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PREFACE

The task for which this Part I report is written was initially intended to evaluate
potent ial mesoscale weather forecasting sy stems for support of Army tactical operations in

• - the mid-1980s. The task was to be accomplished in two phases, the first of which had the
following major objective: evaluate the gain in operational utility of the most optimistic ,
but reasonable, improvement that might be expected in the precision (i.e., accuracy or

- reliabili ty) of mesoscale weather forecasts by 1985. The second phase was to consider
systems with lower levels of prediction precision as well as acquisition and support costs of
alternative systems.

However , follo wing the Phase I effort , whose major findings mad e cost-capability
tradeoffs among alternative mesoscale weather forecasting systems appear unimportant , the
Phase 2 effort was redirected toward ( I )  a broader assessment of the effects of weather

!. information on Army activities and (2) a reexamination of the Phase I findings , which
several interested people found somewhat surprising.

The Phase 2 effort is described in the Part 2 report , entitk d “Opportunities for
- - Increasing Arm y Effectiveness Through Improvements in Weather l i i ~~mation Systems,”

which incl udes discussion of the reexamination of Phase I findings.
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FOREWORD
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-- 

This report describes the Phase I effort to evaluate the gain in utility of an improved
mesoscale (i.e., small spatial and short temporal scales) weather prediction capability to

- support Army tactical operations in the mid-I 980s.
- The report is presented in briefing form . The introductory material , analyses, findings ,

and conclusions are contained in a series of exhibits to allow a reader to quickly assimilate

- 

- the essence of the entire report or any of its parts. For the more careful reader , supporting
details, important observations, and pertinent discussions are provided with the appropriate
exhibits; appendices contain additional information and supporting material. The subject of
each section (group of related exhibits) of the report is indicated in the table of contents.
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I
EXECUTIVE SUMMARY

The main objective of this study effort is to assess the operational utility of the most
optimist ic , but reasonable , improvement in reliability of mesoscale weather forecasts pro-
jected for the mid-I 980s for Army ground and aviation forces in the European theater.
Data fro m recent (1975- 1977) tests on the verification of weather forecasts by the National
Weather Service and the Air Weather Service are used to estimate the reliability of current
mesoscale weather forecasts. 

-
The study effort , based on well-accepted assumptions that weather and weather fore-

casting affect tactical operations , is directed specially toward answering the following ques-
tion: Can Army forces be utilized more effectively or efficiently in day-to-day operations
given an optimistic projected improvement in weather information used as inputs for tacti-
cal planning?

The data-gathering investigation of Army operations involved man y workshop-type
discussions with a broad cross section of Army officers with varied experience, education ,
training, and rank at the schools of most Army branches (Exhibit 20). The discussions

- - concerned detailed descriptions of operational situations and information inputs relative to
factors considered in tactical decisions (in those situations) and with the effects that various
levels of weather information reliability would have in decision-making processes.

The major findings are ( I )  the mutual supporting nature of the missions and objec-
tives of lower command le.~els (pla toon , com pany, and battalion ) limit their flexibility to

- react to weather forecasts , and (2) for higher command levels (division and corps), at which
battlefield planning is primarily done , the projected reliability of 1985 mesoscale weather
forecasts appears to be insu fficiently better than the reliabilit y of current forecasts to make
weather predictions a more decisive planning factor (Exhibits 26 and 27).

Thus, it is concluded that an optimistic mesoscale weather forecasting capability pro-
jected for 1985 offe rs no advantages for Army tactical operations (Exhibit 28).

vii
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EXHIBIT 1: MESOSCALE WEATHER FORECASTING
(MWF ) TASK, PHASE L OBJECTIVES

1. IDENTIFY PARAMETERS USEFUL I~ DESCRIBING WEATHER
- 

- PREDICTION PRECISIO11
- - 

2, DETERMINE HIGHEST PRECISION MWF SYSTEM THAT APPEARS
TECHNICALLY FEASIBLE FOR THE MID-1980s 

-

-
- 3. IDENTIFY RELATIONSHIPS BETWEEN WEATHER FORECASTING

- PRECISION A~I) TACTICAL OPERATIONAL CAPABILITY,
A~ID, IF POSSIBLE, DEVELOP SOME MEASURABLEINDICATORS

4
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EXHIBIT 1

The objec ti ves i nd i ca ted are th ose for th e MWF Tas k ,
Phase 1. A copy of the task order , which describes a two-
phase study, is contained in Appendix A. Considerations of

less ca p able MWF systems and their costs are deferred until
Phase 2, wh ich would be undertaken if the most capable MWF
system that might be available in the mid- 1980s would appear
to offer potential improvements for Army tactical operations.
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EXHIBIT 2: SCOPE OF STUDY

• EUROPE - 1985
• GROUND-BASED FORCES - INFANTRY, ARMOR, ARTILLERY
• ARMY AV I ATION FORCES
• ALL COMMAND ECHELONS UP THROUGH CORPS
• WEATHER INFORMATION AS INPUTS FOR PLANNING NOT AS COMBAT

INFORMATION (I.E., NOT FOR REAL-TIME USE FOR WEAPON
SYSTEM OPERATIONS)

• ASSU MP TI OI S
1. WEATHER AFFECTS TACTICAL OPERATIONS
2. WEATHER FORECASTING AFFECTS TACTICAL OPERATIONS
3. BETTER WEATHER FORECASTING WILL NOT CHANGE

FORCE STRUCTURE
• ISSUES

1. WILL IMPROVEMENTS IN WEATHER FORECASTING IMPROVE
TACTICAL CAPABILITY IN DAY-TO-DAY OPERATIONS?

2. CAN AVA ILABLE FORCES BE UTILIZED MORE EFFECTIVELY
OR EFFICIENTLY WITH PROJECTED IMPROVEMENTS IN
WEATHER FORECASTING?

6
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E X H I B I T  2

T h e s tudy e ffor t focuses on Arm y forces , ground -based and
aviation , in a European scenario. Consideration is not given to
USAF or USN forces.

This study is concerned with the predictive value of
wea ther information to operational planners at all command ech-
elons from p la toon th rou gh cor p s , and not for its real -time use
for operating weapon systems (e.g., crosswind for the tank gun —
ner or u pper winds for the artillery man). It is recognized
that weather information for use in current combat may be as
important , or more i mpor tan t , than its use for weather forecasts.

An yone even modestly familiar with recent wars --World War
II , Korea , Vietnam —- can identify numerous examples of the impact
of weather on tactical operations. Examples of the influence of
weather forecasting on tactical operations also exist but are
less numerous. One exam ple in the Korean War is the timing of
Red Chinese and North Korean major attacks in front of oncoming
A r c t i c  co ld f ronts , forc ing United Nat ions Command (UNC) counter-
attacks to be conducted facing high winds , snow s torms , an d ex-
tremely cold temperatures after frontal passage. Another example ,
als o i n the Korean War , Is the habitual North Korean timing of
g roun d assaul ts in per iods of poor f ly ing weather  to negate UNC
air superiority . In the Vietnam War , Nor th V i etnamese forces
also often took advantage of low ceiling and poor visibility to
initiate ground attacks (examples are taken from Ref. 1). Sim—
ll ar i y, the German Army Ardennes offensive in December 1944 was
timed to coincide with a period of poor flying weather because

of Allied air superiority .

-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~_ __ ~~~~i~~1_ 

~~~~~~~~_ -J~~~~~~~~~~~~ 
i-~~~ _~



W hile the Normandy invasion in June 1944 is a m e m o r a b l e

exam ple of the influence of weather forecasting on operational

planning, this study is not concerned with the impact of weather

forecasting on such epic events but on the possible utilit y of

weather  f o recas t i ng  for day- to-day t a c t i c a l  p lanning and opera t ions .

It is assumed that a l l -wea the r  and l im i t ed—wea the r  systems
(e .g . ,  radar and in f rared sensors  and weapons)  are deve loped  and
procured for U.S. forces without considering specifics of times
a n d  places at which they will be used. These capabilities are
acquired becaus’e of (1) the reasonable likelihood of encountering
poor weather conditions in future combat situations , (2) the added

capabilit y these systems provide even in good weather situations ,

a n d  (3) the certainty that such systems provide enhanced night—
t ime capab i l i t y . Thus , it is assumed that the Army force struc-
ture w i l l  not be a f f ec ted  by po ten t ia l  improvements  in weather
fo recas t ing  capab i l i t y .

8 
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EXHIBIT 3: STUDY APPROACH

1. IDENTIFY PRIMARY ENV IRONMENTAL PARAMETERS AND PARAMETERS
WH I CH DESCRIBE USEFULNESS OF WEATHER FORECASTS TO
OPERATIONAL COMMANDERS 

-

2. ESTIMATE VALUES EXPECTED FOR THOSE PARAMETERS BY 1985,
— GIVEN THE MOST PRECISE MWF SYSTEM

3. DETERMINE FROM DISCUSSIONS WITH A BROAD CROSS SECTION
OF ARMY OFFICERS IN SEVERAL BRANCHES (INFANTRY, ART ILLERY,
ARMOR , AVIATION , ETC.) THE POTENTIAL INCREASED OPERATIONAL
UTILITY ACCRUING FROM THE 1977-10-1985 WEATHER FORECASTING
IMPROVE M E NT

10

~~~ 
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E X H I B I T  3

The first step in the study effort is to identi fy param-

eters associated with weather forecasting and the utility of
weather forecasting information from an operational commander ’s
perspect i ye.

The next step is to characterize the precision of the
weather forecasting information in quantitative terms both for
1977 and for 1985 through d i scuss i on  w i th  techn ica l  personnel
of the meteoro log ica l  community (agenc ies  of the Federal  govern-
ment and some key universities) involved in research , develop -
men t , testing, and evaluation of weather forecasting systems.

W ith the weather forecasting products characterized quan —
titatively, discussions with a large number of Army officers
with varied backgrounds and experiences are the basis for iden-
tifying specific potential tactical advantages from the most

L. op t im is t i c  proj ec ted 1 977—to— 1 985  improvement in weather fore—
casting and for developing measurable indicators of those ad—
van tages .

S i nce o pera ti onal s it ua ti ons are so di verse and inv o lve
so many variables and factors apparent only to those who have
been involved in actual and simulated combat environments ,
iden tification of operational improvements that might accrue

-- 
from the projec ted MWF ca p ab i lity were sou ght from leng thy
group discussions with a large number of Army officers with
wide—rang ing  bac kgrounds at several Army schools and commands.
Appen dix B Is a copy of an ODDR&E letter sent to the Army War
Colle ge seeking assistance for this study . Similar letters

were sen t to , and discussions were held at, the U.S. Arm y

11

I



_  - -

Tra i n i ng and Doc tr i ne Comman d , Intell ig ence Cen ter , Av i at i on
Cen ter , Armor School , En g ineer Sc hool , In fan try Schoo l , F i eld
Ar ti l lery Schoo l , an d Combined Arms Combat Developm ent Activity .

Thus , the study approa ch is to characterize quantitatively
the MWF capability for 1977 and the best expected for 1985 , and
then to obtain subjective data from operator -users on the opera-
tional utility of the optimistic projected MWF impr ovement.

12
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II. IMPORTANT STUDY ELEMENTS:
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EXHIBIT PAGE

4 DefinItion of Mesoscale Weather 16
F o r e c a s t i n g

•5

5 Utility 0f Mesoscale Weather 
- 

20-. Forecast ing

6 CharacterIzat ion of Weather 24
-- Forecast ing Precis ion

7 Weather Parameters of Primary 26
- C o n c e r n

8 Bad Weather for Tact ical Opera ti ons 28

9 W e a t h e r  F o r e c a s t  P a r a m e t e r s  30

10 A n o t h e r  Form of F o r e c a s t  32
Unrel iabi l i ty

S.

-p

I 
-

- l  
13

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _



— ~~~~~~~

- - I-

14

EXHIBIT 4: DEFINITION OF MESOSCALE
WEATHER FORECASTING (MWF)

• MWF IS PREDICTING THE OCCURRENCE OF SUB-SYNOPTIC SCALE

- - 

EVENTS FOR A LOCAL AREA

• MWF IN THIS STUDY IS AN INTERMEDIATE-SCALE (BETWEEN
— 

. MACRO- AND MICROSCALE) FORECASTING PROCESS WH ICH IS
CONCERNED WITH ATMOSPHERIC DYNAMICS HAVING A SPACE -
SCALE OF 1-200 KM AND A TIME SCALE OF LESS THAN 24
HOURS AND WHICH IS CONCERNED WITH THE EFFECTS OF
ELEMENTS, SUCH AS TERRAIN AND CUMULUS CONVECTION,
WH ICH ARE NOT IMPORTANT TO LARGER SCALE METEOROLOGY

• MWF METHODS ARE OF THREE TYPES: PERSISTENCE, LOCAL
(SUBJECTIVE), AND GUIDANCE (OBJECTIVE)

METEOROLOGICAL SCALES (APPROX I MATE )

TYPE SPATIAL FORECASTING TECFtIIQIJE
SCALE SCALE, KM SCALE, HR ___________________________________

MACROSCALE > 2000 > 24 NIPERICAL WEATHER PREDICTION (iwip)

l”ESOSCALE 200-2000 24 t~ soscALE NWP
(coMsE IvESH)

(FINE MESH) a 1-200 < 24 PERSISTENCE, LOCAL (rwi), GUIDANCE

MICROSCALE 
— 

< 1 1 PERSISTENCE, LOCAL

a~~ 
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~ 

THIS S1UDY. SPATIAL SCALE BOL~~~RY BEThEEN
IIESOSCALE (FINE MESH) AM) MICROSCALE IS ASSLJ’ED TO BE 1 KM. rtso-
SCALE (FINE MESH) FOR~~ASTING ThCEI~1IQUES ARE DESCRIBED IN DISOJSSION
ACW4’ANYING EXHIBIT Jb.

16 
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E X H I B I T  4

A var ie ty  of def in i t ions appear In the meteoro log ica l  corn-
mun ity for space and time scales for atmospheric processes (see

Refs.  2 , 3 , 4, and 5 , which are not consistent in some scal in g

detai l s ) .

Two concep tual bases are used for defin i ng “mesosca le ” :

(1) wea ther event dimensionin g and (2) weather  event predict -
abi l i ty . Spat ia l  and temporal sca les  are uti li ze d un der each
concept with different meanin gs but with similar ranges of

values. Under the dimensioning basis , spatial and temporal
scales mean the spatial size and lifespan , respectively, of
the weather event; under the predictability basis , s p a ti al and
temporal scales mean the spatial size of the area and length of
t ime, r espec t i ve l y ,  i n  w h i c h  a weather event is predicted to

F 
- 

occur.  The contexts  in wh ich  spa t ia l  and temporal  sca les  are
c o n s i d e r e d  in this report will indicate that the predictability
bas is  is usual ly  impl ied.

“ Mesoscale ” defines all intermediate scales between macro —
- - sca le , whose lower space limit is about 2000 km , an d m i crosc a le ,
- - w h o s e  upper space limit is 1 km (Ref. 2). For this study “meso-

sca le ” is cons idered to involve a fine-mesh space scale of 1 to
200 km.

Whi le the mesometeoro log ica l  community considers time
sca les  whose upper limits are 6— 1 2 hours , cons idera t ion  is
g iven In this study to w eather  forecast i ng p rec i s i on ex ten de d
o ver a longer period . It appea rs most useful for d iscuss ions
w i th  Army opera to r -users  of weather  fo recast  informat ion to

17
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cons ider  the cont inuum of weather  fo recas t ing  p rec ison  over
longer per iods but w i t h emphasis on the niesoscale time period
(before fo recas t i ng  p rec is ion  has de te r io ra ted  to un in teres t ing
l e v e l s ) .  I

Appendix  C con tains a more complete discuss ion of meso—
meteorology . Appendix D contains descriptions of the fore-
casting techniques indicated in Exhibit 4. 

-

/
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EXHIBIT 5: UTILITY OF MESOSCALE WEATHER FORECASTING

9

TACTICAL
U T I L I T Y

~~~~.
..

CLIMATOLOGY CLIMATOLOGY + TODAY’ S WX 1985 PERFECT

PERSISTENCE FORECASTING BEST PR~~ICT IONS

SYSTEM

MESOSCALE WEATHER FORECASTING pRECISIONa

a PRECISION SPAT IAL AND TEMPORAL ACCURACY OF PREDICTED WX
COMPARED TO OBSERVED WX OF THE FORECAST PER IOD

20
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E X H I B I T  5

Theore t i ca l l y ,  t h e  u t i l i t y  of c o m b a t  f o r c e s  a n d  combat

support forces in tactical operations is a function of , amon g

other things , the capability of the supporting weather fore-
cas ting system . If tactical planning were based on a minimum

of weather information, say, climatology, a one wou ld ex pec t some
incremental utility over the utility when not even an almanac
is a v a i l a b l e .  If , in addition to climatology, tactical planning
could also factor in persistence (weather during the next time
period will be the same as currently observed or the pattern of
weat her dur i ng the nex t per i od w i ll b e the same as th e wea ther
pattern over the present period --e.g., day-to-day fog formation

i n the San Franc i sco a rea) , utility should be even better . An d
if today ’s numer ical and statistical weather forecasting tech-
ni ques are also used to provide weather information , tactical
ut i l i ty might be better yet .

Whi le  it appears  concep tua l l y  reasonab le  that combat forces
and combat support forces might be utilized more effectively or
efficiently as weather forecas ti ng p rec i s i on i s i ncreased ,

quantifying the relationship between tactical utility and
weather forecas ti ng p rec i s i on i s dif f i cul t because of the
numerous ways in which tactical utility can be manifested and

because several elemen ts are needed to describe weather fore-

casting precision (viz., time, space , and weather param eter).
Indeed , even scaling the five rank -ordered levels of weather

aA v e ra ge  loca l  weather  cond i t ions  for a per iod of t ime (as
provided , for example, by an almanac).

21
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forecasting precision shown in Exhibit 5 is itself diff i cult
(quite like ly the differences in capabilities are not equal as
indicated). A comparison of mesosca le weather forecasting pre- - 

-

cision for 1977 and for 1985 is developed in the following
sec tion.

The objective of Phase 1 of this task is to det ermine the
incremental tactical utility that can be expected , given the
best MWF capabi l ity that might be achiev ed by 1985. Since there
appears to be no viable way for quantifying the relationship of
utility and weather fore casting capability , without oversimp l i—
cations such as indicated in comments related to-Exhibit 8, the
improvement in utility will be estimated by subjective operator -
user data collected at vari ous Army schools and commands.

Since a weather foreca sting system which would produce
perfect predi ctions cannot now be defined , nor its cost esti-
mated , consideration is not gi ven to such a hypothetical capa-
bility .

I
1

22
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EXHIBIT 6: CHARACTERIZATION OF WEATHER FORECASTING PRECISION

I EXAMPLE: VISIBILITY IS FORECAST TO BE
t. <V MILES (OR~~ V MILES) 

____________________

FREQUENT EVENT
(E .G. ,  V~~ 5 MIL ES)

0 8

o 0~ —_ _ _ _ _ _ _ _ _

>-
I—
-~

-J
LU

I-
VP

o
I_U

O 
_ _ _ _ _ _ _L1 0 4  - _ _ _ _ _ _ _ _ _ _ _

_ __ _0 2  

1 -
INFREQUENT EVENT
( E . G . ,  V<1 MILE )

6 12 18 24
FORECAST DURATIO N, hr

NO. OF EVENTS IN WHICH A SPECIFIED WX STATE
6RELIABILITY = 

IS FORECAST AND OBSER VE D

NO. OF EVENTS IN WHICH A SPECIFIED WX STATE
1-16-71- 5 IS OBSERVED 1

24

- --a~~- -~~~~~~~ - - 
-



_
.-‘e--,---—,~

--,_ ,- -- _ - -
~
,----—---—_--— ---— - __ --—_ ,

~
---_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I
F
~~~

‘ 
:

14 .

E X H I B I T  6

Forecast reliability is defined from the standpoint of the
operator-user who wants to know the “batting average ” (i.e.,
cumulative average accurac y) of the forecaster or forecastin cl
system based upon past predictions as an indicator of confidence
he should place in current predictions. fluite reasonably, he
would be expected to equate the batting average with the prob-
ability that a currently forecast weather event will actually
occu r .

The example shown uses 1977 data (see Exhibit 16) from the
National Weather Service to illustrate the characterization of
weather forecast ino precision: forecast reliability as a func-
tion of (1) time after the forecast is issued and (2) frequenc y

of the weather event. Forecast reliability very shortl y after
forecast issuance (i.e., forecast duration eauals zero) is based
on assumptions indicated in Exhibit 12.

The process for determining accuracy of a weather forecast
by com parin g the predicted weather with the observed weather of
the forecast period is called forecast verification , whose prin-
cipal purposes are the testin g of forecasting skills and methods.
As will be shown in the next section (Exhibits 14 and 15), ye n-

fication data indicate a hiqh correlation between forecast reli-
abilit y and frequency of the weather event of concern.

25
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EXHIBIT 7: WEATHER PARAMETERS OF PRIMARY
CONCERN TO UTILIZATION OF WEAPON

SYSTEMS IN TACTICAL OPERATIONS

EQR PARAMETER
(VISIBILITY

TARGET ACQUISITION AND
WEAPON DELIVERY CEILING

MOBILITY - PRECIPITATION
(AM OUNT AND RATE)a

a
IN CONJUNCTION WITH OTHER FACTORS--SUCH AS SOIL TYPE
AND CONDITION, SURFACE RELIEF, DRAINAGE, VEGETAT ION,
ETC .—— PREC IPITAT ION DETERMINES TRAFFICABILITY , A MOR E
COMPLETE INDEX OF GROUND MOBILITY ,

26
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E X H I B I T  7

The Army Training and Doctrine Command has identified 50

env i ronmen tal p arame ters of in teres t to var i ous Arm y users of
wea ther information (Ref. 6). In view of the time and manpower
cons t ra in ts  of this study ef for t , only those env i ronmenta l  param-
eters of primary concern to the utilization of weapon systems in
tactical operations are considered.

Selection of visibility , ceiling, and precipitation as the
primary weather parameters a was endorsed by several Army officers
whose advice was sought. Because of their consideration by
several Arm y b ranches , surface winds are also considered in this
s t u dy.

aA l ternat lvely described as “env ironmental ” or “weather man i—
festation ” parame ters.

27
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EXHIBIT 8: BAD WEATHER (WX) FOR TACTICAL OPERATIONS

DEFH4ITIOH : WX WHICH LIMITS PERFORMANCE OF EQU IPMENT AND
PERSONNEL TO LESS THAN LIMITS IMPOSED BY
(1) INHERENT PHYSICAL CHARACTERISTICS OR
(2) TERRAIN CONSTRAINTS 

-

EXAMPLES: LOW VISIBILITY, LOW CEILINGS, HEAVY RAIN,
HIGH W I i~1DS

SIGNIFICANCE : POTENTIAL PAYOFF FROM RELIABLE FORECASTING
APPEARS HIGHER FOR BAD WX EQU IPMENT AND
PERSONNEL CAN BE DEPLOYED--ALL ELSE BEING
EQUAL--SO THE FULL POTENTIAL OF THEIR
PERFORMANCE ENVELOPES CAN BE UTILIZED

28
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EXHIBIT 8

Tac tical deployments of weapons are assumed to be made
normall y with ou t rega rd to wea ther forecas ts (al thou gh one can
conce ive of consideration of climatology possibly influencing
decisions on weapon system deployment to a theater). The normal
deployment may “was te” potential effe ctiveness of some weapon
systems during periods in w h i c h  w e a t h e r , ra ther th an i nheren t
phy si cal character i st i cs or terr ai n cons tra i nts , limits their
performance. Theoretically, at least , redeployment of weapon
systems (ATWs , for example) to areas where their full perform-
ance envelo pes can be utilized would provide a number of weapon-
hour_ km a of potential additional effectiveness at the new loca -
tions. The viability of such a concept  remains to be eva lua ted
with Army personnel .

If forces , or force elements , are to be utilized more ef-

fectively or efficiently, It appears such improved ut ilization
mus t reasonably take advantage of periods of “bad” weather ,
where “bad” is defined differently for different weapon systems.
For example, bad weather fo r several  antitank weapons (ATW 5 )
an d tank guns is 1, 2, or 3 km corresponding to the maximum

effect ive range of the specific type weapon. Bad weather for
helicopter operations might be ceiling/visibilit y less than

500 ft/2 miles in hill y terrain or less than 200 ft/i mile in
f iat terrain.

a (No . of ATWs redep loyed) x (No . of hours each is tem porari ly
redeployed)  x (Maximum e f f ec t i ve  range of ATW minus v i s i b i l i ty
at on gi nal locat ion) .

29
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EXHIBIT 9: WEATHER FORECAST PARAMETERS

• FORECAST RELIABILITY (DEFINED IN EXHIBIT 6)
FOR VARIOUS VISIBILITY, CEILING, PRECIPITATION
EVENTS OR STATES

• SPATIAL RESOLUTION, KM x KM
GEOGRAPHICAL SPACE WITHIN WHICH WEATHER EVENTS
CAN BE FORECAST

• FORECAST DURATION, HR
TIME FOR WH ICH RELIABILITY IS HIGH ENOUGH
TO MAKE PREDICTIONS POTENTIALLY USEFUL

• PLANNING—PREPARATION TIME, HR
TIME DURING WHICH OPERATIONAL PLANS ARE FORMU-
LATED AND FORCES PREPARED FOR ACT ION

30 ;
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EXHIBIT 9 -

Exhibit 9 identifies the parameters considered most useful
in characterizing weather forecast precision and In utilizing
wea ther forecasts. First , reliability as previously defined is
used as a parameter characterizing forecast precision. And ob-
viously the reliabilities of visibility, ce i ling , and prec ipi-
tation forecasts are important since these are the weather
parameters of primary concern . Another parameter character iz-
ing forecast precision is of course the spatial resolution , or
space scale, within which weather events can be forecast.

