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P+ 10, Enexrqgy units are lOQJm 6-}‘}par unit siqma)

P. di, 2nd ﬁafagrapn, should read:

"The $1 scores shckn‘in Table 4 indicate that the Hansen model,
like ﬁhe GISS model, Qxhibitﬁ no skill in siwmulating the sea-level
pressure fiald.s {Over the northern hewmisphere, the five-month
ave&aqe‘31 score for sea-level pressure is 93, a "worthless"
forecast.) At the 850 mb level, the 5l secares for the simulations
of the temperature pattérns ave much bhetter, espeglally over the

United States. However, over the northern hemisphere only marginal

skill in _indicated fox the 850 mb simulation. For the 500 mh height

field, the S1 scores are satisfactorily low over the Unitoed States.

- & : s - . 3 0] K] () L)
But, ovexr the morthern hemisphere they are disappodntingly high, with
a five-month average value of 64, compared with the four-manth GISS

model averaqe of 46. This suqgests anly marginal skill for the Haunwen

model at the 500 mb level compared with the more satisFactory pes:
mance of tho Gr8s model " (The underlined words wvore omitted from the

distributed xeport.)

P. 44 (corrected reoeference)

Lacils, A. A. and J.E. Hansgen, 1974: A parawmctoerization For tho

abhsorption of solar radiation in the carth's atmosphore. J. Atmes,
Scd., 31, 118=L33.
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Abstract

The Hansen atmospheric model has been used to com-
pute five monthly forecasts (October 1976 through Febru-
Ary 1977), each being initialized on the first day of
the month. Each monthly forecast is.time-averaged over
the month and compared with the averaged monthly observed
#alues. The comparison is based on an energetics analy-
éia, meridional and vertical profiles, error statistics,
and prognostic and observed mean maps.
‘ The monthly mean model simulations suffer from
éevcral defects., Tropospheric temperatures are too cold,
especially in the Arctic. The thermal pattern over Noxrth
America during this anomalous winter is not reproduced
adequately. Amplitudes of tropospheric wave patterns
are too flat in the simulations compared with the real |
atmosphere. There is, in general, no skill in the simu-~
‘létion of the monthly mean sea-level pressure field, &nd |
oﬁly marginal skill is indicated for the 850 mb tempera-
tures and 500 mb heights. The coarse-mesh model appears
to generate a less satisfactory monthly mean simulation

than the finer mesh GISS model.



Introduction

General circulation models have been employed suc-
céssfﬁlly to simulate numerically various climatological
features of the global atmosphere. Attempts have also
been made to utilize these models for long-range weather
pfediction and to test hypotheses about the causes of
énomalous atmoépheric behavior. The present study is a
cbntinuation of this research effort, using‘data for the
winter season of 1976-1977.

The Goddard Institute for Space Studies (GISS)
General Circulation todel (GCM) is a nine-level, four
~degree by five degree 1atitude-longitude spherical c¢oor-
dinate (46 by 72), primitive equation numerical model.
It uses Arakawa's (1972) numerical method and a varia-
tion of Phillips (1957) "sigma" vertical coordinate,
with the atmosphere divided into nine layers between
the surface and a top at 10 mb., It is integrated in
fiie-minute time steps, and a global 24-hour forecast
requires roughly 45 minutes of IBM 360/95 computer time,
A description of the GISS model has been presented by
Somerville, et al. (1974).

The GISS GCM has been used to compute several global
monthly mean forecasts (Spar, et al., 1976; Spar, 1977 a;
Spar, et al., 1978;'and Spar and Iutz, 1978). There are

various reasons vhy a monthly mean forecast is desirable



for analysis. It has been proposed by Namias (1953)

that certain large-scale atmospheric anomalies may last
Jonger than a month, and it is hypothesized that, through
time averaging, the shorter-lived and smaller-scale com-
ponents of thé atmosphere will be filtered out. It is
also hoped that the effects of phase error will be dimin-
ished somewhat ;% a monthly mean forecast., In the study
of Spar, et al, (1976), January forecasts were computed
for 1973, 1974, and 1975, all using the same January |
ciimatological sea-surface temperature field. The general
atructure and circulation of the mean troposphere was
adequately simulated, but the interannual variations of
the mean energetics and zonally averaged circulation were
not‘accounted for satisfactorily. It was concluded that
the GISS model was not capable of adequately reproducing
the interannual variations of the monthly mean state of
the atmosphere, given only different initial conditions
at the beginning of each month. The model was found to
iack skill in reproducing the sea-level pressure field,
except for one successful simulation of the observed
interamnual change in the depth of the mean January
Icelandic low. However, the model did exhibit consistent
gkill in forecasting the monthly mean 500 mb height
field over the northern hemisphere in the three Jénuary

forecasts.



