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SECTION 1. SUMMARY

The potential of medium~range (5 to 13 days) and extended-
range (13 to 15 days) forecasting is evaluated relative to the
feasibility of numerical models and the operational benefit to
the U.S. Navy. Both the present and near-future state-of-the-art
of longer-range* numerical forecasting are evaluated in regards
to accuracy in Section 2. The European Centre for Medium Range
Weather Forecasts (ECMWF) continues to be the leader 1in this
field of longer-range numerical forecasting. Section 3 presents
the utilitarian aspect of medium~range and extended-range
forecasting with respect to naval operations. Several
Jceanograpny Command implications of medium-range forecasting are
discussed in Section 4. Conclusions regarding the <capapvilities
of numerical forecast models and the usefulness of medium-range
and extended-range forecasts are presented in Section 5. The
basic conclusion is that many aspects of naval operations could
greatly benefit from accurate medium-range and extended-range
forecasts, However, the lack of demonstrated skill of present
numerical forecast models in the extended range suggests that
efforts to provide an operational forecast capability be limited

to the medium range.

Though medium-range forecasts can provide useful information
to help guide future naval operations, this information will
often not ©Dbe presented in the form with which the typical
operational wuser 1is now accustomed. Some training will be
necessary to assist the users in interpreting the new output,
especially time and space-averaged products, 1in order for this

information to achieve its potential usefulness.

* "Longer-range" is used throughout this report as a general tarm
encompassing both the medium-range and the extended-range

whenever a distinction between the two is unnecessary.
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The £final and principal racommendation is that the U.s.
Navy prcoceed with plans for providing medium-range, operational
forecasts and that, as an initial step, the new 9-layer version
of the Navy Operational Global Atmospheric Prediction System
(NOGAPS) Dbe thoroughly evaluated as a medium-range prediction

system.




SECTION 2. REVIEW OF MEDIUM AND EXTENDED-RANGE FORECASTING

“ne

2.1 Predictability Aspects. Any discussion of forecestin

Wl

atmospheric «circulation 1in the longer ranges {5-153 days) must
take 1into consideration the concept of predictapility. Lorenz
(1982a) defines the predictability of a system as the degree of
accuracy with which it is possible to predict the state of the
system 1in both the near and the distant future. There 1is an
intrinsic limit to the accuracy of a forecast even when one has a
perfect knowledge of the initial conditions, because of the
nonlinear interactions between the scales of motion in the system
and arn incomplete knowledge of the governing equations. In a
more practical sense, we acknowledge that the predictions will be
based on an imperfect knowledge of the 1initial conditions.
Gilchrist (1982) uses the term "deterministic predictability",
which is defined to be the time it takes for initial state errors

consistent with observational accuracy to grow to saturation

values in a forecasting model. One recently developed practical
measure of predictability is that used by the European Centre for
Medium Range Weather Forecasts (ECMWE). Following Doocs (1979,
the ECMWF defines predictability in terms of the time when the
prediction error reaches the <c¢limatic variance. A specific
measure of "useful predictability" is the time when the anomaly
correlation ocetween observed and predicted deviations from
climatology first reaches either 9.5 or @.6 (Bengtsson, 1982a).
Hollingsworth, et al, (1979) found this range of <correlation
values was justified by comparisons with subjective assessments

of the forecasts carried out by some of the ECMWE member states.

Lorenz (1982a) points out that the deciding factor in
predictability 1is the stability or instability of the system.
Lorenz defines a realization of a deterministic system to be
stable 1f the difference between this realization and any other
realization remains small throughout the future, whenever the
difference is sufficiently small at the present. In an unstable

system, thers are realizations whose distances from the given




L at present,
ned value  In fthe future. It is well Kknown that <tne
oneris cirzulation s Iraguently unstadble In the sense that

all disturdances will grow. In the mid-latitudes, tha=s 3zrowth
rate of caroclinically wunstable perturbations is indeed
comparaple to the typical growth rate of forecast =rrors. Lorenz
(1972) has also shown that barotropic instability of time-
variable flow including migratory waves can also lead to a three-
day error doubling time. The instabilities in the tropics with
the largest growth rates are those related to convecktive
processes, Therefore, one can anticipate that the predictapility

in the tropics will be smaller than in the midlatitudes.

The internal instabilities of the atmosphere may be citad as
one reason why longer range weather forecasting is not possible
by a summation of periodic signals. The atmosphere does have
periodic components (especially diurnal and annual cycles) which
are predictable at arbitrarily long ranges. However, the weather
forecaster must predict the residual after the periodic
components are subtracted from the total signal. This residual
is aperiodic, Even though the external forcing of the atmosphers
is periodic, the response will not be the same because of the
internal instabilities. Lorenz (1969%a) found only two pair of
nemispheric patterns within a five-year set whose differences
were as small as 62 percent of the difference between randomly
chosen patterns. Furthermore, Lorenz estimated that 133 years of
data would be needed to reduce this difference to 53 vpercent.
Thus the 1initial difference between any two analogues is
relatively large, and the difference Dbetween the analogue-
oredicted state and the observation generally must Dbe large
cecause of the inherent error growth rate. Numerical models
which ©properly treat the atmospheric instabilities, and which
incorporate the correct specification of the external forcing,
are thus the Dbest hope for achieving useful longer range
predictions. Nevertneless, there 1is a limit to the length of

sucn deterministic forecasts.
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Lorenz {1969b) showed f£hat the errors ia the _arger sca_3s
of mection doudled in a matter of days, whereas those in smallar
scales doubled 1in hours, or even In minutes for the smalliask
scales of motion. More importantly, the errors in any scale

guickly contributed to the growth of errors in adjacent scales.
Even 1if there were no errors in the large scale, the errors in
the smallest scales (unresolved in practical numerical weather
prediction models) would progress rapidly upscale. It is also
important to note that the energy levels in the atmosphere are
smaller for shorter wavelengths. Thus, the errors "saturate" the
smaller wavelengths more rapidly than the longer waves, which
thus have longer predictability times. However, some of the
operationa. prediction models did not =exhibit this ©behavior.
Lambert and Merilees (1978) showed that the Canadian hemispheric
spectral model predicted the medium-scale waves better than the
planetary waves. Somerville (198@) suggested that the use of
hemispheric models, and perhaps an unsatisfactory treatment of
tropical data or physical processes, could account for the

instances of ra=duced pradictapdility of the planetary waves.

Lorenz (1982a) suggests that the range of acceptable
forecasting could possibly be extended by three days dy <cutting
the observational error in half (if errors in the smaller scales
were completely absent). Even larger improvements ia
observation-analysis system would i1e2ad to greater predictadiiity.
However, we must eventually reach a ooint where the errsrs in the

inizial state specification would e no larger than the =2rrors

rn

that would Dbe present anyway bdecaus the smal.e scales.

[0}

-~
-

ry

After that point, further improvements in 23s2rva<isns  and
analysis system would yi=ld only minor ({mprsvements :n neil:n and
long-range prediction.

There are several r2as2n0s why %ne 5.%:4%:.7 153 1% 313 ol=21<
2s It mignt seem freom tne 2bove JisIussioin. The il 0w error
3rowtn  estimat2s ar2 zased 2n the Irowtn P small osrroirs Goa =g
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g influences on atmospheric

There are several slowly wvaryl

circulation. The moderating influence of the ocean heat source
1s one example. In addition, persistent sea-surface temperature
anomalies may cause quasi-stationary «circulations in the

atmosphere, especially in the tropics. The extent of the sea ice
and the snow cover over continents can also have a modulating

effect on the atmospneric circulation.

Another factor favoring longer range predictability is =h=
existence of atmospheric regimes. Lorenz (1982a) attrinutes this
“o a phenomenon called "almost intransitivity", in which the

atmosphers can evolve readily from one pattern to another within

the same regime, but only with some difficulty to a pattern in

another regime. Gilchrist (1982) provides examples of "spells"
of avove or ©delow normal surface temperature, which may
corraspond to a2 persistent weather type. The tendency £or Llocal

Dpositive or negative anomalies to persist indicates that medium-
scale prediction may have more potential than the above error
jrowtnh estimates would suggest. There are also global scale
fluctuations which exhibit "almost intransitive" states. The
Fuasi-niennial oscillation 1in the tropical stratosphere 1is a

ar

—

W2ll-XnownR  2xample. The Southern Oscillation is another e
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different specifications of the initial conditions. Z2ne then
a2xamines tne diffsrences Decwe2n the so0l2tizns at diflzzanc
intervals ©d> see wneiner the dilferences ar lncr=asinz. Zince
tne odjective 1s to determine tne Jrowth rate of the Jdiffsrences,
it 1is not essential chat the initial errocrs e as large as iIns

typical observational =srrors. Robinson (1967) had anticipatcad
similar error growth rates based solely on the inapplicability of
the typical numerical representation of an atmosphere that has a
continuous spectrum of motion. The point is simply that there is
an inherent growth of errors in any forecast model that will

limit deterministic longer range forecasts.

Lorenz (1982b) has recently upciated the estimates £
oredictability based on the ECMWE model. He derives Dbdoth upper
and lower bounds to atmospheric predictapility over the gl
and separately for the Northern Hemisphere. The growth of the

forecast error versus the verifying analyses is largest in the
first 24 hours, and then the rate of error growth is gradually

hl

smaller thnrough 1J9 days. O0f course, the forecast =arror

7]

2,

2v7entually approacn the difference between two randomiy select
Initial fields. <Lorenz also plots the average difference bpetween
the J-day and k-day (j = k) prognoses. The rate of growth of
this difference as X increases from 1 to 13 days represents the
rate at which two solutions of the same system of equations -
those of the model - diverge. Lorenz uses the difference between

tne upper 2and lower predictadblility Dbounds to estimate the

ultimate 1lengtn of skiliful forzcasts. The (over) optimistic
view 1s that this limit is mors than two weeks, Applied only to
the No. n Hemisphere, Lorenz expects that eventually the 13-
day foreca. could be as good as present ECMWF 7-day forecasts,
and the 13. -day forecasts as good as present 10-day forecasts.
Furthermor ., 1f the present l-day root-mean-sguare errdor could be

halwved, the predictability of the model would be extended another
two days. These estimates, with several caveats, are somewhat

more  encouragjing than some of the pessimistic views expressed in

recent years. The success of the ECMWE predictions has <clearly
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is a likely contributor to

systematic errors is the parametarization

ooundary lay=r (PBL). Randall (1982)
PR, repr=sentation resultad in an
oradiction, The 3lobai maps of
jenerally SmMcoin2r with the new Dar
revorc=sd  that stratiisrm cloudiness
tne lowest layer o<f ¢he Goddard

planetary
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improved sea
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the surface

1s excessively widespread

Laboratory

Science !GLAS) model. A similar proolem occurs

including the NOGAPS).

general cirzulation mode.s (probabdbly

improvements are needed 1in the treatment of

wnlcn  wate2r 1s transporz2d upward
Two 22tions 22in3 2xpLorad L2 lmprove

incordoration  of additional model

processes

bt

m
r
u

~12 mode
L2vels near %the surface or

the PBL,

nigher order closura rapresentation of

%Wallace, Tioaldi and 3:mmons
2f the systematic =2rrors duaring tn
2Yrdr JrowLn 3ppears t> be apdroxin

days. In the latter part of

lustrate

forecas: 1ntervail,

systematic e2rrors have a strong negative spatial correlation with

the {(tZime-avaraged) statior

r—

“nat “tne EICMWE model

Y wave pattern.

nar
azkad sufficient £t5 maintain

Hollingsworth,

contributes to the

2rror has

stationary waves 2t the proper amplitude.

1233 ) and Cerome ‘138J3) had earlier noticed this
Tne »overly lntense zonal wind also

2rror nathiarn., I- 13 1mportant tnat

carstrapic  strictira  witho o ampli

lncreasing

rna_Lace, Tizald: and Simmons {(1333)
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models =2xamined, thera2 13 2 systematic trend *“owards lcw
~rd>pospneris temperatirss, ixze2pt Ior the NCAR model, zherz is
Tsmmoniy 2 prosiem 2f £old scratcspneric temperatuares. I- Thus
follows tnat the tropospneric jets Wwill be too strong anéd extand
too hign 1nto the stratospnere, The only model that properly
simulates the polar night jet is that of NCAR. The surface
westerlies around 45 degrees latitude during the winter season
are systematically too strong in all models. Both the size and
position of the stationary eddies are not well represented in

many ©of the models. As ment

in
far to the easzt.
eastarn Atlantic

aver tne

Most

northern RocCKles.

frequency eddy activity, wnich is 1important for simulating
olocking events.

