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Topographic interpretation training
using aerial photographs

JICA Expert Team

Obyka 3aTonorpadckKko TONKYyBatrtke CO NOMOL
Ha BO3OYyWHW oTOoOrpaduun




Purpose of this training (1/2)

In the Republic of North Macedonia, which is
surrounded by mountains on all sides, mountain
hazards are one of the most important disaster
phenomena. There are various methods to
understand the risk of mountain hazards, but this
project aims to understand the characteristics of
typical landforms related to the risk of mountain
hazards by using aerial photo interpretation
techniques, which are widely used in the world.
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the Republic of North Macedonia surrounded
by mountains on all sides
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nTaHaoBaa o0byKka

Penyb6bnuka CeBepHaMakenopoHuWja,kKojae
KpyXeHa connNaHWUHW OO CUTeEe cTpaH,
AaHWHCKWTE onacHOCTMW ce eneH onf
jBaXHMWTe peHOMEHNW Ha KaTacTpodwnu.
cTojaT pas3nNuMWyHU MeToOown 3a pasbupamwe
PU3NKOT OO NNAaHWUWHCKMNM ONacHOCTMU, HO
Oj npoekT uma 3a uennparmpaszbepe
PaKTEeEPUCTUKNTE Ha TUNUYHUNTEe dopMUu
BP3aHW CO PU3BUKOT 0O NNaAaHUHCKMN
ACHOCTMW CO KOpUCTEHEe Ha TeEXHUKN 3a
TepnpeTauunjaHadbdoTorpadmm oag Bo3ay X,
M cCe WwnpoKO KOPUCTEHN BO CBETOT.
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Purpose of this training (2/2)

On the other hand, it has been pointed out that topography reading technology using
aerial photographs requires a certain amount of time to learn, and there are problems
that cause differences in the skills of individuals. In this project, in parallel with the
technology transfer of the topography reading technique, we will also conduct a trial of
the method developed by deep learning based on the existing reading results and the
results of field surveys (next spring).

In addition, this technology transfer is intended for PENF engineers whose normal duties
include afforestation and silviculture in mountainous areas. By acquiring this technology,
they will be able to avoid the risk of mountain disasters during afforestation and receive
the benefits of economical and efficient afforestation planning.

nTaHaoBaaobyka 2/2

pyracTtpaHa,ncTakHaToO e OekKa
HoNnorwmjata 3a Yynrtamwe Tonorpadmja co
OWw HaBO3AOYWHW poTorpadcdunm 6apa
eleHoO BpeMe 3a ydyerwe,a unumanpobnemn
npenons3BUKYBaaT pa3nkum BO

MHNWTe HanoeauHumnmTte.Bo oBOj npoexkT,
nenHO CO TpaHCdepoT Ha
onNormjartTaHaTexXHMKaAaTa 3a YnrTamwe
rpadmja, ke cnpoBengeme m npoba Ha
0LOT pa3BueH coagnabdbokKo yyere Bp 3
BaHaNnocTOeuYkKNTeEe pesynTtaTtun on
heTO W pPe3ynNTaTuTe o0 TepPeHCKUTE
axyBawa(noHaTanponerT).
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NTHMWTENHO,O0BO ] TpaHChHep Ha
OnNorMmijaeHaMeHeT 3a MHXeHepunTE Ha
MWnm BooburmyaeHnW DONXKXHOCTUW BKANYy4dyyBaart
MyBate W CNYBOKY NTYypa BO

MNHCKUTe obnacTtn.Co cTeKkKHYyBaAate Ha
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oOBaaTexHONOINW jaTne KkKe MmoxarTnar ro
m3berHaT pU3NKOT OO NN aHUHCKMN
KaTacTpodu npum nowymMyBarwe U oa ru
nob6bumjatTnpuponobmMBKMNTE OO EKOHOMMUYHO U”
edpmKkacHO NNaHMWpPpake Ha NOWYMYyBamwe TO.



Flow of this training

Photo Interpretation Risk Area of
-Lecture Mountainous

BIEENETS
+Practice

Lecture

27 Oct

Photo Interpretation
for Risk Area of
Mountainous
Disasters

Lecture

Practice

2 Nov

Risk of sediment-
related disasters in
the Radovish basin

Practice

4 Nov

Risk of sediment-
related disasters in
Topolka

Karabunishte Wrap up

*Practice

b

8 Nov

Training hours 9 am to 11 am, 1 pm to 3 pm (4 hours)




OenlBos3snopywHa doTorpadumjawu
MWHTepnpeTauwnmjaHadoTOorpaduwm



Taking aerial photographs (1/2)
Aerial photographs are taken with an aerial camera mounted on the
surveying aircraft. The aerial camera is installed in a hole drilled in the

bottom of the aircraft so that it can take pictures directly below.

Aerial Camera

Film for aerial photography

doTorpaduparse oa Bo3ayx (1/2)

Bo3noywHuTte ddoTorpadumm ce HanpaBeHMU
CoBO3OylWHa KamMmepanocTaBeHa Ha
reogeTCcKNWoOoT aBuMuoH.BosaoywHaTa kamMepa
e MHCTanunmpaHa BOAOYyNKAa W3agoynyYeHa Ha
OHOTO Ha aBMOHOT 3a d0a MOXe O a
doToOorpadbhmpa oMpPpeKTHO OO0NY.




Taking aerial photographs (2/2)

The camera photographs to ground so that the overlap of adjacent
photographs is 60% and the overlap between courses is 30% from the
fixed altitude.
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amMmepaTadoTorpadpnpa
O 3eMja,TakKkKauwWwTo
peknonyBaweTO Ha
ocenoHMWTEe oTOoOrpamdnu
60%, a npeknonyBaweTO
omMmery kypcesunute e 30%
0O dbnMkKcHaTa HaAaOMODpPCK a
MWCOYMHa.
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The latest aerial photography equipment
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The digital aerial camera mounted
on the survey aircraft

HajHoBaTaonpemMa 3a BO3OYLWHDO
dboToOrpadumpatre




Aerial photograph

Aerial photographs are printed on
photographic paper using the film
taken. In the around of the image
(black  background), information
related to shooting (shooting agency,
shooting course, instrument image,
etc.) is described. A photo that has
been printed in the same size as the
original film is called a contact photo.
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BosgywHa doTtorpaduja

Bo3soywHute doTorpadmm ce nevyaTaT Ha
doTOoOrpadcka xapTmnmjaconomolw Ha
CHUMMEeHNOT dbnnMm.Haokony Ha cnumkarta
(upHanosanouHa), ceonnwyBsBaart
MHPOPMaAaUUM NMNOBP3AaHNU CO CHUMAKeETO
(areHuwn jasacTpenamwe,Kypc 3a
cTpenate,CnmMkKaHa UHCTPYMEHT, NTH..
doTorpadmjatawTo encnevyaTtTeHa BO
McTaronemMmHa KakKo W OPUTUHANAHNUOT
dnnmMmce HapekyBa KOHTAaKTH a
doTOrpaduja
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Practice

(Organize aerial photos)

Organize a
Topolka-K
in the orde}
were take




Photographic interpretation

Photo interpretation is mainly to observe aerial photographs and read
the types and conditions of nature and artifacts directly described in
them. Furthermore, it shows analogy / guess from these techniques to
obtain information about events not recorded directly on photos.

When the observation target is topography

— Terrain interpretation

Photographic interpretation LGS ks

$

Photogrammetry Juantity

doTorpadcka nHTepnpetaumja

TonkyBatkeTOo HadoTorpadbmumnrte e rnaBHO 3a
Hab/byaoyBatke Ha BO3OAYWHN dboTorpadunm n
MTarke Ha BUOOBUTE MW YyCNOBUTE Ha
pupopaTaunmaprtePakTunuTe OUPEKTHDO
nuwaHW Bo HuB.[ToHaTaMy,NoOKaxyBa
Hanorwja/norogoyBsate 00 0OBUE TEXHNUKN 3 a
acepobumjaTt mHdbopmMaLULnUmm 3a HAaCTaHNU KoWu
€ Ce CHUMEHN OMNPEKTHO HadoTorpadbumrte.
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How to stereoscopic view (1/2)

Using two aerial photographs taken at the same place from different
positions, it is possible to observe the topography three-dimensionally
as if seeing a solid model. This is called "stereoscopic view".
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Perspective with the naked eye

Kako go ctepeockoncku npukas (1/2)

llTo e cTepeocKkKoncka BuU3uMjarz.....

KopucTejKnm oBe Bo3OAYWHNW doTorpaduwu
HanpaBeHW Ha WCTOMECTO OO Pa3NMYHM

NO3UWLULUKU,MOXHO € TPOOUMEH3MWOHANHO O a
ce HabmynonyBaTonorpadpmjaTta KkKako oa

cernepauBpcTtmMoanen.OBace HapekKkyBa
,.cTepeocKonckunu nornena-




How to stereoscopic view (2/2)

When taking a pyramid from an aircraft, the difference in height between the
top and bottom causes a lateral displacement on the picture. This deviation
(parallax) appears in the difference in height of the virtual image so that the top
of the pyramid appears to rise higher than the bottom and can be observed in
the form of a three-dimensional square pyramid.
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Looking at the pyramid from above ~ Pyramid stereoscopic view

Kako go ctepeockoncku npukas (2/2)

O W O3 W 30 3w XN

orasemMaTte nupamMwnwpga oo aBUOH,pasnNmMmkKarta
OBMUCMHATANOMEFrY FTOPHMWOT W OOANHMOT A€
peon3IBUKYBAa CTPaHMYHO NoOMeCcTyBarme Ha
nnkaTta.0BaoTcTanysamwe (napanakca)ce
OjaByBaBOpasnnkaTtTaBOBUCUHATA Ha
npTyenHatTac clnMnka, TakaWwWTo BPBOT Ha
mpamMupgpaTtausrnenanekace W3ounr a
OBWCOKO OO0 OHOTO N MOXe Nace Habmbyayasa
odpopmMa Ha TPpoOOAOMMEH3INOHANHA KBaopaTHa
npamMunpga.




Difference between aerial photos and maps

There are two major differences between a
map and an aerial photograph: the method
of representation and the method of
projection.

Because aerial photographs are developed
on film (or digital sensors) through the
center point of the lens, surrounding objects
are distorted (trees appear to fall).

The map is corrected so that it can be seen
from directly above from any position.

Aerial photo
Central projection

Map
Oblique projection
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aTaoBe roneMum pas3numKkm nomery
M BO3OoYyWHaTa ddoTorpadwunja:
T HanpeTcTaByBake MW METOOOT Ha

M BO3AOYWHNTEe poTorpadumnm ce
aaT Hadbunm(mnumw onrmurTanHu
W) HW3 LeHTpPpanHaTa TOYKaA Ha
MBOT,OKONHNUTE 06 jeKkKTu ce
eHnn(nsrnepnanekanopBsjaTanaraart).

aTaeKopermpaHa TakalWTO MOXEe Ooace
oo AonpekKTHO T rope oo Ko jabwuno
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Difference between # sateliite
aerial photos and
satellite images

S Ai\;plane

Compared to aircraft at lower altitudes,
images from higher altitudes, such as
satellites, show less (apparent) collapse of
trees, and the projection is more similar to
an oblique projection.

A 2 &
N N

> Apparent position of tree canopy in aerial photo

—* Apparent position of tree canopy in satellite image

——» Actual position of tree canopy
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M nNpoexkuwnja.

31MKanomery BO3OYWHW MW caTenmnmTCKMU

cnopen6bacoaBWOHNUTE Ha NOHWNCKMN
OUYWHWN, CNUKNUTE OO NOBUCOKNTE
OUMHMN,KaKOWTO Ce cCaTenmTurte,
axyBaaTtTnomanky (oyunrnenHo)konanc Ha
jaTa,anpoeKkunjaTtTaenoBeKe CANMWYHA Ha
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Exaggeration

With vertical photographs having a normal 60 percent overlap. Most
individuals see the terrain exaggerated in height about three or four
times. Consequently, slopes appear steeper than they actually are. The
specific amount of vertical exaggeration observed in any given stereopair
is a function of the geometric conditions under which the photographs
are viewed and taken.

., Actual Stergo scope view
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[fpeTepyBame

CoBepTunkanHumdoTorpadpmm kom nmaart
HoOpManHO NpeknonyBarkwe oob0npoueHTMN.

