
Creating Clarity from Complexity

Theresa Brown

Distinguished Member of Technical Staff

Policy and Decision Analytics Dept.

Modeling and Analysis of 
Infrastructure Dependencies: 

an example for natural disaster 
planning

Sandia National Laboratories is a multi program laboratory managed and operated by Sandia Corporation, 
a wholly owned subsidiary of Lockheed Martin Corporation, for the U.S. Department of Energy's National 
Nuclear Security Administration under contract DE-AC04-94AL85000.

SAND 

2012-….C

SAND2012-2040P



2

Critical Infrastructures are Massively 
Interconnected

 Dependency: Each infrastructure, while important on its own, is also dependent on 

other infrastructures to function successfully.  Transportation, Telecommunications, 
Petroleum, Water (and others) require electric power to function.

 Interdependency: The dynamic of being mutually dependent upon each other.  For 

example, transportation is dependent upon electric power to pump fuel and electric power 
is dependent on transportation and petroleum to deliver fuel for power generating plants. 
Such dynamic feedback loops can exist within a single infrastructure or among multiple 
infrastructures.

 Cascade: A series of infrastructure dependencies in which a stress in one sector or on 

one element  causes disruption in the next.  In the example above, loss of electric power 
causes the loss of wastewater treatment which causes a public health emergency.

Electric 
Power

Transportation

Telecommunications

POL

Water

… 

Public HealthDependencies Cascades

Figure is illustration of concept; it is not inclusive
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What I want to know about 
interdependencies is…

 Have interdependencies increased the risks or have they 
changed them?

 Are there any time bombs?
 Are there any weak points we don’t know about?
 What conditions have to exist to cause cascading failures?
 What size of event has to occur to initiate cascading failures?
 Are certain systems, networks, parts of the country more at risk 

than others? Why?
 Are there trends in the evolution of the infrastructures toward 

more vulnerable conditions or configurations?
 Are we repeating any mistakes from the past or have we really 

learned from them?
 How do the risks to infrastructures impact national security?
 How can we reduce the risks to infrastructures? 
 Can we afford to reduce those risks?  Over what timeframe? 
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Missions

Functions

Infrastructures

Assets

Population

Economy

Resources/Environment

There are different decision and analysis lifecycles

Consequence Effects Management

Intentional Natural

• Terrorist (IED, 
CBRN)

• Significant decision 
rollout

• Hurricane

• Earthquake

• Flooding …

Pre-event Planning
Crisis or Action 

Management

System 
Restoration/Recovery/Evolution

Accidental

Planning Recovery/Improvements

Event/Response
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System 
Mapping

Quantitative 
Modeling

Hypothesis 
Testing

Uncertainty Analysis Forecasting and 
Optimization

Qualitative
Inductive

Provides
situational 
awareness of 
relationships, 
potentially causal 
relationships, 
linkages and 
interdependencies

Quantitative
Descriptive

Formulation
and simulation 
requires 
specification of 
rules and 
governing 
relationships to 
represent and 
track 
consequences

Quantitative
Deductive

Problem focused, 
statement of 
hypothesis of 
system behavior. 
Goal is to 
improve 
understanding of 
system under 
specified 
conditions.

Quantitative
Exploratory

Examines behavioral
and quantitative 
sensitivity, allows  
testing  of model 
robustness and 
hypotheses, 
quantification of risks 
and identification of 
leverage points

Quantitative 
Predictive

Identification of 
future system 
behavior, optimal 
or robust solutions.

There are a range of data, modeling and analysis 
capabilities needed for this class of problems

Table based on : “Levels of Confidence in System Dynamics Modeling: A Pragmatic Approach to Assessment 
of Dynamic Models” by Aldo A. Zagonel and Thomas F. Corbet, CI Modeling and Simulation Department, 
Published in the International System Dynamics Conference Proceedings, 2006.
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National Infrastructure Simulation and Analysis Center
(NISAC) Capabilities

 Interdependencies and System Modeling
• The interdependencies and system modeling capability provides the foundation for all 

NISAC products including asset prioritization, earthquake planning scenario, and 
other impact analyses.

 Economic and Human Consequences
• NISAC uses a mixture of proprietary commercial software and in-house modeling 

and simulation capability to provide first-in-class estimates of population and 
economic impacts.

 Asset and Facility Operations Modeling
• Infrastructure operators interact with infrastructure systems by making decisions 

based on constraints and opportunities. Modeling these interactions allows prediction 
of likely infrastructure operator responses to external events and the possible 
infrastructure impacts caused by those decisions.

 Fast Integrated Hazards Analysis
• NISAC uses a common integrated simulation environment to provide consistent 

consequence estimates across event analyses and to expand event scenarios to 
multiple cascading events. This capability significantly improves NISAC’s ability to 
provide timely and cost-effective analysis of event implications during a real event.

 Integrating Architecture
• Integrating architecture supports systems analyses, fast turnaround analyses for 

events of national concern, and exercise support. NISAC’s integrating architecture 
also improves coordination with other stakeholders in infrastructure protection 
including sector-specific agencies, FEMA, and state agencies.

http://www.sandia.gov/nisac/
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Infrastructure Modeling and Analysis Mission

• Improve the understanding, 
preparation, and mitigation of the 
consequences of infrastructure 
disruption

• Provide a common, comprehensive 
view of U.S. infrastructure and its 
response to disruptions

– Scale & resolution appropriate to 
the issues

– All threats

• Built an operations-tested DHS 
capability to respond quickly to 
urgent infrastructure protection 
issues

– Rapid analysis and collaboration

– 24/7 when needed
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Multiple Viewpoints Are Used to Understand Critical Infrastructures

Idle Power
Generation

Capacity

Failed G
eneration
 Capacity

Repairing Failed
Generation Capacity

Failed
Generation

Capacity Repair
Time

Target Generation
Serving Load

Line Loss
Factor

Target Load

Fuel Required for
Load Serving

Total Fuel
Utilization Rate

Maximum Fuel
Utilization Rate Maximum Load

Allowed by Available
Fuel

Fuel Required
per unit Load

Served

Time to Activate
Generation

Target Fuel
Utilization Rate

Bringing Generation
on Line

Generation
Serving

Load

Switching Load
Serving Generation to

Idle

Load Serving
Generation Failing

Generation
Failure

Time

Maximum Rate of
Increasing Load

Serving

Available
Generation

Power Sales
Priority

Diurnal
Electricity
Demand

Variation

Peak
Load

OneHour

Fuel Price

Non-Fuel
Marginal Costs

for Load Serving

Marginal Costs for
Load Serving

Total Target Electric
Power Purchases

Power Purchase
Priority

Power
Price

Electric Power
Load Served

Offered
Generation

Offered
Imports

Import Sales
Priority

Composite Sales
Priority

Composite
Supply Offered

Imports
Purchased

Import
Power Price

Total Load
Served

Net Rate of
Increasing Load

Serving

Generation Available
for Export

Generation
Disconnected

from
Transmission

SystemLoad Serving Generation
Becomming
Disconnected

Idle Generation
Becomming
Disconnected

Generation
Becomming
Reconnected

Generation
Reconnection

Time

Generation
Disconnection RatePower Interruption

Start Time

Power Interruption
Duration

Disconnection Rate
During Interruption

Emissions per
Unit

Generation

Emissions
Rate

Relative
Shortfall in
Load Served

Total Region
Load

Relative
Shortfall in
Sector Load

Served

Generation for
Export

Regional
Electric
Power

Demand
Export

Obligations
Adjusting Export

Obligations

Total Target
Electric Power

Load

Electric Power
Acquired for Each

Sector

Regional Electric
Power Load

Served

Reserve
Margin

Total Idle
Capacity

Total Generation
Serving Load

Current Transmission
Capacity to Regions

Customers

Target Power to
Serve Region Load

Region Load
Constrained by
Transmission

Effect of Power
SCADA on Control of

Generators

Total Available
Generation

Maximum
Controllable
Generation

Initial
Generation

Capacity

Disconnection Rate due
to Control Limitations

Expected
Power Price

Spatial/Physical

• Location of key 
assets

• Asset 
Characteristics

• Co-location

Network

• Flow of resources 
and goods

• Flow Capacity

• Critical Nodes

Supply Chain

• Inputs, Processes, 
Outputs

• Process 
Infrastructure

• Dependencies

System Dynamics

• Stocks/Flows

• Feedback Loops

• Interdependencies

• Structure 
Dynamics

• Interacting Networks
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Major Infrastructure Interdependencies – Short 
Timescale

Settlement
Account
Balance

Liquidity
Stored in

Other
Accounts

Communications
Availability

Available Liquidity

Time of Disruption

Duration of
Disruption

<Time>

Target Liquidity

Threshold for Offering
Excess Liquidity

Threshold for Purchasing
Additional Liquidity

Offered Funds

Desired Liquidity
Purchases

Composite Sales Priority
for Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected FIs Sales
Priority

Affected FIs
Desired Returns

Discount or
Support Rate

Other Sellers
Desired Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Composite Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase Priority

Affected FIs
Purchase Priority

Other Sellers Bid
Rate

Affected FIs Bid
Rate

Composite Purchase
Priority for Overnight

Funds

Composite Maximum
Purchase Rate

Desired Purchase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Funds

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withdrawals

Ordinary Target
Liquidity

Liquidity Required to Meet
Expected Withdrawal

Demands

Currency in Member

Bank Vaults

Currency in ATMs

Currency in

Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to

Regional Banks

Currency Withdrawals

from Regional Reserve

ATM Withdrawals

Currency Distributed

to ATMs

Desired Currency

Coverage in ATMs

Time to Revise

Estimated Withdrawal
Rate

Perceived ATM

Withdrawal
Rate

Changing Perception of

ATM Withdrawal Rate

Current Coverage
in ATMsTime to Adjust ATM

Currency Stock

Correction for ATM
Currency Stock

Adjustment

Desired Currency

Distribution to ATMs

Customers' Desired

Currency Withdrawal
Rate

Maximum Currency

Withdrawal Rate Customers' Currency
Withdrawal Rate

Maximum Currency

Distribution to ATMs

Perceived
Demand for

Currency from

Banks

Customers' Currency

Deposit Rate

Desired Currency
Coverage in Vaults

Correction for Bank Vault

Currency Stock
Adjustment

Time to Adjust Bank
Currency Stock

Current Currency

Coverage in Bank
Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipated Deposits

Members' Demand

for Currency

Members' Net

Demand for Currency

Maximum Currency

Shipment Rate from
Regional Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from ATMs

Maximum ATM

Withdrawal Rate

<TIME STEP>

<TIME STEP>

<TIME STEP>

Currency in

Transit to
Member Banks

Time to Move Currency

between Member and
Regional Banks

Currency Deposits to

Member Banks

Desired Coverage in

Regional Reserve Banks

Current Coverage in
Regional Reserve Banks

Perceived
Currency

Demand by

Member Banks

Time to Adjust Currency

Inventory in Regional
Reserve Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correction for Anticipated
Deposits by Member

Banks

Correction for Reserve Bank
Currency Inventory

Adjustment

Currency in
Transit to
Regional

Reserve Banks

Members' Currency

Shipments to Regional
Reserve Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks Net
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Transit from

Federal Reserve

Time to Obtain Currency

from Federal Reserve

Currency Sent from

Federal Reserve

Currency Sent to

Federal Reserve

Fraction of ATM
Hosts Available

ATM Access

probability

Unsatisified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank
Currency Demands

Satisfied

Fraction of Failed ATM

Withdrawals Attempted at
Bank

Supplementary Withdrawal

Attempts from Failed ATM
Transactions

Fraction of Cash

Withdrawals Attempted at
ATMs

Cash Withdrawn
Fraction of Retail
Banks Available

Desired Cash
Withdrawal Rate

<Adjustment to
Correct Cash

Shortfall>

<Perceived Cash

Spending Rate>

Relative Shortfall in

Regional Reserve
Currency

<Business
Communication Status>

<Banking and Credit

Communication Status>

Currency Flows

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand

Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases

Total Purchasing
Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
Settlement

Settling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered

Property
Adjusting
Coverage

Time to Change

Coverage

Indicated Premium

Premium
Charged on
Covered
Property

Liquid

Assets

Long Term
Assets

Premium Payments

Adjusting Average

Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of

Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable

Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting

Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity

Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate

Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Settlement
Account
Balance

Liquidity
Stored in

Other
Accounts

Communications
Availability

Available Liquidity

Time of Disruption

Duration of
Disruption

<Time>

Target Liquidity

Threshold for Offering
Excess Liquidity

Threshold for Purchasing
Additional Liquidity

Offered Funds

Desired Liquidity
Purchases

Composite Sales Priority
for Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected FIs Sales
Priority

Affected FIs
Desired Returns

Discount or
Support Rate

Other Sellers
Desired Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Composite Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase Priority

Affected FIs
Purchase Priority

Other Sellers Bid
Rate

Affected FIs Bid
Rate

Composite Purchase
Priority for Overnight

Funds

Composite Maximum
Purchase Rate

Desired Purchase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Funds

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withdrawals

Ordinary Target
Liquidity

Liquidity Required to Meet
Expected Withdrawal

Demands

Currency in Member

Bank Vaults

Currency in ATMs

Currency in

Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to

Regional Banks

Currency Withdrawals

from Regional Reserve

ATM Withdrawals

Currency Distributed

to ATMs

Desired Currency

Coverage in ATMs

Time to Revise

Estimated Withdrawal
Rate

Perceived ATM

Withdrawal
Rate

Changing Perception of

ATM Withdrawal Rate

Current Coverage
in ATMsTime to Adjust ATM

Currency Stock

Correction for ATM
Currency Stock

Adjustment

Desired Currency

Distribution to ATMs

Customers' Desired

Currency Withdrawal
Rate

Maximum Currency

Withdrawal Rate Customers' Currency
Withdrawal Rate

Maximum Currency

Distribution to ATMs

Perceived
Demand for

Currency from

Banks

Customers' Currency

Deposit Rate

Desired Currency
Coverage in Vaults

Correction for Bank Vault

Currency Stock
Adjustment

Time to Adjust Bank
Currency Stock

Current Currency

Coverage in Bank
Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipated Deposits

Members' Demand

for Currency

Members' Net

Demand for Currency

Maximum Currency

Shipment Rate from
Regional Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from ATMs

Maximum ATM

Withdrawal Rate

<TIME STEP>

<TIME STEP>

<TIME STEP>

Currency in

Transit to
Member Banks

Time to Move Currency

between Member and
Regional Banks

Currency Deposits to

Member Banks

Desired Coverage in

Regional Reserve Banks

Current Coverage in
Regional Reserve Banks

Perceived
Currency

Demand by

Member Banks

Time to Adjust Currency

Inventory in Regional
Reserve Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correction for Anticipated
Deposits by Member

Banks

Correction for Reserve Bank
Currency Inventory

Adjustment

Currency in
Transit to
Regional

Reserve Banks

Members' Currency

Shipments to Regional
Reserve Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks Net
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Transit from

Federal Reserve

Time to Obtain Currency

from Federal Reserve

Currency Sent from

Federal Reserve

Currency Sent to

Federal Reserve

Fraction of ATM
Hosts Available

ATM Access

probability

Unsatisified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank
Currency Demands

Satisfied

Fraction of Failed ATM

Withdrawals Attempted at
Bank

Supplementary Withdrawal

Attempts from Failed ATM
Transactions

Fraction of Cash

Withdrawals Attempted at
ATMs

Cash Withdrawn
Fraction of Retail
Banks Available

Desired Cash
Withdrawal Rate

<Adjustment to
Correct Cash

Shortfall>

<Perceived Cash

Spending Rate>

Relative Shortfall in

Regional Reserve
Currency

<Business
Communication Status>

<Banking and Credit

Communication Status>

Currency Flows

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand

Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases

Total Purchasing
Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
Settlement

Settling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand

Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases

Total Purchasing
Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
Settlement

Settling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered

Property
Adjusting
Coverage

Time to Change

Coverage

Indicated Premium

Premium
Charged on
Covered
Property

Liquid

Assets

Long Term
Assets

Premium Payments

Adjusting Average

Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of

Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable

Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting

Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity

Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate

Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Banking & Finance

harvested
corn

planting corn

corninventory atfeedlotscorn sales to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventorycoverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres of
corn

harvestingacres of corn

losses from
corn disease

average corn
yield

desired acres
of corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harvesting

harvesting
tonnes of corn cows onfeedlots

beef cattle corn
consumptionanticipated

inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory correction
at feedlots
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Time to Adjust
Expected Distillate Use

Rate

Adjusting Expected
Distillate Use Rate

Maximum Natural Gas
Delivery Rate to

Generators

Maximum Coal Delivery
Rate to Generators

Maximum Distillate
Delivery Rate to

Generators

Maximum Oil Delivery
Rate to Generators

Maximum Fuel
Utilization Rate

<TIME STEP>

Maximum Fuel
Delivery Rate

The natural gas supply is
assumed to be common to all

three gas generator types

Target Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum NG
Utilization Rate

Total Natural Gas
Orders from Generators

Relative Shortfall in

Generator Fuel

Natural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Generators

Coal Price to
Generators

Distillate Price to
Generators

Oil Price to
Generators

<Natural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

Oil Fuel Unit

Coal Deliveries to
Generators

<Coal Fuel Unit>

Distillate Deliveries to
Generators

<Distillate Fuel
Unit>

Oil Deliveries to
Generators

<Oil Fuel Unit>

Oil Deliveries

Distillate Deliveries

Coal Deliveries
Natural Gas
Deliveries

Relative Transport Time by
Mode and NERC Region

Fractional Transport

Mode for Coal

Normal Time to
Obtain Coal

Fuel Management

Natural Gas
Orders

Total Natural Gas
Deliveries to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target Natural Gas
Inventory

Time to Adjust
Natural Gas Inventory

Consuming Natural

Gas for Generation

Adjustment for
Natural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Suppliers

Expected
Natural Gas

Utilization Rate

Time to Adjust Expected
Natural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coal
Coverage

Target Coal
Inventory

Time to Adjust Coal
Inventory

Consuming Coal for
Generation

Adjustment for Coal
Inventory

Time to Obtain
Coal

Performance of
Coal Suppliers

Expected Coal
Utilization Rate

Time to Adjust
Expected Coal Use

R a t e

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

Oil Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Performance of Oil
Suppliers

Expected Oil

Utilization Rate

Time to Adjust
Expected Oil Use Rate

Adjusting Expected
Oil Use Rate

Distillate Orders from

Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obtain
Distillate

Performance of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate Use

Rate

Adjusting Expected
Distillate Use Rate

Maximum Natural Gas
Delivery Rate to

Generators

Maximum Coal Delivery
Rate to Generators

Maximum Distillate
Delivery Rate to

Generators

Maximum Oil Delivery
Rate to Generators

Maximum Fuel
Utilization Rate

<TIME STEP>

Maximum Fuel
Delivery Rate

The natural gas supply is
assumed to be common to all

three gas generator types

Target Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum NG
Utilization Rate

Total Natural Gas
Orders from Generators

Relative Shortfall in

Generator Fuel

Natural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Generators

Coal Price to
Generators

Distillate Price to
Generators

Oil Price to
Generators

<Natural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

Oil Fuel Unit

Coal Deliveries to
Generators

<Coal Fuel Unit>

Distillate Deliveries to
Generators

<Distillate Fuel
Unit>

Oil Deliveries to
Generators

<Oil Fuel Unit>

Oil Deliveries

Distillate Deliveries

Coal Deliveries
Natural Gas
Deliveries

Relative Transport Time by
Mode and NERC Region

Fractional Transport

Mode for Coal

Normal Time to
Obtain Coal

Fuel Management

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
Capacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SCADA

on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
Capacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SCADA

on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Petroleum Fuels

Desired Natural Gas

Purchase Rate

Maximum Natural

Gas Sales Rate

Total Desired Natural

Gas Sales to End Users

Natural Gas
Purchase Rate

Natural Gas in
Underground Storage

Power Availability

in NGRegion

Nominal Injection

Capacity to Natural Gas
Storage

Effect of Power Availability on
Natural Gas Transfer Capacity to

Underground Storage

Natural Gas in
Transmission System

Injection Capacity to

Natural Gas Storage

Transfering Natural
Gas to Storage

Desired Natural
Gas Acquisition

Rate

Current Rate ofDomestic Gas
Production

Current NG Transfer
Capacity to Other

NGRegions

NG Transfer Rate to

Other NGRegions

Total NG Transfer Rate

to Other Districts

Target NG Transfer
Rate to Other Districts

Time to Form Average
Target NG Transfer Rate

Average Target
NG Transfer Rate Changing Average

Target NG Transfer
Rate

Total Target NG
Transfer Rate

NG Transfer Offered to
Other NGRegions

Maximum Natural Gas
Transfer Rate to Other

Districts

Serviceable Fraction of

Total Target NG Transfer
Rate

Natural Gas
Acquisition Rate

Desired NG Acquisition
Rate from Other

NGRegions

Total NG Import
Capacity from Other

NGRegions

Requested NG Imports
From Other NGRegions

Order Rate for

Foreign NG Imports
Foreign Natural Gas

Import Rate

Time to Acquire Foreign

Natural Gas Imports

Time to Acquire Transfers

NG from Other Districts

Natural Gas
Aquisition

Sector Natural Gas
Priority

Natural Gas Purchase
Priority from Other

Districts

Natural Gas Sales
Priority for Other

NGRegions

Natural Gas
Clearing Price

Potential
Market for

NGAcquisitionChange in Market for
NG Acquisition

Time to Change Market
for NG Acquisition

<TIME STEP>

Current Foreign NG
Import Capacity

Outstanding
Orders for

Foreign NG
ImportsIncreasing Backlog of

Foreign NG Orders

Decreasing Backlog of
Foreign NG Orders

Demand from
Generators

End-user
Demand

Generators Desired

Natural Gas Purchase
Rate

Nominal Deliverability
Rate of Stored NG

Total Desired
Natural Gas Sales

Consuming

Natural Gas

Working Gas Relative to

Working Gas Capacity

Relative Shortfall in
Natural Gas Deliveries

Maximum Natural

Gas Delivery Rate

Maximum Generator
Sales Rate

NG Sales Rate to
Generators

Total Natural Gas

Sales to End Users

Annual Average Net

Aquisition Rate

One Year

Deliverability from

Natural Gas Storage

Desired Transfer

Rate To Storage

Outstanding

Orders for
NG ImportsNG Imports from

Other NGRegions
Domestic Natural
Gas Import Rate

<Time>

Average Gas
Demand

Gas Demand
Variability

Total NG Purchases
from Other Regions

Total Sales to
Other Regions

Storage Withdrawals
Required to Serve

Demand

<Acquisition Correction

for Storage Availability>

<Additional Acquisition to

Cover for Immediate
Shortfalls>

<Z: Time Units
Per Day>

<Z: Time Units
Per Day>

Current Internal NG
Transmission Capacity

<Effect of SCADA on

NG Pipeline Capacity>

<Maximum Capacity of
Gathering Network for
Domestic Production>

<Nominal Rate of
Domestic Gas
Production>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum NG Transfer

