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SUMMARY

! Problems in the design, preparation, and use of local cbjective fore—
cesting lt\die%mn evaluated vhile specific loeal objective fore—
casting studies were being made., As a result, a systesmatic procedure tbat
may be used as a guide in designing and preparing local objective fore—
casting stuldies was developed and tested in a mumber of seminar—workshop
groups. The systematic procedure is outlined and discussed with illustre—
tions from several local objective forecaating studies. The procedure
consists of defining the local forecasting problem in terms consistent
with observing and forecasting capabilities, resolving the variability of
the farecast element into its cyclic (seasonal and diw:nal) ond\ ¥synoptic® '
cawponents, and finally, reassembling the components into a farecast scheme
that allows the forecaster to exercise his training as a metearalogist. ( )

\
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1. INTRODUCTION

The more gsneral problems of preparing local Wwjective forecast
studies were intensively considered vhile a mmber of local xeteorulogical
investigations were bYeing mede. The questions of the relative usefulness
of objective alds to the farecaster versus a complete objective farecast
system, the integration of objective tecimiques vith standaid forecasting
training and skills, and the cuntribution of objective studies to the
understanding of atwospheric proceases were constanuly reviewed throuchout
the work of each local study. Tentative answers to these questions were
tested in a nuber of seminar-workshop groups farmed of representatives
from the forecasting staffs of U. 8. Air Force veather detachments in

sstsrn Drrope axd England. The methods and procedures finally seclected
are presented in the form of a gystematic approach to the preparation of
local objective forecast studies.

The “systematic approach to the preparation of local objective fore~
cart studies” as a standardizead procedure will be designated SAPLOFS in the
following paragrsphs in order to distinguish it from specific local objec-
tive studies used as illustrations or in other contexts.

The outlined procedwres contained in the SAPLOFS are analogous to
standarized step by step methods employed in chemical analysis. The pro—
cedures of chexicsal analysis form a genersl method spplicable to most
chemical substances. In a like manner the SAPLOFS is spplicable to a
wide variety of local forecasting problems. Again, a- in chelica.l analy-
sis, the specific results obtained in each step guide the interpretation
of the general instructions of the following step.

The work vaes performed while the writer was on active duty with the
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Alr Force, assigned to the Scientific 8ervices Division of Headquarters,
2nd Weather wing, and staticned with its Techmical Support Branch at Rhein
Main, Germany. Analysts and farecasters of the Technical Suypport Branch
processed the data, prepared the charts and diagrams, and assisted with
the analyeis and interpretation of the resulte. The problem of forecast—
ing the visibility at Rhein Mein, Germany wes used to investigate the
over-all problems involved in the preparaticn of local objective forecaat
studles. rreliminary conclusions were evaluated and tested on studies of
visibility at fcur other locetions in Germany and England. Problems in—
volving forecasts of surface winda, thunderstorms, and croeswind cospo—
nents were considered in eveluating the sufficiency of the derived pre—
cedure.

11, DEFINITION F OBJECTIVE FORECAST STUDIES

Tre detinition of objective weather forecasting studies given by

.Allen and Yerncn (1951) in the Compendium of Meteorology is excellently

suited to the concepts of this discussion. The essence of this defini-
tion is contained in their statement that, “the test of whethsr a sysiem
is objective is vhether different meteoralogists using the system inde—
pendently arriv: at the same forccast from a given set of maps and data.”
The meteorologist is allowed to use his training vhen standardized and
based on egtablished physical principles and observationel fact. He is
also permitted thc use of analyzed meps and charts, even though some
subjectivity enters into their preparation, as long as other meteorolo-
g.ists employing the same system use the same aaps and charts.

For example, an operation may eppcar to require forecasts of visibil-

ity to the nearest 1/8 mile. The visibility observations at the site of
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the operation may, however, bc accurate only to the nearest 1/4 mile due
to directional veriability, lack of checl. points or other reasons. Objec—
tive [or subjective for that matter) attempts to forecast to the nearest
1/6 mile cannot be expected to be satisfactory since they are based on and

verified by observations less definitive than 1/8 mile.

III. CRITERIA FOR OBJECTIVE FORECAST STUDIES

Three criteria are applicable to &1l objective forecast studles:

1) The relationships tested should have a sound basis in physical
reuon:ing.

2) The study should contribute to the foreczster's understanding and
knwleci.ge of the meteorological prcblem at hand,

3) The study should produce objective aids which allow the forecaster
flexibility in time and, to some extent, in values of the forecast variable.

