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EELCLIT BET el a5 Coastal-mountain landscapes are shaped by the simultaneous

pressures of settlement growth, agriculture, tourism, accessibility, ecological protection, and
pronounced topographic constraints. Under these conditions, net change alone provides an
incomplete account of land-use/land-cover dynamics: it cannot distinguish persistence from gross
exchange, identify the source classes contributing to new built-up land, describe the spatial
configuration of expansion, or determine whether statistical associations remain informative when
observations are separated in space. This study quantified the amount, direction, intensity, spatial
configuration, clustering, and conditional spatial associations of mapped land-use/land-cover
transitions in Ramsar County, northern Iran, between 2016 and 2025. The analysis addressed five
related questions within a single auditable framework: how much mapped change occurred; which
classes experienced the greatest gains, losses, and exchanges and at what intensities; whether new
built-up patches occurred as infill, edge-expansion, or outlying growth; where change formed
statistically significant spatial clusters; and how effectively linear and nonlinear models
discriminated four dominant mapped transitions.

Two co-registered land use/land cover rasters for 2016 and 2025, with a spatial
resolution of 10 m, were analyzed over a common valid extent of 72,603.52 ha. Both maps
comprised seven classes: water, built-up, cropland, orchard, forest, rangeland, and bare land. Cell-
by-cell comparison of the two maps was used to construct a transition matrix and calculate
persistence, gross gains, gross losses, net change, exchanges, and total change. Intensity analysis
at the interval, category, and transition levels compared observed rates with a uniform annual
reference rate. Newly built-up cells were converted into patches using eight-neighbor connectivity,
and the Landscape Expansion Index with an original 10-m buffer was used to classify patches into
edge-expansion, infilling, and outlying growth. Change rates were also calculated across gradients
of elevation, slope, and Euclidean distance from the coast, roads, baseline built-up areas, and rivers.
To examine spatial concentration, total change density was aggregated within an approximately
500-m grid, and the local Getis—Ord Gi* statistic was calculated to identify hot and cold spots at the
95% and 99% significance levels. Four transitions—rangeland to bare land, orchard to forest, forest
to orchard, and orchard to rangeland—were selected for modeling based on mapped area and a
minimum number of occurrences. For each transition, logistic regression with standardized
variables and heteroskedasticity-consistent errors was used to estimate conditional odds ratios,
and model transferability was assessed using five spatial folds based on 2-km blocks. Extreme
Gradient Boosting was employed as a nonlinear complement, and SHAP values were used to
summarize the contribution of variables to model predictions. Finally, accounting checks were
performed to verify the common mask, class coverage, transition totals, model sample sizes, and
consistency of tabulated outputs.

Of the common valid area of 72,603.52 ha, 53,450.72 ha remained on the diagonal of the
transition matrix, while 19,152.80 ha underwent a class transition; thus, 73.62% of the landscape
was stable in terms of mapped labels, whereas 26.38% experienced mapped change. The uniform
annual change intensity was 2.931%. Bare land showed the largest net gain, with an increase of
6,935.97 ha, while the rangeland-to-bare-land mapped transition, covering 6,707.51 ha,
represented the largest off-diagonal flow associated with this pattern. In contrast, rangeland
recorded the largest net loss, amounting to 5,544.90 ha. Orchard and forest exhibited substantial
two-way exchanges, with their gross flows considerably exceeding their net changes. The built-up
class gained 2,299.71 ha and lost 907.36 ha, resulting in a net increase of 1,392.35 ha. Among the
29,968 newly built-up patches, edge expansion accounted for 67.19% of the added area, whereas
outlying patches represented 31.62% of the total number of patches but only 14.93% of the added
area. The change rate decreased continuously with increasing distance from baseline built-up
areas, declining from 37.53% at 0—100 m to 8.05% at 2,000-5,000 m. Along the elevation gradient,
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the highest change rate, 46.13%, was observed at 100-300 m. Of the 3,067 analytical grid cells,
18.75% were classified as hot spots and 20.22% as cold spots, and the correlation between change
density and the standardized Gi* score was 0.838. The area under the receiver operating
characteristic curve (AUC) for logistic regression under block cross-validation ranged from 0.722 to
0.774. For Extreme Gradient Boosting, AUC values obtained from a random holdout ranged from
0.826 to 0.893; however, because the evaluation designs were not equivalent, this difference
cannot be attributed solely to the superiority of one algorithm over the other. Elevation had the
highest mean absolute SHAP contribution across all four models, although the direction of its
conditional odds ratio in logistic regression was not consistent across transitions.
The mapped land use/land cover change pattern in Ramsar cannot be explained solely
by net changes, because a substantial proportion of the observed dynamics was associated with
gross exchanges among classes. The major patterns included the mapped rangeland-to-bare-land
transition, reciprocal flows between orchard and forest, net built-up expansion dominated in area
by edge growth, a considerable number of outlying patches, and multi-centered clustering of
change. The observed relationships with topography and accessibility also varied among transitions
and were transition-specific. The accounting figures represent direct descriptions of differences
between the paired maps, whereas the relationships derived from the models represent
conditional, non-causal statistical associations. Furthermore, the absence of an independent
accuracy assessment for the final 2025 raster means that the numerical accuracy of the reported
areas should not be interpreted as equivalent to thematic certainty about the mapped changes at
the parcel scale.
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Fig. 1: Location of Ramsar County and spatial-data framework; panels show the national location, 2016 and 2025 land-use/land-cover maps, elevation, roads, rivers, and
coastline.
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Source: Research processing.
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Table 1: Data sources, specifications, and analytical roles
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Fig. 3: Spatial pattern of change, 2016-2025; the binary change

