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✓ Climate change has resulted in several environmental challenges that 

threaten the wellbeing of humans and wildlife alike.

. 

Climate change and its environmental impacts 

✓ Droughts are one of the most tangible impacts of climate change as 

they affect water availability, food production, ecosystem services, and 

can potentially trigger conflicts between stakeholders.



▪ As this figure shows, global temperature has increased by about 4 C over the 
past 50 years.

▪ The researchers indicated that the results underscore the "need for 
immediate action" to avoid even greater warming. 

Climate change and its environmental impacts 



▪ One of the most tangible environmental impacts of climate change can be 
observed in the environments of dying lakes. 

▪ The 140 lakes comprising about 69% of the Earth's freshwater habitats are 
threatened by climate change (Neumannl, 2021). 

▪ Changes in thermal habitats as a result of climate change can have a variety of 
significant environmental impacts on dying lakes. 

Climate change and the issue of dying lakes 



Urmia lake drought 

Play

https://upload.wikimedia.org/wikipedia/commons/c/c6/Urmia_lake_drought.gif


Climate change impacts on the lake drought 



Environmental issues resulted by the lake drought 



Salt-dust storms around the lake threats the productivity of 

farmlands and public health of the 7.3 million local inhibition



Time series land  use/cover mapping and change detection 

based on different data driven approaches (1990-2020) 



An integrated Fuzzy Object Based Image Analysis and Deep learning methods 



Object based image analysis in integration with deep learning 

techniques for LULC mapping 



Implementation of different OBIA’s features for LULC 

classification 



Satellite image and resulting object-features for a selected area in ULB, namely: a) croplands, b) GNDV of croplands, c) Orchards, d) 

GNDVI of croplands, e) dry farms; f) SWCR of dry farms; pasture and rangelands; h) NDVI of pasture and rangelands  

Implementation of different OBIA’s features for LULC 

classification 

GNDV of croplandsGNDV of croplands GNDV of orchards SWCR of dry farms NDVI of pasture  



LULC classes and their respective thresholds obtained for 

object features 



Figure 6. Subsets of LULC classes on the original satellite bands and their respective object-

features, namely: a) bare lands, b) brightness of bare lands, c) rack outcrops, d) TRI of rack 

output, e) settlement; f) NDBI of settlements; g) wetlands; h) NDWI of wetlands

Results of the LULC classification based on the FOBIA-DL

  a) 1990, b) 1995, c) 2000, d) 2005, e) 2010, f) 2015 and g) 2020



Difference function and its respective default values for each 

category 



Dempster-Shafer Theory for spatial accuracy assessment  



Results of the spatial uncertainty analysis for the FOBIA-DL

  a) 2020, b) 2015, c) 2010, d) 2005, e) 2000, f) 1995 and g) 1990



Comparing efficiency of machine learning data-driven approaches for land use/cover 

mapping and trend analysis using Google Earth Engine: Support Vector Machine 

(SVM), Random Forest (RF) and Classification and Regression Tree (CART).



Comparing efficiency of different data driven approach 



Spatiotemporal soil salinization mapping under impacts of lake drought 



deep learning convolutional neural network (DL-CCN) 

Deep learning convolutional neural network for soil 

salinization mapping   



Soil Salinity Indices



The soil salinity indices (a) Combined Spectral Response Index (CSRI), (b) Normalized 

Differential Salinity Index (NDSI), (c) Vegetation Soil Salinity Index (VSSI), (d) SI-T, (e) SI-1, (f) 

SI-2, (g) SI-3 and, (h) Normalized Differential Infrared Index.



Correlation between indices values and field observation of soil salinity 

measurements;  a) VSSI,  b) SI_T,  c) SI_5,  d) SI_3,  e) SI_2,  f) SI_1,  g) 

NDSI,  h) CSRI and,  k) accuracy of each index



Soil salinity from 1990 to 2020 using Combined Spectral Response Index,  a) 1990, b) 

1995, c) 2000,  d) 2005,  e) 2010, f)2015, g)2020



Extensive ongoing land subsidence due to the discharge of nearby 
aquifers around the lake 

2015- 2020



land degradation mapping 



GIS spatial decision making systems applied to land degradation assessment  

▪ a) Elevation

▪ b) Slope degree

▪ c) Slope aspect,

▪ d) Curvature

▪ e) Soil depth

▪ f) Soil erodibility

▪ g) NDVI

▪ h) Distance from rivers

▪ i) Stream Power Index

▪ j) Precipitation

▪ k) Drainage density

▪ l) Slope length

▪ m) Topographic wetness 

index 

▪ n) LULC



According to the final result, 12.49% of the area is affected by very high risk, 25.96% is 

at high risk, and the rest of the study area has moderate and lower than the moderate 

risk of soil erosion

GIS spatial decision making systems applied to land degradation assessment  



Land use/cover change as main reason for lake drought 

(95000 wells around the lake)  
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Trend analysis for extensive groundwater discharge



