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Preliminary: software to download

AWS Downloads

m X11 Forwarding Software
Windows: Xming (https://sourceforge.net/projects/xming/)
Mac: Xquartz (https://www.xquartz.orq)

m Command Line Interface
Windows: PuTTY (https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html)
Mac: Terminal (Included)
m Remote Server GUI
Windows: WIinSCP (https://winscp.net/eng/download.php)
Mac: FileZilla (https://filezilla-project.org/)

Optional but helpful

m XML files will open in a text editor, but better options exist
Windows: XML Marker:http://symbolclick.com/xmimarker_1_1_setup.exe
Mac: BBEdit: http://www.barebones.com/products/bbedit/
Mac: XML Author: http://www.oxygenxml.com/

= A program to diff files
Windows: Tortoise Git: https://tortoiseqgit.org/download/
Mac or Windows: DiffMerge: https://sourcegear.com/diffmerge/downloads.php



https://sourceforge.net/projects/xming/
https://www.xquartz.org/
https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html
https://winscp.net/eng/download.php
https://filezilla-project.org/
http://symbolclick.com/xmlmarker_1_1_setup.exe
http://www.barebones.com/products/bbedit/
http://www.oxygenxml.com/
https://tortoisegit.org/download/
https://sourcegear.com/diffmerge/downloads.php

Preliminary: more useful links

» GCAM documentation: http://igcri.github.io/gcam-doc/



http://jgcri.github.io/gcam-doc/

1: Setting up AWS

Amazon Web Services creates a copy of an existing server with a
pre-compiled version of GCAM.

Download and place your private key file, “AWS-gcam-training.pem”
in the folder “.ssh” within your user directory. If it does not exist,
create it by naming it “.ssh.”

m On Mac, save it wherever you like, ideally with a simple path
Connect to the remote server

m Windows: WinSCP, PuTTY, Xming
m Mac: Terminal, Xquartz

v Computer « osoek(c—)- Users ~ v .ssh

v Indudenlibrary v Sharewith v Burn  New folder

2 Name - Date modified
xtop | AWS-gcam-traning.pem 10/1/2018 3:2¢
wnloads # AWS-gcam-training.ppk 10/2/2018 11:1
ent Places | known_hosts 10/4/2018 12::
‘3?7
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1: Configuring and Using WinSCP
(Windows)

» Host name: IP address of AWS server [=7 =]
» Port: 22 tost name: m«mm
» User Name: ec2-user e Wi

» |n advanced settings, open SSH -> Authentication. Use the browser
“...” to find your private key file at “C:/Users/[username]/.ssh/”. When
saved, WinSCP will automatically convert the .pem file to a .ppk file,
readable by both WinSCP and PuTTY.

» Once logged in you will be able to interact with files and folders as in
a system browser
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1: Configuring and Using FileZilla
(Mac)

Open settings, open Connection -> SFTP. Click “Add keyfile...” to find
your private key file. When saved, FileZilla will ask to convert the
.pem file to a supported format. Click “yes” and save it with the file
extension “.ppk”.

Once logged in you will be able to interact with files and folders as in
a system browser

Click button in top left and add “new site”
Host: IP address of AWS server

Protocol: SFTP

Port: 22

Logon type: Normal

User Name: ec2-user

Password: left blank

You will be asked if you trust this host. Click “OK”.

g7
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BTN ux

1: Using PuTTY to = s

Connect (Windows)  |--=7 [Ifemrere e

»  Open your X11 software (Windows: XMing)

» Open PUuTTY; it will open a configuration window. In the
window enter your IP address and the default port, 22.

»  Under connection/SSH/Auth, click browse next to “Private
key file for authentication” to find your key file. Use the .ppk
file saved by WinSCP.

» Under connection/SSH/X11, check the box “enable X11

forwarding”
» Return to “Session” and click “save” to save your .
preferences in a preset. In later logins, load this preset. yree— Ok GRS SR ]
»  Click “Open.” You will now have access to a terminal ?“a“” 7 Display pre-authertication banner (SSH-2 oriy)
window requesting login Selection [ Bypass authentication entirsly (SSH-2 only)
13 ” Cdours — 2 2
»  Enter your Username, “ec2-user. & Connection e s
) . Data [V Attempt authentication using Pageant
»  Putty uses standard command line commands to navigate. e ™ Atempt TIS or CoyptoCard auth (SSH-1)
For a list of a few of these commands, see: s [V Attempt "keyboard nteractive™” auth (SSH-2)
https://www.codecademy.com/articles/command-line- oSt  Authentication parameters
commands Kex ™ Alow agent forwardng
Host keys [™ Allow attempted changes of usemame in SSH-2
Cipher Private key file for authentication:
SF Auth : in
P |C:\Users ssh\AWS-gcamtrain ~ Browse |
TTY
xn
Tunnels
Bugs
More bugs _ |
Serial

Mot | hep | [ open | Cancel |



https://www.codecademy.com/articles/command-line-commands

1: Using Terminal to Connect
(Mac)

Open you X11 software (Xquartz)
Open a terminal window
cd to the file location of your private key

® (you can drag and drop the path into the terminal)

m Type “chmod 400 AWS-gcam-training.pem”. This sets your permissions
so only you can see your private key. Only do this once.

Type in “ssh -Y -i AWS-gcam-training.pem ec2-user@xx.XXX.XXX.XXX"
m  xx.xxx is the provided IP address of the AWS server

Pacific Northwest
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2: Running the Reference Scenario

1) In your folder browser (WinSCP or FileZilla), 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) In your command line (Windows:PuTTY, Mac:Terminal), navigate to exe/
and run gcam.exe

1) Cd gcam/gcam5/exe/
2) ./gcam.exe -Cconfiguration.xml &' ecd erer®wp 1723132 152~ geam/ geamd [ exe

Pacific_ Northwest
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Base input file. ScenarioComponents append to this.