map, off-diagonal transitions, and four selected transitions are shown.
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Source: Research processing.
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Table 3: Land-use/land-cover change accounting, 2016—2025 (ha)

ol Al ol S sl Y.Y0 Y\F® ail
Swap Net Loss Gain Persistence 2025 2016 Class
1
44.36 -87.23 109.41 22.18 90.06 112.24 199.47 =
Water
1,814.72 +1,392.35 907.36 2,299.71 2,939.88 5,239.59 3,847.24 ossasle
Built-up
1,430.78 -1,153.52 1,868.91 715.39 493.84 1,209.23 2,362.75 =0
Cropland
an
5,889.12 -2,162.28 5,106.84 2,944.56 5,412.54 8,357.10 10,519.38 &
Orchard
4,609.32 +619.61 2,304.66 2,924.27 23,054.33 25,978.60 25,358.99 P
Forest
5,764.78 -5,544.90 8,427.29 2,882.39 17,099.06 19,981.45 25,526.35 &
Rangeland
L
856.66 +6,935.97 428.33 7,364.30 4,361.01 11,725.31 4,789.34 72
Bare land

Sl b3 9 99w Egeze ply JS s (el (b5 5 Sgm aiaS 90l alolea. ciilosly
Note. Swap equals twice the smaller of gain and loss; total change equals gain plus loss.
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Table 4: Transition matrix from 2016 to 2025 (ha)

»b &y K= &L cely; aslo ol daie\lace
Bare land Rangeland Forest Orchard Cropland Built-up Water Origin/destination
62.86 0.56 19.73 2.18 2.65 21.43 90.06 <!
Water
294.41 283.44 10.11 228.89 83.17 2,939.88 7.34 A
Built-up
celyy
21.43 551.61 81.56 647.85 493.84 565.70 0.76 2)
Cropland
an
72.45 1,468.13 2,626.89 5,412.54 287.60 651.04 0.73 &
Orchard
205.64 346.67 23,054.33 1,732.18 2.03 17.89 0.25 J =
Forest
6,707.51 17,099.06 183.02 322.90 339.42 862.08 12.36 &
Rangeland
4,361.01 231.98 2.96 10.56 0.52 181.57 0.74 "‘L
Bare land
A B
Class area change Gross gains and losses
-
Rangeland s - Rangeland
O o S - Orchard
Forest -a =
Cropland Ao land
Built-up *—A Built-up
. 200
Bareland - - land 4 202
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Fig. 4: Quantification of class change; initial and final areas, gains and losses, the transition matrix, and dominant flows show that net change captures only part of gross

landscape

Source: Research processing.
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Table 5: Annual category gain and loss intensities compared with the interval reference

ARG VLol Sgus s ol Cardg Yol by Sads il
Gain status Gain intensity (%/year) Loss status Loss intensity (%/year) Class
2.196 Jt 6.095 <
Dormant Active Water
Jld 4.877 vas 2.621 plbdisl
Active Dormant Built-up
R R R
Jisd 6.573 Jls 8.789 e
Active Active Cropland
Led [PY] el
J R 3.915 J ] 5.394 &
Active Active Orchard
bl 1.251 vas 1.010 o
Dormant Dormant Forest
sas () 3
1.603 Jt 3.668 o
Dormant Active Rangeland
Jls 6.979 vl 0.994 R0
Active Dormant Bare land
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Fig. 5: Intensity analysis at interval, category, and transition levels; the reference line represents the uniform annual intensity of 2.931%.
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Table 6: Composition of built-up expansion forms based on the Landscape Expansion Index at a 10 m buffer

