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Abstract

SAS/ASSIST® software, currently distributed with base
SAS® software of the SAS System for personal computers,
gives applications developers a platform from which 10 use
SAS/, software to build systems for end uwsers. ‘This
example demonstrates such a system. SAS/ASSIST is used as
a user-friendly front end for a forecast evaluation system.
Fuli-screen menus guide a user into developing a processing
request without needing to have a knowledge of SAS syntax.
Help screens and automatic validation techniques provide
assistance as the user puils data in from SAS data sets, DOS
files, or keyboard entry, and then chooses from groups of
forecast evaluation statistics, including descriptive measures
such as mean square error, Theil forecast error statistics,
forecast revision ratios, and directional accuracy tabies.

1. Introduction

Analysts at USDA’s Economic Research Service are
frequently called upon to compare and evaluate alternate sets
of forecasts, such as predicdted scenarios concerning
agricultural production, prices, and so on. The EVAL
Forecast Evaluation System was developed at researchers’
requests for a comprehensive, easy to use package for
evaluating price forecasts. Such a system was developed, and
was in use during the 19708, but it fell into-disuse for several
reasons. The database which was the source of the price data
and with which the system interfaced was replaced with a new
database, and the raw Forfran code in which the system itself
was written was ost.

When researchers requested a replacement for the system,
advantages and disadvantages of several languages and
packages were considered, and the SAS system, with its
SAS/ETS® econometric software and SAS/AML® matrix
language software, seemed to offer the most power, with the
most flexibility, for the least code. In addition, the multi-
plaiform development which SAS is following, and the
Institute’s famous support, suggested that a forecast evaluation
system writicn in SAS would be the most aceessible to users
with a variety of forecast evaluation probliems.

While some of the forecast evaluation measures desired
were available in various places in SAS procedures, others
were not. We decided to develop a comprehensive package by
combining forecast evaiuation tools from SAS procedures
already available with statistics calculated by macros using
SAS/IML. software. We wanted to make the system flexihle
enough so that newer, more accurate evaluation techniques
could be added as they are developed by econometricians.

At about the same time, an update to the SAS/ASSIST
front end to the SAS System added an "Applications” option
to its Primary Menu. It was envisioned that this could serve
as the vehicle by which applications of general interest could
be shared within the Agency, a function which had been
served by a "Macro Library” on our mainframe system. Until
then we had not had a mechanism for sharing code among
users in the PC environment, It was decided to use the EVAL
system under development as a prototype application to be
incorporated within the SAS/ASSIST framework, {0 serve as
an example for others interested in developing such multi-user
projects.
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2. Development of EVAL as an ASSIST application

The first step in linking an application to SAS/ASSIST is
to tell ASSIST where to find it. This is done by editing (or
creating if it does mot already exist) a data set called
SASAPPL in the SASUSER directory which indicates the
catalog where the application is filed. Directions for doing
this can be obtained by choosing APPLICATIONS from the
SAS/ASSIST Primary Menu, and choosing HELP on the next
menu that appears.

In terms of writing the SCL code 10 previde the front end
to the application, we found it easiest to adapt the programs
already included in SAS/ASSIST. While in general it is often
more difficult to decipher someone else’s code than 1o write
your own, in the case of the SAS/AF software used to develop
ASSIST we found it to be a good learning experience to go
through the programs that already existed. In that way we
could see the results of certain programming techniques and
Iearn how (0 incosporate some of the existing programs for
general functions such as putling in the variable list of a data
set, withoul having 1o "reinvent the wheel” ourselves.

[n order 1o modify parts of SAS/ASSIST, you must
compile a set of macros that are used throughout ASSIST.
We copied MACROS.PROGRAM f(rom the
SASHELP.ASSIST catalog into our own catalog,
EVAIL.ASSIST, and added the following to our ASSIST.SAS
file:

dm "af c=eval.assist. macros.program-;

This made the macros available to us during development
work, When we were not planning 10 make changes we would
comment out this line before running the application; ieaving
it in the file in case we needed to make later modifications.