In this study, we have utilized the "Hansen"l GCM,

. @& revised version of the GISS model.. Like the GISS model,

it is a nine-level, spherical coordinate, primitive equa-
tion numerical model, which differs principally in the
resolution and physics used. The Hansen model was de-
veloped for use in 1ong-terﬁ climatological simulations
and, therefore, uses a coarser grid than the GISS model.
ths is an approximately eight degree by ten degree
latitude-longitude grid, which corresponds to 24 by 36 |
giid points. To compensate for the greater distance be-
tween grid points, the specified surface condition for
edchvgrid point represents appropriate fractions ¢f land
and ocean. The radiation scheme of the GISS model has
been replaced by a generalized "K-distribution method,"
(Lacis and Hansen, 1974), which explicitly includes mul-
tiple. scattering and implicitly integrates over wave-~

1engths. The Hansen model also treats clouds of finite

" optical thickness as non-block bodies, in place of the
' black body assumption of the GISS model. One result of

these (and other) changes is that a 24-~hour forecast
takes approximately eight minutes with the Hansen model,

as opposed to 45 minutss with the GISS model on the IBM

25@/95 computer.

lmhe new model was developed by a research group under
the direction of Dr, James Hansen. A description and
documentation of the "Hansen" model is in preparation,

but preliminary notes on the model are available
(Hansen, 1978).




~ The preaent study represents a test of the coarse-
mesh Hansen model at one stage of the model's continuing
development, in terms of its ability to simulate the
Qonmhly mean state of the atmosphere from given initial

and surface boundary conditions.



Data

All observational data for the monthly forecast
odmpufations wvere compiled from National Meteorological

+~ Center (NMC) global analyses. These values are derived

X\'(//"

E@ro&‘the Flattery spherical harmonic global analysis

e

6§§ema, Additional data tapes were supplied by the
Na%!bﬂal Center for Atmospheric Rescarch (NCAR). The
uﬁc global sets provide the data on constant pressure
aurfaces on a 2.5 degree by 2.5 degree latitude-
lohgitude grid foxr both hemispheres. These are inter-
poiatcd horizontaliy to the approximately eight degrce
by ten degree Hansen GCM grid and vertically to the
model's "sigma" coordinate levels for insertion into

the model. No balancing, filtering, smoothing or other

initialization procedure is applied after interpolation.
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Procedure

. In previous monthly forecast experiments, the monthly

mean observed conditions over North America were not too
different from the climatological values. It was thought
that‘an interesting test of the model would be an anoma-
léus set of meteorological conditions to determine if

the model can generate realistié departures from clima- -
tology. The cold North American winter of 1976~1977 was
chosen as such a test period.

The model was initialized using NMC data at 00 GMT
on the first day of each month, Climatological SST
v%lues for each month were used as fixed surface boundary
éonditions. The 12-hourly outputs of the five monthly
forocasts wvere then time-averaged to obtain five monthly
Aean forecasts. The modelrgenerates foxrecasts on "sigma®
éurfaCes and, therefore, an interpolation routine was
_uwsed to convert "sigma" level forecast information back

!
to constant pressure surfaces after time-averaging. The

NMC data, also recorded at 12-hourly intcrvals, was simi-

laxly averaged to obtain monthly mean observed conditions,

The evaluation of the experiment is based on several
methods of analysis:

Energetics: The energetics of the predictq@zaﬁd ob-

served atmospheres for the tropospheric region are com-

pa.red.




‘ Meridion§1;and Vertical Profiles: Forecast and ob-

served meridional profiles of the vertically-averaged
mean zonal circulation for each month are compared, as
~ are selected vertical profiles of mean zonal wind.

