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Predicting future landuse changes is an important step in the proper
planning and management of watersheds. Therefore, in this study, the land
use modeling of the Doroodzan Dam watershed was discussed. First, the
land use maps of 1996, 2005, 2016 and 2021 were extracted using Envi
software, and the maximum likelihood method. The transition potential
maps were modeled for each of the sub-models by using multi-layer
perceptron artificial neural network and 6 variables and Markov chain was
used to calculate the allocation change to each land use. Then, the land use
map for 2021 was predicted using Land Change Modeler (LCM) and 2005-
2016 calibration period. To verify modeling accuracy, Hits 1.92%, Misses
8.8%, False Alarms 2.94% were calculated. The ratio of Hits to the total
pixels has changed 14% indicates that model results are acceptable. Then,
the land use map for the year 2050 was predicted. The results showed that
given the predicted LC for year 2050 in comparison with the year 2021,
bare land, agricultural land, residential areas and orchards will increase by
54290, 7621, 4494, and 2391 ha, respectively. Whereas grassland and forest
cover will decrease 68441, and 689 ha, respectively.
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EXTENDED ABSTRACT

Introduction

The dynamic and at times significant alteration
of land use and land cover (LULC) arises from
both socio-economic and natural shifts. The
reasons for changes in land cover vary based on
the area’s nature and scale, with primary drivers
being deforestation, rangeland degradation, and
agricultural expansion. These changes can have
adverse effects on wvulnerable ecosystems.

The LCM model evaluates land-use changes in
two periods and predicts future alterations. The
aim of this research is to forecast the land use
map of the Doroodzan Dam watershed for 2050
and analyze the patterns of land use change from
the past to the future.

Material and Methods

Doroodzan Dam Watershed, with an area of
4432 kmz2, is located in the south of Iran in the
northern part of Fars Province, between 30° 00" to

Currently, in many regions, particularly in  30° 59° N latitudes and 51° 42’ to 52° 54° E
developing countries, there is a shift towards longitudes. The average elevation of the
developing agricultural and residential areas, watershed is 2226 m. The climate of this

resulting in the depletion of natural resources like
grasslands and forests. Land use alterations
significantly impact the climate, biodiversity, and
water resources of a region. Therefore, it is
crucial to analyze these changes. In this study,
the TerrSet Geospatial Monitoring and Modeling
System, integrated with MLP and CA-Markov
chain, was utilized to monitor, assess, and project
future changes in the Doroodzan Dam watershed.

watershed is predominantly dry and semi-arid,
and, the average annual precipitation is 751 mm.
Generation of a predicted land use map for 2050
involved the following four steps (a) change
analysis, (b) create transition potential, (c)
predict future land use maps, and (d) model
validation. Fig. 1 presents all the major steps of
the LCM model used in the study.
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Fig. 1 Diagram of land use modeling process using LCM model

First, the land-use maps from 1996, 2005, 2016,
and 2021 were extracted using Envi software and
the maximum likelihood method for land-use
change analysis. Historical maps were then
analyzed to identify changes in land use. This
involved comparing the classified images of
1996 vs 2005, 2005 vs 2016, 2016 vs 2021, and
1996 vs 2021. Additionally, land use transition
potential maps were generated to examine spatial
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trends in land use changes, gains, and losses.
These maps were created using a multi-layer
perceptron (MLP) artificial neural network
(ANN) based on sub-models within the LCM.
Various sub-models were developed to assess the
probability of transitioning from one land use
class to another over the study period. Seven sub-
models including (a) grasslands conversion to
bare land; (b) grasslands conversion to
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agricultural land; (c) bare land conversion to
agricultural land; (d) forest conversion to
grasslands; (e) bare land conversion to residential
area; (f) grasslands conversion to orchards; and
(9) grasslands conversion to agricultural land
were selected to analyze major changes in land
inter-conversion. Descriptive variables refer to
the indicators that have an impact on the changes
within each class. In the present study, Cramer's
V coefficient was used to select the descriptive
variables.

Results

The analysis of land-use change patterns in the
past 25 years shows that bare land, agricultural
land, orchards, and residential areas have
increased by 16.55%, 1.94%, 1.67%, and 1.09%
respectively. In contrast, grassland and forest
cover have decreased by 16.82% and 4.52%
respectively. Upon visual inspection, the
simulated map for 2021 closely aligns with the
actual map for that year. Further analysis using
Hits, Misses, and False alarms revealed values of
1.92, 8.8, and 2.94% respectively. Additionally,
the ratio of Hits to the total changed pixels, at
14%, indicates acceptable model results.
Following successful validation of the model, the
land use map for the year 2050 was predicted

(Fig. 2).

