ENTONIEZMOEX AANOYBIAKQN PINIAIQN ANO WHSIAKA MONTEAA EAASOYE '

T'IQPT'OX MHAIAPEXHX 2, AHMHTPHE APTIANAY °

[NEPINHVH

Mia pébodoc yvia 1Tov eviomlopd oAroufloxkdv pluidiev and ta nelakd PoVIEAX
ed&opoug uvdomoleltal ornv meplLoxh) Death Valley. Ipdta oplletal éva opxLlxkd
oUvoro oamd onuelo-omdpoug TMOU  OAVAKOUV  OTLC €kKBOAEC TOU  KA&DWY  TOU
udpoypapLlkoU OSLKIUOU. ITNV OUVéxela Véa onuela mpooTiOevial oTa apX LKA BEow
emavaAnmIT LkAg dlLadlkaciag, pe RB&on 1o uétpo Ing KALONG TOUG KL TNV €yyuinta
Touc mpog¢ onuela mou éxouv Ndn eviomicBel. H uvnépbeon TOoUC O OQOWIOYPUP i
Landsat-TM Kol OTOV TOIOYypo®LKO x&ptn umédelfe OTL  TA  TUAPATA TV
OANOUB LakOV plaldiwv mou elval poxpUtepa omd ITnv €({00d0 TV QuPayyLdY &ev
KATHTuNOnkoy eme1df) 10 Pétpo tng kXAlong toug eilval (dto pe autd 1ng Aexkdvng
andbeong. To TuARaTa oUT& uropoUv va  koutotunboUv  e&v  AneboUv undyn Kol
KpLTAPpLa mmou AoRaivouv Tnv @aopat LK andkplon TOUug OTINnv eutoypaeia.

ABSTRACT

In arid regions, alluvial fans are of great significance for engineers
and planners since they are ground water indicators and their soils provide
good foundation conditions for highways and buildings. However, the shifting
stream channels and the frequent flooding that often occur on alluvial fans
present serious limitations to development since alluvial fans are subject
to land subsidence and flood hazards. Thus alluvial fans form a pattern of
localized hazards to human habitation and road-railway 1links. Their
extraction from digital elevation models (DEMs) has been largely unexplored.

The aim of this research is to design a methodology for the extraction of
alluvial fans from one-degree DEMs (with spacing 3 arc seconds) that are
distributed freely to the public through the Internet by the US Geological
Survey.

The study area was in Death Valley in the Basin and Range province where
the alluvial fans were deposited in front of valley mouths (developed along
fault scarps) at the emergence of rivers to the adjacent wvalley. Death
Valley forms a closed depression of tectonic origin, bounded by two mountain
ranges, named the Paramint Range and the Black Mountains. A seasonal shallow
lake is formed occasionally in the Badwater Basin (the lowest in elevation
area in the USA), at the northeast part while playas cover the valley floor.
Progressive eastward tilting has confined the east-side alluvial fans but
enabled the west-side fans to extend several kilometers beyond the mountain
front and as they grow eventually coalesce to form bajadas.

An iterative region growing segmentation algorithm was considered. The
algorithm used as seeds the outflow points of drainage networks emerging in
the piedmont slope and the region growing criteria was based on gradient.

For the detection of the outflow points, the drainage network was
extracted by the use of the runoff simulation technique. The resulting
segments were skeletonized to one-pixel-wide 1lines while disconnected
segments were connected. A connected component labelling algorithm assigned
a unique integer identifier to every pixel that Dbelonged to a certain
drainage network (a collection of connected valley segments formed by 8-
connected pixels). The end points of the open segments were defined as the
points of the network with 8-connectedness equal to 1. The outflow point per
drainage network was defined as the minimum in elevation end point among the
end points of the open segments that belong to the network.

Training areas indicated that the region growing criterion should be
defined as 2 degrees < gradient < 7 degrees. Initially, the seeds formed the

1:EXTRACTION OF ALLUVIAL FANS FROM DIGITAL ELEVATION MODELS

2:TuRpoa Tomovypaeiag, T.E.I. A6Avag, Tpimdirswg 38, AGAva 104-42. Email:
gmiliar@yahoo.com

3:Epyaocthplo TnAemiokdémnnong, Tuiua Aypovouwv Tomoypdowv, E6vik6 Metodfelo
IIoAuteyxvelo, Hpodwv IHoAutexve lou 9, Zoypdeoc 15780. Email:
argialas@central.ntua.gr
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first set of alluvial fan points. In each iteration, 1f a point with
gradient greater than 2 degrees and less than 7 degrees was an 8-connected
neighbour to the current set of alluvial fan points then it was flagged as a
new alluvial fan point. The segmentation stopped, if no more points were
added during the current iteration.

