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LandScan Global

Presenter Notes
Presentation Notes
Since the late ’70s, ORNL has been involved in developing spatially refined estimates for populations at risk; so initially in support of facility siting or shipment of hazardous materials.  
Because of this research, ORNL developed LandScan, a global population dataset for consequence assessment.  Delivered in 1998 and continuous annual updates since 2000, It is the first global high resolution population distribution dataset representing an “unwarned population”.
This “unwarned population” is a more realistic spatial representation of population across activity spaces, such as home, work or school.  
Since the release of this global dataset nearly 25 years ago, which by the way, was well before geospatial data or the high-resolution imagery that is now available, through leveraging our HPC, computer vision and machine learning capabilities,  there is a continued refinement of the spatial fidelity of LS  with each new release.  
Our next release is LandScan 2021 which will occur next month.
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• Population Counts
• Administrative 

boundaries

• Buildings footprints and 
height

• Distance to roads
• Land use/cover
• OSM
• POI
• and more

• Camps
• Border crossings
• Damaged infrastructure
• Nighttime lights

• Unwarned population
• 30 arc seconds 

resolution (~1km)
• Ambient (over 24 hours)

Census

Displaced populations

LandScan Global Update: 
Annual Improvements to Population Distribution

LandScan Global 

Spatial refinement

https:\\LandScan.ornl.gov

Presenter Notes
Presentation Notes
This is a high-level representation of the LS remote sensing based global data modeling and mapping method..

It is a top-down multi-variable dasymetric population modeling approach conducted by disaggregating census counts within subnational administrative boundaries. LandScan population distribution models are tailored to match the data conditions and geographic nature of each individual country and region.
Basically we develop a likelihood surface (so where people are most likely to be found).   This is performed using ancillary spatial data and high-resolution imagery exploitation.
Can be as simple as a binary surface (1s and 0s)
Additional data may include land cover/land use categories, distance to roads, nighttime imagery, etc.
We then distribute census populations to small areas within the census units based on the values in the likelihood surface
The displaced populations, idps and refugees,  are then accounted for through data driven, mixed methods.

There isn’t enough time to discuss cover everything about LS, but you can find more information about the modeling, input data and datasets at LandScan.ornl.gov

When available, updated census results and newly defined administrative boundaries from numerous countries have been integrated into this version of LandScan. These new data allow for significant refinements in the population distribution. For temporal consistency, census counts were normalized to match the July 2020 national population estimates provided by the CIA World Factbook. 
In order to reflect significant recent population movements in Jordan, Lebanon, Turkey, Burma, and Bangladesh, population totals and distributions for the aforementioned areas were adjusted to account for refugee and internally displaced persons movements as of June 2020.
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What causes population displacement and 
resettlement?

• Short term events
– Conflict or persecution
– Social and political instability
– Natural disasters

• Long term events
– Food insecurity
– Water stress

• Background migration

https://www.bbc.com/news/world-asia-41566561

Copyright 2011, Maxar

Copyright 2011, Maxar

Presenter Notes
Presentation Notes
What events cause population displacement and eventually resettlement?
Short term events such as conflict or persecution, social and political instability or natural disasters
And long term events such as food insecurity and water stress
Some short-term events may become long term events, such as the Syrian conflict.

And then there is census (when available) that captures the background migration; Legal process (census) captures normal migration
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Kosovo
Refugee Crisis

1998

May 25, 1999

LandScan
Global Population Project 

Oak Ridge National Laboratory

Accounting 
for IDP and 
Refugees 

https://www.washingtonpost.com/wp-
srv/inatl/longterm/balkans/stories/albania29.htm

Presenter Notes
Presentation Notes

The Kosovo Refugee Crisis was the first LandScan update to account for IDP and Refugee movements. We used open-source information; humanitarian reports and media about locations and displaced populations to update the population distribution.  

