i m Field erosion plots (48)
Erosion occurrences (316)
BTC/SCP Pipelines

Fig. 4.6(a) Erosion occurrences collected in the period of 2@ and field erosion plots measured in
the period of 2002007 along Righbf-Way of BTC&SCP pipelines; (b) examplesarbsion
occurrences along Riglff-Way of pipelines
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USLE and MMF models were also validated based on the pipeline segments developed
by the division of pipeline using pipe joints. The distance between pipe joints is 11
meters. The pipeline segments aféectby erosion occurrences were spatially
identified. The average USLEand MMF - predictedsoil losswas determined for the
erosionprone pipeline segments. The number of segments with the ashdess
more than 10 t/ha having higher probability edsson occurrences was counted for
USLE and MMF models. The regression analysis between the average USidE
MMF - predicted soil loss for pipeline segments with 4situ identified erosion
occurrences were performed to understand how different the tiwedicof these
models on the level of erosigrone segments identified by the actual erosion
occurrences.

4.3.2.2 Classification of Geomorphometric Elements (slopes,
elevations, aspects, terrain curvaturelVegetation CoverPercentages

and Landuseand Determindion of Spatial Variations

Slopes gradients were computed using DEM of 4m spatial resolution and were
classified in accordance with the following slope angle ranges recommended by
Morgan et al. (2004): 2.86° (ow), 2.86%4.57° (Gentle), 4.575.71° (Slidtly

rolling), 5.71%9.09° (Rolling), 9.09°16.70° (Hilly), >16.70° (Mountainous). Elevation

was classified in the interval of 50 m usiBgEM of 4m spatial resolution. Terrain
curvature types were computed using DEM of 4m spatial resolution and classified
concave, convex and flat forms. Aspects were calculated using DEM of 4 m spatial
resolution and classified in accordance with the following standard aspect ranges:
North (022.5°), Northeast (22567.5), East (67.5112.5), Southeast (112?56
157.5), South (157.5202.5), Southwest (202%5247.5), West (247.5292.5),
Northwest (292.%337.5) and North (337.536(). Developed VC percentage was
classified with the interval of 10%. Lante was categorized into croplands,
grasslands and pastures.

For the evaluation of spatial variations of the USLE and the MMF erosion prediction
models within the abovementioned categories of geomorphometric elements of terrain
(slope, elevation, aspect, terrain curvature), vegetation cover percentage classes and
landuse, the standard deviation and mean values of the predicted soil loss values by
MMF and USLE erosion models were determined using descriptive statistics for further
computation of COoVv. COV is defined as the
mea € .
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Erosion occurrences accurately predicted by the USLE and the MMF erosion models
and their total count of 316 were quantified within the categories of geomorphometric
elements of terrain (slope, elevation, aspect, terrain curvature), vegetation cover
percentage classes and landuse. This allowed to understand how the spatial variations
of the USLE and the MMF erosion prediction models contribute to the prediction
reliability of in-situ collected erosion occurrences.

The results of soil loss predictiony lrosion models were also reclassified into the
following erosion classes recommended by Morgan et al. (2004) for the quantification
and mapping purposes of erosion classes in tons per hectare per year along RoW of
pipelines: Very slight (< 2), Slight {8), Moderate (5L0), High (1850), Severe (50

100), Very severe (10800), Catastrophic (> 500).

4.3.2.3 Limitations in Data for the Improvement and Validation &oil
LossPredictions

Since the input variables were acquired from various sources with differemacies,
uncertainties in the developed MMF and the USLE models were inevitable. The
geographic positions were the only parameter measured -ftuirtollected erosion
occurrences in the period of 20@812. Field measurements of soil loss were not
perfomed at erosion occurrences and this limited the possibility to evaluate the
guantitative soil loss predictions by the USLE and the MMF erosion prediction models.