[floBekeTO NOeaMWHUW rornepaatT TepeHOT
npeTepaH BOBUCUHA OKONNY TPWU UAU YeTUPMN
naTtTun.CnencrtBeHO,NagunHMWTe narnepnaart
NOOCTPW OTKONKY WTO BCYWHOCT Ce.
CneuvnmdPprnyHOTO KONTMYECTBO Ha BepTUKANHDO
npeTepyBatwe 3abenexaHo BO KO j 6uno
LajgeH cTepeonape®d®YyHKUN ja Ha
reoMeTpPUCKNTE ycnosBumnopgkkKownw cernepnpaart
m potorpadphmpaat doTorpadunumrte.




Practice

(Stereoscopic interpretation)

Stereoscopic vision is possible with the naked eye without using a machine.

Which part is closest to you?

BexbajTe
(CTepeockonckawvwHTepnpeTaumija)

CTepeocKONCKMUOT BMUA € BO3MOXEH CO oo
OKo 6e3 ynoTtTpebaHaMawuWHa.




Practice

(Stereoscopic interpretation)

A river flows through a mountainous
area and a road along the river.

@ In which direction does the water
in the river flow?

@ Distinguish between the parts of
the river where water is flowing and
those where it is not.

@ Are there any differences in the
heights of the two bridges over the
river?

BRHATEZREED RS — T RFR)

BexbajrTe
(CTepeocKkoncka uHTepnpeTaumnija)

Pexka Teye HuU3 nnaHUWHCKNW Nnpepnen nmnart
noKpaj pekartTa.

@WBoKojaHacoKa T Teuye BogaTa BO
pekarTa?

@PasnunkyBajTermpenosnte Ha pekarta
Kagle WTOoO Teye BodaWwoHMWE Kage WToO HeE

T Eeye.

@ﬂ,anm NMa HeKaKBW pas3nhnmkKM BO
BMCcCMHMTE Ha OBaTa MOCTa Ha peKaTa?




Practice

(Stereoscopic interpretation)

Step 1

Step 2

Mark the center point of each of the

two consecutive aerial photographs
in red.
/ Find the position of the center point
(PP1) of the first photo in the two
& aerial photos with the center point
marked, and mark it in blue in the

corresponding position in the other
photo.

Place the two aerial photographs

with the principal and transposition
points marked on them so that the
Il principal and transposition points

c 25 em are aligned. At this time, the
= distance between PP1 and CPP1
should be approximately 25 cm.

BexbajTe
(CTepeockonckawvwHTepnpeTaumija)
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exeTe jaueHTpanHaTa TOYKaA Ha
jaonpoBeTe nocnepnoBaTenH

YyWHW hoTorpadumm co LPBEHDO.

eTe jano3numjaTtTaHauUueHTpPpanHarta
a(PPl) HanpBaTadoTorpadmjaHaoserTe
YWHW poToOrpadumm coO 03 HayYeHa

panHa TOYKAa W 0O3HAaAayYeTe jaco CuUHaAa
BOcCooaBeTHaTano3uWwuwnwjaHamapyrarta

rpadcdwuj a.

TermpoBeTe BO3AOYWHNW CHUMKMUN CO
M ITrNaBHUTE TOYKM N TOYKMNTE 3a
3MLUNjaTaKaWwWTo rnaBHMWTE U”

Ha TpaHcno3uWuUWjanabuogart
Tn.Bo ToaBpeme,pacTojaHMUeToO
PlnCPPl tTpebanabunope npunbnumxto 25
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Terrain interpretation by aerial photographs

In order to read topography from aerial photos, it is necessary to
comprehensively grasp the Form, Tone, Texture, Pattern shown on
photographs.

The characteristics of this photographic image well reflect the
differences in geology, soil, vegetation, land use, etc., which are closely
related to the formation time of the terrain, origin, and differences in
constituents.

NHTepnpeTauuja Ha TepeHOT Co BO3AyLHU dpoTorpadum

SanpacenpoyumTtTaTtonorpadwumjaTta on
Bo3AYyWwWHMNTEe hboTorpadum,notrTpebdbHO e
ondpaTHO nace pa3sbepatT dopmartTa,
HOT, TekKcTypaTauwmopgenort

C
T
NnpukKaxaHumw Ha doTorpapumrte.

T O O

KTepucTMUKNTE Ha 0B aa

rpadpcka cnumka goobpormnu

3yBaaT pa3fnunkunurte Boreonorunijarta,
BaTa,Beretaumnjata,KopunucrtemweToO
3eM jMNWLWTETO MTH., KOW Ce TEeCHDO
Bp3aHW COBpPpeMeTO Ha popMuparwe Ha
PEHOT,MOTEKNOTO W pPpAa3nNunKMNTeE BO
CTaBHWTE OENOBW.,
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Elements of Terrain Interpretation (1/4) -Form

Morphological features obtained from aerial photographs include not only planar
shapes of terrain, but also three-dimensional shapes that can be grasped by
stereoscopic vision, and information such as spread and position of terrain.

Each landform has its own specific form and distribution, and in the case of
topographically well-defined landform, the landform can be read by the form
alone.

EnemeHTn Ha nHtepnpetauuja Ha TepeHoT (1/4) -dopma

MopdornoLuknuTe KapakTepuUCTnkn obueHn og Bo3gywHUTe dotorpadmm
BKMy4yBaaT He camO paMHu obnnuUn Ha TEPEHOT, TYKY U TPOOUMEH3MOHAMHN
doopmu LITO MOXaT fa ce cpataTt co CTepeocKorcka Bu3anja n nHgpopmaunm Kako
LUTO Ce WMPEHETO M nonoxbaTta Ha TEPEHOT.

Cekoja hopma nma cBoja cneuyndmyHa popma n guctpubyumja, a Bo cny4yaj Ha
Tonorpadcku gobpo geuHnpaHa popma Ha 3emjuiTeTo, hopmarta Moxe ada ce
yuTa camo no cdopmara.




Case : Typical topography (Volga River delta)

Google Earith

Cnyyaj: TunnyHa Tonorpaduja (aenta Ha pekata Bonra)




Elements of Terrain Interpretation (2/4) -Tone

Tone is a combination of saturation, brightness, and density. Tone is
determined by the relationship between sensitivity characteristics of film
and the color and the degree of reflection of objects distributed on
ground surface.

The degree of light reflection is closely related not only to the types of

materials that constitute the ground, but also to the moisture status of
the soil.

D re
much )
moisture

EnemeHTV Ha nHTepnpeTtaumja Ha TepeHoT (2/4) —ToH

ToHOT e KOMOMWHAaUWjaog3acuTtTeHoOCT,
ocBeTneHoOoCT MW ryctTumHa.  oHOT ce
oopenoyBacnopenogoHoOCOT nNomery
KapakKTepuUucTUKNTE Ha
YyyBCTBUTEeNHOCTa HadununmoT n 60 jaTa K
cTeneHOT Ha pedneKkcumjaHanpegMmeTunTe
pacnopengeHnW Ha NnoBpWNUNHAaTa HAaAa 3eMjartTa.

CtTeneHOT Ha pednekcuwjaHacBeTNUWHAT a
e TECHO NOBP3aHHE camMo CO BUMOOBUTE

MaTepwjanwuwTo jacodynmHyBaaT 3emMjarta,
TYKYy W cocTaTycoT HaBnaraHanmnouyBartTa.




Case : Tsunami inundation area

#

The ifference in color tones in the aerial photo shows the extent
of flooding.

Cnyuyaj: ObnacTta Ha nonnaea of LyHamu

PasnukaTa Bo ToHOBUTE Ha 6ouTe Ha doTorpadumjaTa of Bo3ayx ro nokaxysa
CTEMEHOT Ha nonnaea.




Elements of Terrain Interpretation (3/4) -Texture

Even in the case of almost the same tone, differences may be observed
in the roughness of the photographic image surface. Such features are
called texture.

Generally, when there is little change in density or one unit of density is
very small, the texture looks fine and smooth, and when it is relatively
large, the texture looks coarse and rough.

EnemeHTn Ha nHtepnpeTtaunja Ha TepeHoT (3/4) -TekcTypa

[lypu n Bo cnyyaj Ha peuncu UCT TOH, MOXe Aa ce 3abenexaTt pasfnuku Bo
rpybocTa Ha noBpLIMHaTa Ha poTorpadpckarta cnvka. TakBuTe KapakTepucTUKK
Ce HapekyBaarT TekcTypa.

OnwTo 3eMeHo, Kora MMa marna npoMeHa BO rycTvHaTa Unuv Kora egHa eanHuLa
rycTMHa e MHOry Mana, TekcTypara uarneaa uHO U MasHa, a Kora e penaTusBHO
ronema, TekcTtypata usrneaa rpy6a v rpyba.




Case : Classification of forests by their texture

- | You can understand tree species
; by the difference in texture in
aerial photographs.
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Cnyuyaj: Knacuduvkaumja Ha WwymuTe cnoped HMBHaTa TeKcTypa
MoxeTe narmpasbepeTe BUOOBUTE APBjano
pas3fNnkKaTaBO TeKCTypaTa Ha BO3OYWHNTE

dboTOoOrpadcduun.




Elements of Terrain Interpretation (4/4) -Pattern

Images represented in aerial photographs show various shapes and
arrangements. This is called pattern.

The patterns shown in the aerial photograph include both natural and
artificial origins, and the arrangement of patterns includes regular and
irregular ones.

EnemeHTn Ha nHtepnpetaunja Ha TepeHoT (4/4) —LLlema

Cnmkurte npeTcTaBeHNW BO BO3OYWHUTE
boTOoOrpadpumm nokaxyBaaT pas3anyHUU
bopmu npacnopenun.0OBa ce HapekyaBa
wemMma

MopopenutTe npukaxaHwmw Ha Bo3aywHarta
boTorpaduwjaBKkKnydyyBaaT NPUPOOHO WU
BeWTayYkKo nNoTekKNo,apacnopengoT Ha
obpacumTe BKAyYyBanpaBUAHN K
HenpaBWIMNHMW.




Case : Anomalies in water system patterns
caused by faults (San Andreas Fault)

Fault line ~o

o Shutter ridge

The water system pattern of the vaIIey on the-lﬁibmd& of"fhe :
fault is cut off by the fault. -

Cnyuyaj: AHOManum Bo LUEMUTE HA BOAOBOAHMOT CUCTEM Npeau3BUKaHn og,
aedektn (pacen Bo CaH AHgpeac)

LLlemaTta Ha BOAOBOAHMOT CUCTEM Ha JoNuHaTa Ha nesaTta CTpaHa Ha ,El,e(beKTOT
€ OoTCe4eHa nopagu paceanort.




Aerial photo interpretation workflow

Collection of interlinked Field survey
materials

Secondary aerial photo
interpretation

*Confirmation of the
+Feedback from the field
survey

Collection of aerial +Topographic map Primary aerial photo primary aerial photo

photographs *Geological Map interpretation [CELIIES
*Vegetation Map
-Etc.

In the aerial photo interpretation work, the work of primary photo interpretation, field survey,
and re-interpretation is important. By doing this, the accuracy of interpretation is improved.

PaboTeH Tek HanHTepnpeTauUunjaHA
BO3OYyWHW PoTOoOrpadumn

BopaboTaTtTaHaunHTepnpeTaun jaTtTa Ha

doTorpacdum oo Bo3gyx,paboTaTa Ha
npumMmapHaTa UWHTepnpeTauUuw ja Ha
boTOoOrpadpum, TepeHCKOTO UCTpaxyBarmwe U
penHTepnpeTauwn jataeBaxHa.Co osB a,
TOYHOCTAa Ha ToNKyBarkeTOoO ce nonpobpysa.




Tips for efficiently reflecting field survey results
1. Prepare photos In maps

> Photos must have location information.
> Store the photos in a single folder.
2. Install the "ImportPhotos" plug-in
> Install the "ImportPhotos" plug-in in QGIS.
3. Display the location of the photo with "ImportPhotos
» Open the [Plugins] menu P [ImportPhotos] P [Import Photos] at the top of the QGIS
screen.
» Click the [Browse] button next to [Input folder location] and select a folder of 1 photo.
» Click the [Browse] button next to [Output file location] to specify the output file name.
» Click [OK] button to execute the operation. If it is successful, the shooting point will be
displayed in QGIS.
4. Display the background map
» Double-click "OpenStreetMap" under "XYZ Tiles" in the "Browser Panel" on the left of
the QGIS screen to display the background image.
> If you can't see the photo points, change the display order in the Layers panel.
5. display the photo on the map
» On the GIS screen, click [Plug-in] menu P [ImportPhotos] B [Click Photos] P The
mouse cursor turns into a cross.
» Double-clicking on a photo point in QGIS will display the photo in a separate window.

