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Agenda

Workshop Part I

1. Introduction
• Definition of Cash flow-at-Risk (CfaR) and Earnings-at-Risk (EaR)

2.  Presentation of project – Cash flow in balance sheet structures
• Project balance sheet, Production balance sheet, Bank balance sheet
• Business plans, Budgeting models, Risk horizon

3. Market rates as risk drivers for uncertain cash flows
• Commodities, exchange rates, interest rates, economic indicators
• Description of corporate-specific equations for balance sheet positions and future 

periods, "pro forma statements"
• linear and non-linear correlations

4. Forecasting of performances
• Evaluation of volatilities and expected cash flows
• Calculation of historical volatilities and correlation
• Forecasts based on historical and implicit market data
• User-defined scenarios
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Workshop Part II

5. Evaluation by means of a multi-dimensional Monte Carlo simulation
• CfaR/EaR Framework, Level I and Level II Simulation, Volatility-Bridge
• Simulation of unsteady cash flows for balance sheet positions and future periods using 

corporate-specific equations
• Aggregation of cash flows along the balance sheet structure

6. Calculation of Cash Flow-at-Risk (CfaR), Earnings-at-Risk (EaR)
• Evaluation of CfaR distributions according to balance sheet positions, forecasted periods

and total balance sheet
• Calculation of Expected Loss regarding budget requirements
• Calculation of CfaR and EaR for different confidence intervals

7. Aspects of the implementation
• Implementation as a separate application with Microsoft.Net and C#
• Integrating the application for liquidity planning
• Reports for balance sheet-, periodical- and aggregation results
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Cash Flow-at-Risk (CfaR) and Earnings-at-Risk (EaR)

Definition of Cash Flow-at-Risk (CFaR) and Earning-at-Risk (EaR)

Literary sources: (from www.riskmetrics.com)

• CorporateMetricsTechDoc.pdf – Framework specification

• LongRunTechDoc.pdf – Specification of long-term forecasting and Volatility 

Bridge.

• Cash Flow-at-Risk (CfaR):

The maximum shortfall of net cash generated, relative to the net project income 

(budget income), that could be experienced due to the impact of market risk on a 

specified set of exposures, for a specified reporting period and confidence level.

Cash flow is defined as the net change in cash balances.

• Earnings-at-Risk (EaR):

The maximum shortfall of earnings, relative to the project income (budget income), 

that could be experienced due to the impact of market risk on a specified set of 

exposures, for a specified reporting period and confidence level.

. 
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Cash Flow-at-Risk (CfaR) and Earnings-at-Risk (EaR)

Calculation methods for CfaR and EaR

Framework

1. Presentation of volatile and operational cash flows for Corporates and 
Banks for medium- to long-term risk horizons (3, 12, 24 months )

2. Impact of market rates on individual cash flows (commodity prices, FX, 
interest rates, indices) 

3. Definition of corporate-specific equations for cash flows or prices

4. Periodic representation (daily, weekly, monthly, quarterly) of the project 
Cash flows in business plans, budgetng modells or "pro forma 
statements“

5. Structuring of In/Out-Cash flows in balance sheet structures
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Cash Flow-at-Risk (CfaR) and Earnings-at-Risk (EaR)

Calculation methods for CfaR and EaR

Simulation

1. Long-term forecasting of performances and volatilities of market 
prices and rates (Long Run), definition of daily prices using the
Volatility Bridge

2. Multi-dimensional Monte Carlo simulation of corporate-specific 
equations

3. Cash flow aggregation of each future time period along the balance 
sheet structure

4. Deinition of cash flow distribution according to balance sheet   
positions and according to future time periods

5. Identifying multi-dimensional CfaR and EaR from distributions 
according to periods, to balance sheet positions, as well as to the 
total balance for the given confidence intervals.
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Cash Flow-at-Risk (CfaR) and Earnings-at-Risk (EaR)

Application of CfaR and EaR in businesses and corporations

• Application: Business-, Management-, and Supervision-level

• Increased transparency of risks and risk limitation

The formalized quantification of the impact of market rate volatility on a 
company's financial results should significantly improve the clarity of risk 
awareness within the organization, as well as lead to the establishment of risk 
limitation systems CfaR and EaR.

