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Preliminary: software to download

» GCAM: http://www.globalchange.umd.edu/models/gcam/download/

» 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/xmimarker 1 1 setup.exe
m Mac: XML Author (costs ~$550): http://www.oxygenxml.com/

m Mac: TextWrangler:
http://www.barebones.com/products/textwrangler/download.html

» A program to diff files
m Windows: WinMerge: http://winmerge.org/downloads/
m Windows: Tortoise SVN: http://tortoisesvn.net/downloads

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




1)

1: Running the Reference Scenario

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
1) This will run Objects-Main.exe
.. Debug 4/25/2012 2:15PM File folder
1. logs 4/25/2012 2:15PM File folder
| Release 6/28/2012 5:10 PM File folder
|, socioeconomics-agmip 4/25/2012 11:40 AM  File folder
| batch_ag.xml 11/2/2010 5:23PM XML File 2KB

@ batch-csv-out.csv

. configuration.xml

. configuration_ref. xml

|| dependency_finder_log

|| dependency_finder_log2

| gas - Copy.emk
| gas.emk

(%) libdb48.dll

%) libdbxml25.dll

__ log_conf.xml

L) MaGouT.Csv

L) ObjectsGMGen.csv
@ ObjectSGMout.csv

M objects-Main.exe

A

8/28/2012 7:34PM

2012 2:34 PM
8/28/2012 7:35PM
2/6/20128:05PM
2/2/2012 5:24PM
7/11/2012 12:09 PM
6/2/2011 2:52PM
6/2/2011 2:52PM
2/28/2012 6:03 PM
2/8/2011 10:55 AM
7/11/2012 12:09 PM
6/27/2012 4:35PM
5/9/2012 12:35PM

Microsoft Excel Com... 0KB

XML File

XML File

File 92KB
File 93KB
EMK File 18KB
EMK File 25KB
Application extension 1,276 KB
Application extension 1,757KB
XML File 3KB
Microsoft Excel Com... 22KB
Microsoft Excel Com... 1KB
Microsoft Excel Com... 1,991KB

Application

4) Mac: Double click run-gcam.command

1) This will run Release/objects, the executable

[j s
|| exe

= fully_cal_fl...3114.patch

(] input

fal libs
 Makefile
(] output
(] proposals

= 50_states_...514.patch
= check_zer...nCalc.patch

r

I

(] config files r

W configuration_ref.xml
W configuration.xml

@ debugReference.xml

~ gas.emk

“| log_conf.xml

(] logs )
(] objects.build r
 ObjectSGMGCen.csv
 ObjectSGMout.csv

| outFile.csv

(] Release r

B run.command

 target_finder_log




1: Configuration: the “Files” section

<Files>
A luenames TR EF e Base input file. ScenarioComponents append to this.

SCIVERLENEEREEGIEREENELE For running multiple scenarios in sequence. Requires setting BatchMode bool to 1
<Value name="policy-target=

<Value name="GHGINoutFileName"s. / For running climate target finder. Requires setting find-path bool to 1

xmldb is where the outout will be saved namei::xmldb—locat_ion">.I.l/output/database_basexdb</Va1ue>
) ) ) i me=""xmlOutputFileName">../output/output.xml</Value>

< Xm|Output IS a merged and Ca“brated Input f||e me:"XmlDebugFileName">debug_Xm]_</Value>

<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</Value>

<Value write-output="1" append-scenario—-name="0" name="batchCSVOutputFile">batch-csv-out.csv</Value>

<Value write-output="0" append-scenario—-name="0" name="supplyDemandOutputFileName'">SDCurves.csv</Value>

<Value write-output="0" append-scenario—-name="0" name="dependencyGraphName'>DependencyGraph.dot</Value>

<Value write-output="0" append-scenario-name="0" name="1landAllocatorGraphName">LandAllocatorGraph.dot</Value>

<Value write-output="0" append-scenario—-name="0" name="0bjectSGMFileName">0bjectSGMout.csv</Value>

<Value write-output="0" append-scenario—-name="0" name="0bjectSGMGenFileName">0bjectSGMGen.csv</Value>

<Value write-output="0" append-scenario—-name="0" name="dbFileName">../output/output.mdb</Value>

</Files>

* Write-output: indicate whether to create the file
* Append-scenario-name: indicate whether to append the scenario
name to the name of the file being created
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1: Configuration: Other sections

<Strings>

<Value
<Value
<Value
<Value

</Strings>
<Bools>

<Value
<Value
<Value
<Value
<Value
<Value
<Value
<Value
<Value

</Bools>
<Ints>

<Value
<Value
<Value
<Value
<Value
<Value
<Value

</Ints>

name="scenarioName">Referen« NO Spaces or special characters allowed
name="debug-region">USA</Value>
2:2:: The debug file has a lot of detail but is only written for one region

. —— - — -—— - - - —_—— -

-—— - - -

Always keep calibration on

name='CalibrationAc e o apnends XML files listed in BatchFileName to
name="BatchMode">0<,

name="find-path">0<, ScenarioComoonents here

name="createCostCurve If true, uses policy-target-file
name="debugChecking'">0</Value>
name="simulActive">1</Value>
name="PrintValuesOnGraphs'>1</Value>
name="ShowNullPaths">0</Value>
name="PrintPrices">1</Value>

name="numMarketsToFindSD">10</Value>
name="numPointsForSD">21</Value>
name="numPointsForC02CostCurve">5</Value>
name="carbon-output-start-year">1705</Value>
name="climateQutputInterval'>5</Value>
name="parallel-grain-size">50</Value>
name="stop-period">-1</Value>

o
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1: Running GCAM

2 d3p747 — run-gcam.command — 129x48

Running GCAM model code base 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 .
Parsing .
Parsing .
Parsing .
Parsing .
Parsing .
Parsing .
Parsing .
Parsing .
Parsing .
Parsing .

./input/climate/magicc.xml scenario component.
./input/magicc/Historical Emissions/Default Emissions Module/Default_Emissions_Input.xml scenario component.
./input/gcam-data-system/xml/socioeconomics-xml/interest_rate.xml scenario component.
./input/gcam-data-system/xml/socioeconomics-xml/socioeconomics_GCAM3.xml scenario component.
./input/gcam-data-system/xml/energy-xml/resources.xml scenario component.
./input/gcam-data-system/xml/energy-xml/en_supply.xml scenario component.
./input/gcam-data-system/xml/energy-xml/en_transformation.xml scenario component.
./input/gcam-data-system/xml/energy-xml/electricity.xml scenario component.
./input/gcam-data-system/xml/energy-xml/heat.xml scenario component.
./input/gcam-data-system/xml/energy-xml/hydrogen.xml scenario component.
./input/gcam-data-system/xml/energy-xml/en_distribution.xml scenario component.
./input/gcam-data-system/xml/energy-xml/industry.xml scenario component.
./input/gcam-data-system/xml/energy-xml/industry_incelas_gcam3.xml scenario component.
./input/gcam-data-system/xml/energy-xml/cement.xml scenario component.
./input/gcam-data-system/xml/energy-xml/cement_incelas_gcam3.xml scenario component.
./input/gcam-data-system/xml/energy-xml/en_Fert.xml scenario component.
./input/gcam-data-system/xml/energy-xml/HDDCDD_constdd_no_GCM.xml scenario component.
./input/gcam-data-system/xml/energy-xml/building_det.xml scenario component.
./input/gcam-data-system/xml/energy-xml/transportation_UCD.xml scenario component.
./input/gcam-data-system/xml/energy-xml/Ccoef.xml scenario component.
./input/gcam-data-system/xml/energy-xml/Cstorage.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/ag_For_Past_bio_base.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/ag_cost.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/ag_prodchange_ref.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/resbio_input.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/an_input.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/ag_Fert.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/land_input_1.xml scenario component.