Propnostic and Observed Mean Maps:- To illustrate the

synoptic output of the model, computer digitized maps of
forecast and observed monthly mean values are shown. The
fields compared are those of sea-level pressure, 850 mb
temperature and 500 mdb geopotential height. '

| Error Statistics: The statistical analysis is based

E
on root-mean-square (rms) errors, S1 (gradient) skill

1

‘s#ores (Teweles and Vobus, 1954), and algebraic mean
e#rors (bias). The statistical analysis is applied to
uaéa-level pressures, éSO nb temperatures and 500 mb

heights.



Energetics Analysis

A comparison of mean observed and forecast eﬁergies
16 pfesented in Table 1 for each of the five months, As
in spar, et al. (1976), Ky and Py represent the mean
gonal kinetic and available potential energies, while
KE and Pp are the eddy kinetic and eddy available poten-
tﬁal'energies of the mean flow (standing waves only).

N@rthern hemispheric and global data are both shown, but

only the northern hemispheric energetics will be dis-

cussed in any detail, as the southern hemisphere's ob-’ ’
s%rﬁed and forecast fields are at times questionable £
a%d/or unreliable. The eddy energiecs presented here
should not be compared with previous calculations by o 3
S?ar, et al. (1976), as they do not include the energies
of fhe transient eddies, but represent only the energies

of the standing eddies in the monthly mean flow. . 3

As showvm in Table 1, KE and PE are consistently
underestimated by the model. Part of this underestimate
may be explained by the coarse resolution of the model
~k:£$enenbaum, 1976), although there may be more basic dyna-
m#cal reasons as well. On the other hand, PM and KM are
cénsistently overpredicted. meand KM are strongly de-

péndent on the meridional temperature gradients, which
i

éfé overestimated because of the model's generation of

éxtremely low temperatures at high latitudes. This




. lable 1:

Energetics of Mean Monthly Observations (0)

and Forecasts (TF)

Units:

Kﬁ = Mean zonal kinetic energy

10° Jgm—2

-1

KE = Eddy kinetic energy
PM = Mean zonal available potential energy
PE = Eddy available potential energy
‘a) NORTHERN HEMISIHERE
\ Oct. 1976 Nov. 1976 Dec. 1976 Jan. 1977 Feb., 1977
Enoxgy O £ 0 £ 8 o £ 9 £
Ky 4.6 6.0 6.2 8.3 8.1 10.2 11.7 10,1 12.7
Kp 1.7 2.1 2.9 1.2 3.0 3.4 1.8 3.0 1.7
Py 40.5 50.8 49.0 60.2 58.8 59.8 72.3 65.8 70.5
Py 16.4 15.0 18.2 15.9 18.6 19.6 18.1 17.5 16.4
__'b) GLOBE
3 Oct. 1976 Nov. 1976  Dec. Jan, 1977 Feb, 1977
Bexgy 9 X 0 X D S I 0k
Ky 6.6 8.4 6.4 8.3 7.0 7.8 8.4 7.9 8.9
Xp 1.7 1.2 2.1 11 2,0 2.2 1.3 2.0 1.3
By 57.5 67.4 55.6 66.5 54.5 56.6 65.9 62.5 67.5
Py 13.0 11,3 13.7 11.6 13.5 14.0 12.6 12.8 12.3

10



problem, . vwhich was also presznt in the GISS model, is
apparently due to the inability of the model to transfer
enough sensible heat by eddies to high latitudes (Stone,
et al., 1975). In a coarse-mesh model this problem
should be even more severe., Indeed, the diagnostic cal-
”culations of the Hansen modéljdo show a marked underesti-
mate of the eddy transfers of sensible heat. The pre-
dicted and observed seasonal trends of the energies are
roughly similar, and do resemble the climatological be;
xhavior shown by Feixoto and Oort (1974). However, in
some instances the model does not accurately simulate
,th? month-to-month changes. ?or example, the observed
KM”reaches a maximum in Januwary while the forecast value
peéks in February. KE is forecast to reach a maximum

in December, but the observed maximum occurs in January.
And in the case of PM,’the,observed and forecast maxima

are found in February and January respectively.