Rate to Other
NGRegions>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Foreign NG
Import Capacity>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Internal NG
Transmission Capacity>

Expected Natural

Gas Price

Initial Amount of

Natural Gas Stored

Natural Gas
Wholesale Price

Adjusting Natural Gas
Wholesale Price

Time to Adjust Natural
Gas Wholesale Price

<Natural Gas
Clearing Price>

Regional Gas Price

Effect of Stored Gas
on Price Function

<Working Gas Relative to
Working Gas Capacity>

Nominal Natural
Gas Price

<Regional Gas

Price>

Desired Fuel
Purchase Rate

F u e l
Inventory at
Distributors Distributor Sales

R a t e

Expected Product
Replacement Time

Maximum Sales
Rate

Total Desired

Sales Rate

Distributor
Shortage

Distributor Effect of Perceived
Shortage on Desired

Coverage Table
Distributor Effect of

Perceived Shortage on
Desired Coverage

Distributor
Perceived
Shortage

Distributor Time to
Perceive Shortage

Distributor Change in
Perceived Shortage

Desired Distributor
Fuel Coverage

Perceived
DemandR a t e

Change in Perceived
Demand Rate

Time to Change
Perceived Demand

Rate

Current Distributor
Fuel Coverage

Relative Distributor
Fuel Coverage

Effect of Relative Coverage
on Indicated Fuel Price

Table

Perceived
Fuel Price Changing

Perception of Fuel
P r i c e

Effect of Relative
Coverage on Indicated

Fuel Price

Spot Fuel Price

Time to Change
Perceived Fuel Price

Fuel Retail
Markup

Fuel Retail Price

Fuel Purchase
Rate

Distributor
Inventory Deficit

Total Demand in
District

Distributor
Acquisition Rate

Nominal Distributor
Fuel Coverage

Distributor/
Retailer

Refiner

Refiner Desired Fuel
Purchase Rate

Product

Inventory at
Refiners Refiner

Sales Rate

Expected
Production Time

Maximum Refinery
Sales Rate

Total Desired
Refiner Sales Rate

Desired Refiner
Inventory Coverage

Perceived
Distributors

Demand Rate

Change in Perceived
Distributors Demand

R a t e

Time to Change Perceived
Distributors Demand Rate

Current Refinery
Inventory Coverage

Refinery Sales Rate to
Other Districts

Refiner Product
Inventory Deficit

Refiner Desired
Production Rate

Refinery
Production Rate

Nominal Refiner
Inventory Coverage

Maximum Refining
Capacity

Product Yield per
Unit Crude

Additional Yield
from Additives

Additive
Availability

Current Product
Yie ld Current Price per

Unit Crude Fixed Costs

Variable Unit
Costs

Unit Production Costs
for Perceived Demand

Crude Price

KGallonsPerBarrel

Operation Rate for
Perceived Demand

Minimum Refinery
Capacity Utilization

Minimum Refinery
Operation Rate

Available Refining
Capacity

Refinery Capacity
Damage Indicator

Time Conversion

Product Markup

Effect of Product Markup
on Capacity Utilization

Table

Effect of Product Markup
on Capacity Utilization

Economic Target
Operation Rate

Crude
Inventory at
Refiner Refinery

Operation Rate

Refinery Cycle
Time

Crude Limited Refinery
Operation Rate

Labor Availability
to PADPower Availability

to PAD

Inventory Based
Target Operation Rate

Effect of Labor

Availability on
Available Capacity

Aggregate Effects on
Available Capacity

Target Operation
Rate

Average Target

Operation Rate

Time to Form Average
Target Operation Rate

Change in Average
Target Operation Rate

Desired Crude Inventory
Coverage at Refinery

Current Crude Inventory
Coverage at Refinery

Crude Inventory
Deficit at Refinery

Refinery Crude
Inventory Adjustment

Time

Desired Crude Transfer
Rate from Terminal

Storage

Nominal Crude Transfer
Capacity to Refinery

Effect of Power Availability on
Crude Transfer Capacity to

Refinery

Crude Inventory at
Terminals and Tank

Farms

Maximum Crude
Transfer Rate to

Refineries

Transfering Crude
to Refinery

Desired Crude Inventory
Coverage at Terminals and

Tank Farms

Current Crude Inventory
Coverage at Terminals and

Tank Farms

Crude Inventory Deficit at
Terminals and Tank Farms

Desired Crude
Acquisition Rate

Time to Adjust Crude
Inventory at Terminals and

Tank Farms

Current Rate of
Domestic Crude

Delivery

Current Maximum Crude
Transfer Rate to Other

PADs Crude Transfer Rate
to Other PADs

Total Crude Transfer
Rate to Other Districts

Target Crude Transfer
Rate to Other Districts

Time to Form Average
Target Crude Transfer

Rate

Average Target
Crude Transfer

Rate
Changing Average

Target Crude Transfer
Rate

Total Target Crude
Transfer Rate

Crude Transfer
Offered to Other

PADs

Maximum Crude Transfer

Rate from Terminals and
Tank Farms

Maximum Crude Transfer
Rate to Other Districts

Serviceable Fraction of
Total Target Crude

Transfer Rate

Crude Acquisition
Rate

Desired Acquisition
Rate from Other PADs

Total Crude Import
Capacity from Other

Districts

Requested Crude
Imports From Other

PADs

Crude Imports from
Other PADs

Order Rate for Foreign
Crude Imports

Foreign Crude

Import Rate

Time to Acquire
Foreign Crude Imports

Time to Acquire Crude
Transfers for Other

Districts

Crude
Buyer

Sector Fuel
Priority

Product Sales

Priority for Other
Districts

Refinery Sales Rate to
District Distribution

Refinery Production

Available for Transfer

Desired Imports from
Other Districts

Product Purchase
Priority from Other

Districts

Fuel Clearing Price

Distributor Purchases
from Other Districts

Total Desired Import
Rate from Other Districts

Total Refinery Sales
Rate to Other Districts

Total Unserved Demand
from Other Districts

Fraction of Unserved
Demand Perceived

Crude Purchase Priority
from Other Districts

Crude Sales Priority
for Other PADs

Crude Clearing

Priority

Domestic Crude
Import Rate

Potential
Market for

Crude
Acquisition

Change in Market for
Crude Acquisition

Time to Change Market
for Crude Acquisition

<TIME STEP>

Maximum Foreign
Crude Import Rate

Outstanding
Orders forForeign Crude
ImportsIncreasing Backlog of

Foreign Crude Orders

Decreasing Backlog of

Foreign Crude Orders

Fraction of Outstanding
Foreign Crude Imports
Considered in Coverage

<Product Yield per
Unit Crude>

Trend in Spot
Fuel Price

Time to Increase
Retail Fuel Price

Time to Decrease
Retail Fuel Price

PassThrough
Fuel PriceAdjusting Pass

Through Fuel Price

Time to Change
Fuel Price

Relative Shortfall in Fuel
Purchases from
Distributors

Relative Shortfall in Fuel

Purchases by Distributors

Relative Shortfall in
Refinery Operations

Rate

Relative Shortfall in
Crude Purchases

Time to Track Trend
in Spot Prices

Test Purchase
R a t e

Initial Trend in
Spot Price

EIA Refining Capacity
as of January 2003

HoursPerDay

Wholesale
Market

Distributor Desired
Purchasing Rate

District Generators
Demand for Diesel

District Generators
Demand for Heavy Oil

Total Supply to
District

District Generators
Supply of Diesel

District Generators
Supply of Heavy Oil

Effect of Relative Coverage
on Indicated Fuel Sales Price

Table

Perceived
Fuel Sales

Price Changing Perception of
Fuel Sales Price Effect of Relative Coverage

on Indicated Fuel Sales
P r i c e

Spot Fuel Sales
P r i c e

Time to Change
Perceived Fuel Sales

Price

Refiner Product
Relative Coverage

Fuel Available for
Transfer

Current Maximum
Foreign Fuel Import

Rate

Foreign Fuel
Pr ice

Purchase Rate of
Imports

Relative Tranport Time
by Mode and PAD

Fractional Transport
Surface Mode for Refined

Products

Fraction of Product
Pipeline Capacity Used

Transport Rate by Mode

for Refined Products

Refined
Products in
Pipelines Refined Products

Arriving by Pipeline

Time to Transport
Refined Products by

Pipeline

Transporting Refined

Products by Pipeline

Transporting Refined

Products by Surface
Mode

Current Foreign Crude
Import Capacity

Effect of Power Availability
on Foreign Crude Import

Rate

Maximum Deliverability
of Domestic Crude

Production
Normal Rate of
Domestic Crude

Production

Maximum Crude
Transfer Rate to Other

PADs

Maximum Product Transfer
Capacity by Pipeline to

District Distribution

Current Product Transfer
Capacity by Pipeline to

District Distribution

Total Product Transfer
Capacity to Other PADs Total Product Transfer

Capacity from Exporters

Time to Recover Refinery
Capacity from Power

Outage

Effect of Power
Availability on

Refinery CapacityAdjusting Effect of Power
Availability on Refinery

Capacity

<TIME STEP>

Maximum Foreign
Fuel Import Rate

<Spot Fuel Price>

<Spot Fuel Sales

Price>

<Fuel Clearing
Price>

<Maximum Crude Transfer
Rate to Other PADs in Barrels

per Day>

<KGallons
PerBarrel> <HoursPerDay>

Refined Petroleum Products

Natural Gas

Desired Natural Gas

Purchase Rate

Maximum Natural

Gas Sales Rate

Total Desired Natural

Gas Sales to End Users

Natural Gas
Purchase Rate

Natural Gas in
Underground Storage

Power Availability

in NGRegion

Nominal Injection

Capacity to Natural Gas
Storage

Effect of Power Availability on
Natural Gas Transfer Capacity to

Underground Storage

Natural Gas in
Transmission System

Injection Capacity to

Natural Gas Storage

Transfering Natural
Gas to Storage

Desired Natural
Gas Acquisition

Rate

Current Rate ofDomestic Gas
Production

Current NG Transfer
Capacity to Other

NGRegions

NG Transfer Rate to

Other NGRegions

Total NG Transfer Rate

to Other Districts

Target NG Transfer
Rate to Other Districts

Time to Form Average
Target NG Transfer Rate

Average Target
NG Transfer Rate Changing Average

Target NG Transfer
Rate

Total Target NG
Transfer Rate

NG Transfer Offered to
Other NGRegions

Maximum Natural Gas
Transfer Rate to Other

Districts

Serviceable Fraction of

Total Target NG Transfer
Rate

Natural Gas
Acquisition Rate

Desired NG Acquisition
Rate from Other

NGRegions

Total NG Import
Capacity from Other

NGRegions

Requested NG Imports
From Other NGRegions

Order Rate for

Foreign NG Imports
Foreign Natural Gas

Import Rate

Time to Acquire Foreign

Natural Gas Imports

Time to Acquire Transfers

NG from Other Districts

Natural Gas
Aquisition

Sector Natural Gas
Priority

Natural Gas Purchase
Priority from Other

Districts

Natural Gas Sales
Priority for Other

NGRegions

Natural Gas
Clearing Price

Potential
Market for

NGAcquisitionChange in Market for
NG Acquisition

Time to Change Market
for NG Acquisition

<TIME STEP>

Current Foreign NG
Import Capacity

Outstanding
Orders for

Foreign NG
ImportsIncreasing Backlog of

Foreign NG Orders

Decreasing Backlog of
Foreign NG Orders

Demand from
Generators

End-user
Demand

Generators Desired

Natural Gas Purchase
Rate

Nominal Deliverability
Rate of Stored NG

Total Desired
Natural Gas Sales

Consuming

Natural Gas

Working Gas Relative to

Working Gas Capacity

Relative Shortfall in
Natural Gas Deliveries

Maximum Natural

Gas Delivery Rate

Maximum Generator
Sales Rate

NG Sales Rate to
Generators

Total Natural Gas

Sales to End Users

Annual Average Net

Aquisition Rate

One Year

Deliverability from

Natural Gas Storage

Desired Transfer

Rate To Storage

Outstanding

Orders for
NG ImportsNG Imports from

Other NGRegions
Domestic Natural
Gas Import Rate

<Time>

Average Gas
Demand

Gas Demand
Variability

Total NG Purchases
from Other Regions

Total Sales to
Other Regions

Storage Withdrawals
Required to Serve

Demand

<Acquisition Correction

for Storage Availability>

<Additional Acquisition to

Cover for Immediate
Shortfalls>

<Z: Time Units
Per Day>

<Z: Time Units
Per Day>

Current Internal NG
Transmission Capacity

<Effect of SCADA on

NG Pipeline Capacity>

<Maximum Capacity of
Gathering Network for
Domestic Production>

<Nominal Rate of
Domestic Gas
Production>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum NG Transfer

Rate to Other
NGRegions>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Foreign NG
Import Capacity>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Internal NG
Transmission Capacity>

Expected Natural

Gas Price

Initial Amount of

Natural Gas Stored

Natural Gas
Wholesale Price

Adjusting Natural Gas
Wholesale Price

Time to Adjust Natural
Gas Wholesale Price

<Natural Gas
Clearing Price>

Regional Gas Price

Effect of Stored Gas
on Price Function

<Working Gas Relative to
Working Gas Capacity>

Nominal Natural
Gas Price

<Regional Gas

Price>

Desired Fuel
Purchase Rate

F u e l
Inventory at
Distributors Distributor Sales

R a t e

Expected Product
Replacement Time

Maximum Sales
Rate

Total Desired

Sales Rate

Distributor
Shortage

Distributor Effect of Perceived
Shortage on Desired

Coverage Table
Distributor Effect of

Perceived Shortage on
Desired Coverage

Distributor
Perceived
Shortage

Distributor Time to
Perceive Shortage

Distributor Change in
Perceived Shortage

Desired Distributor
Fuel Coverage

Perceived
DemandR a t e

Change in Perceived
Demand Rate

Time to Change
Perceived Demand

Rate

Current Distributor
Fuel Coverage

Relative Distributor
Fuel Coverage

Effect of Relative Coverage
on Indicated Fuel Price

Table

Perceived
Fuel Price Changing

Perception of Fuel
P r i c e

Effect of Relative
Coverage on Indicated

Fuel Price

Spot Fuel Price

Time to Change
Perceived Fuel Price

Fuel Retail
Markup

Fuel Retail Price

Fuel Purchase
Rate

Distributor
Inventory Deficit

Total Demand in
District

Distributor
Acquisition Rate

Nominal Distributor
Fuel Coverage

Distributor/
Retailer

Refiner

Refiner Desired Fuel
Purchase Rate

Product

Inventory at
Refiners Refiner

Sales Rate

Expected
Production Time

Maximum Refinery
Sales Rate

Total Desired
Refiner Sales Rate

Desired Refiner
Inventory Coverage

Perceived
Distributors

Demand Rate

Change in Perceived
Distributors Demand

R a t e

Time to Change Perceived
Distributors Demand Rate

Current Refinery
Inventory Coverage

Refinery Sales Rate to
Other Districts

Refiner Product
Inventory Deficit

Refiner Desired
Production Rate

Refinery
Production Rate

Nominal Refiner
Inventory Coverage

Maximum Refining
Capacity

Product Yield per
Unit Crude

Additional Yield
from Additives

Additive
Availability

Current Product
Yie ld Current Price per

Unit Crude Fixed Costs

Variable Unit
Costs

Unit Production Costs
for Perceived Demand

Crude Price

KGallonsPerBarrel

Operation Rate for
Perceived Demand

Minimum Refinery
Capacity Utilization

Minimum Refinery
Operation Rate

Available Refining
Capacity

Refinery Capacity
Damage Indicator

Time Conversion

Product Markup

Effect of Product Markup
on Capacity Utilization

Table

Effect of Product Markup
on Capacity Utilization

Economic Target
Operation Rate

Crude
Inventory at
Refiner Refinery

Operation Rate

Refinery Cycle
Time

Crude Limited Refinery
Operation Rate

Labor Availability
to PADPower Availability

to PAD

Inventory Based
Target Operation Rate

Effect of Labor

Availability on
Available Capacity

Aggregate Effects on
Available Capacity

Target Operation
Rate

Average Target

Operation Rate

Time to Form Average
Target Operation Rate

Change in Average
Target Operation Rate

Desired Crude Inventory
Coverage at Refinery

Current Crude Inventory
Coverage at Refinery

Crude Inventory
Deficit at Refinery

Refinery Crude
Inventory Adjustment

Time

Desired Crude Transfer
Rate from Terminal

Storage

Nominal Crude Transfer
Capacity to Refinery

Effect of Power Availability on
Crude Transfer Capacity to

Refinery

Crude Inventory at
Terminals and Tank

Farms

Maximum Crude
Transfer Rate to

Refineries

Transfering Crude
to Refinery

Desired Crude Inventory
Coverage at Terminals and

Tank Farms

Current Crude Inventory
Coverage at Terminals and

Tank Farms

Crude Inventory Deficit at
Terminals and Tank Farms

Desired Crude
Acquisition Rate

Time to Adjust Crude
Inventory at Terminals and

Tank Farms

Current Rate of
Domestic Crude

Delivery

Current Maximum Crude
Transfer Rate to Other

PADs Crude Transfer Rate
to Other PADs

Total Crude Transfer
Rate to Other Districts

Target Crude Transfer
Rate to Other Districts

Time to Form Average
Target Crude Transfer

Rate

Average Target
Crude Transfer

Rate
Changing Average

Target Crude Transfer
Rate

Total Target Crude
Transfer Rate

Crude Transfer
Offered to Other

PADs

Maximum Crude Transfer

Rate from Terminals and
Tank Farms

Maximum Crude Transfer
Rate to Other Districts

Serviceable Fraction of
Total Target Crude

Transfer Rate

Crude Acquisition
Rate

Desired Acquisition
Rate from Other PADs

Total Crude Import
Capacity from Other

Districts

Requested Crude
Imports From Other

PADs

Crude Imports from
Other PADs

Order Rate for Foreign
Crude Imports

Foreign Crude

Import Rate

Time to Acquire
Foreign Crude Imports

Time to Acquire Crude
Transfers for Other

Districts

Crude
Buyer

Sector Fuel
Priority

Product Sales

Priority for Other
Districts

Refinery Sales Rate to
District Distribution

Refinery Production

Available for Transfer

Desired Imports from
Other Districts

Product Purchase
Priority from Other

Districts

Fuel Clearing Price

Distributor Purchases
from Other Districts

Total Desired Import
Rate from Other Districts

Total Refinery Sales
Rate to Other Districts

Total Unserved Demand
from Other Districts

Fraction of Unserved
Demand Perceived

Crude Purchase Priority
from Other Districts

Crude Sales Priority
for Other PADs

Crude Clearing

Priority

Domestic Crude
Import Rate

Potential
Market for

Crude
Acquisition

Change in Market for
Crude Acquisition

Time to Change Market
for Crude Acquisition

<TIME STEP>

Maximum Foreign
Crude Import Rate

Outstanding
Orders forForeign Crude
ImportsIncreasing Backlog of

Foreign Crude Orders

Decreasing Backlog of

Foreign Crude Orders

Fraction of Outstanding
Foreign Crude Imports
Considered in Coverage

<Product Yield per
Unit Crude>

Trend in Spot
Fuel Price

Time to Increase
Retail Fuel Price

Time to Decrease
Retail Fuel Price

PassThrough
Fuel PriceAdjusting Pass

Through Fuel Price

Time to Change
Fuel Price

Relative Shortfall in Fuel
Purchases from
Distributors

Relative Shortfall in Fuel

Purchases by Distributors

Relative Shortfall in
Refinery Operations

Rate

Relative Shortfall in
Crude Purchases

Time to Track Trend
in Spot Prices

Test Purchase
R a t e

Initial Trend in
Spot Price

EIA Refining Capacity
as of January 2003

HoursPerDay

Wholesale
Market

Distributor Desired
Purchasing Rate

District Generators
Demand for Diesel

District Generators
Demand for Heavy Oil

Total Supply to
District

District Generators
Supply of Diesel

District Generators
Supply of Heavy Oil

Effect of Relative Coverage
on Indicated Fuel Sales Price

Table

Perceived
Fuel Sales

Price Changing Perception of
Fuel Sales Price Effect of Relative Coverage

on Indicated Fuel Sales
P r i c e

Spot Fuel Sales
P r i c e

Time to Change
Perceived Fuel Sales

Price

Refiner Product
Relative Coverage

Fuel Available for
Transfer

Current Maximum
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Commercial
Relative

