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Executive Summ~ 

Purpose The expenditures of the U.S. Department of Agriculture ( CSDA) for farm 
income and price support commodity programs totaled $110.7 billion 
during fiscal years 1972-86. However, the budget estimates that the 
president provided to the Congress during the same period showed that 
the commodity programs would cost $63.8 billion, or net underestimates 
of $46.9 billion. Representative Glenn English, Chairman of the Govern- 
ment Information, Justice, and Agricultural Subcommittee of the House 
Committee on Government Operations, asked GAO to review the accu- 
racy of USDA'S estimates and determine the reasons for errors. 

Background Outlays for the commodity programs are authorized by the 1985 farm 
bill (the Food Security Act of 1985, Public Law 99-198). The outlays 
must be estimated because their exact amount cannot be determined in 
advance. First, the secretary of USDA has discretionary authority to 
implement provisions that include setting some of the payment rates. 
Second, farmers’ participation in many of the programs is voluntary. 
Finally, one purpose of the programs is to remove surplus production 
from the market, and production is affected by the weather. However, 
the size of the net underestimates over the years cannot be entirely 
attributed to these factors of unpredictability. 

The commodity programs are entitlements: expenditures are based on 
program design and participation rather than appropriations limits. The 
importance of budget estimates generally is that they provide policy- 
makers with a forecast of the outlays that the Commodity Credit Corpo- 
ration makes before money is spent. They thus help the Congress 
monitor the programs, debate proposed revisions, and manage the 
deficit. 

GAO concentrated its review on the process used to develop the presi- 
dent’s budget estimates. Although some policy decisions are made on 
forecasts limited to specific program provisions or to budget updates 
the same USDA process generally provides the estimates that make up the 
president’s budget estimate. 

Results in Brief From 1972 to 1986, most of USDA's forecasts of the commodity program 
outlays as set forth in the president’s budget estimates contamt4 large 
errors that were often underestimates. Although the percent ;+!th t’rror 
rate was not higher in the more recent years, a large portion of r he dol- 
lar error occurred in the last 6 years, when the budget out lays *tare 
highest. USDA has not systematically attempted to identify t hta u )IIr-ce of 
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these errors, nor has it related them to either uncontrollable or control- 
lable factors. Thus, USDA may not be providing the Congress with the 
most accurate possible budget estimates and is not evaluating its fore- 
casting procedures with the goal of making them more accurate. In addi- 
tion, USDA is not informing the Congress about the limitations of its 
estimates. 

Principal Findings 

Forecast Accuracy USDA'S budget estimates were substantially incorrect in most years. 
Regardless of whether an estimate was over or under the actual amount, 
absolute errors totaled $64.1 billion in the 1972-86 period, averaging 
$4.3 billion annually. Setting overestimates against underestimates for 
these years shows that USDA underestimated actual budget levels by an 
average of $3.1 billion per year. (See pages 35-41.) 

Although it is true that identifying errors in forecasts that have already 
been made cannot guarantee that forecasts will be entirely accurate in 
the future, it is also the case that there is much room for improvement, 
especially in those areas such as the forecasting process, that are con- 
trolled by USDA. Using the measurement techniques that GAO demon- 
strates could notably improve both USDA'S forecasting methods and its 
ability to pinpoint the limitations of its forecasts. 

USDA'S overall budget estimate for its commodity programs is developed 
from budget estimates for individual farm commodities. In addition to 
measuring the accuracy of the overall estimate, GAO reviewed those for 
corn, wheat, and dairy programs, because these three commodities rep- 
resented 63 percent of the net outlays and 77 percent of the dollar error 

. in the budget forecasts during fiscal years 1981-86. The largest errors 
were in the corn budget; USDA made absolute errors totaling $25.1 blliion. 
On a net basis, these errors resulted in a $14.5 billion underestimate. 
(See pages 41-42.) 

The individual commodity budgets are based on forecasts of how much 
the federal government will pay farmers through support programs The 
input data are based on forecasts of such factors as the supply and 
demand of the commodity, farmer’s participation, and market pncr?; 
GAO used sensitivity analysis, interviews with USDA analysts, and <‘a.+’ 
studies of the budget estimating process to identify the variables t bar 
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had the greatest influence on the error in VSDA’S commodity budget esti- 
mates. (See pages 42-54.) 

Sources of Error Errors in forecasting the supply and demand of commodities. the indi- 
vidual budget for each commodity, and the overall commodity budget 
can result from errors in economic assumptions, program assumptions, 
or forecasting processes. With regard to economic assumptions, GAO was 

unable to determine whether errors in forecasts of such variables as 
inflation and gross national product caused errors in the annual budget 
estimates, because there is no record of how USDA analysts used these 
macroeconomic forecasts. However, with regard to program assump- 
tions, GAO found that the actual implementation of a program, when it 
differed from its expected implementation, did contribute to forecast 
errors. (See pages 59-63.) 

Finally, with regard to USDA'S management of its forecasting processes, 
GAO noted problems in the evaluation of methods, data management, 
documentation and reporting, and underlying support structure. 

Evaluation of forecasting methods. Although USDA’S forecasting methods 
have generally been developed by highly skilled staff, little attention 
has been paid to reviewing and evaluating whether these methods work 
as intended. (See pages 64-67.) 

Data management. USDA has not maintained records of input data used 
to make supply-and-demand forecasts. Analysts have not always used 
the official supply-and-demand forecasts for the budget and for policy 
analysis and have not documented the reasons for not using them. Ana- 
lysts have not kept a systematic record of special events such as 
droughts, embargoes, and program changes and their effect on forecasts 
and actual outlays. (See pages 67-68.) 

Documentation and reporting. USDA analysts generally have not docu- 
mented their methods in producing forecasts. Analysts have frequently 
not kept copies of the computer models they used in making forecasts. 
Their reporting procedures deprive users of the information they need 
to evaluate the quality of the forecasts. USDA's reports and documents 
have also generally not described the confidence level or range expected 
in the forecasts or their error and bias. (See pages 68-69.) 

Support structure. Accountability for the many disparate pans of fore- 
casts has been spread out among so many officials that none seems quite 
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sure how weaknesses in the process or errors in the components affect 
the budget estimate as a whole. No single management organization 
could improve the weaknesses that they recognize. (See pages W-70. ) 

ISDA has not had a structured quality control program but has taken 
some action to correct weaknesses. In 1978, C'SDA established the LVorld 
Agricultural Outlook Board to review and approve supply-and-demand 
forecasts. In another positive action, USDA has established a task force to 
evaluate the processes used to develop the budget estimates. (See pages 
70-71.) 

Recommendations The secretary of L'SDA should assign to a single organization the manage- 
ment responsibility for coordinating the forecasting program and for 
establishing a structured quality control program. In order to produce 
more accurate, timely, and appropriate forecasts of commodity program 
costs, CSDA should improve the management of its forecasting processes 
in (1) the evaluation of forecast methodology and results, (2) data man- 
agement, (3) documentation and reporting, and (4) support structures 
for managing the processes. The secretary should also consider the rcc- 
ommendations made by the USDA working group established to evaluate 
the processes used to develop the budget estimates, many of whic,h are 
in general agreement with this report. (See pages 75-76.) 

Agency Comments C'SDA agreed with many of GAO'S findings. It emphasized in its comments 
on a draft of this report that it has also found the need for impro\.lng 
the management of its forecasting process. While agreeing with most of 
GAO'S recommendations, USDA thought that GAO should have looktld ;tt 
the forecasting process in terms of all its output, including updattbd 
budget estimates, because some of the policy decisions are based I m t his 
additional information rather than on the original budget estimates 
Because of the many uncertainties inherent in the forecasts, I’w.\ 
pointed out that neither USDA'S nor G40'S analysis can provide clear +‘\I- 
dence that the suggested changes will improve forecast accuracy \ct\,er- 
theless, USDA believes the improvements should be made. 

While GAO fully recognizes the difficulty of USDA'S commodity h\~ci~tbt 
forecast tasks, GAO suggests that many of USDA'S comments did IU 11 
address the theme of GAO'S report- namely, to explore ways to IIII~‘I-’ II.C~ 
budget estimates and the underlying forecasts or quality cant r-1 )I I~I’I I- 
cess. (See appendix VII.) 
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Chapter 1 

Introduction 

The expenditures of the U.S. Department of Agriculture (YSDA) for com- 
modity programs totaled $110.7 billion during fiscal years 1972-86. 
However, the total of the annual commodity program budget estimates 
that the president provided to the Congress over the same period 
showed the commodity programs would cost only $63.8 billion. Since 
USDA develops the president’s budget estimate, such divergence between 
estimated and actual expenditures created congressional interest in 
determining how the estimates are developed and in exploring ways to 
improve both the budget estimates and the agricultural forecasts upon 
which those estimates are based.l 

In this report, we respond to a request from the Chairman of the Sub- 
committee on Government Information, Justice, and Agriculture of the 
House Committee on Government Operations. In this chapter, we define 
forecasting and give background information on USDA’S commodity pro- 
grams, information on how forecasting is used in managing the commod- 
ity programs, the eight questions posed by the committee chairman, and 
our objectives, scope, and methodology. The chapter concludes with a 
summary of the organization of the remainder of the report. 

Defining Forecasting In this report, we define forecasting as a prediction of what will happen 
in the future given some continuation or modification of present trends. 
In developing this definition, we follow Wheelwright and Makridakis, 
who classify forecasting methodologies as quantitative, qualitative, or 
both, according to the extent to which a forecast can be mechanically 
based on historical data.2 Quantitative techniques base a predictlon of a 
future value on mathematical relationships of past data values, whereas 
qualitative techniques use more judgment in developing the prediction. 
These authors note that all forecasts deal with the future but that the 
future may be short or long. They point out that forecast error will 
always exist but that a common goal of managers and analysts should 
be to minimize it. 

We emphasize this broad definition of forecasting rather than the more 
restrictive definition of modeling. We use “model” to refer to the mathe- 
matical representation of relationships used to make forecasts. .A model 
may or may not require a computer. 

‘The words “estimate” and “forecast” are used interchangeably throughout this report 

‘Steven C. Wheelwright and Spyros Makridakis, Forecasting Methods for Managemrnr \ a’w 1 I trk 
John Wiley and Sons, 1973), pp. 1-5. 
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chapter  1  
Int roduct ion 

U S D A  C o m m o d ity 
P r o g r a m  

F a r m  leg is la t ion in  th e  ear ly  1 9 3 0 ’s a n d  a m e n d m e n ts a n d  m o d i f icat ions 
to  it es tab l i shed  th e  fo u n d a tio n  fo r  cur rent  fa r m  po l ic ies  a n d  p r o g r a m s . 
T h e  m o s t recent  u p d a te  o f th is  leg is la t ion c a m e  in  th e  F o o d  Secur i ty  A c t 
o f 1 9 8 5  (Pub l i c  L a w  9 9 - 1 9 8 ) . T h e  bas ic  ob jec t ives o f p r e s e n t fede ra l  
fa r m  po l icy  h a v e  c h a n g e d  little s ince  th e y  w e r e  first fo r m u l a te d  du r i ng  
th e  Dep ress ion  o f th e  1 9 3 0 ’s. T h e  ob jec t ives th a t re la te  to  c o m m o d i ty 
p r o g r a m s  a re  to  p rov ide  fa rmers  wi th a  fa i r  re turn  o n  the i r  investment ,  
s tabi l ize th e  agr icu l tura l  e c o n o m y , a n d  assu re  consumers  o f a n  a b u n -  
d a n t supp ly  o f fa r m  p r o d u c ts a t r e a s o n a b l e  pr ices.  A  comp lex  sys tem o f 
fa r m  pr ice  s u p p o r t, fa r m  i n c o m e  s u p p o r t, supp ly  m a n a g e m e n t, a n d  
o the r  fa r m  p r o g r a m s  h a s  b e e n  bui l t  ove r  th e  years  to  accomp l i sh  th e s e  
object ives.  

U S D A 'S  Agr icu l tu ra l  S tab i l iza t ion a n d  Conserva t ion  Serv ice  ( A S C S )  is 
respons ib le  fo r  p r o g r a m  p l a n n i n g , b u d g e tin g , a n d  day- to -day  act ivi t ies 
fo r  th e  c o m m o d i ty p r o g r a m s . A S C S  dea ls  di rect ly wi th fa rmers  th r o u g h  a  
n a tio n a l  n e twork o f c o u n ty o ffices. T h e  C o m m o d i ty Credi t  Co rpo ra tio n  
(ccc) is th e  g o v e r n m e n t -owned  financ ia l  inst i tut ion respons ib le  fo r  th e  
p a y m e n t a n d  receip t  o f fu n d s  re la ted  to  th e  c o m m o d i ty p r o g r a m s . 

Us ing  Forecas te d  U S D A  uses  agr icu l tura l  fo recasts  fo r  a  var iety o f pu rposes  in  m a n a g i n g  

C o sts o f th e  
th e  c o m m o d i ty p r o g r a m s . Forecasts  a re  impor tan t  th r o u g h o u t th e  m a n -  
a g e m e n t cycle:  p r o g r a m  des ign ,  b u d g e t fo r m u l a tio n , a n d  p r o g r a m  execu -  

C o m m o d ity P rog rams  tio n . T h e  Cong ress  a lso  re l ies o n  fo recas ted  p r o g r a m  costs fo r  p r o g r a m  
des ign ,  p r o g r a m  m o n i tor ing,  a n d  b u d g e tin g  dec is ions,  

Du r i ng  th e  des ign  o r  p l a n n i n g  a n d  p r o g r a m m i n g  p h a s e s , th e  Cong ress  
a n d  U S D A  o fficials u s e  fo recast  resul ts  to  e x p a n d  the i r  k n o w l e d g e  o f g e n -  
e ra l  fa r m  condi t ions,  fo recast  th e  cost  a n d  e ffect  o f a l ternat ive fa r m  bi l l  
p rov is ions,  a n d  fo recast  th e  to ta l  cost  o f e n a c te d  legis lat ion.  

Du r i ng  congress iona l  a u thor iza t ion  a n d  appropr ia t ion ,  th e  Cong ress  a n d  
th e  e x e c u tive b r a n c h  m a k e  j u d g m e n ts a b o u t th e  costs a n d  b e n e fits o f 
th e  U S D A  c o m m o d i ty p r o g r a m s  in  re la t ion to  o the r  p r o g r a m s  c o m p e tin g  
fo r  fede ra l  fu n d s . T h e  congress iona l  po l i cymakers  a lso  n e e d  b u d g e t fo re -  
casts to  m a n a g e  th e  fede ra l  d e ficit. 

U S D A  analys ts  m a k e  ex tens ive  u s e  o f fo recasts  in  p repa r i ng  th e  c o m m a  )d-  
ity por t ion  o f th e  fede ra l  b u d g e t. T o  es t imate  th e  a n n u a l  b u d g e tary  o u t - 
lays assoc ia ted  wi th th e  c o m m o d i ty p r o g r a m s , U S D A  analys ts  m u s t m a k e  
a  n u m b e r  o f unde r l y ing  fo recasts  o f c o m m o d i ty p r o d u c tio n , d o m e s t I( 
c o n s u m p tio n , expor ts,  a n d  c o m m o d i ty p r o g r a m  part ic ipat ion.  I Y ;I J..\ 
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Chapter 1 
Introduction 

makes the president’s budget estimate of the commodity program out- 
lays for the next fiscal year in November and December and submits it 
in January, about 9 months before the beginning of that fiscal year. I-S 
updates each year’s budget estimate three times: a midsession review i 
July before the fiscal year starts, in January during the presidential 
budget estimate for the next year, and in the following July at the time 
of the next year’s midsession review. 

Each year, USDA officials use forecasts to consider the alternative costs 
and effects of the possible options that legislation leaves at the discre- 
tion of the secretary of USDA. They prepare a preliminary regulatory 
“impact analysis” document that outlines the expected cost difference? 
of the various options. After the secretary’s selection is announced, LX 
again forecasts the cost effect of the option selected and issues a final 
regulatory impact statement. The forecasted costs of the secretary’s 
actions are included in the next revision to the budget but are not indi- 
vidually estimated. Program managers use forecasts to consider the 
effect of alternative actions they can implement in managing the pro- 
gram. And the Congress uses forecasts on the cost of alternative pro- 
grams, sometimes changing programs by amending their legislation. 

Policymakers in the Congress, the administration, and each [.SDA organi 
zation use forecasts in each of these management processes. According 
to a former undersecretary of USDA, policymakers cannot escape the 
reality that all decisions at the policy level have a political effect that 
determines their willingness to use the results of forecasts. Forecasted 
program cost is only one input to the budget process, but it is perhaps 
the area where the direct link from forecast to final product IS the most 
clear. 

USDA uses forecasts in formulating commodity situation-and-outlook 
reports. Published for public use, these reports focus on the worldwide 
supply-and-demand conditions for each commodity and report on recenr 
production and market developments. They help increase the general 
knowledge of USDA policymakers and help establish a basehne for pro- 
gram decisions. 

“Dale E. Hathaway, “The Interface Between Policymakers and Model Builden. W =I*,, f 5 \rlmtlltur t 
for Policy Analysis in the 1980s. Federal Reserve Bank symposium, Kansas Clt) q -- W~lil,'lllh 

1981. 
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Chapter I 
Introduction 

The Need for the 
Present Report 

We have a long history of involvement with forecasting and modeling 
issues, We summarized this history through 19’3 in Models and Thw 
Role in GAO.' Our work has included inventories (,I’ forecast models. e\~+ 
uations of specific forecast models and models’ uses, and revielvs of t hc 
simulation models used by the US. Department of Defense. 1Ve also IN 
forecasts developed by others, including forecasts produced through 
large macroeconomic models of the national economy. 

Some of our studies have identified forecast limitations in various gov- 
ernment agencies and departments. In a recent report, we noted that 
federal retirement model forecasts are vulnerable in several areas. 
including the adequacy of forecast model documentation, the frequency 
or recency of forecast model maintenance, and the existence of e\.alua- 
tive information on forecast accuracy. We reported similar conditions of 
the lack of documentation and validation in the DOD weapon-system 
acquisition programs.’ 

The concern of the House Subcommittee on Government Information. 
Justice, and Agriculture about the rapid escalation in the cost of t htt 
commodity program, the importance of accurate cost estimates t’ot 
informed congressional oversight of the program, and our ongoing inter- 
est in the forecasting methods used in several government agencies led 
to the initiation of this report. The 5-year total of commodity budget 
outlays for fiscal years 1977 through 1981 was about $20 billion; it LV;~S 
about $81 billion for fiscal years 1982 through 1986. Commodity pro- 
gram outlays totaled about $26 billion in fiscal year 1986 alone. 

Objectives, Scope, and 
Methodology 

to develop its commodity program budgets and to suggest improve- 
ments. The Chairman of the Subcommittee stated that answers to t htb 

_ following eight questions would be of interest.” 

. What models or analysis techniques are used to develop forecasts’.’ 

‘U.S. General Accountmg Office, Models and Their Role m GAO. GAO/PAD-78-81 I Li’,Lhlnti~, 81, : 1 / 
October 1978). 

‘U.S. General Accounting Office. Retirement Forecasting: Evaluation of Models Show> \IY~I : e :v :t 8, 
mation on Forecast Accuracy, GAO/PEMD-87-GA (Washington, D.C.: December 198ti I .IIII! ! * I! . “I 
ulations: Improved Assessment Procedures Would Increase the Credibility of Results. (;.-I( 1 
-88-3 (Washington. D.C.: December 1987). 

“The request letter is printed in appendix I. We revised the wording of some of the qut’~r I( 11‘. : !t : 
to focus on budget forecasting. III accordance with agreements made wrth the Sub~~c~mrrlltY~ + . ” 
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l How are forecasts used to determine the budget request for commodit 
programs? 

l How accurate are the commodity budget forecasts? 
l Which variables contribute significantly to error in the forecasts? 
l What are the methodological problems in USDA’S budget forecasting 

techniques? 
l What are the problems of coordination and communication between 

decisionmakers and analysts? 
l To what extent does USDA have adequate quality controls for ensuring 

the accuracy of the forecasts? 
l What promising practices might USDA adopt? 

We focused our evaluation on the USDA forecasts of program costs that 
are used to prepare the president’s budget estimate for the commodity 
program. We reviewed USDA’S forecasting processes for program desigr 
program implementation, or research only to obtain descriptive inforn- 
tion on the total forecasting system. We determined this scope from thl 
congressional letter and through consultation with the Subcommittee’s 
staff. 

One reason for focusing on budget forecasts is that the history of budg 
outlays can be used to assess the accuracy of the forecasts. Documenta 
tion is not generally available to validate the accuracy of forecasts use1 
for design and implementation decisions or for those used for research. 
However, the forecasts USDA makes for the president’s budget estimate 
provide the base from which many of the other estimates are made. 
Therefore, any improvements in the processes used for budgeting shou 
be expected to improve forecast accuracy for the other management 
processes as well. 

We reviewed forecasting from the perspective that forecasting seeks to 
provide agricultural policymakers with accurate information on future 
costs and seeks to allow them enough lead time to use the information 
for decisionmaking. We did not question how policymakers use the 
information. 

We began by reviewing the accuracy of the president’s commodity 
budget for fiscal years 197‘2436. (The accuracy measures we used and 
our basis for selecting them are described in appendix III. Chapter 3 
focuses on budget accuracy.) We then reviewed the accuracy of the but 
gets for the corn, wheat, and dairy commodity programs for fiscal year 
1981436. These programs constituted 63 percent of total commodity 
budget outlays for the period reviewed. W ithin these three commodity 
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groups, we studied the accuracy of each of the underlying supply-and- 
demand forecasts that the analysts used to develop the budget forecast. 
We also made a limited review of the accuracy of the budget updates 
and the related forecasting processes. The scope of these evaluations is 
described in the relevant sections. 

We made a detailed analysis of the corn, wheat, and dairy budgets and 
underlying supply-and-demand forecasts for fiscal years 1982, 1985, 
and 1986. We followed the original forecasts through each of the budget 
updates to the actual outlays, and we attempted to identify the most 
likely explanation for inaccuracies. We discussed the forecasts and 
changes with the USDA analysts in order to identify what they believe 
are the reasons for inaccurate forecasts. (This analysis is in chapter 4.) 

We contacted a number of experts in forecasting in general and agricul- 
tural forecasting in particular, in order to obtain criteria for the evalua- 
tion of forecasting and to identify promising practices. We describe some 
of the practices from the experts and from the literature. 

We focused on the general processes used to develop agricultural fore- 
casts, their accuracy, and reasons for error. We did not evaluate techni- 
cal matters such as the specification of mathematical relationships used 
in the models. By concentrating on three commodities, we were able to 
review in more depth than if we had included all commodities. By 
emphasizing budget forecasting, we were able to fiid historical records 
that facilitated studies of accuracy. 

The results of our accuracy measurements cannot be generalized beyond 
the forecasts used to make the president’s budget estimate for the com- 
modities and the years we reviewed. However, a major focus of our eval- 
uation was to demonstrate techniques that USDA could use in managing 
and monitoring the broader range of forecasting used for program 
design, budget updates, and policy analysis. Although the commodity 
programs differ, the analysts for commodities in general work under the 
same management and agency guidance. The analysts generally use 
much of the same methodology and data bases to forecast costs for 
budget revisions and to make comparative analyses for design and 
implementation decisions. Some of our demonstrations are limited to the 
data available and to existing forecasting models. 

During the evaluation, we discussed our objectives and the methods we 
used for measuring accuracy with USDA officials. After we initiated our 
evaluation, USDA made some improvements and formed an internal 
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working group of I-SDA staff with key responsibilities for the develop- 
ment of the CCC budget estimates. The improvements and the recommt 
dations of the working group are discussed in appropriate sections of 
this report. 

We made this review in accordance with generally accepted governmcs 
auditing standards, except that we used information on actual outla>.L 
from budget documents without cross-checking the data to audited 
financial records for 1972-86. We performed our field work between 
January 1986 and March 1987. 

The Organization of 
This Report 

Chapter 2 describes how policymakers develop and use forecasts to 
budget for the commodity programs and discusses the importance of 
budget forecasts in policymaking. Chapter 3 presents the results of ou 
study of commodity budget forecast accuracy and identifies the most 
significant variables in budget forecasting. Chapter 4 focuses on I-SDA'~ 
management of forecasting, methodological limitations, quality contra 
coordination, and communication. Chapter 5 states our recommenda- 
tions for improving the accuracy and usefulness of USDA'S forecasts. 
Appendixes contain other detailed material summarized in the report. 
The bibliography lists publications mentioned in the text. The report 
ends with a glossary. 
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Chapter 2 

Forecasting the USDA Commodity Budget 

This chapter addresses t\vo of our eight evaluation questions: 

. What models or analysis techniques are used to develop forecasts’. 
l How are forecasts used to determine the budget request for ~ommoclit~~ 

programs‘? 

We also address the importance of commodity budget estimates. 

General Definitions The farm program has major provisions for corn and other feed grains 
and their products, wheat and its products, rice, cotton, sugar, dairy’ 
products, soybeans, wool and mohair, honey. and peanuts. The ob.jec- 
tives of the present federal farm policy regarding these commodities are 
similar to objectives in previous farm bills. The commodity programs 
have a variety of mechanisms to support and stabilize commodity prices 
and producer incomes while ensuring ample supplies to consumers. The 
most commonly used of these are price supports, income supports, and 
supply management. The Food Security Act of 1985 (Public Law 13% 198) 
spells out the provisions for each major commodity program that pro- 
vides IS-DA with tools to accomplish its objectives. The major tools are 

1. nonrecourse loans, which ccc makes to farmers who offer their crc~ps 
as collateral. If after 9 to 12 months a farmer cannot sell the crop at the 
price level of the loan plus interest, CCC receives the crop in lieu ot’ cash 
repayment. This is a price support program. 

2. government purchases that support the price of milk, for example. b> 
purchasing manufactured dairy products. This is a price support 
program. 

3. deficiency payments, or direct subsidies available to grain and cotton 
farmers. The government makes these payments on the basis of the dif- 
ference between the greater of the current loan price or average market 
price and the designated target price for each crop.’ This is an incomta 
support program. 

4. acreage reduction, which the USDA secretary can require of farmer\ 
who want CCC loans and deficiency payments. The secretary can ;&) 
offer voluntary acreage reduction (paid diversion), so that farmer% 

‘Minimum target prices first became statutory under 1973 legislation and are still effccrlvta I :,‘~:a * 
current legislation. Target prices are set at a level to moderate the effect of tluctuatmg ru.t!nd : t - 
and provide farmers with a stable income. 
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receive cash-or, as in 1983, payments with L’SDA commodities, called 
“payment in kind.” These are supply management programs. 

A distinction between the crop year, the marketing year, and the fiscal 
year is shown in figure 2.1. The example was taken from the 1987 corn 
program. Dates vary for other commodities. 

Figure 2.1: The 1987 Corn Program Crop 
Year, Marketing Year, and Fiscal Year 

October 1986 March 1987 November 1907 

1987 Program 
Announced 

Septombsr 1987 August 1988 

I 1987 Marketing Year 

October 1987 September 1998 

1988 Fiscal Year 

Each commodity’s program provisions authorize payments and receipts 
on the basis of a marketing year specific to the commodity. CCC‘ generalI> 
makes payments to farmers for their program entitlements related to 
the marketing year that begins about the time the crop is harvested. For 
example, much of the payments for the 1987 corn program were for pro- 
visions that CCC announced on October 26, 1986. The farmers could sign 
up between November 17,1986, and March 30,1987, and receive pay- 
ments for crops they planted between March and June 1987 and har- 
vested during October and November. 