. ./input/gcam-data-system/xml/aglu-xml/land_input_2.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/land_input_3.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/protected_land_input_2.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/protected_land_input_3.xml scenario component.
./input/gcam-data-system/xml/emissions-xml/all_protected_unmgd_emissions.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/bio_hi.xml scenario component.
./input/gcam-data-system/xml/aglu-xml/demand_input.xml scenario component.
./input/gcam-data-system/xml/emissions-xml/ind_urb_processing_sectors.xml scenario component.
./input/gcam-data-system/xml/emissions-xml/all_aglu_emissions.xml scenario component.
./input/gcam-data-system/xml/emissions-xml/all_energy_emissions.xml scenario component.
./input/gcam-data-system/xml/emissions-xml/all_fgas_emissions.xml scenario component.
./input/gcam-data-system/xml/emissions-xml/all_unmgd_emissions.xml scenario component.
./input/solution/cal_broyden_config.xml scenario component.

XML parsing complete.
Starting new scenario: Reference
Starting a model run. Running period 2

Model 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

o 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

o 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
o output/database basexdb (set in configuration.xml)
o Contains the results from the scenario in a database that can

be queried

Pacific Northwest
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» Data from the XML files read by the
" | File Path v : ~/Documents/ObjJECTS/Workspaces /GCAM4.. .ysters modeltime-xml/modeltime.xml . . . . .
oo rdetmemmmles o symbol selecd sm e configuration is written out in the
1 <?xml version="1.0" encoding="UTF-§ Outputxml f||e
2 ¥ <scenario>
3|V <modeltime>
4 <start-year time-step="15">1975</start-year>
5 <final-calibration-year>2010</final-calibration-year>
6 <end-year=>2100</end-year>
7 <inter-year time-step="5">2005</inter-year>
8| = </modeltime>
9|V <world>
10|V <MagiccModel>
11 <last-historical-year>2005</last-historical-year>
12 <bc-unit-forcing>@</bc-unit-forcing>
13 <carbon-model-start-year>17@5</carbon-model-start-year>
14 | = </MagiccModel>
15| = </world>
16 =| </scenario>
17
Line 1 Col 5 XML % | Unicode (UTF-8) #|Windows (CRLF) + of | [7 521/65/17 | Y

<?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

8 00

[/Users/d3p747/Documents/ObjECTS /Workspaces/GCAM4.2_Release/output/database_basexdb] - Modellnterface

Scenario

Reference 2015-3-12T22:14:10+19:00
Reference 2015-4-12T07:39:30-05:00
Mexico
Middle East
Pakistan
Russia
South Africa

South America_Northern
South America_Southern
South Asia

South Korea

Southeast Asia

Queries

¥ [ Refining
AR efined liquids production by region
Could not generate list.

= Refined liquids production by sector
= Refined liquids production by technology
= Refinery inputs by technology
= Refinery new investment
= Refined liquids costs by sector
= Refined liquids costs by subsector
= Refined liquids costs by technology
= Refining subsector share-weights
= Refined liquid fuel production by technology

| RunQuery | | UpdateSingle Queries | | Create | | Remove | | Edit |

% Refined liquids production by region

sCenario region 1975 1990 2005 2010 2015 2020 2025 2030 2035 2040 2045

Referenc... Africa_... 0.149 0.328 0.522 0.71 1.128 1.336 1.599 1.884 2.231 2.65 3.193
Referenc... Africa_... 0.521 2.01 2.834 3.335 4.052 4.3 4.659 4.875 5.057 5.173 5.318
Referenc... Africa_S... 0.124 0.239 0.343 0.516 0.648 0.779 0.906 1.02 1.147 1.307 1.53
Referenc... Africa_... 0.322 0.686 1.162 1.213 1.529 1.816 2.256 2.74 3.315 3.979 4.817
Referenc... Argentina 0.581 0.767 1.085 1.322 1.684 1.814 1.954 2.075 2.178 2.293 2.394
Referenc... Australi... 1.217 1.553 2.073 2.174 2.232 2.327 2.398 2.468 2.541 2.646 2.733
Referenc... Brazil 1.574 2.623 3.966 5.077 5.732 6.4 6.997 7.5 7.899 B8.417 B.864
Referenc... Canada 2.384 3.136 4.16 4.035 4.112 4.221 4.28 4.277 4.259 4.263 4.257
Referenc... Central... 0.761 1.237 1.78 1.907 1.946 2.118 2.3 2.489 2.662 2.876 3.09
Referenc... Central... 1.941 2.55 1.098 1.389 1.795 2.032 2.345 2.618 2.876 3.166 3.456
Referenc... China 2.274 4,922 13.632 18.159 21.44 25.754 30.315 34.56 38.739 42.741 46.497
Referenc... Colombia 0.212 0.398 0.505 0.535 0.733 0.817 0.888 0.975 1.065 1.179 1.298
Referenc... EU-12 2.115 3.22% 2.804 2.911 3.099 3.286 3.405 3.51 3.572 3.719 3.821
Referenc... EU-15 16.152 22.912 26.044 23.595 23.556 23.647 23.593 23.273  22.9 22.712 22.445
Referenc... Europe... 2.375 3.482 0.669 0.867 1.002 1.058 1.114 1.167 1.222 1.301 1.383
Referenc... Europe... 0.583 1.453 1.736 1.758 2.741 3 3.245 341 3.528 3.619 3.697
Referane Furnne NSART NQ1? NAsSR NaRG N R4AT7 N R71 NAR NR7R NR72? nNRTS N0 R7S

2050 (2055 (2060 206 Refined liquids production by region

3.848B 4.713 5.675 6.

5.452 5.739  6.02 ¢ o

1.815 2.206 2.639 : . B0

5.847 7.241 B8.939 1( o 50

2515 2.638 2.787 2. §4D

2.812 2.875 2.93 2. S 30

9.359 9.796 10.341 10. °

4.232 4.248 4271 4. 10

3.346 3.619 3.908 4. PR NN N ||

3.755 4.044 4.331 4. 1980 2000 2020 2040 2060 2080 2100
49.88B6 53.185 56.328 5¢ Year

1441 159 1781 1. - Africa_Eastern -®- Africa_Northern Africa_Southern

3.944 4.021 4.113 4. Africa_Western Argentina ¥ Australia_NZ Brazil
22.115 21.984 21.838 21. Canada -# Central America and Caribbean - Central Asia

1.476 1.576 1.677 1. - China -® Colombia # EU-12 -+ EU-15 -= Europe_Eastern

3.75 3.806 3.854 3. -¥-Europe_Non_EU -= European Free Trade Association
NR74 NRRT N RRR N0 +—India * Indonesia  Japan ™ Mexico © Middle East
Palictan —#—Buccis —mm=South Africa

» Open Modellnterface/Modellnterface.jar

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

Primary resources are traded
— between regions —

Primary Resources 4 Primary Resources

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

Modular structure: certain regions may

End-Use Sectors _ have more detailed sectoral
Regior representations than others

Energy Transformation
Sectors

Region 1

Final Service Demands

Final Service Demands

/ \ = "
: = Population and GDP are largely
GDP Population exogenous, and determine future

levels of final service demands

o
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1: General energy system structure




1: Resources

0o “ | resources.xml

J

T_ ““'|  File Path v : ~/Documents/ObjECTS/Workspaces /GCAM4 /input/gcam-data-system/xml/energy-xml/resources.xml

7 resources.xml <+ (nosymbol selected) =+

1 <?xml version="1.8" encoding="UTF-8"7>

2 ¥ <scenario>

3|V <world>

4|\v <region name="USA">

5|V <depresource name="coal">

6 <output-unit>EJ</output-unit>

7 <price-unit>1975%$/GJ</price-unit>

8 <market>global</market>

9 <price year="1975">0.4</price>

10 <price year="1990">0.435</price>

11 <price year="2005">0.438</price>

12 <price year="2010">0.5</price>

13|V <subresource name="coal">

14 <techChange fillout="1" year="1975">0.005</techChange>
15 <techChange fillout="1" year="2005">0.0075</techChange>
16 <cal-production year="1975">14.8206957</cal-production>
17 <cal-production year="1990">22.4542682</cal-production>
18 <cal-production year="2005">23.6084627</cal-production>
19 <cal-production year="2010">21.1880386</cal-production>
20|V <grade name="grade 1">

