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Abstract

The rate of global urbanization is exponentially increasing and reducing areas of natural vegetation. Remote sensing can determine
spatiotemporal changes in vegetation and urban land cover. The aim of this work is to assess spatiotemporal variations of two vegetation
indices (V1), the Normalized Difference Vegetation Index (NDVI) and Enhanced Vegetation Index (EVI), in addition land cover in
and around Erbil city area between the years 2000 and 2015. MODIS satellite imagery and GIS techniques were used to determine the
impact of urbanization on the surrounding quasi-natural vegetation cover. Annual mean vegetation indices were used to determine the
presence of a spatiotemporal trend, including a visual interpretation of time-series MODIS VI imagery. Dynamics of vegetation gain
or loss were also evaluated through the study of land cover type changes, to determine the impact of increasing urbanization on the
surrounding areas of the city. Monthly rainfall, humidity and temperature changes over the 15-year-period were also considered to
enhance the understanding of vegetation change dynamics. There was no evidence of correlation between any climate variable com-
pared to the vegetation indices. Based on NDVI and EVI MODIS imagery the spatial distribution of urban areas in Erbil and the bare
around it has expanded. Consequently, the vegetation area has been cleared and replaced over the past 15 years by urban growth.
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INTRODUCTION

The rate of urbanization is increasing throughout the
world. According to recent United Nations estimations,
the majority of the world’s population is living in urban
areas and the overall proportion is expected to reach 65%
in the middle of the 21th century (United Nations, 2014).
However according to the Word Bank (2015) the urban
population in Iraq was already 69.5% in 2015.

A gradual increase in the percentage of build-up land
results in a reduction of the vegetated areas. Urbanization
alters environmental conditions such as climate, biodiver-
sity, quality of water and air that has a substantial impact
on human comfort and health. The impacts may become
pronounced when they interact on a global scale. There-
fore a better understanding of the effect of urbanization is
required to support greener sustainable development and
climate change strategies (Imhoff et al., 2010). Possible
solutions include the creation of green spaces, that are ir-
rigated and fertilized, which are found to considerably re-
duce the negative consequences associated with transfor-
mation into urban environment (Gregg et al., 2003). Re-
mote sensing of urban expansion and vegetation clearing
provides information on the spatial and temporal patterns
of urban development and its impacts to the environment.

MODIS sensor is able to provide information neces-
sary for monitoring ecosystem dynamics at adequate spa-
tiotemporal resolution using vegetation indices such as

EVI and the NDVI. Vs are spectral transformations of
two or more bands designed to enhance the properties of
vegetation to allow reliable spatial and temporal inter-
comparisons to photosynthetic health and canopy struc-
tural changes. NDVI is chlorophyll sensitive, while EVI
is more responsive to canopy structural variations includ-
ing leaf area index (LAI), canopy type and architecture.
The VIs complements each other and improves upon the
detection of vegetation changes and the extraction of can-
opy biophysical parameters (Huete et al., 2002). NDVI
was found to be highly sensitive to the vegetation pres-
ence as well as its density and dynamics (Zhang et al.
2006). For this reason, the MODIS NDVI can be em-
ployed in the quantification of green biomass and vegeta-
tion cover. A recent study in China by Li et al. (2010)
found that MODIS NDVI was highly correlation with the
field verification data of vegetation cover and had obvious
advantages for predicting natural vegetation coverage
than EVI within their study area.

MODIS VIs are sensitive to multi-temporal vegetative
biophysical and canopy changes. Both NDVI and EVI have
a good dynamic range and sensitivity for monitoring and as-
sessing spatial and temporal variations in vegetation amount
and condition. NDVI generally has a higher range of values
over semiarid sites, and the opposite for more humid forested
sites with a lower range (Huete etal., 2002). With the support
of satellite imagery time-series data it became possible for
researchers to obtain phenological information at various
spatial and temporal intervals. Looking at publications in the
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area, it should be stated that the first use of satellite data in
the identification of key phenological parameters using
NDVI was described in publications by Tucker and Myneni
(Tucker et al., 2001; Myneni et al., 2007).

