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Fig. 1. Location of the study area in Iran
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Table 1. Satellite images and topographic maps which were used

JEE TSR CE PR W &b sz ol oslgale pb oalinuls s ga 2l ¢ 5
Ry
VAAV/VY ™ 0 et
23
Yoy o/VYY F OLI A i)
VAAV/A/N - ™ 0w
Jed= Sloslsale , gas
YeVovYY OLI Ak
AEVAZRVAK ™ 0 ot
S
Yeoyo/ANT OLI A cedd
nr o Ol - - SSas sl

Sl bl s Slie SNl 0355 o fws 3 4 4z g
S ol P/ 6,08 Gald sl Hskiea el
ooy b Sl g (IS (SKs slal s
sbais 5 gl b Se Google Earth .i)i
Slallas 5 eddell latasy s Sl BS s
L oandlaes ) go ailaie 1 dals BLE Coils  cpiomen 5 xS
awslie 5 Como L3l g A o3linul GPS 31 eslixd]
5 OV dal) IS como b 5l Sl Jols gladls

(Y 510) A eslizad (Y alaly) LIS o ,lel
OA=M=%ZE=13kk RN

N .
2 jemq Ak

e N 5 JS Cmes sodiasilid OA talasly ol o

sl iAo sdighuaid gl oSy JS sl

0 ) U e bl i la Sy e
(Y0) ol (eddgtuanls v ys sla oSy

(V]
LS o lel = (odoalive comws) — (3ol 5 Jlax=l) /) — 3315 Jlaz|

Pl g 18 bl S SL))

Fose Shhe 2230 GPS J 28 galal Ve Sl el

Glp s hls 5 sl SllS (1¥48-40 olesls =
A ol sl b tuaih Slaats S J S

\4)

Sl Slelsl s Jlasl CBU); ol e Sldes

Lol glales brlrysl alS momal el &S
osbel 2305 5 gal o gl 1y ol cad sl Sledbl ) Al
sy ) u.alf] 5 besly S JaS ke a8 .
o 3o OT) a8 18 sl s passe pslas
)‘ aiu.\.w( L> u«uM 39 ngw" ‘éﬂﬁj‘) c.:x.ﬂ_? 44.,‘.])‘
Glgaib 5> .23 8 el polal o5 ENVI sl
dl;'.w‘ DL Y'\o 9 \‘\/\V 6LQJL.~ CMJ.J o)\),ﬁl.a J’.’.}L'Rj
9 v.ib CA.P‘)) 4&1 LSLA% E) L;’jg‘*‘ &]a‘..w cdja ¢J<'.>.-
C_awjlwmcaw;lf#duaﬁ.xuwgg
o)\}ALd J.ul..a.: 9 L};U.;.A éu.’g))b )‘ oslaiul L aalee
sl S5y sl elaal Loas é)}]@.? Google Earth
63 9d>=e 32 J&\)( Mﬁ/éﬁ)g LSLAU.»)}\S 41.3._9[‘.25
53 (olecaall) ghoanks 4 Cund 5 3l adlles s
Sk ol 2 0T s Ll 1 Sesd s
w5 1 Se b ganaib gl eCognition 5l
oobols ey b eslaad b oang elde LAl esliia] KNN
ol 3 s S Clsl &Y sae (Local variance) | Jows
S i ipaih o lie oSG s
ol 6|j ‘J’.’.) L eslal L;.a\)l J:’:’ﬁ./éfjlsa\jyyd

L,(\~) g;w )\JB abu.';w\bjjﬂ G-«-Nj ‘)j-]""-’ Ql}.ﬁ’:’ g)‘-i‘



WA 5l (pom osled /0235l dlu) (b bl )3 (2Ll aar DledbT wililu 5 593 51 Jroxiw

p Seed 4 4y adlas el b i
5 lin i Slopn Slasmin las gomn a0 g sis
AE gl U A a8 Dk b i
S Ll Stmer Sl Sl b sdaobal gladsn
Tl by il pll (Sud SSaS ke el ol
Slasein (YA 5TV ATV X)) Col polas i 5 o
el 0 el ¥ s 5 0 il pae s e Slowes (Slbdzein

.CM.«\oJﬁ\ Jg“:b&l‘)"“d‘tz’d&\j"&‘f

5 e o e SRS 5 2 Sl
(2Ll S/ S Dl gald a5l e
L WS mha 5o B g/, 4 by e slaarn
Syl s 2l el FRAGSTATS Jisdle 5 5l eslizu
Kien (35 g5 5 S I e e Slape laa
Coslis dmin Sl lnazeie Sl eslizal s Pilas 31 S
G O et 3y 5 a5 slass s 4 ol
bl (Bl Dbl 5 5 e sk 5 WOT

4}-33[;} uwu)ts L;J‘b_} (Y" _}/\) ‘ja.Lc ch 23

Table 2. Specifications of landscape metrics in assessing land use /land cover changes
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Fig. 2. Methodology flow chart of land use/land cover change analysis in Ardabil province using landscape metrics
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Fig. 4. Land use / cover map of 2015 Fig. 3. Land use / cover map of 1987
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Fig. 5. Detection map of land use / cover changes in the period of 1987 to 2015 in Ardabil province
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Table 4. Evaluation of the accuracy, area and changes of each of the land use / cover classes in the period of 1987 to