• Communication and standardization of risk measures

The using of CfaR and EaR as risk measures improves the communication not 
only between senior management and the business units that assume risk, but 
also between senior management, the board of directors, shareholders, ratings 
agencies, and regulatory bodies. 

• Hedging, capital allocation and performance evaluation

The integration of risk and income analysis leads to the establishment of 
effective hedging strategies, capital allocation and the optimization of risk 
performance.
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Comparison between market risk and Cash flow-at-Risk (CfaR)

Parameter Market risk CfaR and EaR

Area Financial Corporate

Framework RiskMetrics CorporateMetrics

Accounting 

treatment

Fair Value (market to 

market)

Income, cash flows (accounting 

approach)

Horizon daily, monthly monthly, quarterly, annually

Period for one period for several periods

Confidence interval 1% 5%

Benchmark Risk grid points (market 

index, currency rates, yield 

curves)

Value developments (business 

plans, budgeting models, 

forwards, forecasts)

Aggregation Portfolio Balance sheet structure

8

1. Introduction



Demonstration of the Project - Cash flow in balance sheet structures

Balance sheet structure Project-Cash flow

Cash flow chart

Business plans 

Budgeting models
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2. Project – Cash Flows



Demonstration of a liquidity plan in Liquidity Manager
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2. Project – Cash Flows



Demonstration of a production plan in Liquidity Manager
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2. Project – Cash Flows



Commodities, market data, economic and industry metrics

National and internationae time series and statistic
• Examples: Dow Jones Global Industry Indexes, Reuters RIC‘s, ...

• The calculation of historical volatilities and correlation is possible

Commodities
• Aluminum, copper, iron, silver ..., wood, ..., plastic, ...
• Wool, cotton, silk, ..., luxury foods, ...

Energy
• Brent oil, WTI oil, gas, electricity, ...

Finances
• Interest rates, exchange rates, prices, yields, tax rates

 Industry metrics
• Structured stock indices, industry indices, funds

Country-specific or overall economy metrics
• Inflation rates, gross domestic product, economic cycle, ...

12

3. Market Rates as Risk Drivers



Dow Jones Global Industry Historical Indices

Time series for :

Country/Region 
x 

Market 
x

Industry Sector
x

Currency
x

Time Series Period
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3. Market Rates as Risk Drivers



Exposure Maps: Corporate-specific equations

Description of the cash flow using equation:
Cashflow = - AluBough*AluPrice*(1+(Libor+100BP)/4) + Prod/USD 
ExRate

For the second quarter:
Cash flow = - 122*AluPrice*(1+(Libor+100BP)/4) + 225.000/USD ExRate

Example : German Enterprise, risk horizon= 1 year
Purchase of commodities: Aluminium in EUR 

Export of the production to the USA

Refinancing: 3-month Libor + 100 BP

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Year

Aluminium bought (tons) 120 122 118 126 486

Price (tons, EUR) 1,400 1,430 1,460 1,470

Aluminium bought (EUR) 168,000 174,460 172,280 185,220 699,960

Sale production (USD) 230,000 225,000 236,000 238,000 929,000

USD exchange rate 1.22 1.2 1.18 1.15

Sale production (EUR) 188,525 187,500 200,000 206,957 782,981

3-month Libor (%) 4.220% 4.180% 4.130% 4.280%

Pay interest 2,192 2,259 2,209 2,445 9,106

Cash flow 18,332 10,781 25,511 19,292 73,915

14

3. Market Rates as Risk Drivers



Formula-editor in Liquidity Manager

Examples for corporate-specific equations:
Condition along the timeline: Interest payment starting from the 2nd date

Option for the exposure: US sales depend on the USD rate
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Exposure Maps: Corporate-specific "pro forma statements"
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Exposure Maps: linear and non-linear relationships
 Presentation of exposure maps through exposure formulas