44 COMPARISON OF QUALITATIVE AND QUANTITATIVE
METHODS FOR PREDICTION OF EROSFKRXONE AREAS WITN
TERRAINUNITS

4.4.1 Modeling and Validation of Multi -criteria  Assessment of Erosion -
prone Areas

MCA1l (VC < 70%, SG > 8%, K>0.97and MCA2 (VC < 70%, K>0.27, Landise =
Cropland$ were computed using Glsased multcriteria assessmentThe criteria

were adafed using the bi@ngineering criteria adapted from Zachar (1982),
Wischmeier & Smith (1978) and Odemerho (1986). There fkimg particular novel

about MQA using GIS, but its application to revegetation has been rarely exploited
(Apan et al 2004). The garrent state of knowledge does not enable a mathematical
definition of the relationship among SG, K, lanse andsoil loss The SG and K at
which maximunsoil lossoccurs depend on soil and topographic position. Based on the
studies conducted by Wischmei& Smith (1978) and Odemerho (1986), it is
important to use a somewhat conservative approach that prevents from the unrealistic
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definition of minimum SG and K criteria for the M It is obvious that from the
aspects of biengineering there are certaintyore parameters which should be taken

into account but this approach provides a rough estimation considering basic
parameters asG VC and K factors. Estimations ebil lossby Wischmeier & Smith

(1978) and Odemerho (1986) was performed on ami@6ng, bare soil slope without
erosioncontrol measures for thelour 1Gyear return storm at Yopal, Colombia, with
different gradients of slope steepness and soil types. These studies revealed that 10 t/ha
of soil losshas the higher probability of occurrenicethe areas with S > 8% and

K>0.27. The & within the TUs were quantified in percentages from DEM4ah

spatial resolution and classified in accordance withfollowing SG: Level (2.86%),

Gentle (2.86-4.57), Slightly rolling (4.57-5.771°), Rolling (5.71°-9.09), Hilly (9.09°-

16.7C), Mountainous (>16.7). VC developed and discussed in the previous items
was quantified within TUs. Based on the beémgineering criteria adapted fradachar

(1982) (Table @), it is recommended to have VC > 70 % touee thesoil lossto

10t/ha.lt is also known that erosigoroneness increases because of the anthropogenic
agricultural activity, t ldasoheof thehcsiteri@forop | and:
MCAZ2. Therefore the criteria used as input parametersfoAl wered/C < 70%, SG

> 8%, K>0.20 avdl< 70%, K>0.27, Landise = Croplands f or TKeCA 2.
predictions of erosioprone areas by MCA models were validated usingitun
collected 316 erosion occurrences.

Table4.8 Recommended Erosion Control Classes for Bioengineéfidgpted from Zachar 1982)

EROSION DESCRIPTION | SOIL LOSS EROSION STATE
CATEGORY (t/alyr)
A Very slight to <10 Vegetation cover >70% of surface. Some crusting of exp
Slight soil. Loalized, wash but no minor scouring, no chann

Small splash pedestals where stones or exposed roots protg
underlying soil. Satisfactory performance if achieved withih
years.

B Moderate 10-30 Vegetation cover 250%. Wash marks. Discontinu® micre

channels up to 5 cm deep. . Small splash pedestals where
or exposed roots mark former surface. Pollution probl
downstream include eutrophication of water bodies. Satisfa
performance if achieved within 6 months to 1 year.

C Severe 30-50 Vegetation cover 255% of surface. Connected a
discontinuous active network of channels up to 10cm d
Plants washed out of fields. Damage to roads by erosion
sedimentation.  Siltation and eutrophiction of water bod
Unacceptable catition.

D Very Severe >50 Less than 25% vegetation cover. Continuous active netwo
channels up to 25cm deep with occasional deeper gu
Surrounding soil heavily crusted. Severe siltation, pollution,
eutrophication. Unacceptable condition.
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K describes the vulnerability of the soil to detachment and transport caused by
raindrops and runoff (Erdogast al. 2007). Field assessment of typical particle size
distribution for the soil texture classes were made by hand texturing for 647 sample
sites along OfRoOW. Using these data, K was computed based on the relationship
developed by Romkeret al. (198) via Eq. (4.2) and Eq. 4.22. Spatial surface of K

factor distribution was modeled using geostatistical kriging technique.
K =00034+ 00397exps 0510009 +1533% 8 (4.21) Dg =013 f logm§ (4.2
g 07671 " c 4 2
where Dg = geometric mean particle diameter (mm), defined by
where f, = percentage weight of partietéze fractioni, m = arithmetic mean of

particlesize fractioni (mm), n = number of particlsize fractions.