However, there is a range of recent studies in developed
and developing countries, focused on the application of
Moderate Resolution Imaging Spectroradiometer (MODIS)
to model trends in vegetation patterns. Mertes et al. (2015)
demonstrated a methodology over East Asia to monitor ur-
ban land expansion at continental to global scales using
MODIS data, including a multi-temporal composite change
detection approach based on MODIS 250 m annual maxi-
mum EVI. The study explained that EVI data improved the
classification results and is capable of distinguishing be-
tween landscape changes in urban environment. A publica-
tion by Yuan and Bauer (2007) demonstrated a strong corre-
lation between percent impervious surface and land surface,
covering twin cities of Minnesota. Lunetta et al. (2006) pre-
ferred MODIS Normalized Difference Variation Index
(NDVI) for a time series for southern Virginia with the avail-
able MODIS quality indicators. Colditz et al. (2006) demon-
strated the effects of different quality levels of MODIS
NDVI of evergreen broadleaved forest and savanna in west-
ern Africa. It was found that low quality analysis or very le-
nient settings resulted in a significant decrease in NDVI dur-
ing the wet season. Therefore, not accurately representing the
phenology of evergreen broadleaved forest. A recent study
in southern Brazil using MODIS leaf area index has high-
lighted the merit of the MODIS quality indicators such as
NDVI and EVI (Rizzi et al., 2006).

The main driving factors of vegetation growth are pre-
cipitation and temperature (Bonan, 2002). Water availability,
often directly related to precipitation and its variability, is the
driving factor for most semi-arid regions. Several studies
have been conducted on the response time between precipi-
tation and phenological activity using satellite-based vegeta-
tion indices (Nicholson et al., 1990; Los et al., 2006; Cam-
berlin et al., 2007). Vegetation growth patterns and their con-
nection with climate are studied by vegetation phenology
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(Schwarts, 2013). Land surface phenology (LSP) is focused
on seasonal features of spatiotemporal variation and LSP is
also one of the main ecosystem change indicators (Suepa et
al., 2016). With the aid of remote sensing imagery infor-
mation, it has become possible to establish spatiotemporal
phenological changes, which enabled phenological monitor-
ing at global, regional and local scales (Zhang et al., 2005).

The goal of this work is to assess spatiotemporal var-
iations of vegetation indices (EVI and NDVI) in Erbil and
its environment between 2000 and 2015, using MODIS sat-
ellite data and GIS methods, to determine the impact of ur-
banization on the spatial distribution and temporal dynamic
of urban and surrounding natural and agricultural vegeta-
tion cover. This is conducted by evaluating biannual mean
vegetation indices captured in March and December to de-
termine spatiotemporal processes. Climate data including
rainfall, humidity and temperature is also considered be-
tween 2000 and 2015, to enhance the understanding of veg-
etation change dynamics. Correlation analysis is conducted
between each climate variable compared to both vegetation
indices. Dynamics of vegetation gain or loss will be evalu-
ated through the study of land cover type changes.

STUDY AREA

The study area for this research is the city of Erbil and
its surroundings, which is the capital of Iragi Kurdistan
Region (Fig. 1). Situated in the north-east part of Iraq
and lies between longitudes 43° 51' 20", 44° 12' 28" and
latitudes 36° 05' 58", 36° 15' 54" covering an area around
580 km? The total numbers of Irag Kurdistan residents
is approx. 4.8 million people., the area is presented by
fertile plains, uphill and mountainous lands (United Na-
tions Development Program, 2016). The Zagros Moun-
tains (3600 m above the sea level) form the main land-
scape of the north part of the Kurdistan area. Looking at
the distribution of vegetation it should be indicated that
agricultural areas form approximately 34% of Iraqi Kur-
distan while the dominating land cover of this region is

Fig. 1 Overview of Erbil Study area
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presented by grasses and forests. The area is mainly
characterised as an anticline/syncline system. The Tigris
River is located in the southern part of the Erbil Govern-
ance. The Iraqi Kurdistan area is heavily employed for
agricultural purposes in Iraq (Hameed, 2013) (Fig. 1).

In Erbil Governance approximately 41% and 59%
are formed by arable and non-arable lands respectively
(SOITM, 2013). The dominating proportion of non-irri-
gated agricultural crops (93%) is highly dependent on
rainfall while the remaining 7% of crops are irrigated.
Dominate soil types found in Erbil as well as the adjacent
territories are clay and limestone. Their proportions are
found to increase with depth. Both the upper and the bot-
tom layers of the Erbil region soil are composed of brown
clay. In addition to the indicated types of formations, soils
of the city are presented by sand, plaster and gravel
(Hameed, 2013).

