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Mass movement monitoring using satellite radar and interferometry (InSAR)
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Abstract

Landslide is one of the hazards that occurs as a result of the intervention of various natural and human
factors in the steep slopes. In recent decades, due to climate changes, periods of drought, and changes
in land use, it can be seen in most parts of the world, along with financial and human losses. The
country of Iran and the province of Mazandaran has a high history of occurrence of various types of
landslides due to the existence of various conditions and factors of geology, geomorphology,
hydrology, climate and land use changes. This study focuses on monitoring and mapping the natural
areas of Kilijan-Rostaq Sari sector, using interferometry (InSAR) and radar data processing and using
SNAP software. In this research, due to the limitation of the forest cover of the studied area, the radar
data of Sentinel-1 satellite has been used in the period between 2014 and 2020. Active landslides and
landslide-prone areas in the region have been monitored in the form of specialized interferogram
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maps. In order to verify the accuracy and accuracy of the results, a field visit was carried out, and the
accuracy of this study was more than 85%. The results of this research showed that the region has a
high potential for landslides, and most of the unstable and landslide areas are related to the areas near
faults, springs, and on the sensitive formations of Shamshak of the second geological period, as well
as on the areas of land use change. And they are located around the roads. 42% of prone and drifting
areas are scattered along the roadsides, 40% of them are in changed user areas, and 18% are scattered
along the banks of rivers. The result is that the interferometry method for monitoring and identifying
landslide areas in areas with vegetable and agricultural cover is one of the appropriate methods that
is suitable in terms of cost and time, and the results of this study are useful for the executive
management of regional risks.

Keywords: Landslide, lunar images, Sentinel-1, InSAR, Kalijan-Rostaq, Sari

5 bl Gl & w8l e GLS1 e dames 5 JISE as3ll 53 5 pte 5o b b Dbl s il bl
Gz 5 SUst s Sl bloe 51 (S 2 5adcn s orde (SL g pemn 31LOVE) 55000 S 01513 Gl 5 Jle glaols
0L 5 bt Sl 1y el laessm 5 wln e S el o daggslT dnoslr Ugons ba 3580 e oS (s gmias 03
LS L A5 S8 - &y ot S Lizus (Massmovements) (sles 55 oIS A s (Landslides) s 53 e (YY) S o
s bt s sy ol (Y0 58) ol a3l (55,5 ST o ol o g als (53,03 33 8 pyema b (SbE (S 30
3 oS ik e dle i 53 (1) L S Caslie s 3 Gl dlse 055 31 el g5 S A B
sdate sla iad e ¢85 s Sl glaobal 53 o554 5 SU L glac Ul § 59 o S bl pS1os cde Usb
S h el 555 S St 5 a3 Slallas 55 03 Ul 5w ga JalS 5 Slallas a3 o (00) ol 03 S
s Sioe 03 s S bl w0l 53 (00) el 0T axlse o £ 5 Olnde (s saad s 5| (S b o bl
Sl rek W o S 51 (S a s ey g8 Olnl et (15 53 essas g sme lacedi 5 518 s 5 5508

¥

430 dia Lol s e i 43 Caulia i3] Commented
AL 35 ) ion (oale 5 8
clia el Gl 381 (sl reulia (5431l 5 o 5)5 )
Elhe gl 5 me 4y dedie Aalal ) il 53
R 8) 6) 0 B sy s el 3 5
e 5 5l e Skl
4 zoaldilal 3 ) 5e sl S5 ol Y Sl Cilann Y
2l 55 e coaldind 3 ) ga sl gy A palida s LIl sla
528 o LI ) Cpl 4 Sals 5 G sk 4
A a1l sla B35 Cueal
) o cazllag @L’u ook Jidn Claua o ¥
4 e sk il S i) 5§ sase Hme
j\ slol b&l\)'; U A bJL:u\ axlUae LA..A\ @tu
25 4lie ol sine
Wi Gl | (a g % slacuy gasa €
A o 1) e g5 calaal o