The results were evaluated by comparing the boundaries of the extracted
fan polygons to those interpreted from both the Landsat Thematic Mapper
satellite image (acquired on June 23, 1984) and a topographic map at the
scale of 1:250,000 (U.S. Geological Survey 1970). It was found that only the
area around the apex of the alluvial fans (the fan-head and the mid-fan
zones) was extracted from digital elevation models. The fan toe and the zone
of coalescence with other fans failed to be extracted since their gradient
approached the gradient of the wvalley floor. The combination of spectral
information derived from satellite imagery was required for the segmentation
of alluvial fan toe in the study area. The method should work in similar
physiographic conditions where alluvial fans emerge from a gorge to a plain.
These conditions are common in arid lands where mountainous physiography is
developed, such as the Basin and Range Province in U.S.A. and the Makran
Ranges in Iran.

The extraction of alluvial fans will allow the further segmentation of
its surface to regions of high to intermediate flood hazard on the basis of
texture information derived from DEMs and spectral information derived from
satellite imagery. This research, in relation to the previous research
efforts for the extraction of physiographic features will allow (a) the
segmentation of terrain to component features and (b) their parametric
representation and modeling.

AEEEIZ KAETIAIA: Kot&tpnon nediou, Tswpoppopetplioa, ¥nelLaxkn emnefepyacia

e LxO6vVag, MoppotektovLiky, Tswupopeoloyia pLrphc KAluaxag, XwpobEéinon

TEXVLIKOV €pYywV.

KEYWORDS: Terrain segmentation, Geomorphometry, Digital image

processing, Regional geomorphology, Terrain analysis.
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1. EIZATQIH

H xpnotpdinta 1tV  Uneloak®vy UPoueTPLKOV HOVIEA®V ed&poug (YYME)otnv
yYewpopeoioy la éxel xratadelxbel amd tov Pike (1993). Stic HIA, YYME (one-
degree) e{vat dlLabéo L néow TouU dLadLrTUOU
(ftp://edcftp.cr.usgs.gov/pub/data/DEM/250/) dL&otaong 3 deltepa  1INC
poipac (xAlpaxa 1:250.000). Ta aidouBLlaxkd plnidia éxouv 1dLaltepn onuoocio
kat& oT1ov oxedlaopd TEXVLIKOV £pywv aeoU ouvBétouv pla OV KATA UAKOG TV
IPAVOV  TOV  0peLlvedvy Oykwv pe  duvnt Lk&
auvénuévo kivduvo nAnuuUpwnv (Bissenbach
1954, Hooxke 1972, White 1986, Scott &
Erskine 1994, Beratan & Anderson 1998,
Chant et. al. 1999).

MéxptL onuepa otn PRLBALoypaplia dev
éxel yivel mpoom&Bela yLa TOV eviomLoud
/ RATATUNGON TOV OAAOURLOKOV pLlmidiny omd
YYME. X16X0C QUTAHC 1N¢ gpyoocioac slivol n
ulomoinon pebododoyicg mou Oo eviomilel
aAdouBLlokd plnidia amd 1T YYME  (one-
degree) Iou dLabétel n T'ewAOY LKA
Yrnnpeolo TV H.II.A. (USGS) oto
dLadiktuo.

H mepLoxf upeiétnc (B:36°06’- 36°147 - - -
A:116° 497 -116°40") glvat otn | EXApa 1. Ileploxh peAetng.
PUOLOYPOP LKA Mepleépela Basin & Range | Fiomre 1 Stndv Area
KL TILO OUYKeEKPLUEVA OTNV KOLAGDdx Death Valley (SxAuoa 1) . Ttnv meploxn auth

pla ocAAndouxia amd oddoufRloakd ploidia ovoamtUooetal PIPooTd amd eopdyy Lo ToU
KaTaAyouv og plo medid&da (IxHupa 2) .

H ynolaxy ovoamapdotaon Ing meploXHc peAétng (TxAuo 3) €éyive oeg YYME 1ncg
U.S Geological Survey pe di&otaon 75 p. mou mepliopRdvel 201 ypoppéc kol 171
oTAAeg kol vumodelkviel 61l 1o UPduertpo kKupaivertoal oto dit&otnuoa [-72 nu. ,
3480 u.].

