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INIT CUMOP = 3000

DOCUMENT: Cumulative Oil Production {L, (million bbls)}

e OPRR: Oil Production Rate {R, (million bbls/year)}
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(002) OPRR = OPR*EWOP

DOCUMENT: Oil Production Rate {R, (million bbls/year)}

e OPR: Oil Production {A, (million bbls/year)}
e EWOP: Effect of War on Oil Production {A, (dmnl)}
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(003) EWOP = SMTHI(IF (TIME<1977) OR (TIME>1987) THEN 1 ELSE WMOP,
WED)

DOCUMENT: Effect of War on Oil Production {A, (dmnl)}
(004) WMOP = 0.5

DOCUMENT: War Multiplier for Oil Production {C, (dmnl)}
(005) WED =2

DOCUMENT: War Effect Delay {C, (years)}
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(006) OIR(t) = OIR(t - dt) + (AOIR - OPRR) * dt
INIT OIR = 140000
DOCUMENT: Oil Identified Resource Remaining {L, (million bbls)}

e AOIR: Additions to Oil Identified Resource {R, (million bbls/year)}
e OPRR: Oil Production Rate {R, (million bbls/year)}
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(007) AOIR = PIOE*EIE/1000000

DOCUMENT: Additions to Oil Identified Resource {R, (million bbls/year)}

e PIOE: Productivity of Investment in Oil Exploration {A, (bbls/million R)}
e EIE: Effective Investment in Exploration {L, (million R/year)}
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(008) EIE(t) = EIE(t - dt) + (CEIOE) * dt

INIT EIE = 12000

DOCUMENT: Effective Investment in Exploration {L, (million R/year)}
(009) CEIE = (INE-EIE)/DD

DOCUMENT: Change in Effective Investment in Exploration {R, (million
R/year/year)}

e INE: Investment in Exploration {A, (million R/year)}
e EIE: Effective Investment in Exploration {L, (million R/year)}
(010) DD =10

DOCUMENT: Development Delay {C, (years)}
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(011) INE = FIE*IES
DOCUMENT: Investment in Exploration {A, (million R/year)}

e FIE: Fraction of Investment in Exploration {A, (dmnl)}
e [ES: Investment in Energy Sector {A, (million R/year)}
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(012) DIE = (DIGE+DIOE+(EIE*DGEIR*DD))*SIEEP

DOCUMENT: Desired Investment in Exploration {A, (million R/year)}

e DIGE: Desired Investment in Gas Exploration {A, (million R/year)}

e DIOE: Desired Investment in Oil Exploration {A, (million R/year)}

e EIE: Effective Investment in Exploration {L, (million R/year)}
(013) DGEI=0.15

DOCUMENT: Desired Growth in Energy Industry {C, (1/year)}

e DD: Development Delay {C, (years)}
(014) SIEEP = IF (ROP>DREP) AND (RGP>DREP) THEN 0 ELSE 1

DOCUMENT: Signal for Investment in Exploration from Energy Production {A,
(dmnl)}

(015) ROP = OPPR/OPPI

DOCUMENT: Ratio of Oil Production from Reserve to Oil Production from
Investment {A, (dmnl)}

e OPPR: Oil Potential Production from Reserves {A, (million bbls/year)}
e OPPI: Oil Potential Production from Investment {A, (million bbls/year)}
(016) DREP: 2
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DOCUMENT: Desired Ratio of Energy Production from Reserve to Energy
Production from Investment {C, (dmnl)}

(017) RGP = GPPR/GPPI

DOCUMENT: Ratio of Gas Production from Reserve to Gas Production from
Investment {A, (dmnl)}

e GPPR: Gas Potential Production from Reserves {A, (million bbls/year)}
e GPPI: Gas Potential Production from Investment {A, (million bbls/year)}
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(018) DIOE = OPRR*UCOE*SSIOE*1000000
DOCUMENT: Desired Investment in Oil Exploration {A, (million R/year)}

e OPRR: Oil Production Rate {R, (million bbls/year)}
e UCOE: Unit Cost of Oil Exploration {A, (million R/bbl)}
(019) SSIOE = SWITCH(PIOE,TPIES)

DOCUMENT: Signal to Stop Investing in Oil Exploration {A, (dmnl)}

e PIOE: Productivity of Investment in Oil Exploration {A, (bbls/million R)}
(020) TPIES = 10

DOCUMENT: Threshold for Productivity of Investment in Energy Sectors {C,
(bbls/million R)}
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(021) UCOE = I/MAX(PIOE,TPIES)
DOCUMENT: Unit Cost of Oil Exploration {A, (million R/bbl)}
e PIOE: Productivity of Investment in Oil Exploration {A, (bbls/million R)}
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e TPIES: Threshold for Productivity of Investment in Energy Sectors {C,
(bbls/million R)}
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(022) PIOE = MPIOE*PIOEG

DOCUMENT: Productivity of Investment in Oil Exploration {A, (bbls/million R)}
(023) MPIOE = 9000

DOCUMENT: Maximum Productivity of Investment in Oil Exploration {C,
(bbls/million R)}

(024) PIOEG = GRAPH(OUR/INIT(OURY))
(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)

DOCUMENT: Graph for Maximum Productivity of Investment in Oil Exploration
{A, (dmnl)}

e OUR: Oil Undiscovered Resource {L, (million bbls)}
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P=dQ/dt
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Dependent Variable: LOG((400000/Q)-1)
Method: Least Squares

Date: 02/06/09 Time: 02:27

Sample: 1980 2007

Included observations: 28

Convergence achieved after 1 iteration

LOG((400000/Q)-1)=LOG(C(1))+C(2)*(T-1980)

Coefficient Std. Error t-Statistic Prob.

C(1) 3.635565 0.166466 21.83967 0.0000

C(2) -0.046266 0.002910 -15.89617 0.0000
R-squared 0.906706  Mean dependent var 0.666178
Adjusted R-squared 0.903118  S.D. dependent var 0.399681
S.E. of regression 0.124404  Akaike info criterion -1.261810
Sum squared resid 0.402388  Schwarz criterion -1.166652
Log likelihood 19.66534  Durbin-Watson stat 0.672219
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(025) OUR(t) = OUR(t - dt) + (- AOIR) * dt
INIT OUR = 357000
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DOCUMENT: Oil Undiscovered Resource {L, (million bbls)}
e AOIR: Additions to Oil Identified Resource {R, (million bbls/year)}
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(026) OPR = OPPR*EIOPP
DOCUMENT: Oil Production {A, (million bbls/year)}

e OPPR: Oil Potential Production from Reserves {A, (million bbls/year)}
e EIOPP: Effect of Investment on Oil Potential Production {A, (dmnl)}

AT s & 5 3 Jlo g oy S5 3L B 3 s 153 31 ol 5
B s g5 e ol aS el Sle) e gedias Ol ol Lo 3l Y &S W g4 13 b cd
s 0313 e 5 6 55T R it 53 (LSL BB 3 Galonn (g0 g ol ok 4 8
(027) OPPR = TORRR/NERPR
DOCUMENT: Oil Potential Production from Reserves {A, (million bbls/year)}
(028) NERPR = 20
DOCUMENT: Normal Energy Resource to Production Ratio {C, (years)}
e TORRR: Total Oil Recoverable Resource Remaining {A, (million bbls)}
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(029) EIOPP = GRAPH(OPPI/OPPR)

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00), (1.20, 1.08), (1.40,
1.15), (1.60, 1.20)

DOCUMENT: Effect of Investment on Oil Potential Production {A, (dmnl)}

e OPPI: Oil Potential Production from Investment {A, (million bbls/year)}
e OPPR: Oil Potential Production from Reserves {A, (million bbls/year)}
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(030) OPPI = (PIOP/1000000)*SMTH3(IOPEY,EPD)*EWOP
DOCUMENT: Oil Potential Production from Investment {A, (million bbls/year)}

e PIOP: Productivity of Investment in Oil Production {A, (bbls/million R)}
e [OPEY: Investment in Oil Production at the End of the Year {L, (million R/year)}
(031) EPD =6
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DOCUMENT: Energy Production Delay {C, (years)}
e EWOP: Effect of War on Oil Production {A, (dmnl)}
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(032) PIOP = MPIOP*ETOP
DOCUMENT: Productivity of Investment in Oil Production {A, (bbls/million R)}
(033) MPIOP = PIOPN*PIOPG