Shortfall in Total

Power

Commercial Relative

Availability of Power

Commercial Maximum
Water Consumption

Rate

Commercial Desired
Water Consumption

Rate

Commercial Maximum
Natural Gas

Consumption Rate

Commercial DesiredNatural Gas
Consumption Rate

Commercial
Relative

Performance

Commercial Relative

Availability of Water
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Inventory

Commercial
W a t e r
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Commercials is reflected in this Commercial's internal activity

Commercial Attempted

Deferrable Consumption
Rate

Commercial
Attempted

Nondeferrable
Consumption Rate

<Commercial
Internal
Activity>
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Inputs are Available

CommercialInternal
Activity

Commercial
Activity Effect on

Demand for
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Inventory

Commercial
Natural GasConsumption Rate

Commercial Maximum
Natural GasConsumption Rate

Commercial Desired
Natural Gas

Consumption Rate

CommercialNatural Gas
Inventory Deficit

Commercial Natural
Gas InventoryAdjustment

<TIME STEP>

Commercial
Increasing Natural

Gas Inventory

CommercialNatural Gas
Shortage

Commercial Effect of
Perceived Shortage on

Desired Natural Gas
Coverage Table

Commercial Effect of
Perceived Natural Gas

Shortage on DesiredWater Coverage

Commercial
Perceived

Natural Gas
Shortage

Commercial Time to
Perceive Natural Gas

Shortage

Commercial Change in
Perceived Natural Gas

Shortage

Commercial Natural

Gas Reference
Consumption Rate

Commercial Desired
Natural Gas

Acquisition Rate

Relative Natural Gas

Supply Performance

Commercial

Average Natural
Gas Consumption

Rate
Change in Commercial
Average Natural Gas

Consumption Rate

Time to Form Average
Natural Gas Consumption

Rate

Commercial Target
Natural GasCoverage

Commercial Current
Natural Gas Coverage

Commercial Nominal

Natural Gas Coverage

Relative Shortfall in
Commercial Motor

Fuels

Commercial Power
Demand Relative to Daily

Average

Commercial WaterDemand Relative to Daily
Average

Commercial Desired
Deferrable Consumption

Rate

Commercial Deferrable
Reference Consumption

Rate

Commercial Deferrable
Demand Relative to DailyAverage

Commercial
NondeferrableDemand

Relative to Daily Average

Commercial Total
Amount of Deferred

Purchases

Commercial Rate of
Deferring Purchases

Commercial
Nondeferrable

Reference Consumption
Rate

Commercial Time

to Reattempt
Deferred Purchases

Commercial Rate of
Reattempting Deferred

Purchases

Commercial Maximum

Rate of Reattempting
Deferred Purchases

Commercial Average
Rate of Reattempting

Deferred Purchases
<TIME STEP>

Commercial
Desired

Nondeferrable
Consumption Rate

Commercial Total

Amount of Abandoned
Purchases

Commercial Rate of
Abandoning Purchases

Commercial

Activity Effect on
Demand for

UnstorableInputs

Commercial PrimaryDesired Fuel
Consumption Rate

Commercial
Relative

Availability of Fuel

Commercial
Backup

Generation

Commercial DieselDiverted to Backup
Generation

Commercial DieselUsed for Backup
Generation

<TIME STEP>

<Commercial
InternalActivity>

Availability of Clearing and
Settlement

Communications

Effect on this Commercial's purchases includes depressed activity and
failure of payment systems; Effect of depressed activity in the input

Commercials is reflected in this Commercial's internal activity

Commercial Attempted

Deferrable Consumption
Rate

CommercialAttempted
Nondeferrable

Consumption Rate

<CommercialInternal
Activity>

<Commercial
Internal

Activity>

<Commercial
Internal

Activity>

CommercialRelative
Transport Time

Commercial Effect of
Transport Time on

Attempted Consumption

Commercial Effect of
Transport Time on

Attempted Consumption
Table

Commercial
Reference
Consumption

Rate

Commercial
fraction of

Consumption
Deferrable

Commercial
Fractional

Transport Mode for
Purchases

Relative Transport Time

by Mode and State

Commercial
AttemptedConsumption Rate

CommercialNatural Gas
Acquisition Rate

HoursPerDay

Commercial Average

Value of Purchases

Commercial Total
Value of Abandoned

Purchases

Commercial Natural
Gas Reference Price

Commercial Natural GasPrice Elasticity of
Demand

Commercial Effect ofNatural Gas Price on
Demand

Commercial
Natural Gas Price

by State

Commercial Effect of

Infrastructure Status on
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Purchasing
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Commercial
Fuel Reference

Price

Commercial Fuel
Price Elasticity of

Demand

Commercial Effect
of Fuel Price onDemand

Commercial Fuel
ReferenceConsumption Rate

Commercial Fuel
Sales Rate

Commercial Desired
Power ConsumptionRate

Commercial Power

Reference Price

Commercial Power
Price Elasticity of

D e m a n d

Commercial Effect ofPower Price on
Demand

Commercial Power

Reference Consumption
Rate

Commercial
External Power
Supply Rate

Commercial Relative
Shortfall in External

Power

Power Retail Price

Relative Power

Supply Performance

Fraction of
Commercial having

Backup Generation

Commercial Load
Backup GenerationTarget

Commercial Desired
Diesel use for BackupGeneration

Commercial Relative
Performance of Backup

Generators
Commercial LoadServed by Backup

Generation

Commercial Total

Power Availability

Diesel Fuel Required
per Unit Power

Commercial
Inventory of

Water

Commercial Desired
Fraction of Water

Storage Filled

Commercial Time toAdjust Water
Inventory

Commercial
Water

Consumption Rate

Commercial Maximum
Water Consumption

Rate

Commercial Desired
Water Consumption

Rate

Commercial
Water InventoryDeficit

Commercial Water
Inventory Adjustment

<TIME STEP>

CommercialWater
Acquisition Rate

Commercial
WaterShortage

Commercial Effect of
Perceived Shortage on

Desired Water Coverage
Table

Commercial Effect of
Perceived Water Shortage

on Desired Water
Coverage

Commercial
Perceived

Water
Shortage

Commercial
Time to

Perceive Water
Shortage

Commercial Change
in Perceived Water

Shortage

Commercial Water
Reference ConsumptionRate

Commercial DesiredWater Acquisition
Rate

Relative Water Supply
Performance

Commercial
Average Water

Consumption

Rate
Change in Commercial

Average WaterConsumption Rate

Time to Form Average

Consumption Rate

Commercial Target

Water Coverage

Commercial
Current Water

Coverage

Commercial
Nominal WaterCoverage

Commercial
Battery Stored

Energy
Commercial
Drawing on

Battery Backup

Commercial
RechargingBatteries

CommercialMaximum
Battery Power

Fraction of

Commercial
Inventory of

Water

Commercial Desired
Fraction of Water

Storage Filled

Commercial Time toAdjust Water
Inventory

Commercial
Water

Consumption Rate

Commercial Maximum
Water Consumption

Rate

Commercial Desired
Water Consumption

Rate

Commercial
Water InventoryDeficit

Commercial Water
Inventory Adjustment

<TIME STEP>

CommercialWater
Acquisition Rate

Commercial
WaterShortage

Commercial Effect of
Perceived Shortage on

Desired Water Coverage
Table

Commercial Effect of
Perceived Water Shortage

on Desired Water
Coverage

Commercial
Perceived

Water
Shortage

Commercial
Time to

Perceive Water
Shortage

Commercial Change
in Perceived Water

Shortage

Commercial Water
Reference ConsumptionRate

Commercial DesiredWater Acquisition
Rate

Relative Water Supply
Performance

Commercial
Average Water

Consumption

Rate
Change in Commercial

Average WaterConsumption Rate

Time to Form Average

Consumption Rate

Commercial Target

Water Coverage

Commercial
Current Water

Coverage

Commercial
Nominal WaterCoverage

Commercial
Battery Stored

Energy
Commercial
Drawing on

Battery Backup

Commercial
RechargingBatteries

CommercialMaximum
Battery Power

Fraction ofCommercial with
Battery Backup

Commercial Time
to Recharge

Batteries

CommercialBattery Storage
Capacity

Commercial
Battery EnergyDeficit

Commercial PowerRequired to Recharge
Batteries

CommercialMaximum
Battery Useage

Commercial LoadBattery Backup
Target

Commercial Load
for Recharging

Batteries

Commercial Load
used for RechargingBatteries

Commercial
External PowerShortfall

<TIME STEP>

Commercial
Perceived

Power Shortfall

Time to Change

Battery Operations

<TIME STEP>

Change in Perceived
Power Shortfall

Onset Time of
Interruption

Duration of

Interruption

<Time>

Relative Fuel Supply

Performance

Fuel Retail Price
by State

Commercial

Inventory of
Natural Gas

Commercial DesiredFraction of Natural Gas
Storage Filled

Commercial Time to
Adjust Natural Gas

Inventory

Commercial
Natural GasConsumption Rate

Commercial Maximum
Natural GasConsumption Rate

Commercial Desired
Natural Gas

Consumption Rate

CommercialNatural Gas
Inventory Deficit

Commercial Natural
Gas InventoryAdjustment

<TIME STEP>

Commercial
Increasing Natural

Gas Inventory

CommercialNatural Gas
Shortage

Commercial Effect of
Perceived Shortage on

Desired Natural Gas
Coverage Table

Commercial Effect of
Perceived Natural Gas

Shortage on DesiredWater Coverage

Commercial
Perceived

Natural Gas
Shortage

Commercial Time to

Commercial with
Battery Backup

Commercial Time
to Recharge

Batteries

CommercialBattery Storage
Capacity

Commercial
Battery EnergyDeficit

Commercial PowerRequired to Recharge
Batteries

CommercialMaximum
Battery Useage

Commercial LoadBattery Backup
Target

Commercial Load
for Recharging

Batteries

Commercial Load
used for RechargingBatteries

Commercial
External PowerShortfall

<TIME STEP>

Commercial
Perceived

Power Shortfall

Time to Change

Battery Operations

<TIME STEP>

Change in Perceived
Power Shortfall

Onset Time of
Interruption

Duration of

Interruption

<Time>

Relative Fuel Supply

Performance

Fuel Retail Price
by State

Commercial

Inventory of
Natural Gas

Commercial DesiredFraction of Natural Gas
Storage Filled

Commercial Time to
Adjust Natural Gas

Inventory

Commercial
Natural GasConsumption Rate

Commercial Maximum
Natural GasConsumption Rate

Commercial Desired
Natural Gas

Consumption Rate

CommercialNatural Gas
Inventory Deficit

Commercial Natural
Gas InventoryAdjustment

<TIME STEP>

Commercial
Increasing Natural

Gas Inventory

CommercialNatural Gas
Shortage

Commercial Effect of
Perceived Shortage on

Desired Natural Gas
Coverage Table

Commercial Effect of
Perceived Natural Gas

Shortage on DesiredWater Coverage

Commercial
Perceived

Natural Gas
Shortage

Commercial Time to
Perceive Natural Gas

Shortage

Commercial Change in
Perceived Natural Gas

Shortage

Commercial Natural

Gas Reference
Consumption Rate

Commercial Desired
Natural Gas

Acquisition Rate

Relative Natural Gas

Supply Performance

Commercial

Average Natural
Gas Consumption

Rate
Change in Commercial
Average Natural Gas

Consumption Rate

Time to Form Average
Natural Gas Consumption

Rate

Commercial Target
Natural GasCoverage

Commercial Current
Natural Gas Coverage

Commercial Nominal

Natural Gas Coverage

Relative Shortfall in
Commercial Motor

Fuels

Commercial Power
Demand Relative to Daily

Average

Commercial WaterDemand Relative to Daily
Average

Commercial Desired
Deferrable Consumption

Rate

Commercial Deferrable
Reference Consumption

Rate

Commercial Deferrable
Demand Relative to DailyAverage

Commercial
NondeferrableDemand

Relative to Daily Average

Commercial Total
Amount of Deferred

Purchases

Commercial Rate of
Deferring Purchases

Commercial
Nondeferrable

Reference Consumption
Rate

Commercial Time

to Reattempt
Deferred Purchases

Commercial Rate of
Reattempting Deferred

Purchases

Commercial Maximum

Rate of Reattempting
Deferred Purchases

Commercial Average
Rate of Reattempting

Deferred Purchases
<TIME STEP>

Commercial
Desired

Nondeferrable
Consumption Rate

Commercial Total

Amount of Abandoned
Purchases

Commercial Rate of
Abandoning Purchases

Commercial

Activity Effect on
Demand for

UnstorableInputs

Perceive Natural Gas
Shortage

Commercial Change in
Perceived Natural Gas

Shortage

Commercial Natural

Gas Reference
Consumption Rate

Commercial Desired
Natural Gas

Acquisition Rate

Relative Natural Gas

Supply Performance

Commercial

Average Natural
Gas Consumption

Rate
Change in Commercial
Average Natural Gas

Consumption Rate

Time to Form Average
Natural Gas Consumption

Rate

Commercial Target
Natural GasCoverage

Commercial Current
Natural Gas Coverage

Commercial Nominal

Natural Gas Coverage

Relative Shortfall in
Commercial Motor

Fuels

Commercial Power
Demand Relative to Daily

Average

Commercial WaterDemand Relative to Daily
Average

Commercial Desired
Deferrable Consumption

Rate

Commercial Deferrable
Reference Consumption

Rate

Commercial Deferrable
Demand Relative to DailyAverage

Commercial
NondeferrableDemand

Relative to Daily Average

Commercial Total
Amount of Deferred

Purchases

Commercial Rate of
Deferring Purchases

Commercial
Nondeferrable

Reference Consumption
Rate

Commercial Time

to Reattempt
Deferred Purchases

Commercial Rate of
Reattempting Deferred

Purchases

Commercial Maximum

Rate of Reattempting
Deferred Purchases

Commercial Average
Rate of Reattempting

Deferred Purchases
<TIME STEP>

Commercial
Desired

Nondeferrable
Consumption Rate

Commercial Total

Amount of Abandoned
Purchases

Commercial Rate of
Abandoning Purchases

Commercial

Activity Effect on
Demand for

UnstorableInputs

Commercial PrimaryDesired Fuel
Consumption Rate

Commercial
Relative

Availability of Fuel

Commercial
Backup

Generation

Commercial DieselDiverted to Backup
Generation

Commercial DieselUsed for Backup
Generation

<TIME STEP>

<Commercial
InternalActivity>

Availability of Clearing and
Settlement

Communications

Effect on this Commercial's purchases includes depressed activity and
failure of payment systems; Effect of depressed activity in the input

Commercials is reflected in this Commercial's internal activity

Commercial Attempted

Deferrable Consumption
Rate

CommercialAttempted
Nondeferrable

Consumption Rate

<CommercialInternal
Activity>

<Commercial
Internal

Activity>

<Commercial
Internal

Activity>

CommercialRelative
Transport Time

Commercial Effect of
Transport Time on

Attempted Consumption

Commercial Effect of
Transport Time on

Attempted Consumption
Table

Commercial
Reference
Consumption

Rate

Commercial
fraction of

Consumption
Deferrable

Commercial
Fractional

Transport Mode for
Purchases

Relative Transport Time

by Mode and State

Commercial
AttemptedConsumption Rate

CommercialNatural Gas
Acquisition Rate

HoursPerDay

Commercial Average

Value of Purchases

Commercial Total
Value of Abandoned

Purchases

Commercial Natural
Gas Reference Price

Commercial Natural GasPrice Elasticity of
Demand

Commercial Effect ofNatural Gas Price on
Demand

Commercial
Natural Gas Price

by State

Commercial Effect of

Infrastructure Status on
Purchasing

Availability of Business
Communications

Commercial Effect of

Communications on
Attempted Consumption

Commercial Effect of
Communications on Attempted

Consumption Table

Commercial

Perceived
Power PriceCommercial

Changing Perception
of Power Price

Commercial Time to
Perceive Change inPower Price

Availability of Retail
Payment System by

State

Commercial Maximum
Motor FuelConsumption Rate

Commercial
Desired Fuel

Consumption Rate

Commercial
Relative

Availability of Fuel

Commercial Desired
Power Consumption

Rate

Commercial Total
Power Availability

Commercial

Relative
Shortfall in Total

Power

Commercial Relative
Availability of Power

Commercial Maximum
Water Consumption

Rate

Commercial DesiredWater Consumption
Rate

Commercial Maximum
Natural Gas

Consumption Rate

Commercial Desired
Natural GasConsumption Rate

Commercial

Relative
Performance

Commercial Relative

Availability of Water

Commercial Relative

Availability of Natural
Gas

Commercial Internal

Activity if Unstorable

Inputs are Available

CommercialInternal
Activity

Commercial
Activity Effect on

Demand for
Unstorable Inputs

Time for Commercial
Activity to Affect Demand

for Unstorable Inputs

Adjusting Commercial
Activity Effect on Demand

for Unstorable Inputs

Apparent
Commercial

Performance

Adjusting ApparentCommercial
Performance

Time forCommercial to
Influence Itself

Fraction of
Commercial

Dependent on Itself

Relative Impact of
Commercial Performance

on Itself

Relative Performance

of Input Sectors

Fraction of Commercial

Dependent on Input
Sectors

Relative Impact of Input

Sectors on Commercial

Commercial Effect of
Infrastructure Status on

Purchasing

Availability of
Business

Communications Commercial Effect
of Communications

on Internal Activity

Commercial Effect of
Communications on Internal

Activity Table

<Availability of Retail
Payment System by

State>

Residential 
Sector

Residential
Inventory of

Fuel

Residential Fuel
Storage Capacity

Residential Desired
Fraction of Fuel Storage

Filled

Residential Time to
Adjust Fuel Inventory

Residential Fuel
Consumption Rate

Residential Maximum
Motor Fuel

Consumption Rate

Residential DesiredFuel Consumption
Rate

Residential Fuel
Inventory Deficit

Residential Fuel
Inventory Adjustment

<TIME STEP>

Residential Fuel
Acquisition Rate

Residential Desired
Fuel Purchase Rate

Residential
Fuel

Shortage

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage Table

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage

Residential
Perceived

Fuel Shortage

Residential Time to
Perceive Fuel Shortage

Residential Change
in Perceived Fuel

Shortage

Residential Fuel
Reference Price

Residential Fuel
Price Elasticity of

Demand

Residential Effect of
Fuel Price onDemand

Residential Fuel
Reference

Consumption Rate

Residential Fuel
Sales Rate

Residential Desired
Power Consumption

Rate

Residential Power
Reference Price

Residential Power
Price Elasticity of

Demand

Residential Effect of
Power Price on

Demand

Residential Power
Reference Consumption

Rate

Residential External
Power Supply Rate Residential RelativeShortfall in External

Power

Power Retail Price

Relative Power
Supply Performance

Fraction of
Residential having
Backup Generation

Residential Load
Backup Generation

Target

Residential Desired Diesel
use for BackupGeneration

Residential Relative
Performance of Backup

Generators
Residential Load
Served by Backup

Generation
Residential Total

Power Availability

Diesel Fuel Required
per Unit Power

Residential
Water

Acquisition
Rate

Residential
Water

Shortage

Residential Water
Reference Consumption

Rate

Residential Desired
Water Acquisition Rate

Relative Water Supply
Performance

Residential
Battery Stored

Energy Residential
Drawing on

Battery Backup
Residential

RechargingBatteries

Residential
MaximumBattery Power

Fraction of Residential
with Battery Backup

Residential Time to
Recharge Batteries

Residential
Battery Storage

Capacity

ResidentialBattery Energy
Deficit

Residential Power
Required to Recharge

Batteries

Residential
Maximum

Battery Useage

Residential Load
Battery Backup

Target

Residential Load for
Recharging Batteries

Residential Load
used for Recharging

Batteries

ResidentialExternal Power
Shortfall

<TIME STEP>

Residential
Perceived

Power Shortfall

Time to Change
Battery Operations

<TIME STEP>

Change in Perceived
Power Shortfall

Onset Time of
Interruption

Duration of
Interruption

<Time>

Relative Fuel Supply
Performance

Fuel Retail Price
by State

Residential Natural
Gas Shortage

Residential Natural Gas
Reference Consumption

Rate

Residential Desired
Natural Gas Acquisition

Rate

Relative Natural Gas
Supply Performance

Relative Shortfall in
Residential Motor

Fuels

Residential PowerDemand Relative to Daily
Average

Residential Water
Demand Relative to

Daily Average

Residential Desired
Deferrable Consumption

Rate

Residential Deferrable
Reference Consumption

Rate

Residential Deferrable
Demand Relative to Daily

Average

Residential
Nondeferrable Demand
Relative to Daily Average

Residential Total
Amount of Deferred

Purchases

Residential Rate of
Deferring

Purchases

Residential
Nondeferrable

Reference Consumption
Rate

Residential Time to
Reattempt Deferred

Purchases

Residential Rate of
Reattempting Deferred

Purchases

Residential Maximum
Rate of Reattempting

Deferred Purchases

Residential Average
Rate of Reattempting
Deferred Purchases

<TIME STEP>

Residential
Desired

Nondeferrable
Consumption Rate

Residential Total
Amount of Abandoned

Purchases

Residential Rate of
Abandoning Purchases

Residential Activity
Effect on Demand

for Unstorable
Inputs

Residential PrimaryDesired Fuel
Consumption Rate

Residential
Relative

Availability of Fuel

Residential
Backup

Generation

Residential Diesel
Diverted to Backup

Generation

Residential Diesel
Used for Backup

Generation
<TIME STEP>

<Residential
Internal Activity>

Availability of Retail
Payment System by

State

Effect on this Residential's purchases includes depressed activity and
failure of payment systems; Effect of depressed activity in the input