3420000

= ~ T
-l T e
£ Legend t e H
water T -'.&
- residential area ‘ -
H bare land ~ T
3 mm— > e
2 agricultural land \:“‘\s" LN 3
3 o &,
I forest P vy

B orchards

grass
o 10 20 30 40
Kilometers

10000

3330000

S0000  S60000  SSN000 60000 620000  GHOD0 60000 680000 700000
Fig. 2 Predicted land use map for 2050

Table 1 presents the statistical analysis of the
predicted land use changes. The model predicts
that in 2050, the area of grasslands and forests
will reduce by 68,441 ha and 689 ha, reaching
11,899 ha and 3,410 ha respectively, compared
to 2021. Conversely, the area of bare lands is
projected to reach 360,253 ha. Agricultural lands
are expected to increase by 7,621 ha, reaching a
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total of 31,975 ha by 2050. Orchards are
forecasted to cover 11,317 ha, and residential
areas are expected to encompass 9,816 ha by
2050.

Table 1 The area of land use for the predicted year
2050, and changes between 2021 and 2050 (hectares).

Classes Area (ha) changes
between 2021
and 2050 (ha)

Water 5133 -64

Residential area 9816 4494
Bare land 360253 54290
Agricultural land 31975 7621

Forest 3410 -689

Orchards 11317 2391
Grass 11899 -68441
Conclusions

1. In the Doroodzan Dam watershed, grasslands
have been the predominant land use type,
declining by 73,026 ha over the past 25 years
until 2021.

2. The most net changes in land use during the
last 25 years were related to the conversion of
grasslands to bare land, forest to grasslands,
forest to bare land, grasslands to orchards and
agricultural land respectively.

3. Looking ahead, the trend in land use changes
points towards an expansion of bare lands,
agricultural lands, residential areas, and orchards,
with each experiencing an increase of 54,290 ha,
7,621 ha, 4,494 ha, and 2,391 ha, respectively.
Conversely, grasslans and forests are projected to
decrease by 68,441 ha and 689 ha, respectively.

4. the validation results of the LCM model affirm
its success in predicting land use changes.
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Fig. 2 Diagram of land use modeling process using LCM model (Qacami et al. 2023)
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Fig. 3 Land use maps for the years 1996, 2005, 2016
and 2021

(V) Jgoz ;o aslllac 5,50 slwro,go 5l S o (ol
(V) Jgoez 0 a5 ol oyl oo .l sa_Gools o)l
9 6)')51.{2.5 ‘(5’9‘§-““‘° ‘).:l_» 6[-@6).3)[5 05_»..:‘54 ool i
J—lae j0 ¢ Gl aallland g0 0,90 Jo—bo ;o cul b

Slassl u.....blf Ji.? 9 i ‘_ng‘_gﬁ)lf

Environment and Water Engineering

Gl S oS oad 53 lajeine sl as ol
Sy e Jil ask (o o (&S e 0,80
5 Il sl ookl b g oy oo 60,8 4 g )8
e 59 i it yiety ) 0lyeeis Jlaio anls S5
.(Gholamalifard et al. 2013) o sl

3! 65 Ol i gilw oo g (S ey -Y-F-Y
a5 Zenl (Bolad (g3l (hyy S B9S 5le 0y o
bl 6 Slets siledae sl los s 5k @
ol sl 1y eanl (ol (6 ,5,LS Jaw ol 09 oo oolail
o JUil sl sloatis oll s tH1 Sys ol b t=1
S Ja ooy (sl 35 oo izt 505 s
2 Gigion g YA 3 hemy (gre 4D G
Sl Al JuSy s a5 wes oo a1 Jls (ress
s o9 oy o3t Jsb o L 5 95se ass 5,500
VEe el el il canllas ol 5o ol ibe oo
LAYAY ouwlg 0,99 9 B35 jlo 0,y Jow 5l ool
oS Sl 3l e sl Cales ,o 0 L2l 1YA0
WA Jlo ol 6,8 sloatas 5 VEYA Jlo o 3l
o oolazwl Ve g

Joke s L]~
Ol s (g3l Je 0 gl c 8o g oo ol
skl Sl (6598 L (2l s S
s awslio jloolawl Ly ] jo a S ol ga 1
CtS o g 4o Ly oo (g5lw Jow a i
Cibge adlhe )iz S5-dior (np Joms Sk
L e L N
S 2l nSoy) Teige (0103 S5 (6 et 9 099
A e Ol o Joe 5o g alon S ss ally o
4S5 oloJSy) Tlas (ol 00 o i (S
A s ol o o L aSlos,S s Cally po
Ml ol

i o(Ca ) oo

Joce y0 Ll ailes S pss cably [0 45 slo JuS)

!Evidence likelihood
2Null Successes
3Hits

4Misses

SFalse Alarms

ol i 3 S jlasme

Vol. 10, No. 3, 2024

[

EWE

VEY 5ol oF oled ) v o0


Admin
Typewritten text
371


AR Al

VE-Y S 5 25

ha cop VFe - 5 1¥A0 ATYONTAT Gla b ;o ool slags )5 colus =) Jga
Table 1 The area of land uses for the years 1996, 2005, 2016 and 2021 in ha

