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Figure 1. Case study and its geographical location in Iran.
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Table 1. Landscape metrics that used in study.

5 Sola cadle Sloww la ol
i b S Al ¥ A
Describe the metric Unit - Sl
Symbol and scope Landscape metrics
i Sl 03 S s e BN S a s
Sum of the areas (m2) of all patches of the corresponding patch CA>0
type Hectare Class area
o5 Sloges S|
Ot Slearw 534S pa ol g Lo ot St S 4202
. oo ) 0 <PLAND<100 Percentage of
The relative contribution of each class in the landscape. Percent
landscape
)‘i.)a.ié}.,\,\iL_«q;_.«x.;ﬁyw%dwl&i)ﬂﬂgb)‘yu&ii
Al e LSS e e (Sloses o 50 SIS ~ NP> | aaSd sl
NP =1 \{vhen the landscape c_:ontains only 1 patch o_f the Number of patches
corresponding patch type; that is, when the class consists of a
single patch.
S a0 S b e Sla Sl (5o 3 4 s e OLES
ROW PRI P RNt Loy 0<LPI< 100 Ao ol
Quantifies the percentage of total landscape area comprised by Percent Largest patch index
the largest patch.
g5 Oloa 5l a3l s ST Jaoms ¢ goomn S b Sl ) N SHAGE St S sl
Equals the sum, across all patches divided by the total number of _S .
Mean Shape metric
patches.
mm&szi_;j)!apbwil.fbwlflf e WJAB‘WLBJ:{;L»
Equals the distance (m) to the nearest neighboring patch of the Meter ENN>0 Euclidean nearest-
same type. neighbor distance
LJ’?AJJ*"‘-;L“?M&Jéyﬂ%ﬁéu&w;ﬁbé“\aéow s Q)}lem};xsbi
RC 0<UI=100 Interspersion and
Percent

Represents the patches relative interspersion in landscape level.

juxtaposition index

35 Szl am L aS S o Oy 5 Sl (S a5 4SS Ol g0 eins OLES
A58 o ol alie ST S s skl s 4 ed Ol LSy
It based on the cumulative patch area distribution and interpreted

as the probability that two randomly chosen pixels in the
landscape are not situated in the same patch.

S a5 8 el
Division metric

0 <DIVISION<1

Sy 5 5 el 0l S5 ST S S B ey e Sloww B
il Of sl e slaws (253l b s ol Sis ol O Jldis 5,10
Ak
SHDI = 0, when the landscape contains only 1 patch (i.e., no

diversity) and increases as the number of different patch types
(i.e., patch richness, PR) increases.

O3l g8 el
SHDI=0 Shannon’s diversity

index
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Figure 2. LULC maps of the study area derived from classification of Landsat satellite images.
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Table 2. Temporal changes for different LULC categories during two times period.

)93 Ol eis 0,95 e
\TANTAY TR WWAF Cls WWAY Gl AT Gl
Land use change Land use change
1990-2002 Ha 1990-2002 Ha Area 2014 Area 2002 Area 1990
- Ha Ha Ha
Annual rate Area Annual rate Area
Soosles

-72.36 -868.4 +54.41 +653 13735.20 14603.60 13950.54
Agriculture

+67.63 +811.65 +33.33 +400 22215.34 21403.69 21003.09 &
Grassland

|5 &

-50.12 -601.49 -32.58 -390.8 22754.65 23356.14 23747.01 rlin S

Dense forest
|5 &

-71.74 -860.93 -60.95 -730.4 11414.22 12275.14 13006.61 Sl o5 S
Low forest

+24.12 +294.49 +10.75 +128.08 629.22 339.73 206.65 o
Residential

+4.31 +51.73 +5.64 +68 872 821.73 754.65 o Ok
Barren land

o
+97.95 +1175.5 -10.68 -128.2 2352.34 1176.84 1305.12

Water bodies

AYWAYAY S5 0593 53 bas 2yl ple palls ks 55 L )8 51 o p g =Y Jsikx
Table 3. Contribution of each category in transformation of other LULC types during 1990-2002.

Eacs i . o S las 8
;.J . . R - . LLS L;f.-)
Total e g St oS5 oSz & S0
change Wa@er ~ Residential ; Grassland  Agriculture LULC
" bodies ~ Barren Low High category
(hectare) land forest forest
+653 +128 - -112 +89 +121 +427 - i
Agriculture
+400 - -68 -16 +815 +96 - -427 &
Grassland
| = Z.
-390 - - - -174 - -96 -121 ool o
High forest
| 5 I
-730 - - - - +174 -815 -89 ol oS I
Low forest
+128 - - - - - +16 +112 < ’i“'“’
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+68 - - - - - +68 - o sk
Barren land
ol
-128 - - - - - - -128 -
Water bodies
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Table 4. Contribution of each category in transformation of other LULC types during 2002-2014.

