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Instructions

1. Building the model

The paper and appendix provide the full model description. The source code below allows replicating the exact formulations. The model is built in the Vensim simulation environment (http://vensim.com), but the source code can be developed in any other environment. The provided equations are self-explanatory, but users can download supportive documentation from http://vensim.com/documentation.html to find explanation. A table of used subscripts (arrays) and their elements is provided before the source code. In the source code they show up between brackets (e.g. [IT,PT]). Finally the spreadsheet TripEffortRisk Sensitivity.xls provides insight in the simplified functions that represent trip effort and risk (Appendix 3d and 3e).
2. Running the model

The model reads population and normal trip distributions (“trip generations”) from spreadsheets. The spreadsheets are provided in the file demographics.zip. When using Vensim, these excel files need to be saved in the same directory as the model.
3. Changing the distributions of population, and trips
The assumptions for the distribution of the population and the trip generations trips are provided in the appendix 4c of the paper. For generating different distributions, one can use generate_demographics.zip. These files are NOT necessary to run the simulations!

4. Table of used Subscripts
	Array
	Description
	Elements
	Note

	Axis
	
	
	Longitudinal / Latitudinal axes
	LAT,LON
	Used for crosshecking only

	C
	
	
	Age cohort 
	c1
	Allows implementing age cohorts for platforms. Here we use one cohort only.

	COLT
	
	
	Generic array
	cm1
- cm4
	Used for compact uploading of data sets into one variable

	I
	
	
	Household locations
	
	

	
	Iu
	
	Urban 

Household Locations
	Iu1
-  Iu22
	

	
	Is
	
	SubUrban 

Household Locations
	Is1
- Irs73
	

	
	Ir
	
	Rural Household locations
	Ir1
- Ir79
	

	
	
	Ira
	Rural Household locations
	Ir180
- Ir157
	

	
	
	Irb
	Rural Household locations
	
	

	IM
	
	
	Equivalent to I
	<->I
	

	IT
	
	
	Household Trips
	
	

	
	ITs
	
	Short Household Trips
	
	

	
	
	ITus
	Short Urban 

Household Trips
	
	

	
	
	ITss
	Short SubUrban 

Household Trips
	
	

	
	
	ITras
	Short Rural Household Trips
	
	

	
	
	ITrbs
	Short Rural Household Trips
	
	

	
	ITl
	
	Long Household Trips
	
	

	
	
	ITul
	Long Urban 

Household Trips
	
	

	
	
	ITsl
	Long SubUrban 

Household Trips
	
	

	
	
	ITral
	Long Rural Household Trips
	
	

	
	
	ITrbl
	Long Rural Household Trips
	
	

	Landuse
	
	
	Landuse Indicator
	Urban,

SubUrban,

Rurall,

All
	Used to view data aggregated at the level of the landuse types provided in the elements.

	M
	
	
	Generic array, compatible with I and U
	m1-m252
	Used for uploading data into household and fuel station locations.

	P
	
	
	Generic array
	p1-p10
	Used for indexed summations in queuing structure

	PT
	
	
	Identifier of Platform type
	ENT,ICE
	Any number and type of Platform can be identified. In the simulations ICE and ENT (entrant) are used (with one of them not always active)

	Trips
	
	
	Identifier of Trip Class
	
	Used for selecting trips from the Household Trips (IT)

	
	
	Tus
	Short Urban Trips
	Tus1-Tus11
	

	
	
	Tul
	Long Urban Trips
	Tul1-Tul40
	

	
	
	Tss
	Short SubUrban Trips
	Tss1-Tss5
	

	
	
	Tsl
	Long SubUrban Trips
	Tsl1-Tsl15
	

	
	
	Trs
	Short Rural Trips
	Trs1-Trs5
	

	
	
	Trl
	Long Rural Trips
	Trl1-Trl8
	

	TripType
	
	
	Identifier of Long and Short Trips
	Short, Long
	

	U
	
	
	Fuel Stations locations
	--
	(or Underway Locations) 

Same buildup as household locations

	
	
	UU
	Urban 

Fuel Station Locations
	Uu1
-  Uu22
	

	
	
	Us
	SubUrban 

Fuel Station Locations
	Us1
- Uss73
	

	
	
	Ura
	Rural Fuel Station locations
	Ur1
- Ur79
	

	
	
	Urb
	Rural Fuel Station locations
	Ur180
- Ur157
	

	X
	
	
	Conversion of Zone counter to Orthogonal Axes
	X1-x30
	

	Y
	
	
	Conversion of Zone counter to Orthogonal Axes
	X1-x30
	


5. Model Source Code
Actual Demand Share of Households to Stations IT upc[IT,U,PT,C]=



ZIDZ(



UPL Trip Underway Share IT U[IT,U]*



IF THEN ELSE(Trip Utility ITus upc[IT,U,PT,C]=0,



                       IF THEN ELSE(Refuel Share Correlation Parameter[IT,PT,C]=0,1,0),



                       Trip Utility ITus upc[IT,U,PT,C]^Refuel Share Correlation Parameter[IT,PT,C]



                        )



,Total Demand Share IT[IT,PT,C])

Units: dmnl

Actual Fuel Consumption at Stations up[U,PT]=


Effect of Fuel Capacity Adequacy on Fraction Time in Operation up[U,PT]*


Desired Fuel Consumption up[U,PT]

Units: gallons/Year

Actual Refills at Stations up[U,PT]=


Desired Refills up[U,PT]*


Effect of Fuel Capacity Adequacy on Fraction Time in Operation up[U,PT]

Units: refills/Year

Actual Subsidy p[PT]=


Adoption Subsidy p[PT]*(1-Subsidy Gap Reached[PT])*Adoption Subsidy Active

Units: $/vehicle

Adopters ipc[I,PT,C]= INTEG (


(Adoption ipc[I,PT,C]-Discarding ipc[I,PT,C]),



IN Adoption ip[I,PT,C])

Units: people

Adopters IT pc[IT,PT,C]=


SUM(Adopters ipc[I!,PT,C]*Convert IT to I[IT,I!])

Units: people

Adoption Fraction ip[I,PT]=


ZIDZ(


SUM(Adopters ipc[I,PT,C!]),UPL Households i[I])

Units: dmnl

Adoption Fraction Shock p[PT]=


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),AFS INC, AFS ENT)

Units: dmnl

Adoption ipc[I,PT,C]=


IF THEN ELSE(


C=c1,


IF THEN ELSE(TST Pulse Adoption i[I,PT]>0,


TST Pulse Adoption i[I,PT],


Entrant Share ip[I,PT]*Total Households Discarding i[I]*SW Endogenous Adoption


)


,0)

Units: people/Year

Adoption Subsidy Active=


STEP(1,Subsidy Start Time)-STEP(1,Subsidy Start Time+Subsidy Duration)

Units: dmnl

Adoption Subsidy p[PT]=


0

Units: $/vehicle

AFS ENT=


0.001

Units: dmnl

AFS INC=


1

Units: dmnl

Aging[U,PT]=


Aging per year*Fuel Stations up[U,PT]

Units: years*stations/Year

Aging per year=


1

Units: Year/Year

Allowable Empty Tanks per Refill=


0

Units: Empty Tanks/refill

Allowable Fraction of Effort as of Total=


0.25

Units: dmnl

alpha Supply Saturation=


0.5

Units: dmnl

alpha Supply Support=


0.5

Units: dmnl

Attractiveness of not adopting AFV=


1

Units: dmnl

Attractiveness of not driving AFV=


0.25

Units: dmnl

Average Ancillary Sales Fraction=


0.2

Units: dmnl

Average Annual Station Operation Hours up[U,PT]=


Effect of Fuel Capacity Adequacy on Fraction Time in Operation up[U,PT]*Normal Annual Station Operating Hours

Units: hours/Year

Average Critical Subsidy Rate p[PT]=


SMOOTH(


Average Subsidy Fraction p[PT]


, Time To Report Subsidies)

Units: dmnl

Average Daily Demand up[U,PT]=


Desired Fuel Consumption per Station up[U,PT]/Normal Annual Operating Days

Units: gallons/Station/day

Average Distance at Refill It pc[IT,PT,C]=


SW Extra Distance on*


2*SUM(Actual Demand Share of Households to Stations IT upc[IT,U!,PT,C]*STation Search Distance up[U!,PT])

Units: miles/refill

Average Distance iu[I,U]= INITIAL(


UPL Average Distance iu[I,U]*UPL Unit Distance)

Units: miles

Average Fuel per Refill up[U,PT]=


ZIDZ(Desired Fuel Consumption up[U,PT],Desired Refills up[U,PT])

Units: gallons/refill

Average Fuel Station Capacity up[U,PT]=


Station Design Capacity up[U,PT]/Critical Consumption

Units: gallons/Station/day

Average Gross Cost per Station up[U,PT]=


IF THEN ELSE(Fuel Stations up[U,PT]=0,0,


(Fixed Cost per Station up[U,PT]+Variable Cost per Station up[U,PT])


)

Units: $/Year/Station

Average Household Density= INITIAL(


Total Households/UPL Total Relevant Area)

Units: people/mile/mile

Average Profitability up[U,PT]=


ZIDZ(


(Average Sales per Station up[U,PT]-Net Average Cost per Station up[U,PT]),


Reference Cost for Profitability up[U,PT]


)

Units: dmnl

Average Pump Utilization up[U,PT]=


Min(1,Indicated Average Pump Utilization up[U,PT])

Units: dmnl

Average Pumps per Fuel Station up[U,PT]=


XIDZ(


Total Pumps up[U,PT],


Fuel Stations up[U,PT],


Previous Pumps per Station up[U,PT])

Units: refill points/Station

Average Pumps Under Construction up[U,PT]=


ZIDZ(Pumps Under Construction up[U,PT],Fuel Stations Under Construction up[U,PT])

Units: refill points/Station

Average Pumps Under Planning up[U,PT]=


ZIDZ(Pumps in Planning up[U,PT],Fuel Stations in Planning up[U,PT])

Units: refill points/Station

Average Refill Points Demanded up[U,PT]=


Pumps per Refill*Average Refills Demanded per Hour up[U,PT]*Average Refill Time up[U,PT]

Units: refill points/Station

Average Refill Time up[U,PT]=


Fixed Refill Time+Variable Refill Time up[U,PT]

Units: hours/refill

Average Refills Demanded per Hour up[U,PT]=


ZIDZ(Desired Refills per Station up[U,PT]


,


Average Annual Station Operation Hours up[U,PT])

Units: refills/hour/Station

Average Refills per Trip=


2

Units: trips/refill

Average Sales per Station up[U,PT]=


Fuel Sales per Station up[U,PT]+Net Ancillar Sales per Station up[U,PT]

Units: $/Year/Station

Average Service Time ITpc[IT,PT,C]=


Fuel Per Refill IT pc[IT,PT,C]/Refill Rate p[PT]+Fixed Refill Time

Units: hours/refill

Average Station Tenure up[U,PT]=


ZIDZ(


Total Age of Stations up[U,PT],Fuel Stations up[U,PT]


)

Units: years

Average Subsidy Fraction p[PT]=


ZIDZ(


SUM(Max Subsidy Fraction up[U!,PT]*Fuel Stations up[U!,PT]*Subsidy per Station up[U!,PT])


,


SUM(Subsidy per Station up[U!,PT]*Fuel Stations up[U!,PT])


)

Units: dmnl

"Average Time System Unutilized m-rho up"[U,PT]=


Max(0,Relative Service Units up[U,PT]-Cumulative Pump Utilization pho up[U,PT])

Units: dmnl

Average Utility to drive icp[I,C,PT]=


IF THEN ELSE(


Weighted Average Utility to drive ilp[I,PT]+Weighted Average Utility to drive isp[I,PT]=0,0,


IF THEN ELSE(


CES Weight LongShort Trips=0,


Weighted Average Utility to drive ilp[I,PT]*Weighted Average Utility to drive isp[I,PT],


(Weighted Average Utility to drive ilp[I,PT]+Weighted Average Utility to drive isp[I,PT])^(1/CES Weight LongShort Trips)


))

Units: dmnl

Average Wait Time up[U,PT]=


Relative Average Time in Line up[U,PT]*Average Refill Time up[U,PT]

Units: hours/refill

Axis:


LAT,LON

b Risk=


0.25

Units: dmnl

C:


c1

California Public Stations=


8000

Units: stations

Capacity Related Cost up[U,PT]=


Normal Fixed Cost per Pump at Reference Size p[ENT]*


Effect of Scale on Fixed Cost up[U,PT]*


Reference Pumps per Station p[PT]

Units: $/Year/Station

Capacity Supply Line Adjustment p[PT]=


Fraction Supply Line Taken into Account*(Perceived Total Capacity under Development p[PT]-Perceived Normal Capacity under Construction p[PT])

Units: gallons/Year

Carrying Capacity for Pumps per STation p[PT]= INITIAL(


Maximum vs Reference Pumps per station*Reference Pumps per Station p[PT])

Units: refill points / Station

CES Effort Sensitivity Trip[TripType]=


2

Units: dmnl

CES Weight LongShort Trips=


2

Units: dmnl

Change End Subsidy p[PT]=


Subsidy End p[PT]+Change Recent Subsidy Rate p[PT]*PULSE(Subsidy Start Time+Subsidy Duration,TIME STEP)

Units: dmnl/Year

Change Recent Subsidy Rate p[PT]=


(Indicated Subsidy Rate p[PT]-Subsidy Limit Fraction p[PT])/Time to Adjust Subsidies*STEP(1,Subsidy Start Time+Duration Subsidy Frozen)

Units: dmnl/Year

Change Subsidy Start p[PT]=


Subsidy Fraction p[PT]/TIME STEP*PULSE(Subsidy Start Time, TIME STEP)

Units: dmnl/Year

COL2:


(Cm1-CM2)

COL3:


(Cm1-cm3)

COLT:


COL3,cm4

Conversion IM[M,iu]= INITIAL(


IF THEN ELSE(UPL Popc M[M,cm4]=iu:AND:UPL Popc M[M,CM2]=2,1,0))

Conversion IM[M,is]=



IF THEN ELSE(UPL Popc M[M,cm4]=is:AND:UPL Popc M[M,CM2]=3,1,0)

Conversion IM[M,ir]=



IF THEN ELSE(UPL Popc M[M,cm4]=ir:AND:UPL Popc M[M,CM2]=4,1,0)


Units: dmnl

Conversion UM[M,uu]= INITIAL(


IF THEN ELSE(UPL Popc M[M,cm4]=uu:AND:UPL Popc M[M,CM2]=2,1,0))

Conversion UM[M,us]=



IF THEN ELSE(UPL Popc M[M,cm4]=us:AND:UPL Popc M[M,CM2]=3,1,0)

Conversion UM[M,ur]=



IF THEN ELSE(UPL Popc M[M,cm4]=ur:AND:UPL Popc M[M,CM2]=4,1,0)


Units: dmnl

Convert IT to I[ITus,I]= INITIAL(


IF THEN ELSE(


I<=ELMCOUNT(iu) :AND:


ELMCOUNT(Tus)*(I-1)<ITus 

:AND:      ITus<=ELMCOUNT(Tus)*I


,


1,0))