The first criterion guards against unprofiteble results by eliminating
unlikely possibilities. It also helps avoid the kind of results wh ch look
promising at first but fail to pass the teste of time and independent dats.
The second criterion gives the forecaster a feeling for the limitetions of
the results. 1% 2lso gives him sufficient knowledge of the particular fore—
cast problem to allow him to modify the objective results, vhen the con-
ditions demand, without abandoning them in favor of purely subjective tech-
niques. The third criterion gives the forecaster the flexibility with the
objective gtudy that will allov him to arswer questions of modified oper—
ations posed during exy period of the day. It will aiso permit the con—-
tinued use of the same objective tools when operationai criteria change,

thus eliminating the need for a new study based on the nev critical values
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of the cnanged operation.

A study of winter precipitation amount« at Washington, D, C., by
R. R. Rapp (1649) affords an example of the w;plication of these criteria
to en objective forecast stwly. Rapp basged his study on a theocretical ex—
pression for the rate cf reinfell derived by Filks (1935) and Holmboe,
FPorsythe and Gustin (1945). He proposed the theoreticsl expression as an
hypothesis which be tested s’.atistically with the wyteoralogical data.
Using the statisticel results as a guide, he wes able to modify the orig-
inal expression for & better fit to the data. Rapp concluded that by mm—
ploying the varisbles in the menner suggested by theory \t is essier faor
the practicing farecaster, when using the method, to modit'y each individ—

ual case subjectively and to project the method further into the future,

The main steps in the suggested systematic procedures .or the prepe—
raticn of local objective forecast studies (SAPLOFE) ars presented in this
section in an abbreviated form. These steps will bP discussed item by item
and illustrated with examples in the subsequent < ection. The outline is
presented at this point in order that the ree .er may orient himself for
the discussions that follow and gain a fee’.ing for the scope of the plan
that is being suggested. The SAPLOFS mey be briefly outlined as follows:

I. Define the meteorological prob.em.
II. Determine the rerlistic critical forecast limits.
III. Determine and remove the cyclic (seasoaal and diwrnal) variability

from the data.

Iv. 8tudy the "synoptic” variability of the data for physically valid
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relationships vith other "synoptic” paremeters.
V. Organize the seasomal, diurnal and “synoptic" components into a sys—

tematic forecast method.

The meteorological problem should be defined as nsrrovly as possible,
using the operational problem as & guide only. Frequently, if a literal
translation of an operational problem into its meteorclogical counterpart
is made the problem becames physically unrealistic. Por exsmple, & par—
ticular operational problem mmy require forecasts of visibility less than
1/2 mile at a specified time. If an objective forecast study is prepared
around this velue and this time only, a nev study probably would be required
if operational demands suddenly change, as they frequently do. It is pre—
ferable to study the general problem of restricted visibility determining
the forecast limits vithin the ability of the observer to distinguish sep—
arate ranges of visibility. Implied here also is the suggestion that the
restriction to visibility is not specified at the outset. Distinction be—
tveen haze and fog is difficult to specify objectively and more difficult
to observe. Restrictions to visidility due to active precipitation can te
separated from fog, haze and smoke since they ocoewr as a result of differ—
ent dynamic processes. The forecast limits, then, should not be specified
until certein procedures, to be outlined in the following steps, have es—
tablished the limit of accuracy of the meteorologicel wvarishle in guestica.

It is desirsble, also, to keep the time of forecast preparation and
the forecast period flexible to avoid physically unreslistic time-lag
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relationships and to allow for future changes in operational criteria which
would otherwise require a pew study for each change in criteris or farecast
period. Maxisnm benefit and minimm chance of unmprofitable results are

obtained by first studying the nature of the more genersl meteorological
problem, then adapiing the results to the speeific operatiomsl problem.

DETEROCINING THE CRITICAL FORECAST LDAITS
The practical interval of obser. ational accuracy mey be determined

by plotting the frequency distribution of a random sauple of cbserved and
recorded values cf the elemegt to be forecast. One camnot expect an «a-
tirely smooth distribution; on the other hand, one should expect s more
or less comtinwously verying distribution without large fluctuations in
the frequency. When large frequency fluctuations occwr as the cbserve—
tional velues increase continuously, one can deduce that these are due

to the cbserver's inability to distinguish between intermediate wvalues.
The explanstions may not ve obvious and are not necessary to the success—
ful pursuit of the study. In the case of vigibility it may be impossible
for the observer, oan occasion, to accurately gpecify the visidbility by a
single number. The visibility mny be 1/i mile in one quadrant, 1/2 mile
in two quadrants end 3/4 mile in the fourth. If the cbserver reports 1/2
mile visibility, the visibility in two quadrants is different by 1/k aile.
Any of these visibilities could easily obtain st his observation point
without significant change in any meteorclogical persmeter. Other inaccu—
rate visidility observations may be due to distences between check points,
variability of light sources, the tendency for observers to prefer certain
mmbers and the operational importance of certain values. In any event,
the fluctuations basically reflect the degree of wuncertainty of the