For running multiple scenarios in sequence. Requires setting BatchMode bool to 1
f For running climate target finder. Requires setting find-path bool to 1

Joutput/cdatabase basexdd
Joutput/output.xaml
dedbug. xmis

G088 . emk-

xmldb is where the output will be saved

outFile.csy
! COSt_curves.xal«
DAL Ch-CSyv-0ut . . CSy-
SOCurves.csv:
DependencyGraph. oot .
' LandAllocatorGraph, dot-
ODi1ectSCMout.Csv
Ub jectSGMGen. cay
JOUlput/output . 200«

* 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

Pacific Northwest
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2: 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="scenariciNane">Referen: NO spaces or special characters allowed
name="debug-region">USA</Value>
2‘;::: The debug file has a lot of detail but is only written for one region

---------------- - - ———— e ——

Always keep calibration on

name="CalibrationAc! : . . .
name="BatchMode">8<, If true, appends XML files listed in BatchFileName to

name="find-path" @<, ScenarioComponents 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="¢climateQutputlInterval">5</Value>
name="parallel-grain-size">50</Value>
name="stop-period">-1</Value>

cific Northwest
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2: Running GCAM

enn T d3p747 — run-gcam.command — 1

Baning

GO model code Dose version 4.2 revision 859

W lrput files

Mrput/clinate/sagice . wnl scenario compoment

Srput/magicc/Mistoricel Emlssions/Defoult Emissions ModuleDefoulit Iw

ot/ glon-dete-systen/mal/soci oeconomi s - anl /interest _rote  anl scenerio

/Arput/gcon-dato-system/wnl peconom Cs -l /socioeconoml s LOAD . ol

rput/glan-dato-system/mnl /energy resources . el ¢ 10 Component
Lrput/goan-doto- system/ wnl /energy -wnl/en_supply . wel $r10 Componemt
irput/geon-dato- system/ nl /energy Len_tromsformetion, x» cerario
1rput/goan-dato- system/ el /energy-mal /electricity. vl scenario compone
irput/gcan-doto- systemy xnl energy ml cerario Component
out doto-system/wnl/energy A mLoaml SCenerio compoment
—out
rout
{rput
out
Lrput
(mput
/Arput

N

L/Andustry. mnl scenario compoment
energy /4 jt J.oml scema

data-system/mnl /energy
doto-system/ xnl

doto-system/unl/energy L/ comemt Cena” (0 Componert
data-system/munl/energy LVen Fert. .l scerario component
out doto 1/ energy

dote- t L/energy- L L
dato unl /energy 1 CONOrio Ccompoment
doto-system 1 nergy

doto - system/x 1

doto-systemy

doto-systeny

doto-system

doto-system

doto-system, /el /o9

dato-systemy 1 1

doto-system

dato- system,

data-syrtemy

ot
fArput
"t
/rput
out
1nput
i"put
1mput
1rput dato-systemy
\rput/gcan-doto- systemw
imput/gcon-doto- system/ anl

dato- systeny v

doto-system l \ \oro g_owi ssions
dato-systeny 1
doto-systemy L/damand_irput . xnl
dato-system
doto-system | 1 wl/al pglu_omi ssions . anl &

ad_urt _processing sectors

on
gcan
Qcan
gcon
gcon
gcon
pCan
g an
gcan
gcan-
gcon
gron
L/ gCan
gcon
gcan
pcon
gcon
gcon
pcon
gcon
‘gram
gcan-
gcon
gcon
g un
goon
gcon
gcon
gcon

Lenergy_ewissions anl
foos_omi ssions . on
L _urmgd_enissions ., anl

rovt/selvtionvcel _broyden L sCerario Componemt

. porsing complets

Starti

new scerario: Reference

Storting @ model run. Numning period 2

Mode!l run begimming

13

doto-system/xml /energy L/coment_incelos gcond. onl scenario

doto-system/unl /energy i 4 nl enerio

29x48

ssions_Ingut
CompoOnent

il scenario

sCenGrio comporent

comporent

~t

dotao-system/xnl/energy \ ¥ stribution. sl scenc arponert

rio compoment

Component

component

~t
COmOOmet

i scenario

componert

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



2: Output

Two forms of output

The output database
output/database basexdb (set in configuration.xml)

Contains the results from the scenario in a database that can
be queried

The debug file

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

Pacific_ Northwest |
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2: basexdb and Modelinterface

..qq .o — il T\ Barea

-

¥ B ety
Satarenge JOLS-4- LIV 1 O-A 0
Comdel it g~ % Wl

Qotved munli prudatew be Lo
Crtued Mol fo ol Dot Dy i Denatonin
Satwery So ) By vy
G tve s wa P umeN
Sefred Nty CMn By A
e d MLt (000 Wy Ll e
Cred Mpads C0AN Ty TR

< GG LT Ny eegm

- Beed Mt e JTROATOR D WIS

2000 J0% 200 RIS JNSE NS 4RI Jnew

QA28 %22 AT 1000 LD AW LA 2000 2 A '

100 2008 A0 i A0 A AR AR AT A "

OIN R4 BNI8 CAAL A o 1A L0 L L5 LAY

AN LI&2 1210 1A LA 200 a1 AWy A e

L OMNT 1885 I NI 1000 LRG0 2078 100 22% 1%
FIAT 1550 200 2006 2302 2037 AV 080 2540 28 1O LA
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)
)

® Mhaa Lais © s »:. o AR a e s
ahwa S Argremng & Apovvwe N L
Comala & T w A is od ot @ Lo A i

G *Conmnig » IV 12 =0 1 = L Laven

©® ot Sun LU = Lo wamas Fiwe ' ale A owts i |

" e e L i T e e
P B Pues &My,

d1% D230 2004 2N I Al T an 150 AN2 1% N1 S

MIN NI AR IIMM N I A v A FIRIPEIREL LN IBEIE
AN LAl AN DT 102 IAAR 1A 1 WT R222 1WA AN AN
BN 188D A0 A M) 1 s LAl AN0 1A W) A s
AL ARIF AWAE A ANT A B AATE AT AT AN A% A

" .
S T Y 2 2 L

» In PuTTY or Terminal, navigate to gcam/gcam5b/output/modelinterface

» Type “java -jar Modellnterface.jar”.

» File -> Open -> DB Open Pacific Northwest
>
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2: Queries

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

Edit query window

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”

queries are only accessible
through the query XML file.