S :Deleted}

s e :Deleted}




5 St Gl (sl el > Bl mite s w il Cald Jold 5 e addllae g5l (00) A e
Sy a5 58550 55 s (3L Sl Glos g OB > 5 S5 Jelse il ol 5 (W) ol 3l bosls
il Jalge Ol S sty s iy BB g O 53 i Jolge B 5 S o S 00l Sty s a0 5 88
bl sl s ol Ll (SO0 Cands (B 6 SIS 5 Bl e Slse g el W3k
bad Olee O3y Salgss 5 3018 ol 5 e sbml cmsn (23a0ns (V) Codls 30 (glosss DS 485
Lo et sla hslopes 2l Luds Col (i 518 (b e Gl S bl ol s Ll glacdles L(Y) 228
S o2 et O et 5 el e (Siis 50 e imes s e B Sl s Sl
S ps S sl Sl L0) A dal 15 cpl s sl Gl alss Sl s Slegs 5 (S5 s

5 Sl gl 0T S Ole (6 S o3l et ol 5 S5 BB g 4 a5 LS &S > galanlpay b5 e

ol 0 &) Lo glaaldl (a5 i3 Soids il 5 slelid (gl SSULS (sla i,y 0sSU l ols glasl

5 8l e 1 (GPS) (S5 55 slaasid 5l Jole Dlalin bS5 50 5200 853 ol s 258U sy aba )
U s sl L D)3 latatiar 3 sy bl (SALL Sl gadame el ge 4 i) sl ax ST aes (V0) 1)
A 5 s e DL il (S OVF) 3l (Ko 0Ll bt 5 el b o 5 el it 03 Cgmen s 1S
bl LI ol o 515 5 oo 0155 51 i e 3l 0l i SR (TP) ol Latials (LG S e

(A 3 g0 3 dome Uy 23S S 3l AU St (3L 5 35 B Ol o O (eivaiy 5 isd s 4 ol bl

Do 3 o3l i Cp Sk 3l eslizal L 1) Ol olial 55 Olials sl ad e i sal e et e (0) LIS

‘Li).scl:“jitu.?)hubg;,@;.-m;.»l;gf.:.iJ.»Li:J»b‘\ (AL il sl 4 ol 5s 5 i se axdllas o itedin O e S5

53 0 S Mol Olsear ity 5 (3l 5l (a5 4t 5l ol (JoS Sl Aol wsle Sl alsls (St

el AS i Gl Ul IS i oo Fgs 5 Aites adlate (sla i3 e

32 1 GIS) LUl Slelll tlels L 55 Jibe dior 5l oslinal b (358 ey Conlo (sluaigy (V) O 5 (gbames

GO WES SEY WS C};,@wm;m@sm!; Ole s o35 andlae 5loa Albtsg;y oism 5 5l L5 5 Ok Oll

cCl 2l 68 (el 5 (Gl Sl edbag Al aS sls OLAS 5 axsls (g5b

Lsls OLES 48 ks plosil Wl 5528 55 a5 5 ey addllas (gl (gulaly i S5 eSSl eslizad L OVA) Oas 5 (U 5

315 el e ool sl Ol 5 Sl 5 s e )\)J;‘Ux;»u"b Wkl Clises bla 5 S jsbas o33 ey sy

Sl o i 5l S UANSAR) (golsly o I 0 533l remin sSSS C\yl Ole 5o &S b S 4 ol

el 553 ey Oladlas

axdlas Olul o Jlei ;J.:!:)l ol w1, L"”J:'J’du:‘”-) C)ﬁ) 3 0555 o) Sl S L;Lg_})' (Y0) 0, L;NLU’

53 Ol 5l Aoy s AVIY s g UL s o sie o) 8 Jomily s adlaie S lad sas 5l o3 At S e 45 Ll QLS 5 il S

S, JsG:Deleted

|
OyS :Deleted}

035 5 e :Deleted}

o e Lo :Deleted}

 n g iDeleted

_=>UL, :Deleted

039> iDeleted

ol 4 iDeleted

S e iDeleted

N

=y

:Deleted

e

|
|
|
axlllas 540 :Deleted}
|
|
|




adbaie sla a3 85 ol Jolss 5 (S0 e oo s S 6,8 e D3 UL Sl 5 UL (3530005 et b glanigy