21 <available>284</available>

22 <extractioncost>0.34</extractioncost>

23| = </grade>

24|V <grade name="grade 2">

25 <available>6851</available>

26 <extractioncost>0.37</extractioncost>

27 | - </grade>

28|V <grade name="grade 3">

29 <available>9469</available>

30 <extractioncost>1.2</extractioncost>

31 = </grade>

32|V <grade name="grade 4">

33 <available>13456</available>

34 <extractioncost>1.7</extractioncost>

35| - </grade>

36|V <grade name="grade 5">

37 <available>18440</available>

38 <extractioncost>2</extractioncost>

39| - </grade>

40 |V <grade name="grade 6">

41 <available>18440</available>

42 <extractioncost>2.3</extractioncost>

43 | - </grade>

44|V <grade name="grade 7">

45 <available>@</available>

46 <extractioncost>2.6</extractioncost>

47 | - </grade>

48 | - </subresource>

49 | = </depresource>

50|V <depresource name="crude oil">

Line 1 Col 1 XML % Unicode (UTF-8) + Windows (CRLF) % of' Lastsaved: 10/14/14 11:23:16 PM

1 406,334 / 35,304 / 9,144

2-W,. %,

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 arein 1975% / GJ
produced. Quantities are in EJ.
= 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. ,
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1: Domestic energy supply

14

0006 | en_supply.xml ()
T. | File Path v : ~/Documents/ObjECTS/Workspaces /GCAM4 /input/gcam-data-system/xml/energy-xml/en_supply.xml ‘
|9 en_supply.xml % (no symbol selected) = 4 v #+ |

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

2 ¥ <scenario> m‘

3|V <world>

4|V <region name="USA">

5|V <supplysector name="regional biomass">

6 <output-unit>EJ</output-unit>

7 <input-unit>EJ</input-unit>

8 <price-unit>1975$/GJ</price-unit>

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

10|V <subsector name="regional biomass">

11 <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="2010" to-year="2100">

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

15| = </interpolation-rule>

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

17 | - </subsector>

18 | = </supplysector>

19|V <supplysector name="regional coal">

20 <output-unit>EJ</output-unit>

21 <input-unit>EJ</input-unit>

22 <price-unit>1975%$/GJ</price-unit>

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

24|V <subsector name="regional coal">

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

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

27|V <interpolation-rule apply-to="share-weight" from-year="2010@" to-year='"2100">

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

29| - </interpolation-rule>

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

31 - </subsector>

32| = </supplysector>

33|V <supplysector name="regional natural gas">

34 <output-unit>EJ</output-unit>

35 <input-unit>EJ</input-unit>

36 <price-unit>1975%/GJ</price-unit>

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

38|V <subsector name="regional natural gas">

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

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

41|V <interpolation-rule apply-to="share-weight" from-year="2010" to-year='"2100">

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

43 | = </interpolation-rule>

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

45| - </subsector> »

46 | - </supplysector> A

47 |v <supplysector name="unconventional oil production"> v;

[ = - ) )< | >
Line 1 Col 1 XML % Unicode (UTF-8) + Windows (CRLF) + uf | Lastsaved: 10/14/14 11:23:05 PM \i'l 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

Proudly Operated by Battelle Since 1965



>

>

>

1: Energy transformation sectors

800
T.

Four XML files

m  electricity.xml
m  hydrogen.xml
m  heat.xml
|

en_transformation.xmil:

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

| en_transformation.xml

O

@
'

-

|7 en_transformation.xml % (no symbol selected) =+

File Path v : ~/Documents/ObjECTS/Workspaces /GCAM4 /input/gcam-data-system/xml/energy-xml/en_transformation.xml|
4~ v #

1 |<?xml version="1.8" encoding="UTF-8"7>

2 ¥ <scenario> m
3|V <world>

4|V <region name="USA">

5|V <supplysector name="gas processing">

6 <output-unit>EJ</output-unit>

7 <input-unit>EJ</input-unit>

8 <price-unit>1975%$/GJ</price-unit>

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

10|V <subsector name="natural gas'">

11 <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="2010" 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>

20 <calOutputValue>18.9158642</calOutputValue>

21| - </CalDatalutput>

22| = </period>

23|V <period year="1990">

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

25|V <CalDataOutput>

26 <calOutputValue>18.2014022</calOutputValue>

27 | = </CalDataOutput>

28 | = </period>

29|V <period year="2005">

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

31|V <CalDataOutput>

32 <calOutputValue>21.3888683</calOutputValue>

33| = </CalDataOutput>

34| - </period>

35|V <period year="2010">

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

37|V <CalDataOutput>

38 <calOutputValue>22.9698709</calOutputValue>

39 </CalDataOutput>

40 | = </period>

a1 - </stub-technology>

42 <share-weight year="1975">1</share-weight>

43 <share-weight year="199@">1</share-weight>

44 <share-weight year="2005">1</share-weight>

45 <share-weight year="2010">1</share-weight> §
46 | = </subsector> A
47 |v <subsector name="biomass gasification"> v
Line 1 Col 1 XML % | Unicode (UTF-8) % Windows (CRLF) + of  Lastsaved: 10/14/14 11:23:06 PM | [ 913,071/ 72,698...
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1: Energy end-use sectors

» Sector-specific XML files eana  cementn =

T' | File Path v : ~/Documents/ObjECTS/Workspaces/GCAM4/input/gcam-data-system/xml/energy-xml/cement.xml
. bUIIdIng det Xml [ cement.xml < (no symbol selected) *+ .- B, # v
<supplysector name="cement">
<output-unit>Mt</output-unit>
<logit-exponent fillout="1" year="1975">-12</logit-exponent>
<share-weight fillout="1" year="1975">1</share-weight>
<period year="1975">

m Goal iS to represe nt <share-weight>1</share-weight>

<4<«

|<?xml version="1.0" encoding="UTF-8"?>
. <scenario> m
m industry.xml <worlé>
® Cel I lent'X| I II <input-unit>EJ or Mt</input-unit>
<price-unit>1975%$/kg</price-unit>
r11 9 <logit-exponent fillout="1" year="1975">-3</logit-exponent>
L en_Fert-X | keyword final-energy="industry"/>
<interpolation-rule apply-to="share-weight" from-year="2010" to-year='"2100">
<interpolation-function name="fixed"/>
</interpolation-rule>

<region name="USA">
subsector name="cement'>
m transportation_UCD.xml
<stub-technology name="cement">

<CalDataOutput>
. <calOutputValue>72.0533118</calOutputValue>
technologies that </alstanutput>
<minicam-energy-input name="elect_td_ind">

<coefficient>0.0005292</coefficient>
<market-name>USA</market-name>

</minicam-energy-input>

<minicam-energy-input name='"process heat cement">
<coefficient>0.0042706</coefficient>
<market-name>USA</market-name>

</minicam-energy-input>

<minicam-energy-input name="1limestone">
<coefficient>1.4922978</coefficient>
<market-name>USA</market-name>

</minicam-energy-input>

</period>
<period year="1990">

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

<CalDataOutput>
<calOutputValue>81.3343011</calOutputValue>

</CalDatalutput>

<minicam-energy-input name="elect_td_ind">
<coefficient>0.0005292</coefficient>
<market-name>USA</market-name>

</minicam-energy-input>

<minicam-energy-input name='"process heat cement">

consume energy and
produce physical services
and outputs

Keywords specify assignments of
from specific to general end use
sectors (bld, ind, trn)

<coefficient>0.0039061</coefficient> A
<market-name>USA</market-name> v
Line 1 Col 1 XML % Unicode (UTF-8) % Windows (CRLF) + uf  Lastsaved: 10/14/14 11:22:58 PM | || 547,659 / 46,880...
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1: Energy final demands

>

>

Di,t =D

>

17

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
pcGDP, P

Tt ) p—elas .(
cGDPyy)s Pyyos

Pop,

)inc—elas ° (
Popyys

2005 ® ( )
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

(cNeNe) | transportation_UCD.xml (@)
T_ ‘| File Path v : ~/Documents/ObjJECTS/Workspaces/GCAM4 /input/gcam-data-system/xml/energy-xml/transportation_UCD.xml|
|5 transportation_UCD.xml % (no symbol selected) =+ o v|-#-v