By the end of April 1999, about 600,000 residents of Kosovo had become refugees; another 400,000 were displaced inside Kosovo.  Overall, there were two million residents in Kosovo and nearly half of the residents became refugees or internally displaced people. 
The largest spike shown is about 375,000 Kosovars moved south to neighboring Albania (population 3.2 million and per capita GDP $700) and 
150,000 had moved to Macedonia (2.1 million and $1700); 
And the remaining number of refugees moved to other neighboring countries.  Montenegro and Bosnia. As they left Kosovo, Serbs reportedly stripped many Kosovars of passports, property deeds and other records.
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Accounting for displaced populations

• Rapidly evolving situations

• Temporal lag in reporting 
displacements

• No single authoritative reporting 
source

• Less reporting on resettlement

• Reports and EO are often misaligned

https://www.cfr.org/global-conflict-tracker#

https://iraqdtm.iom.int/Dashboard

Presenter Notes
Presentation Notes
Normally, we identify new or monitor continuing events of population displacement through humanitarian or other open source resources.  

However, some events are Rapidly evolving situations that require assistance immediately
If we use Ukraine as an example – the most recent continuing conflict where bordering countries and humanitarian organizations provide housing and supplies to idps and refugees.
Another example, in August 2017, a large number of Rohinga fled Myanmar.  he Myanmar military launched a series of ongoing persecutions and killings of the Muslim Rohingya.  There were nearly 1 million Rohingya refugees fleeing to Bangladesh to settle in Cox’s Bazar Refugee Camp and smaller numbers of refugees in surrounding countries.  
For these type of situations, there is often a shorter-term need for information that can aid in estimating damage and providing relief to affected people. 

There isn’t a single authoritative reporting source, but rather multiple organizations and media that report the rapidly changing situations. For example, UNHCR (spoke earlier about their tracking site), the Global Conflict Tracker informs about ongoing conflicts, or the Displacement Tracking Matrix (DTM) managed by UN International for Migration (IOM).

It if often difficult to track resettlement of refugees or idps as there is typically less reporting.

Last of all, aligning disparate data sources and  Earth Observation data to develop updates of population movements can be challenging.

All of this results in a high level of complexity for modeling population movements at the global scale. 
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Qualitative Data Sources
• Unaccounted Refugees

– Cultural practices of offers to 
refugees or IDPs to stay with local 
families

– Anecdotal reporting
– Displacement location to/from

• Behavioral Surveys

• Camps
– Detect and monitor growth/decline

• Changes in building use

• Destroyed infrastructure or 
inhabitable buildings

https://www.reuters.com/world/europe/over-600-buildings-
destroyed-ukrainian-city-kharkiv-mayor-says-2022-03-15/

https://www.youtube.com/watch?v=qBfBCuJIXfQ

http://www.mimeta.org/mimeta-news/2013/1/21/increased-
humanitarian-aid-needed-for-syrian-refugees

Presenter Notes
Presentation Notes
For population modeling, unaccounted refugees are difficult to discover and model.  There are cultural practices by locals, tribes, or relatives that offer shelter to refugees or idps. 
Some of this may be discovered through anecdotal reporting or through reporting of displacement locations; whether to or from area of conflict.

Behavioral surveys can sometimes give insight into where refugee/idps were initially displaced and if re-displaced.

We have the capability to detect change in growth and decline of camps.  That change leads to pursuit of new sources of reported population.

Other change could be building use.  For population modeling, it is important to understand changes in building use.  We often see building use change once there is a displacement event.  Ukraine, for example, people used museums, theaters and churches as shelters which then changes the building function and the expected number of people within the building.

It is useful to identify destroyed infrastructure.  If a building is destroyed, we consider it inhabitable, and no populations would be distributed to that location.






http://www.mimeta.org/mimeta-news/2013/1/21/increased-humanitarian-aid-needed-for-syrian-refugees
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Quantitative Reporting

• Collect reported open 
source and media 
population estimates and 
movements

• Humanitarian 
organizations and NGOs 
report 
– registered camp 

populations
– Estimates of refugees/idps

• Imagery exploitation

Copyright 2011, Maxar

Presenter Notes
Presentation Notes
So, for quantitative sources, we regularly collect open source and media population estimates to inform our population models for an area.  

Over the longer term, humanitarian organizations and NGOs report registered camp populations.  Those can include detailed camp descriptions and demographics.

