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PREFACE 

This report and the recommendations contained therein are the 
culmination of research initiated at the request of the director of 
finance and the budget officer of the Virginia Department of Highways 
and Transportation. In 1981, shortly after the Budget Division was 
created, its personnel began to question the rellabillty of the cash 
forecasting techniques which had been inherited by the Division. 
addition, they anticipated that the cash forecast could be used as an 
effective management tool only if it were improved and documented. The 
findings of this research have confirmed that the forecasting techniques 
can be improved and that improved forecasts can serve as a springboard 
for a heightened awareness of the role cash management can play in the 
Department's construction and maintenance program. 
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ABSTRACT 

The research on which this report is based was performed as part of 
a study to develop an improved system for generating a two-year forecas• 
of monthly cash flows for •he Virginia Depar•men• of Highways and 
Transpor•a¢ion. I¢ revealed •ha• curren• Cechniques used by •he 
Department •o forecas• right-of-way paymenEs salaries and wages, and 
allocaEions •o ci¢ies, counties, o•her s•ate agencies, and •ransit 
properEies require no change. On •he o•her hand, i• showed •ha• 
forecasts of expenditures on materials, supplies and equipment, and 
maintenance contracts have overestimated acEual cash outlays by 
significant margins. •n addition, •his research revealed •ha• success 
in forecasting federal revenue reimbursements is, a• bes•, likely •o be 
spo•y and •ha¢ forecasts •ypically will be overly optimistic. For 
s•ate revenues, official forecas• approved by the Office of •he 
SecreEary of Transportation necessarily, serve as •he basis of the 
official cash forecasE; nevertheless a technique is proposed for early 
idenEifica•i0n of significan• changes in s•aEe revenue collections. The 
use of •echniques derived from •his research in a December 1983 •orecast 
of cash flows for January Chrough July 1984 showed •hat •he estimated 
cash balance for •he end of •he period was within $4.0 million of •he 
actual balance. 

Among the major recommendations are that it may be reasonable to 
establish cash balances .st contingency levels consistent with the 
expected excess of expenditures over revenues for the months of Jul.v 
through O=tober. 
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This report presents the results of Phase II of a study to improve 
the overall cash flow forecasting system utilized by the Department. It 
includes an analysis of the performance of •he contract construction 
forecasting technique recommended .in the report on Phase I of the study 
(published September 1983) , s proposal for forecasting monthly 
variations in state revenue, a discussion of the success with which 
federal aid reimbursements may be forecast, and suggestions regarding 
expenditure forecasts, Including contract maintenance and materials and 
supplies. This section of the report summarizes the principal results 
and conclusions of the research on cash flow forecasting. 

State Revenues 

State revenues, which comprise the Highway Construction and 
Maintenance Fund, are officially forecast by the Office of the 
Secretary of Transportation based upon major collections 
estimated by the Division of Motor Vehicles and the Corporation 
Commission. The Department of Highways and Transportation 
provides the Secretary's office with an estimate of the state 
fees and. permit revenues it collects, but these are a very small 
percentage of total state revenue. 

Estimates of major revenue sources (fuel and sales and use 
taxes) are updated quarterly by the Division of Motor Vehicles. 

For the purposes of its cash flow forecast,, the Department 
estimates monthly variations in state revenue by apDlylng 
historical monthly d•stribution factors to the official state 

revenue estimate. This technique, although reasonable, has two 
drawbacks. First, the historical monthly distribution factors 
currently in use have not been seasonally adjusted to account 
for the impact the historical revenue trend may have had upon 
the monthly distribution pattern. Secondly, the utilization of 
a revenue forecast updated quarterly or semiannually for the 
current fiscal year has less than optimal value as a 
programming, scheduling, and budgetary aid. 

The Department's errors in the monthly cash forecast can be no 
smaller than the error in the official state revenue forecast. 
From January through July 1984 state revenue collections 
exceeded the estimate forecast in December 1983 by $48.8 
million. Over the 25-month period through July 1984, the 
official forecast, including all updates, explained 77% of the 
variation in monthly revenue collections from state sources. 
The standard error was $5.03 million per month. An alternative 
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technique, based on collections in the third quarter of the previous 
fiscal year, offers significant potential for identifying shifts in 
revenue patterns well in advance of official updates of the forecast 
and, if used properly, can serve as a valuable planning tool in the 
project development and budgetary process. 

Federal Aid Reimbursements 

Forecasting federal aid reimbursements has been and will likely 
continue to be among the most difficult tasks of the cash 
estimation process. The Budget Division forecast for April 1982 
through December 1983 captured only 5Z of the monthly variation 
in federal sld reimbursements and had a cumulative error in 
excess of $100 million, chiefly because during this period 
contract construction was significantly overestimated. 

--Currently, the federal aid reimbursement forecast is derived 
from the contract construction payout forecast technique 
implemented in January 1984. As compared to the technique 
previously used, this new procedure is performing much better. 
For the first nine months of 1984 the cumulative error under 
this monthly factors technique was $30.7 million, whereas for 
the technique previously used the error was $85.6 million. 

--Nothwithstanding the fact that the error is smaller with the 
monthly factors technique than with the techni•.ue used formerly, 
the tendency of the forecast to overestimate actual 
reimbursements is not desirable. 

The federal aid reimbursement process spans four to five years. 
It begins when the apportionment is announced and ends four or 
five years later when the last charges for a construction 
pro.•ect have .been submitted, approved, and reimbursed. Using 
multiple regression analysis and the fact that reimbursements 
from s particular year's apportionment trickle in to the cash 
balance over a five-year period, a forecast can be developed 
which avoids the apparent overoptimism of the monthly factors 
technique. For the period from January through September 1984 
this forecast underestimated collections by $7.9 million. 

Contract Construction 

In the Phase I report on this study, a contract construction 
forecasting technique was recommended which uses size and type 

xii 



of contract as well as seasonal payout distribution factors. This 
technique was implemented in January 1984. 

The technique has performed extremely well during the first nine 
months of use, overestimating total contract psyout by a 
cumulative error of approximately $13.0 million. 

Payments to Localities, Other Agencies., and Transit Propert'i•'S,. and Expenditures 
on Salaries and 

Wa•es, Equipment, and Right-of-Way 
The forecasting techniques for a number of items which comprise 
the cash flow forecast are performing very well and require no 
change. Among these are the techniques for forecasting payments 
to Arlington and Henr±co counties for maintenance, to cities f'or 
street maintenance, to other agencies such as the Division of 
Motor Vehicles, and to transit properties. In addition, no 
change is required in the estimation .techniques for expenditures 
on salaries and wages, equipment, and right-of-way. 

Maintenance Contracts 

The Budget Division forecast has tended to overestimate the 
expenditures on maintenance contracts largely because the 
estimate provided by the Maintenance Division has been overly 
optimistic. Annual expenditures can be more accurately 
Dredlcted as a function of the maintenance budget with a simple 
equation based on historical data. Seas0nallty is stable and 
can be predicted using a Bureau of Labor Statistics seasonal 
adjustment technique. 