1 |<?xml version="1.0" encoding="UTF-8"?>

2 ¥V <scenario>

3(v <world>

4|V <region name="USA">

5(» <supplysector name="trn_aviation_int1"> @D </supplysector>

277 | > <supplysector name="trn_freight"> @D </supplysector>

1789 | » <supplysector name="trn_freight_road"> @D </supplysector>
3768 | > <supplysector name="trn_pass"> @D </supplysector>
5425 | » <supplysector name="trn_pass_road"> @D </supplysector>
5986 | > <supplysector name="trn_pass_road_LDV"> @D </supplysector>
6113 | > <supplysector name="trn_pass_road_LDV_2W"> @D </supplysector>
6615 | <supplysector name="trn_pass_road_LDV_4W"> @D </supplysector>
11356 | > <supplysector name="trn_shipping_int1"> @D </supplysector>
11626 | ¥ <energy-final-demand name="trn_pass">
11627 <perCapitaBased>1</perCapitaBased>
11628 <final-energy-consumer/>
11629 <price-elasticity year="2015">-1.25</price-elasticity>
11630 <price-elasticity year="2020">-1.25</price-elasticity>
11631 <price-elasticity year="2025">-1.25</price-elasticity>
11632 <price-elasticity year="2030">-1,25</price-elasticity>
11633 <price-elasticity year="2035">-1.25</price-elasticity>
11634 <price-elasticity year="2040">-1.25</price-elasticity>
11635 <price-elasticity year="2045">-1,25</price-elasticity>
11636 <price-elasticity year="2050">-1.25</price-elasticity>
11637 <price-elasticity year="2055">-1.25</price-elasticity>
11638 <price-elasticity year="2060">-1.25</price-elasticity>
11639 <price-elasticity year="2065">-1.25</price-elasticity>
11640 <price-elasticity year="2070">-1.25</price-elasticity>
11641 <price-elasticity year="2075">-1.25</price-elasticity>
11642 <price-elasticity year="2080">-1.25</price-elasticity>
11643 <price-elasticity ">-1.25</price-elasticity>
11644 <price-elasticity ">-1.25</price-elasticity>
11645 <price-elasticity "'>-1.25</price-elasticity>
11646 <price-elasticity year='"2100">-1.25</price-elasticity>
11647 <income-elasticity year="2015">1</income-elasticity>
11648 <income-elasticity year="20820">1</income-elasticity>
11649 <income-elasticity year="2025">1</income-elasticity>
11650 <income-elasticity year="20308">1</income-elasticity>
11651 <income-elasticity year="20835">1</income-elasticity>
11652 <income-elasticity year="2048">1</income-elasticity>
11653 <income-elasticity year="2045">1</income-elasticity>
11654 <income-elasticity year="208508">1</income-elasticity>
11655 <income-elasticity year="2055">1</income-elasticity>
11656 <income-elasticity year="2060">1</income-elasticity>
11657 <income-elasticity year="20865">1</income-elasticity>
11658 <income-elasticity year="20870">1</income-elasticity>
11659 <income-elasticity year="20875">1</income-elasticity>
11660 <income-elasticity year="2080">1</income-elasticity>
11661 <income-elasticity year="2085">1</income-elasticity>
11662 <income-elasticity year="2090">1</income-elasticity>
11663 <income-elasticity year="20895">1</income-elasticity>
11664 <income-elasticity year="2100">1</income-elasticity>
11665 <base-service year="1975">5182216.23323945</base-service>
11666 <base-service year="1990">6229746.79134171</base-service>
11667 <base-service year="2005">8196827.78048867</base-service>
11668 <base-service year="2010">7975184.02004234</base-service>
11669 | = </energy-final-demand>
11670 |V <energy-final-demand name="trn_freight">
Line 1 Col 1 XML % Unicode (UTF-8) % Windows (CRLF) + o Lastsaved: 10/14/14 11:23:27 PM

0

9 23,027,978 / « / 439,438
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1: GDP and population

8006

| socioeconomics_GCAM3.xml

)

T,

" File Path v : ~/Documents/ObjECTS/Workspaces /GCAM4 /input/gcam-data-system/xml/socioeconomics-xml/socioeconomics_GCAM3.xml

« » |3 socioeconomics_GCAM3.xml

- -

+ (no symbol selected) =+

# v

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

2 ¥ <scenario> m
2| [\d <world>

4|V <region name="USA">

5|V <demographics>

6|V <populationMiniCAM year="1975">

7 <totalPop>215165</totalPop>

8| = </populationMiniCAM>

9/» <populationMiniCAM year="1990"> @D </populationMiniCAM>

12 > <populationMiniCAM year="2005"> @D </populationMiniCAM>

15| > <populationMiniCAM year="2010"> @D </populationMiniCAM>

18 > <populationMiniCAM year="2015"> @D </populationMiniCAM>

21 |0 <populationMiniCAM year="2020"> @D </populationMiniCAM>

24 | » <populationMiniCAM year="2025"> @D </populationMiniCAM>

27 |» <populationMiniCAM year="2030"> @D </populationMiniCAM>

30| > <populationMiniCAM year="2035"> @D </populationMiniCAM>
33|» <populationMiniCAM year="2040"> @D </populationMiniCAM>

36 > <populationMiniCAM year="2045"> @D </populationMiniCAM>

39 | > <populationMiniCAM year="2050"> @D </populationMiniCAM>

42 » <populationMiniCAM year="2055"> @D </populationMiniCAM>

45 > <populationMiniCAM year="2060"> @D </populationMiniCAM>

48 > <populationMiniCAM year="2065"> @D </populationMiniCAM>
51|p <populationMiniCAM year="2070"> @D </populationMiniCAM>

54 | » <populationMiniCAM year="2075"> @D </populationMiniCAM>

57 |» <populationMiniCAM year="2080"> @D </populationMiniCAM>

60 | > <populationMiniCAM year="2085"> @D </populationMiniCAM>

63 | > <populationMiniCAM year="2090"> @D </populationMiniCAM>

66 > <populationMiniCAM year="2095"> @D </populationMiniCAM>
69|V <populationMiniCAM year="2100">

70 <totalPop>554807</totalPop>

71| - </populationMiniCAM>

72| - </demographics>

73|V <GDP>

74 <baseGDP>3473910</baseGDP>

75 <laborforce fillout="1" year="1975">0.5</laborforce>

76 <laborproductivity year="1990">0.02354</laborproductivity>
77 <laborproductivity year="2005">0.01902</laborproductivity>
78 <laborproductivity year="2010">-0.00351</laborproductivity>
79 <laborproductivity year="2015">0.01398</laborproductivity>
80 <laborproductivity year="2020">0.01273</laborproductivity>
81 <laborproductivity year="2025">0.01152</laborproductivity>
82 <laborproductivity year="2030">0.01119</laborproductivity>
83 <laborproductivity year="2035">0.01076</laborproductivity>
84 <laborproductivity year="2040">0.01274</laborproductivity>
85 <laborproductivity year="2045">0.01164</laborproductivity>
86 <laborproductivity year="2050">0.01364</laborproductivity>
87 <laborproductivity year="2055">0.01151</laborproductivity>
88 <laborproductivity year="2060">0.01311</laborproductivity>
89 <laborproductivity year="2065">0.01258</laborproductivity>
90 <laborproductivity year="2070">0.01377</laborproductivity>
91 <laborproductivity year="2075">@.01368</laborproductivity>
92 <laborproductivity year="2080">0.01372</laborproductivity>
93 <laborproductivity year="2085">0.01315</laborproductivity>
94 <laborproductivity year="2090">0.01459</laborproductivity>
95 <laborproductivity year="2095">0.01454</laborproductivity>
96 <laborproductivity year="2100">0.01449</laborproductivity>
97 <PPPConvert constRatio="1">0.96187</PPPConvert> a
98 | = </GDP> v
Line 1 Col 1 XML+ Unicode (UTF-8) ¢ Windows (CRLP) ¢ o' | Last saved: 10/14/14 11:23:33PM | [1 141,341/9,051/ 3,078
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» Population is based on median
UN forecasts through 2100.

