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GCAM Simulation

e After running thousands or even hundreds of simulations
through GCAM this process generates an ensemble of
datasets that are impossible to go through individually.

* Each dataset has been generated using varying parameters
which may have minimal impact on the outputs while others
may have a more drastic impact.
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Data Preprocessing

* In order to tackle the 1ssue of processing this data it was
necessary to define a file format that was flexible and would
enable the extraction of key features from the datasets.

e JSON was the chosen file format

with Scenario specific: e
"forcing-RCP™ : ["1.5151", "...", "7.24347"],
. . . ¥
— IIlpllt ldentlﬁcathn “priTgZ{fn?:g:;séss", "...", "20.6299"],

"Nuclear”: ["4.497564", "...", "4.558674"],

BT [ ) e R VI

— Output query selection
— Global feature extraction

— Period of simulation
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System Overview

e Our system 1s able to process these JSON files that contain:
— Variable

* Input parameters

— The description of inputs that drove the simulation

e Output parameters
— The queries selected to be run in the simulation at the regional level

e Global Parameters

— The queries selected to be run in the simulation at the global level

* Providing analysis across a range of varying scenario

KSa
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System Implementation

— Electron Framework

e User Interface

— Web Technologies
» HTML
» CSS

» JavaScript

e Data Processing

— NodelS
— Python

e Desktop Application (Windows, Mac, & Linux)
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Visual Analytics Techniques

e Clustering

— Hierarchical
— K-Means

* Principal Component Analysis

eeeeeee

Energy
ssssss

e Correlation Identification [ -

ooooooo

 Anomaly Detection
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Category: [ Primary Energy Consumption (Direct Equival v | Sub-Category: [d biomass

ary Energy Consumption (Direct Equivalent) (] traditions! biomass rimary Energy Consu

 Dendrogram View

e Parallel Coordinates Plot

— Scenario View
— Difference View

— Scenario Comparison View

— Region Comparison View
e Min/Max View

e (Cluster View
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Legend

Scenarios

//<\’
\_/

Dendrogram View

The dendrogram view shows
the hierarchy of clusters
formed when running when
running all of the provided
scenarios through hierarchical
clustering.

The view 1s draggable and
zoomable allowing the user to
easily explore the hierarchy.
Nodes are clickable providing
filter mechanisms for the
Parallel Coordinates View and

the Line Chart View. %‘
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Dendrogram View Cont.

vvvvv

In the dendrogram, leat nodes
represent the scenarios and parent
nodes represent the grouping
procedure of clustering process.

Distance between the nodes or
clusters 1s labeled as ‘dist’.

To help users gain a better
understanding of the clustering
results, we label the parent nodes with
the input parameter that has the
largest difference at that step in the
grouping process.

KSa
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Node Labeling Example

==meme2azesen - Scenarlo 2 inputs: Energy: 0, CCS: 0, SoEcon: 1,
AGLU: 0, Ind/Tran/Build: 0, Fossil: 1
O Scenario S inputs: Energy: 0, CCS: 0, SoEcon: 1,
T AGLU: 0, Ind/Tran/Build: 1, Fossil: 1
M Y scensros geoson DY applying the difference equation below we find

the greatest difference between Scenarios 2 and 3
to be Ind/Tran/Build so the parent is colored Blue.

AGLL Diff, = z Absolute Value(ClusterlRR — Clusterzp,R)
“es REP

Foss Where R is the Rth record of parameterP.

KSa
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Parallel Coordinates View

i e me e e e e e n e e “ . * Displays the output
A N . | values for each region
A\ - J\ - :: or scenario based on
A R I S W I SR the selected queries.
.|+ The plot can display
AN IR R A\ the actual values and
N AN 1 s A 1M the slope of the values.
N7 N\ | S OSHZENN )/ 8 .. * The user can select to
=\ [ S S\ — ===\ examine the data across
s 10 Bl R all years as a
COMMID: REGONNAME  Ama T bt ookt somcosct | wieh2 " cewosct | geobemabonct | bomms ket cou D00 oanson summation or av erage,

2 Africa_Eastern 20411.7  0.341064 0 0.0219597 0 0 0 0 0.00117361 0.598468 0 0.00864168 1.377214 0 0 Or they Ca‘n SeleCt the
3 Africa_North 405608 221116 0 0.0408238 0 0 1.01276 0 0 0.0302876 0 0.109442 0.062738 0 0 < ﬁ
e ' value from a specific

