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Preliminary: software to download

» GCAM: https://qithub.com/JGCRI/gcam-core/releases

» Java Runtime Environment (64 bit)
http://www.java.com/en/download/manual.jsp

» To compile GCAM code:

m  Windows: Visual C++ Redistributable (x64):
http://www.microsoft.com/download/en/details.aspx?id=14632

m  Mac: Xcode: https://developer.apple.com/xcode/downloads/
» R: https://cran.r-project.org/ and Rstudio https://www.rstudio.com

Optional but helpful
» XML files will open in a text editor, but better options exist
m Windows: XML Marker: http://symbolclick.com/xmlmarker 1 1 setup.exe
m Mac: BBEdit: http://www.barebones.com/products/bbedit/
m Mac: XML Author: http://www.oxygenxml.com/
» A program to diff files
m Windows: Tortoise Git: https://tortoisegit.org/download/
m Windows: WinMerge: http://winmerge.org/downloads/

m Mac or Windows: DiffMerge:
https://sourcegear.com/diffmerge/downloads.php




1:

Running the Reference Scenario

1) Navigate to the exe folder
2) Open configuration_ref.xml

This is a base configuration file that reads in files for the
reference, or main, scenario

3) Save this as configuration.xml

This is the control file that is called when the model is run; the
configuration.xml file itself is usually over-written each time a
new scenario is run. Configuration files that one wants to
keep permanently should be saved under a different name

4) Windows: Double-click run-gcam.bat 4) Mac: Double click run-gcam.command
1) This will run Objects-Main.exe 1) This will run Release/objects, the executable
= 50_states_...514.patch (] config files r

.. Debu 4/25/2012 2:15PM File folder o . =
o as2012 21504 Fie folder —| check_zer...nCalc.patch W configuration_ref.xml
| Release 6/28/20125:10PM  Fie folder L cvs ' W configuration.xml
|, socioeconomics-agmip 4/25/2012 11:40 AM  File folder W
| batch_ag.xml 11/2/2010 5:23PM XML File 2KB ﬁ exe - ~ debugReference.xml

@ batch-csv-out.csv

Microsoft Excel Com... 0KB _. fu“y_cal_ﬂ3 114.patCh _V gaS.emk

8/28/2012 7:34PM

. configuration.xml - XML File 6 KB D lnput b “r |Og Conf Xm|

. configuration_ref. xml /2012 2:34PM XML File 8KB . _ ) - '

|| dependency_finder_log 8/28/20127:35PM  File 92KB r;: libs I [:l Iog S J
|| dependency_finder_log2 2/6/2012 8:05PM File 93KB - Makeﬁ Ie [:l ObjeCtS.buﬂd I
| gas - Copy.emk 2/2/2012 5:24PM EMK File 18KB . b )

| gas.emk % 7/11/2012 12:09 PM EMK File 25KB D outpl“lt ' . ObJeCtSGMGen'csv

%) libdb48.dll 6/2/2011 2:52PM Application extension 1,276 KB [: proposa|s I -’ ObjectSG Mout.csv

%) libdbxml25.dll 6/2/2011 2:52PM Application extension 1,757 KB .

| log_conf.xml 2/28/2012 6:03PM XML File 3KB — outFi l e.csv

(E) MAGOUT.CSV 2/8/2011 10:55 AM Microsoft Excel Com... 22KB [:] Re | ease I

L) ObjectsGMGen.csv 7/11/2012 12:09PM  Microsoft Excel Com... 1KB
run.command
@ ObjectSGMout.csv 6/27/2012 4:35PM Microsoft Excel Com... 1,991KB

B Objects-Main.exe 5/9/2012 12:35PM  Application 2,178 KB  target_finder_log




1: Configuration: the “Files” section

<Files=
<Value name="xmllnputFileName"> Base input file. ScenarioComponents append to this. sj«<n/ales=
=\Value name="BatchFileName": For running multiple scenarios in sequence. Requires setting BatchMode bool to 1
=Value name="policy-target-file”=_/inpt For running climate target finder. Requires setting find-path bool to 1
<\Vahhe name="CHInnutFilahlama"s finnntimanicclinnutgfinput_gases.emk</Value=
<\/al xmldb is where the output will be saved »="xmldb-location”=..Joutput/database_basexdb</Value=
<Val xmlOutput is a merged and calibrated input file :=xmlOutputFileName™=_/output/outputxml=Nalue=
<Value write-output="1" append-scenario-name="1"name="xmlDebugFileName"=debug.xml</Nalue=
<Value write-output="1" append-scenario-name="0" name="climatFileName"=gas.emk=/Value=
=<Value write-output="1" append-scenario-name="0" name="outFileName"=outFile.csv=/Value=
<Value write-output="1" append-scenario-name="1" name="costCurvesOutputFileName"=cost_curves.xml</Nalue=>
=<Value write-output="1" append-scenario-name="0" name="batchCSVOutputFile"=batch-csv-out.csv=/Nalue=
<Value write-output="0" append-scenario-name="0" name="supplyDemandOutputFileName"=SDCurves.csv=/NValue>
<Value write-output="0" append-scenario-name="0" name="flow-graph"=gcam-flow-graph.dot=/Value=
<Value write-output="0" append-scenario-name="0" name="dependencyGraphName"=DependencyGraph.dot</Value=
<Value write-output="0" append-scenario-name="0" name="landAllocatorGraphName"=LandAllocatorGraph.dot</Value=
<Value write-output="0" append-scenario-name="0" name="0bjectSGMFileName™=0bjectSGMout.csv=/Nalue=
<Value write-output="0" append-scenario-name="0" name="0bjectSGMGenFileName"=0bjectSGMGen.csv=/NValue=
<Value write-output="0" append-scenario-name="0" name="dbFileName"=_/output/output mdb=</Nalue=

</Files=

* Write-output: indicate whether to create the file
* Append-scenario-name: indicate whether to append the scenario \W/

name to the name of the file being created

Pacific Northwest
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1: Configuration: Other sections

=Strings=
=Value name="scenarioName =Reference</ NO spaces or special characters

<Value name="debugd-l The debug file has a lot of detail but is only written for one region
=Value name="MAGICC-input-air =_.anpuvmagicc/inpuis</vaiue=

<Value name="MAGICC-output-dir=_/output=/Value=
</Strings=
<Bools>=
<Value name="CalibrationActive"=1:- Always keep calibration on

<Value name="BatchMode™=0-< |f true, appends XML files listed in BatchFile

=Value name=1ind-paln =0= ¢ 4,6 yses policy-target-file
<Value name="createCostCLive - v~ varuc-

=<Value name="debugChecking™=0</Nalue>=
<Value name="simulActive"=1</NValue=
<Value name="PrintvaluesOnGraphs™=1</Nalue>
<Value name="ShowNullPaths"=0<=/Value=
<Value name="PrintPrices™=1</Nalue=
=/Bools>
<Ints=
<Value name="numMarketsToFindSD"=10</Nalue>
<Value name="numPointsForSD"=21<Nalue=>
<Value name="numPointsForCO2CostCurve =5</Nalue=

=<Value name="carbon-output-start-year=1705<Nalue= -
<Value name="climateOQutputinterval™=5</NValue=

_ in ciTa™ Pacific Northwest
<Value name="parallel-grain-size">50</Nalue= et

<Value name="stop-period™=-1</Nalue>

6 Proudly Operated by Battelle Since 1965
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1: Running GCAM

4 d3p747 — run-gcam.command — 129x48

Running GCAM model code bose version 4.2 revision 6539

Parsing input files...

Parsing
Parsing .
Parsing .

Parsing .
Parsing
Parsing .

Parsing

Parsing
Parsing
Parsing .
Parsing

Parsing
Parsing
Parsing .
Parsing

Parsing

Parsing ,.

Parsing
Parsing
Parsing .
Parsing

Parsing
Parsing
Parsing .
Parsing

Parsing .
Parsing
Parsing .
Parsing
Parsing

Parsing

Linput/climate/magice.xnl scenorio component,
-/input/magice/Historical Emissions/Default Emissions Medule/Defoult _Emissions_Input.xml scenario component.
JSinput/goan-doto-system/xnl/socioeconomics-xnl/interest_rate.xnl scenario component.
Parsing ,.
/input/goan-dota-system/xnl/energy-xnl/resources.xml scenario component.

, ./input/gcan-doto-system/xml/energy-xnl/en_supply.xml scenario componaent,

/input/gean-data-system/xnl/energy-xnl/en_transformation.xnl scenario component.
Parsing ..
Parsing ..
. JSinput/goan-dato-system/xnl/energy-xnl/hydrogen.xnl scenario component.
Parsing ,.

/input/gcan-doto-system/xnl/socioccononics-xnl/socioeconcnics_GCAMS, xml scenario component.

/input/gcan-dota-system/xnl/energy-xnl/electricity.xml scemaric component.
/input/gcan-doto-system/xnl/energy-xnl/heot,.xnl scenario component.

/input/gcan-doto-system/xnl/energy-xnl/en_distribution,xml scenario component .

Sinput/gcan-data-system/xnl/energy-xsl/industry . xnl scenario component.

. /input/gcan-doto-system/xnl/energy-xnl/industry_incelas_gcon3.anl scenario component,
-/input/gean-doto-system/xnl/energy-xnl/cement . xnl scenario component.
Sinput/goan-doto-system/xnl/energy-xnl/cement_incelas_gcon3.xml scenario component.
Parsing ,.
. Sinput/gcan-dato-system/xnl/energy-xnl/HDDCDO constdd no GON.xnl scenario component.
. ./input/gcan-doto-system/xnl/energy-xnl/building_det.xnl scenario component,
-/input/gcan-doto-system/xnl/energy-xnl/transportation _UCD.xnl scenario component.

. /input/gcan-dota-system/xnl/energy-xnl/Ccoef.xml scenaric component,

Parsing ..
. Sinput/goan-dato-system/xnl/oglu-xnl/ag For_Past_bio_bose.xml scenaric component,

/input/gcan-doto-system/xnl/energy-xnl/en_Fert,xml scenario component,

/input/gcan-doto-system/xnl/energy-xnl/(storage.xnl scenorio component.

/input/gcon-doto-system/xnl/oglu-xnl/ag_cost.xnl scenario component,

Sinput/gcan-data-system/xnl/oglu-xnl/ag prodchange_ref.xml scenario conponent.
. Jinput/gcan-data-system/xnl/oglu-xnl/resbio_input.xnl scenario component.
-/input/gcan-doto-system/xnl/oglu-xnl/an_input.xnl scenario component.
Sinput/gcan-data-system/xnl/oglu-xnl/ag _Fert.xml scenaric component,

Parsing ,.

/input/gcan-doto-system/xnl/oglu-xnl/lond_input_1.xnl scenorio component.

Sinput/gcan-dato-system/xnl/oglu-xanl/land tnput 2. xml scenario component.

. ./input/gcan-dato-system/xml/oglu-xnl/1and_input_3.xml scenorio component,
-/input/gcan-dota-system/xnl/aglu-xnl/protected land_input_2.xml scenario component.
. Jinput/gcan-data-system/xnl/oglu-xnl/protected_land_input_3.:ml scenario component,
Parsing ,.
/input/goan-doto-system/xnl/oglu-xnl/dlo hi.xnl scenario component.

. -/input/gcan-dato-system/xnl/oglu-xnl/demand_input . xnl scenorio component,
/input/gcan-data-system/xnl/enissions-xml/ind_urb_processing_sectors.xnl scenario component.
. Sinput/gcan-doto-system/xnl/enissions-xml/all_aglu_emissions.xnl scenorio component.
Parsing ..
. JSinput/goan-dato-system/xnl/enissions-xml/all_fpas_emissions.xnl scenario component.
Parsing ,.