Connec ted to reliabilit y of forecast is forecast duration ,
the time for which forecasts can be made with sufficient relia-
b ility to be useful to the planner. And related to forecast
dura tion is the planning -preparation time required by tactical
operators to take advanta ge of the weather forecasts . Planning

L typ ica l ly  invo lves  deta i ls  of force f i repower employment and
log is t ica l  support ; preparat ion may invo lve moving personnel
and equipment , addit ional maintenance per iods to improve equip-
ment availabilit y , and building up supply stocks.

31
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EXHIBIT 10: ANOTHER FORM OF FORECAST UNRELIABILITY

INCOMPATIBILITY OF AREA FORE CASTING AND POINT OBS ERVATION S CAN CAUSE LARGE
DIFFERENCES IN WEATHER FORECAST -OBSERVAT ION AGREEMENTS (AND THUS RELIABILITY )
DEPENDING ON (1) WEATHER EVENT OF INTEREST, (2) TERRAIN FACTORS, AND (3) SCORING
METHOD ADOPTED FOR MAKING FORECAST-OBSERVATION AGREEMENT DECISIONS.

TER R A I N  INFLUENCE WEATHER EVENT R E L I A B I L I T Y a

MINOR PREC IPITAT ION> 1 INCH

FOR ECAST IN 9 L2UN ITS

OBSERVED IN 7 L2 UNITS 719 (FRACTIONAL COVERAGE
SCORING ) -

OBSERVED AT 2 STANDARD 2/9 (STANDARD POINT
POINTS SCORING )

MAJOR V IS IBI L ITY <1 KM

FORECAST IN 7L 2 UNITS

OBSERVED (N 7 L~ UNITS Vi

NO. OF EVENTS IN WHICH SP ECIFIED WEATHE R STATE
a IS FORECAST AND OBSERVEDRELIABILITY NO. OF EVENTS IN WHICH SPECIFIED

WEATHER STATE IS OBSERVED
WHERE “EVENT” MEANS WEATHER STATE IN AN L X L  GRID UNIT.

I 2-20-77-9
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E X H I B I T  10

The form adopted for expressing weather forecasting pre-

cision , viz.,

- 
- (No. of events in which a specified weather~

. . . state is forecast and is observed /Re l i ab i l i ty  I. RJ = /No. of events in which a specified \
wea ther state is observed )

introduces an -identifiable, measurable degree of un reliability

(i.e., l. 0-R) from the pers pective of a tactical commander.

However , in verification of weather forecasts , i.e., comparing

the forecast weather (F) with the observed weather (0) of the

- - 
forecas t per i od , another form of unreliability--not so identi-
fiab le nor measurable --may be introduced . This forecast unre -
l i a bi l ity i s due  to e r rors  i n c i den tal to scor i n g agreem en t (o r
nona greement) between F and 0. As an example , suppose precipi-
tation is predicted in an area 3L x 3L containing 9 mesoscale
grid units as part of a fine-mesh modeling system. If precipi-
tation is observed for the period of the forecast to cover the

cross-hatched portion of the 3L x 3L area in E x h i b i t  10 , agree-
ment between F and 0 may be very good if the scoring standard
Is the observance of precipitation in any part of each L x L
mesoscale grid units. If t h e  s c o r i n g  s t a n d a r d  f o r  determining
agreement between F and 0 is the observance of precipitation
at the cen ter of each L x L g r id un it , forecast reliability
may appear to be quite poor. Thus , scoring methods for deter-
mining F-0 agreement may distort forecast reliability because
of inconsistency between mesoscale area forecasting and point
observa tions; since spatial resolution of the weather forecast
Is  at  t he L x L l eve l , forecast rel iability (no matter how good)

33 
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may not convey pred ic tab i l i ty  of f rac t iona l  coverage (amount
and loca t ion)  of an L x L area by a w eather  event .

However , there a lso  appear  to be c i rcumstances , invo lv ing
par t i cu la r  w eather  events and terra in e f fec ts  not important to
l a rg e -sca le  meteorology , in which  the above de fec t  in sco r in g
me thods for determining F-O agreement is not a factor. For
exam p le , suppose the cross-hatched area in Exhibit 10 represents

a valley surrounded by hills in the 3L x 3L area. If the weather

event of Interest  is fog (and consequent low v i s i b il i t y  which
might be of i n te res t  to a t ac t i ca l  commander ) ,  a m e s o s c a l e
wea ther forecast might well be able to predict mornin g fog in

specific portions -of the grid units over which the sky is clear ,
* the relative humidity at sunset is hi gh , and the wind is li ght ,

because these condi t ions , already conducive for the formation

of rad ia t ion  fog, a re  a l s o  reinforced by heavy colder air flowing

down from surrounding hills at night.

T h u s , a hidden degree of uncer ta inty  may be inc identa l  to
the re l i ab i l i t y  of the mesosca le  wea th er forecas t , depending on

the combinat ion of par t icu lar  wea the r even t an d terra i n .

34
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EXHIBIT 11: ESTIMATES OF VALUES FOR
SPATIAL RESOLUTION AND DURATION OF

WEATHER FORECASTS

SPATIAL FORECAST
TYPE - 

RESOLUTION, DURAT ION,

SCALE K1 HR 
- -

1977 1q85 1977 1985

MACROSCALE a 200 200 24-48 24-48

MESOSCALE - 35 - 24
(COARSE MESH)

MESOSCALE
(FINE MESH) 4 12 12

MICROSCALE < 1 < 1 1 1

a
VALUES GIVEN FOR LIMITED AREA FINE MESH MODEL

38
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EXHIBIT 11

Values for spatial resolution and forecast duration param-

eters are estimate d on the basis of discussions with personnel
involved in weather forecasting R&D at the National Oceano graphic

and Atmospheric Administration (NOAA) a and the Drexel universi t y . b

The improvement in spatial resolution by 1985 is the pro -
jected result of development of  a “ regional scale ” numerical
weather prediction model with a grid mesh size of about 35 km. C

At the lower end of the mesospatia l scale , fine -mesh modeling
by model output statistics (MOS) is expected to provide about
the same spatial resolution of weather events as MOS provides

today, i.e., 4 x 4 km 2. The impact of the regional scale , or
coa rse mes h m esosca l e , capability is expected in the form of
additional input data for the fine -mesh mesoscale model , thus
enhancing the reliabilit y of MOS predictions. Optimistic pro-
jections of the consequent improvements are shown in Exhibit 15.

While the period of most expected usefulness of coarse
mesh mesoscale weather prediction shoi ’ld remain in 1985 on the
order of 24 hours beyond the time of latest observation , fine r

mesh mesosca le predictions are expected to be useful for periods
up to about 12 hours .c

The fine-mesh mesoscale forecasts of interest in this study
are conditional forecasts in that they are based on the assump-
tion that larger scale forecasts (i.e., macroscale in 1977 and
macroscale plus coarse mesh mesoscale in 1985) are accurate.

aDr Jo h n Brown of th e Na ti onal Me teorolo gi ca l Cen ter , National
Wea ther Service (NWS), and Dr. Harry Glahn of the Techniques
Development  Laboratory , NWS.

b Dr Carl Kreitzber g of the Department of Physics and Atmos-
pheric Science.

• c From Re ference 5 in which “regi onal scale ” is equivalent to
“coarse mesh mesosca le ” in th is  study.
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EXHIBIT 12: SOME ASSUMPTIONS IN ESTIMATING
RELIABILITY OF WEATHER FORECASTS

‘4 •FRESH OBSERVATIONS
•INSTANTANEOUS PREPARATJON

________________ 

MAK E INITIA L RELI A BILIT Y PERFECT 
________________

HOURS

i.e
~ REL IABILITY DUE TO

PREPARATI ON DELAY

~~~~REL , AB IL ITY DUE TO STALENESS

LI~ 

i~~~~~~~~~~~
- ----

6 12 18 24
HOURS

I2— 13—fl-12
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EXHIBIT 12

Forecas t  v e r i f i c a t i o n  data ind ica te  that v e r i f i c a t i o n
(compar ing pred ic ted weather  of a fo recas t  per iod  w i t h  the
observed  weather  of that per iod)  is usua l l y  made 3 , 6 , 12 ,
and 24 hours af ter  i ssuance  of the f o r e c a s t .  W h i l e  t yp ica l
“ g u idance ” fo recas t  p repara t ion  t ime is about one hour and
observation data on which the forecast is based-are typically
two hours old when forecast preparation is begun ,a var i ati ons
in preparation times and in freshness of the observation data
bases are expected but unknown . And while preparation time
and age of data base are typically even less (than one hour
an d two hours , respectively) for “local” forecasts , “persis-

- -  
t e n c e ” f o recas ts  are , of c o u r s e , per fec t  “ n o w - c a s t s . ”

£. Therefore , it is assumed that f resh obse rva t i ons  and in-
stantaneous preparation make the forecasts perfectl y reliable

1 a t  i s s u a n c e , as indicated in the top sketch and , thus , the

- 
axis of the abscissas represents time elapsed since forecast
i s suance .

Descr ip t ions  of the three m e s o s c a l e  weather  f o recas t i n g
— -. -. ....techniques are included in discussion accompanying Exhibit 15.

The axes of the ordinate in Exhibit 12 are not scaled and

- - - 
the sketches are simply notional illustrations.

a Est lmates of time delays are based on d i scuss ions  w i th

I It. Colonel Karl Hebenstreit , USAF , assigned to the
Techniques Development Laborator y , NWS .
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EXHIBIT 13: PROJECTING RELIABILITY OF FORECASTS

IExAMPLE : VIS IB ILTY IS FORECAST
[To BE < V MILES (OR � V MILES )

1. G

~~~ -Z T~
-
~~~~ 

~ 
~977

1~~0.E -4-— ‘

I 
~ 

FREQUENT EVE NT
( E .G . , V�5 MILES )

I

‘4
’

t 4”
4”
‘S

‘S

0.6

N

V
I.-

—

0
U-

- 0 . 4 _  _

H 

0.2 _  _

INFREQUENT EVENT
(E.G.,  V < J  MILE )

0 6 12 18 24
FORECAST DURATION , hr

1-16—74-6
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EXHIBIT 1 3

With the example introduced in Exhibit 6 and with forecast
reliability data shown later (see Exhibit 16), this exhibit ii-
lustrates the method of pro jecting forecast reliability for
1985. While background details follow , 1985 projections are
based directly on: (1) predictions of various weather events
nine hours from issuance being as reliable as 1977 predictions
of si m i lar even ts three hours from i ssu ance , (2) perfect reli-

ability at forecast issuance , and (3) an arbitrar y curve through

those two points and with a slightly slower rate of decay then
exhibited by the verification data for 1977.

Methodology currently used by the National Weather Service

(NWS) an d th e USAF A i r Wea th er Serv i ce (AWS) to va li da te wea th er
fo recas ts  is descr ibed in A ppendix E. The bas is  for p ro jec t ing
fo recas t  r e l i ab i l i t y  for 1985 is desc r ibed  in A pp end ix  F.

S t a t i s t i c a l  summar ies of NWS v e r i f i c a t i o n  of opera t iona l
forecasts at many stations in the U .S. during the fall-winter

- - p e r i o d  of 1975— 76 are used as a basis for estimatin g 1977 fore-

cast reliability. Similar AWS statistical summaries of forecast

verification at European stations durin g the same seasons a year
later are also considered. These statistica l summaries , con-
tained in Appendix G , are the distillation of recent inde pendent
efforts of the NWS and the AWS to evaluate their forecasting
sk i l l s  and methods.

Projections for 1985 are based on assuming that past im-
provements (over nearly the last three decades) of synoptic
forecasting (using numerical weather prediction models) over
pers is tence  fo re cas t i ng  of a r e l a t i ve ly  easy- to -p red ic t  param-
e t e r , the height of the 500-mbar pressure level (see Appendix

F )  i s  an  indicator of the near-term (next decade) improvements
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-in forecasting more difficult (relatively) parameters, suc h as
‘4 visIbility , ceiling, and p rec ip i ta t ion  (see las t  sec t i on  of

A ppendix E). Thus , the 1985 pro jections are based on optimistic
assu mptions of future improvements in mesoscale weather fore-
casting.

The high co r re la t i on  between fo recas t  re l iab i l i t y  and
weather  event f requency is deve loped and d i scussed  in Exh ib i ts
1 4 and 15.
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EXHIBIT 14: HISTOGRAM FOR FORECAST RELIABILITY
AND FREOUENCY DATA

(EXAMPLE : ~-HO’JR LOCAL FORECAST OF VISIB ILITY
IN FIVE DISCRETE CATEGORIES )

i .e
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~~~~~~~~~~~~~~~
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~~~~~~~~~~ 
0’~~~ .6 .8 O

~~~4
8

VISI BI LI TY (V), KM

° OF CATEGORICAL FORECAST OF VISIB I LIT Y (E .G. ,  0<V-<0.8)
b OF A LL V I S I B I L I T Y OBSERV A T IONS

l-26-7p -2

46

Iii A ~ - —--.~. 
~~______~~

______ ._i_ 
~~~~~~~~~



- I

.-- r
‘4

Exhibit 14

The histogram is based on test data from the Techniques
Develo pment Laboratory , NWS , an d contained in App endix G. The
d a t a , resu l t ing  from NWS e f fo r ts  to ver i fy  local  f o recas t s ,a

show that low fo recas t  re l iab i l i t y  is t yp i ca l l y  a s s o c i a t e d  w i t h
re la t i ve l y  infrequent events  and that  high r e l i ab i l i ty  is typi-
ca l l y  assoc ia ted  w i th  events  wh ich  are re latively frequent.
A f requency d i s t r i bu t ion  of the observatio ’ns is given in the

following tabulation. 
-

V i s i b i l i t y  ( V ) ,  km <0.8 <1.6  <4.8 <8 ~8 Total

No. of Observa t ions  260 508 1477 2352 129 70 15322

Fraction of Total 0.02 0.04 0.10 0.15 0.85 1.00

Wh i le the da ta i ndi cate tha t low fo recas t  r e l i ab i l i t i e s  cor-
r e s p o n d  to  l o w  visibilities and high reliabilities to good visi-
b i l i t i es ,  that co r re la t i on  e x i s t s  because only a small  f r ac t i on

— 
- of the NWS observations (at 92 stations throughout the contig-

uous U.S. during October 1975 to March 1976) indicated the ex-

:~ i s t e n c e  of low visibilities (i.e., low enough to be cla ssified

as “bad” weather as defined and discussed in Exhibit 8). I n

certain loca les  and In certa in periods of the year , one can ex-
pect frequent occurrences of bad weather and , therefore , low
correlation between forecast reliabilit y and goodness of visi-
bilit y . To i l lustrate, whi le good visibilit y (say , ~ B km) is

a j
~ Is assumed that the d is t r ibut ion of the approximately

15 ,000 observations in the verification testing is similar
to the distribution of all weather event occurrences , i.e.,
the observa t ions  represent a large random sample from the
universe of occur rences .
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.~ usua l ly  an appropr ia te  fo r ecas t  for White Sands , New Mex i co ,
‘4 where such a weather event is nearly an everyday occurrence ,

low visibility due to morning fog in the fall and winter is
also a relatively frequen t occurrence , for exam ple , In man y of *

the valleys in the Appalachian Mountains and in valle ys of
cen tra l Wes t German hill country . S im i la r l y ,  poor v i s i b i l i ty
an d low ceilings are frequent West Coast weather events , which

can  be q u i t e  r e l i a b l y  p r e d i c t e d  as a c o n s e q u e n c e  of t h e  P a c i f i c

Coast  fog produced du~- ing parts of the year .

Data used in a current study at the Institute for Defense
Anal yses on the effect of weather and atmosphere on sensor per-
formance (Ref. 8) ind ica te  that during West  German w in te rs ,  H

(wors t  weather  per iods)  weather  cond i t i ons ,  in which visibilit y

is less  than one mi le , ex is t  less  than 15% of the time at many
loca tions. However , one should not conclude that such low visi-
bility is a relatively infrequent event in all parts of central
Wes t Germany since most metero log-Ical data are from observations
at stations at or near airfields where better conditions would
be expected than in mesos cale areas more susceptible to fog

formation. 
-

While the example shown in Exhibit 14 pertains to a 6-hour

l o c a l  f o r e c a s t  of visibility , one can observe similar relation-

ships between forecast reliabilit y and frequency of weather

event: (1) for other types of weather events (e.g., ceiling
< C ft); (2) for other forecast durations (3, 9, 12 hours , etc.);
(3)  in another data source (about 250 ,000 AWS v e r i f i c a t i o n  ob-
servation s collected at 35 European s ta t ions  from September 1976
to March 1977) ;  and (4 )  for other fo recas t in g  techn iques.  Ex-
h~ blt 15 compares fo recas t  r e l i a b i l i t i e s  of the three mesosca le
weather forecastin g techni ques , which include “pers is tence ” a n d

“guidance ” in addition to “local ,” the technique used in this
exam pl e.

- 
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EXHIBIT 15: PROJECTED IMPROVEMENT IN RELIABILITY
OF MESOSCALE FORECASTS

(EXAMPLE : 6—HouR FORECAST OF VISIBILITY < V KM)

E 
~~~~~~~~~~~~~~ -

~ 0.4
2

G — GUIDANCE •

0.2 • s—.— 
_ _ _ _ _ _ _ _ _ _ _ _  

L — LOCAL •
P PERSISTENCE £

-J

I I I I  i i I J _ _ _  I 1 1 1 1 1 1
— 0 0.02 0.04 0.06 0.08 0.1 0.2 0. 4 0.6 0.8 1.0

CUMULATIVE RELATIVE FREQUENCY OF EVENTS IN WHICH VISIBILI TY < V  KM
I I I I
0 0.8 1.6 4.8 8

VISIBILITY (V), KM
—2 6— 78—I -
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EXHIBIT 15

A compar ison of the re l iab i l i t y  of three MWF techn iq ues ,
which  are br ie f ly  describe d below , is illustrated by continuing
the ana lys i s  of the example in Exhibit 14.

PERSISTENCE:  A fo recas t  that the future weather  condi t ion
during the time in te rva l  of the fo recas t  w i l l  be the same as
that ex i s t i ng  now (Appendix D) or during a current time interval.
The bas is  of this technique is observational data .

LOCAL: A manual forecas t for wh i ch the mes ome teoro lo g i st
- 

-. 
- uses numerical  gu idance from computer products , mesoc l ima to log - -

ical data , and /or subjective factors. Other popular names for
this technique are “sub jec ti ve ,” “man ,” or “station. ”

GUIDANCE: A mo del output statistics (MOS) forecast for
which statistical methods are used to complement raw output of
numer ical prediction models . The MOS me tho d ma tches local
wea ther observations with numerical model results and then de—

- - rives forecast equations by statistical techniques such as screen-
ing regression and regression estimation of event probabilities.
T h i s  a u t o m a t e d  t e c h n i q u e  builds into the forec asting system some
correc ti ons for the b i as an d i naccurac y of he nume ri cal mo del
as wel l  as the local  c l imato logy  (Ref .  7). Popular names for
this technique are “MOS ” and “obj ec t i ve . ”

W h i l e  e m p i r i c a l  d a t a  p r o v i d e , for each MWF technique , high
re l iab i l i t y  va lues  for very high frequency weather  events  and a
sca t te r ing  of low re l iab i l i ty  va lues  for very low freq uenc y
e v e n t s , no data are a v a i l a b l e  for events  which occur or are ob-
s e r v e d  at medium frequencies. It is assumed that the interpo-
l a t i o n s  s h o w n  between the low frequency data points and the high
frequency data points in Exh ib i t  15 are reasonable app roximations
of fo recast  r e l i ab i l i t i es  over the intermediate f requencies.

51

-t

‘va—I :. ._. _ ._~~~~~~~~ 

.

___ ~~
____ ___ _ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- - - - - ~~
—

~~--~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ----~~~---~~~~~ ----- ------- 

Given t h a t  assum ption , one can see that (1) NWS persistence
‘4 forecasts are s l ight ly  better than local or gui dance (1977) fore-

casts for infre quent events , and (2) all three MWF techn iq ues
provide similar reliabilities for about 90% of t h e  events. The

same observation app lies to 12—hour forecasts of v is ib i l i ty  and

to 6— and 12— hour forecasts of ceiling (see Table G-48, Appendix G).

USA F AWS d ata (also foun d in A pp endix G) from verification
t es t ing  at European stations indicate AWS local (called “ station ”

by AWS) forecasts are slightly better than AWS persistence fore-
casts. The AWS does not utilize the guidance forecasting tech-
nique.

The guidance (1985) line represents an estimated upper
bound of MWF capab i l ity d i scusse d in Appendix F. 

- 
Bases for th e

projected improvement in forecasting such parameters as visi-
bility, ce i l ing ,  p rec ip i t a t i on , and sur face winds  are (1)  intro-

duction of the mesosca le numerical weather prediction (MNWP)
model (35-km spat ia l  resolut ion);  (2) improved MOS performance
because of better inputs (from the MNWP model rather than from
the NWP model whose spatial resolution is about 200 km) and
because of improved modeling of physical processes; and (3) more
observa t ions  for the NWP model , w h o s e  synoptic output is utilized

by the MNWP model , an d for the MNWP mo d el i tsel f.

Al though guidance is presently the poorest mesosca le weather

forecasting (MWF) technique , all th ree MWF tec h n iq ues are poor
in predicting infrequent events. And whereas significant im-
provemen ts i n the gu id ance tec h n i que a pp ear reasona b le , an d have
been estimated in this analysis with the aid of experts in the

mesome teorolo gi cal commun ity, significant improvements in fore-
cas t reliability are not expected for either the persistence or
the local  MWF technique.  Thus , the guidance (1985) lIne in

Exhib i t  15 is typ ica l  of the most o p t im is t i c  p ro jec t ion  of MWF
prec i si on to be made on the bas i s of all of the data and adv i ce
provided by the mesometeorological community.
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EXHIBIT 16: FORECAST RELIABILITY FOR VISIBILITY ,
CEILING, PRECIPITATION , AND SURFACE WINDS

1Y7LL 1985 ( 1977 1985 11977 ( 1985 1977 1985 ( 1977 1 1985
____________ 

V I S I B I L I T Y  (V) , STATUTE MILES (MI), AND KILOMETERS (KM)

PROJECTION , V <  .S~~i V < 1 M I  V < 3 M 1  V < 5 M 1  V~~~5M I
HR V < .8 KM V < 1.6 KM V < 4.8 KM V < 8 KM V ~ 8 KM

6 37 61 37 61 40 61 44 56 94 97
12 24 50 24 50 28 50 37 57 92 96
24 14 44 14 44 20 44 29 - 50 91 94

CEILING (C), FEET (Fl)

PROJECTION, C < 200 C < 500 C < 1000 C < 2000 C ~ 2000HR

6 27 53 41 62 50 68 58 75 93 96
12 17 41 28 - 54 38 60 50 67 89 95
24 12 34 20 50 31 56 46 64 85 92

PRECIPITATION (P). INCHES (IN.)

FORECAST P~~1 P~~o s  
_ _ _ _ _ _ _ _PROJECTION, — ____________ __________ ___________ ____________

HR FALL-WINTER SUMMER FALL-WINTER SUMMER ANY SEASON

24 58 73 33 41 69 86 49 61 92 95
48 37 46 25 31 48 60 34 43 87 90

SURFACE WINDS (W) , KNOTS

PROJECTION, W ~ 23 18 � W ~ 22 13 ~ W ~ 17 8 ~ W � 12 W < 8
HR 

_____________ ________ ____________ _____________ _____________

6 32 60 60 79 60 79 70 88 86 95
12 20 41 41 67 47 67 57 78 76 90
18 14 31 31 59 40 59 50 71 68 88
30 12 22 - 22 49 33 49 44 63 60 82
42 11 19 19 44 30 44 42 48 55 78
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E X H I B I T  16

The data base for Exhibit 16 is contained in Appendix G.
Sources of th e 1977 da ta , from forecast verification efforts ,
are the Techniques Develo pment Laboratory of NWS for visibility ,
ceiling, and surface w inds; the National Meteorological Center
of the NWS for precipitation amounts greater than 0; and the
USAF AWS for zero p rec ip i ta t ion  data.

NWS data are used rather than AWS data for visibility and

cei l ing because of better data resolut ion: the former is ca t-
egor iz ed in f i ve  increments wh i le  AWS uses four categor ies  for
its forecast  ve r i f i ca t i on  data.

Proj ec ted forecast  r e l i ab i l i t i es  for 1985 are based on re-
alization of improvements in guidance forecasting summarized in

- . Exhibi t  15. As d i scussed  in Exh ib i t  13 and Appendix F , qua n ti —
fication of projected improvements is based on an optim stic
assum ption that improvement over nearly the next decade in fore—
cas t in g  the va lues  of r e l a t i v e l y  d i f f i c u l t— t o - p r e d i c t  parameters

8 will equal the observed improvement over near ly  three decades
in fo recas t in g  a re la t i ve ly  e a s y — t o - p r e d i c t  parameter.

