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Abstract

Background and Objectives

Lakes and wetlands in arid and semi-arid regions play critical roles in sustaining
ecosystem functions, regulating local climate, mitigating dust storms, and conserving
biodiversity. Lake Namak, one of the major evaporitic—saline basins of the Central
Iranian Plateau, has experienced a marked reduction in its surface water extent and
increasing instability in its inundation regime over recent decades. Reduced
hydrological persistence may intensify dust emissions and impair important regional
ecological functions. Despite the ecological significance of Lake Namak, long-term
assessments based on continuous satellite observations remain limited. Therefore, this
study aimed to monitor and quantify the spatiotemporal dynamics of the inundated area
of Lake Namak during 1995-2024 using Landsat satellite imagery and the Google Earth
Engine (GEE) platform.

Materials and Methods

Landsat satellite imagery acquired from Landsat 5, Landsat 7, and Landsat 8 between
1995 and 2024 was used to assess the long-term dynamics of Lake Namak’s inundation.
To harmonize observations from different sensors and minimize inconsistencies, surface
reflectance products were used, and cloud and cloud-shadow pixels were masked using
standard quality-control algorithms. All image processing and analyses were conducted
in the Google Earth Engine environment, which enabled efficient access to and
processing of the long-term Landsat archive. Water bodies were delineated using the
Normalized Difference Water Index (NDW!I), calculated for each image from the green
and near-infrared (NIR) spectral bands. An empirical threshold was determined by
comparing NDWI-derived results with false-color composites and visual interpretation,
and binary water/non-water maps were subsequently generated. The inundated area was
quantified at monthly, seasonal, annual, and decadal temporal scales. Temporal trends
were evaluated using time-series analysis and linear regression to determine the
direction and magnitude of changes over the study period. In addition, the non-
parametric Sen’s slope estimator was applied to obtain a robust estimate of the rate of
change and reduce the influence of extreme observations. To further characterize the
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stability and temporal persistence of surface-water occurrence, the Transition and
Seasonality layers of the JRC Global Surface Water dataset were analyzed within
Google Earth Engine.

Results

Time-series analysis of Landsat imagery revealed a declining and increasingly unstable
trend in the inundated area of Lake Namak over the three-decade study period. The
mean inundated area during the first decade (1995-2004) was approximately 154.4 km?,
declining to 48.1 km? during the second decade (2005-2014) and approximately 41.1
kmz during the third decade (2015-2024). At the annual scale, the maximum inundated
area occurred in 2001, reaching approximately 383.6 km?, whereas the minimum was
recorded in 2014 at approximately 1 km?2, demonstrating pronounced interannual
variability in lake inundation. Linear regression confirmed a significant negative
temporal trend, with the negative slope indicating a persistent decline in surface-water
extent. Similarly, Sen’s slope estimator produced negative annual change rates,
providing robust evidence of a long-term reduction in inundation. Seasonal analysis
showed that spring had the greatest surface-water extent, with approximately 10% of the
lake area inundated, followed by winter with approximately 4.5%, whereas summer and
autumn exhibited minimal inundation. Monthly analysis indicated that the highest
inundation occurred during March, April, and May. Analysis of the JRC Transition
layer showed that approximately 70.4% of the lake area remained unchanged, while
approximately 15.9% was classified as “new seasonal” and about 13% as “seasonal,”
indicating an increasing contribution of temporary surface-water occurrence. The
Seasonality layer further showed that more than 71.1% of the lake surface lacked
persistent inundation, with most water-covered areas occurring for only one to three
months per year.

Conclusion

The findings demonstrate that Lake Namak has experienced a substantial reduction in
both surface-water extent and hydrological persistence over the past three decades. The
consistent negative trends identified by both linear regression and Sen’s slope analysis
indicate a persistent deterioration in the lake’s inundation regime. The predominance of
short-lived and seasonal inundation further reflects increasing hydrological instability
and reduced water persistence. If this trend continues, it may result in significant
environmental consequences, including increased salinity and evaporation, degradation
of aquatic and wetland habitats, and expansion of exposed saline surfaces that may
function as potential dust-emission sources. The integration of long-term Landsat
observations with Google Earth Engine provides an efficient and reproducible
framework for monitoring dynamic saline lakes and wetlands and can support future
water-resource management, ecological assessment, and conservation planning in arid
environments.