Consultants, Miscellaneous Contracts, 
'and Other Expenditures 

Several llne items in the cash forecast do not correspond to 
llne items in the program budget; thus, they tend to be 
difficult to forecast.. Among these are consultant fees, 
miscellaneous contracts, and the llne item called "other 
expenditures." The most straightforward method of dealing with 
these items for cash flow purposes is-to combine them, estimate 
them as a fixed percentage of revenue, and distribute the 
expected payout proportionately over the fiscal year. 
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Materials and Suppl•es 

There has been an apparent tendency to overestimate expenditures 
on materials and supplles• BeEinnln• in July 1982 it was not 
possible to reconcile reported expenditures w-lib reported 
purchases. In the absence of more reliable data, the BudEet. 
Division forecast has been revised downward to be more 
consistent with reported expenditures. As a result, the 
performance of the forecast should be more consistent with 
actual payout as reported by the Fiscal Division. 

Cash Balances 

Based upon data available through September 1984, the techniques 
proposed in this report provide excellent forecasting results 
for the cash balances available for the nlne-month period 
beginning in January 1984. Through July 1984 the estimate was 
within $4.0 million of the actual cash balance and through 
September was within $20.0 million. A forecast based on 
previously used techniques resulted in an error in excess of 
$140.0 million for the same period. Of this error, $•9.0 
million were due to errors in the official revenue estimate. 

The techniques proposed, in thls report offer the potential for 
much more accurate forecasts than have been the case in the 
past. For the forecast period from July 1984 throuzh June 1986, 
cash balances should 5e si•nlflcantly above levels predicted by 
the techniques previously used by the Department. The following 
can 5e expected for the forecast period. 

--Under the techniques formerly used, federal aid is 
estimated to be $992.0 million. The estimate is $756.0 
million under the proposed techniques. 

--Under the techniques formerly used, contract construction 
payout is estimated to be $I.I billion. The estimate is 
$801.0 mill•on under the proposed techniques. 

--Under the techniques formerly used, total payout is 
estimated to be $1.953 billion. The estimate is $1.860 
billion under the proposed techniques. 

--Under the techniques formerly used, the cash balance is 
not e•Tpected to be less than $145.0 million. Under the 
proposed techniques, the cash balance is not expected to 
be less than $207.0 million and is expected to average 
approximately $230.0 million over the 24-month period. 
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--One criterion by which reasonable cash balances for contingency 
purposes can be Judged is the stability •n the pattern of the 
periods during which expenditures exceed monthly revenues. 
Since July 1980, expenditures have exceeded revenues for the 
months of July, August, September, and October. Revenues have 
exceeded expenditures for the months of November through June. 
In this context, •t may be reasonable to design the programming 
and scheduling of the construction program to ensure that the 
cash balance accumulated on June 30 of each f•scal year 
approxlmates, with a reasonable margin of error, the expected 
excess of expenditures over revenues for the follo•rlng July 
through October. Approximately $70.0 million would not have 
been excessive for this purpose for June 30, 1984. The forecast 
suggests that approximately •90.0 to $I00.0 mill•on may not be 
excessive for June 30, 1985. An. additional contingency may be 
required to obl•gate any unanticipated federal aid which might 
be made avallable. Malntain•ng cash balances at reasonable 
contingency levels is consistent w•th maximizing the benefits 
from revenues ava•.lable from user taxes, •nd establishing 
mechanisms to ensure the Implementation of a construction 
program consistent with malnta•n•ng such balances is an 

appropriate goal to be achieved through the finance and the 
programming and scheduling functions of the Department. 





RECOMMENDATIONS 

I. The Budget Division should adopt the X-If Variant of the Census 
Method II Seasonal Adjustment Progra m, Technical 'Paper Number 15 as the season'•'l' 'a'•Justment technique for establishing monthly 
distribution factors for use in est•matlng monthly varlat•ons in 
state revenue collections and maintenance contract payout. 
Software for th•s technique can be obtained from the U. S. 
Department of Commerce, Bureau of Economic Analysis. The Div•slon 
should consult the author on the use of the seasonal adjustment 
technique to develop monthly dlstr•butlon factors. 

2. The Budget D•v•s•on should update the monthly distribution factors 
for state revenue collect•ons and maintenance contract payout 
annually by adding the most recent year's figures for these llne 
items to the existing data base. An effort should be made to 
develop and maintain a 60- to 72-month data base. 

3. In addition to maintaining S historical file of cash forecasts 
updated monthly, quarterly, or at such times that the official 
revenue forecast is changed, the Budget Division should initiate 
and maintain on floppy disk a file of original 24- and 36-month 
forecasts. Maintaining such a record will facilitate ex post 
evaluation of forecast performance. 

4. The Budget Division should evaluate the performance .of the cash 
forecast periodically. This evaluation should be made no less 
often than annually and no more often than every 18 months. 

5. The Budget Division should closely monitor state revenue 
collections in the third quarter of each fiscal year 
(January-March) as an early indication of the possible need to 
adjust the construction program .in the following fiscal year. 
Thlrd-quarter collections are a highly stable proportion of state 

revenue collections in the following fiscal year and over the last 
five fiscal years have averaged 24.835% of the-next year's total 
state revenue 

6. Because variations in federal aid reimbursements offer the 
potential for creating significant errors in the cash forecast, and 
because federal aid reimbursements are linked inextricably to the 
federal participation rate on advertised construction projects, the 
Budget Division, in cooperation with staff who are responsible for 
determining and altering the construction advertisement schedule, 
should maintain a data base which records the extent to which 
federal aid projects are advertised on schedule and the extent to 
which, on a monthly basis, the expected awarded amount of federal 
aid contracts is consistent with actual.contract awards. This data 
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base will aid in •he evaluation of ehe appropriateness of •he curren• 
federal aid forecasting •echnique. 

7. In addition to the current, federal aid forecast, the Budget 
Divls•on should evaluate the alternative technique based upon the 
flve-year payout model of federal aid apportionments described in 
this report. 

8. The Budget Division should make two adjustments in the current 
federal aid forecasting technique: 

Contract participation rates should be multiplied by 
contract estimate which excludes an estimate of cost 
overruns; and 

b) "advance construction" contracts should enter the estimation 
pool for federal aid reimbursement only after the federal aid 
agreement for such contracts has been negotiated and 
approved. 

9. The-Budget Division should establish a monitoring mechanism which 
ensures that changes in the advertisement schedule are 
expeditiously incorporated into the construction payout and federal 
aid reimbursement line items of the cash forecast. 

i0. For the purpose of evaluating construction payout forecasts, the 
Budget Division should continue to estimate a "23-Month Payout 
Curve" cash forecast through June 1985. 

II. The Budget Division should not alter the techniques being used to 
forecast payments to localities, other agencies, and transit 
properties, nor the expenditures on salaries and wages, equipment, 
and right-of-way. 