4.4.2 Quantification of M ulti -criteria  Assessment within Terrain Units
and Determination of Correlation with Erosion Occurrences and
Universal Soil Loss Equation and Morgan-Morgan-Finney Predicted
Erosion -prone Areas within Terrain Units

The results of MCA1l- and MCAZ2 - predicted erosioprone areas were quantified

within TUs. Lee and Shilston (2001) developed TUs prior to the constructfon
pipelines as a base for the analysis of geohazard and geotechnical aspects for pipeline
constructability. TUs are considered to be suitable land units for assessing both current
erosion condition and predicting risk since they are significantly diffdirem each

other in their K, & and VC, and within each of the TUs they have particular spatial
relationship (Morgaret al 2004; Robinsoret al. 2004; Goudie 2004). TUs and their
desciption are presented in Fig. 4ahd Table 4. The predictions of esionprone

areas by MCA1 and MCA2 were validatading correlation analysis with the number

of erosion occurrences within TUs and erosiwone areas predicted/ [JSLE and

MMF erosion models.
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Legend
------ Azerbaijan Border
—— BTC&SCP Corridor

I: Terrain Units

Caspian Sea

XVa - Flat plain crossed by wadi channels;
some piping and collapse of sink holes
XVb - Steep to very steep gullied hills
XVd - Alluvial fans and plains

Viliq - Alluvial plain

Vilim - Alluvial fans and plains

Vills - Backswamps and marshes

VIt - Alluvial plains

VIlIr - Flood plain

VliIn - Hills & foothills

VllIp - Alluvial terrace

VIlim* - Dissected alluvial fans and plains
Vllid - Braided channels

Vllla - Piedmont plain / river terrace complex

Table4.9 Description of terrain units along the corridor of pipelines (Rigff¢Vay Area and Righof-
Way Length within terrain units, description,aggical characteristics)

TERRAIN DESCRIPTION OF GEOLOGICAL CHARACTERISTICS OF AREA OF LENGTH
UNITS TERRAIN UNITS TERRAIN UNITS RIGHT -OF- OF RIGHT -
WAY (sq. km.) OF-WAY
(m)
Villa Piedmont plain; river terrace | Quaternary clay, sand, loam, coarsavet 1.26750 28622
complex.
Villd Kura river: braided gravel - Quaternary rare loam, clay, sand, coarse grave| 0.06182 1131
bed channel
Vliig Hills: uplifted and folded Tertiary gypsiferous clay, marl, sst, conglom, vg 0.07359 1318
ashfaulted and folded, NVWBE structural tned
Vilim Alluvial fans and plains Quaternary loess, coarse gravel, sand, loam, clf 10.87298 241855
saline soils, loess, Braided rivers included
VIlim* Dissected alluvial fans and Quaternary loess, coarse gravel, sand, loam, cl| 0.36229 8272
plains sdine soils, loess
Vilin Hills & foothills QuaternaryTertiary conglom, coarse gravel, 0.21014 4801
sand, loam
Vlllo Escarpment Tertiary conglom, sst, loam, clay 0.05994 1290
Vlilip Alluvial terrace Quaternary loam, coarse gravel, sandnsadioils | 0.48187 10871
Vilig Alluvial plain Quaternary saline soils, coarse gravel, loam, 2.87254 64767
conglom, sands, clays
VIlir Kura River floodplain: Quaternary sand, silt, clay, organic matter, coarl 0.49144 10646
meandering channels gravel, loam
Vllis Kura River: backswamps Quaternary, lacustrine, alustrine deposits, silts,| 0.34618 7700
and marshes clays, organic matter, saline soils
VIt Alluvial plains Quaternary coarse gravel, sand, loam, clay, sal| 1.48816 31924
soils
XVa Coastal plain,flat plain Quaternary sands, shells, coarse gravel, loam, | 0.27427 6650
crossed by wadi channels; conglom, sabka
some piping and collapse of
sink holes
XVb Steep to very steep gullied Tertiary; shale, siltstone, marls, dolomites, clayy 0.36397 10043
hills volcanic ashfaulted and folded unconformities
Xvd Alluvial fans and plain Quaternary shells, sands, coarse gravel, loam | 0.45861 11851
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45 GEOGRAPHICAUNFORMATIONSCIENCE REMOTE SENSING
ANDSTATISTICALSOFTWARBJSEDFORGEOSPATIAIANALYSIS