Farmers can use their harvested crop for collateral to obtain a loan from 
ccc. CCC also makes regular deficiency payments during the marketing 
year, after farmers harvest and sell their crops. 

Net Outlays 
-~- -___ 

Throughout this report, we deal with the CCC cost concept “net otlr lays,” 
which is all cash outlays less all cash receipts. The concept mtl;i.+l IWS 
cash flow, or the amount of money CCC spends in a given fist-al >-t~;tr on 
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the major commodity price support and income support programs.’ 
Receipts come from farmers’ loan repayments or when ccc sells some of 
the surpluses it has acquired. At the end of any given fiscal year, ccc 
almost always disburses more money than it has taken in. The differ- 
ence is recorded as net outlays. The concept of net outlays is a measure 
of the public costs of supporting farm programs in a given fiscal year. 
From a budget perspective, net outlays reflect the drawdown of federal 
resources during the fiscal year, and estimated net outlays are used to 
estimate the deficit. The estimated net outlays are the basis for the pres- 
ident’s budget estimate and the subsequent updates to the commodity 
budget during a fiscal year. Figure 2.2 shows the percentage that each 
commodity contributed to the total commodity program’s net outlays for 
fiscal years 1981-86. 

Figure 2.2: CCC’s Fiscal Year 1981-86 
Commodity Outlays 

27.5% l - - . - 

Other 

CQrn 

I Wheat 

Ccc makes program outlays by borrowing money from the U.S. Depart- 
ment of the Treasury under a $25 billion borrowing authority. CCC 
repays Treasury from annual appropriations, supplemental appropria- 
tions, and program receipts. The appropriations are based on “net real- 
ized losses,” another cost concept that measures the public costs of 
supporting farm programs. Net realized losses are the amount of net 

*Some of the information on CCC budgets is baaed on Geoffrey Becker, Agriculture and the Budget 
(Washington, D.C.: Congressional Research Service, September 16, 1986). 
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outlays that will never be recovered and include direct payments to 
farmers and losses on sales of commodities. Policymakers. however. 
must rely on forecasted net outlays for many decisions, because actual 
net outlays and net realized losses are not known until after the end of 
the fiscal year in which the outlays are made. (These cost concepts and 
their relationships are discussed in appendix IV.) 

The Commodity 
Budget Cycle 

Each January, OMB submits the president’s budget estimate for the fiscal 
year that will start the following October. For the portion that relates to 
the ccc commodity programs, USDA prepares the budget estimate and the 
underlying forecasts during November and December. For example, dur- 
ing November and December 1985, USDA prepared the president’s budget 
estimate for fiscal year 1987. USDA updates the budget estimate three 
times. The first update, called the midsession review budget estimate, is 
in July before the fiscal year starts. USDA updates its budget estimates 
two more times during the fiscal year when it is preparing the next 
year’s estimates. Table 2.1 shows each successive estimate in the budget 
cycle. 

Table 2.1: The Federal Budget Cycle 
Date 
January 
July 

October 
January 

July 
September 

Event 
First estimate for president’s fiscal year budget 
Second estimate for mIdsessIon review of prestdent s !Iscal (ear 
budget 
Fiscal year begins 
Third estimate for president’s fiscal year budget dur:ns rce 
estimate for the next year’s budget 
Fourth estimate for mIdsessIon review 
Fiscal year ends 

How Forecasts Are 
Developed and Used in 

modity budgets, which are developed by summing the individual fore- 
casts for such program components as deficiency payments and loans. 

Making Budget ASCS makes an overall budget estimate for commodity programs for the 

Ystimates next fiscal year and for longer terms up to 5 years. In this report. ive 
analyze only the l-year estimates. 

Analysts forecast the cost of program components with suppI>--anti- 
demand variables such as production and market prices, considtbring the 
relationships of these variables to the program provisions. ( .~~l~l~~nd~s II 
describes some of the key program provisions.) To forecast the ( I 1st of 
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program provisions, the analysts must forecast the level of activity, 
referred to as “volume estimates” (for example, the number of bushels 
of wheat placed under loan or the number of acres to be diverted from 
production) by crop year or marketing year. Volume estimates must be 
converted into forecasts of the outlays and receipts for the fiscal year. 

Figure 2.3 shows the USDA organizations involved in preparing inputs to 
the CCC commodity budget. The groups under the assistant secretary for 
economics are involved in research and in forecasting. Those under the 
undersecretary for international affairs and commodity programs have 
input into the forecasts and are also responsible for implementing the 
commodity programs. 

Figure 2.3: USDA Organizations Involved in Commodity Forecasting 

Tha Seerotary 

’ Office of Budget and 
/ Program Analysis 

I 
AssIstant Secretary for Econombcs Undersecretaryifor International 

I Affairs and Commodity Programs 

I 
I 1 
I I 

1 r 1 Agncultural Forelgn 
I I 

Econombc I 
f 

World Agncultural Stabilization and Agncultural 

Research Service Outlook Board Conservation Service Serwce 
I t NatIonal I 1 1 
I I Agricultural 

I I I 
7 
I I 

! I Stahstics 

Corn Aodity 
I I 

Serwce 
I : 

Agnculture Interagency commodtty Program Managemen International Commoalty 

and Economics estimates commlttees Planning and I Agricultural marketing 

Trade Dwmon Development I Statistics programs 

Analysis , 
Dwlslon Budget 

Assstant Secretary for 
Marketing and 

Inspectton Serwce 
I 

i 
Agncultural 
Marketing 

Serwce 

Figure 2.4 gives an overview of the use of forecasts in preparing the 
commodity budget. The process starts with the establishment of basic 
economic and program assumptions, which are provided to analysts ro 
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use in developing the budget forecasts. The Office of Management and 
Budget (OMB) forecasts the macroeconomic conditions such as gross 
national product and inflation, and USDA policymakers provide the ana- 
lysts with assumptions of how the commodity programs will be imple- 
mented considering legislative requirements and planned 
implementation actions by the USDA secretary. Experts from several IKM 
organizations help ASCS make supply-and-demand estimates. 

Figure 2.4: The Commodity Budget 
Forecasting Process 

Expert Judgment and 
H~storml Trend Analysts 1 

Economc 

II 

Program ProductIon ProductIon stocn 

Assumptions Assumptvons and Use and Use Level 

I I- I 4 \ 
Supply and 

Demand q- Comrmltee 

Forecasts 

Volume 
Forecasts 
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Economic Assumptions OMB requires that all government agencies’ budget estimates be consis- 
tent with its macroeconomic forecasts of such variables as inflation. 
unemployment, and interest rates. VSDA officials said they use OW’S 
macroeconomic forecasts as the official economic assumptions of the 
domestic economy for budget guidance, and forecast analysts said they 
consider these assumptions in making their forecasts. Macroeconomists 
from the Economic Research Service (ERs) supplement OMB’S pro<jections 
with forecasts about how the economy will specifically affect farmers. 
The forecast analysts have the economic forecasts available as they 
make judgments, but these forecasts have little direct application in cal- 
culations or models used for budget forecasts. Furthermore, the 0x1~ 
forecasts do not cover the world economy or foreign currency exchange 
rates, which can affect the export portion of demand and domestic mar- 
ket prices. 

Program Assumptions The budget estimate is USDA’S forecast of the amount of net outlays that 
will be made in a fiscal year for the commodity program that the admin- 
istration says will be implemented. That is, the budget estimates are 
based on program assumptions- a commodity-by-commodity descrip- 
tion of how the commodity programs will be implemented. The imple- 
mentation of some provisions of the commodity programs is specifically 
set by legislation. For the implementation of many others (such as the 
loan rate and whether ccc will make advance deficiency payments ). the 
secretary of USDA has wide discretionary authority, whose purpose is to 
allow the secretary to improve market competitiveness and reduce sur- 
plus supplies by reacting to short-term forecasts of farmers’ income and 
commodity supply and demand. 

Supply-and-Demand 
Estimates 

Interagency commodity estimates committees make the USDA commodity 
supply-and-demand forecasts that are used to prepare the president’s 
budget estimate. Supply is the total amount of production plus beginning 
stocks, and demand is the total consumption plus exports. Ending stock 
levels are the difference between supply and demand. Also included in 
supply-and-demand forecasts are forecasts of the market price at the 
producer level and component forecasts such as acreage, yield. produc- 
tion, imports, domestic use, and exports. 

Analysts from the Economic Research Service, the Foreign Agricultural 
Service (FM), the Agricultural Marketing Service (A&IS), and .UCS partici- 
pate in the committee process. ERS and FAS develop most of the input on 
foreign production and use, and ERS and AXS develop most of the input 
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on domestic production and use. ASCS develops the information on begin- 
ning stock levels and farmers’ participation in the commodity programs 
and provides other information on program provisions. The National 
Agricultural Statistics Service (NM) and AMS provide current market 
and price data. This broad representation is meant to ensure that all 
viewpoints are expressed and all relevant expertise is used. 

The individual analysts have the historical trend data and economic and 
policy assumptions. Using the expert judgments of the panelists, the 
committees reach a consensus on what they think the forecasts should 
be and report the results. 

Commodity Program 
Volume and Cost 
Estimates 

ASCS’S commodity analysis division first estimates the degree of partici- 
pation for each commodity program for each of the applicable crop 
years. For most commodities, the estimates are based on the extent to 
which the expected program provisions will benefit an individual 
farmer under the expected production and market conditions. The ana- 
lysts rely on historical trends and use expert judgment to adjust the 
results. The participation rate estimated by ASCS is discussed and may bt 
further refined in the committee meetings. 

ASCS’S commodity analysis division uses the economic and program 
assumptions, the supply-and-demand estimates, and estimates of the 
level of participation of farmers to develop forecasts of the activity or 
program volume for each commodity. The analysts also prepare pro- 
gram cost estimates for each commodity program by crop or marketing 
year and convert the information into fiscal year estimates. Most of the 
program outlays for a crop or marketing year are made in the next fiscal 
year, but some of the net outlays may be made over several years. The 
process is further complicated for wheat because most of the net outlay: 
for a fiscal year are based on portions of 2 crop years. 

For each commodity, AXS’S commodity analysis division uses various 
methods that include spreadsheets on microcomputers and manual 
spreadsheets to develop forecasts of the total program activity or pro- 
gram volume. For example, the analysts who prepare the corn and 
wheat volume forecasts use a microcomputer spreadsheet. The dairy 
program volume forecasts are not computerized, and all calculations are 
manual. The relationships of the supply-and-demand variables and the 
major program provisions also vary from commodity to commodity. 
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Preparation of Budget 
Submission 

KS’S budget division is the focal point for the final ccc commodity 
budget. The budget division uses a computerized budget accounting 
model to prepare the final budget submission. ASCS’S commodity analysis 
division provides to the budget division estimates of net outlays for the 
program provisions for each commodity. The budget division adds infor- 
mation about the costs of storage and handling, transportation, process- 
ing and packaging, interest expenditures and rates, operating costs, 
program receipts, financial data on export programs, and other miscel- 
lany. The budget division enters the data provided by the commodity 
analysis division and the data generated by the budget division into the 
budget model, which then calculates the total outlays for each commod- 
ity program for each fiscal year. 

The budget division prepares the CCC estimates book, which includes 
summaries of the outlays as well as detailed presentations of the compo- 
nent outlays by commodity, information on assumptions, and the under- 
lying supply-and-demand estimates. This budget document includes the 
actual outlays for the 2 previous fiscal years, an estimate for the cur- 
rent fiscal year, and an estimate for the coming fiscal year. LXDA’S office 
of budget and program analysis incorporates information from ASCS’S 
commodity budget into USDA’S overall budget presentation. OMB then 
incorporates USDA’S budget into the president’s budget. 

The process is repeated for each update to the budget estimate. In this 
report, we have limited our analysis to the annual estimates for the 
budget. USDA uses the same process to forecast the commodity program 
costs for 5 additional years. 

The Importance of 
Budget Estimates 

In our report entitled Managing the Cost of Government, we point out 
that for congressional and executive officials to make informed deci- 
sions, they need timely, accurate, and consistent financial information. 
Budget estimates on the costs of CCC’s program activities is an important 
part of this information. We report that such information should be rea- 
sonably free from error and bias and faithfully represent what it pur- 
ports to represent. In addition, we say that the Congress needs to know 
of deviations from budget estimates and their causes and effects. 

Congressional and executive policymakers use forecasts of the cost of 
the commodity programs as input to many important decisions on the 

.‘Managing the Cost of Government, GAO/AFMD85-35 and GAO/AFMD85-35-A (B’,L~~I~P 1,~ ; 1 ( 
February 1985), pp. 24-28. 
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programs and on the budget. The Congress uses budget estimates of the 
costs of programs in choosing alternative designs and in managing the 
deficit. The administration uses budget estimates in developing an 
implementation plan for the discretionary activities of the IWA 
secretary. 

The Congress has revised the legislation that authorizes the (x’c--oper- 
ated programs as entitlement programs numerous times, most recently 
in 1985. Analysts from USDA and the Congressional Budget Office (cram) 
made budget estimates of the cost of the provisions throughout the leg- 
islative debate.-’ These estimates enabled policymakers to choose among 
competing alternative provisions and to evaluate the overall forecasted 
cost of the new farm bill over a 3-year period. The final design was esti- 
mated to cost about $54 billion during fiscal years 1986-88. 

The specific design of the farm programs is dependent on implementa- 
tion decisions by the secretary. The 1985 act provides the secretary 
with wide discretionary authority for implementing annual commodity 
programs, including authority over optional programs directed at 
improving market competitiveness and reducing surplus supplies. For 
example, the secretary can adjust loan rates and deficiency payment 
rates to achieve these goals. Analysts first provide analyses forecasting 
the alternative costs of the secretary’s options and then, in regulatory 
impact statements, forecast the cost effect of the option selected. The 
budget estimate reflects the past and anticipated policy decisions that 
are made in designing the program and in implementing the discretion- 
ary provisions. 

Since the commodity programs are entitlement programs, expenditures 
are based on program design and participation rather than on limits 
established by the appropriation process. The budget estimates give 
policymakers a forecast of the outlays that ccc will make from lvhat it 
borrows from the U.S. Treasury. With timely and accurate information, 
the Congress can make decisions on program revisions and momtor the 
cost of the secretary’s implementation plan. The Congress needs accu- 
rate budget estimates because it also uses estimates to manage r he fed- 
eral deficit. 

‘Some of the information on farm bill design is based on Geoffrey Becker’s The I !lti.Y F’.I :-7: { I I .A 
Summary (Washington, D.C.: Congressional Research Service, August 20, 19861 I ~I);I .& :IIIII~Y~ ,,I! 
“ad hoc farm bill group for analysis” to provide the administration and congre>\llbrl.tl G 1-1 ‘.,,I I~YY 
with cost estimates of alternative provisions and of the total farm program as dt+~~rt- I -I :1. I t I 
Legislation. 
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USDA’S forecasted cost of the commodity programs, as shown in the pres- 
ident’s budget estimate, rarely comes close to net outlays. Figure 2..5 
shows USDA’S forecasted and actual net outlays for the commodity pro- 
grams for 19’72-86. It is clear that the president’s budget estimate has 
not provided policymakers with accurate information on the cost of the 
commodity programs.” 

Figure 2.5: Commodity Budget Forecasts and Actual Outlays for Fiscal Years 1972-88 

30 Dollan in Bllllons 

2s 

20 

IS 

I 1 Forecast - 
Actual 

Problems With Overall 
Budget Accuracy 

Rudolph Penner, former director of CBO, wrote that it is not unusual. for 
several reasons, for budget plans to go awry.6 One is that presidents 
inherit the preceding president’s budget estimate and may modify pro- 

- 
“In chapter 3, we show that revised forecasts presented for midsession budget reviews and rn,cdr~ 
with actual data on production, program participation, and current market conditions are ml lrt’ 
accurate. 

“Rudolph Penner, “Forecasting Budget Totals: Why Can’t We Get It Right?” The Federal h&w tL 1). 
nomics and Politics (San Francisco: Institute for Contemporary studies, 1982), pp. 89- 1 li) 
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grams initiated before they take office. Even if no modifications are 
made, the programs are generally changed after the president’s budget 
estimate is made. In addition, long-range budgets are normally based on 
wildly optimistic economic assumptions that show everything getting 
steadily better every day and that do not show the effects of business 
cycles. Penner states, however, that budget reliability should be 
improved because politicians are constantly frustrated by the misesti- 
mates: lawmakers work hard on program details to achieve certain 
budget goals, only to see their efforts overwhelmed by unforeseen 
events. 

Problems in Making 
Accurate Commodity 
Budget Estimates 

USDA officials have identified some of the problems specifically related 
to accurate forecasting. USDA’S current budget officer has pointed out 
that where uncertainty in forecasting cost is concerned, farm program 
costs are in a league by themselves7 This, he says, is because farm pro- 
gram costs are “pegged” to market prices and to farm production, which 
in turn are influenced by world weather, the condition of the general 
economy, the foreign and trade policies of both the United States and 
other food-exporting nations, the rate of inflation, and the value of the 
dollar, among other variables. The usn~ deputy director for budget and 
program analysis and the ASCS budget director agree, adding that the 
budget estimates depend on how many farmers choose to participate in 
the entitlement programs, In turn, the farmers’ decisions to participate 
are often influenced by many of the factors above that occur after the 
estimates are made. In addition, recent legislative changes that allow thl 
secretary to make portions of the payments to farmers with surplus CCC 

commodities instead of with cash may make it even more difficult to 
forecast outlays accurately.” 

USDA officials said that the budget estimate they send to OMB is their bes 
estimate of the cost of the commodity programs that they think will be 
implemented. They said that although the program may be implemcntec 
differently than assumed by USDA, the budget estimate is not a requtst 

'As reported in "Farm Spending Forecasts: A Record of Failure, ” National Journal. March 3 1985. 
628. 

“The secretary can make portions of deficiency payments to farmers with certificates 1 hat MI be 
redeemed in cash or surplus CCC commodities. The secretary can make the declslon UI~II~ I his after 
the budget estimate has been made, which invalidates the assumption used to make thta dc,ilclency 
payment forecast. However, USDA estimates that much of or all the deficiency paymenr -A\ rd by 
issuing certificates is transferred to other payment programs because of the effect on nl.lrhtst pnceh 
and farmers’ participation that affects such programs as nonrecourse loans. 
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for funds for some program the president would like to see imple- 
mented. The budget estimate for an entitlement program that is set out 
in legislation differs in this regard from programs that can be modified 
or limited by the president or the Congress through the appropriation 
process. Once the commodity programs are announced, the program cost 
is dependent on such factors as participation, market prices. and crop 
yields and cannot be limited by appropriation. 

Congressional Use of 
Budget Estimates 

The budget process requires the Congress to be concerned about how 
closely actual outlays and receipts match the forecasts used in making 
decisions. The enactment of a new congressional budget process in 197-l 
required the Congress to vote on targets for actual outlays, receipts. and 
deficits. The requirement increased the need for accurate budget esti- 
mates to provide the Congress information on which to base the vote. 
The revised budget process also required the administration to make .5- 
year projections for long-term program costs. 

Estimates of agricultural spending (net outlays) are included in the limi- 
tations of the federal budget resolution enacted each year under the sep- 
arate congressional budget processes. This resolution precedes Lvork on 
individual appropriation bills and sets annual spending targets for all 
areas of the budget. In fiscal year 1987, both houses assumed that fed- 
eral spending limits could be met without having to make legislative 
changes to reduce the entitlements of the CCC commodity programs. 

The Congress needs an accurate estimate of how much money (XY‘ 1~111 
spend during a fiscal year before the money is spent. ccc makes net c)ut- 
lays from a $25 billion borrowing authority that is repaid through 
appropriations and program receipts. The appropriations general]) 
restore the borrowing authority for losses 2 years after they occur The 

_ delay in reimbursement plus the increased costs of the commodity pro- 
gram has limited CCC’S ability to make outlays within the $25 billion 
limit. In the years that USDA significantly underestimated the net out - 
lays, the Congress did not have information for the annual appropria- 
tion process about how much money CCC would need to make the 
entitlement payments to farmers. To maintain cash flow, the Congrc+s 
had to fund the outlays through numerous supplemental approprxi! I( WS. 

The enactment of the Balanced Budget and Emergency Deficit (‘( mt r~ )I 
Act of 1985 (Public Law 99-177, commonly called Gramm-Rudman~ll~ )I- 
lings) required that the federal budget deficit be reduced in spe~~il’1t4 
steps to zero by fiscal year 1991. For fiscal year 1986, cuts tcJtii!llik 
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$11.7 billion were ordered throughout the federal government on Febru 
ary 1, 1986, to take effect March 1. The USDA budget was cut $1.3 billioi 
of which $0.8 billion was in the ccc commodity price support programs 
The law contains a number of special provisions on how to reduce ccc 
spending, including recognizing that ccc outlay savings may happen in 
later year because of the timing of ccc outlays for the 1986 crop pro- 
grams and that no Ccc-supported commodity or activity may be subject 
to a greater reduction than any other commodity or activity. To meet 
the reduction requirement in fiscal year 1986, usa~ generally reduced 
each check to farmers by 4.3 percent for the 1986 crop year programs. 

The aspect of Gramm-Rudman-Hollings most relevant to our report is 
that reduction was based on forecasted costs, not on actual outlays. 
Because USDA’S actual program outlays were significantly greater than 
estimated, the 4.3~percent reduction exceeded the dollar target for 
reduction, but the deficit was also larger than predicted. 

Summary To make forecasts of the costs of individual provisions of the commod- 
ity programs, USDA analysts use component forecasts on economic cond 
tions, program implementation, supply and demand for the United 
States and other countries, and the participation of farmers in the corn. 
modity programs. The forecasted costs of the individual programs are 
then used to make an overall commodity budget estimate to inform the 
Congress about the expected fiscal year cost. 

Policymakers need accurate forecasts of costs in order to choose altern 
tives for designing the commodity programs and for making budget dec 
sions that allocate scarce resources to ail federal programs. The 
administration needs accurate forecasts to decide on the implementatir 
strategy for the secretary’s actions. But in recent years, USDA has rarel: 
come close in estimating net outlays for the president’s budget. Becaus, 
the commodity programs are entitlement programs, program design an 
participation, not the appropriation process, govern expenditures. To 
control spending, the Congress must have accurate information in time 
to modify authorizing legislation. When net outlays exceed budget esti 
mates, more is spent on the commodity programs than planned. 

The Congress also needs accurate forecasts of outlays to manage the 
deficit. Under Gramm-Rudman-Hollings, spending cuts to reduce the dl 
icit are based on estimates. If outlays for any program exceed the esti- 
mated costs, the excess would increase the deficit and undermme the 
objectives of the Gramm-Rudman-Hollings statute. 
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To find the extent to which policymakers have been receiving accurate 
budget forecasts and to determine the factors that cause misestimates, 
we asked the following questions: 

. How accurate are the commodity budget forecasts? 
l Which variables contribute significantly to error in the forecasts? 

In this chapter, we describe the measures we used to evaluate both the 
USDA budget forecasts and the underlying variables USDA uses to develop 
the budget. We also demonstrate our evaluation techniques and present 
summary information on the accuracy of historical budget estimates and 
on the variables that contribute most to the error. 

Accuracy as a Measure According to William Ascher, a forecast can be legitimately appraised 

Of Forecast Credibility 
by numerous criteria, but accuracy is the only major criterion that can 
both be applied to the appraisal of a large number of forecasts and used 
to identify factors that affect forecasts. He wrote that from the poli- 
cymaker’s perspective, the forecast’s credibility is established by its 
accuracy. According to Spyros Makridakis and others, the ultimate test 
of any forecast is whether it can predict future events accurately.’ 
Accuracy is not just an abstract criterion for appraisal, according to 
Eleanor Chelimsky, but is also a prerequisite for usefulness, if policy- 
makers are expected to use the forecast for decisionmaking.’ 

Measures of accuracy can inform a forecast user about the uncertainty 
to be expected of the forecast. Since the accuracy of a forecast cannot be 
determined until the actual value is known, its historical credibility can 
be used to statistically develop probable ranges of forecast accuracy. 
Ranges are important, according to such authors as Stuart Bretschnelder 
and Dale Bails, because users have a tendency to accept point estimates 
as certain when they are stated in a definitive fashion.3 

‘Eleanor Chelimsky, “Retrospective and Prospective Analysis: Linking Program Evaluatm ml F~mx- 
casting,” Evaluation Review, June 1987, pp. 336-70. 

“Stuart Bretshneider, “Forecasting: Some New Realities,” Metropolitan Studies Program. &ncw+ 
University, Syracuse, New York, December 1985, p. 3, and Dale G. Bails and Larry C. Pep~m. H11>1- 
ness Fluctuations: Forecasting Techniques and Applications (Englewood Cliffs, N.J.. Prenr~c’t~- il.til. 
1982), p. 126. 
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For these reasons, we focused on accuracy, comparing a forecast outlay 
with an actual outlay and determining any difference between the two: 
the forecast inaccuracy or error. Although an assessment of the quality 
of a forecasting procedure should not be based upon a single instance of 
error, the simple difference between the forecast and the actual value, 
which we call “single forecast error,” can be used as a basis for sum- 
mary error measures that characterize the quality of a series of fore- 
casts. We used summary measures to describe the accuracy of the 
forecasting procedures USDA employed to estimate ccc’s budget outlays. 

The summary measures fall into three categories: (1) total error. (2) bias 
error, and (3) benchmark comparisons. (The measures, the computa- 
tional formulas, and numerical examples are described in appendix III.) 
Theoretically, single forecast error has two components: a random part 
and a bias part. We refer to the total of these two components as “total 
error.” Total error is measured with absolute measures. 

Bias is especially interesting as an indicator of the quality of a forecast- 
ing procedure because the presence of bias makes a series of forecasts 
systematically high or low. It is sometimes called “offset error,” because 
a forecasting bias raises or lowers the individual forecasts by a fixed 
amount. Bias can result from lack of objectivity on the part of the ana- 
lysts or from errors in methodology or input data that are repeated over 
the series of forecasts. 

We estimated the amount of bias error in USDA forecasts with net error 
and mean error. Each of these measures recognizes negative and posi- 
tive signs of single forecast errors, and the two partially offset each 
other in a time series. The portion of the error that does not cancel out k 
called the bias. We also used occurrences of error to measure bias 
(number of times overestimated and underestimated). Net error and 
mean error should be used in combination with occurrences. because 
occurrence alone does not indicate the extent or magnitude of error. 

The difference between total error and bias error is random error. Ran- 
dom error varies unsystematically from one forecast to anof her How- 
ever, over many forecasts, the mean of random error equals ztw. 
because random errors tend to offset one another. 

To measure total error (the full amount of each single forec&\t chrror) 
across a series of forecasts, we use the following measures of A4ute 
values. If the absolute value of all forecast errors in a sews IS .~~mmed. 
we have total absolute error, or TAE. If the total absolute tw br IS 
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divided by the number of forecasts, we have the mean absolute error, or 
MAE. Other measures we used were the mean absolute percentage error, 
MAPE, and the root mean squared percentage error, RMSPE. 

Benchmark comparisons are quite different from total error and bias 
error measures in that they use alternative forecasts as a way to gauge 
the quality of the forecasting procedures in question. Statements such as 
“an error of 40 percent represents a poor forecast” are frequently used 
to describe forecast accuracy. However, the total error or bias error 
measurements by themselves are not enough to judge accuracy. What is 
missing is a basis for comparison. One way to evaluate forecasts is to 
compare them with forecasts developed with other methods or by other 
analysts. Thus, an error of 40 percent may not be bad if the next best 
forecast has an error of 50 percent. We distinguished two types of 
benchmark: competitive forecasts and “naive” forecasts. 