RS SoW Y

ailaie 53 (Il i G ) (6 S0 0 b s Sty ket 0 1S (gduaigy Olge b ey (19) OLSKes 5 by oS
23 A 53 Cetig b Jle 3 e Bl WVl iy 5 adlate ol 48 il Oy 5 il ol LT s 5 jeilS ooz
At ailals cpl (Canin b 5 00 Sl 5 il S et sUT el Suds 8 Gbe 5 ellS gl L s ey
Bej > Sbt 5 ol b O3y aslp 5 Glesle Ol & L5 e sdalsn SLL aid ol Job sbolls o8 e

cled UL S e 55 ) S sl s b S bl 5 T e e s Bl

S dw O pen aihaie 53 1y o sime 6355 Jlaly i 15 3l ealinad b 055 31l b Jad e (5540 (5L V) 0 es 5 5
JS8 i3 s 558 43 8 el L o e (T IS8 i3 s (5T 5l ey e 45 303 0L il sl il oy
Ole 50 eXss _;,U‘w&;du}gsih;sf@,w;jqw@&w@;»L;,:_G)-!mu;)uijjtfzu
Oibee Blbl 5 cenls Sl i ad e esiis Oladss 53 Sl S8 (UNSAR) (ghlsly o SIS 55, a5 dils

S 0 SaS gy sla B e Cjijajbl.ﬁuc,.iﬁ.h)‘_)}:;fg,@;,-Q;Ulm«jl)lﬁjbl:

S S Ulpea aoms glasbial Cule; pis 5 asme melr Sy e OB 5 GWar Tl 3 03 deles s 01!
5> Bl oy Wl sn 5 ol w8 S51 3 Oler 5l 5538 Ve i Ssba sl sty 2l g 85 ks
= Ok Ol 534Sl 4 5 b O 35510 Sk 4y slaor 5 W8 Slako 5 Sl 5 58 i e 5 s S Gbla
dxies Gbls GIS 5 ANSAR) (1l i J515 55 51 5535l Shominn 3 31 3linal b Ol o cdas o 75 9305 gla 54
E55 ot 5 s o s s sl OF 5l s sls Gl p S5 ml ob ke 4B 5 e g L 2RI
S Olse 4 S e s ol 35 @Sk OF 3 AU Sl s I slac st Sap 3l s eslinad T la A e s dome
S 5 2335l |5 058 ol ki e Sl & Camd e Sles s DI Sled 5 (bl e 58

Al la) s aS wpa 5 SUL

’ud:,,,s,{

andllas 5 4o adlate
BlAm Sl ge s &5 el 0 W3l Gl 0lmdST i 53 5 ole S s 5o DLk Ol )3 anlllas 5 5 adlas
YEOYANEN T S YEOAY OV VY LUl sla o 5 S, OO YV 04" JOF 0 g T T LU A adsh o
Slae Mo i 5 osba 508 Gl 5 Ol 5 3sleS 5 MK (2 sl adlaie cpledee (1 IS08) el Bl Il
o3 Gloss Carndy Gl wbdKow 5 ol e Bl 5l adlie ol ol Jle jo e s Vere sy S50 Sl
Ol (S Sl S350, Jold (ol K o 3ol @31y 501 dlad oS 5 5555 Jb 5 S JeS 53 o S smins
S gladi3lo o3 50 olidren 33 Oz ol Jald (S (S350 m cp Foter ol (mlidiipe olex 5 p s cp33

