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What is the Global Change Assessment Model ?

The GCAM Systems
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Challenges
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Research Goal

» Design and develop the first web-based visual analytics
tool for the GCAM. ‘
— Scenario exploration |
» Geospatial perspective :
» Temporal perspective

:;' Demand
[o] L' & B3
Layer Selection

— Similarity analysis
* Between scenarios
» Between basins
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GCAM Data

 Inputs:
— Future precipitations
— Greenhouse Gas control policies
— Global population
— China South-North Water Transportation Project

e Qutputs:

_ Water demand [ T
Demand for irrigation use

— Water supply Livestock Demand for livestock use
— Water scarcity Electricity Demand for electricity use

Demand for manufacturing use
DEESTS Demand for domestic use
Demand in total

Scarcity value

Supply value




GCAM Data

e Temporal info: From 2010 to 2095 at five year
intervals , 18 year steps in total
 Spatial info:
— @Grid level: 0.5°x0.5°, which 1s 720%360 1n total
— Basin level: 235 basins
— Region level: 62 regions including 31 divisions in China



System Design

* Model-View-Controller (MVC)

Store summary result
into database Source files (netCDF)

Query netCDF JAVA API

Data

Ajax requests Plot data

-4

JSON data Interact with users

Java RESTful services JavaScript functions Views (D3.js, Leaflet)



GCAM Visual Analytics View
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Similarity Analysis View
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Dendrogram
-Model Level Similarity

| water project
population
Parent Nodes are labeled B oo
with the parameters that
have the smallest impact on

the grouping procedure.

Dendrogram is one of the most frequent visualization approaches to illustrate the arrangement of
the clusters in a hierarchical structure [2].

[2] Everitt, B. S. and A. Skrondal, “The cambridge dictionary of statistics", Cambridge: Cambridge (2002).
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Case Study - The impact of spatial variations
and scales on scenario similarity

-World: 235 basins
-Continental: continents at the basin level
-Country, 31 divisions in China



World Scale

World level: all 235 basins
Future emissions will make the largest impact on the scenario

dissimilarity, followed by precipitation, population, and the China S-
N Water Transportation Project.
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Continental Scale and Variations

o Africa
Same as the world scale result
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Continental Scale and Variations

Asia

Same as the world scale result
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Continental Scale and Variations

e America
Same as the world scale result
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Continental Scale and Variations

Europe
The population makes bigger impacts
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Continental Scale and Variations

e Australia
The population makes bigger impacts
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Country Scale

China — Scenario Similarity Analysis
Mixed sequences of precipitation, and population
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Country Scale

China — Basin Similarity Analysis
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Demo

e Similarity Analysis View
 GCAM Visual Analytics View



Thank You!

=4 Visual Analytics &
Data Exploration Research

« Contributions
— The first ever web-based geovisual analytics tool for the GCAM

— Inter-comparison and similarity analysis of climate scenarios with the GCAM
models across the globe

e Future Work

— More clustering approaches
Methods that deal with a large number of sectors

More visualization features
— Ul improvement

e (Contact

. rmacieje(@asu.edu, vader.lab.asu.edu



GCAM History

 GCAM was one of four models chosen to create the representative
concentration pathways for the IPCC’s ARS.

* GCAM was one of three models used to create scenarios for the
Climate Change Science Program’s scenario analysis.

* GCAM has been a prominent tool for analysis in the Climate Change
Technology Program.

* GCAM has participated in virtually every major
climate/energy/economics assessment over the last 20 years:
— Every Energy Modeling Forum study on climate
— Every IPCC assessment

* GCAM has been used for strategic planning by energy and other
private companies.

* GCAM is now used by research institutions and governments
internationally.



GCAM

* GCAM links economic, energy, land-use, and climate systemes.

» Typically used to examine the effect of technology and policy on the
economy, energy system, agriculture and land-use, and climate.

» Emissions of 16 greenhouse gases.

151 Agriculture and Land Use Model

The GCAM 3.0 Agriculture and Land Use Regions

14 Region Energy/Economy Model

- [




Three demand
sectors: (1) industry,
(2) transpartation,
and (3) buildings
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Overall structu

Overview of energy production and transformation in GCAM



Case Study - China South-North Water Project

) ’ ,.,;
" ‘ Ziya He Basin
' %‘ - /fgg% Yangtze River Basin
'




Spatial Exploration

Dry future precipitation, low emissions, and 8 billion population in 2030
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Temporal Exploration

The water scarcity situations in Ziya He Basin improves significantly when the
water project carries on, whereas the water project does not dramatically
worsen the water scarcity situations in Yangtze River Basin.
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Labeled Time Line
-Yearly Average Water Scarcity
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Parallel Coordinate Plot

-Basin Level Similarity




Parallel Coordinate Plot

Brushing on axes
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