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GIST Scientific focus areas High Resolution Population and Social Dynamics

Geographic Data Sciences

Geocomputation and Visualization

• An interdisciplinary group of 100+ researchers 

• Mission: Advance research, development, and applications of geographic information and analysis systems to 

support the nation’s energy, environment, and security programs, from local to global scales.
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LandScan Population Project

Resolution: 30 arc seconds      
(~1 km)

Ambient population 
(average of 24 hours)

Remote sensing–based global 
data modeling and mapping

LandScan Global

Resolution: 3 arc seconds 
(~90 m), US coverage

Nighttime and daytime 
population

Integration of infrastructure 
and activity databases

LandScan USA

Resolution: 3 arc seconds 
(~90 m), OCONUS coverage

Residential/ambient 
population

Settlement mapping from very 
high resolution imagery (<= 
1m)

Integration of population 
density and activity databases 

LandScan HD 
(ongoing development)

Improving Knowledge of Population Distribution and Dynamics
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• Unstructured Settlements

• Lowest to lower middle income

• Rural migrants

Settlement patterns as socioeconomic indicators

Neighborhood, Settlement, and Building Mapping

Damascus, Syria

• Very loosely structured

• Historically ethnic neighborhoods

• Poor residents; displaced in some 

areas with urban development/tourism

• Formal urban planning

• Typical urban services

• Middle to upper income 
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Detection of buildings with unprecedented accuracy (>95%)

From 1m NAIP imagery From <1m WV and aerial imagery
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Accelerated Global Human Settlement Discovery

25 million core-hours ALCC

allocation on Titan

A scalable, shallow and deep machine learning training and execution 

framework for high-resolution geospatial imagery on HPC architectures 

Processed Yemen in under two hours using and 

4,758 nodes and as many GPUs. There were 

4,758 images totaling to 45.5 TBs

Processed Zambia in 3 hours 45 mins.

Detected all swimming pools in TX in ~10 minutes
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High Resolution Population Distribution and Dynamics

Big Data Fusion
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Critical Infrastructure Mapping and Analysis

Mobile home 
park 

database

Pattern 
recognition

Machine learning

HP 
Geocomputation

Open energy 
data layers

Geographic 
pattern 

recognition

Open source 
data analysis

Machine learning

K-12 schools 
database

Geographic and 
open source data 

analysis

Demographic 
analysis

Population 
infrastructure 
dependency

Transportation 
routing 
analysis

Transportation 
simulations

Population 
infrastructure 
dependency

Demographic 
analysis



1111 Open slide master to edit

Foundational Critical infrastructure Data

Prisons
Day-care 
Centers

Rail lines/Rail 
points

Hospitals
Solid Waste 

Landfills
Mobile Home 

Parks
Energy Data 

Layers

We develop and maintain spatially enabled, foundation level data for a number of critical 

infrastructures for research and operational communities.
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Solid Waste Facilities delivered on September 8, 2017

https://respond- harveygeoplatform.opendata.arcgis.com/ 
https://respond-irma-geoplatform.opendata.arcgis.com/
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EAGLE-I: Environment for Analysis of Geo-Located 
Energy Information 

o US DOE’s operational energy-sector 
situational awareness tool

o Outage monitoring for over 128 
million customers; 87%+ coverage of 
US

o Serves the ESF#12 function under 
the National Response Framework

o Users are from DOE, DHS, NGA, 
DOD, FEMA, USDA, White House, 
state emergency responders, among 
others

o Updates every 15 minutes
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55 Data Layers Incorporated

Layer Count

FILTERS

BASE LAYER 4

ELECTRICITY 16

PETROLEUM 8

NATURAL GAS 6

COAL 2

WEATHER – NOAA 2

HAZARDS – NWS/HNC 2

HAZARDS – USGS 5

EVENTS 1

TRANSPORTATION 1

BOUNDARIES AND 
PLACES 6

POPULATION 2
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Over 7 million impacted electric customers who were out of power in the morning of 9/11/17 during Hurricane Irma after landfall. Majority of the ~7 million 

impacted electric customers were from Florida, Georgia, and South Carolina.

EAGLE-I during Hurricanes Harvey and Irma
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Exascale Computing Project: Holistic Urban Modeling

• Coupled multi-scale models

• Three focus areas

– Urban weather/micro-climate

– Socio-economics and transportation

– Building and district-scale energy

• Characterization and optimization of district 
performance over decades

Metro-SEED
Urban Simulation and Visualization System
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Module Integration

Integrated Data

City / County / Metro

Sector-

Specific 

Modules

5 Lab effort: ANL, ORNL, LBNL, NREL, PNNL
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Interaction of Urban Systems
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Chicago North Branch 20-50 km3

(20000 bldgs)

Medium City

• 3 km3

(760 acres)

• 2,000 buildings

• 20 km3

• 20k buildings

• 16 km riverfront
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Socio-Economic Modeling and Data Flow
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CommuterSIM ABM Framework

Factors affecting mode choice
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Toolbox for Urban Mobility Simulation (TUMS)

• Microscopic approach using 
socioeconomic input to show high-
resolution traffic activity

• Chicago North Branch scenario

– Used LandScan USA 2016 population data

– Open Street map for Chicago loop and North 
Branch 

• Init data from IL DOT

• Titan runs:

– Commute and evacuation scenarios

– Evacuation scenario, runs in 4m 50s

~300,000 vehicle agents, 2.3 GB, 1 sec resolution output

– Daily commute scenario for 3 years in, 1hr 50m

~300,000 vehicle agents, 40GB, hourly output
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What's next: Integrated Simulation of Travel Behavior
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Acknowledgement



2828 Open slide master to edit

Discussion
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MOtor Vehicle Emission Simulator (MOVES)

Accepts from TUMS:
• traffic volume for each link or
• time-dependent speed profiles
• fleet composition for the link volumes 

Estimates emissions (including heat exhaust) and 
energy consumption

Accommodates different fuel types and vehicle 
processes:
• start and running exhaust
• brake and tire wear
• vapor losses 
• spillage losses 