Erbil City is located in a transition area characterised
by Mediterranean and Arid climatic features. The climate
is characterized by mild winters and warm/hot summers.
An average rainfall range in Erbil area is 300-400 mm per
annum with the highest rainfall levels during the period
between October and April. The annual relative humidity
in the Erbil area is approximately 35% and the monthly
average air temperature ranges from 10 °C to 25°C. The
climate of the study area is typically dry in summer with
little to no precipitation, while winters are wet (Hameed,
2013). In 2011, the Erbil municipality has a population of
884,299 people and a density of 6000 persons per km? and
the population is rapidly expanding.

DATA AND METHODOLOGY
Data
MODIS Vegetation Indices

Vegetation indices such as NDVI and EV1 are designed to
provide consistent spatial and temporal comparisons of
vegetation conditions and cover, allowing biomass
productivity monitoring and quantifying changes in vege-
tation cover (Colditz et al., 2006; Mertes et al., 2015;
Rizzi et al., 2006). The study uses a 16 day composite for
each NDVI and EVI raster (MOD13Q1), captured by the
MODIS-Terra sensor. Blue, red, and NIR reflectance
bands, centered at 469 nm, 645 nm and 858 nm respec-
tively, are used to determine the MODIS vegetation indi-
ces, with a spatial resolution of 250m (USGS, 2016).
MODIS products are computed from atmospherically cor-
rected bi-directional surface reflectance that have been
masked for water, clouds, heavy aerosols, and cloud shad-
ows (USGS, 2016). The equations for NDVI and EVI are
described below (Huete, et al., 2002).

The NDVI is determined as:

NIR — Red
NDVI = NIR + Red

The EVI is determined as:
NIR — Red

EVI = 2.
4 > NIR T (6 * RED) — (7.5 * BLUE) + 1

The purpose of EVI is to improve on a standard NDVI
MODIS product. The benefits of EVI include; enhance-
ment of vegetation signal and sensitivity in biomass
abundant regions, reduction of soil and atmospheric ef-
fects and the reduction of the smoke impact, generated
as the result of biomass combustion in tropical area
(Xiao et al., 2009). Improving on NDVI, MODIS in-
cludes (EVI) that minimizes canopy background varia-
tions and maintains sensitivity over dense vegetation
conditions (USGS, 2016). The EVI also uses the blue
band to remove residual atmosphere contamination
caused by smoke and sub-pixel thin clouds. The
MODIS NDVI and EVI products are computed from
atmospherically corrected bi-directional surface reflec-
tance that have been masked for water, clouds, heavy
aerosols, and cloud shadows (USGS, 2016). MODIS
(MOD13Q1) data was employed to create a time series
of NDVI and EVI over the study area annually, be-
tween 2000 and 2015 to determine variations of vege-
tation extent.

MODIS Land Cover

The study uses MODIS Land Cover Type Yearly L3
Global 500m resolution (MCD12Q1), Land Cover Type
1 (IGBP) global vegetation classification scheme where
selected among five global land cover classification sys-
tems. The MODIS land cover product (MCD12Q1) is
classified into five land cover classes; Open Shrub land,
Grassland, Cropland, Urban/Built-up area and Bare or
spare vegetation. MODIS land cover is used to carry out
change assessment and distribute NDVI and EVI to in
land cover classes.

Climate Data

Average temperature, humidity and total rainfall and for
March and December were collected from Erbil station
and plotted over the 15 year period (2000-2015). Humid-
ity data was collected at the altitude of 470 m. All climate
data was sourced from the Kurdistan region government,
Ministry of Agriculture and Water Resources (2016).

Methodology

The year of 2005 was chosen as a moderate year in
terms of temperature and rainfall, to avoid the impact
of climate extremes on the results. Where average of
rainfall and temperatures were extracted for 75 years
and the selected year was closer to moderation. Both
NDVI and EVI was March the month of highest value,
while the lowest levels of vegetation were identified in
December (Fig. 2).

The project methodology was summarized in Fig-
ure 3. Data compilation and raster statistics were gen-
erated in ArcGIS 10.3. Statistical analysis and investi-
gation of possible trends were carried in Microsoft Ex-
cel. Pre-processing of satellite data was required and
was conducted in the study. Data pre-processing for in-
cluded checking pixel reliability and vegetation index
quality. Bad pixels are omitted from the analysis as
they represent clouds, shadows from the clouds and
cover the true value of the ground reflectance. Where
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the pixel representation must be more than 2/3 of the
area, therefore the 2009 data for both March and De-
cember contain a very high portion of bad pixels. Sev-
eral years of data captured in December (2000-2002,
2006-2009 and 2011) also contain very high portions
of bad pixels (Table 1).