FHUBYENC < T ol ot (1) Zolew (ha) ol g (1) aSJ slass &y
Mean/median index Area share (%) Area (ha) Count share (%) Patch count Type
29.29/30.23 67.19 1,545.22 43.26 12,965 sl S
Edge-expansion
71.02 / 65.36 17.88 411.17 25.12 7,528 bsbLf’A
Infill
0/0 14.93 343.32 31.62 9,475 0Llos 2
Outlying

Wlbgsye yie Ve ol 3L & daid slael soenl JiSa VYAV 5 aSI YAPA ol sa cullooly
Note. Totals are 29,968 patches and 2,299.71 ha; values refer only to the primary 10 m buffer.
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Fig. 6: Built-up expansion and the Landscape Expansion Index at the primary 10 m buffer; patch maps, index distribution, shares of three expansion types, and the
gradient from baseline built-up land are shown.
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Source: Research processing.
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Table 7: Selected gradients of the overall change rate

o S e D) o3k e
Interpretation Change rate (/) Bin Variable
S yalome G i 3753 =Veem el alols
Highest proximity 0-100 m Distance to built-up
oy LS 2832 VemYo m il dols
Rapid decline 100-250 m Distance to built-up
S pglas 2016 YO-=0++m cab alold
Continued decline 250-500 m Distance to built-up
oy Koo 35 e 1561 —eem ol alols
Concentration near roads 0-100 m Distance to roads
-l - A . e—_ . :
Sl sl 33.74 \ Yo m D‘) alols
Small decline 100-250 m Distance to roads
Slaals aiis 4613 VooV m el
Elevational maximum 100-300 m Elevation
ol ity et ses1 Y—0 km Jolo alols
Maximum behind coastline 2-5km Distance to coastline
Sl aeS 2048 Y=0 km Sg, alold
Intermediate minimum 2-5km Distance to rivers

Cewlo )l dan 3l (glowy 35 Jgaz tianl o3l 2 ine o e posS Coluss ol 5 caslooly
Note. Rate equals changed area divided by valid area within each bin; the table presents selected bins.
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Fig. 7: Change-rate gradients by elevation, slope, and distance to the coastline, roads, baseline built-up land, and rivers.
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Table 8: Composition of Getis—Ord Gi* cells on the 500 m grid

Meaning Share (%) Count Class
z2Y/0A 12.65 388 a9 gl s
z22.58 99% hot spot
V/AF<z<Y /0N 6.10 187 A0 s a3
1.96<2<2.58 95% hot spot
p2:/-0L |z[<)/A7 61.04 1,872 Unels
p20.050r |z| <1.96 Not significant
-Y/0A<z<-\ /A% 1154 354 A0 3w aSI7
-2.58<2<-1.96 95% cold spot
z<=Y/0A A9 3 aSI7
.67 2
2<-2.58 86 66 99% cold spot
Sl STAYA ol 0 y05 g pnsS o515 (Koo 9 VAN B —=Y/VY 510 lailiu] o pes aials Xesy L Jsbo olaws. cllooly

Note. N = 3,067; the z-score ranged from -3.73 to 7.88; the correlation between change density and z-score was 0.838.
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Fig. 8: Change density on the 500 m grid and local Getis—Ord Gi* clusters; 95% and 99% hot and cold spots show the relative concentration of overall change.

Source: Research processing. g u‘.‘;)’loﬂ: fae



O. Ghaffari Aliabad

bl e 5y lés ol

o 35y Cofie LU 0 g8 TAA= il cond gl pl &
oy, 9 <db oy (Jolow alold 5 cude 38 VYA=ils cons
S XY=l o el )] (S 4 £l yo ing S5l S (Ses
N Y= il s Jolos alold ¥V V= il Cnd s ¢ it il
VXY= il Cond dilog, alold 9 VA= il s il 5l alols
g Cade VY o=l s gl (L &y K o ails cuie !
g V.Y o= il G ol ) alold t0gy  aie + OY=uild Cend ol
(o b o s I I8 S Sop allhog, g il (Sl alols
alold o VV= il cos glay )l 5 codie YEO=uild Cod o
G S8l o A= ils s ol VA= il s o le
ol e e D=Ll s By, g ¢ A=l
) &l Ao (6l axly 51 G (53 w0l gliste slacaadle