Saltwater Intrusion Problem Identification

Overabstraction and saltwater intrusion



Time series hydro-geochemical quality of nearby aquifers 



Spearman correlation results between WQI and variables



Statistical analysis of the chemical concentrations in the groundwater 

from 9 aquifers around the Urmia Lake



PCA analysis of 800 wells in nine aquifers and two dry and rainy 

seasons during the 20-year study period with fourteen quality 

variables combined with cluster analysis results (Zone A to E)



A GIS-based spatiotemporal impact assessment of droughts in the hyper-saline 
Urmia Lake Basin on the hydro-geochemical quality of nearby aquifers 



Scenario based food security mapping  



Results of simulation using a CA- Markov: aquifer salinization for 2030 (a), 

2040(b), 2050 (c) and soil salinization for 2030 (d), 2040 (e) and 2050 (f) 



a) Precipitation

b) Temperature

c) Humidity

d)  Sunshine hours

e) Groundwater 

f) Depth

g)  Water quality

h) Soil degradation

i) Soil fertility

j) Soil texture

k) salt scattering 

spots

l)  Land use/cover

m) Soil depth 

Spatial distribution of the selected indicators for SFP mapping



Scenario based food security mapping  



Results of the scenario-based FSP in spatial correlation with 

aquifer salinization (a) and soil salinity (b) in 2050



The LUB area currently produces 8.47% of the total food produced in Iran and feeds 

7.3 million people

Hectares 2030 2040 2050

Farmlands impacted 

by aquifer 

salinization

29,100 7.8 % 248,000 66 % 260,200 69.38 %

Farmlands impacted 

by soil salinization

20,600 5.49 % 52,000 13.87 % 132,420 35.4 %

Results of the scenario-based FSP



Annual average of major craps produced in the ULB and their 
contribution for food system of the country



Based on the critical environmental condition and soil salinization, some 

halophyte plants can be cultivated as native plant in the salty lands.

Salicornia/ Queller

A scenario-based food security analysis and halophyte crop suitability 

assessment



a)

b)

Soil salinity analysis for Salicornia cultivation: Field analysis  



Soil salinity analysis for Salicornia cultivation 



Some properties of European Salicornia in comparison

European Salicornia View Taste Smell

Run 1

(Humboldt University of Berlin-

Berlin (HU)

Dark green, soft Salty, crunchy, refreshing Neutral

Run 2

Low salinity in irrigation

(HU-Berlin)

Dark green, soft Slightly less salty, slightly peppery, crisp, 

refreshing,

Neutral

Zeekraal (commercially for sale ) Slightly darker green, solid Slightly saltier, slightly fishy, firm to the bite Neutral

A scenario-based food security analysis and halophyte crop suitability 

assessment: Laboratory analysis 



a) b)
a) b)

A scenario-based food security analysis and halophyte crop suitability 

assessment: Laboratory analysis 

Laboratory growth and propagation of European Salicornia 

in trays after 32 days

European Salicornia a) after 21 days and b) 

after 35 days of growth

Simulated European Salicornia in the LUB in different growth stages



A scenario-based food security analysis and halophyte crop suitability 

assessment: Research Methodology 



▪ a) elevation,

▪  b) aspect

▪ c) slope

▪ d) soil salinity EC, 

▪ e) soil pH

▪ f) soil organic material

▪  g) evaporation

▪  h) precipitation,

▪  i) humidity

▪  j) sun hours,

▪  k) Land surface temperature

▪  l) soil texture

▪  m) mean temperature,

▪  n) max temperature and 

▪ o) min temperature 

GIS spatial decision making systems applied to  Salicornia land suitability analysis



A scenario-based food security analysis and halophyte crop suitability 

assessment: Criteria weighting and sensitivity analysis 



A scenario-based food security analysis and halophyte crop suitability 

assessment: Results



Health effects of shrinking hyper-saline lakes: spatiotemporal 
modeling of the Lake Urmia drought on the local population



Health effects of shrinking hyper-saline lakes: spatiotemporal modeling 

of the Lake Urmia drought on the local population
Health effects of shrinking hyper-saline lakes: spatiotemporal modeling of 

the Lake Urmia drought on the local population



Results of the spatial correlation of the aggregated average hypertension map with the selected criteria 

for health vulnerability and risk mapping: a) Age group, b) Current status of hypertension, c) Population 

density, d) Slope-aspect, e) Land use/cover, f) Slope, g) Vegetation continuous fields), h) Moisture, i) 

Distance to salt-centers, j) Wind speed, and k) Wind direction. These plots indicate the contribution of 

each criterion to the vulnerability and health risk.



Spatial distribution of the selected criteria for the vulnerability and health risk mapping criteria: a) 

Population age group, b) Current status of hypertension, c) Population density, d) Slope-aspect, e) Land 

use/cover, f) Slope, g) Vegetation continuous fields), h) Moisture, i) Distance to salt-center, j) Wind speed 

and k) Wind direction. 

A GIS based modeling of the Lake Urmia drought on the local population













Questions and comments

are welcome! 
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