1l



Wind Analysia

In this section, an analysis of how well the model
pimﬁlatos the circulation of the atmogphere is presented.
Meridional profiles of the vertically-averaged mean gonal
wihd and voxrtical profiles of the zonally averaged mean
gonal wind are shown in Figures 1 and 2 reapectively.

The vortical wind profiles in Figure 2 are shown fox the
latitude of the obsorved northern hemispheric jot atréam,
wvhich may or may not coincide with the forecast northern
hamispharic jot gtrecam. Solid curves in all diagrams .
#opresent the obgewved valucs and the dashed curves in-
éicato the forecast values. Toaitive values in both )
figures denoto westerlics, and negative values indicate -
easterly winds.

The meridional profiles shown in Figure 1l indicate
a rough general similarity botween the observed and
forecast scagonal tvends of the mean zonal winds, with
strongor winds and an equaterward shift of the maxima
from fall to wintexr in the nowxthern hemisphere. Howeveu,

the model simlation faile to roproduce the observed wind

“profile in geveral important details, such as the lati-

tudes of the maxima in November and Docembew, and the
magnitude of the maximum in January.
In the vextical wind profiles at tho latitude of

the obsexved jet streams, shown in Figure 2, the shape

12




LPA
B | R Quatt 18
:' g \ lg-l‘ -4 1 i ) N p . (1 Y 4
b °t"lowo¢oooqowzo\‘Q6{""‘mzosotosoegnuqn
R e -3 (T} ‘
v v f.' .. ~,' L. m N
. . ° ‘ - L "‘,
. : . «
s 89y .
s % 20
Ec‘s 1)
32
‘Elo 0
s . s
g "‘l l A iy A 1 A iy
'if‘covoeosowaozo "*nozoso«:sosoroeo;o
g L T'X -3 T
. LATITUOE .
. (b) *
or » .
IR
aao 20
a O
Elo
. E 8
%
sl
I . . LATITUOE .,
, i ) ..
?3’ 23 '.
gzo- ofF -
els- il
e glO' 1wk
i s} sl
g N T T T na‘--/xoWao 0 40 0 & W’o’o
oV ab LT 3> P oaw o
- A * 'LATITUOE :
T ‘ . (d) .
: 29, « S
‘ - ' ' .
a B”' of°
. - sk wl ]
: -
T e glo- ]9 ‘
S o} s}t
’g‘o‘"-.l.-—l 'S L A A A ‘l
. 9 10 60 30 40 30 20 A % 40 % @ ™ w\so
+ * ; i
nn LATITUOE b
' " 1) e
Fipure 1 Meridional nroflles of mecan zonal wind (m s7') averaced
OoVer rnrecsure a)0ct.1976, b)Nov.1976, c¢)Dec.l976,

d4)Jan,.1977, and e)FebAl977. Solid curves, observed‘ dashed curves,

forecast

(NN

13




PRESSURE (M8)

PRESSURE (M3)

ol i . i Lo Lok ool

e~ ot LRI

b . OR mu\u\b PAGE rl; | o
i o OF POOR QUALILE -
(718 “ ‘
! | .
1748 12
2 | : o 200
3
s89f- Y 38
a9}l . 'g‘ 49
coo}- T Yeos .
w} ™
1 022 ,
[ S B ) : y 2 1 ’ ;
’”o 10 20 30 40 ) '”o v 20 30 40
ZONAL WIND SPEED (M SEC™Y) . ZONAL WIND SPECD (M Stc™') -
* ta) .,

0 10 20 30 40 ' ) 10 20 20 40 50
20NAL WIND SPEED (M SEC™Y) : : JONAL WIND SPECD (14 SLC™!)
. (c) . S ‘ . R )
! G4

112

<01 ¢~

pazssune (us)

309

497

m

20NAL WIND SPEED (M SEC™)

(e) -

M.~ure 2 Verticnl »rofiless of "nnﬂllv averared mean zonal
wlnd* 2t _the lntitude of the obs m'\wd Torthaern ‘hnnfm*ﬂrc

Jet sirram for ajoct, 1976, b)Rov, 4576, ¢ )lea. 1076, d)dan, 1977.
t(md l‘_;bob 19/7 Solid curves, obs orved dashed curves, forccast,
m s . .