/input/gcan-doto-system/xnl/enissions-xml/all_protected_unngd_emissions,xnl scenario component.

/input/gcan-doto-system/xnl/enissions-xml/all_energy_emissions.xnl scenorio component.

/input/gcan-doto-system/xnl/enissions-xml /all_unmgd_cmissions,anl scenario component,

Sinput/solution/cal _broyden_config.xsl scenario component.

XML parsing complete.
Starting nem scenario: Reference
Starting a medel run. Running period 2

Nodel run

beginning,

>

Command prompt/terminal
window contains log
messages

» These are also written out to
exe/logs/main_log.txt

Input files are read in the
order that they appear in the
configuration.exe file.

» Where multiple files refer to
the same parameter, the last
one read in is the one whose
value is used.

Recursive and dynamic: each
period is solved
independently, but information
from one period is passed
forward to the next

Deterministic: rerunning the
model with no changes to
input files will produce exactly
the same outcome



1: Output

Two forms of output
m The XML output files

output/output.xml (filename set in configuration.xml)

¢ Merges all XML input files (XMLInputFileName and files in
ScenarioComponents), with calibrated share-weights, in a new xml file

¢ This can be used as a base input file for another run. Because the share-
weights are calculated from actual base year shares, re-running this
output.xml file with calibration off will reproduce the results

exe/debugScenario.xml (filename set in config and merged
with scenario name)

¢ This writes out at the end of each time period, and contains a larger
number of parameters for debugging

¢ It is only written for one region, set in the configuration file
m The output database
output/database basexdb (set in configuration.xml)
Contains the results from the scenario in a database that can

be queried |

Pacific Northwest
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1: XML output

T, . File Path v : ~/Documents/ObjECTS/Workspaces /CCAM4.. yste odeltime-xml/modeltime.xml J
“ s m.l .
—

» Data from the XML files read by the
configuration is written out in the
output.xml file

< = B modeltimexml $ (no symbol selected)

<?xml version="1.0" encoding="UTF-
¥ <scenario>
v <mode ltime>
<start-year time-step="15">1975</start-year>
<final-calibration-year>2010</Tinal-calibration-year>
<end-year>2109</end-year>
<inter-year time-step="5"»>2005</inter-year>
</modeltime>
<world>
<MagiccModel>
1 <last-historical-year>2005</last-historical-year>
12 <dc-unit-forcing>@</bc-unit-forcing>
13 <carbon-model-start-year>1705</carbon-model-start-year>
14 - </MagiccModel>
15 = </world>
16 -~ </scenario>

LN WUE W

44

Line 1 Col 5 XML+ Unicode (UTF-8) + Windows (CRLP) = |of [ 521/65/17 |

<?xml version="1.0" encoding="UTF-8"7>
<scenario name="Reference" date="2015-4-12T07:39:30-05:00">
<modeltime>
<start-year time-step="15">1975</start-year>
<inter-year time-step="5">2005</inter-year>
<end-year>2100</end-year>
<final-calibration-year>2010</final-calibration-year>
</modeltime>
<world>
<global-technology-database>
<location-info sector-name="Beef" subsector-name="Imports">
<technology name="Imports">
<period year="1975">
<lifetime>-1</lifetime>
<C02 name="C02">
<emissions-unit>MTC</emissions—unit>
</C02>
<renewable-input name="renewable'>
</renewable-input>
</period>
o Proudly Operated by Battelle Since 1965



1: basexdb output

800

[/Users/d3p747/Documents/Ob|ECTS/Workspacas/GCAMA.2 Release/output/database basexdb] - Modelinterface

Scenarlo lons

Re

Reference 2015-3-12722:14:104+19.00
Reference 2015-4-12T07:39:30-05'00

South Africa
South America_Narthern
South America_Southem

Quenes

¥ [ Rafining
v Bl iefined liguids production by regon

Could not genzrate list.
< Refired liquids production by sector
< Refired liquids praduction by technolagy
< Refinery Inputs by techaology
« Refinery new investment
« Refined liguids costs by sectoe
« Refined liguids costs by subsector
« Refined liguids tos1s by technology
= Refining subsector share-weights
= Refined liquid fuel production by technology

. Run Query

Update Single Queries | | Create

x_Refinad liguids production by region

scenario

Rafaranc

Referenc...
Referenc...
Referenc...
Referanc...
Referenc...
Referanc...
Referanc...
Referanc...
Referznc...
Referenc...
Referanc..
Referznc...
Referanc...
Referznc...
Referanc...
Referznc...

region
Africa_...
Africa_...

Africa_S...

Africa_...
Argentina
Australi...
Brazil
Canada
Central...
Central...
China
Colombia
EU-12
EU-15
Europe...
Europe...

Furnnae

15875
0.149
0521
0.124
0322
0.5381
1.217
1.574
2,384
0.761
1,941
2.274
0.212
2.115

1990

0.328

2,01
0.239
0.686
0.767
1.553
2.623
3.136
1.237

2,55
4,922
0.398
3.229

16.152 22,912

2375

0.5383
n SRl

3.482

1.453
NGl

2005

0522
2.834
0.343
1.162
1.085
2.073
3.966
4.16
1.78
1.098
13.632
0.505
2.804
26.044
0.669

1.736
nass

2010

0.71
3.335
0.516
1.213
1.322
2.174
5.077
4.035
1.907
1.389

18,159
0.535
2.911

23.595
0.867

1758
T

2015
1.128
4.052
0.648
1.529
1.684
2.232
5.732
4.112
1.946
1.795
21.44
0.733
3.099

23.556
1.002

2.741
n 847

2020

1336

43
0.779
1.816
1.814
2327

6.4
4.221
2,118
2,032

2025

1.599
4.659
0.906
2.256
1.054
2.398
5.997
428
2.3
2.345

25.754 3D.315

0.817
3.286

0.888
3.405

23.647 23.593

1.058

3
n /71

1114

3.245
n R8s

2030

1.884
4.875
1.02
2.74
2.075
2.468
7.5
4277
2.489
2618
34.56
0.975
3.51
23.273
1.167

3.41
N 878

2035

2,231
5.057
1.147
3.315
2.178
2.541
7.899
4.259%
2.662
2.876

2040

2,65
5.173
1.307
3.979
2.293
2.646
8.417
4.253
2.876
3.156

38,739 42.741

1.065
3.572

1.179
3.719

22,9 22.712

1,222

3.528
nR?2

1.301

3.619
naK7rs

2045

3.193
5318

1.53
4.817
2,394
2.733
8.864
4.257

3.09
3.456

205C

3.848
5.452
1.815
5.847
2,518
2.812
9.359
4,232
3.346
3.755

2055

4713
5.739
2.206
7.241
2.638
2.875

2060

5.675
6.02
2.639
8.939
2.787
2.93

9.796 10.341

4.248
3.619
4.044

4.271
3.908
4.331

46.497 49.386 53.185 56.328

1.298
3.821

1.441
3.944

22,445 22,115

1333

3.697
n R7%

1.476

3.7
nR74

1.59
4.021

21.984 21.838 21.

1.576

3.806
N8Rl

1.781
4.113

1.677

3.854
N RAR

206

6.
€
1
2.
2.
10.
4,
4,
4.
5¢
1.
4

1.

3.
]

Refined liquids production by region

1980 2000 2020 2040

Year

2080 2100

W Alrica_Esslern = Alrca_Nortiern & Alr La_Souliern
Africa Weste'n = Argertna ¥ Australiza NZ Eraxl
Canzdz & Centra Amer.caana Caribhzar —4-Centra Asla

W Ching ®Colombic -+ EU-12 -+ EU-15 = Europe_Eastern

¥ Lurope Ncn LU = Eurcpean free Trace Assoc aton

+Indla ¢ Indencsia  Japan B Mevien o Mddle Fast

b DALic T e Diaccis e Sk Africa

Open Modellnterface/Modellnterface.jar

File -> Open -> DB Open
output/database basexdb
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1: General energy system structure

Primary Resources

Energy Transformation

Region 1

Final Service Demands

_

GDP

Sectors

End-Use Sectors

Population

Primary resources are traded

— between regions N

All energy losses and cost mark-ups
are explicitly modeled in conversions
from primary resources to fuels
consumed by end users
I

Modular structure: certain regions may

_ have more detailed sectoral

Regior representations than others

Final Service Demands

7 N

7 Population and GDP are largely
exogenous, and determine future

levels of final service demands

11

y T i o
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1: General energy system structure




1: Resources

anNnn * | resources.xml -
T_ ¥ File Path v : ~/Documents/ObjECTS /Workspaces /CCAM4 finput/gcam -data-system ! xml/energy-xml/resources.xml
resources.xm! 5 (no symbol selected) < ,S.8, 2 - |
1 <?xnl version="1.0" encoding="UTF-8"7>
2 ¥ <scenario> c’
3y <world>
Y <region name="USA">
59 «<depresource names="coal”>»
3 <gutput-unit>EJ</output-unit>
7 <price-unit>19758/Gl</price-unit>
8 <market>global</market>
] <price year="1975">8.4</price>
19 <price year="1999">8.435</price>
11 <price year="2005">8.438</price>
12 «<price year="2010">»9.5«</price>
137 <subresource name="coal">
14 <techChange fillout="1" year="1975">0.005</techChange>
15 <techChange fillout="1" year="2805">0.0875</techChange>
16 <cal-production year="1975">14,8206957</cal-production>
17 <cal-production year="199@">22,4542682</cal-production>
18 <cal-production year="2005"»23,6084627</cal-production>
19 «<cal-production year="20198">21,1889386</cal-production>
2Y <grade name="grade 1">
21 <available>2B4</available>
22 <extractioncost>0.34</extractioncost>
23« </grade>
247 <grade name="grade 2">
25 <available»6851</available>
26 <extractioncost>0.37«</extractioncost>
27 ~ </qrade>
287 <qrade name="grade 3">
29 <available>9469</available>
L) <extractioncost>1,2</extractioncost>
31 « </grade>
kr 4 «<grade names"grade 4"»
33 <agvallable>13456</available>
34 <extractioncost>1l.7</extractioncost>
5 - </qrade>
[0 4 <grade name="grade 5">
37 <available>18448</available>
38 <extractioncost>2</extractioncost>
9 - «</Qrade>
@y <grade name="grade 6">
41 <available>1B44@</available>
az <extractioncost>2.3</extractioncost>
43 » </grade>
4 Y <grade name="grade 7">
a5 <available»®</available>
a6 <extractioncost>2.6«</extractioncost>
47 - </grade>
48 ~ </subresource>
45 </depresource>
58 v <depresource name="crude oil'"> .
v

Line 1 Col 1 XML : Unicode (UTF-8) * Windows (CRLF) ¢ o' Last saved: 10/14/14 11:23:16 PM 406,334 / 35,304 / 5,144

13

Coal, oil, gas, wind, solar,
geothermal, uranium,
MSW, limestone

Resources are represented
as supply curves: the level
of production at a range of
given prices
m  Prices are in 1975% / GJ
produced. Quantities are in EJ.

m  Supply curves may be graded,
smooth (input as parameters to
a logistic power function), or
unlimited (e.g. solar, limestone)
Where markets are shared
between regions
(e.g.“global”), the supply
curves of all contained
regions are aggregated

Resources may be
depletable, renewable, or
unlimited.

m  Cumulative resource extraction
is tracked for depletable
resources.