Residentials is reflected in this Residential's internal activity

Residential Attempted
Deferrable Consumption

Rate

Residential
Attempted

Nondeferrable
Consumption

Rate

<Residential
Internal
Activity>

<Residential
Internal Activity>

<Residential
Internal
Activity>

Residential
Relative

Transport Time

Residential Effect of
Transport Time on

Attempted Consumption

Residential Effect of
Transport Time on

Attempted Consumption
Table

Residential
Reference

Consumption Rate
Residential
fraction of
Consumption
Deferrable

Residential
Fractional

Transport Mode for
Purchases

Relative Transport Time
by Mode and State

Residential
Attempted

Consumption Rate

Residential Natural
Gas Acquisition

Rate

HoursPerDay

Residential Average
Value of Purchases

Residential Total Value
of Abandoned

Purchases

Residential Natural
Gas Reference Price

Residential Natural Gas
Price Elasticity of Demand

Residential Effect of
Natural Gas Price on

Demand

Residential Natural
Gas Price by State

Residential Effect of
Infrastructure Status on

Purchasing

Residential Availability
of Communications

Residential Effect of
Communications on

Attempted Consumption

Residential Effect of
Communications on Attempted

Consumption Table

Residential
Perceived

Power PriceResidential Changing
Perception of Power

Price

Residential Time to
Perceive Change in

Power Price

<Relative Road
Delay>

Residential Effect of
Internal Activity on

Natural Gas
Demand

Adjusting Effect of Internal
Activity on Residential Gas

Demand

Time for Internal Activity to
Influence Residential Gas

Demand

Residential Effect of
Internal Activity on

Water Demand
Adjusting Effect of Internal
Activity on Residential Water

Demand

Time for Internal Activity to
Influence Residential Water

Demand

Residential Maximum
Motor Fuel

Consumption Rate

Residential Desired
Fuel Consumption

Rate
Residential

Relative
Availability of Fuel

Residential Desired
Power Consumption

Rate

Residential Total
Power Availability

Residential Relative
Shortfall in Total

Power

Residential Relative
Availability of Power

Residential
Relative

Performance

Residential Relative
Availability of Water

Residential Relative
Availability of Natural

Gas

Residential Internal
Activity if Unstorable
Inputs are Available

Residential
Internal
Activity

Residential Activity
Effect on Demand

for Unstorable
Inputs

Time for Residential
Activity to Affect Demand

for Unstorable Inputs

Adjusting Residential
Activity Effect on Demand

for Unstorable Inputs

Apparent
Residential
Performance

Adjusting Apparent
Residential
Performance

Time for
Residential to
Influence Itself

Fraction of
Residential

Dependent on
Itself

Relative Impact of
Residential Performance

on Itself

Relative Performance
of Input Sectors

Fraction of Residential
Dependent on Input

Sectors

Relative Impact of Input
Sectors on Residential

Residential Effect of
Infrastructure Status on

Purchasing

Residential
Availability ofCommunications

Residential Effect of
Communications on

Internal Activity

Residential Effect of
Communications on Internal

Activity Table

Residential Relative
Labor Transport Time

Residential Fractional
Transport Mode for

Labor

Relative Transport Time
by Mode and State

Residential Nominal
Travel Time

Residential Travel
Time for Labor

Time to Adjust
Estimated Travel Time

Estimated
Travel Time
for LaborAdjusting Estimate of

Labor Travel Time

Delay in Labor
Arrival

Labor Diurnal
Supply Variation

Normal Labor Supply
Relative to Daily

Maximum

<OneHour>

<Relative Time Zone
for State>

<Time>

Delayed Labor Supply
Relative to Daily

Maximum

Labor Availability

Relative Road
Delay

<Duration of
Interruption>

<Onset Time of
Interruption>

Effect of Transport
Delays on Labor

Availability

Residential Desired
Natural Gas Acquisition

Rate

Residential Natural
Gas Acquisition

Rate

Residential Water
Acquisition Rate

Residential Desired
Water Acquisition Rate

<Residential Effect of
Internal Activity on Water

Demand>
<Residential Water

Demand Relative to Daily
Average>

<Residential Water
Reference Consumption

Rate>

Residential
Inventory of

Fuel

Residential Fuel
Storage Capacity

Residential Desired
Fraction of Fuel Storage

Filled

Residential Time to
Adjust Fuel Inventory

Residential Fuel
Consumption Rate

Residential Maximum
Motor Fuel

Consumption Rate

Residential DesiredFuel Consumption
Rate

Residential Fuel
Inventory Deficit

Residential Fuel
Inventory Adjustment

<TIME STEP>

Residential Fuel
Acquisition Rate

Residential Desired
Fuel Purchase Rate

Residential
Fuel

Shortage

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage Table

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage

Residential
Perceived

Fuel Shortage

Residential Time to
Perceive Fuel Shortage

Residential Change
in Perceived Fuel

Shortage

Residential Fuel
Reference Price

Residential Fuel
Price Elasticity of

Demand

Residential Effect of
Fuel Price onDemand

Residential Fuel
Reference

Consumption Rate

Residential Fuel
Sales Rate

Residential Desired
Power Consumption

Rate

Residential Power
Reference Price

Residential Power
Price Elasticity of

Demand

Residential Effect of
Power Price on

Demand

Residential Power
Reference Consumption

Rate

Residential External
Power Supply Rate Residential RelativeShortfall in External

Power

Power Retail Price

Relative Power
Supply Performance

Fraction of
Residential having
Backup Generation

Residential Load
Backup Generation

Target

Residential Desired Diesel
use for BackupGeneration

Residential Relative
Performance of Backup

Generators
Residential Load
Served by Backup

Generation
Residential Total

Power Availability

Diesel Fuel Required
per Unit Power

Residential
Water

Acquisition
Rate

Residential
Water

Shortage

Residential Water
Reference Consumption

Rate

Residential Desired
Water Acquisition Rate

Relative Water Supply
Performance

Residential
Battery Stored

Energy Residential
Drawing on

Battery Backup
Residential

RechargingBatteries

Residential
MaximumBattery Power

Fraction of Residential
with Battery Backup

Residential Time to
Recharge Batteries

Residential
Battery Storage

Capacity

ResidentialBattery Energy
Deficit

Residential Power
Required to Recharge

Batteries

Residential
Maximum

Battery Useage

Residential Load
Battery Backup

Target

Residential Load for
Recharging Batteries

Residential Load
used for Recharging

Batteries

ResidentialExternal Power
Shortfall

<TIME STEP>

Residential
Perceived

Power Shortfall

Time to Change
Battery Operations

<TIME STEP>

Change in Perceived
Power Shortfall

Onset Time of
Interruption

Duration of
Interruption

<Time>

Relative Fuel Supply
Performance

Fuel Retail Price
by State

Residential Natural
Gas Shortage

Residential Natural Gas
Reference Consumption

Rate

Residential Desired
Natural Gas Acquisition

Rate

Relative Natural Gas
Supply Performance

Relative Shortfall in
Residential Motor

Fuels

Residential PowerDemand Relative to Daily
Average

Residential Water
Demand Relative to

Daily Average

Residential Desired
Deferrable Consumption

Rate

Residential Deferrable
Reference Consumption

Rate

Residential Deferrable
Demand Relative to Daily

Average

Residential
Nondeferrable Demand
Relative to Daily Average

Residential Total
Amount of Deferred

Purchases

Residential Rate of
Deferring

Purchases

Residential
Nondeferrable

Reference Consumption
Rate

Residential Time to
Reattempt Deferred

Purchases

Residential Rate of
Reattempting Deferred

Purchases

Residential Maximum
Rate of Reattempting

Deferred Purchases

Residential Average
Rate of Reattempting
Deferred Purchases

<TIME STEP>

Residential
Desired

Nondeferrable
Consumption Rate

Residential Total
Amount of Abandoned

Purchases

Residential Rate of
Abandoning Purchases

Residential Activity
Effect on Demand

for Unstorable
Inputs

Residential PrimaryDesired Fuel
Consumption Rate

Residential
Relative

Availability of Fuel

Residential
Backup

Generation

Residential Diesel
Diverted to Backup

Generation

Residential Diesel
Used for Backup

Generation
<TIME STEP>

<Residential
Internal Activity>

Availability of Retail
Payment System by

State

Effect on this Residential's purchases includes depressed activity and
failure of payment systems; Effect of depressed activity in the input

Residentials is reflected in this Residential's internal activity

Residential Attempted
Deferrable Consumption

Rate

Residential
Attempted

Nondeferrable
Consumption

Rate

<Residential
Internal
Activity>

<Residential
Internal Activity>

<Residential
Internal
Activity>

Residential
Relative

Transport Time

Residential Effect of
Transport Time on

Attempted Consumption

Residential Effect of
Transport Time on

Attempted Consumption
Table

Residential
Reference

Consumption Rate
Residential
fraction of
Consumption
Deferrable

Residential
Fractional

Transport Mode for
Purchases

Relative Transport Time
by Mode and State

Residential
Attempted

Consumption Rate

Residential Natural
Gas Acquisition

Rate

HoursPerDay

Residential Average
Value of Purchases

Residential Total Value
of Abandoned

Purchases

Residential Natural
Gas Reference Price

Residential Natural Gas
Price Elasticity of Demand

Residential Effect of
Natural Gas Price on

Demand

Residential Natural
Gas Price by State

Residential Effect of
Infrastructure Status on

Purchasing

Residential Availability
of Communications

Residential Effect of
Communications on

Attempted Consumption

Residential Effect of
Communications on Attempted

Consumption Table

Residential
Perceived

Power PriceResidential Changing
Perception of Power

Price

Residential Time to
Perceive Change in

Power Price

<Relative Road
Delay>

Residential Effect of
Internal Activity on

Natural Gas
Demand

Adjusting Effect of Internal
Activity on Residential Gas

Demand

Time for Internal Activity to
Influence Residential Gas

Demand

Residential Effect of
Internal Activity on

Water Demand
Adjusting Effect of Internal
Activity on Residential Water

Demand

Time for Internal Activity to
Influence Residential Water

Demand

Residential Maximum
Motor Fuel

Consumption Rate

Residential Desired
Fuel Consumption

Rate
Residential

Relative
Availability of Fuel

Residential Desired
Power Consumption

Rate

Residential Total
Power Availability

Residential Relative
Shortfall in Total

Power

Residential Relative
Availability of Power

Residential
Relative

Performance

Residential Relative
Availability of Water

Residential Relative
Availability of Natural

Gas

Residential Internal
Activity if Unstorable
Inputs are Available

Residential
Internal
Activity

Residential Activity
Effect on Demand

for Unstorable
Inputs

Time for Residential
Activity to Affect Demand

for Unstorable Inputs

Adjusting Residential
Activity Effect on Demand

for Unstorable Inputs

Apparent
Residential
Performance

Adjusting Apparent
Residential
Performance

Time for
Residential to
Influence Itself

Fraction of
Residential

Dependent on
Itself

Relative Impact of
Residential Performance

on Itself

Relative Performance
of Input Sectors

Fraction of Residential
Dependent on Input

Sectors

Relative Impact of Input
Sectors on Residential

Residential Effect of
Infrastructure Status on

Purchasing

Residential
Availability ofCommunications

Residential Effect of
Communications on

Internal Activity

Residential Effect of
Communications on Internal

Activity Table

Residential Relative
Labor Transport Time

Residential Fractional
Transport Mode for

Labor

Relative Transport Time
by Mode and State

Residential Nominal
Travel Time

Residential Travel
Time for Labor

Time to Adjust
Estimated Travel Time

Estimated
Travel Time
for LaborAdjusting Estimate of

Labor Travel Time

Delay in Labor
Arrival

Labor Diurnal
Supply Variation

Normal Labor Supply
Relative to Daily

Maximum

<OneHour>

<Relative Time Zone
for State>

<Time>

Delayed Labor Supply
Relative to Daily

Maximum

Labor Availability

Relative Road
Delay

<Duration of
Interruption>

<Onset Time of
Interruption>

Effect of Transport
Delays on Labor

Availability

Residential Desired
Natural Gas Acquisition

Rate

Residential Natural
Gas Acquisition

Rate

Residential Water
Acquisition Rate

Residential Desired
Water Acquisition Rate

<Residential Effect of
Internal Activity on Water

Demand>
<Residential Water

Demand Relative to Daily
Average>

<Residential Water
Reference Consumption

Rate>

Quarantines restrict transport capacity

Demand for transport of goods (Ag products)

Payments

Orders

SCADA

Payments

ATM

SCADA

Demand for Food Products 

Utilized in scenario simulations

Modeled, but not used in scenario sims

Settlement
Account
Balance

Liquidity
Stored in

Other
Accounts

Communications
Availability

Available Liquidity

Time of Disruption

Duration of
Disruption

<Time>

Target Liquidity

Threshold for Offering
Excess Liquidity

Threshold for Purchasing
Additional Liquidity

Offered Funds

Desired Liquidity
Purchases

Composite Sales Priority
for Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected FIs Sales
Priority

Affected FIs
Desired Returns

Discount or
Support Rate

Other Sellers
Desired Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Composite Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase Priority

Affected FIs
Purchase Priority

Other Sellers Bid
Rate

Affected FIs Bid
Rate

Composite Purchase
Priority for Overnight

Funds

Composite Maximum
Purchase Rate

Desired Purchase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Funds

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withdrawals

Ordinary Target
Liquidity

Liquidity Required to Meet
Expected Withdrawal

Demands

Currency in Member

Bank Vaults

Currency in ATMs

Currency in

Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to

Regional Banks

Currency Withdrawals

from Regional Reserve

ATM Withdrawals

Currency Distributed

to ATMs

Desired Currency

Coverage in ATMs

Time to Revise

Estimated Withdrawal
Rate

Perceived ATM

Withdrawal
Rate

Changing Perception of

ATM Withdrawal Rate

Current Coverage
in ATMsTime to Adjust ATM

Currency Stock

Correction for ATM
Currency Stock

Adjustment

Desired Currency

Distribution to ATMs

Customers' Desired

Currency Withdrawal
Rate

Maximum Currency

Withdrawal Rate Customers' Currency
Withdrawal Rate

Maximum Currency

Distribution to ATMs

Perceived
Demand for

Currency from

Banks

Customers' Currency

Deposit Rate

Desired Currency
Coverage in Vaults

Correction for Bank Vault

Currency Stock
Adjustment

Time to Adjust Bank
Currency Stock

Current Currency

Coverage in Bank
Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipated Deposits

Members' Demand

for Currency

Members' Net

Demand for Currency

Maximum Currency

Shipment Rate from
Regional Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from ATMs

Maximum ATM

Withdrawal Rate

<TIME STEP>

<TIME STEP>

<TIME STEP>

Currency in

Transit to
Member Banks

Time to Move Currency

between Member and
Regional Banks

Currency Deposits to

Member Banks

Desired Coverage in

Regional Reserve Banks

Current Coverage in
Regional Reserve Banks

Perceived
Currency

Demand by

Member Banks

Time to Adjust Currency

Inventory in Regional
Reserve Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correction for Anticipated
Deposits by Member

Banks

Correction for Reserve Bank
Currency Inventory

Adjustment

Currency in
Transit to
Regional

Reserve Banks

Members' Currency

Shipments to Regional
Reserve Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks Net
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Transit from

Federal Reserve

Time to Obtain Currency

from Federal Reserve

Currency Sent from

Federal Reserve

Currency Sent to

Federal Reserve

Fraction of ATM
Hosts Available

ATM Access

probability

Unsatisified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank
Currency Demands

Satisfied

Fraction of Failed ATM

Withdrawals Attempted at
Bank

Supplementary Withdrawal

Attempts from Failed ATM
Transactions

Fraction of Cash

Withdrawals Attempted at
ATMs

Cash Withdrawn
Fraction of Retail
Banks Available

Desired Cash
Withdrawal Rate

<Adjustment to
Correct Cash

Shortfall>

<Perceived Cash

Spending Rate>

Relative Shortfall in

Regional Reserve
Currency

<Business
Communication Status>

<Banking and Credit

Communication Status>

Currency Flows

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand

Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases

Total Purchasing
Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
Settlement

Settling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered

Property
Adjusting
Coverage

Time to Change

Coverage

Indicated Premium

Premium
Charged on
Covered
Property

Liquid

Assets

Long Term
Assets

Premium Payments

Adjusting Average

Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of

Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable

Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting

Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity

Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate

Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Settlement
Account
Balance

Liquidity
Stored in

Other
Accounts

Communications
Availability

Available Liquidity

Time of Disruption

Duration of
Disruption

<Time>

Target Liquidity

Threshold for Offering
Excess Liquidity

Threshold for Purchasing
Additional Liquidity

Offered Funds

Desired Liquidity
Purchases

Composite Sales Priority
for Overnight Funds

Fed Funds Sales
Priority

Other Sellers Sales
Priority

Affected FIs Sales
Priority

Affected FIs
Desired Returns

Discount or
Support Rate

Other Sellers
Desired Returns

Fed Funds
Maximum Sales

Other Sellers
Maximum Sales

Composite Maximum
Sales Rate

Desired Time to
Complete Sales

Desired Sales Rate

Other Sellers
Maximum Purchase

Rate

Other Sellers
Purchase Priority

Affected FIs
Purchase Priority

Other Sellers Bid
Rate

Affected FIs Bid
Rate

Composite Purchase
Priority for Overnight

Funds

Composite Maximum
Purchase Rate

Desired Purchase
Rate

Overnight Funds
Rate

Overnight Fund
PurchasesPurchasing

Overnight Funds

Selling Overnight
Funds

Overnight Fund
Sales

Overnight Funds
Trading Occurring

Overnight Funds
Market Activity

Schedule

<Time>

<One Hour>

Typical
Withdrawals

Ordinary Target
Liquidity

Liquidity Required to Meet
Expected Withdrawal

Demands

Currency in Member

Bank Vaults

Currency in ATMs

Currency in

Regional

Reserve Banks
Currency

Withdrawals

Currency Deliveries to

Regional Banks

Currency Withdrawals

from Regional Reserve

ATM Withdrawals

Currency Distributed

to ATMs

Desired Currency

Coverage in ATMs

Time to Revise

Estimated Withdrawal
Rate

Perceived ATM

Withdrawal
Rate

Changing Perception of

ATM Withdrawal Rate

Current Coverage
in ATMsTime to Adjust ATM

Currency Stock

Correction for ATM
Currency Stock

Adjustment

Desired Currency

Distribution to ATMs

Customers' Desired

Currency Withdrawal
Rate

Maximum Currency

Withdrawal Rate Customers' Currency
Withdrawal Rate

Maximum Currency

Distribution to ATMs

Perceived
Demand for

Currency from

Banks

Customers' Currency

Deposit Rate

Desired Currency
Coverage in Vaults

Correction for Bank Vault

Currency Stock
Adjustment

Time to Adjust Bank
Currency Stock

Current Currency

Coverage in Bank
Vaults

Perceived Rate
of Currency
Deposits to

Banks

Correction for
Anticipated Deposits

Members' Demand

for Currency

Members' Net

Demand for Currency

Maximum Currency

Shipment Rate from
Regional Reserves

Currency Shipped to
Member Banks

Attempted Withdrawals
from ATMs

Maximum ATM

Withdrawal Rate

<TIME STEP>

<TIME STEP>

<TIME STEP>

Currency in

Transit to
Member Banks

Time to Move Currency

between Member and
Regional Banks

Currency Deposits to

Member Banks

Desired Coverage in

Regional Reserve Banks

Current Coverage in
Regional Reserve Banks

Perceived
Currency

Demand by

Member Banks

Time to Adjust Currency

Inventory in Regional
Reserve Banks

Perceived Rate
of Currency

Deposits from
Member Banks

Correction for Anticipated
Deposits by Member

Banks

Correction for Reserve Bank
Currency Inventory

Adjustment

Currency in
Transit to
Regional

Reserve Banks

Members' Currency

Shipments to Regional
Reserve Bank

Arriving Currency
Shipments from Member

Banks

Reserve Banks Net
Demand for Currency

Currency Shipments to
Regional Reserve Banks

Currency in
Transit from

Federal Reserve

Time to Obtain Currency

from Federal Reserve

Currency Sent from

Federal Reserve

Currency Sent to

Federal Reserve

Fraction of ATM
Hosts Available

ATM Access

probability

Unsatisified Demand for
Currency from ATMs

Customers' Ordinary
Currency Withdrawal

Rate
Fraction of Bank
Currency Demands

Satisfied

Fraction of Failed ATM

Withdrawals Attempted at
Bank

Supplementary Withdrawal

Attempts from Failed ATM
Transactions

Fraction of Cash

Withdrawals Attempted at
ATMs

Cash Withdrawn
Fraction of Retail
Banks Available

Desired Cash
Withdrawal Rate

<Adjustment to
Correct Cash

Shortfall>

<Perceived Cash

Spending Rate>

Relative Shortfall in

Regional Reserve
Currency

<Business
Communication Status>

<Banking and Credit

Communication Status>

Currency Flows

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand

Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases

Total Purchasing
Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
Settlement