12. Appropriate staff in the Maintenance Division should work 
cooperatively with the Budget Officer to provide the Budget 
Division with an accurate estimate of total contract maintenance 
payout. Contracts expected to be advertised may not be appropriate 
for this purpose. Provisionally, contract maintenance should be 
estimated as 26% to 28% of the total maintenance budget, excluding 
extraordinary storm damage. 

13. The Budget Division should consider combining the cash forecast 
line items for "other expenditures," miscellaneous contracts, and 
consultant contracts. This combined line item could be estimated 
as 5.5% to 6.0% of state plus "other" revenue. This estimate 
should be closely monitored for its performance. 
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14. The Budget Division, in consultation with the Administrative 
Services and Fiscal Divisions, should reconcile the differences 
which have existed since July 1982 between reported purchases o• 
and expenditures on materials in order to enable the forecast of 
expenditures on materials and supplies to be improved. 

15. The Department's Executive Committee may wish to employ the cash 
forecast as an aid to structure programming, scheduling, and 
pre-engineering activities to achieve optimum cash balance levels. 
Because of the historical stability of the seasonality of 
expenditures and revenues, two major criteria are available to help 
establish such contingency balances. First, a contingency should 
be maintained to enable the Department to obligate unanticinated 
federal aid. In addition to this contingency, it is reasonable to 

argue that the cash balance anticipated on June 30 of each fiscal 
7ear should exceed, with an acceptable margin for error, the 
expected excess of expenditures over receipts for the following 
July through October. .The value of utilizing such an approach to 

guage necessary balances is that sensitivity analysis can be 
conducted to determine the impact various programming and 
scheduling decisions have on the ability to meet financial 
commitments. 





A SYSTEM FOR FORECASTING AND MONITORING CASH FLOW 

Phase II: Forecasting Federal and State Revenues, 
Contracts, Other Exper•d•tures, and Cash Balances 

Gary R. Allen 
Senior Research Scientist 

INTRODUCTION 

Methods for forecasting and managing cash flow are well established 
in the prfvate sector, where inadequate cash balances can mean bank- 
ruptcy and excessive balances can result in foregone business opportu- 
nities. In the public sector, until fairly recently there was less 
perceived need for close forecasting and monitoring of cash flow. 
Revenues for highway and transportation departments were quite 
predlctable--In the main they could be depended upon to rise steadily. 
This and the fact that construction cost increases were moderate made 
the planning of a maintenance and construction program free of cash 
shortfalls or excessive balances rather straightforward. 

During the past several years, revenues for most such departments 
have become volatile and unpredictable, and construction expenditures 
have been subject to unprecedented rates of.lnflatlon. During such 
periods, a public works agency such as the Department of Highways and 
Transportation runs a serious risk of encountering inappropriate cash 
balance levels in carrTin • out its construction and maintenance program. 
This risk can be minimized by (a) malntalnln• large cash balances which 
divert funds from current needs, or (b) developing and using reliable 
management tools for short-term forecasting and monitoring of cash 
inflows and outflows. From the standpoint of sound public finance 
principles, the latter alternative is preferred. However,. as is illus- 
trated by the comparisons made in Table I between the cash balances 
which were forecast in July 1983 and the balances that actually oc- 
curred, the Department's director of. finance has had sufficient reason 
to be uncomfortable with the reliability of the forecast as a management 
tool. 



Table I 

Comparison of July 1983 Forecast with Actual 
Ending Cash Balances 

(In Millions of Dollars) 

Sept. '83 Ja.n. '84 Jun. '84.. Sept. '84 

Forecast 67.2 61.7 126.5 79.3 

Actual 129.9 152.3 261.3 212.9 

Error 62.7 90.6 134.8 133.6 

The table, shows a consistent tendency to underestimate cash 
balances over the forecast period. This stems from underestimates of 

revenues, overestimates of total expenditures, or offsetting errors in 
estimates of federal aid and state revenues. For example, the forecast 
for the period from May to September 1983 overestimated federal aid by 
$28.1 million, underestimated state revenue by $28.5 million, and over- 

estimated total outlays by $62.0 million. From October 1983 through 
June 1984, this July 1983 forecast overestimated federal aid by $53.8 
million, underestimated state revenue by $44.3 million, and over- 
estimated total outlays by $71.6 million. 

STUDY PURPOSE AND SCOPE. 

A major objective of the study, Phase II of which is reported on 

here, has been to develop, in cooperation with the Budget Division, an 

improved system for forecasting, monitoring, and managing cash flow over 

the short run. An equally important objective is to provide guidelines 
for estimating and establishing reasonable minimum cash balances for 
contingency purposes. The third objective is to create a heightened 
awareness on the part of both management and the staff responsible for 
the programmln•, scheduling, and advertisement of contract construction 
that an improved cash flow forecast can 5e a significant aid in imple- 
menting an advertisement schedule which maximizes benefits from the 
Highway Construction and Maintenance Fund. 



Thins Phase II report describes the techniques proposed •ov fore- 
casting monthly variations in state revenue collections; federal aid 
relmbursements; contract maintenance payout; expenditures on materials, 
supplles, wages, equlpment, and rlght-of-way; and payments to locali- 
ties, state agencies, transit properties, and contract consultants. It 
also describes the performance of the contract construction payout 
forecasting technique implemented as a result of the Phase I report 
published in September 1983. (I) 

STUDY APPROACH 

The forecasting techniques proposed in this report are based upon 
an examination of the historical pattern exhibited by each llne item In 
the Department's Revenue, Expendltures, and Cash Balances Report, a copy 
of which is shown as Table 2. For most revenue and expenditure items, 
52 months of data were collected. Each llne item was subjected to at 
least two kinds of tests. First, the estimate of total payout was 

examined to determine its stability asa percentage of a major llne 
item, such as total state revenue, in the Department's budget. Sec- 
ondly, the U.S. Department of Commerce, Bureau of Economic Analysls's 
Seasonal Adjustment Prog.r.am(2_) was used to test the monthly variations 
for a stable seasonal pattern and to estimate monthly distribution 
factors which would accurately mirror seasonal payout variations. In 
addition, regression analysis was used to test the accuracy of pre- 
viously Used techniques for forecasting monthly variations on state 

revenue and federal aid reimbursements. 

The technique for forecasting contract construction payout alluded 
to in this report is described fully in the publication which documents 
Phase I of the study.(1) 





FORECASTING MONTHLY VARIATIONS IN REVENUE 

State Revenue 

Current Technique Performance 

The official forecast of revenues which comprise the •Ighwa7 
Construction and Maintenance Fund is issued through the Office of the 
Secretary of Transportation of the Commonwealth and is based upon 
estimates of the major revenue sources prepared by the Division of Motor 
Vehicles and the Corporation Commission. Fees and permit revenues 
collected by the Department of Highways and Transportation comprise a 

very small proportion of the total revenue estimate and have little 
impact on the forecast. 

