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Soil Resilience and Archaeology

ÅSocial-ecological resilience models

ÅGeoarchaeologicalapproaches 

ÅApplication - Andean Terracing

Terraces: form and function

Case study: Pacavalley, Peru



Resilience models

Soil model                                         Key Variables

Seybold, C; Herrick, J; J. Brejda 1999.

What  drives these systems?



Resilience models

Social-ecological system interaction model 

Berkes, F., J. Colding, C. Folke. 2003

Scalar
individual/family, community, culture



Resilience models

Holling & Gunderson 2002

Flexibility is central to resilience

Common expectations

ÅChange is episodic
ÅImpacts are not evenly distributed
ÅEcological (& social) systems have multiple equilibria
ÅFixed-policy management is not resilient



Archaeology 

The study of the human past from material remains, 
historic sources, contemporary analogy

άǿŜ ŘƛƎ ƛǘέ
Archaeological approaches

Time: events (minutes to 10s of years)

longue durée(10s-1000s of years)

Space: culturally defined units

space is meaningful (not replicable)



Archaeology and resilience 

Advantages of the longue durée
after Redman & Kinzig2003

1. Full adaptive cycles can be observed

Event scale = rapid/high frequency changes

Long term= slow/low frequency change, which may 
be the most profound disturbances



Archaeology and resilience 

Advantages of the longue durée

2. One can deduce ultimate versus proximate causes

Human responses to disturbance may augment 
short-term resilience but  lead to long-term 
collapse

Technological change can increase human 
carrying capacity in the short-term but the same 
practices  eventually lead to collapse (see 
Diamond 2005)



Archaeology and resilience 

Advantages of the longue durée

3. hƴŜ Ŏŀƴ ƻōǎŜǊǾŜ ǊŀǊŜ ƳŀƧƻǊ όάǘǊǳŜέύ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴǎ .

These changes are too slow to observe on the ground.  
Examples:

Å Origins of agriculture
Å Origins of ubranisation(population 

nucleation)
Å Industrial revolution
We expect better modelling of past change will 

enable better response to current change 
(impacts of the computer age?)



Archaeology and resilience 

Advantages of the longue durée

4. ²Ŝ Ŏŀƴ ǘǊŀŎƪ άŜƳŜǊƎŜƴǘ ŦŜŀǘǳǊŜǎέ ƻŦ ŎƻƳǇƭŜȄ 
societies 

These features include social stratification, 
information specialization, regional ecological 
simplification.  

We are striving to create models that will enable 
better future choices based on past mistakes.



Archaeology and resilience 

Archaeological Approaches

People do not follow thermodynamics in obvious 
ways; e.g., cultural lock-in or sunk costs

Population can drive soil exhaustion or preservation 
up or down (Netting et al. Kyofar, Kenya)

Soil fertility may not be a limiting factor in 
abandonment (Sandor- ColcaCanyon, Peru)



Human-made Intermediate Natural

Lithics

Ceramics

Architecture

Domesticated 
plants & animals

ά[ŀƴŘǎŎŀǇŜǎέ

Wild plants& 
animals

Soils & sediments

Archaeological

Archaeologists  work in teams: members specialize by 
analyses, for example:



Geoarchaeology  and
Archaeological Geology

Geoarchaeologistsare archaeologists who use earth 
science tools to address archaeological questions; the 
scale varies with the question

Archaeological geologists are geologists who study 
time periods and landscapes with people in them; 
generally landscape-scale approaches



Assessing the functions of 
indigenous terracing 

Framework
Can we define the conditions under which intensification 
of production occurs?

The key models relating human population density, 
agrarian infrastructure investment and land impacts  were 
assessed by Bosersup(1965) and these are still debated

Terracing is commonly cited as a prime example of 
innovation by necessity ςǘƘŜ άŎŀǳǎŜǎέ ƻŦ ǘŜǊǊŀŎƛƴƎ ŀǊŜ 
assumed to be known



Terrace Physical Functions

ÅLimit erosion (scalar)

ÅBring steep land into cultivation

ÅDeepen soil profile

ÅImprove soil moisture

ÅAlter solar insolation

ÅReduce frost potential

ÅFacilitate irrigation



B. Sillar 2000



Andean terracing

Monumental 

terracing

Vernacular 

terracing



A Social Life of Terraces ?

FUNCTION DESCRIPTION

Facilitate land 
tenure

Facilitate crop rotation, delimit land
claims

Define social roles Establish control of resources,provide
leadershipopportunities

Symbolic of 
political power

State architecture placed in visible
locationssuggestingdominance

Aesthetics Design or construction materials that
exceedpracticalneeds

Site of social eventsFeasting, rituals related to agricultural
cycle, maintenanceactivities



Andean Farming systems

Ecological constraints
Elevation (zonal)
Topography (steep)
High interannualclimate 
variability

Cultural constraints
Technological change
Regime change
These impact
local demands/practices