WSS 5 st ol ey Bl cadlate pl dizes 5L 5 (S50 oyl s UL L 5 il b ol shls oS

ok SIS AL s g4l ) ade ) i[05] Commented
5 i Gl Ja 4y 2l §5 e (InSAR): eaiedAN i)
5SS alen Sl ¢ mSAR AN G5 ) ool 0
Loyl saliiul (go sai 5 4tala y of aladl da) je
TN sleast SIS a Gl ) ol el sale
Y
ol 5313 13 g 5 A Glasia i a e ¥
48 AS 2y i i JiGAY sk 4 Al sl )l sl
G axltae ol 53 (5 1al ) slo ) sala slasala
sl pghal judl (ge sad alaa ) caiload
S it 5 433a0 5 ¢ i g e e Sl ) il
ol Rl (gt 330 3 (IS Cilagain g3 250, ¥
S5 o s (5ol (6 iy Janadli 43 24 5 e
G130l sie 4wl jaull oo g 5 ol K 5 58 it
S o L) 5\53}3&&)&@}@@“6\).}
Cinin g iy diila 38 e Dal 430 LSl pae €
(s le Bl 4y Ay ol (sdedie ) i e sl )
Ll e sl gana dla g ) Cinua iy aiila
(dANS 5msAR a5y 3 S s ) ealiin
A'.).\S a‘)l.ﬁn\

535 iy clagia 5 s Gl e () g S Adlal

Al a2 350 Ladh allia 5l o Wiy




Lls 3 gy adlats 3 Cilims gl JuS Lol o8 = 550 Ly bosdate Gla s sl s BB 5 es ) skl ol
LS L 3l andllae 3yp0 bl 31 5 53 Ol e |y WOl (sla S350 m 35ms cnl bl o8 3,5 dig, s> B oS
e 0ol 5 05l 5l i 5 Wl 5 meS andllae 5 4e adlie g 53 5 CasUl ps i 4l S laanigs 5 S sdalie Laosl-
Ll S B0 s s B Gl s adlate a3 sl et s S T 4 bt 2SSO
Y .,J;:L;,}I@.? Glaesls Lulul r s ol s (glawle Sal (Sl glaall 0lo b 5 Ole Jals Upemo laaziigs ool
S K adlats b Dl 3503 3y (S slaaiig Stnls 5 o) JES glaarig wilie glacans
GL > i e BT Gl s glasls gazmd ol 5 BT alEil  law claarig wlsts sy g glacs

.(\*)M&a}l}‘wb ‘JLL}.«L.‘L,\JJB:};,-)LM;A;



G CudK Nl JSE :[1>] Commented

Vox VY ol Jilaa L4t ja) il 5 K5 UlA Al
i) gandla 5o a K ool (Jlad Ciga s b (e iile
Cuighla Aidpi by 5 oS b5 LA ) Al glaial ) 5 (ubie
23 R 43l Blotus (sm

2l i il ¢y aBis e 5 Jsh (elie G e

35 oaliind 4B 5 4 n n s JSE 5)2 S sl
Apdioa g ldel e Al (e o

706000

3

692000 699000 706000
0 15 3 6 3 12 L Ly

Kilometers n@. ﬂ aline 4 330 04 e

O3l Slinl 5 5 5i8 53 anlan 550 ailate U3l hr Condgn sa2 ) S

Fig 1. Map of the geographical location of the study area in the country and Mazandaran province
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Fig 2. Field picture of road landslides in Kalijan-Rostaq District of Sari a) Road landslide in Vastan village area b) Road
landslide in Ajarstaq village
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Fig 3. An image of flat interferogram generation using radar data
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Fig 4. Flowchart of the research method of South Sari region

e

5 MR i Glls s ol b s i 3 anllle 350 e 350 e il @ JK2) 4k 53 a5 5 sboles
A..:"_Z_'AA;.A?}EL;.C,.M.!Lg)_,ALcA?SQ;V@)ﬁméué)lwlj)%ébl;éj\jfﬁjﬁbjji@dlw\qkﬁuéhdau
}asﬁL;i.le)_ééuhg;f.alm;-51)!>ux5ueM}le:§J;5\);p\.@%;w,.«olﬁ:éu,\ijl“(? IS2) adlate ol

@j)JA.LEJJAASJ}LQLm 1 dzen U ol 5 oL (sl andlae 5550 slaaiels sdas addais 3 Jled (gla JouS 55 5L