Convert IT to I[ITss,I]= INITIAL(



IF THEN ELSE(



ELMCOUNT(iu)<I :AND: I<=ELMCOUNT(iu) +ELMCOUNT(is) 



:AND:



ELMCOUNT(ITus)+(ELMCOUNT(Tss))*(I-ELMCOUNT(iu)-1)<ITss



:AND:     



ELMCOUNT(ITus)+ELMCOUNT(Tss)*(I-ELMCOUNT(iu))>=ITss



,



1,0))

Convert IT to I[ITrs,I]= INITIAL(



IF THEN ELSE(



ELMCOUNT(iu) +ELMCOUNT(is)<I



:AND:



(ELMCOUNT(ITus)+ELMCOUNT(ITss))+ELMCOUNT(Trs)*(I-ELMCOUNT(iu)-ELMCOUNT(is)-1) <   ITrs

:AND:    



(ELMCOUNT(ITus)+ELMCOUNT(ITss))+ELMCOUNT(Trs)*(I-ELMCOUNT(iu)-ELMCOUNT(is))    >= ITrs



,



1,0))

Convert IT to I[ITul,I]= INITIAL(



IF THEN ELSE(



I<=ELMCOUNT(iu) :AND:



ELMCOUNT(ITs)+ELMCOUNT(Tul)*(I-1)<ITul

:AND:      



ELMCOUNT(ITs)+ELMCOUNT(Tul)*(I)>=ITul



,



1,0))

Convert IT to I[ITsl,I]= INITIAL(



IF THEN ELSE(



ELMCOUNT(iu)<I :AND: I<=ELMCOUNT(iu) +ELMCOUNT(is) 



:AND:



(ELMCOUNT(ITs)+ELMCOUNT(ITul))+ELMCOUNT(Tsl)*(I-ELMCOUNT(iu) -1)<ITsl

:AND:      



(ELMCOUNT(ITs)+ELMCOUNT(ITul))+ELMCOUNT(Tsl)*(I-ELMCOUNT(iu) )>=ITsl




,



1,0))

Convert IT to I[ITrl,I]= INITIAL(



IF THEN ELSE(



ELMCOUNT(iu) +ELMCOUNT(is)<I



:AND:



(ELMCOUNT(IT)-ELMCOUNT(ITrl))+ELMCOUNT(Trl)*(I-ELMCOUNT(iu)-ELMCOUNT(is)-1)<ITrl
  

:AND:      



(ELMCOUNT(IT)-ELMCOUNT(ITrl))+ELMCOUNT(Trl)*(I-ELMCOUNT(iu)-ELMCOUNT(is))>=ITrl



,



1,0))


Units: dmnl

Convert XY to I[X,Y,I]= INITIAL(


IF THEN ELSE(UPL ConvLoc c to xy[X,Y]=I,1,0))

Units: dmnl

Convert XY to U[X,Y,U]= INITIAL(


IF THEN ELSE(UPL ConvLoc c to xy[X,Y]=U,1,0))

Units: dmnl

Cost Adjustment Inf Horizon up[U,PT]=


Expected Average Cost per Station up[U,PT]-Current Cost per Station at Entrance up[U,PT]

Units: $/Year/Station

COUNTER within P Sub[p,p sub]=


IF THEN ELSE((p sub>=p),1,0)

Units: dmnl

Critical Consumption=


2

Units: days

Cumulative Pump Utilization pho up[U,PT]=


Average Pump Utilization up[U,PT]*Relative Service Units up[U,PT]

Units: dmnl

Current Cost per Station at Entrance up[U,PT]=


Fixed Cost per Station up[U,PT]


+


Variable Cost p[PT]*Actual Fuel Consumption at Stations up[U,PT]/Expected Stations up[U,PT]

Units: $/Year/Station

Current Sales per Station at Entrance up[U,PT]=


(Fuel Price p[PT]*Actual Fuel Consumption at Stations up[U,PT]+Net Ancillary Sales up[U,PT])


/


Expected Stations up[U,PT]

Units: $/Station/Year

Demand Correlation Parameter=


0

Units: dmnl

Demand Gap up[U,PT]=


Fuel Consumption Potential up[U,PT]-Actual Fuel Consumption at Stations up[U,PT]

Units: gallons/Year

Derived Slope Sense Ut TR=


((1-Normal Fractional Range Remaining at Refill)-"Max Top-Off Buffer Fraction")/1

Units: dmnl

Desired Fuel Consumption per Station up[U,PT]=


XIDZ(Desired Fuel Consumption up[U,PT],Fuel Stations up[U,PT],1e+006)

Units: gallons/Year/Station

Desired Fuel Consumption up[U,PT]=


SUM(Desired Fuel Consumption upc[U,PT,C!])

Units: gallons/Year

Desired Fuel Consumption upc[U,PT,C]=


SUM(Indicated Desired Driver Refills IT upc[IT!,U,PT,C]*Fuel Per Refill IT pc[IT!,PT,C])

Units: gallons/Year

Desired Pump Utilization t[PT]=


0.2

Units: dmnl

Desired Pumps per Station up[U,PT]=


Responsiveness to Indicated Pump Adjusments up[U,PT]*Indicated Pumps per Station up[U,PT]


+


(1-Responsiveness to Indicated Pump Adjusments up[U,PT])*Average Pumps per Fuel Station up[U,PT]

Units: refill points/Station

Desired Range For Refueling IT[IT]=


Average Refills per Trip*UPL Normal Trip Length IT[IT]

Units: miles/refill

Desired Refills per Station up[U,PT]=


IF THEN ELSE(


   Fuel Stations up[U,PT]=0:AND:Desired Refills up[U,PT]>0,1e+012,


ZIDZ(Desired Refills up[U,PT],Fuel Stations up[U,PT]))

Units: refills/Station/Year

Desired Refills up[U,PT]=


SUM(Desired Refills upc[U,PT,C!])

Units: refills/Year

Desired Refills upc[U,PT,C]=


SUM(Indicated Desired Driver Refills IT upc[IT!,U,PT,C])

Units: refills/Year

Desired Subsidy at Entrance up[U,PT]=


Subsidy Limit Fraction p[PT]*Current Cost per Station at Entrance up[U,PT]

Units: $/Station/Year

Desired Subsidy up[U,PT]=


Subsidy Limit Fraction p[PT]*Average Gross Cost per Station up[U,PT]

Units: $/Station/Year

Discarding ipc[I,PT,C]=


IF THEN ELSE(


C=ELMCOUNT(C),


Adopters ipc[I,PT,C]/Time to Discard*SW Endogenous Adoption,


0


)

Units: people/Year

Discount Rate=


0.8

Units: dmnl/Year

Discount Rate Adjusted for Demand Adjustment Time=


(Discount Rate+1/Expected Time to Adjust Demand)

Units: dmnl/Year

Duration Subsidy Frozen=


2

Units: years

Effct of Subsidy on Attractiveness to Adopt p[PT]=


IF THEN ELSE(PT=ENT,


Effect of Subsidy on Attractiveness to Adopt p[PT]


,1)

Units: dmnl

Effect of Demand Elasticity on Expected Adoption Fraction up[U,PT]=


normal demand Elasticity/(0.5^(alpha Supply Saturation+alpha Supply Support))*


Effect of Other Factors on Perceived Adoption*


Effect of Supply Support on Demand Elasticity up[U,PT]*


Effect of Supply Saturation on Demand Elasticity up[U,PT]*


Reference Growth Fraction[U]

Units: dmnl

Effect of Demand Fulfillment on Utility U p[U,PT]=


1

Units: dmnl

Effect of Drive Utility on Tank Range ipc[I,PT,C]=


Min(


1-"Min Top-Off Buffer Fraction",


"Max Top-Off Buffer Fraction"+Derived Slope Sense Ut TR*


IF THEN ELSE(Average Utility to drive icp[I,C,PT]=0,IF THEN ELSE("Sensitivity of Topping-Off to Utility to Drive ipc"=0,1,0),


Average Utility to drive icp[I,C,PT]^"Sensitivity of Topping-Off to Utility to Drive ipc"))

Units: dmnl

Effect of Effective Range on Refueling Flexibility IT pc[IT,PT,C]=


IF THEN ELSE(


Relative Tank Range IT[IT,PT,C]=0,0,


Relative Tank Range IT[IT,PT,C]^Responsiveness for Refueling)

Units: dmnl

Effect of Fuel Capacity Adequacy on Fraction Time in Operation up[U,PT]=


Min(1,Station Capacity Adequacy up[U,PT])^Sensitivity of Fulfillment Fraction to Capacity Adequacy

Units: dmnl

Effect of Fuel Cost on Utility to Adopt ITpc[IT,PT,C]=


EXP(Elasticity of Utility to Cost*Relative Sensitivity to Fuel[IT]*


Relative Fuel Cost ITpc[IT,PT,C])

Units: dmnl

Effect of Household density on Initial Adoption Fraction i[I]=


UPL Relative Household Density I[I]^Sensitivity of Adoption Shock to HH Density

Units: dmnl

Effect of Market Profits on Market Expansion p[PT]=


Normal Market Expansion Fraction*


(


(1-Market Expansion Saturation Fraction p[PT])*Unbounded Effect of Market Profitability on Market Expansion p[PT]


+


Market Expansion Saturation Fraction p[PT]*Maximum Effect of Profits on Market Expansion)

Units: dmnl

Effect of Other Factors on Perceived Adoption=


1

Units: dmnl

Effect of Other Factors on Utility Adopt Incumbent= INITIAL(


SW FIRST AUTOMOBILE ENTRANT*Normal Effect of Other Factors on Utility to Adopt of Outside Option+


(1-SW FIRST AUTOMOBILE ENTRANT)*(1+Normal Effect of Other Factors on Utility to Adopt of Outside Option)^(1-Nesting Sensitivity))

Units: dmnl

Effect of Other Factors on Utility to Adopt Entrant= INITIAL(


SW FIRST AUTOMOBILE ENTRANT+


(1-SW FIRST AUTOMOBILE ENTRANT)*Effect of Other on Utility to Adopt ENT)

Units: dmnl

Effect of Other factors on Utility to Adopt i[I]=


1

Units: dmnl

Effect of Other Factors on Utility to Adopt ip[I,PT]= INITIAL(


Effect of Other Factors on Utility to Adopt p[PT]*


Effect of Other factors on Utility to Adopt i[I])

Units: dmnl

Effect of Other Factors on Utility to Adopt p[PT]= INITIAL(


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),


Effect of Other Factors on Utility Adopt Incumbent,


Effect of Other Factors on Utility to Adopt Entrant


))

Units: dmnl

Effect of Other Factors on utility to drive ITpc[IT,PT,C]=


Effect of Other Factors on Utility to Drive p[PT]*


(


  SW Other Drive Factors On*


         Effect of Fuel Cost on Utility to Adopt ITpc[IT,PT,C]


  +


  (1-SW Other Drive Factors On)


)

Units: dmnl

Effect of Other Factors on Utility to Drive p[PT]=


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),


1,


Effect of Other on Utility to Drive ENT)

Units: dmnl

Effect of Other on Utility to Adopt ENT=


1

Units: dmnl

Effect of Other on Utility to Drive ENT=


1

Units: dmnl

Effect of Out of Fuel Risk on Utility to drive ITus ucp[IT,U,PT,C]=


EXP(


Elasticity of Utility to Cost*


ZIDZ(Value Out of Fuel*Expected Out of Fuels per Trip Relative to Reference ITus upc[IT,U,PT,C],


Reference Trip Cost for Refueling IT[IT])


)

Units: dmnl

Effect of Population Density on Reference Land Use for Expansion U[U]= INITIAL(


Min(1,


IF THEN ELSE(


UPL Relative Household Density U[U]=0,0,


UPL Relative Household Density U[U]^Sensitivity of Reference Land Use for Expansion to Household Density)


))

Units: dmnl

Effect of Population Density on Reference Station Density for Increase U[U]= INITIAL(


Min(1,


IF THEN ELSE(


UPL Relative Household Density U[U]=0,0,


UPL Relative Household Density U[U]^Sensitivity of Reference Station Density to Increase Rate)


))

Units: dmnl

Effect of Population Density on Variable Cost U[U]=


UPL Relative Household Density U[U]^Sensitvity of Variable Cost to Remoteness

Units: dmnl

Effect of Populaton Density on Land Cost u[U]=


UPL Relative Household Density U[U]^Sensitvity of Land Rent to Population Density

Units: dmnl

Effect of Profitability on Contraction up[U,PT]=


1-Effect of Profitability on Expansion up[U,PT]

Units: dmnl

Effect of Profitability on Exit Rate up[U,PT]=


EXP(Min(Max Exit Exponent,Sensitivity of Exits to Profitability*(Relative Profitability for Exits up[U,PT])))

Units: dmnl

Effect of Profitability on Expansion up[U,PT]=


SSHAPE NORM TRUNC(


1+Relative Profitability up[U,PT],


normal Expansion Elasticity to Profits,


Expansion Inflection Point,


0.02,


Expansion Inflection Point,


0,


1,


0.5)

Units: dmnl

Effect of Profits on Entrance Rate up[U,PT]=


Relevant Cell u[U]*EXP(Min(Maximum Relative to Reference Effect of Profitability on Market Expansion,Sensitivity of Entry to Profits Local


*(Expected Relative Profitability up


[U,PT])))

Units: dmnl

Effect of Refill Time on Utility ITus upc[IT,U,PT,C]=


EXP(


Elasticity of Utility to Cost*


ZIDZ(Value of Service Time*Net Service Time per Trip ITus upc[IT,U,PT,C],


Reference Trip Cost for Refueling IT[IT])


)

Units: dmnl

Effect of Relative Capacity on Landuse up[U,PT]=


Relative Footprint p[PT]*(Station Design Capacity up[U,PT]/Normal Station Design Capacity)^Landuse Scale Parameter

Units: dmnl

Effect of Relative Land Use on Expansion Rate up[U,PT]=


Min(1,(Land Use per Station up[U,PT]/Reference Land Use for Expansion up[U,PT])^Sensitivity of Expansion Rate to Relative Land Use)

Units: dmnl

Effect of Relative Station Density on Planning Rate up[U,PT]=


Min(1,


(Station Density up[U,PT]/Reference Station Density for Increase Rate up[U,PT])^Sensitivity of Planning Rate to STation Density


)

Units: dmnl

Effect of Relative Utilization on Pump Adjustments up[U,PT]=


Indicated Station Contraction Effect on Indicated Pumps up[U,PT]*Station Expansion Effect on Indicated Pumps up[U,PT]

Units: dmnl

Effect of Scale on Fixed Cost up[U,PT]=


Relative Pumps per Station up[U,PT]^Sensitivity of Fixed Cost to Station Size

Units: dmnl

Effect of STation Density on Out of Fuel Probability per Trip ITu ucp[IT,U,PT,C]=


Reference Risk/


(b Risk*"Relative Top-Off Range ITu pc"[IT,U,PT,C]^Out of Fuel Risk Sensitivity to Relative Buffer*


Relative Station Distance up[U,PT]^Out of Fuel Risk Sensitivity to Station Distance+1)

Units: Empty Tanks/refill

Effect of Station Tenure on Responsiveness to Market Pressures up[U,PT]=


Min(1,(Relative Fuel Station Tenure up[U,PT])^Sensitivity to Market Responsiveness to Station Tenure


)

Units: dmnl

Effect of Subsidy on Attractiveness to Adopt p[PT]=


EXP(Sensitivity of Attractiveness to Adopt to Purchase Subsidy*(Actual Subsidy p[PT]/Reference Purchase Value)


)

Units: dmnl

Effect of Supply Saturation on Demand Elasticity up[U,PT]=


Max(0,1-Perceived Supply as Fraction of Support up[U,PT]^alpha Supply Saturation)

Units: dmnl

Effect of Supply Support on Demand Elasticity up[U,PT]=


Min(1,Perceived Supply as Fraction of Support up[U,PT]^alpha Supply Support)

Units: dmnl

"Effect of Topping-Off Buffer Refueling Flexibility ITpc"[IT,PT,C]=


IF THEN ELSE(


"Relative Topping-Off Buffer IT pc"[IT,PT,C]=0,0,


"Relative Topping-Off Buffer IT pc"[IT,PT,C]^Responsiveness for Refueling)

Units: dmnl

Effect of Travel Distance on Utility to Drive ITus up[IT,U,PT,C]=


EXP(


Elasticity of Utility to Cost*


ZIDZ(Value of Time*Expexted Search Time Relative to Reference ITus up[IT,U,PT,C],


Reference Trip Cost for Refueling IT[IT])


)

Units: dmnl

Effective Buffer I pc[I,PT,C]= INTEG (


Effective Tankrange Adjustment[I,PT,C],



IN Buffer pc[PT,C])

Units: miles/refill

Effective Buffer IT pc[IT,PT,C]=


SUM(Effective Buffer I pc[I!,PT,C]*Convert IT to I[IT,I!])