T A TT——————
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observations and sppear regularly in the recorded values of most metecoro—
logical elements. The critical forecast limits must be chosen with this
inherent inaccuracy in mind. When steadily increasing values of the fore-
cast element exhibit alternately these relative maxime and minime at short
intervels as ihey do in Pig. 1, one may safely assume that the interval of
observational accuracy is the interval between successive mexima. An ob—-
server certainly should be able to distinguish between zero visibility
and O.) nautical mile. Beyond this, as far as Pigwre 1 is concerned, ome
can atate with assursnce that visibilities of 0.1, 0.2, and 0.3, can be
distinguished from 0.5, 0.6, and 0,7, these from 0.9, 1.0, 1.1, and 1.2,
etc. Converaciy, one cannot defend the strong incresase ani decrease in
the observed frequency of consecutive values on the basis of experience
or physical reality. Consecutive values do not represent a itrue difference
in visibility. Leaving out zero visibility a rumning meen of the fre—
quencies for five 0.l nauticel aile irtervals is required to produce a
reasonably smooth curve from the data of Fig. 1. Thus one must conclude
that the interval of cbservational accuracy in the visibility at Lakemhsath
1s spproximately 1/2 nexrtical mile and that a projected study of visibili-~
ties there should not sftempt to forecast the visibility for intervals
1zas than 1/2 nautical mile beyond 0.1 pautical mile visibility.

When & prodlem involves two farecust elemeuts it is advantageous to
determine to vhat extent oue is a function of the other. BEmploying the
previously determined intervals of observational accuracy and the opers—
ticoal criteris, the one variahle is plotted sgainst the other. If a
strong functional relationship exists, only one of the two veriables need
be considered directiy throughout the study. If the two elements are
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independent, they may be stulied independently and combined ouly st the
end when the forecast procedure is developed.

Often, in the light of opersticmal criteria, one slement will almost
alvays caude critical conditions irregpective of the wvalue of the other.
An exasples is the range of ceiling and visibility st Rhein Main, Germmny,
vhere veather conditions below the minimumm for safe aircraft operation
ars seldom due to ceiling alone, and one need investigate cnly the visi—

bility in & stuly of critical conditicas.

The sessonal and diurnal variadbility should be determined and removed,
| if significant, befare a study of predictars is begun. To determine the
extent of seascnal and diwrnal change, frequency distributions of the cridv-
ical values, or the monthly and hourly averages, are plotted by mouth and
by howr. Figure 2 i3 an example of the seaspona. changs in the per cent
frequency of the critical visibilities less than 1 nautical mile and less
than 1/2 neutical mile at Rhe.n Main, Germany. Figwe 3 exhibits the di-
wnal tempersture and visibility curves for Rhein Main, Germany, for De—
~ cember, the mouth of meximm frequency of critiocal weather. Bmploying
these graphs, the year and day may be divided ianto intervals of smll
seascnal and diwrnel change.

For the primary or pilot study, homogeneous data comtaining as much
critical weather as poesihle is decired. PFor this pwrpose, the momth of
Dece=bar would be chosen from Fig. 2. From the selected momth or seasc
vith maximm frequency of critical weether one chooses two periods of the

quency of critical weather. The maximm frequency of low visidbilities

\
{
1
{
1




» TR e TR S

AT R YL R

L o S N e )

i

BLANK PAGE

IR e e o L U R | o D hae el b A

T AYTVeR R ..

S LA A MR L AR, vit Tt les S



TN
e T
~

S

Bmperaty

5

F

T~

B

G306 08

H,

¥

3

3

“00

Time

S
_
W -
.
y
L -
. . 4]
B -~ K
e
. i
.
L
' ®
.
e 4~
Beow * '
Yy By
A ¥
. v
RPN
-
. -
i
,
. ,
.