Erdas Imame from Integraph & Erdas was used for thgectral processing shtellite
images. ArcGlsand its extensionas Spatial Analyst, 3D Analyst and Geostatistical
Analyst from Environmental Systems Research Instit(l&SRI) wereused forthe
geospatiahnalyss of spatial GIS dataSPSSfrom IBM, Geoda fronDr. Luc Anselin

at Arizona State Universityand ArcGIS Spatial Statistics tool a&eographically
Weighted Regressionfrom Environmental Sciences Research Instit{ESRI) were
used for spatial statisatanalysis
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5. RESULTS

5.1 EVALUATEDNDVITO VEGETATIONCOVERRELATIONSHIPAND
NORMALIZEDNDVITO VEGETATIONDOVERPERCENTAGE

5.1.1 Determined Vegetation Cover Peak Seasons alongRight-of-Way
and Acquired High -resolution Multispectral IKONOS Satellite Im ages

The results olvegetation peak analysis for the qym@nstruction status of VC in 2003
showed that vegetation peak periods differed along the corridor of pipelines, as
presented in Fig..&(a, b). Modeling of vegetation peak allowed for the approxiroati

of vegetation peak periods, shown in Tabl&, 5and thepreferableacquisition of
IKONOS satellite images in accordance with these tintadsaas it is presented in Fig.
5.1(a).
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Legend
A Points of Interest

— BTC Pipeline KILOMETER | MONTH OF THE
VC PEAK MONTHS RANGE HIGHEST NDVI
APRIL 0-159 April
L — .
uly
E ;UAB;E 344-379 June 0 15 30 60 90 120
379-442 May e

January |February |March |April  |May |June |July |August|September|October November|December
0.3535| 0.2924| 0.3322| 0.3818| 0.2613| 0.2078)0.2005| 0.1720 0.1752| 0.2096 0.2053 0.2305
0.4714| 0.3990| 0.3362| 0.5344| 0.3839| 0.2455)|0.2320| 0.2039 0.2060| 0.2040 0.3027 0.3257
0.3183| 0.2554| 0.2509| 0.3200| 0.2223| 0.1846|0.1563| 0.1441 0.1526| 0.1836 0.2364 0.2633
0.3309| 0.2519| 0.2570| 0.3919| 0.3522| 0.2378)|0.2176| 0.2468 0.2877| 0.1920 0.2309 0.2355
0.3726] 0.3002| 0.3690| 0.4909| 0.2543| 0.1924|0.1901| 0.1842 0.1803| 0.2157 0.1909 0.2194
0.4012| 0.3771| 0.4301| 0.6203| 0.5805| 0.3403)|0.3418| 0.2890 0.2912| 0.2626 0.2992 0.2550
0.3998| 0.3260| 0.4098| 0.6500| 0.5441| 0.5902|0.4500| 0.5436 0.4392| 0.4331 0.4899 0.4846
0.4051| 0.3014| 0.3992| 0.6047| 0.5950| 0.5394|0.5919| 0.5580 0.4897| 0.4880 0.4766 0.2048
0.4691| 0.3984| 0.4621| 0.6264| 0.4195| 0.3152/0.3168| 0.2718 0.2510| 0.3360 0.3431 0.4277
0.4573|  0.4072| 0.4614| 0.6630| 0.7727| 0.5892|0.6238| 0.6468 0.5821| 0.5263 0.5542 0.5973
0.4570| 0.3691| 0.4552| 0.6870| 0.6381| 0.7500|0.6434| 0.6210 0.5693| 0.5100 0.7128 0.5308
0.3817| 0.3594| 0.4571| 0.6271|0.8031| 0.6912|0.5226| 0.4816 0.4615| 0.5193 0.6007 0.4508
0.3770| 0.3273| 0.3343| 0.4936| 0.5918| 0.6309|0.7053| 0.6311 0.5734| 0.5309 0.6069 0.4966
0.3832|  0.3477| 0.3855| 0.4612| 0.4513| 0.4899|0.5034| 0.3691 0.3443| 0.2973 0.3412 0.2877
0.4914| 0.4483| 0.4921| 0.5709| 0.7894| 0.7967|0.7253| 0.5855 0.5043| 0.3714 0.4643 0.4428
0.4815| 0.4134| 0.4826| 0.6091|0.7644| 0.7113/0.6815| 0.5993 0.5086| 0.3971 0.4751 0.4297
0.4066| 0.3341| 0.4803| 0.7233| 0.8053| 0.6888)|0.6872| 0.5976 0.5778| 0.5279 0.5442 0.3592
0.4515| 0.3508| 0.4554| 0.5440| 0.6718| 0.5154|0.3272| 0.3171 0.2528| 0.2451 0.3785 0.3357