0.5 +—NDVI
045 *. —&—EVI
04 1
035
A @
03 4 /
o
-
S 025 +—5—# —
s A
0.2 -
S
015 \ *
A—_A . ———o *—o
01 e .
A—A

o
(=}
w

o

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months of the Year 2005

Fig. 2 Mean NDVI, EVI time series from months of the year
2005, showing minimum and maximum values in the study area
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Generate time series of NDVIand EVI
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Fig. 3 Methodology summary of the project

Mean NDVI and EVI were generated to provide
an average index over the complete study area, allow-
ing the comparison between years to examine a tem-
poral trend. Plots of monthly NDVI and EVI statistics
(mean, minimum, maximum and standard deviation)
are generated from 2000 to 2015, identifying temporal
variations.

MODIS land covers (MCD12Q1) the quality con-
trol of the pixels was verified and all were excellent.
Conducting detection of change assessment, by com-
paring the areas of five land covers and generate time
series of NDVI and EVI within land cover classes from
2000 to 2015.

Table 1 Summary of QA layers good pixel representation for

each year
March December
Pixel rep- Pixel rep-
Year resentationp(%) Year resentationp(%)
2000 100 2000 40.7
2001 100 2001 66.55
2002 100 2002 49.93
2003 100 2003 81.03
2004 100 2004 97.43
2005 100 2005 96.68
2006 100 2006 71.32
2007 100 2007 47.9
2008 100 2008 65.66
2009 56.81 2009 56.83
2010 98 2010 99.47
2011 100 2011 68.02
2012 91.33 2012 87.61
2013 100 2013 90.8
2014 99.88 2014 99.98
2015 100 2015 96.78
Mean 96.63 Mean 76.04
RESULTS

This section presents time series scatter plots of mean
NDVI and EVI values and summary statistics including
standard deviation, minimum and maximum.

MODIS NDVI and EVI

An obvious difference is apparent between March and Decem-
ber of mean NDVI1and EVI over the 15 year period in the same
area, presented in Figures 4 and 5. March had significantly
higher means and greater variability of VI levels compared to
December. December showed some variability at maximum
VI levels however the mean was fairly constant with a small
peak in 2014. The differences between March and December
could be based on seasonal growth variations. After the wet
season, March generally has much greater NDVI and EVI val-
ues, expect for 2008. In December 2008 NDVI and EVI values
were very similar to the averages in March. Both V1 in March
2010 showed highest level due heavy rains this month. How-
ever both months for NDVI and EVI showed a gradual in-
creasing trend from 2000 to 2015 (Fig. 4 and 5). Important to
note is that both NDVI and EVI time series plots appear to
have similar patterns.

NDVI and EVI images for March 2002 (baseline)
and March 2015 (final year) are compared in Figure 6 to
visualize the spatiotemporal variation of vegetation.
March had the highest vegetation growth, and will best
represent differences in true vegetation coverage extent. It
is evident that the spatial distribution of urban areas and/or
bare or sparely vegetated areas surrounding Erbil has ex-
panded over the past 15 years and consequently vegeta-
tion surrounding the urban centre has been replaced by ur-
ban growth. However it appears that agricultural areas in
rural region have expanded possibly to support population
growth. The NDVI maps appear to have greater areas of
high vegetation health compared to the EVI maps (Fig. 6).
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Interesting to note, there is a decline in urban green
spaces such from 2002 to 2015 in both NDVI and EVI
images. The green space may still be present, but in
poor health or have reduced in size.

The NDVI and EVI values captured in March had
a greater variability, compared to data captured in De-
cember. Annual MODIS data captured in March was
used to calculate land cover statistics for time series for
both indices (Fig. 7 and 8). The majority of the years
contained VI values with little variation, except for
both VI in 2002 2010 and 2014 (Fig. 7 and 8). This may
be explained by abrupt climatic changes resulting in
vegetation growth or decline. The cropland class had
the highest NDVI values over any other class during
the 15 year period (Fig. 7), which is expected as healthy
green homogeneity crops will exhibit a higher NDVI
value compared to open shrub and grassland ecosys-
tems that contain various plant species with varying fo-
liage colours and types. Bare/sparsely vegetated and
urban areas displayed the lowest mean NDVI vales
over the study area over the 15 year period.
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The EVI time series presents as well similar trend,
as cropland appear to generally have a greater biomass
over grasslands and open shrub land over the 15 year pe-
riod, (Fig. 7). Cropland EVI exceeds grassland possibly
from additional crop irrigation for those years. As ex-
pected EVI in urban areas remains relatively low over the
study period, however EVI in bare/sparsely vegetated
classes seems to spike in 2002 and 2010 (Fig. 8). The
spikes may be explained by an increase in sparse vegeta-
tion species and opportunistic species such as weeds.
Based on Figures 7 and 8 it can be suggested that NDVI
is more sensitive than EVI for fluctuations in vegetation
health and biomass.