m Population is strictly exogenous (i.e.,
not modified by other modeled

variables)

» GDP is based on the formulation:

Pop,, * labor ForceParticipationy, ,,

GDP, , = GDFy 4 * (

Pop,, * laborForceParticipation, ,,

m All parameters to the GDP function
are strictly exogenous

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

Yo (1+ labor ProdGrowthRate) ™"
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Agriculture and Land Use in GCAM 4.0

o

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965



1: Land allocation within AEZ

AgroForestLand

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

profit rate \%/

Pacific Northwest
NATIONAL LABORATORY
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1: Agricultural system structure

CropLand
AEZ 1

CropLand
AEZ 2

Cropland determined by
endogenous land allocation

\

Crop Supply Sectors

Secondary Agricultural

Region 1 Supply Sectors

Final Service Demands

/ \

assumed to be traded globally

l

Includes ruminant and non-
Region 2 ruminant meat and dairy products

lll

Final demands include food
demands and nonfood demands

_— \

GDP Population

1 Primary agricultural goods are

21
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system structure

1: Agricultural

eedCrops odaermer esicdue



1: Land allocation Land unit:

billion m?

000 “ | land_input_1.xml () > L nd d t rer d |n 3
T_ " File Path v : ~/Documents/ObjJECTS/Workspaces /GCAM4 /input/gc...ta-system/xml| committedfaglu-xml/land_input_l.xml a . a a a e ea
[ land_input_l.xml 5 (no symbol selected) < .0, £, XML fl|eS that COrreSpOnd tO
—) - —— " = “ ”
[ i e 0 the 3 “node” levels of the
3 siorld> land nesting diagram
4|V <region name="USA">
5|V <LandAllocatorRoot name="root"> H
6 <logit-exponent fillout="1" year="1975">0</logil#®exponent> = land—.lnlet—1 'Xml’
7 <landAllocation fillout="1" year="1975">8942.4</landAllocation> land_input_2.xml, and
8 <s0ilTimeScale>50</soilTimeScale> H
9|V <LandNode name="AgroForestLandAEZ@7"> land—lnpUt—3'Xm|
10 <unManagedLandValue>12872995</unManagedLandValue>
11 <logit-exponent fillout="1" year="1975">1</logit-exponent> > TOp-|eve| base'year |and
12| - </LandNode> H . H
13|V <LandNode name="RockIceDesertAEZO7"> a”ocatIOHS are f|Xed |n a”
14 <unManagedLandValue>12872995</unManagedLandValue> H
15 <logit-exponent fillout="1" year="1975">0</logit-exponent> fUture perIOdS
16|V <UnmanagedLandLeaf name="RockIceDesertAEZ@7"> . ]
17 |V <land-use-history>
18 <allocation year="1700">14.8655563</allocation> > At Iower Ievels’ Callbr?fthn
19 <allocation year="1750">14.8297049</allocation>
20 <allocation year="1800">14.7458457</allocation> IS Stl” qUIte Important Or
21 <allocation year="1850">14.4917961</allocation> future |and a”ocahon due to
22 <allocation year="1900">12.7946154</allocation>
23 <allocation year="1950">11.2356018</allocation> the Iarge number Of non-
24 <allocation year="1975">10.9553652</allocation>
25 <above-ground-carbon-density>0.1</above-ground-carbon-density> mOdeled factors
26 <below-ground-carbon-density>3.8¢/pelow-ground-carbon-density>
;; ) :{;ﬁgg?{zgzixo;z;r ""1975">10.9553652< dAllocation - In GCAM’ the land use ShareS
= > . > . . .

29 <landAllocation year="1990">10.9990463</1lan location> Shlft in response tO ChangeS in
30 <landAllocation year="2005">11.2743317</landAlINation> relative land proﬂt rates
31 <landAllocation year="2010">10.9442317</landAllocaN . . .
32 <m;ngb$vegroungggens;Ey>g<;m;ngb?vsgroungggens;§y> ] Calibration is performed on
33 <minBelowGroundCDensity>@</minBelowGroundCDensity>
3a|v <land—carbon—densitiess land use shares, not present-
35 <above-ground-carbon-density>0.1</above-ground-carbon-densi day rates Of |and use Change
36 <below-ground-carbon-density>3.8</below-ground-carbon-density>
37 <mature-age fillout="1" year="1975">50</mature-age> . e
38| - </land-carbon-densities> Carbon denSIty unit:
39 = </UnmanagedLandLeaf> 2
40 | - </LandNode> kg C / m
41|V <LandNode name="TundraAEZ@7'">

42 <unM dLandValue>12872995< lue> H.
a PSP, s o a Land value unit: Padific Nortr?:v st
1975% / thous km?

NATIONAL LABORATORY

Line 1 Col 1 XML % Unicode (UTF-8) % Windows (CRLF) + of Lastsaved: 9/1/14 4:51:12PM [ 1,546,391 /...
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1: Agricultural production

8006

| output_gcamusa.xml

-

T. | File Path v : ~/Documents/ObjECTS/Workspaces /GCAM4 /output/output_gcamusa.xml

199330
199331
199332
199333
199334
199335
199336
199337
199338
199339
199340
199341
199342
199343
199344
199345
199346
199347
199348
199349
199350
199351
199354
199360
199366
199372
199378
199384
199390
199396
199413
199419
199425
199430
199435
199436
199437
199438
199439
199440
199441
199442
199443
199444
199445

Line 199330 Col 22

4dVYVYVYVVYVVYVYVYVYVYYYYY

|9 output_gcamusa.xml 5 (no symbol selected) =+

<AgProductionTechnology name="CornAEZ@7"> -
<interpolation-rule apply-to="share-weight" from-year="2010" to-year,

a

- W, £,
-

<interpolation-function name="fixed"></interpolation-function>

<overwrite-policy warn="0">ALWAYS</overwrite-policy>
</interpolation-rule>
<period year="1975">
<share-weight>1</share-weight>
<CalDataOutput>
<calOutputValue>11.4239921</calOutputValue>
</CalDataOutput>
<residue-biomass-production name="biomass">
<eros-ctrl>0.28</eros-ctrl>
<harvest-index>@.53</harvest-index>
<mass-conversion>l</mass-conversion>
<mass-to-energy=>0.0169</mass-to-energy>
<water-content>@.13</water-content>
<fract-harvested price="0">0</fract-harvested>
<fract-harvested price="1.2">0.25</fract-harvested>
<fract-harvested price="1.5">0.65</fract-harvested>
<fract-harvested price="10">1</fract-harvested>
</residue-biomass-production>
<C02 name="(C02"> @D </C02>
<Non-C02 name="S02_1_AWB"> @D </Non-C02>
<Non-C02 name="CH4_AWB"> & </Non-C02>
<Non-C02 name="CO_AWB"> @D </Non-C02>
<Non-C02 name="N20_AWB"> @D </Non-C02>
<Non-C02 name="NH3_AWB"> @D </Non-C02>
<Non-C02 name="NMVOC_AWB"> @D </Non-C02>
<Non-C02 name="NOx_AWB"> @D </Non-C02>
<Non-C02 name="N20_AGR"> @D </Non-C02>
<Non-C02 name="NH3_AGR"> &D </Non-C02>
<Non-C02 name="NOx_AGR"> @D </Non-C02>
<Non-C02 name="BC_AWB"> @D </Non-C02>
<Non-C02 name="0C_AWB"> @D </Non-C02>
<minicam-energy-input name="N fertilizer">
<coefficient>0.02279084</coefficient>
<market-name>USA</market-name>
</minicam-energy-input>
<nonLandVariableCost>0.0118</nonLandVariableCost>
<yield>0.8541440317</yield>
<harvests-per-year>1.2941077</harvests-per-year>
</period>
<period year="1990">
<share-weight>1</share-weight>
<CalDataOutput>