' 14

-



otyfhe wind profile is well-simulated each month. How-
ever, in every month but October, the tropospheric wind
speeds are undérestimated in the model simulation, as is
the jet stream velocity. The discrepancy is particularly
large in January 1977, whcn the obseryed westerlies were
uﬁusually strong and the model predicted only normal
westprlies. This result is the reverse of that reported
by Spar, et al. (1976) and Spar (1977 a) for the GISS-
model simulations of Janmwary 1973, 1974, and 1975. In

- those calculations the model overpredicted the strength
of the jet-latitude westerlies. The differcnce may be '

due to the coarser resolution of the Hansen model.

15
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: ggognostic and Observed Monthly Mean Maps

The characteristics of the anomalous cold winter of
1976-1977 began to appear over North America during the
iatter half of September (Taubensee, 1976) in the form
df a deep tropospheric trough near the east coast of
North America and a strong ridge in the west. As a re-
sult of this upper air flow pattern, which persisted
through January, record low temperatures developed over
the eastern United States, while temperatures were ab-
normally warm in the west (Wagner, 1977 a; Dickson,

1977 a; Taubensee, 1977; Vagner, 1977 b). Ia January

‘the wave pattern amplified still further (Wagner, 1977 b),,‘
leading to repecated advection of Arctic air southward

into the castern United States, where surface tempera-
tdres fell far below normal, notably in the Ohio Valley,
producing one of the coldest months on record.

February brought about a modification and eventually
a breakdovm of tp;s anomalous situation (Dickson, 1977 b).
The mean ridge over the Pacific Northwest moved eastwarad
and the wave pattern flattened. Particularly during the
iast wveek in February, the mid-troposPher;c.circulation
over North America changed abruptly. The larée-amplitude
wave pattern, which had dominated the winter season,
broke down and gave way to fast westerlies with fast

moving storm systems traveling across the country. With

16
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westerly flow now dominant, warm air spread quickly across
the country and temperatures rose above normal in the
eastern United States.

How well the model simulation reproduced the anomalous
circulation and temperature fields during the winter of
1976-1977 will now be examihcd. To display the synoptic
output of the model, digitized monthly mean maps were |
printed out for both forecast and observed values over |
the globe, as well as separately for the four quadrants
of the earth. The three variables displayed are seca-
level pressurc, 850 mb temperature and 500 mb geopoten-
-tial height, which are plotted in units of mb - 1000,
degrces Celsius and decameters - 500, respcctively. TFor
the purposes of the present paper, only one quadrant is
shovn: the western half of the northern hemisphere.
Figures 3, 4, and 5 illustrate the fields of observed
(top) and predicted (bottom) sea-level pressure, 850 mb
témperature, and 500 mb height, respectively, for each

" of the five months over this northwvest guadrant.

In Figures 3, 4, and 5 North America lies in the

center of the region, with the North Atlantic Ocean in

the right-hand third of the map and the eastern North

Pacific Ocean on the left. ILongitudes are labeled at

the bottom of each map, which extend. from 10° W on the *%

right to 180° W on the left, the nega?ive numbers denoting

17




west longitude. The latitudes of the grid points are
shovn in the second column on the right of each map in
degroes Noxrth. {Note that the latitude interval is ap-
proximately, but not exacfly, eight degrees.) The first
;01umn on the right of each map shows ‘the sonal mean
valuc of the variable displayed within the éuadrant.

In Figure 3, soca-level isobars have been drawn
manually at an interval of 4 mb. It is apparent from
an ihsgection of the maps in Figurc 3 that the model
fails to simulate adequately the monthly mean sea-level
pressura fields. Although the Icelandic and Aleutian
#oWs, as well as the sub-tropical high pressure cells
évcr the oceans and the Noxrth American continental high,
éra all reflected to soma degree in the model simula-

tions, the quantitative agreement between the odserved

and predicted mean fields must be chavacterized as "poor."

