Policy Brief 1 (Nov. 2017)
Produced by the EU-funded Project

Archaeology of Agricultural
Resilience in Eastern Africa

Terraces are good, but sometimes
sediment traps are better

Historic sediment traps under current cultivation, Konso, Ethiopia.

Key messages:
Terracing is often employed as
a method for conserving soils.
Archaeology is revealing that other
methods, such as sediment traps,
often formed an integral part of
these terraced systems in the past.
The importance of sediment
traps has only been realised
through landscape-wide research
investigating long-term change.
To fully understand the role that
sediment traps can play in ensuring
food security in the future, their
potential should be assessed as
part of the entire agricultural system.
This assessment will require input
from agricultural specialists and
development practitioners.

Summary
Soil health is fundamental to agricultural production, and by extension
to ensuring food security and achieving the Sustainable Development
Goals (Keesstra et al 2016). Where soil is at risk of erosion, measures
are often put in place to prevent it, most commonly terracing.
New archaeological research from Tanzania and Ethiopia
demonstrates that food security was achieved in the past by capturing
eroded soils in valley-floor sediment traps, which were subsequently
cultivated. Construction of hillside terraces as an anti-erosion
measures only occurred later.
Cost-benefit analyses are recommended in areas where sediment
traps are observed. This is crucial to fully assess their current
and future potential in order to strengthen the adaptive capacity of
agricultural systems and the people who rely on them.

Zero Hunger: ‘By 2030, ensure sustainable food production systems and implement resilient
agricultural practices that increase productivity and production ... and that progressively improve
land and soil quality.’
Life on Land: ‘By 2030 ... restore degraded land and soil, including land affected by desertification,
drought and floods, and strive to achieve a land degradation-neutral world.’
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Approach

Introduction
Weather-related events and climate change are
increasingly playing a negative role in food availability,
which is ultimately driving food insecurity (FAO,
IFAD, UNICEF, WFP and WHO 2017). Soil erosion is
exacerbated by weather-related events and climate
change, and is one of the most serious threats to
current world food production (Pimentel and Burgess
2013).
Various measures exist to counter erosion across
the globe. Methods include: stabilising slopes using
vegetation and terracing, reducing run-off using
agroforestry, riparian strips and contour bunding, and
using appropriate cropping regimes and polymers to
hold soils in place. The majority of these practices are
designed to reduce or stop erosion, which is rightly
seen as a negative process.
But, archaeological research into traditional agricultural
practices in Tanzania and Ethiopia is challenging the
assumption that erosion is always negative. Whilst
terracing was a positive anti-erosion measure, capturing
and cultivating eroded soils also formed part of a wider
soil conservation strategy. Sediment traps accumulate
fine transported alluvial material which then forms more
productive and easier to work soils. These findings on
the capture of alluvial sediments have implications for
improving food security.

Using research from Engaruka, Tanzania, and the
UNESCO World Heritage Site of Konso, Ethiopia, it is now
clear that soil and water conservation operates over large
geographical distances (>20km) and over long time scales
(>20 years).
Our three European-funded projects therefore researched
traditional soil and water conservation systems using
a variety of interdisciplinary techniques capable of
investigating these wide areas and long time frames.
These techniques include archaeology, soil science and
computer modelling.
By using methods that study both past and present
agricultural systems, insights have been gained that allow
us to understand how they functioned.
In the case of Konso this approach has markedly
changed the accepted view: where it had previously
been assumed that the 200km2 of hillside agricultural
terracing was designed to conserve soils in situ, our
research demonstrates that this is not the case. For
Engaruka, the situation is similar, with this long-term and
landscape-scale approach refining our understanding of
how the agricultural system operated.

