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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
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« A widely recognized problem
« The true extent is not fully
understood yet
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High-resolution TerraSAR-X map
of subsidence rates in Tehran
(Haghighi and Motagh, 2019)

Pumping wells identified in
(Motagh et al., ENGEO 2017)

Envisat Survey
(Motagh et al., GRL 2008)
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periences subsidence rates greater than 10 cm/year. The central plateau catchment hosts two-thirds of the coun-
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groundwater depletion of 1.7 billion cubic meters (BCM) from confined and semiconfined aquifers, with the long-
term inelastic compaction for most aquifers being app one order of itude larger than their sea-
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Data analysis

« 2014-2021

« +6000 scenes

« Covering 1.6 million km?
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Special Collection:
Solid Earth Geophysics as
means o address issues of global
change

Key Points:
* We measure the rates and spatial
patterns of subsidence in vertical and
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Widespread Extent of Irrecoverable Aquifer Depletion
Revealed by Country-Wide Analysis of Land Surface
Subsidence Hazard in Iran

INSAR does not wor

Jessica A. Payne' 7, A, R. Watson®, Y. Maghsoudi® *, S. K. Ebmeier' 7, R. Righy*
M. Lazeckj' ', M. Thomas®, and J. R. Elliott"
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COMET, Usiversity of Leeds, Woodhouse, Leeds, UK, *SatSense, Nexus, Discovery Way, Woodhouse, Leeds, UK,
*Schoal of Earth and Environmental Sciences, University of Exeter, Penryn, UK, “University of Leeds, Woodhouse,
Leeds, UK
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Unveiling the Global Extent of Land Subsidence: The Sinking
Crisis
Tsimur Davydzenka', Pejman Tahmasebi!

RESEARCH LETTER
10.1029/2023GL104497

Key Po

o Largest database of land subsidence
rates was compiled

= First global map of land subsidence
rates was produced

, and Nima Shokri?

"Colorado School of Mines, Golden, CO, USA, “Institute of Geo-Hydroinformatics, Hamburg University of Technology.
Hamburg, Germany

Uncertainty in ML-Based LS Models
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Sinking ground risks making Tehran ‘unlivable

Cracks caused by drought and
decades of noghect also pose
threat to anchent heritage sites
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A lomg-ranning challenge in iran has
recently taken on added urgency: the

= Comprehensive zonal statistics were
calculated
Abstract Land subsidence, referring to the vertical sinking of land surface, is a significant geohazard

Top 3 p that p y affect land rate

T—— Solsmic Hazand 0 | IR

Countries with largest subsidence Countries with greatest affected
extent, at > 5 mmlyear cutoff (1000 km?) population (Million)

China 1043 India 633

Indonesia 844 China

Iran 791 Indonesia | 213

India 671 Pakistan 145

Pakistan | 374 Bangladesh ' 137
60°E
-

‘Subsidence rate
(mm/year)
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damaging vital Infrastructure and
endangerieg pubdk wlety
tran wuffers from some of the worst

Ihe ancsent ity of Presepedis, while dox
ens of schools were evacuated in one
city bcase o fears of collagre bt yeas.

The situation ls particularty dire
and around urbaa aress including
Tehran, where cracks have damaged
railway tracks aod bomes have become
it able

This prompted Fresident Masoad
Pyaeshkian 1o ia recent manths eves
ot the iea o memwineg the coputal, say
g it the " meracing” phencamenonof
sinking ground, coupled with acute
water scarcity, was making Tehran
“undivable

Fxperts have sakf thit the idoa of reio-

g the capital wowkd be kg actical
bt 0

Dighest clected offictal has rekindled
detase about the rivks posed by a prob
e thiat directly attects aboat b of
Irantans.

“ubmidernce has becoene » higge chal
lenge.” sabed Mehdi Pirtuadi, a ember of
Tebean city council, He warned the
“massive Latnd winking will desiroy il
strocture and threaten Ives” unkess &
was addressed urgently.