Qo ge oyl

lad i lie] § Sz 50,5, O

<IVOF Rl @ &0 sl Stz lgaipygys (Gonie pj ol
D50 /YVA 250 4y §b g +/VFe gLy Kz /YA R 4 £l
30 el Cawdas /PR g /EYY /YY) /PAR Ll cds
GIVVE VY e e ) corbas o Ssly omi Liel]
g /D /YA /PN Rl S0 g 0g +/YYY g +/YYA
Cs /N0 B /o vV o soie ) Coolue Sl 0l </8V-
U 5w la glacSely jo bli)l 6ol amo oo lis g g dga0me
Sga> sl goin i Coluw Jb opl bcwl ool baas (glojladl
sbul Jobw Cumbd 5 willawgie s MLy gl VY= VY
Erow B nidend s S 4 gL alad Joe (n i S e
Olee Dol (g divg ojlgte oo fien )3 (S g Cumslus 092
s i 315 de Ty +/0 aliuT ol oLas b3S

Sy 00,8 Il by yie sl 3l gz oabs lasbiw] Guilds Cos

coide YOS ez b Jaw 0, Sles A Jga

Table 9: Model performance for the four selected transitions

&35 XGB Sob cds St &8s AUC XGB AUC Ssb AUC S S8
XGB accuracy Block accuracy Logistic accuracy Random holdout Block AUC Logistic AUC Transition
2L 4 e
0.743 0.684 0.689 0.826 0.747 0.754
Rangeland 4, bare land
Sizr 4 gL
0.802 0.708 0.721 0.893 0.774 0.789
Orchard 4, forest
L 4 Kix
0.758 0.659 0.672 0.845 0.729 0.740
Forest 4, orchard
B ath
0.799 0.670 0.684 0.864 0.722 0.738

Orchard 4 rangeland

t0s dasles St (g )5 ) (6l baid  Soly i ) Liel AUC oS Il 50wl oy Laosls Yo A Jolss Bolay cuiloass 51 g SLol,5 cusds AUC e scuiilosly

o pire v ,8 90 ()l o Slas s duglie (ol ply
Note. Extreme Gradient Boosting AUC was obtained from a random 20% holdout, whereas block AUC was calculated only for logistic regression; direct algorithmic
comparison is not valid.

Stz (g5 5 0053 bl el Cnnd 1)+ Jga

Table 10: Standardized odds ratios from logistic regression

alsog, N ol, Jole s el )| LHlas
Rivers Built-up Roads Coastline Slope Elevation Transition
L4 g
0.854 0.789 0.831 0.898 1.377 4.178
Rangeland 4 bare land
Kz o gL
1.326 2.801 0.868 1.632 2.215 0.322
Orchard 4, forest
Bl S
1.064 0.931 1.195 1.083 0.533 2.098
Forest 4, orchard
B a gl
0.954 0.815 0.864 0.793 2.647 0.767

Orchard 4, rangeland
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Note. Each odds ratio represents a one-standard-deviation increase conditional on the other variables.
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Fig. 9: Logistic regression and spatial validation; standardized odds ratios, in-sample AUC, and mean AUC for 2 km spatial blocks are compared across four transitions.
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Table 11: Top three variables by mean absolute Shapley contribution

Yoas, Y4, \ 4, s
Rank 3 Rank 2 Rank 1 Transition
YYD s YOY ol Y- elis) 2L @ e
Slope 0.275 Coastline 0.353 Elevation 0.840 Rangeland 4, bare land
TEEY s SEEY L VYES el Sor 4t
Slope 0.441 Coastline 0.443 Elevation 1.246 Orchard 4, forest
YV el SETE Ll “IPY¥ glis )| g o Sz
Coastline 0.327 Slope 0.434 Elevation 0.624 Forest 4 orchard
IV ol FAR s VASY glis)| Gl
Coastline 0.316 Slope 0.499 Elevation 1.162 Orchard s rangeland
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Note. Values are mean absolute Shapley contributions and indicate contribution magnitude, not direction or causality.
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Fig. 10: Extreme Gradient Boosting performance and Shapley explanation; random-test AUC, global importance, and contribution distributions show that elevation has
the largest mean absolute contribution in all four transitions.
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Source: Research processing.
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