BLANK PAGE




et
Nally
generally >cours at the same vime as the minimm aversge visibility. Also
tbe minimm frequency generally occurs with maximm sverage visibility.
Thus from'Pig. 3 one should choose the period fram 06 to 09 hours for the
maximm frequency of criti-sl weather and 15 howrs for the minimum fre—
quency. These two periods represent the two extremes in visidility during
the day and can serve as anchor points in & forecast scheme

The data to be studied now consists of a portion of the yesxr contain-

" ing & maximm frequency of critical westher and & mizimm of seascoal var—
iation. The period is confined to specified times of the day to eliminate
diurnel fluctuations. We are novw primarily interested in paremeters vhich
characterize different synoptic situations correspondiig to different resnges
; of the weather eimment to be forecast. To maintain the desired flexibility
in time and in order that the forecaster may exercise his julgesnt in the
proper manner, the variables chosen for investigation should be forecast—
able by the usual standard objective, subjective, or mmerical methods.

The paramefers to be investigated, then, should be ceriveble from the fields
. of pressure, temperature, and conservative moistwrs quantities.

Considerable attention to the selection of suitsble forecastables pera—
meters is Justified before further work with the data is undertsken. The
purpose of this step is to develop a physical congept of the mechanism pre—
ducing the weather effects being investigated, and from this, to formlate
a ressouable hypothesis to be tested with the data. This study and the se—
lection of suiteble parmmeters could well became the logical role of & cen—
tral investigative unit. An exsmple of how a cemtral research unit can
assist the local investigator occwrred during the present work whan pilot




MR

L~8a-57

-3
studies were prepared by a number of European localities. The local meso—
scale surface pressure—gradient vector was found to be the most successful
parameter (out of the score or so tested) for delineating winter visibili-
ties at each of several locations in Germany, one in France, and two in
England. Althouch refining paraemeters varied fram place to place, the more
successful vere drawn fram & quite smell list, namely, contowr cwrvature,
thermal wind, and initial conditions involving present visibilities and
previous precipitation or state of the ground. Thus & small nuber of
parancters are provided for 4 meteorologically homogeneous region through
the experience and investigations of a centralized investigation group.
The overlspping efforts of a number of local investigators are thereby
eliminated. Nothing precludes the selecticn of parameters by the local
investigator, however the amount of effort required is usually considerable
and cannot be minimized successfully in order to get on with the study.

After suitable paramcters have been selected, they are tested with

the data. Information gained from the previous steps and by a careful
study of the physics of the problem should reduce the number of parameters
necessary to test to three or fowr. Az important consideration when at—-
tempting to measure a suitable parsaeter is that of the scale of the dis—
turbance producing the weather effect. It is becoming increasingly evident
that many weather elements are closely related to disturbances of a scale
smaller than that appearing oa the usual synoptic map. A more appropriate
scale can frequently be determined by comparing contrasts in a series of
carefully prepsred local analyses associated with opposing veluss of the
weather element. The cmparisan of synoptic analyses and other parsmmters

associated with opposite extremes in the element to be forecast serve an
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excellent purpose in pointing uwp suitable parameters for use as independent
or predictor quantities.

It is the essence of this procedure that.simultaneous relationships be
inveatigated first, since seasonal and diurnal fluctuastions have been elim-
inated from the data. 12 integrated effect of a persistent situation pro—
ducing a perticwlar kind of weather is always a neccssary and proper con~
gideration. Previocusly observed values of the forecast elsment can be
significant as initial conditions for a complete description or a relation-
ship between variables. A case in point is the persistence of & low-lying
inversion over an industrial area. Tre longer the inversion exists the
greater the accumulation of pollutants and the worse the visibility beccmes.

This more or less arbitrary breskdown of parameters into two types,
forecastable and initial conditions, and the separation of the variability
into seesonal, diurnal, and "synoptic" serves & uzeful purpose. It allows
the local objective forecast asitudy to be prepared in such a mamner thet the
using forecaster can determine when and how he can sdjust certain parameters,
account for climatological changes in the forecast element, and evaluate the
degree to vhich persistence enters into the forecast. In this way he can
consistently improve on the "biind"™ use of objective charts and diagrams.

One might attempt & swplementary forecast study for objectively fore—
casting the independent or farecastable parameters, bu% the complexity and
extent of the effort required to obtain prognostic charts by numerical
weather prediction methods should be a wvarning that this probebly cannot
be achieved successfully in & simple mammer, It is better, then, to con—
centrate on the use of nuwmmrically or subdectively preparsd forecastis for

longer periods and extrapolation for peri
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Yollowing the testing of simultaneous relaticnships, time—lag depend—
ence may be investigated separately or by working backward in time with
parameters similar to thcss found to be suitable for expressing a simul—
taneous relationship. A significant drop in the correlation between ip-
dependent and dependent variasbles clearly signifies that the most advan—
tageous time lag has been exceeded. The emphasis placed cn startiag with
¢imiltaneous relationships steme from the cbservation that most correls—
tions between meteorological data are maximum at zero time lag and decresse
rapldly with time. If this is generally the case, successful obJjective
forecast gstudies incorporating lag relationships directly may be reflecting,
to a large extent, diurnal change in the forecast element or persistance
of synoptic parameters. The knowledge of the best time dependency is, in
itself, an aid to better forecaating. Oune can l't least determine the most
advantageous use of prognostic charts, extrspolation techniques, or direct
lag relstionships.

