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Egypt’s Limited Supply of 
Agricultural Land

(Photo by the International Space Station via Wikimedia Commons)

Presenter Notes
Presentation Notes
Rapid large-scale agriculture expansion has occurred globally to meet the resource demands of the growing population, yet agricultural loss from urban infringement and field decommissioning is still widespread. Egypt is particularly vulnerable to agricultural loss as desert makes up 96% of the country’s total area, therefore, most agricultural production and human settlement is concentrated around the Nile River and its Delta.Furthermore, water supply contingencies, increasing population, rising urban densities, political unrest, and climate change (e.g., increased droughts, sea-level rise) all threaten the country's agricultural sector and subsequent food security. 



1987 2019

Presenter Notes
Presentation Notes
As you can see here, cities throughout the country have struggled to meet the demands of a rapidly growing population. High urban densities have led to agricultural to urban land-cover transformations throughout the Delta



1987 2019
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Overall Goal
Test an approach for mapping multiple kinds of agricultural 
land-cover change—gain from agricultural expansion and loss 
from urban growth and crop decommissioning — using the 
Landsat-based detection of trends in disturbance and recovery 
(LandTrendr) time series segment-based approach. 

Presenter Notes
Presentation Notes
To cope with these agricultural pressures, the government has enacted a series of desert land reclamation projects that convert desert land into productive agriculture. Since the 1960s, extensive agricultural land has been created throughout the desert (most of which is located along the Delta's perimeter; (Shalaby & Tateishi, 2007).To improve the understanding of spatial agricultural complexities and to better predict future change in relation to these goals, it is essential that we assess the exact timing and quantity of agricultural conversions - both gain and loss- 



Methods 
Overview

Agricultural Gain & Loss
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1. Create boundary masks

2. Apply the LandTrendr 
algorithm

3. Postprocessing

4. Accuracy assessment

Presenter Notes
Presentation Notes
Agricultural trends in Egypt between 1987-2019 were mapped using Landsat Collection 1 Surface Reflectance (SR) Tier 1 TM/ETM+/OLI images on Google Earth Engine (GEE). The study was done in four major steps: land-cover masks were generated for various land-cover classes using a supervised Random Forest classification as a starting point for the analysis, the LandTrendr algorithm was utilized to identify agricultural land-cover change, land-cover masks and LandTrendr outputs were combined to form a comprehensive land-cover and land cover change map of the region, and lastly, accuracy was assessed and areas of land cover and change classes were estimated based on a reference sample and the protocols outlined in Olofsson et al., (2014) and Stehman (2014; Figure 2). We utilized the Google Earth Engine (GEE) image archive to build stacks of Landsat Collection 1 SR Tier 1 TM/ETM+/OLI images from 1987-2019 (Gorelick et al., 2017). All available imagery from the study period was included in the analysis, as the minimal seasonality of the region yields near-continuous crop cover of the region, thus affording maximum observational potential. 



Create Masks LandTrendr Post Processing Accuracy 
AssessmentAgricultural Gain & Loss
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Agriculture 1987 & 2019 Water 1987 & 2019 Urban 1987 & 2019

Presenter Notes
Presentation Notes
Prior to running LandTrendr, masks of different land-cover types were created to allow processing of different land covers separately. By restricting the area where LandTrendr is run, we could optimize for agricultural change. For example, it would be foolish to include the areas that are already agriculture in 1987 in analyses designed to find agricultural expansion after 1987.  For this study, agriculture, water, and developed land-cover masks were generated for 1987 and 2019 (i.e., the beginning and end of the study period), totaling six land-cover masks. 