We have developed tools that exploit imagery in support of developing camp populations estimates or capacities when not reported.  
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October 16, 2016 November 28, 2016

Rapid construction of IDP camps to accommodate Mosul exodus

Rapid camp establishment and growth

Copyright 2011, Maxar

Presenter Notes
Presentation Notes
This is an example of using OH imagery to detect camp establishment and growth.
These images show the rapid construction of idp camps d/t the mass Mosul exodus between October and November of 2016.  
Using counting tools, we can rapidly determine whether the capacity of camp supports the reported displaced population.  In addition to comparing with reported counts.  We can then pursue where the unaccounted refugees or idps may be found.

This is also an example of how alignment of reported population estimates and EO is important for LS updates.
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Syrian Influx to Iraq Near Peshkhabour

17AUG13 WorldView 2©

Presenter Notes
Presentation Notes
Here is another example of using OH imagery and reported estimates to understand population movements. Border crossings are important for monitoring population movements and identifying camps.  This example is the Syria conflict and the opening of a former closed border into Iraq. Here the number of refugees crossings went from 68,000 to over 200,000 over the course of the year. What we typically see, is that most refugees settle just past the border for minimum displacement, but also in hopes of return. 
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Impromptu Facility Use

Gathering 
crowds

Copyright 2011, Maxar

Presenter Notes
Presentation Notes
We pull information from social media as well for more insight into refugee and idp activities.  These photos were pulled from discussion about humanitarian support.

This is an example of two different impromptu facility uses that result in differing population estimates over time 
The facility on the left is a shelter and hosts a large population whereas the facility on the right is a distribution center.  There is a large gathering of people outside the facility, but that is only for a short time that day.
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Automated Change Detection

September 2019 baseline March 2022

Mariupol, Ukraine

Copyright 2011, Maxar

Presenter Notes
Presentation Notes
This is an example of our capabilities in automated change detection to determine habitable buildings.  Leveraging our High Performance Computing and machine learning capabilities, our algorithms quickly detect buildings prior and post conflict.  The damaged buildings are rapidly identified to determine displace populations and inhabitable buildings.  

For LandScan updates, populations are not distributed to destroyed buildings.
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Baga, Nigeria (January 2015) 

Automated Count: 10790

Baga, Nigeria (February 2015) 

Automated Count: 9601 Automated Count: 285Automated Count: 151

Copyright 2011, Maxar

Presenter Notes
Presentation Notes
Here is another example of rapidly detecting change through building detection and counting to get us closer to the number of people affected by conflict.  IN this case it is the Boko Harem who terrorized this city resulting in loss of infrastructure and life.

Using our building detection in addition to our counting capability, the number of structures remaining quickly provides insight into how many households displaced.  

It should be noted that this example occurred during a time when digital trace data isn’t readily available.  And it may not yet be available in many areas of the world.  But Ukraine is a good example of detecting population movement to the surrounding borders using that data.
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VIIRS Nighttime Lights Change Detection

Presenter Notes
Presentation Notes
ORNL developed the capability to continuously identify areas that may be experiencing power outage using the Visible Infrared Imaging Radiometer Suite (VIIRS) nighttime lights.  The legend on the left shows black as decreased light, white as no change, yellow as increased lights and gray as cloud cover.  In this image, there is quite a bit of cloud cover, but we can still get glimpses of decreased and increased lights in parts of the country.

This capability supports rapidly detecting changes in outages especially during natural disasters, and gives insight into who is affected and may need support. If communities are without power for too long, they potentially begin moving where they can find power and shelter.  

onboard the Suomi National Polar-Or
biting Partnership (Suomi NPP) spacecraft.
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Syrian Refugees and 
IDP’s*

Green to Blue – Losses
Yellow to Red – Gains

IDP movement - modeled

Syrian 
Refugee 
Movements 

August 
2012 

LandScan
Update

Copyright 2011, Maxar

Presenter Notes
Presentation Notes
Last of all, this graphic is a visualization of population dynamics during the early stages of Syrian conflict.

By now, the estimate of Internally Displaced People has risen to between 1.5 and 2 million 
The intense fighting in densely populated urban areas caused more and more people to flee their homes seeking refuge in schools, dormitories, mosques and other public buildings. 
Many have been displaced more than once, fleeing from Homs to Damascus, for example, and then moving elsewhere in search of safety. 

Note the large movement of populations settling outside of the cities in the north of Syria and outside of Syria to the north and south.
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Questions?

Marie Urban urbanml@ornl.gov

mailto:urbanml@ornl.gov
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