CoBeTun saedmkacHO NpUKaxyBare Ha
pe3ynTtaTtTunTe o0 TepeHCKNTE NCTpPpaxyBatma
Ha KapTurte

MoonrotTBeTe doTOrpadumn

doTorpadbmmrte MopapgaummMmaaT nHDopMaUuuwu
3afnnokKauunjarta.

yBajTe rmdporTorpadpmmrte BoO eoHaAa nNaneka.
WMuhcTtanupajtTe ronpumknyvokorT ,ImportPhotos®.
WMHhcTtanupajTtTe ronpuknyudvokorT ,ImportPhotos* B o
QGIS.

MpnkaxeTe janokaumnmjarta Ha
doTorpadwnjata co ,ImportPhotos

OtrBopeTte romMmedHnnrTo [Plugins] P [ImportPhotos] P [Import
Photos] Ha ropHuoT nenon exkpadtnort QGIS.
KnmkHeTe Ha KonuyeTo [Browse] o o [Input folder location] w
nsbepeTe nanka coldpoTorpadnu]ja.
KnmkHeTe Ha KonuyeTo [Browse] Bennaw oo [Output
file location] 3a narooopenmnTte NMeTO Ha
n3nesHaTaODoaToOTEeEKkKa.

KnunkHeTe HakonuyeTo|[OKl]3ana jausspwurte
onepauunjata.Ako e ycnewHa, ToykKaTa 3a
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CHMUMare Ke ce npukaxe Bo QGIS.

[flpnkaxeTe jamManaTa Ha 3a0HMWHAa
KnukHeTtTe onBanaTun Ha ,OpenStreetMap” no o ,XYZ
Tiles“ B o ,Browser Panel“ neBo on ekpaHoTQGIS3a na ce
NnpuMKaxe cnmkaTa 3a 3a0HWHa.

AKoO He MOoOXeTe garmBuamMmTe TOYKMNTE 32
dboTOoOrpadmm,npomeHeTe ropengocnepnorT Ha
NnpunkKaxyBarwe Bo naHenorT Layers.

npunkaxeTtTe jadoTorpadpumjartTaHamManarta
HaGISekpaHOT,KNMUKHeTe Ha meH®TO [Plug-in]
[ImportPhotos] P [Click Photos] P Ky pcopoT Ha ranyBuerTo
cenpeTBOpa BO KpPpCT.

JBoeH KNNWK Ha Toyka 3acnumka BoQGISke ja

npunkaxe doTorpacdpumjartaBonocebeH
npo3opeu.
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Practice

(Photo interpretation)

Trace all the valleys inside
the white frame.

BexbajrTe
(nHTepnpeTauwnjaunadoTorpaduija))

CnenetTermcumTte OONUHUM BO
BHaTpewHoOCTa HabenaTa paMKk a.




Practice

(Stereoscopic interpretation)

This is a site where a slope disaster
caused damage to a road and a
railroad track.

@ Do you think the road and
railroad tracks have been restored?

@ Please distinguish between
roads and railroad tracks.

@ Please explain which slope
collapsed and how it flowed out.

BERHAZDERO RS —TRER)

BexbajrTe

(CTepeockoncka mHtepnpeTaumja)
OBaenokauunjakanoewTo KaTacTpodarTa
Ha nmaouWHUWTe NpeaonW3IBUKA OWTeEeTYyBaAakhe Ha
naT WXenesHMWYKaAa NpPpYyTr a.

O O0anumvMmuncnanunmTe nekanaTtTunuwTaTa u
XKeNnNesHWNYKMmTe npyrmce o6HOBEHM?

@BeMonume pasnukKkyBajTe ru
naTunwTaTa nXeNe3sHNYKNTE NPpyTr u.

®06jacHeTe KoOjanaaogunHa ce cpywmnna u
KaKkKo uWcrtekna.




Practice (Texture)

Looking at this aerial photograph,
describe the topographical
features of Q) through @ based on
the texture.

@ Lower part of the slope along
the river

@ Smooth and uniformly dense
slope leading to the top

@ Crumbly slope leading to the
upper mountain ridge

@ Collapsed area (Failure)

BERHATEREED RS — L RFER)

Bexb6ajTe(trekcTypa)
[ NnepajKw jaoBaa BO3OYyLWHa

doTOoOrpadumja,onmnmweTe ru
TonorpadpckunuTte kKapakTepuncTtukum Ha D oo

@WBp3 oOCHOBaAa Ha TeKcTyparTa.
@ OdoneHpnpenononanonmHaTanokpaj
pekarta

@MasHaunmpaMHOMEpPHO rycTanagunHa WTO
BoOOW 0O BPBOT

@TpownmueanaomHa WTO BOOMW 00 FTOPHMUOT
NNaHWHCKMW rpeobeH

@W@CobopeHaobnact(heycnex)




Practice (Pattern)

Using the sample aerial photos,
read all valleys.

Bexb6ajTe (wema)

KopuncrtejKkKnmnrumnpmmepoumnte ofn
BO3OYyWHW PpoTOoOrpaduum,npouynTtaijTe ru
CMTe LOoONWuHMM.




PedbepeHTHa TeMa
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Principles of the Aerial Laser Scanner

Gpﬁ__sa‘_e_'!“: GPS satellite
2) «

Y

X
] = &\’ {___r--‘”"
W e 7 S Laser ranging device

Color digital camera

Topographical and other features as well as geographical coordinates

are digitally measured —directly sentto G1 S and CAD
Faster and more accurate than traditional measuring methods !

MPUHULMNKU Ha BO3AYWHUOT NNaCepCKMUCKeHeDp

TonorpadcKuUuTe MW OPYyrmrTe
KapaKTeEepUCTUKNU, KaKo MW TreorpadCKuUTe
KoopAOMHATW Ce ANUTMUTAaNHO U3MEPEHMN
—O0UWpPEeKTHO ncnpateHum oo GI S nn CAD
Mob6bp3Mm MmnonpeuM3IHNW OO TPAaOAULMUOHANHUTE
MeToaouMnW Ha Mepewne!



Measuring Modes of the Aerial Laser Scanner
(First/Last Pulse Mode)

A my, B8 m)y, °© -
\%/ ] \/ — \&/ / < Launch pulse
S s i s
totr-tL Ltrly T tE=TL (ED' First pulse Last pulse
't 4% 3 oo
: i : & N
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. v e 4t
. e o . Time
L]
s - . B
L] L] L] L]
L] L] L]
L]
* * .‘ '. 2 Launch pulse
- . ~
~' & J b .. .. §
. . ° - = First pulse
\ ': - Y . . A g Last pulse
Nalesex] o/ e LSO\ I
N \J . h \i
‘ [ 4 G\ -
v\ y‘: @X 42 . v\ 7 j{ \
N SIC AN AT o <20 TN oA x
V& e A\ / . . / . te- toL
’ . . Time
o % AandC
S

TonorpadPckunrte mnopyrmnrte

KapaKTepunmcTnKM, KaKkKo " FeOFpaCbCKVITe
KoopomHaTtwmw ce oMnNrmrtTailnHO N3MeEepPEHMN

—>aounpekTHo unucnpateHnmagoGISwnuCAD
Mobp3mmnonpeumsaHN o0 TpaouWUMOHANHNMTE
MeToOoW Ha Mepeme!



Measured Data (Before Features are
Deleted)

+

L Y 14

First Pulse is mainly used to obtain the
vegetation crown data

1 3 ™m

Dy H

MpB
0ob
noun

epenvnm nonatoun (Mpemnonacewnsbpurnwart
KULUUNTE)

motT nync ranaBHO Ce KoOpmcTMKnm 3 a
MBamke Ha
aToum 3aBerertTaunmceKaTtTa KPpYyHa



Measured Data (After Features have
been Deleted)

Last Pulse is mainly used to obtain the ground
surface altitude data

Wasmepenn nonatoum (oTkako ke ce
n3bprvnwatT GDYHKULUNTE)

LastPulse rmaBHO ce KopucTwn 3ag0obunBare Ha
3eMjarTa
nogpaToUW 3a HagMOpPCKa BUCOYUHaA



Flow of this training and today’s content

In order to understand the risk of mountainous disasters using aerial photographs, in
the previous lecture (271 Oct.), | lectured on the principles and characteristics of aerial
photographs and the basics of interpret aerial photographs using them. And to
establish its understanding, | asked everyone to work on some practical training.

In today’s lecture, we will learn about specific mountainous disaster risks and how to

interpret them using aerial photographs.

Photo Interpretation

isk of sediment-

isk Area of Photo Interpretation

related disasters in
the Radovish basin

Mountainous for Risk Area of
Disasters Mountainous

~Lecture

+Practice Disaster
*Lecture 1SASIES +Practice
Lecture

+Practice

Risk of sediment-

related disasters in

Topolka

Karabunishte Wrap up

-Practice

27 Oct 4 Nov 8 Nov
Tek HaoBaaobyka mpeHewWHaTa COOPXWNHa
CouennparopasbepamM pusmnmkoT on
NNaHWHCKN KaTacTpodm co NoOMOLW Ha
BO3OYyWHW poTOoOrpadpumm,Ha npeTxXoOoHOTDO
npenasate 2Z7T0KTOMBPU)APXKEeB NpefasBate
3anNpuUHLULMUNIKNTE W KapaKTepuUcTUKNTE Ha
BoO3OoywWHMUTEe dboTorpadmm m oCHOBUTE Ha
MHTepnpeTuparwe Ha BO3OAYWHN PoToOrpaduu
KopucTtejkunur run. 3aogparoyTBpaoam
HeroBoTO pa3buparwe, rnm 3aMoTnMB CUTe Oa
paboTaT HaHeKOjanpakTnyYHa obYyKa.
BopnpeHewHOTO NpenaBamwe Ke Hay4vyunmme 3 a
cneundPrnyHmMTEe PU3INLN OO NNTAHUHCKMN
KaTacTpodu n Kako gar rm TonNKyBamMe CO
NnoOMOW Ha Bo3aOAyWwWHNW doTorpadunmn.
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Nen2.Pn3nmyHo noaopayvyje oo NNaHMUHCKMWN
KaTacTpodwn
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Mass wasting is a geomorphic slope process
that often manifests itself as mountain disasters.

What is mass wasting?.....

Weathered debris become mobile and they move down the slope
directly, solely by the action of gravity. Such a phenomenon is called
mass wasting or mass movement.

Mass transportation eliminates the transport of substances by running
water and glaciers. However, it is important that water and ice act as
mass transfer lubricants, and increase the weight of weathering
substances to promote this effect.

MacoBHOTO TpoLUEeHE € NPOLEC Ha reomopdHa NagnHa LTO YecTo ce
MaHudecTnpa Kako NnaHUHCKK KaTtacTpodu.

LLITo e MacoBHO TpoLierwe? . . . ..

N3BpLueHnTe OoTnagoum cTaHyBaaT NOABWXKHU U OUPEKTHO ce ABMXaT Hagony no
naguHaTa, UCKIMy4YMBO CO [ejCTBO Ha rpaBmuTaumjata. TaksaTa rnojaBa ce HapekyBa
MaCOBHO TPOLLEHE NN MACOBHO ABUXEHE.

MacoBHMOT TpPaHCNOPT ro eNMMUHNPA TPAHCNOPTOT HA MaTepumn Npeky NpoToYyHa
Boda v rmedepun. Cenak, BaXHO e BoAaTta U MpasoT Aa AejcTByBaaTt Kako
ny6pukaHTK 3a NPeHOC Ha Maca W Aa ja 3ronemar TexunHaTa Ha aTMmocdepckuTe
CyncTaHuMn 3a Ja ro npomMoBupaaTt 0BOj eqDEKT.
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The place where mass wasting works

» Mass wasting play an important role on mountain slopes where
water flow and glacier erosion do not reach.

» Weathering material is mainly removed by the direct action of gravity
and carried away downwards. This phenomenon is called scraping
action.

» Erosion action such as water flow acts linearly on the ground
surface, while scraping action acts widely.

MecToTO Kage (PyHKLMOHMPA MACOBHOTO TPOLLUEHEe

MacoBHOTO ry6e|-be urpa BakHa yrnora Ha niaHMHCKUTE nagnHn Kage LWTo
NPOTOKOT Ha BOAA U eposmjaTa Ha rme4dyepute He gonupaar.

MaTepujanoT 3a aTMOCEepPCKN BrnnjaHWja rmaBHO ce OTCTpaHyBa CO AUPEKTHO
0€ejCTBO Ha rpaButaumjata n ce Hocu Hagony. OBoj peHOMEH ce HapeKkyBa
[€jCTBO Ha CTpYXeHe.