DOCUMENT: Maximum Productivity of Investment in Oil Production {A,
(bbls/million R)}

(034) PIOPN = 45000

DOCUMENT: Normal Productivity of Investment in Oil Production {C, (bbls/million
R)}
(035) PIOPG = GRAPH(OIR/INIT(OIR))

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)

DOCUMENT: Graph for Productivity of Investment in Oil Production {A, (dmnl)}
(036) ETOP = GRAPH(TORRR/OIR)

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)

DOCUMENT: Effect of Technology on Oil Production {A, (dmnl)}

e TORRR: Total Oil Recoverable Resource Remaining {A, (million bbls)}
e OIR: Oil Identified Resource Remaining {L, (million bbls)}
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(037) IOPEY(t) = IOPEY(t - dt) + (CINOP) * dt
INIT IOPEY = 8000

DOCUMENT: Investment in Oil Production at the End of the Year {L, (million
R/year)}

(038) CIOP = (INOP-IOPEY)
DOCUMENT: Change in Investment in Oil Production {R, (million R/year/year)}
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(039) INOP = IES*FIOP
DOCUMENT: Investment in Oil Production {A, (million R/year)}

e [ES: Investment in Energy Sector {A, (million R/year)}
e FIOP: Fraction of Investment in Oil Production {A, (dmnl)}
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(040) DIOP = DOPR*UCOP*SSIOP*1000000
DOCUMENT: Desired Investment in Oil Production {A, (million R/year)}

e DOPR: Desired Oil Production {A, (million bbls/year)}
e UCOP: Unit Cost of Oil Production {A, (million R/bbl)}
(041) SSIOP = SWITCH(PIOP,TPIES)
DOCUMENT: Signal to Stop Investing in Oil Production {A, (dmnl)}
e PIOP: Productivity of Investment in Oil Production {A, (bbls/million R)}

e TPIES: Threshold for Productivity of Investment in Energy Sectors {C,
(bbls/million R)}
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(042) DOPR = OPPR*(MDOP+INVSEC)
DOCUMENT: Desired Oil Production {A, (million bbls/year)}

e OPPR: Oil Potential Production from Reserves {A, (million bbls/year)}
(043) MDOP = GRAPH(SMTH1(OPRR,TSDEP)/OPPR)

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)
DOCUMENT: Multiplier for Desired Oil Production {A, (dmnl)}

¢ OPRR: Oil Production Rate {R, (million bbls/year)}
(044) TEDEP =1

DOCUMENT: Time to Establish Desired Energy Production {C, (years)}

e OPPR: Oil Potential Production from Reserves {A, (million bbls/year)}
e INVSEC: Investment Security {L, (dmnl)}
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(045) CUMGP(t) = CUMGP(t - dt) + (GPRR) * dt
INIT CUMGP =0

DOCUMENT: Cumulative Gas Production {L, (million bbls)}
e GPRR: Gas Production Rate {R, (million bbls/year)}
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(046) GPRR = GPR+MGPR
DOCUMENT: Gas Production Rate {R, (million bbls/year)}

e GPR: Gas Production {A, (million bbls/year)}
(047) MGPR = FMGP*OPR

DOCUMENT: Minimum Gas Production {A, (million bbls/year)}
(048) FMGP = 0.06

DOCUMENT: Fraction of Minimum Gas Production {C, (dmnl)}

¢ OPRR: Oil Production Rate {R, (million bbls/year)}
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(049) GIR(t) = GIR(t - dt) + (AGIR + GIOR - GPRR) * dt
INIT GIR = 8000
DOCUMENT: Gas Identified Resource Remaining {L, (million bbls)}
(050) AGIR = EIE*PIGE/1000000
DOCUMENT: Additions to Gas Identified Resource {R, (million bbls/year)}

e EIE: Effective Investment in Exploration {L, (million R/year)}
(051) PIGE = MPIGE*PIGEG

DOCUMENT: Productivity of Investment in Gas Exploration {A, (bbls/million R)}
(052) MPIGE = 7000

DOCUMENT: Maximum Productivity of Investment in Gas Exploration {C,
(bbls/million R)}

(053) PIGEG = GRAPH(GUR/INIT(GUR))

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)

DOCUMENT: Graph for Productivity of Investment in Gas Exploration {A, (dmnl)}
(054) GIOR = DGI*FRGIO

DOCUMENT: Gas Injected to Oil Reserves {R, (million bbls/year)}

e DGI: Demand for Gas Injection {A, (million bbls/year)}
(055) FRGIO = 0.85

DOCUMENT: Fraction Recoverable of Gas Injected to Oil Reserves {C, (dmnl)}
e GPRR: Gas Production Rate {R, (million bbls/year)}
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Dependent Variable: LOG((225000/Q)-1)
Method: Least Squares

Date: 02/12/09 Time: 00:45

Sample: 1980 2007

Included observations: 28

Convergence achieved after 3 iterations

LOG((225000/Q)-1)=LOG(C(1))+(C(2))*(T-1980)

Coefficient Std. Error t-Statistic Prob.

C(1) 2.119975 0.116573 18.18587 0.0000

C(2) -0.079679 0.003495 -22.79640 0.0000
R-squared 0.952353  Mean dependent var -0.324264
Adjusted R-squared 0.950520  S.D. dependent var 0.671635
S.E. of regression 0.149399  Akaike info criterion -0.895643
Sum squared resid 0.580322  Schwarz criterion -0.800485
Log likelihood 14.53900  Durbin-Watson stat 0.639349
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(056) GUR(t) = GUR(t - dt) + (- AGIR - QGD) * dt
INIT GUR = 612000
DOCUMENT: Gas Undiscovered Resource {L, (million bbls)}

e AGIR: Additions to Gas Identified Resource {R, (million bbls/year)}
e QGD: Qatar's Gas Discovery {R, (million bbls/year)}
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(057) QGD = QGDGR*GUR

DOCUMENT: Qatar's Gas Discovery {R, (million bbls/year)}
(058) QGDGR = CQD1*EXP(CQD2*(TIME-1958))

DOCUMENT: Qatar's Gas Discovery Growth Rate {A, (1/year)}
(059) CQDI1 = 0.0005

DOCUMENT: Constant for Qatar's Discovery no.1 {C, (dmnl)}
(060) CQD2 =0.1

DOCUMENT: Constant for Qatar's Discovery no.2 {C, (dmnl)}

e GUR: Gas Undiscovered Resource {L, (million bbls)}
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(061) QCGP(t) = QCGP(t - dt) + (QGP) * dt

INIT QCGP =0

DOCUMENT: Qatar's Cumulative Gas Production {L, (million bbls)}
(062) QGP = QGPGR*GITP*QGIR

DOCUMENT: Qatar's Gas Production {R, (million bbls/year)}
(063) QGPGR = CQP1*EXP(CQP2*(TIME-1958))

DOCUMENT: Qatar's Gas Production Growth Rate {A, (1/year)}
(064) CQP1 = 0.0007

DOCUMENT: Constant for Qatar's Production no.1 {C, (dmnl)}
(065) CQP2 =0.01

DOCUMENT: Constant for Qatar's Production no.2 {C, (dmnl)}
(066) GITP = SMTH3(IF (TIME<=1974) THEN 0 ELSE 1,GISD)

DOCUMENT: Gas Industry Turning Point {A, (dmnl)}
(067) GISD =10

DOCUMENT: Gas Industry Starting Delay {C, (years)}
(068) QGIR(t) = QGIR(t - dt) + (QGD - QGP) * dt

INIT QGIR = 5000

DOCUMENT: Qatar's Gas Identified Resource Remaining {L, (million bbls)}

e QGD: Qatar's Gas Discovery {R, (million bbls/year)}
e QGP: Qatar's Gas Production {R, (million bbls/year)}
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(069) GPR = GPPR*EIGPP
DOCUMENT: Gas Production {A, (million bbls/year)}
(070) GPPR = TGRRR/NERPR