-

Y-Axis Name: resource

X-Axis Name: Year

Data Name: output

Comments:

Title: Resource production

paate Sngie Quernies

XPATH: | *[@type=Tresource’)//outputinode()

[ S5um Al [V] Group [V] Buld List
Y-Axis Node: resour
X-Axis Node: output
Chart Label Column:
| . Cancel ¥




2: Exporting data

» Highlight cells, copy P e
and paste _
» Use a batch query to T S
export a large number T iaaEes e e et
of queries directly into | ...~ =
an Excel spreadsheet T -

®  The dbxml file needs to r——t >
be open for this to work Sreem e
" File -> Batch File. Select | == " o .
batch query file and e TR
output workbook. s —t
m  This won’ t work if the [ e gty e
Excel workbook selected = Bt o o - Sty

is open while running the | ...
batch query | —
» Drag and drop, e.qg. o s | iy ‘
into Excel (disabled in k= e
X11)

Pacific Northwes_t»
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2 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
closed

18

-
- -t ‘.‘

A-ronn-

«aQuery»
2000 AT =USA™S
<SPty Demas OOy ¥l e+ Botan g 4Gl energy Dy IeINASIg, and sl '»
“axist namezechndlop echnsiogr<axis 1>
~AXEE2 DA ST S Semand PRy ICA@LI0 | vaxsl»
<xPath DldlistsTue” gataiames rout groupyalse” sumAiaTaise > i0s
<Cormcnis’s
~aQuery>
c,m"-"
L0000 PaMe s LUSA
sypptyDemamdQuery Y1ez Dulang serace ouont 5y echngleg >
SRS DM S T O OOy a1 >
“axis2 nymes Y e »plysica-0DUGVta ot <axis 2~
<xPath buldliste Yue  Satabames outpul’ OrouseTalse” SumAls"Tts ¢ > 100
“cormementss
supptyOemandOuery»
“Query>
“aluery>
QOGN NaMez UITA
casnd i N A A dean 'y Tpu Tl rev s W Puslbnne ' »

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
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2: Exporting, importing runs

» File -> Manage DB

Scenarios in Database:

» This allows one to rename,

Main 2010-23-9712:05:21-04:00

eXport (aS an xmi f||e, that can Main_15tax 2010-23-9T12:28:59-04:00

Main_constraint_1Stax 2010-23-9713:32:31-04:00

be Imported |nt0 anOther Main_adv 2010-23-9T14:10:37-04:00

Main_adv_1Stax 2010-23-9714:13:50-04:00

.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](Renme][Rename][Enpovt][Done]

Pacific Northwe§t _}
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2: 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

CO, is in 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, SFg), 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)



3: Running alternative scenarios

Pretty much any study using GCAM will run alternative
scenarios

Not an optimization model

“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:
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 _
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3: Provided policy files

» OSDek (C:) » GCAM » gtam 5.1 » Fentt » polity ~

* Took e
[FCom v Dum Newfide Carbon tax: exogenous CO2 price in each time
Y [ | period (1990%/t C)
W 5 routecde
- &) 2023 _targee_frcher e Forcing target: radiative forcing (W/m2).
torpet frdier . %
B Overshoot allows end-of-century target to be
) &) carbon_tax_3 5. exceeded in prior years
o & caton _lan 15 3.wv
RS FFICT: fossil fuel and industrial emissions only
5 b tan 25 S
lon 5 Caton_lan _S0u_26 onl
&) carbon,_tae 110wt UCT: universal (includes land use change
O B R emissions)
&. forong_rget o7 v
= & frong_tvget_4p5. v
LSS @) torong_twget fod. Input module: allows users to build XML files
% globel_fict e from excel
& gobal Mot n consyant vl
G OOt e

e & bl uct n constrant. vl ]
o 9. Jobal_uct _ghasen. o 6

Pacific Northwest
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3: Configuration

23

o oS E0put/solut lon/cal _Broyden config. ml</V

Alternative scenarios o
may be run as follows:

v o/ Arput/policy/carbon_tax_15_S5.xal</ Ve

LR _15</%
USA</Y
t-dir .. /input/magicc/ inputs</Valye>
SoRtput</Yolues

add additional XML files =

at the end of the fotoe
existing
ScenarioComponents

Change the
scenarioName

Indicate whether to use
target-finder (if runnin
an end-of-century
climate target)

Indicate whether t
calculate abatemént
cost curves

b

Pacifiq Northwest |
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3: The input folder

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

24

folder

MOeyor, Yy

& cawverage R

DESCRPTION

A ocamdats Roroy

UCENSE
RAMESIALY
README

AR M N e
L
"I TR

-
~

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

m gcamdata generates the XML
files from CSV files in the
inst/extdata folders, a header
file in inst/extdata/mi_headers,
and batch XML files located in
the R folder

= policy: selected policies that can
be run

Pacific Northwest
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v <worlg»

owariag» ."
<region name"USA™> e A 4 «region namen"USA™>
<ghgoolicy names™C02"> S <ghgpolicy names"{02"»
< katrglobale/narket> s ararket>glodale/narket>
<1sFixedTox>1</isF inedTax> o <constralnt years"2008">7912</constraint>
«fixedTax yearo " 2000 " »0«/ M 1x 08T an> ? <CONATralat years" 2005 " »T880</comtraint»
<fixedTax years"2035">41,.6</1 LuedTan> 3 <constralmt years"2050">6834</constraint>
«fixedTax yoars"2050"»86. . 4«/1 LaedTans 2 «CONSLPALAL yobt»" 265" 4080/ Cconstraints
<fixedTax years"2005">179, T</1ixedTax> ) <constraint year="2000">3561</constraint>
wfixeaTax years"2088"»373, 6«/1ixedT x> 11 “CONSTAALAT yoars 2005w 3101/ constraints
<fixedTax yeara2"209%7">776, T</1ixeaTax> 12 <constralnt year="2100">2191</constraint>
“fixedTax year«"2100"»991. 3«/ T ixedTax> 1 . «/ghgpolicy=
</gtgpelicy> "o~ </regior
w/reglone 5y “reglon nase«"Canada™»
<region namex"Cangda™> %'y <g*gpolicy npmex"(02">
“ghgeolicy mames"C02"» '3 market=global</markets
<zpriei>globsle/market> " -~ </ghgpolicy>
</ompolicy> 9~ </regions
</regior> N <regicn nesen™EU-15">
<reglon names"EU-15"> ny <Qhgpolicy names"(02">
Ghgpolicy samen"CR"> n arariet>globa le/narket>
<market>global</marker> M . </ghgoolicy>
</ghgpelicy> M . </ regions
</regior> S0 4 <reglon name<"Euroge_Noo _fU™>
wreQion namor"Loroge Non _tU™s " T4 «ghgpalicy nase~"{02"»
<ghgoolicy mames"C2"> 2 <sariet>global</market>
“aashetsglobala/narkets v «/ghgpol Loy
</ghgpelicy> M~ </regior>
w/regions nv wreglien nase«"European Free Trade Assoclation™s
<regien namex"lyrogosn Free Trade Associstion™ nv <grgpolicy namea"(02">
wghgpolicy mames"C02"» n marset=globale/markers
<zpriei>global</markel> 3 .~ </ghspolicy>
</gmpolicy» M. w/regione
</regiomr> ny <reglen namen” Japsn™>
“reglon names”lapan™» “ wn “grgpolicy names"{02"»
ghgpolicy sange"COR"> 4 »” <aarket>glodalc/narket>
<sarket»global</marker» M oo </ghgpolicy»

