Advanced Geospatial Analytics
Introduction to the iMMAP Data Cube

iMMAP presents its latest development in geospatial
analytics through the open data cube technology, the
first data cube focused on the needs of the
humanitarian and development sectors.
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iMMAP Advanced
Geospatial Analytics
iMMAP supports advanced geospatial analytics
through the acquisition, storage, management,
analysis and visualization of geospatial information,
utilizing technologies such as Geographic
Information Systems (GIS), Remote Sensing as well
as Open Data Cubes. iMMAP applies computational,
visual, analytical, and statistical methods to process
and understand big geospatial and temporal data to
help address complex social and environmental
challenges. GIS activities such as thematic
mapping, geospatial statistics, geodatabases
management and GIS training have been the
cornerstone of the iMMAP Geospatial offering and
has now been increased to also support new
competencies such as Remote Sensing and the
Open Data Cube initiative.

CAPABILITIES INCLUDE
Geospatial Data Management
Geospatial Data Analysis and
Exploration
Geo Application Development
Cartography

APPLICATIONS FOCUS AREAS
Terrestrial Observations from
Space
Water Observation from
Space
Urban Change Monitoring
Climate Observations and
Assessments
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iMMAP Data Cube
The iMMAP Data Cube is an open-source geospatial
data management and analysis platform designed to
assist the humanitarian and development sectors to
address crucial economic, environmental and social
challenges by harnessing earth observation data.
Utilizing the technology infrastructure behind the
Open Data Cube initiative, the iMMAP Data Cube is
the first data cube with a focus on the needs of the
humanitarian and development sectors. iMMAP will
increase the use and impact of earth observation
data, supporting different aid actors with
On-Demand Analysis Ready Data and Information, as
well as supporting the UN Sustainable Development
Goals (SDG) through indicators such as Land
Degradation (SDG 15.3.1), Urban Profiling (SDG 11.3.1)
and Water Resource (SDG 6.6.1) assessments.
With the advances in machine learning, data mining
and computing infrastructures, the iMMAP Data
Cube will be capable of managing big data queries
and rapidly yield time-series analysis of extensive
satellite data archives spanning as far back as 1987.

OUR VISION
To lower the hurdles of Earth Observation data
access and utilization and expand the user
community by making analysis-ready data
accessible. This provides modern approaches to
easily analyze and visualize data, empowering the
humanitarian community to improve their
knowledge and make better informed decisions.

OUR MISSION
To deliver decision-ready products, using Earth
Observations, that enable policymakers, nonprofit
organizations, private sector and civil society to
address social, environmental and economic
changes globally and develop an ecosystem for
innovation across the humanitarian and
development sectors.

The infrastructure behind the cube allows both
technical and non-technical users access to earth
observation information, eliminating technical
barriers such as data access, data preparation, lack
of analyses tools and limited software and hardware
resources.
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Thematic Areas Supported
Agriculture and
Food Security
Crop Area Estimation (Planting &
Harvesting)
Crop Condition and Phenology
Relative Yield Estimation

Natural
Resources
Land Degradation (SDG 15.3.1)
Fractional Cover Classification
Vegetation Anomaly
Land Cover Change (LCCS)

Urban Profiling
Ratio of Land Consumption Over
Population Growth Rate (SDG 11.3.1)
Settlements Rate of Change
Impervious Surface Detection

Crop Type Classification
Drought Monitoring

Water
Resources

Logistics
Large Truck Detection on Highways
(truck volumes over time)

Surface Water Detection
(Water Observation from
Space (WOfS) - Algorithm)
Water Extent and Change Over
Time (SDG 6.6.1)

Natural
Disasters
Wildfire Risk Assessment
Flood Assessments (WOfS)
Landslide Detection

Water Quality Assessment (Chl
a, TSM)

Global Open Data
Cube Initiative
The Committee on Earth Observation Satellites
(CEOS) defines a data cube as a “time series
multi-dimensional stack of spatially aligned pixels
ready for analysis.” At its core, the Open Data Cube
(ODC) is a set of Python libraries and a PostgreSQL
database that helps you work with geospatial raster
data. It is described as a tool to help analyze
archives of specific satellite data to extract change
patterns in both our natural environment and
human-induced activities.
An open-source initiative, the ODC aims to organize
and increase the use and impact of satellite data. It
is also a way to prepare for the influx of earth
observation data generated by satellites.

