A Retrogressive Analysis of High-Resolution Satellite
Imagery to Understand Irrigation History and
Archaeology in Southern Iraq
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Introduction

Southern Iraq has a rich tradition of open-surface canal irrigation, shaped
over millennia by environmental and human factors. At Ayn Sayad, canals
draw water from both the modern Euphrates and a relict course that dried
up by the 1st millennium BC. These systems, dating back thousands of
years, are now threatened by climate change and development. This study
aims to reconstruct their history using satellite imagery.

Objectives

e Classify and date canal features at Ayn Sayad
e Differentiate irrigation phases using different types of satellite imagery
e Explore the evolution and resilience of traditional water systems

Methodology

High-resolution satellite datasets (HEXAGON, Pléiades Neo, Google Earth,
SRTM) were used to digitise canals and classify them chronologically in
QGIS. HEXAGON images were orthorectified to track canal development
over time.

Pléiades Neo were band stacked and pansharpened using the Gram-
Schmidt algorithm to blend higher and lower bands whilst keeping the
spectral properties intact.

A classification key distinguished ancient, historical, 20th-century, and
modern canals based on imagery characteristics and abstraction points.

Results

Two irrigation phases were identified:
1.Ancient (3rd-1st millennium BC): Canals connected to a now-dry
Euphrates course
2.Historical to 20th Century: Systems drawing from Ayn Sayad and the
modern Euphrates
Field systems showed traditional “herringbone” layouts, with interlinked
canals indicating adaptation, reuse, and dual-source irrigation.

Interpretation

The complex irrigation network reflects cycles of construction, reuse, and
abandonment across periods. Canals often served multiple field systems
and adapted to changing hydrological conditions. The results align with
oral histories from local farmers and support the understanding that dual-
source irrigation (canals irrigated by both the spring and the river) has long
been a sustainable strategy in this landscape.

Conclusion

Agriculture at Ayn Sayed dates back from the 3™ to 1°' Millenium B.C. The
oldest in-use agriculture in this area likely dates to the Sasanian Period
(224-651 A.D.). Satellite imagery reveals not only its long history of use
but also its adaptability. As environmental threats increase, understanding
these traditional systems could inform future water management and
resilience strategies.

Sustainable Development Goals

Goal 6: Clean Water and Goal 15: Life on Land

Sanitation

Maps traditional, sustainable canal
systems using natural water sources,
supporting efficient water use and
informing climate-resilient water
management.
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Chronological
Classification

Ancient Canals 3rd to 1st millennium B.C. Canals connected to the relict Euphrates.

Sasanian, Early Islamic, Ottoman but can be in use until 20" Century.
Connected to the modern Euphrates or the spring of Ayn Sayad.

Description

Historical Canals

HEXAGON imagery from the 1970s/80s show canals supplying active field

20th Century Canals
systems

Canals that are only visible in 21°' Century satellite imagery (Google Earth /

Modern Pléiades Neo).
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Graph 1: A), B) KH9 image 22/02/1981 C) Pléiades Neo imagery PNEO image 01/12/2022 ©Airbus DS
(2022).

Canals within the Ayn Sayad region abstract water from three key sources: the
modern Euphrates, a relict course of the ancient Euphrates, and the Ayn Sayad
spring. Mapping these abstraction points using declassified KH-9 satellite
imagery reveals distinct temporal phases of canal use. Ancient canals (3rd-1st
millennium BC) originate from the relict Euphrates, while historical and 20th-
century canals often draw from the spring and modern Euphrates.
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Graph 2: SRTM Elevation Map of Ayn Sayed Study Area. Purple line is a canal that connects the spring Ayn
Sayed to the modern Euphrates. The graph underneath show that elevation is the highest at the spring,
nominally high at the Euphrates and lowest in the Centre East where canals and fields are present. This
shows that both the historical spring and modern Euphrates feed these active field systems.

Elevation analysis using SRTM data demonstrates that canals follow natural
gradient declines from both sources, confirming dual-direction irrigation into
the same field systems. This supports the interpretation of a complex, multi-
period irrigation network sustained by diverse and resilient water sources over
millennia.

Graph 3: A, B Herringbone layout of fields and canals. C, D Traditional earthen canals with upcast banks.
A, C, KH-9 22/02/1981. C, D, Pléiades Neo 25/01/2023 ©Airbus DS 2023.

Herringbone Canals are traditional field systems associated with traditional,
historic field systems. The Pléiades Neo is used here to show that these field
systems are still active in the 21°! Century.
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