Pacific Northwest
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¢ |

Domestic energy supply

File Path v : ~/Documents /ObJECTS/Workspaces /CCAM4 /input/gcam-data-system/xmlfenergy-xmi/en_supply.xml

< > ) en_supply.xml S (no symbol selected) ¢

.0, 0,
f—

1 <?xnl version="1.0" encoding="UTF-8"7>

2 ¥ «scenario> m

v <world>

4V <region name="USA">

5V <supplysector name="regional biomass">

6 <output-unit>El</output-unit>

7 <input-unit>El</input-unit>

8 <price-unit>1975s/Gl</price-unit>

9 <logit-exponent fillout="1" year="1975">-3</logit-exponent>

0y <subsector name="regional biomass">

11 <logit-exponent fillout="1" year="1975">-6</logit-exponent>

12 <share-weight fillout="1" year="1975">1</share-weight>

13Y <interpolation-rule apply-to="share-weight" from-year="2818" to-year="2100">

14 <interpolation-function name="linear"/»

15 - </interpolation-rule>

16 <stub-technology name="regional biomass"/>

17 = </subsector>

18 ~ </supplysector>

19 Y <supplysector name="regional coal">

20 <gutput-unit>El</output-unit>

21 <input-unit>El</input-unit>

2 <price-unit>19755/Gl</price-unit>

23 <logit-exponent fillout="1" year="1975">-3</logit-exponent>

24V <subsector name="regional coal">

25 <logit-exponent fillout="1" year="1975">-6</logit-exponent>

26 <share-weight fillout="1" year="1975">1</share-weight>

21V <interpolation-rule apply-to="share-weight" from-year="28108" to-year="2100">

28 <interpolation-function name="1inear"/>

29 </interpolation-rule>

30 <stub-technology name="regional coal“/>

31 ~ </subsector>

32 - </supplysector>

3V <supplysector name="regional natural gas">

34 <output-unit>El</output-unit>

s <input-unit>El</input-unit>

6 <price-unit>19758/Gl</price-unit>

37 <logit-exponent fillout="1" year="1975">-3</logit-exponent>

By <subsector name="regional natural gas">

39 <logit-exponent fillout="1" year="1975">-6</logit-exponent>

49 <share-weight Tillout="1" year="1875">1</share-weight>

av <interpolation-rule apply-te="share-weight" from-year="2@18" to-year="21008">

42 <interpolation-function name="linear"/>

443 - </interpolation-rule>

a4 <stub-technology name="regional natural gas"/>

45 - </subsector> -

45 ~ </supplysector> A

4a'v <supplysector name="unconventional oil production"> v
'(_ -g’ )4 b

Line 1 Col 1 XML % Unicode (UTF-8) % | Windows (CRLF) * o' Last saved: 10/14/14 11:23:05PM |~ 1,136,537 / 94,61...

en_supply.xml

Domestic energy supply =

m  Sum of all consumption within
a region

m  Production minus net exports

These are generally
uncalibrated “pass-through
sectors” used for tracking
purposes

They can be used to
implement region-specific
energy price adders or
subsidies

m  We currently apply the same
cost adders in all regions in
order to remain flexible to
energy system changes in the
future

m  Regional energy prices are not
currently calibrated; instead,
regional fuel prices are
implicitly captured in the
derived calibration parameters

Pacific Northwest
NATIONAL LABORATORY
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>

>

1: Energy transformation sectors

Four XML files

m electricity.xml

®m  hydrogen.xml

®  heat.xml

m en_transformation.xml:
refining, gas processing,
and nuclear fuel enrichment

Structure: supplysector /

subsector / technology

m  Subsector and technology
market shares determined
by two-level nested logit
choice competition

Technology parameters
are specified in each
period

m  Much of the technology-
level information is found in
the global-technology-
database, not in the
technologies contained
within each region

All technologies must
have at least one input
(either a resource or
another sector)

15

D

.8, 2.
—_

ANO >
T_ “ | File Path v : ~/Documents/ObjECTS/Workspaces/GCAM4 finput/gcam-data-system/xml/energy-xml/en_transformation.xml
< » |3 en_transformation.xml < (no symbol selected) <
1 k?xml version="1.@" encoding="UTF-8"7>
2| ¥ <scenario>
3|V <world>
4\Vv <region name="USA">
5|V <supplysector name="gas processing">
3 <gutput-unit>El</output-unit>
7 <input-unit>El</input-unit>
B <price-unit>1975s/Gl</price-unit>
) <logit-exponent fillout="1" year="1975">-6</logit-exponent>
1|V <subsector name="natural gas">
1 <logit-exponent fillout="1" year="1975">-6</logit-exponent>
12 <share-weight fillout="1" year="1975">1</share-weight>
13|V <interpolation-rule apply-to="share-weight" from-year="20190" to-year="2100">
14 <interpolation-function name="linear"/>
15| - </interpolation-rule>
16|V <stub-technology name="natural gas">
17|v <period year="1975">
18 <share-weight>1</share-weight>
19|V <CalDataOutput>
28 <calOutputValue>18.9158642</callutputValue>
21| ~ </CalDatalutput>
22|~ </period>
23|V <period year="1990">
24 <share-weight>1</share-weight>
25|V <CalDatalutput>
26 <call0utputvalue>18.2014022</callutputValue>
27 |~ </CalDatalutput>
28|~ </period>
29|V <period year="2@05">
L) <share-weight>1</share-weight>
1|v <CalDataOutput>
32 <calOutputValue>21.3888683</callutputValue>
33 </CalDatalutput>
34| - </period>
35|V <period year="2010">
36 <share-weight>1</share-weight>
37|V <CalDataOutput>
36 <callutputValue>22.9698789</callutputValue>
39| - </CalDatalutput>
40| - </period>
41|~ </stub-technology>
42 <share-weight year="1975">1</share-weight>
43 <share-weight year="1999">l</share-weight>
44 <share-weight year="2005">1l</share-weight>
45 <share-weight year="2010">1</share-weight>
46| - </subsector>
47|v <subsector name="biomass gasification">
Line 1 Col 1 XML ¢ Unicode (UTF-8) $  Windows (CRLF)

: o | Lastsaved: 10/14/14 11:23:06 PM | | ° 913,071 / 72,698...

0
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1: Energy end-use sectors

» Sector-specific XML files  aan — =

T. % File Path v : —/Documents/ObJECTS /Workspaces/GCAMA /input/ gcam-data-system/ xml/energy-xml/cement.xml

B bUIIdIng_detme « o+ ) cementxml  § (no symbol selected)  * LIl RN

1 le?xml version="1.8" encoding="UTF-8"7>
. 2 ¥ <scenario> m
®m industry.xml s v ories
av <region name="USA">
5V <supplysector name="cement">
t I 6 <putput-unit=Mt</output-unit>

° Cemen 'Xm 7 <input-unit>£) or Mte</input-unit>

8 <price-unit>1975%/kg</price-unit>

o en_Fert.xml ¥ georeont fnaveenaroye sty e
. CD | 12 sun?ﬁ;??re:::ﬁ:;:e:e‘?{;i-"1" ear="1975">-12</1ogit-exponent
m transportation_U .Xm T haraight fillouter 1" yeare197S %1 e/sharorceights
» Each has its own structure

<share-weight fillout="1" year="1975"=>1</share-weight>
<interpolation-rule apply-to="share-weight" from-year="2010" to-year="210@">
<interpolation-functicn name="fixed"/>
</interpolation-rule>
f-s:ub—tecnnolooy name="'cement”>
m Goalis to represent
technologies that
consume energy and
produce physical services
and outputs

<period year="1975">

<share-weight>1</share-weight>

<CalDatalutput>
<calOutputValue>72.09533118</callutputValue>

</CalDatalutput>

<pinicam-energy-input name="elect_td_ind">
<coefficient>9.8005292</coefficient>
<parket-name>USA</market-nane>

</minican-energy-input>

<ninicam-energy-input name="process heat cement“x»
<coefficient>d.80427086</coefficient>
<narket-name>USA</market-nane>

- </minicam-energy-input>
v <ninicam-energy-input name="limestone's>
. . <coefficient>1.4922978</coefficient>
Keywords specify assignments of <market-nane>USA</market-nane>
e -~ </minicam-energy-input>
5 - </period>
from specific to general end use 4 S <period year="1990">
H 37 <share-weight>1</share-weight>
sectors (bld, ind, trn) alv Calbataouiacts
39 <calOutputValue>81.3343011</callutputValue>
48 - </CalDatalutput>
av «<ninicam-energy-input name="elect_td_ind">
4 <coefficient>d.8805292</coefficient>
43 <market-name>USA</market-nane>
44 - </minicam-energy-input>
s v <ninicam-energy-input name="process heat cement“s
46 <coefficient>d.0839861</coefficient> .
47 <narket-name>USA</market-nane> v
Lne 1 Col 1 XML = | Unicode (UTF-8) + Windows (CRLF) + o Lastsaved: 10/14/14 11:22:58PM |1 547,659 / 46,880, .
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1: Energy final demands

» Residential and commercial: specific
representation

m Final demand (floorspace) and
intermediate demands (heating, cooling,
other) are driven by “satiated demand”
functions designed to de-couple service
demand from income as incomes increase

Industry and cement: generic per-
capita based demand functions

pcGDE, B

)incfelas ° ( )pfelas ° (
PpcGDPyy)s Poos

>

Pop,

)
Pop,ys

D;, =D, 505 o(
m  Cement: output indicated in physical units
m Fertilizer: output is in physical units, and
demand is endogenous (from regional
agricultural sector)
» Passenger, freight, international
shipping, and international aviation:
generic per-capita-based demand

m Service is indicated in physical units
(passenger-km, tonne-km)

m De-coupling between income and
passenger mobility from including time
value costs in service price

17

ann

* | transportation UCD.xml

T,

> File Path v : ~/Documents/ODJECTS /Werkspaces /) CCAMA [inas/geam data system Lol fentrgy aml/ransgeaation_JCO.xm
.0, ¢,

11670 |V

Line L Col L

1 transportation LD ol

I (70 sywhol seected)

1 el varsion="1.8" encoding="UTF-R"?>
2 ¥ <scenaric>
v 2wnrids
4V <region nave="USA">
5 e «“supplysector nave="tra_aviation_intl"s> @D </supplysectors
> <supplysector naze="trn_freight'> @D </swpplysector>
» «“supplysector nave="tra_frelght_road"s> @D </supplysectors
» <supplysector naze="trn_pass'> &D </supplysector>
» “supplysector nave="tra_pass_road"s @D </supplysectors
» <supplysector naze="trn_pass_road_LDV'> &D </supplysector>
» <supplysector nave="tra_pass_road_LDY_2N"> @D «/supplysectors
L <supplysector nave="trn_pass_road LDV_4N"> @D </supplysectors>
» <supplysector nave="tra_ N> @D </supplysector
£ v <energy-final-devand nane= Dass"'»

<perlapitaBasedsi/perlapitaBaseds>

<final-emergy-consuner/>

<price-elasticily year="2015">-1,25</price-elasticity>
<price-clasticity '#=1.25</price-clasticity»
<price-elasticily year '>-1,25</price-e icity>
<price-clasticity »=1.25«/price~-clasticity»
<price-elasticily y >=1,25</price-e icity>
<price-elasticity »=1.25«/price-elasticity»
<price-elasticity vy 3'>=1,25</price-elasticity>
<price-elasticity 1. 25«/price-elasticitys
<price-elasticity vy >-1.25</price-elasticity>
«price-elasticity me1.25=/orice-olasticitys
<price-elasticity vy >-1.25</price-elasticity>
“price-elasticity 25«</price-elasticitys
<price-elasticity vy J23</price-eclasticity>
“price-elasticity 25«</price-elasticitys
<price-elasticity y J25</price-clasticity>
“price-elasticity 25«</orice-elasticitys
<price-elasticity < Lasticity>
“price-elasticity Tasticitys