» A global policy is specified in one region, and all others share in the market.
u 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



3: Running in batch mode

<Configuration>
<Files>
<Value name="xnllnputFileNane">,./input/gcan-data-system/xml/modelt ime-xml/modelt ime, xml
<Value names"BatchFileName">batch_example.xml<Value>

Set the bool and
batch file name

</Files>
<ScenarioComponents>
<Value name = "climate">../input/climate/magicc.xal</Va

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

</Strings>

<Bools>
<Value name "CalibrationActiy
<Value 1 ="BatchMode'>1<

</Bools>

scenarioName and
FileSet name append
(e.g., Base_tax) kBatchRugner xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:noNai

onentSet name="Policy scenarios"'>
<FileSet name="">

<FileSet na _tax">
<Value name="ctax">,./input/policy/carbon_tax_15_5.xml</Value>
</FileSet> _ _ _ :
</ComponentSet> Files in FileSet will be added to the i

26 </BatchRunner> scenarioComponents in the config file

|




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

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

oS NO Terminal — 80x24

ons or regulations (collectively the 'Export Laows'). Export of

are aay require sone form of license or other author

5. bovernment, aond failure to obtain such export control license
n criminal liaobility under U.S. laws. In addition,
antified as export controlled items under the Export
ts and warrants thot User i3 not a citizen, or otherwise
n, an esborgoed nation (including without limitation Iran,
a, Sudaen, Cuba, ond North Korea) and that User is not otherwise

prohibited under the Export Lauws from receiving the Software.
e Nemorial Institute. ALl Rights Reserved.
wurce under the teras of the Educ wal Community

2.8). hitp://ewe.opensource. or ' 1C ses/ecll.phs

ee: http://weu.qlobalchange.und.edu/models/qce

Possible causes
» 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

e
t
IRY
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4: Configuration/input errors

Problem: crash while reading in the ScenarioComponents
XML files

AN Terminal — 120x17

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

29 Proudly Operated by Battelle Since 1965



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

aS.NA Terminal — 108x14

The problem: mis-spelled a
<world>
technology name (Cement cregicn nsmesuSA>
. . . “supplysector name«“cenent™»
instead of cement). Strings in e tput- el DAt atpat-ualts
. <input-enit>l) or M</input-unit>
GCAM are case-sensitive <price-uait>19758/kge/Br ice-units
" <logit-eagonent fillout»"1" year="19)
wkeyword final-energy«"industry™/»
<subsector names”cosent”»
<logit-exponent Tillout="1" year="
<share-welight fillout="1" year="1%
«interpolation-rule apply-t1on"shat
winterpolation~function nase«"t
</interpolation-rule>»
<stud-technology nemec="Coment">

30



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

Tormungl — shgects —~ LBanld

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
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

2 A Lovwmcas  LAZel)

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.

e

Pacific Northwest

RY
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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,.

g7

Pacific Northwest
NATIONAL LABORATORY
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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:

Q There was an error while trying to write results

m The Excel workbook being written to was open during the expgg/’

Pacific Northwest
NATIONAL LABORATORY
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4: Building XML files - general

Excpetion thrown while trying to read csv and header files

java.lang.IndexOutOfBoundsE xception: 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.



36

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,



5: 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

= Logit exponents

m Share-weights and interpolation rules

m Efficiencies and coefficients

Pacific Northwest
NATIONAL LABORATO

RY
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5: Elasticity

EJ-service demanded

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

Dit — Di 2005 ° ( )incfelas ° ( t ) p—elas
GDIDZOOS })2005
7 Price elasticity Income elasticity
6
—-0.25
6
—-05 3
5 2
1 -
©
. g %
x s 3
: — £ /
>
3 3 2 ' —0.25
@
. i —0.5
1
0 o
0 2 4 6 8 10 0 5000 10000 15000 20000 ~
19755/GJ-service GDP (billion 1990 USD)

Pacific Northwest
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5: Service price elasticity # fuel price
elasticity

0

j

& o
[

Fuel price elasticity
=)
=
(=]
v

-
w
|
/

©
o
|
|

(=)
~

0 1 2 - 5 6

3
Fuelprice (19755/GJ)

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

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

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



5: Logit-exponents and fuel-
switching

» The logit exponents control the degree of switching

between technologies or fuels in response to price
changes

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

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

Effect of 20% increase in gas price

100%

ﬂ 90%
o
sw; o B o

70%
Z SW; ® Plﬂ 60%
I

50%
40%
30%
20%
10%

Share, =

oil
| mpgas

| ®mcoal

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

NATIONAL LABORATORY
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5: Share-weights

» The roles of the share-weight

m Calibration parameter

= Phasing in new technologies
m Allows gradual movement away from the base year’ s calibrated

100%
80%
60%
0%
20%

0%

41

share weight values

No phase-in

111

2005 2020 2035 2050

mcoal mgas moil mnuclear

Phase-in to 2050

100% —
80% -
60%
40%
20% -
0% -

2005 2020 2035 2050

mcoal mgas moil mnuclear

» Without any phase-

in, markets rapidly
transition in
response to
introductions of
new technologies

Pacific Northwest

NATIONAL LABORATORY
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5: Efficiencies and coefficients

Efficiency = output / input
Coefficient = input / output

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:
Transportation coef: BTUs fuel per vehicle kilometer
Cement coef: GJ of energy per kg of cement
Fertilizer coef. GJ of energy per kg of N fertilizer
Nuclear fuel efficiency: GJ of energy per kg of uranium

Pacific‘:. Northwest |
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5: Interpolation

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

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

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.