We found that a number of private, “competitive” forecasters make esti- 
mates that parallel USDA’S estimates of commodity supply-and-demand 
variables. Competitive forecasts are made for such variables as produc- 
tion, domestic use, exports, and ending stocks. Robert Winkler and 
Makridakis found that combining forecasts using a simple average or a 
weighted average that is based on historical accuracy is better than 
most individual forecasts.J 

We demonstrate in this chapter how John Ferris combined individual 
forecasts made by members of the American Agricultural Economics 
Association (AAEA) to compare to the results of naive forecasts and to 
USDA forecasts. We also combined the forecasts of independent commod- 
itv market analvsts who DarticiDated in a study with Futures: The .Jour- 

” ” 

nal of Forecasting and Planning to demonstrate the technique of using a 
combination of forecasts as a benchmark. 

Kaive forecasts, those based strictly upon historical data without 
accounting for factors such as changes in laws, can be used as bench- 
marks at the budget outlay level. One form of naive forecast would be to 
simply draw a straight line through points representing historical out- 
lays and make the forecast by extending the line to a future point. The 
simplest naive model uses the latest actual value as the forecast. [‘sing a 
naive forecast as a benchmark is based on the idea that such forecasts 
are apt to be poor and that if more sophisticated forecasts, including 

‘Robert L. Winkler and Spyros Makridakis. “The Combination of Forecasts.” -Journal (II ttw Iit 1~ ,L, - 
Statistical Society. 146 (1983). 150-57. 
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those by USDA, are not substantially better, then the quality of the more 
complex and costly procedure is questionable. In our analysis, we pro- 
duced simple naive forecasts for comparison with USDA'S forecasts. USDA 
may find that other, more sophisticated, naive models can provide use- 
ful forecasts for comparison. 

According to Ascher, meaningful comparisons of forecast accuracy 
require a sufficient number of forecasts.” In our evaluation of accuracy. 
we used time-series information from 1972 through 1986 for some anal- 
yses of the budget numbers. To evaluate USDA'S forecasted costs for indi 
vidual commodities, we concentrated on the last 6 years, because the 
costs of the commodity program increased substantially during this 
period and limited information was available to explain reasons for 
error prior to this period. 

The chair of the World Agricultural Outlook Board reviewed our error 
measures and agreed that they are appropriate, adding that statistician 
believe a time series of about 20 years is needed for statistical reliabil- 
ity. We believe it is not possible to wait 20 years to evaluate the quality 
of forecasts in an area of this importance, since it is already clear that 
information is needed to improve the process. Furthermore, much of 
modem statistics is based on the notion of small sample properties, in 
which small is defined as from 3 to 30 cases. Forecast accuracy can be 
studied both statistically and managerially with as few as five observa- 
tions. In cases in which the measurements are unduly influenced by out 
liers, managerial judgment can be applied in the use of the results. In 
addition, as data become available, this analysis can be updated to 
accommodate a longer time series. 

The CCC budget is based on several layers of component forecasts. Somt 
of the component forecasts are simply summed to make an overall fore 
cast. Others consist of relationships of such factors as the program pro 
visions, the market, and production. The values of the overall forec Ists 
component forecasts, and input variables to these forecasts are subject 
to error. The evaluation of error, however, must be made in the context 
of how much each variable contributes to the forecasts-the importanc 
of the variable to the final forecast. 

We based our determination of the relative importance of the individui 
commodity budgets and the program volumes on the dollar value of the 

‘William Axher. p. 14. 
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forecast and actual values. We reviewed the significance of input vari- 
ables such as supply, demand, and price forecasts by reviewing how the 
analysts believed the variables affected program benefits, reviewing the 
program provisions, and conducting sensitivity analysis. Sensitivity 
analysis makes percentage changes to the input of a forecast model to 
assess the extent to which errors in the variables may be carried over to 
the final forecast. . 

In summary, the attributes of accuracy that should be measured are 

0 single forecast error, 
l total forecast error over a time series, 
l bias error over a time series, 
. accuracy relative to benchmarks, and 
l the significance of input variables. 

In the following sections, we demonstrate how we used the measures 
above for the president’s CCC budget estimates. Then we demonstrate 
the same measures for the individual commodity budget estimates that. 
contribute most to the error. We discuss the measures for the corn com- 
modity budget in this chapter, and the measures for the wheat and dairy 
budgets are included in appendixes V and VI. We continue to disaggre- 
gate the forecasts by measuring the error for the significant input data 
to these individual budgets. The objective of a systematic approach is to 
identify the input variables that have a high total error or bias rate and 
that contribute significantly to the overall budget error. 

The Accuracy of the The total error in USDA'S commodity budget estimates averaged $4.3 bil- 

Commodity Budget 
Forecasts 

lion each year for the 15-year period from 1972 to 1986. Generally, the 
errors in the estimates show an underestimation bias. That is. IKM 
underestimated the cost of the commodity programs by an average of 
$3.1 billion per year. 

Table 3.1 shows USDA'S commodity budget forecast compared to the 
actual net outlays for each fiscal year 1972 to 1986. The table shows the 
single forecast error, the percentage error for each year, and measures 
of total error and bias error over the time series. Figures 3.1 and :3 :! 
illustrate how single forecast error and percentage error varied. 
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Table 3.1: USDA Commodity Budget 
Forecasts and Single Forecast Error 
1 972-66a 

Fiscal year 
1972 
1973 
1974 

1975 
1976 

Net outlay ErroF 
Initial 

forecast 
Single 

Actual forecast PercentC 

$36 $4.0 $0 4 93 
43 36 (0 7) (21 c 

~-~ 27 10 (1 7) (1699 

09 06 (0 4) (62 1 
07 10 03 33 a 

1977 08 38 30 78 2 

1978 09 5.6 48 84 6 

1979 4.3 3.6 10 7) cts- 
1980 
1981 

1982 

1983 
1984 
1985 

1986 
TotaId 

2.5 2.7 ‘0.2' 76 

0.9 4.0 31 776 

2.2 11.6 94 81 5 
6.7 18.8 12 1 64 4 

12.3 72 (5 1) (71 3 

107 17.6 69 393 

10.4 25.7 153 59 5 ..~. ~-..---.~. 
$63.6 $110.7 

Error 
Total 

Absolute (TAE) 
Mean absolute (MAE) 
Mean absolute 

percentage (MAPE) 
Root mean squared 

percentage (RMSPE) 
Blase 

Net (NE) 
Mean (ME) 

aOollars are for fiscal years In btlllons 

bPosltive errors are underestimates. 

CPercent errors were computed with exact numbers 

dTotals may not add because of rounding 

Wnderestbmated 10 of 15 years. 
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- .,, -_ . .- 
Figure 3.1: CCC Budget Forecast Dollar Error Fiscal Years 1972-66 
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Figure 3.2: CCC Budget Forecast Percentage Error Fiscal Years 1972-66 
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Total Error The total absolute error over the l&year period was $64.1 billion. 
Eighty-one percent of the absolute error, $52.0 billion, occurred during 
the 6-year period 1981-86. CSDA officials told us this 6-year period was 
more difficult than normal to forecast because the world economy 
changed dramatically, there was a drought in 1983, and IXDA imple- 
mented a payment-in-kind program in 1983 that was not accounted for 
in the forecasts. They said a major reason the dollar value of the error 
increased was that total commodity program expenditures significantly 
increased during this period. They said the big jump in program costs 
was generally caused by large U.S. surpluses, weak demand, and high 
support prices. The surpluses occurred when good weather in most of 
the years resulted in high production at the same time that foreign com- 
petition reduced U.S. export markets. 

To determine if the error in the USDA budget forecasting has worsened 
over time, we computed the mean absolute percentage error for the most 
recent and preceding two 5-year time periods. In table 3.2, we show the 
error measure over three 5-year time periods and over the entire 15 
year period. This comparison indicates that USDA’S commodity budget 
forecast accuracy was not substantially different in the last 5-year 
period from either of the two other 5-year periods. However, a formal 
statistical test showed that at the 95-percent confidence level. I’SDA had 
about the same level of forecast accuracy (in terms of MAPE) over the 
entire period. 

Table 3.2: USDA Commodity Budget 
Forecast Error 1972-66* Total mean 

absolute Bias 
Period No. of years percentage Net Mean 
1972-76 5 59.2 $(2 li $(O ‘z 
1977-81 5 53.5 103 2' __~ 
1982-86 5 63.2 38 6 7; 

197246 15 58.6 468 - 3. 

aDollars are for fiscal years II-I bihons. PosItwe errors are underesbmates 

Bias Error USDA’S commodity budget forecasts for fiscal years 1972-86 tend to shot\ 
that the programs will cost less than they actually do. Over the full 
period, the net error associated with bias is $46.8 billion. This figure is 
the difference between the sum of the forecast commodity outlays over 
the 15 years, $63.8 billion, and the actual outlays for the same pxnod, 
$110.7 billion. 
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Expressed as mean error, the bias for the l&year period was $3.1 bil- 
lion. That is, on the average, LEDA underestimated budget outlays for 
commodities by $3.1 billion a year. LSDA underestimated the net outlays 
in 10 of the 15 years. During the 6-year period 1981-86, IYDA undertsli- 
mated net outlays by a yearly average of $7 billion. LXDA underestimated 
the net outlays in 5 of the 6 years; the exception occurred because a 
year of drought depressed agricultural production. Diminished produc- 
tion reduces the amount of commodities eligible for program payments 
and increases market prices; farmers tend to repay rather than default 
on their loans. 

Table 3.2 also shows that the largest dollar amount of bias error was in 
1982-86. USDA underestimated commodity program outlays by an aver- 
age of $7.7 billion each year, causing the federal deficit to be underesti- 
mated by a similar amount. Formal statistical hypothesis testing at the 
95-percent confidence level shows that USDA forecasts have been biased 
and, in fact, have underestimated actual costs. 

The Effect of Updates on The accuracy of the first, second, and third updates to the budget 
Accuracy improved. The improvement can be attributed to better input data. iis 

actual values replaced forecasts for expenditures, program implementa- 
tion strategies, farmer participation, acreage planted, and market prices. 
However, as shown in table 3.3, the accuracy did not significantI> 
improve until the second president’s budget estimate, in January of the 
fiscal year being forecasted, 1 year after the initial president’s budget 
estimate was submitted. 

Table 3.3: Accuracy of USDA Commodity 
Budget Updates 1981-86. President’s 

President’s First second Second 
budget midsession budget midsession Actual net 

estimate review review review outlay 
. Net outlay $43.1 $47.4 $71.2 $84 1 j84--8 

Mean error $417 $374 $13.6 $0 8 0 
Mean absolute 

percentage 
error 65.6% 56 6% 25.9% 12 5% 3 

aDollars are fiscal year 1961-66 cumulative totals In bdkons 

- 
Benchmark Comparisons We believe USDA’S complex budget forecasting process was not pan I( I I- 

larly successful in forecasting costs for the president’s budget for ! 1-4 ~1 
years 1981-86. Our simple naive forecast, developed as a benc~hmUrl-h 
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generally contained less error and less bias than USDA’S sophisticated 
and more intensive methods. Our benchmark forecasted next year’s net 
outlays equal to the actual outlay figure that was available to I’SM 

when it made the president’s budget estimate. For example, when I’SDA 

forecast the fiscal year 1988 budget, it had actual outlay information fot 
fiscal year 1986. In table 3.4, we compare the accuracy of the IKM com- 
modity budget forecasts to the accuracy of our naive model for fiscal 
years 1981-86. At least three observations can be made. 

Table 3.4: Comparison of USDA and 
Naive Model Forecasts 1981 -W 

Fiscal vear 
1981 

USDA 
Forecast ErroP Percent 

$0.9 $3.1 

Naive 
Forecast Errolb Percen __~ 

$3 6 $0 4 
1982 2.2 9.4 2.7 09 
1983 6.7 12.1 40 148 
1984 12.3 (5.1) 11 6 14 41 
1985 10.7 6.9 188 il 21 

1986 10.4 15.3 72 185 __- 
TotaP $43.1 $41.7 $47.8 $37.0 

Error 
Total 

Absolute (TAE) 
Mean absolute 

(MAE) 
Mean absolute 

percentage 
(MAPE) 

Root mean squared 
percentage 
(RMSPE) 

Blasd 
Net (NE) 
Mean (ME) 

aDollars are for fiscal years In bhons. 

bPosltwe errors are underestlmates 

$52.0 848 2 ~ 

8.7 80 

65.6 51 ! 

67.9 74 c 

41.7 37 3 
7.0 62 

“Totals may not add because of roundlng 

‘Net error underestimated 5 of 6 years; nawe error underestimated 4 of 6 years 

1. The simple naive model we used is slightly more accurate than I YDA’S 

complex system over the period 1981-86, as shown by the ab%ic,lute 
errors. USDA forecasts had absolute errors of $52 billion, compared to 
absolute errors of $48.2 billion for the naive model. However. I I\ or the 
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longer period 1972-86, USDA budget estimates were substantially more 
accurate than our naive forecasts. 

2. The net error shows USDA'S forecasts contained a higher bias rate than 
the naive forecast, but both forecasts had considerable bias toward 
underestimation. USDA underestimated the budget outlays in 5 of the 6 
years, while the naive forecast underestimated the budget outlays in 4 
of the 6 years. The naive forecast’s net underestimation for the 6 years 
was $37 billion, while the net underestimation of USDA'S forecast was 
$41.7 billion for the same period. 

3. Both the MAPE and the RMSPE are high for the naive model. which 
shows that the commodity budget is difficult to forecast, as USDA offi- 
cials say. One reason for the large error is that actual net outlays fluctu- 
ate significantly from year to year, but naive forecasts do not take 
account of turning points. 

In showing the naive forecast results, we are not, of course, implying 
that USDA could use the naive forecast to develop its budget estimates. 
The naive forecast does not include the kinds of assumptions or provide 
the level of detail that would be needed for the budget. However, a naive 
forecast is an inexpensive and quick way of developing an alternative 
forecast for benchmark comparisons of total error and bias. Benchmark 
forecasts, such as the naive forecasts, can be made concurrently with 
the normal process to ensure that differences are defensible. Bench- 
marks can be developed after the actual values are known in order to 
evaluate the vahdity of the forecasting process. 

Corn, Wheat, and reported many times by the press and others. Furthermore, policymak- 
Dairy Budget ers in USDA have studied the misestimates and know about the general 

Forecasts conditions that caused them. The evaluation of forecasting, however. 
requires more than general knowledge of the reason for misestimates. 
Since the commodity budget forecast is based on a number of component 
forecasts and each of these is developed by a variety of methods and a 
number of analysts, each aspect of this process influences forecast 
accuracy. 

To evaluate the accuracy of component forecasts and the related input 
variables, we concentrated on the corn, wheat, and dairy components of 
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the USDA commodity budget. Their net outlays represent about ($3 per- 
cent of the total USDA commodity program net outlays and about 7 per- 
cent of the total error in the commodity budget estimates over 1938 l-86. 
See table 3.5. 

Table 3.5: USDA Budget Forecast Total 
Error by Commodity 1981-86. Commodity Total absolute error 

Corn $25.1 
Wheat 91 
Dawy 58 
Total $40.0 
Other 12.0 
Total $52.0 

Percent of total error 
48 3 
17 5 

11 : 

76.9 
23 : 

100.0 

“Dollars are fiscal year 1981-66 cumulative totals tn bdhons 

To evaluate the three commodities, we 

l assessed the total error and bias of their forecasts for fiscal years 1981- 
86, 

. used a simple naive model as a benchmark for forecast accuracy. 

. used sensitivity analysis and interviewed analysts to identify the most 
important variables in budget development, 

l assessed the total error and bias of the significant input variables. and 
. used competitive private forecasts of supply-and-demand variables as a 

benchmark of the relative accuracy of the significant input variables. 

Corn Budget Error, 
Bias, and Key 
Variables 

USDA'S largest dollar errors in 1981-86 occurred in the corn budget. The 
large errors were biased toward underestimation. Compared to a simple 
naive forecast, USDA’S corn budget estimates contained less total error 
but were more biased. The two largest component forecasts contamed 
large error biased toward underestimation. As table 3.5 shows. 35.1 bil- 
lion total absolute error in the corn commodity budget forecasts was 
about half the TAE for all commodities during the 6-year penod 

Table 3.6 shows the corn budget errors year by year. We see t h;~t the 
single forecast errors were high each year, ranging from a 99$-pw~vnt 
underestimate to a 49%percent overestimate. The average tac;t m.~tlng 
error was $4.2 billion and the MAPE, which measures the error 1 )I vr a 
time series, was 154.1 percent. The corn budget estimates lvvrv tll;t5ed 
toward underestimating the level of spending required to SII~~Y v-1 I he 
corn commodity program; estimates were below the actual I NII I,I L - in 4 
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of the 6 years. The analysts underestimated corn program spending by 
an average of $2.4 billion each year. 

Table 3.6: USDA Corn Budget Forecast 
Error 1961-66’ Net outlay Erro? 

Forecast Actual Dollars PercentC 
Fiscal year 

1981 
1982 
1983 

$0 07 $(O 67) S(O.73) (110 0) 

003 4 28 4.26 99 4 
176 572 3.96 69 2 

1984 3.66 (0 93) (4 59) -(491) 
1985 1.07 4 40 3.34 75 7 
1986 2.28 10.52 8 25 78 4 
TotaId $6.66 $23.33 

Error 

Total 
Absolute (TAE) 

Mean absolute (MAE) 
Mean absolute 

percentage (MAPE) 
Root mean squared 

percentage (RMSPE) 
Biase 

Net (NE) 
Mean (ME) 

25.12 

4 19 

154 1 

107 1 

14.47 
2.41 

aDollars are for fiscal years In bllltons 

bPosltlve errors are underestimates 

‘Percent errors were computed with exact numbers 

dTotals may not add because of roundtng 

Vnderestlmated 4 of 6 years. 

In table 3.7, we compare USDA’S corn budget estimates to a naive model. 
USDA’S estimates exhibited a lower total error (lower absolute error) over 
the 6-year period but a higher bias error (higher net error). High error 
rates in naive forecasts indicate that the estimates are difficult to make. 
However, the analysis also shows that certain factors biased IISDA’S fore- 
casts toward underestimation more than they biased the naive forecasts. 

USDA’S total absolute error for the 6-year period was $25.1 billion. In 
table 3.8, we show the program provisions that were the most signifi- 
cant contributors to the dollar error. We show that 66.4 percent of the 
error in the corn budget estimate was in the estimate of net lending 
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(amount of loans made less amount of loans repaid). This one category 
for the corn commodity makes up nearly one third of the total error fat 
all ccc commodity programs ($16.7 billion of the total $52 billion error) 
Next was deficiency payments, with $5.24 billion. Combining the 10 
other categories, the total error is $3.21 billion. 

Table 3.7: Comparison of USDA and 
Naive Model C&n Budget Forecasts 
1961-66. 

Fiscal year 
1981 

USDA 
Forecast ErroP Percent 

$0.07 QO.73) 

Naive 
Forecast ErroP Perter 

$0.87 $;l 53) 
1982 0.03 4 26 1 26 ‘302’ 
1983 1 76 3 96 (0.67) 6 39 
1984 3.66 (4 59) 4 28 (5 211 

1985 1.07 ‘3.34’ 572 ;I j2; 
1986 
TotalC 

Error 

2.28 8 25 (0.93) 11 46 
$6.66 $14.47 $10.52 $12.80 

Total 
Absolute (TAE) 
Mean absolute 

(MAE) 

$25.12 $26 93 ~- 

4 19 4 82 

Mean absolute 
percentage 
(MAPE) 

Root mean 
squared 
percentage 
(RMPSE) 

154.1 184 

107.1 ‘34 

Biasd 
Net (NE) 14.47 12 80 
Mean (ME) 2.41 2 13 

dDollars are for fiscal years In bilhons 

bPosltive errors are underestimates. 

‘Totals may not add because of rounding 

dUSDA underestimated 4 of 6 years; naive underestimated 3 of 6 years. 

Table 3.8: Cost Components of USDA 
Corn Budget Total Error 1981-86. Component 

Net lendmg 
Deficiency payments 
Other (10 line items) 
Total 

Error Perter 
$1667 ~~ 66 

5 24 20 

321 :2 

$25.12 100. 

aDollars are for fiscal years In billions. 
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Table 3.9 shows that over the 6-year period, IXDA made total estimation 
errors of 81.7 percent and 343.7 percent, respectively, for the two types 
of program costs with the most significant errors. We also applied three 
bias measures (net error, mean error, and number of occurrences) to the 
two cost components for the 6-year period. The measures show about an 
$8.5 billion underestimation bias for the period, which means that ~~scl~x 
estimated that the spending for both cost components would be less than 

--. 
Table 3.9: Total Error and Bias Error for Significant Cost Components of USDA Corn Budget 1981 -88a 

Total Bias 
Mean Mean absolute Years costs were 

Cost component Total absolute percentage Net Mean underestimated 
Net lendina $16.67 $2.78 81 7 $5 64 $0.94 4 of 6 

Deficiency payments 5.24 0.87 343.7 2.86 0 48 3 of 6 

aDollars are for fiscal years In billlows. Positwe errors are undereshmates. 

it actually was. The analysts underestimated net lending by an average 
of $0.94 billion each year and underestimated deficiency payments by 
an average of $0.48 billion each year. They underestimated net lending 
in 4 of the 6 years and deficiency payments in 3 years. The measures 
show that in the years that USDA underestimated its outlays for these 
costs, the error was greater than when it overestimated its outlays. 

Key Corn Variables According to Ascher, determining which input variables contribute the 
most to the error is necessary in order to allocate effort to the forecast- 
ing tasks that would make the greatest improvement in the overall fore- 
cast.” The first factor is the proportional contribution of each variable to 
each budget estimate. The second factor, less obvious but probably more 
important, is the magnitude of error for each variable. 

Varying the input to a forecasting model to determine the relationshlp of 
the input variables to the forecast results is called “sensitivity analy- 
sis.” Varying one input at a time and assessing its effect on an outcome 
is referred to as ceteris paribus analysis. It means literally that all other 
things are held constant. Another way to conduct sensitivity analysis IS 
to vary several or all input variables jointly to determine their combmed 
effect.7 If the forecasting model is automated and the interconnect Ion of 

“Ascher, p. 201. 

‘R. S. Pindyck and D. L. Rubinfeld, Econometric Models and Economic Forecasts, 2nd ed 1 \VN 1 -I C 
McGraw-Hill, 1981). chs. 12-14. 
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. 

the variables is depicted with mathematical and statistical techniques, 
the analyst can provide policymakers with information on the effect of 
alternative decisions, provide forecast ranges based on uncertainties 
about the value of forecast variables, and identify the variables contrib- 
uting the most to the budget forecast error. 

To demonstrate the potential uses of the technique in the budget error 
resolution process, we used a USDA policy simulation model developed b? 
the economic analysis staff under USDA'S assistant secretary for econom- 
ics. Sensitivity analysis without an automated model is slower and more 
difficult to replicate. We could not use the process AXS uses because it i> 
neither documented nor fully automated. 

The model we used was designed to forecast budget net outlays for pol- 
icy analysis purposes, not to develop the president’s budget estimate. 
Furthermore, the analyst did not use all the same supply-and-demand 
estimates that ASS used to make its budget estimates, and the model ha: 
not been independently validated to verify that it replicates the budget 
process. We were limited in our ability to perform sensitivity analysis, 
but we can demonstrate the technique. 

The model we used estimated the budgetary effect of crop year 1986. 
The largest outlays occurred in fiscal year 1987, but some outlays will 
not be made until fiscal years 1988 and 1989. The model provides esti- 
mates of budgetary effect in fiscal years 1987-89. It can be used to 
determine which components of supply and demand contributed the 
most to the error in net outlays and in individual program costs. (‘sing 
actual error rates, we found some of the effects of the errors. 

A 10.41-percent underestimate in crop year 1986 total supply resulted 
in a $1.75 billion underestimate of net outlays in fiscal year 1987 and a 
$3.69 billion underestimate for 1987-89. Errors in forecasting beginning 
stocks had the largest effect on net outlays ($1.66 billion underestimate 
for 1 year and $2.64 billion underestimate for 3 years). Production had 
the second largest effect ($0.54 billion underestimate in fiscal year 1987 
and $0.84 billion underestimate in fiscal years 1987-89). 
An 8.62~percent overestimate in crop year 1986 total demand resulted ir 
a $0.91 billion underestimate of net o!:tla:s in fiscal year 198i and a 
$1.79 billion underestimate over 1987-89. A 34-percent overestimate of 
exports had the largest effect on net outlays ($0.86 billion undertasti- 
mate in fiscal year 1987 and $1.4 billion underestimate in 1987~89). 
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Although the model we used depicts the relationship of the variables to 
each other, the effect of individual errors on outlays cannot be added 
together. For example, the effect of the error in forecasting beginning 
stocks plus the effect of the error in forecasting production exceeds the 
error for total demand. Such individual analysis, however, provides 
information on which variables contribute the most to the error in fore- 
casting net outlays. Furthermore, analysts with program knowledge and 
automation can conduct the analysis by varying multiple input 
variables. 

Although we could not use the AXS process, we did analyze the errors in 
the supply-and-demand data that ASCS used to support the budget esti- 
mates. Our analysis shows that there were large total errors and bias 
errors in several of the critical variables. In table 3.10, we show the 
error and bias measures for the supply-and-demand variables. We have 
grouped the variables by level. For example, the first group contains the 
summary variables, in that total supply less total demand equals ending 
stocks. The second grouping includes components of supply and demand 
that are used to compute total supply or total demand. We include our 
analysis of variables used to forecast component supply and demand 
variables, which we refer to as “input variables.” 

Table 3.10: Total and Bias Error in USDA 
Corn Supply-and-Demand Variables B&SC 
1981-88’ Occurrences in 6 

Variable Error Net Mean vears 
Summarv 

Total supply 8,058 
Total demand 3,135 
Endina stocks 8.201 

(1,082) 
(2,897) 
1.815 

(180) Overestlmate 3 
(483) Overestlmate 5 
303 OverestImate 3 

lnout 
Beglnnlng stocks 
Production 
lmcborts 

2,046 1,292 
6,797 (2,387) 

13 13 

215 UnderestImate 5 
(396) OverestImate 3 

2 Underestimate 3 
Domestic use 
Exports 

1,452 ww 
2,613 (2,613) 

(47) Overestimate 4 

(436) OverestImate 6 

% mllllons of bushels. PosItwe errors are underestimates. 

For the component supply-and-demand variables, the largest total error 
(measured by absolute error) was in the estimates of production, and 
the largest bias error (measured by net error) was in the estimates of 
exports. The forecasting error for production at first appears relatively 
random, because the analysts overestimated production in 3 years and 
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underestimated it in the 3 other years. But considering the net and mean 
error measures, the errors were larger in years analysts overestimated 
than in years they underestimated? 

USDA’S estimates of corn exports were the most consistently biased ( as 
measured by net error and occurrences of error) of all the significant 
corn variables. The analysts each year estimated that more bushels of 
corn would be exported than actually were exported. Unrealized export 
expectations generally resulted in larger domestic surpluses, which 
tended to depress prices and resulted in larger participation in IYDA sup- 
port programs. 