The 1985 projections of forecast reliabilities have been
reviewed by meteorologists i nvo lve d in the usa ge an d mana gemen t
of fo recas t in g  systems , in weather  fo recas t ing  R&D , and in de-
velop ing forecasting models. A consensus appraisal is that the
1985 proj ec t ions  cons t i tu te  an upper—bound est imate of the capa-
bility potentiall y available by the m id— l980s; no one considered
the p roj ec t ions  as p e s s i m i s t i c ;  in fact , many cons idered the
estimate to be quite optimistic. The reviewers belong to the
following organizations:

-,
~ -.~~~

-
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________

Tec hniques Development Labora tory, NWS
‘4 USAF Ai r Weather Serv ice

National Center for Atmospheric Research
U.S .  Army Tra in ing  and Doctr ine Com m an d Hea dq uar ters
Pennsylvania State Universi ty , School of Me teorolo gy

As previously indicated (Exhibit 8), reliable forecasting
of bad weather events should be significant for more effective
or efficient utility of tactical forces. Althou gh one can ex-
pec t b a d wea th er even ts to occur frequen tly at cer ta i n loca les
and i n cer ta i n seasons , USAF AWS weather data for 35 European
s ta t i ons  (17 in Germany) during fal l  and winter (the worst
weather  seasons )  i nd ica te  that bad wea ther  events are , in
general , infrequent events. (NWS weather data for 92 U .S.
s t a t i o n s  during fa l l  and w in te r  ind ica te  a s im i la r  phenomenon. )
S ince the pro jected improvement in mesoscale weather forecast-
ing precision is relatively minor for frequent events , which
can a l read y be forecas t qu it e rel ia bl y (com pare d to forecas ts
of infrequent even ts )  w i th  present MWF c a p a b i l i t i e s , em phas is
is given to bad weather  events , for wh ich  improvements (a lbe i t
optimistic) in forecasting reliability by 1985 are much more
s ign i f i can t .
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EXHIBIT 17: GRAPHIC DEPICTION OF FORECAST RELIABILITY OF
CERTAIN POTENTIALLY CRITICAL WEATHER EVENTS

VISIBILITY < 1 MILE PRECIPITATION >1 IN./DAY H
~~~~~~~~~~~~~~

_ _  __ — __ 0.8 H

_ _ _  _ _ _  

1 977
O.~ % - O.s~

FORECAST FORECAST
RELIABILI T Y 

~~~ ~~~~~~~~~~~ 
RELIABILITY

0.4

~~~~~~~~ 1977
0.2 ~~~~~~~ 0.2

o 0

0 6 12 18 24 0 6 12 18 24
HOURS HOURS

CEILING -< 1000 FT W IND � 23 KNOTS

0.6 
\ ~~~~~ 

____ — 1985- 0.6
FORECAST FORECAST

RELIABILITY 
0 ______ 

RELIABILITY 

~• ~~~~~~~~~~ 

-
~~~~~~ . 

1985

0.2 0.2 —
~~~~~ ‘

0 0
0 6 12 18 24 0 6 12 18 24

HOURS HOURS
9-20— 77-I
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E X H I B I T  17

Since potential improved utilization of tactical forces
can reasonabl y be expected to be assoc ia ted  mainly with bad
weather pred ic t ions,  the forecast  re l iab i l i t ies 0f certain
pot entiall y critical (from the standpoint of providing decision
thresholds ) weather events, tabulated in the preceding exhibit ,

are graphi call y depi cted in Exhibi t  17.

If , for example , three hours from forecast issuance , visi-
bilit y < 1 mile (1.6 km) or ceilin g < 1000 ft constitute decision
thresholds , a commander in 1985 c o u l d  have , at best, forecasts of
these events w i t h  0.8 reliabilit y whereas today the reliabilities
are 0.6 and 0. 7, respec t i ve l y ,  f o r  those visibility and ceilin g
states .

Whi le  the impact of v is ib i l i ty , ceiling , and winds are
directly estimable , the ef fect  of prec ip i ta t ion on ground mo-
-bility .t s - -est imated by integrat ing prec ip i ta t ion  over a period
of severa l  days and cons ider in g spec i f i cs  of the terrain.

I 59
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EXHIBIT 18: BIASED (HIGHLY RELIABLE) FORECASTS

(EXAMPLE: VISIBILITY FORECAST TO BE <1 MILE)
1.C

0.8 BIASED

~~~0.6 
_ _ _ _ _

0.4 — 
1985

6 1 2 ~~~~~~~~~ 8 2 4
FORECAST DURATION h r

12— 13—77—li
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EXHIBIT 18

Data shown in Exhib i ts  16 and 17 represent average fore-
cast  re l iab i l i t i es .  It can reasonab ly be expected that in
cer ta in  c i r cumstances  a fo recas ter  w i l l  be more sure of his
predict ions than in others and in par t icu lar  s i tuat ions he may
be very sure of his predictions. For exam p le , at stations
ahead of a s t rong,  moving cold f ront ,  a f o r e c a s t e r  might con-
fidently predict  p rec ip i ta t ion  from cumulonimbus or n imbostratus
c louds f orming in warm air j ust  ahead of and over the cold front.

Cer ta in ly ,  weather  f o recas ts  b iased in this way should be
more h ig hl y value d i n tac ti cal dec i si on mak i n g than avera ge
forecasts . Obviously, then, tactical commanders and their staffs
should be apprised of forecaster confidence , esp eciall y when t h a t

confidence is high. -~~

W h i l e , unfor tunate ly ,  d ata app ear no t to be ava i la b le on
the f rac t ion  of weather  fo r ecas ts  wh ich  exceeds s pec i f i ed  leve ls
of forecaster  conf idence , it is not c lear  that the improvements
in average MWF re l iab i l i ty  pro jec ted  for 1985 will significantl y

af fec t  that unknown f rac t ion of fo recasts  wh ich  are already
quite reliable today . And , of c o u r s e , as the specified confi-
d e n c e  t h r e s h o l d  i s  i n c r e a s e d , fewer fo recas ts  meet or exceed
the threshold.

°Biase d forecasting ” is used in two contexts which differ

with respect  to the degree of cer ta in ty  of the potential effects
of atmospher ic p rocesses  on near- future weather even ts .  As
used here, the term applies to cases in which  those potent ia l
effects are quit e certain . As revealed by forecast verification
data (and discussed in Appendix E), “biased forecasting ” applies
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to the tendenc y of forecas ters , when the pot ential effects of
‘4 atmospher ic  processes are obscure or ambiguous,  to consider

s t a t i s t i c a l  data  in fo recas t ing  wea ther  events  more f requent ly
(over bia sing) or less frequently (underbiasing) than those same
e v e n t s  h a v e  b e e n  o b s e r v e d  a t  t h e i r  s t a t i o n s , i n or d er to en h ance
their scores in predicting certain weather events.

-
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EXHIBIT 19: SUMMARY OF OBSERVATIONS
RELATING TO CURRENT AND PROJECTED

MESOSCALE WEATHER FORECAST RELIABILITY

1, FOR PREDICTING FREQUENT WX EVENTS, ALL MWF TECHNIQUES
ARE CURRENTLY QUITE RELIABLE, AND ONLY MINOR RELIABILITY
IMPROVEMENTS ARE EXPECTED BY 1985.

2. FOR PREDICTING INFREQUENT WX EVENTS, NO MWF TECHNIQUE IS
CURRENTLY VERY RELIABLE, AND ONLY THE GUIDANCE TECHNIQUE
OFFERS PROSPECTS FOR SIGNIFICANT RELIABILITY IMPROVEMENT
BY 1985.

3. BAD WX EVENTS, WHOSE PREDICTIONS OFFER POTENTIAL FOR
MORE EFFECTIVE OR EFFICIENT TACTICA L USE OF WEAPON
SYSTEMS, ARE RELATIVELY INFREQUENT EVENTS, EXCEPT IN
CERTAIN LOCALES AND SEASONS, IN WHICH BAD WX EVENTS
ARE RELATIVELY FREQUENT AND CAN THUS BE CURRENTLY
PREDICTED QUITE RELIABLY ,
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E X H I B I T  19

The f i rs t  observa t ion  is suppor ted by data and d i scuss ions
in Exhib i ts  15 and 16.

The second observat ion is based on data and d i scuss ion  in
Exhibit 15. ‘ Pe rs i s t ence ” cannot fo recas t  cont inuat ion of a non-
ex istent event. Since an infr equent weather state is unlikel y
to be observed at time of forecast , the “persistence ” techn iq ue
is a l so  unl ikely to predict  its  occur rence in the i mmed iate
future. NWS and AWS ver ification data indicate that the “local ”
MWF techn iq ue i s also poor in p red i cti ng i n frequen t w e a t h e r
events unless b ias ing Is Invo lved  (see d i s cuss ion  accompan ying
Exhibi t  18). Wh i le  “guid ance ” a p p e a r s  to  be the only MWF tech—

- nique w i th  prospec ts  for improvement in reliability (see dis-
.. cussion accompanying ExhIbi t  15),  its dependence on statistics

means that reliable predi ctions of infrequent weather events
1. are also unlikely.

-- The third observation is based on mat erial in Exhib i ts  8
and 14.

_  
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EXHIBIT 20: ARMY INPUT SOURCES
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ALL CO~EI NED A~~ CCTVFAT FT. LEAVEJ*~)RI~H[JEVELOPPENT ACTIVITY
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EX H IBIT 20

To obtain the views of a broad cross sec t ion  of Army
o f f i ce r s  w i th  vary ing educat iona l , training, an d ex per i ence
backgrounds , on the potential tactical advanta ges of improve-

men t s i n mesosca le  weather forecas ti n g, vis its were made to

the Army organizations indicated. The visits were preceded by

l e t te rs  (Appendix  B is a copy of a typ ica l  l e t te r )  from the
s tud y sponsor (v i z. , the Office of Research and Advanced Tech-

nology, Director of Defense Research and Engineering) re-
questing Army assistance.

Discussions during the visits involved 55 Army officers

of the branches ind icated and 12 USA F and c i v i l i an  meteoro lo—
g is ts  on duty w i th  the Army . Se lec t i on  of discussion partic-
ipants was made by the individual organizations visited .
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EXHIBIT 21
POTENTIAL PAYOFF OF IMPROVED WEATHER FORECASTING :

MORE EFFECTIVE UTILIZAT ION OF WEAPONS SYTEMS
THROUGH BETTER PLANNING

1. FORECAST: VISIBILITY PREDICTED TO BE 1 KM FOR 24 HR

POSSIBLE PAYOFF: MOVE TOWs TO AREA WHERE THEIR 3-KM

RANGE CAN BE UTILIZED AND REPLACE
DRAGONs WHOSE RANGE IS 1 KM

2. FORECAST: VISIBILITY SO LOW FORWARD OBSERVER CANNOT
ADJUST ARTILLERY FIRE

POSSIBLE PAYOFF: MOVE ARTILLERY TO AREA WITH VISIBILITY
ADEQUATE FOR OBSERVING IMPACT AREA

3. FORECAST: RAIN PREDICTED OF SUCH AMOUNT/RATE THAT
TRAFF ICABILITY WILL PRECLUDE UTILIZING TANKS

POSSIBLE PAYOFF: USE TANKS IN AREAS WHERE THEY CAN
MANEUVER 

- -

100 KM2
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EXHIBIT 21

- .  To initiate discussions with Army personnel of the organi-
z a t i o n s  v i s i t e d , most of the material in Exhibits 1 through 18
was presented. As a means of stimulating contributions from
the Army participants , severa l  hyp o the ti cal exam p les o f potential
payoff  of improved weather  fo recas t ing  were presented .

While the substance of Army contributions is contained in
Exh ib i t s  22—26 , some comments on these s p e c i f i c  examples are :

Example 1. No t feasible due to reasons discussed in
Exhib i t  23.

Example 2. If a forward observer  cannot adj ust  a r t i l l e ry
f i r e , o t h e r  m e a n s , e.g., radar , woul d be used.

• 
Example 3. Rather than using Blue tanks in an area where

they are restricted to on-road movement , a
commander would prefer to employ less mobile
ATWs (TOW and DRAGON) against a potential Red
a r m o r  threat , which would also be denied off-
roa d mobility in that area. Ho’ ever , the
var iab i l i t y  of ground re l ief , soi l  cond iti ons ,
drainage, vegetation , and recent precipitation
history make it extremely d i f f i cu l t  to deve lop
an opera t iona l l y  useful model for estimating
ground mobi l i t y  charac ter i s ti cs from amoun ts
and rates of prec ip i ta t ion.
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V EXHIBIT 22: DECISION DETERMINANTS IN
TAC TI CAL P LAN N ING FOR A GI VEN MISSION

DECISI ON KNOWL EDGE OF DETERMINANT S

— DET ERMINANTS - MEAN DECISIONS ARE MADE UNDER:

• FORC ES AVAILABt.E
CERTAINTY

• TERRAIN

• ENEMY SITUATION
SYSTEM PERFORMANCE
STRENGTH & DISPOSITION UNCERTAINTY
INTENTIONS

• WEATHER

MATRICES FOR DECISION MAKING UNDER UNCERTAINT Y

PERC EPTION
\ OF ENEMY
\. SITUATION

ADOPT ‘\ NOT

ENEMY SITUATION 

OR REJECT\
\
\ 

ACCURATE ACCURATE

ON BASISOF \~
PE RCEPTION OF Al = HYPOTH ETKAL

ACTION WHICH
ADOPT A 1 CORR ECT ERRO R IS CONSIDE RED

PRUDENT IF
PERCE PTION OF

REJECT Al ERROR CORRECT ENEMY SITUATION
- 

- IS CORRECT

Wx
FORECAST

OR REJE~>\ ACCURAT E ACCURATE
WEATHER SE OF

ON BASIS OF \ b
WX FORECAST \ 

________ ________ A2 = HYPOTHETICAL
b COURSE OF

ADOPT A2 CORRECT ER ROR ACTION WHICH
IS CONSIDERED
PRUDENT IF

REJECT A 2 E RROR CORRECT WX FORECAST
______________________ __________ __________ IS COR RECT

DECISION MAKING UNDER UNCERTAINTY

• AVOID RISK OF CATASTROPHIC ERROR
• ACCEPT RISK OF LOST OPPORTUNITI ES

I-I6-7~-7 I CREATE HEDGES
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EXHIB IT  22

Decision determinants in order of importance for tactical
planning are: m iss ion , forces available , enemy situation , ter-
r a i n , a n d  weather. For a given mission , terra i n can usua l l y be
o b serve d an d ma p s can conve y sur face i ne q ual iti es an d ve get a ti on
de ta i l s .  Thus , ter ra in  fac to rs  are essen tially certain in tac-
tical decision making.

Wh i le a comman der and h i s s ta ff shoul d h ave a g oo d knowle dg e
of the performance of enemy systems (e.g., range of the 1—6 2
tank gun) facin g them , l ess  i s l ik el y to be known o f enem y
strength and disposition , an d even less of enemy intentions.
Thus , tactical decision makin g is done with some uncertainty

of enem y situation.

Since forecast weather is a l so  an uncer ta in  fac to r , t a c t i —
cal planning decisions are made with uncertaint y of that deter—
minant.

Occurrences of bad weather (as defined in Exhibit 8) such
as low visibility , low ceilings , heavy precipitation , and high
winds are, exce pt i n cer ta i n loca ti ons an d seasons , relatively
infrequent weather events which restrict weapon systems opera-
tions without endangering personnel and equipment if p r u d e n t

operat ional  l im i ta t ions  are observed.  T h e r e  i s  a se t o f even
less frequent weather  even ts ,  v i z . ,  t h u n d e r s t o r m s , hail storms ,
cyclones , tornadoes , etc., which not only restrict and /or tern—
porar i ly  prec lude weapon sy stems opera t ions , but require mea-
sures -— s uch as evacuation , shelterin g, and tie — down —- to reduce
the exposure of personnel and equipment to very high winds ,

flying debris , hai l , etc. In a combat environment , however ,

~~~~
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~~ prudent measures to sa f eguard  personnel  and equipment from the

ef f ec t s  of severe weather  wou ld  not be undertaken w i thou t  con-
sideration of the enemy situation.

The relative ordering of the importance of tactical decision
determinants does not mean that weather circumstances cannot at
times create operational imperatives for a tactical command
( fo r  example , re loca t i on  of he l i cop te rs  from bases expec ted  to
soon be exposed to severe  wea the r - - ve r y  high winds  or heavy
preci p1 tati on).

While the form of the responses of the many Army officers
varied on how tactical decisions are made under uncertainty ,
the essence of the responses encompassed classical rules for
decision making under uncertainty : (1) avoid risks of cata-
s t roph i c  errors ( i .e . ,  do not p lan  ac t i ons  whose outcome cou ld
result in failure to complete mission , or to achieve objectives ,
or -in unacceptable losses); (2) accept risk of lost  oppor tun i t i es
(to avoid unacceptable outcomes); and (3) create hedges (i.e.,
al ternative courses of action).

As an example , suppose a commander dec ides that  for his next
day ’ s opera t ions  the dest ruct ion of a cer ta in  target  is c r i t i ca l
to the success of his mission and that using aircraft is pre-
ferred to artillery from force economy considerations. And fur-
ther suppose that the weather forecaster and the commander are
99/100 sure that early morning weather will be suitable for an
air strike. If that target is really critical (its survival
m e a n s  m i s s i o n  fa il ure or unacce pt ab ly h ig h l o s s e s ) , the prudent
commander plans an air strike but also hedges by moving some
ar ti l ler y weapons to p os i t ions from w hi ch the tar get can be
bombarded (th is  movement is an a lt erna ti ve course o f ac ti on ,
which may preclude using those weapons against other targets
at that time) if the weather unexpectedly precludes attack by
aIr.
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While that is an example re la t ing prudent dec is ion making

to a v ery rel i a b le wea th er forecas t , command prudence is valu-
able also w ith forecasts of low reliability . For example ,
s uppose a weather  f o recas te r  and a he l i cop te r  unit commander
are 1/100 sure that during the night following the current day ’ s
opera t ions , the local base will experience high winds which could
cause substantial helicopter damage if the rotor blades are left
in their normal extended position. To avoid risk of damage , the
prudent commander wou ld  have ( 1 )  the crews , before securing, take
the few minutes required to fold or tie down the rotor blades
of all helicopters other than one or two which mi ght remain on
standby alert during the night and (2) personnel ready to fold
blades on the standby aircraft at the first sign of increased
wind ve loc i t y .

-

- I
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EXH IBIT 23: BATTLEFIELD DECISION MAKING

LATERAL UNIT DEPLOYMENTS TO TAKE ADVANTAGE OF WX FORE-
CASTS ARE NOT FEASIBLE BECAUSE OF SEVERAL FACTORS :

• TRANSPORTAT ION
• FIRE PLAN INTEGRATION
• PSYCHOLOGY
• LOGISTICAL SUPPORT

COMBAT SYSTEMS ARE SUFFICIENTLY WEATHER-ADAPTABLE
THAT WEATHER FORECASTS ARE CHARACTERIST ICALLY NOT
CRITICAL CONSIDERATIONS

PERCEPTION OF ENEMY SITUATION AND TERRAIN REALITIES
ARE DOMINANT CONSIDERATIONS IN TACTICAL PLANNING

MIGHT ADJUST INDIVIDUAL POSITIONS BUT NOT REDEPLOY
WHOLE UNITS

DEFICIENCIES IN CURRENT WX INFORMATIONJ NOT IN WX
FORECASTS, ARE THE MAJOR METEOROLOG ICAL CONCERN
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E X H I B I T  23

Latera l  unit deployments , s u c h  as d e s c r i b e d  in the first
example of Exhib i t  21 , to take advan tage  of a weather  fo recas t
are not feas ible due to several considerations.

Trans portation. Additional transport equipment would be
required to f a c i l i t a t e  inc reased la te ra l  movement (by he l i cop te r
and truck as we l l  as on foo t ) .  While the i ncrease In equ ip men t
is not itself a compelling deterrent , the movements near the
forward edge o f th e b a tt le area (FE BA )  wo ul d occur i n the
already most congested area of operations .

Fire Plan In tegra t ion.  A unit in an area A has had its
position and firing zones assigned in an integrated fire plan
for A. Rede p lo yi ng a un it from A to ano th er a rea B re q u i res
a modification of the B fire plan to Integrate the fire capa—

[ 
bil i t ies  of the new unit.

Psychology .  D is rupt ion  of o rgan i za t i ona l  In tegr i ty  in A
by redeploying a unit to another o rgan iza t i on  in B i nvo l ves
the units of the latter organization relying on , and being
relied on by, the new unit for mutual fire support. Such re-
l iance is greatly fostered by personal relationships and con-
fidences that accrue from stability of organizations in A and
in B.

Log is t i ca l  Support .  Exchanging units , s u c h  as i n  t h e  f i r s t

example of Exhib i t  21 , would require lead time to change pre—
v iously planned flows of unique supplies (e.g., TOW an d DRAGON
m i s s i l e s  in the example) to logistical organizations responsible
for suppor t ing new fo rward  units , thus requ iring addi t iona l
f l ex i b i l i t y  of an already busy log is t i cs  system.
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T h e s e  c o n s i d e r a t i o n s  m a k e  it impracticable to deploy
ground -based weapon systems on the basis of weather forecasts
unless th e forecas t s are ver y rel i a bl e an d un l ess the wea th er
is expected to remain r e l a t i ve l y  steady long enough to make
suc h weather-forecast-induced deployments worthwhile.

The to tal effec t o f the a bove cons i dera ti ons i s to make
exper ienced Army o f f i ce rs  feel that the reliability improve-
men ts p ro jecte d i n  E x h i b i t  16 f o r  1985 w e a t h e r  f o r e c a s t s  w i l l

not influence battlefield decision making nor provide oppor -
tun i t ies  to u t i l i ze  forces d i f fe rent ly  than they would today .

A recurr ing observation in d i s c u s s i o n s  w i th  Army o f f i ce rs
of all branches addresses the adaptability of systems (person-
nel an d hardware) to weather: the Army ’ s com b a t s y s tems can
cha rac te r i s t i ca l l y  func t ion  over a w ide  range of weather  con-
d i t ions  so that weather  fo recas ts  are usuall y not critical con-
siderations for tactical decisions on the battlefield. When
forecast weather is expected to limit system performance , tac-
tical decision makers still give primary importance to their
perception of enemy situation and to realities of the terrain.
Improving current weather  in format ion appears  to be of much
g r e a t e r  c o n c e r n  t h a n  are potential weather forecasting im-
provements. a

Even with the improved forecast reliabilities , tactical
planning will continue to be dominated by considerations of
enemy s i tuat ion (as perceived ) and the ter ra in .  W h i l e  a com-
man der may adjust individual fire positions because of weather
(rather than redeploy a whole  un i t ) ,  suc h adjustments are local
and would be based on current weather trends rather than on

— 
-
~ weather forecasts (e.g ., as v i s i b i l i t y  decreases , say , from 3

km to 1 km , to move TOW ATWs in an area forward to positions
which of fer  Improved engagement po ten t i a l) .

a Th IS concern is especially acute to chemical staff officers
who appear to be without any weather data relevant to their
In terests.
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EXHIBIT 24: SPAN OF CONTROL AND PLANNING-PREPARATION TIME
APPROXIMATE FORWARD ED GE OF THE BATTL E AREA TY PICAL PLANNING -
DEPTH, KM PR EPA RATI ON TIME ,

DAYS

5 —
~~~ CO CO ~~~

— —
~~~~ CO CO ~~~

— 1/2

~.‘-BN-~ ~- BN -. ‘.-BN-. —BN--. ..—BN- ~.BN- ” ‘—BN- -BN- .~ 1

50 BDE —BDE ~)-.S-_
_-_ BDE __-_I.. — BDE—. 1-1/2

DI V D I V 3-5

150 CORPS 5+

- 20-200 KM

CO~~COMPANY; BN ”.BATTALION; BDE ’.-BRIGADE : DIV ’~ D I V I S I ON
2- 14—77— S
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-. EXH IBIT  24

The sketch shows typical distances a over w hi ch con trol i s
exercised by va r ious  Army command eche lons  and their typical
planni ng— preparati on times.

- I The planning — preparation times represent times typically
required by the command echelons indicated for operations in-
vo l v i n g the who le  comman d or o p era ti ons i n wh i c h th e c omman d
has the initiative. Obviously, planning — preparation times
could be shorter when a command is planning the utilization
of only part of its force (e.g., division may be maintaining
contro l  of d i v i s i o n  a r t i l l e ry  wh i l e  pu t t ing  a l l  other d i v i s i on
combat e lements under contro l  of its brigades) or when the
enemy s i tua t ion  requires quick response (e.g., to an unexpected
a t t a c k ) .

a
~~ j t  depth s are from Army F ie ld  Manual FM 100-5 , Operat ions.
Corps area width Is estimated range of distances of Corps
respons ibility for defensive and offensive operations. In
some defens ive scenarios , Corps fron tage may exceed 200 km.
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EXHIBIT 25: WX FORECASTING, PLANNING, AND COMMAND LEVELS

LOWER COMMAND LEVELS (BRIGADE, BATTALION, COMPANY, PLATOON)
• EXECUTE HIGHER LEVEL PLANS
• LIMITED FLEXIBILITY

HIGHER COMMAND LEVELS (DIVISION & CORPS )
• MUST ENLARGE TIME WINDOWS FOR LOWER ECHELONS

ACHI EVING OBJECTIVES IF THE LOWER COMMAND
LEVELS ARE TO TAKE ADVANTAG E OF WX
FORECASTS

• ENLARGING TIME WINDOWS IS NOT PRACTICABLE
BECAUSE LOWER ECHELON OBJECTIVES ARE
MUTUALLY SUPPORTING

BIASED FORECASTS ARE OBVIOUSLY WELCOMED--BUT LITTLE
ADVANTAGE TO HIGHER COMMAND LEVELS IS APPARENT
SINCE DURATION OF RELIABLE FORECASTS IS SO MUCH
LESS THAN TIME FOR TACT ICAL PLANNING-PREPARATION
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E X H I B I T  25

Exhibit 22 identified tactical decision determinants for
any command level. Exhibit 24 distinguished the various corn-
manc l levels by control span and planning -preparation time.
This exhib i t  summarizes the nature of tact ica l  planning and
the impact of weather forecasting at those command levels.

Tac tical planning involves (1) development of a scheme
o f maneuver , (2) fire planning, and (3)  logistical plannin g .
Whi le  each command leve l  develops a scheme of maneuver to
ach ieve  Its objective , staff planners are increasin gly con-
cerned wi th  f i re planning at the lower command levels (at
platoon and company leve ls  a lmost  all planning is fire plan-
n ing ) and logistical planning at the higher command levels.

Charac te r i s t i ca l l y ,  lower leve l  commands carry out , and
develop their own p lans in accordance w i th , higher level  co rn-
mand plans which  speci fy  miss ion , obje c t i ves , and t imes.  Thus ,

-- lower level  commands are const ra ined in their planning flexi-
- - bility . If they are to have greater flexibilit y to react to

weather forecasts , the i r orders from hig her level  commands
must a l l ow  greater f lex ib i l i t y  i n th e t i mes for execut i ng
assigned missions or achievin g their objectives. But because
the miss i ons and objectives of lower command echelons are char-
acteristicall y mutuall y suppo rtin g, it Is no t really practica-
ble for the higher commands to prov ide more f lex ib i l i ty  In tim-
ing. (Operat ions of a football team are a good analog y : play

execution requires close-knit timing for carry i ng out many in-

div idual, but coordinated , assignmen ts.)
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Even a b iased weather forecast (i.e., a very re l iab le  one
for a w ea th er even t , say , i n 6 hours)  for a mesosca le  area o f
one unit (say , a ba ttal i on in a 5 x 5 km 2 area )  i s un li kel y to
influence the planning or actions of that unit since its m is-
sion and objective and the times for their execution/achieve-
ment are a l ready set by a higher leve l  command (say , a division
with 24 hours for p lan ning and p repara t ion)  a long w i th  m iss ions ,
ob jec t i ves , and t imes for its other units in different mesoscale —
s ized  areas .
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EXHIBIT 26: COMPARISON OF WX FORECAST
DURATION AND PLANNING-PREPARATION TINE

(EXAMPLE: VISIBILITY FORECAST TO BE<1 MILE:)

1.0 
~ ~ :.:.:::;~::~:::: : - : ::::~:::-:-~:::::::i CORPS

.8-  ~~~ :: :~j :: : ::j -DIVISION

RE L IABILITY .6- ~.~~~:::::::3~~~~~
_ .,J.LASED -BRI GADE LEVEL

FORECAST 
~~~
. ~~~~~~~~~~~ -BATTALION COMMAND

.2- 1977 -COMPANY

0 - —PLATOON
0 0.5 1 2 3 4 5

TIME , DAYS

______ 

_ RANGE OF TYPICAL PLANNING-PREPARATION TIMES FOR
VARIOUS COMMAND LEVEL S

9-9-77—10

88

____________________________ - I



I

E X H I B I T  26

Although visib i l i t y  less than one mile is the forecast

example to illustrate the comparison of forecast duration and

planning-preparation time shown , the following discussion

should be equally valid if other bad weather events (e.g.,

those in Exhibit 17) were used.