<incore-clasticy

e-elasticity>

| xwL

«<incove-elasticity
<incore-elasticity
«<incore-elasticity
<incore-elasticity
<incove-elasticity
<incore-elasticity
<incore-elasticity
<incore-elasticity
<incore-elasticity
<incore-elasticity
<incore-elasticity
<incore-elasticity
<incore—elasticity
<incore-elasticity
<incore—elasticily
«<incare-elasticity
<incore—elasticity
«hase-service year
<bsse-service yes
«hasp-service year
<base-service year=
<fenergy-Tinal-devands
<energy-fanal-desand nane="trm_freight'>

U'>62IIT46, 79134171/
5"»8195827 . TAMERAT

s Lnicode UTF-& 3 Winduws JCRLF)

~elasticitys

c-clasticity>
ne-elasticitys
c-clasticity>
ne-elasticitys
e-clasticity»
-elasticity>
clasticity»

one-elasticity>
ane-elasticity»
cone-elasticity>
3323045« /base-services
se-service>
te-Services
U'>19r5184,02004238</base-service>

¢ o' Lastsaved. 10/14/14 11 2327 PN

23,027,078 | w | 430,838

0
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: GDP and population

)
T, % FiePathe: ~/TX JODJECTS/ JGCAMA fInput/ gcam ~data-system ! xml/sociceconomics-xmi / sechoeconomics_GCAMI. xm! .
4-4-» | soticeconomics CCAMI xml 3| (no symbal selected) 3 S.0. = i » Populatlon and GDP are based
1 <?xnl version="1.8" encoding="UTF-8"7> . H H
e S ®  on SSP: Shared Socioeconomic
-
fle T enpeemnicns Pathways
(304 <populationMiniCAM year="1975">
LPep>215165< LP H H H H
: <o iatioaminicn m Population is strictly exogenous (i.e.,
9 1 M M =195 < 1aT10nM B H
2 POpLATIONNINICAN Jear—"2805" GB /popalat LonMINLCA- not modified by other modeled
15 <populationMiniCAM year="2010"> @D </populationMiniCAN> .
18 <populationMiniCaM year="2815"> @D </populationMiniCAN> VarlableS)
2 <populationMiniCaM year="2829"> @D </populationMiniCAN>
24 <populationMiniCAM year="2825%"> @D </populationMiniCAMN> > G D P | I t. th
by 1 MiniCam r="2a39" /| 1aTi0nMini CAN
% S T P ini calculation uses the
3

<populationMiniCAM year="2849"> @D </populatLonMiniCAN> f I I H f I t' .
<populationMiniCAM year="2845"> @D </populationMiniCAN> O OWI ng Orl I lu a |On .
<populationMiniCaM year="2850"> @D </populationMiniCAN>
<populationMiniCAM year="2055"> @D </populationMiniCAMN>

<PopulationMiniCAN year="2960"> @D </papulationMiniCAN:= Pop,, ®labor ForceParticipationy, ,,

w
a
AY YV Y Y Y Y Y Y Y Y YYYYYYYYYY

a8 0pulationMInICAM year="2965"> @D </populat ionHiniCAN> GDPy,,, = GDPy 5 o ( — )® (1+ labor ProdGrowthRate)"' "
51 <popUlationMiniCAM year="2879"> @D </populet LonHiniCAN> Pop,, ®laborForceParticipation,

54 <populationMiniCaM year="2875"> @D </populationMiniCAN>

57 <populationMiniCaM year="2880"> @D </populationMiniCAN>

L <populationMiniCAM year="Z885"> @D </populationMini CAN> f .

63 «<populationMiniCAM year="28%9"> @D </populationMini CAN=

o <populationMiniCaM year="2895"> @D </populationMiniCAN> u A" parameters to the GDP unCtIon are
65 <populationMiniCAM year="2129">

7 <totalPop>554807</totalPop> Currently exogenous

S </populaticeMiniCAM>

72|~ </demographics>

B\ “GDF>

iL] <baseCOP>3473910</DaseCOP>

75 <laborforce fillout="1" year="1975">@.5</1latorforce>

7€ <laborproductivity year="1953">8,982354</ laborproductivity>

” <laborproductivity year="2805">8,81982</ laborproductivity>

78 <laborproductivity year<"7810"»=-0.R0351</laborproductivity»

7 <laborproductivity year="2815">3,81398«/aborproductivity>

oL <laborproductivity year="2829">8,91273</laborproductivity>

81 <laborproductivity year="2025">8,981152</leborproductivity>

82 <laborproductivity year="2820">8,081119</ laborproductivity>

83 <laborproductivity year="2835">8,81076</ laborproductivity>

A4 <laborproductivity year<"7849"»3,81274«</1aborproductivity»

a5 <laborproductivity year="2845">3,81164</1aborproductivity>

e <laborproductivity year="28598">9.91364</laborproductivity>

87 <laborproductivity year="2855">8.91151</leborproductivity>

3 <laborproductivity year="2860">8,81311</laborproductivity>

a9 <laborproductivity year="Z2865">3,812%8</ laborproductivity>

9 <laborproductivity year<"7a79"»2,81377«/1aborproductivity>

n <laborproductivity year="2875">2,91368</aborproductivity> .
92 <laborproductivity year="2869">9.91372</laborproductivity>

93 <laborproductivity year="2085">8,91315</laborproductivity>

i <laborproductivity year="2093">8,81459</ laborproductivity>

9% <laborproductivity year="20%5">3,814%4</ laborproduct ivity>

96 <laporproductivity year-"Z109"»3,31449</1aborproductivity> L - goe

9 <PPPCoAvert constRatio="1">0,96187</FPPConverts . PaC|f|c Northwest
.|~ et i NATIONAL LABORATORY

Une 1Coi 1 | XML % Unicode (UTF-8 = Wirdows (CRLFI ¢ w' Last saved 10/14/14 11:23 33 PM | [ 141 341 / 6,051 / 3,078
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Agriculture and Land Use in GCAM 4.0
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1: Land allocation within AEZ

AgroForestLand

AllPastireT.and

» Gray = exogenous; Green = unmanaged; Red = managed
» Managed land competes with unmanaged land based on

profit rate _

Pacific Northwest
NATIONAL LABORATORY

20 Proudly Operated by Battelle Since 1965




1: Agricultural system structure

CropLand
AEZ 1

Cropland determined by
endogenous land allocation

\

>I Primary agricultural goods are

CropLand
AEZ 2

Crop Supply Sectors

assumed to be traded globally

l

Secondary Agricultural Includes ruminant and non-
Region 1 Supply Sectors Region 2 ruminant meat and dairy products

lIl

Final Service Demands Final demands include food
demands and nonfood demands

-

Proudly Operated by Battelle Since 1965



system structure

1: Agricultural

eedCrops odaermer esicdue



1: Land allocation

ann

Land unit:
thousand km? =
billion m2

“ | land_input_1.xml

-

T. % File Path v : ~/Documents/ObjECTS /Workspaces/GCAM4 /input/gc.. ta-system/xml| committegfagiu-xml/land_input_Lxml

© land_input_1.xml 3

(no symbol selected) <

/.0,

L

» Land data arereadin 3

XML files that correspond

to the 3 “node” levels of the

land nesting diagram

® land_input_1.xml,

land_input_2.xml, and
land_input_3.xml

Top-level base-year land

allocations are fixed in all

future periods

At lower levels, calibration
is still quite important for
future land allocation due to
the large number of non-
modeled factors

m In GCAM, the land use shares
shift in response to changes in
relative land profit rates

m  Calibration is performed on
land use shares, not present-
day rates of land use change

Carbon density unit:
kg C/ m?

1 k?xml version="1.@" encoding="UTF-8"7>

2 V| <scenario>

3V <world>

4V <region name="USA">

5V <LandAllocatorRoot name="root">

6 <logit-exponent fillout="1" year="1975">0</logi xponent>

7 <landAllocation fillout="1" year="1975">8942.4</landAllocation>
8 <5011TimeScale>50</s01lTimeScale>

9V <LandNode name="AgroForestLandAEZO7">

10 <unManagedLandValue>12872995</unManagedLandValue>

11 <logit-exponent fillout="1" year="1975">1</logit-exponent>
12 - </LandNode>

13 Y <LandNode name="RockIceDesertAEZ@7">

14 <unManagedLandValue>12872995</unManagedLandValue>

15 <logit-exponent Tillout="1" year="1975">0</logit-exponent>
16 VY <UnmanagedLandLeaf name="RockIceDesertAEZO7">

17 Vv <land-use-history>

18 <allocation year="1709">14.8655563</allocation>

19 <allocation year="1750">14.8297849</allocation>

20 <allocation year="1800">14,7458457</allocation>

21 <allocation year="1850">14,4917961</allocation>

2 <allocation year="1900">12.7946154</allocation>

23 <allocation year="1950">11.2356018</allocation>

24 <allocation year="1975">10.9553652</allocation>

25 <above-ground-carbon-density>®.1</above-ground-carbon-density>
26 <below-ground-carbon-density>3. e low—ground-carbon-density>
27 - </land-use-history>

28 <landAllocation year="1975">10.9553652< dAllocation>
29 <landAllocation year="1999">10.9992463</1lan®M]location>
30 <landAllocation year="2005">11,2743317</landATNgation>
3 <landAllocation year="2010">10.9442317</landAlloc

32 <minAboveGround(Density>8</minAboveGround(Density>

33 <ninBelowGround(Density>0</minBelowGroundCDensity>

EL AR <land-carbon-densities>

35 <above-ground-carbon-density>9.1</above-ground-carbon-densi
36 <below-ground-carbon-density>3.8</below-ground-carbon-density>
37 <pature-age fillout="1" year="1975">58</mature-age>

B - </land-carbon-densities>

39 - </UnmanagedLandlLeaf>

40 - </LandNode>

av <LandNode name="TundraAEZe7">

a2 <unManagedLandVa1ue>12872995<%
43 <logit-exponent fillout="1" year="1975">0</logit-exponent>
Line 1 Col L XML + Unicode (UTF-8) * Windows (CRLF) + ' Lastsaved: 9/1/14 4:51:12 PM

1 1,546,391 /...