Units: miles/refill

Effective Tank Range IT pc[IT,PT,C]=


Max Tank Range pc[PT,C]-Effective Buffer IT pc[IT,PT,C]

Units: miles/refill

Effective Tankrange Adjustment[I,PT,C]=


("Indicated Topping-Off Buffer ipc"[I,PT,C]-Effective Buffer I pc[I,PT,C])/Tank Range Adjustment Time


*STEP(1, END Topoff HoneyMoon )

Units: miles/refill/Year

Elasticity of Utility to Cost=


-1

Units: dmnl

END Topoff HoneyMoon=


1

Units: Year

Entrant Share ip[I,PT]=


ZIDZ(


Utility to Adopt ip[I,PT],


Total Utility to Adopt i[I]+Attractiveness of not adopting AFV)

Units: dmnl

Expansion Inflection Point=


1

Units: dmnl

Expected Average Cost per Station up[U,PT]=


(


Fixed Cost per Station up[U,PT]


+


Variable Cost p[PT]*Expected Fuel Consumption at Entrance up[U,PT]/Expected Stations up[U,PT]


)

Units: $/Year/Station

Expected Demand Growth at Entrance Potential up[U,PT]=


Effect of Demand Elasticity on Expected Adoption Fraction up[U,PT]*Demand Gap up[U,PT]

Units: gallons/Year

Expected Desired Subsidy at Entrance up[U,PT]=


Subsidy Limit Fraction p[PT]*Expected Average Cost per Station up[U,PT]

Units: $/Station/Year

Expected Effect of Distance on Adoption iu[I,U]= INITIAL(


ZIDZ(


EXP(Sensitivity of Expected Adoption to Station Distance*


Average Distance iu[I,U]/Reference Trip Distance)*Relevant Cell u[U]


,


Total EEDA[I]


))

Units: dmnl

Expected Fuel Consumption at Entrance up[U,PT]=


SMOOTH(


Expected Demand Growth at Entrance Potential up[U,PT]+


Actual Fuel Consumption at Stations up[U,PT]


,Time to Adjust Market Expectations


)

Units: gallons/Year

Expected Gross NPV Cost up[U,PT]=


NPV of Current Cost up[U,PT]+NPV of Expected Cost Adjustment up[U,PT]

Units: $/Station

Expected Max Loss Covered at Entrance up[U,PT]=


Max Subsidy Coverage Fraction*Expected Average Cost per Station up[U,PT]

Units: $/Station/Year

Expected Max Subsidy at Entrance up[U,PT]=


Max(0,Expected Max Loss Covered at Entrance up[U,PT]-Expected Sales per Station at Entrance up[U,PT])

Units: $/Year/Station

Expected Net Ancillary Sales up[U,PT]=


Net Ancillary Sales per Refill up[U,PT]*Expected Refills at Entrance up[U,PT]

Units: $/Year

Expected Net NPV Cost up[U,PT]=


Expected Gross NPV Cost up[U,PT]-Expected NPV Subsidy up[U,PT]

Units: $/Station

Expected NPV Reference Cost up[U,PT]=


Weight Subsidized Cost for Reference Cost*Expected Net NPV Cost up[U,PT]+


(1-Weight Subsidized Cost for Reference Cost)*Expected Gross NPV Cost up[U,PT]

Units: $/Station

Expected NPV Revenues up[U,PT]=


NPV of Expected Revenues Adjustment up[U,PT]+


NPV of Current Revenues UP[U,PT]

Units: $/Station

Expected NPV Subsidy up[U,PT]=


NPV of Current Subsidy up[U,PT]+NPV Subsidy Adjustment up[U,PT]+NPV Subsidy Cost Adjustment up[U,PT]

Units: $/Station

Expected Out of Fuels per Trip Relative to Reference ITus upc[IT,U,PT,C]=


Recent REfills per Trip IT pc[IT,PT,C]*


Effect of STation Density on Out of Fuel Probability per Trip ITu ucp[IT,U,PT,C]


-Reference Empty Tanks per Trip IT[IT]

Units: Empty Tanks/trip

Expected Profitability up[U,PT]=


ZIDZ(


Expected NPV Revenues up[U,PT]-Expected Net NPV Cost up[U,PT],


Expected NPV Reference Cost up[U,PT])

Units: dmnl

Expected Refills at Entrance up[U,PT]=


ZIDZ(Expected Fuel Consumption at Entrance up[U,PT],Average Fuel per Refill up[U,PT])

Units: refills/Year

Expected Relative Profitability up[U,PT]=


(Expected Profitability up[U,PT]-Reference Equilibrium Profitability)/Reference Profitability

Units: dmnl

Expected Sales per Station at Entrance up[U,PT]=


(Fuel Price p[ENT]*Expected Fuel Consumption at Entrance up[U,PT]+


Expected Net Ancillary Sales up[U,PT])


/Expected Stations up[U,PT]

Units: $/Station/Year

Expected Stations up[U,PT]=


(Fuel Stations up[U,PT]+Stations Considered at Entrance)

Units: Station

Expected Subsidy Duration=


IF THEN ELSE(


Subsidy Start Time>Time,0,


Max(0,(Subsidy Start Time+Subsidy Duration-Time)-(INITIAL TIME)))

Units: years

Expected Subsidy Fraction Adjustment up[U,PT]=


Expected Subsidy Fraction per Station at Entrance up[U,PT]-Subsidy Fraction per Station at Entrance up[U,PT]

Units: dmnl

Expected Subsidy Fraction per Station at Entrance up[U,PT]=


Min(Expected Desired Subsidy at Entrance up[U,PT],Expected Max Subsidy at Entrance up[U,PT])


/Expected Average Cost per Station up[U,PT]

Units: dmnl

Expected Time to Adjust Demand=


2

Units: years

Expexted Search Time Relative to Reference ITus up[IT,U,PT,C]=


2*Recent REfills per Trip IT pc[IT,PT,C]*


STation Search Distance up[U,PT]


/UPL Average Speed us[U]-Reference Search Time IT[IT]

Units: hours/trip

Factorial k[p sub]=


PROD(Number P sub p[p!,p sub])

Units: dmnl

FINAL TIME=


SW Final Time Long*Final Time Long

Units: Year

Final Time Long=


40

Units: years

fITrl=


1

Units: dmnl

fITrs=


1

Units: dmnl

fITsl=


1

Units: dmnl

fITss=


1

Units: dmnl

fITul=


1

Units: dmnl

fITus=


1

Units: dmnl

Fixed Capital Cost p[PT]= INITIAL(


Relative Fixed Capital Cost p[PT]*Normal Fixed Capital Cost)

Units: $/Year/Station

Fixed Cost per Station up[U,PT]=


"Non-Land use Fixed Cost up"[U,PT]


+


"Land-Cost up"[U,PT]

Units: $/Year/Station

Fixed Land Use=


1

Units: acre/Station

Fixed Refill Time=


0.05

Units: hours/refill

Fraction Supply Line Perceived=


1

Units: dmnl

Fraction Supply Line Taken into Account=


0.75

Units: dmnl

Fuel Buffer IT pc[IT,PT,C]=


Effective Buffer IT pc[IT,PT,C]/Fuel Efficiency pc[PT,C]

Units: gallons/refill

Fuel Consumption per Station up[U,PT]=


ZIDZ(Actual Fuel Consumption at Stations up[U,PT],Fuel Stations up[U,PT])

Units: gallons/Year/Station

Fuel Consumption Potential up[U,PT]=


Reference Fuel Consumption u[U]/Relative Fuel Efficiency pc[PT,c1]

Units: gallons/Year

Fuel Cost per Trip IT pc[IT,PT,C]=


Fuel Price p[PT]*Fuel per Trip ITpc[IT,PT,C]

Units: $/trip

Fuel Efficiency pc[PT,C]= INITIAL(


Relative Fuel Efficiency pc[PT,C]*Normal Fuel Efficiency)

Units: miles/gallon

Fuel Margin p[PT]= INITIAL(


Normal Fuel Margin*Relative Fuel Margin p[PT])

Units: dmnl

Fuel Per Refill IT pc[IT,PT,C]=


Tank Size pc[PT,C]-Fuel Buffer IT pc[IT,PT,C]

Units: gallons/refill

Fuel per Trip ITpc[IT,PT,C]=


UPL Normal Trip Length IT[IT]/Fuel Efficiency pc[PT,C]

Units: gallons/trip

Fuel Price p[PT]= INITIAL(


(1+Fuel Margin p[PT])*Variable Cost p[PT])

Units: $/gallon

Fuel Sales per Station up[U,PT]=


Fuel Price p[PT]*Fuel Consumption per Station up[U,PT]

Units: $/Year/Station

Fuel Station Capacity in Planning up[U,PT]=


Normal Annual Pump Capacity p[PT]*


Pumps in Planning up[U,PT]

Units: gallons/Year

Fuel Station Capacity under Construction up[U,PT]=


Normal Annual Pump Capacity p[PT]*


Pumps Under Construction up[U,PT]

Units: gallons/Year

Fuel Station Capacity up[U,PT]=


Normal Annual Pump Capacity p[PT]*


Total Pumps up[U,PT]

Units: gallons/Year

Fuel Stations in Planning up[U,PT]= INTEG (


Station Planning Initiation up[U,PT]-Station Construction Starts up[U,PT],



Station Exits up[U,PT]*Normal Time to Plan and Permit Station)

Units: stations

Fuel Stations Under Construction up[U,PT]= INTEG (


Station Construction Starts up[U,PT]-Station Completion up[U,PT],



Station Exits up[U,PT]*Time to Construct Stations)

Units: stations

Fuel Stations up[U,PT]= INTEG (


Station Completion up[U,PT]-Station Exits up[U,PT]+TST Pulse Stations up[U,PT],



IN S up[U,PT])

Units: stations

HH to P=


0.5

Units: dmnl

I:


iu,is,ir

IM<->


I

IN Adoption ip[I,PT,C]= INITIAL(


Shock Adoption Corrected ip[I,PT]*(1-SW Adoption Shock by Pulse)/ELMCOUNT(C))

Units: people

IN Buffer pc[PT,C]= INITIAL(


Max Tank Range pc[PT,C]*Normal Fractional Range Remaining at Refill)

Units: miles/refill

IN Effect of Relative Land Use on Initial Pumps c[U,PT]= INITIAL(


Max(Minumum Pumps per STation*(1-SW IN Pumps Uniform)+SW IN Pumps Uniform*Reference Pumps per Station p[PT],


Min(Reference Pumps per Station p[PT],


  ((Reference Land Use for Expansion up[U,PT]-Fixed Land Use)/Land Use per Pump)


)))

Units: refill points/Station

In FS up[U,PT]=


1

Units: dmnl

IN Incumbent Equilibrium Stations u[U]= INITIAL(


SW Import Stations INC*Incumbent Equilibrium Stations Imported u[U]


     +


(1-SW Import Stations INC)*UPL Reference Stations per Cell)

Units: stations

IN Perceived STation Density up[U,PT]=


0

Units: stations/mile/mile

In Pumps per Station up[U,PT]= INITIAL(


Minumum Pumps per STation*SW IN Pumps Min+


IN Effect of Relative Land Use on Initial Pumps c[U,PT]*(1-SW IN Pumps Min))

Units: refill points/Station

IN S up[U,PT]= INITIAL(


(1-SW Station Shock by Pulse)*Shock Stations up[U,PT])

Units: stations

Incumbent Equilibrium Stations Imported u[U]= INITIAL(


SW FIRST AUTOMOBILE ENTRANT*UPL Reference Stations per Cell


+


(1-SW FIRST AUTOMOBILE ENTRANT)*UPL Initial Stations Imported Gasoline u[U])

Units: stations

Indicated Adoption Shock i[I]=


Effect of Household density on Initial Adoption Fraction i[I]*UPL Households i[I]

Units: people

Indicated Average Pump Utilization up[U,PT]=


ZIDZ(


Average Refill Points Demanded up[U,PT],


Pumps per Station up[U,PT]


)

Units: dmnl

Indicated Desired Driver Refills IT upc[IT,U,PT,C]=


Actual Demand Share of Households to Stations IT upc[IT,U,PT,C]*


Adopters IT pc[IT,PT,C]*


Indicated Trip Frequency IT pc[IT,PT,C]*


Refills per Trip IT pc[IT,PT,C]

Units: refills/Year

Indicated EFfect of Relative Utilization on Pump Adjustments up[U,PT]=


SSHAPE NORM TRUNC(


Relative Pump Utilization up[U,PT],


normal Utilization Elasticity,


Utilization Inflection Point,


0.02,


Utilization Inflection Point,


0.5,


1.5,


1)

Units: dmnl

Indicated New Capacity Corrected p[PT]=


Max(0,Indicated New Capacity p[PT]


-Capacity Supply Line Adjustment p[PT])

Units: gallons/Year

Indicated New Capacity p[PT]=


Effect of Market Profits on Market Expansion p[PT]*Total Market Capacity p[PT]

Units: gallons/Year

Indicated New Capacity Share up[U,PT]=


Effect of Profits on Entrance Rate up[U,PT]/


Total Effect of Profits on Entrance Rate p[PT]

Units: dmnl

Indicated New Capacity up[U,PT]=


Indicated New Capacity Share up[U,PT]*New Capacity Planned p[PT]

Units: gallons/Year

Indicated New Stations up[U,PT]=


ZIDZ(Indicated New Capacity up[U,PT],Indicated Station Capacity up[U,PT])