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> )

Pacific‘:. Northwest |
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Preliminary: software to download for
Desktop

» Desktop Version Downloads:

GCAM: https://github.com/JGCRI/gcam-core/releases

Windows: Java Runtime Environment (64 bit) http://www.java.com/en/download/manual.jsp
Mac: Java Development Kit (recommend version 1.8)

To compile GCAM code:

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

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

Pacific Northwest

NATIONAL LABORATORY
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https://github.com/JGCRI/gcam-core/releases
http://www.java.com/en/download/manual.jsp
http://www.microsoft.com/download/en/details.aspx?id=14632
https://developer.apple.com/xcode/downloads/
https://cran.r-project.org/
https://www.rstudio.com

1: Running the Reference Scenario
on Desktop

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
SO_stanes_...S14 patch il confip Nies
AN TISPM e ke
g pevaidsisc il © check_zer.. nCalc.patch contguration_rel xmi
Toleace G0 RIIPM e fider ;. s ; conBguranon xmi
I SOCOECONOMICT-AgTD ARV 1L AN Me Sider -
Satch_sg xond IN2/2010 %:23PM L e 1 a exe » p mw@'mll"‘
&y setch v ot v BOB0L2 4PN Mool Excel Com. o - ful Y-(J'_ﬂ 3114 paich Gt erk
oo P =R~ i ot | 38 toucont
seperdency_frder_log SEAL RN Me 2% ;- s ' L-. logs
deserdency_ferder kgl 282012 835 He e “Qﬁ“ ad Ob)t(" budd
sas Cooyomk o YUV GMM Bl B "
g R NI 1D B e 25 e OWRDt v ObjectSUMen cyv
“ e s BRI DSIPM Acohanon exienon L% . Droposaly ObjectSiMot Cyv
5 RS & ARA0ILNSIMM AppRcanon extensen LIS E outfile
0g00nd. NP D Fle ) - v
EmacouT.c5v 282051 IS5 AN Marosot Excel Com na e Release
1 OtpectsGMout. cpv G LISPM Moo Excel Com., Lwia —Aad "
Womsmon omaise e iina) trget_hnder_iog
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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 I

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
_ have more detailed sectoral
Regior representations than others

Final Service Demands

7 N

= Population and GDP are largely
exogenous, and determine future

levels of final service demands

47
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1: General energy system structure




1: Resources

[ Tate! ©  resources xml

T ¢ File Path v - - /Do urmerts FOBACTS Wornspoces \CLAMA /mout | gt Sata - systes el energy- smi reroeeces sl

respurces a1 (00 wymibel selected)

v 3.9 »
¥ «scenarios
v wworlds
v <reglon nane SSA™ »
v «epresource nase"coal"»

<output-unitrli</ovtput-onit>
Price-enit>19738/0)«/price-wnit>
<ararant>glodal</narcet>

WPrice year="1975" 8 . 4«/pr Li»

18 Price year="199" 28 . 4)5«/pr 1Ce»
: Price year="2005" v . 438</price»
“price year="2010 2. 5«/price»

v <subresource name«"coal™»
<techihange Ti uts yea 1975724, 005</ tecAChange>
<tachirange ) U 1Y et 2008728, M0 TS </ TechOn
<«al-production year="1075">14. 200057 </¢ca
«Cal-production year="1000"»22. 45480« /¢

Lol -production year="2005"»23. 68848627/
cal-production yed 20007 »21. 1880386« /cal -product 1ons

nv rade nase«"grade 1
-Alo le»2B4</avalladie»
ractioncont>@®,. M</entr
/G ade>
My g .)3(‘:1 g* ede »
<avellodlexbiS] aax:u:r-

FACTLONCORTNE. JT«/eatract LONCOs L

27 - . q P
nv “grode nases"grade 3*»
'lvl.lb.-¢'9“')‘ avalladle>
. <gxtractioncost>]. d</extractioncost>
. </grode»
v «grode neses"grade 4">»
-an.'-,.r-lui& avallad e
rACtioncosts]l, Te/eat ractioncosts
“ )h“t
. v “grade pes"grade 3

Lladle»1Bddd</avalinb le>
<gxtractioncostal</extractloncost>

</grade=
“wv gt ‘oc nase="grade ¢">
1 l-.. e» 18440</avallaa o>
“EAtractioncosts). I/ eat ract 1onCosts
“/gredes
- v “grode names"grade

<avalladies®</avaliladle>

<extractioncost>l.f«</extractioncost»

</grode>
/LS resouriem

«/depresource»
. v “BePrOICUTCe Nates

Low 1 Coe | EML I Unmcode WUIT-I0 & Windows RN 1 o Lawt bawed

stioncont>

406 334 7 35,004 [ %, 144

49

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
®  Prices arein 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 re |ons
(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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1: Domestic energy supply