MODIS Land Cover

Figure 9 compares MODIS land cover classification be-
tween 2000 and 2015. The foremost visual difference is
the reduction of bare or sparsely vegetated land and in-
crease in grasslands. The spatial distribution of the urban
area has remained relatively similar at this resolution.
Therefore, we verified through Landsat images 30m reso-
lution, where urban and Built-up area 58% increased over

MODIS (MCD12Q1) 500 m

[ ] Ebil City Built Up Area
Land Cover

- Open shrublands

’ Grasslands 0 25 5

Croplands

- Urban and built-up

- Barren or sparsely vegetated
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Fig. 9 Comparison of MODIS land cover between 2000 and 2015
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the time period (Hussein, 2017). The area of land cover
types and percentage differences comparing the baseline
year 2000, to the final year 2015, are highlighted in Table
2. Between the 15 years there has been a significant de-
crease of bare or sparsely vegetated land (90%) and a
slight decrease of cropland (18%) and open shrub land
(4%). However there has been a 67% increase of grass-
lands. Based on these observations, we can assume the
majority of bare or sparsely vegetated land has transi-
tioned into grassland, outside of the urban center between
2000 and 2015.

Table 2 Land cover area and percentage differences comparing

2000 to 2015
2000 2015
Diffe- Change
Land Cover ?I::? '?‘r:z‘;l rence within Cover
(ha) type (%)
Open
Shrublands 42825 | 41050 1775 -4
Grasslands 4375 | 13150 -8775 +67
Croplands 8275 | 6775 1500 -18
Urban and
Built-up 7425 | 7425 0 No change
Area
Barren or
Sparsely Ve- | 6100 600 5500 -90
getated
Total | 69000 | 69000
Climate

Annual rainfall, average temperature (Fig. 10), and aver-
age humidity (Fig. 11) and covering the 16-year period
are presented below. Rainfall was considerably high in
2003 and 2006, followed by low rainfall years in 2004,
2010, and 2007 (Fig. 10). After 2007 total rainfall has re-
mained more constant with less variation between years,
with a positive increasing trend towards 2015.
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Fig. 10 Total annual rainfall and average temperature time se-
ries from 2000 — 2015
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Fig. 11 Annual mean humidity time series from 2000 — 2015

Humidity shares a similar pattern to rainfall, with
high averages in 2003 and 2006, followed by lows and
then a gradual increasing trend towards 2015 (Fig. 11).
Interesting to note, average temperature for 2003 was the
lowest over the 16 year period, while in 2006 the temper-
ature was relatively high for that period (Fig. 10). In 2010
average temperature spiked at 23°C, the highest average
temperature over the 16 years. By comparison total rain-
fall was very low in 2010 with average humidity. Average
rainfall, humidity and temperature all appear to have gen-
erally increased between 2000 and 2015 with various pos-
itive and navigate fluctuations in-between.

0,5 0.5 T
VI |,
value
0,4 - . 0,4 S 0,4
R2=0.011 R2=10.1026
/ " R>=0.0167
0,3 0,3 - = = 0,3 -+ * ——— -
* R2=0.0017 i e B
___—" R?=0.0829 . 2=10.0269
0,2 0,2 — . 0,2 g
0,1 1 0,1 - 0,1
0 Precipitation (mm) 0 | Humidity (%) 0 Temperatures (°C)
220 420 500 550 600 20,5 21,5 22,5 23.5
* March NDVI * March EVI —Linear (MarchNDVI) —Linear (March EVI)

Fig. 12 Time series (2000 — 2015) correlation analysis between rainfall, humidity, temperature and vegetation indices (NDVI and
EV1) within grasslands for March
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Climate variables were compared with NDVI and
EVI by correlation analysis (Fig. 12-13). Rainfall, humid-
ity and temperature averages for March were compared to
mean NDVI and EVI levels within grasslands and
croplands captured in March. There was no strong evi-
dence of correlation between NDVI or EVI and any of the
climate variables. All comparisons between climate and
NDVI or EVI were not significant.