Case Study: Engaruka, Tanzania
Engaruka in Tanzania is the largest abandoned
agricultural landscape in eastern Africa and dates to
c. AD 1200–1800. Archaeological research at the site
has demonstrated the fundamental role played by
eroded sediments in this historic agricultural system.
It has long been known that the site was irrigated, but
our research – including stratigraphic, geochemical
and micromorphological analyses of soils – has
highlighted how water flows within artificial irrigation
canals performed two
important roles. Essential
for the irrigation of crops,
water flows also delivered
fertile alluvial sediments
to the fields, eventually
accumulating over 2m of
deposits behind dry-stone
walls (image, right).
These walls were never
free-standing but relied
on alluvial sediments
building-up
behind
them for their support.
Geochemical
analyses
of the soils suggest
they would have been
favourable for cultivation.
Importantly,
there
is
also no evidence of
salinization: the repeated
replenishment
of
sediments counteracted
the detrimental build up of
salts usually associated
with long-term irrigation
(Lang and Stump 2017).
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Image (above): Cross-section showing the build-up of
sediments through time, and how they supported the wall of
the sediment trap. This wall was built incrementally as the
sediments accumulated behind it (vertical scale 2m).
Image (left): Stones on the surface are the tops of walls that
are now buried in the alluvial sediments. The Crater Highlands
– the source of the sediments – can be seen in the distance.

In the case of Engaruka, erosion therefore had positive
aspects, because eroded sediments within the water were
a benefit in themselves.
This has implications for soil and water conservation
policies: in areas that rely on irrigation, the role
of entrained sediment within the water should be
assessed, as they are likely to be providing currently
unquantified benefits.

Case Study: Konso, Ethiopia
Located in southwest Ethiopia, the Konso highlands
are an impressive terraced landscape covering over
200km2. With much of Ethiopia’s agricultural land being
situated above 1500m and on highly erodible slopes,
terraced agriculture is economically significant. This
means that maintaining fertile soils is a perpetual
problem. Terracing offers a way to manage soil erosion
and maintain high yields.
However, by focussing on how the Konso system has
changed over the last 600 years, our research is the first
to demonstrate that not all terraces perform the same
function. Archaeological research can discern this
because excavations are able to ‘reverse engineer’
the method of terrace construction by recording the
order in which sediments were deposited and structures
were built.
This information, in combination with data on the
chemistry and structure of these soils, allows
us to reconstruct the sequence of landscape
change (image left). Importantly, combining
these sources tells us not only about the history
and methods of farming, but also about the
history of soil erosion and how farmers reacted
to it. Riverside fields previously assumed to be a
form of terrace are in fact alluvial sediment traps
similar to those at Engaruka. Known locally as
yela, these traps captured the soils eroded from
surrounding hillsides and transported them
via the water courses. This erosion became
so severe that all soils on the slopes were
eventually lost, exposing the bedrock. The yela
were thus built before the hillside terraces,
and the first terraces were built to protect the
agriculturally productive yela (Ferro-Vázquez et
al 2017).

Image (top): Konso landscape showing terraces on the slopes and yela at the base
of the valley. Image (above): Schematic showing phases of landscape development.

Results
In both case studies soil erosion, has been shown to
be beneficial to agriculture if the eroded sediments are
captured downstream.
•
•

•

•

At both Engaruka and Konso these alluvial sediment
traps were in use for several centuries.
Archaeological research provides the long-term data
that can reveal the causes and consequences of soil
erosion, as well as how people reacted to it in the
past.
The results of both case studies show that the
transportation of sediments within slow water flows
can lead to the accumulation of fine soils, and
suggest that these sediments are highly favourable
for both short- and long-term agricultural production.
But, it should be stressed that these beneficial
effects may occur at the expense of land degradation
elsewhere in the wider landscape. There is thus a
trade-off between on-site benefits and off-site erosion
and further assessment is needed to fully appreciate
any potential net gain from sediment traps.

The yela are still regarded as economically
important, but previous research studying Konso
agriculture had not recognised the significance
of yela within the wider terraced landscape.
Understanding this distinction is essential as
both types of structure have vastly different
potentials for agricultural productivity today.

Conclusions
Employing an approach that sets out to examine past
soil and water conservation at two contrasting sites
in Eastern Africa has over-turned previously held
assumptions about how these systems functioned.
Sediment traps are currently an overlooked type of
terracing, with poorly understood agricultural potential.
It is becoming increasingly apparent that the use
of sediment traps, as a distinct type of terracing to
capture alluvial sediments, is widespread in other
parts of the world. Similar systems having been
observed in Chile, USA, India, Israel, North Africa and
southern Mediterranean Europe, but are yet to be fully
investigated.
A combination of archaeology and soil science can locate
and define examples of historic sediment traps, but a
full appreciation of their efficacy and productivity
requires input from agricultural specialists and
development practitioners.
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Recommendations

Acknowledgements

The research on agricultural sediment traps summarised here employs
case studies from eastern Africa. But with the recognition of similar
systems in Europe, South America, USA, North Africa and Asia these
recommendations are potentially applicable to any agricultural
system in erosive environments.
1.