AN

ke sl ele 5 (8 @l ) i il 52 :[A>] Commented
o313 (531 ) ealdiul b (slmmen 53 S ja Gl allie iy
15334 4alllas) (InSAR) (e iedAIN (8 g (5 )lal ) o) sala

il )y 7oA (O Nk sl Flinmglaals

leals (51 ) daals il (o 5l pd (AS Clapa i aae,

O deala i3 )50 ) (5 i Clasa 55 4y 3l 1l ) sala

5 Wal 85,8 il dilas alea 31yl o)) sale slaoals (i3l
et 5 (35800 § dnse (3hlie (lulid g s Lol e

e ) b Saddls

islea s S Jise dal e 5ol S Glasagipre),
Gloa i S ja 1 Sige dal e ol i L Ja 44 24 i
Wi 5l 3 ga g e aial ) 508 Ol it (Jlad ek 2 5a g 2iila
s gl g e s Ginbud 4 el glacRin
S oL ez shas

2l S eaiad AN il o )l S Sl 5 45l are3,
C)a‘\.:&ad_;)‘l _é.'udsm@m 6ol (5 ydn Cilaua gi 4y
Gl b ) Gi3alom ) mie hlie w58 5 oab lals
S oLl s )

7Y :é@w\@@iw\i&j@)agb)qut\éj pcq,
5 ala (51 3 48 xn yo e M) 4 3 pm el Shiie) (158
LAl dulia 5 2 gla ) Cal oald ool el il

3530 Ladh allie gl (s el a9 Slaia i o) (3 S 4dlal b
A0S A gindae g yichal ) eauil i (saallas 5 cdly aa &




3 aid ol 5l ealagy il Sl S 4y e ool sl 3535 o0 bl (V IK8) pog s 5 (S sla s e
Sob s 5 b 3 (6ol sl oS GBS amd 015 e balbtsg) Cumdse 4 Sl W30 (SAST,y sl g
dile Condse 5 ol Glakibisg, 5 bagall 5 s b slad s ds LS 5 A leasaly ey 5 Laailis g, glaanls
e s i) 5 el Slad J5 058 Jome 5 s o8 5 La hsd) e p585 Jome o 45 das e OLES (A JSC2) adlllas )5

S0 gy pantien Liiif ol 8

680000 700000 720000 740000 760000

Kilometers

680000 700000 720000 740000 760000

A cndd ol gale esls a5l b Blbl 5 asdllas 5 40 adkaie 5l slojlgale s gat 0 1SS
Fig 5. Satellite image of the studg¢ area and its surroundings with Landsat 8 satellite data processing
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Fig 6. Geological map and distribution of different formations of the studied area and its surroundings
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Fig 9. Surface displacement rate map obtained by interferometric technique with stable scatterer
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Fig 10. The location map of the distribution of the points of surface displacement, landslides and prone areas on the
interferogram from the data pair processing of Sentinel-1 radar around Painkoula village and the region
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interferogram from the data pair processing of Sentinel-1 radar around Seng Ben village and the region
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Extended Abstract

Mass movement monitoring using satellite radar and interferometry (InSAR)
data processing (case study: Kalijan-Rostaq Sari, Mazandaran)

Problem design: Mass movement is the movement of a large volume of soil, stone or a combination of them down the
slope due to gravity (14). This phenomenon occurs when the force resulting from the weight of the material exceeds the
shear strength of the soil (8). In different regions of the world, natural disasters happen in different ways and in different
sizes, shapes and environments. These hazards cause financial and human losses worldwide every year (26). Among all
natural disasters, landslides are one of the most dangerous and costly hazards, so that landslides usually cause damage to
roads, settlements, cities, facilities, forests, pastures, and watersheds (5). In the last few years, heavy and prolonged rains
in most parts of the country have caused dangerous floods, especially in the northern provinces, as well as numerous
landslides (13). The speed of the study process and cost reduction and the high accuracy of studies in predicting and
preventing the occurrence of landslides from natural hazards are among the serious concerns of managers and people
(20). In Iran, due to the mountainous nature of a large part of the country and the presence of various ups and downs,
especially in the northern regions of Iran, the occurrence of landslides is one of the most common natural disasters (13).
Landslide study strategy includes recognizing the process, risk analysis and predicting future landslides to reduce the
progress and damage caused by it (23).