Fig. 5.1(a) Period of vegtation peak in 2003 along €Right-of-Way and acquired IKONOS satellite
images along Righbf-Way in 2007; (b) MODIS NDVI 2003 pixel values extracted for points of interest
along Rightof-Way of pipelines
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Table5.1 Periods of vegetation peak for imagery acquisition along kilometer ranges ofdRiglay

PIPELINE RANGE (KM) PERIODS OF VEGETATION PEAK FOR
IMAGERY A CQUISITION
0-159 April
159271 May
271-344 July
344379 June
379442 May

5.1.2 Results of NDVI to Vegetation Cover Validation by Linear
Regression and Normalized NDVI to Vegetation Cover Percentage

The spatial location dfansects with estimatedC percentagés presented in Fich.2.

Linear regression analysis was used to examine four scenarioa whitferent number

and distribution of transects containing average NDVI values derived from IKONOS
2007 satellite imagery and-situ estimationsof VC percentage for 2007. The first
regression analysis included all ground reference data (96 trarmedtshowed a low
correlation between NDVI and ground reference data with’araRe equal to 0.53. In

the subsequent regression analyses, those transects which showed low correlation were
omitted and RMSE of VC percentage for omitted transects werevtdyaevaluated.

The results of the regression dRMSE analysis are presented iable5.2

Legend

® Kilometer Points

® Transects
—— BTC & SCP
[ 0-0.0404
[1 0.0404 -0.1089
[ 0.1089 - 0.1842
[ 0.1842 -0.2595
I 0.2595 -0.3416
I 0.3416 - 0.4238
I 0.4238 -0.5127
B 05127 -0.6017
I 05017 -0.7455

Total Number of Transects: 96
On-RoW Transects: 48
Off-RoW Transects: 48
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Fig. 5.2 Spatial distribution of transects along RigiitWay of pipelines
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Table 5.2 Results of regression and RMSE analysis between IKONOS derived NDVI asitli in
estimations of vegetation cover percentage in 2007

SEQUENCE OF NUMBER OF R-SQUARE OMITTED RMSE OF OMITTED
EXPERIMENT S TRANSECTS TRANSECTS TRANSECTS (%)

1 96 0.53 - -

2 83 0.80 13 6

3 76 0.90 20 18

4 68 0.94 28 13

The results of regression analyses between the IKO8EDSed average NDVI values

and ground reference data showed that the optimtimalBe was 0.80 since it resulted

in the lowest RMSEdr the omitted transects (Fig. $.3he resulting regressidaqg.

(5.) was used for the normalization of NDVI to VC. These results show that the
number and distribution of ground reference data influence the regression model and
map accuracy@rmeci et al2009 de Asis et al. 2007). This study demonstrates that an
accurate analysis requires an iterative process and should retddsplely on the
result of R* value. RMSE of the omitted field transects or other collected ground
control data should be assedgo achieve the appropriate accuracy of the regression
model.