Applied annual maximum TCG composites 
to LandTrendr (Kennedy, 2010)

• Created using entire C1 Landsat Archive

Create Masks LandTrendr Post Processing Accuracy 
AssessmentAgricultural Gain & Loss

Presenter Notes
Presentation Notes
LandTrendr is set of spectral-temporal segmentation algorithms that are useful for change detection in a time series of moderate resolution satellite imagery (primarily Landsat) and for generating trajectory-based spectral time series data largely absent of inter-annual signal noise. All available imagery from the study period was included in the analysis, as the minimal seasonality of the region yields near-continuous crop cover of the region, thus affording maximum observational potential. 
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Presenter Notes
Presentation Notes
ADD IN ANIMATIONLandTrendr allowed us to see when land cover change was occurring, but it didn’t tell us the exact types of changes that were happeningNew agriculture seen throughout the entire perimeter of the valleyLargest government projects shown on the rightAgricultural loss is predominantly seen around urban centersSome decommission in new areas of agriculture expansion
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Create Masks LandTrendr Post Processing Accuracy 
AssessmentAgricultural Gain & Loss

• A land-cover change 
map was created by 
combining the 
LandTrendr outputs 
and the final land-cover 
masks.

• Various masking 
techniques applied to 
classify change 
identified in the 
LandTrendr results. 

Presenter Notes
Presentation Notes
The final land-cover map was generated by combining the LandTrendr outputs and the final land-cover masks to create a comprehensive representation of change. Various masking techniques were applied to classify the change identified in the LandTrendr results. Specifically, agricultural decommissioning was identified by combining all areas of loss that occurred in both the existing and new agriculture areas (identified from the LandTrendr gain results). The 1987 development land-cover mask was applied to all remaining losses to identify areas of agriculture lost to new development. Define decommissioned agriculture – loss more than 2 years



• Conducted a comprehensive 
accuracy assessment using a 
stratified random sampling 
approach.

• Interpreted ~3,500 samples 
using high resolution imagery.

• Modified the map after initial 
stratification— necessitated 
applying a ratio estimator and 
indicator functions to improve 
precision of the area estimator 
(Stehman, 2014).
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Create Masks LandTrendr Post Processing Accuracy 
AssessmentAgricultural Gain & Loss

Presenter Notes
Presentation Notes
Area Estimation & Accuracy Assessment, is a Google Earth Engine application that provides comprehensive support for sampling and estimation in a design-based inference framework.Reference Stehman 



Table 1. Error matrix in sample counts for the final map with a buffer. Sample counts for the initial map are shown in parathesis. Cells without a parenthesis 
value represent no change between the initial and final maps.  DA: decommissioned agriculture, ND: new development, SD: stable development.
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Map modifications 
improved accuracies in 
target agricultural classes

Presenter Notes
Presentation Notes
Accuracy changes occurred in areas where the map was modified. The producer’s accuracy for New Agriculture increased 17.14%, yet it also decreased 8.17% in user accuracy. Additionally, the Decommissioned Agriculture user accuracy increased 20.75% and conversely decreased 21.80% in producer accuracy. 



Gain Loss

New Agriculture

Decommissioned Agriculture

Agricultural Change 
Area Estimates

New Development: On Agriculture

Of the 16,000 km2 that 
have been added in 
agriculture, ~24% have 
been lost to urban growth 
and agricultural 
decommission combined

16,286.03 
± 561.59

14,676.97

2,104.49Text in black represents area estimates,
Text in red represents original map area

1845.60

2,343.58 
± 264.71 

1,731.51
± 256.94 
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Scan to access the GEE App!

Our results indicate a highly 
effective approach for 
mapping multiple kinds of 
agricultural change. 

Conclusion

Presenter Notes
Presentation Notes
Our results indicate a highly effective approach for mapping multiple kinds of agricultural change. During the study period, Egypt experienced a significant increase in agricultural land area, yet it simultaneously experienced pervasive loss of prime agricultural land from urban growth and decommissioning of existing and new agricultural areas. The use of temporal segmentation and land cover masking techniques prove robust for mapping multiple kinds of agricultural land change and estimation of their areas. Ultimately, this methodology demonstrates the flexibility of LandTrendr for mapping multiple types of agricultural land-cover change.  
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