)

-

Unicode (UTF-8) + Unix(LF) % of Lastsaved: 10/8/14 2:12:58 AM - 16/1/0
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» [Each ag production
technology has a
correponding land leaf of the
same name

m  The sharing/competition takes
place in the land allocator, not in

the ag sectors

» Exogenous variables

m Calibrated commodity price
(1975%/kg)

Calibrated output (Mt/yr)
Calibrated land quantity (bm?)
Residue biomass supply curve

Non-CO, coefficients (kg gas
per kg crop)

e MAC curves

m  Fertilizer inputs (kg N per kg
crop)

m Costs (1975%/kg)

m  Future agricultural productivity
growth rate (and therefore yield)

®  Annual harvested area:cropland

» Key endogenous variables

m  Future commodity prices

m  Future profit rates and
production volumes

Proudly Operated by Battelle Since 1965



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)

> C an b e rea d I n as e NoO “ | all_energy_emissions.xml )
H H H T' “| File Path v : ~/Documents/ObjECTS/Workspaces/GCAM4 /input/gcam...m| committed /emissions-xml/all_energy_emissions.xml
In pUt-emISSIOnS (Tg/yr) 7 all_energy_emissions.xml 5 (no symbol selected) =+ 4~ v #v| |

or as emissions
coefficients (kg/GJ)

GDP control function:
emissions coefficients
are reduced as GDP
increases

MAC = marginal
abatement cost curve;
decreases coefficients
as carbon price
Increases.

<scenario>
<world>

CONOU & WN
d4 4949

2R
N ®
r

13(V

o
(TS

16 |V

2o
© -

N
=
r

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

25

|<?xml version="1.0" encoding="UTF-8"?>

W

<region name="USA">
<supplysector name="comm cooling" nocreate="1">
<subsector name="gas" nocreate="1">
<stub-technology name="gas" nocreate="1">
<period year="1975">

<Non-C02 name="S02_1">
<input-emissions>1.55e-@5</input-emissions>
<input-driver/>

</Non-C02>

<Non-C02 name="C0">
<input-emissions>0.011917</input-emissions>
<input-driver/>
<gdp-control name="GDP_control">

<max-reduction>68.5446345299613</max-reduction>
<steepness>3.5</steepness>

</gdp-control>

</Non-C02>

<Non-C02 name="NH3"> @D </Non-C02>

<Non-C02 name="NMVOC"> @D </Non-C02>

<Non-C02 name="NOx"> @D </Non-C02>

<Non-C02 name="CH4"> @D </Non-C02>

<Non-C02 name="N20"> @D </Non-C02>

<Non-C02 name="BC"> @D </Non-C02>

<Non-C02 name="0C">
<emiss-coef>5.08e-05</emiss-coef>
<input-driver/>
<gdp-control name="GDP_control">

: )

(pcGDP, - pcGDP,)

Steepness

4,659,923 / 1,...

1+
[le Since 1965




1: Queries

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

» Edit query window

26

Sum All: adds all types of
the given element together

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

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.

Primary Energy Consumption (Average Fossil EFficiency Cony
Primary Energy Consumption (Direct Equivalent)

HqResource production

crude ol

natural gas

coal

biomass

large onshore windresource
global solar resource
uuuuuu m

global carbon-storage
limestone

N—
ersion) ~

v

Update Single Queries ” Create ][ Remove ][ Edit ]

XPATH:

Title: |Resource production

Y-Axis Mame: resource

X-Axis Mame: |Year

Data Name: |output

*@type="resource']/joutput/node)

Comments:

\’3

[] 5um all [v] Graup Build List
Y¥-Axis Node: resource
¥-Axis Node: |output

Chart Label Column:

[ OK ] [ Cancel

Lrouuary wperated Dy DdLiciic otce 170D



1: Exporting data

Drag and drop (e.g.
into Excel)

Highlight cells and cut
and paste

Use a batch query to

export a large number
of queries directly into
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.

m This won’ t work if the
Excel workbook selected
is open while running the
batch query

27

2 EMF25_Batch_Queries.xm|

XML Marker version 1.1
Fila Edt View Options Navigate Help
DEd @ PR

=49 quenes
4 aQuery
4<% region
#4» gdpQueryBuilder
<+4» aQuery
#< % region
=H® demographicsQuery
|- = tle = "Population by region®
#4rd axis1
415 axis2
#1415 xPath
<> comments
e aQuery
4<% region
=14® supplyDemandQuery
|- tlo = “TFE by fuel*
118 axisl
1418 axis2
1415 xPath
<> comments
<4 aQuery
$1<¥ region
=49 emissionsQueryBuilder
|- ™ ttle = "CO2 Emissions By Sector”
415 axis1
#<rd axis2
<15 xPath
<> comments
4 labelRewniteList
=4 aQuery
4<% region
=+4» supplyDemandQuery
|~ tle = "Biomass Emission Tracking Query”
1415 axis1
18 axis2
#<r5 xPath
#<1> comments
#4 labelRewniteList
=<4 aQuery
4<% region
=+» supplyDemandQuery
|~ title = "Prices of fuels®
<15 axis1
#<rS axis2
AR L TS

< >

‘t4 Tree View | [2 0 waming(s). 0 error(s)

Ready

ml versior . ¥
|- edited with XMLSPY 5 re hitp: fAwww. xmilspy by Staff (PN}
<queries>
<aQuery>
<region nar
<gdpQueryB
<axis! r
<axis2 name=
<xPath buidl
<comments/>
</gdpQueryBuilder>
</aQuery>
<aQuery>
<region name="USA"/>
<demographicsQuery ttle="Fopulation by
<axis! name=" region</axis1>
<axis2 nam v opulationMiniCAM</axis2 >
<xPath buildList= dataName="total
<comments/>
</demographicsQuery>
</aQuery>
<aQuery>
<region name="USA"/>
<supplyDemandQuery ttle="TFE by fuel>
<axis1 name="input">input </axis1>
<axis2 nam emand-physical[@vinage]</axis2>
<xPath buildl * group="false" sumAll="false">"|@type="sector’ ( collapse :) and ((@name=Duilding’ or @name=Tndustry’ or @name=ranspor
<comments/>
</supplyDemandQuery>
</aQuery>
<aQuery>
<region name="USA"/>
<emissionsQueryBuilder title="C02 Enr ns By Sector™>
<axis1 name="sector">sector</axis1
<axis2 nam " >emissions</axis2>
<xPath buildList="true" dataName="emis
<comments/>
<labelRewriteList>
<level na :

er” group="false" sumAll="false">GDP/gdp-mettext()</xPath>

region”

umAll="fa

pulation” group="false ¢ >demographic s/populationMiniCAMAotal-popul de()</xPath>

dataName="input

ions” group="false" sumAll="false">"|@type = 'sector’ }/"|@type = GHG' and ({@name="C02) )/emissions/node()</xPath>

Tree Selection Browser

<> comments
(This tag has no attibutes.)

