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SpacebasedCharacterizationof Nascaenvironment

Puquios

rosa.lasaponara@imaa.cnr.it



Radar riversin the Sahara desert

Nasa courtesy



Satellite time series available  free of charge

Satellite data Resolutions availability Multispectral

NOAA/AVHRR

Spatial resolutions

5 channels 

1 km 1980th

630-690 nm (red)

760-900 nm (near IR)

2 Thermal channels

3700 nm

Landsat /TM

Spatial resolutions

7 channels 

30 m 1970th

450-520 nm (blue)

520-600 nm (green)

630-690 nm (red)

760-900 nm (near IR)

SPOT/

VEGETATION 

Spatial resolutions 4  channels 

1 km 1998

450-520 nm (blue)

625-695 nm (red)

760-900 nm (near IR)

nm (near IR)

ATSR Spatial resolutions 1990th

4  channels 

-

1 km Red, NIR and thermal 

MODIS

Spatial resolutions 2001 36 channels 

1 km, 500m, 250m 



VHR Satellite

Satellite data Resolutions Panchromatic Multispectral

IKONOS (1999)

Spatial resolutions 1 mt 4 mt

Spectral range 450-900 nm

445-516 nm (blue)

506-595 nm (green)

632-698 nm (red)

757-853 nm (near IR)

QuickBird (2001)

Spatial resolutions 0,61 mt 2,44 mt

Spectral range 450-900 nm

450-520 nm (blue)

520-600 nm (green)

630-690 nm (red)

760-900 nm (near IR)

GeoEye (2008)

Spatial resolutions 0,41 mt 1,65 mt

Spectral range 450-900 nm

450-520 nm (blue)

520-600 nm (green)

625-695 nm (red)

760-900 nm (near IR)

WorldView1 (2007)
Spatial resolutions 0,50 mt -

Spectral range 450-900 nm -

WolrldView-2 (2009)

Spatial resolutions 0,46 mt 1,84 mt

Spectral range 450-780 nm

400 - 450 nm (coastal)

450-520 nm (blue)

520-585 nm (green)

585 - 625 nm (yellow)

630-690 nm (red)

705 - 745 nm (red edge)

760-900 nm (near IR1)

860 - 1040 nm (near IR1)



Archaeologicalmarksdetection basedon opticalmultispectraldata 

Information Extraction: physicalbasisfor the detection of buried
remainsusingoptical data

rosa.lasaponara@imaa.cnr.it RosaLasaponara1 andNicolaMasini2

CNR-IMAAand 2 CNR-IBAM

LasaponaraR., MasiniN. 2007, Detection of archaeological crop marks by using satellite QuickBird, 
Journal of Archaeological Science, 34, pp. 214-221  [ISSN: 0305-4403] [10.1016/j.jas.2006.04.014].

mailto:rosa.lasaponara@imaa.cnr.it
http://dx.doi.org/doi:10.1016/j.jas.2006.04.014


Features related to buried structures of 
archaeological interest 

Crop-marks

Soil-marks

Shadow-marks

ÁChanges of soil constituents

ÁVariations of moisture content

ÁNutrient deficiencies

ÁDifferences in the plant growth

These variations induce changes in spectral 
response of surfaces

Archaeological deposit (negative/positive) 
cause

LasaponaraR., MasiniN. 2011, Satellite Remote Sensing in Archaeology : past, present and future, Journal of 
Archaeological Science, 38, 1995ς2002, doi:10.1016/j.jas.2011.02.002.

http://dx.doi.org/10.1016/j.jas.2011.02.002






The archaeologicalsitesof the Santa Cruz 
County
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Multitemporal observationof archaeologicalcrop-marks by UAV

NeolithicsettlementnearLucera (Apulia)

CiminaleM., Gallo D., LasaponaraR.,MasiniN. 2009, A MultiscaleApproach for Reconstructing Archaeological Landscapes:ApplicationsinNorthern Apulia (Italy), Archaeological Prospection, 16
pp. 143ς153 [doi: 10.1002/arp.356].