DOCUMENT: Gas Potential Production from Reserves {A, (million bbls/year)}

e TGRRR: Total Gas Recoverable Resource Remaining {A, (million bbls)}
e NERPR: Normal Energy Resource to Production Ratio {C, (years)}
(071) EIGPP = GRAPH(GPPI/GPPR)

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00), (1.20, 1.08), (1.40,
1.15), (1.60, 1.20)

DOCUMENT: Effect of Investment on Gas Potential Production {A, (dmnl)}
(072) GPPI = (PIGP/1000000)*SMTH3(IGPEY,EPD)

DOCUMENT: Gas Potential Production from Investment {A, (million bbls/year)}
(073) PIGP = MPIGP*ETGP

DOCUMENT: Productivity of Investment in Gas Production {A, (bbls/million R)}
(074) MPIGP = PIGPN*PGIPG

DOCUMENT: Maximum Productivity of Investment in Gas Exploration {A,
(bbls/million R)}

(075) PIGPN = 35000

DOCUMENT:  Normal Productivity of Investment in Gas Production {C,
(bbls/million R)}

(076) PIGPG = GRAPH(GIR/INIT(GIR))
(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)
DOCUMENT: Graph for Productivity of Investment in Gas Production {A, (dmnl)}

¢ GIR: Gas Identified Resource Remaining {L, (million bbls)}
(077) ETGP = GRAPH(TGRRR/GIR)

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)
DOCUMENT: Eftect of Technology on Gas Production {A, (dmnl)}

e TGRRR: Total Gas Recoverable Resource Remaining {A, (million bbls)}
¢ GIR: Gas Identified Resource Remaining {L, (million bbls)}
(078) IGPEY(t) = IGPEY(t - dt) + (CIGP) * dt

INIT IGPEY =0

DOCUMENT: Investment in Gas Production at the End of the Year {L, (million
R/year)}

(079) CIGP = (INGP-IGPEY )*GITP

DOCUMENT: Change in Investment in Gas Production {R, (million R/year/year)}
(080) INGP = IES*FIGP

DOCUMENT: Investment in Gas Production {A, (million R/year)}

IES: Investment in Energy Sector {A, (million R/year)}

FIGP: Fraction of Investment in Gas Production {A, (dmnl)}

IGPEY: Investment in Gas Production at the End of the Year {L, (million R/year)}
GITP: Gas Industry Turning Point {A, (dmnl)}
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e Energy Production Delay {C, (years)}
e GPPR: Gas Potential Production from Reserves {A, (million bbls/year)}
(081) DIGP = DGPR*UCGP*GITP*SSIGP*1000000

DOCUMENT: Desired Investment in Gas Production {A, (million R/year)}
(082) DGPR = GPPR*(MDGP+INVSEC)
DOCUMENT: Desired Gas Production {A, (million bbls/year)}

e GPPR: Gas Potential Production from Reserves {A, (million bbls/year)}
(083) MDGP = GRAPH(SMTH1(GPRR,TEDEP)/GPPR)

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.6), (0.8, 0.8), (1.00, 1.00)
DOCUMENT: Multiplier for Desired Gas Production {A, (dmnl)}

GPRR: Gas Production Rate {(million bbls/year)}

TEDEP: Time to Establish Desired Energy Production {C, (years)}
GPPR: Gas Potential Production from Reserves {A, (million bbls/year)}
INVSEC: Investment Security {L, (dmnl)}

(084) UCGP = 1/PIGP

DOCUMENT: Unit Cost of Gas Production {A, (million R/bbl)}

e PIGP: Productivity of Investment in Gas Production {A, (bbls/million R)}
e GITP: Gas Industry Turning Point {A, (dmnl)}
(085) SSIGP = SWITCH(PIGP,TPIES)
DOCUMENT: Signal to Stop Investing in Gas Production {A, (dmnl)}
e PIGP: Productivity of Investment in Gas Production {A, (bbls/million R)}
e TPIES: Threshold for Productivity of Investment in Energy Sectors {C,
(bbls/million R)}
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(086) MFOLO = GRAPH(EAI)

(0.00, 0.5), (0.03, 0.58), (0.06, 0.7), (0.09, 0.85), (0.12, 0.95), (0.15, 1.00)

DOCUMENT: Multiplier for Food Output per Laborer from Oil Availability {A,
(dmnl)}

(087) MPCLIO = GRAPH(EAI)
(0.00, 0.2), (0.03, 0.3), (0.06, 0.45), (0.09, 0.78), (0.12, 0.925), (0.15, 1.00)

DOCUMENT: Multiplier for Production Capacity per Laborer in Industry from Oil
Availability {A, (dmnl)}

e EAIL Energy Availability Indicator {A, (dmnl)}

AT oo s 4 OB IS 5 o 2ans 55 (551 ST e 31 (6551 0330 o s 53 Lo
(088) EAI = ESEY/EDEY
DOCUMENT: Energy Availability Indicator {A, (dmnl)}

e ESEY: Energy Supply at the End of the Year {L, (million bbls/year)}
e EDEY: Energy Demand at the End of the Year {L, (million bbls/year)}
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(089) ESEY(t) = ESEY(t - dt) + (CES) * dt

INIT ESEY =318

DOCUMENT: Energy Supply at the End of the Year {L, (million bbls/year)}
(090) CES = (TES-ESEY)

DOCUMENT: Change in Energy Supply {R, (million bbls/year/year)}
(091) TES = OPRR+GPRR+EI-GINJ

DOCUMENT: Total Energy Supply {A, (million bbls/year)}

e OPRR: Oil Production Rate {R, (million bbls/year)}
e GPRR: Gas Production Rate {R, (million bbls/year)}
e EI: Energy Import {A, (millon bbls/year)}

e a8 ok 5 5 s b e ST SLS GLolis S 5 ki Lol ST § samme Sl 535 Lol S
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(092) EDEY(t) = EDEY(t - dt) + (CED) * dt
INIT EDEY =318
DOCUMENT: Energy Demand at the End of the Year {L, (million bbls/year)}
(093) CED = (TED-EDEY)
DOCUMENT: Change in Energy Demand {R, (million bbls/year/year)}
(094) TED = TGD+TOD
DOCUMENT: Total Energy Demand {A, (million bbls/year)}

e TGD: Total Gas Demand {A, (million bbls/year)}
TOD: Total Oil Demand {A, (million bbls/year)}
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(095) TGD = DGD+FEGD
DOCUMENT: Total Gas Demand {A, (million bbls/year)}

e DGD: Domestic Gas Demand {A, (million bbls/year)}
e FEGD: For Export Gas Demand {(million bbls/year)}
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(096) DGD = DED*GMS
DOCUMENT: Domestic Gas Demand {A, (million bbls/year)}

e DED: Domestic Energy Demand {A, (million bbls/year)}
e GMS: Gas Market Share {A, (dmnl)}
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(097) DED = EDPC*POP
DOCUMENT: Domestic Energy Demand {A, (million bbls/year)}

e EDPC: Energy Demand per capita {A, (bbls/year/person)}
e POP: Population {A, (Persons)}
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(098) EDPC = CEDF*(GNPPC"EGNP)*(UPR*"EUPR)*(ESPC"EES)

DOCUMENT: Energy Demand per capita {A, (million bbls/year/person)}
(099) CEDF = EXP(-9)

DOCUMENT: Constant for Energy Demand Function {C, (dmnl)}

e GNPPC: Gross National Product per Capita {A, (R/year/person)}
(100) EGNP = 0.1055

DOCUMENT: Exponent of GNP per capita in Energy Demand Function {C, (dmnl)}

e Urban Population Ratio {L, (dmnl)}
(101) EUPR=2.2184

DOCUMENT: Exponent of Urbanization in Energy Demand Function {C, (dmnl)}

e ESPC: Energy Supply per capita {A, (million bbls/year/person)}
(102) EES =0.2655

DOCUMENT: Exponent of Energy Supply per capita in Energy Demand Function
{C, (dmnl)}
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Dependent Variable: LOG(EDPC)
Method: Least Squares

Date: 02/13/09 Time: 23:44
Sample(adjusted): 1970 2005

Included observations: 36 after adjusting endpoints

Variable Coefficient Std. Error t-Statistic Prob.
LOG(GNPPC) 0.105508 0.043747 2411799 0.0218
LOG(UPR) 2.218447 0.095203 23.30235 0.0000
LOG(ESPC) 0.265551 0.033074 8.029033 0.0000