Estimates of monthly revenue collections for the cash forecast are 
calculated by multiplying the percentage of annual revenue which has, on 

average, been collected for each month by the official estimate of total 
revenue. This forecasting technique has two sources of error: 
(i) errors in the official forecast of total revenue, and (2) errors in 
the_ estimates of the monthly percentages that are applied to the 
forecast. The reader should note that even if seasonallty (monthly 
percentages of collections) is perfectly forecast, a 24-month cash 
forecast can be no more accurate than the official forecast. In other 
words, if the official revenue forecast underestimates total collections 
over the forecast.perlod by $80.0 million, the cash flow forecast of 
revenue collections will have cumulative errors of the same maEnltude. 

The performance of the revenue forecast should, for the purposes of 
cash flow analysis, be examined in light of the fact that impacts on the 
Department's monthly cash position significantly lag changes initiated 
in the construction and maintenance program. The implication of this 
fact is that official forecast updates which apply to a current fiscal 
year are of little value to the Department in planning its program to 
take maximum advantage of available cash balances. For example, changes 
which are made in the official forecast in May, as was the case in 1984, 
at best cannot be incorporated into the advertisement schedule until 
well into •"f 1985. 

Statistical analysis was used to examine the accuracy of the 
estimates of monthly variations in revenue based upon applylnE the 
Department's seasonal distribution factors to the official forecast. 
The results showed that a March 1982 forecast of revenue flows for the 
following 20 months explained only •7• of the variation in actual 
collections. The standard error was $7.5 million per month. Using 
official updates of the orlEInal forecast throughout the period improved 
performance somewhat, but the standard error remained high at 



$5.03 million per month. With the official updates, 77% of the monthly 
variation was tracked by the forecast. 

Proposed Improvements 

Potential improvements in the revenue flow forecast were examined 
from the standpoint of the two sources of error noted in the previous 
sectlon--the seasonallty of the collections and the aggregate forecast. 

Monthly variations in the revenue collection pattern were examined 
for stable seasonallty by applying the Bureau of Labor Statistics (BLS) 
seasonal adjustment and analytical software program to a data set con- 
sisting of 48 months of state revenue receipts. The analysis revealed a 
highly stable seasonal collectlon pattern, and the seasonally adjusted 
monthly .factors estimated using the BLS technique differed somewhat from 
the factors used by the Budget Division. These seasonally adjusted 
distribution factors are shown in Table 3. 

With respect to the aggregate estimate of revenue to which the 
seasonal factors are applied, the author understands fully that the 
off•clal forecast must serve as the basis for the Department's budget 
and as the basis of allocations. Nevertheless, for contingency planning 
in the context of the programming, scheduling, and advertisement of 
construction projects, some effort should be made to determine the 
extent to which the near term official revenue forecast is likely to 

target actual revenue collectlons. Such an effort would give an early 
test, in the current fiscal year, of the reliability of the official 
forecast which has been made for the followlng flscal year in advance of 
.official updates, which typically are made as often as quarterly. A 
technique which is well suited to such an early testing effort is based 
upon the f•nd•ng that state revenue collect•ons in the third quarter of 
a fiscal year (January, February, and March) exhibit a highly stable 
proportion of actual collections in the following fiscal year. Since FY 
1978 this proportion has averaged 24.835% and its standard error has 
been 1.02%. 

Results from applying this testing technique as a planning tool are 
shown in Table 4. Over the seven fiscal years beginning in 1978, the 
.error in the test averaged 2.85% of actual collections. The test was an 
underestimate in fiscal years 1978, 1979, 1981, and 1984. It was an 
overestimate of collections in 1980, 1982, and 1983. The underestimates 
averaged from $580,000 to $2.0 million per month, and the overestimates 
from $I.0 million to $2.4 million per month. Over the last three fiscal 
years •for which official forecasts from the Secretary's Office are 
readily available, the error averaged 6.5% of actual collections, was an 

overestimate in FY 1982 ($37.5 million), an underestimate in FY 1983 
($16.7 mill•on), and an underestimate in FY 1984 ($63.6 million). The 



FY 1982 forecast was revised in February of 1982, the FY 1983 forecast 
was revised in September 1982 and April 1983, and the FY 1984 forecast 
was revised in December 1983 and Apr•l 1984. Clearly, official fore- 
casts need to be updated; but Just as clearly, contingency planning in 
the form of early tests of the potential for actual revenue to be 
significantly different from the official forecast is a prudent exercise 
for the Budget Division to consider. In this context it is interesting 
to note that an FY 1985 forecast of state revenue based on collections 
in January-March of 1984 yielded an estimate of $728.0 million. The 
official forecast updated in March 1984 was $709.1 million. It was 
updated again in August 1984 to $723.772 million, an amount only 
slightly less than the estimate yielded by the third-quarter collections 
test. 

Table 3 

Seasonal Factors for State Revenue and Contract Maintenance 

Month Revenue Maintenance 

January 0.0785 0.017 
February .0845 .012 
March .0995 .004 
April ,0816 .005 
May .0909 .023 
June .1119 .103 
Julv .0521 .124 
August .0795 .168 
September .0828 .168 
October .0862 .169 
November .0795 .147 
December 0.0731 0.061 

Note: Factors are based on 48 months of data. 



Table 4 

Test of Forecasts Based on Collections in the Third Ouarter 
of the Previous Fiscal Year 
(In Millions of Dollars) 

Fiscal Year Official Forecast Third Quarter Actual Collections 

1978 $447.8 $432.3 $455.9 
1979 478.1 467.0 480.7 
1980 501.1 476.7 460.0 
1981 535.6 492.9 499.5 
1982 545.8 537.4 508.3 
1983 617.8 647.0 634.5 
1984 639.7 677.2 703.3 

Multiple regression and correlation analyses were employed on a 
data set consisting of the latest 24 months' revenues as a way of 
testing the forecasting accuracy that can be expected from the 
application of the monthly distribution factors derived from the BLS 
seasonal adjustment program to aggregate revenue estimates derived from 
both the official forecasts (including updates) and the third-quarter 
collections technique. The results are noted in the items which follow. 

I. Using the monthly factors employed by the Budget Division and 
the updates to the official forecasts during the 24 month 
test period, monthly estimates explained 84% of the variation 
in actual collections and had a standard error of $4.32 
million per month. The cumulative error was $25.4 million 
and this was exhibited for much of the period. It should 
also be noted that this degree of accuracy was afforded only 
by frequent updates of the official forecast. 

2. Using the seasonally adjusted distribution factors derived in 
this work applied to a forecast based on third-quarter 
collections, monthly estimates were within i% of actual 
collections, explained 84% of the monthly variation, and 
exhibited a standard error of $3.75 million per month. The 
cumulative error was $15.0 million, but was removed in four 
months and remained under $5.0 million for the balance of the 
test period. 