Land value unit: . v
1975$ / thous km?2 Pa9 ific Northwest

NATIONAL LABORATORY
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1: Agricultural production

» Each ag production

. -
T_ “ | File Path v : ~/Documents/ObJECTS /Workspaces /GCAMA4 /output/output_gcamusa.xmi teChnOIOgy haS a
« | » [ output_gcamusaxml % (no symbol selected) s w8, correponding land leaf of the
199330 ¥ <AgProductionTechnology name="CornAEZO7"> —~
19931 ¥ <interpolation-rule apply-to="share-weight" from-year="2010" to-year Same name
199332 <interpolation-function name="fixed"></interpolation-function> . iy
199333 <overwrite-policy warn="@">ALWAYS</overwrite-policy=> m The Sharlnglcompetltlon takes
st B </interpolation-rule> place in the land allocator, not in
199335 ¥ <period year="1975"> h
199336 <share-weight>1</share-weight> the ag sectors
199337 ¥ <CalDataOutput> .
109338 <calOutputValue>11.4239921</calOutputValue> [ Exogenous variables
199339 ~ </CalDatalutput>
199340 Vv <residue-biomass-production name="biomass"> [ Ca”brated Commodity price
199341 <eros-ctri>@.28</eros-ctrl> 1 97 /k
199342 <harvest-index>@.53</harvest-index> ( 5$ g)
199343 <mass-conversion>l</mass-conversion> .
199344 <mass-to-energy>0.0169</mass-to-energy> n Calibrated OUtPUt (Mt/yr)
199345 <water-content>@.13</water-content> : : 2
199346 <fract-harvested price="0">@</fract-harvested> u Ca“brated land quantlty (bm )
199347 <fract-harvested price="1,2">@,25</fract-harvested> : :
199348 <fract-harvested price="1.5">@.,65</fract-harvested> ®  Residue biomass supply curve
199349 <fract-harvested price="10">1</fract-harvested> P
199350 =~ </residue-biomass-production> u Non'COZ coeff|C|ents (kg gas
199351 » <C02 name="(02"> @D </C02> per kg crop)
199354 » <Non-C02 name="S02_1_AWB"> @D </Non-C02>
199360 » <Non-C02 name="CH4_AWB"> @D </Non-C02> e MAC curves
199366 » <Non-C02 name="CO_AWB"> @D </Non-C02> . .
199372 | » <Non-C02 name="N20_AWB"> @D </Non-C02> m  Fertilizer inputs (kg N per kg
199378 » <Non-C02 name="NH3_AWB"> @D </Non-C02> crop)
199384 » <Non-C02 name="NMVOC_AWB"> @D </Non-(02>
199390 » <Non-C02 name="NOx_AWB"> @D </Non-C02> m
199396 » <Non-C02 name="N20_AGR"> @D </Non-C02> COStS (1 975$/kg)
199413 » <Non-C02 name="NH3_AGR"> @D </Non-C02> [ Future agricu'tura' productivity
199419 » <Non-C02 name="NOx_AGR"> @D </Non-C02> f .
199425 » <Non-C02 name="BC_AWB"> @D </Non-C02> growth rate (and therefore yield)
199438 » <Non-C02 name="0C_AWB"> @B </Non-C02> .
199435 |V <minicam-energy-input name="N fertilizer"> L Annual haNeSted area.cropland
199436 <coefficient>@.02279084</coefficient> .
199437 <market-name>USA</market-name> p- Key endogenous variables
199438 -~ </minicam-energy-input>
199439 <nonLandVariableCost>0.8118</nonLandVariableCost> [ Future Commodity pl"iCGS
199440 <yield>8.8541440317</yield>
;gg::; , <r;a;vests—per—year>l.2941077</harvests—per—year> m  Future profit rates and
- </period> .
199443 ¥V <period year="1999"> pr0dUCt|0n volumes
199444 <share-weight>1</share-weight> .
199445 ¥ <CalDatalutputs> -
v
C Bl Je >
Line 199330 Col 22 | XML % Unicode (UTF-8) * Unix(LF) + o Lastsaved: 10/8/14 2:12:58AM - 16/1/0
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1: Non-CO,, gases

» Non-CO2 gases are modeled as a by-product on existing activities,
either driven by “input” (e.g. fuel consumption) or “output” (e.g. service
or energy production)

> Can be read |n as ANO | all_energy_emissions.xml —

T * File Path v : ~/Documents/ObjECTS /Workspaces/GCCAM4 finput/gcam...ml committed /emissions-xml fall_energy_emissions.xml|

input-emissions (Tg/yr) - ————.___aaaa—,xu Selaies
Or aS emiSSionS 1 lk7xm1 version="1.2" encoding="UTF-8"7> O

2\ ¥ <scenario>

11 3v d
coefficients (kg/GJ) A 4 b,
v <supplysector nane~"c01n cooling" nocreate="1">
1 . 6Y <subsector name="gas"“ ocreat S
> GDP ContrOI funCtIon- 7|V <stub-tech r‘ology name="gas" nocreate="1">
H H H 8|Y <period year 975'~
emissions coefficients v Non-C02. name="502_1">
19 <input f.mssmns>1 55e~-085</input-emissions>
are reduced as GDP 1 <input-driver/>
. 12 | - </Non-C02>
13|V <Non—-C02 name="C0"
Increases 14 <1nput—emxsswn:>0.811917</1r‘put—erlss:ons>
15 <input-driver/>

<

= I 16 <gdp-control name="GDP_control">
> MAC ma rg I nal 17 <max-reduction>68.5446345299613</max~reduction>
. < »3.5«< >
abatement cost curve; T Jocontrots | uteapnese

L 20 - </Non-C02>
decreases coefficients 21/» NON-C02 name="NH3"> @D </Non-C02>
. 25 r <Non-C02 name="NMVOC"> @D </Non-C02>
as carbon price HIS Non-C02 name="NOx"> @D </Non-C02>
. 41| r <Non—-C02 name="CH4"> @D </Non-C02>
a5 r <Non-C02 name="N20"> @D </Non-C02>
Increases- 48 | p <Non-C02 name="BC"> @D </Non-C02>
53|¥ <Non-C02 name="0C">
54 <emiss-coef>5.08e-05</eniss~coef>
55 <input-driver/>
56|V <gdp-control nane="GDP_control">

1
14 (pcGDP, - pcGDP,)

* Steepness

)

1,659,923 / 1..

[le Since 1965'

Coef,, = Coef,, * (1 -min(max Re duction,1 -
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1: Queries

Update single queries:
allows a query to focus on
an individual element

Edit query window

m Sum All: adds all types of
the given element together

m Group: builds an area chart
and separates each region
into a separate chart

m XPATH: this is the syntax of
the given query.

= Note that label re-write lists
used in “aggregated”
gueries are only accessible
through the query XML file.

frmary Energy Consumption (Drect Equivalert)
crude of

natural gas

coal

homass

large onshore vindresource

gobd soler resourcs

wanm

gobal carborestorage

e stone

T

Title: Resource production

Y-Axis Name: resource

A-Axis Name: Year

Data Name: output

Comments:

¥PATH: Y @type="resource']//outputinode()

Primary Energy Consumplion (Average Fossl EXTiciency Cormersion)

Undate Sngle Queries [ Create [ Remove Edt

x|

e

[(]Sum All [v] Group [V] Build List
Y-Axis Node: resource
%-Axis Node: output

Chart Label Column:

oK Cancel

Lrouary vJperdied Dy d40icuc ouice AZIUS



27

1: Exporting data

M Bt View Optirs  Mevigets  Heb
Ded e L I

o queres
=40 30uery

Drag and drop (e.g.
into Excel) N

Highlight cells and cut | =%

and paste r o
Use a batch query to -

export a large number | 5T
of queries directly into S

an Excel spreadsheet

m  The dbxml file needs to
be open for this to work

m File -> Batch File. Select
batch query file and
output workbook.

® This won’ t work if the e
Excel workbook selected o iz
is open while running the |1 ... i
batch query Lo

% suppiyDemant very
o Stk = “Brorans Emission Tracking Ouery”

-~

<queries>
<alwary>
creghn
<gépQue

ame="UISA">
eyBuildes 1= "GOP by mgpon™>
axist rames 0" 2002000

’ 0 by 1eg
gon rregon <axinl

) >papu aerdA e CAM < anind >

Y o datallarme=" 10t sl pop s on” g b= a s > demographa wpopudat onMnC ANA ot 3 popelstoninode () < u P ath >

rames LISA"/
mandQuery 10e="TFC by e
o g > neut < anis! >
rderran & physic ¥iEvnt age | Vaxind »
MU vue” datallame™" rput” group"tise” 3

2eediyys
§EEz1333

ccomments’
<applylemandQuery-
<almery>
“alwmary -
<reghen rame="LISAT>
cambssbansQueryfiulldes e 00 Fm By Se
<axinl fae= 100" > Sact0e<
<awis " amem T ea cemessons</anisd >
<xPath boddat=Trus" datallsme= group=Tubse" semAll="ulow > YGtype =
<comments >
<labeliewsitel int >
Hevel name="ectonr
<rewrite S iackup
<rowrite fome“cap bach 1om“shectrcty" >

Foes ez "o n'f>
< >

« | Toee Selecton Browser

<> comments
(This tag bas mo tisutes

~7"

Pacific Northwest
NATIONAL LABORATORY
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1: Exporting data with a batch query

» Create a batch XML query file
and a blank XLS workbook

» Open basexdb database first,
and then select File -> Batch
File

» Select batch query file and XLS

workbook for export, making
sure that this workbook is

Fle Edt Table
Ay |
Open »

191:05:36+19:00
20:51:09+19:00
Open Recent »

— i A21:20;35+15:00
Save 21:50:28415:00
Save As
Manage D8
Cxport [ E
Que

28

= u]

<7xml version="1.0" encoding="UTF-8"7>
<queries>

<aQuery>
<region name="USA"/>
<supplyDemandQuery titte="Building final energy by technology and fuel™
<axis1 name="technology =technology</axis1>
<axis2 name="Year >demand-physical[@vintage}</axis2>
<xPath buildList="true" dataName="input” group="false” sumAll="false™=*[@tyf
<comments/>
</supplyDemandQuery>
</aQuery>
<aQuery>
<region name="USA />
<supplyDemandQuery title="Bullding service output by technology™
<axis1 name="technology >technology</axis1>
<axis2 name="Year >physical-output{@vintage}</axis2>
<xPath buildList="true” dataName="output” group="false” sumAll="false">*[@t
<comments/>
</supplyDemandQuery>=
</aQuery>
<aQuery>
<region name="USA"/>
zcunnivDamandDuerv title="Fual nrirec {n huildinne™s

This portion is pasted from model
interface queries, or Main_queries.xml
file. Only need to add region and aQuery
tags to make the batch query file.

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965



1: Running the diagnostics package

» The diagnostics package runs R scripts that generate a
large number of figures

m Can be used for individual scenario analysis or comparisons
between a “reference” and alternative scenarios

m Currently, queries address end-use energy consumption,
electricity, refining, primary energy consumption, land use,
emissions, fuel prices, GDP, and population

m More can be added in the Model_verification_queries.xml batch
query file
» The diagnostics package is located in the
output/gcam_diagnostics folder
m Instructions are found in the readme.txt file

Pacific Northwest
NATIONAL LABORATORY
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4 = DI l““:“ﬂ *Iﬂﬂ ﬁl:ﬂﬂ“ﬂb*:ﬁﬂ “ﬂﬁllﬂﬂﬂ

806 RStudio,

Cal

0_, el e =LA
(| diagnnstics.R

v

[ LEGAL NOTICE

# This computer software was prepared by Battelle Memorial Institute,
hereinafter the Contractor, under Contract No, DE-ACBS5-7GRLA 1B3D
with the Departnent of Energy (DOE). NELTHER THE GOVERNMENT NOR THE
CONTRACTOR MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY
LTABTLITY FOR THE USE OF THTS SOFTNARE, This notice including this
sentence must appear on any copies of this computer software.

3

EXPORT CONTROL

User agrees that the Software will not be shipped, transferred or
exported into any country or used in any manrer prohibited by the

United States Export Administration Act or any other applicable

export lams, restrictions or regulotions (collectively the "Export Laws").
Export of the Software may require some form of license or other
authority from the U.S. Government, and failure to obtain such

export control license may result in criminal liability under

U.S. lows. In addition, if the Software is identified as export controlled
items under the Export Laws, User represents and warrants that User

D —— . . o . . .

#
&
¥
#
&
o
¥
¥
¥
v
#
&
¥
#

5 | SaurceanSave 4 S 1) % Run _#Source + < L) _#importDataset~ (o) List+

!] Praject: (None) »

- [7]  Environment History =[]

% Global Enviranment « Q
|
!

Environment is erngly

Files Plots Packages Help
Jonon | M Exporte

Conszole ~/Documents/ObJECTS /Workspaces/CCAM4.2_Release/output/gcam_diagnostics)
Notural language support but running in on English lotale

R is a colloborative project with mony contributors.
Type "contributers()’ for more information and
‘citation()' en how to cite R or R packages in publications.