IxApa 2. Acpopwioypoelo TV aAdoURLlakdv plmldiev otnv xolA&da Death
Valley (Hamblin et al. 1980).

Figure 2.0blique air-photograph of thqg9lluvial fans deposited in the
Death Valley (Hamblin et al. 1980).




2. MEGOAONOTIA

H YEQUOPPOAOY LKI yvoon unode LkvUe L ot ™ aANOUP Lok pLn{dix
aVanITUoocOVIaL OTnv  €kKBoOAR Tou KA&DOU TOU UdPOYPUPLKOU JSLKTUOU ue TNV
peyoAUtepn 1T&én kot O6tL n xkAlon Toug elval peyoAUtepn and 1nv KALon 1Inc
Agxdvng otnv omnola amotiBeviat (Bull 1977). Enopévwg e€&v mpocdLloplobolv 1o
udpoypap k& OlxTUua otnv meplox) peAéing xal xoaboploboUv onuelo ocmdpol OTLC
expPoAég, 1o6Te évag aAydplOudc ratdtunoncg (Pitas 1993) umopel va evioniocsl 1A
aAXoUBLakd plomidia. O aAydplBuog Oa mpocbHéTel emavOANITLIKA Véx onuelo oTO

=)

sﬁnmhow 3o

JE

DxApa 3. Apilotepn eixd4va YYME (1: 250.000) tng meploxig

neEAETING. ‘0co OWTELVOTEPO elvat éval
gLKxovooTolxelo 1600 uLkpdtepo eival 1o UPduetpo
Tou. AgfL& e1xbdva, xrovdAt 1 (1:250.000) TtoU
Landsat-TM 1ng¢ meploxng upeAétng (U.S. Geological
Survey  1984) otnv omola epunvevOnKov 7

oaAAOUB LokA pLmidLo.
Figure 3. Left image the DEM (201 rows & 171 columns)
of the studv area. The elevation values [-72m.
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! “" 4.
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IxApa 4. ApiLotepny elkdva, TO pétpo Ing kAlong mou
Kupaivetol oTO SL&otnua [o°, 85°7]. ‘000
EWTELVOTEPO elvat éva € LKOVOoOoTOLXE (O 1600
pLkpdtepy eivat n xAlon tou. Agfild ei1xkdva, TO
udpoypaplkd OSlxtuo (9 droakpitd diktua) pe 1A
onuela eL06dou-eEH6d0U oOnueLlwuéva pe ImLO  OKoOUpPA
dLap&BuLon.

Figure 4. Gradient image (left image). The values (0° to
85°) were rescaled to the interval 255 to 0 (the

apxlxkd oUvoAo ue Bdon o) TNV eyyutnt&d Toug pe onuela mou éxouv NAon
Taélvounbel xalL PB) 10 HéTpo Tng kKAlong

Hpdta mpoodiopiletal n xAlon xoal oOIn ouvéxeloa 10 Udpoypoplkd OSikTUO
(IxAua 4) ue nv gepapuoyn uebodoAroyliag mpooouoiwong pong (Mark 1984) oe
ouvduaoud pe pebododoylec emefepyocioag eL1xdvag mou oOuUVOEOUV O LaxomTOPUEVOUQ
kA&douUug kol Toug Agmtalivouv oce (xvn povadialou (éva elxovootolyelou) n&yxoucg
(Band 1986) .
TeAlkd epappdletal évoag odydplbuoc eUpeong ouvdedepnévaov pepdv (Pitas 1993) o
omo{oc mpoodiopilel ta onuela mou amnoptilouv x&Be Udpoypaplkd SI{KTUO KXl T
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onueLdvel pe 1oV (dlo aképalo oplbud (IxApa 4). Ttn ouvéxela 1o onuelo
€106d0oUu-eE600U K&Oe UdpoypuplkKOU OLKTUOU ovayvepllovial ocoav 1o onuela mou
é¢xouv éva veltova oUvdeong. To onuelo €&d6dou (exPBoAn TOU UdPOYPAQLKOU
dLkT1UoU) mpoocdilopliletal ocoav 1O onueio pe 10 pLRpPdTEPO uPduetpo amd 1O OUVOAO
Tov onuelwv €Loddou—-efddou mou ovhKouv oTo (dLo udpoypaplxkd dixkIUO.