3. Even if the aggregate forecast is perfect, the standard error 
of estimated monthly collections can be, at best, in the 
neighborhood of $3.67 million per month. 



Forecast Employing Prop0.s.ed Techniques 

•nis section presents a comparison of actual collections for 
January to July 1984 with the results of forecasting state revenues by 
the techniques available to the Budget Division prior to December 1983 
and under the third-quarter forecasting technique using seasonally 
adjusted monthly factors. For purposes of Identi•icatlon in this 
report, the techniques in use by the Budget Division have been denoted. 
by "23 MNTH.," this name being taken from the Department's previous 23- 
month construction payout forecasting method. The proposed techniques 
are labelled "MNTH. FACTORS," representing a monthly factors distribu- 
tion technique. When examining Figures I, 2, and 3, the reader should 
note that the forecast could have been prepared as early as April 1983, 
nine months prior to the beginning of the forecast period and eight 
months prior to the last official forecast revision before the beginning 
of the forecast period. 

Notwithstanding the fact that the official forecast was revised in 
December 1983, Figures I, 2, and 3 show that the proposed techniques 
perform much better than the 23-month payout. Over the seven-month 
period, the 23-month technique consistently underestimated monthly 
revenue. Errors ranged from $2.0 million to $22.7 million. The monthly 
factors forecast error ranged from $0.7 million to $6.3 million. (For 
details of the forecast test, refer to Appendix A.) 
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Federal Aid Reimbursements 

Recen• Forecast Performance 

Forecasting federal vid reimbursements has been and likely will 
continue to be among the most dlfflcul• t•sks of •he monthly cash flow 
estimation .process. The Budge• Division fovecss• for April 1982 through 
December 1983 captured only 5Z of the monthly v•rla•ion in federal •Id 
reimbursements and exhibited • cumul•Ive overestimation error in excess 
of $i00.0 million. That forecast was based upon an estimate of sggve- 
gv•e construction pvyout in •he federal aid category, an assumed sverage 
federal participation rs•e, and • one-month lag between payout and 
reimbursement. The overly optimistic reimbursemen• forecas• can be 
•raced to the inaccuracy of •he con•rvc• construction fovecvs• •echnique 
being used in 1982. (I) 

In January 1984, the Budget Division implemented a new contract 
construction psyout forecasting technique as s result of work completed 
in an earlier phase of this study. (I) Concurrently, a new federal aid 
forecasting technique was implemented. Because federal aid reimburse- 
ments are s direct function of the federal aid portion of the construc- 
tion program, the current forecast is estimated as the multiplicstive 
product of the expected monthly psyout for each construction contract 
and its specific participation rate summed over all federal aid proj- 
ects. Reimbursements are estimated to lag psyout by one month. 

Figures 4, 5, and 6 summarize the performance of the new fore- 
casting technique implemented in January 1984. As compared to the 
23-month payout technique used prior to that time, the monthly factors 
model appears to perform well. For the first seven months of 1984, the 
cumulative error in the new forecast was $13.0 million. The error using 
the former technique was $49.7 milllon.• Through September 1984 these 
cumulative overestimates had grown to $30.7 million for the new tech- 
nique and $85.6 million for the former method. 

Notwithstanding the fact that errors which result from the monthly 
factors technique are likely to be significantly smaller than under the 
formerly used 23-month payout model, the tendency of the forecast to 
consistently overestimate actual reimbursements is not desirable should 
it .be found to persist. It is quite reasonable to hypothesize that the 
difficulty in estimating reimbursements stems largely from the fact that 
the lag structure which typically applies to federal aid receipts 
(around 39 days) is made significantly longer and highly variable by 
reimbursements which fall into three "adjustment" categories: 
(I) charges to pro.•ects for which no federal aid agreement exists, such 
as advance construction; (2) charges whose appropriateness has been 
questioned by the FHWA and for which the Department has returned federal 
funds while the matter is being reviewed; and, (3) cost overruns not 
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covered by an ex•stlng federal aid agreement and for which a mod•fled 
agreement must be negotiated. When a charge falls into either one of 
these categories, several months to several wears may elapse before 
reimbursement is received. The best information available to the author 
indicates that as much as $15.0 to $20.0 million fall into the cost 
overrun category at any point in time, and that much of this money is 
not reimbursed until the final FHWA audit two years after project 
Completion. 
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Prop.osed •mProvemen• 

Consistent overestimation is an undesirable characteristic o• the 
federal aid •orecast. Two alternatives are proposed here as avenues for 
correcting this tendency. The •Irst •elates to the cur•entl7 used 
monthly •actors technqlue and the second to a technique based on •ederal 
aid appo•tlonments. 

Logic strongly suggests that the monthly factors technique cur- 
rently being used by the Budget Division should produce an accurate 
forecast. Notwithstanding this fact, the tendency of the technique to 
overestimate might be somewhat corrected by two adjustments. The first 
relates to cost overruns. In the monthly factors construction pa,vout 
technique developed in the •Irst phase of this study, disbursements are 

based on a final contract estimate that includes an estimate of. cost 

overruns. Because cost overruns are 
typically' "•ot part of negotiated 

federal aid agrements, the federal aid monthly factors model should be 
adjusted so that contract participation rates are multiplied by a 

contract estimate which excludes the estimate of cost overruns. The 
second adjustment which should •e considered relates to those instances 
when the Department initiates and designates a construction project as a 

federal aid participating pro.•ect in advance of the approval of a 

negotiated federal agreement. Such projects should be included in the 
estimation pool for federal aid reimbursement only after the negotiated 
agreement has been approved. 

A second technique which offers potential for improving the federal 
aid forecast should be employed in addition to the monthly factors 
technique now in use until the latter can be tested over a longer period 
of time. This technique is predicated upon the assumption that the 
Department will continue to obligate all available federal aid and upon 
the recognition that reimbursements received in a particular fiscal year 
stem from apportionments and obligation authority spanning five 
years.(3) This trickle of reimbursements begins with the apportionment 
announcement and ends four or five years later when the last charges to 

a construction project have been submitted, approved, and reimbursed. 
The proposed technique consists of the following steps: 

I. Reimbursement in each month is assumed to consist of a 

seasonally stable percentage of the apportionment in the 
current and previous four fiscal years. 

2. Monthly distribution factors are derived by applying the BLS 
statistical package to a data set consisting of actual 
federal aid reimbursements. Because reimbursement in a 
particular month is comprised of obligation authority 
available over a flve-year period, the estimated monthly 
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factors are divided by 5. The resulting factors are shown in 
Table 5. 

3. Preliminary estiumtes o• monthly •ederal aid Eor a particular 
year are derived by summing the apportionment bundles for 
that year and the previous four £iscal years and multiplying 
the sum 5y the factor •or the month in question shown in 
Table 5. 

4. Final monthly estimates of federal aid are derived by using 
the equa tlon 

Final Estimate 1.06 (Preliminary Estimate) 5.18. 