[lejcTBOTO Ha epo3njaTta, Kako LUTO e NPOTOKOT Ha BoAda, AenyBa JIMHeapHO Ha
noBpLIMHATa Ha 3eMjaTa, oaeka 4ejCTBOTO Ha rpeberse aenysa LMPOKO.
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Classification of mass wasting

Rock fall Failure Land slide

& .
\\\ Collapsed Bank Landslide Bank
e

[>

o

Debris flow Sinking Subsidence

Alluvial Cone

. . . ERHATSHAREN BEBMTEOHOMIRFRAPIZ)
Red types mainly occur in mountainous areas

Knacudgukaumja Ha MacoBHOTO rybeme

8 OCHOBHM TMMNOBU HA MACOBHO TpoLlewe
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Creep (1/2)

A phenomenon in which weathering materials forming slopes deform
very slowly and move downward as a group.
It is the slowest moving of mass wastings.

Naau (1/2)

HOMEH BO KO j aTMocdepcKnNTeE
Tepujanum kKonm ddopmMmmpaaT nNagdMHN MHOT Y
BHO ce nedpopMumpaaT n ceagBuxat HaZonNy
KakKo rpyna.
aeHajbaBHOTO OBUXEHEe Ha MAaCOBHOTO
owetre.
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Creep (2/2) Movement Mechanism

Creep is aided by the expansion and NE ?
contraction of the soil due to either

freezing and thawing or wetting and s
drying. Regardless of the cause, soil N
expansion causes particles to move in a @D LY A
direction perpendicular to the ground ©) N
surface. H—© N

However, when it contracts, the particle AN

does not return to its previous position, 4
but moves down the slope due to the Slop, Xing %S/%
gravitational component. @—@® €, OF % "%

JTasn (2/2) MexaHunsam 3a aBuxeHe

Jlaszer-eT0O € NOTNOMOrHaTO OA LUMPEHE U KOHTPaKuuja Ha novsata unu nopagm
3aMp3HyBah-€ U 0OMp3HYBah-€ UM MOKPEH-E 1 cyllewe. bes orneq Ha
npuyKHaTa, LWMPEHETO HA NoYBaTa Npean3BuKyBa YeCTUYKUTE Aa ce ABUXKaT BO
HacoKa HopmarHa Ha nosplumnHarta Ha 3emjata. OD—@ L L %2 MefyToa, kora ce
cobupa, YecTuykaTa He ce Bpaka BO NpeTxogHaTa nosnoxba, TyKy ce OBUXN
HaJomMy Mo HaKMoHOT nopaau rpaBuTaumckaTa KoMmnoHeHta. @—@)
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Rock fall (1/2)

@ - The debris that makes up the top
of the slope loses stability due to
some cause.

@ - They leave the surface only by
gravity.

® - Each piece of rock falls free and
falls sharply in the form of free fall
or movement close to it.

@ - They stop and settle on a gentle
slope or plateau (Talus).

® - This series of phenomena will end
within a few seconds.

Daylighting
Rock Slide

Joints
dip down-
slope

Shale aliows
easy slip

Rocks silde down
slope along joint
surfaces: dayligting

Talus

Map Ha kapnun (1/2)

- OTnagouuTe WTO ro co4ynHyBaaT BpPBOT Ha NagnHaTta ja ry6aT crabunHocTa

nopaguv Hekoja npuynHa.

- Ja HanywTaaT NoBpLUMHAaTa caMo CO rpaBuTauuja.

- Cekoe nap4e kapna cnobogHo nara v Harno nara Bo ¢oopma Ha crniobogeH naa

nnn aBmnxexwe 6J'IMCKy 00 HEro.

- 3acTtaHyBaaT 1 ce cMecTyBaaT Ha bnara naguHa unu nnato (Talus).

- OBaa cepwuja Ha nojaBu Ke 3aBpLUN 38 HEKOJSTKY CEeKYHMW.
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Rock fall (2/2)

This photo was taken from
the road along the Topolka
River.

The gently sloping area at
the bottom of the bared rock
area at the top of the
mountain is likely to be
talus (not confirmed in the
field).

Map Ha kapnu (2/2)

OBaa dhoTorpacuja e HanpaBeHa of NaToT Nokpaj pekaTta Tonorka.

Bnaro HaBegHaTOTO Nogpadje Ha AHOTO Ha pasrorieHaTa Kaprna Ha BpBOT Ha
nnaHuMHaTa HajBepojaTHO € Tanyc (He e NOTBPAEHO Ha TEPEH).
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Failure (1/2)

The slope material becomes unstable due to some cause, and it falls
sharply below the slope as a group of soil and rock at the boundary of
shear surface or geological discontinuity by gravity alone.

And they show the phenomenon that it settles on the gentle slope land
of the slope base, riverbed and flat ground.

Heycnex (1/2)

MaTepwujanoT Ha HaKnoOHOT CcTaHyBa HecTabuneH Nnopaau Hekoja NpUYNHA U Harno
nara nof HakrnoHOT KaKo rpyna no4vsa v Kapnu Ha rpaHuuaTa Ha noBpLunMHaTa Ha
CMOSNKHYBaH-€ NN reonoLUKkyu ANCKOHTUHYUTET cCaMO Ofi rpaBuTaumjaTa.

U Tne ro NnoKaxyBaart CbeHOMeHOT OEeKa Ce HacellyBa Ha Gnarata 3eMja Ha
nagnHata oCHoBa, KOPUTOTO U PaMHOTO TJ10.
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Failure (2/2) Movement Mechanism

A failure consists of a source area, a moving area, and a settled area.

The movement mechanism of the slope material in each area is as follows: most of the material is
generated as a lumpy slough in the source area, moves downward rapidly with increasing speed in the
moving area, changes to flowing or rolling state on the way, and gradually decreases speed to stop at the

settled area.

If a sedimentary area is provided directly below
the streambank, it may consist only of the source
and settled areas.

BRHATSUERS(EHT <YSEOHIE
| e uE

Heycnex (2/2) MexaHn3am 3a ABuXere

HeycnexoT ce cocton oa n3BopHa obnacT, nogsuxHa obnact un HaceneHa obnacr.
MexaHn3MOT Ha ABWXKeH-€ Ha MaTepujanoT 3a HaKMNoH BO CeKoja obnacT e Kako
LUTO cnegysa: NOrofieMuoT Aen o4 MatepujanoT ce co3aBa Kako rpyTka Karn Bo
n3BopHaTa obnact, 6p30 ce ABWMXM HAJoMy COo 3rofieMyBake Ha Gp3nHaTa BO
obnacTa WTO ce ABUXMN, Ce MeHYBa BO COCTOjba Ha Teyere Unn TpKanawe Ha
naToT. M NOCTeNEHO ja Hamanysa bp3nHaTta 3a Aa 3acTaHe Ha HaceneHarta obnacr.

[lokonky e o6e3beneHa ceanMeHTHa NOBpPLUMHA AUPEKTHO Nof GperoT Ha pekara,
Taa MOXe [ja ce COCToM CaMO 0/} U3BOPOT U HaceneHuTe obnacTu.
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Land slide (1/3)

Generally, it shows a phenomenon that the slope material slides at a
low speed according to gravity at the boundary of a clear shear surface.

Tension cracks

Ceneunwte (1/3)

OnwTo 3eMeHo, NokaxkyBa (DeHOMEH [eka MaTepujanoT Ha HaKMOHOT ce Ninara co
Marna 6p3vHa BO COrnacHOCT CO rpaBuTauujaTa Ha rpaHMuaTa Ha YicTa
MOBPLUMHA HA CMOJKHYBaHs€.
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Land slide (2/3) Forms of landslides

In landslide phenomena, there are two types of phenomena: one in
which the moving and immobile areas are clearly demarcated and the
movement speed can be captured visually, and the other in which the
boundary between the two areas is unclear and the movement is slow
and difficult to identify, including continuous or intermittent.

The former phenomenon correspond to a kind of large-scale collapse or
landslide collapse.

The latter phenomenon is sometimes referred to as creeping slide, or
land creep.

Ceneuvwte (2/3) dopmu Ha cenednwiTa

Kaj nojaBuTe Ha cBneymwiTe, NOCTojaT ABa BMaa peHoOMeHU: eqHNOT BO KOj
NOABWXHUTE N HEMOABWXHUTE 06rnacTu ce jacHo pasrpaHndeHun n 6p3nHara Ha
OBWXere MOXe BU3yenHo fa ce JONOoBU, a ApYrnoT BO KOj rpaHuuaTta nomery
ABeTe obnacTtu e HejacHa u ABMXeH-eTo € 6GaBHO M TELWKO Aa ce naeHTudrkysaar,
BKMYYUTENMHO Y KOHTUHYMPAHO UIM NEPUOLMNYHO.

nopaHeLUHVIOT (beHOMeH ofarosapa Ha efgeH Bua Konanc oA royieMm pasmepu nim
Konanc oA nn3rake Ha 3eMjMLUTeTO.

MocnegHnoT hbeHOMEH NoHeKorall ce HapeKyBa NpUTaeH crajg UNu KonHeH nasw.
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Land slide (3/3)  Forms of landslides

:‘*rr‘ g » .7
Example of Landslide Collapse

Co.Ltd

This landslide occurred to be caused by lwate/Miyagi
Nairiku Earthquake in 2008.

Life activities such as villages and arable land (paddy field) are being carried out due to landslides in the
northern part of Japan. Countermeasure works such as drainage of groundwater are being carried out.

Ceneunwrte (3/3) ®dopmu Ha ceneyvmiTa
XKMBOTHM aKTMBHOCTM KaKo LUTO ce cena u o6paboTnuneo 3emjuite (BPOBMHCKO
none) ce cnposeayBaat Nopaau nuarakbe Ha 3eMjULLTETO BO CEBEPHUOT Aern Ha

JanoHuja. Ce BpLuaT KOHTpaMepHU paboTu Kako oaBedyBake Ha Noa3eMHUTe
BOAMW.
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Debris flow (1/2)

Mass of debris that was abundant in steep slopes or slopes contains
water, and it becomes a viscous fluid with water as a lubricant, and it
shows a phenomenon that it moves downward at high speed according
to gravity.

Soll Mantle/
2

Source area

Moving area

nnnnnn

Settled area

The landform after a debris flow is as follows: from
the source area, the moving area and the settled
area, but the areas may partially overlap.

Tek Ha ocTaTouum (1/2)

Macata otnag WTo ja ma BO U306UIICTBO HA CTPMHM NaAUHU UKW NaguHU
COApXU BOAA M CTaHyBa BMCKO3HA TEYHOCT CO BOAA KaKo NyOGpUKaHT M NoKaxkyBa
deHOMEH AeKa ce ABWXM Hagony co roriema 6panHa crnopep rpasutauujata.
dopmarta Ha 3eMjULITETO NO NPOTOKOT Ha OTNAAOT € KaKo LWTO criefqysa: o4
obnacTa Ha U3BOpOT, NoABMXKHATa 0bnacT u HaceneHaTa obnacT, Ho obnacTuTte
MOXe AeNyMHO [a ce npeknonysaar.
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Debris flow (2/2) Characteristics of the settled area

The stream of debris flow is divided into a gravel section at the tip and a
trailing stream. Gravels are concentrated at the tip of the flow and is
straight, while the gravel portion is relatively undispersed at the stop.
The sedimentation shows a non-stratified structure, and the gentlest
slope at the end of the stop is almost 1/20. The destructive power of the
collision of huge gravels is large.

Mud flows that occur in volcanic areas are also included in the category

of debris flows. Flood
Flow

Debris Sediment
Flow

Moving
area

fﬁfiéﬁi;ﬂ;;

RRH AR REEHTE O DR RHEE A3

MpoTok Ha oTnagoumn (2/2) KapakTepucTukn Ha HaceneHata obnact

TeKkoT Ha NPOTOKOT Ha OTNaZAouUM € NoAeneH Ha Aen o Yakan Ha BpBOT M NOTOK
Koj cnegun. Yakanute ce KOHUEHTPMpPaHM Ha BPBOT Ha NPOTOKOT 1 ce npasw,
aogeka 0enoT of 4Yakan e penaTtMBHO HepacrnpoCTPaHET Ha 3acTaHyBaHETO.
CeanmeHTaumjata nokaxkyBa HecTpaTuduKyBaHa CTPYKTypa, a Hajonarmot
HaKMOH Ha KpajoT of nocTojkaTa e peuncu 1/20. [lecTpyKTMBHaTa MOK Ha cyaupoT
Ha OrPOMHU Yakanu e ronemMa.

Bo kaTeropujata TekoBM Ha oTnagoum cnaraat v KannmemutTe TEKOBU KOU ce
jaByBaaT BO BYIKaHCKUTe nogpaudja.
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Riverbed Sediment (1/3)
Riverbed, Deposited Terrace, Valley Plain

Riverbed sediments are not directly produced by mass wasting.
Unstable sediments in river channels that were transported and formed
by past floods. These change in appearance depending on the scale of
the river basin and the geological conditions.