C -7.620975 0.414397 -18.39052 0.0000

R-squared 0.948403  Mean dependent var -11.57423
Adjusted R-squared 0.943566  S.D. dependent var 0.286911
S.E. of regression 0.068158  Akaike info criterion -2.429538
Sum squared resid 0.148656  Schwarz criterion -2.253591
Log likelihood 47.73168  F-statistic 196.0648
Durbin-Watson stat 0.849133  Prob(F-statistic) 0.000000
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(103) UPR(t) = UPR(t - dt) + (CUPR) * dt
INIT UPR = 0.26
DOCUMENT: Urban Population Ratio {L, (dmnl)}
(104) CUPR = (1-UPR)*GRUP
DOCUMENT: Change in Urban Population Ratio {R, (1/year)}

e UPR: Urban Population Ratio {L, (dmnl)}
(105) GRUP =0.018
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DOCUMENT: Growth Rate in Urban Population {C, (1/year)}
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(106) ESPC = ESEY/POP
DOCUMENT: Energy Supply per capita {A, (million bbls/year/person)}

e ESEY: Energy Supply at the End of the Year {L, (million bbls/year)}
e POP: Population {A, (Persons)}
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(107) GMS = SMTH3(IGMS,ESD,INGMS)

DOCUMENT: Gas Market Share {A, (dmnl)}
(108) IGMS = ((1-GITP)*FMGP)+(GITP*TGMYS)

DOCUMENT: Indicated Gas Market Share {A, (dmnl)}

e GITP: Gas Industry Turning Point {A, (dmnl)}
e FMGP: Fraction of Minimum Gas Production {C, (dmnl)}
(109) TGMS = 0.8+SCMP

DOCUMENT: Target Gas Market Share {A, (dmnl)}
(110) SCMP = STEP(DCMS,2008)

DOCUMENT: Switch for Changing Market Policy {A, (dmnl)}
(111) DCMS =0

DOCUMENT: Desired Change in Market Share {C, (dmnl)}
(112) ESD =20

DOCUMENT: Energy Substitution Delay {C, (years)}
(113) INGMS = 0.45

DOCUMENT: Initial Gas Market Share {C, (dmnl)}
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(114) FEGD = DGREV/(1000000*GP)

DOCUMENT: For Export Gas Demand {A, (million bbls/year)}

e DGREYV: Desired Gas Revenues {A, (million R/year)}
GP: Gas Price {A, (million R/bbl)}
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(115) DGREV = SMTH1(GASREV,TSAER)*(1+NGRER-EGR)
DOCUMENT: Desired Gas Revenues {A, (million R/year)}

e GASREV: Gas Revenues {A, (million R/year)}
(116) TEAER =5

DOCUMENT: Time to Establish Average Energy Revenues {C, (years)}
(117) NGRER =0.2

DOCUMENT: Normal Growth Rate in Energy Revenues {C, (1/year)}

e EGR: Economic Growth Rate {A, (1/year)}
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(118) TOD = DOD+FEOD

DOCUMENT: Total Oil Demand {A, (million bbls/year)}
(119) DOD = DED*(1-GMS)

DOCUMENT: Domestic Oil Demand {A, (million bbls/year)}

e DED: Domestic Energy Demand {A, (million bbls/year)}
e GMS: Gas Market Share {A, (dmnl)}
(120) FEOD = DOREV/(1000000*OP)

DOCUMENT: For Export Oil Demand {A, (million bbls/year)}
(121) DOREV = SMTH1(OILREV,TEAER)*(1+NGRER-EGR)
DOCUMENT: Desired Oil Revenues {A, (million R/year)}

e OILREV: Oil Revenues {A, (million R/year)}
e TEAER: Time to Establish Average Energy Revenues {C, (years)}
e NGRER: Normal Growth Rate in Energy Revenues {C, (1/year)}
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e EGR: Economic Growth Rate {A, (1/year)}
e OP: Oil Price {A, (million R/bbl)}
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(122) GINJ = (1-SCGIP)*(GRAC*MDGI)+(SCGIP*DGINP)

DOCUMENT: Gas Injection {A, (million bbls/year)}
(123) SCGIP = STEP(PLGI,2008)

DOCUMENT: Switch for Changing Gas Injection Policy {A, (dmnl)}
(124) PLGI=0

DOCUMENT: Policy Lever for Gas Injection {C, (dmnl)}
(125) GRAC = MAX(0,(GPRR-DGD))

DOCUMENT: Gas Remaining after Consumption {A, (million bbls/year)}

e GPRR: Gas Production Rate {R, (million bbls/year)}
e DGD: Domestic Gas Demand {A, (million bbls/year)}
(126) MDGI = GRAPH(DGI/GRAC)

(0.00, 0.00), (0.2, 0.2), (0.4, 0.4), (0.6, 0.45), (0.8, 0.48), (1.00, 0.5)
DOCUMENT: Multiplier for Demand for Gas Injection {A, (dmnl)}

e DGI: Desired Gas Injection {A, (million bbls/year)}
e GRAC: Gas Remaining after Consumption {A, (million bbls/year)}
(127) DGINP = MIN(GPRR,DGI)

DOCUMENT: Desired Gas Injection after Implementing New Policy {A, (million
bbls/year)}

e GPRR: Gas Production Rate {R, (million bbls/year)}
e DGI: Desired Gas Injection {A, (million bbls/year)}
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(128) DGI = EOPR*GIRO

DOCUMENT: Desired Gas Injection {A, (million bbls/year)}

e EOPR: Expected Oil Production {A, (million bbls/year)}
¢ GIRO: Gas Injection Required per Oil Output {A, (dmnl)}
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(129) EOPR = FORCST(OPRR,10,GID)

DOCUMENT: Expected Oil Production {A, (million bbls/year)}

e OPRR: Oil Production Rate {R, (million bbls/year)}
(130) GID =5

DOCUMENT: Gas Injection Delay {C, (years)}
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(131) GIRO = NGIRO/NPIOP
DOCUMENT: Gas Injection Required per Oil Output {A, (dmnl)}
(132) NGIRO =0.26
DOCUMENT: Normal Gas Injection Required per Oil Output {C, (dmnl)}
(133) NPIOP = PIOP/PIOPN
DOCUMENT: Normalized Productivity of Investment in Oil Production {A, (dmnl)}

e PIOP: Productivity of Investment in Oil Production {A, (bbls/million R)}
e PIOPN: Normal Productivity of Investment in Oil Production {C, (bbls/million R)}
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(134) DEC = DGC+DOC
DOCUMENT: Domestic Energy Consumption {A, (million bbls/year)}
(135) DGC = MIN(DGD,(GPRR-GINJ+GI))
DOCUMENT: Domestic Gas Consumption {A, (million bbls/year)}
e DGD: Domestic Gas Demand {A, (million bbls/year)}
e GPRR: Gas Production Rate {R, (million bbls/year)}
e GINJ: Gas Injection {A, (million bbls/year)}
e GI: Gas Import {A, (million bbls/year)}
(136) DOC = MIN(DOD,OPRR+OI)
DOCUMENT: Domestic Oil Consumption {A, (million bbls/year)}
e DOD: Domestic Oil Demand {A, (million bbls/year)}
e OPRR: Oil Production Rate {R, (million bbls/year)}
e OI: Oil Import {A, (million bbls/year)}
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I:@ 3 S6: Investment in Energy Sectors A a

DDCAP/ INVSEC

B.... PFDOIS

s FIE TDIS
INVSEC

SCPC
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(137) IES = DDCAPI*FIES*(1+INVSEC)
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DOCUMENT: Investment in Energy Sector {A, (million R/year)}

e DDCAPI: Domestic Demand for Capital Investment {A, (million R/year)}
(138) FIES = GRAPH(DIES/DDCAPI)

(0.00, 0.00), (0.04, 0.04), (0.08, 0.08), (0.12, 0.09), (0.16, 0.095), (0.2, 0.1)
DOCUMENT: Fraction of Investment in Energy Sector {A, (dmnl)}

e INVSEC: Investment Security {L, (dmnl)}
(139) INES = DDCAPI*(1-FIES)