Most notable are the failures to simulate the abnormally
déep Aloutian lows in January and February, and the
afrong pressure gradients in the Noxth Atlantic in Octo-
b9r, November, January and Februavy, caused by the in-
baﬁequate simulatlon of the Icelandic lows and Asores-
Bérmuda highs. In general, the model-gonerated monthly
méan gea-level pressures are too high in high latitudes

and too low in low latitudes. .

18
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The -850 mb isotherms in Figure 4 are drawn manually .
for an intérval of 5° ¢, It is immediately apparent that
the predicted temperatures are generally too low, espe-
cially in high latitudes. The cold Arctic may dbe due to
the inadequacy of the eddy transport of sensible heat, a
pfoblem that is also present.in the GISS model (Stone,
et al., 1975). However, the present model simulation
is too cold in the tropics as well, wvhich suggests some
other defect in the model. The dominant characteristic
offthe temperature field over the northwest quadrant from
October through Febrvary was the large contrast between
,tﬁé high temperatures over thg west coast of North
America (e.g., 120° W) and the low temperaturcs in the
East (c.g., 80° VW), which became most pronounced in De-
cember and January and began to ameliorate in TFebruary.
The model does simulate somc aspects of this cold wave
in the east, notably in November. However, thc December
and January simulations are less satisfactory, and in
February, when the cold in thec east had abated somevhat,
the model predicted the most severe conditions.
| To illustrate the thermal behavior of the model,
iable 2 lists the observed and predicted'deviations of
éSO mb temperatures from the climatological normals at
| five selected grid points in the United States. The

normal values are interpolated from Crutcher and Meserve
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Table 2: Deviation from Norxmal of Observed and Forceast

—

Temperatures at 850 mb for Sclectad Points (in 0 X)

Observed Forecast
Normal Qbgerved Doviation Forecast Deviation

() (0) (0 - 1m (1) ()]

Novthoant 279 275 - 272 -7
souwlhennt 280 275 -5 277 -3
Jaadvon | 284 . 282 -2 277 - 7

N. Galixv. 2853 285 + 2 280 -3

S. Unlir. 287 288 + 1 281 -6

Nov. MNovthenst 271 266 -5 266 -5
HTRIRRTE 279 277 - 2 272 -7
Jadwvand, 271 267 - 4 268 -3

W, Golif. 217 2082 + 5 277 0

S. Lalid, a8 287 + 0 280 -1

Doe.,  Northeast 2065 203 -2 2454 7 -1
Sowbhoont 276 275 -1 292 - 4

tdvo | 266 265 o= 1 266 0

W, (alil. 276 218 4 2 274 -2

8. Colir. 282 28% + 1 266 -3

Jan, Hortheanst nGH 259 -G 260 -5
Soutaoant 270 - 270 -6 271 -5
Fvon L 20645 260 -5 260 -5

N, Calid, 275 274 + 1 270 -3

e Lala, 280 281 + 1L 276 - 4

~ Peb.  Northeant Dod 2064 0 258 - 0
' howthoost 296 274 - 2 263 - 1%
LAV G 207 2067 0 259 - 8

. Colal, 275 277 + 2 270 -5

S, Calisf, 280 284 + 4 276 - 4
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(1970). The grid points are located in the "Northeast"
(43° N, 80° W), "Southeast" (35° N, 80° W), "Midwest"
(43°% N, 90° W), "Northern California" (43° N, 120° W),
and “"Southern California" (35o N, 120° W). Vhile the

" model dcpicts large negative deviations from normal, it
fails to simulate the phase.opposition between the cold
east. and warm west, and in February it grossly cxaggerates
the cold anomaly in the east.

The observed and predicted 500 mb heights, togethef
vith manually-dravn 100 m contours, are displayed in
Figure 5. The observed fields show the persistent sta-
tionary wave pattern (western ridge, eastern trough) men-
tibned carlier., The positions of the ridge and trough
over North America are reasonably well-simulated in the
prognostic maps. However, the amplitudcs of the mecan
honthly waves, especially in November, December, and
Jahuary, are not adequately reproduced, and the predicted
flbw ix. those months is much more zonal than the observed.