Units: stations

Indicated Pumps per Station up[U,PT]=


Effect of Relative Utilization on Pump Adjustments up[U,PT]*


Average Pumps per Fuel Station up[U,PT]

Units: refill points/Station

Indicated Station Capacity up[U,PT]=


Normal Annual Pump Capacity p[PT]*Desired Pumps per Station up[U,PT]

Units: gallons/Year/Station

Indicated Station Contraction Effect on Indicated Pumps up[U,PT]=


Saturation Effect Minimum Pumps per Station up[U,PT]+


(1-Saturation Effect Minimum Pumps per Station up[U,PT])*


Min(1,Indicated EFfect of Relative Utilization on Pump Adjustments up[U,PT]*Effect of Profitability on Contraction up[U,PT]+(1-Effect of Profitability on Contraction up

[U,PT]))

Units: dmnl

Indicated Subsidy Rate p[PT]=


Min(Subsidy Limit Fraction p[PT],Average Critical Subsidy Rate p[PT]/Total Cells)

Units: dmnl

"Indicated Topping-Off Buffer ipc"[I,PT,C]=


Max Tank Range pc[PT,C]*(1-Effect of Drive Utility on Tank Range ipc[I,PT,C])

Units: miles/refill

Indicated Trip Frequency IT pc[IT,PT,C]=


UPL Normal Trip Frequency IT[IT]*Trip Fulfillment Fraction IT pc[IT,PT,C]

Units: trips/Year/person

INITIAL TIME  = 0

Units: Year

Inventory Footprint UP[U,PT]=


Effect of Relative Capacity on Landuse up[U,PT]*Normal Inventory Land Use

Units: acre/Station

ir:


ira,irb

ira:


(ir1-ir79)

irb:


(ir80-ir157)

is:


(is1-is73)

IT:


ITus,ITss,ITrs,ITul,ITsl,ITrl

"IT part of U S R & L S UNIT"[IT,LandUse,TripType]=


IF THEN ELSE(                                                                  IT <=ELMCOUNT(ITus)                          :AND:   LandUse=1  :AND:    

TripType=Short,1,0)+


IF THEN ELSE(ELMCOUNT(ITus)                          < IT:AND: IT<=ELMCOUNT(ITus)+ELMCOUNT(ITss)       :AND:   LandUse=2  :AND:    TripType=Short,1,0

)+


IF THEN ELSE(ELMCOUNT(ITus)+ELMCOUNT(ITss) < IT :AND:IT<=ELMCOUNT(ITs)  :AND:    LandUse=3  :AND:    TripType=Short,1,0)+


IF THEN ELSE(ELMCOUNT(ITs)                            < IT :AND:IT<=ELMCOUNT(ITs) +ELMCOUNT(ITul)   :AND:   LandUse=1  :AND:   TripType=Long,1,0)+


IF THEN ELSE(ELMCOUNT(ITs)+ELMCOUNT(ITul)   < IT :AND:IT<=ELMCOUNT(IT)   -ELMCOUNT(ITrl)       :AND: LandUse=2  :AND:    TripType=Long,1,0)+


IF THEN ELSE(ELMCOUNT(IT)-ELMCOUNT(ITrl)       < IT :AND:IT<=ELMCOUNT(IT)                             :AND:    LandUse=3  :AND:    TripType=Long,1,0)

Units: dmnl

"IT part of U S R & L S w Trip"[IT,LandUse,TripType]=


IF THEN ELSE(                                                                  IT <=ELMCOUNT(ITus)                          :AND:   LandUse=1  :AND:    

TripType=Short,1/ELMCOUNT(Tus),0)+


IF THEN ELSE(ELMCOUNT(ITus)                          < IT:AND: IT<=ELMCOUNT(ITus)+ELMCOUNT(ITss)       :AND:   LandUse=2  :AND:    TripType=Short,1/ELMCOUNT

(Tss),0)+


IF THEN ELSE(ELMCOUNT(ITus)+ELMCOUNT(ITss) < IT :AND:IT<=ELMCOUNT(ITs)  :AND:    LandUse=3  :AND:    TripType=Short,1/ELMCOUNT(Trs),0)+


IF THEN ELSE(ELMCOUNT(ITs)                            < IT :AND:IT<=ELMCOUNT(ITs) +ELMCOUNT(ITul)   :AND:   LandUse=1  :AND:   TripType=Long,1/ELMCOUNT

(Tul),0)+


IF THEN ELSE(ELMCOUNT(ITs)+ELMCOUNT(ITul)   < IT :AND:IT<=ELMCOUNT(IT)   -ELMCOUNT(ITrl)       :AND: LandUse=2  :AND:    TripType=Long,1/ELMCOUNT(Tsl

),0)+


IF THEN ELSE(ELMCOUNT(IT)-ELMCOUNT(ITrl)       < IT :AND:IT<=ELMCOUNT(IT)                             :AND:    LandUse=3  :AND:    TripType=Long,1/ELMCOUNT

(Trl),0)

Units: dmnl

ITl:


ITul,ITsl,ITrl

ITral:


(ITrl1-ITrl632)

ITras:


(ITrs1-ITrs395)

ITrbl:


(ITrl633-ITrl1256)

ITrbs:


(ITrs396-ITrs785)

ITrl:


ITral,ITrbl

ITrs:


ITras,ITrbs

ITs:


ITus,ITss,ITrs

ITsl:


(ITsl1-ITsl1095)

ITss:


(ITss1-ITss365)

ITul:


(ITul1-ITul880)

ITus:


(ITus1-ITus242)

iu:


(iu1-iu22)

Land Rent u[U]=


Reference Land Rent*Effect of Populaton Density on Land Cost u[U]*Relative Land Rent Heterogeneous

Units: $/acre/Year

Land Use per Pump=


0.25

Units: acre/refill point

Land Use per Station up[U,PT]=


Average Pumps per Fuel Station up[U,PT]*Land Use per Pump+Fixed Land Use+Inventory Footprint UP[U,PT]

Units: acres/Station

"Land-Cost up"[U,PT]=


Land Rent u[U]*Land Use per Station up[U,PT]

Units: $/Station/Year

LandUse:


Urban,PERI,Rural,All

Landuse Scale Parameter=


1/3

Units: dmnl

LANDUSE To<->


LandUse

M:


(m1-m252)

Market Expansion Saturation Fraction p[PT]=


Min(1,Max(0,


(Unbounded Effect of Market Profitability on Market Expansion p[PT]-Reference Saturation Effect of Profitability on Market Expansion


)


/


(Maximum Effect of Profits on Market Expansion-Reference Saturation Effect of Profitability on Market Expansion)


))

Units: dmnl

MAX Degree Total Region d[Axis]=


42.08,-114.11

Units: degrees

Max Exit Exponent= INITIAL(


ln(MaxRelExRate*(Normal Time to Exit/TIME STEP)))

Units: dmnl

Max Loss Covered at Entrance up[U,PT]=


Max Subsidy Coverage Fraction*Current Cost per Station at Entrance up[U,PT]

Units: $/Station/Year

Max Loss Covered up[U,PT]=


Max Subsidy Coverage Fraction*Average Gross Cost per Station up[U,PT]

Units: $/Station/Year

Max Refills per Trip IT pc[IT,PT,C]=


Max Refills per Trip Multiplier*Normal Refills per Trip[IT,PT,C]

Units: refills/trip

Max Refills per Trip Multiplier=


10

Units: dmnl

Max Relative Wait Time per Unit of Service=


100

Units: dmnl

Max Relative Wait Time up[U,PT]=


ZIDZ(Max Relative Wait Time per Unit of Service,Relative Service Units up[U,PT])

Units: dmnl

Max Subsidy=


2.5e+009

Units: $

Max Subsidy at Entrance up[U,PT]=


Max(0,Max Loss Covered at Entrance up[U,PT]-Current Sales per Station at Entrance up[U,PT])

Units: $/Year/Station

Max Subsidy Coverage Fraction=


1.15

Units: dmnl

Max Subsidy Fraction up[U,PT]=


ZIDZ(Max Subsidy up[U,PT]


,


Max Loss Covered up[U,PT]


)

Units: dmnl

Max Subsidy up[U,PT]=


Max(0,Max Loss Covered up[U,PT]-Average Sales per Station up[U,PT])

Units: $/Year/Station

Max Tank Range pc[PT,C]= INITIAL(


Fuel Efficiency pc[PT,C]*Tank Size pc[PT,C])

Units: miles/refill

"Max Top-Off Buffer Fraction"=


0.5

Units: dmnl

Maximum Effect of Profits on Market Expansion=


Maximum Relative to Reference Effect of Profitability on Market Expansion*


Reference Saturation Effect of Profitability on Market Expansion

Units: dmnl

Maximum Relative to Reference Effect of Profitability on Market Expansion=


5

Units: dmnl

Maximum vs Reference Pumps per station=


2

Units: dmnl

MaxRelExRate=


0.25

Units: dmnl

MIN Degree Total Region d[Axis]=


32.52,-124.39

Units: degrees

Min PSD=


0.0001

Units: dmnl

"Min Top-Off Buffer Fraction"=


0.05

Units: dmnl

Min UTD=


1e-006

Units: dmnl

MinimumReferenceStationDensityFraction=


0.1

Units: dmnl

Minumum Pumps per STation=


1

Units: refill points / Station

Nesting Sensitivity=


1

Units: dmnl

Net Ancillar Sales per Station up[U,PT]=


ZIDZ(Net Ancillary Sales up[U,PT],Fuel Stations up[U,PT])

Units: $/Year/Station

Net Ancillary Sales per Refill up[U,PT]=


Average Fuel per Refill up[U,PT]/Normal Fuel per Refill*Normal Ancillary Sales per Refill

Units: $/refill

Net Ancillary Sales up[U,PT]=


Net Ancillary Sales per Refill up[U,PT]*Actual Refills at Stations up[U,PT]

Units: $/Year

Net Average Cost per Station up[U,PT]=


Average Gross Cost per Station up[U,PT]-Subsidy per Station up[U,PT]

Units: $/Year/Station

Net Service Time per Trip ITus upc[IT,U,PT,C]=


(Total Service Time ITu pc[IT,U,PT,C])*Recent REfills per Trip IT pc[IT,PT,C]


-Reference Service Time per Trip IT[IT]

Units: hours/trip

New Capacity Planned p[PT]=


SMOOTH(


Indicated New Capacity Corrected p[PT]


,Time to Enter Market)

Units: gallons/Year

"Non-Land use Fixed Cost up"[U,PT]=


Capacity Related Cost up[U,PT]+


Fixed Capital Cost p[PT]

Units: $/Station/Year

Normal Adopters=


Reference Adoption Fraction*Total Households

Units: people

Normal Ancillary Sales per Refill=


Average Ancillary Sales Fraction*


Reference Sales per Station*


(Normal Fuel per Refill/Normal Annual Station Demand)

Units: $/refill

Normal Annual Operating Days=


365

Units: days/Year

Normal Annual Pump Capacity p[PT]= INITIAL(


Reference Capacity*Pump Refill Rate p[PT]*Normal Annual Operating Days*Normal Daily operating hours)

Units: gallons/refill point/Year

Normal Annual Station Demand= INITIAL(


Normal Demand/California Public Stations)

Units: gallons/Station/Year

Normal Annual Station Operating Hours= INITIAL(


Normal Annual Operating Days*Normal Daily operating hours)

Units: hours/Year

Normal Attractiveness of not adopting=


0.25

Units: dmnl

Normal Daily operating hours=


12

Units: hours/day

Normal Days Inventory=


5

Units: days

Normal Decommisioning Rate p[PT]=


Total Market Capacity p[PT]/Normal Time to Exit

Units: gallons/Year/Year

Normal Demand= INITIAL(


Reference Adoption Fraction*Reference Trip Fraction*Normal Vehicle Miles*Total Households/Normal Fuel Efficiency)

Units: gallons/Year

normal demand Elasticity=


0.5

Units: dmnl

Normal Effect of Other Factors on Utility to Adopt of Outside Option=


0.1

Units: dmnl

Normal Effective Tankrange=


Normal Fuel per Refill*Normal Fuel Efficiency

Units: miles/refill

Normal Entrance Time=


+Time to Select Locations

Units: Year

normal Expansion Elasticity to Profits=


2

Units: dmnl

Normal Fixed Capital Cost=


300000

Units: $/Year/Station

Normal Fixed Cost per Pump at Reference Size=


50000

Units: $/refill point/Year

Normal Fixed Cost per Pump at Reference Size p[PT]= INITIAL(


Relative Fixed Cost p[PT]*Normal Fixed Cost per Pump at Reference Size)

Units: $/Year/refill point

Normal Fractional Range Remaining at Refill=


0.1

Units: dmnl

Normal Fuel Cost per Trip IT[IT]= INITIAL(


Normal Fuel Price*Normal Fuel per Trip IT[IT])

Units: $/trip

Normal Fuel Efficiency=


20

Units: miles/gallon

Normal Fuel Margin= INITIAL(


(Normal Fuel Price-WholeSale Fuel Cost)/WholeSale Fuel Cost)

Units: dmnl

Normal Fuel per Refill=


(1-Normal Fractional Range Remaining at Refill)*Normal Tank Size

Units: gallons/refill

Normal Fuel per Trip IT[IT]= INITIAL(


UPL Normal Trip Length IT[IT]/Normal Fuel Efficiency)

Units: gallons/trip

Normal Fuel Price=


2.5

Units: $/gallon

Normal Inventory Land Use=


0

Units: acre/Station

Normal Market Expansion Fraction=


Normal Entrance Time/Normal Time to Exit

Units: dmnl

Normal Pump Refill Rate= INITIAL(


(Reference Daily Station Throughput/Normal Daily operating hours)


/(Reference Pump Utilization*Normal Pumps per Station))

Units: gallons/hour/refill point

Normal Pumps per Station=


8

Units: refill points/Station

Normal Refill Rate=


Normal Pump Refill Rate*Pumps per Refill

Units: gallons/hour

Normal Refills per Trip[IT,PT,C]=


UPL Normal Trip Length IT[IT]/Effective Tank Range IT pc[IT,PT,C]

Units: refills/trip

Normal Refills per Trip IT[IT]=


UPL Normal Trip Length IT[IT]/Normal Effective Tankrange

Units: refill/trip

Normal Refills u[U]= INITIAL(


SUM(UPL Normal Refills IT[IT!]*UPL Trip Underway Share IT U[IT!,U]))

Units: refills/Year

Normal Station Capacity Adjustement Rate=


1

Units: dmnl/Year

Normal Station Design Capacity= INITIAL(


Reference Daily Station Throughput*Normal Days Inventory)

Units: gallons/Station

Normal Tank Size=


20

Units: gallons/refill

Normal Time to Exit= INITIAL(


10)

Units: Year

Normal Time to Plan and Permit Station=


2

Units: Year

Normal Trip Cost IT[IT]=


Value of Time*UPL Normal Trip Length IT[IT]/UPL Average Speed IT[IT]

Units: $/trip

normal Utilization Elasticity=


0.5

Units: dmnl

Normal Variable Cost=


WholeSale Fuel Cost

Units: $/gallon

Normal Vehicle Miles=


15000

Units: miles/person/Year

NPV Factor=


(1/Discount Rate)*(1-EXP(-Discount Rate*Planning Time Horizon))

