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Goldenageof spacedata

O UTLI N ES Water managementshortageandretrieval: Ancientproblems

Nascaacgeducts: the responseof Nascato climatic change

SpacebasedCharacterizatiorof Nascaenvironment

Puquios




Radarriversin the Saharaesert
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Radar images taken through dune fields of the Sahara Desert by the
Space Shuttle reveal a well-developed drainage system. Nasacourte sy



Satellite time series available free of charge

Satellite data availability Multispectral

SPOT/
VEGETATION 1 km 1998

Spatial resolutions

4 channels
450-520 nm (blue)
625-695 nm (red)
760-900 nm (near IR)

nm (near IR)

36 channels

1 km, 500m, 2-




VHR Satellite

450-520 nm (blue)
GeoEye (2008) 450.900 520-600 nm (green)
- nm

Spectral range

625-695 nm (red)
760-900 nm (near IR)

Spatial resolutions 0,46 mt 1,84 mt
400 - 450 nm (coastal)
450-520 nm (blue)
520-585 nm (green)
WolrldView-2 585 - 625 nm (yellow)
Spectral rang 450-780 n
630-690 nm (red)
705 - 745 nm (red edge)

760-900 nm (near IR1)
860 - 1040 nm (near IR1)
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Information Extraction physicalbasisfor the detectionof buried

remainsusingoptical data

Archaeologicamarksdetectionbasedon opticalmultispectraldata
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LasaponardR., MasiniN. 2007, Detection of archaeological crop marks by using sa@litekBird
Journal of Archaeological Scien8é, pp. 214221 [ISSN: 0368403] [L0.1016/].]as.2006.04.014
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Features related to buried structures of AChanges of soil constituents

archaeological interest Avariations of moisture content

Cropmarks ‘ ANutrient deficiencies

Soitmarks ADifferences in the plant growth
Shadowmarks
Archaeological deposit (negative/positive) These variations induaghanges in spectrdl
cause response of surfaces
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LasaponardR, MasiniN. 2011, Satellite Remote Sensing in Archaeology : past, present and future, Journal of
Archaeological Science, 38, 199602,d0i:10.1016/}.jas.2011.02.002
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Thearchaeologicaditesof the Santa Cruz
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Multitemporal observationof archaeologicatrop-marks by UAV

100 m 150 m 200 m

CiminaleM., Gallo D.lLasaponardR.,MasiniN. 2009, AMultiscaleApproach for Reconstructing Archaeologicahdscapes:ApplicationgNorthern Apulia (Italy)Archaeological Prospectie
pp. 143153 [doi: 10.1002/arp.356].




NeolithicVillagedan the Foggia area (Puglia )
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Danese M., Masini N., Biscione Masaponardk 2014. Predictive modeling for preventive Archaeology: Overview and
case studyCentral European Journal of GeoscienMarch 2014,Volume Gssue 14255
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Comparativeassessmenbf QuickBirdand Pleiadesdata for the detectionof ancientland divisions

Metapontumin Basilicatagouthernitaly)

Avietaponto wasfounded by Greekscomingfrom the Acaiaregion

AJrbansettlementdate backto the Greekcolonization(700BG200BC) . W e ~zs W
ARomanage(200BCc 400AD): the territory followed to be settled. - Rome Bai

Naples IMetapontum

TyrrenianSea lonian
Sea
= — Ly Ageh 4
Pale 0
/

They are thoughto have been a network of counttgnes and drainage
canals as confirmed by archaeological excavation. The drainage allowed ¢
ancientpolulations to exploit foragricolturethe original marsh land

Basilicata Metapontum

&
év
these land divisions are increasingly difficult to observe because of the a
destructive effects of deep ploughing machines which greatly altered the
agrarianlandscapeluringthe last sixtyyearsin Italy

Pleiades: August 17, 2013
QuickBird 28 August 2003 / 22 August 2004 / 11 August 2006

IEEEBeosmencand Remote Sensmg Lettevsl. 3(3), pp. 325328 [ISSN: 154598X] floi: 10.1109/LGRS.2006.871747]



Satellitepicturesacquiredon Augustvailablefrom GoogleEarth
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PLEIADESRed band; Metaponto Landdivisions

a=4852°

d=180240 m



Modern use of Ancient water management systems

C Somepopulationsin Middle East
and South America still use old
water managementsystemswhich
provideda reliable supplyof water
for human settlements and
irrigation in hot, arid and semtarid
climates

C ExamplesQanatsin Iran,

C These systemsare basedon a
network of horizontal sloping
tunnels and vertical wells to
retrieve groundwater

Vertical Access Shafts
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http://en.wikipedia.org/wiki/Irrigation
http://en.wikipedia.org/wiki/Arid

Romanaqueducts

ANCIENT ROMAN
AQUEDUCT

aquedycs bridge

y
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C Roman rural villaReduction of costs, time and risk associated with
archeological excavations;
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Detail of the site. In evince fragments of travertine blocks, tiles, coarse wadiad/hich
permitted to attribute the building to a farm and to date it to a period between the early Imperial
Roman and the prot@yzantineage

