Chapter 23
Simultaneous Equation Models for Financial Planning

1. According to Warren and Shelton (1971), a good financial planning model should have the following characteristics:

a) The model’s results and assumptions are credible.

b) The model is flexible so that it can be adopted and expanded to meet a variety of circumstances.

c) It improves on current practice in a technical or performance manner.

d) Its inputs and outputs are comprehensible to the user without extensive additional training.

e) It takes into account the interrelated investment, financing, dividend, and production decisions and their effect on market value of the firm.

f) The model is fairly simple for the user to operate without exten​sive interrelation of nonfinancial personnel and tedious formula​tion of the input.  

2. The WS model provides a technique for financial planning that permits a decision maker to simulate financial inputs of changing assumptions re​garding such variables as sales, operating ratios, P/E ratios, retention rate, DIE ratios, and so on. The model then generates proforma balance sheets, income statements, and other variables (EPS and PPS). The model does not “optimize” anything, but simply provides relevant information to the decision maker.

The model has four distinct segments corresponding to the sales, investment, financing, and return-to-investors concepts in financial theory. The entire model is a system of twenty equations of a simul​taneous nature. The “planner” must provide a set of information for the model. Given these inputs, the model “solves” the simultaneous equation system to find the specified unknown in a manner quite similar to the process followed by all firms that use financial planning; therefore, it is readily communicated to managers.

While the WS model has some similarities to the Carleton model, it also differs in several significant aspects:

a) WS takes greater account of the interrelationship of the financing, dividend, and investment decisions.

b) WS relies on a sales forecast as a critical input to the model.

c) WS explicitly uses various operating ratios. (Carleton’s model used those ratios only implicitly through the manner in which the forecasts were made up.) This explicit position​ing of the ratios means that WS is computationally less tedious and thus its use is more time-efficient.

3. The FR model extends the WS model by explicitly considering the production segment of the firm. It explicitly treats risk by allowing for stochastic variability in industry sales forecasts. It incorporates some variables external to the firm that are important from a planning point of view. Finally, FR utilizes econometrics in its risk-return function and its production function estimations, as well as in evaluating goodness-of-fit and predictive power for the simultaneous equation system.

The objective of the FR model is to generate pro-forma statements that describe the future financial condition of the firm for any assumed pattern of sales. Sensitivity analysis can be used to answer “what-if” questions and to explore various paths toward some goals which mayor may not be optimal.

With a total of 36 equations, the FR model is composed of the follow​ing ten sectors:

(i) industry sales, (ii) company sales, (iii) fixed capital stock requirements, (iv) pricing, (v) production costs, (vi) income, (vii) new financing required, (viii) risk, (ix) cost of financing, and (x) common stock valuation. The FR model is recursive between sectors (all equations are not solved simultaneously), while simultaneous primarily within each sector’s equations.

4. A fundamental difference between the two types of models is that in the simultaneous model one is not attempting to find an optimal solution, rather a “satisfying” decision given the prevalent set of parameters. It also seems likely that the simultaneity of the model is useful because it repre​sents an approximation of the true complexity in management decision mak​ing. This greater flexibility also allows greater control over more de​tails. The linear programming approach requires a set of simplifying assumptions necessary for linearizing the economic relationships. The simultaneous model allows a planner to take greater account of the inter​relationship between the various financial variables.

Both models, however, can be used to forecast important financial variables and to perform sensitivity analysis.

The simultaneous model is considered more suitable for financial planning and forecasting because it is fairly simple for the user to operate without extensive intervention of nonfinancial personnel and tedious formulation of the input. Simplicity is a major factor favoring the WS-type models, since, in most cases, these forecasts are to be used simply as planning aids, not to set strategies.

5. Before attempting to flowchart this program, the student should fully understand the algebraic procedures for calculating the Warren-Shelton model as listed on pages 913-918. To develop this flowchart the student will need a good background in a computer language, therefore this ques​tion is optional.
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Substituting (12) into (11) yields
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Substitute NLt in (a) yields


[image: image21.wmf]28123.94

t

NS

=-


Substitute NLt in (b) yields


[image: image22.wmf]9999.756

t

L

=


Substitute NSt in (c) yields


[image: image23.wmf]25003.94

t

S

=-


Substitute NLt in (d) yields


[image: image24.wmf]40473.91

t

R

=


Substitute NLt in (12) yields


[image: image25.wmf]158.1930.0729211.39

ttt

iLNL

=+=


(14) 

[image: image26.wmf] 0.6628[13935.46211.390.05(7829.756)]

               8836.84

t

EAFCD

=--

=


(15) 
[image: image27.wmf]  0.3821(8836.84)3376.56

t

CMDIV

==


(16) NUMCSt =2971 + NEWCSt
(17) 
[image: image28.wmf]-28123.94-29604.15

(10.05)

t

tt

NEWCS

PP

==

-


(18) Pt = 19.9(EPSt )

(19) EPSt = EAFCDt / NUMCSt =  8836.84/ NUMCSt

From (18) and (19) we know that


[image: image29.wmf]175853.12/

tt

PNUMCS

=


Substitute Pt in (17) yields 
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Consequently we know that
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And
EPSt = 8836.84/ 2542.79=3.475

(20) DPSt = CMDIVt/ NUMCSt= 3376.56/ 2542.79=1.328
Finally the price per share is equal to 
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	FINPLAN input
	 
	 
	 
	
	