The f o recas t  r e l i ab i l i ty  data (Exhibit 16) are extrapolated

to severa l  days to compare fo recas t  duration and reliability decay

wi th  t yp ica l  maximum amounts of t ime va r i ous  commands requi re for
planning and preparation. The ranges of planning-preparation times

shown are based on discussion s with many experienced Army officers

- .  
and on information requi rements outlined in Ref . 9. Of course ,

only the 0—1 day portion of the co ntinuum of forecast reliability

represents the time scale for mesosca le weather forecasting.

- -  

Optimistic projections of 1985 reliability are high enough
to be potentially useful to only the lowest command echelons.
Exhibit 25 , however , indicates that these lowest echelons have

minimal f l e x i b i l i t y  to reac t  to weather forecasts; and Exhibit

23 indicates that tactical operators consider the additional

difficulties and costs of lateral redeployment of units as out-

weighing the potential operational advantages even when fore-

cas t  r e l i ab i l i t y  is high.

Biased forecasts are obviously potentially more useful
t han avera ge forecas ts  bu t , jus t as obviously, there is an in-
verse re lationship between the standard (i.e., threshold level
of f o r e c a s t e r  c o n f i d e n c e )  for forecast reliability and the frac-
t ion of forecas ts which meet that standard. And (from Exhibit
25 d i s c u s s i o n s )  m i s s i o n s , o bj e c t i v e s ,  and execu te / ach ieve  t imes
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e s tab l i shed  by higher leve l  commands are t ac t i ca l  impera t ives
‘4 a l l o w i n g  l i t t le  f l ex ib i l i t y  for the lower command l e v e l s , wh i ch

are a lso  more strongly in f luenced by their percept ion of enemy
s i tua t ion  and by ter ra in rea l i t i es  than by re l iab le , near- future
wea ther forecasts.

As ind ica ted  in the Exh ib i t  16 d i s c u s s i o n , improvements
in average mesosca le  w eather  f o recas t ing  may not significantl y
impact the biased forecasts , which are already quite reliable
today.
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EXHIBIT 27: SUMMARY OF FINDINGS

1, BATTLEFIELD TACTICAL PLANNING IS PRIMARILY DONE AT CORPS
AND DIVISION LEVELS.

2. AT ANY LEVEL OF COMMAND, MISSION , FORCES AVAILABLE,
ENEMY SITUATIONJ AND TERRAIN ARE DOM INANT CONSID-
ERATIONS IN TACTICAL PLANNING ,

3. AT LOWER COMMAND LEVELS (VIZ., BATTALION, COMPANY, AND
PLATOON) CONSISTENT WITH MESOSCALE GEOGRAPHIC AND TIME
DIMENSIONS, TACTICAL DECISIONS ARE INFLUENCED BY MISSION,
ENEMY SITUATION, TERRAIN, AND WEATHER IN THAT ORDER.

4, THE MUTUAL-SUPPORTING NATURE OF MISSIONS AND OBJECTIVES
OF LOWER COMMAND LEVELS LIMITS THEIR FLEXIBILITY TO
REACT TO WEATHER FORECASTS.

5. RELIABILITY OF OPTIMISTIC NEAR-TERM (1985) MESOSCALE
FORECASTS OF WEATHER, WH ICH LIMIT SYSTEM PERFORMANCE,
APPEARS TO BE INSUFFICIENTLY BETTER THAN RELIABILITY
OF CURRENT (1977) FORECASTS TO AFFECT BATTLEFIELD
OPERATIONS~

6. IMPROVEMENTS IN CURRENT WX INFORMATION RATHER THAN IN
WX FORECASTING MAY BE MORE IMPORTANT TO BATTLEF IELD
OPERATIONS.

93

— ---__ -- --- _-~ -—~~ - _~~~~ -
.
~~~~~

-.
~—---- --- - 

——-— 
~~~~~~~~~ —- - .~~~~ — -

- --- -

~~

--- - -

~~

_-- —~~~- -- 
_ j _ 

-~ ----—--- ----— .~~~ 
— -— --—~~_-.“,-- —‘--~~~~~~~. -



a.

EXHIBIT 28: CONCLUSIONS

1. AN OPTIMISTIC IMPROVEMENT IN MESOSCALE WEATHER
FORECASTING CAPABILITY PROJECTED FOR 1985 APPEARS
TO PROVIDE NO ADDITIONAL UTILITY FOR ARMY FORCES.

2. A PHASE 2 EFFORT TO CONSIDER CAPABILITY-COST
T RADEOFFS FOR A MWF SYSTEM FOR ARMY OPERATIONS
IS NOT WARRANTED .

3. IF A PHASE 2 EFFORT IS UNDERTAKEN, CONSIDERATION
SHOULD BE GIVEN TO ASSESSING THE INFLUENCE OF WX
INFORMATION, FOR USE IN CURRENT OPERATIONS AS WELL

- - AS FOR PREDICTING INPUTS FOR PLANNING, ON ARMY
— TACTICAL OPERATIONS.
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ARL INI~TON, VIRGi NIA 22209

TASK ORDER FOR WORK TO BE PERFORMEL)
BY

INSTITUTE FOR DEFENSE ANALYSES

TASK ORDER T-135 DATE: _____________—____

You are hereby requested to undertake the following task:

1. - TITLE: Mesoscale Weather Forecasting

2. OBJECTIVE: The objective of this task is to evaluate potential
mesoscale weather forecasting syst€-rns —— including components related
to data collection , processing and communication functions —— for support
of tactical military operations in the rnid—1980s. “Mesoscaic” implias
regional forecasting to resolutions of , for example , 20 kin , as oçposed
to “macroscal--Y’ forecasting whose typical resolution is on the order of
400 km. -

3. TECHNICAL_ SCOPE : An assessment will be ri~ide of likely technical
advances in components of mesoscale weather forecasting systems for the
mid—1980s. Appropriate combinations of components forming alternative
mesoscale systems will be evaluated with respect to (1) potential imprc~e—
ments in tactical operational capability that technology cdvances might
provide and (2) marginal costs , procurement and support , of advanced
mesoscale systams over similar costs of current forecastin;~ systems .The task is to be accomp lished in two phases , with a review prior to
phase 2 t.o determine whether phase 1 analyses suggest continuat ion is
worthwhile . The phase 1/review/phase 2 division of the task is as
f ollows:

Phase 1: Identify parameters useful in describing weather prediction
precision , e.g., spatial resolution of predicted weather , duration of
prediction , and lead time ufltil prediction is operative. Determine the
highest precision mesoscale weather forecasting system tha t appears
technically feasible fot ch~ mid—1980s. Identify ways and , if possible
develop some measurable indicators that relate tactical operational
capability to weather forecast ing precision.

Review: If phase 1 analyses indicate  potential payof f s  exist for
advanced mesoscale forecast ing,  phase 2 an.-i .l yses would be conducted .
If potential increases in operational capabil i ty with the highest

A— 3 

~~~~~~~~~~~~ -



precision mesoscale system are not expected , phase 1 results will be
presented in a report which summarizes the significant findings and

‘4 the methods of analysis used .

Phase 2: Complete inesoscale weather forecasting analysis to
include systems offering lower levels of prediction precision. Relate
potential increases in operational capability to mesoscale system
options . Estimate costs , acquisition and support , of projected mesoscale
system options and current weather forecasting systems . Results of
the entire study, phases 1 and 2, will be presented in a report which
viii summarize the significant findings and the methods of analysis
used .

The technical assessment of mesoscale systems should include worldwide
applications . Costs and operational capability estimates should app ly
to a malor theater , e.g., Central Europe .

4. SCHEDuLE: Work on this task shall commence upon task order acceptance.
Phase 1 will be completed by 1 July 1977. If the task is not continued
into phase 2, a draft phase 1 report will be delivered by 1 September 1977.
Phase 2, if undertaken , will be completed and a draft report of work on
the entire task will be delivered by 1 April 1978.

5. COORDINATiON : Coordination with personnel of the Navy , Air Force,
and Army Weather Service Programs, the Defense Meterological Satellite
Program , the Federal Aviation Administration , the National Oceanographic
and Atmospheric Admi.n~.stration , and various operational planning staffs
of the military Services will be necessary during the period of study.

6. c~NIcAL COGNIZANCE: Assistant Director (Environmental and Life
Sciences), ODDR&E, who will decide on phase 2 continuation .

7. SCALE OF EFFORT: Two (2) man—years , including consultants as
required by IDA, for p -tase 1. Two (2) man—years , including consultants
as required by IDA , for phase 2. Not more than three (3) man—months of
effort will be expended prior to 1 October 1976.

8. REPORT DISTRIBUTION AND CONTROL : The Assistant Director (Environmental
and Life Sciences), ODDR&E , will determine the number of copies of reports
and their distribution . A “need—to—know ” is hereby established in
connection with this task and access to classified documents and publications ,
security clearances and the like, necessary to comp1et~ the task, will be
obtained through the Director , ARPA. J

~~
‘

IG o -, H.
rector

ACCEPTED : 
~~~~~~~~~~~~~~~~~~~~~~~~~
President , IDA

DATE : - 
20 A r 1 9 7 O

-- _~~~ 
- 
~~~~~.~~~.----- - —~~ - - - ~~~~~~~~~ ‘ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

-

0

‘4

..

~ APPENDIX B

ODDR&E LETTER TO ARM Y WAR COLLEGE

~

0

B-]. 

—.~

_ _ _ _ _ _ _ _ _

_ _ _ _ _ _  -A



-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘,
~. 

- 

~~~~~~~~~~~~~~~
—

~~~~~
- ._---- —‘- - - - ,

~
------—-- -- -

I
23 JUN 1977

‘4 
- Major General Do WLtt C. Smith, Jr.

Cenir.~andant
U. S. Army War College
Cnrlislc 1~arracks, PA 17013

Dear Cencr~ l Sxnitlu

The inct itute for l)afcnec Ana1yse~i (IDA) is evaluatin g for this office
th~ i~~tc~ Lial tacti cal utith.y that might be derived by c~ tertdLng
weather forecast ing caj atiilit los from the curren t coar se resoluUon
of hundreds of kilo:ucters to Liner , niecioscalo resolutions of the
order of a few L.tlnmeters. Throug h c mnultation with tli~ scientific
community, IDA has developed a bc.~t estimate of the a~gectcd
Improve:ri~nt In weather forecasting through the mid-BOa. W~ are
nov~ nc~ kin~ your help to mc.~ surc the benei~ts of much iYnprOvcrnentO.
l~c~causc ~~c at.her forccast~ are onl y one oL several factoru connidered
In trt c~tIcr~1 planning, we need the pragmatic view of your faculty a-nd
ccu ~-en t’? to ide~ tLfy specific potential. tacti cal advantages that might
re suit from lmprovemcut~ in mososcale weather forecasting.

.[h(: rttacl’ecI inform ation presents the nmoblcm In detail, a,icl cets
forth tho q.scstione to ho answered. \:.ThIlc you-v assi~itaace Is most
lmporta~ l cor this task, I would like to  mtntrnir.e tb.e burden of th is
request by asking for a point of contact with whom the IDA people
can arr~.nr;o a visit to discuss the mattors Ln~]jcated a.nd to rcccive

~~~ ~~~~~~~~ y~~ ~~ ~ r ovide, Aittcltnicnt 4 contaiso the names,
— L. addre a se~~, anA tclcpho~~o numbers of the IDA perqonacl par ilci—

pat ing In thls stud y. Your point of contact can Identify hiinseU
• mer ely i~y coiling any one of the IDA people.

Thanl; you for your assistance.

Sincerely,

(Sig ned) Do~~aId I. CarLer
,/

~ ,~
— 

John L. Aflcri
Deputy Director
(It csear ch mud Advanced

Technol ogy )

.(~ttachinciito
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Commandant , U. S. Army War College , Ca r l i s le Barracks, PA

Comm andin g General , U. S. Army Aviation Center , Fort  Rucker , AL

Commandant , U. S. Army Command and General Staff College ,
Fo rt Leavenworth, KS -

Commandant , U. S. Army Armor School , Fort i<nox , KY

Commandant, U. S. Army Engineer School, Fort Belvoir , VA
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Attachment 1

Statement of Problems -
—

‘4
Problem: Given the expectation that the accuracy of weather
forecasting will improve, will improved weather forecas t ing permit
better utilization of available forces , principallyin a postulated
European theatre in 1985?

The following are constraints on thi s stud y:

— 1. It is focused on potential Army operations in the European
theatre during the mid- 1980s.

2. It considers only weather forecasting for short-range tactical
planning; i. e., it exclude s cither climatology (for long-range

— strategic plann ing ) or met eorolo gical observation s fo r “combat
information” (e. g .,  using current or recent wind observations
for gun aiming). -

3. It considers how improvements in mesoscale weather fore-
casting might improve tactical capabilities for day- to-day
operations , in contr ast with the infre quent epic events such
as the Normandy invasion during World War II.

4. It assumes that improved weather forecasting is unlikely to
cause changes in force structure. This assumption implies
th at we will, fo r example, continue to develop and procure
“all-weather” systems because their usefulness is fairl y
certain even without considering specifics of time and
geography for  thei r employment.

To provide initial stimulus for your thinking, Attachm ent 2 contains
some examples of potential advantages to tactical planners .  They
have been oversimplified b y assuming that predictions of weather
phenomena are 100 percent cor r ec t and omitting many details pertinent
to any tactical scenario. It is at this point that we seek your
ass istance to interject real world specifics. You may recall scenarios
or use stylized scenarios (in current course work) which enables you
to identif y specific tactical advantages that mi ght be r ealiz ed with
improved weather forecast ing capability.

Wh ile there are numerous environmental considerations related to
tactical operations, our attention is focused on a few primary parani-
eters: (1) visibility and ceiling, which affect  target  acquisition and
weapon delivery, and (2) precipitation , which can affect t r af f icabil ity
and , hence , groun d mob i~ity. We are , therefore , includ in g our

B— 5
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-~~~ current ( 19 77)  and projected ( 1985)  f orecast capabil i t ies for th ese
parameters in Attachment 3. Also included are def ini t ion s of
parameters  (viz. , spatial resolution and lead tirr ie) which appear
important for  util i zation of weather  forecasts .  Based upon the
prediction precisions (probabilit y of cor rec t  fo recas t )  in At tachment  3,
would you identif y possible ways forces  (any echelon from battal ion to
cor ps) might be used more effectivel y or eff ic ient l y. Of course , we
are especiall y in teres ted  in whethe r the set of data fo r  1985 provides a
possible basis for  improved force util ization.
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Attach i~nt 2

Ex:tmp les of pol ential pay off  of impr ~~v d  wcathex  £orecast i~ng for
more  ef fec t ive  ut i l izat ion of wcapon systems throug h Iiet ;ter planning.

1. Forecast:  Visibil i ty in an area is predicted to be 1 km or less
for 24 hour s .

Pos~ iblc_Payoff: Move TOW sys tems to an adjacent area where
thei r 3-kn-i range mig ht be bet ter  u t i l i z ed  and rep lace the TOW ATW
f o r c e  (or part  of i t )  with DRAGON t eams f r o m  the area of predicted
bet te r  visibili ty.  -

2. For ecast: Visibility so low that a fo rward  observer  will not be
able to adjust  ar t i l i cry  f i r e  for  24 hours .

P ss ih ie Pj~y of f :  Move a r t i l l e ry  to an area with v is ib i l i ty , adequat e
for obse rving  al-ca of in tended impact:.

3. Fo recas t : Rain of such arnou.nt and rate that frafficabili . ty will
preclude tank mdncuvering  off-roads  in a 100 km area for  24 hours .

Possible_ Pa~’~~ff:  Assumin g f r iendl y fo rce  is defens ive l y -o r i e n ted ,
dep loy tanks to nea rb y area with adequate tr a f f icab i l i t y ra ther  than
as sign them a static defensive role.

4. F cc  i’~t Ceii int ~ and/ or  vi~ ibi]ity too low for  hclicopt c ’ r in an
area for  24 hours .

Pos~;~blc_P~ yoff :  Plan ope ration s for which helicop t~ers , at tack
or t ranspor t , are  critical in other areas .

Possible Probicm~ : While the last example of better  plann inj  of
helicopter  ut iliza t ion to take advantage of weather fo recas t s  is q u i t e
obvi ou s and surel y considered today, certain problems U) CO~ )flC ction
with lateral sh i f t ing  of ground—based sys tems  and units need
eva luatio1) : (1)  additional demands on transp arta t ion re sources  (~ rou:~ 1 -
based and t ransport  helicopter) and (2 ) additi onal coordination of sb i f .  ‘d
system s (weapons plus  operators) with adjacent and support ing un its .
Also, the probab il i t ies of phenomena predic t ions  being cor rec t  beyond
a few hours may  be too b y . ’ to provide  a r eliable basis  for  fo rce
moyement considerations.
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Attachment 3

Utilization ( b r  planning) and prec is ion  (pr obab i U t y  foreca s t will be
‘4 cori cct) of visibility, ceiling, and preci pitat ion p redict i  ens.

~~~~iia l  Resolut ion:  Expected to be 4 1cm x 4 km for 1977 and 1985.
It means that the visibility, ceiling, or precipitation phc~~~neuon
will occur in part (from small to large) or a]] of a 4 km x 4 km grid
square with probabili t ies t abulat ed on the following page. A whole
thc~:te r could be divided into a collection of similarl y -s ized grid
squares  for weather forecasting purposes.

Lead Time: Time available for tactical planning (c. g . ,  force  move-

— 
meat ) to take advanta ge of p redict ion of weather phenomenon.

Example: Visibility is forecast  to be less than 0. 8 km using 1965
state-of-the art -

- 

1.0

.8
Probability -—
Forecast .6 ~~~~~~ 

-

w i l l  be
Correc t ::

Lead Time until Forecast is Operative , Hours~

‘~ Thus , for examp le, a 0. 61 probab il i ty  that a d ual  v i s i b i l i t y  ~ I1 (part.
or all of) a 4 Jun >: 4 km grid square  ~vil1 be less than 0. ~ km pro~’iclc~:

- no time to move forces to take advantage  of the  forecast  for  the next
6—hour  period; a 12—hour  lead t ime , dur ing  wh ich  fo r c e s might be
moved , provides 0. 44 -p robab i l i ty  of correct  pr edict ion for  the  i~~-?-~1 hou r
perjod; and a 12—hour  lead t ime  pr Q\7i(]~~5 ~ib ou L 0. ‘-12 pr obability o.t
correct visibility pr eeiction for the 12—36 hour period.

B-8

4



r - - - - 
_________~~~~~~~~~~~~~~ ‘ --  _ _ _ _ _ _ _ _ _ _ _  _ _

I

‘4

t~ P
C’) N- ‘.0 .~I- Cfl ~r I’) c ,,j ~j  - - 

~~~
0) 0 O~ 0 C~D 0 O~ 

0) C) ~~ O~ c’.
C) ,-, .—

E~ -~~ C)
C-’.) - .

In — : i

A A 
A

o i-.. C)
> )~ C-.~ C’) 0 (‘4 u ~~4 t ’—

C) C) C) C) o, C) (0 0) CO C)

- —-- ____ _ _  _ _

U)
C) —— ‘.0 r-.. C) i— . in F--. ‘j .—o a-’ F C) It) It) ~J C) F— ‘.0 ‘0 ~-C) ‘.0 ‘-4-

~~~ -~~ F C) C-
4.) -.--. 5 - - C)

C’)
> ‘.1 In 0)
5- C- V

r- - 4 - • C-) V)

I~~~ ~~ N- (14 > N- N-. C) CO C) ‘.0 Lt) - 
~~~

~I, -~~~ 0’ F ‘-4 - C’) (‘4 (‘4 (C) I C )  ~‘.J ~)  c) (‘)0 - CD
C) — — —— ç— ~Li.J

CA— S.co ~.1 F .— C) ‘i C) — CO C) ‘.0 U) ‘.r C’o 5- (~ ( ~~ ‘.0 At) ‘-4’ .-~~ 4-’ C) ‘.0 0) 4!) 4! )~.
) 5- -. ‘.~

,
LI... W .— •.— 4— C) ‘~ CL a )  ‘—. C) C)

5-’) 1~)

~ c “ .
~ 

QJ V C
W N- — U. C) 0

N- ~“ C) CC C) 5.0 CD C’) ‘—‘ C) - I. ~~ C) “~~~~ 4.) 
~~ (‘.4 (‘.4 ,— LC) C) 5--’) (“4 - -- - It) ~) 

5-
a) — C)_ 4Jo ~~ — 

,— _______— 
C-) _________ ‘.— - - —-- - - - —- 0.

c_, U
0J C

0) 0) C)
C).I C) E P— C) CD C C’.) ~J C’ CI~ ,— .— -

0 ~~~ 4-) .~ 0) A~f) c) .4 5.0 I-C) It) ~---.j- 4-~ ‘.3 5-’)
C) ,—. C) CO

‘ = 5.0 C) .4..) 
~~

, C’.J
>- 4.. ‘4 . (1) It) ‘ F,_ 0 4-) 

.~
2-

p—I V V 0
N- • C) C)

• - F-.. .— D- C). N-. c) ‘.4- C) ,— CO C) (0 C- C’) U’)P’~~ .0 
~~ • ~~

. C’) C’.) ,— ‘4’ (‘4 NJ .— C’. C )  C’.)
~~~ E . — --- ~~.

— —-- —--------—— — - —- —.
C A l

0 4.) ~~~~~~~~~ CA(0 ,- ,— C) ‘4 CD C”) - C’) U’
o. a 

~~~ :~ 
U) At) ~J ‘4’ U) S) C)  (0 F- .. .4-

S.. •.— E .~~ 
CD 5—

• - 5- VS C)
o .- IC) CO (‘4 4.)
o - . 

:‘-

N. I
z~ U

o N. ~~ C). N. ~~ 5)’ (C) C—. N. (‘4 C) ,_ C’) N..
(C) C’) (‘.4 r-  (‘.4 r .—‘ .~~ ,, 4)) 1’) S..

~~7
4- C) -4 -’ O 4-’ O 0

4.)
45 4) 545 4- ) 44 4-.) VS
U 0 S~ ‘.0 NJ ci- U) U C) C- ‘.0 C’~J “4 ‘C) ‘.‘ C) )- .— (‘4
U U.C .— (‘4 C”) (1) 0) £1 ‘- C’) C’) 9)  0’ Li

(40 0’.) o n  4)
LI.. C- U . C-  4—

C). 0~ 0. 4)
I-

0.