Typically, when production estimates exhibit an overestimation bias, 
budget outlays are also overestimated, because actual surpluses are less 
than forecasted. Thus, the bias toward overestimating production 
appears at first to be inconsistent with the large budget underestimate 
described in previous sections. However, the bias measures were unduly 
influenced by the untypical events of 1984 resulting from a severe 
drought in 1983 and large acreage reductions from farmers’ pat-ticipa- 
tion in the 1983 payment-in-kind program. In table 3.11, we present a 
comparison of the mean error including and excluding 1984. 

Table 3.11: Mean Error in USDA Corn 
Supply-and-Demand Variables 1981-88. Variable 1981-88 1981-86 excfudina 1984 

Summary 
Total supply 
Total demand 
Ending stocks 

Input 
BegInning stocks 
Production 
Imports 
Domestic use 
Exoorts 

(180) 55; 

(483) (39’ 
303 948 ~~ - 

215 3% 

(398) 22’ 
2 2 

(47) 6C 
14361 145’ 

Tn millions of bushels. PosItwe errors are UnderestImates 

Except for 1984, the analysts generally underestimated total supply and 
overestimated total demand, resulting in a fairly large underestlmate of 
ending stocks. The underestimate of supply was composed of untit~resti- 
mates of both beginning stocks and underestimates of product ion The 

‘C’SDA stated that poor weather reduces yields more than the good weather ra~st~ > IC+!- : *[ I\ 
estimates average weather conditions each year, which it says contributes to the OL t-r+-! .I’~.L*- h~*~rl~ 
greater than the underestimates. 
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overestimate of demand comes from a large overestimate of exports, 
which was partially offset by a smaller underestimate of domestic use, 
An underestimate of ending stocks generally means a larger surplus on 
the market than the analysts projected, which ultimately results in 
lower market prices than they expected. With large surpluses, farmers 
are more likely to participate in loan programs, more likely to default on 
previous loans, and receive higher deficiency payments, all increasing 
program outlays. For corn, the variables contributing significantly to 
error in the net outlay forecasts are production, exports, and beginning 
stocks. The errors in beginning stock forecasts generally stem from the 
errors in forecasting components of supply and demand for the prior 
year, since beginning stocks (also the prior year’s ending stocks) are the 
residual of supply and demand. Imports had virtually no effect, and 
domestic consumption had a fairly small effect on the error in net 
outlays. 

Input Variables Several input variables affect the accuracy of the supply-and-demand 
component variables. In table 3.12, we show the error and bias measures 
for harvested acres and harvested yields, which are the input variables 
for the production estimate. We also show the error rate for seasonal 
average price, which is both an input variable and an output of the 
interactions of supply and demand. 

Table 3.12: Error and Biar Meaaures for 
USDA Corn Input Variables 1981-83 Plus Seasonal 
1985-86’ Harvested Harvested average 

Error acresb yieldC price* 
Total 

Absolute (TAE) 7,855 343 32 11 

Mean absolute (MAE) 1,571 69 30 42 
Mean absolute percentage (MAPE) 2.13% 6.32% ‘6 29% 

Base 
- Net (NE) 717 35 3<c 89; 

Mean (ME) 143 27 3<0 18) 
Years costs were overestimated 3 2 3 

=Data are for fiscal years 

bThousands of acres 

%ushels per acre. 

dDollars per bushel 

ePosltwe errors are underestlmates 
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The data cover fiscal years 1981-86 (excluding 1984) and show that the 
analysts came very close in estimating the number of acres of corn that 
would be harvested (0.14 million acres average underestimate in 69.9 
million acres actual average), but they underestimated the average yield 
per acre. An average underestimate of 2.7 bushels yield per acre when 
multiplied by an average of about 70 million acres resulted in a large 
average underestimate of corn production. In addition, the analysts 
overestimated seasonal average price by $0.18 per bushel. 

Benchmarking Corn 
Supply-and-Demand 
Variables 

Benchmarks for supply and demand variables can be based on the com- 
parative performance of similar forecasts made by other forecasters or 
on naive models. Benchmarks can be developed when forecasts are pre- 
pared as verification that differences between the benchmark forecast 
and the forecast made by the normal process are defensible. Bench- 
marks can also be developed after the actual values are known for a 
check on validity. In the following paragraphs, we demonstrate how 
USDA’S forecasts can be compared to both competitive forecasts and fore- 
casts made with naive models. To validate USDA’S process, the compari- 
son should be based on several years’ historical data for both IXDA’S and 
competitive forecasts. However, analysts can also compare their current 
forecasts to forecasts of competitive forecasters or to forecasts made 
with naive models, in order to increase their confidence in the reasona- 
bleness of their forecast. 

To demonstrate the technique of comparing USDA forecast performance 
to competitive private forecast performance, we used data or compari- 
sons from published documents. The forecasts of the private analysts 
are combined by statistical techniques to make comparison forecasts.” 
The USDA data in the comparisons are supply-and-demand forecasts from 
USDA’S monthly World Agricultural Supply and Demand Estimates, 
which USDA uses for budget updates. Comparison of the performance of 
private forecasters to USDA’S supply-and-demand forecasts used for tile 
presidential budget estimates have not routinely been made. because 
USDA does not provide these forecasts to the public and CSDA does not 
make such comparisons. 

Our comparison of USDA forecasts to benchmark forecasts based (m pri- 
vate forecasts of corn supply-and-demand variables shows that both 
USDA and private analysts have difficulty forecasting key suppi> -;md- 

.- 
“Combmations of forecasts are generally more accurate than individual foreczst.~ .h t 0 1 : i .t t \Vln- 
kler and Makridakls. pp. 15047. 
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demand variables. There were no general trends indicating that private 
analysts consistently make more accurate forecasts than USDA analysts. 
However, benchmarks based on the combined forecasts of private fore- 
casters were more accurate than the forecasts made by USDA'S panel. 

Our first source of private forecast benchmarks for USDA supply-and- 
demand variable forecasts is based on forecasts made by members of the 
American Agricultural Economics Association. The individual analysts’ 
input was combined by John Ferris, whose study considered four vari- 
ables (production, exports, ending stocks, and price) that correspond to 
some of the most important variables used to make the ASCS budget fore- 
casts. The comparison of the accuracy of these forecasts to USDA'S is 
shown in table 3.13. USDA'S forecast of each of the corn variables was 
less accurate than the combined forecasts of private forecasters or the 
naive model or both. 

Table 3.13: Comparison of USDA, AAEA, 
and Naive Model Corn Forecast Error’ Naive 

Variable USDA AAEA model6 
Endina stocks 53.9 51.F 70 7 
Production 15.0 14.8c 29 1 
Exoorts 17.1 14.9 132" 

“Root mean squared percentage error. The comparison penod IS 8 years (crop years 1978-85) 
bUses previous year’s actual as the forecast for forthcoming year 
Source: Adapted from John Ferris, “Evaluation of Forecasts from the Annual AAEA Outlook Survey 
presented at the annual meeting of the American Agricultural Economics Assoclatlon, Reno Nevada 
July 1986. 

Our second source of private forecasts for benchmarking was Futures: 
The Journal of Forecasting and Planning, which compared USDA fore- 
casts to those of independent commodity market analysts for the 1985- 
86 crop year. The private analysts made their forecasts just before CSDA 
published its supply and demand forecasts in World Agricultural Supply 
and Demand Estimates. We averaged the Futures analysts individual 
forecasts for May 1985. 

Table 3.14 shows that the combined forecasts of the private forecasters 
were superior for five of the eight variables, including those our sensi- 
tivity analysis has shown to be the most significant variables (produc- 
tion and ending stocks). However, the degree to which the private 
forecasters achieved less error was relatively small. 
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Table 3.14: Comparison of USDA and 
Futures Corn Forecast EnoP Variable 

Supply and demand 

Total supply 

Total demand 

Ending stocks 

Comoonents of supoly and demand 

USDA Future9 ----~ 

13 9% 132 
I9 31 (13 2 
51 5 50 G 

Begmnlng stocks 28 3 24 - 
ProductIon it 2 :1c 
Domestlc demand I2 5) !O 9 

Exports --138 8, ~5C E 

aError IS percent of actual The comparison period IS 1 year Posltlve errors are unoerestlrra!es 
” How USDA Challengers‘ Did In Wheat,” Futures, September 1986. p 78 
‘The more accurate of the two forecasts. 

Both the AAEA survey and the Futures study show that LXDA and private 
analysts have difficulty in forecasting the supply-and-demand variables 
considered here. No general trends indicate that private analysts make 
more-accurate forecasts than the USDA analysts. However, for several 
variables, a combined forecast of private analysts was more accurate 
than the forecast made by USDA. 

Recapitulation The largest errors in the USDA budget estimates occurred in the corn 
budget. In fact, the corn budget estimates contained about $25 1 billion, 
or about half, the total error in the USDA commodity budget estimates in 
fiscal years 1981-86. 

The corn budget estimates were biased toward underestimatmg the level 
of spending required to support the corn commodity program. The ana- 
lysts underestimated corn program spending by an average t)f 52 1 bil- 
lion each year. The estimates were below the actual outlays m 4 of the 6 
years. USDA’S corn budget estimates contained less total error but had 
more bias than a simple naive forecast used as a benchmark. 

Most of the forecasts of the cost of significant individual program provi- 
sions were in error and were biased toward underestimation .\hc )tlt 66 
percent of the error in the corn budget estimate was contamed III T he 
estimate of net lending outlays. This one category for the corn ( ( jmmod- 
ity made up about one third of the total error for all ccc comrnt rl~ft 
programs ($16.7 billion of the fiscal year 1981436 total error. L\ hlch was 
$52 billion). The second largest error was in deficiency pa>.mc*nr z \~hert~ 
the total error was $5.2 billion. The total error of the 10 ot htar S St t t$orie\ 
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amounts to $3.2 billion. The supply-and-demand variables that contrib- 
uted significantly to the errors in the corn budget forecasts were the 
interagency corn-.odity estimates committees’ estimates of production, 
exports, and enalllg stock levels. 

L’SDA’S estimates of corn exports were the most consistently biased of the 
important corn variables. The analysts each year estimated that more 
bushels of corn would be exported than actually were exported. Except 
for 1984, the analysts generally underestimated supply and overesti- 
mated demand, producing a fairly large underestimate of ending stocks. 
This means that there was generally a larger surplus on the market than 
the analysts projected and that market prices were lower than they 
expected. With lower market prices, farmers are more likely to partici- 
pate in loan programs, more likely to default on previous loans, and 
receive higher deficiency payments. All these factors increase program 
outlays. 

Analysis of two benchmark forecasts produced by private forecasters 
shows that combined private forecasts had lower errors than L-SDA in 
several key variables such as production and ending stocks. However, 
USDA did better than the combined forecasts of private analysts on three 
of eight variables. The private analysts and USDA analysts both had dif- 
ficulty forecasting the key corn supply-and-demand variables. 

Wheat Budget Error, The wheat budget and its components make up the second largest com- 

Bias, and Key 
Variables 

ponent of error in the USDA commodity budget forecasts, accounting for 
about $9.05 billion, or 18 percent, of the total error during fiscal years 
1981-86.1° USDA’S wheat budget estimates and several of its important 
components were biased toward underestimation. USDA’S forecasts 
exhibited larger total error and bias error than did a simple naive model. 
The analysts underestimated the wheat budget net outlays in each of 
the 6 years by an average of $1.5 1 billion each year. 

USDA’S wheat budget estimates, in comparison to a naive forecast, had a 
higher total error, a higher bias error, and higher percentage errors over 
the 6-year period. 

“‘We analyzed the error and bias in USDA’s wheat budget estimates and underlying forw;lsr. ~ls~ng 
the same measures and methodology presented in our discussion of the corn budget estlmtitt’s ftw 
analysis here is presented in more detail in appendix V. 
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The largest total errors in the wheat budget estimates occurred in the 
estimates of net lending ($4.74 billion) and deficiency payments ( $3.01 
billion). USDA generally forecast that spending would be less than it actu- 
ally was. 

Most of the important supply-and-demand variables that influenced the 
wheat budget and component cost estimates were the interagency com- 
modity estimates committees’ estimates of production and exports, and 
the residual components of beginning and ending stocks. The underesti- 
mate of total supply was composed about equally of underestimates of 
production and beginning stocks. Errors in the estimates of exports and 
domestic consumption tended to offset each other, resulting in fairly 
accurate estimates of total demand. In effect, errors in production and 
export forecasts were especially important. However, errors in the 
wheat variable forecasts are smaller and more nearly random than 
errors in the corn variables. 

Private forecasters responding to a Futures survey made better fore- 
casts, on the average, than USDA did for the wheat production and 
domestic use variables for 1986. In general, the USDA analysts achieved 
lower error percentages than the combined private forecasters on price, 
exports, and ending stocks. 

Using the AAEA survey that compared USDA forecasts to a naive model 
and to private forecasts for crop years 1978-85, USDA forecasts for three 
key wheat variables (production, exports, and price) were more accu- 
rate than either the AAEA survey or the naive model. The XAEA forecast- 
ers, on the average, made a better forecast of ending stocks. 

Dairy Budget Error, 
Bias, and Key 
Variables 

The dairy budget and its components make up the third largest c.ompo- 
nent of error in the USDA commodity budget forecasts, accounting for 
$5.8 billion, or about 11 percent, of the total error during fiscal year> 
1981-86.” USDA’S dairy budget estimate and its most important c’cjmpo- 
nent exhibited a bias toward underestimation. In addition. the I <[)A 
dairy budget estimate had higher total error and more bias than ,L 5implt 
naive model. Over the 6-year period, the analysts not only underesti- 
mated dairy program spending by an average of almost % 1 billion each 
year; they also underestimated the budget in each of the 6 year\ 

“The detailed analysis of the dairy budget total error, total bias, and key vanable- . f II ‘. B-II\ \ ; 
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The naive estimate had a slightly lower total error and a consldcrabl!, 
lower bias error than the LTSDA forecast over the 6-year period. This indi- 
cates that the I’SDA error was more biased than the naive forrc.asr. lloiv- 
ever, both forecasts contained large errors. 

The most important component in the dairy budget estimate is the casti- 
mate of spending required to support the purchase of surplus dairy 
products, which is the primary mechanism of the dairy program. This 
component makes up about 93 percent of the error in the dairy blldget 
estimates. The analysts underestimated dairy purchase spending each 
year. The average underestimate was $0.91 billion. 

The key variables for estimating dairy net outlays and component costs 
are the interagency commodity estimates committees’ estimates of pro- 
duction and commercial use, which determine ccc net removals. The 
errors in forecasts of production and net removals were biased toLvard 
underestimation. Most of the error in the estimate of net removals can 
be directly traced to the error in dairy production. The forecasts oi corn- 
mercial use had a slight bias toward overestimation. This tended to com- 
pound the error of underestimating production. Considerably more 
dairy products were produced than expected while somewhat less of the 
dairy products were used commercially than expected. This resulted m 
the government’s purchasing a larger surplus. 

Summary In answering the questions for this chapter, we used measurements on 
single forecast error, total error, bias error, sensitivity analysis. :md 
comparison to benchmark forecasts. 

USDA’S commodity budget estimates included large errors in most b.t’:trs. 
The total error averages more than $4 billion each year for the 15-ytlar 
period 1972-86. The total absolute error over the 15-year period w;tb 
$64.1 billion. Eighty-one percent of the absolute error, $52 billion. 
occurred during the 6-year period 1981-86, when net outlays also +nif- 
icantly increased. 

In general, the errors in the estimates were underestimates. I -SIA 11~r1~1ly 
estimated that the commodity programs wol;ld cost considerably Itbss 
($3.1 billion on the average) than they actually cost. USDA undert+r I- 
mated the net outlays in 10 of the 15 years. The estimates made t‘c 11’ r he 
president’s budget did not generally provide reliable informat 1( HI I ( I 
policymakers in either the administration or the Congress aborlr I ha I IYI~’ 
costs of the CCC commodity programs. 
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The corn, wheat, and dairy components represent 63 percent of the total 
USDA commodity budget outlays and 77 percent of the error in the com- 
modity budget estimates over the period 1981-86. 

The largest errors in USDA’S budget estimating occurred in the corn 
budget. The estimates contained large errors and were generally biased 
toward underestimation. The important forecasts of component costs 
were in error and were biased toward underestimation. Over the B-year 
period, the analysts underestimated corn program spending by an aver- 
age of $2.4 billion each year. The absolute error for the 6-year period 
was $25.1 billion. USDA’S corn budget estimates contained less total error 
but were more biased than a simple naive forecast used as a benchmark. 
About 66 percent of the error in the corn budget estimate is contained in 
the estimate of net lending. This one category for one commodity makes 
up nearly one third of the total error for all CCC commodity programs 
($16.7 billion of the total $52 billion error). 

The wheat budget and its components make up the second largest com- 
ponent of error in the USDA commodity budget forecasts, accounting for 
about 18 percent of the absolute dollar error during fiscal years 1981- 
86. The budget estimates and several of the important components were 
biased toward underestimation. 

Over the 6-year period, the analysts underestimated wheat program 
spending by an average of $1.51 billion each year. The absolute dollar 
error for the 6-year period was $9.05 billion. USDA’S forecasts exhibited 
larger error and bias than did a simple naive model. As with the corn 
budget, the largest single component of error in the wheat budget is con- 
tained in the estimate of net lending. 

The dairy budget makes up the third largest component of error in the 
USDA commodity budget forecasts, accounting for about 11 percent of 
the absolute dollar error during fiscal years 1981-86. The budget estl- 
mates and the most important component were biased toward 
underestimation. 

Over the 6-year period, the analysts underestimated dairy program 
spending by an average of almost $1 billion each year. They underesti- 
mated the budget in each of the 6 years. USDA’S dairy budget estimate 
had a higher error and more bias than a simple naive model. The most 
important contributor to error-about 93 percent of the error-m the 
dairy budget estimate was the estimate of spending required to support 
the purchase of surplus dairy products. 
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Table 3.1,5 recapitulates the total error and bias error measures for the 
corn, wheat, and dairy commodities and the total ccc commodity budget 
over fiscal years 1981-86. The data show that the largest dollar errors 
and percentage errors were in the corn budget estimates. 

Table 3.15: Error and Bias Measures by 
USDA Commodity 1981-86’ Error 

Total 

Absolute (TAE) 

Mean absolute (MAE) 
Mean absolute percentage (MAPE) 

Root mean squared percentage 
(RMSPE) 

&as 

Net (NE) 

Mean (ME) 
Years costs were underestlmated 

Corn Wheat Dairy All 

$25 1 $9 1 $5 8 852 3 
$4 2 $1 5 $1 0 88 7 

154.1% 50.79/o 48 5% 65 PC 

107 1% 58 3% 53 3% 67 9% 

$14 5 $9.1 $5 a 541 7 

$2.4 $1.5 $1 0 37 0 
4 6 6 .5 

‘?3ollars are for fiscal years In blhons Positive errors are underestimates 

‘Number of years underestlmated 

For corn and wheat, the variables contributing most significantly to the 
errors in the forecasts were production, exports, and the residual begin- 
ning and ending stocks; for dairy, the most important variables were 
production, commercial use, and the residual net removals. 

USDA’S estimates of corn exports were the most consistently biased of the 
important corn variables. Each year, the analysts estimated that more 
bushels of corn would be exported than actually were exported. Except 
for 1984 data, the analysts generally underestimated production and 
overestimated exports and, therefore, produced a fairly large underestl- 
mate of ending stocks. This means that there was generally a larger stir- 
plus on the market than the analysts projected and lower market prices 
than they expected. With lower market prices, farmers are more likeI> 
to participate in loan programs, default on previous loans, and receive 
higher deficiency payments, all of which increase program outlays. Sim- 
ilar but smaller and less biased errors were made in the wheat variable 
estimates. In addition, USDA analysts generally underestimated dalr> 
production and overestimated the commemizl lise of dairy products. 
which resulted in an underestimate of the amount of dairy producbrs I he 
government purchased to support dairy prices. 
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Our analysis of two benchmark forecasts produced by private forecast- 
ers showed that USDA and private analysts had difficulty forecasting the 
key corn and wheat supply-and-demand variables. In addition, both 
groups had more difficulty forecasting corn than wheat. No general 
trends indicated that private analysts made more accurate forecasts 
than the USDA analysts. There were, however, several variables for 
which a combined forecast of private analysts was more accurate than 
the forecast made by USDA, particularly for corn. The analysis demon- 
strates that USDA could use private forecasts to develop benchmarks for 
comparison. 
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The CSDA commodity budget forecasting process requires that the cwntri- 
butions of a great number of analysts and officials be coordinated ;md 
that many components be integrated with one another. The proct’ss also 
spans several organizations within I’SDA and depends on specific indi\,id- 
uals and groups that have program responsibility and on other individu- 
als and agencies whose responsibilities are primarily technical OI 
involve research. And although each part of the process is based on rela- 
tively straightforward analysis, the great number of components being 
forecast, contributors to the process, and variables that affect acc.urac> 
all make commodity budget forecasting a complex undertaking. Thus. it 
is important that the management of the forecasting process be based on 
sound practices. The three questions for this chapter are 

l What are the methodological problems in USDA’S budget forecasting 
techniques? 

. What are the problems in coordination and communication between 
decisionmakers and analysts? 

l To what extent does USDA have adequate quality controls for ensuring 
the accuracy of forecasts? 

Management Practices Research has found the following to be important in managing a fore- casting process , 

Evaluation of forecast methodology. The appropriateness of I KM’S t’c jre- 
cast methodology can be determined in two ways. One is to venfy T hat 
the methods accurately reflect the relationships of the provisions of the 
commodity programs to such factors as farmers’ participation. market 
prices, and supply and demand. The other is to evaluate the forcc.ast 
results by measuring historical accuracy and by comparing r hem t ( ) 
results from other methods. 

Data management. An evaluation of data management determines 
whether the input data used for forecasting are accurate and \vhcar hc,r 

‘U.S. General Accounting Office, Guidelines for Model Evaluation, GAO/PAD79- 17 1 \\‘.L*I ,: 
DC.: 1979); S. I. Gass, Computer Model Documentation: A Review and an Approach I XL+ r 
D.C.: Lr’.S. Government Printing 
makers and Planners (Baltimore: Johns Hopkins University Press, 1978); J. Scott Armor rl $I’.: 
RangeFor----.,. ..-. -.~-~.~~~.~~ ~~ .erastinc: From Crvstal Ball to Computer, 2nd ed. (New York: John Wiley and h 81 . 
Stuart Bretschneider. “Forecasting: Som e New Realities,” Metropolitan Studies Prr)yr;urr *I. 
University, New York, December i985; Office of Management &d Budget, StatistIcal 1’1 JI I$ 1 
on Compilation, Release, and Evaluation of Principal Federal Econonuc Indicators ( LV.L+ I : 
1985). 
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there are stored records of forecasts, special events or actions, and thei! 
effects on the historical data. 

Documentation and reporting. The adequacy of forecast documentation 
and reporting is assessed by checking to see if the documentation on 
methodology supports the user’s needs. The forecasting process should 
be documented so that the results can be replicated for evaluation. The 
forecast results should disclose the assumptions and limitations of the 
methodology, and they should contain measures of uncertainty or 
ranges to explain the expected accuracy. 

Support structure. Forecast support structures are necessary so that 
responsible officials can adequately manage the forecast design, data, 
documentation, and evaluation functions. 

In the following sections, we comment on USIN’s use of these forecastin 
practices. We did not systematically evaluate all aspects of USDA'S 

processes. For example, we did not verify that its forecast methods 
accurately reflect actual conditions. 

When OMB and CEKI make general evaluations of budget accuracy, they 
group the causes for misestimates into three assumption categories: 

1. economic. Budget estimates may prove inaccurate if the economic 
assumptions they are based on are not borne out. 

2. program. Unanticipated actions by the Congress or an agency can 
change a program and invalidate the assumptions the forecast was 
based on. 

3. technical. Some differences between forecasted and actual amounts 
are the result of imprecise forecasting methods or difficulty in predict- 
ing the effect of weather on production, how farmers will react to pro- 
gram changes, and so on. 

We used these categories because they apply logically to the I 'SDA budg 
process and can generally be compared to USDA’S forecasting methods 
and areas of responsibility for pzttjng the budget together. 
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The Uncertain Effect It is not clear to what extent errors in OMH’S forecasts of the 17.S. econ- 

of Economic 
Assumptions 

omy affect LXDA’S annual budget estimate for the commodity programs. 
Some T:SDA officials we talked to said that misestimates of 
macroeconomic variables are a major contributor to the errors in c*om- 
modity budget estimates, but others believe the misestimates have only 
a minor effect. After reviewing several macroeconomic forecasts 
(including those made by OMB and CBO) for the 6 years ending 19%. L\Y 
concluded that OMB'S economic forecasts over this period, while not the 
most accurate, were not significantly worse than alternatives available. 
But since the macroeconomic forecasts are not a direct input to forecast 
computations, we could not evaluate the extent to which LXDA analysts 
properly considered OMB’S economic forecasts in making the component 
forecasts of the commodity budget estimate. 

We found that I'SDA had not performed any evaluation to determine the 
extent to which economic assumptions account for the misestimates in 
the commodity budget estimates. If USDA had followed the practices ive 
described above, the analysts would have created a documented proce- 
dure for using economic projections, stored OMB'S forecasts and the 
actual values for evaluation, and evaluated the extent to which error in 
the economic forecasts caused the errors in the budget estimates. 

When we asked ERS about the effect of errors in economic assumptions 
on USDA'S annual budget estimates, ERS did a study, which it completed 
in November 1986, that shows macroeconomic forecast errors are not 
likely to be more than a minor contributor to error in the president’s 
budget estimate. 

In summary, USDA does not routinely conduct evaluations to show the 
extent to which errors in OMB'S macroeconomic forecasts are causing 
USDA to misestimate its commodity budget. Although the domestic and 

_ foreign economies are closely linked to the farm economy and to the cost 
of the commodity programs, errors in economic forecasts have little 
effect on the annual budget estimates, according to limited evaluation 
by USDA. Determining the effect that changes in the economy have on the 
cost of the commodity programs is a necessary component of error rt!so- 
lution, yet the lack of documented forecasting methods and of stored 
data make it difficult to evaluate these relationships. 

2G.S. General Accounting Office, ‘.Budget Reductions for FY 86.” 5 1 Fed. Reg. 2847 ( l!W~ 

Page 61 GA0~PEMD423-8 The Accuracy of USDA’s Commodity Budget k.~,rr, A-I* 



chapter 4 
Managing the Forecasting Process 

Program Changes 
That Cause Forecast 
Error 

The analysts who estimate the net outlays for the budget assume that 
policymakers will implement the programs as they are described in the 
program assumptions. According to Ascher, assumptions represent a 
forecaster’s basic outlook on how to develop a specific forecasted trend 
and are a major determinant of forecast accuracy.:’ 

The budget is based on at least three types of program assumptions, an 
USDA'S assistant secretary for economics, undersecretary for interna- 
tional affairs and commodity programs, and OMB review and approve 
them: 

1. A few implementation strategies are set by legislation. 

2. Some discretionary provisions, such as loan rates, are announced 
before the budget estimate is made. 

3. The secretary has discretionary authority for some provisions whose 
use the secretary might not announce before the president’s budget esti 
mate is prepared. For example, in most years the secretary can make 
portions of the deficiency payments when a farmer signs up for the prc 
gram instead of when the crop is harvested. If payments are thus made 
outlays are made in an earlier fiscal year. 