LasaponaraR,GLeucci NMasini RPersico GScardozzZ2016Towards an operative use of remote sens

for exploring the past using satellite data: The case study of Hierapolis (TRewpte Sensing of
Environment 174, 14364


http://scholar.google.it/citations?view_op=view_citation&hl=it&user=h-s87zUAAAAJ&sortby=pubdate&citation_for_view=h-s87zUAAAAJ:foquWX3nUaYC

Satellite-based archaeological research in the
ancient territory of Hierapolis (Turkey)
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LasaponaraR,GLeucci NMasini RPersico GScardozzZ2016Towards an operative use of remote sens
for exploring the past using satellite data: The case study of Hierapolis (TRewpte Sensing of
Environment 174, 14364
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Figur . (&) QBanchromatiamage (b) PC]:omﬁonen;t (c) RGBomposition(R=red G=NIRB=pa);
(d) spatialcharacterization..




he circles indicate all the rural settlements discovered by means the integration of satellite based processing
and field survey. The farm investigated in this paper is white circled.

LasaponardR,GLeucci NMasini RPersico GScardozzZ2016 Towards an operative use of remote sensing for exploring the p
using satellite data: The case study of Hierapolis (TuRemjote Sensing of Environment 174, 1148}
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Water managementshortageandretrieval: Ancientproblems

Archaeological evidences of early environmental manipulation such as, e e Sanst
irrigation and artificial wet agro ecosystems,have beenfound,throughoutthe
world, even in areas where the natural rainfall was insufficient to support

agriculture,asin MiddleEast, North Africa, Cina South America e} &
S e . — o _.ﬂ_:--r. Water table =

1 } Qanat outlet

Qanatin Iran Irrigation canalsin Northern Peru



3d Aster falseolourcompositionof Nazcadrainagebasin




Who were the Nasca?

A Chronology. 200B@00 AD

A Area ofinfluence: desert

s southerncoastof Peru

4 A Culturalpatterns/ features:
Geoglyphsceremonial
architecture polychrome
pottery, textiles musical
instruments

A Historicalphases 8

(Nascal,2,3..8) pottery

seriation

LasaponaraR,, MasiniN., RizzoE, OreficiG. 2011 Newdiscoveriesn the PiramideNaranjadain Cahuach{Peru)usingsatellite,
Ground Probing Radar and magnetic investigations, Journal of Archaeological Science, 38, 20312039
doir10.101¢d.1as201012.010.



Thedesertdrainagebasinof Rio Grande d&lazca geographygeologyand climate

River:;" — da San José / |
.o&‘e

perennial Lo

C Location closeto the Andeanfoothills
composed of Jurassic and Cretaceo B
formations on a PreMontane desert
formation nearthe coastline,
C geologically located on Quaternary

sedimentaryrock formations ]

C Climate The areais one of the most >

arid areas of the world due to the \\

confluenceof a cold oceancurrent (the B s 5 e

Humboldt Current) along with other R

ClimatinaCtOl’S The drainage basin of Rio Grande de Nasca from Landsat ETM+: band 1.

C The geomorphology of the coastal
desert,hasbeenshapedby the drainage
basin of the Rdb Grande composed of
eight tributaries with different hydraulic
regime(perennial,ephemerial dry)



Water: the problem of Nazca(l)

River reach included on cross section:
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Thepeculiarity of the Nascanvironment

Wherethe river is perennial the arablearea
is little or the land is not adapt for
agricolture(H=000mt; 400<H <500 mt)

Wherethe landis adapt for agricolture(400<
—— H< 720 mt)) the hydraulicregimeis dry or
seasonal

RioNazca AjaandTierraBlancas

NDVI1985/03/24.tif

B 3450051
B o0.052-0,065
I 0.066- 0,078
perennial [ ] 0,079-0,125
Arable land [ ] 0,126 - 0,841
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Thepuquiosof Nazca buildingfeatures

puquioswith the shape of open trenches

with borders usually covered by pebbles, have
generally a base of approximately eneeter width

but they spread on the surface around 10 meters or
more. Some trencishapedpuquiospresent

multiple branches, but their common feature is
having just one canal.

Open trench (zanja abierta)

reservoir

puquios with the shape of open trenches

puquiostrench galleriesganjallenada

0 socavol with extension of tunnels
(extenciontoneladg characterized by
greater lengthanddepth compared to
the open trenches. Theuquios built
with shape of tunnels, can measure up
to 10 meters of width, and they
generally present a large part of their
ON)} YOKS&a O20SNBRZ
GNBYOK 3l ttSNRARSAE puquios trench galleries with extension of tunnels

Tiisinels wells (ojos)

filled trench

open trench
~ reservoir




Thepuquios asresponseof Nasca to wateiproblem

Thepuquios

Efficient water system composed of
horizontal wells or open trenches
which allowedo connect a point
above the land surface with the
underground table, thusnaking
possible to have water available for
the whole year not only for irrigation
but also for domestic needs.



Legenda

_MNDWI__dal_1985_al_2005_PCA.1
[ 1-0.859063
[ 1-0.685850
[ 1-0.512638
[ 1-0.339425
[ -0.166213
I 0.007000

85102005 : NDWI

Il 0.473341

s

NDW!I (Normalized Difference
Water Index) is computed to
estimate moisture content for
both soil and vegetation, by
using also SWIR bands,
according the formula