B- 9

- 
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ . ; T ~ TL



— 

TIIi~ii’ ’~ 
- 

-

~~~~~~

-—- ‘

~~~~ 

-‘-.--‘—‘

~~~

‘-- -

~~

--•--- 

~~~~~~~~~~~~~~ 
—

~~
‘
~~

Attac l in c-nt- 4

Identificatioi-t of personnel inv olv ed v~-H1� meso sc~t)e forccasLing stud y.

a
Mr. M ur r a y  l~~t:nrass ]nstitutc for Defense Anal yses 558 - 1667

Arlington , Virg ini a 22202

aMr. flcxiry 1-heal go same as ab ove 558- 1 64~1

aMr. John Metzko same as above 558- l6j ~

aA code is 703
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APPE N DIX C

I
MESOMETEOROLOGY

It is common knowledge that weather is characterized by tran—

• slent developments of atmospheric event s, which can take p lace in a
very wide range of space and time 3cales. A graphic Illustration

of the range of s~~ice scales Is given by weather satellite pictures
covering a hemisphere . These pictures show, for example, the
horizontal rnacro8cale domain of atmospheric events such as the

global distribution of clouds . The horizontal macroscale domain has

been defined by dimensions (d) that are larger than 2000 km (Ref . 2),

i.e., by 2000 � d ~ !~0,000 km , where the upper value of this range

is given by the circumference of the earth. Typical examples of

macroscale atmospheric phenomena are given by (a) planetary waves ,
• such as standing waves , ultralong waves , and t idal waves , which have

wavelengths longer than 10,000 km, and (b ) baroc linic waves (where
potential energy can be converted into kinetic energy) with wave—

lengths (A) in the range 2000 < A < 10,000 km (Ref. 2).

Satellite pictures can also show the horizontal scale of ineso-
8cale phenomena such as hurricanes , fronts, disturbances induced by

mountains and lakes , squall lines (i.e ., moving lines of thunder-

storms) , and cloud clusters . Ot her types of mesoscale phenomena ,
not always visible in satellite pictures , are individual thunder-
storms , clear air turbulence , urban effec ts , etc. The horizontal

mesoscale domain has been defined by dimensions in the range 2 ~ d

� 2000 km (Ref. 2), i.e ., an intermediate scale regime bounded by

the macroscale (d ~ 2000 km) and rnicroscale (d ~ 2 km) regimes.
Typical examp les of microscale atmos pheric phenomena are tornadoes ,
deep convection systems , short gravity waves , dust devils , plumes ,

turbulence , etc.

C—3



_ _ _ _ _  

• 

~~~~~~~~~

SUBDIVISION OF MESOSCALE REGIME •

Each of the above scale regimes covers a broad range of sub—

scales. Since macro , meso , and micro are the Greek equivalents for
large , intermediate , and small , respectively, the Greek symbols ~~~~,

8, änd y  have also been used to designate subdivisions in each scale
regime . For the mesoscale regime , these subdivisions are as follows

• (Refs. 2, 10, 11, 12):

• (a) Meso— ct scale , where the mesoscale dimensions are within

• the range of 2000 to 200 km. This mesoscale subrange

corresponds to those of phenomena such as hurr icanes and
front s , which have time scales of the order of days. 1:
Hence , mesoscale weather forecasting In the meso—~ sub—
regime involves , for example , predictions for periods

longer than 24 hours of the future path of hurricanes or

frbnts.

(b) Meso—8 scale , where the mesoscale dimensions are within

• the range of 200 to 20 km. This subrange of scales cor-

responds to those of phenomena such as disturbances in-

duced by mountains and lakes , squall lines , cloud clusters ,
nocturnal low—level jets , inertial waves , etc . These

types of phenomena have time scales of the order of a few
• hours to a day .

(c) Meso— y scale , where the meso scale dimens ions ar e with in
the range of 20 to 2 km. Th is subrange of scal es is
given by those of individual thunderstorms , clear air tur-

• bulence , urban effects , etc .  These ty pes of phenomena
have time scales of the order of one hour.

The above subdivision of the mesoscale regime is based on a
probabilistic use of the horizontal scales of motion for mesoscale
proce

~

sQs, •j .e. ,• . on .tbe~~ efinition .
• maximum probabilities of containing a given type of mesoscale phe-

nomena . The time scale could also have been used to subdivide the

mesoscale regime . However , it has been found that the time scale

c— Li
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can give aMbiguous re8ults in the mesoscale regime as the result

- of uncertainties in th& observed frequency of mesoscale events

(Ref. 2).

MESOSCALE WEATHER FORECASTING FOR TACTICAL OPERATIONS

The above subdivision of the mesoscale regime indicates
that typical battlefield scales (Exhibit 2k) correspond to the

- 

meso—8 (20 ~ d ‘ 200 kin) and rneso—y (2 ~ d � 200 kin) subregimes.
Hence , the time duration of mesoscale weather forecasting for~
tactical operations are limited to about 214 hours. For this
reason, verification data for mesoscale weather forecasts in
Western Europe by the Air Weather Service are also limited to
a 2k—hour forecast time (Appendices E and G).

VERTICAL EXTENT OF MESO-~ AND MESO-y PHENOMENA

As indicated previously, typical types of meso—8 atmos—
pheric phenomena include meteorological disturbances induced by
mountains and lakes, squall lines, cloud clusters, nocturnal
low—level jets, inertial waves, etc. Such phenomena can, in

• turn , induce weather phenomena of tactical interest , I.e., low
p 3 visibilities, low ceilings, large precipitation rates, and meso—

scale winds. The vertical extent of meso—8 weather phenomena
is, for example, controlled by (a) the orographic effects from

• mountain and lake disturbances that are Important In the bound-
ary layer, i.e., from the ground to about 1—km altitude. This
altitude range corresponds to pressure levels that vary from

• about 1013 mbar at the ground to about 900 mbar at 1 kin, and
- 

- . (b) squall lines, which can take place at altitudes between 0.3 m
• 

- 
to 10 km or from about 990 to 265 mbar . The significance of the
vertica l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
forecasting for tact ical  operations must  take into acoount the
meteorology of both the boundary layer and the free troposphere
above the boundary layer (Ref. 10) . These considerations are

c—S
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also applicable to the rneso—y subregime because urban effects,
14 for example, are important near the ground, whereas individual

storms take place. in the same altitude range as that for squall
lines (Ref. 11). -

c— 6
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• APPENDIX D

WEATHER FORECASTING TECHNIQUES

IN1 RODUCTION

The main objective of this apper.dlx Is to provide background
information concerning the three available techniques for meso—

• scale weather forecasting : persistence , subjeetive (or local or
s ta t ion) ,  ar.d objective (or guidance).

PERS ISTtNCE MESOSCALE WEATHER FORECASTING

- • - The fundamental assumption in persistence weather forecast—

ing is simply that the local weather prevailing at present or

• 
• during the immediate past will continue to do so in the immediate

future to the forecast time . These conditions lead to either
• static or diurnal persistence forecasts, respectively .

As It will become evident from forecast verification data
• • In the subsequent appendix , the accuracy or “reliability ” of

- weather forecasts depend s on the frequency of a given meteoro-
logical event . It will then be seen that the reliability of 4

persistence forecasts is difficult to Improve on by the other
two types of forecasts (subjective and objective) regardless of
the frequency of the event .

If V (s ,t) denotes the visibility as a function of location
or station (s) and future time (t), the static persistence fore-
cast of visibility at the same station and future time (6t)
from the present (t0) may be written as follows:

- D— 3



- 
V ( s ,t0 + 5t) = V(s ,t0) + 

aV(s,t) 6t (D—l)

where

• - 

3V( s ,t )  
= (D—2)

i.e., the observed visibility will remain without change to the
forecast time .

For diurnal p~ersistence , the corresponding formulations
become :

V(s,t0 + ~t) = V(s,t0) + 
3V(s

1
t’) 

~~ (D—3 )

and

_________  = 0 (D—k )

where t’ denotes the time of the Immediate—past observations
during a time interval ót’. A fundamental assumption of diurnal
persistence weather forecasting of visibility, for example , is
then given by Eq. D—k ; i.e., the Immediate—past observations of
visibility will repeat themselves in the immediate future time
of the forecast .

Equations D—l to D—k Indicate that static or diurnal per-
sistence forecasts are based solely on local observations , for
example , of the visibility at the particular station or local-
ity of interest. Since persistence forecasts have no model

skill to predict changes in weather ever ’ s, persistence cannot

forecast the onset of infrequent events. Because of this char-

acteristic and the simplicity of static persistence , its accu-
racy provides an important reference for assessing the relative

forecasting skills of the subjective and cbjective techniques

which attempt to improve on persistence , I.e., on Eqs. D—2 and
-

• 
D— k.

D-4
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SUBJECTIVE MESOSCALE WEATHER FORECASTING

The subjective (i.e., local or station) weather forecast is
the product released at eac•h meteorological facility (usually

airfields) by the resident meteorologist . This type of forecast

is known as a subjective forecast , because it is the result of

man ’s judgment of all the data that are available to him for his
particular station. The scope of the ffa~t~~ fô Wèst~~ ri ürbpéan~~
stations includes local observations [I.e., V (s ,t0,t’)], cl ima-
tology for his spec if ic stat ion , and synoptic (i.e., large
scale) weather charts prepared by central meteorological facil—
ities (e.g., Air Force Global. Weather Center). In the contig-
uous United States , •resident meteorologists may also have access
to objective or guidance forecasts , as defined subsequently .

Man— versus machine—forecasting Is a major Issue in the civilian

weather forecasting community today . The Issue stems from the

automation of weather forecasting at central facilities and the

decreasing effect of the subjective element on the final product
• 

. (Refs. 13, 14, 15).

OBJECTIVE MESOSCALE WEATHER FORECASTING

A basic aim in objective or guidance mesoscale weather
forecasting is to Improv•e on persistence by replacing Eqs. D—2

• and D—14 with a determInIstic—statistIcal or objective procedure

for the evaluation of the local future time gradient 3V(s ,t)/at.

The basic steps in objective or guidance weather forecastings

are as rollows :

(1) Use of a radiosonde network to obtain upper air data

in addition to surface data. The resolution of the

radiosonde data is of the order of 300 km (Ref. 16).
The scope of the data involves mainly North America

and Europe. The data are obtained twice a day at OOZ

and 12Z (where Z stands for the standard GMT). A

basic limitation In the scope of the upper air data

D-5
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is lack of adequate coverage over the extensive areas

of the oceans.

(2) Analysis and interpolations of upper air observations 
-

to determine the dependent variables- (e.g., winds ,
temperature, humidity, height of given pressure levels ,
etc.) at specific points corresponding to those de— 

.•-•.~~ • • • • • • • • • • • • • _ • • • • • • • _ _ • • _ • • _ _ .  - - •  

f ining the numer ical gr id for numer ica l calculat ions
(Ref. 17), whIch are described below .

(3 )  Use of the conservation equations for atmospheric

mot ions in the fre e troposphere ut ilizing electronic
• computers (e.g., Refs. 17, 18, 19). This procedure

- Is known as numerical weather prediction (NW?). The

NW? utilizes the in it ial data ob ta ine d at O OZ , for
• examp le , and attempts to calculate the future evolu-

tion of the prevailing upper air meteorology at the

points defining the numerical grid with a typical size

of about 200 km (Ref. 20). The product of NW? is the

synopt ic weather charts at several pressure levels
(e.g., 500 mb , etc.) of the free troposphere .

(k) Use of a statistical procedure that attempts to cor-

relate pr edi ctor variables from numerical weather
(i.e., obtained from NW?) and pr edictant variables

for real weather (e.g., visibility). This procedure

is known as model output statistics (MOS). The basic

steps in MOS are as follows (Refs . 7. 21): (a) gather-

ing of statistics for candidate NW? predictors and

ob served predictants , (b) “screen ing” analys is to
eliminate predictors with low correlat ions , and ( c )
establishing MOS relationships among predictors and
predic tan ts .

The basic aim of the combined deterministic (NW?) and sta-
tistIcal (MOS) weather forecast procedure is to produce forecasts
for boundary layer variables (Appendix C) such as visibility,

D-6
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i.e., variables for which there are no available models of the
phenomena i t se l f .  The use of MOS is an attempt to produce fore—
cast data within the meso—~ (20 ~ d ~ 200 kin) and meso—y (2 ‘ d

~ 20 km) from synop~ic NWP data valid for the meso—a (200 < d ~
• 

2000 km~) and macroscale regimes (Appendix C).

There are two Important factors concerning the objective
(guidance) weather forecast technique based on the NWP—MOS pro-

cedure. The first one has to do with the time required to corn-
plete thi s complex procedure , wh ich s tarts  with the gather ing of

• radiosonde data , and it is completed with transmission of syn-
optic charts and guidance forecasts to local weather stations .

On the average , this preparat ion and distribution t ime of guid —
ance forecasts can be of the order of several hours. As m di-

- 
cated in Appendix G (Fig. G-l), t he synoptic charts appear at
about three l-ours subsequent to observations , whereas the guid -.

ance forecasts based on MOS do so at about five hour s af ter  the
upper air observations . The second factor has to do with the

assIgned probability for the forecast event . The NWP product

car~ be interpreted in terms of probabilities for the forecast
event . However , the probabi l i ty  forecast may be converted into
a categoric (yes/no) forecast with an implied 100 percent fore-
cast probability for the forecast event . This latter procedure

involves comparisons between the calculated and threshold prob-

ability values for a particular class of event .

As it will become evident in Appendix E , forecast verifi-
cat ion data for phenomena such as low visibility show that
guid ance forecasts  cannot improve s ignif icant ly  on the low re-
liabilities of persistence forecasts. Several factors for thIs

• relatively poor performance of current guidance forecast products

are as follows : (1) lack of direct observations at the local
station ; i.e., of V(s,t’) In Eq. D—l , (2) lack of a physical

model, based on boundary layer phenomena , for weather variables
such as visibility, and (3)  low resolution of synoptic NW?.

This latter factor does not allow to take Into account effects

D-7
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of meso—~ phenomena (such as the disturbances from mountains
and lakes, squall lines, etc.) on the free troposphere .
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• APPENDIX E

FORECAST V E R I F I C A T I O N  METHODOLOGY

INTRODUCT I ON

Appendix D has described the three forecast techniques that
are available for mesoscale weather forecasting of weather vari-
ables of tactical interest . These three forecast techniques are

• persistence , subjective (local or s t a t i on) ,  and object ive (guid-
ance) .  The main aim of this appendix Is to iden t i fy  the weather
forecast verification parameters and to establish the relative

quality of the foregoing three types of forecast for visibility,

• - 
ceiling , precipitation , and surfac e winds.

L FORMAT OF WEATHER FORECAST VERIFICATION DATA

The accuracy of present mesoscale weather forecasting skills
may be determined from a verification procedure, where in opera-
tional forecasts are compared with the observed weather at the
forecast time . This verif icat ion procedure is carried out at
selected verification stations over a period of several months
or seasons. The number of verif ication stations is large enough
to cover a large gccgraphlcal doma in such as Western Euro pe or
the contiguous United States. This procedure yields stat istics
for assessing the accuracy of persistence , subject ive (local or
station), and objective (guidance) forecasting of a given type
of event (e.g., visIbIlIty) for different forecast times (hours)
and several categories (e.g., ranges of visibility) of the event .

SInce the development of guidance forecasts Is of rather
recent origin (R ef .  2 2 ) ,  It is to be expected that the verif ica—

E-3
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tion methodology of weather forecasting Is also in a correspond —
Ing state of development . For example , it is only very recent
e f for t s  at the Air Weather Service of the U . S. Ai r Forc e and the
National Weather Service (Appendix G) that have produced sta-

t is t ics  for Individual instead of combined events of v i s i b i li t y
and ceiling .

The statistical verification data for persistenc e, ~ubjec—

tive, and objective forecasts for a given type of’ event (e.g.,
vis ib i l i ty)  are usually given in the matrix form of’ a con t ingency
table .  Table E—l shows a sample of the ver i f ica t ion s ta t is t ics
for l)4,1~42 persistence forecasts of visibility of 3-hour duration

at 92 stations within  the contiguous United States during October
1975 to March 1976 (Appendix G , Table Q_ 14 Q ) .

TABLE E—l . Sample Contingency Table for Visibility (NWS)

(Pers istence , 3 hr , October 1975—March 1976, USA )

Foreca sts

_ _ _  
1 2 3 4 5 T

1 161 38 140 30 76 314 5
—

.~~~ 2 30 37 46 20 57 190

3 32 148 229 139 285 733
14 12 19 89 211 412 7143

5 16 28 l3~4 219 11,73 14 
- 

12 ,131 
-

T 251 170 538 619 12 ,56~4 l~4 , 1142

The columns 1 to 5 in this ta bl e indicate t he number of
forecasts made In each of the five categories of visibility, as
defined in Table E— 2 , whereas the c orresponding rows show the
actual occurrences or observations , The bottom row indicates

• the breakdown of the 114,1)42 forecasts into the five categories ,
whereas the column to the extreme right indicates the total

number of observations in each category . The diagonal of this
matrix shows the number of correct forecasts in eac h category .

E— 14

~~~~~~~



n

Hence, column 1 shows, for example , that 251 forecasts were made
in category 1; only 161 of these forecasts were correct , and the
balance actually fell In the other categories as shown In column

• 1. Likewise , the top row indicates that there were 3)45 observa-
tions in category 1; only 161 of these observations were fore-
cast correctly.

The right—most column of Table E—l shows the frequencies of

the observed categories of visibility. This column indicates
that there were 12 ,131 observatIons of’ v is ib i l i ty  higher than 5
miles , i.e., 86 percent of the observed visibilities during the
perIod (October 1975-March 1976) correspond to clear or good
vi sibi l i ty.  Likewise , the diagonal of this matrix Indicates tha t
there were 1l ,73~4 correct forecasts out of the 12 ,131 observed
visibilitles that were higher than 5 miles; i.e., 97 percent of’

• the visibilities for clear or good visibility were found to be
correct.  This sample table for a short forecast t ime of three
hours already suggests that the acid test of’ weather forecasting

capabilities lies on the verification of the low frequency cate-
gories of events over local areas,

TABLE E-2, Classification of Visibility Categories at NWS

Vi sibility Range ,
Category miles

1 V < O .5

2 0.5~~~V < l

3 l � V < 3
14 3~~~V < 5

5 V > 5

WEATHER FORECAST VERIFICATION PARAMETERS

The foregoing discussion of the sample contingency table
- - —  suggests the definition of parameters for establit~hing the sta-.

tistics of weather forecasting . It should be not~.d that for 
•

the hypothetical case of perfect forecasting , for example ,

E-5
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every number other than those along the diagonal of the 5x5
matrix would be zero . In such a case , the numbers along the
diagonal and bottom row for each category would be identical to
the corresponding numbers of the column In •the extreme right .
For actua l imperfect forecasting , the contingency Table E—l sug—
gests the def ini t ion of the forecast  ver i f icat ion parameters.

If In the contingency Table E—l , H1 de notes the hi ts  for
any category (I.e., the numbers along the d iagonal) ,  01 the
total number of occurrences or observations for any category
(i.e ., , the numbers in the column to the extreme r i g h t) ,  and Fi
the total number of forecasts for a given category (bottom row ) ,
then the verif icat ion parameters are as follows :

1. Prefi gurance (PF1) ,  which is given by the ratio
i.e., the ratio of the number of correct forecasts in
a given category to the total number of observations
in the same category wi th in  the verified set of fore-
casts.  For example , the prefigurance for categor y 1
in Table E—l is 161/3145, or 0.147.

2. Poet -Agreement  (PA 1) ,  which is given by the ratio H1/F1,
i. e . ,  the ratio of the number of correct forecasts  in a
given category to the total number of forecasts  in the
same category within the verified set of forecasts.
The post—agreement in Table F-i for category 1 is 161/

• 251, or 0.614.

3. Bias (B1) ,  which is given by the ratio F i/O i, i . e . ,  the
ratio of the total number of forecasts  In a given cate—

• gory to the total number of observations in the same
category within the verified set of forecasts .  The

• bias in Table E— 1 for category 1 is 25 1/3)45, or 0.73 .

14. Threat Score (TS1) ,  which Is given by the ratio
+ Oi — H~), i.e., the ratio of the number of correct

- 

forecasts in a given category to a number given by the
sum of the total number of forecasts and observations