» en_supply.xml

T. ¥ Fie Path v © ~Documents /ObECTS /Workspaces /COANY [ ingut | gram -data- system / umil/ esergy- aml/en_supphy wmi

e R » Domestic energy supply =
3 <Txal version="1.0% encoding="UTF-8"7» o ) L
gt = Sum of all consumption within
L I 4 <worlé» .
i <reglon name="USA™> aregion
Ay <supplysector mane="reglional biosass™» . .
. <output-unit>tl</output-units m  Production minus net exports
! winput-unitrfl«/input-unit»
0 <price-unit>19758/Gl</price-unit>
Fl <logit-exponent Tillowt+™1" year="1975">-3«/logit-exponent> > These are genera”y
nv <sudsector name="reglonal blomass™> 1 &
i CAogit-exponent THILGUtar1 yebre*1975°s-6e/\o0git-exponent> uncalibrated “pass-through
2 wshare-weight fillouts™1" years™1975"»1«/share-weight» 1
5w Cirterpottise rule apply-too-Shareweists fromyears"2810" To-yeore2100"> sectors” used for tracking
" <interpolation-function mames"Linear"/>
15 -~ </interpolation-rule» purposes
1 <stub-technology name="regional Dlomass"/>
7 - «/sudsectors
A ety | > Thely can :)e u_sed to .
1% <supplysector ames"regional coal™s -
» PV E-ni DEI/output-nit> Impliemen reglc?c'l" Specitc
n <input-units>fl</input-unit>
n Q@rice-unit>19758/G)«/price-unit» energy prlce a ers or
1 <logit-expoment fillout="1" year="1975">-3</logit-exponent> SUbSldleS
My <Sudsector namex"reglonal coal™>
25 «logit-exponent fillowts"1" years"1975"»-6«</logit-exponent»
26 <share-weight fillouts"1" year="1975">1«</share-weight> u We Currently_ apply the sa_me
nv <ANterpolation-rule apoly-tos"share-welght™ from-years"2018" to-years"2108"> cost adders in all regions in
n <interpolation-fumction same="linear"/> H H
< < anerseiariea-cule order to remain flexible to
s <stub-technology names"regional cosl®/» energy system changes in the
N~ </subsector» f t re
LS </supplysector» utu
ney <supplysector mname="regional natural gas™> . .
4 gt s P i m  Regional energy prices are not
5 Sepvt-watt )</ toput-ais> currently calibrated; instead,
3 <price-unit> $/G)</price-unit> . .
n <logit-exponent fillovts"1" years"1975>-3</logit-exponent> regional fuel prices are
» S iogit-axponant Filloute1= yeere 1975">-8</\opit-aupsnsat implicitly captured in the
<\ x Llowt="1" year="1 . -e > . H H

e <Share-weight T11l0ute"1" years=1975">1</share-eight> derived calibration parameters
av <interpolation-rule apply-to="share-welght™ from-year="010" to-year="2108">
Q <interpolation-function name="linear”/> >
a - </interpolation-rule»
“ <3 tub-technology names"regional natural gas™/>
a8 - </sbsector
“% - </supplysector» . .
av <supplysector nane="unconventional oil production™s . PaC|f|c Northwest

e ———— e » NATIONAL LABORATORY

Line § Col } XML I Unicode (UTF-K) 3 Windows ICRLS) 3 o Lastsaved BO/14/34 112305M - 1.1365)7 /9461 ,

S
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1: Energy transformation sectors

» Four XML files

51

T_ T File Path v 1 - Documents/ObECTS /Workspaces /CCAMA /input/ gam - data - system ) wmi/energy - il /en_transiomeation am!

m  electricity.xml
®  hydrogen.xml
m  heatxml
u

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
®  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)

“ en_transformation sl $  (no symbol selected) .0 .
—
krxnl versions™1.0" encodirge"UTF-8"7»
<scenarior 0
<worid»

<reglon nane="USA%>
<supplysector name<"gas processing™»
cutput-unit>fl</output-unit>
<input-unitrEle/input-units
price-unit>19758/G</price-unit>
<logit-eaponent fillowts"1" year="1975">-6</logit-exponent>
v <sudsector namev"natural gas"»
<logit-exposent Tillout="1" year="1975">-6</l0git-exponent>
eshare-woight fillowte™1" yoar="1975"»1</share-weight>

LI )

-
N B OB APV A N

.t s

By <interpolation-rule Mply-to="share-weight™ from-year="2010" 1o-year="2109"»
i <interpolation-function nase="linear"/>

15 - «/interpolation-ryle»

wy <stub-technelogy name="natural gas™>

0w <period year="1975">

i <share-welight>l</share-weight»

" «CalDataOutput>

n «calDutputValue>18. 9158642« /callutputValue>

b2 B «/CalDatalutput»

2 - «</period>

Ny Pperiod years"199"»

" <share-welght>l</share-weight>

ny <CalDatadutpet>

» “Co\0utputValue»18, 2014022«/coliutputValue»

7 - </CalDatalutput>

N . «/period>

nv <period years"2005"»

8 <share-welght>lc/share-weight>

ne «CalDataduiput»

n <colDutputValue»21.3888683</calOutputValue»

n </ColDatalutput>

Mo~ </period»

By <period yoar="2018"»

10 <share-weight>l</share-weight>

nv <CalDataOutput>

e <calOuiputValue>22.9698709</caldutputValuve>

”» - </CalDatalutput»

@ - </period>

a“a -~ </stub-technology>

42 <share-welght years"1975"»1«/share-weight>

9 <share-weight year="1950">1</share-weight>

«” <share-welght year="2005">1«/share-weight>

'Ly <share-welght yeary"2018"»1«</share-weight» L
“% -~ </sbsector> .
av <SDSECTOr nase="dionass gasification™ v

Une 1 Col } ML 3 Unicode (UTF-B) T Windows ICRLN T o Last sawed 10/14/14 112306 MM 913071/ 72,608
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1: Energy end-use sectors

» Sector-specific XML files
= building_det.xml
= industry.xml
o cement.xml
o en_Fert.xml
m transportation_ UCD.xml

» Each has its own structure

m Goalis to represent
technologies that
consume energy and
produce physical services
and outputs

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

52

AN

Z ,comant wml

)

i

L

File Pagh v : - /Documents/OOECTS/ Workspaces COAMA /input) geam -Gata- system / ami/energy - non/Cement. umi

. cement a3 im0 symbol selected)
k7xal version="1.0" encoding="UTr-§*
“scenarior
<worid»
<region sine="NA%>
<supplysector nanes"cement™»
<output-enitsit</output-unit>
<input-units>E) or Mi</input-ynits
“price-unit»19758/kg</price-unit»
<logit-exponent fillowt="1" year>"1975">-3</logit-exponent>
yword final-energy="ingustry™/»
wbsector nane="cesent™»
<logit-exponent Tillowte
<share-welght fillowts™1"
<interpolation-rule apply-tos"share-welght”
«<interpolation-function npse="flxnd" />
</interpolation-ryule>
«stub-technology names™cement™>
Period year="1975%»
<share-welght>l</share-welight>
<CalDatadutput>
«calDutputValue»72.0533118«/calOutputValue»
</CalDataOutput>