A techmique which 1s time saving snd helpful in analyzing meteorolog—
ical data for simultaneous and lag relationships is thbe use of sufficieatly
large work sheets so that one can enter and identify velues of the depend—
ent variable for several different times on the same disgram. By entering
the date of each observation, data which does not conform to the majority
can be checked for errors and investigated for representativeness. Second—
ary parameters and initisl conditions can be entered and their effect in
modifying the besic relationship studied. Thus, &t the same time a rels—
tionship 1s Veing checked by a scatter diagram, a forwerd lock can be taken
tovards extending and improving the study. As many as five sensrate items

of information, identified by a color code or by their location with
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reference to the position indicstor, can be entered conveniently. 7The
charts sre apalyred much like & synoptic weather chart. Pigure 4 shows
the plotting model used in the preparation of the charts for the Rhein—
Main visibility study. This plotting model was designed for the purpose
of testing for a dependency of visibility on tbe north—south and ecastv—

west components of the local swrface pressure gradient,

ORGANIZING SRASONAL, DIURNAL AFD) " " IO A SY IC
FORECAST MWEYHCD

Once valid simultaneous or lag relationships of forecast parameters
with the weather element are found for season end howr of meximm frequency
of critical weatbher, other charts for other seagons and hours are prepared
to cover periods of significant seasomal and diurnal change. Pigure 5 is
an exsmple of a series of charts relating meximum visibilities for November
through Pebruary at Rhein Main, Germany, during the & hour period 06Z to
122 to the local 00Z pressure gradient. The charts span the period of worst
viaibilities at Rhein Mein both sessonally and diuwrnally. The seasonal
change in pressure—gradient versus visibility relatiounship is demonstrated
in the changing size of the area of the charts enclusing visibilities less
than one and less than 1/2 nautical mile. The length of the vertical and
horizontal axes represents tbe spread of the west—east and north-south
pressure gradient data. These chbarts, plus a second set spanning the pe-
riod of best visibilities for the day and the diwrpal visibility curves foar
each month, farm & complete study of visibility at Rhein Main. Maximm and
minimm visibilities over a 6 howr period were chosen as the forecast
elements in order to obtain more representative parameters than the in—

stantaneous visibility. Actuel vigibilities far any time during the period




Pq12
11-22-57
-19-

are obtained by combining information from the diurnal visibility curves
and the forecasts of maximm and minimm visibility as given by the charts.
The forecast period iz extended by extrapolating the pressure gradient and
850 mb curveture or, when appropriate, by adding the diurnal change to the
last visibility forecast by the charts.

An example of a systematic forecast procedure which might result from
the suggested method is:

First: Forecast the value of the predicteble parameters employed
independent parameters on the synoptic variability charts for the “worst”
and the "best" periods of the day.

Second: Obtain the corresponding predicted values of the forecast
element for the “worst" and "best" periods from the charts.

Third: Employ the diurnal change charts to estimste the intermediate
values or time of significant changes of the forecast element between the

“worst"” and "best” periods.

Vi{. CONCLIBIONS

Adherence to the systematized procedure (SAPLOPS) outlined does not
guarantee completely successful objective studies. Ié will produce certain
useful objective aids in the seasonal, diurnal and "synoptic® variability
charts. It slould maximize the probability of succees in the search for
predictor perameters by eliminating the confusion between seasonsl, diurnal,
and "synoptic" varisbility, and by adding to the forecaster's knowledge of
the nature of the problem. By removing the chance of attespting a problem
vhich reguires greater accuracy than exists in the observations, it eliminates

the possibility of attacking an unrealistic problenm.
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TITLES FOR FIGURES

Frequency distribution of visibility values, Lakenheath, England.

Per cent frequency of criticical visibilities by month, Rhein Main,
Germany .

Diurnal temperature and visibdility for December at Rhein Main,
Germany .

Sample plotting model for testing simultaneous and/or lag
relationships.

Example of a series of charts relating the "synoptic"
variability of the Rhein Main visibility to the swurface
pressure gradient and 850 mb curvature.