E—6
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less the number of’ correct forecasts , all In the same
-
~~~~~ category . The threat score in Table E-1 for category

1 is l6l/(25]. + 314 5 — 161), or 0.37 .

5. Re l a t i ve  Frequency (RF1) ,  which is given by 01/E01,
i ,e .,  the ratio of the number of’ observations in a
given category to the total number of observations .
The relative frequency for a given category is thus
the ratio of the number in the column to the extreme

• - right for that category to the total number of obser-
vat ions . The relative frequenc y in Table E— l for cate-
gory 1 is 3145/114,1142 , or 0.0214. (The absolute fre-

quenc y for category 1 would be 3145 events per half year
of the verification period .)

From the foregoing definit ions for the prefigurance , post-
agreement , and bia s , these verif icat ion parameter s are related
as follows :

H H /O PP
- - PA = ~i =  ~~~~~~ =I F1 F1,’u 1 B1

i.e.,
PF

PA ~~~~ (E—l )

• or

PF1 
= pA 1 

. (E—2 )

Similarly,  the threat score may be expressed In terms of the
other verification parameters . For example , dividing the
numerator and denominator in its definition by 01 it is ob—
tam ed

- 
H~, — 

PF1TSi
_

F + o _ ~~
’ _ _ 1 —4 B _-..-—~~

_ ,
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or solving for the preflgurance:

TS1PF1 = (1 + B~) 1 + TS~ 
• (E—3)

Likewise, by dividing the numerator and denominator of TS~ by
F1, the post—a greement is given by

1 + 8 TS
= Bi 

• 1 + • - (E— 14 )

For the hypothetical case of perfect forecasting, the pre—
figuranc e , post— agreement , and bias would be equal to unity for
every category as indicated by their definitions for the case
when Hi = F1 = 0~ . Fo tU~1iiperfëôt~forecasting , Eq. E—l
shows that the post—agreement is inversely proportional to the
bias and it can be increased by using a bias B1 < 1. Similarly,
Eq. E-2 indicates that the prefigurance can be Increased by us-
ing a bias B1 > 1. Therefore , for actual imperfect forecasting
it become s important to understand both the differenc e between
categoric (I . e .,  yes/no ) and probabilistic (ma ybe) forecasts as
well as biased forecasting .

• CATEGORIC , PROBABILISTIC , AND BIASED FORECASTING

As ind icated In Appendix D , the differenc e between cate-
goric and probabilistic forecasts is that the former has an im-
plied probability of 100 percent for the forecast of a given
category of, say , visibility (e.g., Table E—2). This is the
nature, for example, of persistence forecasts. For objective
or guidance forecasts , Appendix D indicated that the output of
numerical weather prediction (NWP) and model output statistics
(MOS) is in the form of probabilities for the occurrence of’
each of the several categories of, say , visibility. For a
categoric forecast of a given event , it becomes then necessary
to reduce the probabilities of the several categories into the
single category of the forecast event with an implied proba—

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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bili ty of 100 percent . This reduction procedure involve s two
basic steps: (1) definition of threshold probabilities for the
occurrence of each category of, say , visibility, and (2) system-
atic comparisons , starting with the lowest category (e...g~~ cate-
gory 1, Table E—2), between calculated and threshold prcbabll—
ities so as to identify a category where the calculated proba-
bility first exceeds that of the corresponding threshold value .
An important point here Is, then , that the available contingency
tables for verification of visibility and ceiling forecasts are
applIcable to categoric forecasting . Although the methodology
for the verification of probabilistic forecasts is in hand ,
there is not yet any verification data for probabilistic fore—
casts. The verification data for probabilistic forecasts would
take the form of a contingency “volume” as generated by the
pr obab i l ity  parameter placed normal to the present contingency
tables for the implied 100 percent probability of categoric
forecasts.

The concept of biased forecasting may perhaps be illus-
trated best by considering an analogy wherein the 114 ,1142 fore-
casts In Table E-l are thought to be replaced by the same number
of marbles within a box , The marbles , of five different colors ,
are assumed to: (1) be well mixed , (2) be of the same size, (3)
be of equal brightness , (14) fall into a color frequency distri-
bution similar to the total column CT) in Table E—l , and (5) be
exposed to a medium level of illumination , If, for example , a
green color is assigned to the most frequent category 5, most of’
the marbles (86 percent) would then be green , The role of the
weather forecaster equipped with different probabilities for
each category in Table E-1 may then be thought to be equivalent

to that of an observer who Is provided with a set of glasses of
different degrees of darkness . For weather forecasting of in-

frequent categories with very high probabilities , the observer
In the analogy would be provided with clear glasses. In such a
case , he would have no difficulty in picking only the few, say,

E-9



• blue marbles if such color represents, for example , category 1;
and he could do so in a number of’ draws equal to the number of
occurrences in Table E—1 . This would be equivalent to perfect
forecasting in which all the verification parameters become
unity. However, as the forecast probabilities become closer in
magnitude to those of the threshold probabilities , the observer ’s
glasses would also become darker . He would then have increasing
difficulty In picking only the blue marbles for category 1.
Nevertheless, if the criterion of post—agreement were used to
test his skill, he could achieve superior performance with Im-
perfect forecasting technology by calling the frequent green
color whenever he wears dark glasses; i.e., by accepting a small
degradation of his near perfect skill for the frequent green
marbles to compensate for significant improvements in the infre—
quent blue marbles. This situation would be equivalent to under-
biased forecasting where B << 1. However , if the criterion of
prefigurance were used instead to test his skill , he could at-
tempt to improve his performance by calling the Infrequent blue
color whenever he wears dark glasses, so as to collect al l  the
blue marbles . This situation would be equivalent to overbias

forecasting where B >> 1.

For conditions where the bias is reasonably close to unity,
the use of the prefigurance or post—agreement verification param-
eter would tend to give the same result in regard to the validity

or reliability of’ average weather forecasts. However , even in
these cases, the prefigurance criterion is preferable because
(1) its lower sensitivity to bias as compared with post—agree—

• ment , i.e., prefigurance can never give perfect scores for In-
frequent categories with Imperfect forecast technology and
reasonable bias, and (2) It always commits the forecaster to

action. Hence, the choice of prefigurance over post~agreement
• implies that it Is more important in measuring forecasting skill

to use the percent of correct forecasts for a given category of

occurrences than the percent of’ correct forecasts from an

E—10
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arbitrary set of forecasts. Note that the results In Table E—l
f or a 3—hour forecast of visibilities V < 0.5 mIles give pre—
figurance and post-agreement values of 0.147 and 0.614, respec-
tively, for a bias of 0.73.

The accuracy of current forecasting skill can , therefore ,
be established from the decay of the prefigurance as a function
of forecast time (tiours) as derived from contingency tables for
different forecast times and for each type of forecast , i.e .,
persistence , subjective , and objective (Appendix D).

FORECAST VERIFI CATION DATA FOR VISIBILITY AND CEILING

Verification data for the determination of the current

accuracy of mesoscale forecasts of visibility and ceiling were
available at the Air Weather Service (AWS) of the U.S. Air Force
and the Technique Development Laboratory (TDL) of’ the National
Weather Service , NOAA (Appendix G). The verification data were
in the form of contingency tables (e.g., Table E—1 for categoric

- 

(yes/no) or nonprobabilistic forecasts]. The AWS data were
limited to persistence and station (subjective) forecasts ,
whereas the TDL data Included guidance (objective) forecasts.

The forecast verification data are of a statistical nature ,
where sets of forecasts are verified against actual occurrences

• 
• r over a large geographical domain during a long time . The scope

of the AWS data included 35 stations In Western Europe within
• a time span between September 1976 and March 1977, whereas that

• • of the TDL data included 92 stations within the contiguous
United States during October 1975 to March 1976.

The contingency tables for the AWS data were given by month
for either persistenc e or station and forecast times of 3, 6,
12, and 2)4 hours. The TDL data included contingency tables for
guidance and the forecast times were 3, 6, and 12 hours for
local or station and 7, 13, and 19 hours for guidance. The
basic AWS and TDL contingency tables for visibility and ceIling

E-ll
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are given in Appendix G. However , a summary of such results is
as given below ,

Tables E—3 and E—14 provide a summary of AWS prefigurance
data for visib i l i ty  for station and static persistence (Appendix
D) forecasts, respectively., Each table shows pref’igurance data,
in percent , for each month (September to March) and the whole
period . The data are given by category which represent several
ranges of vis1bility~ i.e., categories A , B, C, and D denote
visibility (V) in the range V < 0.5 nm , 0.5 � V < 2 rim , 2 � V <

3 nm, and V � 3 nm , respectively . For each category, each table
shows the decay in prefigurance as a function of forecast time
between 3 and 214 hours. A comparison of Tables E—3 and E—14
shows that for visibility, there is very little improvement in
the prefigurance obtained by local forecasters over that of per-
sistence. Hence, the basic assumption made in static persistence
for mesoscale forecasts (Eq. D-2, Appendix D) is very difficult
to improve on by weather forecasters of visibility.

Tables E-5 and E—6 provide a similar summary of AWS pre-
figurance data for ce i l ing  for station and static persistence
forecasts, respectively. The categories A , B, C, and D denote

- 
ceiling (C) in the range C < 200 ft , 200 � C < 1000 f t ,
1000 � C < 3000 ft , C > 3000 ft , respectively. The data in
these tables show again that for mesoscale forecasts of ceiling ,
there is no significant improvement in the prefigurance obtained
by man over that of persistence forecasts.

Table E— 7 illustrates the AWS relative frequency data for
• each category of visibility and ceiling for local forecasts.

This table shows (1) a rather low frequency for the first three
categories of either visibility (V < 3 nm) or ceilIng (C < 3000
ft), and (2) very high frequ~ricies for events of good or clear

- • weather .

Tables E—8 and E—9 provide a summary of TDL prefigurance
data for visibility and ceiling, respectively, for persistence,

E-12
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local, and guidance forecasts. The results in these tables in—
dicate that the prefigurance values for persistence forecasts
are difficult to improve on by local or guidance forecasts,

In order to determine the effect of category criteria on
the prefigurance, the individual categories were added to yield
new categories defined by A , A + B, A + B + C, and ID for the AWS
data , and 1, 1 + 2, 1 + 2 + 3, 1 + 2 + 3 + 4, and 5 for the TDL
data. The corresponding individual contingency tables were
added as described in Appendix G, The results are shown in
Tables E-.lO and E-11 for the AWS and TDL data, respectively .
These tables Indicate again that persistence is very difficult
to improve on by either local or guidance forecasts.

PREF IGURA NCE AS A FUNCTION OF FORECAST TIME AND FREQUENCY

As Indicated in Tables E—10 and E-ll, the forecast verifi—
caticn data show that the prefigurance for visibility or ceiling
decays with forecast time , a decay that depends on the category

-
~~ or frequency of the events. Since the data Include forecast

times between 3 and 214 hour duration, it is of some interest to
describe the typical decay In prefigurance at shorter times ,

• which can be done through the use of’ avaIlable forecast verif’i-.
cation data for other types of events. Thus, forecast verifica-

I tion data for temperature and precipitation, for example , show
that the decay in prefigurance from the time of forecast re-
lease can be exponential (Ref. 23); i.e., the prefigurance PF1I for a given class of event (e.g., visibility or ceiling) may be
expressed as

I -SItPP’1 = e , (E—5 )

I
where is an emp irical coefficient that depend s on the cate—

I gory (or frequency) of the event and t denotes the time from
forecast release . The forecast verif ication data for tempera—

I ture (T) and precipitation (p) Indicate that 0.02 and

E-l 3
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and 0.0 14 per hour (R ef .  2 3 ) .  It should be noted that the
fact that > 

~T 
means that the prefigurance for precipitation

falls off with time significantly faster for precipitation than
for temperature. Equat4on (E—5 ) indicates that the prefigurance
has a value of unity (or 100% correct ) for “nowcasting ” at the
time of forecast release (t = 0). Similarly, t he t ime (t c ) from
forecast release to the climatic condition of no forecasting
skill is given by the limit PF1 ÷ 0 in Eq. E—5; for a 10 percent
skill over climatology , for example , tue corresponding t

~ 
values

for the above 
~T 

and values are 115 and 57 hours, respec-
tively .

Forecast verification data for visibility or ceiling indi-
cate that Eq. (E—5) can also apply to some categories (frequen-
cies) of either event ; i.e., in such cases , It is possible to
describe accurately the visibility or ceiling data between 3
and 214 hours through the use of appropriate 8v or ~c 

coefficients.
However, a more general trend in the data is a deviation from
an exact exponential decay . Nevertheless , the AWS and TDL data
do show that the prefigurance for e1the~r individual or added

• categories of visibility (or ceiling) is a function of the two
basic parameters in Eq. E-5, i.e., the relative frequency and
the forecast time . Hence, the prefigurance for a given type of’
event may be expressed in general as

PF1 = f(RF1, t) . (E—6)

The foregoing correlation among prefigurance , relative fre-
quency and forecast time is as shown in Figs . E-l and E-2 for
visibility and ceiling , respectively. These figures are plots
of the data given In Table E—l0 for the AWS verification data .

• Figure E—l shows the following: (1) the accuracy of Btat ion and
static persistence forecasts of visibility are comparable and
rather poor for parameters of tactical interest . For example , a
12—hour forecast of vislbilities V < 3.7 km is only 30 percent

- 
E-l14
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, accurate;  ( 2 )  the frequency of such vislbilitles in Western
i Europe Is only of the order of 5 percent ; (3) although not plot-

ted on the figure, the prefigurances for visibilities V ~ 5.6 km
(Table E—l0) are Indeed high for forecast times as long as 2)4
hours . It is important to note that (a) the latter results are
given even by persistence (Eq. D-2), and (b) they imply a
<< 

~~ 
Figure E—3 shows similar results for ceilings , e.g., a

12—hour forecast of ceilings C < 1000 ft Is only ~40 percent
accurate.

Figure E-3 Is a plot of the TDL visibility data in Table
E-ll. For the low frequenc y range of interest for tactical
applications (V < 14.8 km), the basic points in this figure are

— as follows : (1) local forecasts are poorer than persistence
for short—range forecasts of even 6 hours, and (2) guIdance
forecasts are also poorer than persistenc e for long—range fore-

• casts , where they are intended to overcome the capabilities of

- •  
local forecasters; i.e., the prefigurance of’ a 13-hour guidance
forecast cannot match that of an older (15—hour ) persistence

- - 

forecast .

SUMMARY OF VISIBILITY AND CEILING RESULTS

Important results  concern ing both the AWS and TDL data for
F mesoscale forecasts of visibility and ceiling by persistence ,

local, and guidance forecasts are as follows :

1. Local forecasters cannot significantly improve on per-
sistence forecasts of visibility or ceiling in Western
Europe (Tables E—3 through E—6). In the contiguous
United States , local forecasts are somewhat inferior
to persistence forecasts (Tables E—8 and E—9). These
results hold for either individual (previous tables)
or added (Tables E—lO , E—ll) categories of visibility
or ceiling.

I 
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2.  The forecast accuracy for either visibility or ceiling
decays sharply with the decay of the frequency of the
lower categories of visibility or ceiling (Figs. E—l
and E—2). The significance of this result is that the

for ecast accuracy of infrequent low visibilities or low

ceilings (i.e., poor weather) constituteB the real test

of forecasting capabilities for weather parameters of
tactical interest .

3. The accuracy of persistenc e or local forecasts of visi-
bility or ceiling in Western Europe (Tables E—3 through
E—6) is comparable to those in the contiguous United
States (Tables E—8 , E—9). The significance of this re—
suit is the fact that the accuracy of current mesoscale
forecasts of visibility or ceiling depend s mainly on
the frequency or mesoclimatology of such events .

14, The accuracy of guidance forecasts for Infrequent
events of low visibility or ceiling, as determined by
sophisticated approaches of numerical weather predic-
tion (NW?) and model output statistics (MOS) procedures
cannot match the performance of’ persistence forecasts
for the same type of events (Fig . E—3) . This result is

not surprising in view of’ the following factors: (1)

lack of a model in the current MOS approach to describe
the physics of mesoscale visibility or ceiling in the

boundary layer , and ( 2) the general inadequacy of
syn opti c (instead of mesoscale) NWF for providing accu-
rate mesoscale predictor s of visibility or ceiling .

It must be emphasized that the foregoing correlation between

forecast accuracy and relative frequency of an event is appli-
cable to (a) Individual or cumulative categories of visibility

or ceiling and (b) each of the three types of forecast: per-

sistence , local or station , and guidance (Figs. E—l to E—3).
The reason for this correlation is simply the inherent relative

E—1 6
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probabilIties for the occurrence of frequent and Infrequent
events during the short , immediate future of’ the forecast time .
Thus, very frequent events (e.g., no precipitation In the Sahara
desert , a sunrise or sunset , etc.) would have a high probability
of occurrence on a short—range forecast of such events by, say ,
diurnal persistence; whereas , infrequent events (e.g., heavy
precipitatIon in the Sahara desert , etc.) would have low proba-
bilities of occurrence during the short , immedIate future of the
forecast time .

Returning to the conceptual description of forecasting
skills in Exhibit 5, the foregoing results indicate that the
second and third solid circles in that exhibit actually coin—
cide; I.e., today ’s local and guidance forecasting techniques
of visibility or ceiling are not significantly better than per-
sistence for either frequent or infrequent events (e.g., Fig .
E-3).

‘ I  
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TABLE E—3 . AWS Station Prefigurance ( % )  for Forecast of Visibility
In Western Europe Durin~ September l97~ -~arch 1977

Cate— Sep te mbe r—
gory Fo ’ecast S 0 N D J F ~iarch

A 3 hr 38 43 46 514 48 142 1414 46

(V<0.9 krn) 6 hr 19 26 36 29 33 17 19 26

12 hr 114 10 20 19 214 7 8 17

24 hr 11 8 114 5 114 7 10

B 3 hr 142 38 42 147 514 142 48 147

( 0 . 9~ v< 6 hr 31 211 30 31 37 214 36 32

3.7 km) 12 hr 21 17 2 14 19 25 21 22 22

214 hr 19 13 16 12 18 15 16 1E

C 3 hr 146 35 29 35 34 36 19 3i.

(3.7�V< 6 hr 25 20 16 16 21 25 19 20
5.6 km ) 12 hr 114 16 13 16 12 17 114

214 hr 10 13 13 12 11 114 12 12

D 3 h±’ 98 98 98 98 96 98 98 98

(V~ 5 .6  1cm ) 6 hr 98 98 98 97 95 98 98 97

12 hr 98 97 96 96 94 96 97 96

2 14 hr 97 97 96 96 914 97 97 96

E— 18
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TABLE E— )4. AWS Persistence ?refi~urance (%) for Forecast of Visi-I bi l i ty  In Western Europe During September 1976—March 1977

Cate— . September—
gory Forecast S 0 N D J F M March

I

A 3 hr 30 39 140 49 52 32 142 143

• (V<0.9 1cm) 6 hr 15 18 27 35 27 19 32 27

- 12 hr 0 2 18 19 13 5 18 13

• 2 14 hr 19 15 21 7 16 7 7 15

B 3 hr 30 3)4 314 14)4 48 36 140 14Q

(0.9~ V< 6 hr 33 25 26 28 32 25 27 28
3.7 1cm) 12 hr 19 8 15 15 19 15 12 16

- 214 hr 22 12 11 10 13 9 6 12

- .  • C 3 hr 18 20 214 25 214 25 13 22

• (3.7�V< 6 hr 11 18 13 10 14 15 11 13
5.6 1cm) 12 hr 

~

‘ 7 9 7 7 10 12 7 8

214 hr 15 10 9 8 8 9 3 9

D 3 hr 97 97 97 97 95 97 97 97

(V�5.6 1cm) 6 hr 96 96 96 95 92 96 97 95

12 hr 96 96 95 95 90 95 - 96 95
24 hr 97 96 914 94 90 914 96 95

-E-19

I
a - •- - •-• — - --- • - -

— -- —---— - — •---_ - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



•_____ •
~

___7’_
~

•
_ ___ _ _•

~ ~~~~~~~~~~~~ ~~~ 
— 

—• —•-• -

TABLE E.-5. AWS Station Prefigurance (%) for Forecast c-I Ceiling
in Western Europe During September 1976—~arch 19~ I

Case— Septer~b-er-gory Forecast S 0 N D J F r~ar ch

A 3hr 27 39 40 56 143 143 37 142

(C<200 ft) 6 hr 11 19 28 35 
- 

25 15 17 24

12 hr 15 7 12 18 20 0 2 
• 

114

. 2 1 1 hr 7 3 3 1 10 2 . 5  5

B 3 hr 59. 68 66 73 75 64 68 69
(200~C< 6 hr 35 55 149 55 60 146 51 52
1000 ft) 12 hr 21 36 39 140 4 14 33 41 38

214 hr 18 24 27 24 31 22 214 26

C 3 hr 61 66 72 66 72 68 68 68
(1000~C< 6 hr 414 51 57 55 56 51 55 53
3000 ft) 12 hr • 29 314 38 35 34 34 37 35

24 hr 19 26 28 25 26 28 28 26

C 3 hr 97 97 97 97 95 97 97 97
(c�3000 6 hr 96 96 96 95 93 96 96 96
ft) 12 hr . 96 95 914 94 91 95 914 94

214 hr 95 95 94 94 90 914 93 914

E-20
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TABLE E—6 . AWS Persistence Prefigurance (%) for Forecasts of Ceil-
ing in Western Europe DurIng September 1976—March 1977

--
I

Cate— September—
gory Forecast S 0 N D J F M March

3 hr 23 4 2 33 37 45 211 33 36
(C<200 ft) 6 hr 22 19 20 21 25 10 17 21

l2 hr 4 3 7 16 8 0 7 8

24 hr 13 6 13 10 12 0 • 6 10

B 3 hr 146 58 63 62 66 52 61 6-0

- .  (200�C < 6 hr 30 117 50 48 52 38 116 146

1000 ft) 12 hr 13 27 38 33 36 26 28 31

- .. 211 hr 16 20 28 18 25 114 19 21

C 3 hr 140 147 53 48 51 146 46 48

-
• 

(l000~C< 6 hr 28 3 14 142 36 36 32 33 35
- 3000 ft) 12 hr 20 25 32 

- 

25 25 23 23 25

t 
[ 

2~ hr 16 18 23 17 20 15 16 18

- -  D 3 hr 95 95 96 95 94 9~
- (C~ 3000.. 6 hr 93 93 94 93 89 93 92 93

- 

ft) 12 hr 92 91 92 91 86 92 - 90 51

214 hr 92 89 89 88 82 90 88 88

I
E-2].

- 

I

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A4



_ _ _  • • •
~~~~~

- •- • • - --
~~ ~~

--

• 4)
• —~ r-l ‘~0 ‘—0 ‘.0 ‘-0 CD CD aD CD L~~ ~~ L1\ UTh

C CO CO CO CO
a)

4 ~ 1•C ~’~

0 0  4)
C.)

c~jt~) ~~ctl ‘.0 c’.i ~~~
- -~~~ IC’ O’~ c’J ~~ ‘.0 Co ~~~‘i u~ ‘.o r— ‘-.0 -3- -Zr

0 N— .,i ~~ -Zr C’4 p—I ‘.0 IC’ Cfl C\J ‘.0 U\ cn c\j ~~~~ ~~ O\ o\
I-’ ~~~
.~~ C..

C 4) 4)
0 ~-.4) Ca~

4.)
0~~~ 4.) C.-4

4.) -..) C’
• - 0 0 —~—~ 0 0 4~)• C/J Ct) 4~) 0 çr~V

V 0 0
0~~~ 01 0 0 ‘vi 0

0 ‘vi 0 0
0.) C%J 0 0

o
~ j  ~~~~0 ~~~~~C~J 0 r l

C_) — .—
0.)

c-~ 0

0

4)
~ r 4 r1 r-1 .—I (Y~ C~~ (V~~ (~J ç,j C’J -Zr (~~c~~0.) C’~ O’~ C’~ 0’ 0\

4-) 4)

> 4 )

0.)
0

~i bL) >~. c~j 
-

• 4.) ~~
• ~~ _-1 ~ ‘.0 CO N- 0 N- C’) C’) ‘.~~ .ZJ~ 0 Zr C’) C) N- ‘.0 ‘.0

~~ r i & .Zr C’.) 1 1  r-4 -Zr C’
.
~ C\J ,-l ‘- . C’) .-I r-l 0~ G~ 0\

-.-1
.0 C.-.

• ~O0 .~-l 0)
(0 ~
~4)

—.

C C
‘-4 -~~~

N- ‘.0• .a .a . . C
V V

o ~~- ~~
.

4) 0 0’~ N IC\
V . .

~ ~: ~ 0 o rn
0 ‘—.

c,j 
~.4 ~~4 ~.I ~~4 ~~ ~.4 ~~4 — — ~. — —C.) ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~~~~~~4)

~. Cfl ‘-.0 C’) -~~~ (Y~ ‘-.0 C’) .Zr Cfl ‘.0 C\J -~~~ C’~ ‘.0 C\J —7
0 r4  C’) ,-4 (\j ,—l C’-.) .-l C’)

E-2 2

____________________________



TABLE E—8. TDL Prefigurance (%) for Forecasts of Vi si b i l i t y
in the Contiguous United Stated During October
1975—March 1976 for Persistence , Local , and Guidance
Forecasts