Units: Year

NPV Factor Changing Subsidy=


IF THEN ELSE(


Subsidy Duration within Planning Time=0,0,


-(1/Discount Rate)*


(


   1/(Discount Rate*Subsidy Duration within Planning Time)


   -


   (1+1/(Discount Rate*Subsidy Duration within Planning Time))*EXP(-Discount Rate*Subsidy Duration within Planning Time)


)


)

Units: Year

NPV Factor Demand Adjustment=


(1/Discount Rate Adjusted for Demand Adjustment Time)*(1-EXP(-Discount Rate Adjusted for Demand Adjustment Time*Planning Time Horizon))

Units: Year

NPV Factor Fixed Subsdidy=


(1/Discount Rate)*


(


1-EXP(-Discount Rate*Subsidy Duration within Planning Time)


)

Units: Year

NPV Factor Subsidy Cost Adjustment=


IF THEN ELSE(


Subsidy Duration within Planning Time=0,0,


-(1/Discount Rate Adjusted for Demand Adjustment Time)*


(


   1/(Discount Rate Adjusted for Demand Adjustment Time*Subsidy Duration within Planning Time)


   -


   (1+1/(Discount Rate Adjusted for Demand Adjustment Time*Subsidy Duration within Planning Time))*EXP(-Discount Rate Adjusted for Demand Adjustment Time

*Subsidy Duration within Planning Time)


)


)

Units: Year

NPV of Current Cost up[U,PT]=


NPV Factor*Current Cost per Station at Entrance up[U,PT]

Units: $/Station

NPV of Current Revenues UP[U,PT]=


NPV Factor*Current Sales per Station at Entrance up[U,PT]

Units: $/Station

NPV of Current Subsidy up[U,PT]=


Subsidy Fraction per Station at Entrance up[U,PT]*Current Cost per Station at Entrance up[U,PT]*NPV Factor Fixed Subsdidy

Units: $/Station

NPV of Expected Cost Adjustment up[U,PT]=


Cost Adjustment Inf Horizon up[U,PT]*


(NPV Factor-NPV Factor Demand Adjustment)

Units: $/Station

NPV of Expected Revenues Adjustment up[U,PT]=


Sales Adjustment Inf Horizon up[U,PT]


*


(NPV Factor-NPV Factor Demand Adjustment)

Units: $/Station

NPV Subsidy Adjustment up[U,PT]=


NPV Factor Changing Subsidy*Subsidy Adjustmetn Inf Horizon up[U,PT]

Units: $/Station

NPV Subsidy Cost Adjustment up[U,PT]=


NPV Factor Subsidy Cost Adjustment*Subsidy Cost Adjustment Inf Horizon up[U,PT]

Units: $/Station

Number p[p]=


p

Units: dmnl

Number P sub p[p,p sub]=


Number p[p]^COUNTER within P Sub[p,p sub]

Units: dmnl

O Total Households p[LandUse]=


SUM(UPL Households i[I!]*UPL Landuse I[I!,LandUse])

Units: people

Out of Fuel Risk Sensitivity to Relative Buffer=


1.4

Units: dmnl

Out of Fuel Risk Sensitivity to Station Distance=


-0.4

Units: dmnl

OV 27 Industry Profitability[PT]=


OV 27 Industry Profitability p[PT,All]

Units: dmnl

OV 27 Industry Profitability p[PT,LandUse]=


ZIDZ(


SUM(Relative Profitability up[U!,PT]*Fuel Stations up[U!,PT]*UPL Landuse U[U!,LandUse]*Average Gross Cost per Station up[U!,PT])


,


SUM(Fuel Stations up[U!,PT]*UPL Landuse U[U!,LandUse]*Average Gross Cost per Station up[U!,PT])


)

Units: dmnl

OV Average Distance Lt[LandUse,TripType]=


ZIDZ(


SUM("IT part of U S R & L S UNIT"[IT!,LandUse,TripType]*UPL Normal Trip Frequency IT[IT!]*UPL Normal Trip Length IT[IT!]*UPL Reference Adopters IT[IT

!])


,


OV Average Households LT[LandUse,TripType])

Units: miles/person/Year

OV Average Households LT[LandUse,TripType]=


SUM("IT part of U S R & L S w Trip"[IT!,LandUse,TripType]*UPL Reference Adopters IT[IT!])/Reference Adoption Fraction

Units: people

OV Average Utility Lp[C,PT,LandUse]=


ZIDZ(


SUM(Average Utility to drive icp[I!,C,PT]*UPL Households i[I!]*UPL Landuse I[I!,LandUse])


,


SUM(UPL Households i[I!]*UPL Landuse I[I!,LandUse])


)

Units: dmnl

OV Average Utility to Drive Long Trips Lp[PT,LandUse]=


ZIDZ(


SUM(Utility to Drive Long Trips ip[I!,PT]*UPL Households i[I!]*UPL Landuse I[I!,LandUse])


,


SUM(UPL Households i[I!]*UPL Landuse I[I!,LandUse])


)

Units: dmnl

OV Average Utility to Drive Short Trips Lp[PT,LandUse]=


ZIDZ(


SUM(Utility to Drive Short Trips ip[I!,PT]*UPL Households i[I!]*UPL Landuse I[I!,LandUse])


,


SUM(UPL Households i[I!]*UPL Landuse I[I!,LandUse])


)

Units: dmnl

OV Average VM Consumed=


Normal Fuel Efficiency*SUM(Reference Fuel Consumption u[U!])/Normal Adopters

Units: miles/Year/person

OV Avg Trip Frequency Lt[LandUse,TripType]=


ZIDZ(SUM("IT part of U S R & L S UNIT"[IT!,LandUse,TripType]*UPL Normal Trip Frequency IT[IT!]*UPL Reference Adopters IT[IT


!]),OV Average Households LT[LandUse,TripType])*Reference Trip Fraction

Units: trips/person/Year

OV Desired Driver Refills IT Lpc[IT,PT,LANDUSE To]=


SUM(Indicated Desired Driver Refills IT upc[IT,U!,PT,c1]*UPL Landuse U[U!,LANDUSE To])

Units: refills/Year

OV Desired Driver Refills p Li Lu[PT,LandUse,LANDUSE To]=


SUM(OV Desired Driver Refills p Li Lu s[PT,LandUse,LANDUSE To,TripType!])

Units: refills/Year

OV Desired Driver Refills p Li Lu s[PT,LandUse,LANDUSE To, TripType]=


ZIDZ(


SUM("IT part of U S R & L S UNIT"[IT!,LandUse,TripType]*OV Desired Driver Refills IT Lpc[IT!,PT,LANDUSE To]*UPL Reference Adopters IT[IT!])


,


OV Average Households LT[LandUse,TripType]


)

Units: refills/Year

OV Effective Tank Range Lp[PT,C,LandUse]=


Max Tank Range pc[PT,C]


-ZIDZ(


SUM(Effective Buffer I pc[I!,PT,C]*UPL Households i[I!]*UPL Landuse I[I!,LandUse])


,


SUM(UPL Households i[I!]*UPL Landuse I[I!,LandUse])


)

Units: miles/refill

OV Normal Fuel Consumption XY[X,Y]=


SUM(Convert XY to U[X,Y,U!]*Reference Fuel Consumption u[U!])

Units: gallons/Year

OV Pop xy[X,Y]=


SUM(UPL Households i[I!]*Convert XY to I[X,Y,I!])

Units: people

OV TOT CON[I]= INITIAL(


SUM(Conversion IM[M!,I]))

Units: dmnl

OV10 Total Adoption Fraction[PT]=


OV10 Total Adoption Fraction p[PT,All]

Units: dmnl

OV10 Total Adoption Fraction p[PT,LandUse]=


ZIDZ(SUM(Adopters ipc[I!,PT,C!]*UPL Landuse I[I!,LandUse]),O Total Households p[LandUse])

Units: dmnl

OV10b Adopters p[PT,LandUse]=


SUM(


Adopters ipc[I!,PT,C!]*UPL Landuse I[I!,LandUse]


)

Units: people

OV11 Relative Station Density[PT]=


OV11 Relative Station Density p[PT,All]

Units: dmnl

OV11 Relative Station Density p[PT,LandUse]=


ZIDZ(SUM(


Fuel Stations up[U!,PT]*UPL Landuse U[U!,LandUse]


)


,


(Total Relevant Area p[LandUse]*Reference Station Density))

Units: dmnl

OV11b Stations p[PT,LandUse]=


SUM(


Fuel Stations up[U!,PT]*UPL Landuse U[U!,LandUse]


)

Units: stations

OV22 Average Pump Utilization[PT]=


OV22 Average Pump Utilization p[PT,All]

Units: dmnl

OV22 Average Pump Utilization p[PT,LandUse]=


ZIDZ(


SUM(Average Pump Utilization up[U!,PT]*Total Pumps up[U!,PT]*UPL Landuse U[U!,LandUse])


,


SUM(Total Pumps up[U!,PT]*UPL Landuse U[U!,LandUse]))

Units: dmnl

OV24 Expected Market Expansion[PT]=


Effect of Market Profits on Market Expansion p[PT]/Normal Market Expansion Fraction

Units: dmnl

OV25 Cumulative Subsidy[PT]=


OV25 Cumulative Subsidy p[PT,All]

Units: $

OV25 Cumulative Subsidy p[PT,LandUse]= INTEG (


Station Subsidys p[PT,LandUse]+Vehicle Subsidies p[PT,LandUse],



0)

Units: $

OV26 Average Pumps per Station[PT]=


OV26 Average Pumps per Station p[PT,All]

Units: refill points/Station

OV26 Average Pumps per Station p[PT,LandUse]=


ZIDZ(


SUM(Average Pumps per Fuel Station up[U!,PT]*Fuel Stations up[U!,PT]*UPL Landuse U[U!,LandUse])


,


SUM(Fuel Stations up[U!,PT]*UPL Landuse U[U!,LandUse]))

Units: refill points/Station

OV30 Fuel Consumption p[PT,LandUse]=


SUM(Actual Fuel Consumption at Stations up[U!,PT]*UPL Landuse U[U!,LandUse])/


Reference Fuel Consumption l[LandUse]

Units: dmnl

p:


(p1-p10)

p Factorial t[U,PT]=


PROD(Number p[p!]^SW Active Pumps upm[U,PT,p!])

Units: dmnl

p sub<->


p

P0k Inverse up[U,PT]=


1+SUM(Cumulative Pump Utilization pho up[U,PT]^Number p[p sub!]/Factorial k[p sub!]*SW Active Pumps upm[U,PT,p sub!])

Units: dmnl

Perceived Normal Capacity under Construction p[PT]=


(


Normal Time to Plan and Permit Station+


Time to Construct Stations


)*


Normal Decommisioning Rate p[PT]

Units: gallons/Year

Perceived Relative Profitability Market p[PT]=


ZIDZ(


SUM(Perceived Relative Profitability up[U!,PT]*Fuel Stations up[U!,PT]*Average Gross Cost per Station up[U!,PT])


,


SUM(Fuel Stations up[U!,PT]*Average Gross Cost per Station up[U!,PT])


)

Units: dmnl

Perceived Relative Profitability up[U,PT]=


SMOOTH(Relative Profitability up[U,PT],Time to Perceive Profits in Market)

Units: dmnl

Perceived Relative STation Density up[U,PT]=


Perceived Station Density up[U,PT]/Reference Station Density

Units: dmnl

Perceived Station Density up[U,PT]=


SMOOTHI(Station Density up[U,PT],Time to Perceive Station Density,IN Perceived STation Density up[U,PT])

Units: stations/mile/mile

Perceived Supply as Fraction of Support up[U,PT]=


ZIDZ((Fuel Stations up[U,PT]+Stations Considered at Entrance)


,


Reference Stations u[U])

Units: dmnl

Perceived Total Capacity under Development p[PT]=


Fraction Supply Line Perceived*


SUM((Fuel Station Capacity in Planning up[U!,PT]+Fuel Station Capacity under Construction up[U!,PT]))

Units: gallons/Year

Perceived Wait Time up[U,PT]=


SMOOTHI(Average Wait Time up[U,PT],Time to Perceive Service Time,0)

Units: hours/refill

Planning Time Horizon=


5

Units: years

Previous Pumps per Station up[U,PT]=


SMOOTHI(Average Pumps per Fuel Station up[U,PT], TIME STEP,In Pumps per Station up[U,PT])

Units: refill points/Station

Probability all Pumps Busy up[U,PT]=


IF THEN ELSE(


"Average Time System Unutilized m-rho up"[U,PT]=0,1,


Relative Service Units up[U,PT]


*Cumulative Pump Utilization pho up[U,PT]^Relative Service Units up[U,PT]


*Probability no Customer Waiting up[U,PT]


/


(p Factorial t[U,PT]*"Average Time System Unutilized m-rho up"[U,PT]))

Units: dmnl

Probability no Customer Waiting up[U,PT]=


IF THEN ELSE(


"Average Time System Unutilized m-rho up"[U,PT]=0,0,


(


P0k Inverse up[U,PT]


+


Cumulative Pump Utilization pho up[U,PT]^(Relative Service Units up[U,PT]+1)/


(p Factorial t[U,PT]*"Average Time System Unutilized m-rho up"[U,PT])


)^(-1))

Units: dmnl

PT:


ENT

Pulse Adoption ip[I,PT]=


SW Adoption Shock by Pulse*Shock Adoption Corrected ip[I,PT]*


1/TIME STEP*PULSE(Shock Time,TIME STEP)

Units: people/Year

Pump Completion up[U,PT]=


Average Pumps Under Construction up[U,PT]*Station Completion up[U,PT]

Units: refill points/Year

Pump Construction Starts up[U,PT]=


Average Pumps Under Planning up[U,PT]*Station Construction Starts up[U,PT]

Units: refill points/Year

Pump Obsolescence up[U,PT]=


Average Pumps per Fuel Station up[U,PT]*Station Exits up[U,PT]

Units: refill points/Year

Pump Planning Initiation up[U,PT]=


Desired Pumps per Station up[U,PT]*Station Planning Initiation up[U,PT]

Units: refill points/Year

Pump Refill Rate p[PT]= INITIAL(


Normal Pump Refill Rate*Relative Pump Refill Rate p[PT])

Units: gallons/refill point/hour

Pumps in Planning up[U,PT]= INTEG (


+Pump Planning Initiation up[U,PT]-Pump Construction Starts up[U,PT],



Desired Pumps per Station up[U,PT]*Fuel Stations in Planning up[U,PT])

Units: refill points

Pumps per Refill=


1

Units: refill points

Pumps per Station up[U,PT]=


IF THEN ELSE(


Fuel Stations up[U,PT]=0,


Reference Pumps per Station p[PT],


Average Pumps per Fuel Station up[U,PT])

Units: refill points/Station

Pumps Under Construction up[U,PT]= INTEG (


+Pump Construction Starts up[U,PT]-Pump Completion up[U,PT],



Average Pumps Under Planning up[U,PT]*Fuel Stations Under Construction up[U,PT])