The commonarity of the systematic errors in the various
models indicates the need for examination of all aspects of thae
Jodel syscam., Zven the 2aslc =2guatlion set must 22 considerad as
a socurce of  =error. Perhags the most suspect aspect is the

tr2atment of subgrid pnysica

made in treating subgrid
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Consequently,
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unclear,

the large scale forcing

incorporation of a

ioned above, the low pressure centers

and eastern North Pacific are too

. processes, sucn as the assumptions

fluxes, friction, diffusion and

ty of the models to the treatment of

Known. Anotner disturbing aspect 1is

found to nave

The low

larzer
19831).

tter treatment of the long waves
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for the poor performance of nigh
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2rror s3tandard daviazions reachaes 13 m’s at .4, 3.4 zand 2.7 davs
in  3J3% 2f tne forecasscs at 333, 4J zani 292 0o, respectively.
Correspanding valoes for pecssistence fdrecasts are 2.4, J.” and
3.2 days. Thus, the EZCMWE dces nave 3xii.l in forscasting the

Anotner useful representation of the accuracy of the ECMWE
forecasts during 1988-8l is provided in terms of North Atlantic
cyclone statistics (Axkyildiz, 1983, unpublished Tech. Memo. No.
74, ECMWE). Tracks, central pressurss, deepening and filling
rates, translation speeds and life spans of cyclones wer=2
tapulated. The ECMWE forecasts nhad a tendency to shift cycilcne
tracxs toward the south, especially after 4 Jays, except near
Newfoundland where a significant northward shift occurred. A
slow ©phase error 1is noted during the developing stages of
cyclones. Both the deepening and filling rates are forecast to
oe less than the observed rates. Consequently, the amplitude of
the model cyclones is relatively smaller during the first two or
taree days and relatively larger during the later stages. is
Haselar (1.383) points out, the surface stress will be too larze
ng the cyclone tracks. The 5-day and 19-day forecasts missed
t of the «cyclone activity over the Mediterranean ar=a,
ecially in the eastern part. These forecasts overestimata the
ondary “rack from the east Atlantic towards the European
continent, as well as the cyclonic activity over eastern Europe,
4 similar evaluation of tne predicted cyclone tracks and life
cycies in other areas of the globe would be particularly wusef.!l

in determining the utility of such forecasts for the Navy.

.4 tffacx 2f Systematic Errors in Medium-Range For

11}

casts,

2
B3enIt335n 2So0oints out in the introduction to the 1982 Worksnoo

TECMWE, 12412, that the quality of the ECMWFE medium-rani=
forecasns 15 largely affected by systematic errors. Thus, an
Lameroc T nsroann was o rade of the performance of  several medels
e - ¢“-ni-1 rani=2 forecasts and general. Circulaticon

St i L0 pAarTicular tnelr systematic errors. 2f tae
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2dictions cver the Sou
st significant improvements are seen at

o
the temperature scores,.

A more recent comparison of the ECMWF forecasts in the

region of New Zealand has been carried out by the ©New Zealand
Meteorolcocgical Service (ECMWF Newsletter No. 20, April 1983).
The ECMWF 2-day surface pressure predictions are slightly mor=a

skillful than the New Zealand manual 39-hour predictions, and the

A

ZCMWF 3-day predictions are as skillful as the 48-hour e

¥

o

"
D

Zealand numerical model predictions. This advantage at

sarface i3 extended when the verification iIs over the Southwes:

Pacific region rather than just the immediate New Zealand area,
At 3Jdd mb, the ECMWF forecast at 96 hours is as skillful as the
48 hnour New Zealand model. This independent verification study
indicates the potential usefulness of a sophisticated global

nd
rediction model in the Southern Hemisphere.

'O

The daily wvariation in tne anomaly correslation scor=as is  an
lmportant aspect to be understood by the forecasters who will be
asing the model output. Although the 3-day 500 mb forecasts in
the Northern Hemisphere are above the #.8 anomaly <correlation
score most of the time, the variability of the prediction skill
lncreases markedly after this time. In 1981, only about 50% of
~ne 6-day £forecasts had anomaly correlations above 3.6. However,
there are long episodes wnhen the 5-7 day forecasts have anomaly
correlation values above @.5. In the Southern Hemispher2, the 2-
day £forecasts at 509 mb had scores above $.8 in 75% of the cases,
and A43% of the 4-day forecasts had scores above @.6. In general,
tne predictive skill in the Southern Hemisphere is 1.5 to 2 days

shorter than in the Northern Hemisphere.

An important consideration for the Navy is the skill of the

~1ind fsrecasts. Niemenen (1983) shows the vector wind error
jroWN%h wlth  “1ime over Europe during winter 1981, The wvector
2-15
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seasonal wvariations in the skill 0f tha ECMWT model, with &the

summer 3x1ill peing smallesr. The montn-to-month wvariability 1In

e
the anomaly correlation score 1s as large as the seasoconal
T

-~

variaoility. here is some indication that the EZCMWE 1is wmorea
skillful during periods witnh more meridional fliow, for exampie,

during blocking regimes.

Bengtsson, et al, (1982) have described the usefulness of
the ECMWF analyses and predictions in the Southern Hemisphere
during the FGGE year. The impact of the observational data base,
analyses and predictions during FGGE was particularly evident in
the First Conference on Southern Hemisphere Meteorology (American
Meteorological Society, 1983) . Considering the Navy's
requirements for global deployments, an understanding of Southern
Hemisphere meteorology and an ability to forecast in that area is
of some importance. As an indication of some of the newly
revealed aspects, Bengtsson, et al, (1982) show that the
intensity of the polar night jet in the Southern Hemisphers

during July 1979 is 95 m/s, which is twice the value indicated oy

climatology. These high stratocsphers wind speeds also determine
the maximum time step allowed in the ECMWE model (S. Tipaldi,
personal communication). Niemenen (1983) demonstrates %that the

annual mean anomaly correlation scores in the Southern Hemisphere
are considerably lower than in the Northern Hemispher=. Over

South America and South Africa the 500 mb anomaly correlation

(ns

decreases to 63% at 4 days 1n both summer and winter. I is
somewhat surprising that the 50d mb correlation score indicates
a useful predictability to about 5 days over Australia during
summer and only 3.7 days during winter. These 500 mb scores are
oetter than at 1390 mb. One area of controversy 1s tne

ceneficial effect of the drifting buoys deployed during the FGGE

—

perind. By the end of the period studied by Niemenen (1383), al

of these buoys had ceased operation. Thus, the skill of th

i

ECMWF model may have also decresased after 1981, However, otner
factors are also important. The 1ntroduction 2f the Australian

surface ~2bservations manually derived from sat2llite data into
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evaluating medium-range forecasts are the anor

the standard deviation of the height errors.

Bengtsson (1982a, b), Bengtsson, et al, (1982), Simmons
(1982) and Niemenen (1983) discuss the systematic =2rrors in the
ECMWF model. The predicted mean values of geopotential heignt
and temperature are too low at the upper levels. This glo
error Jgrows 1n time and reaches values of 4 degrees C when tne
integration is extended to 59 days. Large negative geopotential
neight errors are found over the eastern North Pacific and the
eastern North Atlantic during winter. This model, as do other
operational models, has excessive zonal mean flows and too weak
eddy kinetic energy components. Generally, the lower troposphere
is too dry and the upper troposphere and lower stratosphere are
too moist. The origin of these systematic errors will ©e

discussed further below.

Niemenen (1983) demonstrates the considerable error
variations from region-to-region and from month-to-month. Only a
few statistics from this extensive summary of forecast results
will be presented here. The reader is referred to the original
tables and figures for more complete statistics. In the winter
season, the 60% anomaly correlation score at 500 mb is reached at
day 6.8 for the North American region, at day 7.3 for the eastern
Asia area and at day 5.3 for the European area. The winter
anomaly correlations at 1960 mb are only slightly lower than the
5038 mb values over Europe, whereas the value at 1908 mb over
North America 15 only about 3.8 days. The summer anomaily
correlations are generally at least 1 day less than the winter
values. [n the eastern Aslia region, the decrease in sxill at 34d4

mb during summer is nearly 2 days. Thus, there are larse
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the subgrid fluxes. Savijarvi (1981l) shows that the analyzeid

annual mean jeneration and horizontal flux divergence of Xinetic
enerjy and the neating and temperature flux divergence ovar the
North American region, the North Atlantic region and the Zuropean
area are guite reasonable. The residuals of the energy ©budg=ts
also represent the expected subgrid scale effects reasonably
well. Corresponding analyses of the 3-day forecast fields reveal
strong stratospheric cooling, insufficient heating over the ocean
area and the slow spin-up of the condensation processes. The
forecast surface friction is quite strong, whereas the

dissipation maximum at the jet level is too weak.

Another analysis of the energy budget based on the ECMWFE 12
GMT analyses during August 1980 - July 1981 has been completed by
Oriol (1982). These statistics provide consistent <calculations
of the energetics 1in the Southern Hemisphere, although the
reliability of these estimates in the relatively data-void
Southern Hemisphere is certainly questionable. The availability
of monthly energy budget estimates by wave number is also usefui
for illustrating atmospheric variability. Even Larger
variability 1s shown by the daily energy cycle quantities, and
Oriol (1982) attempts to relate the time variations to synoptic
events. The overall energy cycle deduced from the ECMWF analyses

appear to agree well with earlier studies.

Niemenen (1983) presents a verification of the ECMWE
forecast fields. Conventiocnal objective scores such as
correlation coefficient, RMS error, standard deviation of error
and mean error are calculated for heights, temperatures, winds
and relative nhumidities, A skill score is also provided for the
height fields. Precipitation forecasts over Europe have been
evaluated Dby Akesson (1981) and Johannessen (1982). Other
surface paramet=ars have been compared with observations at
selected Eurocpean sites by Akesson, et al (1982), Bottger and
Gronaas (1982) and Pumpel (1982). The 19803-81 forecasts were

verified against the initialized analyses, which does not allow
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requirement for oceanograpnic forecasting with a similar set of

slobal, regional and specialized predictions of ocean wav2s,
currents and tnermal structurs. Thus, there is a compefition for
reasources to support multiple forecast requirsments at FNOC =that
is not felt at the ECMWF. Although it is very important for
FNOC, with the assistance of the Naval Environmental Predicticn
Research Facility (NEPRF) and the Naval Ocean Researcn and
Development Activity (NORDA), to improve and extend its ability
to provide atmospheric and oceanographic forecasts to the fleet
worldwide, this has to be balanced against the potential benefits
of 1improved short-range guidance to specific units (for example,
battle groups) at specific locations, It will be demonstrated
below that the development of the ECMWF global model resulted 1in
improved short-term forecasts as well as medium-range forecasts,
The benefits of a very complete and sophisticated global model
are also felt 1in the analyses through the data assimilation
process. Furthermore, an accurate global model prediction can
have a beneficial impact on the regional and specialized models

via improved initial conditions and boundary conditions.

2.3 Accuracy of the ECMWF Model. Extensive performance

. -t e A . -7 . . . .
[P RIPRI U . Y LI TV W S e vl Aad et L

statistics for the ECMWF model during 1980 and 1981 are now
available. These will be used in this section as a baseline, but
one must realize that the system changes introduced since then
nhave improved the predictions. In addition to the standard
verification and diagnostic package (Arpe, 198l), the ECMWF
personnel have also developed limited-area energy budget programs
for evaluation and improvement of the product (Savijarvi, 1981).
The research group of Reading University has regularly evaluated
L5-day means and variances of the ECMWF analyses to describe the
larje-scale evolution of the atmospheric circulation (B. Hoskins,

vDersconal communication).

The Dbasic objective of the energetics studies of the ECMWF
anaiyses 15 to determine if the analysis-initialization systen

produces 3 proper reprasentation of the divergent components and
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time the spectral wversion was adoptad (sse adove), several. other

~

major <changes war2 maie, A nvbrid wverctical coordinate sysiIsm
{Simmons and Strz2fing, 1331 wnhich resembles the usual 3igma
coordinate c¢ciose to the 3round, ©Dout red J

uces
coordinate at stratospheric levels, was adopted. The mod
n

O
th
oY)

also extended to 16 layers in the vertical, Introductio
more efficient time integration scheme, which uses a semi-
implicit method to treat the advection of vorticity and moisture
by the zonal mean flow, allowed a time step of 20 minutes.
Another major change was the introduction of "envelope orography"
(Nallace, Tibaldi, and Simmons, 1983). 1In this new orograpny,
multiples of the standard deviation of the actual orography 1in
the grid square are added to the mean to enhance the orographic
forcing. A modificaticn is necessary near coasts to reduce the
variation of the spectrally fitted orography. The major
objective of introducing the envelope orography was to 1improve

the forecasts of the large-scale flow.

In summary, the development of a medium-range forecast
capability at the EZCMWF can serve as a useful guids as %o the
effort required to develop such a capability for the Navy.
Although the Navy can penefit from the experience of ECMWF, the
development of a medium-range forecasting capability will require
a considerable long-term effort in terms of human and financial
resources,

To ©pe fair, 1t should be pointed out that the ECMWF 1is a
single-tasx organization, whereas the Fleet Numerical
Oceanography Center (FNOC) and the National Meteorological Center
must support multiple forecast requirements. For example, the

FNOC atmospheric prediction system presently has at least three

tasks: (1) Global predictions with a global model for ©broad
sca.e forecasts to five days; (2) Regional predictions with
ragional models for £ocused forecasts at shorter ranges; and (3

Soecial situation pr=dictioans with specialized models, such as
the Nested Troplzal Zyclone Model. In addition there 1s the
2-10
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331 Zirard and Jarrzci, IRIE - 3neceral =r3izn, Tna
spectral f%r=2s33%T3 W2rI 3.2EYLCT o3t 3Ll o3TToossteric o L2r2l3 oanid
ail. scalas, o2o% gradtminazely DoroToe LNt owaUu=es, Tne lzrz=sc
improvements wer2 fxund 3l<er $-3 Zavs., Trne Ziif2rsnces ziter T
davs were stactistlcally 1nsizniiizant, Sirard and Jarraud

conclude that the superiorlity 2f tne spectral over =the £finite
difference model is mainly due to numerical technigue
differences, 1in particular, the more accurate treatment of
nonlinear advection. However, ©2ota models have negative phase
errors and uander-development oL young and fast-moving lows, and

2f more mature

ps

positive phase erro>rs and cver-devslopmen
systems. Tioald: and JI (1383) nav= r=2cently puclisned a case
study of Dobiocking in which it was demonstrated that the 1aigh
resolution model (T63) produces a better prediction than the
lower order (T49) model. They suggest that it was the ability of
the nigher resolution model to more correctly predict upstream
cyclogenesis events that led to superior predictions of the

olocking onset and maintenance.