This equation was developed with the aid of multiple regression 
analysis, explains 67% of the variation in monthly federal aid for the 
28-month period beginning in November 1981, and has a standard regres- 
sion error of $3.51 million per month. 

Employing steps I through 4 results in a forecast for January 
through September 1984 that cumulatively underestimates federal aid 
collections by $7.9 million. The forecast is shown in Table 6. 

Table 5 

Monthly factors for Five Years 
Federal Aid Reimbursement Estimation 

Month Factor 

October 0.0272 
November .0208 
December .0184 
January .0160 
February .0120 
March .0102 
April .0168 
May .0148 
June .0192 
July .0198 
August .0110 
September 0.0138 
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Table 6 

Forecasted and Actual 1984 Federal Aid by 
The Five Year Federal Aid Reimbursement Technique 

(In Millions of Dollars) 

Forecast Actual 

January $17.37 $13.90 
February 11.84 14.00 
March 9.29 6.90 
Apr•l 18.66 24.30 
May 15.82 19.50 
June 22.06 22.60 
July 22.9 II .00 
Augus • I0.42 19.80 
September 14.40 19.20 

Total Revenues 

The results of using the techniques proposed for forecasting state 

revenue and federal aid are shown in Figures 7 and 8. The errors in 
estimating total revenues are much smaller under the proposed techniques 
than under techniques used by the Department prior to December 1983. 
The average error for the previously used techniques is $i0.Ii million, 
with a standard error of $6.84 million per month. Under the proposed 
techniques, the average error is $6.56 million, with a standard error of 
$4.6 million per month. 
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FORECASTING CONTRACT CONSTRUCTION 

As a result of recommendations made in the Phase I report on this 
study(!), the BudEet Division implemented a new forecastlnE technique 
for est•matlnE contract construction payouts. This technique, called 
the "monthly factors model," has been the basis of the construction 
payout forecast since January 1984 and has performed extremely well. 

The forecast performance is documented in Figures 9, 10, and II. 
Through July 1984, the monthly factors model overestimated payout by an 

average of $2.31 million per month. The standard error was $2.25 
million and the cumulative error $16.2 milllon. The technique used 
prevlously overestimated actual payout by $11.46 milllon per month and 
resulted in a cumulatlve overest•nate of $80.2 mi11Ion. As of the end 
of September, the monthly factors model showed a cumulative error of 
$13.2 milllon. Clearly• the monthly factors model is exhibiting 
excellent performance. 
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FORECASTING PAYMENTS TO LOCALITIES, 
OT•ER AGENCIES, AND TRANSIT PROPERTIES, AND 

EXPENDITURES ON SALARIES, WAGES, 
EQUIPMENT, AND RIG•TS-OF-WAY 

The Budget Division forecasts for a number of line items in the 
cash forecast have performed very well and require no change. These are 
listed below. 

I. Payments to the counties of Arlington and Henrico 

2. Payments to cities for street maintenance 

3. Payments to other state agencies 

4. Payments to transit properties 

5. Expenditures on salaries and wages 

6. Expenditures on equipment 

7. Expenditures on right-of-way 

FORECASTING MAINTENANCE CONTRACTS 

,C.u.r.re.nt Te.chnlque ,p.e,.rformanc,e 

contract maintenance is not a llne item in the D•partment's budget, 
although it is a llne item in the cash forecast. Over the past three 
fiscal years, the Budget Division has based estimates of monthly payout 
for maintenance contracts on figures provided by the Ma•_ntenance Divi- 
sion. These estimates have consistently been overly optimistic in terms 
of the amount of maintenance which would be performed under contract, 
and in the first seven months of 1984 payouts were overestimated by 
$11.2 million. 

Pr,op,o.sed Impro.v.ement.s 

The BLS seasonal adjustment program(2) was used to analyze 
historical data on contract maintenance payout. The analysis revealed 
that payout exhibits a highly stable seasonal pattern. Monthly factors 
which can be applied to, the total estimate of contract maintenance were 
shown earlier in Table 3. 
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The historical pattern of contract maintenance serves as an 
appropriate technique for arriving at an aggregate estimate of payout 
for s particular fiscal year. In FY 1984 conCrac• maintenance was 24.3Z 
of the maintenance budget; from H 1979 to H 1984, excluding flood 
damage, the average was 26.1Z. Until such t•e that the Maintenance 
Division can provide estimates which do not tend toward being overly. 
optimistic, averaged historical psyout can sere as s reasonable 
aggregate estimating technique. Applying an estimate o• 27Z o• the 
maintenancebudget results in total payout estimates of $75.53 million 
for • 84 and $81.98 million for • 1985. •e results of a forecast 
using the monthly factors sho• in Table 3 are su•arlzed in Figures 12 
and 13. •er the forecast period, the cumulative error of this proposed 
technique is a $1.7 million underesti•te. As of September 1984 the 
forecast exhibited an overestimate of only $I00,000. 
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FORECASTING CONSULTANT CONTRACTS, MISCELLANEOUS 
CONTRACTS, AND OTHER EXPENDITURES 

Curren, t Technique Performance 

In addition to contract maintenance, several other line items in 
the cash forecast do not correspond to llne items in the Department's 
program budget. Among these are the line items designated as "consul- 

" and "other expenditures " rants," "miscellaneous contracts, 

Obtaining data by which to develop a forecstlng method for these 
line items proved impossible, partly because the historical data com- 
prising them lacked continuity. Verification of the "consultant" line 
item presented an additional complication because the reported expendi- 
tures for accounting object codes which presumably correspond to 
expenditures for "consultants," average about $300,000 per month, an 

amount significantly less than the $2.8 million per month average 
indicated by the July 1982-December 1983 cash balance reports prepared 
by the Fiscal Division. Finally, the line item denoted as "other 
expenditures" frequently contains negative entries. 

Propose d Imprgvements 

Because consultant contracts, miscellaneous contracts, and "other 
expenditures" appear to lack a seasonal pattern and because of the 
inclusion of negative entries for "other expenditures," the cash fore- 
cast could be simplified by combining these three line items into one 
item, estimating the aggregate fiscal year payout as equal to 5.5% to 
6.5% of the arithmetic sum of state revenue and "other" revenue, and 
distributing the payout in equal proportions throughout the months of 
the fiscal year. 

FORECASTING EXPENDITURES ON 
MATERIALS AND SUPPLIES 

Current T,e.c.hni.q.u.e..P.e.r.f.orman,c e 

Figures 14 and 15 graphically portray forecasted cash balances 
which result from applying all of the proposed improvements described 
the previous sections for a forecast period from January through July 
1984. In addition, actual cash balances and a forecast using the 
23-month payout technique are shown for comparison. While the proposed 
improvements resulted in a monthly factors estimate significantly 
better than the estimate produced by the 23-month payout curve, they 
fell short of providing a satisfactory forecast. The large cumulative 
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error (an underestimate of $84.2 million during a seven-month period) 
prompted the author to pursue additional ways to improve the model. 