Year 1996 2005 2016 2021 Change %

Classes ha ha ha ha 1996- 2005- 2016- 1996-
2005 2016 2021 2021

Water 4788 4549 3394 5197 -0.05 -0.27 0.42 0.1
Residential area 612 1687 4843 5322 0.25 0.73 0.11 1.09
Bare land 234119 252844 270497 305963 4.31 4.07 8.17 16.55
Agricultural land 15915 17726 21398 24354 0.41 0.85 0.68 1.94
Forest 23727 16749 6132 4099 -1.61 -2.45 -0.47 -4.53
Orchards 1680 3497 6664 8926 0.41 0.73 0.53 1.67
Grass 153366 137087 121274 80340 -3.75 -3.64 -9.43 -16.82
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Table 2 The net changes in land use during the study periods

Gain  Loss
Classes Water  Residential Bare Agricultural Forest  Orchards Grass
%) (%) %) (%) %) (%) (%)
1996-2005
Water 0.00 -0.03 0.00 0 -0.02 0 0 0 0
Residential 0.00 0.10 0.00 0 0.05 0 0 0 0.04
Bare 477 -3.03 0.02 -0.05 0 -0.11 0.21 -0.01 1.68
Agricultural  1.17  -1.01 0.00 0 0.11 0 0.01 -0.07 0.12
Forest 039 -1.04 0.00 0 -0.21 -0.01 0 -0.01 -0.42
Orchards 0.24 -0.07 0.00 0 0.01 0.07 0.01 0 0.09
Grass 352 -5.02 0.00 -0.04 -1.68 -0.12 0.42 -0.09 0
2005-2016
Water 0.07 -0.17 0.00 -0.02 -0.02 -0.05 0 -0.01 0
Residential 0.32  -0.03 0.02 0 0.16 0.02 0 0 0.1
Bare 557 -3.95 0.02 -0.16 0 -0.13 0.12 0 1.76
Agricultural 144 -1.1  0.05 -0.02 0.13 0 0 -0.08 0.26
Forest 032 -1.31 0.00 0 0 -0.12 0 0 -0.87
Orchards 0.4 -0.1  0.01 0 0 0.08 0 0 0.21
Grass 436 -5.82 0.00 -0.1 -1.76 -0.26 0.87 -0.21 0
2016-2021
Water 016 O 0 0.02 0.09 0.03 0 0 0.02
Residential 0.26  -0.21 -0.02 0 0.06 -0.02 0 0 0.03
Bare 548 -2.18 -0.09 -0.06 0 -0.18 0 -0.01 3.64
Agricultural 1.23  -0.96 -0.03 0.02 0.18 0 0 0 0.09
Forest 0.1 -028 0 0 0 0 0 -0.02 -0.17
Orchards 033 -012 O 0 0.01 0 0.02 0 0.18
Grass 142 -521 -0.02 -0.03 -3.64 -0.09 0.17 -0.18 0
1996-2021
Water 015 -012 O -0.02 0.04 -0.05 0 0 0.05
Residential 044 0 0.02 0 0.23 0.01 0.00 0 0.17
Bare 921 -255 -0.04 -0.23 0 -0.43 0.86 -0.06 6.56
Agricultural 1.63  -0.85 0.05 -0.01 0.43 0 0.02 -0.15 0.44
Forest 0 -194 0 0 -0.86 -0.02 0.00 -0.02 -0.91
Orchards 072 -005 O 0 0.06 0.15 0.02 0 0.45
Grass 236  -9.12 -0.05 -0.17 -6.56 -0.44 0.91 -0.45 0.00
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Fig. 4 Land use map for 2021: a) extracted using
supervised classification and b) predicted using LCM
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Table 3 Assessment of accuracy of artificial neural

network
Sub-model Accuracy(percent) Skill
Measure
Bare to agricultural 74.44 0.4889
Grass to agricultural 65.42 0.3084
Grass to bare 52.17 0.0435
Grass to Orchards 71.62 0.4324
Bare to Residential 66.18 0.3235
area
Forest to grass 64.5 0.29
Agricultural to bare 65.54 0.3108

P cepe B polie -V oo
Table 4 Listing the Overall Cramer's V values

Variables Overall Cramer’s V
Evidence likelihood 0.3573
Slope 0.0056
Dem 0.1188
Distance to road 0.1042
Distance to residential 0.1416
Distance to waterway 0.1699
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Table 5 The area of land use for the predicted year
2050, and changes between 2021 and 2050 (ha)

Classes Area (ha) changes
between 2021
and 2050 (ha)

Water 5133 -64

Residential area 9816 4494

Bare land 360253 54290

Agricultural land 31975 7621

Forest 3410 -689

Orchards 11317 2391

Grass 11899 -68441
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