These are important factors that will cause damage downstream during
future floods.

The layered structure is
“ characteristic of flood
deposits, and the gravel
has been rounded off by
1 the flowing downstream.

CeguMeHT Ha peyHo kopuTo (1/3)
PeyHo kKopuTO, enoHNpaHa Tepaca, AONMHCKa paMHMHa

CeOnMeHTUTE Of, PEYHOTO KOPUTO HE Ce co3aaBaaT AUPEKTHO CO MAaCOBHO
TpoLUEH-E.

HectabunHu ceguMeHTM BO peYHNUTE KaHamnu Kom 6une TpaHCnopTupaHu u
dopmMupaHn og MuHaTMTe nonnaeun. Tue ce MeHyBaaT BO M3rneaoT BO 3aBUCHOCT
of 06eMOT Ha PEYHUOT CIIUB U FEOSIOLIKUTE YCIOBMU.

OBa ce BaxkHU hakTopu KoM Ke Npeans3BmkaaT wreTa HU3BOAHO Mpu NaHW
nonnasu.

CnoeBHaTa CTpyKTypa e KapaKTepucTMyHa 3a HaHOCK of MonnaBu, a YakarnorT e
320KPYXKEH CO TEYEHETO HU3BOAHO.
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Riverbed Sediment (2/3)

Riverbed, Deposited Terrace, Valley Plain

A t

This photo was taken in the middle
part of the Radovish basin.

Although the height difference is
small, the river is terraced.

CeguMeHT Ha peyHo KopuTo (2/3)
PeyHo kopuTO, AenoHMpaHa Tepaca, ONMHCKa paMHMHa
OBaa hoTorpadumja e HanpaBeHa BO CpeaULLIHMOT e Ha pagoBULLKUOT CIMB.

MNako BucuHcKaTa pa3riKka e malia, peKkata € TepacupaHa.
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Riverbed Sediment (3/3)

Riverbed, Deposited Terrace, Valley Plain

® Deposited terrace means terrain that has accumulated due to past
floods and then stepped due to subsequent erosion.

Mechanism of deposited terrace formation

Peposited Deposited
Terrace| ﬂerrace‘ Terrace

Riverbed
<+——>

‘ Terrace cliff  surface

Formation of valleys A large amount of sediment Terracing by small to medium
due to active erosion  from upstream is supplied floods with low sediment load
to fill the valley. from upstream

B H ST ILF O IEBAE )

CegumeHT Ha peyHo kopuTo (3/3)
PeyHo kopuTO, AenoHNpaHa Tepaca, AONMHCKA paMHMHa

[lenoHunpaHa Tepaca 3Ha4yun TepeH LITO ce akyMynupan nopagu MuHatuTe
nonnasu, a NoToa cTanHan nopaauv nocnenosartenHa eposuja.
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Considerations when transferring the results
of photo interpretation to a map

Which is longer, a or b?

When an airplane photographs a failure at points A
and B, the size of the failure is apparently larger when
the image is taken from an angle (b) than when it is
taken directly below (a).

When transferring a photo interpretation result to a
map, it is necessary to take the above characteristics
into account and convert the image size to that of an
image taken from directly below as much as possible.

The further away from the center of |« o I»
the image (towards the periphery), the
more distorted the image becomes. F 3 * 4
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yntTaTunTtTe o MHTepnpeTaunjaTa Ha
orpadumjartTaHaKkapTa
enoponro,awunnwub?

a aBUWOHMMoOoTOrpadpmupa nedeKT BO
knmte Anmb, ronemMmnHaTta HaogpedbeKTOT e
rneopHo nNnoronemMma Koracnumkarta e
paBeHaonoaronotT (6)0oTKONKY KOora e
paBeHanoupekTHo nogna (a).

npeHecyBatwe pe3ynTtTarT on
epnpeTaunjaTtaHad®@oTorpadmjata Ha
Ta,HeOoONXoOOHO enace3eMaT npenoswunn

eHaBeOoeHNUTEe KapakKTepucTuUKNW npgace
TBOPU ronNeMmHaTa Ha cnmkaTtTa BO OHaa

CnNnuKkKaTaHanpaBeHa OO AVWPEKTHO AONY

N
N

KYy WTO € MOXHO NOoOBEKE.
Ky noganeky o UeHTapoT Ha chnukartTa

(koH nepundepnjaTtTa), cnmKkata cTaHYyBa
NOMCKPUBEHa.
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Examples of Mountainous Disasters (1/7)

More than 80% of Japan's land area is mountainous, and more than
90% of its population and assets are located in the remaining 20% of
flat land. This is partly due to the fact that while the flatlands are easy to
live in, there are many disasters in the mountainous areas.

In the past, due to the rapid nature of mountain disasters, there were
few images or videos of the disaster at the time it occurred or
immediately afterwards. However, with the recent development of
surveillance technology and the widespread use of mobile devices at
the individual level, it has become possible to view many valuable
images.

Mpumepun 3a nnaHnMHCKKN katactpodm (1/7)

MoBeke on 80% oa noBplunHaTa Ha JanoHuja e nnaHnHcka, a noseke og 90% oA
HEej3MHOTO HacerneHne n UMOT ce HaoraaTt Bo npeoctaHatute 20% of paMHOTO
3emjuwite. OBa OenNyMHO ce AOMMKM Ha (paKToT AeKka nako paMHUHUTE Ce NECHN
3a XunBEEHE, MMa MHOIy KaTtacTpodu BO NyiaHUHCKUTE obnacTw.

Bo muHaToTO, Nopaan 6p3noT KapakTep Ha NNaHMHCKUTE KaTacTpodu, umatle
Marky CIiMKu Unu Buaea of katactpodara BO MOMEHTOT Kora ce criydmna nnu
BeaHall notoa. Merytoa, co HeogaMHELIHNOT pa3Boj Ha TEXHOMOrjaTa 3a
HaQ30p U WnpokaTa ynotpeda Ha MobunHu ypeam Ha nHAMBMAYanHO HUBO,
CTaHa BO3MOXHO Aa ce npernegaart MHOry BpeAHU CINKW.
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Examples of Mountainous Disasters (2/7)
1991 Oct. Failure (Central Japan)

Mpumepwn 3a nnaHnHCKK Katactpodwm (2/7)
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Examples of Mountainous Disasters (3/7)
1996 Jun. Debris Flow (Central Japan)

Mpumepwn 3a nnaHnHcKkn katactpodwm (3/7)
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Examples of Mountainous Disasters (4/7)
2004 Aug. Landslide (Western Japan)

168 SRt g Y

Mpumepwn 3a nnaHnHCcKn katactpodwm (4/7)
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Examples of Mountainous Disasters (5/7)
2021 Jul. Debris Flow (Central Japan)

=3 VOU TUBE

Mpumepwn 3a nnaHnHcKK katactpodwm (5/7)
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Examples of Mountainous Disasters (6/7)

2015 Apr. Gorkha earthquake (Nepal)

The April 2015 Nepal earthquake killed nearly 9,000 people and injured
nearly 22,000. It occurred on 25 April 2015, with a magnitude of 7.8M and a
maximum Mercalli Intensity of VIII (Severe). Its epicenter was east of
Gorkha District at Barpak, Gorkha, and its hypocenter was at a depth of
approximately 8.2 km. It was the worst natural disaster to strike Nepal since
the 1934 Nepal-Bihar earthquake. 3

Mpumepwn 3a nnaHnHCKK Katactpodwm (6/7)
3emjotpec Bo anpun 2015 Nopka (Henan)

Bo 3emjoTpecot Bo Henan Bo anpun 2015 rogunHa 3arnHaa peyncu 9.000 nyre, a
6ea nospeneHn peuncu 22.000. Ce cnyum Ha 25 anpun 2015 roguHa, co
MarHuTtyaa og 7,8 M 1 makcumaneH nHteHantet Ha Mepkanu og VIII (Tewka).
HerosunoT enuueHTap 6un nctoyHo og obnacrta lNopka Bo bapnak, lopka, a
HEeroBMoT xmnoueHTap 6un Ha gnaboynHa og NpnbnmxHo 8,2 kunometpu. Toa
Gelle Hajnowarta npMpoaHa katactpoda WwTo ro norogn Henan og 3emjotpecoT
Henan-buxap Bo 1934 roguHa.
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2015 Apr. Gorkha earthquake (Nepal)
Disaster map (red colored area)

LT % b~
i 2
Mo

3emjoTpec Bo anpun 2015 lNopka (Henan)
KapTta Ha katactpocum (obnact co upseHa 60ja)
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2015 Apr. Gorkha earthquake (Nepal)

Emergency survey video on geo-hazards caused by the Gorkha earthquake in Nepal
(The Japan Landslide Society)

Emergency survey video on geo-hazards
caused by the Gorkha earthquake in Nepal

3emjoTpec Bo anpun 2015 lNopka (Henan)

Buaeo 3a utHa aHkeTa 3a reo-pusnum npeamsBnkaHn o 3emjotpecot ['opka BO
Henan

(JanoHcko opyWwITBO 3a NU3rake Ha 3eMjULLTETO)
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Examples of Mountainous Disasters (7/7)
2008 Jun. Iwate-Miyagi Nairiku Earthquake (Japan)

On June 14, the 2008 Iwate earthquake struck the Tohoku region of northeastern
Honshu in Japan.

This earthquake occurred in the south of the inland of lwate Prefecture. The JMA
magnitude was estimated at Mj 7.2, and the moment magnitude by USGS was at
Mw 6.9.

Landslides triggered by this earthquake crushed structures,

buried people, cut off access to certain roads, and isolated

some rural communities. Mud from landslides dammed up
rivers to form lakes called "quake lakes".

The Ministry of Land had identified fifteen quake lakes in lwate
and Miyagi prefectures, and work crews began draining three
of them which were at high risk of overflow or breach from rain
or aftershocks.

Mpumepun 3a nnaHuMHCKKN katactpodum (7/7)
2008 jyHn. 3emjotpec NBate-Mujarn Hampuky (JanoHwuja)

Ha 14 jyHn, 3emjotpecoT MBaTte Bo 2008 rogmHa ro norogn permoHoT TOXOKY BO
CEBEPOMCTOYHNOT XOHLWY BO JanoHwuja.

OBo0j 3emMjoTpec ce cnyyu BO jyXKHWOT Aen Ha BHATpELUHOCTa Ha nNpedekTypaTta
MBaTe. JaumHaTta Ha JMA Gewwe npoueHeTa Ha Mj 7,2, a MOMeHTanHaTa jadnHa
Ha USGS 06ewe Ha Mw 6,9.

OpnpoHuTe npegusBuKaHn of 0BOj 3eMjoTpec yHULWTHja objekTn, 3atpynaa nyre,
ro orcevea NpucTanoT 40 ogpeaeHn naTuwiTa n n3onmpaa Hekou pypanHu
3aegHunuun. Kanta og nusrakse Ha 3eMjuTeTo rv bpaHelle pekute 1 popmumpalue
e3epa HapeyeHu ,e3epa 3a 3emjoTpecn”.

MwWHUCTEPCTBOTO 3a 3eMjuLlTe MOEeHTUdMKYBaLLe NeTHaeCceT 3eMjoTpeCcHN e3epa
BO npedekTypute MBate n Mujarn, a paboTHUTE eknnn novyHaa ga ucnywraat
Tpu oA HMB, KoM Bea M3NOoXEHN Ha BUCOK PU3UNK 04 usnesawe nnn npobusame oa
OOX U nocrnenoBaTenHn NoTpecu.
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Failures along Shitomae stream

(c) AsiaAir Survey Co. Etd

Heycnecu gomx notokot Lntomae




Landslide upstream of the Aratozawa Dam

v Scarp
v" Tilted blocks

v" Direction of movement
of the blocks

(c) Asia Air Survey Co.,Ltd

Ceneunwte BO3BOAHO oA GpaHaTa ApaTto3aBa




3D bird's eye view of the landslide upstream of the Aratozawa Dam
The height is emphasized 1.5 times.

This image was created based on data acquired
by a digital aerial camera (DMC).

The introduction of a digital aerial camera for aerial surveying can
streamline the series of work from the planning of photography to the
result compared to the conventional film camera for aerial surveying.

) e

3D nTuyja nepcnekTMBa Ha CBNEYMLLTETO CNPOTUBOAHO of BpaHaTa ApaTo3aBa

BucuHata e HarnaceHna 1,5 natw.
OBaa cnuka e co3gageHa Bp3 OCHOBa Ha gobueHnTe nogaTtoum
CO gurutanHa BosaywHa kamepa (DMC).