Units: refill points

Recent Average Profitability up[U,PT]=


SMOOTH(Average Profitability up[U,PT],Time to Average Profits)

Units: dmnl

Recent REfills per Trip IT pc[IT,PT,C]=


SMOOTHI(Refills per Trip IT pc[IT,PT,C], Time to Adjust Refills per Trip,Normal Refills per Trip IT[IT])

Units: refills/trip

Reference Adoption Fraction=


1/(1+Normal Attractiveness of not adopting)

Units: dmnl

Reference Capacity=


5

Units: dmnl

Reference Cost for Profitability up[U,PT]=


Weight Subsidized Cost for Reference Cost*Net Average Cost per Station up[U,PT]+


(1-Weight Subsidized Cost for Reference Cost)*Average Gross Cost per Station up[U,PT]

Units: $/Year/Station

Reference Daily Station Throughput= INITIAL(


Normal Annual Station Demand/Normal Annual Operating Days)

Units: gallons/Station/day

Reference Empty Tanks per Trip IT[IT]=


Allowable Empty Tanks per Refill*Normal Refills per Trip IT[IT]

Units: Empty Tanks/trip

Reference Equilibrium Profitability= INITIAL(


0.1)

Units: dmnl

Reference Fixed Cost per Station= INITIAL(


Reference Land Use Cost+"Reference Non-Land Use Fixed Cost")

Units: $/Year/Station

Reference Fuel Consumption l[LandUse]=


SUM(Reference Fuel Consumption u[U!]*UPL Landuse U[U!,LandUse])

Units: gallons/Year

Reference Fuel Consumption u[U]= INITIAL(


Normal Fuel per Refill*Normal Refills u[U])

Units: gallons/Year

Reference Growth Fraction[U]=


Stations Considered at Entrance/Reference Stations u[U]/2

Units: dmnl

Reference Land Rent=


200000

Units: $/acre/Year

Reference Land Use Cost= INITIAL(


Reference Land Rent*Reference Land Use per Station)

Units: $/Station/Year

Reference Land Use for Expansion up[U,PT]= INITIAL(


Max(Fixed Land Use,Effect of Population Density on Reference Land Use for Expansion U[U]*Reference Land Use per Station))

Units: acres/Station

Reference Land Use per Station= INITIAL(


(Fixed Land Use+


Land Use per Pump*Normal Pumps per Station+


Normal Inventory Land Use))

Units: acre/Station

"Reference Non-Land Use Fixed Cost"= INITIAL(


Normal Fixed Capital Cost+


Normal Fixed Cost per Pump at Reference Size


*Normal Pumps per Station)

Units: $/Year/Station

Reference Out of Fuel Cost IT[IT]=


Value Out of Fuel*Reference Empty Tanks per Trip IT[IT]

Units: $/trip

Reference Profitability=


0.1

Units: dmnl

Reference Pump Utilization= INITIAL(


0.2)

Units: dmnl

Reference Pumps per Station p[PT]= INITIAL(


Relative Pumps per Station t[PT]*Normal Pumps per Station)

Units: refill points/Station

Reference Purchase Value=


20000

Units: $/vehicle

Reference Refills per Station= INITIAL(


Normal Annual Station Demand/Normal Effective Tankrange*Normal Fuel Efficiency)

Units: refills/Year/Station

Reference Risk=


0.5

Units: Empty Tanks/refill

Reference Sales per Station= INITIAL(


Normal Fuel Price*Normal Annual Station Demand)

Units: $/Year/Station

Reference Saturation Effect of Profitability on Market Expansion=


4

Units: dmnl

Reference Search Cost IT[IT]=


Value of Time*Reference Search Time IT[IT]

Units: $/trip

Reference Search Distance per Refill=


0

Units: miles/refill

Reference Search Time IT[IT]=


Normal Refills per Trip IT[IT]*Reference Search Distance per Refill/UPL Average Speed IT[IT]

Units: hours/trip

Reference Service Cost IT[IT]=


Value of Service Time*Reference Service Time per Trip IT[IT]

Units: $/trip

Reference Service Time=


Fixed Refill Time+Normal Fuel per Refill/Normal Refill Rate

Units: hours/refill

Reference Service Time per Trip IT[IT]=


Normal Refills per Trip IT[IT]*Reference Service Time

Units: hours/trip

Reference Station Density= INITIAL(


0.08)

Units: stations/mile/mile

Reference Station Density for Increase Rate up[U,PT]= INITIAL(


Max(MinimumReferenceStationDensityFraction,Effect of Population Density on Reference Station Density for Increase U[U])*Reference Station Density)

Units: stations/(mile*mile)

Reference Station Distance=


(Reference Station Density/Unit Station Density)^(-0.5)/SQRt Unit Station Density

Units: miles/Station

Reference Stations u[U]=


Total Reference STations*Reference Fuel Consumption u[U]/Total Fuel Consumption

Units: stations

Reference Total Cost per Station= INITIAL(


Reference Fixed Cost per Station+Reference Variable Cost)

Units: $/Year/Station

Reference Trip Cost for Refueling IT[IT]=


Allowable Fraction of Effort as of Total*


Reference Trip Cost IT[IT]

Units: $/trip

Reference Trip Cost IT[IT]=


(Normal Trip Cost IT[IT]+Reference Search Cost IT[IT]+Reference Out of Fuel Cost IT[IT]+Reference Service Cost IT[IT])

Units: $/trip

Reference Trip Distance=


50

Units: miles

Reference Trip Fraction=


1/(1+Attractiveness of not driving AFV)

Units: dmnl

Reference Variable Cost= INITIAL(


Normal Variable Cost*Normal Annual Station Demand)

Units: $/Year/Station

Refill Rate p[PT]=


Pump Refill Rate p[PT]*Pumps per Refill

Units: gallons/hour

Refills per Trip IT pc[IT,PT,C]=


Min(Max Refills per Trip IT pc[IT,PT,C],


XIDZ(


UPL Normal Trip Length IT[IT],


Max(0,Effective Tank Range IT pc[IT,PT,C]-Average Distance at Refill It pc[IT,PT,C]),1e+012


))

Units: refills/trip

Refuel Share Correlation Fraction IT pc[IT,PT,C]=


"Effect of Topping-Off Buffer Refueling Flexibility ITpc"[IT,PT,C]*Effect of Effective Range on Refueling Flexibility IT pc[IT,PT,C]

Units: dmnl

Refuel Share Correlation Parameter[IT,PT,C]=


Refuel Share Correlation Fraction IT pc[IT,PT,C]*Demand Correlation Parameter

Units: dmnl

Relative Average Time in Line up[U,PT]=


Min(


Max Relative Wait Time up[U,PT],


IF THEN ELSE(


"Average Time System Unutilized m-rho up"[U,PT]=0,


Max Relative Wait Time up[U,PT],


Probability all Pumps Busy up[U,PT]/


"Average Time System Unutilized m-rho up"[U,PT]))

Units: dmnl

Relative Difference between uploaded and derived trip length[IT]=


ZIDZ((UPL TOTal Shares IT[IT]-UPL Normal Trip Length IT[IT]),UPL Normal Trip Length IT[IT])

Units: dmnl

Relative Elasticity to Fuel=


1

Units: dmnl

Relative Fixed Capital Cost p[PT]=


1

Units: dmnl

Relative Fixed Cost ENT=


1

Units: dmnl

Relative Fixed Cost p[PT]= INITIAL(


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),


1,


Relative Fixed Cost ENT


))

Units: dmnl

Relative Footprint p[PT]=


1

Units: dmnl

Relative Fuel Cost ENT=


1

Units: dmnl

Relative Fuel Cost ITpc[IT,PT,C]=


ZIDZ(


Fuel Cost per Trip IT pc[IT,PT,C]-Normal Fuel Cost per Trip IT[IT],


Normal Fuel Cost per Trip IT[IT]


)

Units: dmnl

Relative Fuel Cost t[PT]=


IF THEN ELSE(Max(2,ELMCOUNT(PT)),


1,


Relative Fuel Cost ENT


)

Units: dmnl

Relative Fuel Efficiency ENT=


1

Units: dmnl

Relative Fuel Efficiency pc[PT,C]=


IF THEN ELSE(PT=ENT,Relative Fuel Efficiency ENT,1)

Units: dmnl

Relative Fuel Margin p[PT]=


1

Units: dmnl

Relative Fuel Station Tenure up[U,PT]=


Average Station Tenure up[U,PT]/Time Adhering to Business Plan

Units: dmnl

Relative Land Rent Heterogeneous=


0.8

Units: dmnl

Relative Potential Demand up[U,PT]= INITIAL(


Reference Fuel Consumption u[U]/Total Reference Fuel Consumption)

Units: dmnl

Relative Profitability for Exits up[U,PT]=


Effect of Station Tenure on Responsiveness to Market Pressures up[U,PT]*


Max(Relative Profitability up[U,PT],Expected Relative Profitability up[U,PT])


+


(1-Effect of Station Tenure on Responsiveness to Market Pressures up[U,PT])*Relative Profitability up[U,PT]

Units: dmnl

Relative Profitability up[U,PT]=


(Recent Average Profitability up[U,PT]-Reference Equilibrium Profitability)/Reference Profitability

Units: dmnl

Relative Pump Refill Rate ENT=


1

Units: dmnl

Relative Pump Refill Rate p[PT]= INITIAL(


IF THEN ELSE(


PT=Max(2,ELMCOUNT(PT)),1,


Relative Pump Refill Rate ENT))

Units: dmnl

Relative Pump Utilization up[U,PT]=


Average Pump Utilization up[U,PT]/Desired Pump Utilization t[PT]

Units: dmnl

Relative Pumps per Station ENT=


1

Units: dmnl

Relative Pumps per Station t[PT]= INITIAL(


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),


1,


Relative Pumps per Station ENT


))

Units: dmnl

Relative Pumps per Station to Maximum up[U,PT]=


Average Pumps per Fuel Station up[U,PT]/Carrying Capacity for Pumps per STation p[PT]

Units: dmnl

Relative Pumps per Station to Minimum up[U,PT]=


1-


(Average Pumps per Fuel Station up[U,PT]-Minumum Pumps per STation)


/


(Reference Pumps per Station p[PT]-Minumum Pumps per STation)

Units: dmnl

Relative Pumps per Station up[U,PT]=


Average Pumps per Fuel Station up[U,PT]/Reference Pumps per Station p[PT]

Units: dmnl

Relative Sensitivity to Fuel[IT]= INITIAL(


ZIDZ(


Relative Elasticity to Fuel*Normal Fuel Cost per Trip IT[IT],Reference Trip Cost for Refueling IT[IT]))

Units: dmnl

Relative Service Units up[U,PT]=


Pumps per Station up[U,PT]/Unit Service Point

Units: dmnl

Relative Station Distance up[U,PT]=


(Max(Min PSD,Perceived Relative STation Density up[U,PT]))^(-0.5)

Units: dmnl

Relative Tank Range IT[IT,PT,C]=


Min(1,ZIDZ(


Effective Tank Range IT pc[IT,PT,C],


Desired Range For Refueling IT[IT]))

Units: dmnl

Relative Tank Size ENT=


1

Units: dmnl

Relative Tank Size pc[PT,C]=


IF THEN ELSE(PT=ENT,Relative Tank Size ENT,1)

Units: dmnl

"Relative Top-Off Range ITu pc"[IT,U,PT,C]=


Effective Buffer IT pc[IT,PT,C]/STation Search Distance up[U,PT]

Units: dmnl

"Relative Topping-Off Buffer IT pc"[IT,PT,C]=


Min(ZIDZ(


Effective Buffer IT pc[IT,PT,C],


Desired Range For Refueling IT[IT]),1)

Units: dmnl

relative value of service time=


1

Units: dmnl

Relevant Cell i[I]=


1

Units: dmnl

Relevant Cell u[U]= INITIAL(


1)

Units: dmnl

Represented Region Area=


Total Relevant Cells*UPL Cell Area

Units: miles*miles

Responsiveness for Refueling=


1

Units: dmnl

Responsiveness to Indicated Pump Adjusments up[U,PT]=


Effect of Station Tenure on Responsiveness to Market Pressures up[U,PT]*


SW Endogenous Pumps

Units: dmnl

Sales Adjustment Inf Horizon up[U,PT]=


Expected Sales per Station at Entrance up[U,PT]


-


Current Sales per Station at Entrance up[U,PT]

Units: $/Station/Year

Saturation Effect Maximum Pumps per STation up[U,PT]=


IF THEN ELSE(


Relative Pumps per Station to Maximum up[U,PT]<1,1,


Relative Pumps per Station to Maximum up[U,PT]^Senitivity of Expansion to Capacity Saturation


)

Units: dmnl

Saturation Effect Minimum Pumps per Station up[U,PT]=


Max(0,Min(1,Relative Pumps per Station to Minimum up[U,PT]))

Units: dmnl

SAVEPER  = 5

Units: Year

Senitivity of Expansion to Capacity Saturation=


-3

Units: dmnl

Sensitivity of Adoption Shock to HH Density=


1

Units: dmnl

Sensitivity of Attractiveness to Adopt to Purchase Subsidy=


1

Units: dmnl

Sensitivity of Entry to Market Profits=


1

Units: dmnl

Sensitivity of Entry to Profits Local=


3

Units: dmnl

Sensitivity of Exits to Profitability=


-3

Units: dmnl

Sensitivity of Expansion Rate to Relative Land Use=


-2.5

Units: dmnl

Sensitivity of Expected Adoption to Station Distance=


-3.75

Units: dmnl

Sensitivity of Fixed Cost to Station Size=


0.25

Units: dmnl

Sensitivity of Fulfillment Fraction to Capacity Adequacy=


0.8

Units: dmnl

Sensitivity of Initial Demand Station Share=


1

Units: dmnl

Sensitivity of Initial Demand Station Share p[PT]=


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),SIDS ICE, Sensitivity of Initial Demand Station Share)

Units: dmnl

Sensitivity of Planning Rate to STation Density=


0

Units: dmnl

Sensitivity of Reference Land Use for Expansion to Household Density=


-1

Units: dmnl

Sensitivity of Reference Station Density to Increase Rate=


-1

Units: dmnl

"Sensitivity of Topping-Off to Utility to Drive ipc"=


0

Units: dmnl

Sensitivity to Market Responsiveness to Station Tenure=


1.5

Units: dmnl

Sensitvity of Land Rent to Population Density=


0.2

Units: dmnl

Sensitvity of Variable Cost to Remoteness=


0

Units: dmnl

SFS ICE=


1

Units: dmnl

Shock Adoption Corrected ip[I,PT]= INITIAL(


Min(UPL Households i[I],Total Household adopters p[PT]/Total IAS*Indicated Adoption Shock i[I]))

Units: people

Shock Stations Internal up[U,PT]= INITIAL(


(1-SW Calculated Stations Shock)*Station Shock Manual l up[U,PT]+


SW Calculated Stations Shock*Station Shock Potential Demand up[U,PT])

Units: stations

Shock Stations up[U,PT]= INITIAL(


SW Import Station Shock p[PT]*Station Shock Imported u[U,PT]+


(1-SW Import Station Shock p[PT])*Shock Stations Internal up[U,PT])