Between 2017 and 2018, a total of 835 satellites
were launched, which is more than the previous
four years combined. A satellite can generate more
than one terabyte of data per day.
The global ODC initiative is a community of people
and organizations building capability for working
with and managing earth observation and satellite
data.
iMMAP has been working with Dr. Brian Killough of
the NASA Langley Research Center and Dr. Alex
Held of the Commonwealth Scientific and
Industrial Research Organisation (CSIRO) in
Australia to increase the use of Earth Observation
data.
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Geospatial
Applications
Detects and monitors urban change and population displacements over time
Identifies crop types and assesses their health and condition
Detects surface water extent and change over time
Assesses and monitors ecological status of water bodies
Classifies land productivity and areas of possible degradation
Monitors disasters including flood detection, wildfire activity and landslides
Assesses and monitors climate change patterns
Monitors large truck volumes on highways

The Open Data Cube is an ideal data solution for
the humanitarian and development sectors due to
its efficient connection to satellite data and
sharing of open source tools and algorithms.
The CEOS Systems Engineering Office looks
forward to its continued collaboration with iMMAP
and supporting the development of new products
and applications for these initiatives.

Dr. Brian Killough, CEOS, NASA
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Advanced Geospatial
Analytics Ecosystem
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Analysis-Ready Data
and Information
Analysis-Ready Data are time-series stacks of
spatially aligned satellite imagery and climate
data that are prepared for a user to analyze
without having to pre-process the imagery
themselves. It refers to data that has been
corrected for specific atmospheric,
radiometric and geometric effects and
organized into a format that allows immediate
analysis.

The iMMAP Data Cube can
be utilized for any location
around the world.
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UNIQUE FEATURES
Built on the latest Open Data Cube core framework
Data indexed as Cloud Optimized Geotiff (COG)
Supported by the latest workflows developed in the Digital
Earth Australia and Africa platforms
Enhanced Sentinel-2 ARD processing workflow based on
FORCE (Framework for Operational Radiometric Correction
for Environmental monitoring) Open-Source code
Co-registration of Sentinel-2A & 2B onto the Landsat grid
Integrated data access from the Google Earth Engine
Simplified user interface for non-technical users
API integration with third-party Geospatial Information
Systems using REST services

INITIAL DATA SETS
Moderate Resolution Imaging Spectroradiometer
(MODIS) and Visible Infrared Imaging Radiometer
Suite (VIIRS) Sensors (10 years)
Landsat 5,7,8 Satellites (30 years)
Sentinel 1 SAR (5 years)
Sentinel 2A & 2B Satellites (6 years)
Shuttle Radar Topography Mission (SRTM) Digital
Elevation Model
ERA5 Climate Model (40 years)
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Data Access
Geospatial platform that supports technical and non-technical users

We aim to improve the accessibility of Advanced Geospatial data and
products through this new digital infrastructure. Interactive web
applications are planned to directly interact with the iMMAP Data Cube
platform and will take advantage of time-series data and information
products. Another exciting development within iMMAP’s cube is access to
the iMMAP Research and Analysis Sandbox. Geospatial analysts and GIS
experts will soon access JupyterLab Notebooks on Spectral Products,
Water Resources, Urban Change, Land Degradation and many more
thematic areas. Third-party Geospatial Information Systems and
cloud-based solutions will also be able to interact directly with the iMMAP
Data Cube through Representational State Transfer (REST) services to
produce routine products through an automated framework.

Head of iMMAP Geoinformatics Unit, Philip Frost (right), leads the iMMAP Data
Cube initiative, supported by his team members, including Web Developer,
Aya Mousa (left).

