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Would Protected Areas 

Exist in the Absence of 

Tourism?The oldest system of 
protected areas, 
the US National 
Park Service, was 
established in part 
to promote tourism

The US National 
Park Service 
served as the 
model for the 
World Heritage 
List

The first national park was 

established by The US 

Congress only after energetic 

lobbying by the Chairman of 

the Union Pacific Board. 

The margin was one vote.

President Richard Nixon sent 

members of the US National Park 

Service to Paris to help draft the 

World Heritage Convention. It was 

signed 100 years to the day after 

the National Park Service was 

formed. 



Economic Benefits

Tourism is regularly listed as the 

largest or second largest industry 

in the world

ïThis includes all travel, 

including business

Example: In Jordan, it 

is first or second in 

each year



World Heritage Designation 

Just The First Step
Recognition as a World Heritage Site is only one element in sustainable tourism

At Petra:

Å Roads and better accessibility by air

Å Development of tourism amenities

Å Marketing: advertising, working with receptive operators, museum exhibits



What Have We Learned from Petra?

Although it has been well-established that seating 

tourists in the Theatre at Petra had already resulted in 

loss by abrasion of many ancient stonemason's 

marks, it is still permitted during special events 

While visitors wear slippers in historic 

houses, tourists carry pointed walking 

sticks in archaeological sites

Damage will occur when 

the number of visitors 

exceed the capacity to 

manage visitors

We can monitor damage, 

but by the time it is 

detected, it is too late

Set-up and 

take-down of 

equipment for 

events, 

including 

seating, props, 

cameras, lights, 

sound systems, 

had produced 

serious damage 

to 

archaeological 

materials

We must understand the 

processes that produce 

damage before the damage 

is done

These can be seen at Petra 

and elsewhere



The Presence of Humans Can Alter 

Small Scale Environmental Conditions

Graphs representing the 

relationships between visitor 

numbers in Al-Khazneh and the 

changes in relative humidity. 

The gray areas highlight the large 

spikes in chamber humidities that 

occur as a function of in-tomb 

tourist respiration, perspiration, 

and transpiration



The Presence of Humans Can Alter Large 

Scale Environmental Conditions

ÅSystemic damage Development in the vicinity of a protected area 

produces environmental change. Heavy development can have  

devastating results.



History from Space

NASA becomes operational 
October 1, 1958

Corona Program begins 
June, 1959

First Landsat launched July 
23, 1972

Now an archive of global 
change

Tell Rifaat in 

northwest 

Syria



http://corona.cast.uark.edu/index.html

Orthorectified by 
Jesse Casana 
and Jackson 
Cothren (in 
press), University 
of Arkansas, 
available online



Archaeological Landscapes of China

and the Application of Corona Images

It is possible to compare the 1966 

Corona image of Qufu with results 

from the I1977-78, archaeologist 

Zhang Xuehai and his team from 

the Shandong Provincial Institute of 

Archaeology conducted a decade 

later to identify urban features 

associated of the Bronze Age 

city(Fig. 5.2 ). Some of the 

prominent features include: the 

rammed earth wall, the moat 

surrounding the Bronze Age city, 

the early imperial palatial 

foundation in the center of the city, 

several historical temple complexes 

(represented by the black strips 

from concentration of cypress trees 

in courtyards), and a large 

historical cemetery northof the city 

site (National Bureau of Cultural 

Relics 2007 : 383).



Photogrammetric 

analysis of stereo 

pairs to make DEMS

Construction of impervious 

surfaces upslope form the 

Petra core has changed the 

dynamics of water flow at 

Petra



Petra DEM from ASTER Images



Fields once buffered water flow

IKONOS 

satellite 

image 

courtesy 

DigitalGlobe

Seen in 

IKONOS 

Drape



Nabataean Fields



Identifying Problematic 

Landscape Change



Flood Damage in Wadi Musa

November, 1999



Damage to Tombs

Salt Wedging

Undermining Case-
Hardened 
Exteriors



Tourism and Preservation

ICAHM launches a series 
of publications about 
destructive effects of 
poorly managed 
tourism

ïPetra

ïMachu Picchu

ïAngkor

ïPompeii



Interpretation 

from Remote 

Sensing

If 16.5% of 

precipitation were 

captured within 

this watershed, it 

would support 

30,000 people to 

the standards 

typical to the 

urban ancient 

world



Geological 

Zones from 

Synthetic 

Aperture Radar 

(SAR) Data, 

Hydrology from 

DEM (which can 

also be 

produced from 

SAR) 



Distribution 
of Fields 

and 
Temples

NDVI image:

Red=healthy 
vegetation

Blue dots are 
Nabataean
temple

Yellow dots 
are 
Nabataean
fields

All fall within 
zone 
conducive to 
healthy 
vegetation

Landsat, 
Environment, 
Archaeology

Multispectral and 
Hyperspctral



Mapping Cultural 

Features at Petra with 

Aerial and Satellite 

Imagery



Lidar

Caracol, 
Belize

Arlene Chase

Lidar scan made possible by

NASA ROSES 

Space Archaeology Program 
grant



The First Step:

Geospatial Analysis of the Landscape



Developing Management Zones



Developing Management Zones

Based on 

distribution of 

cultural and 

natural 

resources, 

landscape 

constraints, 

sensitivity of 

resources, 

desired uses 

and experiences

Petra WHS 

boundary shown





Mapping Existing Conditions



Mapping Desired Conditions



3D Solid Model Petra Exhibition