@inican-energy-ingut names“elect_td_ind™>»
«coefficient»d, MOS292«/coef ficiont»
<A rvet-nane>USA</market-nane>

</einican-energy- inpyt»

Sinican-energy-input name="process heat cement™>»
<coefficient>d, MM2706</coef ficient>
<narhel-nanexUSA</market -nane>»

</minican-energy-input>

1% year="1975">-12</ Log i t-axponent>
yoar="1975"»1</share-we ight>»

v ainican-energy-ingut names" Linestone™s
<coefficient>].8922978</Coef ficient»
“naruet-nane>USA</market -nane>

- </minican-energy- Lnput»

n - </period>

ny @eriod yoar>"19">»

” <share-welght>l</share-weight»

nv <alDatadutput>

” «ca\0utputValue»81. 334301 1«/calOutputvalye»

“ - </CalDatalutput>

a0nv ainican-energy-1npgut fame="elect_td_ind™>»

Q wcoefficiont»d, MRS292«/coelfficiont»

a <narel-nanexSA</market -nane>

“ . </minican-energy-1rput>

“av ainican-energy-input names"process heat cesent™»
&% <Coefficiont>d. MIM61</coelficient>

& “MAriel-naneUSA</market -nane>

Une 1 Col 1 XML 3 Unicode UTT-B) I Windows (CAL) 1 o Lastssved 10/14/14 112238 MM

from-year="2018" to-years"

LN P

1N

$47.659 / 46 800
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1: Energy final demands

Residential and commercial: specific
representation

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

GDP . P P
Di’t :Dl',2005 .( pc t )mcfelas .( t )pfelas .( Opt )
pcGDPy s Pyys Popyys

Cement: output indicated in physical units
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

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

De-coupling between income and
passenger mobility from including time
value costs in service price
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1: GDP and population

T % Pt Do IOBLCTY Wor JCCAMY  wput | geare -dama - Ty ot 3 COAMY wmt
= R e LA Dh
«huml version®L. 0" encodisge"™uTF-4%
«congrios '
el
«reglon nane~"USA*»
“deR0g IONLL S
@opu Lot 1onMin JCA yeara" 1875
«tetaiPopr2i5105</ tatalPog>
«/popu Lat Lendtie )CAR.

» Population is based on median
UN forecasts through 2100.

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

LR R B RN

IR E s wrvanvuwm

cES

AT T TN TN YIYYYNYNYYYYY Y,

“Dodw Lot 1onin i CAR
Doow Lot lomlin CAm
“Dooe Lot loain IO
“Deou Lot Lantin iCm
e Lot 1oniin iCAN
“pope Lat ionM in JCAM
Doow LatT 1onMin (AN
000w Lat Loatin L (M
“Dope Lat 1omin 1CAN
oo Lot landin, Cam
Doov Lat Jontin 1 Cam
“Dete Lot 1onin i (AR
“Poou Lat Lomin i (AR
<Dope Lat Lon in 1CAN
“0o0u Lot Lankin 1CAM
wpeou Lot Lontin (AN
“Pope Lat LonMin 1AM
DopwLationMin (AN
“Deow Lat Lanttin 1 Cam
“Ooou Lot 1omin (AN
DoDw Lot Jonin L CAM

yOAr=" 199" G «/populat iomMin it
YOArsT 20007 > @D «/popw LAt LoaNin S (A
PEArs" 2010 > G </pope Lot LoaMin T
years"2015% G «/populat LosMin SO
years" 220" @D «/populat LoaiiniCas
YRars" 2" BB «/popw L at sonMan LA
YOAr="2000"> GD «/popw1at 100Min 1 e
yEAr " 205 s @D «/popw 1At J0MMAn A0 M.
YOAra" 200> D «/popw Lat LoMMLn I
yRarsT 20N> BB </pope Lot Lo in (A
POArET 200> GD </ popw Lot Lo in i LM
YOAr=" 200" s G0 «/popw Lot ioaMin LA
YOArsT 2000 » @D «/pope Lat 100NN 1L AN
Pears" 2000 > G </pope Lat 10aMLn § O
YOOr="20T0"» G «/pope Lat LosMin SO
yrars" 275" @b «/popelat Lo in il
yoears" 008" > @D «/popw 3t loaMini( s
YRAr=" 2085 "> GD «/popw Lat s0aMin s LA
FOAr+" 2000 s G «</popu Lat 1oaNin 10N
YOArT 2005 s G «/popw Lat 1o8MLA I CAMS
yoar="J1">

<totaiPep>354807</ tatal Pogs

GDP, ,, = GDFy ;o (

variables)

Pop,, ®labor ForceParticipationy, ,,

» GDP is based on the formulation:

Ye (1+labor ProdGrowthRate) "™

Pop,, ®laborForceParticipation,

strictly exogenous

m  All parameters to the GDP function are

«/popu Lt Lordie W AR
«/demograph e
<0

.

SRFZITAIERCELULES SO

ESERIZSZZZ3EURETIORRRGS

“DaselDP> 73910/ 0aselOP
wladarforce TLlloute™1" yoars™1975%s0. 5«/labor forces

«laborproduciivitly
<Laserproductivity
«Laderpreductivity
«ladorprodectivity
<Ladorproduttivity
«<Laborpradectivity
<Laborprodectivity
wladerproductinity
«ledorproductivity
«Ladorprodectivity
«Laderproductivity
«ladborprodectivity
<Ladorprodectivity
<Laderpraductivity
«Laderprodettinity
<Laborprodutiivity
<Ladorprodectivity
«Ladorprodectivity
«laderproductinity
«legborproductivity
<laodorprodectivity

yoars" 1000750, Q2 X54</ Latorproduct ivity»
YRAr=" 20050, 01000 </ Laborproduct ivity»
FOArs" I w0, 0055« abarpradec tivity»
YOArs" 2015728, 01 398/ Labor product tvity»
YOOrsT 0000 01273/ \torproductivity»
POars" 2005720, 01152</ Istorproduct ivity>
yRars" 20007 »0. 05119/ Ladorproduct tvity»
years" 201"l 0L070</ atorprodutt ivitys
YOars" 200070, 01774«/ \atorproduct ivity»
YOOr=" 204570, 01164« L0 product Lvity»
yOOr" 2050 0, 01 364«/ Laborproduct ivity»
yoare" S5 0, 01150« Laborproduct svity»
YRars" 200878, 0101 1</ \abarproduc t ivity>
POAr=" 2005 0, L 258</ Ladorproduc t ivity»
POAPST 200, QLT T/ \abarproduct ivity»
YOArYT 20T, L0/ Ladorproduct ivity»
Pears" 2000728, 0L070</ Lsorproduct ivity>
years" 208570, 01315</ Ladorproduct ivity»
Year" 20007 vl . 01450« / Latorproduct Svity»
PRArs"200 " 28, 0434« Laborproduct kvity»
YOAr" 200" 50, 01409« Laborprodguct ivity»