Analysis summarized graphically in Figures 16 and 17 revealed that 
the forecast of miscellaneous expenditures (ex@luding construction and 
maintenance contracts) typically overestimated actual amounts. In fact, 
for the monthly factors model, nearly 70% ($56.8 million) of the cash 
balance error was comprised of an overestimated mlscellaneous expendl- 
ture total. Because the proposed construction and maintenance fore- 
casting techniques had been shown to perform quite well, the error in 
miscellaneous expenditures (Figures 16 and 17) was, in addition, largely 
responsible for an overestimate of total payout (Figure 18). 

Examination of the forecast of expenditures on materials and 
supplies revealed it as the culprit in the overestimate of miscellaneous 
expenditures and total payout. For January-July 1984, the monthly 
estimate always exceeded the payout, in some months by as much as 
$ I 0.0 mi11Ion. 

Purchases of materials and supplies is a line item in the Depart- 
ment's program budget. As a result, the cash forecast of the payout on 
materials and supplies historically has been derived by distributing the 
budgeted amount proportionately throughout each month of the fiscal 
year. This procedure was followed in arriving at the estimate of cash 
balances shown in Figure 14. It obviously did not work well for the 
forecast period. Furthermore, it did not work well for the Budget 
Division's forecast prepared in December 1983. From January 1984 
through June 1984, the forecasted payout was $97.8 million; payout for 
this period was $39.6 million. 
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P•opo se d !mp•ovemen,t s 

Using budget figures provided by the Administrative Services 
Division as the basis for forecasting payo.ut on materials and supplies 
seems quite reasonable. Nevertheless, this approach shows an apparent 
tendency to. overestimate actual expenditures. It Is not clear that •he 
budgeted amount is the cause of this tendency. In fact, several changes 
have been made in the format of the monthly expenditures and cash 
balances report over the past two years which may have been responsible 
for the fact that since July 1982, reported expenditures do not track 
recorded purchases of materials and supplies even if reasonable time 
lags are allowed between purchase dates and payment dates. 

Two options are available which may, if pursued, improve the 
forecast. The first, which has been initiated in the Division's latest 
cash forecast, is to somewhat reduce the budgeted amount for cash payout 
forecasting purposes. This option was pursued for testing purposes and 
the results are shown in Figures 19 and 20. Figure 19 presents a 
comparison of actual expenditures for all items-other than contract 
construction and contract maintenance-with a forecast of these items 
adjusted for the tendency to overestimate expenditures for materials and 
supplies. When incorporated into the total payout forecast shown in 
Figure 20, the outcome was very encouraging total payout through 
July 1984 is overestimated by $2.7 million and data collected through 
September 1984 showed the overestimate is now $6.2 million for the 
forecast period beginning in January 1984. The second option for 
improvement is for the Fiscal, Administrative Services, and Budget 
Divisions to cooperate in identifying the cause of the disparity between 
reported purchases and reported expenditures on materials and supplies. 
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THE BOTTOM LINE: CASH BALANCES 

January 1984 to .July 198.4 

The techniques proposed in the previous sections, including the 
sdJust•nent for materials purchases, were applied to derive s cash 
balance forecast for January 1984 to July 1984. The accuracy of this 
forecast is shown graphically in Figure 21. Details of the forecast are 
presented in Appendix A and reveal that the cumulative error as of 
July 1984 was only $4.0 million. Data available through September 1984 
showed the cumulative error to be approximately $20.0 million, most of 
which resulted from overestimates, of federal aid ($18.3 million) in 
September and October. For the. forecast period, .the error averaEed 
_+$8.3 mi11ion per month and had a standard deviation of $9.1 milllon. 

Fiscsl 1985 and Fiscsl 1986 

The techniques proposed in this report offer the potential for much 
more accurate forecasts than have been the case in the past. For the 
forecast period from July 1984 through June 1986 cash balances should be 
significantly above levels predicted by the techniques .previously used 
by the Department. Details of the forecast by the monthly factors model 
and the 23-month payout curve technique are the subjects of Appendix B 
and Appendix C, respectively. A summary of ma.•or line items under each 
forecast technique is presented in Figures 22-25. The following can be 
expected for-the forecast period: 

Under the techniques formerly used, federal aid is estimated 
to be $992.0 million. The estimate is $756..0 million under 
the proposed techniques. 

--Under the techniques formerly used, contract construction is 
estimated tO be $I.I billion. The estimate is $801.0 million 
under the proposed techniques. 

--Under the techniques formerly used, total psyout is estimated 
to be $1.953 billion. The estlmste is $1.860 billion under 
the proposed techniques. 

Under the techniques formerly used, the Cash balance is not 
expected to be less than $145.0 million. Under the proposed 
techniques the balance is .expected to remain substsntislly 
higher, peaking st close to $300.0 million. 
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FIG. 22. FEDERAL AID JUL 8•--JUN 86 
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F•G. 2•. 
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What Are Reasonable Cash Balances? 

In addition to maintaining a contingency to take advantage of 
unanticipated federal aid, another criterion by which to gauge the 
reasonableness of cash balances for contingency purposes is in light of 
the stability in the patter• of the periods during which expenditures 
exceed monthly revenues. Since July 1980, expenditures have exceeded 
revenues for the months of July, August, September, and October. 
Revenues have exceeded expenditures for the months of November through 
June. Thus, it may be reasonable to design the programming and 
scheduling of the construction program to ensure that the cash balance 
accumulated on June 30 of each fiscal year approximates, with a 
reasonable margin of error, the expected excess of expenditures over 

revenues for the following months of July through October. Approxi- 
mately $70.0 million may have been a reasonable balance for this purpose 
for June 30, 1984. Approximately $90.0 to $I00.0 million may not be 
excessive for June 30, 1985, assuming the •proposed advertisement sched- 
ule proceeds on target and the seasonality of revenue follows its 
historical pattern. Additional amounts would be necessary for a federal 
aid contingency. 