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

» Create a batch XML query file B at oy B |

and a blank XLS Workbook = || £?xml version="1.0" encoding="UTF-8"?>
<queries>

» Open basexdb database first, I

and then select File -> Batch <region name="USA>

Fl |e <supplyDemandQuery title="Building final energy by technology and fuel™>

<axis1 name="technology =technology</axis1=>
. <axis2 ="Year>d d-physical[@vintage]</axis2>
» Select batch query file and XLS <i;§thr;ir;‘deList:'étlrrue'Zr:tzrrllaswey:!i?\e:)u?v;?oz%i"fa?::: sumAll="false">*[@tyf
1 < ts/>
workltaﬁotkﬂzqr expck>lr3t, rril(a_klng e i
sure tha IS WOrkbOOK IS </aQuery>
I d <aa0l:leerryy>
close <region name="USA"/>

<supplyDemandQuery title="Building service output by technology™
<axis1 name="technology >technology</axis1>
<axis2 name="Year =physical-output{@vintage]</axis2>

A AT N <xPath buildList="true" dataName="output” group="false” sumAll="false">*[@h
L <comments/>
Open > </supplyDemandQuery>
19:05:36+19:00 </aQuery>
_ OpenRecnties b [ 00 <aQuery>
i <region name="USA"/>
SaveAs <aunnivDemandQuerv title="Fuial nrirec tn hnildinna">
Manage DB
Export/ Print . . "
B a— 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
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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

o

Pacific Northwest
NATIONAL LABORATORY
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|" u IC:" H H I B : B A ‘lllﬁ.AAlll. ‘IJI : r o W _ B W N “.L‘l': y _ W _ N | 7 N ‘llnlllh‘IAlVAllIl AR N

806 RStudio al
Q| =2 - = & project: (None) ~

3] diagnostics.R

] [)Sourceonsave = @ /- i | [~#Run | [*%
[t LEGAL NOTICE

This computer software was prepared by Battelle Memorial Institute,

hereinafter the Contractor, under Contract No. DE-ACQ5-76RLO 1830

with the Department of Energy (DOE). NEITHER THE GOVERNMENT NOR THE

CONTRACTOR MAKES ANY WARRANTY, EXPRESS OR IMPLIED, OR ASSUMES ANY

LIABILITY FOR THE USE OF THIS SOFTWARE. This notice including this

sentence must appear on any copies of this computer software.

EXPORT CONTROL

User agrees that the Software will not be shipped, transferred or

exported into any country or used in any manner prohibited by the

United States Export Administration Act or any other applicable

export laws, restrictions or regulations (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. laws. In addition, if the Software is identified as export controlled
items under the Export Laws, User represents and warrants that User

S WO ~NOULH»WNPE

#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#

[ (Top Le\)el) &

Console ~/Documents/ObjECTS/Workspaces/GCAM4.2_Release/output/gcam_diagnostics/
Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
"citation()' on how to cite R or R packages in publications.

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

> getwd()
[1] "/Users/d3p747/Documents/ObjECTS/Workspaces/GCAM4.2_Release/output/gcam_diagnostics"”
> source("diagnostics.R")

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

— ("]  Environment History =0

__“Source -~ <1 [l " Import Dataset~

7} Global Environment ~

Environment is empty

Files Plots Packages Help Viewer - |

& Export =

R Script +

=0

Pacific Northwest
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convenient number for analysis and visualization
m use a label re-write list in the model_verification _queries.xml file

[ NeN$) “* | Model_verification_queries.x (@)
T~ " File Path v : ~/Documents/ObjECTS/Diagnostics/Model_verification_queries.xml
< » |3 Model_verification_queries.xml % (no symbol selected) =+ s v| #v
1098 <region name="Colombia" /> -~
1099 <region name="South Asia" />
1100 <region name="South Korea" />
1101 <region name="Taiwan" />
1102 |V <supplyDemandQuery title="Electricity generation by technology (inc solar roofs)">
1103 <axisl name="technology">technology</axisl>
1104 <axis2 name="Year">physical-output[@vintage]</axis2>
1185 <xPath buildList="true" dataName="output" group="false" sumAll="false">x[@type = 'sec
1106 <comments/>
1107 |V <labelRewriteList append-values="true">
1108 |V <level name="region">
1109 <rewrite to="Africa" from="Africa_Eastern"/>
1110 from="Africa_Northern"/>
1111 from="Africa_Southern"/>
1112 <rewrite to= from: frica_Western"/>
1113 <rewrite from="South Africa"/>
1114 <rewrite America" from="Brazil"/>
1115 <rewrite America" Central America and Caribbean"/>
1116 <rewrite America" Mexico"/>
1117 <rewrite America" South America_Northern"/>
1118 <rewrite America" South America_Southern"/> m
1119 <rewrite America" Argentina"/>
1120 <rewrite America" Colombia"/>
1121 <rewrite outheast Asia" from="Indonesia"/>
1122 <rewrite outheast Asia" from="Pakistan"/>
1123 <rewrite outheast Asia" from="South Asia"/>
1124 <rewrite outheast Asia" from="Taiwan"/>
1125 <rewrite ormer Soviet Union" from="Central Asia"/>
1126 <rewrite ormer Soviet Union" from="Russia"/>
1127 <rewrite astern Europe" from="Europe_Eastern"/>
1128 <rewrite Europe" from="EU-12"/>
1129 <rewrite Europe" from="EU-15"/>
1130 <rewrite Europe" from="Europe_Non_EU"/>
1131 <rewrite Europe" from="European Free Trade Association"/>
1132 <rewrite to="Korea" from="South Korea"/>
1133 | = </level>
1134 |V <level name="technology">
1135 <rewrite from="nuc_base_gen3" to="Gen_III"/>
1136 <rewrite from="nuc_base_gen2" t Gen_II_LWR"/>
1137 <rewrite from="coal_int_IGCC" to="Coal (IGCC)"/>
1138 <rewrite from="csp_base_storage" to="CSP_storage"/> a
1139 <rewrite from="o0il_int_IGCC" to="0il (IGCC)"/> =
) <>
Line 1178 Col 45 XML + | Unicode (UTF-8) % Windows (CRLF) % of  Last saved: 4/23/14 10:05:56 PM | [ 125,088 / 11,31... /

1: Running the diagnostics package

» Regions may be combined from the 32 in the DBXML to a more

Pacific Northwest
NATIONAL LABORATORY
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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)




vy
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1: Exporting, importing runs

File -> Manage DB

This allows one to rename,
export (as an xml file, that can
be imported into

another .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

Manage Database m

Scenarios in Database:

Main 2010-23-9T12:05:21-04:00

Main_15kax 2010-23-9T12:28:59-04:00
Main_constraint_15tax 2010-23-9T13:32:31-04:00
Main_ady 2010-23-9T14:10:37-04:00
Main_adv_15tax 2010-23-9T14:13:50-04:00

[ add ] [ Remove ] [ Rename ] [ Export ] [ Done ]

Pacific Northwest
NATIONAL LABORATORY
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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,

m 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:

o 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

m 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 thg/
input/policy folder Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965
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2: Provided policyv files

climate
gcam-data-system
magicc

@ carbon_cap_450.xml

@ carbon_tax_10_5.xml

@ carbon_tax_15_5.xml

@ carbon_tax_20_5.xml

@) carbon_tax_25_5.xml
@ forcing_target_2p6_overshoot.xml
@ forcing_target_3p7.xml
@ forcing_target_4p5.xml
@) global_ffict_in_constraint.xml
@) global_ffict.xml
@) global_uct_in_constraint.xml
@) global_uct.xml
v | Input Module
~ header_linked_ghg.txt
| linked_ghg_policy.csv
| linked_ghg_policy.xlsx
@7 linked_ghg_policy.xml
proportional_tax_rate.csv
@) proportional_tax_rate.xml
@7 linked_ghg_policy.xml
@) proportional_tax_rate.xml
» ] solution

>
>
>

g

>

Carbon cap: constraint on annual CO2
emissions in each time period (Mt C)

Carbon tax: exogenous CO2 price in
each time period (1990%/t C)

Forcing target: radiative forcing (W/
m2). Overshoot allows end-of-century
target to be exceeded in prior years

FFICT: fossil fuel and industrial
emissions only

UCT: universal (includes land use
change emissions)

Input module: allows users to build

XML files from excel \%

Pacific Northwest
NATIONAL LABORATORY
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2: Configuration

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

» Alternative scenarios
may be run as follows:

m add additional XML files=sttia R
at the end of the <Value name="scengyioName">Ctax_15</Value>

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

1ot €'MAGICC-input-dir">../input/magicc/inputs</Value>
EB)(lS;tlf]SJ name="MAGICC-output-dir">../output</Value>
ScenarioComponents
[ Change the <Value name="CalibrationActive">1</Value>
. <Value name="BatchMode">0</Value>
scenarioName <Value nanesyf ind-path”>d</Value>
. ' stCurve">0</Value>
m Indicate whether to use =" debe§Check ing">8</Value>
_fi 1 I SsimulActive'">1</Value>
tEirgJEBt flf1(j€§r (If runnin me="PrintValuesOnGraphs">1</Value>
an EBf](i-()fF(:EBrltLJr)/ <Vade name="ShowNullPaths">0</Value>
H alue name="PrintPrices">1</Value>
climate target) Sl

<Ints>

m Indicate whether t
calculate abatement
cost curves

Pacific Northwest

NATIONAL LABORATORY
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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
> 8 climate run are stored in the input

> — _common fOIder
> K2 aglu-data m gcam-data-system generates
S aal-processing-code the XML files from CSYV files in
> BB ermice: . the *-data folders, a header file
o lem'sslofts=rocessing=cod in common/headers, and batch
» [ energy-data - oL
| energy—processing—code XML fl|eS |OCated N the *'COde
1 Makefile folders

SMEOdC icadats ® magicc: information for the

>

» ] modeltime-processing-code )

» || socioeconomics-data climate model
>
>

) socioeconomics-processing-code m policy: selected policies that can
— xml be run

>
» [ policy m solution: *’W/
» [ 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

®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) = 4. v| #+
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 |7 955 /82 /... ast
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> % 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.
. » 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.