S—
Prediction of blocxking events has been an important Joal of
the ECMWF g3roup, Dbecause such an event can be a dominant feature
of the <EZuropean region weather. In one of the first ECMWFE

publications, Bengtsson (198l) documents the prediction of a
blocking event Dbeyond one week. This interest in simulating
olocxing nas Deen continued by Tibaldil and 3uzzi (1922’ and Ji
and Tibaldi (1982). These studies make use of the £finiz=2
difference version of the high resolution ECMWF model, whereas
many earlier studies of blocking have used relatively coarse
mcdels. The proper treatment »f the earth's orography and of
intense synoptic scale developments seem t0o require the high

resolution,

Pernaps the Ddest =2xample of the dynamic nature of the ECMWF

2f£f>r2 i3 the «<changes incorporatad in the system duringy the
spring of 1382 (ZCTMWF Newsletter, No. 23, April 1983). At the
2-93
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g 1982). Pernaps the most 1important modification of tne

'

initializaticn scheme was the introduction of diabatic forcing in

Ty
'

'

September 1382 to cverccme the damping of the vertical motions in

LaaC sl

the original normal mode scheme (Hollingswortn and Cats, 1931l).

L e s

It was mentioned above that all aspects of the ECMWF system

p-_oan o

have Dbeen examined for possible improvements. The ECMWF system

o
’

H.,

has been used in data-impact studies, for example, the influence
of cloud track wind data on analyses and medium-range forecasts
(Kallberg, et al, 1982}. The impact of any observation on the

analysis depends not only on the gquality of the observation as

defined by the observation error statistics, but also on the
internal <constraints of the multivariate optimum interpolation
scheme, such as the data selection procedures, and the guality of
the first guess forecast defined by its error characteristics.
Nhether the observation will have an impact on the forecast
depends on how much of the analysis impact is retained after thne
initialization and on how well the forecast model reacts to the
analysis impact,. Cats (1982) illustrates several cases in which
the data selection procedure can have a significant impackt. The
problem of whether to accept an isolated observation over the
ocean 1s a familiar one to the Navy geophysicist. Cats (1982)
shows an example of two ld-day forecasts in which the only
difference 1is the inclusion of a single ship surface pressure
report. This initial perturbation in the analysis survives the
initialization, and a propagating and growing wavetrain develops
{as in Simmons and Hoskins, 1979). By the end of the 18-day
forecast, this wavetrain extends half way around the globe. Cats
concludes that with the present observational systems one should
not expect to produce a forecast with a consistently high

guality.

One of the major changes in the ECMWF system has Dbeen the

introduction of a spectral version (T63 - triangular truncation,

wlth maximum wavanumber 63) to replace the finite diffesrance
ne

modei (N43 - Arakawa C jrid with 48 lines of points between &

Y vvvvyy
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changes Will ©be described scelow -- these include +the swizzh in
29383 Zrom a finite diffarsnce to a spectral representaticn z2nd
introduction o0f tne so=-callad "senvelope orograosay'.

It folliows from items 2 and 3 in the previous paragrapn thacz
an assessment of the accuracy of the ECMWF system must also De
continually updated. Summaries of the ECMWF progress and problem
areas are best reflected in a series of reports of workshops and
seminars (ECMWF, 198la; 1981lb; 1982; 1983a and b}). Publications
in scientific journals tend to lag by at least a year (Bengtsson,
198la and b, 1982a; Hollingsworth, et al., 198%; Tibaldi and Ji,

1983). Bengtsson (1982b) reviews the problem areas in mediuam-
range weather prediction when the ECMWF was established in 1373,
and the operational status of the model in 1982. His report

emphasizes the <continual evolution of the ECMWFE system and the
need for future improvements. Over 30'changes were made 1n the
operational forecasting system during the first two vyears of
operation. A complete list of the modifications during 1983-81
are given in Appendix 2 of Niemenen (1983). An example is given
oy Simmons (1982) of a relatively minor programming change %that
resulted in a reduction in the systematic low temperature dias in
the model stratosphere. Cats (1982) points out that the
interpolation formula used in the stratosphere is not defined
from physical considerations, and changing from one formula to
anotiier produces widely different analyses. A more important
improvement in the forecast system resulted when the
interpolation between the sigma and pressure coordinate was based
on the analyzed increment instead of the full fields (0Oriol,
1982). Other changes introduced 1in 1981 included the
incorporation of the Australian surface pressure analyses as
oseudo-observations, specification of the humidity £from an
opbjective analysis versus a six-hour forecast, and a more

realistic topography (Oriol, 1982). Another simple change that

rasu.t2d 1in improved forecasts in the tropics was the (corract)
2se  of the wvirtual temperature in the hydrostatic equation %o
“ransinsrm %tne analyzed height to the model temperaturs (Cats,
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: clavaed an inmgeortant rsl2 in develcopinag £his  nore  encourazing
. SUTLICK. Thl3 SutcesSs5 3132 makes Lo reasoHonaols £ 2xamine the
N ooct2ntizl zZen=Ilts o the Navy of medium (3-13 Zdays) and exitanded
:fﬁ (23-15 davs. ranz= 2radicitions, even thoujn these pradicticas 3rs
- not s2t availacla.
As indicated above, tnhe measure of useful predictions ares a
iin function of space and time (especially seasonal). The users of
;-‘ longer range forecasts must be aware of the inherent limitations.
:. On the other hand, there is a considerable challange to recogniz=
g and exploit the usefulness of longer range predictions as they
fa voecome available.
4
S
[ 2.2 The ECMWF Experiment in Medium-Range Forecasting. It is
indeed fortunate that guidance for assessing the potential for
® medium-range forecasting is available from the experience cf thae i
. ECMWF ., This agency is acknowledged to be the leader in medium- i
t‘ range forecasting, and one is able to trace the development ;
ﬁ*_» a2ffort that was required to acnhieve this leadership position 7ia i
;'a many internal and external publications. Because of the likeliy ‘
' similarities in the steps that will be required to provide 2
medium-range forecasting capability to meet Navy needs, it 1is
useful to review the ECMWF experiment.
. a
Perhaps the most relevant overall impressions gained from a ;
raview of the ECMWF effort are: (1) A long-term investmant I
- people and resources dedicated to a single effort was requirad.
o The ECMWF was established in 1975 and the forecasts did not
¢ become operational until August 1979. (2) All aspects of the
g ECMWEF system (data-impact studies, objective analysis and
¢ initialization, numerical technigues and dissemination of the
:. ornduct)] have been scrutinized for potential improvements. In
most cases, tnhne impact of each aspect has Dbeen guantitatively
assessed Dby ECMWE with a detailed verification and diainostics
3 pacxkage (Arpe, 1381). (3) Several major ravisions 2f the model
:. nave Dbeen requirad to improve the product. Some »>f the majoar
[
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CARP  Atlantic Tronlcal EZxperiment (GATI). A X2y aspect oI =
w325 ©0 understand and imgrove the medeling of convecti -
relsasa. In addition, =zhe CATE ozZservaticans orovided inizial znz
verifying datca for numerical modeiing of the <tropical cirzulaticn
(Krisanamurti, et al, 1979). The First GARP Glopal ZIZIxperiments
(FGGE) also contained a strong Lroplcali component, Suring the
Summer Monsoon Experiment and Winter Monsoon Experiment, special

observing periods provided ennanced data collections which are
useful for testing tropical (or global) numerical prediction
models. The ECMWF is one of the few centers producing tropical
analyses and predictions on a routine, operational basis. Thus,
it is of intersst to see how effective these trupical predictions
are, and how the tropical circulations influence the guality of

midlatitude forecasts on medium time scales.

The tropical region is a primary source of heat and westerly
momentum for the global zonal mean circulation. Perhaps the
most exciting development in tropical meteorology in recent years

nas Dbeen tne understanding of how the tropics 1influence the

e}

uasi-stationary wavas in the midlatitudes (Wallace and Cutzler,
1981; Horel and Wallace, 1981). A teleconnection pattesrn that
has ©Dbeen associated with the theory of latitudinal Rossby-wave
oropagation can account for tropical influences reaching the
midlatitudes 1in less than a week (Hoskins and Karoly, 1981;
Aebster, 1981l; Simmons, Wallace and Branstator, 1983). Theres can
also De a tropical influence on the equatorward limits of deeo
midlatitude trougns, that is, on transient perturbations of the
midlatitude circulation. Haseler (1982) found that the larjest
impact in a small set (seven cases) was found when ‘tropical
features interacted with deep midlatitude trcughs. Modification
of the phase tilt of these troughs led to significant differences
in the evolution of the flow in the middle and high latitudes.
Finally, +the movement f tropical cyclones into the middle
latitudes 15 cited (ECMWF, 1981lo) as a cause of the relatively

poor performance of the ECMWFE system during September 13383,

Bdiad ol e il
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Paegle, 1933; Paegle and Baxer, 1983) . In the £first case,

tropical wind data are inserted as part of the assimilaticn <o
determiane the contribution to the long waves. Diffe
oresent in the initial divergent wind field are found largely
confined to the tropics, whereas significant differences in the
rotational wind field are found at all latitudes after 72 hours.
In the second set of simulations, the latent heating in the
tropical ©belt from 28 degrees South to 2@ degrees North is
suppressed. The purpose of this extreme test is to determine the
nature of the effect and the rate that this effect propagatss
into the midlatitudes,. The time scale of the response in the
tropics is less than 12 hours, whereas 72-129 hours are required
for midlatitude response. The response is a function of the
zonal flow pattern in a manner consistent with the theories of
Hoskins and RKaroly (1981l) and Webster (1981).

Several studies (Bengtsson, et al, 1982; Shukla, 1981; 3naw,
1981l) have indicated that the predictability of the tropical
atmosphere is considerably less than in the extratropics. Most
of the synoptic waves in the tropics have small amplitudes. Thus
the errors of observations are already close to the typical
variance associated with the synoptic waves. Because latent heat
of <condensation is the primary energy source for tropical
clrculations and the growth rate of condensation-driven
instabpilities 1is much larger than for extratropical instability
mechanisms, the predictability 1is expected to have a shorter
range in the tropics. Finally, the smaller horizontal scalies of
tropical waves and the embedded mesoscale circulations are also

consistent with a smaller predictability.

In practice, the estimates of useful forecasts rang2 from 3-

4 days (3B2ngtsson =t al, 1382) to 1-2 days (Heckl2y, 1333). 3Shaw
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alyses and forecasts during the southwest




{airien 4 TVHY L A% Oa S0 av

Hath aon 4

monsoon and the ncrtaeast mensccn.
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the forecasts ara nact 2ven as 300d 3s 2 »2rsistence fcrecasct!
The large systematic error 1n the  ECMWE  forecascs oI one

b

soutawest monsoon flow nave a numdber o2f similarities wiza £h

-
~1

British Meteorological OCffice simulations (Silchrist, 197

th
W

v
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Thers is a systematic reduction of the nondivergent mass trans
at 850 mb across the equator. The overall monsoon £f£low 1s
changed toward a more zonal flow, wlith a mucn greater
longitudinal extent than is indicated in the analyzed fields.
The 3-day forecast of the 209 mb easterly Jjet north of the
equator 1is also exaggerated. Shaw demonstrates that the low-
level £flow can be markedly improved by revising the topogranay
adjacent to the Arabian Sea and by changing the soil water
content distribution. Another serious problem 1In the early
tropical forecasts at the ECMWEF was the tendency to generats
intense grid point storms (Shaw, 1981). The rainfall
predictions in the northeast monsoon were frequently dominated by

these spuricus vortices.