DOCUMENT: Investment in Non-Energy Sectors {A, (million R/year)}

e DDCAPI: Domestic Demand for Capital Investment {A, (million R/year)}
e FIES: Fraction of Investment in Energy Sector {A, (dmnl)}
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(140) DIES = DIE+DIOP+DIGP
DOCUMENT: Desired Investment in Energy Sector {A, (million R/year)}

e DIE: Desired Investment in Exploration {A, (million R/year)}
e DIOP: Desired Investment in Oil Production {A, (million R/year)}
e DIGP: Desired Investment in Gas Production {A, (million R/year)}
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(141) INVSEC(t) = INVSEC(t - dt) + (IISEC - DISEC) * dt

INIT INVSEC = 0.6

DOCUMENT: Investment Security {L, (dmnl)}
(142) IISEC = (ISEC-INVSEC)/TIIS

DOCUMENT: Increase in Investment Security {R, (1/year)}
(143) ISEC = EPCIS*MISEC

DOCUMENT: Indicated Investment Security {A, (dmnl)}
(144) EPCIS =IF (TIME<1979) THEN 1 ELSE CEPC

DOCUMENT: Effect of Political Changes on Investment Security {A, (dmnl)}
(145) CEPC = ((1-SCPC)*0.3)+(SCPC*PCIN)

DOCUMENT: Constant for Effect of Political Change {A, (dmnl)}
(146) SCPC = SWITCH(TIME,2008)

DOCUMENT: Switch for Changing Political Condition {A, (dmnl)}
(147) PCIN=0.3

DOCUMENT: Political Condition Indicator {C, (dmnl)}
(148) MISEC = GRAPH(EGR)

(-0.15, 0.00), (-0.12, 0.002), (-0.09, 0.015), (-0.06, 0.025), (-0.03, 0.045), (0.00, 0.1),
(0.03, 0.2), (0.06, 0.4), (0.09, 0.6), (0.12, 0.8), (0.15, 1.00)

DOCUMENT: Multiplier for Investment Security from Economic Condition {A,
(dmnl)}

(149) EGR = TREND(GNP,1,0.08)
DOCUMENT: Economic Growth Rate {A, (1/year)}
(150) TS =5
DOCUMENT: Time to Increase Investment Security {C, (years)}



A

(151) DISEC = (INVSEC-ISEC)/TDIS

DOCUMENT: Decrease in Investment Security {R, (1/year)}
(152) TDIS =1

DOCUMENT: Time to Decrease Investment Security {C, (years)}
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(153) FIGP = 1-FIE-FIOP

DOCUMENT: Fraction of Investment in Gas Production {A, (dmnl)}
(154) FIE = DIE/DIES

DOCUMENT: Fraction of Investment in Oil Exploration {A, (dmnl)}

e DIE: Desired Investment in Exploration {A, (million R/year)}
e DIES: Desired Investment in Energy Sector {A, (million R/year)}
(155) FIOP = (DIOP/DIES)*SPAIS

DOCUMENT: Fraction of Investment in Oil Production {A, (dmnl)}

e DIOP: Desired Investment in Oil Production {A, (million R/year)}

e DIES: Desired Investment in Energy Sector {A, (million R/year)}
(156) SPAIS = IF (TIME<2008) THEN 1 ELSE PFIGIS

DOCUMENT: Switch for Policy Analysis in Investment Sector {A, (dmnl)}
(157) PFDOIS =1
DOCUMENT: Policy Factor for Decreasing Oil Investment Share {C, (dmnl)}
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(158) TORRR = ((OIR+CUMOP)*RF)-CUMOP

DOCUMENT: Total Oil Recoverable Resource Remaining {A, (million bbls)}
e OIR: Oil Identified Resource Remaining {L, (million bbls)}



e CUMOP: Cumulative Oil Production {L, (million bbls)}
e RF: Recovery Factor {A, (dmnl)}

(1555 5 6557 0h 3 (BB CBLSL b (3 g e JSKET Calitee s 1 55 ke 1 eI 5L o
ol 5l JolS” Sl 5 3L 3L s Sl AT 5 o)bys eopl 31 L S Goup 3l 5L SLSL e
S arr| 0 O-Y-F Cd 4 5 e BT 6l ol
(159) RF = (FRFT+FRFGI)/2
DOCUMENT: Recovery Factor {A, (dmnl)}

e FRFT: Fraction Recoverable from Technology {A, (dmnl)}
e FRGI: Fraction Recoverable from Gas Injection {A, (dmnl)}
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(160) FRFT = MINFR+(MAXFR-MINFR)*((TIS-1)/TIS)

DOCUMENT: Fraction Recoverable from Technology {A, (dmnl)}
(161) MINFR = 0.2

DOCUMENT: Minimum Fraction Recoverable {C, (dmnl)}
(162) MAXFR = 0.8

DOCUMENT: Maximum Fraction Recoverable {C, (dmnl)}

e TIS: Technology in Industrial Sector {L, (technology)}

3,15 (Sias S 123,85 o S5 IAG /Y s Olgie S V5 4 38 G5 AU LSl e e
%HcJ}JaJJJTﬁL}JK‘)}_ﬁML}&)Lﬁu{";‘Caw\o.l.&objj'\-j)\?&)jéuj‘.::)\d‘ﬁn42-45&"4:
G5 e S S5 S3L dal g alS o ) 6.5 5 5 dal s s (st 3 G5 Sl AU 3L

ST Jr 355 ST 4 3 CBLIL g 058 K5 e 4 0T e Ol 4 kil



3ol ol 457 Sl cpl 35 ) 4Bl i 5 olls JE Gy 5 cadsl palie 50 03 LU S by
S 2 Sl 4 G 6l 5L 20sm 8 e e 55 (Jle s &K Odken W0 0) Ton Jlo 3 S W 5 00

C...d‘ ou\AT Cwd 4.: ('/*?)

(163) FRGI = SMTH3(EGIFR,GID)

DOCUMENT: Fraction Recoverable from Gas Injection {A, (dmnl)}
(164) EGIRF = GRAPH(GINJEY/DGIEY)

(0.00, 0.2), (0.2, 0.4), (0.4, 0.555), (0.6, 0.675), (0.8, 0.75), (1.00, 0.8)

DOCUMENT: Effect of Gas Injection on Recovery Factor {A, (dmnl)}
(165) GINJEY(t) = GINJEY(t - dt) + (CGINJ) * dt

INIT GINJEY =78

DOCUMENT: Gas Injection at the End of the Year {L, (million bbls/year)}
(166) CGINJ = (GINJ-GINJEY)

DOCUMENT: Change in Gas Injection {R, (million bbls/year/year)}

e GINIJ: Gas Injection {A, (million bbls/year)}
(167) DGIEY(t) = DGIEY(t - dt) + (CDGI) * dt

INIT DGIEY =78

DOCUMENT: Desired Gas Injection at the End of the Year {L, (million bbls/year)}
(168) CDGI = (DGI-DGIEY)

DOCUMENT: Change in Desired Gas Injection {R, (million bbls/year/year)}

e DGI: Desired Gas Injection {A, (million bbls/year)}
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(169) TGRRR = ((GIR+CUMGP)*FRFT)-CUMGP

DOCUMENT: Total Gas Recoverable Resource Remaining {A, (million bbls)}

¢ GIR: Gas Identified Resource Remaining {L, (million bbls)}
e CUMGP: Cumulative Gas Production {L, (million bbls)}
e FRFT: Fraction Recoverable from Technology {A, (dmnl)}
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(170) EX = GASREV+OILREV
DOCUMENT: Energy Export Value {A, (million R/year)}

e GASREV: Gas Revenues {A, (million R/year)}
e OILREV: Oil Revenues {A, (million R/year)}
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(171) GASREV = GEXP*GP*1000000
DOCUMENT: Gas Revenues {A, (million R/year)}

e GEXP: Gas Export {L, (million bbls/year)}
GP: Gas Price {A, (million R/bbl)}
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(172) GEXP(t) = GEXP(t - dt) + (CGEXP) * dt
INIT GEXP =0
DOCUMENT: Gas Export {L, (million bbls/year)}
(173) CGEXP = (IGEXP-GEXP)