BoBenyBareT0 Ha gurnTanHa Bo3ayllHa Kamepa 3a aHTeHCKM reodeT Moxe Aaa ja
pauuoHanusupa cepujata Ha paboTa o nNnaHupaweTo Ha doTorpadujata Ao
pe3ynTaToT BO criopeaba co KOHBEHUMOHaNnHaTa punMcka kaMmepa 3a Bo3ayLLUHO
reoger.




Topographic change of the landslide upstream of the Aratozawa Dam

N

Topographic subtraction before and
after the earthquake was
performed using the DSM created
using the acquired DMC images
and the 50m mesh elevation values
of the numerical map.

Please note that the created DSM
is not verified for errors and should
be used as a guide.

= Settled

; | area
% 35
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DSM (Digital Surface Model)
Height data including buildings,

I Erosion
trees, etc.
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Cross section A
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/\ Topographic section before the EQ
/\ Topographic section after the EQ
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Tonorpad)cka npomMeHa Ha CBeYnwTeETO BO3BOAHO oA GpaHaTa ApaTto3aBa
TonorpacdhckoTo ogsemarse npeg 1 no 3eMjoTpecoT beLue U3BpLIEHO CO
KopucTewe Ha DSM cosgageH co nomoll Ha agobunenmnte DMC cnnkn n 50 m
MpPEeXeCcT BUCUHCKM BPEOHOCTU Ha HyMepuyKaTa KapTa.

Wwmajte npeasug geka kpenmpaHnotr DSM He e noTeBpaeH 3a rpewku n Tpeba ga
Ce KOPUCTU Kako BOAMM.

DSM (mogen Ha guruTtanHa noBpLUMHa)
MogaToum 3a BUCUHATA, BKITydyBajku 3rpagu, apsja, UTH.




The situation of the
mountain disaster
upstream of
Komanoyu Hot Spring

ER20%E6A15- 16817
E+ 3584 E I

rVDE

The Iwate/Miyagi Nairiku
Earthquake caused a large-
scale collapse near the top
of Mt. Kurikoma and
sediments generated by the
collapse was fluidized and
turned into a debris flow
that damaged the Komanoyu
hot spring, resulting in five
deaths and two missing
persons.

’
oL

e Settled area
Komanoyu Hot Spring ;

CuTyauumjata Ha nnaHWHcKaTa Katactpoda BO3BOAHO O TOMNSIMOT U3BOP
KomaHojy

3emjoTpecoT MBate/Mujarn Hanpuky npegmssuka konanc o ronemMm pasmepu Bo
6n13nHa Ha BpBOT Ha nnaHMHata Kyprkoma v cegumeHTuTe co3gageHun og nagoT
ce hnynaunaupaa n ce npeTeopuja BO TEK HA OTNaA LUTO ro OWTEeTU TOMMANOT
n3sop KomaHojy, WTo pesyntupatle co net CMpTHWU criydyan 1 ABe ucyesHaTu
nvua.




The situation of the mountain disaster upstream of Komanoyu Hot Spring (Source area)

'(/c‘,‘ Asia Air Survey Co.,Ltd.

More than 300 meters of collapse
has occurred.

From this point, it is thought that
the large amount of sediment
generated flowed down while
engulfing the sediment along the
stream.

CwutyauujaTta Ha nnaHuMHcKaTa katactpoda BO3BOAHO Of TONMMOT U3BOP
KomaHojy (n3sopHa obnacr)

Ce cnyun ypusare Ha noseke og 300 meTpm.

Opn oBaa ToYKka, Ce CMeTa [eKa roriemara KonudmHa Ha Tanor reHepupa TedeLle
Hagony godeka ro nporonta TanoroT NokKpaj NOTOKOT.




The situation of the mountain disaster upstream of Komanoyu Hot Spring (Moving area and Settled area)

Much of the sediment that flowed
down from upstream (left side)
was deposited in this area.

Another landslide occurred on the
other side of the Komanoyu Hot

(c) Asia Air Survey Co.,Ltd. Spl’lng

CuTyaumjata Ha nnaHMHCKaTa Katactpoda BO3BOAHO O TONMMOT U3BOP
KomaHojy (noaBwxHa obnacT n HaceneHa obnacr)

lonem gen o4 CeAMMEHTOT LITO Teyelle Hagony o BO3BOAHO (NeBaTa CTpaHa)
Gelle genoHnpaH Bo oBaa obnact.

YWwTe egeH ogpoH ce Cryyun Ha ApyraTta cTpaHa Ha TonnuoT u3sop KomaHojy.




Classification of Risk Area of Mountainous
Disasters (Draft)

We propose to classify the risk of mountain hazards based on various
Mass Wasting phenomena (sediment transport on slopes).

We have not studied all the mountainous areas in your country and
understand their disaster risks. You may add or modify this classification
(Draft) in the future as you do your research.

Knacudukaumja Ha pu3mMyHO nogpadje Ha niaHMHCKU KatacTpodu (HaupT)
[Mpepnarame ga ce knacuguumpa pMsMKoT O NIIaHUHCKU OMacHOCTU BP3 OCHOBa
Ha pas3nu4Hu PeHOMEHN Ha MacoBHO rybere (TpaHCrnopT Ha CeAMMEHT Ha
naguHn).

He rn npoyyyBaBme cuTe nnaHWHCKM obnacTtu Bo Bawlata 3emja 1 rm pasbmnpamve
HUBHUTE pU3nNUM of katacTpodu. Moxe fa ja gogaBate unm MeHyBaTte oBaa
Knacudukaumja (HaupT) BO UAHWHA LoAeKa ro npaBuTe BaleTO NCTpaXyBaHe.
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Classification of High Risk Area of Mountainous Disasters (Draft)

Static or Slow

Upper Level Middie Level Lower Level Explanatory Notes
Active As a result that slope sediment and rock mass loses stabiliy, places where it currently collapses
Slope failure
Past Though collapsed previous, places where recovery is currently progressing
Natural Extremely steep natural slope at mountains and the edge of terraces
cliff
Artificial Extremely steep slope created by cutting off mountains and terraced rims
Erosion
LD (DEEIED Places where the topsoil leaked due to erosion / weathering and deforestation, and the rock was
sediments causing Rocky e—
mountain disasters) ——
Soil covering It is the same as above, but where relatively thin topsoil remains
A phenomenon in which a large amount of soil or rock slides down a cliff or mountain slope,
Active moving sediment at a certain speed, and where a clear sliding cliff or crack develops in the
surrounding area.
Landslide

The same phenomenon as above, but where sediment movement is extremely slow and stable,
covered with vegetation, and there are no cracks or other predictive features.

Sedimentation
(Places where

Debris flow deposit

Sediments deposited by debris flow

Talus

Sediments deposited by collapse and weathering

carth and sand produced in
the mountains. These
cause Flash flood.)

Deposited terrace

Terrain that has accumulated due to past floods and then stepped due to subsequent erosion

Alluvial fan

It consists of sediments carried by past floods and has a gentle slope spread out in a fan shape
from the exit of the valley

Artificial structures

Erosion control and river structure related to mountainous area disasters

Knacudukaumja Ha obrnactute co BUCOK puU3MK o NiaHUHCKK Henoroau
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Effectiveness of Artificial Structures in Reducing
Mountain Disasters (1/2)

I.  No artificial structure for disaster control

Artificial structures in reducing
mountain hazards need to be
recorded when assessing risks of
area.

EdekTMBHOCT Ha BeluTayknTe CTPYKTYpU BO HAManyBaweTO Ha NilaHUHCKUTE
katactpocwm (1/2)

Hema BelwlTauka CTpyKTypa 3a KOHTpona Ha katacTtpodu

BelwTayknte CTPyKTYpU 3a HamanyBakbe Ha ONacHOCTUTE of NraHuHuTe Tpeba
Aa ce eBMAeHTUpaarT Kora ce npoueHyBaaT pusnumTe Ha obnacra.
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Effectiveness of Artificial Structures in Reducing
Mountain Disasters (2/2)

Il.  With man-made structures for disaster control

EdekTvBHOCTa Ha BelUTayknTe CTPYKTYpPU BO HAManyBaweTo Ha NaHUHCKUTE
katactpodwu (2/2)
Co BeluTaukn CTPYKTYpU 3a KOHTpOMa Ha katacTpodu
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NDen3. TonkyBawe Ha
doToOoOrpadumm 3a pU3NMYHO
noagpayyje HanmnaHWUHCK WU
KaTacTpodwu
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Practice (Landslide)

Interpret the topography of landslides (scarp, tilted
block, direction of movement of the blocks) by
stereo viewing these aerial photos.

Creating clear slip cliffs, the landslide soil masses
moved while creating ridges and depressions, and
formed numerous cracks of various sizes. From the
damage to roads and the condition of houses in the
landslide area, it can be read that the amount of
earth masses that moved horizontally was small.
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x6ajTe(cBneunwrte)

TepnpeTwupaj jaTonorpadmmjaTa Ha
neunwTtaTta(ckpan,HaBaneH 61 0K,HacoKkKa
OBUXEHE Ha ONOKOBUTE)CO CTeEpPEDO

e Ha OBMWE BO3AYyWHW doTOoOrpadun.
ajKWnW jacHMW NMn3Iraykm kapnwu,

e Macu oo cBnleyYynuwTe ce
aanpurtoaco30aBajKkKunur rpebeHu u
MHW W popmMMupaa 6pPpojHMN

m copas3nmuyHaronemumua.On

bhaTa Ha naTunwTaTtTawnwcocTojbarta
KYKWTe BOCBNeyYnwTeTOo,MOXe Aa Ce
oOouymTapekKa KoONMUYMHATAEA Ha 3e€MjUHU MacCWU
TOCe NBUXENE XOPU3OHTanNnHO buna mana.
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Practice (Landslide)

BERHATZREEDRA—LRFER)

Interpret the topography of landslides
(scarp, tilted block, direction of
movement of the blocks) by stereo
viewing these aerial photos.

In some landslides, the existence
of soil masses is not clear. Many
landslides do not result in disasters
because the amount of movement
is small. In general, such landslide
areas have good soil and water
conditions and are suitable for
cultivation. The landslide area in
this photo is used as a paddy field.

o8 OmwmwWoOoOIIXTIOSXSW
T OO0 ®» OV O ® S ®WI D

x6ajTe(cBneunwrte)

TepnpeTwupaj jaTonorpadmmjaTa Ha
neunwTtaTta(ckpan,HaBsaneH 610K,HacoKka
OBUXEHE Ha ONOKOBMUTE)CO CTeEpPEDO

efpate Ha OBMEe BO3OYWHNW dboTorpadnn.

j HeKoONW cBNEeYNWTa He e jacHDO

cToemweTOoO HanouyBeHUW Mmacu.MHOTY OOPOHMWM
pe3ynTtTunpaaTt co KaTacTpodn bngejKku

S 4308 X o
w o o T w
1T osso

T HaOBUXewe e Man.l eHepanHo,

Te cBRNeyYynmwTa MmMmaaT AoOPM NOYBEHU U
YyCnoBW W CEe NOFroOOHNW 3a OoOrnenyBame.
Ta HacBleyYynwTe Ha oBaa

padunjace KopUCTMN KakKo nonurwa 3a
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Practice (Signs of landslide)

Interpret the topography of cracks
that are signs of landslides.

Among the crevices formed prior to
the occurrence of landslides and
large-scale collapses, large-scale
cracks that remain as landforms are
called crack landforms.

ERHAETHS

ajTe(3Haum Ha Nnns3ramwe Ha

nwTeTo)

pnpeTupaj jaTonorpadpunmjata Ha
AaTWNHNWNTE KON Ce 3HaAaUW 3a NTn3rame Ha
NwTeTo.

NTYyKHaTuUWHUWTe dopMupaHm npen
BaTaHacBnleyYynwTa wnwr ronemm ypusBatra,
aTWHNWNTEe oO roNeMm pasamMepunm Kowu
HyBaaT Kako KONMHEHN popMU Ce
KyBaaT NyKHaTWHMWN.
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In September 1965, a large-scale
_;+ landslide occurred in central Japan.
®¢ Where in this area did this landslide
collapse occur?

Such intermediate phenomena
between collapse and landslide
are difficult to find topographical
signs in advance.

BRHATEREHICL ST RYAEOER BAUERERM G

x6ajtTe(Ypusarwe oo ronempasmMenp o0f
neynwrTte)

centemBpwu l9broogmHa, ronem nuna3ratwe Ha
MjunwTeTo ce CNYy4yYunm BO LEeEHTPaAaNHa

noHW ja.Kane BooBaaobnacTt ce cnyuwn
acBneyunwTte?