Units: stations

Shock Time=


0.5

Units: Year

SIDS ICE=


1

Units: dmnl

SQRt Unit Station Density=


1

Units: Station/mile

Station Age Entrance[U,PT]=


Tenure of New Stations*Station Completion up[U,PT]

Units: Year*(stations/Year)

Station Age Exits[U,PT]=


Average Station Tenure up[U,PT]*Station Exits up[U,PT]

Units: years*stations/Year

Station Capacity Adequacy up[U,PT]=


XIDZ(


Average Fuel Station Capacity up[U,PT],Average Daily Demand up[U,PT],


1)

Units: dmnl

Station Completion up[U,PT]=


Fuel Stations Under Construction up[U,PT]/Time to Construct Stations

Units: stations/Year

Station Construction Starts up[U,PT]=


Effect of Relative Station Density on Planning Rate up[U,PT]*Fuel Stations in Planning up[U,PT]/Normal Time to Plan and Permit Station

Units: stations/Year

Station Contractions up[U,PT]=


-Normal Station Capacity Adjustement Rate*


Min(0,(Desired Pumps per Station up[U,PT]-Average Pumps per Fuel Station up[U,PT]))


*Fuel Stations up[U,PT]

Units: refill points/Year

Station Density up[U,PT]=


Fuel Stations up[U,PT]/UPL Cell Area

Units: stations/(miles*miles)

Station Design Capacity up[U,PT]=


Reference Pump Utilization*Normal Days Inventory*


Pump Refill Rate p[PT]*Pumps per Station up[U,PT]*Normal Daily operating hours

Units: gallons/Station

Station Exits up[U,PT]=


Fuel Stations up[U,PT]*Station Hazard Rate up[U,PT]*(1-SW Honeymoon)*SW Endogenous Entrance

Units: stations/Year

Station Expansion Effect on Indicated Pumps up[U,PT]=


(1-Saturation Effect Maximum Pumps per STation up[U,PT])+Saturation Effect Maximum Pumps per STation up[U,PT]*Max(1,


Indicated EFfect of Relative Utilization on Pump Adjustments up[U,PT]*Effect of Profitability on Expansion up[U,PT]+(1-Effect of Profitability on Expansion up

[U,PT]))

Units: dmnl

Station Expansion Rate up[U,PT]=


Normal Station Capacity Adjustement Rate*Effect of Relative Land Use on Expansion Rate up[U,PT]

Units: dmnl/Year

Station Expansions up[U,PT]=


Station Expansion Rate up[U,PT]*


Max(0,(Desired Pumps per Station up[U,PT]-Average Pumps per Fuel Station up[U,PT]))


*Fuel Stations up[U,PT]

Units: refill points/Year

Station Fraction Shock=


0.01

Units: dmnl

Station Fraction Shock p[PT]=


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),SFS ICE, Station Fraction Shock)

Units: dmnl

Station Hazard Rate up[U,PT]=


Effect of Profitability on Exit Rate up[U,PT]/Normal Time to Exit

Units: dmnl/Year

Station Honeymoon Duration=


2

Units: years

Station Planning Initiation up[U,PT]=


SW Endogenous Entrance*Indicated New Stations up[U,PT]/Time to Select Locations

Units: stations/Year

STation Search Distance up[U,PT]=


Stations per Refill*Reference Station Distance*Relative Station Distance up[U,PT]

Units: miles/refill

Station Shock Imported u[U,PT]= INITIAL(


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),UPL Initial Stations Imported Gasoline u[U],


UPL Initial Stations Imported CNG u[U]))

Units: stations

Station Shock Manual l up[U,PT]= INITIAL(


Station Fraction Shock p[PT]*In FS up[U,PT]*UPL Reference Stations per Cell*Relevant Cell u[U])

Units: stations

Station Shock Potential Demand up[U,PT]= INITIAL(


Total Station Shock[PT]*


Station Shock Share Potential Demand up[U,PT]/


Total Uncorrected Station Shock p[PT])

Units: stations

Station Shock Share Potential Demand up[U,PT]= INITIAL(


IF THEN ELSE(


Relative Potential Demand up[U,PT]=0:OR:Sensitivity of Initial Demand Station Share p[PT]=0,0,


Relative Potential Demand up[U,PT]^Sensitivity of Initial Demand Station Share p[PT]


))

Units: dmnl

Station Subsidys p[PT,LandUse]=


SUM(Subsidy per Station up[U!,PT]*Fuel Stations up[U!,PT]*UPL Landuse U[U!,LandUse])

Units: $/Year

Stations Considered at Entrance=


1

Units: stations

Stations per Refill=


1

Units: stations/refill

Subsidy Adjustmetn Inf Horizon up[U,PT]=


Expected Subsidy Fraction Adjustment up[U,PT]*Current Cost per Station at Entrance up[U,PT]

Units: $/Year/Station

Subsidy Cost Adjustment Inf Horizon up[U,PT]=


Expected Subsidy Fraction Adjustment up[U,PT]*Cost Adjustment Inf Horizon up[U,PT]

Units: $/Year/Station

Subsidy Duration=


6

Units: years

Subsidy Duration within Planning Time=


Min(Expected Subsidy Duration,Planning Time Horizon)

Units: years

Subsidy End p[PT]=


Subsidy Limit Fraction p[PT]/TIME STEP*PULSE(Subsidy Start Time+Subsidy Duration,TIME STEP)

Units: dmnl/Year

Subsidy Fraction p[PT]=


0.95

Units: dmnl

Subsidy Fraction per Station at Entrance up[U,PT]=


Min(Desired Subsidy at Entrance up[U,PT],Max Subsidy at Entrance up[U,PT])


/


Current Cost per Station at Entrance up[U,PT]

Units: dmnl

Subsidy Gap Reached[PT]=


Min(1,(OV25 Cumulative Subsidy[PT])/Max Subsidy)

Units: dmnl

Subsidy Limit Fraction p[PT]= INTEG (


Change Subsidy Start p[PT]


-Change End Subsidy p[PT]


+Change Recent Subsidy Rate p[PT],



0)

Units: dmnl

Subsidy per Station up[U,PT]=


Min(Desired Subsidy up[U,PT],Max Subsidy up[U,PT])*(1-Subsidy Gap Reached[PT])

Units: $/Year/Station

Subsidy Start Time=


0.5

Units: Year

SW Active Pumps upm[U,PT,p]=


IF THEN ELSE(p<=Relative Service Units up[U,PT],1,0)

Units: dmnl

SW Adoption Shock by Pulse=


1

Units: dmnl

SW Calculated Stations Shock=


0

Units: dmnl

SW Endogenous Adoption=


1

Units: dmnl

SW Endogenous Entrance=


1

Units: dmnl

SW Endogenous Pumps=


1

Units: dmnl

SW Extra Distance on=


0

Units: dmnl

SW Final Time Long=


1

Units: dmnl

SW FIRST AUTOMOBILE ENTRANT=


0

Units: dmnl

SW Honeymoon=


1-STEP(1,Station Honeymoon Duration)

Units: dmnl

SW Import Station Shock p[PT]=


IF THEN ELSE(PT=Max(2,ELMCOUNT(PT)),SW ISS INC,SW ISS ENT)

Units: dmnl

SW Import Stations INC=


0

Units: dmnl

SW IN Pumps Min=


0

Units: dmnl

SW IN Pumps Uniform=


1

Units: dmnl

SW In Weight Potential Market Expectation Heuristics p[PT]=


1

Units: dmnl

SW ISS ENT=


1

Units: dmnl

SW ISS INC=


0

Units: dmnl

SW Other Drive Factors On=


1

Units: dmnl

SW Station Shock by Pulse=


1

Units: dmnl

Tank Range Adjustment Time=


1

Units: Year

Tank Size pc[PT,C]= INITIAL(


Relative Tank Size pc[PT,C]*Normal Tank Size)

Units: gallons/refill

Tenure of New Stations=


0

Units: years

Time Adhering to Business Plan=


4

Units: years

TIME STEP  = 0.25

Units: Year

Time to Adjust Market Expectations=


1

Units: Year

Time to Adjust Refills per Trip=


1

Units: Year

Time to Adjust Subsidies=


1e+012

Units: years

Time to Average Profits=


1

Units: Year

Time to Construct Stations=


1

Units: Year

Time to Discard=


10

Units: Year

Time to Enter Market=


1

Units: years

Time to Form Marginal Expectations=


2

Units: Year

Time to Perceive Profits in Market=


1

Units: Year

Time to Perceive Service Time=


1

Units: Year

Time to Perceive Station Density=


1

Units: Year

Time To Report Subsidies=


1

Units: years

Time to Select Locations=


1

Units: Year

Total Adoption Subsidies ip[I,PT]=


SUM(


Actual Subsidy p[PT]*Vehicles per Purchase*Adoption ipc[I,PT,C!])

Units: $/Year

Total Age of Stations up[U,PT]= INTEG (


Aging[U,PT]+Station Age Entrance[U,PT]-Station Age Exits[U,PT],



Normal Time to Exit*Fuel Stations up[U,PT]*Station Fraction Shock p[PT])

Units: years*stations

Total Cells= INITIAL(


ELMCOUNT(I))

Units: dmnl

Total Demand Share IT[IT,PT,C]=


SUM(


UPL Trip Underway Share IT U[IT,U!]*


IF THEN ELSE(Trip Utility ITus upc[IT,U!,PT,C]=0,


                       IF THEN ELSE(Refuel Share Correlation Parameter[IT,PT,C]=0,1,0),


                       Trip Utility ITus upc[IT,U!,PT,C]^Refuel Share Correlation Parameter[IT,PT,C]


                        )


)

Units: dmnl

Total EEDA[I]= INITIAL(


SUM(


EXP(Sensitivity of Expected Adoption to Station Distance*


Average Distance iu[I,U!]/Reference Trip Distance)*Relevant Cell u[U!]


))

Units: dmnl

Total Effect of Profits on Entrance Rate p[PT]=


SUM(Effect of Profits on Entrance Rate up[U!,PT])

Units: dmnl

Total Fuel Consumption=


SUM(Reference Fuel Consumption u[U!])

Units: gallons/Year

Total Household adopters p[PT]=


Adoption Fraction Shock p[PT]*Total Households

Units: people

Total Households= INITIAL(


SUM(UPL Households i[I!]))

Units: people

Total Households Discarding i[I]=


UPL Households i[I]/Time to Discard

Units: people/Year

Total IAS=


SUM(Indicated Adoption Shock i[I!])

Units: people

Total Market Capacity p[PT]=


SUM(Fuel Station Capacity up[U!,PT])

Units: gallons/Year

Total Pumps up[U,PT]= INTEG (


+Pump Completion up[U,PT]-Pump Obsolescence up[U,PT]+TST Pulse Station Pumps up[U,PT]


+Station Expansions up[U,PT]


-Station Contractions up[U,PT],



In Pumps per Station up[U,PT]*IN S up[U,PT])

Units: refill points

Total Reference Fuel Consumption= INITIAL(


SUM(Reference Fuel Consumption u[U!]))

Units: gallons/Year

Total Reference STations=


UPL Reference Stations per Cell*Total Relevant Cells

Units: stations

Total Relevant Area p[LandUse]=


SUM(UPL Cell Area*UPL Landuse I[I!,LandUse])

Units: miles*miles

Total Relevant Cells= INITIAL(


SUM(Relevant Cell u[U!]))

Units: dmnl

Total Service Time ITu pc[IT,U,PT,C]=


Perceived Wait Time up[U,PT]+Average Service Time ITpc[IT,PT,C]

Units: hours/refill

Total Station Shock[PT]= INITIAL(


Station Fraction Shock p[PT]*(UPL Reference Stations per Cell*Total Relevant Cells))

Units: stations

Total Uncorrected Station Shock p[PT]=


SUM(Station Shock Share Potential Demand up[U!,PT])

Units: dmnl

Total Utility to Adopt i[I]=


SUM(Utility to Adopt ip[I,PT!])

Units: dmnl

Transition to Marginal Expectations p[PT]=


Weigth Potential Market Heuristics p[PT]/Time to Form Marginal Expectations*STEP(1,Subsidy Start Time)

Units: dmnl/Year

Trip Fulfillment Fraction IT pc[IT,PT,C]=


Trip Utility IT pc[IT,PT,C]


/


(Trip Utility IT pc[IT,PT,C]+Attractiveness of not driving AFV)

Units: dmnl

Trip Utility IT pc[IT,PT,C]=


SUM(


Actual Demand Share of Households to Stations IT upc[IT,U!,PT,C]*


Trip Utility ITus upc[IT,U!,PT,C])

Units: dmnl

Trip Utility ITus upc[IT,U,PT,C]=


IF THEN ELSE(UPL Normal Trip Frequency IT[IT]>0,1,0)*


Effect of Travel Distance on Utility to Drive ITus up[IT,U,PT,C]*


Effect of Out of Fuel Risk on Utility to drive ITus ucp[IT,U,PT,C]*


Effect of Refill Time on Utility ITus upc[IT,U,PT,C]*


Effect of Other Factors on utility to drive ITpc[IT,PT,C]*


Effect of Demand Fulfillment on Utility U p[U,PT]

Units: dmnl

Trips:


Tus,Tss,Trs,Tul,Tsl,Trl

TripType:


Short,Long

Trl:


(Trl1-Trl8)

Trs:


(Trs1-Trs5)

Tsl:


(Tsl1-Tsl15)

Tss:


(Tss1-Tss5)

TST Fractional Length Selection Input=


0.5

Units: dmnl

TST Normal per Pump Station Capacity= INITIAL(


Normal Station Design Capacity/Normal Pumps per Station)

Units: gallons/refill point

TST Pulse Adoption i[I,PT]=


Pulse Adoption ip[I,PT]*(1-Adoption Fraction ip[I,PT])

Units: people/Year

TST Pulse Station Pumps up[U,PT]=


Desired Pumps per Station up[U,PT]*TST Pulse Stations up[U,PT]

Units: refill points/Year

TST Pulse Stations up[U,PT]=


SW Station Shock by Pulse*Shock Stations up[U,PT]/TIME STEP*PULSE(Shock Time, TIME STEP )

Units: stations/Year

TST Reference Ancillary Sales= INITIAL(


Reference Refills per Station*Normal Ancillary Sales per Refill)

Units: $/Year/Station

TST Reference Equilibrium Margin Fraction= INITIAL(


(TST Reference Total Station Sales-Reference Total Cost per Station)/Reference Total Cost per Station)

Units: dmnl

TST Reference Total Station Sales= INITIAL(


TST Reference Ancillary Sales+Reference Sales per Station)

Units: $/Year/Station

TST SH input=


100

Units: dmnl

TST Total Destination Zones I[I]=


SUM(Convert IT to I[IT!,I])

Units: dmnl

TST Total Shares IT= INITIAL(


SUM(UPL TOTal Shares IT[IT!]))