As a starting point for the specification screen for EVAL,
on which a user would indicate details for an analysis to be
performed, we looked for a program in ASSIST that did
something similar. In the REGRESSION option chosen from
STATISTICS on the SAS/ASSIST Primary Menu, the user is
presented with a panel on which to indicate a dependent and
one or more independent variables to use in a regression.
This was similar to our framework of needing to specify an
Actual variable of obscrved valucs and onc or more Forccast
variables to compare to it We copied
SASHELP.ASSIST.STREG.PROGRAM into
EVAL ASSIST.FCST.PROGRAM and edited it 10 change the
labelling to suit our purposes. This gave us already-defined
options along the top of our scieen for providing HELP,
electing to RUN the SAS program generated, saving the
program, customizing the output, and going back to a previous
screen.

The regression specification screen aiso had a number of
Yes/No options for analyzing residuals, etc. We modified
these to indicate options for EVAL analysis such as
computing Theil statistics. By seeing how these switches were
implemented we were then able to add additional options,
move things around on the screen, and so on.

Some references to other ASSIST programs expected them
to be in the current catalog, 50 we needed to make their calls
more explicit. For example,

catl display( "customiz.program’ );
was changed to

cal} display
(sashelp.assist.customiz.program’ ); .



In terms of adding Help screens for the forecast analysis |

specification screen in general and for particular fields, it was
notioced that in SAS/ASSIST CBT entrics were used instead of
HELP. It turns out that with a CBT window displayed a user
only needs (o press ENTER to exit, rather than needing to
know to type END. This seemed more intuitive for a novice
user 50 we also coded CBT type entries in our catalog.

As we became more accustomed to esing SAS/AF software,
we also designed an introductory panel of information for the
system and a preliminary menu before bringing the user into
the main EVAL specification screen. A "Data Management”
option branches the user to the same place that choosing
DATA from the SAS/ASSIST Primary Menu would, again by
a call to the same program ("sashelp.assist.datmenu.program’).

EVAL was first coded as a set of SAS macros before being
incorporated into ASSIST. As such, a "parameters” data set
had to be created 10 pass 10 the macros information about the
dala and variables to be used and the analysis desired. To
store values in the macro symbol table when the data step was
executed required wse of the SYMPUT routine.  All of this
was no longer necessary when EVAL was moved into ASSIST.
Screen Control Language (SCL) variables, defined as fields on
the EVAL display panel, pass information obtained through
interactive wser input to the macros which perform the
requested computations,

3. Bardware, software, and data requirements

The software requirements for EVAL to run on an [BM
or compatible personal computer are SAS, version 6.03 or
higher, with the following products installed: SAS/BASE,
SAS/STAT®, SAS/ML, SAS/ETS, and SAS/ASSIST.
Extended memory is necessary, two megabytes is suggested.
SAS/AF is needed to develop an application and link it o
SAS/ASSIST; however, it is not needed to run it since the
programs are compiled.

Although EVAL was developed with a particular data base
in mind, we have tried to keep the requirements as general as
possible. The SAS data set which Is to be analyzed must have
ohe of more variables containing "actual” values of series of
interest and one or more variables containing "forecast™ values
which are to be compared 10 the aciuzl observed data. In
addition, there must be a variable to indicate the time period
represented by each observation. It should be a numeric
variable of the form yyyyppp, with a value of 1979004, for
example, indicating the fourth period (month, quarter, etc.) of
1979 (in the future this may be generalized to handle true
SAS date variables).

4. Running EVAL

To run the EVAL Forecast Evaluation System, a user
moves the cursor on the SAS/ASSIST Primary Menu to
APPLICATIONS and presses ENTER. The next screen
provides a choice of PUBLIC (which we interpreted to mean
applications provided by SAS Institute since they currently
distribute some SAS/OR® examples with SAS/ASSIST) or
PRIVATE (which ‘is where we put EVAL, an application
developed at our site). After choosing PRIVATE the user
sees a "list” of applications, of which carrently EVAL is the
only one. Placing an X by Forecast Evaluation System and
pressing ENTER places the user on another screen with
options for running the Forecast Evaluation Program, data
management, and exiting. After indicating that EVAL should
be run, a final screen is presented for specification of such
information as the dala set to be analyzed, the variables to be
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used, the time periods to limit the analysis to, the periodicity
of the data (monthly, quarterly, etc.), and the types of analyses
to be performed. Context-specific help is available by pressing
PF1 while positioned on any ficld.

By default the last analyzed data set is presented on the
screen as the one to be used for EVAL. The user can change
this by positioning the cursor on ACTIVE data set and
pressing ENTER, and then selecting from a list of data sets
presented  (according to  any libraries specified in
ASSIST.SAS).