The most effective way to access and fully utilize the iMMAP Data
Cube is by engaging with iMMAP’s Geoinformatics team. To ensure
that we respond to your request in a timely manner, please fill out
our form by visiting https://bit.ly/iMMAPDataCube
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USE CASES

NORTHEAST SYRIA
Northeast Syria (NES) is a region in Syria
comprising several governorates: Deir ez Zor,
Aleppo, Ar-Raqqa and Al-Hasakeh. With large
tracts of irrigated lands and sizable agricultural
production, the area is considered a
breadbasket, a green belt, in the country, with
wheat and barley particularly prevalent. NES
has endured damage to its bakeries and other
food processing facilities due to a prolonged
civil war. It also has been susceptible to
seasonal fires, which has left acres of fertile
land charred and destroyed.

the Enhanced Vegetation Index (EVI) and
calculation of area under crop from the
Normalized Difference Vegetation Index (NDVI)
to illustrate the progress of the current season
as compared to 2018, 2019, and 2020 winter
seasons.
A

The crop phenology or season growth cycle
was extracted from a time-series of the EVI
data on the Sentinel-2 satellite and updated
every five days. An increase in the EVI relates
to increased photosynthetic activity in the
plants while suppressing background soil
effects. EVI phenometrics for 2021 across
Al-Hasakeh Governorate (Figure 1)
demonstrated the impact of low rainfall
throughout the growing period, keeping EVI
relatively low up until early March. The 2021
crop phenometrics are comparable to the 2018
crop season, in which crop yields were
extremely low. However, the 2021 winter crop
season had not yet reached its growth cycle
peak, which generally occurs between
mid-March and mid-April due to too low rainfall
at the beginning of the winter season. In
contrast, the 2018 winter season reached its
peak in mid-March, meaning that the 2021
winter crops may still outperform the crop
yields from 2018.

NES is primarily controlled militarily and
administratively by the Kurdish-led Syrian
Democratic Forces (SDF) and
Self-Administration of North and East Syria
(SNES). However, the Syrian government
controls small pockets in the region, while
Turkish-backed factions control a portion of
territory within the northern part of the region.

Agriculture and
Food Security

Theme

Crop Phenology

This analysis reviewed crop growth status in
NES and outlines the factors affecting crop
production using data from early-to-mid May
2021. This analysis relied primarily on remote
sensing outputs (Sentinel-2 @10m resolution)
from the iMMAP Data Cube, focusing on
estimating crop phenology trends based on

Figure 1: Crop phenology using enhanced vegetation index (EVI) for Al-Hasakeh governorate, 2017-2021
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B

Area Under Crop
Production Phenology

The area under crop is estimated by the area in
hectares over a fixed NDVI threshold (larger
than 0.4) corresponding to robust vegetation
growth consistent with crop physiological
development. The method used allows for rapid
comparison of relative land cover change
between recent seasons but does not attempt
to differentiate crop types or present
hectarage of specific crops. The NDVI
thresholding methodology performs well
across the NES landscape as it contains very

few natural vegetation types with a high
photosynthetic activity that can be confused as
crops.
The 2021 winter crop season showed a drastic
reduction in total area under crop due to the
ongoing drought with similarities in planted area
and productivity to the 2018 drought season. As
seen in Figure 2, this area is presented by the
district for the three core governorates in NES,
plus the two districts of the Aleppo governorate
included in NES.
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Figure 2: NES crop classifiction, 2018-2021
District

2021

2020

2019

2018

Al Hasakeh

24,001 ha

298,77 ha
(-92%)

531,557 ha
(-95%)

36,041 ha
(-33%)

Quamishli

15,140 ha

171,792 ha
(-91%)

301,255 ha
(-95%)

27,353 ha
(-45%)

Al-Malikeyyeh

17,254 ha

96,743 ha
(-82%)

195,238 ha
(-91%)

34,233 ha
(-50%)

All areas of Al-Hasakeh Governorate display
dramatic decreases in cropped areas compared
to previous years (Table 1). Losses of 33-50% of
cropped area compared to the 2018 winter
season are of particular concern. Still, the 2021
winter season may improve somewhat compared
to 2018.
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EUPHRATES RIVER FLOW ANALYSIS

The resulting cumulative decline in water levels
in the reservoir has been dramatic. Water
extent analysis using the Water Observation
from Space (WOfS) algorithm in the iMMAP Data
Cube indicates an overall reduction of more
than 13 km2 of the total water body extent (
Figure 1) within the study area of northern Lake
Assad analyzed between November 2020 and
June 2021. Utilizing the five daily revisiting
Sentinel-2 satellites, water levels were
measured to calculate the change in water
body extent. Figure 2 illustrates a sudden and
significant decrease in water levels in February
2021 of 54.64% within the shallow streams of
the northern Lake Assad region, with only
45.36% of the river stable since January 2021.

