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Research Overview

Study Area

Wilayat of Barka, Oman—a coastal
agricultural region facing severe
salinization challenges

Time Period
Multi-decadal analysis from 1985 to

2021 using Landsat imagery and
environmental data

Methodology

Integrated remote sensing. GIS. and
machine learning workflow for
salinity surveillance

Historical Agricultural Significance

Pre-1990s

Barka consistently ranked among the
ten leading wilayats in date
production

1995-2020

Elevated water salinity began
threatening agricultural productivity

2023

Barka ceased to be a leading date
producer due to substantial
agricultural land losses

Key Findings: Spatial Patterns

!

Northern Concentration

Highest salinity zones cluster in north

and northeast coastal areas

!

Secondary Hotspots

Additional pockets in central and
northwest regions

!

Southern Expansion

Agricultural development continues

in southern areas with lower salinity

36 Years of Growth

Urban areas in Barka City have grown to approximately 54,000

D

ata Sources and Integration

Landsat Imagery

Multi-temporal satellite data from
1985, 1990, 2000, 2013, and 2021 using
TM, ETM+, and OLI sensors at 30m

spatial resolution

LiDAR Elevation

Climate Data

High-resolution digital elevation Historical rainfall and temperature
records from 1970-2021 sourced from

WorldClim database

model with 5m=5m spatial resolution

from National Survey Authority

Groundwater Records

Water level and salinity observations from 8,532 wells across the study area spanning 2005-2023

Methodology
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Image Processing Pipeline

Data Acquisition

Landsat images obtained from USGS
Global Visualization with less than 2%

cloud coverage

Preprocessing

Segmentation

Atmospheric correction and
georeferencing to WGS 1984 UTM Zone
40N coordinate system

Object-based image analysis using
multi-scale approach with scale

parameter of &

Classification

into four classes

Random Forest ensemble classifier categorizing land cover

Validation

Accuracy assessment using confusion matrices and Kappa
statistics

Land

Cover Classification Categories

Vegetation Cover

Agricultural areas, date palm plantations, and natural

vegetation

Bare Soil

Exposed soil, desert terrain, and undeveloped land

Water Bodies

Coastal areas, irrigation channels, and surface water features

B

Built-Up Areas

Urban development, residential zones, and infrastructure
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hectares between 1985 and 2021, progressing at varying rates

across different periods.

The dominant trend is conversion of bare soil into built-up areas,
particularly intense between 1990 and 2013, reflecting rapid
infrastructure development and population growth.

The final period (2013-2021) exhibited noticeably slower
conversion, possibly indicating urban saturation or shifts in land-

use planning strategies.

Key Findings: Land Use Changes

Agricultural Expansion
Dominates southern regions where

salinity remains manageable for
cultivation
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Urban Growth

54,000 hectares of urban
development over 36 years, primarily
converting bare soil and agricultural

land
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Key Findings: Environmental Drivers
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Agricultural Loss

4,500 hectares converted to non-

agricultural uses due to salinity
impacts
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Groundwater Level - Elevation - Temperature & Well Density. Slope, Distance to

Primary driver (32- Secondary driver Rainfall - Climate LULC - Supporting Drainage -
45% importance) (20-24% factors (11-15% factors Hydrological
importance) importance) connectivity

Model Performance: Training Data Classification Accuracy Metrics
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Exceptional accuracy on training dataset - with slightly hig Kappa coefficient: 0.85 Kappa coefficient: 0.91 Kappa coefficient: 0.85
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Key Research Findings

93%

Overall Accuracy 2013

Kappa coefficient: 0.89

RF MAPE

Slightly higher but still excellent error rate

92%

Overall Accuracy 2021

Kappa coefficient: 0.87
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Agricultural Expansion Model Performance Spatial Hotspots
Dominates southern regions while XGBoost achieved R* = 0.99 on Saline groundwater potential zones
northern coastal salinity severely training data, with key drivers cluster in north and northeast, with
limits conventional farming including slope, elevation, rainfall, smaller hotspots centrally and
groundwater depth, and LULC northwest
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Groundwater Depth Impact Land Use Emphasis
Strongly impacts salinity, with RF importance at 45%, LULC emphasizes surface controls on salinity, calling for
exceeding XGBoost's 32% contribution land-use planning to sustain groundwater quality
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Policy Recommendations

Target Recharge
Interventions Align Land-U
N Land-Use
Refine Well Develop managed Planning
Licensing aquifer recharge o
) programs and drainage Integrate sallnlt-y risk Enl
Implement stricter improvements in assessments into M L .lfll(.fe
Prioriti pumping controls and vulnerable areas zoning decisions to l\;)[;:vonklslg
Tioritize permitting systems to protect agricultural etworl
Surveillance prevent over-extraction productivity

Expand groundwater
Focus monitoring quality surveillance
efforts on northern where monitoring
coastal hotspots where networks are currently

salinity risk is highest sparse

Practical Implementation Strategies

Salt-Resistant Crops

Promote cultivation of salt-tolerant
varieties and reuse of treated

Controlled Extraction

wastewater for irrigation

Establish monitoring and permitting

to mitigate
withdrawal and reduce saltwater
Zoning Enforcement

intrusion risk

Prevent urban expansion into
productive agricultural areas and
protect groundwater recharge zones

Urban Growth Challenges

Competing Pressures

Urban growth in Barka creates conflicts over land use and environmental problems. Converting farmland to residential and
commercial uses threatens local food supply and reduces cultural value of farming.

Urban spread puts pressure on limited water resources, leading to groundwater loss and saltwater risks. Breaking up natural areas and

adding hard surfaces increases water runoff, raises flood risks, and weakens ecosystem resilience.

Environmental Consequences

Hydrological Disruption

Ecosystem Fragmentation

Agricultural Decline

Increased impervious surfaces alter Loss of productive farmland threatens
natural drainage patterns, elevating

flood risk and r ing gr tr P 1t on

Urban expansion breaks up natural
r i iodiversity and

food security and eliminates

ecosystem services essential for

environmental stability recharge agriculture

Implications for Water Management

Sustainable Strategies

Precise spatial predictions of groundwater salinity are vital for
devising sustainable irrigation plans, pinpointing areas

ptible to salinization, and policy sin

crafting water management strategies that adapt to climate
changes.

The slightly better performance of XGBoost indicates it might
be more adept at ing p ion frameworks
in semi-arid regions where gr salinity is by
complex hydrogeological and human factors.

Future Research Directions

Socio-Economic Integration

Enhanced Monitoring Integrate variables such as irrigation practices, land-use

Expand monitoring networks and incorporate high-r, and

Y pop growth into predictive models

remote sensing data for improved spatial coverage

E Regional Transferability

Test model applicability across different hydrogeological

Hybrid Methodologies

Combine pixel-based and object-based classification with
ancillary data like LiDAR height information

settings to enhance generalizability

Conclusions

The XGBoost and Random Forest

This study demonstrates the power of

The path forward requires coordinated

integrating remote sensing, GIS, and models achieved exceptional predictive . - .
action across monitoring, policy,
machine learning to assess groundwater accuracy, with groundwater level, .
R . . L ) technology, and community engagement
salinity in arid regions. elevation, and climatic variables
emerging as the most influential to ensure sustainable groundwater
predictors. management in the face of intensifying

hydroclimatic pressures.
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