
Analysis

Objectives

Create a long-term NDVI time-series using Sentinel-2 data.
Detect recent vegetation changes and identify areas under threat.
Apply Mann-Kendall statistical tests to detect NDVI trends.
Use landscape metrics to quantify spatial patterns of vegetation classes
(high vegetation = agricultural land, low vegetation = sparse vegetation,
and no vegetation = desert land).

Methodology

Data Source: Google Earth Engine (GEE); Sentinel-2 data (2018–2023).
NDVI Analysis: Calculated using NearInfra-Red (NIR) and Red bands.
Trend Detection: Mann-Kendall test identifies significant vegetation
changes.
Land Classification: Vegetation classified as High (agriculture), Low
(sparse shrubs), or None (arid).
Landscape Metrics: Quantify spatial structure and fragmentation for each
vegetation class and for the entire landscape. Some statistics are helpful
to analyse classified land (class level metrics) and some are helpful to
analyse the landscape as a whole (landscape level metric)

 

Results

Vegetation Loss: 23.8% of the area is significantly losing vegetation,
especially traditional agricultural lands.
Vegetation Gain: Only 13% is increasing, mostly due to seasonal runoff
lakes or modern canal and pump systems.
Fragmentation: High and Low Vegetation areas are becoming more
fragmented.
Homogenization: The landscape is increasingly dominated by large,
uniform patches of arid land (No Vegetation).

Conclusion

The landscape in Southern Iraq is undergoing degradation, with shrinking
traditional agricultural and shrubland areas. This study shows landscape
metrics combined with NDVI time-series are powerful tools for detecting
spatial and ecological change. Findings support urgent shifts from fossil-fuel
irrigation to traditional water systems in light of climate pressures.

Introduction

Southern Iraq is facing threats to its traditional and archaeological
agricultural landscapes. This study uses Sentinel-2 satellite imagery
Normalized Difference Vegetation Index (NDVI) analysis to track long-term
vegetation changes (1984–2021), assessing the impact of environmental and
human factors. By focusing on recent trends (2018–2023), we aim to detect
current threats to agricultural and natural vegetation.

Class Level
Landscape Metric 

What the class
level

measurement
  calculates 

PD (Patch Density)  

How many distinct
patches of land
  are present per

unit area for a
given class. 

AREA_MN (Mean
Patch Area)

 

The mean size of
all patches within

a given area.

 NP (Number of
Patches) 

The number of
contiguous areas

(patches) of a land
class within the

given area of
interest.

LPI (Largest Patch
Index)  

The size of the
largest patch of a
given land cover

type as a
percentage of the
total study area.

CA (Class Area)  

The total area of a
specified land

class type within
an area of interest.

  Landscape
Level

Landscape
Metric

What the landscape level
  measurement calculates

SHAPE_MN
(Mean

Shape Index) 

Calculates the average shape
complexity (number of patch
edges) across all land cover

types. This can indicate if
patch fragmentation is

occurring or it may suggest
the landscape is becoming
more homogeneous where

one patch replaces all other
smaller more complex

shapes. 

SHAPE_SD
(Shape Index

Standard
  Deviation)  

Quantifies the variation in
shape complexity (number of

patch edges). A high value
would mean patches vary a
lot, while a low value would
show patches have similarly

shaped outlines

IJI
(Interspersion

and
Juxtaposition

Index) 

Calculates how different land
cover types are positioned,
intermixed, and spread out

relative to each other within
the area of interest.

CONTAG
(Contagion

Index)  

Indicates the degree/level of
connectivity between

patches.

SIEI
(Shannon's
Evenness

Index) 

SIEI shows how evenly the
total area is shared among

different patches of the same
land cover type — whether a
few big patches dominate or
all patches are more equal in

size.

Sustainable Development Goals

The AREA_MN (Mean Patch Area) metric shows that patches of High
and Low Vegetation are shrinking. While arid No Vegetation areas
have always dominated the study area, from 2018-2023 this land
cover type has been expanding as a result of desertification. 

The SHAPE_SD (Shape Index Standard Deviation) illustrates a
decrease in patch shape complexity over time, indicating a shift
toward more regular, uniform land cover patterns—further evidence
of ecological homogenization and landscape degradation. 

The Mann-Kendall Tau map identifies increasing and decreasing
pixel values of a time series of Normalised Difference Vegetation
Index (NDVI) images from Sentinel-2 which highlights where
vegetation has grown and been lost over the study period (2018-
2023). This map reveals widespread NDVI decline, especially in
traditionally irrigated regions. 

Stats Can Catch Desertification
Before it Swallows Farmland

Landscape Metrics Demonstrating Threats to Traditional
and Archaeological Landscapes in Southern Iraq

As farmers experience lowering levels of vegetation in their areas, landscape metrics can be used to analyse
the patterns of desertification to identify whether the lowering vegetation in their cropland is following a wider
pattern of desertification in the surrounding areas. It can be used to track the fragmentation, shrinkage, and
spatial isolation of vegetated patches over time, providing early indicators of land degradation and helping to
inform targeted interventions for sustainable land and water management. 

Goal 15: Life on Land
 

This study provides a methodology to study cropland decline, which
can be used in the future as an early warning system for areas at risk
of desertification. Desertification is the growth of desert land and
the loss of vegetated areas, both cultivated and wild.

Increasing
Vegetation

Decreasing
Vegetation

Goal 13: Climate Action
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Vanishing Landscape Project
This study provides further insights into the desertification issue that we have studied during the CNR-Royal vanishing landscapes project and published in Cigna et al. (2025).
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