0.6

* VC Percentage and NDVI
—Linear (VC Percentage and NDVI)

0.5 1

y = 0.0038x - 0.0282
R?>=0.8014

0.4 -

* 8 e

0.3 1

0.2 1

0.1 1

NDVi FROM IKONOS IMAGES OF 2007

0 ',.' i} TW - Y T T T T T T T i
? 10 20 30 40 50 60 70 80 920 100
-0.1 |

GROUND ESTIMATED PERCENTAGE OF VC IN 2007

Fig. 5.3 Regression analysis between IKONOS derived NDVI argltinestimations of vegetation cover
in 2007

VC =(NDVI + 0.0282) / 0.0038  (5.1)
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5.1.3 Quantified Vegetation Cover Spatial Distribution along On -Right-
of-Way and Restored Vegetation Cover Level by 2007

Fig. 5.4 presents the model of VC percergaglong the entire 442 km RoV8ince it
was difficult to present details on oneamof this scale, Figh.4 additionally includes
two arbitrarily selected sample areas with details along RoW.

Quantification of VC percentagong RoW is presented in Fif.5. It is possible to
observe that major area of RoW is covered byi00% of VC Quantification of VC
percentage within agricultural lande is presented in Fi%.6a) and as it can be
observednajor area of 9100% VC percentage is located within agricultural tasd
Quantification of VC percentage within nagricultural and psture laneuse types can
be observe in Fig. 5.6b; c).
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Fig. 5.4 Spatial distributions of vegetation cover percentages along-@fgiay for the entire
Azerbaijan section of pipelines and in the detaifedges for two sample areas
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Fig. 5.5 Quantification of vegetation cover percentage along Riffway for the entire Azerbaijan
section of pipelines
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Fig. 5.6 Quantification of vegetation cover percentage along Riftway within (a) agricultural; (b)
non-agricultural; (c) pasture landse types
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A simulation model comparing the original VC along-RaW based on the ORoW
interpolated nowdisturbed VC fron2007 was used to determine the percentages of VC
restored to acceptable level within the original VC percentage classes. The results are
presented in Figh.7 (a-e) and Fig.5.8 The findings show that 8.9 million sq. m. of
territory out of 19.6 millionsqg. m.has been restored in the period of 2Q007 and

10.7 million sq. m.still requires restoration to comply with environmentadcaptance
criteria
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Fig. 5.7 (a) Area of estored vegetation cover pentage in 2007 relative tihe spatial coverage of
interpolated original nowlisturbed vegetation cover percentage fromRiffht-of-Way required by
environmental acceptance criteriatal area of restored and prenstruction vegetation cover percentage
classes along: (b) croplands; (c) grasslandspédjure and (e) general for croplands, grasslands and
pasture along Rightf-Way independently from each othiarspatial coverage
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Fig. 5.8 Percentages ofegetation cover restored by 2007 within each of the original vegetation cover
percentage classes

5.2 DETERMINED MAIN CLIMATIC AND GROUND FACTORS
CONTROLLING THE REGROWTHVHGETATIONDOVER

5.2.1 Results of Standard Multiple Regression Model and Ridge
Standardized Regression Procedure for Grasslands and Croplands

The results of SMRM for grasslands and croplands with all predictor variables are
presented in TablB.3 and 5.4The full regression model for grasslands resulted?in R

= 0.71; Fg, 1526= 636.7 and for aplands R = 0.48; Fg »56s= 446.1. Because of high
correlation between the predictor varigblas it is presented in Table 53 presence

of multi-collinearity was assumed for the regression models of both grasslands and
croplands. Based on Montgorgeet al. (1982), the VIF exceedingl® shows the
presence of muklcollinearity. Based on Belsley (1991), a condition number between
30 and 100 also indicates mutbllinearity. The condition number in the models was
higher than 30 and two of the variablhad VIF greater than five for grasslands and
three of thevariables for croplands (Table %.4
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Based on the ridge standardized regression procedure (Hoerl and Kennard 1970), the
multi-collinearity was eliminated in the subset regression model. Foubsetsmodel,

the determined useful predictor variables for NDVI of grasslandscaoplands are
shown in Table 5.4The subset regression model for grasslands resulted=SOR0; F