Category Forecast Persistence Local Guidance

1 3hr 47 314 ——
-. (V<0.8 1cm) 6 hr 37 23 ——

7hr —— —— 19
l2 hr 26 14 ——
l3 hr - —  -- 

- 4. - •

l5 hr 20 —— ——
l9 hr -— -— 0

2 3hr 1-9 
- 

18 ——
(0.8�V<1.6 1cm) 6 hr 8 6 ——

7 h r -- -- 8
- -  l2 hr 5 3 ——

l3 hr — —  — —

l 5h r 6 — —  — —

l9 hr -- -- 0

3 3hr 31 23 ——
(l.6�V<1.6 1cm) 6 hr 18 12 ——

7hr —— —— 22
l2 hr 13 11 ——
13 hr —— —— 15
l5 hr 12 —— ——
19 hr —— —— 14

14 3 h r 28 37 --
(14.8�V< 8 1cm) 6 hr 16 22 ——

• 7 h r — —  — —  13
l2 hr 16 20 ——
l3 hr —— 13
l5 hr 13 —— ——
l9 hr —— -— 15

5 3 h r 97 914 ——
(V�8 km) 6 hr 95 95 ——

7h r — -  -- 95
l2 hr 91 96 ——
l3 hr — —  — —  97
l5 hr 91 —— ——
l9 hr —— —— 98

E— 23
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- TABLE E—9. TDL Prefigurance ( %)  for Forecasts of Ceiling in
the Contiguous United States during October 1975—

-
~~~~~ March 1976 for Persistence , Local , and Guidance

Forecasts

Category Forecast Persistence Local Guidance
-

‘ 1-- - 3 h r  115 32 --
(C<200 ft) 6 hr 28 18 ——

7 h r  —- —— 18
12 1w 21 2 ——
l3 hr —— —— 0
l5 hr 15 —— ——

-. l9 hr —— — —  0

(200�C<500 ft) 3 hr 14 14 38 ——
6hr 26 19 ——
7hr —— —— 25
l2 hr 21 11 ——
l3 hr —— —— 8
l5 hr 17 —— ——
l9 hr -- -- 3

3 3hr 142 314 ——
(500�C<1000 ft) 6 hr 25 22 ——

7hr -- -- 22
l2 hr 17 15 ——
l3 hr —— —— 16
l 5h r 17 —— ——
l9 hr —— —— 11

4 3 h r  14 14 45 --
( 1000 �C<2000 f t  6 hr 28 32 ——

- 7hr -- -- 28
l2 hr 20 26 — —
l3 hr — -  -- 2
l5 hr 18 —— ——
l9 hr —— —— 18

5 3hr 95 914 — —
(C>2000 ft) 6 hr 93 914 ——

7hr — —  — —  914
l2 hr 89 95 ——
l3 hr —— —— 9 11
l5 hr 87 —— — —
l9 hr —— —— 97
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APPENDIX F

PROJECTING FORECAST RELIABIL i TY FOR 1985

INTRODUCTION

Previous appendices have described the mesoscale weather

forecasting methodologies Involving persistence-, local or sta-
t ion , and guidance techniques (Appendix D) as well as their
relat ive current accurac ies or pref~gurances for forecasts of ,
say, visibility and ceiling (Appendix E). These results may
be summarized as follows :

1. The accuracy or prefigurance of mesoscale weather fore-

casting for visibility or ceiling Is a function of both

forecast time (hours) and the frequenc y (I.e., number
of events per period of time) of the forecast event

(e.g., Figs. E—l to E—3 ).

2 . High accurac ies or prefl gurances are obta ined for fore-
cast events of high frequency for any of the three

available techniques for mesoscale weather forecasting~
i.e., persistence , local or station , and guidance
(e.g., Category 5, Tables E—8 , E—9 ). Furthermore , the
decay in prefigurance with forecast time between 3 and
214 hours is small for high frequenc y events (e.g.,
Category D, Tables E—3 to E—6).

3. Low accuracies or prefigurances are obtained for fore-

cast events of low frequency fcr any of the three avail-
able forecasting techniques. Furthermore , NWS per sist-
ence forecasts for low frequenc y events g ive higher  pre-
figurances than either local or guidans.~e forecasts.
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•~ Improvement s in forecast accuracies for Infrequent  weather

events by either persistence or subjective techniques cannot , of
course , be foreseen . Therefore, any potential improvement of

mes oscale pref igurances for low frequency events must  come from
objective or guidance forecasting, which is based on numerical
weather predIction (NW?) and model output statistics CMOS ) as

described in Appendix D. Therefore, a mair~i objective of this
appendix is to project the potent ial gain in the pref igurance of
guidance forecasts for low frequenc y events in the near—term
future (cIrca, 1985).

CONSTRAINT IN PROJECTI ON OF FORECAST ACCURACY IMPROVEMENTS

An important consideration in Army panels ’ examination of
the potential gains in tactical utility from 1985 improvements
In mesoscale weather forecasting of infrequent events (Exhibit 5)
is the need to avoid understatement s of near—term improvement s
In such forecasting skills. For this reason , these improvement s
must be based on upper bound or very optimistic 1985 prefigur—
ances , which may not necessarily ref lec t  expected values in the
near-term future .

The upper-bound Improvement for the prefigurance of 1985
mesoscale guidance forecasts of infrequent events must then be

based on two consIderations~ (1) the gains in prefigurance
achieved by synoptic NW? over persistence dur ing the past three
de cades , and (2 )  the decoupling of NWP from MOS due to the rela—
tively underdeveloped state of the latter for forecasts of low
visibilitles or ceilings (Appendix E). The required upper bound

can thus be obtained by postulating that 1985 Improvements in

the current accuracy of rnesoscale guidance forecasts of infre—
quent events over persistence will be comparable to the improve-

ments achieved by synoptic NWP over persistence during the last

three decades for weather parameters that do not require the MOS
approach. This procedure yield s an upper bound because of the
following implied optimistic assumptions :

F-~4
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1. The current (underd eveloped ) understanding of mesoscale
atmos pher ic phenom ena controll ing infrequen t  weather
events is comparable to the (well—developed ) understand-
ing of synoptic scale phenomena for frequent events
which already existed three decades ago .*

2. An adequate mesoscale network of meteorological obser-

vations will be developed in the next decade.

It becomes important to emphasize the difference between

two types of weather varIables:  ( 1) those predicted dir ec t ly
from the equations of atmospheric motion or NWP alone , such as
the height of a given pressure level (e.g., the -500 mb), t em-
perature , winds , and humidity; and (2) those predicted with the
aid of s ta t i s t ica l  emp irical correlations (i.e., NWP p lus MOS)
such as v is ibi l i ty .  Weather forecast ver i f icat ion data indicate
t hat , at the pre sent t ime , the lat ter gu idance proc edure cannot
even match the accuracy of persistenc e forecasts of low frequency
events (e.g., Fig. E—3 , Appendix E). Hence, using past improve-

ments of a direct forecast variable (e.g., the height of the 500-

mb pressure level) to proj ect improvements of an indirect fore—
cast variable ( i . e . ,  vi s ib i l i ty )  leads to upper —bound considera—

— tion for the latter variable .

The consid erations leading to an upper—bound projection of
near—term mesoscale forecasting skills for infrequent events
must therefore include: (a) a brief review of the past develop-
men t of synoptic NW? dur ing the last thr ee decades , ( b ) the max—
imum improvements of synoptic NW? over persistence as derived
from forecast verification data for parameters that do not re-
quire MOS, such as the height of a given pressure level; and
(c) the basic developments that would support a potential sig-

nificant Improvement of future mesoscale NW? (MNWP).

D. Baumhefner , NCAR.
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PAST DEVELOPMEN T OF SYNOPTIC NUMERICAL WEATHER PREDICTION

The methodology of NWP involves two steps: (a) definition

of the prevailing state of the atmosphere, and ( b ) subsequent
calculat ions of future weather patterns . The f i rs t  step re-
quires upper—air observations of the prevailing large—scale or
synoptic weather systems , a task that is accomplished through an

upper—air network of radlosonde balloons . The second step in-

volves the use of NWP , which ut i l izes  the deterministic equa —
tions of motion of the atmosphere. These equations , known as

the primitive equations (PE), must first be Integrated numerl—

cally with respect to time over a global or hemispherical space

domain . The space domain can next be reduced to that of North
America , for example , in order to increase the resolution of
future  synoptic weather events from a numer ical gr id size of
about 380 km for the hemispherical domain to about 190 km for
the North American domain (Refs .  16 , 17, 21k). The latter domain

utilizes a limited area fine mesh (LAFM) atmospheric model ,

which Is nested in the hemispheric model. Since the development

of future nested mesoecale NWP models would be a direct exten-
sion of the present methodology ,  it becomes of interest to re-
view briefly the development of NW? over the last few decades.

The genesis of NW? started about half a century ago with a

numerical experiment tha t attempted to ut i l ize  the complete set
of hydro-thermodyriamic equat ions for weather prediction by the
method of f ini te  differences  (Ref .  2 5 ) .  This f irst  experiment
was doomed to failure because of the following factors: (a)

computational ins tabi l i ty  arising from the arbi t rary choice of
finite increments ~n space and t ime, (b) compensation among
terms in the complete equations of motion , Cc) insufficient

accuracy in the knowledge of the initial state of the atmosphere

from the lack of reliable upper—air observations , and (d ) lack
of computers to produce timely forecasts ahead of the future

weather . Most of these problems were dealt with In subsequent

decades by :

F-6
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1. Development of a criterion for the relative sizes of

- s  I
£ the f in i te  increment s In t ime and space for avo iding

~computationa1 ins tabi l i ty .

I ~ 2.  Simplif icatIon of the conservation equations of the
atmosphere by considering only macroscale motions (Ref . .

-- 2 6 ) .  This approach yielded the so—called barotropic
model , which is the simplest possible model to -~escrIbe
synoptic motions.

3. Rapid increase of upper—air radiosonde stations subse-
quent to World War II .

14 .  Development of five successive generations of elec-
tronic computers with ever increasing computational

speed during the last quarter century . Using the speed

• of the IBM 360—91 computer of the late l960s as a ref-
erence , these generations may be identified successively
as follows (Ref . 27): (a) IBM 701 with a relative speed

of 3 x lO~~ , (b) IBM 7014 with a relative speed of io
_2
,

(c) CDC 6600 with a relative speed of 0.5, Cd) CDC 7600
with a relat ive speed of 2 as well as the IBM 360/195
with a relative speed of about 3, and Ce) more recent

computers suc h as t he Cray wi th  a relat ive speed of

- - 
about 10. The computer speed has thus increased by

more than three orders of magnitud e in the last 25
years. -

- 
The foregoing developments made possible a demonstration

in 1950 of the feas ibi l i ty  of NW? , when the first numerical
- - 

forecast from real initial data was computed with a barotropic
model. The present operational capabilities of NW? at the

- 
NatIonal Weather Service ( NWS ) ,  for example , may be characterized
by the following factors :

1. Use of upper—air observat ional data , taken only twice a
- day from a network of radlosonde stations over North

I 

America and Europe , a network that Is characterized by

~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~
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a geographical resolution of about 300 km. The cover-

age of this network remains rather limited , since there
is lack of observational data over a large fraction of

the northern atmosphere over the Pacific and Atlant ic

Oceans as well as over continents suc h as Asia . Remote
soundings of infrared radiation from meteorological sat-
ellites have not been able to close this enormous gap in
observations (Ref. 28). However , the impact of the sat-
ellite data (when available) on the accuracy of mesoscale

weather forecasts has so far been negligible (Ref .  2 8 ) .

2. Use of fourth—generation electronic computers in the
operation of the northern hemispheric and lImited area

f ine mesh (LAFM) models. The hemispherical model was

f irst  run in 1966 , whereas the LAFM did so in September
1971 for only a 214—hour forecast and using steady—state

instead of transient boundary conditions at the inter-
face between the LAFM and hemispherical model (Ref. 29).

The NW? outputs are limited to synoptic fields at six pres-
sure (or height) levels of the atmosphere for parameters such as
the heights of pressure levels (or geopotentials), temperature ,
moisture , etc . The MOS approach is then used in order to close

the gaps between (1) numerical and real weather parameters such

as visibility, and (2) the meso—c~ (200 < d � 2000 km) and both
the meso—B (20 < d � 200 1cm ) as well as meso~.y (2 ~ d ~ 20 kin)

scales (Appendix C). As described in the previous appendices ,
th e MOS ap’proach attempts to establish correlations between the
statistics of past NW? predictions and the corresponding observed

weather. Such empirical approach attempts to make up for the

lack of physical models for phenomena Involving low visibilitles,
i.e., the MOS approach hopes to build In such correlations the
mesoscale climatic statistics for even low frequency events.

Thus , the MOS approach yields c ompetit ive results wIth persist—
ence for high frequency events with well—defined statistics , but

F-8 
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fails to do so for the low frequency events of Interest. Ex-

perience to date with predictants such as low visibilities and

-~~~~~~ low ceilings indicates very low correlations between predictors
and predictants.* -

PAST IMPROVEMENTS OF SYNOPTIC NWP OVER PERSISTENCE

As indicated earlier , the decay in prefigurance with in-
creasing forecast time becomes large for low frequency events

(e.g., Figs. E—l, E—2). This decay of prefigurance comes, in
general , from three types of forecast errors:

1. The initial error in the observations due to the Inade— :1
quate hemispherical coverage of the network of radio-
sonde stations.

2. The inherent degree of unpredictability of the atrno-
spheric motions (Ref. 30). Thi s error represents the
growth with time of the Initial error as a consequenc e
of the unstable character of the atmospheric motions.
Phy sically,  th is  inherent error stems from the fac t
that the atmo spheric motions do not reproduce themselves
periodically at a given geographical location and during

r the same point of successive annual cycles (e.g., week
L or month). Mathematically, this inherent error stems

— 
from the divergent nature of numerical solutions when

A 
they start from slightly different starting conditions
due to a small initial error . The magnitude of this

I 
- - —--—-

~~~~~~~~ inherent error has been established from the weather
record i tself by attempting to detect two nearly ideri—
tical atmospheric conditions and observing their subse-

quent departures.

1 3. The error introduced by the NW? models on weather van-
ables that are decou pled from MOS , i.e., such a.s the
height of the 500—mbar pressure level.

Col. K .F .  Hebenstre it , Technique Development Laboratory, Gramax
Building , 8060 13th Street , Silver Spring, Maryland 209 10.

i 
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A crude budget of the relative contribution of the forego-
ing errors can be based on the following approximate differential

equation for error growth (Ref. 31):

= ci.E + S , (F—i)

where E denotes the mean square error of a given variable , a the
error from the unstable character of atmospheric motions , S the
error source rate arising from NWP model imperfections, and t
the t ime . The value of the inherent error has been established
to be a = 0.55 per day (Ref .  30 ) .  Integration of the above
equation yields for the final error growth the expression

~t (F—2)
Ef(t) 

= 2E0 + CE + S/a)(e — 1)

where E0 is the initial error due to the limited scope of the
networ k of radiosonde stations. The factor of 2 come s about
from the need to reuse observat ions in the verification of a
forecast . Equation F—2 indicates tha t perfect forecasting ( i . e . ,
zero error growth or a prefiguranc e of 100 percent at any fore—
cast time) would require both errorless analysis and interpola-
tions of the observations (i.e., E0 = 0) and perfect modeling -

(S = 0 ) .

Equation F—2 can be applied to the observed error growth in
both persistence and NWP forecasts of the height of the 500—mbar
pressure level ut i l izing a = 0 ,55 per day . Since the error
growth is linear with respect to the parameter (eat 1) as
shown by Eq. F-2 , a plot of the error growth , Ef ( t ) ,  for per-
sistence and NWP forecast against eat 

— 1 yields a straight line
with different  slope for each type of forecast . The intercept
of either line at eat 

— 1 = 0 yields the magnitude of E0 , where-
as the slope of eac h line gives the value of S corresponding to
persistence and NW? . Ut i l iz ing Eq. F.-2 with these exper imentally
determined values of the parameters E0 and 5 , Table F-i shows

F-b
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~ results of the error growth for the height of the average 500—

mbar pressure level as a function of forecast time (hours).

TABLE F-b. Forecast RIvlS Error (m) of the 500—mbar
Height Field for Several Types of Forecasts

E0 Forecast
Forecast 2 2 - 

(hr)
Type (m ) (m /day ) 0 3 6 12 214

Persistence 200 3000 114.1 28.3 35.1 146.8 67.14
NW? 200 8oo 114.1 22 .8 2 5 . 14 30.14 ~40.2

Perfect Model 200 0 114.1 20.14 20.7 21.5 23.14

Perfect Ob— 0 800 0 7.5 
- 
l~4 . 6  21 .5 32 .7

servations

Table F—i shows the following : (1) the initial rms error
in the height of the 500—mbar pressure level is equal to i”200
or 114.1 m; ( 2 )  the source error for persistence (no model)  is
3000 m2 per day ; NW? using fourth—generat ion electronic com-
puters (GISS model) with a synoptic numerical grid of 1400 km
has been able to reduc e the error source from 3000 to 800
per day; and (3) improvements from NW? over persistence can be
translated into extensions of forecast time for the ear ns rms
error . Thu s , eit her by plot t ing or interpolation of the per —
sistence and NWP error growths in Table F—i , it is found that
the rms growth to 28.3 m for a 3-hour persistence forecast has

been delayed by about 6 hours by NWP.

Figure F—i shows a plot based on Eq. F—2 for forecast times

as long as five days for persistence , NWP , and perfect  modeling
(Ref. 32). The latter shows an error growth that is due to the
E0(e

at_1) term in Eq. F—2 , I.e., as caused by the initial ob-
servat ion error (E0) and the unstable character of the atmo—
spheric motions (a). The percentages on Fig . F—i show (1) the
improvement by synoptic NW? over persistence and (2) the remain-

ing gap between current and perfect synoptic model skills for
the present levels of the initial error . Thi s figure includes

F-li
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also a table that gives estimates by personnel of the National
Center for Atmospheric Research (NCAR ) for the probable causes

for the difference between persistence and perfect forecasting
(Ref. 32): grid size (11 5 percent), analysis and interpolations
of the original observations (20 percent), and physics of the
model (35 percent). -

The time delay for the growth to a given error as given by
synoptic NWP relative to persistence (i.e., Fig. F—i or Table
F—i ) can be extended to the prefigurance simply because the de-
cay in the prefigurance (PF) with increasing forecast time Is
caused by the corresponding growth in a dimensionless error
(ED) such that

PF + E0 = :i. , (F—3)

i.e., the sum of the prefigurance (in fraction instead of per-
cent ) for a forecast of any duration and a dimensionless error
for that duration must be equal to unity. The dimensionless
error can be obtained by normalizing the error growth with its
final climatic value (EC), as shown, for example , in Fig. F—i
where Ec 130 m. Thus, the dimensionless error can be chosen
as ED = (E — E )/(Ec — E0) from the conditions that at the ini-
tial time E -

~~ E0 and PF 
-
~ 1, wht-reas at long forecast times the

error grows to its climatic value for the given category of
event , i.e., E EC or ED 

-
~~ 1 and PF + 0. From Eq. F-3 one gets

6?F = _
~
Ed , (F—14)

where S denotes change . Equation F-14 indicates that the improve-
ment in the synoptic NW? prefigurance over persistence is equal
to the decrease in the dimensionless error growth for a given
forecast time . Hence , the past Improvement by synoptic NW? over
persistence of the error growth in Table F—i can be extended to
the prefigurance , i.e., the persistence prefigurance value for a
reference forecast time of 3 hours would be the same as the NW?

F-.i 2
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.-~~ prefiguranc e for a forecast time extended by the same time In-

crement t~t of 6 hours.

As indicated earlier , the prefigurance of mesoscaie fore-
casts of visibility or ceiling is a functiàn of both forecast
time and the frequency of the forecast event (e.g., Eq. E—6).
For low frequencies , when the decay in the prefigurance is ex—
poneritial (Eq. E—5 ), it may be written as

PF = e_Bt (F—5 )

under the assumption that PF -
~~ 1 (or 100 percent ) as t -

~
- 0. The

parameter ~ Is a coefficient determined empiric-ally from the
verification data for a given category and forecast technique.
If Eq. F-5 denotes the prefigurance for static persistence fore-
casts of, say, the height of the 500-mbar pressure level (Table
F—i), the prefigurance for corresponding NW? forecast can be
written as

(PF)~~~ = e~~
t 

, (F—6 )

where A < ~. The magnitude of A can then be obtained from the
previous result for the t~t increment for the NW? forecast t ime
under the constraint of an error growth identical to tha t for
the persistence forecast at an earlier reference time tr (‘~ ~
hours), i.e.,

{PF(tr + ~
t)}

~wp 
= {PF(tr)}p (F—7 )

where the subscript p denotes persis tence.  The above results
then yield the relation

A — B (F—8 )I -i. 
~
t/tr

which identifies the parameter At/tr for measuring the past gain
in the NW? prefigurance over that of persistence. For the data
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in Table F—i that show a time increment of 6 hours for a refer-
enc e forecast of 3 hours , ~t/ t r 2 .  This result is, of course ,
applicable to parameter s such as the height of the 500—mbar
pressure level. For other parameters such as visibility, 

~
t/tr

<< 2. In fact , the guidanc e and persistenc e data in the pre-
vIous appendix ( e . g . ,  Fig. E— 3) show that  ~.t < 0 , i. e . ,  th e time
increment can be negative as given by the current condition of
poorer gu idance prefIgurances relat ive to t he corresponding
persistence values.

POTENTIAL MODEL DEVELOPMENT FOR FUTURE MESOSCALE NWP (MNWP)

When examining current trend s in mesoscale weather research

within the civil ian meteorological communi ty ,  it become s impor-
tant to observe that (1) these trends do not put emphasis on the
weather variables 01 usual tactical interest such as the fore-
cast of infrequent events of low v i s ib i l i ty  or ceiling , and (2)
events of low visibi l i ty (V < 3 1cm) and low ceiling (C < 1000 ft)
are controlled by phenomena within the planetary boundary layer
(z � 1 1cm, AppendIx C). Although phenomena in the free tropo-
sphere is also of interest for Army tactical operations (e.g.,

winds up to 15—km altitude for artillery fire), improvements in
forecasting skills of low vis ibi l i ty  or ceiling would need
greater emphasis on boundary layer research. Most of the civi-
lian mesoscale meteorological research , to be reviewed briefly
below , is not focused on Improving the above variables of tac-
tical interest.

Figure F—i shows that present model skill by synoptic NW?
is closer to persistence than to perfect model skill . Further-
more, the table In the same figure indicates that significant
gains in prefigurance may be derived by increasing the resolu —
tion of synoptic NW? , i. e . ,  by decreasing the size of the numer—
ical grid from the 190 km of the LAFM model for , say , North
America. For example , it has already been shown that by decreas—
ing the grid size from that of the hemispherical (‘~. 380 km) to
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the LAFM (‘~ 190 km) to the MFM (or movable fine mesh , “— 60 km),
a 118—hour forecast from each model moved a low surface pressure

pattern gradually from the predicted location at the Gulf of
Mexico by the hemispherical model to near its ob~ èrved location
over Ohio by the MFM model (Refs . 33, 311). Hence , it would in-
deed be too much to ask from the crude MOS methodology if it
were expected to overcome significant errors in the predictors
derived from synoptic NWP .

A potential improvement of guidance forecasts for low fre-
quency events must , therefore , follow the guidelines Indicated
in Fig. F—i . This is precisely the current trend in meso—B (20 <

d � 200 km) meteorology , a trend that is putting emphasis in a

sharp reduction of the North American domain of the LAFM model
(for example ) to that of a regional area that would include only
the East Coast of the United States (Ref .  35). Before indicat-
ing th e current state of the art in meso — B NW? ( i . e . ,  MNWP),  It
becomes important to describe its evolution .

The modeling of mesoscale phenomena is not a new trend , as
indicated by t he relevant work dur ing nearly the last two de-
cades. The scope of this early work already Includes topic s
such as the numerical experiment s of convection in a model atmo-
sphere (Ref. 36), theoretical investigations of the sea breeze
(Ref. 37), the numerical study of a mesohigh of 26—27 June 1953
(Ref. 38), a numerical model of thermal convection in the atmo-
sphere (Ref. 39), the effects of condensation , evaporation , and
rainfall on the development of mesoscale disturbances (Ref. 1111),

etc.  More recent e f fo r t s  in rnesoscale involve a p lanned re-
search project on “Severe Environmental Storms and Mesoscale
Experiment (SESAME).” The main emphasis of SESAME is on the

understanding of low frequenc y meso-~ phenomena (Appendix C and
Ref. iii). The scope of the program involves both observations ,
data management , and modeling . The consideration of observa-
tions Include vertical soundings from satellites , severe storm

and tornado data , e tc .  The scope of data management involves
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planning, coordinating , and monitoring functions so as to insure
the timely collection of scientific data. The modeling effort is
as described below .

A brief survey of the modeling of meso—B phenomena is given
in Refs. 10 and 142. Fundamentally, this type of modeling repre-
sents a somewhat straightforward application of the same primi-
tive equations as in the case of the synoptic NWP . However , be—
cause of the higher numerical resolution of mesoscale NWP , it
become s necessary to include phenomena such as the planetary
boundary layer and to reexamine the subgrid pararneterizations in
the primitive equations for the synoptic NW?. More specifically,
meso—8 modeling requires an accurate three—dimensional represen-
tation of the parameterization of boundary layer processes. The
recommended techniques for use in meso—8 modeling include the
development of a three—d imensional hydrostatic model on a fixed
grid, with horizontal resolutions greater than the meso—B observ-
ing network , and with sufficient vertical resolution to accurately
resolve the boundary layer as well as the free atmosphere . Fur-
thermore , the meso—~ equations must be integrated using, an effi—
cierit mass and energy conservative finite difference scheme in

which the lateral boundary conditions are determined from a
larger scale model or from actual observations . The effects of

- - cumulus ac tIvI ty on the meso-.B scale may need to be parameterized
using me so—y scale cumulus—fie ld  models .

A representative , near operational mesoscale NWP model is
that developed at Drexel University (Ref. 35). The size of the
numerical grid Is about 35 km within a domain of about 1500 kin ,
a domain that is necessary to produce a 214-hour forecast at a
given meteorological stat ion.  Sample forecasts have been pro-
duced for the Eastern United States. The computer facilities so
far ut ilized at the National Center for Atmospheric Research
(NCAR) corresponds to the fourth—generation computer (CDC 7600).
Near—term future work on the development of meso — B NW? may be
further stimulated by the faster Cray computer , which is just
becoming operational at NCAR .
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UPPER -BOUND PROJECTIONS FOR NEAR -TERM MESOSCALE FORECASTING
SKILLS

Previous considerations have established the fo 1lowing~
(1) project ions for improvement s in the accuracy of forecasting
skills for infrequent , events must come from guidance or scien-
t i f ic  forecast ing techniques , ( 2 )  the results in Table F—i indi-
cate that the maximum improvement by synoptic NWP over persist—
ence for frequent events during the last three decades can be
characterized by 

~
t/tr = 2, and (3) the accuracy for 1977 guId—

ance forecasts of infrequent events of visibility is given by

~
t/tr < 0, i.e., the negative values of ~t indicate that the

accuracy of the 1977 guIdance prefigurances cannot even match
those of persistence.

An upper—bound projection for the 1985 prefigurances of
guidance forecasts of infrequent events of visibility or ceil-
ing can be obtained by using Eqs . F—5 to F— 8 with ~t/t r = 6/3 =
2. Considering first the simpler case of an exponential decay
in prefigurance (i.e., Eq. F—5), the corresponding 1985 prcjec —
tion is then given by Eqs. F-6 and F-8 together with B param-
eters obtained from current persistence forecasts for such
phenomena . The upper-bound prefi gurances are thus  derived by
assuming that the potential gain in meeoscale NWP (MNWP ) pre-

figurances for low frequency events of visibility or ceiling

would be the same as that achieved by synoptic NW? over p ersist~
ence during the past few decade s for continuous (i. e., maximum
frequency) events such as the height of the .500-mbar pressure

level. The implied modeling assumptions in this procedure are
that MMW? would always provide accurate predictors for the MOS

approach , and that the MOS approach would be based on a boundary
layer model for identifying the main MNWP predictors for infre-

quent  events.

The foregoing procedure (Eqs. F—6 and F—8) would apply for
exponential decays in both the persistence and 1985 MNWP pre—
figurances with an increasing forecast time up to at least 3 and
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9 hours , respectively. Verif icat ion data for iow frequency
events of visibility and ceiling indicate that such decay In the
persistence prefigurance is not always a strict exponential . In
these cases , the upper—bound projection for the 1985 MNWP pre—
figurances is established by using (1) the 3—hour persistence
prefigurance at 9 hours for the 1985 MMW? prediction (i.e., by
assuming that the MNWP forecast would delay the error growth in
the 3—hour persistenc e forecast by 6 hours, as Indicated by Eq.
F—7 ), and (2) the same approximate shape of the nonexponential
delay of the persistence prefigurance up to 9 hours. Between 9
and 214 hours, the rate of prefigurance decay was made to tend to
that of frequent events, in accordance with the constraint of
obtaining an upper—bound improvement in future forecasting skills
for the subsequent tactical consideration by Army panels of such
Improvements. This procedure is illustrated in Fig . F—2 , which
was applied to both low and high frequency event s, even though
the latter cases are forecast rather accurately even by persist-
ence (Tables E—1O , E—1l).

The results in Appendix E Indicate that the 1977 preflgur—
ances of guidance forecasts of Infrequent events of visibility
could not match those of persistence. The TDL. verification data
(Table E-ll) give a 

~
t/tr of about —1 .5/3 or —0.5. Therefore,

the attainment of the 1985 L
~
t/tr parameter of 6/3 or 2.0 may be

very difficult to achieve by MNWP . If the 1985 upper-bound pro-
jection had been found to be of tactical Interest , the second
phase of this task (Appendix A ) would have had to determine an
exp ec ted instead of an upper—bound projection of the 1985 MNWP
prefigurances.

REVIEW AND TEST OF THE UPPER -BOUND PROJECTION

The foregoing methodology for an upper—bound projection of
near—term , future forecasting skills for visibility and ceiling
was reviewed by personnel from the following organizations : Air
Weather Service (AWS) of the U.S. Air Force; Technique Development
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Laboratory (TDL) of the National Weather Service (NWS ) ,  NOAA;

National Center for Atmospheric Research (NCAR), and the School
of Meteorology of the Pennsylvania State University. There was
a unanimous consensus that the use of a 9—hour forecast by fu-
ture MNWP with a 3—hour persistence prefigurance (i.e., 

~
t/tr =

2) was indeed very optimistic.

A test of the optimistic nature of the foregoing projection
can be obtained from recent verif icat ion of MNW P forecasts for
wind s aloft for a 6—hour period (Ref .  143). Figure F-3 shows a
comparison of the root mean square vector errors (rmsve ) in
meters per second between persistence (top line) and several
mesoscale models . It was found that the mesoscále -model yield —
ing the smallest rmsve (lowest line) is based on the most physics ,

which Included advection , nongeostrophic acceleration , vertical
mixing, and friction . The geographical domain for these results
was nearly centered over the Nevada test site and inc luded an
area of 333 x 333 km with a grid size of 37 km. The main points
of interest here are that (1) the 

~
t/tr parameter for this meso-

scale experiment (Fig. F—3 ) is equal to about 1.5/3 or 0.5, I.e.,
MNWP has yielded a positive time increment for the forecast of
mesoscale wind vectors; and (2) the t~t/t of 0.5 in this numeri—
cal experiment is lower by a factor of 11 than that used for the

pper—bound projections.