Hollingsworth and Cats (198l) indicate that most of the
early ECMWF forecasts also exhibited problems in maintaining the
tropical circulation in the first few days of integration. One
proolem was that the subtropical anticyclones lost strength and
the trade winds diminished in intensity in the first few days,
rather than displaying the high steadiness observed 1in nature,.
The trade winds did increase to the proper strength around day
six. A possiple cause of this behavior is the &uo convective
scheme, The authors show that the vertical thermal structure in
the analyses |is abnormélly buoyant, and the buoyancy at the
unstable points 1is actually increased with time. Evidently the
convection scheme releases insufficient precipitation, except at
sinji= 3rid polnts, so that by the end of the forecast there

.

app=2ars t3 e 3 tendency ko concentrate the tropical convection

The DIMWE nas 3035 =esta2d a version of the Arakawa-Schubert

I S e =1 el T (iR '-_‘4"-‘."7;.
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Latent neat zarametarization {Tie=doxs, 13223:, In an expariment
witn FCGC8EZ Zdaca during Fsabrusry Marca 1373, ~ner2 was 3 L3rss
di1ffsrence in fhne simulatzed mean I13W 10 tn= %rzcits ané o =L
2xtracropics compar=d to the operacionac mode X209
Dparametsrization). Cevelopment 2f a strons ridje ovar the

eastern Atlantic and westarn Zurope seemed Lo e ta2leconnectsd L2
a more intense heat source over South America which is associaced
with deep convection in the Arakawa-Schubert scheme. However, it
appeared that the associated precipitation rates over South
America and Africa were excessive. The inherent tendency 2f the
Arakawa-Schupert scheme tc dry out the atmosonere led to smaller
cloud amounts. Thus, more solar radiative energy was absorbed 2%
the surface, more avapotranspiration occurred, and this Jdrovsa
moist convection. Tiedtxe found no conclusive evidence to favor

tne Arakawa-Schubert scheme over the Xuo convection scheme.

Hollingsworth and Cats (198l) also examine the possible role
of the nonlinear normal mode initialization scheme in causing the
systematic errors in the tropics. 1In the original formulation of
the initialization, there was a severe damping cf the large scals
tropical divergence field. To preserve the divergence in the
tropics, one may either include the diabatic forcing 1in the
initialization or reduce the effect of the initialization by
doing it on fewer modes. It was necessary to initialize vertical
modes 1 and 2 to eliminate noise in the surface pressure= tendency
during the 6-nour data assimilation cycle, particularly for th=
low wave numpers. For nigher wave numbers, more vertical modes
were included to allow a two-layer convergence/divergence pattsrn
to ©pe maintained. Although the above changes were effective 1in
the first two days of the forecasts, 1t appear=d that other

mechanisms became dominant and contridbuted to systematiczc =2rror

/]

growth. Hollingswortn and Cats imply that the initial divergenc

field 1s not too important, Dbecause the diverjence field
develops quickly during the forecast. This appears to conflizct
4ith the conclilusions of Xrishnamurti and Ramanathan ' 13851), who

o]

demonstrate that the specification of divergence and humidity &

Ui
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Rownrr=2 ~?33; nas 1sed tne Brizilsn Metecroloil
ncda2l 2 do saveral tests oI khe sensitivity to  la
oracesses. Surface alzcedo 1s of majcr impor+tance In

the absorption of solar enerzy. Other surface paramet
emlssivity and the roughness length. However, the mos
factor is the soil water content, Bengtsson (1982Db)

for medium-range prediction 1% 1s probably more import
the soll water or the potential avapotranspiration th
the wat=2r vapor 1ia the atmosphere! Rowntree fin
d2fined responses to planetary scale variations of

soil moisture, and to regional anomalies In soil

Jnfortunately, these guantitles are not directly obser

or
r
o
©
17
rn
rn
17
0
r
O

f anomalous scil processes 1s unknown.

Although instaoiliti=ss assoclated with <conve
ralease contribute to a raduced predictability in  th
Snui<ia (19231) maintains that 1% 1s the guasi-steady

opical neat sources that are important i1n aff
midlatitude <circulation. Since the guasi-steady h
respond £o5 sliowly varying boundary coanditions =
surface ‘temperature and ground wetness conditions

D0sslblie tnat the time-averaged tropical circulation

useful predictabpility. Althougn the ‘tropica. aim

deterministically wunpradictabcie after a few days, 1t

on the middle latitude circulation might e «catil

r’ prescrioing the observed structure and intensity of th
’ heat sources (Snhukla, 1981). Attempts to evaluate th
[ the midlatitude «circulation by relaxing the predicte
t fields ‘toward the analyzed fields have been made
;. (1381l) and Hasaler (1382), It is clear from these
t that 2 ©settar understanding of the mechanisms 5oy
: midlatitad2  cClrculatlon ra2sponses Lo the tropical

f necessary, ©0eT3use  someklmes the response is nejligl
¢
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troplcal pradiction {s2e introduction £o ECMWE, 1931n) is an
indication o©of the need for consideraole research and develsprent
ln this area. It is clear that predictability of the <ropica
circulation 1is less than in the midlatitudes. It may ©De true

that new measures of the predictability, or the usefulne

]
n
~
O
n

the tropical forecasts are requirsd. Anthes (1383) nas recently
made such an argument f£for mesoscale predictability, and some of
nis suggested measures may oe useful £for assessing troplical

oradictanility.

Z.6 Qutlook for Extended-Range Predictions. It 1s only recently

that comprenensive dynamical models have been applied to

r
1)

!
problem of predicting short-term climatic variations (definad to
be periods longer than deterministic predictions are valid). A
ploneering effort was the attempt of Miyakoda (1972), which
stimulated thne planning for the FGGE and also constituted a vary
important impetus in setting up the EZCMWE (Bengtsson, 13382n). A
more common approacn to forecasting beyond the deterministic

range has Dbeen statistical prediction (see reviews by Nichclls,

it

1983; Namias, 1931; and Namias and Cayan, 1381). In a recen

raview of botn approaches, Barnett and Somerville (1383) sugse

u
(a3

that a blend of statistical and dynamical apprcaches will ©De
necessary for the short-term climats prediction prodblem.

There have Dbeen severa. '"brute-force" 1integrations o>f
32neral clirculation models for extanded periods. Spar, et al,
11374, 1973) and Spar and Lutz (1979) applied the Goddard
Institute £2r 3pace Studies model to 3d-day forecasts. Althousgn

the 3Jlobal or hemispheric predictions had some skill relative >
~limatolo3y, the r23ional ancmalias were not well predicted.

t ots to test dynamicilly the effact
S . Gilchrist (1977) 2lso

2
ts in attempting forecasts wilth the
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s
a., (1383) nave made =2xperimental 39-dayvy pradictions wi:in 3

everal
jeneral circulation model versions. Differant numerical ma2tnods
"spectral wversus finite difference), resolutions and tr=atments
of the paysical processes were used. The most successful

forecasts were with a high resolution model with relatively
advanced Dphysics. Altnough the major Dblocking event during
January 1377 is clearly a special situation, it is encouraging %o

nd  that sopnisticated models appear to be capable of extended
{(13-15 days 2and perhaps 33 day) forecasts in certain conditions.
e noted that climatological sea-~surface temperatures

t t
wer2 used in these predictions.

Miyakoda and <Chao (1982) distinguish ©between free-mode
anomalies that will result even if the external forcing |is

specified from climatology and forced-mode anomalies that result

a1

from non-climatociogical forcing. The larger the fraction cf %he

oY
r

mospheric variapbility that is associated with the free modes,
the less favorable the outlcok for extended-range forecasting.
AsS we have seen earlier, 1f the internal instapilities determine
the atmospneric variapility irrespective of the surface forcing
conditions, the growth rate of the errors will be so large that
there will be limited predictability. Egger and Schilling (1983)
examine <theoretical bases for estimating the errors in dynamic
model extended forecasts. They state that even a high resolution
model can not provide deterministic forecasts beyond several days
(it should ©ope emphasized that this statement applies =0 a
baroatropic model wltnout surface forcing). Due to the
unpredictabls nature of the scale interaction in this thecry,
they conclude that there is little hope for satisfactory skill at
2xtended ranqges {say 15 days) with a dynamical model. Cn the

forcing assoclated with events such as

tne Southern Tscillaticn definitely contributes to the generation
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2xtended-range or=2diction nd more 2
tne "potentially predictable" component to the "predictaslis
signal". In nis terms, one attempts to minimize the diffsrence

between the effective noise and the estimated climate noise,
Madden and Shea (1978) have estimated the climate noise as the
natural variability of the monthly means. They show that thers
is large seasonal and geographic variability in these estimates.
The potential predictability is the ratio of the interannual
variance to the climate noise. According to tnis definition,

large areas of the midlatitude ocean have no monthly potential

predictability. If one can apply these estimates to the outlook
for extended-range forecasting, this result has important
implications for the Navy. Shukla (1983) has recently disputed

Madden's estimates as being too pessimistic (see also the reply
5y Madden, 1983).

Shukla (1981l) nas provided a more optimistic estimats 2f %he
predictability for extended forecasts of mean gquantities. He
made nine 33-day integrations which differed only in the initial
conditions. The effects of different observed initial states
were larger than the effects caused by adding simulated
obsarvational errors. Shukla concluded that the planetary wave
scales were potentially predictable for at least one montn.
Miyaxoda and Chao (1982) also report a comparison of 30-day runs
with three slightly different initial conditions. The model
skill estimates begin to spread considerably after 19-15 days, so
that one could not be confident that a single realization of the
initial <conditions would give an adegquate 39-day forecast. One
might consider a Monte Carlo type cof approach with an ensemble of
different initial conditions. Leith (1974) has suggested that at
least eight samples would be adequate to establish a
statistically stanls result. This is «clearly an expensiva

proposition if 2 sopnisticated model is to be used.
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Milv/axkcda ani Zhac F2332) damonscraca tne incr=2asad
orediztadzility ©f %ime-mean values realativae to pradictiosns 3t
discrate intervals. As nad earlisr Dbeen demcnstratsd oy
Smagorinsky (13963) and Gilchrist (1377), +the predictability Iis
raised as the averaging lengtn 1Is incresasad. Net cnly 1s  tnhe
root-mean-sguare error decreased, but the score is also improved

in terms of correlation coefficients. The use time-mean

well estanlished
An

values 1is in practical

method

applications of extended

forecasting. averaging called lagged-averagad

forecasts has recently Dbeen provosed by Hoffman and Xalnay-Rivas
(1983). In this case, a series of forecasts verifying at the
same time 3are sunjected to a weljnhted averasze 35 an alternative
“2> tne Monte Carlo approzach descrised above,

To close this sectizn on a positive nots, there are strong
statistical and some dynamical modeling studies tha- demonstrate
the infiuence f extsrnal forcing e@specially tropical sea-
surface t2mperzatire 3n-m3IllS3 N o3nTro-term -llmate varlaollify,
Saux.z L3731 135 noTe il st ositiitiznal SrediToaslility sasuli e
asscciat=d Witn o these Loiary o .rIings,  at L2235t fr the titne-
mean SircJal3atIilnd Lnotow our R Jharneys 3ancd S5nuxk.a, ~3381). A
successfisl  s3imulazTioin o : nT-LoixXe TondloTicns Dver  Northeass
3razi. SENIC I RTR: Rl AP T or Tlr-iny nas Zeen  reportoed
sy Moura ani I ‘- g an i JemInstrata23 0 that
Lmproed iynmamoT - - R 3 orrsalT Irctm TiTme-
iepenisnt 32a-3.70 0 e Cor , Then Couniel 3Tmosoh2rio-
s2cean models Wil - T T S, Todels will reguire
considerazion I numer o 1iiinonal factors Zdescrined oy
Z.soerry, =2t a_, 2332 3nd Fousvmond, 2w oal, 1333,

The EZIMWE 13 L1221, “ 15327 3 Lez3dersnis o roale 10
experimental 2xtended forecasts Cas2d o dynamical rmodels. wilth
the =naancement I Ynelir TooDuterr re:50.rTE5, 3 DLin 13 sein: male
ts  regalarly  2xZ=nd S orediTolins 20 Dernans 3 davys 3.
Tizpaldl, perssna. ~Zommeniz:ti.n . This ~1ll provids 3 larze sas
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3 the practicality and usefulness of

days. Again, the Navy may 2eneflic by using the experiance oI ths
a

suide.

2.7 Summary. The primary results of the review of mediam and

extended-range forecasts are summarized as follows:

a. Predictability studies have indicated that there is an
ultimate 1limit to the period of deterministic forecasts. This
limit 1is a function of the synoptic situation and thus will be
different from day-to-day, season-to-season and region-to-region.
A particular example is the marked reduction in predictability of
the tropical circulations, 1if the predictapility is measurasd in
terms of the root-mean-square errors as is commonly donme for
midlatitude circulations. It has also been demonstrated that the
predictapbility of the planetary scale waves should be greater

than for the synoptic or shorter scale waves.

o. The experience of the ECMWF in making l3-day £forecasts
nas led to considerable optimism for accurate medium-range

forecasts in the midlatitudes. This experience can serve as a
useful guide tc the Navy in providing a medium-range forecast

capaoility.

c. The length of useful ECMWF forecasts has been steadily
improved in recent years. Although there are situations in which
tne forecasts are marxedly less useful, there are also extended
periods in which the midlatitude forecasts remain useful to 19
days and ©beyond. No method has been developed and tested to
determine on the basis of the l-day forecast error whether the
medium-range forecast will be good or bad. Since the error
growtn depends on factors in addition to observational errors, an
excellent 1l-day forecast dces not guarantee a good medium-range
forecast. It does appear lixkely that a poor l-day forecast Jdus

to an improper specification of the initial conditiocns will have

Ty




37 InCTre3sInIly L3arI2 2rror witn time,

3. The  accuracly >I the ECMWE forecasits In the Nortnern
demiscner2 1S a3t le2ast one day 3Jreatar than 1n  the Southern
demispnsra, This dZemonstrates the importance of an improvad

+
(@]
3
W)
3
(63
fu
n
W

observati £or improved medium-range forecasts. Furtner
improvements 1in tne ooservation-analysis system would result in

additional gains in forecast accuracy.

e. Systematic errors in the numerical model are one of the
largest contributors to medium-range forecast error. It follows
that identification and reduction of the systematic errors should
have a nign priority in the effort to extend the length of useful

forecasts.

f. Systematic errors in the model are particularly damaging
for trooical forecasts. The drift toward the "“"model climate" is
particularly rapid in tropical regions., Not only does this drift
cause large systematic errors in the tropics, but the predictions
of the long wave structure in midlatitudes can also be adversely
affected oy tropical =errors within 4-7 days 1in certain
situations. It appears that considerable research on convective
neating and soil molisture parameterizations 1s required to

improve tropical £forecasts.