Type 'demo()' for sore demos, 'nelp()' for on-line help, or
“help.start()' for an HTML browser interface to help,
Type 'q()' to quit R.

> getwd()
[1] "/Users/d3p747/0ocunents/0bjECTS/Workspaces/GLAMA . 2_Release/output/geam_diagnostics”
> source{"diagnostics.R")

» Check that the working directory is
correct, and run the R script

30
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1: Running the diagnostics package

» Regions may be combined from the 32 in the DBXML to a more
convenient number for analysis and visualization

m use a label re-write list in the model_verification _queries.xml file

T. % File Path v : ~/Docursents/ ObECTS Ding s Model_verificabon_queries, xml

« »

1898
1893
1168
18
1182 Vv
1183
1104
1185
1186
1167 ¥
1183 ¥
1189
un
111
1112
113
1114
1115
1116
1117
1118
119
129
121
1122
1123
1124
125
1126
1127
1123
1123
13»
1n
1132
1133 o
1134 ¥
1135
1136
113
1138
1130

Line 1178 Col 45

Model verificabon queries.xml T (no symbol selected)  $ .8, 0.

<region name="Colonbia" /> -~
«<region nawe="South Asia" />
=region nawe="South Korea™ /=
<region mame="Taiwan" /»
<supp lyDerendQuery titles"Electricity generation by technology {inc solar roofs)">
<axisl name="technology”>technology</axisi>
<axis2 name="Year"sphysical-outputi@vintagel</axis2>
<xPath bulildList="true" dataName="output" group="ralse™ sumAll="false">+[@gtype = "sec
“COMIONTS />
<labelRewritelist append-values<"true"=
<level nawe="region'>
<rewrite to="Africa" from="Africa_tastern"/>
<rewrite to="Africa" froe="Africa_Northern"/>
<rewrite to="Africa" from="Africa_Scuthern"/>
«“rewrite to~"Africa" from="Africa_wWestern™/>
<rewrite ta-"Africa" from="South Africa"/=
<rewrite to="Latin from="Brazil*/>
<rewrite from="Central Ancrica and Caribbean” />
<rewrite from="Mexice® />
<rewrite to="Latin froe="South Awerica_Northern*/>
<rewrite to="Latin fron="South Averica_Southern™/s m
«<rewrite to="Latin Anerica" from="Argentina“/»
<rewrite to="Latin Anerica" from="Colozbia"/»
<rewrite to="Southeast Asia" from="Indoresia®™/>
<rewrite to="Southeast Asia" from="Pakistan"/>
<rewrite to="Southeast Asia" from="South Asia"/>
<rewrite to="Southeast Asia" from="Taiwan"/>
«“rewrite ta="Farmer Saviet Union™ frow="Central Asia™/=
<rewrite ta<"Farmer Saviet Union” from<"Russia"/=

<rewrite Europe" from="Europe Eastern"/>
<rewrite Lurope" from="EU-12"/>
<rewrite Europe" from="EU-15%/>

<rewrite to="Western Europe" from="Europe_Non_EU™/>
«rewrite to-"Western Furope" from="European Free Trade Association"s>
<rewrite ta<"Karea" fron="South Korea"/=
</ level>
<level nave="technclogy'>
<rewrite from="ruc_base_gend” to="Gen_III"/>
<rewrite fron="ruc_base_gen2" to="GCen_II_LWR"/>
<rewrite from="coal_int_IGCC" to="Coal (IGCCHI™/>

=rewrite fron="csp_base_storage" to="CSP_storage™/= PaCific Northwest
<rewrite from="pil int IGCC" to="01l {IGCC)"/> ~ NATIONAL LABORATORY

Talr

XML %+ Unicode (UTF-B] = Windows ICRLP)  + | &' Last sawed: 4/23/14 10:05:56PM (7 125088/ 1131..

(A

udly Operated by Battelle Since 1965



1: Running the diagnostics package

» The default is to compare an “alternative” scenario to a “baseline”, or
reference, scenario.

Africa_Eastern.Core_Tax_25 5.Final Energy Consumption: Buildings

0- I IIII|I|II|||||I||"|
1

1 1 1
2010 2040 2070 2100
Year

(o]
|

fuel

B
1

1 liquids

3 coal

4 biomass
5 electricity

7 trad biomass

N
|

energy reduction

Final Energy Consumption: Buildings (EJ)




1: Exporting, importing runs

» File -> Manage DB

» This allows one to rename, mm

export (as an xml file, that can i _contrant_15ta 2010-23.T 13122310400
be imported into another oo 15t 2010-23.914:13150-04:0
.dbxml file), import, or remove

a run from the database

» The exported .xml files can
also be useful for writing
gueries, as they contain all
available information that could
be queried

[ Add ] [ Remove ] [ Rename ] [ Export ] [ Done ]

7
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1: Useful Miscellaneous Info

All energy flows are represented in EJ/yr. Note that the “year”
denominator is implicit, not written out.

Fuel carbon contents are in kgC/GJ.

Emissions units
m CO,isin Mt C. Multiply by 44/12 to convert to CO,

® Non-CO, gases are generally in Tg (same as Mt). Exceptions are the hi-
GWP gases (e.g. HFCs, PFCs, SF;), which are in Gg (same as kt).

Dollar units

Prices of all energy goods and services are in 1975%/GJ

GDP is in 1990%/yr

Carbon prices are in 1990%/tC. Multiply by 12/44 to convert to 1990%/tCO.,.

Fuel prices in policy scenarios do not include the emissions penalties. After
converting to the desired dollar year, these may be added to any
technology as:

C price ($/tC) * 1t / 1000kg * Fuel C content (kgC/GJ) * (1 —
sequestration fraction)
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2: Running alternative scenarios

» Pretty much any study using GCAM will run alternative
scenarios

= Not an optimization model

m “Reference” scenario should not be seen as a most likely
scenario, or even business as usual: it is only a starting point

» Many possible variables of interest:
m Different technology RD&D futures
Technology policies (e.g., standards, subsidies)
CO, and other GHG emissions pricing
Emissions constraints
Land use policies
Future energy prices or taxation
Different population, GDP pathways

» This section will focus on the provided policy files in th%/
input/p0|iCy folder Pacific Northwest

NATIONAL LABORATORY
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2: Provided policy files

» L climate .
> @8 gcam-data-system Carbon cap: constraint on annual CO2
>

= maglcc emissions in each time period (Mt C)
. carbon_cap_450.xml

.@_,,J carbon,_tax_10_5.xml Carbon tax: exogenous CQO2 price in

9 carbon_tax_15_5.xml each time period (1990%/t C)
@ carbon_tax_20_5.xml
) carbon_tax_25_5.xml Forcing target: radiative forcing

@ forcing_target_2p6_overshoot.xml
| forcing_target_3p7.xml|
@ forcing_target_4p5.xml

(W/m2). Overshoot allows end-of-
century target to be exceeded in prior

@ global_ffict_in_constraint.xm| years
.} global_ffict.xml FFICT: fossil fuel and industrial
@ global_uct_in_constraint.xml| emissions onIy
@ global_uct.xml
v Input Module . _
] Imked_ghg_pollcy.csv change emISSIOI’]S)

-

linked_ghg_policy.xlsx

P : )
mpinicecEohppoticyban Input module: allows users to build
proportional_tax_rate.csv

“ proportional_tax_rate.xml XML files from excel . %
¢ linked_ghg_policy.xml Pacific Northwest

— NATIONAL LABORATORY
“| proportional_tax_rate.xml

» | solution

Proudly Operated by Battelle Since 1965



2: Configuration

<Value name = "solver">,./input/solution/cal_broyden_config.xml</Value>

» Alternative scenarios
may be run as follows: _

® add additional XML files<icse== @@ e 5ot
at the end of the <Value name="scengrioNane"'>Ctax_15</Value>

<Value g-region">USA</Value>

<Value name = "policy">../input/policy/carbon_tax_15_5.xml</Value>

existing e e e
ScenarioComponents figs>

[ | Change the <Value name="CalibrationActive">1</Value>
scenarioName Salie nomeginc-patha0eVatue

» Indicate whether to use i
target-finder (if runnin L

me="PrintValuesOnGraphs'">1</Value>
name="ShowNullPaths">0</Value>
name="PrintPrices">1</Value>

an end-of-century
climate target)

® Indicate whether tqQ
calculate abatemeént
cost curves

<Ints>

7

Pacific Northwest
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2: The input folder

» All input xml files for a model run are stored in the input
folder
» All input xml files for a model

<o [ellitic run are stored in the input

> B8 common folder
> B aglu-data m gcam-data-system generates
: p— a:P‘P':‘e;S't"Q“°de the XML files from CSV files in
[ emeomes the *-data folders, a header file
SMjem|sslons=processingcode in common/headers, and batch
» [ energy-data - e
» [ energy-processing-code XML files located in the *-code
" Makefile folders
= ® magicc: information for the
» [ modeltime-processing-code limate model
» | socioeconomics-data Cli
» [ socioeconomics-processing-code m policy: selected policies that can
» 0 xml be run
» [ magicc

» [ solution ‘

Pacific Northwest

NATIONAL LABORATORY
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2: The gcam-data-system folder
» Batch XML files script the construction of the XML files

m Alternative XML files can be made by creating modified and re-
named batch XML files with different outFiles and that take data
from modified and re-named CSV files

e NO “ | batch_ag_For_Past_bio_base.xml (@)
T_ “ File Path v : ~/Documents/ObjECTS/Workspaces/GCAM4_Relea...code/xml-batch/batch_ag_For_Past_bio_base.xml

| 7 batch_ag_For_Past_bio_base.xml =+ (no symbol selected) = Y = 4

1|¥ |ModelInterfaceBatch> ~
2|V <class name="ModelInterface.ModelGUI2.InputViewer">

3|V <command name="CSV file">

4 <headerFile>../_common/headers//ModelInterface_headers.txt</headerFile>

5 <csvFile>../aglu-data/level2//L201.AgSupplySector.csv</csvFile>

6 <csvFile>../aglu-data/level2//L201.AgSupplySector_biomassOil.csv</csvFile>
7 <csvFile>../aglu-data/level2//L201.AgSupplySubsector.csv</csvFile>

8 <csvFile>../aglu-data/level2//L201.AgTechInterp.csv</csvFile>

9 <csvFile>../aglu-data/level2//L201.AgTechShrwt.csv</csvFile>
10 <csvFile>../aglu-data/level2//L201.AgProduction_ag.csv</csvFile>
11 <csvFile>../aglu-data/level2//L201.AgProduction_For.csv</csvFile>
12 <csvFile>,./aglu-data/level2//L201.AgProduction_Past.csv</csvFile>
13 <csvFile>../aglu-data/level2//L201.AgHAtoCL.csv</csvFile>
14 <csvFile>../aglu-data/level2//L201.AgYield_bio_ref.csv</csvFile> -
15 <outFile>../xml/aglu-xml//ag_For_Past_bio_base.xml</outFile>
16 | = </command> 3
17 | = </class> 3 /
Line 1 Col 1 XML % Unicode (UTF-8) % Unix(LF) + =of | Lastsaved: 10/19/14 7:25:40PM [ 955/ 82 /... Zast

NATIONAL LABORATORY
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e L v e - war w1t e