	2004
	 
	 
	 
	
	

	Value of Data
	Variable 
	Beginning
	Last 
	
	

	 
	Number
	Period
	Period
	
	

	47348.0000
	2
	0
	0
	
	

	3120.0000
	15
	0
	0
	
	

	35223.0000
	17
	0
	0
	
	

	0.0729
	10
	0
	0
	
	

	2971.0000
	16
	0
	0
	
	

	4
	1
	0
	0
	
	

	2565.0000
	9
	0
	0
	
	

	0.0687
	3
	1
	4
	
	

	0.5770
	6
	1
	4
	
	

	0.2204
	7
	1
	4
	
	

	0.2941
	8
	1
	4
	
	

	0.2754
	4
	1
	4
	
	

	395.0000
	12
	1
	4
	
	

	0.6179
	18
	1
	4
	
	

	0.6464
	19
	1
	4
	
	

	19.9000
	20
	1
	4
	
	

	0.3372
	5
	1
	4
	
	

	0.0729
	11
	1
	4
	
	

	0.0500
	21
	1
	4
	
	

	0.0500
	22
	1
	4
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	 
	Pro forma Income Statement

	 
	 
	 
	 
	 
	 

	 
	2004
	2005
	2006
	2007
	2008

	 
	 
	 
	 
	 
	 

	Sales
	47348.00
	50600.81
	54077.08
	57792.18
	61762.50

	Operating income
	0.00
	13935.46
	14892.83
	15915.97
	17009.39

	Interest expense
	0.00
	728.92
	778.99
	832.51
	889.70

	Underwriting commission -- debt
	0.00
	391.44
	54.10
	56.46
	58.98

	Income before taxes
	0.00
	12815.10
	14059.74
	15027.00
	16060.71

	Taxes
	0.00
	4321.25
	4740.94
	5067.10
	5415.67

	Net income
	0.00
	8893.85
	9318.80
	9959.90
	10645.04

	Preferred dividends
	0.00
	0.00
	0.00
	0.00
	0.00

	Available for common dividends
	0.00
	8493.85
	9318.80
	9959.90
	10645.04

	Common dividends
	0.00
	3245.50
	3560.71
	3805.68
	4067.47

	Debt repayments
	0.00
	395.00
	395.00
	395.00
	395.00

	Actl funds needed for investment
	0.00
	-20293.96
	-3613.47
	-3889.41
	-4184.31

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	 
	Pro forma Balance Sheet

	 
	 
	 
	 
	 
	 

	 
	2004
	2005
	2006
	2007
	2008

	Assets
	 
	 
	 
	 
	 

	Current assets
	0.00
	29196.67
	31202.48
	33346.09
	35636.96

	Fixed assets
	0.00
	11152.42
	11918.59
	12737.40
	13612.46

	Total assets
	0.00
	40349.08
	43121.07
	46083.48
	49249.42

	Liabilities and net worth
	 
	 
	 
	 
	 

	Current liabilities
	0.00
	14881.70
	15904.07
	16996.68
	18164.35

	Long term debt
	2565.00
	9998.86
	10685.78
	11419.89
	12204.44

	Preferred stock
	0.00
	0.00
	0.00
	0.00
	0.00

	Common stock
	3120.00
	-25002.82
	-29698.22
	-34716.74
	-40080.59

	Retained earnings
	35223.00
	40471.35
	46229.43
	52383.65
	58961.22

	Total liabilities and net worth
	0.00
	40349.08
	43121.07
	46083.48
	49249.42

	Computed DBT/EQ
	0.0000
	0.6464
	0.6464
	0.6464
	0.6464

	Int. rate on total debt
	0.0729
	0.0729
	0.0729
	0.0729
	0.0729

	Per share data
	 
	 
	 
	 
	 

	Earnings
	0.0000
	3.4596
	3.7842
	4.1523
	4.5562

	Dividends
	0.0000
	1.3237
	1.4459
	1.5866
	1.7409

	Price
	0.0000
	69.8565
	75.3047
	82.6306
	90.6686
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				Data		Variable		Description

				47,348.0		SALEt-1		The net sales (revenues) of the firm at the beginning

								of the simulation.  t-1= 2004

				0.0687		GCALSt		Growth rate in sales during period t.

				0.5770		RCAt-1		Expected ratio of current assets (CA) to sales in t.

				0.2204		RFAt-1		Expected ratio of fixed assets (FA) to sales in t.

				0.2941		RCLt-1		Current Payables as a Percent of Sales

				0.0		PFDSKt-1		Preferred Stock

				0.0		PFDIVt-1		Preferred Dividends

				2,565.0		Lt-1		Debt in Previous Period

				395.0		LRt-1		Debt Repayment

				3,120.0		St-1		Common Stock in Previous Period

				35,223.0		Rt-1		Retained Earnings in Previous Period

				0.6179		bt-1		Retention Rate

				0.3372		Tt-1		Average Tax Rate

				0.0729		it-1		Average Interest Rate in Previous Period

				0.0729		iet-1		Expected Interest Rate on New Debt

				0.2754		REBITt-1		Operating Income as a Percentage of Sales

				0.05		UL		Underwriting Cost of Debt

				0.05		UE		Underwriting Cost of Equity

				0.6464		Kt		Ratio of Debt to Equity

				2,971.0		NUMCSt-1		Number of Common Shares Outstanding in Previous Period

				19.9		mt-1		Price-Earnings Ratio