Some significant errors we identified in chapter 3 resulted because the 
programs were implemented differently than described in the program 
assumptions provided to the analysts. USDA had not determined the 
extent to which variances between the program assumptions and actuai 
program implementation accounted for errors in the budget estimates. 
However, we identified the following examples by tracing some of the 
errors to the program changes. We made an analysis of fiscal years 
1982, 1985, and 1986 to develop information on causes for error. We 
relied on interviews with analysts and their working documents for 
these years. 

Corn. In fiscal years 1986 and 1986, USDA management instructed the 
analysts to base the budget estimates on the assumption that advance 
deficiency payments would not be made. After the budget estimates 
were published, the secretary announced that deficiency payments 
would be made in advance. This excluded portions of the deficiency pa 
ments from the president’s budget estimate for both years. .XSY undere 
timated deficiency payments by $2.0 billion in 1985. The program 

.-.- 
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change was the direct cause of $1.2 billion of the error. In 1986, S 1.3 
billion of the $1.9 billion deficiency payment underestimate occurred 
because CSDA management decided to advance deficiency payments after 
the budget estimate was made. 

Wheat. Two program changes contributed to errors in ASCS’S wheat out- 
lay estimates. USDA underestimated wheat outlays by $2.2 billion in fis- 
cal year 1985. The budget estimate for fiscal year 1985 includes outlays 
for parts of wheat marketing years 1984 and 1985. After USDA published 
the initial budget estimate, the Congress and USDA changed the wheat 
program to make it more attractive to farmers. The increased benefits 
resulted in higher-than-anticipated program participation for both mar- 
keting years. As a result, USDA underestimated the fiscal year 198.5 loan 
program outlays by $0.9 billion and underestimated diversion payments 
by $0.7 billion. USDA also advanced wheat deficiency payments after 
basing the 1985 and 1986 budgets on the assumption that payments 
would not be advanced. This resulted in a $1.4 billion underestimate in 
deficiency payments. 

Dairy. The 1985 farm bill added two outlay items (the “whole herd buy 
out” and the purchase of red meat) to the 1986 dairy budget. Because 
the farm bill was not passed until December 1985, these items could not 
have been estimated when USDA made the first forecast for the presi- 
dent’s budget in January 1985. The analysts added these line items to 
the budget updates in January 1986. These program changes added 50.7 
billion to the 1986 dairy program outlays. 

We did not include fiscal year 1983 in our review of forecast accuracy in 
chapter 3, because the program was so dramatically different then from 
other years that we did not believe we could relate the events to errors. 
However, implementation of the payment-in-kind program is another 
example of the program’s being implemented differently than assumed 
for the president’s budget estimate. The secretary administratively 
implemented a payment-in-kind program in January 1983 to reduce pro- 
duction and stock surpluses and increase farmers’ net cash incomes. 

USDA estimated for the president’s budget that the commodity programs 
would cost $6.7 billion for fiscal year 1983, but actual outlays were 
$18.8 billion. USDA contends that without the payment-in-kind program. 
which paid farmers with gram instead of cash, outlays would have been 
higher. We reported in September 1985 that USDA used about $9.1 brlhon 
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in ccc-owned commodities in lieu of cash to make payments to farmers. 
Because the secretary’s implementation of the program so radically 
changed the commodity program, we recommended that the Congress 
consider limiting the secretary’s authority to initiate programs such as 
the payment-in-kind program without specific congressional approval. 

In summary, significant portions of the error can be associated with 
changes made to a program after the president’s budget estimate was 
submitted. For example, we identified $6.2 billion in misestimates 
(excluding 1983) that resulted from program changes by the secretary 
or the Congress. However, USDA has not routinely evaluated the extent 
to which such changes affected budget forecast errors. 

If USDA followed recommended forecasting principles, it would have a 
stored record of assumptions and implementation strategies, and it 
would be able to evaluate the extent to which variances account for 
errors in the budget estimates. However, it does not have such a data 
base and does not routinely make such evaluations. USDA maintains a 
record of some of the program assumptions in the ccc estimates book, 
which documents the assumptions about the current crop year but doe! 
not show the assumptions for future crop years. We had to obtain some 
of the information from analysts and their working documents. 

Forecasting experts also recommend providing policymakers with a 
range of forecasts, depending on how a program is implemented. I-SDA 
officials said they do not provide this information to the Congress for 
budget estimates because the congressional policymakers are interested 
only in a “best estimate” of the cost. 

USDA does estimate the alternative cost of some program provisions for 
which the secretary has discretion and provides the information in regl 
latory impact statements. But these analyses generally show only the 
expected cost differences among the options, without showing the tota 
cost of the provision. 

%.S. General Accounting Office, 1983 Payment-in-Kind Program Overview Its 1 S-W : w I. m: .~ 
Cost. GAO/RCED-&89 (Washington, D.C.: September 25, 1986). 
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Weaknesses in the Forecast analysts use methods ranging from expert judgment to (‘om- 

Management of 
puter analysis that reflects the mathematical relationships of thc~ L’;K- 
ables to one another. L3D.A.s major forecasting processes for b\ltigtbt 

Forecasting Processes preparation are supply-and-demand estimates, program volumt~ ;~t~(i r’o$t 
estimates, and the budget estimates for individual commodities iitld t tlcb 
overall commodity budget. These processes are under the Li’orld .Igr- 
cultural Outlook Board, ASCS commodity analysis division. and tht> ! >I).\ 
and MCS budget divisions, respectively. 

The commodity analysis staff provide the budget staff with fort‘caasted 
net outlays for each program provision for each commodity. Since this 
represents the majority of the forecast outlays, we did not review the 
method that the budget staff used to put the results into budget t’ormat. 

We recognize that when many different factors such as weather, farm- 
ers’ participation, and domestic and world economic conditions hL1x.e a 
bearing on the trend being forecasted, forecast accuracy becomes prob- 
lematic. However, Ascher points to the plausible connections bt~t\~f~t~n 
accuracy and the characteristics of a forecasting technique or of t’ore- 
casters and their behavior.’ We believe that when forecast errors 
exceeding benchmark levels are isolated, and component forecasts that 
include bias are systematically identified, evaluators can associate t htb 
forecast errors with specific methodologies or individual forecastt>rs As 
a result, management knows where to allocate resources to try to 
improve accuracy. 

We generally did not question the type of forecast methodology I ‘11.1 
analysts and officials chose to use. However, according to Bretschnt~ltltlr. 
after a methodology is chosen, good practices should be followed t ( ) 
ensure that the results are timely, accurate, and appropriate at a mm- 
mum cost.” 

Evaluation of Forecast 
Methodology and Results 

Supply and Demand According to a 1978 memo establishing the interagency commcxilt > I-~ I- 
mates committees, the chair of WAOR is charged with reviewing ;II\II 

‘Xscher. p. 8 

“Bretschnelder. p 15 
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approving the estimates and supporting analyses from participating 
agencies in order to develop official USDA estimates for program plan- 
ning, budgeting, and evaluating present or proposed programs. In prac- 
tice, however, the chair only reviews and approves forecasts published 
in the World Agricultural Supply and Demand Estimates report. These 
published short-term estimates, which cover the current crop or market- 
ing year, are used by farmers and private industry to make plans, 
including decisions on whether to participate in the federal commodity 
programs for the coming crop year. The published estimates are not 
available when ASS prepares the president’s budget in November and 
December. However, ASCS generally uses the approved estimates for 
budget updates. 

Forecast methodologies similar to the committees’ forecast methodology 
are described in the literature as a panel or round-table process. Levin 
found that a panel process using several experts can arrive at a better 
forecast than can one person.7 In this regard, USDA’S organizations have 
placed priority on assigning to the committees highly qualified analysts 
with the necessary program knowledge. 

Levin found that unless a panel is properly structured, the forecasts 
may not be as accurate and unbiased as possible. In other research, 
Ascher found that forecast accuracy is affected by the goals and objec- 
tives of the forecaster’s institutional base and training.* In chapter 3. we 
showed that some forecasts made by USDA committees have higher total 
error and bias error than those of private forecasters. For example, 
USDA'S total error rates for forecasts of corn production and ending 
stocks are higher than those of competitive forecasts, and the commit- 
tees overestimated corn exports in 6 of the last 6 years. 

We compared the committee process to the research by the forecasting 
experts we cited above and identified the following weaknesses with the 
forecast methodology that the committees use to forecast supply-and 
demand variables. 

1. No validation of forecast methods. Neither the interagency commod- 
ity estimates committee nor wAoB systematically or formally compare 
their forecasts to benchmarks. EIenchmarks could include consensus 
forecasts of private analysts or naive models. 

‘Richard L. Levin et al., Quantitative Approaches to Management (New York: McGraw-ll~ll I!WJ. 

‘Axher. pp. 12-13. 
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Program Volume and Cost 
Estimates 

2. ,Methods may contribute to bias error. Forecasts made by panels are 
sometimes influenced by such factors as persuasion by the member with 
the greatest supposed authority or loudest voice, reluctance to abandon 
previous positions, and the “bandwagon” effect. The interagency pro- 
cess does not preclude one member from biasing the forecasts, and some 
forecasters have an institutional bias because they represent groups 
responsible for program implementation. 

3. Minimal error resolution process. WAOB has started making accuracy 
studies of its published forecasts used for budget updates, but it does 
not relate the occurrence of excessive error and bias to aspects of the 
forecasting process or to individual forecasters in order to improve the 
process. The committees have not systematically reviewed the accuracy 
of the supply-and-demand estimates made for the president’s budget 
estimates. 

The forecast methodology that the commodity analysis division uses to 
estimate program volume and net outlays relies on the expertise of the 
individual analysts. Their forecasts depend on accurate inputs of pro- 
gram assumptions and supply-and-demand forecasts, but having accu- 
rate input data does not ensure that an estimate of net outlays will be 
accurate, if the interactions of the variables are not properly specified in 
the forecast methodology. The commodity analysis division has not fol- 
lowed some of the practices recommended by forecast experts. 

1. There is no standard methodology. Each commodity analysis division 
analyst who prepares forecasts of program volume and program cost for 
a commodity develops and maintains an individual forecast methodoi- 
ogy. The agency relies on the professional expertise of the analysts to 
ensure that the forecast methodology is appropriate and correct. 

2. Automation is limited. The extent to which these processes are auto- 
mated varied with the commodity. The analysts for corn and wheat 
have automated portions of their forecasting process on a microcom- 
puter, but the models cannot be run without the judgments of the ana- 
lysts. The dairy analyst does not use a computer model. 

3. Methodologies are insufficiently validated. ‘I’he analysts told us the) 
veWify and validate the model to their satisfaction, but the foreca.5t 
methodologies are not subjected to outside review. 
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4. Sensitivity analysis is not used to identify the variables contributing 
the most to the errors. Although the analysts are frequently aware of 
the most important variables, they told us that they do not use sensitiv- 
ity analysis to systematically identify the variables that should receive 
the greatest scrutiny during estimation. 

5. No formal use of benchmarks is made. The analysts said they com- 
pare their forecast results to other methods when possible, but there is 
no record of their comparisons. The analysts do not construct naive 
models to compare to their forecasts. 

6. No systematic error resolution process has been developed. The ana- 
lysts told us they do general evaluations to determine why forecasts are 
inaccurate when managers request such studies and to provide input to 
the budget reconciliation studies, but there is no systematic comparison 
of the forecasts to actual values. 

In summary, the commodity analysis division methodology uses the 
expertise of forecast analysts who have a good understanding of the 
commodity programs, and the division has initiated efforts toward auto- 
mation. But without validated procedures and the use of an automated 
model, it is impossible to determine the extent to which budget errors 
were caused by the errors in supply-and-demand forecasts, in program 
assumptions, or in the forecast method. Furthermore, it is difficult to 
conduct sensitivity analysis with historical error rates. 

Evaluation of Data 
Management 

Data associated with a forecasting process include the input data, the 
forecast results, and information explaining historical events or actions 
that describe input data or that influenced prior forecasts. The major 
weakness of forecasting, according to Bretschneider, is that the world 
sometimes changes in unexpected ways.g Special events directly influ- 
ence the development and use of forecasting data, but often no adequ lte 
records are maintained. Bretschneider proposes standards for data man- 
agement to ensure that the lessons of history are available. Along this 
line, Bretschneider recommends that the analyst and agency store and 
maintain forecasts, as one would store and maintain data, and maintain 
records of special events or actions, including estimates of their effects 
on the historical data maintained for use in building a forecasting 

“Bretschneider, p. 17. 
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model.“’ However, recommended forecasting processes have not been 
followed, as shown in the following examples. 

1. There is no record of input data. Committee analysts consider pro- 
gram assumptions, economic assumptions, yield trends, and other perti- 
nent data in developing their input for the committee meetings. \Ve 
could not review either the process they used in developing input or the 
input data, because the committees do not document its members’ input. 
Therefore, the analysts are not accountable for their individual fore- 
casts and it is not possible to relate errors to input data. 

2. There is no record of special events. Neither the committees nor the 
commodity analysis division documents the extraordinary events that 
affect the input data or the forecast results. An events register could 
describe the effects of droughts, program changes, or political events 
such as embargoes. In our error resolution analysis, we could rely only 
on what the analysts remembered. With analyst turnover, the ability to 
reconstruct these events and use them to improve future forecasts IS 
lost. 

3. There are only limited records of historical forecasts. The committees 
do not publish or maintain a record of the supply-and-demand forttz~s 
they make for the president’s budget. The only record of these forecasts 
is the ccc estimates book, maintained by the MCS budget division. N-e 
could not trace these estimates to the committees process. 

4. There is inconsistent use of input data. The ASCS analysts generall>~ 
use the World Agricultural Supply and Demand Estimates for b\lciwt 
revisions. However, we compared the supply-and-demand estim;itc+ 
used in making the midsession budget update to its estimates for (‘rlq) 
years 1980-86 and found frequent instances in which the analysts ci~ti 
not use the official forecasts. There was no record documenting t hti rt’;i- 
sons for this. 

Evaluation of 
Documentation and 
Reporting 

The fact that individual components of the forecast methodolog) (14 I not 
meet best practices in documentation can mean that systematic, (a\ ‘I~II;I- 
tion is precluded, replicating the process is difficult, and knovvl~~dtic~ I\ 
lost when employees leave. If the forecast results do not discloscb 

“‘A method for developing an events register is discussed by W. L. Gorr. “L’se of S;lr*q :.fi * a’ .I 
in Government Information Systems,” Public AdministratIon Review, 46 (November I **’ 
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assumptions and limitations and show measures of uncertainty, the data 
have limited value for users in their decisionmaking. 

1. The methodology the committees use is not documented. 

2. The commodity analysis division’s methods are not documented. 
Neither the input data and judgments nor the forecast methodology 
were documented for prior years’ forecasts for the three commodities. 
Furthermore, the corn and wheat analysts have not saved copies of the 
computer models used in prior years. 

3. The committees do not develop forecast ranges based on historical 
accuracy for supply-and-demand to inform users of the limitations of 
the forecasts. 

4. The commodity analysis division does not develop forecast ranges 
based on either supply-and-demand uncertainty or alternative program 
implementation strategies. 

Validating that the process accurately forecasts what will happen when 
payments are actually made is further complicated because USDA does 
not develop financial reports showing the total outlays by crop year.” In 
other words, the program is authorized by the Congress and imple- 
mented by the secretary from the cost and benefits for a crop year or a 
marketing year. However, after the analysts make the forecasts with 
crop year forecasts on supply and demand and program provisions and 
convert the information to a fiscal year basis, most financial tracking is 
by fiscal year. Some direct payments, such as deficiency payments, are 
tracked by crop year. 

The analysts must forecast the fiscal year the payments will be made. 
For most provisions, most of the payments are made in the fiscal year 
following the crop year. But portions of an entitlement may be made 
over several years. Historical data are not readily available for review- 
ing the validity of the cost by crop year or for informing policymakers 
how much the program they authorized for a specific year actually cost. 

’ ‘The projected cost by crop year or marketing year of the commodity programs that the w rr’tary 
plans to implement is shown in regulatory impact statements published in the Federal Krglstrr Some- 
times this information shows the comparative costs of optional provisions but does not \hl~ r he total 
expected cc&s. Actual net outlays are not tracked in a way that a comparison can be made* tar wcyn 
the regulatory impact statements and the fiicial statements. 
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Evaluation of Support 
Structure 

Forecasting the LXDA commodity budget requires that many disparate 
functions work together to produce an estimate of the cost of programs 
that several groups have responsibility for managing. It does not ~cm 
reasonable that all the knowledge and processes required to dtvclop t ht 
budget could ever be assigned to one management structure. Houever. 
we could not find any description of all the components of budget fore- 
casting. and the accountability for the components was spread among so 
many different officials that none seemed to be quite sure how process 
weaknesses or errors in components affected the budget estimate. 

Although L-SDA recognizes that it has had accuracy problems with the 
budget estimates, no one management structure could act to see that 
improvements are made. IXDA has corrected some weaknesses. It estab- 
lished and assigned responsibilities to WAOB. But as we discussed earlier, 
USDA policymakers have not made it clear whether the chair has any 
responsibility for the supply-and-demand estimates used for the presi- 
dent’s budget. And in practice, the chair has not exercised such respon- 
sibility, either in approving the estimates or in ensuring that .M‘S use 
the estimates dtveloped by the interagency process. 

Weaknesses That 
Limit Communication 

Since no one management structure directs the many components. the 
quality of the budget forecast is highly dependent on the coordination 
and communication of the responsible analysts and officials. The man- 
agement structure responsible for the forecast components is spread 
throughout various groups in USDA. CSDA does not have documentation 
describing the process or identifying the analysts and officials accounta- 
ble for the results and responsible for overseeing the quality and coordi- 
nation of the many parts of the process. 

We observed uncertainty in how economic forecasts are used in budget 
forecasting, lack of accountability and structure in the committetl p;mel 

’ processes, different controls on approving supply-and-demand estimates 
for publication and for budget estimates, and lack of consistency and 
automation among the processes used for program volume estimalcs In 
addition, policy changes made after estimates are made can have a \ly- 
nificant effect on the accuracy of the budget estimates. 

Because much of CSDA’S forecast methodology is not documented anti 
cannot be replicated, USDA management is limited in its ability to 4~;It-l~ 
the strengths of its forecasting processes with other analysts and III 
evaluating the quality of forecasts. Decisionmakers are also limltt4 
because they are not always advised of the methodology used III (it)\ 1.1. 
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oping the forecasts, the confidence level or range expected in the fore- 
cast, or error or bias. 

Problems With Quality The basic objective of a forecasting process, according to Bretschneider, 

Control 
is to produce forecasts at minimum costs that are timely, accurate, and 
appropriate.” We have emphasized throughout this report that the ulti- 
mate test of a forecasting methodology is the accuracy of its forecasts. If 
the accuracy of a forecast is not as good as it should be, then causes for 
error should be identified. A quality control program helps management 
select forecasting techniques, develop measures of uncertainty, identify 
areas for improvements, and produce better forecasts. 

I-SIX does not have a structured quality control program or agency regu- 
lations setting standards for the evaluation of methodology and results, 
data management, and documentation and reporting. USDA’S office of 
budget and program analysis has overall responsibility for budget pre- 
paration, but USDA’S quality control program is primarily attained 
through the use of professional staff and normal supervisory re\?iew. 
Each organization that produces forecasts is responsible for its own 
quality control through normal management processes. 

The individual USDA groups have made efforts to address some of the 
factors and accomplish some of the recommended practices either rou- 
tinely or ad hoc. One positive action USDA took in 1986 was to establish a 
staff working group to evaluate concurrently with our evaluation the 
processes used to develop the budget estimates. The objectives were to 
review and describe the estimating process and review the accuracy of 
the estimates. Additional objectives were to determine whether errors 
would be reduced, examine the need to use forecast ranges, and evaluate 
bias in the forecasts. The working group included USDA officials and 
staff with key responsibilities for developing the CCC budget estimates. 
The group included members of USDA’S office of budget and program 
analysis, AXS’S budget and commodity analysis divisions, WAOB, and the 
economic analysis staff of the assistant secretary for economics. The 
working group provided us an interim report that included the following 
suggested areas for improvement. 

1. Use ranges or probability distributions to supplement the point tasti- 
mates in budget presentations, for information about the apparent 
extent of the uncertainty of particular estimates and its major sources. 

’ ‘Bretschneider. p. 15. 
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2. Improve CSDA’S coordination of available information, consistency of 
estimates, evaluative capability, and accountability and quality control 
through better documentation and the implementation of a tracking sys- 
tem and an estimates monitoring group. 

3. Review and identify sources of bias in supply-and-demand estimates 
and program activity estimates in order to identify the potential for 
reducing the chances of systematic bias. 

4. Enhance the analytical capacity available to the ccc estimation pro- 
cess, improve research support, and identify research needs to ERS and 
other researchers. 

Summary In order to produce timely, accurate, and appropriate forecasts of com- 
modity program costs at minimum cost, USDA needs to improve the man- 
agement of its forecasting processes in (1) evaluation of forecast 
methodology and results, (2) data management, (3) documentation and 
reporting, and (4) support structures for managing the processes. 

The activities needed to ensure that best practices are followed could be 
grouped under a quality control program. But USDA does not have a 
structured quality control program or agency regulations setting stan- 
dards for the above best practices. USDA does not systematically identify 
the causes for error and commit resources to improvement. 

A quality control program should include ongoing evaluation that devel- 
ops a data base on past or current programs and policies and a frame- 
work or foundation for applying the lessons learned to programs and 
policies of the future. Although the budget analysts have historically 
made evaluations for budget reconciliation, their analyses correlate mis- 
estimates at the outlay level with major events and do not relate errors 
in the forecast to the reasons for them. The evaluation of the working 
group is an excellent start, and its findings generally agree with ours. 

We believe that USDA'S reviewing the accuracy of supply-and-demand 
estimates, implementing the recommendations of its study, and incorpo- 
rating the principles we identified into a quality control program may 
improve forecasting. To the extent that forecast accuracy cannot be 
improved, the information will provide decisionmakers a better descrip- 
tion of the limitations of the information. The improvements will help 
coordination and communication between decisionmakers and analysts. 
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Multibillion dollar differences between USDA'S forecasted cost of the 
commodity programs in the president’s budget estimate and the actual 
net outlays are of concern to the Congress. These estimates have not 
provided accurate information for the Congress to use for monitoring 
the program or managing the deficit. Since the commodity programs ar 
entitlement programs in which the Congress must generally modify the 
authorizing legislation to affect the expenditure level, the Congress 
needs information that is as accurate and timely as possible. The admir 
istration also needs accurate and timely forecasts because the secretax-: 
of USDA can affect spending levels through discretionary authority. 
Although the administration makes many of its policy decisions after 
considering the forecasted effect of alternative strategies for a specific 
program provision, nonetheless it needs accurate budget estimates to 
know the total cost of the commodity programs. 

USDA updates the forecasted costs of the commodity programs for budgl 
updates. These forecasts have large errors, but they are progressively 
more accurate as forecasted information, such as farmers’ participatior 
in the programs and planted acres, is replaced with actual data. Since 
the budget updates and the policy analyses are developed under the 
same general procedures that we describe in this report, our recommen- 
dations may be just as appropriate for those forecasts. 

Conclusions During the l&year period 1972-86, USDA made forecastmg errors (abso- 
lute error) averaging $4.3 billion per year and totaling $64.1 billion for 
the period. USDA underestimated the cost of the program (bias error) an 
average of $3.1 billion per year and a total of $46.8 billion for the 
period. 

The forecasting errors have seemed especially large during the last 6 
years, when 81 percent of the absolute error, or $52 billion, occurred. 
We found, however, that the dramatic increase in error was caused r~orl 
by the increase in program outlays than by significant increases In error 
rates. Error rates for the 1Byear period were 58.6 percent, and they 
increased to 63.2 percent during the last 5 years. We believe that since 
the Congress and the administration rely on budget estimates In making 
decisions, USDA must take action to ensure it is using the best fort~~astiq 
practices. It should improve the accuracy of the forecasts; to t htl extent 
that errors will always exist, the improvements will enable I ‘I M to 
describe the limitations of the forecast information. 
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Improving the accuracy of the president’s budget estimate ivill not bt: 
easy. Forecasting the costs of an entitlement program always c~ontains 
uncertainties. Some of the uncertainties the analysts must conttlntl ivith 
are farmers’ participation and the difficulties in forecasting suppI~.-and- 
demand variables, which are affected by such factors as the ~v~~;itht~t 
and domestic and world economic conditions. Furthermore, the impIt:- 
mentation strategy for the commodity programs can be modified afttit 
the analysts make the budget forecasts. 

We conclude that LSDA'S management of the forecasting process may be 
contributing to the forecasting errors. Although USDA has allocated both 

resources and talent to making the forecasts, it has not placed the 
emphasis on or allocated resources for ensuring that the forecasting pro- 
cess meets best practices or that the forecasts provide accurate informa- 
tion for policymakers. 

The quality of a forecast depends essentially on the accuracy of its out- 
comes. While most officials and policymakers have known that PII~\‘S 
forecasts of the commodity programs have historically contained large 
components of error and are frequently biased toward underestimating 
the cost. of the programs, USDA has not systematically identified the t-ea- 
sons for error and tried to correct the problems. 

of evaluation. forecast methodology, data management, and documt~nt a- 
tion and reporting. To the extent that forecast accuracy can be 
improved, policymakers will have better information about the ass~~mp- 
tions used to develop the forecasts and the limitations of the inform;~- 
tion. These recommended practices emerge from three general sotlrws: 
(1) practices recommended by forecasting experts, (2) other pram? 1r.t”; 
recommended in the literature, and (3) improvements recommendt4 h> 
the USDA working group on budget error. 

Specifically, we recommend that the secretary of the U.S. Departmtant of 
Agriculture assign management responsibility for coordinating I htb t’c jrt’- 
casting program and for establishing a structured quality control ljro- 
gram to a specific organization. USDA should include best practict+ t’l II- 
evaluation of forecast methodology and results, data managemtwt I I( I( II- 
mentation and reporting, and support structures for managing t tic, 
processes. 
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CSDA should establish an on-going evaluation program that ensures that 
forecasters regularly perform studies of forecast accuracy to determine 
what caused errors and to relate the errors to the components of the 
forecasting processes, so that resources can be allocated for 
improvement. 

USDA should establish standards and procedures for selecting and vali- 
dating its forecasting methodologies. Some improvements to consider ar 

1. Automate forecasting methods where possible for consistency and to 
facilitate sensitivity analysis, among other things. 

2. Make the interagency panel process more structured, in order to 
improve accountability for forecast accuracy and reduce bias, and 
require the same review and approval for the supply-and-demand esti- 
mates used for the president’s budget as for published estimates. 

3. Validate the forecast method with such techniques as peer review by 
USDA and outside experts and comparison to combined forecasts of other 
techniques and to naive modeling. 

USDA should establish recordkeeping systems based on best data man- 
agement practices. Some recommended practices are 

1. Require that analysts get approval to deviate from using the 
approved USDA supply-and-demand estimates. 

2. Develop automated data bases of input data and forecast and actual 
data and maintain records of events or actions affecting forecast accu- 
racy as part of normal recordkeeping. Such records are needed for mak- 
ing forecasts and accuracy studies. 

USDA should ensure that the forecasting process and its results are dl>cu- 
mented and that forecast results include explanations of the limitations 
of the data, including forecast ranges based on historical error rates, 
alternative program implementation strategies, and alternative assump- 
tions regarding supply and demand. 