2.

3.

4.

5.

Studies of local approaches to soil and water conservation (socalled ‘indigenous knowledge’-led development) should be aware
that not all terraces are constructed in the same way or
designed to perform the same function.
Alluvial sediment traps are an effective way to accumulate deep
deposits of fine sediments and provide additional agronomic
benefits such as avoiding the excessive salinization that is a
common problem of irrigated soils.
Sediment traps should be seen as mitigating the effects of
erosion rather than as erosion avoidance measures i.e. they
do not prevent soil erosion but create benefits by capturing eroded
sediments.
Interdisciplinary cost-benefit analyses should be undertaken
to discern whether existing sediment traps adequately compensate
for loss of soils within other parts of the landscape. This
quantification of trade-offs should include assessments of current
and potential:
•
agricultural production, and
•
ecosystem services (i.e. all resources provided by the
environment).
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expressed here are the sole responsibility of the
authors.
The research was funded by three European
Union projects based at the University of York.

About the Projects
AAREA (Archaeology of Agricultural Resilience

in Eastern Africa) examines the long-term
sustainability of two east African agricultural
systems through interdisciplinary techniques,
with the intention of moving beyond a focus
on these sites to present a frank and realistic
appraisal of the role archaeology can play in
sustainability debates worldwide.

Following appropriate cost-benefit analyses, new sediment
traps similar to those described here could form an effective
component of future erosion mitigation and agricultural
development schemes.

(Grant#: ERC-StG-2012-337128-AAREA)

tRRACES (the Resistance and Resilience of

Ancient Agricultural Soils) aims to understand
how past or indigenous strategies for agricultural
management drove soil formation pathways with
a focus on the sustainability of agroecosystems.
Grant #: 657355- tRRACES-H2020-MSCA-IF-2014)

MATRIX aims to establish a new interdisciplinary

and multidisciplinary approach by combining
archaeology, chemistry and geology for the
identification of anthropogenic deposits using
rare earth elements soil analysis.
(Grant #: 704709-MATRIX-H2020-MSCA-IF-2015)

Authors & Contact
Daryl Stump - daryl.stump@york.ac.uk
Suzi Richer - suzi.richer@york.ac.uk
The legacy and benefits of ancient sediment traps: modern cultivation of
captured alluvial soils at Engaruka, Tanzania.

www.aarea-project.eu

References

4

•

FAO, 2017. Climate-smart agriculture. http://www.fao.org/climate-smart-agriculture/overview/en/.

•

FAO, IFAD, UNICEF, WFP and WHO. 2017. The State of Food Security and Nutrition in the World 2017. Building resilience for peace and food security.
Rome, FAO.

•

Ferro-Vázquez, C., Lang, C., Kaal, J. and Stump, D., 2017. ‘When is a terrace not a terrace? The importance of understanding landscape evolution in
studies of terraced agriculture’, Journal of Environmental Management, 202(3), 500-513 https://doi.org/10.1016/j.jenvman.2017.01.036

•

Keesstra, S.D., Quinton, J.N., van der Putten, W.H., Bardgett, R.D. and Fresco, L.O., 2016. The significance of soils and soil science towards realization of
the United Nations Sustainable Development Goals. Soil, 2(2), 111.

•

Lang, C., & Stump, D. 2017. Geoarchaeological evidence for the construction, irrigation, cultivation, and resilience of 15th-18th century AD terraced
landscape at Engaruka, Tanzania. Quaternary Research, 88(3), 382-399. doi:10.1017/qua.2017.54

•

Mekonnen, M., Keesstra, S. D., Stroosnijder, L., Baartman, J. E. M., and Maroulis, J. 2015. Soil Conservation Through Sediment Trapping: A Review. Land
Degradation and Development, 26, 544–556. doi: 10.1002/ldr.2308.

•

Pimentel, D. and Burgess, M. 2013. Soil Erosion Threatens Food Production. Collection FAO: Agriculture, 3 (3), Multidisciplinary Digital Publishing Institute,
p.443–463.