Also by default the program expects to use a variable
called TIME as a date indicator. The user can override this
by positioning the cursor on DATE indicator, pressing
ENTER, and selecting from the variables shown.

By working within the ASSIST framework, the user also
has available all of the other menus for commonly performed
tasks within the SAS System. If graphics or tabular displays
are wanted, these can be obtained by making appropriate
choices from the SAS/ASSIST Primary Menu before (or after)
choosing APPLICATIONS.

5. The Statistics

The statistics which the current version of EVAL can
calculate and display follow.

Printing of the input data. Each analysis group Is specified
by a dalaset name, initial time period to be analyzed, Iast
period to be included in analysis, Actual variable name, aad
Forecast variable names. PROC IML is used to retrieve the
dala, and PROC PRINT to display it.

Statistics of Fit. These include the mean error, mean
percent error, mean absolute error, mean absolute percent
€error, root mean square error, and root mean square percent
error. These are generated by PROC SIMLIN,

Theil statistics.  There are many Theil inequality
coefficients in use. The ones EVAL calculates are based on
relative change forecast errors, as recommended in, for
example, Leuthold (1975), to overcome sensitivity to an
additive transformation. The calculations are performed inr
PROC IMI. according to the following:
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These statistics compare the predictive ability of the model
generating the forecasts to the "naive® no-change model where
the forecast for the next period is this period’s actual
observation. Both Ul and U2 have a lower limit of 0 which
refers lo an ideal forecast, F,=A, (thus, the smaller these
statistics, the better). For Ul the upper boundary is 1, when
F,=A, ;, so that all models appear 1o predict at least as well as



the no-change model. The U2 siatistic removes this
limitation, so that its interpretation is:

m=0 perfect forecast

0<U2 <1 forecast is better than naive model
Uz =1 naive no-change extrapolation
Uz>1 forecast is worse than naive model

(Leuthold, 1975).
Note: In some cases the computed values of the Theil
statistics differ from those that would have been produced by
the SAS procedure PROC SIMNLIN. We have been unable
o duplicate by hand calculation the values that PROC
SIMNLIN prints.

Regression of actual on predicted values, y=Mx+B, as a
method of testing goodness of fit. Here y is the endogenous,
actual variable A, x is the exogenous, forecast variable F, and
M and B are the slope and intercept respectively. The
solution is the result of an ordinary least squares fit of the
actual and forecasted values, with M and B estimated by
PROC REG in SAS/STAT. For perfect forecasts, F=A,, so
that the resulting regression would have zero intercept B and
unit slope (M=1). Parameters of the regression would be
tested to see if they differed significantly from zero and one
(Kost, 1980).

Revision Ratios table and a Revision Ratio Analysis table.
These are only appropriate for examining forecast variables
from the same source, for the same actual variable, over the
same time period, when the forecasts are made at different
times. Thus more than one forecast variable name must be
specified!  The revision ratios are a measure of how well a
forecast is revised as the forecast is made at a time closer o
the period being predicted. The revision ratio between two
forecasts F,, and F,,, where Fy, is the forecast made later, is
calculated as the ratio of the difference between the iwo
forecasts (the "revision") and the forecast error (the difference
between the original forecast and the actual observed value).
That is,

FB, t-FA.t

RRatioy, = 2 F
4 AT

A forecast made 3 months ago may be a good, bad, or
indifferent revision of a forecast made six months ago, for
example.

The revision ratio analysis lable summarizes the revision
ratios for the specified time period. It provides a count of the
Revision ratios which fall into each of five categories for each
of the ordered pairs of forecasts. The classes of revision ratios
are:

Ratio = 1;

1 < Ratio < 2;
0 < Ratio < 1;
Ratio <= (;
Ratio >= 2.

Revisions failing within each class may be interpreted in
the following manner (Ippolito, 1979):

A ratio equal 1o 1 indicates a perfect revision (equal o the
forecast error in the original time period). A ratio between 1
and 2 indicates a revision in the correct direction, but oo
large. The closer the value is to 1, the better the revision. A
ratio between 0 and 1 indicates a revision in the right
direction, but too small. A ratio equal 10 zero means that no
revision was made, while a negative ratio indicates that the
revision was in the wrong direction. A ratio greater than or
equal 10 2 means a very bad revision was made. Note that
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large revision ratios may result whenever the initial forecast
itself was a very good forecast, even for revisions made in the
right direction.