Profonged drovght comlitions asd
decades of ineflicient enviranmental
governance have inteasified sibuic)
ence. according to specialists workleg in
the area. One recent global study said
Tean was smoag the world's top five
cmestrbes ba et of the extent and rate
ol rabaader e

Iran’s National Cartographic Cemtee
has calculated that southwesters
Tebran was saking by up to Skom 2
yens. Even an anaual mibsidence rate of

In Tehran's Shave -« Kay neighbour
hood. people fi2 ther doors and win
iows every year i subnidessce pulls 2t

Iran. Subsidence

he foundations. said Mohammad
Darvl

tran’s land subsidence

Subsicenca rave (= per ywar)

v roghens wsnend

e
Yokl the worst affected

e han 210G par ywa i1 many areas

ence. Wt the cash meeded U tackle the

by, US samc

o
Tehwan and Mashhad needed to be
repaired “many tiaves” becase of sub-
aickersce. which alse Canmed prower trane
misshom trwers 1 L and the highway
Detweven fstahan and Shiras to sink. he
whded.

The government plans to reduce
Wwier commmptazs in agrculture At
Industry by 450m cubi metres a year by
2052 an part of efforts to address the
watet crisis that exacerbates subild

The scalle of the challengy s vast. Sub-
shdence dlrectly thrvatem 1) pes cot of
e conantry s larsd muass — am arva thae s
hame to almest half of its SOmn people,
tran's vice president for envimamersal
aftaies Shina Anwart s vty

Ground flssures have also formed
arcrand Fersepoli, the ancieat Pervian
capital that dutes back 2300 years, as
well an bearby archacologlcal site of
Nageh-¢ Nostam, resting place of four
Acharnenid kir whete mumsine rock
rubiety are carved into 2 mountam.

Dahrasn Nk, 2 professes of geotech
nical engineerisg at the Islamic Azad
University in lsfahan, blamed
“untumed urban speawd, industrial

phaces where dams were aiready run
g dry and acuatens This wan
both “acceleratang groumd-level sink

* aad contr 1o descrification.

The subsidence has led cracks to
appear in iataban's Usesco linted Jame
Atigh Monaque s soeme of the bl
and monuments that line Naghth-
Jahan Square, he sakd. The eastern and
western cobumins of the spiare’s Abbust

Soase Coveervems “enmts b e

Conti

mosqae tited by Scrm and Scm and crev
Nk

agriculture
policies of
the past will
‘accelerate
the problem
across Iran
in the years
tocome’

abded

Massan Fartounk secretary genersl of
the tranian Natioaal Comiission for
Unencos, xaid the UN emtity would peo-
Vide “assdstance” o peotect heritage
sites from ence. But he alve
warned of 4 werst-cave scenarto in
which Unesue revoked wurld heritage
site titles “if ity guidelines are not
adbered 10 and the monuments are
T

The Iightcr e of Iran' submidense
prodlem was bighlighted by a tecent
viral video i which a group of bikers
ronbe v he drbed up reservest of the
Latian dam pear Tehean Bt bs ooe of Sour
wakn sspgliers of wates 1o the capital
and its satellite towna. Al are close to

s—

Wehdh Zare. 2 prodessor of cogneer
ing seismology at the Interrational
Inatitute of Earthguake Engineering
and Seismology in lran, warned the
conntry appoared to be locked int an
“wrustainadle” pathway that would
rely get warse “Comtipuation of past
poticies i agriculture and urban plan
oing will accelerate subsidence acton
tran b the years 1o come.” be sakl.
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Social impact (as in 2023):

Population relocation of more than 60,000 residents;

/@ﬁ

;aebdou, ; e e 14000 houses under demolition order.

- -&.. - T
- So many days lived so
- many dreams destroyed

Data from ‘ Mutav‘nge ;
Civil Defence Maceid, .