Eace i . O o S
< L . L 2
Total s S oS5 oS e & Siaslas
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+811 - -34 -68 +1219  +175 - -481 cr
Grassland
| = Z.
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| 1K
-860 - -17 -5 +407 -1219 =27 VS’ VS '
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Water bodies
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Figure 3. Changing rate of PLAND metric in duration of the study.
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Table 5. The result of calculating PLAND, NP and LPI metrics.

(LPD) &SI o S50 sl (NP) &0 sl (PLAND) 005 ;s (laes 3l ds 3
A\ 1FAY V4 AFaY TAN At A\ YA Aat
2014 2002 1990 2014 2002 1990 2014 2002 1990
272 252 248 133 88 85 18.56 19.74 18.85 i
Agriculture
1.55 1.50 1.49 211 159 139 30.03 28.93 28.39 &
Grassland
|5 Z.
4.76 5.75 5.83 132 64 63 30.76 31.57 32.10 oSl S
Dense forest
|3 Z.
1.73 1.83 1.85 198 170 161 15.43 16.50 17.58 e daiag
Low forest
0.12 0.10 0.10 53 63 64 0.85 0.45 0.27 “’J_" )
Residential
012 008 008 74 33 30 117 111 1.02 o O
Barren land
ol
1.42 0.95 0.89 1 1 1 3.17 1.59 1.76
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Figure 4. The result of calculating MN-Shape for different land uses.
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Figure 5. The result of calculating ENN metric for different land uses.
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Figure 6. The result of calculating 131 metric for different land uses.
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Table 6. The result of DIVISION metric.
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Figure 7. Changing rate of Division metric in duration of the study.
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Table 7. The result of calculating NP, PD, ED and SHDI in landscape level.
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Abstract

Background and objectives: Getting informed about of land uses patterns and knowing the
changes of each land use, during the time is the one of the prerequisites for the correct uses of
land. During the last decades many methods of this regard have been developed. One of these
methods is the use of landscape metrics. Landscape metrics are quantitative indices that describe
compositional and spatial aspects of landscape. The most important impose on these studies is
that changes into landscape patterns strongly affected landscape function. Due to the special
ecological position of the Arasbaran biosphere, and some destructive factors such as over-
grazing, high acreage of agricultural fields and encroachment of human-made structures into
natural ecosystems, the area has witnessed a noticeable rate of land degradation during the last
decades. Therefore, the main objective of this study was analysis of land use and land cover
changes using ecological landscape metrics.

Materials and methods: At first, the multi temporal Landsat images dated 1990, 2002 and
2014 were provided. Based on former knowledge from study area and study aim, satellite
images were classified in seven classes including high forest, low forest, agriculture, grassland,
barren land, water and urban area. For quantitative landscape metrics for each land use map, we
used Fragstate software. Selected metrics included CA, PLAND, NP, LPI, MN_SHAPE, ENN,
1J1, DIVISION and SHDI.

Results: The result of calculating CA, PLAND and NP metrics showed that forests were
degraded and urban area and barren land were extended. Decreasing the index of the largest
patch (LPI) and increasing indexes of contagion-interspersion (1J1), ENN and DIVISION for
forest area indicates the destruction and disintegration of these lands. In landscape level the
number of patches has increased over the time, which represents the intensity of negative and
defamatory change during the study. Also, the increasing of Shannon's diversity index confirms
the increasing diversity of patches in the regions as a result of increasing patch numbers and
changes in landscape. Contribution of each category in altering other LULC categories was also
calculated to provide an improved understanding regarding current LULC change processes in
the area. Grassland is the most invasive category against low-density forest such that it occupies
this category for 815 and 1,219 hectares during both time intervals, respectively.

Conclusion: The result of calculating metrics and change detection showed the changes in the
second period (2002-2014) were more intense than the first period (1990-2002). Based on the
results can be mentioned that during of study the landscape in Arasbaran region completely
fragmented. Also consider spatial diversity and dispersion of land uses, there is a possibility of
degradation and land use change in the future. Accordingly, there is a need to develop a suitable
program to prevent unwanted changes in the landscape and maintain its spatial continuity.
Development in the future should be programmed based on sustainable development principles
and attention be pay to protection, maintenance and ecosystem management.
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*Corresponding author: adarvish@ut.ac.ir
W