KBUTEe MerynojaBun MMery KonancoT W
neynwTeTOo TEWKO MOXaT oagoHanpenaOoace
joaT TonorpadPckKum 3HaAUMWN.

I O Wo —w Wwo
O W oY W DO W D
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Practice (Debris Flow)

This is the area where the debris flow
occurred. Interpret the area where the debris
flow occurred, washed away, and deposited
using these aerial photos.

A landslide collapse of the slope (with a clear
slide cliff), a linear collapse of the slope
weathering layer and a mudslide occurring in
the left valley can be observed.

In the valley where the mudslide occurred, a
deep valley was formed due to the release of
streambed sediments. As these sediments
gathered and flowed down the valley, they
were dispersed in a fan-like shape near the
outlet of the valley, causing damage to many
houses, roads, and arable land.
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x6ajTe(npoTok HaocTaToUuM)

aeobnacTtTakKkKagoewTo Cce CAYYMN NPOTOKOT
ocTaTouun.lonkyBajTe jaobnacTa Kaae
OcCcenojaBunn nNnpoTOKOT Ha oTnapgort,

MMWEH W OAOEeNOoOHWPAaH CO NOMOLW Ha 0BMUE
3oywHun doTorpaduun.

e nace 3abenexm cBNeYnwTe Ha
onHatTa(co jacHa kapnaHa nNnunsrate),
HeapHO ypuBarwke Ha CNojoT 3a
MoCdhEepCKNU BNANjaHMWjaHanaouHNTeE "
3ratbe Ha KanuwTo ce cnydyyBaBO 1eBarTa
NWNHa.

OoONMHAaAaTa KaOoeWTO CcCe CAyuwn
YynwTteTo,cedopmMupawe onabdoka
nopaaguw mcnywTawe Ha ceagounmMeHTN 0O
OTo Koputo.KoraoBue cegoumeHTMN Ce
ne wnw Tedyene noponuHaTa,Tune bune
HaTw BO dopMa Ha BeHTMUNaAaToOp BO
aHauws3nes3oT oo AONKMHAT a,
BUKYBAjKNWWTeEeTaHaAaMHOTIY KYKMWu,
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naTunwTaunmobpaboTnNnmMBO 3eMjunuwTe.
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Practice (Talus)

Interpret the topography of taluses by
stereo viewing these aerial photos.

HEMEEER ZhEEORGLMHENS]

Bex6ajTe (Talus)

MHTepnpeTupaTe jaTonorpadumjaTta Ha
TanycuwmcocTepeo rnenarwe Ha oBMUE
BO3OYyWHW PoTOoOrpaduu.
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Practice (Mountainous Hazard Risk)

Using the sample aerial photos, interpret all mountainous hazard risks.

Bexb6amwe (
OmMacHOCT
KopucrtejkKunmrmnpumepoumnmTte ona
BO3OYyWHW@OTOrpadnuwu,
MWHTepnpeTupaj ;TermcmTe pnusanum on
NNaHWHCKMW OMmacHOCTMN.

pnm3nmMkK o nmniaaHWMHECKMW




Flow of this training and today’s content

In order to understand the risk of mountainous disasters using aerial photographs, in the first
lecture (27 Oct.), | lectured on the principles and characteristics of aerial photographs and the
basics of interpret aerial photographs using them. And to establish its understanding, | asked
everyone to work on some practical training. In second lecture (2" Nov.), we learned about
specific mountainous disaster risks and how to interpret them using aerial photographs.

Today, you will practice interpreting aerial photographs of the Radovish watershed to
understand its mountain disaster risks.

Photo Interpretation

~Lecture

+Practice

27 Oct

isk Area of Photo Interpretation
Mountainous for Risk Area of
Disasters Mountainous

Lecture BIEENETS

Lecture

+Practice

2 Nov

isk of sediment-

related disasters in
the Radovish basin

+Practice

Risk of sediment-

related disasters in
Topolka
Karabunishte Wrap up

-Practice

8 Nov
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K Ha oBaaobykauupgeHewWHaTa COOPXUHa
LenparopasbepamMpuUu3InKoOT 00
AHWHCKN KaTacTpodn co nNoMOLW Ha
30yWwWHW poTOorpadpumm,Ha npBOTO
enaBamwe 2Z7ToKkToOMBpPMN)OpPXKEB NpenasBare
NPUHLUWUNUTE W KaAapPaKTEepPUCTUKNTE Ha

nTe otTorpadumm m oCHOBMUTE Ha

eTMnuparte Ha BOo3OYyWHNW doTOoOrpadumn

jkKun rn.¥ 3aparoy tBpaoawm

O pa3bupare, rm 3amMmonumB cutTe aa
Ha HekojanpakTunyHa obyka.Ha
npenasatwe 2-pun HoeMB p "),

e 3acneumnpumyHnTeEe pnsanum on

KW KaTacTpodunm m Kako garwu

Me CO MnNMoOMOW Ha BO3OYLWHMNM

dnn.

Ke BexbaTe naTonkyBarTe
m potorpaduum oo CNUBOT Ha
MW 3aparunmwpasbepeTe HeroBurTe

LW OO NANAaHWUHCKW KaTacTpodwu.
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ODend Pn3anmk oo KkatTacTpodu
NoOBP3aHMW CO CegomnmMmeHTMN BO
PanopoBunwKumoT CNnuB.
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Before we begin today's exercise.

I'll tell you what I've noticed in your practice so far.
The record of the aerial photo interpretation is not a marking.

Please draw the shape and contour of the interpreted terrain as
accurately as possible.

Interpret the ai'lu,re.

[lpen na3anoyHeMe CO OeHeWHaTa Bexba.

Ke Bm KkaxamMwTo 3abenexan BO Bawarta
pocerawHa npaxkeca.

S3anumcoT oo MWHTepnpeTauUWjaTa Ha
Bo3gywHaTadoTorpadmjaHe e 0o3HavYyBamwe.
BewmMonume HaupTajTe jadopmMaTa u
KOHTYypaTaHa T TONKYBAHNWOT TepeH WTO e
MOXHO NOoOnNpeumnsHDO.

91



ltems to be interpreted from aerial photographs (1/2

Classification of High Risk Area of Mountainous Disasters (Draft)

Upper Level Middie Level Lower Level Explanatory Notes
[Active As a result that slope sediment and rock mass loses stabily, places where it currently collapses
Stope failure
Past Though collapsed previous, places where recovery is currently progressing
Natural Extremely steep natural slope at mountains and the edge of terraces
citr
Artificial Extremely steep slope created by cutting off mountains and terraced rims,
Erosion
(Places to produce ez s e il e e et ot e ) e, e e
sediments causing Rocky [
mountain disasters) Bare land i
Soil covering 1t is the same as above, but where relatively thin topsoil remains
A phenomenon in which a large amount of soil or rock slides down a cliff or mountain slope,
[Active moving sediment at a certain speed, and where a clear sliling cliff or crack develops in the
surrounding area.
Landslide
The same phenomenon as above, but where sediment movement is extremely slow and stable,
Static or Slow
covered with vegetation, and there are no cracks o other predictive features.
Debris flow deposit Sediments deposited by debris flow
Sedimentation
(Places where Talus Sediments deposited by collapse and weathering

1
carth and sand produced in
the mountains. These Deposited terrace Terrain that has accumulated due to past floods and then stepped due to subsequent erosion
cause Flash flood )

It consists of sediments carried by past floods and has a gentle slope spread out in a fan shape

Alluvial fa
nvial fan from the exit of the valley

Artificial structures Erosion control and river structure related to mountainous area disasters.

MpenomeTwn wTo Tpebaonace ToNKyBaarT on
Bo3snoywHu boTorpadnn (1/2)
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ltems to be interpreted from aerial photographs (2/2)

Upper Level Middle Level Lower Level Explanatory Notes
. . As a result that slope sediment and rock mass loses stability, places where
Slope failure Active .
it currently collapses
Cliff Extremely steep natural slope
Erosion
Places where the topsoil leaked due to erosion / weathering and
Bare land Rocky .
deforestation, and the rock was exposed
A phenomenon in which a large amount of soil or rock slides down a cliff or
Landslide Active mountain slope, moving sediment at a certain speed, and where a clear

sliding cliff or crack develops in the surrounding area.

Sedimentation

Deposited terrace

Terrain that has accumulated due to past floods and then stepped due to
subsequent erosion

MpeomeTn wTo Tpebapgace ToONKYyBaarT 01

Bo3noywHwu boTorpadnn (2/2)
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Procedure for making the mountainous disaster risk map
in Radovish basin

1. Organize aerial photos of the Radovish area.
2. Draw the watershed boundary of the Radovish River on the base map.
3. Draw the above watershed boundary on the aerial photograph.

4. Interpret in the order of the items to be instructed. Once interpret, these aerial
photos should keep by the person.

5. When you have finished photo interpretation, transfer the interpreted information
to the base map.

[locTanka 3amm3paboTkKa Ha KapTa Ha
NANaHWHCKW PU3NLKM OO KaTacTpodum BO
PapoBwuw cnmns

praHmsunpajTe BO3OYWHNW oTOrpadmum ofn
6bnacTta Panpos unuw.

Ha ocHOBHAaAaTa KapTaHaupTajTe ja
rpaHmuaTa Ha cnuBOT Ha pekaTa Paposwnuw.

HaupTtajTe jaropHaTtarpaHumua Ha CnmMmBOT
Ha Bo3aoywHaTadoTorpadwuja.

TonkyBajTe nopepgocnenpHanpeaomMmeTuTeE
WwTo TpebapnpaceynaTtaTt.OTKaKko Ke ce
WHTepnpeTMnpaaT,oBUMEe BO3OYLWHWU
doTorpadumum TpebagarmuyyBanmuerTo

Korake 3aBpwmrte counHTepnpeTalUunjaTa Ha
doTorpadmjata,npedpneTe ru
MHTepnpeTUupaHUWTe NHPOPMAaLKUKM HaAa

_|
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OCHOBHa@Ta KapTa.
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Explanatory Note

» Failure

« Landslide* (— Direction of movement)

« Debris Fan deposit ( — Direction of movement)

Talus

- Valley Plain

000060

« Sedimentary Terrace

* All landslides in the area appear to be static. Detailed investigations are
needed to determine them.

06 j

Cen

IHen

0B 1"
Talus
N on

Cen

aCHYyBaAme
cnex
eynwTte*(Hacoka Ha OBUXEHE)

OHuMpawe HaBeHTunatopot(—Hacoka Ha
Xere)

MHa paMHMWHa

MMeHTHa Tepaca
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Flow of this training and today’s content

In order to understand the risk of mountainous disasters using aerial photographs, in the first lecture
(27 Oct.), | lectured on the principles and characteristics of aerial photographs and the basics of
interpret aerial photographs using them. And to establish its understanding, | asked everyone to work
on some practical training. In second lecture (2 Nov.), we learned about specific mountainous
disaster risks and how to interpret them using aerial photographs. In third lecture (4" Nov.), you
practiced interpreting aerial photographs of the Radovish watershed to understand its mountain
disaster risks.

Today, you will practice interpreting aerial photographs of a part of Topolka-Karabunishte FMU to
understand its mountain disaster risks.

isk of sediment- Risk of sediment-
related disasters in related disasters in
the Radovish basin Topolka

Photo Interpretation isk Area of Photo Interpretation

Mountainous for Risk Area of
Disasters Mountainous

~Lecture

+Practice .
BIEENETS

Karabunishte Wrap up

Lecture +Practice

Lecture -Practice

+Practice

27 Oct 2 Nov 4 Nov
Tek HaoBaaobyka mpeHewWHaTa COOPXWNHa
CouennparopasbepamM pusmnmkoT on
NNaHWHCKN KaTacTpodm co NoOMOLW Ha
BO3OYyWHW poTOoOrpadpumm,Ha npBOTO
npenasate 2Z7T0KTOMBPU)APXKEeB NpefasBate
3anNpuUHLULMUNIKNTE W KapaKTepuUcTUKNTE Ha
BoO3OoywWHMUTEe dboTorpadmm m oCHOBUTE Ha
MHTepnpeTuparwe Ha BO3OAYWHN PoToOrpaduu
KopucTtejkunur run. 3aogparoyTBpaoam
HeroBoTO pa3buparwe, rnm 3aMoTnMB CUTe Oa
paboTaT HaHeKOjanpakTNWyYHa ob6yka.Ha
BTOpoTo npenasate 2-pnu HoemMB pwu),
HaydYyunmBME 3a cneunmndmnuyHnTe pusnmum on
NNaHWHCKW KaTacTpodu n kKako gaarmn
TONKYyBaMe CO NOMOW Ha BO3OAYLWHM
boTtorpacdbum.Ha TpetToTo npenasamwe (4
HoeMBpPMU)BexbBaBTe TONKYBAaAte Ha BO3OYLWHM
doToOorpacdpum on cnmueoT Ha Papgposwuw 3agarwu
paszbepeTe HeroBuUTE PU3INLUKM OO NNAaHUHCKMN
KaTacTpodwu.
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leHecka Ke BexbaTe na ToONKYBaTe BO3AOAYWHMWM
doTorpadumum Ha noen ong ®MY Tononka-

KapabyHunwTe 3agarmpasbepeTe pusanumrte
oo NnNaHWHCKWN KaTacTpodwn.
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Oenb Pusunmk onkatactpodunm noBp3aHM CO
ceonmmeHTun Bo ®PMY Tononka-KapabyHunuwrte
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Procedure for making the mountainous disaster risk map

in Topolka-Karabunishte FMU

. Draw the forest section of the Topolka-Karabunishte FMU on aerial photographs.