Settling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Pending
Purchases

New Purchasing
Demand

Purchasing
Electronically

Abandoning
Purchases

Electronic Acceptance
Probability

Time to Abandon
Purchases

Attempt Rate for
Unrejected Electronic

Purchases

Acceptance Rate for
Unrejected Electronic

Purchases

Average
Resolution Time

Purchaser's
Cash on Hand

Spending Cash

Current Cash
Coverage

Desired Cash
Coverage

Desired Cash
Withdrawal Rate

Purchaser's Cash
Withdrawal Rate

Perceived
Cash

ShortageChanging Perception
of Cash Shortage

Time to Perceive
Cash Shortage

Effect of Perceived
Shortage on Desired Cash

Coverage

Effect of Perceived Shortage
on Desired Cash Coverage

Table

Relative Shortfall in
Cash Withdrawals

Nominal Cash
Coverage

Cash Deficit

Desired Time to
Correct Cash Deficit

Adjustment to Correct
Cash Shortfall

Minimum Cash
Coverage

Maximum Cash
Spending

Effect of Perceived
Shortage on Cash

Spending

Effect of Perceived
Shortage on Cash
Spending Table

Cash Withdrawn

Purchasing With
Cash

Cash Purchasing
Time Constant

Perceived
Cash

Spending Rate

Desired Rate of
Cash Purchases

Total Purchasing
Rate

Relative
Resolution Time

Effect of Relative Resolution
Time on Abandonment Rate

Table

Effect of Relative
Resolution Time on
Abandonment Rate

Abandoned
Purchases

Fraction of Desired
Cash Purchases Made

<ATM
Withdrawals>

<Fraction of Bank
Currency Demands

Satisfied>

<Customers' Desired
Currency Withdrawal

Rate>

Fraction of Retail
Banks Available

Fraction of Credit
Clearing Services

Available

Number of Credit
Cards Held

Purchasing With
Checks

Check Purchasing
Time Constant

Checks
Requiring
Settlement

Settling Checks

Holding Checks for
Settlement

Held Checks

Clearing Held
Checks

Time to Settle
Checks

Check Clearing
Schedule

Check Clearing
Occuring

Held Check
Clearing Occurring

<Fraction of Retail
Banks Available>

Probability of Retail
Payment System

Working

<Banking and Credit
Communication Status>

<Clearing and
Settlement

Communication Status>

Purchasing Modes

Settlement

Indicated Fraction of
Property to Insure

Covered

Property
Adjusting
Coverage

Time to Change

Coverage

Indicated Premium

Premium
Charged on
Covered
Property

Liquid

Assets

Long Term
Assets

Premium Payments

Adjusting Average

Premium

Claims Paid

Operating
Expenses

InvestmentsLiquidations

Damage Rate

Underwriters
Perception of

Risk

Property
Owners

Perception of
Risk

Attractiveness of

Premium

Effect of Premium on
Insured Fraction

Function

Owners Adjusting
Perception of Risk

Time for Owners to
Change Perception of

Risk

Time for Underwriters to
Adjust Perception of Risk

Insurable

Property DepreciationConstruction

Damage

Reference Amount of
Insurable Property

Depreciation Rate

Operating
Overhead Rate

Underwriters Adjusting

Perception of Risk

Average Damage
Rate

Asset
Appreciation

Return on
Investments

Desired Liquidity

Coverage

Damage to Covered
Property

Property to Insure

Desired Liquidity

Anticipated
Claims Rate

Time to Liquidate

Assets

Maximum
Liquidation Rate

Construction Time

Time to Invest

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

<Z: Time Units Per
Year>

Insurance

Banking & Finance

harvested
corn

planting corn

corninventory atfeedlotscorn sales to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventorycoverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres of
corn

harvestingacres of corn

losses from
corn disease

average corn
yield

desired acres
of corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harvesting

harvesting
tonnes of corn cows onfeedlots

beef cattle corn
consumptionanticipated

inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory correction
at feedlots

time to correct
inventory at feedlots

acres of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
coverage

desired corn
coverage f

coverage effecton corn price

corn coverage
elasticity

normal
corn price

time to get to
normal corn price

unsubsidized
corn price

corn price

subsidized corn
price

price effect on
planting corn corn planting

elasticity

normal acres
of corn

relative expected
corn price for

growers

expected
corn price

for growers

time to form
expectation about

corn price

sales to
wet mills

sales to
dry mills

cornexports
other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price forconsumers

relative expected cornprice for consumers

normal corn
exports

domestic corn
sales

corninventory at
dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>

dairy cows

dairy cow corn
consumption

desired inventory
coverage at dairies

inventory coverage
at dairies

inventory shortage
at dairies

inventorycorrection
at dairies

desired sales to
dairies time to correct

inventory at dairies

expected dairy
feed requirements

time to form
expectation aboutdairy feed

max acres of
corn

initial corn price

<relative expected
corn price for
consumers>

corn saleselasticity

Corn

beef calves
in utero

beef
calves

stockers

beef
inventory

weaning beef
calves

beef
sales

beef cattle
breed stock

beef calf breeding beef
calving

desired breed
stock

calf gestation time

getting beef cattle
breed stock

time to wean
foraging period

beef cattle fertility

breeding stock
acquisition delay

beef coverage

population

Indicated
demand for beef

beef price
expected

beef price

desired beef
coverage

coverage effect
on beef price

normal beef
price

initial breeding
stock

price effect on
beef demand

normal beef
consumption

Normal retail

beef price

marketing

margin for beef

time for beef price
expectations

step change in demand

per cap
demand
for beef

time to change
consumption

price effect on
breeding

retail beef price

time to get normal
beef price

breeding price
elasticity

recall

fractional recall

fractional change in

demand for beef

beef subsidy
price

unsubsidized
beef price

prime
cattle

fattening
beef cattle

proportional
beef yield

live weight of

slaughtered cows

normal wholesale
beef price per pound

break even
beef price

normal cost of
corn feed

feed price effect
on beef price

switch for passing
along corn price

effects

disease to
prime cattle

FMD fractional
disease

slaughtering

beef cattle

time on
feedlots

beef packing

<proportional weight
of slaughtered cows>

relative beef
consumption

time to recover

change in demand
with recovery

<relative expected
corn price for
consumers>

reducing beef

cattle breed stock

normal
breed stock

time to get normal

breed stock

<dairy cows to
slaughter>

beef price
elasticity

beef coverage
elasticity

disease to
stockers

FMD fractional
disease to cow&calf

operations

disease to beef
calvesdisease to beef

calves in utero

disease to
beef cattle

breed stock

Beef

dairy calves
in utero heifers milk cows

dairy calf
breeding

first calving culling dairy

herd

<calf gestation
time>

time until first
breeding milking duration

dairy fertility

normal dairy

herd size

desired dairy
herd size

time to adjust
dairy herd size

price effect on
dairy herd size

adjusting dairy
herd size

mi lk
inventorymilk production

milk production

per head

milk sales

milk coverage

coverage effect
on milk price

desired milk
coverage

milk coverage
elasticity

dairy
calvesdairy calving maturing

<calf gestation
time>

dairy breed
stock

slaughtering
dairy calves

average weight of
dairy calves

<live weight of
slaughtered cows>

dairy cows to

slaughter

adjusting using old
cows or calves?

market pressure
on milk price

milk
marketing
order price

expected
milk pricebreak even

milk price

feed price effect on
milk production cost

time to update milk
marketing order price

retail price of
dairy products

marketing
margin for dairy

price effect on
dairy demand

indicated demand
for dairy products

per cap
demand for

dairy products

milk price

milk support
price

initial milk
marketing order

price

time to form milk

price expectation

dairy price
elasticity

normal retail
dairy price

normal milk

price
time to get normal

milk price

normal dairy
consumption

<population>

<time to change
consumption>

price effect
elasticity

<relative expected
corn price for
consumers>

fractional feed
cost

disease to milk
cows

disease to
heifers

disease to dairy
calves

disease to dairy

calves in utero

fractional increase in
retail dairy price

killed milk
cowskilled

heifers
killed dairy

calves

killed dairy
calves in

utero

Dairy

harvested
corn

planting corn

corninventory atfeedlotscorn sales to
cattle feedlots

corn coverage

feeding beef
cattle

expected
harvest

desired inventorycoverage at feedlots

inventory shortage
at feedlots

desired sales to
feedlots

acres of
corn

harvestingacres of corn

losses from
corn disease

average corn
yield

desired acres
of corn

time to begin
planting

time to complete
planting

corn crop losses
disease
duration

onset of disease time to begin
harvesting

time to complete
harvesting

harvesting
tonnes of corn cows onfeedlots

beef cattle corn
consumptionanticipated

inventory

inventory coverage
at feedlots

expected feed
requirements

time to form
expectation

inventory correction
at feedlots

time to correct
inventory at feedlots

acres of corn at
beginning of harvest

acres of corn at
onset of disease

expected corn
harvest f

desired corn
coverage

relative corn
coverage

desired corn
coverage f

coverage effecton corn price

corn coverage
elasticity

normal
corn price

time to get to
normal corn price

unsubsidized
corn price

corn price

subsidized corn
price

price effect on
planting corn corn planting

elasticity

normal acres
of corn

relative expected
corn price for

growers

expected
corn price

for growers

time to form
expectation about

corn price

sales to
wet mills

sales to
dry mills

cornexports
other corn
feed sales

total corn sales <prime cattle>

normal other corn
feed sales

expected
corn price forconsumers

relative expected cornprice for consumers

normal corn
exports

domestic corn
sales

corninventory at
dairies

corn sales to
dairies

feeding dairy
cows

<milk cows>
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<calf gestation
time>

dairy breed
stock

slaughtering
dairy calves

average weight of
dairy calves

<live weight of
slaughtered cows>

dairy cows to

slaughter

adjusting using old
cows or calves?

market pressure
on milk price

milk
marketing
order price

expected
milk pricebreak even

milk price

feed price effect on
milk production cost

time to update milk
marketing order price

retail price of
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Line Loss Factor

Target Load

Fuel Required for
Load Serving
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Time to Adjust
Natural Gas Inventory

Consuming Natural

Gas for Generation

Adjustment for
Natural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Suppliers

Expected
Natural Gas

Utilization Rate

Time to Adjust Expected
Natural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coal
Coverage

Target Coal
Inventory

Time to Adjust Coal
Inventory

Consuming Coal for
Generation

Adjustment for Coal
Inventory

Time to Obtain
Coal

Performance of
Coal Suppliers

Expected Coal
Utilization Rate

Time to Adjust
Expected Coal Use

R a t e

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

Oil Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Performance of Oil
Suppliers

Expected Oil

Utilization Rate

Time to Adjust
Expected Oil Use Rate

Adjusting Expected
Oil Use Rate

Distillate Orders from

Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obtain
Distillate

Performance of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate Use

Rate

Adjusting Expected
Distillate Use Rate

Maximum Natural Gas
Delivery Rate to

Generators

Maximum Coal Delivery
Rate to Generators

Maximum Distillate
Delivery Rate to

Generators

Maximum Oil Delivery
Rate to Generators

Maximum Fuel
Utilization Rate

<TIME STEP>

Maximum Fuel
Delivery Rate

The natural gas supply is
assumed to be common to all

three gas generator types

Target Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum NG
Utilization Rate

Total Natural Gas
Orders from Generators

Relative Shortfall in

Generator Fuel

Natural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Generators

Coal Price to
Generators

Distillate Price to
Generators

Oil Price to
Generators

<Natural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

Oil Fuel Unit

Coal Deliveries to
Generators

<Coal Fuel Unit>

Distillate Deliveries to
Generators

<Distillate Fuel
Unit>

Oil Deliveries to
Generators

<Oil Fuel Unit>

Oil Deliveries

Distillate Deliveries

Coal Deliveries
Natural Gas
Deliveries

Relative Transport Time by
Mode and NERC Region

Fractional Transport

Mode for Coal

Normal Time to
Obtain Coal

Fuel Management

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
Capacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SCADA

on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Idle Power
Generation
Capacity

Failed
Generation

Capacity

Repairing Failed
Generation Capacity

Failed Generation
Capacity Repair Time

Target Generation
Serving Load

Line Loss Factor

Target Load

Fuel Required for
Load Serving

Total Fuel
Utilization Rate

Maximum Fuel
Utilization Rate Maximum Load

Allowed by Available
Fuel

Fuel Required per
unit Load Served

Time to Activate
Generation

Target Fuel
Utilization Rate

<TIME STEP>

Bringing Generation
on Line

Generation
Serving Load

Switching Load Serving
Generation to Idle

Load Serving
Generation Failing

Generation
Failure Time

Maximum Rate of
Increasing Load Serving

Available
Generation

Power Sales
Priority

<TIME STEP>

Diurnal Electricity
Demand Variation

Peak Load

OneHour

Fuel Price

Non-Fuel Marginal
Costs for Load Serving

Marginal Costs for
Load Serving

Total Target Electric
Power Purchases

Power Purchase
Priority

Power Price

Electric Power
Load Served

Offered
Generation

Offered Imports

Import Sales
Priority

Composite Sales
Priority

Composite Supply
Offered

Imports Purchased

Import Power
Price

Total Load Served

<Generation
Serving Load>

Net Rate of Increasing
Load Serving

Generation Available
for Export

Generation
Disconnected

f rom
Transmission

System
Load Serving Generation
Becomming Disconnected

Idle Generation
Becomming

Disconnected

Generation
Becomming
Reconnected

Generation
Reconnection Time

Generation
Disconnection RatePowerInterruption Start

Time

PowerInterruption
Duration

Disconnection Rate
During Interruption

<Time>

<Maximum NG
Utilization Rate>

Emissions per Unit
Generation

Emissions Rate

Relative Shortfall in
Load Served

Total Region Load

Relative Shortfall in
Sector Load Served

Generation for
Export

Regional Electric
Power Demand

<Time>

Export
Obligations Adjusting Export

Obligations
<TIME STEP>

Total Target Electric
Power Load

Electric Power
Acquired for Each

Sector

Regional Electric
Power Load Served

Reserve Margin

Total Idle
Capacity

Total Generation
Serving Load<Coal Fuel Unit>

<Coal Price to
Generators>

<Distillate Fuel
Unit>

<Distillate Price to
Generators>

<Natural Gas Fuel
Unit>

<Natural Gas Price to
Generators>

<Oil Fuel Unit>

<Oil Price to
Generators>

Current Transmission
Capacity to Regions

Customers

<Effect of Power SCADA
on Transmission Capacity>

<Maximum Transmission
Capacity to Regions

Customers>

Target Power to
Serve Region Load

Region Load
Constrained by

Transmission

Effect of Power SCADA
on Control of Generators

<Effect of
Communications on

Power SCADA>

<Relative Generation
Capacity without

SCADA>

Total Available
Generation

Maximum Controllable
Generation

Initial Generation
Capacity

Disconnection Rate due
to Control Limitations

<TIME STEP>

Expected Power
Price

Generation

Idle Power
Generation
Capacity

Failed
Generation

Capacity

Repairing Failed
Generation Capacity

Failed Generation
Capacity Repair Time

Target Generation
Serving Load

Line Loss Factor

Target Load

Fuel Required for
Load Serving

Total Fuel
Utilization Rate

Maximum Fuel
Utilization Rate Maximum Load

Allowed by Available
Fuel

Fuel Required per
unit Load Served

Time to Activate
Generation

Target Fuel
Utilization Rate

<TIME STEP>

Bringing Generation
on Line

Generation
Serving Load

Switching Load Serving
Generation to Idle

Load Serving
Generation Failing

Generation
Failure Time

Maximum Rate of
Increasing Load Serving

Available
Generation

Power Sales
Priority

<TIME STEP>

Diurnal Electricity
Demand Variation

Peak Load

OneHour

Fuel Price

Non-Fuel Marginal
Costs for Load Serving

Marginal Costs for
Load Serving

Total Target Electric
Power Purchases

Power Purchase
Priority

Power Price

Electric Power
Load Served

Offered
Generation

Offered Imports

Import Sales
Priority

Composite Sales
Priority

Composite Supply
Offered

Imports Purchased

Import Power
Price

Total Load Served

<Generation
Serving Load>

Net Rate of Increasing
Load Serving

Generation Available
for Export

Generation
Disconnected

f rom
Transmission

System
Load Serving Generation
Becomming Disconnected

Idle Generation
Becomming

Disconnected

Generation
Becomming
Reconnected

Generation
Reconnection Time

Generation
Disconnection RatePowerInterruption Start

Time

PowerInterruption
Duration

Disconnection Rate
During Interruption

<Time>

<Maximum NG
Utilization Rate>

Emissions per Unit
Generation

Emissions Rate

Relative Shortfall in
Load Served

Total Region Load

Relative Shortfall in
Sector Load Served

Generation for
Export

Regional Electric
Power Demand

<Time>

Export
Obligations Adjusting Export

Obligations
<TIME STEP>

Total Target Electric
Power Load

Electric Power
Acquired for Each

Sector

Regional Electric
Power Load Served

Reserve Margin

Total Idle
Capacity

Total Generation
Serving Load<Coal Fuel Unit>

<Coal Price to
Generators>

<Distillate Fuel
Unit>

<Distillate Price to
Generators>

<Natural Gas Fuel
Unit>

<Natural Gas Price to
Generators>

<Oil Fuel Unit>

<Oil Price to
Generators>

Current Transmission
Capacity to Regions

Customers

<Effect of Power SCADA
on Transmission Capacity>

<Maximum Transmission
Capacity to Regions

Customers>

Target Power to
Serve Region Load

Region Load
Constrained by

Transmission

Effect of Power SCADA
on Control of Generators

<Effect of
Communications on

Power SCADA>

<Relative Generation
Capacity without

SCADA>

Total Available
Generation

Maximum Controllable
Generation

Initial Generation
Capacity

Disconnection Rate due
to Control Limitations

<TIME STEP>

Expected Power
Price

Generation

Natural Gas
Orders

Total Natural Gas
Deliveries to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target Natural Gas
Inventory

Time to Adjust
Natural Gas Inventory

Consuming Natural

Gas for Generation

Adjustment for
Natural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Suppliers

Expected
Natural Gas

Utilization Rate

Time to Adjust Expected
Natural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coal
Coverage

Target Coal
Inventory

Time to Adjust Coal
Inventory

Consuming Coal for
Generation

Adjustment for Coal
Inventory

Time to Obtain
Coal

Performance of
Coal Suppliers

Expected Coal
Utilization Rate

Time to Adjust
Expected Coal Use

R a t e

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

Oil Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Performance of Oil
Suppliers

Expected Oil

Utilization Rate

Time to Adjust
Expected Oil Use Rate

Adjusting Expected
Oil Use Rate

Distillate Orders from

Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obtain
Distillate

Performance of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate Use

Rate

Adjusting Expected
Distillate Use Rate

Maximum Natural Gas
Delivery Rate to

Generators

Maximum Coal Delivery
Rate to Generators

Maximum Distillate
Delivery Rate to

Generators

Maximum Oil Delivery
Rate to Generators

Maximum Fuel
Utilization Rate

<TIME STEP>

Maximum Fuel
Delivery Rate

The natural gas supply is
assumed to be common to all

three gas generator types

Target Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum NG
Utilization Rate