4 Afica_Southern 578535 0.248747 0 0.0549063 0 0 0.0184602 0 0 0.376634 0 0177087  0.9525201 0 0
. . .
5 Africa Western 2161.06 0742294 0 0.0814254 0 0 0.140692 0 0 0.857878 0 00160514  3.31438953 0 0 ye ar ln the Sl [ [ Iul atlon
L]
6 Australia NZ 267616 1.53089 0 0.134392 0 0 0.780225 0 0.00746642 0.197901 0 151483 0 0 0
Showing 1 to 10 of 31 entries Previous 1 2 3 4 Next
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Filtering options: Brushing

crude oil wind-elect ~ hydro-elect @ solarelet = solar-H2

Show 10 ¥ entries

d
GCAM_ID * REGION_NAME  Area :IL' © wind-elect ~ hydro-elect solar-elect
1 USA 360142  33.4669  0.0110381 0.983347 0.0023977
13 EU-15 102208  24.2373  0.00280083 0.939621 4.32005E-05
23 Russia 16990100  11.4724 0 0.597301 0

* Each y-axis represents a different
feature from the output query.

* The user can brush along the y-
axis to filter the data in the table
below the plot.

* Each new brush combines
previously filtered values with
the new data under brushing.

KSa
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Filtering options: Hovering

04+ 04+ 04+ 04+ 04+ 044 044 04+ 04+ 04 04 04 04+ 04+
The user can
024 024 024 0.24 024 024 024 024 024 024 024 024 024 024 .
hover over a line
004 004 00+ 004 0.0+ 004 - 04— i 004 \\ 0.0+ 004 004 004 00+ 004 R
to examine a
024 024 €024 024 024 024 024 024 0.24 024 024 024 024 -0.24
specific region or
0. 0 04 0.4 04 0 0 04 044 04 0. 04 04 04
064 064 064 064 064 064 064 06+ 064 06 064 064 064 064 Scenarlo In the
08 084 LR 08+ 28 NER 084 08+ 08 28 084 08 08+ 08+ data ta ble beIOW-
0 10 10 10 ¢ 1.0 10 1.0 10+ 0 0 1.0 10 0
Show 10 | entries Search:
GCAM_ID REGION_NAME Area crude oil wind-elact hydro-elect solar-elect solar-H2 natural gas nuclear-elact geothermal-elect biomass nuclear-H2

European Free

Trade Assodiation 100547  0.06631058632062814  -0.8357920533854207 0 0.787477406959368  0.15953154514544776  -0.027459327961076474 0 0.0252876826718568615  -0.03347175861434554  0.15178440239603
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Difference View (Scenario A vs Scenario B)

scenario2 vs scenarios Year 2030 3
cruce ol hyo-aloc solor-vlect solar-H2 natud gos nudear-olodt ] or-H2 coe Vadilional Do Tass wind-H2 radod uncomvontonal oi
1.0 109 104 1.0 109 109 1.0 104 04 104 1.0 109 104
06+ 05+ 08+ 8+ 0B+ 0E+4 086+ 0.8+ L | 08+ 08~ 0.8+ 08+ 08+
06 06+ 06 06 06+ 0.6 06 06 06+ 06+ 06 06 06+ 06
0.4 0.4 0.4 0.6 0.4 0.4 0.4 0.4 0.4 0.4 04 0.4 0.6+ 04