Keywords: Arid regions, inundation variation, NDWI index, remote sensing, surface
water bodies, surface water monitoring.
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Table 2 — Classes used in the Transition layer of the JRC Global Surface Water dataset

Code Value Description
0 No Data Pixel with no valid observations during the entire period
1 Permanent Water Water present permanently at start and end years
2 New Permanent Water Non-permanent at start, permanent at end
3 Lost Permanent Water Permanent at start, non-permanent at end
4 Seasonal Water Seasonal at both start and end
5 New Seasonal Water Non-seasonal at start, seasonal at end
6 Lost Seasonal Water Seasonal at start, absent at end
7 Seasonal to Permanent Seasonal at start, permanent at end
8 Permanent to Seasonal Permanent at start, seasonal at end
9 Ephemeral Permanent Water Occasionally permanent, not stable over the whole period
10 Ephemeral Seasonal Water Occasionally seasonal, not stable
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Figure 2 — Average water surface area of Lake Namak over the three decades of study
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Figure 3 — Average water surface area of Lake Namak over the three decades of study:a) 1995-2004; b) 2005—
2014; c) 2015-2024
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Figure 6 — Average monthly water surface area of Lake Namak (km?)
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Figure 7-Average monthly water surface area of Lake Namak over three decades (km?)
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Figure 8 — Trend of annual water extent changes of the Salt Lake: a) Time series of water extent, b) Linear
regression analysis, ¢) Sen’s slope method
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Table 3- The area of watery areas of the Namak Lake by Transition method

The number of inundation months

Area of zones (Km2)

Percentage of inundation zones to

total area
Without Change 1288.08 70.4
Seasonal 237.29 13.0
New seasonal 290.84 15.9
Ephemeral seasonal 12.84 0.7

535 8l Ooso 4 1y axls KT slaag acs ol
Ll NS p nggj sle sluws samsgylias

Seasonality oz, K1 b Ko azl s KT agy Sl gl
Sl elizal b S azls slale L&) ag o)l mbs

sz aals b (Ve JS) s Seasonality s,

62°0'0"E
1

62°10'0"E
1

T
34°50'0°N

z
E
Legend
CZ Namak Lake b 3
_g Monthly Water Extent 4
3| o8 1 L]
g 2 o8 s
: 2 ot 7
Namak Lake " z
4
8
3
0 5 10 20 Kilometers.
z
L2
N
T T T T T -
61°20'0"E 61°40'0"E 61°40°0"E 62°0'0"E 62°10'0"E

duboqu&aquuaéT%—\o Je
Figure 10- Monthly inundation of the Namak Lake



L arlss cobon 5l am 5 b e goome 5o ol
bl ¥ 5 ¥ A b NS Seosba s e Jela
wl JS colis 3las,s MF 5V /Y F/Y Cusa
Bl baes bLag ol wlols  olasl sss
5 e s il 4 Aty 5 el S sl K ST
sbag (bl 5o ames Si5doan gehis glaslis,
IS o s Sl age 3] Ao Lol Sl L
s394 ol 4053 751 S gl ooz 5 2o ol
V 58 L) ol sl Lz 5l i b S
sbag s Sl &5 wpde Joli | 5l les

el S a5 5o el 5l S ST ¢l

Yy

a8 Jl 5l gl shaw Lol IS )

olss c\-v el 02 ganaib s Sl Ko axl o
Sele Vol a8 S as s Sl gaey (i 45 aas e
o) sbag coles (F) Joas asle Sl Jl
e R (ol ol B (o0 olas ) S aslyo
colew b oolal sl Jio LIS 4 by e coles
Coluws JS 51 g0 VV/Y (8 9 @Jaj;a,l.;\r‘~\/‘\
Sl olal ol 5 e Sas Kl ol 425
g2 nl a0 S anr s g Sl Gloses 13w 5o
Lyle ade 5 S0 80T psln smas el saiasglas
b U L pag ol VL Ll 5o Sas

Seasonality (s, 4 S a2l L &KT sbag colue —F Joux

Table 4- The area of watery areas of the Namak Lake by seasonality method

The number of inundation months

Area of zones (Km?)

Percentage of inundation zones to total area

0 1301.9 71.3

1 78.7 4.3

2 187.0 10.2

3 156.1 8.6

4 51.6 2.8

5 46.7 2.6

6 7.1 0.4

7 0.01 0.00
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