3. The possibility of useful extended-range forscasts Dby
dynamical models has only recently been proposed. The optimisticz
view 1s that there are some situations in which the predictions
of the planetary waves may be useful to 1S days, and pernhaps to
2ven 3J days. NDutlocks in these ranges must be based on time
avarajzes of the predictions and the guidance would te directed to

reginsns rather %than specific locations.
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SECTION 3. USES FOR MEDIUM~-RANGE AND EXTENDED-RANGE NUMERICAL

FORECASTS
3.2 Introduction. Longer-range forecasts have 2een praparad Isr
a numzer 2f years oy the National Weather Service {formerly the
Weatner 3ur=au). The extended forecast branch of that service's

National Meteorological Center (NMC) was preparing a manual "five
day series" synoptic forecast sequence three times per week at
least as far back as the early sixties. Periodic fifteen and

tairty day temperature and precipitation outlooks were also

prepared by the same personnel. Over the years determinist!:

numerical model guidance has played an increasing roie in such
oroducts - first out to f£ive days and now out as far as ten,
Reflecting this trend, the extended forecast branch has Ddeen

absorbed within NMC's Climate Analysis group which now prepares
monthly and seasonal (90 day) outlooks. Responsibility for three
to five day temperature and precipitation forecasts and also for

six to ten day temperature and precipitation anomaly predictions

O
th

1s now assigned to the Forecast Division. A useful summary

n

long-range prediction procedurss, including the applizations o

n

NMC  3-5 day, 6-19 day, 3@0-day and 99-day forecast products |
given Doy Harnack (1981). Such products serve primarily the

reater public interest in the fifty states. In addition to radio

2

and television public service applications, considerable use 1is
made of such material by agriculture, energy (including public

atility) and construction industry interests.

It 1s of some interest to consider what uses have been mads
of the ECMWFEF 1@-day forecasts since the products became available
in  August 1979, Many of the comments below are Dbased ¢n
interviews with ECMWF personnel during August 1983, Two
categories of ECMWE Member States (the 17 mostly Western Turopean
nations who sponsor and fund the Centre) are evident. A few

Memoers (for example, Germany, England and France) have extensive

2xperiance in numerical weather prediction and have +heir o2wn
3o0phisticated snhort-range prediction models. These Members tend

-
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ccndiTisns 3zt s=2lactsed s5iltes, IT 3ope3rs That Tals Ls oZne W
cnat ICMWT Zan devaelos intsrast 1n thelr oroductz and lncrzasc:
TusSTImer 3TC=0nance,

The TS5aF Clobal Weather lentsr at DIffutt Alr Force Zass
orepares detailed medium-range (14 day) forecasts oI "sensizlz
weather" for several Northern Hemlspnere locatlions put the skill
~f these has not been objectively evaluated.

The Navy's ootential Dbeneliits from medium-rzange and
extended-range forecasts ars wv=2viad and pg2lentiful, oput the
raguirements for sucn longer-ranzse forecasts  ars 3t s=est
understatad, The Latest Annual Status Repcre of
Oceanographic/Meteorological Reguirements (CBNAY 316d- 2az=d

ni
3) summarizes 7% meteorological and 73 oceanojrashic

ts submitted by end-users of forscast products, sucn

as the Fleet Commanders in Chief. Only six of these state or
strongly 1mply a requir=ament for longer-range pradictions. Jne
N

1
ET 77 13) addresses improwved accuracy and resolution 2of
sy nootic and mesoscaie wind for=casts for aircraft carrier £lizns
olanning. The subject of LANT MET 31 98 is improved long-rangs
weather and communication path reliability forecasts, and 35320
MET 32 937 suggests extending the forecast period for SLBM (sea
cned ballistic missile) support. Two reguirements (PAC O2CEN

n
49 and LANT OCEN 89 17) discusses tactical (detection/counts

r

dertection) rsuting for wartime convoys and task groups. NPOC MIT

3. 391, Dby addressing development of ice forecast models for tha
poLar r=gions, presuppnses some medium-range skill in forecastiag
epper boundary ccnditicons £o2r the ice models. The remaining 152
raguilraments <yoizally address improwving the orecision and
Dacx231ins 2% shorter-range nradictions. The Naval Oceanogracny
Command Mii-Panze Chjectives  1289-1999 dated 31 Marzn 1387

tar3i=2%ts 3 <Tapaosillty to "increase forecast accuracy sucn  thats
3<1.. fan advantaze over zlimatoriongy or persistence) 1s  realizad
ittt 4-3 Zda2vys oy 1333 20l to UJ-13 days by 1335, but proviies
N3 furtaer 2137235350030,
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occurrence of two loosely corr=aslated events (for example
freezing ‘temperatures and winds greater than “wenty
<nots) the likelinood of the compound event may/ 3D

difficult to establisnh. A sixty percent expectancy of
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chance oI ice accration {the stralghtfosrward ccmpound
propbability) since the two conditions are not fully
indeoendent. The second c¢omplication 1is that some
compound parameters are weapon/platform/systenm
characteristic dependent. Trafficability, as indicatad
in Table 3-3Ll, will depend on the wvehicle involved (i=s
w21i3nt, laad, and tiras or Lracks). "Iced-in"
susceptinility which in the fall of 1983 was very nign

for the Russian arctic fleet, will depend on hull type
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and power as well as on winds and temperatura.
operational considerations if "programmed" will regquirsz
operational system <characteristic data not presently

avallaole at ©NOC or the Ocean Centears.
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raguirzre oSojective, Juantizative ZeferminzTicn,

BN sunsacTive descristox Nill Z=rive from Lery
imprecisels foracasting Zhne Lixkely vaLo2 20 3 varizcls
and %hen fl:ting that va.uas 1ato 3 zanl2 2L v3llis r3ni=s
wnlzch =2guat2 2o 2n adjective descriptor. Tor 2xamdl2,
suppose the model varlabiss u and v corrasponéd 2 20
absolute windspeed of and Dpast

verifications

t0 "st
winds",
Not al

somputed Sy Lne

weaktner

12 meters per second
e

of previous forecasits have est

a
three metars per second.

some confidence level i

AR .

2 In the

b
[
¥

t
0

o!
vicinity of 13 cto 203

3 t2 13 m/ 3}, cr Beaufcrt force five to force
This iaformation could then be further conversed

rang winds" {as opposed, ©perhaps, to  "lisnt
"gale winds" or "storm winds").

1l of the weather parameters listed arsa common

tlc variaoles, For example: oniy wing,

ture  and large scale precipifation ars dirsctoly

NCGarzS forecast model. Any visibiliuty
oud predictions must result from some probably

the distribution 2f

within mcdel

calculations based upon

{(mixing ratio) time and space.

i5 a function of the ‘temperature

o3

wn

type parameterizations, u

)

T

clearly reguirs the 0f Model

to

use Jutpu

technigues estaplish obiective,

rr

ationships obe%ween the model's forecas

but

[—

the desirad, unforecast, "sensiole

1Y a choice is made to relate certain condi=ion
Daramet=ars to zTlimatoioglical avariages then it Dbecores
neces3ary; o Know what the "normal"  temperatire o
precizitazian valzes 3re, as well 33 wnat departara
3-16
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BASIC PARAMETERS

3torm Track Stormiress

Zlouds  TUe, ENCuUnT, Tases Zloudiness
and ors)

ization {zvre and rate Ralniness,Snowiness, Tryness
)

Jisibiliey Clearness/Haziness

PARAMETEIRS
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Mcdel varlasles ara zuan<tizztive and anzllzzcizn o o

2d menz2rs cer sa2cond, 27J Zezrsss k=Loin Jondition SarzTeTEra

3r=2 Jaall=zative and oftsn zpolictziicn Zeroanlians Izl wNLInIs,

moderate ice accretion). Weatn=r Tend o z=

jsantlzative and app-lication orisntad s.rfiszcfe winids 2T T 43
xncts, temperaturss in mid-twenties!.

Model wvariables may be distributed in grapnic "weather map"
form for use by the "forecaster" but they are seldom passed on T2
the operational "consumer" of the forecast. wNeatner parameters

re wusually derived from model outpuft by the "prediztion systam”
softwar=, then distriduted to the "forecastar" and, somebtimes,
distributed directly =o the "consumer". Conditicn param2t2rs ars
prasently subjectively derived by the "forecaster" from ancd2l
variables or from weather parameters. Since most fcocrecasts ara

now short-range and since most short-range forecasts are weather
parameter oriented this situation 1s very satisfactory. However,

it 1s expected that condition parameters will dominate longer-

range focrecast products. This has certain ogerational

implications for the Naval Oceanograpny Command whizh will ce

discussed in Section 4 of this document.

Table 3-01l 1lists the most commonly forecast basic weather
parameters and their condition parameters counterparts. Also
included for discussion are examples of compound parameters.

Some observations concerning the parameters:

a. The "-ness" endings on the condition parameters properly
imply a qualitative vice guantitative evaluation, for
example rough versus smootnh, windy versus calm, etc.
These descriptors of course lead to modifiers such as
very rough, mostly calm or unseasonably cold. But such
modifiers In turn presuppose some objective way to
distinguisn between rough and very rough, between
seasonably <o2.d and unseasonab.y cold, Thus our

supjective, qualitative condition parameters ultimately
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2ndertaken 2y the navy are sudject td the special nhszzards oo
= 2 £ S - - meyoger
3235, s59rl, sSUDrI=S anc sa.tT sD2rav.

Zeremony Dlanning 1S a non-trivial consideratiscn at  mese

nzval stations. Regardlisess ©0of the occasion - VIipPp visit,

perscnnel 1iaspection, <change-of-command - the location mus:t T2
chosen well in advance so invitations and schedules can =©e
ed, so canoples can be erected, bunting hung, public address
equisment rigged, etc. Reliable medium or extended-range
=] ts <could preclude prescribing an inappropriate uniform or
2tdoor location, and avoid rerigging at the last minute or
uynnetessary 1ndsor a2nd outdoor platforms "just to be safa'.,

The substance and form of lconger-rangs

9)
~
2]
)
T

1]
0]

tended-range) forecast products should Do
substantially different from the familiar short-range products.

range product will be less specific as t

time and place, will be less categorical and will be statad in
terms of dervartures {rom normal rather than as c¢hanges <from
"eodav", Tor  =2xampl=2, a saort-range "NAS Norfolxk: cloudy,

zeiling lowering to 1339 feet and winds increasing to Neortiwesst,

25 xnots in early mcrning, 1ow temperature 28, tomorrow's high

in mid forties" might be comparad to a longer-range "Western
Atlantic: gaies likely at mid-week, temps near normal. End-of-
week clearing with winds and temps well below normal”.

3.3.1 Parameters, For this discussion a distinction is made
cetween: (1) forecast model wvariables (temperature, wind
components, moisture and height) which apply at a model
coordlinate after a specific integration time step; (2) weather
parameters such as point-in-time-and-space vector wind, or

precipitation accumulated over a period of time which are derived
directly £from model output; and {3) model output relatsad,

AR

operatinnally ori=nted condition parameters sucn as storminess,

17i

3
\

ess 2r trafficaonility.
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application. Nhen to secure steam for the season is a regular
guestion each sporing at larje naval bases. When to shift to tnhe2

' summer (or winter) uniform is another whicn involves comfort and

' morale. When to schedule an overhaul on a peak-load or standby

L

’ air conditioning compressor is another example. An early aiert as
to when the motorpocol should e winterized would also Dbe well

- received.

L . . . CL .

Zonstruction prosects - 5rading, pailnting, underground cabdble

23y1n3, #tt. = are »ofren scheduled well in advance and are more
2351.y 3and =2cinavmizally rescheduled a weex anead than a day
anead, Nat=r31de and underwatar construction projects so often

®

. 3-12
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2r scmething similar, Temperaturs and 2racliplitation 029120%Xs ara
neipful when scheduling loads and sftfloads, I not done at 3an
estanlished supdly case or depot, appropriats temDorary

ayside or deckside storage may have £2 be prearrangad. Ice
or freezing conditions can oresent a personal safety, as well as

a gquality of goods, nazard. Unseasonadle heat can incrsase air-
conditioned storage 1loads or cause Dbreakdown and perishable

losses.

As mentioned earlier, underway replenishment usualily
involves several units and days-in-advance scheduling of time and
place. But also involved is the scheduling of order alongside
and time alongside so that requisitioned <consumables, spare
parts, mail and movies can be properly staged and expeditiously
passed from ship to ship. High winds and seas and precipitation
present hazards and cause discomforts and delays which should be

avoided.