DISCUSSION

Remote sensing of urban sprawl and green space provides
information on the spatial and temporal patterns of hu-
man growth that are useful for understanding differences
in socioeconomic and political factors as well as envi-
ronmental and climatic impacts (Mertes et al., 2015).
Based on NDVI and EVI MODIS data (Fig. 6) imagery
the spatial distribution of urban areas in Erbil and the
bare around it has expanded. Consequently the vegeta-
tion area has been cleared and replaced over the past 15
years by urban growth.

However it appears that agricultural or grassland
areas in rural regions have expanded slightly, to possibly
support population growth. Based on our observations,
we can assume most of bare or sparsely vegetated land
has transitioned into grassland, outside of the urban cen-
tre. Urbanization can substantially alter the abundance
and distribution of vegetation (Gregg et al., 2003). How-
ever this statement is unclear for the city and surrounds
of Erbil based on the spatial resolution (250m, 500m) of
the MODIS data. A finer imagery resolution of 30m or
less is required.

Mapping within an urban landscape is not an easy
task, due to the small footprints of features such as parks
and trees, mixed between clusters of buildings and roads.
Urban areas are typically heterogeneous in both material
composition and configuration and with new develop-
ment they are often highly variable between locations
(Mertes et al., 2015). Vegetation indices are useful for
extracting green space features from complex urban ar-
eas. The NDVI and EVI MODIS imagery with its course

resolution was still able to successfully identify spatial
and temporal patterns of human growth in the City of
Erbil. Additional research is recommended utilizing im-
agery of higher resolution such as Landsat with a 30m
spectral resolution. To determine the distribution of
green space within the urban area of Erbil, Worldview 2
imagery is recommended with

2m spatial resolution.

The urban expansion pattern observed in Erbil is
highly dependent on the Tigris River. The city is repre-
sented by a matrix of interconnected patches that vary
from non vegetated areas such as impervious surfaces to
areas of high plant diversity (SOITM, 2013). The com-
bination of vegetated land patches lead to the formation
of elevated plant diversity in Erbil (Neil and Wu, 2006).
Agricultural activities such as clearing, burning and
herbicides uses have impacted plant community distri-
bution outside of the urban centers. However within the
urban landscape the observed vegetation patterns or ur-
ban green spaces (UGS) are a direct consequence of re-
construction activities, including alteration of urban
landscape as well as city gardens and forests. The green
areas in Erbil are managed by governments, institutions
and individuals. It is expected that the outlined bodies
directly control abundance and biodiversity of green
spaces within the city. Erbil is one of the oldest cities in
the world, therefore it could be expected that the cities
preservation activities should be aimed towards green
space and plant diversity conversation, however this is
not the case (UNESCO, 2016).

Urban Green Spaces are essential constituents of
the urban structure that enhance resident’s quality of life
and behaviour (M’Ikiugu et al., 2012). UGSs contribute
to the sustainable development of urban ecosystems and
provide a range of ecological and social benefits includ-
ing; biodiversity and historic landscape feature conser-
vation, regulate local microclimate, protection of air
quality, noise absorption and water resources protection.
UGS also maintain and improve human well-being by
contributing to recreation and aesthetic activities
(M’Ikiugu et al, 2012).
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CONCLUSION

Spatiotemporal variations of vegetation indices (EVI and
NDVI) between 2000 and 2015 was successfully ob-
served using MODIS data. It was evident that the spatial
distribution of bare or sparely vegetated areas surrounding
Erbil has expanded over the past 15 years, and conse-
quently vegetation surrounding the urban centre has been
replaced by urban growth including grassland or green
space. It is suggested the majority of bare or sparsely veg-
etated land has transitioned into grassland, outside of the
urban center between 2000 and 2015.

There was no evidence of correlation between any of
the climate variables to NDVI or EVI. March 2010 was a
dry, warm period, which spiked VI averages above nor-
mal, mainly because of sparsely vegetated or open shrub
lands. Opportunistic weed and dry grass species that
thrive in these conditions may explain the spike in VI.
Overall vegetation indices showed a gradual increasing
trend from 2000 to 2015, but vegetation extent decreased
based on the land cover information.

Human alteration of the environment has caused a
spatiotemporal transition from native plant species to man-
aged monocultures for agricultural purposes or urban de-
velopment. Considering vegetation distribution in the sur-
roundings of Erbil city it can be stated that according to the
collected MODIS data the Iragi Kurdistan region mani-
fested high levels of vegetation regardless of the period of
the year. It is expected that vegetation patterns in this region
are highly manipulated and dependent on anthropogenic
activity because this region plays an important role in the
agricultural infrastructure of the country.
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