0.2 0.2+ 024
—_— ) 00 00,
0.2 024 024 c2 024 02 024 0.2 024 02 0.2 b2 02
0.4 4 0.4+ 04+ 0.4+ 044 044 “\ 0.4+ 044 04+ 044 044 0.4 4 0.4+ 04+
0.6 4 0.6 4 0.6 4 €64 €64 0.6 4 \ 0.6 4 0.6 4 €64 €6+ 06 4 0.6 - 064 064
0.6 - 0.6+ 0.8 <8+ €8+ 0.8 4 05 4 /4'/ 0.8+ 0.8+ L8+ 08 + U\U- 0.8+ 08
1.0 1.0 o 1,0 1.0 1.0 10X 1,04 1.0 1.0 1.0 o 1.0 1.0
Show 10 |4 entries Search:
GCAM_ID * REGION_NAME Area crude oll wind-elect hydro-elect solar-elect solar-H2 natural gas | lect geoth I-elect bi:
1 3.60142 -0.0031703489612013858 0.015528177348361316 0 0.1944639146775422 -0.008739600223800549  -0.0033534227579403164 0.008821750177161025 0.016847100328495557 -0.04640763606175846
2 Africa_Eastern 20411.7 0.015142567069893309 0.043697359874457 0 0.05459443966514277 0.02576960235381942 0.017256639600661927 0.04454362583926397 0.02465281681660425 0.00989702455948852
3 Africa_Northemn 405608 0.021918912718581984 0.10248195906829216 0 0.19930468357 153597 0.041045692883895146 0.01179761615178787 0.12536567437485213 0.07876937460044098 0.05408503646662188
4 Africa_Southern 578535 -0.016694336611031202 0.1214872913803724 0 0.184375371835531 -0.03853143170062179 0.02799341700745961 0.12648837753265907 0.11116809640421432 -0.0028138202167036774
5 Africa Western 2161.06 -0.018207822723325717 0.07610914125691681 0 0.14930571641544543  -0.029980061854039397 0.02727021507478078 0.07651821698196062 0.06873083090227738 0.007968883641481517
6 Australia_NZ 267616 0.0007567652201143082  0.028508103358825698 0 0.20050779139026775  -0.008697382689897948 0.006092798865631577  0.03513418464079421  0.023851120568760376 0.04030188056802546

Showing 1 to 10 of 31 entries

Previous 1 2 3 4

Next

The Difference
View shows the
normalized
difference of
Scenario A vs
Scenario B
across all
features.
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Difference View Cont.

* The normalized difference 1s found by rescaling each
feature using feature scaling. Feature scaling is used to
bring all values into the range [0,1].The equation for feature

scaling 1s defined as follows: x _ XX - XX

» After rescaling each feature the difference of Scenario B 1s
taken from Scenario A giving us a range of [-1,1].

KSa
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Scenario Comparison View

scenario0 vs scenariol vs scenario2 vs scenario3 vs scenario4 vs scenario5 vs scenarioB vs scenario7 vs scenario8 vs scenario9

Plot Value 5 Year 2055 [o)

crude of wind-alect hydro-alect solar-aoct s0lar-H2 natural gas nucksar-elact goathermal-alect biomass nuchear-H2 coa traditional bomass wind-H2 tradet unconventional o
2300 ] 1 1 1 T ?%n:. 2604 1= 7 7 b T — w00 ]
260 139 260 — Ny ~— 7 2.600 A .
2,900 A g / A 2654 224
2200 ] 05 / e 55 {
' 260 i20' /27 \ 2400 4 /A~ aed N\ 750
2850 % . \ / / 2
\ ; / 220 21 504\ 2694
\ \
? /2800 o #0041 \ 2,200 - / 204
2100 240 4 oA 790 . 2004 a5 \ - 500 -
g /%4 \ 1/ \
2750 X 2 000 ///] 2554 1.6
2,000 oA 804 P 0 \ 2,000 \ /
,000 204 { \ aen
2,700 0 A 28 Y 64 / 1500 \V// 184 "
{ ’ 1 W/ 250
90+ 35+ / A\ Al
1,900 4 \ oA 26504 J404 N 1,300 4 104 X » / 1.7
! 26 - 1,600 / 400
! 804 ) 2500 < 23 e \ [\ 2% 1.6 )
V' 1604 f ) o 1,400 4 \
1,800 4 ’ 3.0+ 00~ 244 200 ¢
704 2550 A 204 \ 15+ 350
’ 80 2404
/ \ © 1200 4
1601 25500 4 224 1.5 144
1,700 4 /) \ #o- €0 »100+ \ P
/ 25 100 3 235 201
\, 2450 1.0 134 \
140 \ 40+ 20 \
\ 504 . \
1,600 \ i/, / 2400 - 54 000 0.5 80 2 4
’ v/ ./ R 2 / u‘l 2304 . / 250
1204 1% ‘ ) \/
i ] 3 404 204 3 oY 83 5 004 4 4 3 k
Show 10 [ entries Search:
filename * scenario name crude oil wind-elect hydro-elect solar-slect solar-H2 natural gas nuclear-elect geothermal-elect bioma:
scenario0 CostincNP_012716,date=2016-1-2T710:45:24-08:00 2317.886922999997  116.34597032299986 116.69126330000007 3B.655498526000045  2.089487188999997 2658.4186110000014  114.4611842100003 31.08387098000003 931.160565(
scenariol CostincRCP4p5_012716,date=2016-27-1T05:23:05-08:00 2244.124363999998  169.86884520100028 116.69126330000007 64.07884804900008  4.1268320340000075 2351.2428610000015 185.95981604599996  34.33285089999998  1372.551717
scenario2 DelayCCS2040_21616,date=2016-16-2T07:16:51-08:00 1595.4182669999982 216.21429873199978 116.69126330000007 113.26331519100016  3.786930613000003  2732.7060210000013 258.594155976 35.33379135399997  1582.780031