Purpose: Considering that there are many landslides in Mazandaran province, it is possible to predict areas prone to road
landslides by using interferometric remote sensing technology (InSAR) and GIS. It reduced the financial and life damages
caused by it and reduced the cost of the study and increased the accuracy and speed of the study.

Methodology: In this study, we used the Sentinel One radar satellite data using Snap software and ENVI software in
processing. The management of landslides as one of the geomorphological hazards usually includes three general phases,
which are the identification of landslides, the monitoring of landslides, and finally the stability of landslides, which is
usually associated with construction operations. In the first stage, the identification of landslides is usually helped by
satellite images and their processing, aerial photos, drone photos, and field visits. In other words, these information, data,
documents, pictures and tools are used to identify landslides in different areas. Checklists of landslides with their
appearance and behavioral characteristics are determined by visual images and satellite images, drones and aerial photos
by experienced people as well as field visits by the geological team. At the end of this survey, maps under the title of
landslide zoning maps will be prepared. First of all, this process is time-consuming and contains mistakes and errors of
human vision, and secondly, in these images, only the slips that have occurred can be identified and analyzed; However,
due to the large size of radar images, the size of several tens of kilometers, the interferometer (InSAR) technology can be
easily used to detect displacement and surface changes of the earth. Using displacement rate maps, surface movements of
a wide area and area were investigated and monitored during the time of image preparation; That is, the information
obtained from these maps will speed up the process of preparing landslide risk zoning maps and improve the validity and
accuracy of the information. Also, considering the landslide areas in the satellite images and observing its topographical
surface, it will show the possibility that the obtained displacements are caused by landslides.

Results and discussion: In this research, in order to monitor and display the existing landslides and to discover landslide-
prone areas in the Kalijan-Rostaq-Sari area, which is based on the Sentinel 1 radar satellite data in the period from 2014
to 2020 with Interferometer (InSAR) stable scattering and interferometry with short baselines have been processed and
analyzed. An interferometric interferogram image was prepared from these radar data. Also, from these interferometer
images of selected pixels known as stable scatterers, about twelve thousand pixels were selected in the stable scatterer
interferometric method and eleven thousand pixels in the interferometric method with the study baselines within the study
area. Is. In the continuation of the processing, the output results of both fans were combined and merged with each other;
The overlapping points of both methods have been determined. The results of both mentioned methods indicate the
presence of movement in small and large sliding masses of the region and indicate their movement activity. Also, the
results of this research showed that in addition to the existing and examined landslides in the region, there are movements
and displacements in several parts relative to the line of sight of the surveyors, which have not yet shown any special
effects in the region. And therefore, these areas may become a big mass movement in the future. The average displacement
rate of the earth's surface in the line of sight of the sensor in the stable scattering interferometric method is between 1.5
and 4.7 mm per year.

Conclusion: Since landslides are one of the most important natural disasters in Mazandaran province and occur every
year in steep places due to various reasons such as active faults, heavy rainfall, changes in land use, sensitive and weak
formations. it happens. It causes a lot of loss of life and money. The study of this risk is usually done in traditional and
old ways; But in this study, using the new method using Sentinel 1 radar data and the interferometric method (InSAR)
using the advanced Snap software, advanced maps have been produced in the form of interferograms. In the interferogram
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map produced from radar data, the distribution and dispersion of the landslide and prone to landslide areas are shown in
color and the bands with displacement rates are specified. This map shows that the area has a high potential for landslides
and requires the implementation of stability operations and stabilization of landslides. The maps produced in the GIS
environment and the field observations beautifully show the relationship between the location of the landslides and the
numerous faults in the region, as well as the formations sensitive to erosion, the changes in land use and the hydrographic
network. The results of this research show He said that the region has a high potential for landslides, and most of the
unstable and landslide areas are related to areas close to faults, springs, and on sensitive Shamshak formations of the
second geological period, as well as on areas of land use change; Therefore, the interferometry method for monitoring
and identifying landslide areas in covered areas is one of the methods that is cheaper and more accurate in terms of cost
and time.
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