Maintaining cash balances at reasonable, contingency levels is 
consistent with maximizing the benefits from revenues available from 
user taxes, and establishing mechanisms to ensure the implementation of 
a construction program consistent with maintaining such balances is an 
appropriate goal to be achieved through the finance and the programming 
and scheduling functions of the Department. However, extreme caution 
must be exercised in proposing, at a glance, that balances are too high 
or too low. Nevertheless, with the aid of the forecasting techniques 
proposed in this study, "what if" scenarios can be developed to deter- 
mine the extent to which changes in the construction program result in 
unacceptably low or high Cash balances. 
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APPENDIX A 

TEST OF MONTHLY FACTORS MODEL VERSUS 2•-MONTH PAYOUT MODEL 

EST I MATED BEB INN I NB BALANCE 
P=yout Curve 
Monthly Factors 
Actual 

EST I MATED CONSTRUCT I ON 
Payout Curve 
Monthly Factors 
Actual 

ESTIMATED STATE REVENUE 
Payout Curve 
Monthl y Factors 
Actual 

ESTIMATED FEDERAL REVENUE 
Payout Curve 
Monthl y Factors 
Actual 

TOTAL INCOME 
Payout Curve 
Monthl y Factors 
Actual 

EST I MATED MA I NTENANCE 
Ex i st i ng 
Monthly Factors 
Actual 

OTHER EXPEND ITURES 
Payout Curve 
Monthly Factors 
Actual 

ADVERTISEMENTS 
Expected Adve•ti sements 
Actual 

EXPECTED OUTLAYS (WITH ADS) 
Payout Curve 
Monthly Factors 
Actual 

EST I MATED" CASH BALANCE 
Payout Curve 
Monthly Factors 
Actual 

CASH BAL. ERROR (CUMULATIVE) 
Payout Curve 
Monthl y Factors 

FY 1984 

Oan Feb Mar Ap May Oun •ul 

13&.2 142.1 155.2 135.4 131.2 117.4 
145. a 158 178.3 la4.2 la5.8 182.2 

151.9 152.3 180.9 202.9 227.9 240.9 261.3 

28.2 24.1 24,1 27.8 3;1.7 3;5 :33 
14.5 12.1 12,3 17.5 2• 25.? 31.6 
13. a ?.5 12.3 11.1 22.3 25.7 29.2 

51.? 53.8 •3.7 52.5 57.8 57.1 42.4 
53.5 57. b •7.8 55. b al.? 7b.-2 38.1 
54.2 57,7 aa.? 58.1 a4.? 79.8 44.4 

2:3.5 20.7 22.3 20.1 22.4 2a.1 2a.8 
19.b 13.2 14.8 13 19.5 23.1 22 
13.? 14 15. b 15.6 

76 75.2 86.6 73,3 80.8 8:3.:3 70.4 
73;. 7 71 4 8:3.2 69.2. 82 99.9 61 3; 
69.7 75.1 75.5 85.8 86.4 104.6 56.5 

0.5 0.4 0.3 1.1 1.8 13.5 17.9 
1.3 0.? 0.3 0.4 1.7 7.8 10.2 
1.2 0.4 1.1 0,9 2.3 8.1 10.3 

63 44.8 49.1 64.2 51 5 48.6 57.9 
64.2 46 50.3 65.4 52.7 49.8 58.8 
54.5 36. & 40.1 48.8 48.8 50.4 51 2 

20.8 21.1 62.1 75.2 43.1 95.8 44.6 
18.3 15.7 59.? 50.? 54.2 94.3 

91.7 69.3 73.5 93.1 85 97.1 108.8 
80 59 62.9 83.3 80.4 83.5 100.6 

69.3 46.5 53.5 60.8 73.4 84.2 90.7 

13&.2 142.1 155.2 135.4 131.2 117.4 79 
145.• .158 178.3 1•4.2 1•5.8 182.2 142. 
152.3 180.? 202.? 227.? 240.? 2al.3 227. 

38.8 47.7 
22. ? 24.6 

92.5 109.7 143.? 148.1 
63.7 75.1 79.1 84.2 

A-I 



TEST OF HONTHLY FACTORS HOI)EL VERSUS 2•-MONTH PR¥OUT HOI)EL 

ESTIM. MINUS ACT. REVENUE MONTHLY 
Payout Curve 
Monthly Factors 

ESTIM. MINUS ACT. EXPENSE MONTHLY 
Payout Curve 
Monthly Factors 

NET MONTHLY ERROR 
Payout Curve 
Monthly Factors 

EST. MINUS ACT. FED. AID MONTHLY 
Payout Curve 
Monthly Factors 

EST. MINUS ACT. STATE REV. MONTHLY 
Payout Curve 
Monthly Factors 

CUMULATIVE FED. AID ERROR 
Payout Curve 
Monthly Factors 

CUMULATIVE STATE REV. ERROR 
Payout Curve 
Monthly Factors 

EST. MINUS ACT. CONSTRUCTION 
Payout Curvm 
Monthly Factors 

CUMULATIVE CONSTRUCTION ERROR 
Payout Curve 
Monthly Factors 

CUMUL. ERROR OTHEREXPENDITURES 
Payout Curve 
Monthly Factors 

CUMULATIVE ERROR IN MAINT. 
Payout Curve 
Monthly Factors 

MONTHLY ERROR OTHER EXPENDITURES 
Payout Curve 
Monthly Factors 

OTHER EXPENDITURES CORRECTED 
Monthly Factors 
Actual 

EXPECTED OUTLAYS ADJUSTED 
MonthZy Factors 
•ctual 

EXPECTED CASH B•L. (ADSUSTED) 
Monthly Factors 
Actual 

Oan Feb Mar Ap May Oun 

6o• 0.1 11.1 -12.5 -5.6 -21.3 
4 -3.7 7.7 -1•.6 -4.4 -4.7 

22.4 22.8 20 32.:3; 11.6 12.9 18.1 
10.7 12.5 9.4 22.5 7 -0.7 9.9 

16.1 22.7 8.9 44.8 17.2 34.2 4.2 
b.7 lb.2 1.7 39.1 11.4 4 5.1 

?.& 6.7 6.7 4.5 2.9 3.5 15.8 
5.7 -0.8 -0.8 -2.6 0 0.5 11 

-2.3 -5.? -3.2 -5.• -7.1 -22.7 
-0.7 -2.1 0.? -2.5 -3 -3.6 

9.•= ia.3 23 27.5 30.4 33.9 49.7 
5.7 4.9 •4.1 1.5 1.5 2 13 

-2.:3 -8.2 -11.4 
-0.7 -2.8 -1.9. 

-17 -24.1 -4•:.8 -48. 
-4.4 -7.4 -11 -17. 

14.6 14.6 ll.B 16.7 9.4 9.3 3.8 
0.9 2.6 0 6.4 3.7 0.2 2.4 

14.6 29.2 41 57.7 67.1 76.4 
0.9 3.5 3.5 9.9 13.6. 13.8 

80.2 
16.2 

8. • I &. 7 25.7 41 1 43.8 42 48.7 
?. 7 17.1 29.3 45. ? 49.8 49.2 56.8 

-0.7 -0.7 -1.5 -1.3 -1.8 3.6 11.2 
0.1 O.b -0.2 -0.7 -1.3 -.1.• -1.7 

8.5 8.2 9 15.4 2.7 -1.8 6.7 
9.7 9.4 10.2 16.6 3.9 -0.6 7.6 

54.4 3&. 2 40.5 55. b 42. ? 40 58.8 
54.5 36.6 40.1 48, 8 48.8 50.4 51 2 

70.2 49.2 53.1 73.5 70.a 73.7 90.8 
•?.3 4b.5 53.5 aO.8 73.4 84.2 90.7 

155.4 174.5 2:11 198.6 239.3 267.1 231.8 
152.3 180.? 202.9 227.? 240.? 261.3 227.1 
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