DOCUMENT: Change in Gas Export {R, (million bbls/year/year)}

(174) IGEXP = MAX(0,(GPRR-DGD-GINJ))

DOCUMENT: Indicated Gas Export {A, (million bbls/year)}

e GPRR: Gas Production Rate {R, (million bbls/year)}
e DGD: Domestic Gas Demand {A, (million bbls/year)}

e GINJ: Gas Injection {A, (million bbls/year)}

S8: Energy Trades
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(175) GP =1IF (TIME<=2006) THEN EXGP ELSE FGP
DOCUMENT: Gas Price {A, (million R/bbl)}
(176) EXGP = GRAPH(Time)

(1958, 0.019), (1959, 0.019), (1960, 0.017), (1961, 0.016), (1962, 0.016), (1963,
0.016), (1964, 0.016), (1965, 0.016), (1966, 0.016), (1967, 0.016), (1968, 0.015), (1969,
0.015), (1970, 0.015), (1971, 0.017), (1972, 0.017), (1973, 0.018), (1974, 0.042), (1975,
0.039), (1976, 0.039), (1977, 0.035), (1978, 0.032), (1979, 0.059), (1980, 0.056), (1981,
0.05), (1982, 0.042), (1983, 0.035), (1984, 0.029), (1985, 0.065), (1986, 0.052), (1987,
0.03), (1988, 0.022), (1989, 0.021), (1990, 0.035), (1991, 0.042), (1992, 0.039), (1993,
0.052), (1994, 0.049), (1995, 0.035), (1996, 0.029), (1997, 0.027), (1998, 0.019), (1999,
0.013), (2000, 0.021), (2001, 0.024), (2002, 0.078), (2003, 0.089), (2004, 0.085), (2005,
0.104), (2006, 0.137)

DOCUMENT: Exogenous Gas Price {A, (million R/bbl)}
(177) FGP(t) = FGP(t - dt) + (IGP - DGP) * dt

INIT FGP =0.137

DOCUMENT: Forecast of Gas Price {L, (million R/bbl)}
(178) IGP = IF (TIME<=2015) THEN 0 ELSE (RIGP*FGP)

DOCUMENT: Increase in Gas Price {R, (million R/bbl/year)}
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(179) RIGP =0.01177
DOCUMENT: Rate of Increase in Gas Price {C, (1/year)}

e FGP: Forecast of Gas Price {L, (million R/bbl)}
(180) DGP =IF (TIME<2010) OR (TIME>2015) THEN 0 ELSE (RDGP*FGP)

DOCUMENT: Decrease in Gas Price {R, (million R/bbl/year)}
(181) RDGP =0.01313

DOCUMENT: Rate of Decrease in Gas Price {A, (1/year)}

e FGP: Forecast of Gas Price {L, (million R/bbl)}
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(182) OILREV = OEXP*OP*1000000
DOCUMENT: Oil Revenues {A, (million R/year)}
(183) OEXP(t) = OEXP(t - dt) + (COEXP) * dt
INIT OEXP =250
DOCUMENT: Oil Export {L, (million bbls/year)}
(184) COEXP = (IOEXP-OEXP)
DOCUMENT: Change in Oil Export {R, (million bbls/year/year)}
(185) IOEXP = MAX(0,(OPRR-DOD))
DOCUMENT: Indicated Oil Export {A, (million bbls/year)}

e OPRR: Oil Production Rate {R, (million bbls/year)}
e DOD: Domestic Oil Demand {A, (million bbls/year)}
(186) OP =IF (TIME<=2006) THEN EXOP ELSE FOP

DOCUMENT: Oil Price {A, (million R/bbl)}
(187) EXOP = GRAPH(Time)

(1958, 0.02), (1959, 0.019), (1960, 0.016), (1961, 0.015), (1962, 0.015), (1963, 0.015),
(1964, 0.014), (1965, 0.014), (1966, 0.014), (1967, 0.014), (1968, 0.014), (1969, 0.013),
(1970, 0.013), (1971, 0.016), (1972, 0.016), (1973, 0.018), (1974, 0.053), (1975, 0.048),
(1976, 0.047), (1977, 0.041), (1978, 0.038), (1979, 0.077), (1980, 0.072), (1981, 0.064),
(1982, 0.052), (1983, 0.042), (1984, 0.039), (1985, 0.08), (1986, 0.036), (1987, 0.036),
(1988, 0.024), (1989, 0.032), (1990, 0.05), (1991, 0.046), (1992, 0.048), (1993, 0.061),
(1994, 0.06), (1995, 0.043), (1996, 0.042), (1997, 0.033), (1998, 0.019), (1999, 0.022),
(2000, 0.031), (2001, 0.024), (2002, 0.097), (2003, 0.1), (2004, 0.123), (2005, 0.164),
(2006, 0.177)

DOCUMENT: Exogenous Oil Price {A, (million R/bbl)}
(188) FOP(t) = FOP(t - dt) + (IOP - DOP) * dt



INIT FOP =0.177

DOCUMENT: Forecast of Oil Price {L, (million R/bbl)}
(189) IOP = IF (TIME<=2015) THEN 0 ELSE (RIOP*FOP)

DOCUMENT: Increase in Oil Price {R, (million R/bbl/year)}
(190) RIOP = 0.01004

DOCUMENT: Rate of Increase in Oil Price {C, (1/year)}

e FOP: Forecast of Oil Price {L, (million R/bbl)}
(191) DOP = IF (TIME<2010) OR (TIME>2015) THEN 0 ELSE (RDOP*FOP)

DOCUMENT: Decrease in Oil Price {R, (million R/bbl/year)}
(192) RDOP =0.01437

DOCUMENT: Rate of Decrease in Oil Price {C, (1/year)}

e FOP: Forecast of Oil Price {L, (million R/bbl)}
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(193) IM = ((GI*GP)+(OI*OP))*1000000
DOCUMENT: Energy Import Value {A, (million R/year)}

GI: Gas Import {A, (million bbls/year)}
GP: Gas Price {A, (million R/bbl)}
OI: Oil Import {A, (million bbls/year)}
OP: Oil Price {A, (million R/bbl)}
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(194) EI = GI+OI

DOCUMENT: Energy Import {A, (million bbls/year)}
(195) GI = AGI*MGI

DOCUMENT: Gas Import {A, (million bbls/year)}
(196) AGI(t) = AGI(t - dt) + (CAGI) * dt

INIT AGI =1



DOCUMENT: Average Gas Import {L, (million bbls/year)}
(197) CAGI = MAX(1,GI)-AGI)/ID
DOCUMENT: Change in Average Gas Import {R, (million bbls/year/year)}

e GI: Gas Import {A, (million bbls/year)}
e AGI: Average Gas Import {L, (million bbls/year)}
(198) ID =1

DOCUMENT: Import Delay {C, (years)}

(199) MGI = GRAPH(IGI/AGI)
(0.00, 0.00), (0.4, 0.4), (0.8, 0.8), (1.20, 1.10), (1.60, 1.30), (2.00, 1.40)
DOCUMENT: Multiplier for Gas Import {A, (dmnl)}

(200) IGI = ((1-SCEIP)*(MAX(0,GDS))*MIEFEA)+(SCEIP*MEIP*(MAX(0,GDS))
*MIEFEA)

DOCUMENT: Indicated Gas Import {A, (million bbls/year)}
(201) SCEIP = STEP(1,2008)
DOCUMENT: Switch for Changing Energy Import Policy {A, (dmnl)}
(202) GDS = DGD-(((1-SCGIP)*GPRR)+(SCGIP*(GPRR-GINJ)))
DOCUMENT: Gas Demand Surplus {A, (million bbls/year)}

DGC: Domestic Gas Demand {A, (million bbls/year)}
SCGIP: Switch for Changing Gas Injection Policy {A, (dmnl)}
GPRR: Gas Production Rate {R, (million bbls/year)}
e GINJ: Gas Injection {A, (million bbls/year)}
(203) MIEFEA = GRAPH(FAVI)

(0.00, 0.00), (0.25, 0.45), (0.5, 0.7), (0.75, 0.9), (1.00, 1.00)