2015
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Abstract

Background and Obijective Assessing the process of
land use and land cover (LULC) changes leads to a
clear understanding of how humans and the
environment interact. Landscape metrics can be used
as a basis for comparing different scenarios of
landscape or recognizing changes and developments
in landscape over time. The use of landscape metrics,
while saving time, makes it possible to assess the
environmental impact of human activities in the
shortest time. Population growth in recent decades, the
region's high potential for farming, rising expectations
and higher demand for income, low employment rates,
tourism in the region, the development of
communication routes, as well as inappropriate
decisions in recent years have led to many changes in
Ardabil province. Given the ecological importance of
the study area, it seems that the analysis of the
relationship between landscape metrics and LULC
changes of Ardabil province in the period 1987 to
2015 is a way to quantify the impact of these changes
on the landscape.
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Materials and Methods In this study, the data of
Landsat 5 Thematic Mapper (TM) sensor (1987) and
Landsat 8 Operational Land Imager (OLI) sensor
(2015) were used in a 28-year period to evaluate the
trend of LULC changes in Ardabil province. In order
to accuracy assessment and geometric correction of
LULC maps, 1:25000 topographic maps of the
National Cartographic Center of Iran were used. After
preparing LULC change maps, LULC metrics were
extracted using the FRAGSTATS software. In order to
avoid the production of additional information, based
on the literature review and expert knowledge, and
according to the appropriateness of the criteria with
the aim of studying and paying attention to the
correlation between there, a set of landscape metrics
related to LULC change was extracted. Then, the
index of class area (CA), percentage of landscape
(PL), number of patches (NP), mean patch size (MPS),
edge density (ED), largest patch index (LPI), total
edge(TE) and patch density (PD) were calculated and
their relationship to LU/LC changes was analyzed by
comparative analysis method.

Results and Discussion The biggest change in the
mean patch size of LULC in the period of 1987 to
2015 (75186 and 1164.354 hectares, respectively) is
related to rangelands with a decreasing trend.
Population growth in recent years and the resulting to
decrease distances between urban and rural areas, low-
density  construction,  transportation  network
development, and strip or linear growth have led to an
increase in the number of man-made patches over
time.

Moreover, in order to access the living needs, Due to
the climatic potential there is an increase in farmlands
by changing rangelands throughout the region,
especially in the north (Parsabad and Bilesvar



for Natural Resources 2

5 Journal of RS and GI5 =

J RS gis for Natur Res (2020) 11(3):68—86

counties) and south (Khalkhal county) of Ardabil
province, which reduces the percentage of rangelands
(From 58.17 to 53.89%). In fact, the process of
rangelands change is fragmented, which reduces the
mean patch size and, in other words, reduces the
stability of the rangelands. On the other hand, man-
made land use types have spread in a very
heterogeneous and inappropriate way in Ardabil
province, which has increased the common border
with natural patch and as a result has increased the
influence on natural patch (forests and rangelands) and
further destroyed them. The increase in class area,
largest patch index, total edge, patch density and
number of patches of water bodies in the period 1987
to 2015 are due to the increased construction of dams
in this period. The increase in requirement and the
desire to produce more, and on the other hand the
availability of water resources in this period, has
changed the rangelands to farmlands (irrigated
farming) and as a result, the development of
agricultural levels in the region. On the other hand,
with the increase of water resources in the province, in
the largest patch index of the patches occurred during
the study period in dry farming lands. Evaluation of
the number of patches showed that the biggest change
during the period 1987 to 2015 was related to dry
farming class with an increasing trend (2651 patches),
which due to human population growth in recent
decades, high potential of the region for agriculture
and increasing expectations and demand to earn
money, this increase indicates the fragmentation and
disruption of the landscape, which has resulted in a
decrease in forest and rangelands and an increase in
farmland land uses. The highest changes in edge
density in the period 1987 to 2015 are related to
rangelands with an increasing trend (11.78 m/ha) and
the lowest change in edge density is related to the
forest with an increasing trend (0.66 m/ha).

Comparison of edge density showed that the
expansion of man-made lands and the increase in
agricultural land use (dry and irrigated farming) have
increased the edge density of rangeland patches and
have been fragmented more than other. The increase
in the agriculture level due to the joining of the
patches to each other has caused the decrease in the
number of patches and the increase in the mean patch
size due to the reduction of fragmentation. From the
increase in the number of patches in the study period
(from 20065 to 23802 patches), it can be concluded
that due to human intervention and occupation, the
tendency of land appearance in Ardabil province is
towards fine-grained structure and the number of man-
made artificial and semi-natural patches which has
reduced forest and rangelands. The results showed that
residential and farmlands (dry and irrigated farming)
during the study period had a perfectly aligned change
trend, while the reverse trend with forest and
rangelands, which can be due to the direct effect and
intensity of human presence in determining the
distribution pattern for all kinds of LULC.

Conclusion Due to the uncontrolled growth of
residential and farmlands (dry and irrigated farming)
in recent years, to prevent further destruction and also
to preserve forests and rangelands, it is recommended
to perform land use planning based on structural
elements and concepts of landscape. The change in the
landscape structure has taken in land use types with
different degrees, and quantifying these changes using
landscape metrics is one of the issues which can help
analyze the pattern of spatial changes.

Keywords: Object-baed, Number of patches, Edge

density, Patch density, Largest patch index, Remote
sensing
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