NeolithicVillagesin the Foggia area (Puglia )

Danese M., Masini N., Biscione M., LasaponaraR. 2014.  Predictive modeling for preventive Archaeology: Overview and 
case study. Central European Journal of Geosciences. March 2014,Volume 6, Issue 1, 42-55

http://link.springer.com/journal/13533
http://link.springer.com/journal/13533/6/1/page/1


Comparative assessmentof QuickBirdand Pleiadesdata for the detection of ancientland divisions

Case study

Metapontum
Basilicata

Apulia

ITALY

TyrrenianSea Ionian
Sea

AdriaticSea

Metapontum

Bari

Naples

Palermo

Rome

Metapontumin Basilicata (SouthernItaly)

History

ÅMetapontowasfounded by Greekscomingfrom the Acaiaregion.
ÅUrbansettlementdatebackto the Greekcolonization(700BC-200BC)
ÅRomanage(200BCς400AD): the territory followed to besettled.

Ancientlanddivisions

They are thought to have been a network of country lanes and drainage 
canals as confirmed by archaeological excavation. The drainage allowed 
ancient polulations to exploit for agricolturethe original marsh  land

Note

these land divisions are increasingly difficult to observe because of the
destructive effects of deep ploughing machines which greatly altered the
agrarianlandscapeduringthe lastsixtyyearsin Italy

Satellite dataset

QuickBird: 28 August 2003 / 22 August 2004 / 11 August 2006 

Pleiades: August 17, 2013 

LasaponaraR.,MasiniN. 2006, Identification of archaeological buried remains based on Normalized Difference Vegetation Index (NDVI) from Quickbirdsatellite data, 
IEEE Geoscienceand Remote Sensing Letters, vol. 3(3), pp. 325-328  [ISSN: 1545-598X] [doi: 10.1109/LGRS.2006.871747]



QuickBird: 28 August 2003 QuickBird: 22 August 2004

QuickBird: 11 August 2006 Pleiades: 18 August 2013

Satellite picturesacquiredon August availablefrom Google Earth



PLEIADES ςRed band ςMetaponto Landdivisions

a

a=48-52°

d

d=180-240 m



ÇSomepopulationsin Middle East
and South America still use old
water managementsystemswhich
provideda reliablesupplyof water
for human settlements and
irrigation in hot, arid andsemi-arid
climates.

ÇExamples: Qanatsin Iran,

ÇThese systemsare basedon a
network of horizontal sloping
tunnels and vertical wells to
retrievegroundwater.

Modern use of Ancient water management systems

http://en.wikipedia.org/wiki/Irrigation
http://en.wikipedia.org/wiki/Arid


Roman aqueducts



Detail of the site. In evince fragments of travertine blocks, tiles, coarse ware and doliawhich 
permitted to attribute the building to a farm and to date it to a period between the early Imperial 
Roman and the proto-Byzantine age

ÇRoman rural villa: Reduction of costs, time and risk associated with 
archeological excavations;

LasaponaraR,G Leucci, N Masini, R Persico, G Scardozzi2016 Towards an operative use of remote sensing 
for exploring the past using satellite data: The case study of Hierapolis (Turkey)Remote Sensing of 
Environment 174, 148-164

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)

LasaponaraR,G Leucci, N Masini, R Persico, G Scardozzi2016 Towards an operative use of remote sensing 
for exploring the past using satellite data: The case study of Hierapolis (Turkey)Remote Sensing of 
Environment 174, 148-164

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


Figure . (a) QB panchromaticimage; (b) PC1 component; (c) RGB composition(R=red; G=NIR, B=pan); 
(d) spatialcharacterization..

ÇRoman rural villa:



The 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.