DOCUMENT: Multiplier for Import of Energy from Foreign Exchange Availability
{A, (dmnl)}

e FAVI: Foreign Exchange Availability Indicator {A, (dmnl)}
(204) MEIP =1

DOCUMENT: Multiplier for Energy Import Policy {C, (dmnl)}

e AGI: Average Gas Import {L, (million bbls/year)}
(205) OI = AOI*MOI

DOCUMENT: Oil Import {A, (million bbls/year)}
(206) AOI(t) = AOI(t - dt) + (CAOI) * dt
INIT AOIL =1
DOCUMENT: Average Oil Import {L, (million bbls/year)}
(207) CAOI = (MAX(1,01)-AOI)/ID
DOCUMENT: Change in Average Oil Import {R, (million bbls/year/year)}
e OL Oil Import {A, (million bbls/year)}



e AOI: Average Oil Import {L, (million bbls/year)}
e [D: Import Delay {C, (years)}
(208) MOI = GRAPH(IOI/AOI)

(0.00, 0.00), (0.4, 0.4), (0.8, 0.8), (1.20, 1.10), (1.60, 1.30), (2.00, 1.40)
DOCUMENT: Multiplier for Oil Import {A, (dmnl)}

(209) 1I0I = ((1-SCEIP)*(MAX(0,0DS))*MIEFEA) + (SCEIP*MEIP*(MAX(0,0DS))
*MIEFEA)

DOCUMENT: Indicated Oil Import {A, (million bbls/year)}

e SCEIP: Switch for Changing Energy Import Policy {A, (dmnl)}
(210) ODS = DOD-OPRR

DOCUMENT: Oil Demand Surplus {A, (million bbls/year)}

e DOD: Domestic Oil Demand {A, (million bbls/year)}

e OPRR: Oil Production Rate {R, (million bbls/year)}

e MIEFEA: Multiplier for Import of Energy from Foreign Exchange Availability {A,

(dmnl)}

e MEIP: Multiplier for Energy Import Policy {C, (dmnl)}
e AOI: Average Oil Import {L, (million bbls/year)}
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196 L AGI Average Gas Import million bbls/year

050 R AGIR Additions to Gas Identified Resource million bbls/year

206 L AOI Average Oil Import million bbls/year

007 R AOIR Additions to Oil Identified Resource million bbls/year

197 R CAGI Change in Average Gas Import million bbls/year/year

207 R CAOI Change in Average Oil Import million bbls/year/year

168 R CDGI Change in Desired Gas Injection million bbls/year/year

093 R CED Change in Energy Demand million bbls/year/year

099 C CEDF Constant for Energy Demand Function Dmnl

009 R CEIE Change in Effective Investment in Exploration million R/year/year

145 A CEPC Constant for Effect of Political Change Dmnl

090 R CES Change in Energy Supply million bbls/year/year

173 R CGEXP Change in Gas Export million bbls/year/year

166 R CGINJ Change in Gas Injection million bbls/year/year

079 R CIGP Change in Investment in Oil Production million R/year/year

038 R CIOP Change in Investment in Oil Production million R/year/year

184 R COEXP Change in Oil Export million bbls/year/year

059 C CQD1 Constant for Qatar's Discovery no.1 Dmnl

060 C CQD2 Constant for Qatar's Discovery no.2 Dmnl

064 C CQP1 Constant for Qatar's Production no.1 Dmnl

065 C CQP2 Constant for Qatar's Production no.2 Dmnl




Yo

045 CUMGP Cumulative Gas Production million bbls

001 CUMOP Cumulative Oil Production million bbls

104 CUPR Change in Urban Population Ratio 1/year

111 DCMS Desired Change in Market Share Dmnl

010 DD Development Delay Years

134 DEC Domestic Energy Consumption million bbls/year
097 DED Domestic Energy Demand million bbls/year
135 DGC Domestic Gas Consumption million bbls/year
096 DGD Domestic Gas Demand million bbls/year
013 DGEI Desired Growth in Energy Industry 1/year

128 DGI Desired Gas Injection million bbls/year
167 DGIEY Desired Gas Injection at the End of the Year million bbls/year
127 DGINP Desired Gas Injection after Implementing New Policy million bbls/year
180 DGP Decrease in Gas Price million R/bbl/year
082 DGPR Desired Gas Production million bbls/year
115 DGREV Desired Gas Revenues million R/year
012 DIE Desired Investmen in Exploration million R/year
140 DIES Desired Investment in Energy Sector million R/year
081 DIGP Desired Investment in Gas Production million R/year
018 DIOE Desired Investment in Oil Exploration million R/year
040 DIOP Desired Investment in Oil Production million R/year
151 DISEC Decrease in Investment Security 1/year

136 DOC Domestic Oil Consumption million bbls/year
119 DOD Domestic Oil Demand million bbls/year
191 DOP Decrease in Oil Price million R/bbl/year
042 DOPR Desired Oil Production million bbls/year
121 DOREV Desired Oil Revenues million R/year




Yo

Desired Ratio of Energy Production from Reserve to Energy

016 DREP Production from Investment Dmnl

214 DV Decrease in Present Value million R/year
088 EAI Energy Availability Indicator Dmnl

092 EDEY Energy Demand at the End of the Year million bbls/year
098 EDPC Energy Demand per capita II;llaillli/?::ar fperson
102 EES l]?zﬁgttilzﬁt of Energy Supply per capita in Energy Consumption Drmanl

164 EGIRF Effect of Gas Injection on Recovery Factor Dmnl

100 EGNP Exponent of GNP per capita in Energy Consumption Function Dmnl

149 EGR Economic Growth Rate 1/year

194 EI Energy Import million bbls/year
008 EIE Effective Investment in Exploration million R/year
071 EIGPP Effect of Investment on Gas Potential Production Dmnl

215 EINT Energy Intensity bbls/million R
029 EIOPP Effect of Investment on Oil Potential Production Dmnl

129 EOPR Expected Oil Production million bbls/year
144 EPCIS Effect of Political Changes on Investment Security Dmnl

031 EPD Energy Production Delay Years

112 ESD Energy Substitution Delay Years

089 ESEY Energy Supply at the End of the Year million bbls/year
106 ESPC Energy Supply per capita }I:]ljill;i/?;;ar fperson
077 ETGP Effect of Technology on Gas Production Dmnl

036 ETOP Effect of Technology on Oil Production Dmnl

101 EUPR Exponent of Urbanization in Energy Consumption Function Dmnl

003 EWOP Effect of War on Oil Production Dmnl

170 EX Energy Export Value million R/year
176 EXGP Exogenous Gas Price million R/bbl
187 EXOP Exogenous Oil Price million R/bbl
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114 FEGD For Export Gas Demand million bbls/year
120 FEOD For Export Oil Demand million bbls/year
177 FGP Forecast of Gas Price million R/bbl
154 FIE Fraction of Investment in Oil Exploration Dmnl

138 FIES Fraction of Investment in Energy Sector Dmnl

153 FIGP Fraction of Investment in Gas Production Dmnl

155 FIOP Fraction of Investment in Oil Production Dmnl

048 FMGP Fraction of Minimum Gas Production Dmnl

188 FOP Forecast of Oil Price million R/bbl
160 FRFT Fraction Recoverable from Technology Dmnl

163 FRGI Fraction Recoverable from Gas Injection Dmnl

055 FRGIO Fraction Recoverable of Gas Injected to Oil Reserves Dmnl

171 GASREV | Gas Revenues million R/year
202 GDS Gas Demand Surplus million bbls/year
172 GEXP Gas Export million bbls/year
195 GI Gas Import million bbls/year
130 GID Gas Injection Delay Years

122 GINJ Gas Injection million bbls/year
165 GINJEY Gas Injection at the End of the Year million bbls/year
054 GIOR Gas Injected to Oil Reserves million bbls/year
049 GIR Gas Identified Resource Remaining million bbls

131 GIRO Gas Injection Required per Oil Output Dmnl

067 GISD Gas Industry Starting Delay Years

066 GITP Gas Industry Turning Point Dmnl

107 GMS Gas Market Share Dmnl

175 GP Gas Price million R/bbl
072 GPPI Gas Potential Production from Investment million bbls/year
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070 GPPR Gas Potential Production from Reserves million bbls/year
069 GPR Gas Production million bbls/year
046 GPRR Gas Production Rate million bbls/year
125 GRAC Gas Remaining after Consumption million bbls/year
105 GRUP Growth Rate in Urban Population 1/year

