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● Large parts of the world’s population are going to face conditions of increasing water scarcity and 

food insecurity because of population increase and climate change

● Iran prominent example – significant increase of agriculture during last +30 years

● High increase in water demand for irrigation – 90% of total water usage in Iran

● Because of (semi)arid climate 50% of water supply originates from groundwater 

● Result: wide-spread land degradation mainly in form of subsidence

Land degradation near Shiraz, Photo M. Motagh, GFZ Zayandeh Rud River in Esfahan. Drying-out due to using  discharge 

for agricultural purposes (CC-BY-SA-4.0) Photo Romain Bréget

Water Scarcity in Iran



• A widely recognized problem

• The true extent is not fully 

understood yet

70 d

140 d

105 d

245 d

350 d

140 d

Envisat Survey
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Land Subsidence in Iran

High-resolution TerraSAR-X map 
of subsidence rates in Tehran 
(Haghighi and Motagh, 2019)



Sentinel-1 Survey of 

Land Subsidence in Iran

Data analysis

• 2014-2021

• +6000 scenes

• Covering 1.6 million km²

• Method



Clusters of Land Subsidence

3.5% of total area in 

Iran ~ 56000 km2 is 

subsiding

3000 km2 > 10 cm/yr

40000 km2 > 1 cm/yr

8 cities  > 1000 km2

> 260 cities affected



Assessment of Aquifer Health 

and Sustainability
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Karaj e/i = 0.35

Isfahan     e/i = 0.42

Tehran e/i = 0.25

Rafsanjan e/i = 0.14



Province Sub-basins

Groundwater budget crisis 
in Khorasan, NE Iran



Interactive map of land subsidence
in Iran

Payame Ma: A daily 

newspaper dedicated to 

sustainable development in 

Iran



Payne et al., 2025 H. Haghighi and Motagh 2024

Independent Study

Unless…



Uncertainty in ML-Based LS Models



Tot. population ~ 1 million inh.

15th of February 2018 intense rainfall 

3rd of March 2018 seismic shock of 

magnitude 2,4mR

© 2020 Google Image © 2020  Maxar Technologies

Alagoas

Brazil

Photo: Ailton Cruz

Photo: Reuters Photo: Derek Gustavo

Photo: Reuters

Land Subsidence in Maceió



Social impact (as in 2023):

● Population relocation of more than 60,000 residents;

● 14000 houses under demolition order. 

So many days lived so 

many dreams destroyed

Photo: ERALDO PERES/AP

Photo: Civil Defence Maceió
Data from 
Civil Defence Maceió

Land Subsidence in Maceió



Salt solution mining:

● 35 wells installed since 1970;

● Cavities depth between 550-1100 m;

● Pressure of extraction ~2.758 MPa;

● In 2018, 7 wells still active;

● 2°half of 2019 all wells have been stopped;

● Mining company denied any responsibilities.

salt-mining

Data from SERVIÇO GEOLÓGICO DO BRASIL (CPRM)

Damage level

Building damage assessment

Low
Medium
High
Salt wells

Land Subsidence in Maceió



● Westward motion;

● Max. horizontal disp. 

inside the urban area;

● Increasing in time as 

vertical deformations 

increases.

● Max. subsidence close 

to the lagoon shore;

● Deformations already 

visible in 2006;

● Increase in velocity 

during the years.
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Ground Deformation
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● Max. cumulative disp. of 2 m at the lakeshore;

● Subsidence of 4 cm/yr already in 2004/2005;

● Gradual intensification to 17 cm/yr in 2016;

● Sudden acceleration to 27 cm/yr in the

second half of 2017.

point1

Time-series: subsidence vs precipitation

Ground Deformation



Point pressure 
source (PS)

Rectangular crack 
600x150m (RS)

Time interval
Vol. loss

(m3)
Depth 

(m)
Vol. loss

(m3)
Depth 

(m)

03.2015-03.2016 3.9E+05 774 3.0E+05 953

03.2016-03.2017 3.6E+05 730 2.7E+05 873

10.2016-10.2017 5.3E+05 777 4.2E+05 962

10.2017-09.2018 5.8E+05 697 4.6E+05 857

09.2018-09.2019 5.4E+05 653 4.4E+05 807

PS

RS

(not in scale)

X profile
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● Sources located in the center of the salt wells and 

oriented as the salt wells distribution;

● Horizontal location orientation stable in the years;

● Same depth of the salt cavities: 550-1100 m

● The source is moving upward.

Report Geological Service Brazil

Geophysical Modelling



December 2022, Maceió



Capacity Building



May 2023, visit by the municipality 

and civil protection authorities in 

Maceio, Brazil

Exchange of Experience



Caution in InSAR-based Risk 
Assessment
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(3)

(4)
(5)

Image Credit: Wolfgang Schaefer 

before demolition
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Caution in InSAR Risk Assessment
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Thank You for Your 

Attention!

https://www.linkedin.com/company/remote-sensing-
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