3.2.5 Shore Facility Applications, Several shore facility

2

apolications nave already Dbeen mentioned under ‘training and

but others are eqgqually capable of benefitting from

~

supply
£

skillful medium-range or extended-range forecasts.

Ener3y (power and heat) requirement forecasts are an obvious

T T——m




orodlam  Is  presented by cocrdinated, nmulti-command, 33iat  or
combinad tralning =xsrcises. Tnese ar=s 2x2rcisss  wnsrs e
tne staging expenses and transport ¢osts are  sunscantizl,  and
whare tne Lexlbility in operating arsa and rendezwvous zolnts
choices is extremely limited as start time approaches.

Permission may Dbe required to use particular civilian or other
country airfields or port facilities as alternates or staging
areas., Air and sea navigation advisories may be more numerous.
The safety, comfort and favorable impressions of VIP observers
may well be involved., A few hundred miles adjustment of a firing
area or the rescheduling of an underway replenishment, whicnh
could easily be made 1in the medium-range may decome 2

cancellation or an embarrassing delay 1f only short-ran

Wl
O

juidance is available.

3.2.4 Supply and Logistics Applications. Here the subject 1is

what gets delivered, where and when, and by what means. Again,
the options and economies possible in the medium-range often

disappear and become mere ways to cope in the short-range.

when Friday's arrival becomes Saturday's overtime it woulld
oe better to know 1t on Monday than on Thursday - especially when
destination rather than enroute winds are the «culprit and a
Friday night lying-to offshore could have been traded for a more

comfortaole or economical voyage.

Arctic and Antarctic resupply is sea-ice sensitive,. The
ability to correctly forecast an early freeze or late Dbreaxup
using longer-range wind and temperature forecasts would be highly

useful.

The loading or offloading of nuclear weapons is a highly
coordinated and 1involved procedure for which days-in-advancs

scheduling is required and "good" weather is always desirad.

Many items of supply are labeled "store in a cool dry placa"
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Convoy routing submarine threat could benefit indirsctly

from longer-range atmospheric predictions wnan the results  of
such pradictions are fed into ocean models. In Recsmond et a3,
1983) it was concluded that "the greatest improvements 1in
( ir b Py

upper-ocean prediction will be achieved by improving the surface
fluxes produced by the atmospheric models" and that "an immediate
improvement in the prediction of SST (sea surface temperature)
and MLD (mixed layer depth) ... on time scales of 15 days or

less" would result.

3.2.3 Training Applications. Training activities are nearly

continuous 1in the Navy and are large items in every budget.
Except for «classroom training, such activities are highly

sensitive to environmental factors.

Much unit-level fleet training is conducted 1in specific
beach, coastal and offshore areas which are subject toc assignment
and substantial controls for safety and efficiency r=asons.
Areas (or subareas) are assigned well in advance (several days to
a weex), schedules ars pubdblisned, and required services, such as
tug~towed targets or tracking aircraft, are arranged. Assignment
of areas (north or south, deep water or shallow, long transit or
short transit) 1is £flexible when "next weeks" schedule |is
prepared. However, when allocations have been made and notices
to marines or airmen concerning ordnance firing and other hazards
nave Dbeen issued, it becomes difficult and expensive to maxe
changes. Ther2 is nothing more frustrating than to depart at
first 1light or steam all night for a ground-to-air gunnery
exercise and then find the ceiling or visibility below safoty
minimums, o2r to schedule a full-power ship trial and find seas
too rougn for (% to be carried out. The ability to confidently
oick the most 1likely areas and/or the acceptable days for a
particuiar type of training "next week" could in itself justify a

majnr itavestnant In longer-range forecasting.

A similar Dbut potentially more expensive and frustrating

R




€0 infer

journey -
start=2d in £

t toward trouble or onto a radical, £fuel wasteful diversion to
avolid mid or late voyage problems). The ship router 1is most
interested in probazle storm tracks and prevailing winds - the

first to avoid serious slowing cr damage and the second to
recommend tracks which provide following seas for general fuel
economy or head winds and favcrable seas for economical enroute

flight operations. Transits are monitored and later forecast

aber S aies o v s

and guidance are used by the router to either adjust the track
F. away from more hazardous or impeding <conditions or to taxe
advantage of more favorable forecast conditions and shorten the

distance travelled.

[ Beside the basic 1least time, least fuel, no damage
‘ considerations in transit planning, there are other environment-
& sensitive elements to consider. Flight operations were mentioned
. earlier. These require at least ten knots of headwind, or the

carrier and any escorts will have to use excessive speed or
reverse course to obtain sufficient wind relative to the £flignt
deck. Either action is very costly in terms of fuel. Besides
moderate nead winds, flight operations may require choosing a
track close enough to an air field for use as an alternate. An
example would be to choose a track within a few hundred miles

north or soutn of the Azores.

Replenishment and/or training enroute can require choosing
rendezvous times and points and exercise dates and areas several
days 1in advance depending on preparation and transmit times for
other participants. Wind and sea conditions can be favorable one

day and not so the next, or they can impede the progress and

delay the arrival of the participating units. In many cases the
ability to <confidently choose the least stormy of two or three

alternative days would suffice.




factors and fiel cavacity. FTiei ltself 1s ilimitad oy deport 3:scK
on nand and budgat considerations and similar limitations 22007
=2 other =2xpendadles such as sonoduoys and pathythermcgrapns,

Xnowing that high winds and seas associated with a storm
will affect an ocean area in five days and will npersist, a2
commander would be able to assign extra assets 1in order to
localize a potential threat before the stormy period arrives,
Likewise, a forecast breakx in an extended period of gales could
permit planning an optimum time to concentrate search assets in

some other nigh interest area.

Ocean Survey Scheduling. Ocean surveys often cover large

areas and take many weeks or even months to complete, The
effectiveness of both deep ocean and coastal survey operations
could be increased by fine tuning schedules based on accurate
medium and extended-range forecasts. Wind and sea forecasts
coutid determine which side or sub-area of the survey arsa should
ve done first for maximum equipment efficiency, crew comfort and
safety. Medium-range forecasts could determine when surf and
visibility would be best for placing a survey assistance party

ashore.

3.2.2 Transit Applications. Optimum Track Ship Routing (OTSR)

or simply "ship routing" is perhaps the most obvious application
for medium or extended-range products. It is also certainly the
Navy's most regular user of available medium range forecasts and
2xtanded range guidance. Though it varies with ship type and the
ports involved, most ocean crossings at an economical speed will
ake one Lo tWwo weeks, The expected envirocnmental conditions
(principally winds and sea conditions) along a set of alternative
routes are used to prascrine a "recommended track" 36 to 48 hours
prisr t3 the 1ntended or recommended departur=s time, Thus 23

five-day for=2cast (the longest now avalilaole from FNOC) is used
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deach 15 highly weather sensitive. This was true in N

in the Falxlands., A hurricane «could have easil,

tne

preassault guestions raguiring medium range guid
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3 Zamaze 153 3.s5> niflienc2d ooy w2ataar, TeIlisiIns 3300 T

~h2r2 3nd wWhan suTn r=cTonnalisszancs snooli e fltwn 21zlascs

Tar32ts wi.l alsc dep=nd on for=cast Tuer-ziarist CLtiiinzss
1s3iziliny.

Assault Planning. An ampnibious or airborne assauls zver 3

—

.
Vo
3
or
V]

Independence's %transit to or from Grenada. jop

joy)
o
(3
(3]
3

wnat sucset of possiole landing areas Wwill o=

-~J

sheltarad from wind and sur?f

Where should equipment be prepositioned and when

oe preloaded to ensure safe arrival?

Will neavy equipment bde transporta2d by Landing
aitrlifced asnore?

rfarad wishn
Xamplas 5 €
nclzle:
“he TS
snould i
crafe Sr

N1ll near-beach terrain be trafficable for all venicles?

Must equipment and personnel be protected from freezing and

frostoite?

Will winds permit precision airdrop from an

altitude?

Are rain and/or fog likely to provide cover ({or

navigation and communication)?

acceptable

Undersea Surveillance Planning. Limited assats are

availablie for detecting, locating and classifying
2

targets in mui=zi

and

le, larze, high-threat, ocean areas

ships avallable for search and localization are

subsurface
. Aircrafe

1imitad in
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Arrival  croozolilie mzs zZe IZlif=2rant
Jgnmannes3 TeniITLe —nan oz 2 mzanned =2
navizasi:n 3,57="3 1ns-all=2Z, zassiv2
measurss, 27T, Zlz:din233 3nd precipltasion
cover and incr2i3e Lixk=alinced oI arrival for one
but cause anizn2r system tO Loose lts way.

Celivery oropability will vary among guidance systems 35
thelr sensitivities to target area cloudiness, wvisibility and
temperazir=2 varvy., The effectiveness of enemy defenses may »r may

n cffsetting direction.
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In tne  case of manned dellivery platforms, probadility of
rezovery S3r ansther mission decomes an important factor., This
i3 inrfizenced 12y weather enroute to and at the post-strike
recovary s.t2 {(Wwhlch may be an alternate).

The £inal choice of penetration and delivery tactics (for
2xamsl2, Jammers and altitude) and maybe even choosing Detween
orimar; 2nd alsarnate targets or recovery sites can all awals the
ore-iauncnh, snort-range weatner forecast. But, several davs to a
Weex Oor more in advance, when deadlines arrive for <choosing

oetwesn possiole launch sites and for prepositioning ordinance
and delivery systems, medium-range forecasts with skill better

tnan c¢limatology <could substantially increase the prospects of

launcning the right vehicle, with the right weapon, from £he
right location against the right target.

Reccnnaissance Scheduling. Aerial or space reconnaissance
to locate and confirm targets is f- uently desirsed as late as

possiole before some future date. A photo taken one day before a
strike may be best, but one a week old is better than ncne at
all. Medium range forecasts must be used to determine the latest
likely period wnen cloud cover and visibility conditions will be

azc

1

otable for a given mission.
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3.2.1 Missicop Planning Apolicztizns., Tz olaT2 <Tnl3 TETecIlzvoLn
2=2rsgective one should distinzaisn lons-cTerT TIssiin S lznning
Zrom nsar-%a2rm o.3sion D.3annias. The Isrmar 13 Zine Tonsos Tr
2ven years 1n advance. Various 22tions and tonTinIsnciss zre
consider=ad and welghted according 2 tne 2127172 I13<3 3nd
Dropaoiiities of success. Znvironmental factors 11 lIn3-rEncs
olanning are Dbased on climatological <frequencies, means and
extremes. As the planned or Droposed mission executicn Zate’s

apocrtach  t2> within a few days or a weex or twWo, Oor as a iluan
centinzency zecomes mucn more 1lxe2ly and 1mmedlate, lang-ranze
olans ra23gulr2 near-t2rm  tuning. This near-tarm olanning
tysizally invotlves  2liminatins the nizh=r risx ozeicns znd
inTr243in3 53.2I235  2xDectancy. This 1s when ©he n2a3ar-tTar-
Dlanner 2233 o XncwWw w~aicn direction the "weathers'" departors
from nacrmal Wwill ta2xe and, if possible, some 2stimat= oI <tne
magnitude. wearly all high risk, non-routine missicns c¢cu.d
oeneflt from skillful medium or extended-range foracast

. ,
Otner mor2 routin=2

scelow are typical.

missions  Llxe transits and resupp.y are treated  separztely 10
2at2r zarazraphs.

Target Assignment. Long-term strike planning involwves the
delivery of a mix of weapons on a mix of targets with a mix of
delivery platforms traversing a mix of penetration routs=s,

Propapbility of success is determined among other things by using

climatology to assess the probability of launcnh (take-ocff weather

sensitive), probability of arrival (enroute weather sensitive),

and probability of weapon delivery on or sufficiently near the

target (target weather sensitive).

Launch probability is obviously different for a fixed-site

missile than for a carrier launched aircraft - especially when

one must consider the provability of the carrier arriving on time

at the intended (or at an acceptable) launch point. Storminess

anroute2 to or at this launcn point can be a significant factor.
3-5
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Jhls L2tk i deczilesd rszulrsments r=flzcts oz natira
—2ndancty  Io noT rsguest Tnst i3 considesred Cnavallazlis
The ogerational fcrecaster wac Wwlitnesses and Zemands InTr=zsin
snort-range forecast skill may not realize %hat such 3 Capscsil:ict
may portand some acceptanle sxill in a medlam-ranse sroducs
Publishing this study and presentations to senlor Nawva. OJTfficer
regarding the al availability and appillcations of medi:m

cotentl
snou

cr
o0}
ot
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3
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ot

range forecasts should lead to new and more definitive s

2f requirsment.

This section discusses a number of longer-range £0orecas
applications as well as the parameters involved and the fzrm scco
forecasts snould prooadly take. Benefits to be derived ar=z als
discussed.