SUMMARY OF RESULTS FOR PRESENT AND PROJECTED FORECASTING SKILLS

ExhibIt 16 shows a summary of the current (1977) and near—
term (1985) projections of mesoscale weather forecasting capa-
bilities for several categories of visibility, ceiling , precipi-

tation , and winds. The 1977 p-refigurances are as given by TDLJ, ~~~~
‘ “  -

NMC , and AWS data (Appendix 0), and the 1985 values as obtained
by the upper—bound projection procedure described in this appen— - -

dlx . The data for visibility and ceiling in Exhibit 16 are
based on TDL (instead of AWS ) data because of their finer break-
down for the categories of visibility and ceiling . In order to
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Source: Cornett and Randerson , 1977

F.-22

- - 
~~~~~~- 

- - ‘4
~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~



- —--—,,--- --

t .

present a perhaps more meaningful set of data to Army tactical

commanders , the TDL categorie s have been aggregated using the

procedure illustrated in Table G-146 (Appendix G).

It is important to emphasize that the reviewing organiza-

tion identified above examined both the methodology for the

near—term upper-bound projection and the numerical results shown

In Exhibit 16.
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APPENDIX G

F O R E C A S T  V E R I F I C A T I O N  DATA

INTRODUCTION

Previous appendices have considered the basic character-
istics of mesoscale weather phenomena (Appendix C), the three
available mesoscale weather forecasting techniques (Appendix D),
and the forecast verification rnethodolo~y (Appendix E). The
latter considerations included the identification of the fore—
cast verification parameters and the relative accuracies of the
three available forecasting techniques.

As described in Appendix C, the space dimensions (d)
of interest for tactical considerations of weather are the so—
called meso—B (20 � d � 200 1cm) and meso—y (2 ~ d � 20 1cm)
mesoscale subregimes. Because of the small magnitude of these
space scales, verif icat ion data for mesoscale weather forecasts
are limited to a 214—hour forecast t ime .

Appendix D described the three available forecasting tech-
niques, which are : persistence , subjective (station or local)

- 

- 

. 
and objective (guidance). The first type of forecast Is based
on the tendency of current weather to continue to persist in
the near future of the forecast time . The second- type is

-- the product  re leased by a human forecaster at a part icular
meteorological station . The third one is the product of cen-
tralized stations that utilize a deterministic forecasting

approach based on the use of the dynamics equations of the

atmosphere together with statistical approaches.

The basic forecast verification parameters were described

in Appendix E. The most important ones are the prefigurance
bias (Fi/Oi) and relative frequency (Oj/EOi ); where

H1 denotes the number of correct forecasts (hits) in a given
category I of weather event , 0~ the number of occurrences or
observations of such events, F1 the number of forecasts for a
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given event , and ~~~ the total  number of occurrences or obser-
vations in the statistical sample of forecast verification.

These verification parameters can thus be determined fror~i con-

tingency tables (e.g., Table E—l), which are the product of

the statistical procedure of forecast verification . The con-

tingency tables for a given type of event (e.g., visibility)

are thus determ ined as a funct ion of the time of the year (mont h,
season) and forecast time (hours) for each type of forecasting
technique : persistence , local or statIon , and guidance.

The basic results of forecast verification have also been
presented in Appendix E (i.e., Figs. E-l to E—3). These results
Indicate the following : - (1) the prefigurance or for~— ca~~ accu-

racy is a function of relative frequency and forecast time ,
(2) the prefigurance deteriorates rather drastically for low
frequency events of tactical interest (e.g., low visibilities
V < 3 km and low ceilings C < 1000 I t )  regardless of fore-
casting technique , and (3) the prefigurance from persistence is
surprisingly better than that of the subjective (man’s) or
objective (science) forecasting techniques for infrequent
weather events.

The main objective of this appendix is therefore to provide

the contingency tables that support the foregoing forecast
verification results in Appendix E. These contingency tables
are important because they determine the verification parameters
for every category of weather event (of

) ,  including , of course ,
the of ten neglec ted relative fre quenc y of t he forecast event .

FORECAST VERIFICA TION PROCEDURES

The main sources of forecast verification data were the
- USAF Air Weather Service (AWS)* as well as the Techn ique

*M/Sgt. Schutte , Air Weather Service , Scott Air Force Base ,
Illinois 62225 .
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Development Laboratory (TDL)* and the Nat ional Meteoro logical
Center (NMC)** of the National Weather Service (NWS), NOAA .

An important objective in forecast verification at the Air

Weather Service and National Weather Service is to obtain valid

statistical evaluations of mesoscale forecasting skills , both H
for their own evalua tion an d fur ther  fu ture  developmen t of such H

skills.

The statistical evaluation of mesoscale forecasting skills

is ob ta ined through ver ificat ion of a large samp le of weather
forecasts. The available AWS verification data for Western

Europe, for example , considered over half a million forecasts
f or visibility or ce iling of dif fe ren t  forecast duration . The
statistical evaluation of forecasting skills involves verifi—

cat ion of operat ional forecasts  issued at suitable meteorological
stations within a large geographical domain and during prolonged

periods of t ime. The geographica l domain of the AWS data in-
cludes 35 stations in Western Europe distributed as follows :

17 in Germany , 15 in England , 2 in Spain, and 1 in Northern
Italy . The time domain for the AWS verification data included

the months between September 1976 and March 1977. LIkewise ,

TDL data for visibility or ceiling are based on a sample of over
a hundred thousand forecasts of several hours duration . The

geographical domain of the TDL data includ~~ 92 stations within

the cont iguous Unit ed States distr ibuted across every major
section of the country (i.e., Northeast , Southeast , Nort hwes t ,
Southwest , and the North and South central states). The time

domain of the TDL data includes the months between October 1975

to March 1976-

*Col K.F. Hebenstrelt , TDL , Gramax Building, Silver Spring ,
Maryland 20910. -

**David Olson, NMC-(World Weather Building), NWS , NOAA ,
Washington , D.C.
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At the selected meteoro logical stat ions , forecas t ver i-
f icat ions are made of eac h operat ional forecast , which are

r - issued daily at a rate that depends on the local weather. The

normal rate is of two forecasts each day , which can be expanded

to more frequent forecasts during bad weather. At each selected

stat ion , the resident meteorologist cont inue s to issue opera-
tional local forecasts , which are based on several factors:

(a) local surface observations made hourly , (b) synoptic weather

charts released from central to local stations through auto—

mated communication channels , ( c)  guidance forecas ts for the
part icular stat ion as re leased from central stat ions , (d) meso—
climatology for his part icular stat ion , and (e) -meteorological
insight from his own professional tra ining and exper ience . It
should be note d that persistence forecasts do not have to be
formally issued, because the y are imbedded in the hourly ob-
servational record . Persistence forecasts  can always be made
af ter the fact , by merely look ing up In the recor d of the
observed weather the conditions that prevailed at the time of

the local or guidance forecas t release. Since pers istence has
no model skill to forecast changes of weather , it becomes a
readily available absolute reference for establishing the rela-

tive skills of the local or guidance forecasts.

The forecast verification procedure is straightforward and

part of the permanent meteorological record . Forecasts Issued

at the verification stations are labeled permanently and they

are ver if ied agains t the recor d of hour ly surface observat ions ,
which are gathered by nonforecasters at the particular station.

The qual ity of a sta tist ical set of forecas t ver if ication
data may be assessed through the following : (1) determination

of the degree of correlat ion of t he pref igurances (H
i/Oj

) as a
funct ion of the relat ive fre quency (01/E01) for a given forecas t
time (e.g., Figs . E—l to-E—3 ), and (2) relative comparisons of

• forecasting skills as derived from at least two independent but
compatible sets of statistics (e.g., AWS for Western Europe and

0—6
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TDL for th e contiguous United S ta tes ) .  The compatibil i ty con-
dition for the forecast verification requires only that the two
independent sets of verification data include equivalent ranges
of the relative frequency of weather events.

VERIFICATION DATA FOR V ISIBIL ITY AND CEILING

The AWS and TDL forecast verif icat ion for visibility or
ceiling are applicable to the so—called categoric (yes/no) or

nonprobabilistic forecasts with an implied 100 percent proba-

bility for the occurrence of the forecast event (Appendix D).

For the AWS data , the contingency tables for either visibility
or ceiling are given as a function of the following : (1) fore-

cast technique , which can be either persistence or stat ion ,
( 2) forecast t ime for 3, 6, 12, and 2~4 hours , and (3) month
of verification from September 1976 to March 1977. The AWS

contingency tables for visibility and ceiling considered the

following categories:

Visibility Ceiling
Category CV , nm) (C, ft)

A V < 0.5 C < 200
B 0.5 � V < 2.0 200 ~ C < 1000

C 2 ~ V < 3 1000 ~ C < 3000
D V~~~3 C .~~3000

For the TDL data , the contingency tables for either visi—

bility or ceiling are given as a function of the following :

(1) forecast technique , which includes persistence , local,
and guidance; (2) forecast time for 3, 6, 9, 12, and 15 hours

for persistence , 3, 6, and 12 hours for local , and 7, 13, and

19 hours for guidance. These odd hours for the forecast time

In the guidance forecasts come about by the characteristics of’

the forecasting cycle as illustrated in Fig. 0—1. This figure

Indicates the following : (1) upper air observations are taken

at OO Z for  t he f irs t ha lf ~f the daily forecasting cycle (and
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at 12Z for the second half); (2) the NWP synoptic charts to ~8
hours become available at 03Z ; (3) guidance forecasts are re—

leased at 05Z; (
~~) local forecasts  are released at the app ro-

priate local time (09Z) based on (a) local surface observatIons

up to 09Z , (b) the synoptic charts which became available at

~03Z , and (c) the guidance forecasts released at 05Z; and (5)

the ver ifica tion procedure Is based on t he hour ly local obser-
vations at 12Z, l5Z , l8Z , 21Z, and 24Z. Hence , a complete set

of’ the corresponding local (and persistence) forecasts at yen —
ficatlon time would be 3, 6, 9, 12, and 15 hours , while those

for guidance (and persistence) would be 7, 10, 13, 16, and 19

hours. The available TDL verification data for local and guid-

ance forecast s are then the inc omplete sets indicated above ,

i.e., (a) 3, 6 , and 12 hours for the local and ( b )  7 , 13, and 1
:

19 hours for t he gu idance forecas ts. The TDL cont ingency tables
for visibility and ceiling considered the following categories:

Visibility Ceiling
Category CV , St. ml.) (C, ft)

1 V < 0.5 C < 200

2 0.5 � V < 1 200 .~ C < 500

3 1~~~V < 3  500~~~ C < i 0 0 0

14 3 � V < 5 1000 .� C < 2000

5 V � 5  C � 2 0 0 0

For th e AWS monthly cont ingenc y tables , they can be added
to obtain a contingency table for the whole period . Furthermore ,

the AWS and TDL data for the specified categories of visibility

-and ceiling can also be added to obtain contingency tables for

new categories such as A, A + B , A + B + C , and D for the AWS
data , and 1, 1 + 2, 1 + 2 + 3, 1 + 2 + 3 + t~, and 5 for the

TDL data. The result of this latter procedure is contingency

tables for cumulative prefigurances and relative frequencies

as shown in Figs . E-l to E-3 .
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ORGANIZATION OF DATA FOR VISIBILITY AND CEILIN G

As indicated earlier, the main results from the AWS and TDL

ver i f icat ion data for v is ib i l i ty  or ceiling are presented in
Appendix E (Tables E—3 to E— 11 , and Figs. E—l to E — 3 ) .  In
addition to the summary data in Appendix E, this sect ion in-
cludes the contingency tables that become important for the

ca lcula tion of any ot her desired ver if icat ion parameter. -

The AWS data were ava ilab le in the form of computer print-
outs instead of a forma l repor t , because the val idat ion data
for either visibility or ceiling alone are of very recent origin .

The AWS data are given in Tables G—l through 0—37 of this appen—

di x .  These tables provide the following:

Tables C-i and G-2 . Summary of AWS prefigurance data for
viei~oi l ity  for station and s tat ic  persistence forecasts , resp ec—
tively . The results in these tables are based on the subsequent
contingency Tables G— 6, 0—7, and G—l0 to G—23. Tables G—l and

0-2 show prefigurance data, in percent, for each month and the
whole period. A comparison of Tables G—l and G— 2 shows that
there is very little improvement In the prefigurance obtained
by local forecasters over that of persistence.

Tables G-3 and G-4. Summary of AWS prefigurance data for
ceil ing for station and static persistence forecasts , respec-
tively . The results In these tables are based on the subsequent
summary contingency Tables G— 8 , G— 9, and G—2 14 to G—37 . The
data in Tables 0-3 and G-14 show again that for ceiling there
Is no significant improvement in the prefigurance obtained by
man over that of persistence forecasts.

Table G-5. Illustration of the AWS relative frequency for
each category of visibility and ceiling for local forecasts.
The results in these tables are based on the contingency Tables

G— 6 and 0—8. Table 0—5 shows a rather low frequency for the
first three categories of either visibility or ceiling, and very

high frequencies for only high frequency events of clear weather.
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Tables G-6 to G-9 .  Summary of AWS contingency tables for
station and persistence forecasts of visibility (Tables G— 6

and G—7) and ceiling (Tables G—8 and G—9 ) Tables G—6 through

G—9 were obtained by direct addition of the subsequent monthly
contingency Tables G—l0 to G—37 . These contingency tables show

the bias for each category for eigher visibility or ceiling .

Tables G-l0 through G—37 were taken from AWS printout data , and

they are as follows :

Tables G-lO to G-16. Monthly AWS cont ingency tables for
station forecasts of visibility. Eac h table con tains data for
several forecast durations .

- 
Tables C-17 to G-23 . Monthly AWS cont ingency tab les for

per sistence forecas ts of visibility .

Tables G-24 to G-30. Monthly AWS con tingency tab les for
station forecasts  of ceiling.

Tables G-31 to G-37. Monthly AWS contingency tables for

-- persistence forecasts of ceiling.

The TDL data , like the AWS data , were available in the form
-- of computer printouts instead of a formal report , because the

validation data for either visibility or ceiling alone at TDL

are also of very recent origin. The TDL data are given in
Tables 0—38 through G— 145 . These tables provide the following.

Tables G-38 and G-39. Summary of TDL prefigurance data
for visibility and ceiling, respect ively , for static persistence ,
local , and guidance forecasts. The results in these tables are

based on the subsequent contingency Tables G— 140 to G—45. The

results in Tables G—38 and G—39 indicate that the prefigurance

values for persistence are best. As indicated earlier , the
local data are limited to 3, 6, and 12 hours, whereas the guld—
ance data are so for 7, 13, and 19 hours.

Tables G-40 to G-42. TDL contingency tables for visibility
for static persistence , local, and guidance forecasts.
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Tables G-43 to G-45. TDL contingency tables for ceil ing
for static persistenc e, local , and guidance forecasts.

Tables G-46 to G-48. Tables for added categories of vlsi—
bility and ceiling for both AWS and TDL data. Table 0—146 illus-
trates the procedure used to determine the prefigurance for
category given by addition(s) of individual categories, i.e.,
to convert prefigurance data from the A , B, C, and D categories
to A , A + B, A + B + C, and D for the AWS data, and from 1, 2,
3, 14, and 5 to 1, 1 + 2, 1 + 2 + 3, 1 + 2 + 3 + L~, and 5 for
the TDL data. Tables G_L1 7 and G-’18 provide a summary of the
prefigurance data for these modified categories -for the AWS and
TDL data , respectively . These tables indicate again that per-
sistence is very difficult to improve on by either local or
guidance forecasts.

VERIFICATION DATA FOR PRECIPITATION

Large rates of precipitation could change the trafficabil—
ity of the battlefield . For this reason , it becomes of interest
to obtain the so—called quantitative precipitation forecasts
(q.p.f.) of average precipitation amount within specified future

time intervals. It is important to indicate tha t  Army eng ineers
would have the task to convert q.p.f . forecasts into traffica-

bili ty  t emp lets for armor and other military branches. However ,

the methodology for this conversion has not been validated and,

therefore , has not been put into operationa l use (Ref. 1414 ).

Contingency tables for q.p.f. were unavailable either at

the AWS or TDL. Some prefigurance and post—agreement data were
available only at the National Meteorological Center (NMC)* and,
then, only for q.p.f. The NMC q.p.f. data provided prefigurance
and post—agreement values for forecast intervals of one and two

*David Olson, National Meteorological Center (World Weather
Building), National Weather Service , NOAA , Washington, D.C.
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days for daily average amounts of pi-ecipitation greater than
either 0.5 or 1.0 inch. These data did not include prefigurance
or post—agreement data for forecasts of no precipitation. How—
ever, this latter type of precipitation data was available at
the AWS in the form of contingency table for conditions such
as no precipitation , freezing precipitation , etc. The precip—
itation data used in this study are, therefore, based on the
combination of NMC data for q.p.f. and AWS data for no precip-
itation . Table G~LI9 shows the NMC data, whereas Table G—50
shows a sample of the AWS prefigurance data. The categories
in this table denote no precipitation (N), rain and liquid pre-
cipitation (R), freezing precipitation (Z) and frozen precipi-
tation (F). It should be noted that the category B of p ~cipi—
tatlon does not imply q.p.f.

VERIFICATION DATA FOR WINDS

Verification data for winds was available at TDL (Ref. 145).

Prefigurance data are provided in Exhibit 16.
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TABLE 0— 1. AWS Stati on Pref igurance ( % )  for Forecast of Vis ib i l i ty
in Western Europe During September 1976—March 1977 *

Cate— September—
gory Forecast S 0 N D J F M March

A 3 hr 38 143 146 ~ 14 148 142 14 14 136

(V< 0.9 km) 6 hr 19 26 36 29 33 17 19 28

12 hr 14 10 20 19 214 7 8 17

24 hr 11 8 113 5 114 7 - 0 10

B 3 hr ~42 38 ~42 147 514 142 148 47

(0.9~V< 6 hr 31 24 30 31 37 214 36 32
3.7 km) 12 hr 21 17 214 19 25 21 22 22

2~4 hr 19 13 16 12 18 15 16 16

C 3 hr 146 35 29 35 314 36 19 34
( 3 .7~ V< 6 hr 25 20 16 16 2,2. 25 19 20
5.6 km) 12 hr 14 16 13 16 12 17 114 14

2 14 hr 10 13 13 12 11 114 12 12

D 3 hr 98 98 98 98 96 98 98 98

(V~5.6 km) 6 hr 98 98 98 97 95 98 98 97

12 hr 98 97 96 96 914 96 97 96

2 14 hr 97 97 96 96 914 97 97 96
‘The prefigurance values In this table are derived from the
subsequent summary contingency Table 0—6 and Tables 0—10
to G—16.
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TABLE 0 — 2 .  AWS Persistence Prefigurance ( % )  for Forecast of

V i s i b i l i t y  In Western Europe During September 1976—
March 1977’

Cate— September—
gory Forecas t S 0 N D J F M March

A 3 hr 30 39 140 249 52 32 142 143

(V<0.9 km) 6 hr 15 18 27 35 27 19 32 27

12 hr 
- 

0 2 18 19 13 5 18 13

24 hr 19 15 21 7 16 7 .7 15

B 3 hr 30 314 334 ~414 148 36 ~40 ~40

( 0 .9~V< 6 hr 33 25 26 28 32 25 27 28

3.7 1cm) 12 hr 19 8 15 15 19 15 12 16

214 hr 22 12 11 10 13 9 6 12

- - C 3 hr 18 20 24 25 2~4 25 13 22

— 
(3.7~V< 6 hr 11 18 13 10 14 15 11 13

S.6 km) l2 hr 7 9 7 7 10 12 7 8

214 hr 15 10 9 8 8 9 3 9

D 3 hr 97 97 97 97 95 97 97 97

(V~5.6 1cm) 6 hr 96 96 96 95 92 96 97 95

12 hr 96 96 95 95 90 95 96 95
2~4 hr 97 96 914 914 90 94 96 95

‘The prefigurance values in this table are derived from the
subsequent summary contingency Table G—7 and Tables G— 17
to 0—23.
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TABLE 0—3 . AWS St a t ion  Prefigurance (%)  for Forecast of Ce i l i ng
In Western Europe During September 1976-March 1977*

Cate— September—
-: gory Forecast S 0 N D J F M March

A 3 hr 27 39 240 56 233 143 37 142

(C<200 ft) 6 hr 11 19 28 35 25 15 17 224

12 hr 15 7 12 18 20 0 2 114

214 hr 7 3 3 1 10 2 - 5 5

B 3 hr 59 68 66 73 75 614 68 69

(20r ~ C< 6 hr 35 55 149 55 60 148 51 52
1000 ft) 12 hr 21 36 39 140 1134 33 ~4l 38

214 hr 18 2~4 27 234 31 
‘p
22 2~4 26

C 3 hr 61 66 72 66 72 68 68 68

(lOO0~C< 6 hr 14 14 51 57 55 56 51 55 53
3000 ft) 12 hr 29 324 38 35 323 314 37 35

2~4 hr 19 26 28 25 26 28 28 26

D 3 hr 97 97 97 97 95 97 97 97

(C~300O 6 hr 96 96 96 95 93 96 96 96
ft) 12 hr 96 95 911 914 91 95 924 924

214 hr 95 95 94 913 90 914 93 914

~The prefigurance values In this table are derived from thesubsequent summary contingency Table 0—8 and Tables G—2~4
to 0—30.
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TABLE G—11 . AWS Per sist en ce Prefigurance ( % )  for Forecasts of

,~ ( 
Ceiling in Western Europe During September 1976—
March 1977*

Cate— September—
gory Forecast S 0 N D J F M Mar ch

A 3 hr 23 42 33 37 145 214 33 36

(C<200 ft) 6 hr 22 19 20 21 25 10 17 
- 

21

l2 hr 14 3 7 16 8 0 7 8

214 hr 13 6 13 10 12 0 - 6 10

B 3 hr 146 58 63 62 66 52 61 60

(200�C< 6 hr 30 147 50 248 52 38 246 116

- - 

1000 ft) 12 hr 13 27 38 33 36 26 28 31

214 hr 16 20 28 18 25 14 19 21

C 3 hr 140 14 7 53 138 51 46 146 148
(1O00~C< 6 hr 28 314 142 36 36 32 33 35
3000 ft) 12 hr 20 25 32 25 25 23 23 25

214 hr 16 18 23 17 20 15 16 18

D 3 hr 95 95 96 95 914 95 94 95

(C�3000 6 hr 93 93 94 93 89 93 92 93
~~

- 
f t )  12 hr 92 91 92 91 86 92 90 91

214 hr 92 89 89 88 82 90 88 88

~The prefigurance values In this table are derived from thesubsequent summary contingency Table 0—9 and Tables 0-31
to 0—37 .
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TABLE G— 3 8.  TDL Prefigurance ( % )  for Forecasts of Vie ib il i ty
in the Contiguous United Stated During October
1975—March 1976 for Persistence , Local , and Guidance
Forecasts*

Category Forecast Persistence Local Guidance

1 3 h r  47 314 ——
( V < O. 8  km) 6 hr 37 23 ——

7 h r  —— — — 19
l2 hr 26 4 ——
l3 hr —— —— 14
l 5 h r 20 —— ——
l9 hr —— —— 0

2 3 h r  19 18 ——
(0.8 �V<1.6 km) 6 hr 8 6 ——

7 h r  -- -- 8
l2 hr 5 3 ——
l3 hr -- -- 14
lS hr 6 -- ——
l9 hr -— —- 0

3 3 h r  31 23 ——
(1. 6 �V<i.6 km) 6 hr 18 12 ——

7 h r  -— -- 22
-- l2 h r 13 11 ——

~~- l3 hr —— —— 15
l5 hr 12 —— ——

-- l9 hr -- —- 14

4 3 h r  28 37 ——
• (14 . 8�V< 8 km) 6 hr 16 22 ——

7 h r  —— -— 13
,~, l2 hr 16 20 ——

l3 hr —— -— 13
- l5 hr 13 —— ——
1 l9 hr —— —— 15

5 3 h r  97 914 ——
I (V �8 km) 6 hr 95 95 ——
I 7 h r  —— —— 95

l2 hr 91 96 ——
l3 hr —— —— 97
l5 hr 91 —— ——
l9 hr —— —— 98

1
The prefigurance values In this table are derived from the

I subsequent Tables 0—4 0 to G— 4 2 .

‘ 
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TABLE 0—39 . TDL Prefigurance ( % )  for Forecasts of Ceiling in
the Contiguous United States during October 1975—
March 1976 for Persistence , Local, and Guidance
Forecasts*

Category Forecast Persistence Local Guidance

1 3hr 145 32 — —
(C<200 ft) 6 hr 28 18 ——

7hr -- -- 18
l2 hr 21 2 — —
l3 hr -- -- 0

— l5 hr 15 —— ——
l9 hr -- -- 0

2
(200�C<500 ft) 3 hr 144 38 ——

6hr 26 19 ——
7hr -— -- 25
l2 hr 21 1]~ ——
l3 hr -- -- 8
lS hr 17 —— ——
l9 hr —— —— 3

3 3h r ~42 314 ——
(500~C<l000 ft) 6 hr 25 22 ——

7hr -- —- 22
l2 hr 17 15 — —
l3 hr —— —— 16
l5 hr 17 —— ——
l9 hr —— —— 11

14 3hr 144 145 ——
(l000~C<2000 ft 6 hr 28 32 ——

7hr -- -- 28
l2 hr 20 26 ——
l3 hr —— —— 28
lS hr 18 —— ——
l9 hr —— —— 18

5 3hr 95 914 — —
(C>2000 ft) 6 hr 93 94 ——

7hr —— —— 94
l2 hr 89 95 ——
l3 hr —— —— 914
lS hr 87 —— ——
l9 hr —— —— 97

The prefigurance values in this table are derived from the
subsequent Tables G— 14 3 to G—45.
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TABLE G—146. Sample of Superimposition of Categories for 3—hr
Station Forecasts of Visibility in Western Europe
During September 1976—March 1977 (Table 0—6)

- 3—hr Forecast

A B C D T

- A 333 205 51 135 72 14

B 108 1,0314 365 7 114 2,221

C 19 280 528 714 0 1,567

~ D 149 522 720 60,3714 61,665
0~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _

P 509 2,0141 1,66 14 61,963 66 ,177

3-hr Forecast

A l- B C D T
Cl)

= ~ A + B 1,680 ‘416 8149 2,9145
C

C 299 528 714 0 1,567
D 571 720 60 ,37 14 

-_
61 ,665

T 2,550 1,66 14 61,963 66 ,177

- - 3—hr Forecast

A + B + C  D T
4)

- 
A + B + C 2 ,923 1,589 14 ,512

I ~ D 1,291 60,3714 61,665

T ‘4 ,2114 61 ,963 66 ,177
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