Total Natural Gas
Orders from Generators

Relative Shortfall in

Generator Fuel

Natural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Generators

Coal Price to
Generators

Distillate Price to
Generators

Oil Price to
Generators

<Natural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

Oil Fuel Unit

Coal Deliveries to
Generators

<Coal Fuel Unit>

Distillate Deliveries to
Generators

<Distillate Fuel
Unit>

Oil Deliveries to
Generators

<Oil Fuel Unit>

Oil Deliveries

Distillate Deliveries

Coal Deliveries
Natural Gas
Deliveries

Relative Transport Time by
Mode and NERC Region

Fractional Transport

Mode for Coal

Normal Time to
Obtain Coal

Fuel Management

Natural Gas
Orders

Total Natural Gas
Deliveries to Generators

Natural Gas
Inventory

Desired Natural Gas
Coverage

Target Natural Gas
Inventory

Time to Adjust
Natural Gas Inventory

Consuming Natural

Gas for Generation

Adjustment for
Natural Gas Inventory

Time to Obtain
Fuel

Performance of
Natural Gas Suppliers

Expected
Natural Gas

Utilization Rate

Time to Adjust Expected
Natural Gas Use Rate

Adjusting Expected
Natural Gas Use Rate

<Total Fuel
Utilization Rate>

<Target Fuel
Utilization Rate>

Coal Orders from
Generators

Coal
Inventory

Desired Coal
Coverage

Target Coal
Inventory

Time to Adjust Coal
Inventory

Consuming Coal for
Generation

Adjustment for Coal
Inventory

Time to Obtain
Coal

Performance of
Coal Suppliers

Expected Coal
Utilization Rate

Time to Adjust
Expected Coal Use

R a t e

Adjusting Expected
Coal Use Rate

Oil Orders from
Generators

Oil Inventory

Desired Oil
Coverage

Target Oil
Inventory

Time to Adjust Oil
Inventory

Consuming Oil for
Generation

Adjustment for Oil
Inventory

Time to Obtain Oil

Performance of Oil
Suppliers

Expected Oil

Utilization Rate

Time to Adjust
Expected Oil Use Rate

Adjusting Expected
Oil Use Rate

Distillate Orders from

Generators

Distillate
Inventory

Desired Distillate
Coverage

Target Distillate
Inventory

Time to Adjust
Distillate Inventory

Consuming Distillate
for Generation

Adjustment for
Distillate Inventory

Time to Obtain
Distillate

Performance of
Distillate Suppliers

Expected
Distillate

Utilization Rate

Time to Adjust
Expected Distillate Use

Rate

Adjusting Expected
Distillate Use Rate

Maximum Natural Gas
Delivery Rate to

Generators

Maximum Coal Delivery
Rate to Generators

Maximum Distillate
Delivery Rate to

Generators

Maximum Oil Delivery
Rate to Generators

Maximum Fuel
Utilization Rate

<TIME STEP>

Maximum Fuel
Delivery Rate

The natural gas supply is
assumed to be common to all

three gas generator types

Target Natural Gas
Utilization Rate

Fractional Demand for
NG Combustion

Fractional Demand for
NG Combined Cycle

Fractional Demand for
NG Steam Turbine

Maximum NG
Utilization Rate

Total Natural Gas
Orders from Generators

Relative Shortfall in

Generator Fuel

Natural Gas Fuel
Unit

HoursPerDay

Fuel Price

Natural Gas Price to
Generators

Coal Price to
Generators

Distillate Price to
Generators

Oil Price to
Generators

<Natural Gas Fuel
Unit>

Coal Fuel Unit

Distillate Fuel Unit

Oil Fuel Unit

Coal Deliveries to
Generators

<Coal Fuel Unit>

Distillate Deliveries to
Generators

<Distillate Fuel
Unit>

Oil Deliveries to
Generators

<Oil Fuel Unit>

Oil Deliveries

Distillate Deliveries

Coal Deliveries
Natural Gas
Deliveries

Relative Transport Time by
Mode and NERC Region

Fractional Transport

Mode for Coal

Normal Time to
Obtain Coal

Fuel Management

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
Capacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SCADA

on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Communications
Availability by NERC

Region

Use of Private Systems
for Power SCADA

Effect of
Communications on

Power SCADA

Effect of Power SCADA
on Transmission Capacity

Relative Transmission
Capacity without

SCADA

Current Transmission
Capacity to Regions

Customers

Current Transmission
Limit on Imports

Maximum Transmission
Capacity to Regions

Customers

Maximum
Transmission Limit on

Imports

Effect of Power SCADA

on Control of Generators

Relative Generation
Capacity without

SCADA

Communications
Availability during Power

Interruption

<Power Interruption
Duration>

<Power Interruption
Start Time>

<Time>

SCADA

Petroleum Fuels

Desired Natural Gas

Purchase Rate

Maximum Natural

Gas Sales Rate

Total Desired Natural

Gas Sales to End Users

Natural Gas
Purchase Rate

Natural Gas in
Underground Storage

Power Availability

in NGRegion

Nominal Injection

Capacity to Natural Gas
Storage

Effect of Power Availability on
Natural Gas Transfer Capacity to

Underground Storage

Natural Gas in
Transmission System

Injection Capacity to

Natural Gas Storage

Transfering Natural
Gas to Storage

Desired Natural
Gas Acquisition

Rate

Current Rate ofDomestic Gas
Production

Current NG Transfer
Capacity to Other

NGRegions

NG Transfer Rate to

Other NGRegions

Total NG Transfer Rate

to Other Districts

Target NG Transfer
Rate to Other Districts

Time to Form Average
Target NG Transfer Rate

Average Target
NG Transfer Rate Changing Average

Target NG Transfer
Rate

Total Target NG
Transfer Rate

NG Transfer Offered to
Other NGRegions

Maximum Natural Gas
Transfer Rate to Other

Districts

Serviceable Fraction of

Total Target NG Transfer
Rate

Natural Gas
Acquisition Rate

Desired NG Acquisition
Rate from Other

NGRegions

Total NG Import
Capacity from Other

NGRegions

Requested NG Imports
From Other NGRegions

Order Rate for

Foreign NG Imports
Foreign Natural Gas

Import Rate

Time to Acquire Foreign

Natural Gas Imports

Time to Acquire Transfers

NG from Other Districts

Natural Gas
Aquisition

Sector Natural Gas
Priority

Natural Gas Purchase
Priority from Other

Districts

Natural Gas Sales
Priority for Other

NGRegions

Natural Gas
Clearing Price

Potential
Market for

NGAcquisitionChange in Market for
NG Acquisition

Time to Change Market
for NG Acquisition

<TIME STEP>

Current Foreign NG
Import Capacity

Outstanding
Orders for

Foreign NG
ImportsIncreasing Backlog of

Foreign NG Orders

Decreasing Backlog of
Foreign NG Orders

Demand from
Generators

End-user
Demand

Generators Desired

Natural Gas Purchase
Rate

Nominal Deliverability
Rate of Stored NG

Total Desired
Natural Gas Sales

Consuming

Natural Gas

Working Gas Relative to

Working Gas Capacity

Relative Shortfall in
Natural Gas Deliveries

Maximum Natural

Gas Delivery Rate

Maximum Generator
Sales Rate

NG Sales Rate to
Generators

Total Natural Gas

Sales to End Users

Annual Average Net

Aquisition Rate

One Year

Deliverability from

Natural Gas Storage

Desired Transfer

Rate To Storage

Outstanding

Orders for
NG ImportsNG Imports from

Other NGRegions
Domestic Natural
Gas Import Rate

<Time>

Average Gas
Demand

Gas Demand
Variability

Total NG Purchases
from Other Regions

Total Sales to
Other Regions

Storage Withdrawals
Required to Serve

Demand

<Acquisition Correction

for Storage Availability>

<Additional Acquisition to

Cover for Immediate
Shortfalls>

<Z: Time Units
Per Day>

<Z: Time Units
Per Day>

Current Internal NG
Transmission Capacity

<Effect of SCADA on

NG Pipeline Capacity>

<Maximum Capacity of
Gathering Network for
Domestic Production>

<Nominal Rate of
Domestic Gas
Production>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum NG Transfer

Rate to Other
NGRegions>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Foreign NG
Import Capacity>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Internal NG
Transmission Capacity>

Expected Natural

Gas Price

Initial Amount of

Natural Gas Stored

Natural Gas
Wholesale Price

Adjusting Natural Gas
Wholesale Price

Time to Adjust Natural
Gas Wholesale Price

<Natural Gas
Clearing Price>

Regional Gas Price

Effect of Stored Gas
on Price Function

<Working Gas Relative to
Working Gas Capacity>

Nominal Natural
Gas Price

<Regional Gas

Price>

Desired Fuel
Purchase Rate

F u e l
Inventory at
Distributors Distributor Sales

R a t e

Expected Product
Replacement Time

Maximum Sales
Rate

Total Desired

Sales Rate

Distributor
Shortage

Distributor Effect of Perceived
Shortage on Desired

Coverage Table
Distributor Effect of

Perceived Shortage on
Desired Coverage

Distributor
Perceived
Shortage

Distributor Time to
Perceive Shortage

Distributor Change in
Perceived Shortage

Desired Distributor
Fuel Coverage

Perceived
DemandR a t e

Change in Perceived
Demand Rate

Time to Change
Perceived Demand

Rate

Current Distributor
Fuel Coverage

Relative Distributor
Fuel Coverage

Effect of Relative Coverage
on Indicated Fuel Price

Table

Perceived
Fuel Price Changing

Perception of Fuel
P r i c e

Effect of Relative
Coverage on Indicated

Fuel Price

Spot Fuel Price

Time to Change
Perceived Fuel Price

Fuel Retail
Markup

Fuel Retail Price

Fuel Purchase
Rate

Distributor
Inventory Deficit

Total Demand in
District

Distributor
Acquisition Rate

Nominal Distributor
Fuel Coverage

Distributor/
Retailer

Refiner

Refiner Desired Fuel
Purchase Rate

Product

Inventory at
Refiners Refiner

Sales Rate

Expected
Production Time

Maximum Refinery
Sales Rate

Total Desired
Refiner Sales Rate

Desired Refiner
Inventory Coverage

Perceived
Distributors

Demand Rate

Change in Perceived
Distributors Demand

R a t e

Time to Change Perceived
Distributors Demand Rate

Current Refinery
Inventory Coverage

Refinery Sales Rate to
Other Districts

Refiner Product
Inventory Deficit

Refiner Desired
Production Rate

Refinery
Production Rate

Nominal Refiner
Inventory Coverage

Maximum Refining
Capacity

Product Yield per
Unit Crude

Additional Yield
from Additives

Additive
Availability

Current Product
Yie ld Current Price per

Unit Crude Fixed Costs

Variable Unit
Costs

Unit Production Costs
for Perceived Demand

Crude Price

KGallonsPerBarrel

Operation Rate for
Perceived Demand

Minimum Refinery
Capacity Utilization

Minimum Refinery
Operation Rate

Available Refining
Capacity

Refinery Capacity
Damage Indicator

Time Conversion

Product Markup

Effect of Product Markup
on Capacity Utilization

Table

Effect of Product Markup
on Capacity Utilization

Economic Target
Operation Rate

Crude
Inventory at
Refiner Refinery

Operation Rate

Refinery Cycle
Time

Crude Limited Refinery
Operation Rate

Labor Availability
to PADPower Availability

to PAD

Inventory Based
Target Operation Rate

Effect of Labor

Availability on
Available Capacity

Aggregate Effects on
Available Capacity

Target Operation
Rate

Average Target

Operation Rate

Time to Form Average
Target Operation Rate

Change in Average
Target Operation Rate

Desired Crude Inventory
Coverage at Refinery

Current Crude Inventory
Coverage at Refinery

Crude Inventory
Deficit at Refinery

Refinery Crude
Inventory Adjustment

Time

Desired Crude Transfer
Rate from Terminal

Storage

Nominal Crude Transfer
Capacity to Refinery

Effect of Power Availability on
Crude Transfer Capacity to

Refinery

Crude Inventory at
Terminals and Tank

Farms

Maximum Crude
Transfer Rate to

Refineries

Transfering Crude
to Refinery

Desired Crude Inventory
Coverage at Terminals and

Tank Farms

Current Crude Inventory
Coverage at Terminals and

Tank Farms

Crude Inventory Deficit at
Terminals and Tank Farms

Desired Crude
Acquisition Rate

Time to Adjust Crude
Inventory at Terminals and

Tank Farms

Current Rate of
Domestic Crude

Delivery

Current Maximum Crude
Transfer Rate to Other

PADs Crude Transfer Rate
to Other PADs

Total Crude Transfer
Rate to Other Districts

Target Crude Transfer
Rate to Other Districts

Time to Form Average
Target Crude Transfer

Rate

Average Target
Crude Transfer

Rate
Changing Average

Target Crude Transfer
Rate

Total Target Crude
Transfer Rate

Crude Transfer
Offered to Other

PADs

Maximum Crude Transfer

Rate from Terminals and
Tank Farms

Maximum Crude Transfer
Rate to Other Districts

Serviceable Fraction of
Total Target Crude

Transfer Rate

Crude Acquisition
Rate

Desired Acquisition
Rate from Other PADs

Total Crude Import
Capacity from Other

Districts

Requested Crude
Imports From Other

PADs

Crude Imports from
Other PADs

Order Rate for Foreign
Crude Imports

Foreign Crude

Import Rate

Time to Acquire
Foreign Crude Imports

Time to Acquire Crude
Transfers for Other

Districts

Crude
Buyer

Sector Fuel
Priority

Product Sales

Priority for Other
Districts

Refinery Sales Rate to
District Distribution

Refinery Production

Available for Transfer

Desired Imports from
Other Districts

Product Purchase
Priority from Other

Districts

Fuel Clearing Price

Distributor Purchases
from Other Districts

Total Desired Import
Rate from Other Districts

Total Refinery Sales
Rate to Other Districts

Total Unserved Demand
from Other Districts

Fraction of Unserved
Demand Perceived

Crude Purchase Priority
from Other Districts

Crude Sales Priority
for Other PADs

Crude Clearing

Priority

Domestic Crude
Import Rate

Potential
Market for

Crude
Acquisition

Change in Market for
Crude Acquisition

Time to Change Market
for Crude Acquisition

<TIME STEP>

Maximum Foreign
Crude Import Rate

Outstanding
Orders forForeign Crude
ImportsIncreasing Backlog of

Foreign Crude Orders

Decreasing Backlog of

Foreign Crude Orders

Fraction of Outstanding
Foreign Crude Imports
Considered in Coverage

<Product Yield per
Unit Crude>

Trend in Spot
Fuel Price

Time to Increase
Retail Fuel Price

Time to Decrease
Retail Fuel Price

PassThrough
Fuel PriceAdjusting Pass

Through Fuel Price

Time to Change
Fuel Price

Relative Shortfall in Fuel
Purchases from
Distributors

Relative Shortfall in Fuel

Purchases by Distributors

Relative Shortfall in
Refinery Operations

Rate

Relative Shortfall in
Crude Purchases

Time to Track Trend
in Spot Prices

Test Purchase
R a t e

Initial Trend in
Spot Price

EIA Refining Capacity
as of January 2003

HoursPerDay

Wholesale
Market

Distributor Desired
Purchasing Rate

District Generators
Demand for Diesel

District Generators
Demand for Heavy Oil

Total Supply to
District

District Generators
Supply of Diesel

District Generators
Supply of Heavy Oil

Effect of Relative Coverage
on Indicated Fuel Sales Price

Table

Perceived
Fuel Sales

Price Changing Perception of
Fuel Sales Price Effect of Relative Coverage

on Indicated Fuel Sales
P r i c e

Spot Fuel Sales
P r i c e

Time to Change
Perceived Fuel Sales

Price

Refiner Product
Relative Coverage

Fuel Available for
Transfer

Current Maximum
Foreign Fuel Import

Rate

Foreign Fuel
Pr ice

Purchase Rate of
Imports

Relative Tranport Time
by Mode and PAD

Fractional Transport
Surface Mode for Refined

Products

Fraction of Product
Pipeline Capacity Used

Transport Rate by Mode

for Refined Products

Refined
Products in
Pipelines Refined Products

Arriving by Pipeline

Time to Transport
Refined Products by

Pipeline

Transporting Refined

Products by Pipeline

Transporting Refined

Products by Surface
Mode

Current Foreign Crude
Import Capacity

Effect of Power Availability
on Foreign Crude Import

Rate

Maximum Deliverability
of Domestic Crude

Production
Normal Rate of
Domestic Crude

Production

Maximum Crude
Transfer Rate to Other

PADs

Maximum Product Transfer
Capacity by Pipeline to

District Distribution

Current Product Transfer
Capacity by Pipeline to

District Distribution

Total Product Transfer
Capacity to Other PADs Total Product Transfer

Capacity from Exporters

Time to Recover Refinery
Capacity from Power

Outage

Effect of Power
Availability on

Refinery CapacityAdjusting Effect of Power
Availability on Refinery

Capacity

<TIME STEP>

Maximum Foreign
Fuel Import Rate

<Spot Fuel Price>

<Spot Fuel Sales

Price>

<Fuel Clearing
Price>

<Maximum Crude Transfer
Rate to Other PADs in Barrels

per Day>

<KGallons
PerBarrel> <HoursPerDay>

Refined Petroleum Products

Natural Gas

Desired Natural Gas

Purchase Rate

Maximum Natural

Gas Sales Rate

Total Desired Natural

Gas Sales to End Users

Natural Gas
Purchase Rate

Natural Gas in
Underground Storage

Power Availability

in NGRegion

Nominal Injection

Capacity to Natural Gas
Storage

Effect of Power Availability on
Natural Gas Transfer Capacity to

Underground Storage

Natural Gas in
Transmission System

Injection Capacity to

Natural Gas Storage

Transfering Natural
Gas to Storage

Desired Natural
Gas Acquisition

Rate

Current Rate ofDomestic Gas
Production

Current NG Transfer
Capacity to Other

NGRegions

NG Transfer Rate to

Other NGRegions

Total NG Transfer Rate

to Other Districts

Target NG Transfer
Rate to Other Districts

Time to Form Average
Target NG Transfer Rate

Average Target
NG Transfer Rate Changing Average

Target NG Transfer
Rate

Total Target NG
Transfer Rate

NG Transfer Offered to
Other NGRegions

Maximum Natural Gas
Transfer Rate to Other

Districts

Serviceable Fraction of

Total Target NG Transfer
Rate

Natural Gas
Acquisition Rate

Desired NG Acquisition
Rate from Other

NGRegions

Total NG Import
Capacity from Other

NGRegions

Requested NG Imports
From Other NGRegions

Order Rate for

Foreign NG Imports
Foreign Natural Gas

Import Rate

Time to Acquire Foreign

Natural Gas Imports

Time to Acquire Transfers

NG from Other Districts

Natural Gas
Aquisition

Sector Natural Gas
Priority

Natural Gas Purchase
Priority from Other

Districts

Natural Gas Sales
Priority for Other

NGRegions

Natural Gas
Clearing Price

Potential
Market for

NGAcquisitionChange in Market for
NG Acquisition

Time to Change Market
for NG Acquisition

<TIME STEP>

Current Foreign NG
Import Capacity

Outstanding
Orders for

Foreign NG
ImportsIncreasing Backlog of

Foreign NG Orders

Decreasing Backlog of
Foreign NG Orders

Demand from
Generators

End-user
Demand

Generators Desired

Natural Gas Purchase
Rate

Nominal Deliverability
Rate of Stored NG

Total Desired
Natural Gas Sales

Consuming

Natural Gas

Working Gas Relative to

Working Gas Capacity

Relative Shortfall in
Natural Gas Deliveries

Maximum Natural

Gas Delivery Rate

Maximum Generator
Sales Rate

NG Sales Rate to
Generators

Total Natural Gas

Sales to End Users

Annual Average Net

Aquisition Rate

One Year

Deliverability from

Natural Gas Storage

Desired Transfer

Rate To Storage

Outstanding

Orders for
NG ImportsNG Imports from

Other NGRegions
Domestic Natural
Gas Import Rate

<Time>

Average Gas
Demand

Gas Demand
Variability

Total NG Purchases
from Other Regions

Total Sales to
Other Regions

Storage Withdrawals
Required to Serve

Demand

<Acquisition Correction

for Storage Availability>

<Additional Acquisition to

Cover for Immediate
Shortfalls>

<Z: Time Units
Per Day>

<Z: Time Units
Per Day>

Current Internal NG
Transmission Capacity

<Effect of SCADA on

NG Pipeline Capacity>

<Maximum Capacity of
Gathering Network for
Domestic Production>

<Nominal Rate of
Domestic Gas
Production>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum NG Transfer

Rate to Other
NGRegions>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Foreign NG
Import Capacity>