LasaponaraR,G Leucci, N Masini, R Persico, G Scardozzi2016 Towards an operative use of remote sensing for exploring the past 
using satellite data: The case study of Hierapolis (Turkey)Remote Sensing of Environment 174, 148-164

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


Archaeological evidences of early environmental manipulation such as,
irrigationandartificial wet agro- ecosystems,havebeenfound,throughoutthe
world, even in areas where the natural rainfall was insufficient to support
agriculture,as in MiddleEast,North Africa, Cina, South America

Water  management, shortageand retrieval: Ancient problems

Qanatin Iran Irrigationcanalsin NorthernPeru



The challenge of the  Nasca in the most arid desert in the world

The desertdrainagebasinof Rio Grande de Nazca

3d Aster false colourcompositionof Nazcadrainagebasin



Who were the Nasca?

Monumentalarchitecture: Pyramidsof Cahuachi

Polychromepottery
and other artifacts

Geoglyphs

Å Chronology: 200BC-600 AD
Å Area of influence: desert

southerncoastof Peru
Å Cultural patterns/ features: 

Geoglyphs, ceremonial
architecture, polychrome
pottery, textiles, musical 
instruments

Å Historicalphases: 8 
(Nasca1,2,3..8) ςpottery
seriation

LasaponaraR., MasiniN., RizzoE., OreficiG. 2011. Newdiscoveriesin the PiramideNaranjadain Cahuachi(Peru)usingsatellite,
Ground Probing Radar and magnetic investigations, Journal of Archaeological Science, 38, 2031-2039,
doi:10.1016/j .jas.2010.12.010.



ÇLocation: closeto the Andeanfoothills
composed of Jurassic and Cretaceo
formations on a Pre-Montane desert
formationnearthe coastline,
Çgeologically located on Quaternary
sedimentaryrockformations.
ÇClimate: The area is one of the most
arid areas of the world due to the
confluenceof a cold oceancurrent (the
Humboldt Current) along with other
climaticfactors
ÇThe geomorphology of the coastal
desert,hasbeenshapedby the drainage
basin of the Río Grande composedof
eight tributaries with different hydraulic
regime(perennial,ephemerial, dry)

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

The desertdrainagebasinof Rio Grande de NazcaThe desertdrainagebasinof Rio Grande de Nazca: geography, geologyand climate



Water: the problemof Nazca(1)

high infiltration capacity, andthe

consequentyearly significant reduction of
the surfacewater

Thelack of water was(and
still is)dueto maincauses

the scarce pluvial
precipitations



The peculiarity of the Nasca environment

Where water flows the
agricoltureisnot possible

Wherethe river is perennial the arablearea
is little or the land is not adapt for
agricolture(H>1000mt; 400< H<500mt)

Wherethe land is adapt for agricolture(400<
H < 720 mt)) the hydraulicregime is dry or
seasonal

Rio Nazca, Ajaand TierraBlancas

Rio Nazca, Ajaand TierraBlancas



The puquiosof Nazca: building features

puquiostrench galleries (zanjallenada
o socavòn)  with extension  of tunnels 
(extenciontonelada) characterized by 
greater length and depthcompared to 
the open trenches. The puquios, built 
with shape of tunnels, can measure up 
to 10 meters of width, and they 
generally present a large part of their 
ōǊŀƴŎƘŜǎ ŎƻǾŜǊŜŘΣ ǘƘǳǎ ŎǊŜŀǘƛƴƎ άŦƛƭƭŜŘ 
ǘǊŜƴŎƘ ƎŀƭƭŜǊƛŜǎέ

puquioswith the shape of open trenches  
with borders usually covered by pebbles, have 
generally a base of approximately one-meter width 
but they spread on the surface around 10 meters or 
more. Some trench-shaped puquiospresent 
multiple branches, but their common feature is 
having just one canal. 



The puquios

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

The puquios asresponseof Nasca to water problem



HydraulicRegime of Nasca river and its tributaries

Multitemporal Satellite (Landsat)  imagefrom 1985 to 2005  : NDWI 

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