Prediction Realizations. There are several steps involved in
computing prediction realization statistics, the first of which
is a "call” for an additional year of input data. In order o
eliminate seasonal bias, computations are made using the
actual values of one time period and the values of the same
relative time period of the previous year, hence the need for
the additional data.  To reduce the possibility of
misunderstanding the nature of the calculations, the input
data, including the additional year, are printed whenever
prediction realization values are requested,

Given a frequency of observation f (4 for quarterly data,
12 for monthly, and so on), a "prediction realization® is
computed as the percent change between the actual or forecast
value at time t and the actual value observed f periods {one
year) previously. That is,

F.-A
PRedR, =100+ £ £
t-r

-A
PRedR, c=100¢f£...Lf

e-f

A directional accuracy lable, which relies upon the PR
calculations, is also available through the PR request
However, you cannot get a directional accuracy table without
the accompanying prediction realization table. This was built
into the system to reduce possible misinterpretations of the
results.

The directional accuracy table is an interpretation of the
prediction realizations, and it uses a critical value specified by
the user, used to set a range within which changes are
considered to be essentially zero for the purpose of directional
accuracy. Predicted and actual values that fall within the
range

Criticalvalue

(PRedR <+ 5

_Criticalvalue
2

are considered as "no change.” If no critical value is specified,
a default value of 1.0 is used. The possible values in the
directional accuracy table are 0, 1, and 2, and they should be
interpreted in the following manner: a vaiue of 0 indicates a
correct directional prediction, 1 indicates an incorrect
directional prediction, and 2 indicates a truly bad directional
prediction. Since "no change” is usually considered a direction
in forecasting analysis, there are two steps from a correct
forecast to a horrible forecast, hence the three possible values
as explained above.

6. Anticipated enhancements

EVAL is an application under development rather than a
finished product. Several additional tests that EVAL should
perform have already been discussed with economists at



USDA/ERS. They include Fisher Forecast Evaluation, Fisher
Forecast Comparison, Wilcoxin Signed Rapk, Kendall
Coefficient of Concordance, and the Mincer-Zarpowilz test.
The scope of the system will thus be expanded to allow
comparisons of forecasts from different sources, as well as
evaluations of forecasts.

In order to improve performance somewhat, and to
eliminate the need for the presence of SAS/ETS (and possibly
SAS/STAT) when tunning the application, we intend t©
recode several EVAL modules. The menus, help screens, and
flow of the system will be altered as suggestions are made, and
time and resources allow. Output wilt be improved as needs
or complaints demand.

7. Conclusion

We hope that EVAL will serve as a prototype application
in SAS/ASSIST, so that others can use it as an example for
sharing applications of general interest. This framework
should be a powerful vehicle for disseminating and supporting
such programs, so that we can develop a good library of useful
procedures.
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Appendix A. Selected EVAL Screens

The Forecast Evalvation System has been coded as an
applicatien in SAS/ASSIST. To access it, wous the cursor to
APPLICATIONS on the ASSIST main rerw and press ENTER, The next
soreen ulll give you a cholce of PUBLIC Capplicaticns providad by
S5 Imstitute) or PRIWATE (applications developed at our sited.
Choose PRIVATE. You will then ses a “1ist” of applications te
select fron Ccurrently EUAL is the ovly emed. Put an X by Forecast
Evaluation Systes and press RNTER. You will be given another list
of options ubich include any Zata editing you would lihe to do or
ruming the Forecast Evaluation progmm. Put an X Yy the approprlate
option and press EMTER. Once in the menu Tor EVAL, you uill wwe
wour curser around Lhe screem to Fill in such inforvation as the
data set yox ulsh £o amalyze, the variable uhich contains the actual
values for the series of interest, the variable or variabley which
contain forecasts you wuld lke to compare to the sctual values, wnd
the types of analyses you uish to perforw, Press PFL at any palnt at
uhich you meed help.

Press ENTER {o contimue.

SAS/ASSIST: Primary Henw 18: 1100

SASASSIST Primary e

-

pplicat]

Tab ard press ENTER to select.

02RCH]

Type of Application:

HBLIC
FRIVATE
PRICEMRIS
=

Tab to an aption and press EHTER to select.