. Divide into pairs and assign each pair a flight course.

Each pair interpret the aerial photos.

. When each group has finished photo interpretation, transfer the interpreted

information to the base map.
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Tanka 3amnms3paboTKka Ha KapTa Ha
HUHCKW puU3Iunuum ofg KatacTtpodu Bo OMY
Ka-KapabyHuuwrte

pTajTerowymMckunoTtT gaen on d®MY
onka-KapabyHuWnwTe Ha BO34YLWHM
orpaduu.

eneTeBONapoBUM W Ha CeKOj nap
eneTe Kypc 3aneTtTamwe.

Oj naprm TonNKyBaBO3AYWHNTE
orpaduu.

aceKojarpynae ke 3aBpwm co
epnpeTauunjataHad®@oTOoOrpadunuunrte,
bpneTervmmHTepnpeTMnpaHMTeE

MWHDPOpPpMAaAaUNMUM Ha OCHOBHAaTa KapTa.
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ltems to be interpreted from aerial photographs

Upper Level Middle Level Lower Level Explanatory Notes
. . As a result that slope sediment and rock mass loses stability, places where
Slope failure Active .
it currently collapses
Cliff Extremely steep natural slope
Erosion
Places where the topsoil leaked due to erosion / weathering and
Bare land Rocky .
deforestation, and the rock was exposed
A phenomenon in which a large amount of soil or rock slides down a cliff or
Landslide Active mountain slope, moving sediment at a certain speed, and where a clear

sliding cliff or crack develops in the surrounding area.

Sedimentation

Deposited terrace

Terrain that has accumulated due to past floods and then stepped due to
subsequent erosion

MpenomeTn Ko Tpebapgpace ToONKYyBaarT 0/

BO3OYyWHW PoTOoOrpadumn
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Completion of this training (1/2)

This concludes the four-day training.

> In connection with this training, we plan to introduce a method of extracting mountainous hazard
risk areas using deep learning (Al) later next spring.

» Those who attended this training are also encouraged to use the aerial photos provided to
proceed with photo interpretation of the remaining areas of the Topolka-Karabunishte FMU that
were not started during today's training.

- = o
Introduction of Completion of

hoto isk Area of 1 hoto isk of isk of
Interpretation ountainous Interpretation for il Jsediment-related ediment-related extraction method of interpretation in
sediment-related Topolka-

disaster risk area using Karabunishte area

BIEEHEIS Risk Area of disasters in the isasters in
Mountainous Radovish basin opolka
Di il [Karabunishte | Wrap up
FMU

- Practice

deep learning (Al) -Practice

-+ Practice

Lecture

27 Oct 2 Nov 4 Nov 8 Nov Next spring?

S3aBpwyBarmwe Ha oBaa o06y«ka (1/2)
CooBa 3aBpwyBa YyeTnpnioHeBHaTa o6YyKa.

BoBpckacooBaaobyka,nnaHupame ga

BoBegemMe MeTOOd 3a M3BNeKyBamwe Ha
NNaHWHCKWUTE PU3BUYHNN oBNacTwm Cco
KopucTtemwe Hannabtoko yuyuewe (AN) nonouHa
cnegoHaTanponerT.

OHMe KomnpucycTByBaaHaoBaaobyka, ncToO
Taka,ce oxpabpyBaaTpnarumekopucTtart
nageHWTEe CHUMKW o0 BO3OYyX 3aaa
npooonxaT codoToO-MHTepnpeTaUWjaHaAa
npeocTaHaTunTe obnactuw Ha MY Tononka-
KapabyHunwTe konm He bea 3anoyHaTn 3a
BpemMe Ha deHewHaTa o0byKa.
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Completion of this training (2/2)

The power point data of this material will be given to you later
with Macedonian commentary.

In the future, we hope that the staff who attended this training
will be able to use this material as an instruction manual to
transfer their skills to other staff members in identifying and
assessing mountainous disaster risks using aerial photo
interpretation.

< X JW

I X IJ31 0 3B x

aBplwyBarme Ha oBaa ob6yka (2/2)

ogoaTtouwnwTe 3apowerpointon oBOj MaTepwnjan
e BUMU OMOoaAaT oaoeHW NoJgOULHA CO MaAaKeOOHCKMWM
OMeHTap.

O MOHWHA,Ce HaleBaMe O eKanepcoHanorT
Oj npmcycTByBalWwWe Ha oBaa obykKa Ke MOXe
arokKopmcTunm OBO ] MaTepwujan Kako
pupavYHUK CoOynaTcTBa 3adarumnpeHece
BOMWTEe BEWTUWHNW Ha APpYyrmTe 4ynaeHOBMW Ha
eEepCcCoOHAaAaNOT 3a MAOEHTUNDPUKYBaAare U
poULEeEHKAa Ha pUu3InmumTe o NANAaHUHCKMN
aTacTpodu KopucTejKn nHTepnpeTauwmj a
adoTorpadumm oo Bo3Oy X.
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-Sﬁ; Capacity Building For ECO-DRR Through Sustainable Forest
JICA® Management In MACEDONIA _Nov 2017 - Oct 2022

At the end of the session, please answer the questionnaire
regarding the training over the past four days.

Thank you very much for your attention and cooperation.

Ha kpajoT oo cecunjaTta,Be MONUME
ooroBopeTe HanpawanlHNWKOT 3a o0obykaTtTa BO
N3MMUWHAaTWTEe YyeTUWpN OeHa.

Bn 6narogpapume MHOTY 3a BHUMAHWMWETO U
copaboTkarTa.
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Assessment of Landslide Disasters Using Digital Topographic
Information at Tetovo and Radovish region in North Macedonia

1. Introduction

Efforts are being made in Japan to predict the occurrence of future slope failures and identify
dangerous slopes based on analyzes of the factors that cause slope deformation. In recent years,
statistical evaluation methods have been developed that use existing failure records as objective
variables and factors related to slope failures, such as topography, geology, vegetation, rainfall, and
seismic motion, as explanatory variables. [Koji Yagi and Kazunari Hayashi, 2021]

This time, with the aim of identifying landslide-prone areas in North Macedonia, we analyzed DTM
(Digital Terrain Model) data using GIS (Geographic Information System) software and conducted a
landslide risk assessment. It is expected that the risk assessment will be utilized in Macedonia's

disaster prevention efforts in the future.

2. Methods
DTM data (Im mesh) obtained by aerial survey was analyzed using GIS software to evaluate
landslides in the Radovish and Tetovo districts of North Macedonia (Figure 1).

Tetovo

Figure 1Target sites

2.1. Preparation of landslide risk assessment map

The landslide evaluation items used were the amount of relief, degree of opening above, valley order,
and slope angle, with reference to evaluation examples in Japan and other. [Koji Yagi and Kazunari
Hayashi, 2021] [Milevski, 2019] A landslide risk assessment map that evaluates each mesh in the
DTM data range on a 5-level scale for each evaluation item (evaluation score 5 (high risk) - 1 (low
risk)) and totals the evaluation points of the four evaluation items. (Evaluation score: 20 (high risk) -
4 (low risk)) (Table 1).



Table 1 Landslide evaluation items and evaluation criteria
Risk level and condition range

Item Evaluation item Unit High risk 40 30 20 Low risk

5.0 1.0

Amount | Highest altitude minus 300- | 200- | 100-

of relief | lowest m 400- 400 |300 |200 | %1%

Ground | Average  of - ground A6 | 75 g9 70-75 | 80-90 | ¥% | >100

opening | opening 100

(\)/reljneery Valley order Order | 7-8 5-6 3-4 1-2 No-data

Slope Slope degree Angle | 10-30 30-45 | 5-10 | 45- 0-5

The GIS analysis method for each evaluation item is shown below.

(1) Amount of relief

Using DTM data, we calculated the value by subtracting the lowest elevation value from the highest
elevation value within the 500 mesh range of each mesh. Focal Statistics and Map Algebra - Raster

Calculation functions of ArcGIS were used for analysis.

(2) Ground opening [Ryuzo Yokoyama, Michio Shirasawa, Yu Kikuchi, 1999]
Using DTM data, we calculated the ground angle within a 100-mesh range for each mesh. The Saga:

Topographic-Openness feature of QGIS software was used for the analysis.

(3) Valley order

River line data was created by calculating the flow direction and cumulative discharge from the
DTM data, and a 10m range on one side of the river was extracted. The first valley order was
assigned from the upstream, and the order was increased when rivers with the same order intersected.
For analysis, we used the hydrological analysis - Flow Direction, Flow Accumulation, Stream Link,
Stream to Feature, Stream Order, map algebra calculation - Rate Calculation functions of ArcGIS
software.

(4) Slope
The slope angle of each mesh was calculated from the DTM data. The analysis used the Surface-
Slope function of ArcGIS.

2.2. Comparison with visually interpreted landslide risk areas
A portion of the created landslide risk assessment map was compared with a visually interpreted
landslide risk location map that was visually interpreted based on the contour map. A visually

readable landslide hazard map was prepared by JICA Expert (Figure 2).



LEGEND
Upper Level Erosion (Places to produce sediments causing mountain disasters)
Middle_Level %% Bareland  Lowerlevel [ | Past [ Soil covering
HFEE Siope failure 7777 Landsiide M Active [ | Rocky [1] Static or Slow

Figure 2 Map of visually readable landslide risk areas in Tetovo area

3. Result
3.1. Preparation of landslide risk assessment map
Figure 3 shows the DTM data used in the analysis.

Figure 3 Tetovo DTM Data

The analysis results for each elevation item are shown below.
(1) Amount of relief



Figure 4 Amount of releif
2) Ground opening

(1) Ground opening
e

Figure 6 Ground opening

(2) Order of valleys

Figure 8 Valley ord Fiur9 Evaluation of valley order

(3) Slope



iur 10 Iope Figure 11va|uation of slope
Landslide risk assessment map
Figure 12 shows a landslide risk assessment map created by adding up the scores for each

assessment item.

o o 5

& X

at Tetovo Figure 13 Land slide risk map at Radovish

-

Figure 12 Land slide risk map

3.2. Comparison with visually interpreted landslide risk areas

We compared the visually determined landslide risk locations in the Tetovo area with the landslide
risk assessment created by GIS analysis (Figure 14). In some areas, the danger points determined by
visual interpretation and GIS analysis overlapped (Figure 14, (D). On the other hand, some locations
that were classified as dangerous based on visual interpretation had a low landslide risk rating based
on GIS analysis (Figure 14, @).



Area around TETOVO

LEGEND
Upper Level Erosion (Places to produce sediments causing mountain disasters)
- Levei [

Figure 14 Comparison with visually interpreted landslide risk locations (left: visually
interpreted landslide risk location map, right: landslide risk assessment map)

4. Consideration

This risk assessment is a landslide risk assessment using only digital topographic information (DTM
data). The scale and mode of occurrence of landslides and collapses are regulated by the geological
characteristics and topographical scale of the site where they occur. In the future, in order to further
increase the accuracy of the landslide hazard map, it will be necessary to improve it by adding data
such as geological characteristics.

Additionally, it is not possible to superimpose data on past landslide occurrence data. In the future, it
will be necessary to verify the accuracy using occurrence data and improve the risk assessment. If
sufficient past occurrence data is not available, it may be possible to refer to cases in other regions
where similar slope deformation patterns are expected to occur due to topographical and geological

conditions.

In comparison with the map of landslide-prone areas determined by visual interpretation, there is no
overlap between the areas with high evaluation scores in the landslide-prone soil evaluation and the
hazardous areas determined by visual interpretation. This is because for large-scale phenomena such
as landslides, it is necessary to examine the correlation with a wider range of topographical features
that represent the characteristics of the entire slope, rather than the topographical quantities in mesh

units of several meters to 50 meters.
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