Evacuated area f#% .|
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: ? Salt solution mining:

Building damage assessment AL 0 '-, e 35 wells installed since 1970;

Data from SERV/CO GEOLOGICO DO BRASIL (CPRN& _l

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 wells .
: salt-mining
‘v
s
#
' - o
£ | 4.Congl.(sandstone) *C
900-750 m| >- Sst/limestone/shale *UF
6. Halite (Salgema) *U
1200 m
7. Shale *C
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East-west velocity
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e Max. subsidence close
to the lagoon shore;

e Deformations already
visible in 2006;

e Increase in velocity
during the years.

— second subsiding area

4 e Westward motion;

e Max. horizontal disp.
inside the urban area;

e Increasing in time as
vertical deformations
increases.
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Time-series: subsidence vs precipitation
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e Subsidence of 4 cml/yr already in 2004/2005;
e Gradual intensification to 17 cm/yr in 2016;
[ ]

Sudden acceleration to 27 cml/yr in the
second half of 2017. TI01610 2017-10 201810 201910 202070

20 cmty [ 80
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Point pressure Rectangular crack
source (PS) 600x150m (RS)

Time interval Vol.loss | Depth | Vol.loss | Depth
(m3) (m) (m3) (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 | 54E+05 653 4 4E+05 807
Ascending | Model PS Residuals PS | Model RS Residuals RS

Bescending

Model PS

T

99

Residuals PS

ModelRS ~

\

Residuals RS
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2019 —~
E
c
-
e =
o RS
|
o
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. o
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S
Report Geological Service Brazil X profile

(not in scale)

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.
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scientific reports

rticle | Open Access | Published: 08 April 2021

A decade-long silent ground subsidence hazard
culminating in a metropolitan disaster in Maceio, Brazil

Magdalena Vassileva &, Djamil Al-Halbouni, Mahdi Motagh, Thomas R. Walter, Torsten Dahm & Hans-

Ulrich Wetzel

Terrawatch: a saltmine and a sinking Dle Vel‘Sinkende Stadt
city in Brazil N

wrtjur aors \ax o apekady e

More than 6,000 buddags in Maceid condemned and reseasch

. 7 g Tralh TR
Siiddeutsche Jeiang
|

~_ December 2022, Macei6
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e L. remote sensin
Técnicos da Defesa Civil . 8 m\D\Pa!J
acessam area interditada para
monitoramento do solo

Article
Beyond Salt Mining: Urban Subsidence Hotspots
Characterization in Macei6 (Brazil), 2016-2024

u Thyago Anthony Soares Lima 2, Magdalena Stefanova Vassileva 3, Zhuge Xia **( and Silvio Jorge Coelho Simées 12

préximo a mina 18

! Institute of Science and Technology, Sdo Paulo State University (Unesp),
TNH1]06/12/23-07h12 SiaJosé Dos Campos 12245-000, SP, Brazil; tas.li br (TASL); silviosi \.br (5].C5.)

2 Graduate Program in Natural Disasters, (Unesp /CEMADEN), Sio José Dos Campos 12247-016, SF, Brazil
*  Formerly at GFZ Helmholtz Centre for Geosciences, 14473 Potsdam, Germany; magda88@gfz-potsdam.de
4 School of Earth Sciences and Engineering, Hohai University, Nanjing 210098, China
*  Correspondence: zhugexia@hhu.educn
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== L en Figure 11. Spatial extent of operational subsidence classes across Maceié, as determined by
IE00W I5400°W I5I00W SBAS-InSAR (2016-2024). S1 (green) = low but persistent subsidence (=5 < v < —3 mm yrly;

S5 (blue) = moderate (—10 < v < —5 mm yr‘l); S10 (red) = high/priority (v < —10 mm yr}).
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Assessment

before demolition

Image Credit: Wolfgang Schaefer
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Y GFZcmozcoie Caution in INSAR Risk Assessment

Product: Vertical Mean Velocity [mm/Year]: -1.2 Variance [(mm/Year)?): 0.10

07.04.2015 3 25.12.2021

Displacement [mm]

Product: Vertical Mean Velocity [mm/Year]: -2.3 Variance [(mm/Year)?}: 0.10
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