4 1530= 925.6 and for croplands’R 0.47; Fs »g70= 651.9. It § pcssible to observe in

Table 5.4 that the useful predictor variables are significant and have VIF lower than 5.
The condition number in the subset model was reduced to 4.3 for grasslands and 2.2 for

croplands.
Table5.3 Correlation coefficients of NDVI and climate variables for grasslands and croplands
NDVI LST PRECIP ET TMAX TMIN SOLRAD
n
o E |l g | | e ||l g || 8| B || e]| ]| |8
o % c % = % = % = % = % = % =
< 5 < @ < @ < @ < @ < » < 7 <
= @ 5 @ 5 z 5 z o z o z 5 a3 5
< © ° o ° < ° < ° 8 ° o ° 8 °
> (O] O O O (O] o (O] O (O] O O O o (@]
NDVI 1.000 | 1.000 | -.501 | -.319 .820 .388 .785 .542 742 .589 | -.181 .367 | -.109 | -.043
LST -501 | -.319 | 1.000 | 1.000 | -.617 | -590 | -.622 | -.420 | -.467 | -.253 .169 .164 .022 | -.035
PRECIP .820 .388 | -.617 | -.590 [ 1.000 | 1.000 .857 .396 .836 449 | -.279 | -.137 | -.031 .076
ET .785 542 | -.622 | -.420 .857 .396 | 1.000 | 1.000 .706 .341 | -.339 .050 | -.062 | -.001
TMAX 742 589 | -.467 | -.253 .836 449 .706 .341 | 1.000 | 1.000 .209 .798 | -.118 | -.022
TMIN -.181 .367 .169 164 | -.279 | -.137 | -.339 .050 .209 .798 | 1.000 | 1.000 | -.082 | -.044
SOLRAD -.109 | -.043 .022 | -.035 | -.031 .076 | -.062 | -.001 | -.118 | -.022 | -.082 | -.044 | 1.000 | 1.000

Table5.4 Coefficient estimates of the full and subset regression models for grasslandspdauadsro

COEFFICIENT
ST STD. ERROR T VALUE SIG. TOLERANCE VIF
VARIABLES _3 ol _% | %3 | _® 3 |_3|%3|_3| 83 _3 g
573 273 58|28 | 58 S8 |38|<8| 38| 28 | 5% 273
& E @ E LE|RE| LE BE |“E|RE|TE| BE | L E @ E
— Grasslands | 99.379 99.379 337 | .340 | 295.230 | 292.027 | .000 | .000
Croplands 132.853 132.853 301 | .303 | 440.889 | 438.213 | .000 | .000
e Grasslands 1.028 1.569 460 | 445 | 2237 3526 | .025 | .000 | 536 | 1.709 | 1.864 | 1.709
Croplands -1.108 -1.690 406 | 392 | -2.729 | -4.312 | 006 | .000 | 551 | 599 | 1.814 | 1671
— Grasslands | 10.103 14.107 1274 | 675 | 7.929 | 20.904 | .000 | .000 | .070 | 3.932 | 14.330 | 3.932
Croplands 1.507 5.388 883 | 385 | 1.707 | 14.001 | .088 | .000 | .116 | 621 | 8586 | 1.611
= Grasslands 7.846 8.969 723 | 694 | 10.854 | 12.930 | .000 | .000 | 217 | 4.155 | 4612 | 4.155
Croplands 8.313 8.882 359 | .345 | 23.131 | 25.754 | .000 | .000 | .703 | 773 | 1.422 | 1.294
— Grasslands 4.660 N/A 1224 | NJA | 3.805 N/A 000 | N/A | 076 | N/A | 13232 | NIA
Croplands 7.931 N/A 1587 | N/A | 4.999 N/A 000 | N/A | 036 | N/A | 27.721| NIA
TMIN Graslands -236 2.255 705 | 362 | -.335 6.225 | .738 | .000 | 228 | 1.133 | 4.387 | 1.133
Croplands 1.845 8.807 1420 | 311 | 1.299 | 28.312 | .194 | .000 | .045 | .950 | 22.206 | 1.053
—— Grasslands -1.374 N/A 343 | N/A_| -4.001 N/A 000 | N/A | 960 | N/A | 1.041 N/A
Croplands -.859 N/A 305 | NIA | -2.814 N/A 005 | N/A | 976 | N/A | 1.025 N/A