We also recommend that the secretary consider the recommendations 
made by the USDA working group established to evaluate the processes 
used to develop the budget estimates, many of which are in general 
agreement with this report. 
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Agency Comments and USDA agreed with many of our findings. It emphasized in its comments 

Our Response 
on a draft of this report that its parallel study also found the need for 
improving the management of its forecasting process. While agreeing 
with most of our recommendations, USDA thought that we should have 
looked at the forecasting process in terms of all its output, including 
updated budget estimates since some of the policy decisions are based 
on them rather than on the original budget estimates. LXDA pointed out 
that because of the many inherent uncertainties in forecasting the cost 
of the commodity programs, neither its own nor our analysis provides 
clear evidence that improvements in the estimating process will measur- 
ably improve forecast accuracy. Nevertheless, USDA believes the 
improvements should be made. 

While we fully recognize the difficulty of USDA'S commodity budget fore- 
cast tasks, we suggest that many of USDA'S comments did not address our 
report’s theme, which was ways to improve budget estimates and the 
underlying forecasts, or quality control processes. Accordingly, we have 
not revised our conclusions and recommendations. (We have addressed 
these and other concerns in appendix VII, and we revised the report 
where appropriate.) 
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Request Letter 

NINETY-NINTH CONGRESS 

Congress of the WWd States 
ImlBt of lttpmltetibcs 

GOVERNMENT INFORMATION. JUSTICE, AND AGRICULTURE 
SUBCOMMITTEE 

or THE 
COMMllTEE ON GOVERNMENT OPERATIONS 

C34e-c nATam” Muu owm ,“MI 

April 17, 1986 

The Yonorahle Charles A. Rowsher 
Comptroller General of the United States 
U.S. General Accounting Office 
441 C. Street N.W. 
Washington, D.C. 70548 

Dear Mr. Bowsher: 

I understand that your Program Evaluation and Methodology 
Division is starting work on the accuracy of USDA forecasts 
used for design, budget and implementation decisions for 
agricultural programs. As that topic is of great interest to 
this subcommittee, I am requesting that the results of that 
work be addressed to US. 

I understand that the initial work will estimate the 
overall accuracy of Commodity Credit Corporation budget 
forecasts, and the accuracy of critical variables used to make 
the budget forecasts. I also understand the work will review 
USDA’s procedures for ensuring the accuracy of its forecasts. 

We would like to be hrtefed on the results of this phase 
of the work as soon as it is finished. The following questions 
would he of interest to the subcommittee. 

- How do policy makers use forecasts based on computer 
models in designing, budgeting and implementing 
agricultural commodity programs? 

- How accurate are the forecasts used for policy decistons 
for designing. budgeting and implementing decisions? 

- What models or analyses techniques are used to develop 
the forecasts? 

- What are the factors that contribute the greatest error 
in the forecasts? 

- To what extent has USDA implemented qualitv controls tn 
ensure the accuracy of forecasts using computer models’ 
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The Hon. Charles A. Bowsher 
April 17, 1986 

2 

I understand that the second part of the work will focus 
on problems in the forecasting methodology for several commodities 
and-on possible ways in which policy makers might be better 
served. I am re uesting that a report addressing the above 
issues plus the I ollowinq questions also be addressed to this 
subcommittee. 

- What problems are there in USDA forecasting methodoloq 

- What problems are there in coordination and communicat 
between analysts and decision makers? 

,ies? 

ion 

- What promising practices might he adopted by USDA to 
improve the accuracy of its forecasts and to better 
ensure that forecasts meet the needs of policy makers? 

I would hope that you would be able to brief us with the 
preliminary results of your analysis of forecastfng accuracy 
and your description of IJSDA methods and quality control 
procedures by September 1, 19Ah. We can agree on a date for 
the report on the total analysis at that time. I request that 
your staff coordinate their efforts with Bill Cherry of the 
subcommittee staff. He may be reached in Room 8349-C. Rayburn 
House Office Building, telephone 2021225-3741. 

Thank you for your consideration of this request. 

Sincerely, 

- 
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U.S. farm policy has a number of methods to support and stabilize the 
prices of a number of specified agriculture commodities.’ These method 
have their roots in the Agriculture Adjustment Act of 1938 and the 
Agricultural Act of 1949 but are guided mainly by the Food Security .A( 
of 1985. 

U.S. farm programs use these methods to support and stabilize producc,, 
prices and incomes while assuring consumers of ample supplies. The 
most commonly recognized methods are 

l price supports, including nonrecourse loans and government purchases: 
l income supports, including deficiency, incentive, and disaster payment\ 

and 
l supply management, including acreage allotments, marketing quotas, 

acreage set-asides and reductions, cropland and dairy diversion, pay- 
ment in kind, and farmer-owned and long-term conservation reserve. 

Federal commodity programs are available for corn, wheat, rice. pea- 
nuts, tobacco, wool, mohair, honey, oats, barley, rye. grain sorghum. 
soybeans, sugar, cotton, and milk. Some of these commodities, such as 
grains and cotton, are assisted by a number of the tools above. which 
work in concert. For example, farmers who want to qualify for nonre- 
course loans and deficiency payments must participate in applicable 
acreage reduction programs. 

Dairy Purchases The government supports the price of milk chiefly through the dairy 
price support program. CCC indirectly supports the farm price of milk b) 
offering to buy car lots of butter, cheese, and nonfat dry milk from pro- 
cessors at set prices per pound. To acquire dairy products. commercial 
distributors must offer milk processors as much as or more than CX‘C 
would pay. Dairy purchases are the amount of dairy commodities that 
the government purchases under the price support program. See fig,rre 
11.1. 

‘The narrative in this appendix was adapted from Geoffrey Becker. Fundamentals , II I h 11111-1 I( ( ‘oral 
modity Price Support Programs (Washington. D.C.: Congressional Research Sen I( (* II/,‘~ !‘m 
developed the “visual equations” in coordination with the commodity analysts III .\Y h - ,IIIITI(HIIIX 
analysis division. 
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Figure 11.1: Basic Provisions for Dairy Purchases 

Damy Production 
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Paid Acreage 
Diversion 

Payments are made to farmers who voluntarily reduce their planted 
acreage of a program crop and devote the land to a conservation use 
when a paid acreage diversion is in effect. The payments can be in cash 
or in surplus VSDA commodities. USDA refers to the latter as “payment in 
kind.” See figure 11.2. 

,_ ,_ - ,, _ . ,, 

Figure 11.2: Basic Provisions for Paid Acreage Diversion 
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Price Deficiency 
Payments 

The government makes direct payments to farmers when farm prices 
are below target levels. The payment is arrived at by subtracting from 
the target price the higher of the loan rate or the national average price 
of a commodity during the first 5 months of the marketing year. The 
government generally pays this difference to a farmer who qualifies (b: 
meeting all farm program conditions) for the portion of production spec 
ified in the farm program. See figure 11.3. 

Figure 11.3: Basic Provisions for Price Deficiency Payment8 
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Nonrecourse Loans Eligible farmers may obtain nonrecourse loans from CCC by using their 
commodities as collateral. Farmers who can sell a crop for a higher mar- 
ket price per bushel than the CCC loan rate repay the CCC loan and its 
interest. However, farmers who cannot earn enough on the market to 
profitably repay a loan before it matures (usually 9 to 12 months) sim- 
ply forfeit the crop to CCC. It is “nonrecourse” because CCC takes title to 
the stored commodity as full payment of the loan. The Food Securit;T 
Act of 1985 authorized an exception to this rule, known as “marketiilg 
loan.” Under the marketing loan, the farmer can redeem the crop at the 
lower of the loan rate or market price. See figure 11.4. 
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------ ,., 
Figure 11.4: Basic Provisions for Nonrecourse Loans 
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Formulas for Accuracy Measures 

This appendix includes background information and formulas for meas- 
uring forecast accuracy. The concepts and formulas are drawn from the 
work of forecasting experts such as Armstrong, Ascher, Nakridakis. am 
Bretschneider.’ 

Background on Our four types of measure for evaluating the accuracy of the budget 

Measures Of Accuracy 
forecasts and the component forecasts USDA uses for developing the 
budget forecasts were (1) benchmarks, (2) single forecast error ( l-year 
time period), (3) total error over multiple forecasts, and (4) bias error. 

“Error” for a single forecast is the difference between the actual obser- 
vation and the forecast and reflects whether the forecast is under or 
over the actual value. The sum of the single forecast errors for a time 
series of forecasts is the “net error” and indicates whether the forecasts 
over time are random or are systematically over- or underestimated- 
that is, biased. Because a totally random pattern of forecast error would 
have a zero net error, we assume the amount over zero reflects the 
amount of bias. The sum of the absolute values of the single forecast 
errors for a time series is the “total absolute error” and measures the 
total error, regardless of the direction of yearly errors; therefore. it 
includes both bias and random error. 

Each of the measures we included has strengths and weaknesses. For 
example, some measures make adjustments to avoid excessive emphasis 
on extreme errors, or outliers, in any one forecast. Other measures pro- 
vide extra penalty for extreme errors. Most of the measures c-an also be 
calculated as a percentage that provides a comparison between t’rrors 
with different baselines or different time periods. In selecting measures. 
an evaluator must consider the availability of data and the use to be 
made of the measures. 

Benchmarking to compare it to forecasts from other models. Using other forec,:tsts as 
benchmarks helps analysts and policymakers evaluate how (Y jr11 t’c brtable 

‘J. Scott Armstrong, Long-Range Forecastmg: From Crystal Ball to Computer, Lncl +-: \. * 1 c ok 
John Wiley and .%1x3,1985); William Ascher. Forecasting: An Appraisal for POIII ! n:.~r; - 11.81 I’ILII- 
ners (Baltimore: John Ho&ins Universitv Press. 1978): Sovros Makridakis et al T tw t (‘1. L.Illlg - 
Accuraq 
Bretschneider. &rsonal con 

I of Maior Time-Series Methods &ew York: Jbhn’ Wiley and Sons, 198-l ) *r>;,,- 
munication, and “Forecasting: Some New Realitles. \I+~r’~ I - . IIT xudw 

Program, Syra&se University, Syracuse, New York. December 1985. 
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they should be with the accuracy of the forecast. In addition to deter- 
mining accuracy relative to other methods, this technique offers the 
opportunity to evaluate a forecast’s methodological reliability during 
postanalysis. Comparison models should start with simple, low-cost 
comparisons. 

Statistical trends using the latest available actual data are the basis fog 
naive models. The simplest naive forecast uses the last data point avail- 
able as the value of the forecast into the future. 

Comparing a forecast to the results of other forecasters in similar situa- 
tions is another way of judging whether the forecast could be more accu- 
rate. Comparison can be to specific single forecasts or combined 
forecasts. Forecasts can be combined as means, trimmed means, or 
weighted averages. 

Finally, comparison can be made to the results of methodologies differ- 
ent from the one used to produce a forecast, and comparisons can be 
made of forecasts made for the same length of time but in different 
years. This latter type of comparison produces information about hlstor- 
ical accuracy. 

Benchmarking allows forecasters and forecast users to evaluate the rel- 
ative accuracy of several forecasts. If similar forecasts are being made 
by two or more forecasters, the forecasts can be compared individually. 
Likewise, the comparison forecasts can be combined, in order to develop 
a single forecast for comparison. Another method is to develop a corn- 
parison forecast with a naive model that uses historical trend data L\.lt h- 
out judgments about the future. 

Forecasts made with naive models or consensus methods can pro\.ltie 
two types of checks. First, they help establish acceptable error and 1,~s 
rates for a specific type of forecast. For example, one agriculture fore- 
caster considers error rates greater than those of a naive model to ha 
unacceptable, believing that a reasonable goal for errors may be t hr-c’t’ 
fourths or less of the number generated by a naive model.’ Second 
benchmarks provide a means of questioning the methodology beint! I l\tld 
to generate forecasts. If postanalysis shows that comparison forcc.;i\t \ 
are more accurate over time, then the methodology being used is 
questionable. 

‘John Ferris, “Evaluation of Forecasts from the Annual AAEA Outlook Survey.” pr~*w’rlf* t: 
annual meeting of the Amencan Agncultural Economics Association, Reno, Sevada. II/I’. ‘-1 
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The Concept of Error For a single forecast, the difference between the forecast (F) and the 
actual (A) value is the error (E). That is, E = A - F. The single forecast 
error may be positive or negative. It does not have much value for gaug- 
ing the quality of a forecasting model, but multiple forecasts over time 
can be used to show how well a forecasting procedure is working. 

To analyze forecasting methods, single forecast error can be separated 
into two parts. One part is called “random error” and it varies unsys- 
tematically from one forecast to the next. The other part is called “bias 
error” and it remains constant for any particular forecasting procedure. 
Table III.1 shows hypothetical data for a series of 10 forecasts. 

Tablo 111.1: Hypothetical Data 
Demonstrating Forecast Errol Error 

Actual Forecast Singlo forecast Random Bia 
27 20 7 4 

16 18 (2) (5) 
32 29 3 0 

25 26 (1) (4) 
21 21 0 (3) 
19 15 4 1 

27 22 5 2 
29 23 6 3 

17 15 2 (1) 
34 28 6 3 
24.7 21.7 3 0 \ 

aNumbers In the final row are means 

The behavior of the random and bias portions of error in a hypothetical 
forecasting process can be seen from the table. The mean error over the 
time series is 3. The random error, while it fluctuates considerably, has 
a mean of 0. Over many forecasts, the mean of the random error equals 
0 because it is defined as unsystematic error and random errors tend to 
offset one another. The bias part of the error in this hypothetical exam- 
ple is 3 in every forecast. Measured by the mean error measure, this biz 
indicates that every forecast is too low by 3 points. 

Actual forecasting procedures are rarely this consistent. If the forecast- 
ing procedure is changed, no bias will be consistent from period to 
period, particularly when the forecast has several input variables or is 
made up of several component forecasts. For complex models, bias can 
come from any of the input variables or component forecasts and gener- 
alIy varies with each single forecast in a time series. 
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The length of the time series or number of data points affects the statis- 
tical validity of the measurements. We do not believe, however. that the 
evaluation of forecasts can always be put off until there is sufficient 
time to make statistically accurate measurements. Management needs 
timely evaluations of forecasts to improve the credibility of forecasts 
and to ensure that decisionmakers are getting the information they 
need. 

In analyzing error in multiple forecasts, we concentrated on absolute 
error measures and bias error measures. We refer to the absolute error 
measures as total error because total error is the sum of random and 
bias error. It is important to measure bias because research has shown 
that its causes can frequently be isolated and corrected. As we stated 
above, the error measures of a forecast can be compared to other fore- 
casts, or benchmarks, to determine their relative accuracy. 

Measures of Single 
Forecast Error 

The basic error measurements are for a single forecast. These measure- 
ments stress identifying the deviation between actual data and the fore- 
cast. In all cases, the actual serves as the base, the forecast being 
deducted. As we stated above, error (E) is defined as E = A - F. or the 
difference between A and F. 

Absolute error (AE) is defined as 

AE=lEl 

and is a measure of error without regard to whether the forecast is 
overestimated or underestimated. 

Percentage error (PE) is defined as PE = E/A X 100. That is, PE is the 
product of the error divided by the actual, multiplied by 100. The 
measure shows whether the error is negative or positive. The percent- 
age error measurement favors forecasts that are less than the actual. or 
underestimates. If the forecast is less, the error cannot exceed 100 pr:r- 
cent, but there is no limit to the percentage error for overestimates. 

Absolute percentage error (APE) is defined as 
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/ APE=% x 100. 

It is absolute error divided by the actual multiplied by 100. The absolut 
percentage error measurement also favors forecasts that are less than 
the actual, or underestimates. If a forecast is less, the error cannot 
exceed 100 percent, but there is no limit to the percentage error for 
overestimates. 

Measures of Total 
Error 

Absolute measures over multiple forecasts show total error. Total, or 
absolute, error measures over a time series of forecasts (F,, F2, . . . , Fn) 
and actual observations (A,, 4, . . . , AJ include total absolute error 
(TAE), mean absolute error (MAE), mean absolute percentage error 
(MAPE), adjusted mean absolute percentage error (AMAPE), root mean 
squared error (RMSE), and root mean squared percentage error 
(RMSPE). One measure, AMAPE, adjusts the results so that they are no 
skewed by high or low single-period measures. 

Total absolute error (TAE) is the sum of the single forecast absolute 
errors, or 

TAE =s!Ei, 
i=l 

Mean absolute error (MAE) is defined as MAE = TAE/n. It is the sum of 
absolute errors over multiple forecasts divided by number of forecasts. 
MAE shows the average or typical error but does not distinguish 
between random error and bias error. This is also called the mean abso- 
lute deviation (MAD). 

Mean absolute percentage error (MAPE) is defined as 

or the sum of the absolute percentage error (absolute error for each 
forecast divided by actual observations) divided by the number of fore- 
casts. MAPE is dimensionless and useful for comparing forecasts from 
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different situations. The measurement favors forecasts that are less 
than the actual in the sense that a low forecast can never be wrong by 
more than 100 percent, but the percentage error on the high side has no 
limit. 

Adjusted mean absolute percentage error (AMAPE) is defined as 

Although similar to MAPE, AMAPE does not favor low forecasts. The 
sum of the absolute error for each period is divided by half the actual 
plus the forecast. This is then divided by the number of periods. The 
result is multiplied by 100. AMAPE is also less sensitive to measurement 
error in actual data. 

Root mean squared error (RMSE) is calculated by taking the square root 
of the sum of the square of the actual minus the forecast divided by the 
number of forecasts: 

~ n 
RMSE = /.-I 2 E2 \ I---i d n 

Extreme variances have a strong effect on the measure because t htb>, are 
squared. 

Root mean squared percentage error (RMSPE) is defined as 

RMSPE = 
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RMSPE is calculated by first taking the square root of the sum of the 
actual minus the forecast squared divided by the number of observa- 
tions. This result is then divided by the sum of the actual divided by thr 
number of observations, and the whole is multiplied by 100. 

Measures of Bias Error Bias measures consider underestimates and overestimates. It is impor- 
tant to identify bias, because it happens when factors other than ran- 
dom events are influencing the forecasts. It may be possible to make 
changes that lessen bias. Bias must be measured over several observa- 
tions to avoid mistaking it for random error. Bias measures include net 
error, mean error, mean percentage error, trimmed mean error, and 
trimmed mean percentage error. 

Net error (NE) is defined as 

NE = i: E, 
i=l 

or the sum of the errors for each period with regard to whether the 
forecast was underestimated or overestimated. It is a measure of bias 
over multiple forecasts, because the net error would be 0 if the single 
forecast errors were random. 

Mean error (ME) is the average of the errors with regard to underesti- 
mates and overestimates; that is, ME = NE/n. The mean error would be 
0 if the single forecast errors were random. Mean error gives a measure 
of the bias of individual forecasts in a time series. 

Mean percentage error (MPE) is defined as 

y 100. 

MPE is the sum of the percentage errors, whether underestimates or 
overestimates, divided by the number of forecasts and multiplied by 
100. The mean percentage error measure favors estimates that are less 
than the actual. An underestimate can never be wrong by mow than lO( 
percent (when the forecast is not less than 0), but the percentage error 
on the high side has no limit. 
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Trimmed mean error (TME) is the sum of all single-forecast errors minus 
the highest and the lowest values. The result is divided by the number 
of forecasts less 2 (where the largest and smallest El’s are dropped). 
That is, TME = ZE,/(n - 2). 

Trimmed mean percentage error (TMPE) is defined as 

x 100. 

where the largest and smallest Ei’s are dropped. The trimmed mean per- 
centage error is calculated by summing all single-forecast errors, deduct- 
ing the highest and lowest values, and dividing by the number of 
forecasts less 2. The product is then multiplied by 100 to arrive at the 
percentage. 

The Popularity of 
Measures 

Armstrong presents a table summarizing the popularity of various fore- 
cast measurement formulas. The summary, indicated in table 111.2. is 
based on a questionnaire filled out at the first international symposium 
on forecasting in Quebec in 1981. It did not include all the measures we 
have discussed in this appendix (and did include two we have not dis- 
cussed). The major exclusion related to the trimmed mean, which C‘SDA 

uses because of its legislative requirements. 

Table 111.2: The Percentage of Times 
Forecasters Mentioned Accuracy 
Measures’ 

Measure Academics Practitioners 
Root mean squared error 40% 32% 
Mean absolute error 19 22 
Mean absolute percentage error 24 14 

Mean percentage error 8 8 
Theil’s U 5 2 
R sauare 0 3 

aThe percentages are based on queshonnarre answers saymg that accuracy was relevant (63 anseered 
the questlonnarre tn both groups). Some did not mention a specific measure; others mentloned mere 
than one. Thus, the columns do not equal 100 percent 
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Differences Between Net Outlays and Net 
Realized Losses 

Two cost concepts, “net outlays” and “net realized losses.” must be 
understood when discussing the funding of USDA'S farm programs. 
Although net outlays and net realized losses are related, they are not 
interchangeable. Net outlays is a measure of the amount of money c‘cc 
disburses during a fiscal year to pay the entitlements for the prior mar- 
keting year, and net realized losses is a measure of the net outlays that 
will never be recovered. CCC disburses and receives all outlays and 
receipts for the farm programs. CCC’S actual funding, however. is not 
based directly on the net outlays from the CCC fund. 

rc’et outlays consist of all cash outlays less all cash receipts. The concep 
measures cash flow, or the amount of money CCC spends in a given fisca 
year on the major commodity price and income support programs. 
Receipts come from farmers’ loan repayments or from ccc’s sales of 
some of the surpluses it has acquired. Forecasts of net outlays are made 
for each commodity and summed for an estimate of total outlays. At the 
end of any given fiscal year, ccc has almost always disbursed more 
money than it has taken in. The difference is recorded as net outlays. 

From a budget perspective, net outlays accurately reflect the drawdow] 
of federal resources during the fiscal year and are used to estimate the 
deficit. The estimated net outlays are the basis for the president’s 
budget estimate and the subsequent updates on the cost of the farm pro 
gram during a fiscal year. When USDA misestimates the net outlays, the 
Congress does not initially have timely and reliable information to moni 
tor the cost of the farm program or the adequacy of program funding. 

Net realized losses describe outlays ccc will never recover and that are 
the basis for appropriations. Net realized losses are reflected In the 
financial statements and include losses on the disposal of assets and 
direct payments to farmers. Commodities obtained from forfeited loans 
or purchases are asset acquisitions. For example, wheat is obtamed fror 
loan forfeitures, and dairy products are obtained from purchase agr :e- 
ments. A commodity asset acquisition is not considered expenses until 
the asset is disposed of. At the time of disposition, the amount ( (‘c 
receives for the commodity is compared to the acquisition pnctl( ‘c‘c paic 
for the commodity, and the difference is recorded as either a 10~s or a 
profit to the program. Most dispositions result in losses. In addlrlon. the 
direct payments CCC makes to farmers for such expenses as detklency 
payments and paid land diversion are not recoverable. Net rcaallttld 
losses include commercial storage and transportation payment 3. 111 teres 
payments on borrowing from the US. Treasury, and general “1 **r;tting 
expenses. 
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ccc finances its operations (net outlays) through its borrowing authority 
within a $25 billion limit set by the Congress. Each fiscal year. an 
amount of money sufficient to reimburse CCC for its net realized losses. 
as reflected in its annual financial report, is authorized for appropria- 
tion. Appropriations, along with program receipts, are always used to 
repay outstanding loans from the Treasury, thus restoring ccc borroiv- 
ing ability in a continuing cycle of operations. In the past, the losses 
were reimbursed 2 years after they occurred and as part of the normal 
appropriation process. 

In recent years, farmers’ heavy reliance on the commodity programs, 
the limit on borrowing authority, and the encumbrance of virtually the 
entire borrowing authority by loan and inventory investment have 
forced ccc to come to the Congress several times during the fiscal year 
for additional money. To meet ccc’s current cash-flow needs, the admin- 
istration has requested supplemental appropriations that are based on 
estimated future net realized losses. Without appropriations for both 
current and estimated losses, CCC would exhaust its borrowing authority 
before it would normally receive its appropriations for actual net real- 
ized losses. 

From fiscal year 1982 to 1986, the Congress enacted eight supplemental 
appropriations for emergency reimbursement of ccc net realized losses. 
In fiscal year 1986, CCC required four of these supplementals, totaling 
about $16 billion, and ccc ceased operations four times during a lo- 
month period in 1985 and 1986 because of insufficient funds. Table II’. 1 
shows the initial $9.1 billion and the $15.8 billion in supplemental 
appropriations during fiscal year 1986 to the ccc fund. 

Table IV.l: Fiscal Year 1988 
Appropriations and Supplementels Legirlation 

k-dial appropnation 
- October 1985 

Supplemental 
December 1985 
February 1986 
March 1986 
July 1986 

Total 

Amount in billions 

SQ ’ 

40 
15 

50 
53 

s24.9 

Figure IV. 1 shows the relationship of budget estimates to net out lays 
from the fund, as well as the sources for replenishing the ccc fund. Fig- 
ure IV.2 and table IV.2 show that during 1979-86, net outlays totaled 
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$91.2 billion and net realized losses totaled $75.7 billion. One reason net 
outlays for the period exceed net realized losses is that ccc acquired 
commodities through loan defaults and purchases that were not consid- 
ered expenses in the net realized losses until they were disposed of. 

Figure IV.1 : CCC Fund Operation 

The CCC Fund Is Replanishod 
lrom 
- Appropriations for Actual 

Nonracovrrrblo Outlays 
(losus) 

- Advances on Future Lossos 
- Program Rocolpts 
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1 

To Ropry Its Borrowing (up to r $25 Mlllon) from the U.S. 
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I 
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Figure IV.2: Net Outlays and Net 
Realized Losses Fiscal Years 1979-86 
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Table IV.2: CCC Net Outlays and Net Realized Losses 1979-86a 
Action 1979 1960 1981 1982 1963 1984 1985 1966 Total 
Net outlay 

Payments 
Loans $4 6 $4 2 $5.8 $11 5 $13 7 $5 1 $104 $177 $73.0 
Purchases 07 2.6 25 2.6 76 77 26 42 30.5 
Cash direct payments (deficiency, dIversIon, and 

disaster) 18 04 10 1.5 36 21 70 62 24.4 
Producer storage payments 02 03 l 07 10 03 0.3 05 3.3 
Storage, handling, and transportation 0.1 0.2 03 04 06 05 0.5 09 3.5 
Export activities 1.5 1 1 01 04 0.5 0.8 02 03 4.9 
Operating expenses . . 02 03 0.3 0.4 04 05 2.1 
Interest expenses 1.0 1.1 1.2 01 40 16 19 22 13.1 
Other . 0.3 0.8 l 1.0 9.1 11 40 16.3 
Total 9.9 10.2 11.9 17.5 32.3 27.6 25.2 36.5 171.1 

Receipts 
Loan repayments 4.0 4.1 5.7 46 94 10.6 4 5 57 48.6 
Sales proceeds 0.7 1.0 0.9 0.6 1 6 9.5 18 25 16.6 
Export repayments 1.1 14 1.0 0.3 0 1 0.1 0.1 01 4.3 
Other 0.6 0.7 1.1 0.2 0.9 1.6 10 28 8.9 
Total 6.4 7.2 8.7 5.7 12.0 21.0 7.4 11.2 80.4 
Change In working capital 0.1 (0 3) 0.8 (0.2) (1.5) 14 (0.2) 0 4 0.5 

Net outlayb $36 $2.7 $40 $11.6 $18.8 $7 2 $17.6 $25 7 91.2 

Net realized loss 
Certificates 

Deficiency and diversion 
Other 

. . . . . . . 52 7 $2.7 

. . . . . . . 07 0.7 

;ion. and Cash direct payments (deficiency, dwer: 
disaster) 

Interest expense 
Storage, handling, and transportation 
Donations 
Loss on sales 
Payment in kind 
Producer storage payments 
Operating expenses 
Net other expenses 

Net loss 

$1 9 $0.4 2 61 .o $1.5 $4 _ 7 $46 $73 99 ~. 
0.6 0.6 0.6 2.0 15 i 0 1.7 09 
03 05 0.3 0.3 0.6 0.6 0.5 09 
0.1 0.2 0.4 0.6 1.4 16 25 17 
0.1 0.1 0.2 0.5 0.6 0.6 0.6 1 6 

. . . . 9.4 0.3 (01) 01 
0.2 0.3 0.1 0.5 1.1 0.3 03 03 
0.1 0.1 0.2 0.3 0.3 0.4 04 0 5 -- 

0.1 0.7 (0.1) (0.9) (0 3) 0 7 

$2.3 $3.5 55.; $19.5 $8.5 $12.9 $20.0 

31.3 
8.9 
4.0 

8.5 

4.3 

9.7 
3.1 
2.3 

0.2 

$75.7 

aDollars are for fiscal years In bllllons 

bFtscal year 1963.86 purchases, other outlays, loan repayments, and sales proceeds ‘PC , :i I -3sn 
transactions that net to zero effect on net outlays. 
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The wheat budget and its components make up the second largest com- 
ponent of error in the L:SDA commodity budget forecasts. They accounted 
for about 18 percent of the absolute dollar error during fiscal years 
1981-86. USDA'S wheat budget estimates and its two largest components 
were biased toward underestimation. C'SDA'S forecasts exhibited larger 
error and bias than did a simple naive model. 