Units: miles/trip

Tul:


(Tul1-Tul40)

Tus:


(tus1-tus11)

U:


uu,us,ur

Unbounded Effect of Market Profitability on Market Expansion p[PT]=


EXP(Sensitivity of Entry to Market Profits*Perceived Relative Profitability Market p[PT])

Units: dmnl

Unit Service Point=


1

Units: refill point/Station

Unit Station Density=


1

Units: Station/mile/mile

UPL Average Distance iu[I,uu]=


GET XLS CONSTANTS('UplOther.xls', 'D_iu_u','A1')

UPL Average Distance iu[I,us]=



GET XLS CONSTANTS('UplOther.xls', 'D_iu_s','A1')

UPL Average Distance iu[I,ura]=



GET XLS CONSTANTS('UplOther.xls', 'D_iu_ra','A1')

UPL Average Distance iu[I,urb]=



GET XLS CONSTANTS('UplOther.xls', 'D_iu_rb','A1')


Units: dmnl

UPL Average Speed IT[IT]=


40

Units: miles/hour

UPL Average Speed ul[U]=


40

Units: miles/hour

UPL Average Speed us[U]=


40

Units: miles/hour

UPL Cell Area= INITIAL(


UPL Zone Length d[LAT]*UPL Zone Length d[LON])

Units: miles*miles

UPL ConvLoc c to xy[X,Y]=


GET XLS CONSTANTS('UplOther.xls', 'Relc','A33')

Units: dmnl

UPL Dist Weight Freq IT[IT,COL3]=


GET XLS CONSTANTS('IT.xls', 'd_s','A1')

Units: dmnl

UPL Household Density I[I]= INITIAL(


UPL Households i[I]/UPL Cell Area)

Units: people/mile/mile

UPL Household Density u[U]= INITIAL(


UPL Households u[U]/UPL Cell Area)

Units: people/mile/mile

UPL Households i[I]= INITIAL(


SUM(Conversion IM[M!,I]*UPL Popc M[M!,Cm1])*HH to P*UPL Unit Population)

Units: people

UPL Households u[U]= INITIAL(


SUM(Conversion UM[M!,U]*UPL Popc M[M!,Cm1])*HH to P*UPL Unit Population)

Units: people

UPL Initial Stations Imported CNG u[U]=


0

Units: stations

UPL Initial Stations Imported Gasoline u[U]=


0

Units: stations

UPL Landuse I[I,LandUse]= INITIAL(


IF THEN ELSE(Relevant Cell i[I]=1,1,0)*


IF THEN ELSE(LandUse=All,1,


IF THEN ELSE(UPL PopTyp I[I]=LandUse+1,1,0)))

Units: dmnl

UPL Landuse U[U,LandUse]= INITIAL(


IF THEN ELSE(Relevant Cell u[U]=1,1,0)*


IF THEN ELSE(LandUse=All,1,


IF THEN ELSE(UPL PopTyp U[U]=LandUse+1,1,0)))

Units: dmnl

UPL Normal Refills IT[IT]= INITIAL(


UPL Normal Trip Frequency IT[IT]*Normal Refills per Trip IT[IT]*UPL Reference Adopters IT[IT]*Reference Trip Fraction)

Units: refills/Year

UPL Normal Trip Distancce IT[IT]= INITIAL(


UPL Dist Weight Freq IT[IT,Cm1]*UPL Unit Trip Distance)

Units: miles/trip

UPL Normal Trip Frequency IT[IT]= INITIAL(


Weights for IT usr sl[IT]*UPL Dist Weight Freq IT[IT,CM2]*UPL Unit Trip Frequency)

Units: trips/Year/person

UPL Normal Trip Length IT[IT]= INITIAL(


2*UPL Normal Trip Distancce IT[IT])

Units: miles/trip

UPL Popc M[M,COLT]=


GET XLS CONSTANTS('UplOther.xls', 'Popc','A1')

Units: dmnl

UPL PopTyp I[I]= INITIAL(


SUM(Conversion IM[M!,I]*UPL Popc M[M!,CM2]))

Units: dmnl

UPL PopTyp U[U]= INITIAL(


SUM(Conversion UM[M!,U]*UPL Popc M[M!,CM2]))

Units: dmnl

UPL Reference Adopters IT[IT]= INITIAL(


Reference Adoption Fraction*SUM(UPL Households i[I!]*Convert IT to I[IT,I!]))

Units: people

UPL Reference Stations per Cell= INITIAL(


Reference Station Density*UPL Cell Area)

Units: stations

UPL Relative Household Density I[I]= INITIAL(


UPL Household Density I[I]/Average Household Density)

Units: dmnl

UPL Relative Household Density U[U]= INITIAL(


UPL Household Density u[U]/Average Household Density)

Units: dmnl

UPL Total Relevant Area=


Total Relevant Cells*UPL Cell Area

Units: miles*miles

UPL TOTal Shares IT[IT]= INITIAL(


2*SUM(UPL Trip Underway distance IT U[IT,U!])*UPL Unit Trip Distance)

Units: miles/trip

UPL Trip Frequencies I[I]= INITIAL(


SUM(Conversion IM[M!,I]*UPL Weight Freq I[M!,CM2])*UPL Unit Trip Frequency)

Units: trips/Year/person

UPL Trip Underway distance IT U[ITus,uu]=


GET XLS CONSTANTS('TUd_u.xls', 'su','A1')

UPL Trip Underway distance IT U[ITss,uu]=



GET XLS CONSTANTS('TUd_s.xls', 'su','A1')

UPL Trip Underway distance IT U[ITrs,uu]=



GET XLS CONSTANTS('TUd_r.xls', 'su','A1')

UPL Trip Underway distance IT U[ITul,uu]=



GET XLS CONSTANTS('TUd_u.xls', 'lu','A1')

UPL Trip Underway distance IT U[ITsl,uu]=



GET XLS CONSTANTS('TUd_s.xls', 'lu','A1')

UPL Trip Underway distance IT U[ITrl,uu]=



GET XLS CONSTANTS('TUd_r.xls', 'lu','A1')

UPL Trip Underway distance IT U[ITus,us]=



GET XLS CONSTANTS('TUd_u.xls', 'ss','A1')

UPL Trip Underway distance IT U[ITss,us]=



GET XLS CONSTANTS('TUd_s.xls', 'ss','A1')

UPL Trip Underway distance IT U[ITrs,us]=



GET XLS CONSTANTS('TUd_r.xls', 'ss','A1')

UPL Trip Underway distance IT U[ITul,us]=



GET XLS CONSTANTS('TUd_u.xls', 'ls','A1')

UPL Trip Underway distance IT U[ITsl,us]=



GET XLS CONSTANTS('TUd_s.xls', 'ls','A1')

UPL Trip Underway distance IT U[ITrl,us]=



GET XLS CONSTANTS('TUd_r.xls', 'ls','A1')

UPL Trip Underway distance IT U[ITus,ura]=



GET XLS CONSTANTS('TUd_u.xls', 'sra','A1')

UPL Trip Underway distance IT U[ITss,ura]=



GET XLS CONSTANTS('TUd_s.xls', 'sra','A1')

UPL Trip Underway distance IT U[ITrs,ura]=



GET XLS CONSTANTS('TUd_r.xls', 'sra','A1')

UPL Trip Underway distance IT U[ITul,ura]=



GET XLS CONSTANTS('TUd_u.xls', 'lra','A1')

UPL Trip Underway distance IT U[ITsl,ura]=



GET XLS CONSTANTS('TUd_s.xls', 'lra','A1')

UPL Trip Underway distance IT U[ITrl,ura]=



GET XLS CONSTANTS('TUd_r.xls', 'lra','A1')

UPL Trip Underway distance IT U[ITus,urb]=



GET XLS CONSTANTS('TUd_u.xls', 'srb','A1')

UPL Trip Underway distance IT U[ITss,urb]=



GET XLS CONSTANTS('TUd_s.xls', 'srb','A1')

UPL Trip Underway distance IT U[ITrs,urb]=



GET XLS CONSTANTS('TUd_r.xls', 'srb','A1')

UPL Trip Underway distance IT U[ITul,urb]=



GET XLS CONSTANTS('TUd_u.xls', 'lrb','A1')

UPL Trip Underway distance IT U[ITsl,urb]=



GET XLS CONSTANTS('TUd_s.xls', 'lrb','A1')

UPL Trip Underway distance IT U[ITrl,urb]=



GET XLS CONSTANTS('TUd_r.xls', 'lrb','A1')


Units: dmnl

UPL Trip Underway Share IT U[IT,U]= INITIAL(


ZIDZ(UPL Unit Trip Distance*UPL Trip Underway distance IT U[IT,U],UPL TOTal Shares IT[IT]))

Units: dmnl

UPL Trip Weight IT[IT]= INITIAL(


UPL Dist Weight Freq IT[IT,cm3])

Units: dmnl

UPL Trip Weight Short I[I]= INITIAL(


SUM(Conversion IM[M!,I]*UPL Weight Freq I[M!,Cm1]))

Units: dmnl

UPL Unit Distance=


1

Units: miles

UPL Unit Population=


1

Units: person

UPL Unit Trip Distance=


1

Units: miles/trip

UPL Unit Trip Frequency=


1

Units: trips/Year/person

UPL Weight Freq I[M,COL2]=


GET XLS CONSTANTS('IT.xls', 'Iwsl_tot','A1')

Units: dmnl

UPL Zone Length d[Axis]=


22.08,15.97

Units: miles

ur:


ura,urb

ura:


(ur1-ur79)

urb:


(ur80-ur157)

us:


(us1-us73)

Utility Contribution Long Trips ip[I,PT]=


SUM(Weighted Utility to Drive Contribution Long IT lp[ITl!,PT]*Convert IT to I[ITl!,I])

Units: dmnl

Utility Contribution Short Trips ip[I,PT]=


SUM(Weighted Utility to Drive Contributton Short IT sp[ITs!,PT]*Convert IT to I[ITs!,I])

Units: dmnl

Utility to Adopt ip[I,PT]=


Effect of Other Factors on Utility to Adopt ip[I,PT]*


Average Utility to drive icp[I,c1,PT]*


Effct of Subsidy on Attractiveness to Adopt p[PT]

Units: dmnl

Utility to Drive Adjusted IT pc[IT,PT,C]=


IF THEN ELSE(


Trip Utility IT pc[IT,PT,C]=0,0,Max(Min UTD,Trip Utility IT pc[IT,PT,C]))

Units: dmnl

Utility to Drive Long Trips ip[I,PT]=


IF THEN ELSE(


Utility Contribution Long Trips ip[I,PT]=0,0,


Utility Contribution Long Trips ip[I,PT]^(-1/CES Effort Sensitivity Trip[Long]))

Units: dmnl

Utility to Drive Short Trips ip[I,PT]=


IF THEN ELSE(


Utility Contribution Short Trips ip[I,PT]=0,0,


Utility Contribution Short Trips ip[I,PT]^(-1/CES Effort Sensitivity Trip[


Short]))

Units: dmnl

Utilization Inflection Point=


1

Units: dmnl

uu:


(Uu1-Uu22)

Value of Service Time= INITIAL(


Value of Time*relative value of service time)

Units: $/hour

Value of Time=


40

Units: $/hour

Value Out of Fuel=


500

Units: $/Empty Tank

Variable Cost p[PT]= INITIAL(


Relative Fuel Cost t[PT]*WholeSale Fuel Cost)

Units: $/gallon

Variable Cost per Station up[U,PT]=


Variable Cost p[PT]*Fuel Consumption per Station up[U,PT]*Effect of Population Density on Variable Cost U[U]

Units: $/Station/Year

Variable Refill Time up[U,PT]=


Average Fuel per Refill up[U,PT]/Refill Rate p[PT]

Units: hours/refill

Vehicle Subsidies p[PT,LandUse]=


SUM(Total Adoption Subsidies ip[I!,PT]*UPL Landuse I[I!,LandUse])

Units: $/Year

Vehicles per Purchase=


1

Units: vehicle/person

Weight Subsidized Cost for Reference Cost=


0.8

Units: dmnl

Weighted Average Utility to drive ilp[I,PT]=


IF THEN ELSE(


Utility to Drive Long Trips ip[I,PT]=0,0,


IF THEN ELSE(CES Weight LongShort Trips=0,


Utility to Drive Long Trips ip[I,PT]^(1-UPL Trip Weight Short I[I]),


(1-UPL Trip Weight Short I[I])*Utility to Drive Long Trips ip[I,PT]^(CES Weight LongShort Trips)))

Units: dmnl

Weighted Average Utility to drive isp[I,PT]=


IF THEN ELSE(


Utility to Drive Short Trips ip[I,PT]=0,0,


IF THEN ELSE(CES Weight LongShort Trips=0,


Utility to Drive Short Trips ip[I,PT]^UPL Trip Weight Short I[I],


UPL Trip Weight Short I[I]*Utility to Drive Short Trips ip[I,PT]^(CES Weight LongShort Trips)))

Units: dmnl

Weighted Utility to Drive Contribution Long IT lp[ITl,PT]=


IF THEN ELSE(


Utility to Drive Adjusted IT pc[ITl,PT,c1]=0,0,


IF THEN ELSE(


CES Effort Sensitivity Trip[Long]=0,


Utility to Drive Adjusted IT pc[ITl,PT,c1]^UPL Trip Weight IT[ITl]


,


UPL Trip Weight IT[ITl]*


Utility to Drive Adjusted IT pc[ITl,PT,c1]^(-CES Effort Sensitivity Trip[Long])


))

Units: dmnl

Weighted Utility to Drive Contributton Short IT sp[ITs,PT]=


IF THEN ELSE(


Utility to Drive Adjusted IT pc[ITs,PT,c1]=0,0,


IF THEN ELSE(


CES Effort Sensitivity Trip[Short]=0,


Utility to Drive Adjusted IT pc[ITs,PT,c1]^UPL Trip Weight IT[ITs]


,


UPL Trip Weight IT[ITs]*


Utility to Drive Adjusted IT pc[ITs,PT,c1]^(-CES Effort Sensitivity Trip[Short])


))

Units: dmnl

Weights for IT usr sl[IT]= INITIAL(


IF THEN ELSE(                                                                  IT <=ELMCOUNT(ITus) ,fITus,0)+


IF THEN ELSE(ELMCOUNT(ITus)                          < IT:AND: IT<=ELMCOUNT(ITus)+ELMCOUNT(ITss),fITss,0)+


IF THEN ELSE(ELMCOUNT(ITus)+ELMCOUNT(ITss) < IT :AND:IT<=ELMCOUNT(ITs),fITrs,0)+


IF THEN ELSE(ELMCOUNT(ITs)                            < IT :AND:IT<=ELMCOUNT(ITs) +ELMCOUNT(ITul),fITul,0)+


IF THEN ELSE(ELMCOUNT(ITs)+ELMCOUNT(ITul)   < IT :AND:IT<=ELMCOUNT(IT)   -ELMCOUNT(ITrl),fITsl,0)+


IF THEN ELSE(ELMCOUNT(IT)-ELMCOUNT(ITrl)       < IT :AND:IT<=ELMCOUNT(IT),fITrl,0))

Units: dmnl

Weigth Potential Market Heuristics p[PT]= INTEG (


-Transition to Marginal Expectations p[PT],



SW In Weight Potential Market Expectation Heuristics p[PT])

Units: dmnl

WholeSale Fuel Cost=


1.65

Units: $/gallon

X:


(x1-x30)

Y:


(y1-y30)
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