The TFebruary 500 mb gimulation is much closer to the ob-

served field over North America. In all five months the
predictcd 500 mb heights are generally foo low compared
vith the observed values, which is consistent with the

fact that the troposphere is too cold in the model simu-

lation. \
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- casts and observations (forecast - observed) are also
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Error Statistics
”ﬁ_ The statistical analysis is based on the computation
of root-mean-square (rms) errors and S1 skill scores for ?

each month, applied to the three variables: sea-level

1 ' ' .
pressure, 850 mb temperature and 500 mb geopotential

heights, The S1 skill score (Tewcles and Wobus, 1954) g
; a conventional measure of the difference between the r
|

predlcted and observed horizontal gradients. It is di-

i
menolonlcug, and has a possible range from sero, for a

perfect simulation; to 200, whicﬁ is the maximun and
réprcscnts no correspondence at all between the fields.
;t is generally agrecd (based-on cxperience at NHMC) that
a score ¢f 20 indicates practically a perfect forccast
and a score of 701Qr preater represents a worthless

Torcecast. The algebraic mean differonces between fore-

presenﬁcd in the table of statistics below.

” Error statistics are showm for scven regions:
(1) United States (27° N to 51° N and 130° W to 70° V);
(2) Bast Pacific and United States (27° N to 51° N and
180° W to 70° W); (53) Novth America (27° N to 74° N and

i30° W to 70° W); (4) Burope (35° W to 74° N and 10° W

%o 40° BY; (%) Tropics (20° N to 20° S over all longi-
tudes); (6) Northern hemisphere (40 N to 82° N over all
longitudes); (7) Globe (82° S to 82° N over all longitudes).
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| Table 3, which presents the algebraic mean errors
(fﬁrecast - observed) of the simlations, shows quantita-
ti&cly the bias of the model., Sea-level pressures are
geﬁcrally wnderpredicted, although not wniversally. (As

sqown carlier, in the Icelandic and Alewntian regions the

pﬁeﬁicted pressures are generally teo high. Mowever, in
|
the Arctic, over the continents, and in the oceanic sub--
tropical anticyclones, the medel underpredicts the pres-
sures. )  Over the northemm hemisphere the average bias
fér the five months is = 2.1 mb., The 850 mb data indi-
cate that the model tempcratﬁres are‘tecniow evevywheove,
including the tropics. The dolﬁ bias over ‘the northern
hemispherc is - 3.50 ¢ for the Live-month pexied. At
t&c 500 mb~lagel,‘the predicted géépotoﬁ¥ial heights are
L)cbnsistentlf too low over all regions, with an ﬁvéraga
bias of - 95 m Lox the'five—month peried ovexr the noxthern
hemisphere. This vesult dis, of course, hydresbtatically
consistent with the 850 mbjtémpcrature bias.

The ™™ms exrrors and 81 skill scores fox the five
mmﬂﬂymmmshmk&ﬂms@m:mmminTMRé4.!mmm
@ppcar to be no systemntic'ﬁiffcrcnces*ih the exrprs ﬁmom_‘
month to month and no seasonal trends. With regord to
regional differences, the rms ecrrors nrcvsmallcst in

the tropics. Over the northern hemisphere, the average

rms cxrors for the five-month peried are 6.7 mdb, 5.4 C
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Table 3: Alpebraic Mean Difference (Bias) between

Monthly Mean Torccast and Observed Values

(Forecast - Observed) for Winter 1976-1977

Algebraic Mean Diffcrence

39

e it .