3.2 Applications. Practically all Navy operations and function
contain weather-sensitive elements of risk and involy
aiternatives which are influenced by environmental Zactors, Dbu
not  ail  of these overations would Dbenefit from medium-ranze 2
extanced-rance foracasts. Today is obviously soon encuzn ot
concearn urselves with possible alternates, with enroute wind

0
and temperature and with the resultant fuel load for a <crass
1

country flignt planned for tomorrow. The operaticns an
2vclutions which can most penefit from longer-range forecasts av
tyolcaily those of 3 long duration {(for example, a transccsa
soyage), those involving complex preplanning and, c
prepositioning (for example, a joint or combined exercise), thos
wnich are nighly discretionary with respect to scheduling "I
exampie, A2 htaxiway resurfacing which could be dcne "anyitime i
montn") and those invoiving larje elements of risx t> personne
and/or property (f£o2r e2xampie, 3 space shuttle mission). Sul
appilizatlisns  arse diszuss2d belorw and droadly  -at2gorized,
some ~-asss,  however, the Tis2ggry 15 rather araltrary since, f
=xampl=2, traiainy today W3y e wirtits Mission DLAnDINT SOTOrY W
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SN2 NEY DY2TIisusly mentiinsloanl o The Cest oway 15 % 2pDly oz Zrise
3<ill-cza323 clas 3nl szznizzd fzvlztisn 23 the surrzsnn o solint-in-
Timé-ani-s53ice  modsl LIToDoT. A second way woulld e o consiliss
Zae  rang= I vallaes falzulzted Itr tne zolint ia guestizn Soring
sorme  numser P time 3teps bracka2:ing the time In guaescin. A
talrd way w~wcul.l ze to consider the range of values contaian=d  in
an ensembl2 of forecasts verifying at the same time but computed
from initial «conditions at different observing times (lagged
unaveraged forecasting!). A fourth way would be to consider the

range of values calcuiated for the time in question at several
jridpoints surrounding the point 1n guestion. There are other
osossibilities such as establishing the statistical wvariance c¢f

many sa2ts of time and space means.

However it may be derived, any range-of-values £forecast

acknowledges that the model ocutput has a practical precision

timit, It seems reasonable and prudent to provide the Zfcrecast
consumer with the statistically significant range(s: for nis
“ime, ©9lace and par’ reter (s). Such ranges explicitiy stated In
t2xt, 2n labels or in a 3rapnic products legend, will azzuiaint
the new user with the longer-range products skill and nelp insure
agalnst misunderstanding the adjectives wused and asainst
misplaced confidence in the product as a categorical one. Such a
policy will reguire a system of routine model output verification

and skill assessment so that realistic wvalue ranges <can Dbe

assigned as a function of location and season and so thess can dDe
1pdated when the model 1is changed.,

There are viable alternatives to discrete range-of-valu=s,
~ondition parameter forecasts. A time mean is one. Tor =2xampl2,
ZCMWE  routinely prepares a 530 millibar five-day mean forecast
centered on day eignt {nour 192). Such a product must de lLabel=
to aiert the consumer as to the averaged natare 2f the
informatiosn and to the need f£3r caution when applying the prodack
cecauss  3f tne unstated vartaoility, A time mean serves L3

filter 2ut the higher freguency, shortsr wave l2ngth
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A simiiar, odu%t D=2rnaps mor2 Teaninsisl Droiloso TnaEn InE TLE
mean can  De Drepared Ty spechral Ltruncation. 33 Zlszoss=: oo
Saction 2, longer-range pr=dictions l2se sxill 1o =—he snhcIrs=ar

wavelangtns £faster than In the longer wavelen
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truncation can therefors ilter out %the less from <he mors
skillful. If wave numbers greater than say three or five or nine
are filtered out of the forecast field, the residual looks nuch
like a time mean. But a time series of spectral truncations 2as

tne advantage of <capturing the evolution cf the lon
features. The time mean only captures a single, app

mid-period long wave posiktion.

A space mean can provide wvaluable free atmosznersz
information, It may also be a valuable surface-level product for
ocean ar=as, but surface space means are in general unexplored
because 0f land/sea and 1local orographic differences which

complicate any averaging process.

The departure from naormal concept is  frequently used £
orepare, display and measure the skill of longer-range forecasts.
If one knows the "normal" position of a "weather pattern" or a
"storm track" determinator such as a long wave trough or ridge,
and 1if one also has a forecast field from which to calculate the
direction and magnitude of its displacement from the normal
position; then, the diraction and perhaps the magnitude of the
weathar anomaly can De assessed. The "near", "above", or "below
normal'" forecast <can be made; and if it is correct and if the
consumer knows what "normal" is and what "near" means, then he
snould ©oe pleased. This general situation 1s reflected in the
popularity and practicality of forecast verification schemes

whicnh measur= a models ability to forecast departures from the

monthly or seasonal climatological mean {(its anomaly
correlatlion;. ECMWE, for example, considers a 53-63% anomaly
zorrelation usefual and an 33% correlation good. They consider
“ne 53 to 693% limit of useful predictability Justified by
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comparisons with subljective assessmants of the Zorecasts carriaz
>a% 2% some I tne ICHMWE memper states (3engtsson, 1382a;. This
15 Trooazly 2 r23asonaolae measura £or most Navy applications.

Jne navz. offlicer wizh consideranle recent aircraftt carrier

afloat forecasting experience estimated he

w
3
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Denit about
53 of nis time maxing three to seven day "planning forecasts".
It was nhls observation that today's admiral, skipper or chief-of-
staff understands the limit of categorical forecasts and that
ne Is attuned to making decisions and to "having their weapon
systams (“helr computsr-based, fire-control systems) make
"

sased on uncertainties and orobabilities.

Variaoillsy, normal and departure from normal are part of thel

(81

~

vecabulariaes and operating strategles. (It was suggested
r

however,

or
[}
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r
—
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the computer knows what the departure
normal 15, %that 1% is preferrable to have the computer perform
2

the reguisits addition or subtraction and distribute the ¢

This 13 a vaiid suzges+tion for any point forecast, but it is not
Z2r  an  area fsr=scast of surface weather conditions whera lccal
varizoililty 1o osne "aormaili" 1s substantial.)

N
1

O0f tne several alternative product types discussed above, 1

or

13 recommendad that the emphasis be shifted from discrete range

or precise adjective terminology, to departure from normal s2n

3
[47]
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nd approxlmat2 magnitude t2rms, and finally to the sign 2f tAh
b

O
D

artare from normal only as the models skilil decreasss 41

rn

C
ct
]

orecast time. For example, a four to seven day forecast would e
put in range or adjective terms, a seven to ten day forecast
wouid be 1In sense and magnitude of departure form and any
2xtended-range forecast wouid indlicate only tne probable sense >f

the deoartur=2 from normal.

It 15 fuarther recommended that longer-range forecashts nobt Ce
523224 1n probaniitstic bterms like "6d percent chance af
£ - R 1 R P RN I - - ~ ¢ - § . 4 [P, = P
Sreezins” when 3522h £=rminoloiy an e avoided., Thls 1S 2=2c3use
3 fsr=cast ranje  1ixe “"temperature between 25 degraes  and 35




degrees F" or =2ven a pDraviously defined "near freszing", 1I ozased
>N 3 nlin2%y-21us s2rcent confldance level, 1s pot=2ntially lsss
misleading and cartainly provides more 1nformation. An 2xcedtilzn

nay D22 a forecast parametar such as pracipitation, I2r which

o]

)

"56J percent chance" would provide more information than a2 sinol

L

[ 4

"rain" or "no raia". Zven nere, thougn, the accumulation ove
time as determined by the forecast model and rounded to a very

few significant figures would provide more information.

The transmission and display format =mplovysed s Drobadly nox
crsduct  dependent, Dout should Dbe chcsen £or communicatlons
=22Ziclency and intended customer convenience, A short narrative
"axtanded 2ucisox for next week: SLCrmy 2ar.y wWe2XK, out  Tiear
and freezing midweex With more zilcudiness and a warming trend by
wea2x's end"

.

3
mijnt serve well in a naval statlion newsdaper or plan
2x%. 4 contour chart 2f 5d9 millibar seven-day

we
versus norma. geopotential height differences may be approori

far use by an Cceanograpny Center metenrologist in preparing th

station narratlive forecast just descriced, But, a simple thrae
colr, fhree  ZoQL2Ur ndrmal, aonove adrma., SellWw  norma. s2a
raugnness OdutlidoxXk chart mlight best serve an oSperational commandar
afloat.

This subsection has tried to alert the modelers and product

designers to two significant elements of any longer-range
forecasting endeavor. First 1s the need to intrcduce some

substantially different basic products - forward and packward in
time averages and spectral truncations for example. Second 1is
the need to gather and maintain verification data sufficient to
deflne and refine the new and less pracise terminology which will

oe used.

3.3.3 Accuracy. Tne previous subsection acknowledged decreasing
2r=diztion skill as length of the forecast period increases, but
1% 214 not address the mor= J{ifficul: guestion Of now much {or

L2 sx1:l, accuracy oSr pracisisn 15 acceptaoles. Discussiosns
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with exp=2rienced, op=2rational Navy fsrescastars sug3=sc 2n3s 20,
s<iil over CSlimac>.23y as a 53313 Zor next we=xk's for=castc ~oull
e  v=ry useful; 25 would any SK1lL oSver simpls extranolaticn f
tne trand from a snort-range IZtrecast.

"~

accurate enough" in some troplical location whers day-:

(@]

day wvarilapility is small is probably provided by persistence 1in
the absence of a synoptic-scale system like a hurricane. Bug
"accurate enough" at some exposed mid-latitude location, wher=s
winds, for example, can range from calm to fifty knots, may well
be +20 knots. For some other application wind magnitude may be
unimportant ©out direction within +45 degrees coculd be <critical,.
In still another case +90 degrees may suffice for ten
olanning, but *+27 degrees would be needed for five-day planning.
Some fire control computers are programmed to consider snort-
range scalar wind forecasts to have an accuracy of +14 knots and
temperature forecasts to be within five degrees. If such
tolerances are acceptable 1in short-range forecasts it is

reasonable to assume similar accuracy would be acceptable for

many medium-range apolications.

fadife

-

Even though acceptable accuracy 1is highly system andi
situation dependent, an effort to establish some generally
reasonanle levels of medium-range forecast skill was made, This

took the form of asking several experienced forecasters toc raview

tne applications discussed in subsection 3.2 and to tnen fill in
a table of acceptable five-day and ten-day accuracy for tha
most important weather variables., Complete agreement was not
obtained, but Table 3-02 reflects a reasonable consensus. In

some cases, such as wind direction, a degree of accuracy i3
clearly stated. For other parameters, such as precipitation, a

less than fully prescribed two or three category ac

9]
~
N7}
i

u

i~y <
v &+ D

o

2

indicated. In such cases the precise bounds 2f the cza

V@)
©
r

b<
i
~
a7

d N

T
h

nokt 30 1mportant as long as they ar= docum

T

n

rr
—
Ui
O
~
()
O
W
()

ry
b

i)
Ui

must

1)

‘

DDv1inu3 thnat tne limits 2f adjacent categn

9]
)
o
[
v
W
I

[ov]
1

[xe]

9]




o T "

T

X ~ SLnLUTTTD Lo TTow A e 2T
\

b & T 3 —emnt Tem .- e SN e ol 4~ st D

1 TXhyzTroniZal 3Iorm Track 220 nmoavz. 3TE 100 nm avc., 37Z

—= 3 3
TAY sgea2d = 20% + 403
2 5 X ~ N
TA- Zilrecticn + 45 degrees + 20 degrees

3Iz- + 33tiDevT o DL = 33t<Tew s 2.7

(]
o
(@}

)
1
|-

(9}
Q
<
0]
Lo
X3

25% (& 2/8) clear or sc
broken or cv

dominant ty/ze cumuliform/mixed/ cumuliZorm/mixed.’
stratiform stratifornm

b=

case oI dominant low/middle / high ow/hizh

ixelv/cossibla/unlikely likelv unlixel-

—

light/mederate, / heavy light/heavy
! steady,/mixed/showers PP

Zrozen yes/possible,/no likely/unlikelv

VisioiliTy <3/3-5/>5 mi PND -
Waves 3=2a, (sfic win £ny win Tceogranny




Ty

" fvavv
-

Simmzrizing, zZ2vsond  =2nsuring that shorit-22rm sxill  cvar
Sersiscance and lonzs-fe8rm skll: 2ver climatolozy 1s orovided, s
13 Sroc2sly oSt o lmportant that this sxiil e documenz23 fIr snhe
us=2r and taat medel outdut not de presented In t2rms more Zre2clise
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A =
value S5I 72 degrees F must de convertad 1In  any and-praduc
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forecast to a "sixties or seventies" 1If the modeis standard errcor
n S

1s ten degrees for that particular locatio

ced on

w
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3.4 Benefits., 1In subsection 3.2 many potential applications for
longer-range forecasts wers discussed but no prics was p

“hne benefits to be derived from sucnh predictions.

There were studies 1in the sixties which documentad <ths
several million dollars worth of fuel saved by the Military 3Sea
Transportation Service (MSTS) as a direct result o0f more
efficient voyacge planning and execution with the Navy's then new
OTSR  service. At that time MSTS (now the Military Sealift
Cocmmand? had an extensive, regular transocean passengjer s0ip

e
was 2ossible to compare directly several pre-O0TSR

or

s3cnedul2 and 1

rn

v2ars Wwitn the first OTSR years. Since that time, for lack of
solid data, similar studies have been able to do little more than

imat2 btased 2n what might have happened - how much more fuel,
now much mor2 time, how much more ship and cargo damage, how many
mor= injuries, nhow much more discomfort and how muct 12Ss

efficiency.