<Effect of SCADA on
NG Pipeline Capacity>

<Maximum Internal NG
Transmission Capacity>

Expected Natural

Gas Price

Initial Amount of

Natural Gas Stored

Natural Gas
Wholesale Price

Adjusting Natural Gas
Wholesale Price

Time to Adjust Natural
Gas Wholesale Price

<Natural Gas
Clearing Price>

Regional Gas Price

Effect of Stored Gas
on Price Function

<Working Gas Relative to
Working Gas Capacity>

Nominal Natural
Gas Price

<Regional Gas

Price>

Desired Fuel
Purchase Rate

F u e l
Inventory at
Distributors Distributor Sales

R a t e

Expected Product
Replacement Time

Maximum Sales
Rate

Total Desired

Sales Rate

Distributor
Shortage

Distributor Effect of Perceived
Shortage on Desired

Coverage Table
Distributor Effect of

Perceived Shortage on
Desired Coverage

Distributor
Perceived
Shortage

Distributor Time to
Perceive Shortage

Distributor Change in
Perceived Shortage

Desired Distributor
Fuel Coverage

Perceived
DemandR a t e

Change in Perceived
Demand Rate

Time to Change
Perceived Demand

Rate

Current Distributor
Fuel Coverage

Relative Distributor
Fuel Coverage

Effect of Relative Coverage
on Indicated Fuel Price

Table

Perceived
Fuel Price Changing

Perception of Fuel
P r i c e

Effect of Relative
Coverage on Indicated

Fuel Price

Spot Fuel Price

Time to Change
Perceived Fuel Price

Fuel Retail
Markup

Fuel Retail Price

Fuel Purchase
Rate

Distributor
Inventory Deficit

Total Demand in
District

Distributor
Acquisition Rate

Nominal Distributor
Fuel Coverage

Distributor/
Retailer

Refiner

Refiner Desired Fuel
Purchase Rate

Product

Inventory at
Refiners Refiner

Sales Rate

Expected
Production Time

Maximum Refinery
Sales Rate

Total Desired
Refiner Sales Rate

Desired Refiner
Inventory Coverage

Perceived
Distributors

Demand Rate

Change in Perceived
Distributors Demand

R a t e

Time to Change Perceived
Distributors Demand Rate

Current Refinery
Inventory Coverage

Refinery Sales Rate to
Other Districts

Refiner Product
Inventory Deficit

Refiner Desired
Production Rate

Refinery
Production Rate

Nominal Refiner
Inventory Coverage

Maximum Refining
Capacity

Product Yield per
Unit Crude

Additional Yield
from Additives

Additive
Availability

Current Product
Yie ld Current Price per

Unit Crude Fixed Costs

Variable Unit
Costs

Unit Production Costs
for Perceived Demand

Crude Price

KGallonsPerBarrel

Operation Rate for
Perceived Demand

Minimum Refinery
Capacity Utilization

Minimum Refinery
Operation Rate

Available Refining
Capacity

Refinery Capacity
Damage Indicator

Time Conversion

Product Markup

Effect of Product Markup
on Capacity Utilization

Table

Effect of Product Markup
on Capacity Utilization

Economic Target
Operation Rate

Crude
Inventory at
Refiner Refinery

Operation Rate

Refinery Cycle
Time

Crude Limited Refinery
Operation Rate

Labor Availability
to PADPower Availability

to PAD

Inventory Based
Target Operation Rate

Effect of Labor

Availability on
Available Capacity

Aggregate Effects on
Available Capacity

Target Operation
Rate

Average Target

Operation Rate

Time to Form Average
Target Operation Rate

Change in Average
Target Operation Rate

Desired Crude Inventory
Coverage at Refinery

Current Crude Inventory
Coverage at Refinery

Crude Inventory
Deficit at Refinery

Refinery Crude
Inventory Adjustment

Time

Desired Crude Transfer
Rate from Terminal

Storage

Nominal Crude Transfer
Capacity to Refinery

Effect of Power Availability on
Crude Transfer Capacity to

Refinery

Crude Inventory at
Terminals and Tank

Farms

Maximum Crude
Transfer Rate to

Refineries

Transfering Crude
to Refinery

Desired Crude Inventory
Coverage at Terminals and

Tank Farms

Current Crude Inventory
Coverage at Terminals and

Tank Farms

Crude Inventory Deficit at
Terminals and Tank Farms

Desired Crude
Acquisition Rate

Time to Adjust Crude
Inventory at Terminals and

Tank Farms

Current Rate of
Domestic Crude

Delivery

Current Maximum Crude
Transfer Rate to Other

PADs Crude Transfer Rate
to Other PADs

Total Crude Transfer
Rate to Other Districts

Target Crude Transfer
Rate to Other Districts

Time to Form Average
Target Crude Transfer

Rate

Average Target
Crude Transfer

Rate
Changing Average

Target Crude Transfer
Rate

Total Target Crude
Transfer Rate

Crude Transfer
Offered to Other

PADs

Maximum Crude Transfer

Rate from Terminals and
Tank Farms

Maximum Crude Transfer
Rate to Other Districts

Serviceable Fraction of
Total Target Crude

Transfer Rate

Crude Acquisition
Rate

Desired Acquisition
Rate from Other PADs

Total Crude Import
Capacity from Other

Districts

Requested Crude
Imports From Other

PADs

Crude Imports from
Other PADs

Order Rate for Foreign
Crude Imports

Foreign Crude

Import Rate

Time to Acquire
Foreign Crude Imports

Time to Acquire Crude
Transfers for Other

Districts

Crude
Buyer

Sector Fuel
Priority

Product Sales

Priority for Other
Districts

Refinery Sales Rate to
District Distribution

Refinery Production

Available for Transfer

Desired Imports from
Other Districts

Product Purchase
Priority from Other

Districts

Fuel Clearing Price

Distributor Purchases
from Other Districts

Total Desired Import
Rate from Other Districts

Total Refinery Sales
Rate to Other Districts

Total Unserved Demand
from Other Districts

Fraction of Unserved
Demand Perceived

Crude Purchase Priority
from Other Districts

Crude Sales Priority
for Other PADs

Crude Clearing

Priority

Domestic Crude
Import Rate

Potential
Market for

Crude
Acquisition

Change in Market for
Crude Acquisition

Time to Change Market
for Crude Acquisition

<TIME STEP>

Maximum Foreign
Crude Import Rate

Outstanding
Orders forForeign Crude
ImportsIncreasing Backlog of

Foreign Crude Orders

Decreasing Backlog of

Foreign Crude Orders

Fraction of Outstanding
Foreign Crude Imports
Considered in Coverage

<Product Yield per
Unit Crude>

Trend in Spot
Fuel Price

Time to Increase
Retail Fuel Price

Time to Decrease
Retail Fuel Price

PassThrough
Fuel PriceAdjusting Pass

Through Fuel Price

Time to Change
Fuel Price

Relative Shortfall in Fuel
Purchases from
Distributors

Relative Shortfall in Fuel

Purchases by Distributors

Relative Shortfall in
Refinery Operations

Rate

Relative Shortfall in
Crude Purchases

Time to Track Trend
in Spot Prices

Test Purchase
R a t e

Initial Trend in
Spot Price

EIA Refining Capacity
as of January 2003

HoursPerDay

Wholesale
Market

Distributor Desired
Purchasing Rate

District Generators
Demand for Diesel

District Generators
Demand for Heavy Oil

Total Supply to
District

District Generators
Supply of Diesel

District Generators
Supply of Heavy Oil

Effect of Relative Coverage
on Indicated Fuel Sales Price

Table

Perceived
Fuel Sales

Price Changing Perception of
Fuel Sales Price Effect of Relative Coverage

on Indicated Fuel Sales
P r i c e

Spot Fuel Sales
P r i c e

Time to Change
Perceived Fuel Sales

Price

Refiner Product
Relative Coverage

Fuel Available for
Transfer

Current Maximum
Foreign Fuel Import

Rate

Foreign Fuel
Pr ice

Purchase Rate of
Imports

Relative Tranport Time
by Mode and PAD

Fractional Transport
Surface Mode for Refined

Products

Fraction of Product
Pipeline Capacity Used

Transport Rate by Mode

for Refined Products

Refined
Products in
Pipelines Refined Products

Arriving by Pipeline

Time to Transport
Refined Products by

Pipeline

Transporting Refined

Products by Pipeline

Transporting Refined

Products by Surface
Mode

Current Foreign Crude
Import Capacity

Effect of Power Availability
on Foreign Crude Import

Rate

Maximum Deliverability
of Domestic Crude

Production
Normal Rate of
Domestic Crude

Production

Maximum Crude
Transfer Rate to Other

PADs

Maximum Product Transfer
Capacity by Pipeline to

District Distribution

Current Product Transfer
Capacity by Pipeline to

District Distribution

Total Product Transfer
Capacity to Other PADs Total Product Transfer

Capacity from Exporters

Time to Recover Refinery
Capacity from Power

Outage

Effect of Power
Availability on

Refinery CapacityAdjusting Effect of Power
Availability on Refinery

Capacity

<TIME STEP>

Maximum Foreign
Fuel Import Rate

<Spot Fuel Price>

<Spot Fuel Sales

Price>

<Fuel Clearing
Price>

<Maximum Crude Transfer
Rate to Other PADs in Barrels

per Day>

<KGallons
PerBarrel> <HoursPerDay>

Refined Petroleum Products

Natural Gas

Transportation
Waterway Power Availability

Effect of Power Availability on Available Waterway Capacity

Test Labor Availability

Effect of Labor Availability on Available Water Transportation Capacity

Aggregate Effects on Available Waterway Capacity

Waterway Capacity Damage Indicator

Maximum Waterway Capacity

Available Waterway Capacity

Fuel Availability by PADD

Effect of Fuel Availability on Available Waterway Capacity

Average Travel Distance

Freight Awaiting
Waterway
Transport

Waterway
Freight Arrival

Rate

Freight Transport
Rate

Waterway
Material Storage

Capacity

Utilization of
Storage

Effect of Storage
Utilization on Diversion to

Rail Table

Effect of Storage
Utilization on Diversion to

Rail

Power Availability by
NERC Region

Waterway Fuel
Availability

Fraction ofWaterway FreightDiverted

Rate of Freight Moving
to Rail Transport

Waterway
Freight

Arriving

Waterway transport
proportion

Waterway relative
performance

Other Waterway
Freight ArrivalRate

Refined ProductsWaterway FreightArrival Rate

Waterway
Effect of Power Availability on Available Rail Capacity

Effect of Labor Availability on Available Rail Transportation Capacity

Aggregate Effects on Available Rail Capacity

Rail  Capacity Damage Indicator

Maximum Rail  Capacity

Available Rail Capacity

Effect of Fuel Availabitiy on Available Rail Capacity

Average Rail Travel Distance

Freight Awaiting
Rail Transport

Rai l  Freight
Arrival Rate

Rail Freight
Transport  Rate

Rail Material
Storage Capaci ty

Rate of Freight Moving

t o  R o a d  T r a n s p o r t

Utilization of
Rai l  Storage

Effect of Storage Utilization
on Diversion to Road Table

Effect of Storage
Utilization on Diversion to

R o a d

Rail Fuel
Availability

Fraction of Rail
Freight Diverted

<Power Availabili ty by
N E R C  R e g i o n > <Test  Labor

Availability>

<Fuel Availability
b y  P A D D >

C o m m u n i c a t i o n s  n e t w o r k  i s
infras t ructure  owned and

dis t r ibuted  in  na ture

<Rate  of  Fre ight
Moving to Rail

T r a n s p o r t >

Rail Freight
Arriving

Rail transport
proportion

Rail Relative
Performance

<Rate  of  Fre ight
Moving to Rail

T r a n s p o r t >

Other Rail Freight
Arrival Rate

Refined Products Rail
Freight Arrival Rate

< T i m e >

<Transport Disruption
Scenario Switch>

Rail

Road Capacity Damage Indicator

Maximum Road Capacity

Available Road Capacity

Average Road Travel Distance

Freight Awaiting
Road Transport

Road Freight
Arrival Rate

Road Freight
Transport Rate

Road Capacity should not be greatly impacted at a national level
by EP, Comm, Fuel or Labor availability however they would 

impede the ability to ship from the producer and  will impact the
rate of freight arrival at the road network.  Isolated disruptions to

the road network will result in diversion around the impacted
areas and increase average travel distance

<Rate of Freight Moving
to Road Transport>

Freight Moving to
Road from Air

<Rate of Freight Moving to
Road Transport from Air>

Road Freight
Arriving

Roadtransport
proportion

Other Road Freight
Arrival Rate

Refined Products
Road Freight
Arrival Rate

Relative Road
Transport

Performance

Transport Disruption
Scenario Switch

<Time>
Aggregate Effects on

Available Road Capacity

Normal Average Road Travel Distance

Cattle Road Freight
Arrival Rate

<Time>

Road
Effect of Power Availability on Available Air Capacity

Effect of Labor Availability on Available Air Transportation Capacity

Aggregate Effects on Available Air Capacity

Air Capacity Damage Indicator

Maximum Air Freight Capacity

Available Air Freight Capacity

Effect of Fuel Availability on Available Air Capacity

Freight Awaiting
Air Transport

Air Freight Arrival
Rate

Air Freight
Transport Rate

Air Freight
Storage Capacity

Rate of Freight Moving to Road
Transport from Air

Utilization of Air
Freight Storage

Effect of Storage Utilization
on Diversion to Road from

Air Table

Effect of Storage
Utilization on Diversion to

Road from Air

Air Fuel
Availability

Fraction of Air
Freight Diverted

<Test Labor
Availability>

<Fuel Availability
by PADD>

<Power Availability by
NERC Region>

Passengers
Awaiting Air
Transport

Air Passenger
Transport Rate

Air Passenger
Arrival Rate

Available Air
Passenger Capacity

Maximum Air
Passenger Capacity

Mail Awaiting
Air Transport

Air Mail
Transport Rate

Air Mail
Arrival Rate

Available Air Mail
Capacity

Maximum Air Mail
Capacity

Air Passengers in
Transit to States

AirPassengers
Arriving

Air Passenger
Distribution Rate

Air
PassengerProportion

AirTransport Time

Air Mail in Transit to States

Air Freight in Transit to
States

Air Mail
Arriving

Air Freight
Arriving

Air Mail Distribution Rate

Mail Proportion

Air Freight
Distribution Rate

Air Freight Proportion

Effect of Telecommunications
Availability on Available Air

Transportation Capacity

Relative Air Passenger
Transport Performance

Relative Air Mail
Transport Performance

Relative Air Freight
Transport PerformanceAir

Waterway Power Availability

Effect of Power Availability on Available Waterway Capacity

Test Labor Availability

Effect of Labor Availability on Available Water Transportation Capacity

Aggregate Effects on Available Waterway Capacity

Waterway Capacity Damage Indicator

Maximum Waterway Capacity

Available Waterway Capacity

Fuel Availability by PADD

Effect of Fuel Availability on Available Waterway Capacity

Average Travel Distance

Freight Awaiting
Waterway
Transport

Waterway
Freight Arrival

Rate

Freight Transport
Rate

Waterway
Material Storage

Capacity

Utilization of
Storage

Effect of Storage
Utilization on Diversion to

Rail Table

Effect of Storage
Utilization on Diversion to

Rail

Power Availability by
NERC Region

Waterway Fuel
Availability

Fraction ofWaterway FreightDiverted

Rate of Freight Moving
to Rail Transport

Waterway
Freight

Arriving

Waterway transport
proportion

Waterway relative
performance

Other Waterway
Freight ArrivalRate

Refined ProductsWaterway FreightArrival Rate

Waterway
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<Transport Disruption
Scenario Switch>

Rail

Road Capacity Damage Indicator

Maximum Road Capacity

Available Road Capacity

Average Road Travel Distance

Freight Awaiting
Road Transport

Road Freight
Arrival Rate

Road Freight
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Road Capacity should not be greatly impacted at a national level
by EP, Comm, Fuel or Labor availability however they would 

impede the ability to ship from the producer and  will impact the
rate of freight arrival at the road network.  Isolated disruptions to

the road network will result in diversion around the impacted
areas and increase average travel distance
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Road Transport

Road Freight
Arrival Rate

Road Freight
Transport Rate

Road Capacity should not be greatly impacted at a national level
by EP, Comm, Fuel or Labor availability however they would 

impede the ability to ship from the producer and  will impact the
rate of freight arrival at the road network.  Isolated disruptions to

the road network will result in diversion around the impacted
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Transit to States

AirPassengers
Arriving
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Air Freight
Arriving
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Aggregate Effects on Available Air Capacity

Air Capacity Damage Indicator

Maximum Air Freight Capacity

Available Air Freight Capacity
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Treatment
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Commercial
Desired

Nondeferrable
Consumption Rate

Commercial Total

Amount of Abandoned
Purchases

Commercial Rate of
Abandoning Purchases

Commercial

Activity Effect on
Demand for

UnstorableInputs

Perceive Natural Gas
Shortage

Commercial Change in
Perceived Natural Gas

Shortage

Commercial Natural

Gas Reference
Consumption Rate

Commercial Desired
Natural Gas

Acquisition Rate

Relative Natural Gas

Supply Performance

Commercial

Average Natural
Gas Consumption

Rate
Change in Commercial
Average Natural Gas

Consumption Rate

Time to Form Average
Natural Gas Consumption

Rate

Commercial Target
Natural GasCoverage

Commercial Current
Natural Gas Coverage

Commercial Nominal

Natural Gas Coverage

Relative Shortfall in
Commercial Motor

Fuels

Commercial Power
Demand Relative to Daily

Average

Commercial WaterDemand Relative to Daily
Average

Commercial Desired
Deferrable Consumption

Rate

Commercial Deferrable
Reference Consumption

Rate

Commercial Deferrable
Demand Relative to DailyAverage

Commercial
NondeferrableDemand

Relative to Daily Average

Commercial Total
Amount of Deferred

Purchases

Commercial Rate of
Deferring Purchases

Commercial
Nondeferrable

Reference Consumption
Rate

Commercial Time

to Reattempt
Deferred Purchases

Commercial Rate of
Reattempting Deferred

Purchases

Commercial Maximum

Rate of Reattempting
Deferred Purchases

Commercial Average
Rate of Reattempting

Deferred Purchases
<TIME STEP>

Commercial
Desired

Nondeferrable
Consumption Rate

Commercial Total

Amount of Abandoned
Purchases

Commercial Rate of
Abandoning Purchases

Commercial

Activity Effect on
Demand for

UnstorableInputs

Commercial PrimaryDesired Fuel
Consumption Rate

Commercial
Relative

Availability of Fuel

Commercial
Backup

Generation

Commercial DieselDiverted to Backup
Generation

Commercial DieselUsed for Backup
Generation

<TIME STEP>

<Commercial
InternalActivity>

Availability of Clearing and
Settlement

Communications

Effect on this Commercial's purchases includes depressed activity and
failure of payment systems; Effect of depressed activity in the input

Commercials is reflected in this Commercial's internal activity

Commercial Attempted

Deferrable Consumption
Rate

CommercialAttempted
Nondeferrable

Consumption Rate

<CommercialInternal
Activity>

<Commercial
Internal

Activity>

<Commercial
Internal

Activity>

CommercialRelative
Transport Time

Commercial Effect of
Transport Time on

Attempted Consumption

Commercial Effect of
Transport Time on

Attempted Consumption
Table

Commercial
Reference
Consumption

Rate

Commercial
fraction of

Consumption
Deferrable

Commercial
Fractional

Transport Mode for
Purchases

Relative Transport Time

by Mode and State

Commercial
AttemptedConsumption Rate

CommercialNatural Gas
Acquisition Rate

HoursPerDay

Commercial Average

Value of Purchases

Commercial Total
Value of Abandoned

Purchases

Commercial Natural
Gas Reference Price

Commercial Natural GasPrice Elasticity of
Demand

Commercial Effect ofNatural Gas Price on
Demand

Commercial
Natural Gas Price

by State

Commercial Effect of

Infrastructure Status on
Purchasing

Availability of Business
Communications

Commercial Effect of

Communications on
Attempted Consumption

Commercial Effect of
Communications on Attempted

Consumption Table

Commercial

Perceived
Power PriceCommercial

Changing Perception
of Power Price

Commercial Time to
Perceive Change inPower Price

Availability of Retail
Payment System by

State

Commercial Maximum
Motor FuelConsumption Rate

Commercial
Desired Fuel

Consumption Rate

Commercial
Relative

Availability of Fuel

Commercial Desired
Power Consumption

Rate

Commercial Total
Power Availability

Commercial

Relative
Shortfall in Total

Power

Commercial Relative
Availability of Power

Commercial Maximum
Water Consumption

Rate

Commercial DesiredWater Consumption
Rate

Commercial Maximum
Natural Gas

Consumption Rate

Commercial Desired
Natural GasConsumption Rate

Commercial

Relative
Performance

Commercial Relative

Availability of Water

Commercial Relative

Availability of Natural
Gas

Commercial Internal

Activity if Unstorable

Inputs are Available

CommercialInternal
Activity

Commercial
Activity Effect on

Demand for
Unstorable Inputs

Time for Commercial
Activity to Affect Demand

for Unstorable Inputs

Adjusting Commercial
Activity Effect on Demand

for Unstorable Inputs

Apparent
Commercial

Performance

Adjusting ApparentCommercial
Performance

Time forCommercial to
Influence Itself

Fraction of
Commercial

Dependent on Itself

Relative Impact of
Commercial Performance

on Itself

Relative Performance

of Input Sectors

Fraction of Commercial

Dependent on Input
Sectors

Relative Impact of Input

Sectors on Commercial

Commercial Effect of
Infrastructure Status on

Purchasing

Availability of
Business

Communications Commercial Effect
of Communications

on Internal Activity

Commercial Effect of
Communications on Internal

Activity Table

<Availability of Retail
Payment System by

State>

Residential 
Sector

Residential
Inventory of

Fuel

Residential Fuel
Storage Capacity

Residential Desired
Fraction of Fuel Storage

Filled

Residential Time to
Adjust Fuel Inventory

Residential Fuel
Consumption Rate

Residential Maximum
Motor Fuel

Consumption Rate

Residential DesiredFuel Consumption
Rate

Residential Fuel
Inventory Deficit

Residential Fuel
Inventory Adjustment

<TIME STEP>

Residential Fuel
Acquisition Rate

Residential Desired
Fuel Purchase Rate

Residential
Fuel

Shortage

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage Table

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage

Residential
Perceived

Fuel Shortage

Residential Time to
Perceive Fuel Shortage

Residential Change
in Perceived Fuel

Shortage

Residential Fuel
Reference Price

Residential Fuel
Price Elasticity of

Demand

Residential Effect of
Fuel Price onDemand

Residential Fuel
Reference

Consumption Rate

Residential Fuel
Sales Rate

Residential Desired
Power Consumption

Rate

Residential Power
Reference Price

Residential Power
Price Elasticity of

Demand

Residential Effect of
Power Price on

Demand

Residential Power
Reference Consumption

Rate

Residential External
Power Supply Rate Residential RelativeShortfall in External

Power

Power Retail Price

Relative Power
Supply Performance

Fraction of
Residential having
Backup Generation

Residential Load
Backup Generation

Target

Residential Desired Diesel
use for BackupGeneration

Residential Relative
Performance of Backup

Generators
Residential Load
Served by Backup

Generation
Residential Total

Power Availability

Diesel Fuel Required
per Unit Power

Residential
Water

Acquisition
Rate

Residential
Water

Shortage

Residential Water
Reference Consumption

Rate

Residential Desired
Water Acquisition Rate

Relative Water Supply
Performance

Residential
Battery Stored

Energy Residential
Drawing on

Battery Backup
Residential

RechargingBatteries

Residential
MaximumBattery Power

Fraction of Residential
with Battery Backup

Residential Time to
Recharge Batteries

Residential
Battery Storage

Capacity

ResidentialBattery Energy
Deficit

Residential Power
Required to Recharge

Batteries

Residential
Maximum

Battery Useage

Residential Load
Battery Backup

Target

Residential Load for
Recharging Batteries

Residential Load
used for Recharging

Batteries

ResidentialExternal Power
Shortfall

<TIME STEP>

Residential
Perceived

Power Shortfall

Time to Change
Battery Operations

<TIME STEP>

Change in Perceived
Power Shortfall

Onset Time of
Interruption

Duration of
Interruption

<Time>

Relative Fuel Supply
Performance

Fuel Retail Price
by State

Residential Natural
Gas Shortage

Residential Natural Gas
Reference Consumption

Rate

Residential Desired
Natural Gas Acquisition

Rate

Relative Natural Gas
Supply Performance

Relative Shortfall in
Residential Motor

Fuels

Residential PowerDemand Relative to Daily
Average

Residential Water
Demand Relative to

Daily Average

Residential Desired
Deferrable Consumption

Rate

Residential Deferrable
Reference Consumption

Rate

Residential Deferrable
Demand Relative to Daily

Average

Residential
Nondeferrable Demand
Relative to Daily Average

Residential Total
Amount of Deferred

Purchases

Residential Rate of
Deferring

Purchases

Residential
Nondeferrable

Reference Consumption
Rate

Residential Time to
Reattempt Deferred

Purchases

Residential Rate of
Reattempting Deferred

Purchases

Residential Maximum
Rate of Reattempting

Deferred Purchases

Residential Average
Rate of Reattempting
Deferred Purchases

<TIME STEP>

Residential
Desired

Nondeferrable
Consumption Rate

Residential Total
Amount of Abandoned

Purchases

Residential Rate of
Abandoning Purchases

Residential Activity
Effect on Demand

for Unstorable
Inputs

Residential PrimaryDesired Fuel
Consumption Rate

Residential
Relative

Availability of Fuel

Residential
Backup

Generation

Residential Diesel
Diverted to Backup

Generation

Residential Diesel
Used for Backup

Generation
<TIME STEP>

<Residential
Internal Activity>

Availability of Retail
Payment System by

State

Effect on this Residential's purchases includes depressed activity and
failure of payment systems; Effect of depressed activity in the input