<world> aworld>

2|vY
<region name="USA"> 3|v <region name="USA">
<ghgpolicy name="C02"> 4|v <ghgpolicy name="C02">
<marget>global</market> 5 <market>global</market>
<isFixedTax>1</isFixedTax> 6 <constraint year="2020">7912</constraint>
<fixedTax year="2020">20</fixedTax> 7 <constraint year="2035">7880</constraint>
<fixedTax year="2035">41.6</fixedTax> 8 <constraint year="2050">6834</constraint>
<fixedTax year="2050">86.4</fixedTax> 9 <constraint year="2065">4980</constraint>
<fixedTax year="2065">179.7</fixedTax> 10 <constraint year="2080">3561</constraint>
<fixedTax year="2080">373.6</fixedTax> 11 <constraint year="2095">3191</constraint>
<fixedTax year="2095">776.7</fixedTax> 12 <constraint year="2100">3191</constraint>
<fixedTax year="2100">991.3</fixedTax> 13 | - </ghgpolicy>
<(ghgpolicy> 14 | = </region>
</region> 15 |V <region name="Canada">
<region name="Canada"> 16|V <ghgpolicy name="C02">
<ghgpolicy name="C02"> 17 <market>global</market>
<market>global</market> 18 | = </ghgpolicy>
</ghgpolicy> 19 | = </region>
</region> 20|V <region name="EU-15">
<region name="EU-15"> 21|v <ghgpolicy name="(C02">
<ghgpolicy name="C02"> 22 <market>global</market>
<market>global</market> Dl </ghgpolicy>
</ghgpolicy> 24 | v </region>
</region> 25|V <region name="Europe_Non_EU">
<region name="Europe_Non_EU"> 26|V <ghgpolicy name="C02">
<ghgpolicy name="C02"> 27 <market>global</market>
<market>global</market> 28| - </ghgpolicy=
</ghgpolicy> 29 | = </region>
</region> 30|V <region name="European Free Trade Association">
<region name="European Free Trade Association"> 31w <ghgpolicy name="C02">
<ghgpolicy name="C02"> 32 <market>global</market>
<market>global</market> 33| = </ghgpolicy>
</ghgpolicy> 34| v </region>
</region> 35|V <region name="Japan">
<region name="Japan"> - 36|V <ghgpolicy name="C02">
<ghgpolicy name="C02"> A 37 <market>global</market>
<market>global</market> v 38| = </ghgpolicy>

» A global policy is specified in one region, and all others share in the market.
m Regional policies can be specified in individual regions

» Carbon price: model solves for emissions, given a fixed price
» Carbon constraint: model solves for carbon price, given emissions pathway.
o [Economic equilibrium is not influenced by which factor was specified



2: Cost curves

Emissions abatement costs are calculated as the integral
under the marginal abatement cost schedule.

m By default, this is calculated as the area underneath the marginal
abatement curve with five points. This setting can be changed in
the configuration file; each “point” greater than 2 corresponds to
a new scenario run,

70

60
In the example to the right, the w0 /
resulting policy costs are as follows: 20

5 points: $12148
No intermediate points: $13578
This scenario exhibits progressively

30

C price (19905/tC)

20

10

higher marginal abatement costs with 0 100 200 300 400 500
respect to abatement level Abatement (MtC/yr)
TGChﬂOlogy Inﬂuences the Shape Of the —4—5points —=Nointermediate points

MAC function

=

Pacific Northwest_ »
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2: Running in batch mode

<Configuration>
<Files>

<Value name="xmlInputFileName">,./input/gcam-data-system/xml/modeltime-xml/modeltime.xml

<Value name="BatchFileName'">batch_example.xml<tValue>

Set the bool and

</Files> '
<ScenarioComponents> batch file name
<Value name = "climate">../input/climate/magicc.xml</Va

</ScenarioComponents>
<Strings>
<Value name="scenarioName'>Base</Value>

</Strings>

<Bools>
<Value namef"CalibrationActi
<Value ="BatchMode">1<#&/alue>

</Bools>

scenarioName and

FileSet name append
( 9., Base tax) |<Batch unner xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:noNai

CemponentSet name="Policy scenarios'>
<FileSet name="">
\N%
<FileSet name=¥_tax">

<Value name="ctax">../input/policy/carbon_tax_15_5.xml</Value>

</FileSet> : _ _ :
</ComponentSet> Files in FileSet will be added to the f

42 </BatchRunner> scenarioComponents in the config file

~
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3: Changing input files
» XML files may be built from individual CSV files

m Each CSV is only one table, so these will tend to be single-
parameter XML files

» XML files may be built from provided or modified CSV
files using batch XML files

m All batch XML files can be run simultaneously using the provided
makefiles

» XML files may be changed by hand
m Search and replace may be useful
®m However:
o This can be tedious
» Directly changing XML files leaves no paper trail

~7
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3: Building XML files from individual

CSVs

(] aglu-processing-code

(] emissions-data

(] emission...sing-code *

(] energy-data

(] energy-p...ing-code
Makefile

(] modeltime-data

(] modeltim...ing-code

(] socioeconomics-data

(] socioeco...sing-code

(] water-data

(] water-pr...sing-code

| L xml
v

P
(] aglu-data > Makefile
P
P
p
P
P

rface Edit Table Help

800 guments/Ob)ECTS/Workspaces/GC
Make desired changes to *-data/level2/*.csv e P ———
file, and re-save (probably with a different > {8 worid S ’éxtﬂfesso,ﬁ.e <P
file '
ile name) Open Recent Files > DMmmand file XD
2. In Modellnterface: File -> Open -> Open Save As 06 Open
CSV File i
. ~ 7t J F
3. Select CSV file Qi
4. Select header file:
_common/headers/Modelinterface _headers
Ixt
I POy I IR V4 W | B o) P
S. Save(c:nevelz B
| & _common (] level2 >
L201. AgProductlon ag.csv m

L201.AgProduction_For.csv
L201.AgProduction_Past.csv
L201.AgSupplySector_biomassQil.csv
L201.AgSupplySector.csv
L201.AgSupplySubsector.csv
L201.AgTechinterp.csv
L201.AgTechShrwt.csv
L201.AgYield_bio_hi.csv
L201.AgYield_bio_ref.csv

L202.ClobalRenewTech_imp_an.csv )
L202.GlobalTechCoef_in.csv
L202.ClobalTechCost_an.csv )

A
L202.maxSubResource.csv 3 lorthwest_
L202.RenewRsrc.csv ) VAL LABORATORY

ttelle Since 1965
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3: Building new XML files from batch
XML files

» Batch XML files can be run individually after re-setting the file paths
from the model interface to the specified locations

m Could also copy a model interface application folder into the gcam-data-system
folder

» Users can build the full suite of XML files by running all batch XML
files from a command prompt, but this may require some additional
software that is not part of the release package

m Mac users will need to install Xcode
m PC users will need to install GnuWin

e NO Terminal — bash — 113x7

Last login: Sun Oct 19 23:13:49 on ttysB@o

HE24851:" d3p747% cd /Users/d3p747/Documents/0bjECTS/Horkspaces/GCAM4_Re lease/ input/gcam-data-system
HE24851:gcam-data-system d3p747$ make xml

make -C emissions-data KML_BATCH

make[1]: Nothing to be done for “WHML_BATCH'.
make -C aglu-data KML_BARATCH
make[1]: Nothing to be done for “KML_BATCH'.

Proudly Operated by Battelle Since 1965



3: Run adjusted file

» Add the new file(s) to the configuration file

» Make sure the order among other add-on files in the
configuration is correct; the last file to over-write a given
parameter is the one that takes precedence

SVQ LuT nagmc
<Value name
<Value name
<Value name
<Value name
<Value name
<Value name

UGy <~ o J L1IPU LS g\.alll—uu LgTaoyaLTny Aamvy ﬂy LUTAINL UTHTGHNIU_LTIPUL s ALY VO LuT~
"ind_urb_proc">../input/gcam-data-system/xml/emissions-xml/ind_urb_processing_sectors.xml</Value=>
"nonco2_aglu">../input/gcam-data-system/xml/emissions-xml/all_aglu_emissions.xml</Value>
"nonco2_energy">../input/gcam-data-system/xml/emissions-xml/all_energy_emissions.xml</Value>
"nonco2_fgas">../input/gcam-data-system/xml/emissions-xml/all_fgas_emissions.xml</Value>
"nonco2_unmgd">../input/gcam-data-system/xml/emissions-xml/all_unmgd_emissions.xml</Value>
"solver">../input/solution/cal_broyden_config.xml</Value>

<Value name

""ag_prodchange">../input/gcam-data-system/xml/aglu-xml/ag_prodchange_rcp45_noresm_gepic.xml</Value>

</ScenarioComponents>

<Strings>
<Value name="scenarioName">AgImpacts_4p5_NorESM_GEPIC</Value>
<Value name="debug-region">USA</Value>
<Value name="MAGICC-input-dir">../input/magicc/inputs</Value>

>

Pacific Northwest
NATIONAL LABORATORY
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4: Debugging

» This section will focus on the most common problems

» It will not attempt to cover everything that could happen,
because there would be way too much to cover
» |t will proceed accordingly
1. Running the model
2. Querying output
3. Building XML files

Pacific Norths)vest »
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4: Configuration/input errors

» Problem: Immediate crash

48

e NO Terminal — 80x24

restrictions or regulations (collectively the 'Export Laws'). Export of
the Software may require some form of license or other authority from
the U.5. Government, and failure to obtain such export control license
may result in criminal liability under U.S. lows. In addition, if the
Software is identified as export controlled items under the Export Laws,
User represents and warrants that User is not a citizen, or otherwise
located within, an embargoed nation (including without limitation Iran,
Syria, Sudan, Cuba, and Horth Korea) and that User is not otherwise
prohibited under the Export Lows from receiving the Software.

ed.
Community
nses/ecl2.php

Copyright 2811 Battelle Memorial Institute. ALl Rights Reserv
L
=

Distributed as open-source under the terms of the Educationa
License version 2.8 (ECL 2.8). http://www.opensource.org/lic

For further details, see: http://www.globalchange.umd.edu/models/gcam/
Running GCAM model code base version 4.8 revision 5465

Parsing input files...

ERROR: Unexpected WML Read Exception.

logout

[Process completed]

» Possible causes

m The XMLInputFileName or BatchFileName (or their pathways) are incorrect

If running from code editor, the project’s working directory needs to be set to the
exe/ folder. Sometimes it defaults to the cvs/objects/build/*/ folder

-

t

ORY
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4: Configuration/input errors

» Problem: crash while reading in the ScenarioComponents
XML files

e ONOO Terminal — 120x17

Distributed as open-source under the terms of the Educational Community
License version 2.8 (ECL 2.8). http://www.opensource.org/licenses/ecl2.php

For further details, see: http://www.globalchange.umd.edu/models/gcam/
Running GCAN model code base version 4.8 revision 5465
Parsing input files...

Parsing ../input/magicc/Historical Emissions/Default Emissions Module/Default_Emissions_lnput.xml scenario component.
Parsing ../input/gcam-data-system/xml/socioceconomics-xml/interest_rate.xml scenario component.

Parsing ../input/gcam-data-system/xml/socioeconomics-xml/socioeconomics_GCAM3.xml scenario component.
Parsing ../input/gcam-data-system/xml/energy-xml/resources.xml.xml scenario component.

ERROR: Unexpected ®WML Read Exception.

logout

[Process completed]

» The problem: the last file read was mis-typed. Note the
second “.xml”"—this is a common error.