scenariod

scenariod

scenariod

Showing 1 to 10 of 10 entries

Exp_Constr_NP_020816,date=2016-8-2712:18:58-08:00
Exp_Constr_RCP4p5_020516,date=2016-5-2T13:54:41-08:00

NoBarriers_RCP4p5_011116,date=2016-11-1T06:28:39-08:00

1531.2155709999995

1646.2805620000029

1642.,2794000000006

145.99244410999992

180.14809327399976

202.14927914399976

116.69126330000007

116.69126330000007

116.69126330000007

62,72971467099995 2.048048966000001

102.23010285200002  4.398887924000002

©

5.80692014699975  3.9175417340000016

2953.3182499999925

2787.6117429999945

2743.7456040000068

198.61561672299953

190.56140160799993

258.0354807609998

17.913939014000004

17.757334640000003

35.20662527700001

Previous

1184.034892

1697.615400

1628.959893

1 Next

The Scenario
Comparison
View shows
the summation
of all countries
for each
feature in the
scenario files.
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Map View
o The Map View is used
“:ﬂv‘.‘}% 1 ~asa filter for the Parallel
Y v 1 Coordinates View. When
| Vs “ aregion is selected the
o o Parallel Coordinates
N View will be filtered to
\};t oy the selection.

KSa
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Region Comparison View

USA: scenario0 vs scenario1 vs scenario2 vs scenario3 vs scenariod4 vs scenario5 vs scenario6 vs scenario7 vs scenario8 vs scenario9 Plot Value [ Year 2055 |9

w. The Region

crude oll wind-eloct hydro-elect solar-oloct solar-H2 natural gas nuclear-eloct goothermal-aloct bomass nuciear-H2 coal traditional biomass wind-H2
2779 1 7 7 7 . A w~ 20 7 7 b 1 187
' — N o014 s
a 0032 o5 g 0,040 :
450 0.75 194 \ %1 £ ()I llparlSOIl
264 404 /| P
Il 00304 445 Al dro ] 18 g ofoas 00154 105
38 { as 4 b
o wt—\ /] 1IEW SNOWS
a6 0.8 ) A 065+ ) 0.030 4 / 00144
435 40 18 w0 95
26 34 0,026 , 0,60
‘ 08 - X 354 4 5 0.025 4 0073 - e Va— ue Or
324 490 \ * )
234 o 0.024 - 4o 0,55 ol , 35 a5
0.7 A 0.0204 \ 00124 th
o\ € SCICCLC
87 0,022 b2.0 25+ \ 0,504 134
224 X ' ' \\ %4 75
26+ 05 s Y 20 045 124 vote \ 0.011 4
country across
21 // 24 . N 254 \\/
4 LR Y~ 4104 040 X Q010 \ / 0010 \ 6.5
22 0,018 \ \ / 8 .
1.0 104 \
\ all scenario
7 005 0,009
044 0016 J 4
400 2 S \ / 5's
184 J 0,30 \
Lk = ] | 3 ) " ! a4 PN 154 N ¥ | | i es
L]
Show 10 ¥ entries Search:
N N crude N natural . traditional R
filename * scenario name ) wind-elect hydro-elect solar-elect solar-H2 nuclear-elect geothermal-elect biomass nuclear-H2 coal . wind-H2 u
oil gas biomass
scenario0 CostincNP_012716,date=2016-1-2T10:45:24-08:00 26.1143  1.668031652 1.01139 0.322772891 0.0142194 41.6469 2.5267183 0.6093996 7.90186 0.020738 30.6889 0 0.00816741
scenariol CostincRCP4p5_012716,date=2016-27-1T05:23:05-08:00 27.0575 2.62491375 1.01139 0.539430192 0.0261962 39.5987 3.682034 0.794759 15.3911 0.0378893 14.8135 0 0.0140926
scenario2 DelayCCS2040_21616,date=2016-16-2T07:16:51-08:00 20.5462 3.24197709 1.01139 0.885656842 0.0275661 43.4532 5.18799 0.7947596 17.395 0.0397629 22.1599 0 0.0143523
scenario3 Exp_Constr_NP_020816,date=2016-8-2T712:18:58-08:00 18.9447 2.04007667 1.01139 0.444155202 0.0147368 43.4482 4.018211 0.2779452 10.9974 0.0214572 45.4291 0 0.00823064
scenario4 Exp_Constr_RCP4p5_020516,date=2016-5-2T13:54:41-08:00 20.7075 2.89677769 1.01139 0.783061107 0.0291517 44.0967 4.077982 0.3037385 20.00386 0.0423552 22.3913 0 0.0154464
scenario5 __NoBarriers RCP4p5_011116,date=2016-11-1T06:28:39-08:00 _ 20.6549 3.06402447 1.01139 0.703129896 0.027732 42.7159 5.232416 0.7947582 18.7204 0.0400566 23.2355 0 0.0145675