APPPCOMErT COMTRAT IO 1 20, PS1T«/PPPCanverts

.
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1: Non-CO, gases

Non-CQO2 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 in as ann . energy, emissions. xmi
input-emissions (Tg/yr) e
or as emissions R e —— 0
coefficients (kg/GJ) Bl " eien senerves

GDP control function: :

emissions coefficients - on-C02 romen-s02 1%

are reduced as GDP | e et

increases )|v

i t-onissions>8. 01191 7</Input-enissions>

MAC N marginal : :;:-i:;-‘n;::tr'x;:-be‘)416345.‘99;23-'.\- reduct lon>
abatement cost curve; ) e s
decreases coefficients 1k

’ Non-C02 nanes"NHI"> @D </Non-C02»
: » Non-C0 "W, . OD </ N«
as carbon price - Skt e G e
. » HNon-C0 ) “ > a0 UN 0
» Non-(0 v "> GD </N D
INnCreases. : Son-COl name="I00"> D <Abon-£
No~—( S »
eniss-coe’>S5, 08e-05 ss-coe
e dri »
5V <gdp-control name

)

Coef,, = Coef,, * (1 -min(max Re duction,1 - (pcGDP, — pcGDP,)

Steepness

0655921 /1

1+
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2: Cost curves

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

56

C price (19905/tC)

40

30

10
0 100 200 300 400 500
Abatement (MtC/yr)
w5 poOInts -~ No intermediate points
Pacific Northwest
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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

labelRewrttelist
supplyDemandQuery
supplyDemandQuery !

axn! ; st

"
a2 Lot < axied

P ath i 0P et TSI HY Ty yPath

supplyDemandQuery
sLpplyDemandQuery !
arint

e Calector Do |

g7

Pacific Northwest
NATIONAL LABORATO

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

*[@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()

Pacific; Northwest
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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

The double slash (//*) indicates to go down by more than one level
To also write out the subsector: only one /*

» “[@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

Pacifiq Northwe__st
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2: Running the diagnostics package

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

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

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

More can be added in the Model_verification_queries.xml batch
query file

The diagnostics package is located in the
output/gcam_diagnostics folder

Instructions are found in the readme.txt file

Pacifiq Northwest |
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2: Running the diagnostics package
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2: 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

1. 9

i
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e
111s
118
ny
1w
ERR L
1
un
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1N
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1M
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nwy
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Pl Path v : - /Docursents /OBECTS/Disgrostics /Mode!_verfcaton querses xml
Model_verfication gueriesami (00 symbol selected)

<region semen"Colmbia™ />
«region sames"Seuth Asia® /»
«“region rame~"South Korea™ /»
«region name="Tatwan™ /»
<wpplyDerandQuery titles"flactricity generation by technology (inc solar reofsl"»
<axisi mame="technology”>technology</axisis
«<Bxisd nare="Year“sphysical-output [@vintage</axis2>
«<xPath DullaList="true” dataNane="oulput” group="ralse” sumAll="Talse">e(@type = "Se¢
“coments/»
«labelfewritelist append-values="true™»
<level nase="region™>»
<rewrite tos"Afric
arewrite toa"Afrl
arewrite to="Africs”

i ® .. 0.

from="Africa_fastera™/>
from"Africa Northern” />
from="Africa_Southern"/s>
ergwrite toe"Africa”™ frome"Africa_wWestern™/»
“rewrite tos"Africa™ frome“South Africa™/»
wrewrite toe"Latin America™ from“Brazil™/»
<rewrite to="Latin America" from="Central America and Caribbean™/>
<rewrite to="Latin America™ from="Meaico"/>
<rewrite to="Latin America" from"South Aserica Northern®/»
arewrite TO="Latin Aserica™ frome="South Aserica_Southern™/» D
“rewrite to="Latin America™ frome“Argeatina™/>
«rgwrite tos"Latin America™ fros="Colosbia"/»
<rewrite tos"Southeast Asia" froms"Indenesia™/»
wrewrite tos"Southea fron="Pakistan™/>
arewrite to="Southeast Asia" from="South Asis"/>
wrewrite 10="Southeast Asia" Troo="Talwan"/>
wrewrite to="Former Soviet Unien™ frome"Central Asla™/>
«rewrite to="Former Soviet Unice™ froms"Russia™/»
<rewrite to="Ctastern furcpe” from="Eurcpe Easterm™/>
<rewrite to="Castern Eurcpe” from="EtU-12%/>
<rewrite tos“Western Europe” froms"fU-15°/»
arewrite to="Western Europe” froo="Europe Non EUT/s
wrewrite to="Western Europe” from="Eurcpean Free Trade Assocliation™/»
“rowrite to="Xorea™ froe="Scuth Xorea"/»
«/level»
<level nase="technology”>
<rewrite from="rwc_base_genl™ to="Gen_III1"/>
wrewrite Trom="ruc_base_gend” tos"Gen_II1_LWW"/>
arewrite froms"coal_int_JGCC" toe"Coal (1GCC)*/»
arewrite Trome"Csp_base_storage™ toe"CS5P_storage”™/» a
<rewrite froms“oil_imt IGCC" to="0il (IGCC)"/»

Pacific Northwest
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2: 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

fuel
1 hquids
3 coal
4 bomass
5 electnoty
7 trad blomass
onergy reducton
1 | A
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Year
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Final Energy Consumption: Buildings (EJ)
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