IST: Rpplication Selecti 16: 1160 18: 1200
Select the application you uant to wun.
Place any charicter in the field next to the application description.
Press ENTER to ren the selected application: use GDBACK to return.
ripplicaticn Selectiom
FORECAST EVAELATION SYSTEM MAIN HEMI
Place an X next to your selection:
Private Applications
_ FORECAST EURLUATION SYSTEM Rm Forecast Evaluation Progran
Data Hanegement Czelect, edit, ete., if mot
already done)
Return to Previous Menu
N
18: 1264 FUAL: Forecast Evaloation Systes: 10: 14AK

* Forecast Evaluation Sustes
I:J:rhhle of actunal values is required, ENTER {0 wake a selectlen.
icLr U PGl AUE R CUSTOR 2B UERCH
ACTIVE data set: AGDATA. PRICES
DATE indicator:

11 FIERNCY of datat

INITIAL TIME PERIOD:
ATWL value wariable:
LAST TIME PERIOD:
FORECAST warjables:
DISPLAY 1nput data: WG TEIL statistics: W
RERRESSTON of actual on predicted values: W)
REVISION ratios: WO

PREDICTION - realization and directioral accuracy stabistics: W
Critical walue (For directioml accuracy conputations): 1.8

Tab and press ENTER to select.

LT

ACTIVE data set! AGDATA.PRICES

MTE Indicator: THE FREQUENCY of data: 4

INITIAL TIME PERIOD: 193108i
HCTUAL walue warlable:
BESCPUS LAST TIME PERIOD: 1937894

FORECAST wariables: BESCPUII BESCPUTG

DISPLY input data: YES THEIL statistics: YES

REGRESSTON of actual on predicted values: YES
REVISION raties: YES

MREDICTION - realizatiom and directiomal accuracy statistics: YES
Critical value (for directional accuracy computations): 1.8
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Appendix B. Selected EVAL Output

IOIITPU! 182 {700 OUTFUY: 18: 178
Comnand —) Comsand =2
S8 10:99 Thursday, March 15, 1933 3 SIS 40:Q9 Tharwday, March 15, 1993 4]
THEIL: EMDMOGEMOUS - BESCPIS THEIL STATISTICS POR BESCRUS, BESCRUI3
EX0GEN(S - BESCPUI3
SINLIN Procedure Stal URLLE
Ul = 83817283595
Statistlcs of Fit 2= 0.5579038678
Mean  Mean £ Mean Abs Mean fAbs s RIS X
Yarfable H Error Error Ervar ¥ Evror Errar  Ervor
JOCAS 8 4359 0877 117,816 21349 157.1591 25578
ZIf—= il
(i 48: 1604 FOUTPUL: 18: 186
Command ===} JComwand =>
SRS 18:89 Thursday, March 15, 1998 16 S 10:99 Tharcday, March 15, §9%0 11
REVISION RATIOS FOR BESCRUS EESCPUII BESCRUIG REVISION RATIO AMALYSIS TRELE
BESCPUS BESCPUI3 BESCPUIE
PERIOD nn oLt oz
1381081 13.6364 Ratis =1 8
1981662 .78 1{Ratio (2 1
1981892 1.3839 0{latle <1 4
1994884 . 00880 Ratio (= @ 2
1387881 -8.7835 Tatio =2 1
1902802 b.5523
1997893 8.5258
1982884 8,847
2001 Z00K:
[IUTAIT 18: 1844 OUTALT: 8: 1940
[Command ==) Cowand —2
SAS  10:89 Thursday, Karch 15, 1398 13 58 10:89 Thursday, March 15, 1338 14
PREDICTION REALIZATION BIRECTIONRL ACCURALY CRITICAL UALLE IS 1.8
BESCPUS BESCPUIT BESCPULG BESCPUS BESCPUII BESCPUIE
PERIOD  ACTUWL  PREDICTY  FREDICTZ PERIOD  PIEDICTL  PREDICT2
1931891 544399 BRSOl 5.7M4 1931881 ] B
1591062  3.58489  -Z.87564  -6.6EH4 1931062 z 2
1331863 291685 447623 1,835 1331863 8 i
1531084 L&D -1.52191  -1.549) 1381884 z Fi
1932881  -1.98%13 1.15087 -8.19781 1952001 2 1
1382682  -1.32475  -1.563  -Z.94388 1997082 ] ]
1902883 3.410W 206952 19715 1947003 ] []
1947084 248371 216664  6.48514 1962884 ] 1
200 200K
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