Showing 1 to 10 of 10 entries
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M I / M V .
te sector v | Sub-Category:  biomass systems v Add Line Chart || Clear All Line Charts

Users can insert a min/max
line chart for any of the
output features from the
provided queries.
In the example on the left
we have inserted line charts
using CO2 emissions by
aggregate sector for:

* Building

* Liquid Systems

* Regional Sugar for

Ethanol
* Biomass Systems

KSa
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Min/Max View Cont.

In each line chart, the x-axis
represents the year of simulation and
y-axis represents the output value.
The black line represents the mean
output value of all regions. The blue
area chart represents the range mean
+ 2 * std.

Each dot represents a set of regions
( or a single region) having the
maximum or minimum value. The
computation of output values for
each country and each year is
explained in the next slide.

KSa
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Min/Max View Cont.

250 ICO2 emissions by aggregate sector ( building ) o In the example On the left
— The max value is shared by 35
| regions and changes in 2015 to
- ’%f’ china. China continues to be the

, 1 - R dominant region until 2090. During
Rl 0'n: 35 regions (EU-15, etc e this period China soars above the 2
std area. Later in 2090 the max
value 1s shared by 24 regions for the
remainder of the simulation.

e —— Ty p———— — The min value is held by Columbia

Value: 1.27 o and this continues until 2025. From

oo | MRATCHEEL 20235 onto the end of the simulation
4 regions share the minimum value.

®
1990 2000 2010 2020 2030 2040 2050 2080 2070 2080 2090 2100 %




ARIZONA STATE UNIVERSITY

Min/Max View Cont.

The analysis goal is to 1) find the abnormal countries in each type of output and each year from all scenarios, and 2)
find similar outputs with similar changing trend.

Step 1: for each 01%'[‘031}'[ at e_a(%htc)ountrv and each year, we compute its average value over all scenarios.
- A cenario((Cjlg
Oj (Ci» tk) =P l /# of Scenarios

0; ty
] : . . .
Step 2: So, for each output and each year , suppose we have N countries (i=1...N), we can compute their mean

PAOUR [ R [ VS | [ I
and st - ch_o—j/ 2S:
.u( j) - # of Countries

ZCL(I'L(O_])_O_])Z
G(Oj) = \/ /# of Countries

79 u(0;)
Step 4: we can draw a line chart for each output of which the x-axis is the time  and y-axis is . We can also

add some dots onto the line chart. The dots represent the abnormal countries having the maximal and minimal values.

KSa
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scenario_1513

deebario_1518

Cluster View

The Cluster View shows
the PCA plot of all
scenarios and their
clusters from K-Means.
This view provides a
spatial overview of each
scenario and shows their
similarity based on
locality and clustering.

KSa
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Cluster View Cont.

scenario_1512 e Each dot represents a different
enario, 1817 scenario and the coloring 1s used to
g’ .
scenario_2262 show which cluster they belong to.
enage 767
sriofiohario 2267 e The User can control the number of

s ario_2257

clusters generated by K-Means.
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Demo
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Thank You

e Contributions
— Visual analytics tool for processing multiple scenarios
— Tools for analyzing and comparing scenarios

 Future Work
— More visualization features
— Ul improvements
— Server distribution

— Parallelization