5.2.2 Global Spatial Regression Model

5.2.2.1Detected Spatial Autocorrelation in the Regression Model

The DurbinrWatson test result of less than two allowed indicates a positive
autocorrelation in residuals (Durbin and ¥t 1971). The modeling of the
semivariogram functions for grasslands and for croplands determined the spatial
autocorrelation of thregression residuals (Fig9(a;b)). Spatial autocorrelation in this

case measures the dependence among nearby vaheggession residuals in a spatial
distribution. Since spatial autocorrelation is based on the concept that the values which
are spatially closer are more similar than those farther away, it is possible to suspect
that the combinations of the points low both the x and y axis (marked in green) have

59



more autocorrelation. These two estimations indicate a problematessegr model
based on the OLS.
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Fig. 5.9(a) Semivariogram function of the regressioridesls for grasslands (nuggetJG 10.5, sill (G
+ C;) = 201.16, ranged] = 53.01 km.); (b) Semivariogram function of the regression residuals for
croplands (nugget (€= 55.5, sill (G + C,) = 296.67, rangea = 51.8 km.)

5.2.2.2 Spatial Regression based no the Maximum Likelihood
Estimation of Spatial Errors

The spatial regression procedure based on the maximum likelihood procedure showed
the predictor variables which were no | ong
spatial regression for grasslanddedmined thafTMIN is not significant (Table 5)5

For croplands LST was not significantthe regression model (Table b.5he model

was rerun for both grasslands and croplands without TMIN in case of grasslands and
LST in case of croplands. The resulsre R = 0.70 for grasslands and R 0.47 for
croplands. Eq(8) is the resulting regression whel for grasslands, and E(}) is for
croplands. It can clearly be observed iable 5.5that LST, PRECIP and ET are the
most important factors in controltinof NDVI of grasslands. In case of croplands, these
factors are PRECIP, ET and TMINhe regression analysis between the determined
controlling factors and MODIS NDVI of grasslands and cropgasaue presented in Fig.
5.10(af). It can clearly be observethat the regression coefficients are higler
grasslands than croplands.
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Table5.5 Coefficient estimates of the spatial regression model for grasslands and cropfagdg"f1
run)

VARIABLE MODEL R UN LAND -USE CCE)E"I:'::I\I/IC,:AIEI'E\‘T STD. ERROR t VALUE SIG.
- Grasslands 100.35 1.86 53.95 0.00
gf L Croplands 127.60 0.10 127.64 0.00
2 2 Grasslands 100.34 1.85 54.26 0.00
B Croplands 127.19 0.97 130.69 0.00

1 Grasslands -3.19 0.72 -4.45 0.00

= Croplands 0.72 0.45 1.59 0.11
- 2 Grasslands -3.19 0.72 -4.44 0.00
Croplands N/A N/A N/A N/A

A 1 Grasslands 19.50 1.99 9.78 0.00
@) Croplands 7.07 1.06 6.64 0.00
% 2 Grasslands 19.22 1.96 9.81 0.00
Croplands 6.72 1.05 6.43 0.00

1 Grasslads -2.75 0.76 -3.61 0.00

— Croplands 157 0.37 4.29 0.00
i 5 Grasslands -2.77 0.76 -3.64 0.00
Croplands 1.56 0.37 4.26 0.00

1 Grasslands 1.26 1.38 0.91 0.36

z Croplands 7.67 1.09 7.06 0.00
2 . Grasslands N/A N/A N/A N/A
Croplands 7.91 1.08 7.33 0.00

NDVI grass= 100.34- 3.19 (LST)+ 19.22 (PRECIP) 2.77 (ET) (5.2

NDVI ¢rop= 127.19+ 1.56 (ET} 7.91 (TMIN) + 6.72 (PRECIP) (5)3

Fig. 5.10 Regression analysis between predictor variablds@DIS NDVI
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