056 GUR Gas Undiscovered Resource million bbls

198 ID Import Delay Years

137 IES Investment in Energy Sector million R/year
174 IGEXP Indicated Gas Export million bbls/year
200 IGI Indicated Gas Import million bbls/year
108 IGMS Indicated Gas Market Share Dmnl

178 IGP Increase in Gas Price million R/bbl/year
078 IGPEY Investment in Gas Production at the End of the Year million R/year
142 IISEC Increase in Investment Security 1/year

193 M Energy Import Value million R/year
011 INE Investment in Exploration million R/year
139 INES Investment in Non-Energy Sectors million R/year
113 INGMS Initial Gas Market Share Dmnl

080 INGP Investment in Gas Production million R/year
039 INOP Investment in Oil Production million R/year
141 INVSEC Investment Security Dmnl

185 IOEXP Indicated Oil Export million bbls/year
209 101 Indicated Oil Import million bbls/year
189 | (0)4 Increase in Oil Price million R/bbl/year
037 IOPEY Investment in Oil Production at the End of the Year million R/year
143 ISEC Indicated Investment Security Dmnl

212 v Increase in Present Value million R/year




YO

162 MAXFR Maximum Fraction Recoverable Dmnl

126 MDGI Multiplier for Demand for Gas Injection Dmnl

083 MDGP Multiplier for Desired Gas Production Dmnl

043 MDOP Multiplier for Desired Oil Production Dmnl

204 MEIP Multiplier for Energy Import Policy Dmnl

086 MFOLO Multiplier for Food Output per Laborer from Oil Availability Dmnl

199 MGI Multiplier for Gas Import Dmnl

047 MGPR Minimum Gas Production million bbls/year
203 MIEFEA Multiplier for Import of Energy from Foreign Exchange Availability Dmnl

161 MINFR Minimum Fraction Recoverable Dmnl

148 MISEC Multiplier for Investment Security from Economic Condition Dmnl

208 MOI Multiplier for Oil Import Dmnl

087 MPCLIO I\A/I\?;'i[igtiiehrtior Production Capacity per Laborer in Industry from Oil Dmnl

052 MPIGE Maximum Productivity of Investment in Gas Exploration bbls/million R
074 MPIGP Maximum Productivity of Investment in Gas Exploration bbls/million R
023 MPIOE Maximum Productivity of Investment in Oil Exploration bbls/million R
033 MPIOP Maximum Productivity of Investment in Oil Production bbls/million R
028 NERPR Normal Energy Resource to Production Ratio Years

132 NGIRO Normal Gas Injection Required per Oil Output Dmnl

117 NGRER Normal Growth Rate in Energy Revenues 1/year

133 NPIOP Normalized Productivity of Investment in Oil Production Dmnl

210 ODS Oil Demand Surplus million bbls/year
183 OEXP Oil Export million bbls/year
205 Ol Oil Import million bbls/year
182 OILREV Oil Revenues million R/year
006 OIR Oil Identified Resource Remaining million bbls

186 OP Oil Price million R/bbl
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030 OPPI Oil Potential Production from Investment million bbls/year
027 OPPR Oil Potential Production from Reserves million bbls/year
026 OPR Oil Production million bbls/year
002 OPRR Oil Production Rate million bbls/year
025 OUR Oil Undiscovered Resouce million bbls

147 PCIN Political Condition Indicator Dmnl

157 PFDOIS Policy Factor for Decreasing Oil Investment Share Dmnl

051 PIGE Productivity of Investment in Gas Exploration bbls/million R
053 PIGEG Graph for Productivity of Investment in Gas Exploration Dmnl

073 PIGP Productivity of Investment in Gas Production bbls/million R
076 PIGPG Graph for Productivity of Investment in Gas Production Dmnl

075 PIGPN Normal Productivity of Investment in Gas Production bbls/million R
022 PIOE Productivity of Investment in Oil Exploration bbls/million R
024 PIOEG Graph for Maximum Productivity of Investment in Oil Exploration Dmnl

032 PIOP Productivity of Investment in Oil Production bbls/million R
035 PIOPG Graph for Productivity of Investment in Oil Production Dmnl

034 PIOPN Normal Productivity of Investment in Oil Production bbls/million R
124 PLGI Policy Lever for Gas Injection Dmnl

061 QCGP Qatar's Cumulative Gas Production million bbls

057 QGD Qatar's Gas Discovery million bbls/year
058 QGDGR Qatar's Gas Discovery Growth Rate 1/year

068 QGIR Qatar's Gas Identified Resource Remaining million bbls

062 QGP Qatar's Gas Production million bbls/year
063 QGPGR Qatar's Gas Production Growth Rate 1/year

213 r Market Interest Rate 1/year

181 RDGP Rate of Decrease in Gas Price 1/year

192 RDOP Rate of Decrease in Oil Price 1/year




Yo¢f

159 RF Recovery Factor Dmnl

017 RGP Ratio of Gas Production from Reserve to Gas Production from Dmnl
Investment

179 RIGP Rate of Increase in Gas Price 1/year

190 RIOP Rate of Increase in Oil Price 1/year

015 ROP Eiiztglfegtﬂ Production from Reserve to Oil Production from Dmnl

201 SCEIP Switch for Changing Energy Import Policy Dmnl

123 SCGIP Switch for Changing Gas Injection Policy Dmnl

110 SCMP Switch for Changing Market Policy Dmnl

146 SCPC Switch for Changing Political Condition Dmnl

014 SIEEP Signal for Investment in Exploration from Energy Production Dmnl

156 SPAIS Switch for Policy Analysis in Investment Sector Dmnl

085 SSIGP Signal to Stop Investing in Gas Production Dmnl

019 SSIOE Signal to Stop Investing in Oil Exploration Dmnl

041 SSIOP Signal to Stop Investing in Oil Production Dmnl

152 TDIS Time to Decrease Investment Security Years

116 TEAER Time to Establish Average Energy Revenues Years

094 TED Total Energy Demand million bbls/year

044 TEDEP Time to Establish Desired Energy Production Years

091 TES Total Energy Supply million bbls/year

095 TGD Total Gas Demand million bbls/year

109 TGMS Target Gas Market Share Dmnl

169 TGRRR Total Gas Recoverable Resource Remaining million bbls

150 TIIS Time to Increase Investment Security Years

118 TOD Total Oil Demand million bbls/year

158 TORRR Total Oil Recoverable Resource Remaining million bbls

020 TPIES Threshold for Productivity of Investment in Energy Sectors bbls/million R

084 UCGP Unit Cost of Gas Production million R/bbl




YO

021 UCOE Unit Cost of Oil Exploration million R/bbl
103 UPR Urban Population Ratio Dmnl

211 \Y Energy Trade Present Value million R
005 WED War Effect Delay Years

004 WMOP War Multiplier for Oil Production Dmnl
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Abstract

In 1978, Ali Naghi Mashayekhi made a system dynamics model for Iran's economy that was able to simulate Iran's
socio-economic system. This model that has been built on the basis of microeconomic behavior has a powerful structure.

This thesis has made a system dynamics energy-economy model based on Mashayekhi's dynamic model. The former
model regards feedback loops between energy sector and the other sectors of the economy. Our model structure is
designed in the way that could examine a variety of policies in the case of energy-economy problems that are the main
concerns in this context.

The energy sector in this model includes 8 subsectors: oil exploration and discovery, oil production, gas exploration
and discovery, gas production, energy demand, energy investment, energy technology, and energy trades. Interactions
between these subsectors and Mashayekhi's model, which represents Iran's socio-economic structure very well, exhibit a
powerful and robust model which could be used for analyzing the complicated feedback structure of Iran's energy-
economy system.

The thesis results show that applying some policies simultaneously could improve the system behavior. These policies
include: 1) allocating bigger share of natural gas produced domestically to inject to the oil wells; 2) economizing
domestic energy consumption and restricting energy imports; 3) investing for increasing the natural gas domestic
market share; 4) endeavoring for the sake of improvement of the international political relationships. It is better to
perform these policies smoothly for decreasing negative psychic and social impacts of the arising shocks that are
consequences of enforcing the policies mentioned.
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