1. Linear formulas: Risk assessment through VaR/CoVaR

Example: One period (purchase of commodities, selling abroad)

Simulation rates are: Price_Cmmodity, FX_ExchangeRate

Cash flow = - Volume_Commodity * Price_Commodity

+ Volume_Products * FX_ExchangeRate

2. Non-linear formulas: Risk assessment through Monte Carlo simulation

Example: Multiple periods with price elasticity (foreign sales)

Simulation rates represent exchange rates: FXi-2, FXi-1, FXi

The price for each subsequent period is adjusted by 70% to the exchange 

rate change from the previous period:

Pricei = Pricei-1 *[ 1+ 0,7 * (FXi-1 / FXi-2 -1)]

Cash flowi = Pricei* Volume * FXi
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Estimation of volatilites and expected cash flows

Estimation of volatilites and expected cash flows according to 
the market size and forecasted period (Source: LongRun 
Technical Document)

• Forecasts based on historical data
• Time series of prices, indices, exchange rates

• Forecasts based on market prices
• Forecasts using Futures and Forwards
• Forecasts using Options and Swaptions, Term Structure of implied 

Volatility, „Volatility smile“ for Options

• Forecasts based on econometric models
(parametric models, non-parametric models)

• Difference VARM (DVAR), Vector ECM (VECM)

• Adaptive ECM (AECM)

• User-defined scenarios
• Application of historical data, economic cycle
• Specification of scenarios for volatilities and expected cash flows
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Calculation of historical performances, volatilities and correlation
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Definition of markets and risk factors in CFaR/EaR
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4. Forecasting of Performances



Allocation of data to risk factors in the CFaR/EaR analysis
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4. Forecasting of Performances



Calculation of historical volatility and correlation in CFaR/EaR

22

4. Forecasting of Performances



Forecasts based on implicit swaption volatilities

Implied 1 Year Swap Rates

Period Swap Rates

starting year 1 and ending year 2. 5,090%

starting year 2 and ending year 3. 5,395%

starting year 3 and ending year 4. 5,603%

starting year 4 and ending year 5. 5,896%

starting year 5 and ending year 6. 6,062%

21 XYXYXY CovCovCov =

( ) ( ) XYYXZ *CovyVxV
z

V 2
1 22

+=

( ) ( ) XYYXXY ρyVxVCov =

Volatility of 

Swap Rates

Start (Years) 1 2 3 4 5

1 17,10% 16,50% 15,20% 14,40% 13,70%

2 18,00% 16,30% 14,90% 13,60% 12,90%

3 17,80% 15,60% 14,00% 12,70% 12,00%

4 16,80% 14,60% 13,00% 11,90% 11,20%

5 15,80% 13,70% 12,20% 11,30% 10,70%

Interval(Years)

Correlation of 

Swap Rates 1 2 3 4 5

1 1,000 0,770 0,418 0,542 0,787

2 0,770 1,000 0,660 0,466 0,302

3 0,418 0,660 1,000 0,628 0,391

4 0,542 0,466 0,628 1,000 0,603

5 0,787 0,302 0,391 0,603 1,000

Variance/Covariance Algebra
Market

Market

Reuters Reuters
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User-defined scenarios for volatility and performance
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4. Forecasting of Performances



CfaR and EaR Framework - Overview
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5. Evaluation using Monte Carlo Simulation

From a typical company exposure map to CfaR

Cash flow 

minimum with 

95% 

probability 12,3 

mil. EUR



CfaR and EaR Framework – Calculation of the simulated data
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CfaR and EaR Framework, Level I Simulation
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5. Evaluation using Monte Carlo Simulation

number of periods



Level I Simulation: risk factors, risk factors x time - correlation
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5. Evaluation using Monte Carlo Simulation



CfaR and EaR Framework, Level I Simulation

333231

232221

131211

CovMCovMCovM

CovMCovMCovM

CovMCovMCovM

Matrix of covariance matrices Monte Carlo simulation

 

1 year 

Historical 

T2 T3 T1 To 

A1 

A2 

A3 

Value11  Value12  Value13  
market rates 

Simulation of market rates:

N market rates x M periods

Level 1 simulation: simulation of performances

1..3 Mo
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5. Evaluation using Monte Carlo Simulation



CfaR und EaR Framework, Level I Simulation

Monte Carlo value-path: Level I simulation of forecasted factorsValue

Future periods
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5. Evaluation using Monte Carlo simulation



CfaR und EaR Framework, Level II Simulation (Volatility-Bridge)
 

1 year 

Historical 

Volatility 
Correlation 

Matrix 
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5. Evaluation using Monte Carlo Simulation



CfaR and EaR Framework, Level II Simulation (Volatility-Bridge)

Monte Carlo value path: level II simulation of daily pricesPrices

Future periods
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5. Evaluation using Monte Carlo Simulation



Simulation of unsteady cash flows within the balance sheet structure
  

Exposure Map: Corporate equations 

Simulation 
of unsteady cash flows 

 

Aggregation 
according to future period 
according to balance sheet 

position 

in the balance structure T2 T3 T1 To 

A1 

An 

Simulation of daily prices 

Periods-cash flow 

P 5 P 3 P1 P 2 P 4 P 6 
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5. Evaluation using Monte Carlo Simulation



Calculation of Expected Loss in the Project-Cash flow

Expected Loss = Project-Cash flow – Expected value
CfaR = Expected value – Confidence value
Total VaR = Project-Cash flow – Confidence value

Expected Loss

Project-Cash flowExpected Value

Confidence

Total VaR

CfaR
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Calculation of CfaR and EaR for different confidence intervals

Confidence interval = 5% Confidence interval = 1%

The CfaR calculation is derived from the obtained loss distribution:
• Monte Carlo simulation results are arranged in ascending order

• i = confidence interval * number of simulation steps (e.g. = 5%*10.000 = 500)

• The i-th result represents the confidence value

• Total VaR = Project-Cash flow – confidence value

CfaR CfaR
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6. Calculation of CfaR and EaR



Tabullar representation of confidence values and CFaR-EaR
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6. Calculation of CfaR and EaR



Graphical illustration of budget and confidence values

The growth trend for the budget value (green) is positive
The growth trend for the confidence value (purple) at 95% is negative
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6. Calculation of CfaR and EaR



3D distribution graph of expected values for the balance sheet and for aluminum prices

39

6. Calculation of CfaR and EaR



Implementation as a seperate application with Microsoft .Net (C#)

Data

Base

.Net

Environment

Liquidity Management

IOS

.Net (C#) 
Wrapper

CfaR / EaR

Management Information 
System (MIS)

.Net Managed Code 

.Net Crystal Reporter 

.Net Component 

Studio One, OLAP

Current Solution 1
COM-Interface .Net (C#)  

IOS Wrapper

DBMS

WEB 

Applications

.NetAsp
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Implementation as a seperate application with Microsoft .Net (C#)

Data

Base

.Net

Environment

Server

IOS

(C++) 

CORBA 
Server

Management Information 
System (MIS)

.Net Managed Code 

.Net Crystal Reporter 

.Net Component 

Studio One, OLAP

WEB 

Applications

.NetAsp

DBMS

.Net (C#) 

Corba 
Client

.Net (C#) 

Corba 
Client

Future Solution 2
.Net (C#) - (C++) 

CORBA Interface

IDL Interface

Liquidity Management

CfaR / EaR
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Integration of the application: Liquidity planning
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Integration of the application: Management Information System (MIS) 

.Net Environment ALM Analysis

OLAP 
Reporting

CfaR, EaR

Management Information 
System (MIS)

Periodic CfaR, EaR

Data

Base

IOS

DBMS

ALM: 

Asset Allocation
Cash flow analysis

Interest income analysis 

Maturity transformation

CfaR, EaR
Balance Structure = 

ALM Asset Allocation

Periods = ALM Periods

Control 

Parameters

43

7. Implementation Aspects



Reports for balance sheet-, periodical- and aggregation results
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Market simulation report: Forecasting aluminium prices
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Thank you for you attention!