In table V.l, we show the wheat budget errors year by year. The single 
forecast errors ranged from a low of 14.6 percent to a high of 83.0 per- 
cent. The analysts underestimated the budget each year. The average 
estimating error was $1.5 billion. 

Table V.l: USDA Wheat Budget Forecast 
Error 1981-88a 

Error 
Forecast 

Net outlay 
Single 

Actual forecastb PercentC 
Fiscal year 

1981 $0 77 $1.54 $0.77 49 0 
1982 
1983 
1984 
1985 
1986 
TotaId 

Error 
Total 

Absolute (TAE) 
Mean absolute (ME) 
Mean absolute 

percentage (MAE) 

Root mean squared 
percentage (RMSPE) 

Biase 
Net (NE) 
Mean (ME) 

063 2.23 1 60 7i 5 
0 58 3.41 283 93 0 
2 15 2.52 0 37 “I 6 
2.43 4 65 2 22 47 7 
2.11 3.39 1 28 37 7 

$8.88 817.73 

9 05 
1 51 

50 7 

3 3 

9 05 
151 

aDollars are for fiscal years in blll:ons. 

bPositlve errors are underestimates. 

CPercent errors were computed wtth exact numbers. 

dTotals may not add because of roundq 

Wnderestjmated 6 of 6 years. 

In table V.2, we show a comparison of the USDA wheat budget est~m;trt’ to 
a naive forecast. The naive estimate exhibited a lower net error. ;I 11 IN t’r 
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absolute error, and lower percentage errors than LSDA'S estimate over 
the g-year period. Percentage error measures also indicate that the sim- 
ple naive forecast was more accurate than USDA'S more complex fore- 
casting process. 

Table V.2: Comparison of USDA and 
Naive Model Wheat Budget Forecasts 
1981-88’ 

Fiscal year 

1981 

1982 

1983 

1984 

1985 

1986 
TotaF 

USDA 
Forecast ErroP Percent 

$0.77 $0.77 

0.63 1 60 

0 58 2.83 

2.15 0.37 

2 43 2.22 

2.11 1 28 
$8.88 $9.05 

Naive 
Forecast Erroti Percent __ 

$030 $1 24 

0 87 1 36 --~-___ 
1 54 1 07 

2 23 029 

341 1 24 

2 52 0 87 

$10.88 58.87 

Error 

Total 

Absolute (TAE) 

Mean absolute 
(MAE) 

Mean absolute 
percentage 
(MAPE) 

Root mean 
squared 
percentage 
(RMPSE) 

Biasd 

$9.05 $6 a7 

1 51 1 15 

50.7 43 4 

58.3 42 3 ..__ 

Net (NE) 9.05 6 07 

Mean (MEI 1.51 1 ‘5 

‘Dollars are for fiscal years In btlhons. 

bPosltlve errors are underestimates 

CTotals may not add because of roundlng. 

dUndereshmated 6 of 6 years 

The absolute dollar error for the 6-year period was $9.05 billion. In table 
V.3, we show a breakdown of the wheat budget error into the various 
component payment categories. The da:? show that $4.74 billion. or 52.4 
percent of the error in the wheat budget, was contained in the estimate 
of net lending (loans made less loans repaid). The second largest error 
was in deficiency payments, where the total error was $3.01 b1111on. 
Combining the 10 other categories, the total error amounts to 5 I :S 
billion. 
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Table V.3: Cost Components of USDA 
Wheat Budget Total Error 1981-86’ Component ~- -... 

Net lendlng ~__ 
Deflclency payments --~ ~~-____ 
Other (10 line Items) 

Total 

aDollars are for fiscal vears In bllllons 

Error Percent 
$4 74 32 4 

301 33 3 
1 30 142 

$9.05 100.0 

In table V.4, we apply three bias measures to the wheat budget compo- 
nent payments. The measures (net error, mean error, and occurrences) 
indicate a bias in the wheat payment estimates toward underestimation. 
LSDA generally forecast that the spending for these budget components 
would be less than it actually was. 

Table V.4: Bias Error in USDA Measures 
of Wheat Program Costs 1981-86 Erroe 

Cost component Net Mean 
Net lending $2.48 $0 41 
Deflclency payments i a2 0 30 

dDollars are for fiscal years In bllhons. PosItwe errors are underestlmates. 

Years costs were 
underestimated 
5 of 6 
4 of 6 

We used sensitivity analysis to identify the key supply-and-demand 
variables influencing the error in USDA'S wheat budget outlay estimates. 
The technique allowed us to evaluate the effect that changes in selected 
input variables have on budgetary outlays and other variables. Lve made 
the analysis using USDA'S policy simulation models, developed by the eco- 
nomic analysis staff under USDA'S assistant secretary for economics. The 
models are not used in the budget estimation process and were initially 
prepared to estimate the cost of the various proposals for 1985 farm 
legislation. The economic analysis staff uses the models to conduct pol- 
icy simulation studies. We used the error rates in the model baseline for 
wheat crop year 1986 and projected the effect such error would have on 
outlays for fiscal year 1987 and for fiscal years 1987-89 in total. 

Based on the combined effect of the error in the supply-and-demand 
estimates and the estimates underlying sensitivity to error, our analysis 
showed that the individual input variable with the largest effect on 
wheat budget outlay error was the int;ra$ncy commodity estimates 
committee’s estimate of wheat production, and the second largest effect 
came from the committee’s estimate of wheat exports. Under the cc mdi- 
tions of the model, the errors in total supply had about the same txf’ftu 
on the net outlay as the errors in total demand. 
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To identify the key wheat variables, we combined the results of our set 
sitivity analysis with the information we obtained from interviewing 
USDA analysts and the knowledge obtained from developing flowcharts 
describing the budget estimating process. We concluded that the most 
important variables in estimating the wheat net outlays and in forecast 
ing net lending and deficiency payments are key supply-and-demand 
variables forecast by the committees. These key variables include pro- 
duction, domestic use, exports, and ending stocks. 

In table V.5, we show the error and bias measures for the variables. Th 
effect of these variables on net lending and deficiency payments are di: 
cussed briefly below and in appendix II. The mean error measures shoF 
that the USDA analysts tended to underestimate total supply and to esti- 
mate total use correctly. The result was that they underestimated end- 
ing stocks by about the same amount as they underestimated total 
supply. The analysts were correct in estimating total demand, because 
they underestimated domestic use by about the same amount as they 
overestimated exports. The error in total supply is composed about 
equally of errors in beginning stocks and production. 

Table V.5: Total and Bias Error in USDA 
Wheat Supply-and-Demand Variables 
198 l-86. Variable 

Summary 
Total supply 

Error 

1,240 

Bias 
Net Mean Occurrences in 6 year: 

.-___ 
514 85.7 UnderestImate 4 of 6 

Total demand 1,055 15 
Endina stocks i ,385 499 

~___ 
2.5 Underestimate 4 of 6 

83.0 Underestlkare 4 of 6 
input 

BegInnIng stocks 389 239 40 UnderestImate 5 of 6 ~__ 
Production 949 249 42 Underesbmafe 4 of 6 ~___ 
Imports 26 26 4 Undereshmate 5 of 6 
Domestic use 565 435 73 Underestlmale 4 of 6 -__ 
Exports 1,226 (420) (70) Overestimate 4 of 6 

%I millions of bushels for fiscal years. Positive errors are underestimates. 

Errors in the wheat variable forecasts were smaller and more ntxly 
random than the errors in the corn variables presented in chapter 3. Fat 
example, corn exports were overestimated for each of the 6 yt’atx 
whereas wheat exports were underestimated in 2 and overest Im;ited in 
4. The corn exports mean error was a 436 million bushel oven-r Imate, 
but the wheat exports mean error was considerably less, at a 7r 1 rtullion 
bushel overestimate. 
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We used two forecasts produced by private forecasters as benchmarks 
for the accuracy and bias of the USDA wheat budget forecasts. I ‘sing the 
AAEA survey, which compared USDA forecasts to a naive model and to 
private forecasts for crop years 1978-85, C'SDA'S forecasts for three ke> 
wheat variables (production, exports, and price) were more accurate 
than either those of the AMX survey or the naive model. As shown in 
table V.6, the AAEA forecasters made a better forecast of ending stocks, 
on the average. 

Table V.6: Comparison of USDA, AAEA, 
and Naive Model Wheat Forecast Error’ Variable USDA AAEA Naiveb 

Endina stocks 14.6 133” 184 

Production l.ac 37 ‘14 

Exports 109c 134 173 

%oot mean squared percentage error The comparison period IS 8 years (crop years 1978-851 
‘Uses previous year’s actual as the forecast for forthcommg year. 
‘The most accurate of the three forecasts. 
Source, Adapted from John Ferris, “Evaluation of Forecasts from the Annual AAEA Outlook Surtie, 
presented at the annual meeting of the Amencan Agncultural Association, Rena, Nevada July '936 

Private forecasters responding to a Futures survey made better fore- 
casts, on the average, than USDA did for the wheat production and 
domestic use variables for crop year 1985-86. However, as shown m 
table V.7, the USDA analysts achieved lower error percentages on price. 
exports, and ending stocks than the private forecasters combined. 

Table V.7: Comparison of USDA and 
Futures Wheat Forecast Mean Errol Variable 

Supply and demand 

Total supply 

Total demand 

Ending stocks 

Components of supply and demand 
BegInnIng stocks 
Production 

Domestlc use 
Exports 

aError IS percent of actual. 

Futuresb USDA 

(14)': - 2 5) 
(17 1); 22 1) 

149c - “7 

27 1 c\= 

(4 1) 3 5,; 

(4 8) 3 6)~ 
(31 2)’ 13 4) 

b"Ho~ USDA ‘Challengers’ Did In Wheat,” Futures, September 1986. p. 78 

CThe most accurate of the two forecasts. 
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Analysis of Dairy Budget Error 

The dairy budget and its components make up the third largest compo- 
nent of error in the I-SDA commodity budget forecasts accounting for 
about 11 percent of the absolute dollar error during fiscal years 198 l- 
86. L-SDA'S dairy budget estimate and its most important component 
exhibited a bias toward underestimation. I 'SDA'S dairy budget estimate 
had a higher error and more bias than a simple naive model. 

In table VI. 1, we show the dairy budget errors year by year. The table 
shows that the dairy budget estimates are biased toward underestima- 
tion. Over the 6-year period, the analysts underestimated dairy program 
spending by an average of almost $1 billion dollars each year. 

Table Vl.1: USDA Dairy Budget Forecast 
Error 1981-86’ 

Fiscal year 
1981 
1982 
1983 
1984 
1985 
1986 
TotaP 

Error 
Total 

Error“ 
Net outlay 

Forecast 
Single 

Actual forecast Perter 

__-.-- -_ 
$0.16 $1 89 $1 73 g: 

0 71 2 18 1 47 67 

1 80 2.53 0 72 28 
-- 0.60 1.50 090 tx 

2.04 2 08 0 04 c2 
1 37 2.34 0 97 41 

$6.69 $12.53 

Absolute (TAE) 
Mean absolute (MAE) 
Mean absolute 

percentage (MAPE) 
Root mean squared 

percentage (RMSPE) 
Biase 

Net (NE) 
Mean (ME) 

5 84 
0 97 

38 

53 

5 84 
0 97 

aDollars are for fiscal years tn bllllons. 

bPosltlve errors are underesttmates. 

“Percent errors were computed with exact numbers 

“Totals may not add because of rounding 

eUnderestlmated 6 of 6 years 

In table VI.2, we show a comparison of USDA'S dairy budget estimates to 
a naive model. The naive estimate had a slightly lower absolute error 
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and a considerably lower net error than the KSLH forecast ovw the ti- 
year period. This indicates that the I.SDA error was more biased than the 
naive forecast. Both forecasts contained large errors. 

Table Vl.2: Comparison of USDA and 
Naive Model Dairy Budget Forecasts 
1981-86* 

__-- .- 
Fiscal year -___. 

1981 

USDA Naive ---_ 
Forecast ErroF Percent Forecast Errorb Percent 

$0 16 $1 73 $0 02 $1 87 
1982 071 1 47 101 1:7 --__ 
1983 1 80 0 72 1 89 0 63 
1984 0 60 0 90 2 18 i0 68, 

1985 
1986 
TotalC 

Error 
Total 

___-~ 
2 04 0 04 2 53 io 441 

1 37 0 97 1 50 0 83 
$6.69 $6.64 $9.14 .%I.39 ~~~ 

Absolute (TAE) 
Mean absolute 

(MAE) 
Mean absolute 

percentage 
(MAPE) 

Root mean squared 
percentage 
(RMPSE) 

BIasa 
Net (NE’I 

$5 84 $5 63 

0 97 0 34 

48.5 46 6 

53 3 50 3 

5.84 3 39 / 
Mean (ME) 0 97 0 57 

aOollars are for fiscal years in bllhons 

DPosltive errors are underestimates 

‘Totals may not add because of rounding 

dUSDA underestlmated 6 of 6 years. nawe underestlmated 4 of 6 years 

The most important component in the dairy budget estimate is the tksti- 
mate of spending required to support the purchase of surplus dairy 
products. This component makes up about 93 percent of the error In the 
dairy budget estimates. The dairy purchase error exhibited an undww 
timation bias. In fact, the analysts underestimated the dairy purchaw 
spending each year. The average underestimate was $0.91 billion 

The dairy product purchase estimate of the interagency commodlt> t’3ti- 
mates committee is arrived at by multiplying the dairy purchase pr~( tb 
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by the number of pounds of dairy products estimated for purchase. Th 
analysts arrive at the estimate of the amount CSDA will purchase (caller 
“net removals”) by subtracting the estimated commercial use from the 
estimated dairy production. We show the error and bias in these key 
variables in table VI.3. The table shows that the errors in forecasts of 
production and net removals are biased toward underestimation. Most 
of the error in the estimate of net removals can be traced directly to the 
error in forecasting dairy production. The forecasts of commercial use 
contained a slight bias toward overestimation. This would tend to com- 
pound the error of underestimating production, since considerably mot-1 
dairy products were produced than expected while somewhat fewer 
dairy products were used commercially than expected. This resulted in 
the government’s purchasing a larger surplus. 

Table Vl.3: Total and Bias Error in USDA 
Key Dairy Variables 1981-88* Bias 

Error Net Mean Occurrences in 6 years 
Production 30,000 30,000 5mJ Underestlmate 6 __~ 
Commercral use 14,300 (1.700) (283) Overestimate 4 .--___ 
Net removals 32,100 32,100 5,350 UnderestImate 5 

% mllllons of pounds for fiscal years. Poslttve errors are underestlmates. 
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*&~ents From USDA 

Note GAO comments 
supplementing those In the 
report text appear at the 
end of this appendix. 

See comment 1 

See comment 2 

See comment 1. 

DEPARTMENT OF ABRICULTURE 
OFFICE OF THE SECRETARY 

WASHINGTON. D.C. 202M 

SuBJEcT: usw Review of General Pccounting Office (GAO) Draft Report Dated 
August 18, 1987-•” USDA’s ComDDdity Program: Accuracy of Budget 
Fbrecasts" 

To: J. Dexter Peach, ASSiSta& CUi?ptKOlleK General 
Resources, -unity and Dconanic Cevelqanent Division 
General &counting Office 

Thank you for the opportunity to review and conrnent M the subject draft 
report. l’his letter provides a sum~ry of cur general comnents and the 
enclosure provides other detailed information. 

Many of the findings presented in the report are valid and many of its 
reccimnendations are sound in principle. We are pleased that much of the 
information and analysis contained in the (310 draft corroborates the 
results of reviews conducted within the Department of Agriculture (USw) , 
including the staff working group review mentioned in the report. TIXE., 'we 
find much in the report of value. 

Hovever, we have identified methodological deficiencies with soma elements 
of the report which, in our view, undermines or limits the basis for sane 
of @O’s findings and conclusions. In addition, there are some gap ark3 
apparent misunderstandings in the report’s treatment of the use of the 
estimstes and of the process which produces them. Without scme corrections 
and clarifications, GM’s draft report could well lead other interested 
parties to draw the wrong coruzlusions and propose actions that muld be 
unwarranted. 

Ln addition, we are concerned that a ntir of Eundamental and significant 
findings and insights contained in the report are not presented in the 
executive smnary. In its present form, the executive sumibary is very 
likely to mislead the uninformed reader. We, therefore, believe that the 
sary should be revised to clarify and qualify many of the statements 
made. 

l’be report draws conclusions about the performance of uSM*s axmrcdity 
progrw estimating process based on limited analysis of the initial 
estimates prepared for the President’s wet. The process should be 
evaluated in terms of all its output, including the mated budget 
estimates. lhis will show that the process yields scare accurate cost 
estimates as more information on inherently uncertain and unpredictable 
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J. Dexter Peach, Assistant Comptroller General 2 

variables becomes available. In addition, it should be made clear that the 
official budget estimates released in the President’s Budget in January, 
and updated for the Hid-Session Review , are not the primacy mst estimates 
used for most commodity program policy decisions. These decisions are made 
on the basis of the latest supply and demand information available, and the 
impacts of these decisions are incorporated into subsequent official budget 
estimates. 

We urge CA0 to draw on the USDA mrking group’s report and to consult with 
USDA staff, if needed, to help fill the gaps and otherwise address the 
points raised in these comments. ‘Ihe mrking group report entitled CC 
audget Estimates : An Overview and Preliminary Assessment, December 17, 
1986 (revised June 8, 1987) was presented to GAO staff in early June. 911s 
report, initiated in early 1986, covers many of the same areas as GAO’s 
draft. The the reports together could provide a useful basis Eoc Euture 
efforts to evaluate and improve the estimating process. We believe it is 
in the public interest to make vigorous efforts to maintain a highly 
professional, technically sound and credible budget estimating capability 
for the cormpdity programs in USDA, and we interpret and accept GAO’s 
recomnenclations as intended to be supportive of that objective. 
USW has an elaborate and, we believe, well structured process for 
developing cumnxlity forecasts and budget estimates Ear the Cornrndity 
Credit Corporation (CCC) programs. The conmxodity program activity 
estimates, as well as the policy assumptions and supply/demand forecasts 
upon which they are based, are documented in extensive detail in the widely 
circulated CCC Estimates book. Wwever, based on recomnendations Ercm bth 
USW's internal reviews and GWs review, efforts are underway to improve 
documentation of factors contributing to changes in the estimates and to 
clarify responsibilities and to improve coordination for the budget 
estimating process. Neither LJSW’s nor GAO’s analysis, however, provides 
any clear evidence that such changes in the estimating process have the 
potential to measurably improve Eorecast accuracy. Nevertheless, we 
believe these changes should be made. 

Given the extraordinary degree of uncertainty involved in Eorecasting 
agricultural camrtadity supply/demand and commodity program costs, large 
forecasting errors are inherently unavoidable. Based on the experience #of 
the several decades that USDA has been in the Eorecasting business it 1s 
not unusual for early forecasts (made long in advance of the actual 
events), such as used in the initial budget estimates, to exhibit high 
percentage error rates. This is a reflection of the inherent uncertainties 
involved (e.g. weather developments and @icy changes) and not a result of 
failure to apply cuspstent staff and procedures to the task. PUS, whiie 
we agree with much of the GAO report, it should be understood that even 
with the adcption of GAO’s recumne ndations as well as USW initiatives, the 
budget forecasts muld continue to be subject to considerable error as has 
been the case over the years. 
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See comment 3 

Now page 26 

J. Dexter Peach, AssIstant Comptroller Cxneral 3 

?he draft report states that the quality of the forecasting procedures neec! 
to be Judged through comparison of their performance with that of other 
procedures. We are not aware of any other organization which has 
consistently produced more accurate cumrcdity supply/demand and cornnod~ti 
program cost Eorecasts over the years. The draft reprt comes to the same 
conclusion by stating several times that private forecasts have rx)t 
derronstrated greater accuracy than USW Eorecasts. ‘Ihe Congressional 
Budget Office (CBO) comes closest to Eorecastlng comparable commodity 
supply and demand and program cost forecasts , and, as pointed out on page 
2-23, “any differences between C’S0 and USDA estimates ace typically small.” 
Despite this proven record of reasonable performance when judged by falc 
standards, maintenance of the credibility of the USW forecasting process 
is a continually challenging and delicate task. 

If CCC outlays could tm easily and accurately forecast, Eunding could be 
achieved through a current, definite appropriation with a pre-established 
ceiling on the total munt that could be spent in a given year. Fbwever , 
Congress recognized the volatility of the agricultural ccmn&ity sector and 
in forecasting supply and demand and program outlays accurately fran the 
very beginning when it created the Ccc in the 1930’s with permanent 
borrowing authority from the Department of the Treasury as the financing 
mechanism. 

We rend, therefore, that G40 carefully consider these cc+-rments as well 
as the information and suggestions presented in the enclosure. We have 
also separately provided GAO staff with a marked-up copy of the draft 
report which includes a number of factual corrections and additional 
editorial changes and suggestions. 

We request that our letter, as well as the enclosure, be cited in the G10 
report, 

aP , . 
%nder Secretary for International 

Affairs and Camndity Progrm 

Dxlosure 

- 
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EXLCSURE 

Review of General Accounting Office (GAO) Draft Report, 
“USW’s comrrpdity Program: Accuracy of Budget Forecasts” 

See comment 1 

Now page 63 

See comment 4. 

See comment 5. 

See comment 6. 
Now, pages 68-69. 

‘Ihe GAO draft report is based on: (11 analysis of the preparation of 
initial estimates of cotnmxlity program costs for inclusion in the 
President’s budget submission, and (2) quantitative analysis of the 
accuracy of those estimates with the actual results based m cnly a few 
years of observation. lhis approach limits the applicability of 
conclusions which can be drawn from the analysis. The following sections 
discuss aspects of these limitations and provide additional information 
helpful in evaluating and reinterpreting the report’s conclusions. 

Relationship of Department of Agriculture (USW) Budget Estimates and 
Fdicy Decisions. Initial b&et estimates are not the primary cost 
estimates used for coexmodity program policy decisions. lhe budget 
estimates are essentially a reflection of the effects of past and 
anticipated future policy. They, of course, are useful in tracking 
effects of policy and for fiscal policy purposes. Although Cumnadity 
Credit Corporation (Ccc) outlays acoount for roughly two percent of the 
FMeral budget at present, their uncertainty ekes them a proportionately 
greater concern for budget and fiscal policymakers, We also note that 
because the OX estimates are so uncertain, rigorous efforts are made to 
update them during the year. Congressional budget and apprcpriations 
decisions often rely cn updated estimates. 

‘Ihe accuracy of the initial budget estimates has little to do with the 
validity or accuracy of the b&get outlay estimates made to assist 
Administration policy officials in choosing ancq alternative cammAity 
program policies where the ability to identify differences in likely 
effects of alternatives is crucial. IWwever, we note that GAO found that 
iqlementation of program policies different from those assureed in the 
initial budget estimate was a major source of error (and one not subpct 
to control by the estimators). ‘Ihis, of course, indicates that the 
estimating process can produce outlay estimates for specific policies 
which are significantly rmore accurate than the initial budget estimates 
where the @icy itself was an uncertainty. 

The draft report includes inaccurate information atout estimates Eor 
program policy decisions. It fails (e.g. page 4-17) to recognize, that 
although regulatory ilrpact analyses to support Administration decisions 
usually have estimates of cost differences among alternatives, additional 
analyses and total cost estimates are also typically ma& available to 
decisiormnakers. The report also appears to be partially in error when it 
identifies use of different outlay forecasts for btiget and for policy 
analysis as a problem with USW procedures. The executive sumnary makes a 
statement to this effect without explanation of the basis for the 
statement. Pages 4-33 and 4-34 present erroneous information about crop 
year and fiscal year (FY) data. USW does develop financial reports 
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See comment 1 

See comment 3 

Now page 26. 

2 

showirq actual expenditures by crop year for direct payments, such as _ _ _ _ 
deficiency payments, contrary to GAO’s statement that r)3 such information 
is provided. Many of the remaining outlays would be extraordinarily 
difficult to track on a crop year basis. Fbr example, actual outlays for 
one year’s crcp may be affected by next year’s program decision, storage 
msts are hard to sort by crop year, etc. But policymakers I% receive 
significant amxlnts of information to track whether estimated effects of a 
given year’s program were on target or not (e.g. loan and purchase 
activity levels, etc.). 

It should also be noted that outlay estimates of a proposed crop year’s 
program may include outlays attributable to the effects on transactions 
involving prior year crops (e.g. loan redemptions). As noted in the 
report, outlays of a given year’s program are often spread over several 
FYS. It is possible for a relatively accurate estimate to be made of the 
total outlays of a proposed program policy action for a given crop or 
program year, but for errors to be made in estimating the proportion of 
the outlays which will be incurred in each FY affected. This results in 
larger errors in the budget estimate than in the underlying estimate of 
program impact. 

Since GAO did not directly review USW progran and policy analysis 
procedures, the report should clearly state the limited scope of its 
findings and should reexamine carefully its statements in the sumnary of 
Chapter 2 and elsewhere. Few broad inferences made or implied about the 
quality of information provided for policy decisions can be validly based 
on analysis of the President’s Budget estimates for reasons discussed 
above. 

Congressional Budget Office (CBO) fble and Performance. The report also 
should make clear that the CBO has a prmary responsibility to provide 
mity program outlay estimates to-the Congress, both f&z &get and 
progran policy purposes. And, as GAO notes on page 2-23, estimates by CBC 
and USW have teen similar. If CBO’s skilled staff had been able to 
produce substantially better forecasts than USW, then this hould indicate 
UsDR’s praxdures may be defective. Likewise, if CBO had been able to do 
significantly better, Congress would not have to be concerned that large 
errors have been made in UsW’s ammcdity program budget estimates. 