Irrigated production in these areas is even
more essential during the current season,
where low rainfall has severely threatened the
yield of rainfed wheat and barley. The impacts
of low river flow may be felt most acutely during
the summer 2021 crop season, as these crops
are in the planting and early vegetative growth
stage, and these crops rely more on irrigation
water as summer rains are much lower.
Figure 3: Water body extent profile between
Nov 2020 and June 2021
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Throughout the winter seasons of 2020-2021,
reports from officials in the Self Administration
of North-East Syria (SANES) and Solidarity
International indicate that the flow of water
from the Euphrates River crossing into Lake
Assad from Turkey has been severely restricted
since late January 2021. Under the 1987
Syria-Turkey Agreement on the Euphrates,
water flow at the Syrian border should remain
between 500-1,000 cubic meters per second
(m3/s) but reduced to around 200-250 m3/s
since February 2021. According to Solidarity
International reports, 150 m3/s are needed to
fulfill irrigation needs along the Euphrates, with
an additional 25 m3/s for drinking water, 75
m3/s for evaporation from reservoirs and 300
m3/s for Iraq’s downstream water rights under
the 1987 agreement.
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Figure 4: Water body extent change map
between Nov 2020 and June 2021

Aside from posing grave risks to drinking water
supply and restricting electricity production at
the Tishreen Dam, the reduced water flow also
threatens to limit access to irrigation water for
farmers in Ar-Raqqa and Deir ez-Zor
Governorates, including irrigated wheat and
barley fields.
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Theme

URBAN GROWTH
TRENDS IN SYRIA
Urban Profiling

Urban surface detected
in 2018 and 2020

Geospatial technologies such as data cubes
play an important role in understanding and
monitoring land cover and land use change,
which are critical in achieving the Sustainable
Development Goal (SDG) 11. In this study, we
assessed the SDG Indicator 11.3.1, Ratio of Land
Consumption Rate to Population Growth Rate
(LCRPGR) and other urban growth trends for
Idleb city in Syria using Sentinel-2 satellite
images (10 m resolution) and annual population
data collected through the WorldPop dataset.

Indicator 11.3.1 =

Land Consumption rate
Population Growth rate

The 2018 and 2020 built-up areas (Figure 1)
were mapped using a machine learning
algorithm to extract impervious surfaces. An
image analysis technique that includes both
textural and spectral features from the
Sentinel-2 data were applied within the
algorithm. The built-up area layers were used
to calculate the land consumption per capita
and total urban change for Idleb, both of which
have been identified as critical explanatory
indicators for the ratio of LCRPGR.
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The assessment shows that Idleb city, located
in the Western part of Syria, recorded an overall
decline in the ratio of LCRPGR between the
periods 2018 and 2020. The annual Population
Growth Rate (Figure 2) based on the Worldpop
data for the sub-district of Idleb increased by
1,929 people per year (percentage growth of
1.60%)

Based on the Worldpop and Sentinel-2 data the
UN SDG 11.3.1 LCRPGR value for Idleb for 2017 to
2020 is -36.16 square meters per person. In
other words, on average, according to this
analysis, every new person is consuming -36.16
square meters of land in total.

Figure 5: Population Growth rate for Syria, 2018 - 2020

Figure 6: Urban change between 2018 and 2020

The results further show that Idleb recorded a
decrease in Land Consumption Rate (LCR)
between 2018 and 2020 of -69,753 square
meters per year.

Urban change was also measured (Figure 3)
between the two years: areas classified in grey
as “Stable”, areas in red as “Increasing” and the
blue areas depicted as “Decreasing” urban
surface.
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Partner with iMMAP
iMMAP is looking for partners to advance the development of its data cube.
For more information, please contact info-mena@immap.org and info@immap.org.
You can receive more updates on iMMAP's Advanced Geospatial Analytics
program by subscribing to our newsletter and following us on social media.
Visit our homepage at immap.org
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