Again, though such "might haves" cannot be substantiated, it
is inescapable that the annual expense of preparing and
distriouting mediam-range forecast guidance could be more than
osffset by avoiding the loss of one aircraft or by escapiang sevara
storm damage to one ship. Obviously one life saved or one
additional «critical mission successfully accomplished would also

1

ify an investment in more sxkillful planning through the wuse
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edlium-range forecasts.




M eale s gnd Gnh Aad sedy g yree ul .
o Pl S S AR “a i/ A0 bl

[47]
o

4

-
i

(6N

. Thus tne

(81
17
3
Vs
)
—
|8}
Y9
or
(@)
(9]
o5
4}
3
V8]
W
O
3
{7

a
ad Dbettar Dde correct, sut tnhe

-y

i 2 launca

cr

O

r

rn
O
~
(D
(®]
1))
n
cr

o]
ry

climatology-zased, 2arly olanning outloox £Sor next monzIns
training scheduls can be ravised once or twice without serious
conseguence. This, together with the addlitional computer time
required to pre_are an extended-range forecast, the
communications time required to distribute it, and the marsinal

skill 1likely to Dbe obtained with the present generation of

prediction models - all of these - lead to tne conclusiosn that
for now the benefits to be derived from =xtended-ranze (13-15
day) forecasts are not sufficient to jus:ify the cost. This

position should be reconsidered whenever model developers an
demonstrate extended-range skill which is clearly Dbetter than

climatology.

Finally, the Dbenefits to be derived from a medium-ran

(9]
1]

b
(3]

fEorecast product depend to a considerable extant on when %

preparad and made availapble. This is particulariy +rue in "cea

()
L

.

time"™ when much nigh-level planning is conducted durins a fairl

kel

normal five day workx week. A forecast recelved at nalght >r on
the weekend 1is 1likely to grow old before it is sesriocusly
considerad. Similarly, because few planning applications reguire
or warrant daily reconsideration, a new longer-rang=2 oraduck
each day from Monday through Friday is overkill. This

the conclusion that a "this weeks" ten day forecast preparad  on

O]
o7
0
cr
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n
r

Sunday night and available early Monday morning

time), a "next weeks" ten day forecast prepared on Tuesdav >

r

Wednesday morning consideration, and a "rest easy" t2n Zav
forecast prepared Thursday night for Friday morning con

s
would be sufficient for most Navy applications. Ther= =xay,

nowever, Dbe good and sufficient wverification and <diajncsti

]

r=asons t92 run the medium-range model daily even if the rasclts

are not distridbuted bdeyond Monterey. Such daterminatisns will o

&)

more easlly made after a comprenensive model evaluaation,
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and application or user iden

t
packaging will ©2e required for ne

&

Considerable olanning, software developm

documentation and training will be required b
oroducts can bdecome operational. The effects 0of a

medium-range forecasting will not be limited to the
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4.2 Central Site Considerations. Since 1t is assumed

=2rations ars highlighted

111 oe felt througnhnout the Naval. OJceanolranhy

report that any medium-range
2xecuted at

California;

are, nhowever, aspects which may raquire coordination with and

-

Fleet Numerical Oceanography Center

this paragrapnh applies principally

of otner Monterey activities such
al Predictioen Research Facility

model developer, and the Naval Telecommunications

Zommand Center (NTCC), which may be involved
distribution.

+.2.1 Central Site Hardwara. The present
Tapaolility 13 provided the Navy Operational Global
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3 Ww2exX usiag the J32 analysis and to
22 analysis. A far larger number of
3 ar=2 produced than are actually

~

T2 run NOGAPS on FNOC's Control

245 zomputer now averages 36 minutes

; pe2r fzrecast day for the first three days
d 23 minutes per forecast day for days 4

4-1
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Zommand.,

in this section.

forecast system would be routinely

Monterey,

(NEPRE) ,

ir

)

ed Dby
Systam (NOGAPS), which has been operational
1232, NOGAPS is integrated to 123 hours

hours =2ac:




T R T R R an—. . ARSI ASURR AL I A A I, |

f9r=2-3st cr LI ominoses ftrozll five davs., Thase fima2s 2 Ntk

intlude Tns TiTe r=zolrael 2tronn2 Wt S-no2r data assiTmilzoion

ana.y 513 and ftrerfzst Toisl nltizlizaticn swcles; acr o thne ITC

r- Zvoer TZd TImouticiIn Time required £sr oSstorocessing

4 aporoximat=2ly o Jd sghericzl Isracast fields (514 Zields  thrcegn
day 3 plus So fields for Zzys o4 oand 30,

iﬂ If a decisidn wers Tal2 %2 1ntajrate the 9-laver NOGAPS to

- ten rather %than > Zavs wlitn %02 J27 data, the preprocessing and

data assimilatiocon %ime would rema:n =he same and 295 integration

time should =ze accot 273 minzites fazout 1,75 times the 3-Zay

! minutas), This  2s4imactes 15 C:sed oanon 4ne execsutlon fime from

tag 72 &2 32 123 Leln: oanoolcanle forotne running time from tac

129 T3 taga 244, Thne amosuank >I Dostpracessini time i3

problematical since 1% woood Z2e2zend upln the numder andé nature of

° the medium-ranjge products Zelns generatad, However, the time

reguirad £for any space 2r time averajing, or for accumulating
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from multipls sutpu oly be offset by fawer

a
total fi1213ds and proaduzns > oe prerarad for  the second fiv
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El davs. Xoutine verifiizatisn ani diazznostic summariss  woull
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reguir2 more Ccomutar time.,
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12 was estimated that up &
il of wall-clock time on the Cybder 235 could be m
during +the JJZ watch for coerational meteorological medium-range
cradiction. "his 1s more than sufficient for present op

(X%

out the fail impact of 3lopbal oceanographic prediction is n
Xxnown. Wnen the second segment of

o)
the vector processor 1in the
295 1s activataed and the additlional half-million words of ce

memory; oecoame  aviallable 1n 13285, execution time of the then

B N )

operatisnal NOGAPS shou.d Zdecr=ase azout 133%.

The postprocessing sltuation is encouraging with 23 firm plan ]
b LMor Ve tne  existing systam oy mezans of the  PEIPS (Primary
mnJironmenTia. frocessing 3y7stem) Upjrade. This plan <3alls  for
.ncrementally  replacing tare= A45449's and the 733 with CDC  Cybper
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233 =2guisnent Joring 12324 and 1323, Zven the flrst 335 wnhnizh Is
3zcnhedzled =5 arrive 10 the soring oI 1323, snhnould 3o fz2r Towars
crovidin =the 2CsTDrIc=s3.n3 Cfapabllity necessary for a3 nedlom-
ranie svU3Lam, Howaver, until  tnls first increment oI PEPS
Cograde i3 ian »place, iz is wunlikely that any substantial

verification or diagnostics package could be run on an 1in-line,
production opasis. This is particularly true if the SPC is again

processing a normal load of satellite data.
In summary, there will be enough forecast model integratiocn
time and processing power available in the near future and this

availanility should improve with time.

4,2.2 Csentral Site Software, Most of the sofitware changes an-a

additions which would be required for medium-range forecasting
are relatively straight forward, but in any system as complax as

NOGAPS and in operations as &tightly knit as FNOC's, no change of

this magnitude 1is trivial, Longer model integrations would
ra2quire ravised Job control procedur=ss and computer operator
lnstructions. Product preparation check-off lists would reguir=
revision as would transmission schedules. Other non-comput=ar
"software" such as product catalogs will need to be expanded.

In a more traditional software sense, new and differant

medium-range summary products will reguire new pgostprocessor

software. When sucn software is <capable of producingy, Efor
example, a spectral truncation over the desired area for the
desirad day on the desired map background, a product identifier

r
and distribution schedule will need to Dbe specified.

Perhaps the most demanding software product Wwill be that
ol

associliate with routinely v2rlfying model cutpuas and
statistically reducing %this data for skill assessment and
documentation puUrposes. Trade-nffs Detween arcnhive 3i:ze and
fature o2utput data valde will nave t£O e male, Thelces cetwean
substantial reguiar dailly data reduction and less fraguent, YEE-




“ime raduction wilil nava =5 e nade. Rellianility, flexinility
and efflzisancy Wlll 31l e reguirad, The readsr s reisrra3d o
Aroe '138L) for a dextailad discussion ¢f the EZCMWT 2rifizcation
and diagnostics package walch could well serve as 2 modal f£2r the
Navy; particularly since the Evaluation of Sc£asarv Data
Assimilation Statistical Analysis System (ESDASAS) is already
instailed at the ENOC. The ESDASAS includes the wverifications

described in the ECMWE Technical Report No. 1 for spectral
s2valuatlion in terms of root-mean-square-error, correlation
coefficiants, xinetic energy, =zonal to eddy kinetic energy
transier, eddy available potential energy, zonal availabdle
potentia. ener3y, and zonal to eddy available potential energ

nsi=r. Z5DAS5A3S also provides Hovmollar diagrams as suggested
oy Richard C. J. Somerville when he was with the National Cante

for Atmospneric Researcn (NCAR) and 1includes a standa
statistical ©package for field to field and field to spot-data

evaluations and verifications.

4.3 Other Site Considerations. The Navy Oceanography Command,

sotn the neadguartzars and its field activities, will have 3 maliorx
role in providing longer range forecasts to satisfy Navy

applications.

The first problem will be coordinating and agreeing on which
forecast variables are to be provided and in what format the nsw
products will be presented. For example, should the "53¢ mpo next
week product" be a day-eight spectral truncation (how many wave
numbers?) of heights or should it be a time average (over how
many days?). ©Or, should precipitation be summarized in inches or
adjectives and 1in how many categories with what definition to

satisfy the most (or most important?) customers?

A second major undertaking is the drafting, cooriination angd

.ssuance  of re2v7ised NEDN and AWN transmission 3schedules and
r=2vis2d flileet facsimile broadcast schedules £0 acccommodaz= Ltneso
new products., New AwN bulletin headings (MANOPS) will ne2d to Dda
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SECTION 5, PRINCIPAL CONCLUSIONS ANZ RECOMMENCATION

33sad Sn Zns ra2viaw o neiliot oand 2wTenisdi-vrznss IrsTasTinc:
cont3ainad in Seczion 2 3% ghis repors, 90 fhe descrizeoion tIoos2s
Zor longer-ran3e numerical Izrecasits contaln=d In Secticn 30 znd
>0 the several OJceanograpny Zommand considerations identiiiszl In

Section 4, the following is concluded:

sed on doth theoratical studies and on the consideradle
M

a
operational experience at ICMWE, skillful mediux

(&
3
|
re
w
3
ul
D

forecasts are now possidle - but this skill will wvary

r
<

It

significantly Dboth zeograoiaically and seasonally ‘52

¢ I- has been demonstrated that the skill of most presaent

numerical models, including NOGAPS, could be improved 2v

-

N

2liminating the source of systematic errors, particularly
in the tropics, or by compensating for the errors by
costprocessing the model outdut (see subsections 2.4 and
2.5,

e Based on theory and limitad case studies, there 1s :zood
reason to conclude that models and forecast systems 2%
tc be developed will provide useful forecast skill in the
2xtended range -~ buit such skill will be more general. and
cropadoly  Limitad, for example, to predicting only the
Dlan=atary waves {see subseciicn 2.9).

e Tnough most of the Navy's reguirements are not formally
3tared, ther=2 ar=2 many and varied applications for and
cen=2flzs  t3  Dbe derived by tne Nawvy from longer-ranie
Ior=-asts - particularly in the 5 to 1Jd day ranga {3e=2
sucsection 3.2 .

. .onier-rang2  Isr=2casits will be statad anid Zispolaysd o
Way3  532o3tantially differant from thosse now 1524  Ior

5-1




v

=l

N e o B

oy

I A ko o Lol Al i "Bt Sl el N egee— S~ TR L T T T T T T TR YR RTTTTTRIT R TR W

1 -~ - [ ot o ~ o~

short-ran3e f3r2c3s5%3 322 sunsection 2.3,

A -~ N ~ -~ = ~o o e M eiin - - - -

Any oPeratlonal longer-ranie dracast 'sosTeExn” 25

includ= routine medel outout wvarificatiasn ant o s<ill
—~ E ey e = A 3 oo~ = . -

assessment: - npoth  jedgraphically and seasonally szse

jo]
W
.
(D
.

subsectio

Thougn highly situation dependent, it is possinie to
establish generally acceptable levels of accuracy for

medium-range forecasts (see subsection 3.4).

There are sufficient computer hardwarsz resources
avallable or planned for upgrade and replacement at one
FNOC to initiate a medium-range meteorological pradiction

capability during 1984/1985 (see subsection 4.2).

Any commitment to rrovide medium-range forecasts will

i s

require a significant Oceanography Command investmen®t in

new support software, new product documentation,
forecaster training and end-user i1indoctrination 522

ordingly, it is recommended that that Navy proceed wiih a
asive evaluation of the 9-layer NOGAPS as a madium-range

day) forecasting system.
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