TN OUuVvéxela Teploxéc exkmoaideuong uvmodnidvouv o1l 10 pétpo 1ng KAlong
oTa adlouBloxd plumidio xupaivetol oto dirdotnua 0° éwc 7°. Emetdf 1o pétpo Ing
kAlonc otnv Agkévn amdbsong xupaivetal oto didotnua 0° éfwc 2°, 1o auintLkd
KpLTApPLO KoBoplletal oamd Tnv ouveAkn, uéTtpeo Inc¢ kAlonce oto di&ornua [2° ,
7°7.

H epappoyyy 10U aAyop(Opou xot&tunong €xel oC omoTéAeopa Tov mpocdloploud
Twv onuelwv ToUu oxAuaToc 5. Ipokelpévou va aflodroynbel 1o amoTtéAecpa yiveTtol
unépbeon Twv onuelwv nou kat&Tunoe o oAyoplOuog oTnv d0PUPOP LKA OTOoypPu® o
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Zxfpa 5. Ta onuelo nou mpoéxuyav amnd Tov oAydplOuo KATATUNOoNG

(apLotepn eLxrOVA) . Yuépbeon Twv onuelwv mou ovoayvdplLos o
aAyopLOpoc kol TOV KAAS®V Tou Udpoypa@lkoU JLKIUOU OTInv
dopupop Lk €LkOVA (Keviplkh e€LkdOva). O tomoypaelxkde X&PIng

kA lpokoag 1:250.000 otov omolo éxouv uneptebel ta onuelo mou
koat&Ttunce o oAydbplbuog, evd T PBEAn umnodelkviouv 10 [()xvoc
evdc dpduou (defLd eLxrOHVA) .

Figure 5. The points labeled during the segmentation (left image).
The drainage network and the points segmented ((white) were
superimposed over the Landsat-TM band 1 (central image).
U.S Geological Survey topographic map of Death Valley of
scale 1:250.000 (right image). The map was registered to
the digital elevation model. The arrows point out a road

Arnci~nAad AlTmAact+t mavraTlTAT +A +hA mAaiint+t Frant

OAAG KoL 01O tomoypo@lkd  x&ptn rAlpaxkag 1:250.000 (Sxfuo 5) .

3. ZYMIOEPAZMATA

To ouvunépocua e€ival 6Tl T TPARATA TV oAAoURlaxkdv plaldiov mou eival
naxpUtepa aad tnv £locodo TV eapayyLldv, dev KaTaTuhOnrov cmeldfy 10 LETPO TNC
kAlong toug eilval (diLo pe 1o uétpo 1nc xkAlong 1Tng Aegxkdvng amndbeong. To
TpuApoTa quTd pmopoUv Vo KATATunOouv  e&v  AneboUv unmdyn Kol KPLIHPLA TIOU
AofBaivouv T JLoPOpPEeT LKA Qoopat Lk oandkplon otnv owtoypaeia Landsat twv
aANOUB LakOYV  plumldiev omd  TLC emieovelarkéc omoBécelg eRAnIOPLIOV. )3 o)
Tormoypae Lkd X&pIn Ta onuela mou rRAaTHTuROnkov meptlopilovial OINV IEPLOXN IOU
eival uynAdtepx 1 oto (dto enmimedo pe 71OV I()xvog ToOU Jpduou. O Jdpduocg
xopoktnpliletal ocav movidg xalpoU oto undpvnua tou x&pin. Elval coapég 6Tl ©
dpduocg xopdxOnke AKOAOUBOVTOC Tnv LOOKA LV KoL IPOCTIAOOVTAC va
gAY loTomoLlAcel TO KOOTOGC QmOQeUYyOVING TNV  Hop@oloyia Twv oAAOUR LOKOV
pLaldlwyv mou avomtUooovIalL OINV Mmeployxn HEAETING.

H uebodoroyia mou ovaniUxOnke kKplvetol LKOVOTIOLNTLKA Kol upoopel va
cpappoobe { oe nepLoxéc ue avAaAoya QEUO LOYPUQ L K& XOUPAKTINELOT LK,
npoodLlopiloviac 1n poppodoy i TOV CAAOUPB LOKAOV POopedv KAT& UNAKOC HIPUVAV,
UtoBonOdvTag HEAETECQ XWEOBETNONG TEXVLIKAOV £pywVv KAl SpaCTNPLOTATWV.
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