Unavoidable Errors and Capability of Estimating Procedures. We believe lt 
essentl ‘al to try to identify the extent to which the errors may be due to 
defective estimating procedures. We agree with CA0 that this is difficult 
and that inproved documentation Md evaluation could be helpful in 
addressing this question. Fkx+ever, we are concerned that in its report 
CA0 overlooks the implications of evidence regarding this question. 
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See comment 1 

See comment 3 

Now pages 39-41. 
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The report does not present analysis of updated budget estimates (;t+e: 
than to mention these are more reliable than the initial estimates. 
Forecast accuracy is significantly improved as more information abut 
uncertain variables becomes available. This evidence suggests that much 
of the error in initial estimates is due to lack of information abut 
inherently uncertain variables (e.g. program policy, crop yield, export 
demand, etc.) rather than to defective estimating procedures. T?W same 
procedures produce the updates as the initial estimates, the only 
difference is the increased availability of information about causal 
variables. Thus, the improved accuracy of the budget u@ates provide an 
ivrtant indication of the capability of the estimating procedures. 

Generalizations Drawn From Inadequate Bases. We believe the report makes 
sane iqortant generalizations which misrepresent and/or overstate the 
implications of the facts presented regarding performance of the budget 
estimating process. lhis includes conclusions regarding implications oE 
USDA’s performance in relation to GAO’s naive model. 

l%e report states (on page 3-18) that on ” . ..the basis of a comparison to 
a sirrple naive scdel we developed, *e believe USW’s cunplex budget 
forecasting process has not been particularly successful.” And it also 
states, “This benchmark forecast generally performed slightly better iless 
error and less bias) than USDA’s forecasts.” ll?e report shows only data 
for E’Ys 1981-86 to support these statements. Since the other anaiyses 1.1 
the report use data fran EYs 1972-86, we used GAO’s node1 to compare Its 
results with UsW’s for the total E-year period and found that the X0 
benchmark was substantially less accurate in absolute error terms over the 
15-year period (i.e., mean absolute percentage error of 97 percent For X0 
naive r&e1 and 59 percent for USW) . We also canpared accuracy over a 
longer permd. According to our calculations the CA0 naive model had 3 
mean absolute percentage error of 102.5 percent for the period FYs 
1950-86, while USDA had 59.6 percent over that period. m a 
decade-bydecade basis (1950-59, 1960-69, 1970-79, 1980-86), USW had 3 
lower absolute error rate than GW’s benchmark in each arxl every decade. 
Fbr the period 1980-86 the error percentage was nearly the same, 57 
percent for USW versus 58 percent for CAO. &c amputations also shoued 
that both USW and GAO’s benchmark had definite tendencies to 
underestimate actual net outlays over the years. However, the CA0 de: 
did have slightly lower bias measures. GAO’s broad generalizations atout 
USW performance, relative to the naive model, cannot be fully 
substantiated by a fuller analysis of the data. The initial USW 
estimates are generally rmore accurate , although the CR0 benchmark tended 
to have slightly less tendency to underestimate. 
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Now pages 38 and 73 
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Equally important is the fact that the budget forecasting process cannot 
te judged only on the basis of the accuracy of initial budget estimates 
without regard to its performance in updated estimates, as was discussed 
earlier. ‘Ihe above analysis concerns the quality of the initial 
Presrdent’s Budget estimates and not the overall performance of the budqet 
estimating process. 

It is imperative, in our view, that CA0 limit its conclusions regardlnq 
performance relative to the naive model to those which are valid and 
substantiated by the evidence. Otherwise, readers could be seriously 
misled regarding the value of the estimating process by such statements as 
(on page 3-7), regarding the comparison with the naive model benchmark, I . ..if more sophisticated forecasts including those by USW are not 
substantially better, then the quality of the mre cunplex and costly 
procedure is questionable.” 

The report mentions, but does not highlight, the fact that the naive nrxdel 
results confirm that commdity program outlays are hard to accurately 
estimate and that one reason is that outlays fluctuate significantly frm 
year to year. We believe this to be worth highlighting in the sumnary of 
findings. We also suggest W present statistical data showing the 
extraordinary year-to-year fluctuations in the actual program costs and 
underlying variables being estimated. ‘Ihis muld help place the 
forecasting problem in better perspective. (See the USW working group’s 
report). 

The G40 report’s findings could also be placed in better perspective by 
examining the longer historical record. Fbr example, the mean absolute 
percentage error was 62.2 percent for the period 1950-71, versus 
58.6 percent for the 1972-86 period analyzed by GAO. Clearly, the hlqh 
percentage errors in the initial estimates are nothing new. There apars 
to be little, if any, basis for concluding that the performance of the 
estimating process has significantly declined in recent years. What has 
hamed is that the outlay levels of the programs rose very rapidly 
during the early 1980’s to the current high levels. T%is larger dollar 
base times percentage accuracy rates at historically normal levels yields 
larger actual dollar errors. We note that the draft report’s findings for 
the FY 1972-86 period (pages 3-16 and 5-2) also confirm this. 

We also note that page 3-17 of the report states “. . .there has been 
consistent growth in the bias over the years.” ‘Ihe statement apparently 
related to dollar levels of “bias” errors during the years GRO analyzed. 
However, net bias error as a percent of total absolute error apars to 
have declined slightly during the last five year period (FYs 1982-86) as 
cunpared to the preceding five years. We agree, however, that 
underestimation has been a problem and that net outlays for FYs 1982 and 
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See comment 7. 

Now page 57. 
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1983 in particular were severely underestimated. Curing that perlorl 
program net outlays were rising unusually rapidly due to unprecedented and 
unforeseen declines in export demand and record crop yields. (See USDA 
working group report, page 36.) The tendency to underestimate outlays 
more frequently than to overestiamte them is a natural result oE built-in 
time lags in the estimating process and the fact that net outlays have 
tended to go up sore often than they have declined. Specifically, when 
the supply/demand balance is incorrectly estimated for a given year 
resulting in an underestimate of program costs, then the beginning stocks 
for the following year are autanatically incorrectly estimated since the 
ending stocks for cne year are the beginning stocks for the following 
year. This results in a likelihood that the supply/demand balance and 
program costs would be similarly incorrectly estimated for that year as 
well. 

Cannodity Specific EBtimates. The draft report inclixles extensive and 
potentially useful analysis of the estimates for three camdities--corn, 
wheat and dairy. mer, several technical clarifications are needed to 
correct sane misconceptions about the programs, etc. ?he results of the 
sensitivity analyses need to be mDre discriminating to be nest useful. 
IW exarxple, to say that “for dairy, the RDgt important variables ware 
prcducticm, conaercial use, and net removals...” (page 3-52), is not 
helpful since in many years there is little else that could affect program 
wet8 other than net remvals. Fbrther, net rentals are for nost 
practical purposes determined by the extent to which production exceeds 
crmxercial use. 

Legislative changes can be a particularly significant variable over which 
b&qet estimators have no control. In the case of dairy, for example, 
between March 1981 and Dece&er 1985, eight pieces of dairy legislation 
were passed which added considerable uncertainty to the estimating 
prcoess . Three major changes were legislated in the milk price support 
progra during the period that the report concentrates on. Each change in 
the legislation was made after the President’s Budget was submitted-tw 
of the three were made after the FY in question began. In each case 
program outlay estimates were further complicated because the program 
changes were in effect over m3Ie than one FY. Although the total cost of 
the progran could be estimated with a fair degree of accuracy, the 
allocation to the proper FY was much more difficult. 

The timing of each of the above mentioned legislative changes, as a 
practical matter, made the President’s Budget useless with respect to milk 
price sumrt program outlay forecasts since the legislative basis for the 
progrzrm changed fran the time the President’s b&get was submitted and the 
amclusion of the following FY in every year since 1981. And, the 
legislated program changes directly i-ted production and use levels. 
We, therefore, believe that uncertainty associated with the legislative 
change variable should be given more praninence in the report’s discussion 
of dairy budget analyses. 
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See comment 8. 

See comment 9 

Deleted. 
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Sunnnary statements regarding the comity estimates should, thus, mint 
out the major role of policy and legislative changes as contributors to 
the errors in some recent years Eor these commodities (e.g. the PIK 
programs, as well as the dairy program changes). 

Management of Fbrecasting Process. We would like to cLarify a Eew points 
regarding the review of management of the forecasting process. The Off ice 
of Management and Budget (cMB) has a general oversight responsibility for 
development of the budget estimates and specifically for the incoporatlon 
of estimates into the President’s Budget. l%e OfEice of Budget and 
Prcqram Analysis (08PA) has similar responsibilities in USDA, including 
general coordination and evaluation of the process. ?he Agricultural 
Stabilization and Conservation Service (ASCS) has direct responsibility 
for developing the Ccc budget estimates, including the supply/demand 
estimates and other inputs actually used in their development. ASCS, 
however, normally draws on the interagency conmdity estimates process to 
develop the supply/denrand estimates for the budget. me ~3rld 
Agricultural Cutlook Board (WACB) has responsibility to oversee the 
Interagency Comity Estimates Committees tiich produce and mke 
available supply/use estimates. 

In recent years, at least, quality control has included review of 
preliminary estimates by CBPA staff, and comparison of selected components 
with forecasts developed by alternative procedures including models used 
by the Dxnanic Analysis Staff. USaR forecasters also closely monitor 
forecasts made by private sector forecasters. 

We note that macroeconomic assumptions are much more important for the 
outyear or longer term forecasts than for the annual t&get estimate. ?he 
study cited on page 4-8 indicates the importance of these variables in the 
longer rim. 

me discussion of documentation oE assumptions and input forecasts, etc. 
in Chapter 4 seems to overlook the CCC Estimates book prepared by A.%3 Eor 
each budget estimate and update. It contains highly detailed information 
on supply/demand estimates, program parameters and other assumptions, and 
budget estimates for each price support commodity. This took is widely 
circulated to both Congressional and Mministration officials, as well as 
private sector analysts. ‘Ib our knowledge, no comparable set of estimates 
in this level of detail is available for other canponents of the federal 
government’s budget. 

We believe that CA0 inappropriately identified “. . .changes to program 
assllRlptions, such as when deficiency payments will be made, after the 
estimates are made...” (page 4-39), as a weakness in the forecasting 
process. policy changes made by Administration policy officials (or the 
Congress) increase forecasting uncertainties, but shald not be 
characterized as an analytical weakness. 
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See comment 10 

Now page 74. 

See comment 2. 

Now page 3. 

7 

Numerous eEforts, both formal and informal, are or have been made by usw 
to inform users of the uncertainty inherent in budget forecasts. RX 
example, published supply/demand forecasts issued by the WACO now Include 
data on past error rates. And while formal budget documents are required 
to utilize point estimates, the USW agrees that users need to be aware of 
the limitations of the estimates. 

Point Estimates Versus Ranges. The reprt’s recommendation that USW 
develop a range of budget forecasts, as oFposed to a single “point” 
estimate (page 5-5), disregards a nlrmber of considerations. First, CM3 
requires USW to sutmit a point estimate , since the official budget cannot 
x&ate a range of estimates. And, it is extremely difficult to run an 
accounting system based on ranges or probability distributions. Seccnd , 
past efforts to develcp alternative sets of estimates based on alternative 
asscrmptions atout underlying supply/demand conditions proved to be costly, 
t ime-consuming and of limited value. Third, a range estimate, of course, 
will not ensure that the budget forecast will be more accurate. Wreover , 
&en range estimates were developed in the past, the actual results were 
frequently outside the range for the initial estimate contained in the 
President’s Budget. In other cases, the ranges were so wide that they 
were not very helpful or meaningful to users. ‘Ihus, it is difficult to 
determine the appropriate end points for a range. Ranges based cn 
historical variations can be misleading since program policy and other 
factors influencing outlay variations have changed substantially over the 
years. Also, variations among individual oarmodities interact in ways 
Rich make aggregaticn of canponent ranges difficult. In conclusion, we 
agree that there can be a tendency for users to accept point estimates as 
certain when they are stated in a definitive fashion, but we believe that 
preparation of a range of formal detailed budget estimates in the 
aggregate is difficult. Wwever, it may be useful to consider informal 
forecast ranges for selected cwmndities based on alternative assurrptions 
or other procedures to develcp information on potential variation. 

GAO Findings merlooked in EWcutive Summary 

We believe the executive sum~ry and other sunm~y and concluding sections 
of the report do not fully present the implications of GAO’s findings. 
(We have also ccxmnented previously on the inadequate basis for several of 
the statements in the executive sunnary.) For example, the report 
indicates on page XS-2, referring to the total absolute error over the 
past 15 years, that “76 percent of the error, $48.8 billion, occurred 
during the S-year period 1982-86.’ It fails to mention that 73 percent of 
the total net outlays also cccucred in this S-year period, which indicates 
that the dollar size of the error was due to the larger outlay levels and 
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Now page 51. 

not to a declining percentage accuracy of the forecasts. The executive 
sumnary makes no mention that GAO Eound no statistically significant 
difEerences in forecast accuracy between the S-year period and earliec 
periods. 

‘Ihe executive smnnary fails to mention that the naive mxlel benchmark 
analysis confirmed the difficulty in making accurate forecasts. It also 
fails to mention that CA0 Ecund r~ general trends to indicate private 
cummzdity analysts make mre accurate forecasts than USW analysts 
(page 3-53). mere are limitations with CAO’s cunparison oE USDA and 
private comizdity forecasts, but it sees6 appropriate Eor CA0 to identify 
the results of its extensive analysis of this issue in the executive 
suinnary (with appropriate qualifications). 

The executive swry could also be improved by briefly explaining bow 
cammodity programs are funded. ‘Ihe CCC borrowing authority mechanism is 
designed to pemit operation oE the programs despite the high uncertainty 
and difficulty in predicting net outlays in advance. 

The executive surmmary conveys little useful information about the results 
of GAO’s analysis of supply/demand variables contributing the rrpst to 
errors in forecasted outlays for the mm, wheat and dairy programs. It 
lists almost all the important variables which could affect the forecasts, 
but it confuses residual variables with underlying causes. It appears 
that, for the period it analyzed, W found the rsnst important variables 
to be production and exports Ear corn and wheat, and production for dairy. 
policy decisions which differed fran assumptions, and legislative changes 
(especially for dairy, as outlined above), should also be noted as major 
sources of error in recent years. 

Concluding Coimmants 

GAO’s draft report and evidence presented in these axmmsnts provides 
substantial evidence that: 

- the initial budget outlay forecasts for the comnxlity programs in 
recent years have been about as accurate as they have ever been in 
percentage terms ; 

-- while the uSW forecast error rates are high, no evidence has been 
found to show that other Eorecasters have been able to 
consistently produce better forecasts: 

- the Eocecasts are very difficult to make with any accuracy: 

- the b4get estimating process praluces more accurate Eorecasts as 
information becomes available on uncertain factors such as program 
participation levels, crop yields, etc., which suggests inherent 
uncertainties rather than defective procedures are the apparent 
primary cause of the errors in initial estimates. 
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Now page 70 

There are opportunities to tighten procedures, increase analytical input 
and increase documentation of information useful in evaluation of Budget 
forecasts. There is no evidence, however, that measurable impcoverrents :n 
forecast accuracy are likely to result or are readily achievable. 
Improvements will be difficult to achieve because of unforeseen 
developments such as government policy changes and weather related events. 
M’s report provides some examples of such events. Efforts to improve 
rnanagernent and conduct the forecasting process should be considered to the 
extent expected benefits are ccxrnnensurate wrth the resources expended on 
such efforts. ‘RILS is reinforced in the report, whrch states that the 
objectlves of the forecasting process are “to pccduce forecasts that are 
timely, accurate, and appropriate at minimum cost” (page 4-2). 

USW has cormnenced implementing sane improvements in the process as a 
result of r ecumnendations made by the USW mrking group review, and will 
continue to search for feasible improvements. Current steps include 
developnent of improved documentation of reasons for changes in estimates 
(from previous estimates). GAO’s c eccesnendations will subsequently also 
be taken into consideration by USW as we continue to strive to improve 
the budget process and the accuracy of budget forecasts. 
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The following are GAO’S comments on the October 5, 1987, IXLA letter. 

GAO Comments 1. USDA commented that the scope of our review was limited because we 
did not look at the primary forecasts used for program decisions and 
congressional decisions are often made on updated forecasts and policy 
analysis. We necessarily had to limit the scope of our evaluation of 
USDA'S forecasting process, which spans several USDA agencies and pro- 
vides information to policymakers throughout the management cycle of 
program design, budget formulation, and program execution. After con- 
sultation with the Subcommittee’s office and with ~SDA officials, we lim- 
ited our detailed evaluation to the forecasts made to prepare the 
president’s budget estimate, which USDA recognizes as having primary 
importance. We have revised the description of the scope of our review 
in chapter 1 to show that although we concentrated our detailed evalua- 
tion on the forecasts used to prepare the president’s budget estimate, we 
also obtained descriptive information about USDA'S use of forecasting for 
program design, budget updates, and policy analysis for implementation 
decisions. 

We believe it is appropriate to emphasize the value of the budget outlay 
forecasts in the president’s budget. The president’s budget estimate and 
the updated budget estimates are USDA'S and the administration’s esti- 
mates of the total cost of a program designed through legislation and 
through the USDA secretary’s implementation decisions on individual 
provisions for specific commodities. The primary estimates CSDA 

referred to generally deal only with these specific program provisions 
rather than estimates of the total program. Since the commodity pro- 
grams are entitlement programs in which costs must be controlled 
through program design, policymakers need estimates of the total pro- 
gram costs before money can be spent to monitor a program, revise leg- 
islation, make implementation decisions, and manage the federal deficit. 
Further, the revised estimates are not significantly more accurate until !. 
year after they have been made and are presented in the president’s 
second budget or 18 months later, in the second midsession review, 
when little can be done to lower costs. We have shown the error meas- 
ures for the updates in table 3.3. 

USDA'S comment that we did not look at the important forecasts I~III jr-es 
the point of our recommendations that USDA improve the managemtbnr 
and evaluation of its forecasting processes and incorporate the e\.alua- 
tion techniques we have demonstrated into a structured quality (‘I lnt rol 
program. If USDA were to make such improvements, it could evalu,lttB not 
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only the forecasts used for making the president’s budget estimate but 
also the broader range of forecasts USDA says we should have evaluated. 
Although we cannot generalize from the results of our analysis to the 
accuracy of forecasts made for design and implementation decisions, we 
have developed descriptive information that indicates that C&DA'S man- 
agement does not differ by type of forecast and that USDA does not sys- 
tematically evaluate the forecasts that it says are more accurate. 

2. USDA was concerned that we did not include enough qualifying state- 
ments in our executive summary. We have added some analysis and 
clarification to the body of the report and to the executive summary. 
However, we believe that USDA was asking us to qualify some of our 
analyses to such an extent that readers would infer that little or no 
improvement in forecast accuracy is possible. We do not agree that 
USDA’S comments fairly characterize our analyses; our analyses were 
based on procedures obtained from sources we have cited in the report 
that have been demonstrated as sound evaluation practices. USDA might 
adopt these practices in its quality control program. 

3. USDA commented that CESO makes comparable budget forecasts for the 
commodity programs and that USDA’S forecast accuracy is about the 
same as CBO’S. USDA also commented that we overstated the value of 
naive models and that USDA’S forecasts are more accurate than those of a 
naive model if a longer time period is selected. The literature recom- 
mends using comparative forecasts in an overall evaluation program in 
order to raise questions about turning points, bias, and methodology. We 
believe our analyses demonstrate the value of this technique in LXDA'S 

forecasts. The value of comparative forecasts is not diminished when 
the more sophisticated forecasts are more accurate than or about as 
accurate as benchmark forecasts. 

While CEIO’S forecasts are not substantially better than USDA’S, this does 
not imply that USDA’S procedures cannot be improved, since CBO relies 
heavily on USJM for many of the program assumptions and supply-and- 
demand data and since USM has many more analysts than CBO to 
develop forecasts. We have revised the report to reflect the time periods 
we analyzed with the naive model. It is true that over a longer time 
period, a naive model does not perform as well as USDA'S, but the naive 
model raises legitimate questions about underestimates during 1980-86, 
when outlays were increasing at dramatic rates. 

Page118 



Appendix VU 
Comments From USDA 

- 
4. USDA commented that in regulatory impact statements it t>-picnll\- pro- 
vides decisionmakers with total cost estimates when it publishes c’stl- 
mates of the cost differences of alternatives. This information !v;~s not 
always available in the published regulatory impact statements NY 
reviewed. 

5. USDA said that we were in error when we stated that different orltl:l~. 
forecasts are used for budget and for policy analysis. We were rcfel-ring 
to the analysts’ use of supply-and-demand forecasts that differ from thp 
official C‘SDA supply-and-demand forecasts. We have clarified this point. 

6. USDA commented that we presented erroneous information when \ve 
stated that CSDA cannot compare the forecasts made by crop year tvlth 
actual outlays shown in the financial statements by fiscal year. 
Although ccc tracks some direct costs by crop year, it cannot compare 
the forecasted costs for the commodity programs authorized by the Con- 
gress by a crop year to the actual outlays recorded in the financial state- 
ments by fiscal year. We presented this information to show the 
complexity of the process and to show that accurate forecasts by fiscal 
year are very important, since the Congress does not get forecasted c’ost 
by crop year for the total commodity program. 

7. USDA commented that our analyses of the variables are useful but 
should have been made in greater detail. We were demonstrating meth- 
odologies to determine the variables, including policy changes. that arv 
critical to the budget error. We made the analyses because other ana- 
lysts could not definitively tell us what caused the budget underesti- 
mates and overestimates. We believe USDA should do more detailed 
analysis, including sensitivity analysis, which will require better docu- 
mentation and automation procedures, and these in turn will help In the 
replication of the forecasting processes. 

. 8. USDA commented that we did not give it credit for the documentarlon 
in the ccc estimates book. We have revised the report on this point 

9. WDA commented that policy changes should not be identified as a 
weakness in the forecasting process. We did not identify these changtbs 
as an analytical weakness, but identifying the extent to which policy>- 
changes contribute to forecast error is a necessary part of evaluat u 111 
Such analysis also provides valuable information to policymakers (III t he 
range of costs associated with alternative implementation strategltbs 
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10. In its letter, USDA provided information on its restrictions in using 
forecast ranges. We continue to believe that policymakers need to know 
the range of cost that may be incurred, considering the historical error 
and the alternative implementation strategies. USDA'S working group’s 
report also recommends greater use of range estimates. 
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Glossary 

The terms relating to the measurements that are used in looking at fore- 
cast accuracy are defined in appendix III. 

Acreage Reduction A provision of federal price support programs to control the supply of 
wheat, rice, feed grain, and cotton by reducing their planting. The acre- 
age to be removed from production is expressed as a percentage of an 
individual farm’s crop acreage base. 

Beginning Stocks The supply or inventory of the farmer-owned reserve stocks, ccc stocks 
and free stocks of a commodity not used at the end of the previous mar- 
keting year. 

Deficiency Payment A direct payment made to a farmer when farm prices are below target 
levels. It is calculated by subtracting from the target price the loan rate 
or the national average price of a commodity during the first 5 months 
of the marketing year, whichever is higher. In general, the government 
makes deficiency payments to farmers who qualify for the portion of 
their production that is specified in the farm program. 

Diversion Payment A payment made to a farmer who voluntarily reduces the planted acre- 
age of a program crop and devotes the land to a conservation use. Divei 
sion payments are also made to dairy producers who agree to reduce 
their milk marketing below a prescribed level. 

Ending Stock The supply or inventory of the farmer-owned reserve stocks, ccc stock: 
and free stocks of a commodity not used at the end of the marketing 
year. 

Farmer-Owned Reserve The supply or volume of grain a farmer stores under an agreement wit1 
ccc to delay sale for a 3-year period or until the market price reaches a 
trigger level. 

Feed Grain Any of several grains, such as corn, grain sorghum, oats, and barley, 
commonly used for livestock or poultry feed. Corn price-support pay- 
ments generally constitute about 85 percent of total feed-gram ~pport 
payments. 
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Loan Participation Rate The percentage of production that a farmer places under loan. It is 
based on production from the total acreage enrolled in a program. 

Loan Rate The price per unit (bushel, bale, pound, and so on) at which the govern- 
ment provides loans to farmers to enable them to hold their crops for 
later sale. 

Model The representation of an object, system, activity, or situation and its ele- 
ments (or variables) and the relationships between the elements that 
govern their interaction. The representation may be theoretical, mathe- 
matical, or physical or a combination of these. 

Nonrecourse Loan A price support loan to a farmer who can then hold crops for later sale. 
The loan is called “nonrecourse” because a farmer who cannot profita- 
bly sell the commodity and repay the loan upon its maturity delivers the 
pledged or mortgaged collateral (the commodity on which the loan was 
advanced) to the government for the settlement of the loan. A farmer 
may redeem the commodity by paying off the loan and interest. The 
loan level becomes the support price, because the government becomes 
an alternative to the market. 

Paid Land Diversion A payment to a farmer who voluntarily diverts acreage out of produc- 
tion. The diverted land must be devoted to USDA-approved conservation 
practices. 

Payment Limitation A limit set by law on the amount of money any individual may receive in 
farm program payments each year under the feed grain, wheat, rice, 
and cotton programs. 

Payment-In-Kind Program A USDA program initiated in 1983 to reduce crop production and com- 
modity surpluses. Commodity producers are eligible to receive commodi- 
ties in payment for removing acres from production. 

Producer Storage Payment A payment made to a producer for the storage of a commodity in an 
amount and under conditions that encourage the producer to participate 
in the program. 
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Program Participation The rate at which producers are included in a program. Participation 
Rate does not necessarily mean a producer will take out a loan. 

Regression Model A forecasting model that relates the dependent variable (such as sales) 
to one or more independent variables (such as gross national product ot 
the index of economic activity). 

Seasonal Average Price The national average market price of a commodity during the first 5 
months of a marketing year. 

Set-Aside A supply control provision of price support programs that requires that 
a designated percentage of a farm’s acreage that is planted in a progran 
crop be devoted to soil-conserving uses (such as grasses, legumes, and 
small grains that are not allowed to mature). 

Supply and Demand Supply is the total availability of a commodity and consists of beginning 
stocks, production, and imports. Forecasts for supply are prepared for 
both US. and worldwide production. Demand, also referred to as “use,” 
is the total of the amount exported, the amount used for livestock feed, 
and the amount used for food products. 

Target Price A price, determined by law, at which farmers can meet the cost of pro- 
duction; sometimes called “guaranteed price level.” The target price 
becomes the income support price. The government bolsters farm 
income by making deficiency payments to farmers who qualify for them 
when national average market prices fall below the target. See also Defi- 
ciency payment. 

Trend Line A line determined by a set of data points that describes the relationship 
between time and the dependent variable. In forecasting, the identifica- 
tion of a trend line is based on the belief that, over the short run, future 
patterns tend to be extensions of p&t I;atlerns. 

Validation ’ The determination of whether a model or simulation is an accurate 
representation. 
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Verification The determination of whether a computer program correctly performs 
the manipulations of a model’s theoretical or mathematical representa- 
tion of a real-world entity. 

Volume Estimate The estimated level of activity subject to a specific commodity program 
provision. Example are the number of bushels of wheat placed under 
loan and the number of acres to be diverted from production by crop 
year or marketing year. 
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Requests for copies of GAO reports should be sent to: 

U.S. General Accounting Office 
Post Office Box 6016 
Gaithersburg, Maryland 20877 

Telephone 202-276-6241 

The fiit five copies of each report are free. Additional copies are 
$2.00 each. 

There is a 25% discount on orders for 100 or more copies mailed to a 
single address. 

Orders must be prepaid by cash or by check or money order made out to 
the Superintendent of Documents. 
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