» In the example to the right, the resulting
policy costs are as follows:

» 5 points: $12148
» No intermediate points: $13578

» This scenario exhibits progressively
higher marginal abatement costs with
respect to abatement level

» Technology influences the shape of the
MAC function

41
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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 nap€="BatchMode">1<#/alue>

</Bools>

scenarioName and

FileSet name append
(e_g_, Base tax) l<BatchRunner xmlns:xsi="http://www.w3.0rg/2001/XMLSchema—instance" xsi:noNai
— Cam

<ComponentSet name="Policy scenarios">
<FileSet name="">
\N%
<FileSet name=3» tax">

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

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

42 </BatchRunner> scenarioComponents in the config file

w1
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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
o Directly changing XML files leaves no paper trail
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3: Building XML files from individual

CSVs

Make desired changes to *-data/level2/*.csv
file, and re-save (probably with a different

file name)

CSV File

3. Select CSV file

In Modellnterface: File -> Open -> Open

rface m Edit Table Help

800 New tuments/ObJECTS/Workspaces/GC
. N T
T i XML file 2
wor Batch File Preprocessor file XP

Select header file: _common/headers/
Modellnterface headers.txt
Save the resulting XML file
[(:] level2 @
(] _common [ ] level >
T (] aglu-data Makezﬁle

(] aglu-processing-code
(] emissions-data

(] energy-data

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

(] modeltime-data

(] modeltim...ing-code

(] socioeconomics-data

(] socioeco...sing-code

(] water-data

(] water-pr...sing-code

a | xml
v

(] emission...sing-code

P
>
P
P
P
P
P

Open Recent Files > DM Command file XD
CSV file

Save DB Open

Save As

Manage DB

Export / Print

Quit

I L201.AgHAtoCL.csv

L201.AgProduction_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.GlobalRenewTech_imp_an.csv
L202.GlobalTechCoef_in.csv
L202.GlobalTechCost_an.csv
L202.maxSubResource.csv
L202.RenewRsrc.csv

o

A
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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 ttysBao

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 “RML_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 LgTaoyaLcuy Aamvy ﬂy LUTAINL UTHTGHNIU_LTIPU L 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>

o
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4: Debugging

» This section will focus on the most common problems

» |t will not attempt to cover everything that could happen,
because there would be way too much to cover

» It will proceed accordingly
1. Running the model
2. Querying output
3. Building XML files

Pacific Northwest
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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.

Copyright 2811 Battelle Memorial Institute. ALl Rights Reserved.
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 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

-z

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.
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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'>

instead of cement). Strings in <output-unitHt</output-unit>

Lo <input-unit>EJ or Mt</input-unit>
GCAM are Case_senSItlve <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:

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 ib
: 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: A.

3o 657 relativeDiff: . 61

Calibration: 8.7

relativeDiff: 8.184

=Diff:

relativeDiff:

relati

relati

Calibration: B.4587

» The 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

Terminal — 187x23
adding t pply i

adding to supply i
adding t pply i ace i q [5 , value: nan
adding to y in marke ce = t_Fish,
markeplace
e within set

nan
¢ nan

t_Fish, Peéion:

EDR, RED, brk, Supply, Demand, Mrk Type,

EDR, RED, brk, Supply, Demand,

Mrk Type,
, @ B , -8.811 rmal .
@ , —8.8 , Normal
, —8.880814465, Normal

, —8.8 , Normal

a L
845e-16, -2.220845e-16, 1

s

]

» 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.

=
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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
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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

m The Excel workbook being written to was open during the expo

Pacific Northwest
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4: Building XML files - general

Exception [ZI

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

» 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.

m 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

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

Exception

Q 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
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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

D;, =D, y; *( )inc_das o (——)” ~elas
t GDPyys Pyyos
; Price elasticity Income elasticity
6
. ——0.25
T —05 . 5
-rgcs -1 T 4
€ 4 N g
5 \ S 3 %
g — < /
Z 2
i ;2 o
) 1 T —05
1
° 0

o
N

T T T - T T T
4 6 8 10 0 5000 10000 15000 20000 '
1975S$/GJ-service GDP (billion 1990 USD)
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Service price elasticity # fuel price
elasticity

©
[

Fuel price elasticity

o
w

S ©
w

©
B

/

o
o

©
N

0 1 2 4 5 6

3
Fuel price (1975$/G))

» Service price elasticities include ALL costs of providing
the energy service

m Levelized capital costs, fixed O&M, variable O&M

m |n 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%
[ J
S sw, ® P, 0%
are; = 3 60%
E SW; b Pl 50% = oil

. 40% M gas
! 30%

20% W coal
10%

O% T T T

Base year Logit: -3 Logit: -6 Logit:-12
shares %/
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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% 0 » Without any phase-
80% 80% - in, markets rapidly
60% - 60% - transition In
response to
40% - 40% - . ’
introductions of
20% 2 new technologies
0% - T T T 0% - . . .
2005 2020 2035 2050 2005 2020 2035 2050

mcoal mgas moil mnuclear M coal mgas moil mnuclear %/
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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
PaC‘ﬂ%o“i?;_Qy
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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> ‘%357///
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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

m 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

= JI= R |
@

Title: [Resource production [ sum Al [[] Group [¥] Build List </labelRewriteList> A
</supplyDemandQuery=
Y¥-fxis Mame: resource ¥-Axis Node: resource <supplyDemandQuery title="Resource production"=
<axis1 name="resource">resource<faxis1=
| ais Name: [vear %-Axis Node: [output <axis2 name="Year">output</axis2> ) _
i ; <xPath buildList="true" dataName="output" group="false" sumAll="false">*"[@type="resourceJfoutput/node()</xPath= o<
1
Data Name: |output Chart Label Column: .<c°mment5/>
</supplyDemandQuery=> 1
| <supplyDemandQuery title="Regional primary energy costs"» 1
d XPATH: | *{@type="resource]j/output/node() <caviel name="certnr''zcartnrefaviel > adl )i
< > =
Comments: Tree Selection Browser é —
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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...)

o *[@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...)

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

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

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

Pacific Northwest
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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 region sector technology 1990 2005 2020
Main,date=2010-23-9T12:05:21-04:00 USA gas processing biomass gasification 0.031 0.160 0.159
Main,date=2010-23-9T12:05:21-04:00 USA gas processing coal gasification 0.136 0.046 0.067
Main,date=2010-23-9T12:05:21-04:00 USA gas processing natural gas 18.267 21.692 23.517

m The double slash (//*) indicates to go down by more than one level
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 region  sector subsector technology 1990 2005 2020
Main,date=2010-23-9T12:05:21-04:00 USA gas processing  biomass gasification biomass gasification 0.031 0.160 0.159
Main,date=2010-23-9T12:05:21-04:00 USA gas processing  coal gasification coal gasification 0.136 0.046 0.067 %
Main,date=2010-23-9T12:05:21-04:00 USA gas processing  natural gas natural gas 18.267 21.692  23.517
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