Proudly Operated by Battelle Since 1965



4: Configuration/input errors
» Problem: crash after XML parsing, before first period

e OO Terminal — 108x14

l/aglu-xml/demand_input.xml nario component. =
/ ml/ind_urb_pro ] enario component.

omponent.
ario component.

component.

ing complete.

ould not find global technology for sector:

[Proc completed]

» The problem: mis-spelled a
<world>

technology name (Cement <region nane="USA">

<supplysector name="cement'>

iInstead of cement). Strings in <output-unitot</output-unit>

.. <input-unit>EJ or Mt</input-unit>
GCAM are CaSe_SenS|t|Ve <price-unit>1975$/kg</price-unit>
- <logit-exponent fillout="1" year="197
<keyword final-energy="industry"/>
<subsector name="cement'">
<logit-exponent fillout="1" year="
<share-weight fillout="1" year="1¢
<interpolation-rule apply-to="shar
<interpolation-function name="f1
</interpolation-rule>

50 <stub-technology name="Cement">



4: Errors from changes to input files
» The model does not calibrate or solve the base years:

1975
d with last period's pri

1998
failed

failed
1 28.19
failed

orOutput:
Calibration

d Part 2: Unsolvable Mark

ERROR:

» The

Region:

Region:
oil refining Region: US
coal (conv pul) Region:
eam/CT) Region:

Region:

am/CT) Region:

Terminal — objects — 194x32

Sector: regional oil Sub

or: traded unconvent

Sector: gas processing Sub
: refining ab
: electricity

Sector: electricity

Sector: electricity

: crude oil
ional oil Subsector:
: natural gas

: oil refining Dutput

Output: Calibration:

Output: Calibration:
Calibration:
Output: 9.
Output: @.
Output: 8.97

r: refined liguids Output: B.7474

brk, Supply, Demand, Mrk Type,

ly,

Canada unconventional oil Output: B.7

Calibration: 6.
Calibration: B.

Calibration: @.

3 657 relativeDiff: . 61

Calibration: 8.7

relativeDiff: 8.184

=Diff:

relativeDiff:

relati

relati

Calibration: @.4587

problem: The base-year electricity input-output coefficient of cement

production was changed, causing system-wide imbalances between
electricity demand and supply. Note that the sectors that “fail” calibration
s and the markets that don'’t solve are unrelated to the cause of the problem.



4: Model not solving with policy

» The model fails to solve in some period

Mo Terminal — 187x23

. 21 nan
adding t y i G ace 0 i . U nan

adding t i a ace fo i i urope , value: nan
adding to y in markeplace

adding to su in markeplace

ERROR: Mo

ERR
ERR
ERR
ERR

52

<y Supply, Demand, Mrk Type,

<y Supply, Demand,

, B a s rmal .
% Normal
Normal
, Normal

The problem: An extremely high carbon tax ($25,000/tC) was implemented
in 2020. Solution failure is more likely with carbon emissions constraints
than taxes, particularly if land use change emissions are included in the
cap.

7
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4: Database open while trying to write
» The model can’t write to the output database

All model periods solved correctly.
Calling the climate model...

Model run completed.

Printing output

Starting output to XML Database.
The database database_basexdb appears to be open.
Please close it and press return to continue..

» In prior versions, the database could be open while GCAM was writing to it;
this is no longer the case with the switch to the basexdb

Pacific Northwest
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4: Queries — general

» Message: “The query returned no results”
m The market may not exist (e.g. C price in a non-policy run)

m The syntax of the XPATH may be wrong (e.g. not enough
slashes)

» Nothing at all prints out (not even a warning message)

m The syntax of the XPATH is incorrect. Check that all parentheses
are closed.

» Batch query error:

Batch Query Error

e There was an error while tryving to write results

B The Excel workbook being written to was open during the expgy'

Pacific Northwest
NATIONAL LABORATORY
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4: Building XML files - general

Exception

Excpetion thrown while trying to read csv and header files
java.lang.IndexOutOfBoundsException: Index: 3, Size: 3

L ]

» The model interface was expecting data where there was a
missing value. The missing value/column was in the third
column. Either:

m The header file has too many entries with “+” symbols. The table

only has two columns, so one entry needs to be deleted from the
header, or a column has to be added to the table.

B The data table has a missing value in the third column

» Note that this warning message does not indicate which
table/header caused the problem.

» Note that there is no corresponding problem for a table
where not all of the data is read (i.e. a header with too few
entries). This will produce a valid XML file, but may not

= have all of the data that was intended.
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4: Building XML files - general

Excpetion thrown while trying to read csv and header files
java.lang.Exception: Invalid set of headers: Missing root header

» There is a header in the headers file that doesn’ t have the
following entry:

.scenario,



What does it all mean?

» This section focuses on the meaning of several key input
parameters found throughout the input XML file set

m Elasticities

m Logit exponents

®m Share-weights and interpolation rules
m Efficiencies and coefficients

Pacific Northwest
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Elasticity

» Price elasticity: The percent change in demand of a good
divided by the percent change in the price

» Income elasticity: The percent change in demand of a
good divided by the percent change in GDP

GDP P

Di, — Di,2005 ° ( )incfelas .( t ) p—elas
t GDPZOOS })2005
7 Price elasticity Income elasticity
6
—-0.25
6
3. " T
g” 1 2 4
=] N £ %
3 K g ’
S 3 @ /
E % .E
? 2 g 2 —025
n m
. i —05
1
0 0 -
0 2

4 6 8 10 0 5000 10000 15000 20000
1975$/GJ-service GDP (billion 1990 USD)
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Service price elasticity # fuel price
elasticity

—-().25

—_—0.5
' —_—-1
0.6

K

=)
wn

Fuel price elasticity
& &
1= w
1

° ! ? Fuelprice ?19753/61) : ’ °
» Service price elasticities include ALL costs of providing
the energy service
m Levelized capital costs, fixed O&M, variable O&M

m In passenger transportation, service costs may include time value
costs



Logit-exponents and fuel-switching

» The logit exponents control the degree of switching
between technologies or fuels in response to price
changes

m Low values = low fuel-switching = strong influence of base year
shares even far into the future

m High values tend towards winner-take-all responses in response
to changes in costs

Effect of 20% increase in gas price

100%

90%
p 80%
S _ sw;e P 0%
are; = 3 60%
sSw, ® Pl 50% ® oil
i 40% m gas
30%
20"’/: - M coal
10%
0% : -

Base year Logit: -3 Logit: -6 Logit:-12 -
shares %

Pacific Northwest
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Share-weights

» The roles of the share-weight
m Calibration parameter
m Phasing in new technologies

m Allows gradual movement away from the base year’ s calibrated
share weight values

No phase-in Phase-in to 2050

100% 17 oo » Without any phase-
80% 80% in, markets rapidly
60% - 60% . transition in

40% - 40% , reSponse_ to

introductions of
20% 1 20% new technologies
0% I 0% - : :
2005 2020 2035 2050 2005 2020 2035 2050

mcoal mgas moil mnuclear mcoal mgas moil mnuclear %

Pacific Northwest
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Efficiencies and coefficients

» Efficiency = output / input
» Coefficient = input / output

m Coefficients make more sense where there are multiple inputs; a
shared denominator is more intuitive than a shared numerator

» Where the input-unit and output-unit are the same, these
parameters are unitless. Several exceptions include:
m Transportation coef: BTUs fuel per vehicle kilometer
m Cement coef: GJ of energy per kg of cement
m Fertilizer coef: GJ of energy per kg of N fertilizer
®m Nuclear fuel efficiency: GJ of energy per kg of uranium

~7"
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Interpolation

» Interpolation is primarily used for defining share-weight
pathways into the future

m Fixed: carry the shareweight in the “from-year” to the “to-year”
with no changes. Requires a from-value.

m Linear: linearly interpolate. Requires a from-value and a to-value,
which can be set within the interpolation rule, or in the share-
weight parameter.

m S-curve: s-curve shaped function. Requires a from-value and a to-
value. Note that the to-year doesn’t need to be a model time
period, but if it isn’t, need to set the “to-value” within the rule.

<subsector name="unconventional oil">
<logit-exponent fillout="1" year="1975">-6</logit-exponent>
<share-weight fillout="1" year="2050">1</share-weight>
<interpolation-rule apply-to='"share-weight" from-year="2010" to-year='"2185">
<to-value>2</to-value>
<interpolation-function name="s-curve'/>

</interpolation-rule> ‘ge;f///

Pacific Norths)vest
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3: Adjusting queries

» Changes can be made in the Main_queries.xml file, or by
opening up a database in the model GUI

= Note that label re-write lists for aggregated queries can not be
accessed from the model GUI

m X-Axis name is almost always year; y-axis name is the same as the
series name.

m XPATH has the specific query instructions

3 (= QLS )
Edit Query N
1 L7l

The: Resurce procuction [[J5um ak [[JGroup 7] BuldList <NlabelRewriteList> o
</supplyDemandQuery>
VoAdk Name: resource ¥-Axs Node: resorce =supplyDemandQuery itle="=esource production”s
<axis1 name="resource"=resource<faxis1>
| %o Name: [vear -fics Node: otput “axis2 name=""eor >oulput<faxis2> - ) _ L
<xPath buildList="rue" detaMName="oulpul" group="Tzlse" sumAll="lalss">*[@lype="resource'Jfoutput/node()</xPath> %
<comments/> 3
Data Name: osput Chart Label Column:
? </supplyDemandQuery> 1
: <supplyDemandQuery itle="Regional pnmary energy cosis's 3
FPATH:  “[@type=resource]ijoutoutinode ~=€?¢¥ names"cor r'r‘y"-.-c artarz/avied - =
< > £
Conmmants; Trae Salection Browsar 1

7
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3: Adjusting queries in XPATH

» Generally, copy an existing query first (Ctrl-C, Ctrl-V), similar to the one that
is sought

» Base query XPATH: *[@type="resource'])//output/node()

65

This queries output of all elements tagged as “resources”
To limit the query to coal: and ()

o *[@type="resource * and (@name= ‘coal’ )]//output/node()
To limit the query to fossil fuels: and (...or...)

» *[@type="resource ‘ and (@name= ‘coal’ or @name= ‘crude oil" or
@name= ‘unconventional oil’ or @name= ‘natural gas’ )]//output/node()

To remove non-energy resources: and not (...or...)

o *[@type="resource * and not (@name= ‘Scavenging’ or @name= ‘limestone’
or @name= ‘misc emissions sources’ )]//output/node()

To aggregate across all of the fossil fuels: (:collapse:)

» *[@type="resource ‘ (:collapse:) and (@name= ‘coal’ or @name= ‘crude oil’
or @name= ‘unconventional oil’ or @name= ‘natural gas’ )]//output/node()

~7"
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3: Adjusting queries in XPATH

» Where information is low in a heirarchy, one can choose how many levels of
the heirarchy to show in the output:

» Base query XPATH: *[@type = 'sector' and ((@name='gas processing')
/¥ [@type = 'technology']/* [@type='output’ (:.collapse:)]/physical-

output/node()

Gas production by technology
scenario

Main,date=2010-23-9T12:05:21-04:00
Main,date=2010-23-9T12:05:21-04:00
Main,date=2010-23-9T12:05:21-04:00

The double slash (//*) indicates to go down by more than one level

region sector technology 1990
USA gas processing biomass gasification 0.031
USA gas processing coal gasification 0.136
USA gas processing natural gas 18.267

m To also write out the subsector: only one /*

B *[@type = 'sector' and ((@name='gas processing') )] /*[@type = 'subsector']/*[@type =
'technology']/* [@type="output' (:collapse:)]/physical-output/node()

Gas production by technology
scenario
Main,date=2010-23-9T12:05:21-04:00
Main,date=2010-23-9T12:05:21-04:00
Main,date=2010-23-9T12:05:21-04:00

region
USA
USA
USA

sector
gas processing
gas processing

gas processing

subsector
biomass gasification
coal gasification

natural gas

technology
biomass gasification
coal gasification

natural gas

2005
0.160
0.046

2020
0.159
0.067

21.692 23.517

1990
0.031
0.136

18.267

2005
0.160
0.046
21.692

2020

0.159

0.067 %
23.517 :
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