Residentials is reflected in this Residential's internal activity

Residential Attempted
Deferrable Consumption

Rate

Residential
Attempted

Nondeferrable
Consumption

Rate

<Residential
Internal
Activity>

<Residential
Internal Activity>

<Residential
Internal
Activity>

Residential
Relative

Transport Time

Residential Effect of
Transport Time on

Attempted Consumption

Residential Effect of
Transport Time on

Attempted Consumption
Table

Residential
Reference

Consumption Rate
Residential
fraction of
Consumption
Deferrable

Residential
Fractional

Transport Mode for
Purchases

Relative Transport Time
by Mode and State

Residential
Attempted

Consumption Rate

Residential Natural
Gas Acquisition

Rate

HoursPerDay

Residential Average
Value of Purchases

Residential Total Value
of Abandoned

Purchases

Residential Natural
Gas Reference Price

Residential Natural Gas
Price Elasticity of Demand

Residential Effect of
Natural Gas Price on

Demand

Residential Natural
Gas Price by State

Residential Effect of
Infrastructure Status on

Purchasing

Residential Availability
of Communications

Residential Effect of
Communications on

Attempted Consumption

Residential Effect of
Communications on Attempted

Consumption Table

Residential
Perceived

Power PriceResidential Changing
Perception of Power

Price

Residential Time to
Perceive Change in

Power Price

<Relative Road
Delay>

Residential Effect of
Internal Activity on

Natural Gas
Demand

Adjusting Effect of Internal
Activity on Residential Gas

Demand

Time for Internal Activity to
Influence Residential Gas

Demand

Residential Effect of
Internal Activity on

Water Demand
Adjusting Effect of Internal
Activity on Residential Water

Demand

Time for Internal Activity to
Influence Residential Water

Demand

Residential Maximum
Motor Fuel

Consumption Rate

Residential Desired
Fuel Consumption

Rate
Residential

Relative
Availability of Fuel

Residential Desired
Power Consumption

Rate

Residential Total
Power Availability

Residential Relative
Shortfall in Total

Power

Residential Relative
Availability of Power

Residential
Relative

Performance

Residential Relative
Availability of Water

Residential Relative
Availability of Natural

Gas

Residential Internal
Activity if Unstorable
Inputs are Available

Residential
Internal
Activity

Residential Activity
Effect on Demand

for Unstorable
Inputs

Time for Residential
Activity to Affect Demand

for Unstorable Inputs

Adjusting Residential
Activity Effect on Demand

for Unstorable Inputs

Apparent
Residential
Performance

Adjusting Apparent
Residential
Performance

Time for
Residential to
Influence Itself

Fraction of
Residential

Dependent on
Itself

Relative Impact of
Residential Performance

on Itself

Relative Performance
of Input Sectors

Fraction of Residential
Dependent on Input

Sectors

Relative Impact of Input
Sectors on Residential

Residential Effect of
Infrastructure Status on

Purchasing

Residential
Availability ofCommunications

Residential Effect of
Communications on

Internal Activity

Residential Effect of
Communications on Internal

Activity Table

Residential Relative
Labor Transport Time

Residential Fractional
Transport Mode for

Labor

Relative Transport Time
by Mode and State

Residential Nominal
Travel Time

Residential Travel
Time for Labor

Time to Adjust
Estimated Travel Time

Estimated
Travel Time
for LaborAdjusting Estimate of

Labor Travel Time

Delay in Labor
Arrival

Labor Diurnal
Supply Variation

Normal Labor Supply
Relative to Daily

Maximum

<OneHour>

<Relative Time Zone
for State>

<Time>

Delayed Labor Supply
Relative to Daily

Maximum

Labor Availability

Relative Road
Delay

<Duration of
Interruption>

<Onset Time of
Interruption>

Effect of Transport
Delays on Labor

Availability

Residential Desired
Natural Gas Acquisition

Rate

Residential Natural
Gas Acquisition

Rate

Residential Water
Acquisition Rate

Residential Desired
Water Acquisition Rate

<Residential Effect of
Internal Activity on Water

Demand>
<Residential Water

Demand Relative to Daily
Average>

<Residential Water
Reference Consumption

Rate>

Residential
Inventory of

Fuel

Residential Fuel
Storage Capacity

Residential Desired
Fraction of Fuel Storage

Filled

Residential Time to
Adjust Fuel Inventory

Residential Fuel
Consumption Rate

Residential Maximum
Motor Fuel

Consumption Rate

Residential DesiredFuel Consumption
Rate

Residential Fuel
Inventory Deficit

Residential Fuel
Inventory Adjustment

<TIME STEP>

Residential Fuel
Acquisition Rate

Residential Desired
Fuel Purchase Rate

Residential
Fuel

Shortage

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage Table

Residential Effect of Perceived
Shortage on Desired Fraction of

Filled Storage

Residential
Perceived

Fuel Shortage

Residential Time to
Perceive Fuel Shortage

Residential Change
in Perceived Fuel

Shortage

Residential Fuel
Reference Price

Residential Fuel
Price Elasticity of

Demand

Residential Effect of
Fuel Price onDemand

Residential Fuel
Reference

Consumption Rate

Residential Fuel
Sales Rate

Residential Desired
Power Consumption

Rate

Residential Power
Reference Price

Residential Power
Price Elasticity of

Demand

Residential Effect of
Power Price on

Demand

Residential Power
Reference Consumption

Rate

Residential External
Power Supply Rate Residential RelativeShortfall in External

Power

Power Retail Price

Relative Power
Supply Performance

Fraction of
Residential having
Backup Generation

Residential Load
Backup Generation

Target

Residential Desired Diesel
use for BackupGeneration

Residential Relative
Performance of Backup

Generators
Residential Load
Served by Backup

Generation
Residential Total

Power Availability

Diesel Fuel Required
per Unit Power

Residential
Water

Acquisition
Rate

Residential
Water

Shortage

Residential Water
Reference Consumption

Rate

Residential Desired
Water Acquisition Rate

Relative Water Supply
Performance

Residential
Battery Stored

Energy Residential
Drawing on

Battery Backup
Residential

RechargingBatteries

Residential
MaximumBattery Power

Fraction of Residential
with Battery Backup

Residential Time to
Recharge Batteries

Residential
Battery Storage

Capacity

ResidentialBattery Energy
Deficit

Residential Power
Required to Recharge

Batteries

Residential
Maximum

Battery Useage

Residential Load
Battery Backup

Target

Residential Load for
Recharging Batteries

Residential Load
used for Recharging

Batteries

ResidentialExternal Power
Shortfall

<TIME STEP>

Residential
Perceived

Power Shortfall

Time to Change
Battery Operations

<TIME STEP>

Change in Perceived
Power Shortfall

Onset Time of
Interruption

Duration of
Interruption

<Time>

Relative Fuel Supply
Performance

Fuel Retail Price
by State

Residential Natural
Gas Shortage

Residential Natural Gas
Reference Consumption

Rate

Residential Desired
Natural Gas Acquisition

Rate

Relative Natural Gas
Supply Performance

Relative Shortfall in
Residential Motor

Fuels

Residential PowerDemand Relative to Daily
Average

Residential Water
Demand Relative to

Daily Average

Residential Desired
Deferrable Consumption

Rate

Residential Deferrable
Reference Consumption

Rate

Residential Deferrable
Demand Relative to Daily

Average

Residential
Nondeferrable Demand
Relative to Daily Average

Residential Total
Amount of Deferred

Purchases

Residential Rate of
Deferring

Purchases

Residential
Nondeferrable

Reference Consumption
Rate

Residential Time to
Reattempt Deferred

Purchases

Residential Rate of
Reattempting Deferred

Purchases

Residential Maximum
Rate of Reattempting

Deferred Purchases

Residential Average
Rate of Reattempting
Deferred Purchases

<TIME STEP>

Residential
Desired

Nondeferrable
Consumption Rate

Residential Total
Amount of Abandoned

Purchases

Residential Rate of
Abandoning Purchases

Residential Activity
Effect on Demand

for Unstorable
Inputs

Residential PrimaryDesired Fuel
Consumption Rate

Residential
Relative

Availability of Fuel

Residential
Backup

Generation

Residential Diesel
Diverted to Backup

Generation

Residential Diesel
Used for Backup

Generation
<TIME STEP>

<Residential
Internal Activity>

Availability of Retail
Payment System by

State

Effect on this Residential's purchases includes depressed activity and
failure of payment systems; Effect of depressed activity in the input

Residentials is reflected in this Residential's internal activity

Residential Attempted
Deferrable Consumption

Rate

Residential
Attempted

Nondeferrable
Consumption

Rate

<Residential
Internal
Activity>

<Residential
Internal Activity>

<Residential
Internal
Activity>

Residential
Relative

Transport Time

Residential Effect of
Transport Time on

Attempted Consumption

Residential Effect of
Transport Time on

Attempted Consumption
Table

Residential
Reference

Consumption Rate
Residential
fraction of
Consumption
Deferrable

Residential
Fractional

Transport Mode for
Purchases

Relative Transport Time
by Mode and State

Residential
Attempted

Consumption Rate

Residential Natural
Gas Acquisition

Rate

HoursPerDay

Residential Average
Value of Purchases

Residential Total Value
of Abandoned

Purchases

Residential Natural
Gas Reference Price

Residential Natural Gas
Price Elasticity of Demand

Residential Effect of
Natural Gas Price on

Demand

Residential Natural
Gas Price by State

Residential Effect of
Infrastructure Status on

Purchasing

Residential Availability
of Communications

Residential Effect of
Communications on

Attempted Consumption

Residential Effect of
Communications on Attempted

Consumption Table

Residential
Perceived

Power PriceResidential Changing
Perception of Power

Price

Residential Time to
Perceive Change in

Power Price

<Relative Road
Delay>

Residential Effect of
Internal Activity on

Natural Gas
Demand

Adjusting Effect of Internal
Activity on Residential Gas

Demand

Time for Internal Activity to
Influence Residential Gas

Demand

Residential Effect of
Internal Activity on

Water Demand
Adjusting Effect of Internal
Activity on Residential Water

Demand

Time for Internal Activity to
Influence Residential Water

Demand

Residential Maximum
Motor Fuel

Consumption Rate

Residential Desired
Fuel Consumption

Rate
Residential

Relative
Availability of Fuel

Residential Desired
Power Consumption

Rate

Residential Total
Power Availability

Residential Relative
Shortfall in Total

Power

Residential Relative
Availability of Power

Residential
Relative

Performance

Residential Relative
Availability of Water

Residential Relative
Availability of Natural

Gas

Residential Internal
Activity if Unstorable
Inputs are Available

Residential
Internal
Activity

Residential Activity
Effect on Demand

for Unstorable
Inputs

Time for Residential
Activity to Affect Demand

for Unstorable Inputs

Adjusting Residential
Activity Effect on Demand

for Unstorable Inputs

Apparent
Residential
Performance

Adjusting Apparent
Residential
Performance

Time for
Residential to
Influence Itself

Fraction of
Residential

Dependent on
Itself

Relative Impact of
Residential Performance

on Itself

Relative Performance
of Input Sectors

Fraction of Residential
Dependent on Input

Sectors

Relative Impact of Input
Sectors on Residential

Residential Effect of
Infrastructure Status on

Purchasing

Residential
Availability ofCommunications

Residential Effect of
Communications on

Internal Activity

Residential Effect of
Communications on Internal

Activity Table

Residential Relative
Labor Transport Time

Residential Fractional
Transport Mode for

Labor

Relative Transport Time
by Mode and State

Residential Nominal
Travel Time

Residential Travel
Time for Labor

Time to Adjust
Estimated Travel Time

Estimated
Travel Time
for LaborAdjusting Estimate of

Labor Travel Time

Delay in Labor
Arrival

Labor Diurnal
Supply Variation

Normal Labor Supply
Relative to Daily

Maximum

<OneHour>

<Relative Time Zone
for State>

<Time>

Delayed Labor Supply
Relative to Daily

Maximum

Labor Availability

Relative Road
Delay

<Duration of
Interruption>

<Onset Time of
Interruption>

Effect of Transport
Delays on Labor

Availability

Residential Desired
Natural Gas Acquisition

Rate

Residential Natural
Gas Acquisition

Rate

Residential Water
Acquisition Rate

Residential Desired
Water Acquisition Rate

<Residential Effect of
Internal Activity on Water

Demand>
<Residential Water

Demand Relative to Daily
Average>

<Residential Water
Reference Consumption

Rate>

Quarantines restrict transport capacity

Demand for transport of goods (Ag products)

Payments

Orders

SCADA

Payments

ATM

SCADA

Demand for Food Products 

Utilized in scenario simulations

Modeled, but not used in scenario sims
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Understanding Congestion and Cascades in 
Payment Systems

Bank i

Central Bank

Balance Bi

Productive Agent

Instructions Ii

S
ubm

itted
P

aym
ent S

i

Balance BjProcessed Payment Rj

1 Productive agent 
instructs bank to send 
a payment

2 Depositor 
account is debited

4 Payment account 
is debited

5 Payment account 
is credited

Queue Qi Deposits DiIi-Si

3 Payment is 
submitted or queued

Ii

Bank j

Queue QjDeposits Dj

7 Queued payment is 
submitted if there is 
one

6 Depositor 
account is credited

R
eleased

P
aym

ent

Bi > 0 ? Qj > 0 ?

Bank i

Central Bank

Balance Bi

Productive Agent

Instructions Ii

S
ubm

itted
P

aym
ent S

i

Balance BjProcessed Payment Rj

1 Productive agent 
instructs bank to send 
a payment

2 Depositor 
account is debited

4 Payment account 
is debited

5 Payment account 
is credited

Queue Qi Deposits DiIi-Si

3 Payment is 
submitted or queued

Ii

Bank j

Queue QjDeposits Dj

7 Queued payment is 
submitted if there is 
one

6 Depositor 
account is credited

R
eleased

P
aym

ent

Bi > 0 ? Qj > 0 ?

US EURO

FX
Payment system network

Networked Agent Based Model

Global interdependencies

For Details see:

The Topology of Interbank Payment Flows, 
Soramäki, et al, PhysicaA, 1 June 2007; 
vol.379, no.1, p.317-33.

Congestion and Cascades in Payment 
Systems, Beyeler, et al, PhysicaA, 15 Oct. 
2007; v.384, no.2, p.693-718.

Congestion and Cascades in Coupled 
Payment Systems, Renault, et al, Joint Bank 
of England/ECB Conference on Payments 
and monetary and financial stability, Nov, 12-
13 2007.
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Disaster Planning: understanding and quantifying dependency 
effects to improve protection &/or response

Example – Hurricane Impacts on Petrochemical Supplies

Hurricane

Probability 
of Wind 
Damage

Storm 
Surge

Disrupted

Refineries

Disrupted

Petrochemical Plants

Service

Territories

Indirectly Disrupted

Petrochemical

Plants

Disrupted NG

Compressors/Stations

Gas Network

Model

Indirectly Disrupted 

Petrochemical

Plants

Petrochemical

Shortfalls

Petrochemical

Network

Model

+

For more information see the following websites: 

http://www.sandia.gov/CasosEngineering

http://www.sandia.gov/nisac/chemical.html

http://www.sandia.gov/nisac/chemical.html
http://www.sandia.gov/CasosEngineering
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Disaster Planning: understanding and quantifying 
infrastructure impacts and adaptation to improve risk 

management

Example – Earthquake impacts on Transportation Fuels 

Crude Oil Pipelines
Refined Product 
Pipelines
Refineries

Petroleum Pipelines concentrated in central 
portion of US

Scenario Earthquake –
Ground Motion

National Fuels Network Model (with crude oil 
production and import points, refineries and 

refined product terminals) 

Changes in Fuel 
Production and 

Flows For more information see the following website: 

http://www.sandia.gov/casos

Or contact  Tom Corbet (tfcorbe@sandia.gov)

Canton 
Refinery

Lima 
Refinery

Catlettsburg
Refinery

Robinson
Refinery

Mt. Vernon
Refinery

Memphis
Refinery

Toledo

Crude Oil Pipelines (arrow shows flow direction)
Flow rate:  zero flow
Flow rate:  less than normal flow
Flow rate:   greater than normal flow
Refinery output:  zero production
Refinery output:  less than normal production 

http://www.sandia.gov/CasosEngineering
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Adaptation to Climate Change Impacts

Goal: Identify key 
uncertainties and 
dynamics in order to 
design and develop a 
CASoS engineering 
approach for reducing 
climate risks

Method: risk analysis 
approach that accounts 
for the full range of 
potential outcomes by 
explicitly including 
uncertainty, design 
validation strategy and 
identify modeling needs. 
Interacting nation state 
transaction modeling
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Regulation
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Infrastructure Resilience

Absorptive
Capacity

Adaptive
Capacity

Restorative
Capacity

Resilience

measured by

System Performance Recovery Duration Recovery Effort

Total Recovery EffortRe
co

ve
ry

 E
ff

or
t

Systemic Impact

Sy
st

em
 P

er
fo

rm
an

ce

timetime

Sandia’s resilience assessment framework is 
especially effective at providing comprehensive 
assessments because of its flexibility and 
explicit evaluation of resources, recovery costs, 
and feedback loops between recovery activities 
and system performance.

For more details see: 
Vugrin, E. D., D. E. Warren, M. A. Ehlen, and R. C. Camphouse (2010a),  “A Framework for Assessing the Resilience of Infrastructure and Economic 
Systems,” in Sustainable and Resilient Critical Infrastructure Systems: Simulation, Modeling, and Intelligent Engineering, K. Gopalakrishnan and S. 
Peeta, eds., Springer-Verlag, Inc., 2010.

Vugrin, E. D., M. A. Turnquist, N. Brown, and D. E. Warren (2010b), “Measurement and Optimization of Critical Infrastructure Resilience,” 
presentation to the 4th Annual Meeting of the Security and Risk Management Association, Arlington, VA, October 5-5, 2010. (Journal paper in 
preparation)

Vugrin, E.D., and R. C. Camphouse (2011), “Infrastructure resilience assessment through control design,” International Journal of Critical 
Infrastructures, 7(3), pp. 243-260. 

Vugrin, E. D., D. E. Warren, and M. A. Ehlen (2011), “A resilience assessment framework for infrastructure and economic systems:
Quantitative and qualitative resilience analysis of petrochemical supply chains to a hurricane,” Process Safety Progress, 30, pp. 280–290
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Global Security Focus

 Global socio-economic interdependent CASoS

 System Stability in context Perturbations and Stressors (e.g., 
climate)

 Design policy that enhances system resilience
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Example Results: Entity and Global Health in context 
of finite energy shocks

Small Shock

Configuration is perfectly 
symmetrical, but many 
realizations show 
spontaneous differentiation 
in which resources are 
produced at different rates 
and health differs across 
classes

Removal of some 
resource A causes 
a disruption that 
can have large and 
long-term 
consequences even 
if it is very brief

Large Shock

Disruptions beyond a 
certain severity are 
fatal to the system
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Modeling and Analysis of Infrastructure Dependencies

 Purpose of the analysis will determine modeling needs/fit

• Time frame of concern

• Capacity to absorb/respond/adapt/restore/recover = Resilience

• Risk management

 Threat management (security)

 Consequence management (design for n-1 failures; design for 
resilience to specified threats; plan for restoration/recovery)

• Risk mitigation 

 Experiment on models 

 Engineer solutions for complex adaptive systems and dynamic 
conditions

http://www.sandia.gov/casos 