Oct, Nov, hec, Jan., el Ave,
STI.P Uni‘l‘:@d Statgs - 2.1 - 1.2 - 107 - 502 - 403 - 209
nb) ©. baciiic w U.Se = 1.7 + 0,7 = 0,4 -0.,2 = 0.6 =~ 0.4
North gnerica 4 O.g + 1.4 +0,9 ~-2,6 -0,7 0,0
Barone -2, - 58 =31 - 5,8 = 2,8 =~ 4.0
T opiCo -2.7 =3%,0 =1,8 ~2,1 = 3.% = 2,0
. Nor%hcrn llemis., -l.4 =17 =13 - 2,2 -1.5 - 2.1
GLaobe + 1.2 -~ 0.% 4+ 1.2 + 0,2 + 0,1 + 0,5
P 850 United States -2.9 =4.0 =2,0 =22 =5,6 = 3.%
[¢] C :J;l;w. l.)v{“.C.i.:l“.'iC \[:': U.\(.’So - 3-1 - 307 - 202 - 2.6 - 4'.7 - 303
S———l Horth dnierica - 5.? - 5,5 «=3,6 « 4,2 =-5,9 = 4,8
arope : - 4,6 = 4,0 - 3,1 = 4.2 = 5,9 -~ 4.4
J,‘.['(‘)‘U;l_.‘g_f:)‘ - 300 Lnel 2.5 - 204 - 209 - 209 - 207
Tiorthcrn Hemis. = 5,6 = 3,5 = 35,4 =~ 3,5 = 3,7 = 3,5
G_'TLO‘DOk - 4.5 - 3.9 - 4‘.0 - 4‘02 - 404 - 4'02
G 500 United States - 100 - 97 ~ 70 - 102 -~ 145 =~ 102
1) . rnoirtic G U8, = 9L - 72 - 60 - 66 - 96 - 77
Noxrth Americo - 111 - 106 - 77 =115 =~ 12% =~ 106
lurope - 156 - 147 =107 = 149 = 156 = 139
Tropics - 8 -~ 80 -~ 17 ~ 85 = 87 =~ 85
Worthorn Iomis. - 94 =~ 91 -~ 86 -100 - 9% =~ 9%
(tLobe - 8 = 90 =~ 8 =~ 9L - 89 ~ 87
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Table 4: Root-mean-square (rms) FErrors ani 81 Skill Scores

of Monthly Mean Simulations for Winter of 1976-1977

rms Errors

S1 Scores

40

ORIGINAL PAGE I8
OF POOR QUALITY:

Oct. Nov, Dec., Jan, I'eb. | Oct. llov, Dec., Jan, l'cb,

SILP United States 3.5 5.1 4.5 4.% 6.0 95 120 115 156 10%
mb) M. Pacific & U.S. 4.3 7.2 6.8 10.3% 8.7 112 140 133 156 139
Yorth America 6.4 7.1 T.4 8.9 7.5 106 114 115 138 91
Burope 5.5 8.1 4.4 5.1 73 85 125 85 90 108
'Mropics . 3.3 3.7 2.8 2.9 4.1 72 69 12 68 70
Worthern Hemis. 5.3 T.2 6,1 7.2 7.8 95 102 90 89 87
G@lobe 8.5 6.7 7.0 Te4 8.2 88 85 89 84 83

T 850 United States 3.7 4.4 3%.8 3,3 6.1 48 37 38 36 44
(O @) d. Paciiic & U.S. 3.7 4.0 3.4 4.8 5.3 41 30 34 42 41
( C) Horth .mcrica 6.8 6.7 5.9 6.2 7.1 65 50 58 53 61
Burone 5.5 5.1 4.0 5.7 6.6 61 67 76 9% 65
Tropics 3.6 3.2 2.9 3.4 3.6 75 86 83 98 97
Jorthern Hemis. 5.1 5.2 5.5 5.9 5.4 66 65 67 67 62

Globe 6.8 6,35 6,2 6.5 6.6 61 61 62 64 61

G 500 United States 109 115 105 133 149 39 45 38 50 30
(i1)  ». Lociric & U.S8. 106 108 102 65 156 45 51 43 65 43
Jorth America 119 124 109 146 139 41 49 49 6% 42
kurope 157 160 115 160 162 65 76 54 71 46
Iropics _ 85 82 78 86 90 5% 71 83 72 102
NorThorn Hemis, 104 114 112 131 119 52 S Y 67 62
Globe 102 107 99 114 109 45 50 52 54 49




A S e e

ahd 1ME m for sea~level preasuve, 850 mb tewpervatuve and
500 mh height, vespeetively. Uhese way be compared with
ﬁﬁa erxaaponding average s ervors for the fouw nontha
(lanuawy 105, 1974, O, and Pebruary 1976) for whieh
QIRR moded almlations were performed (Spawg 2977 b)Y,
WwEWPPN¢i¢T1m0G“mMWdﬂNHN prrors were 8,2 nb,
4,57 0 and 't ow, reapeotively,  In ctewws ef the sea-level
Proaspure fleld, e coneag=nesh model ainnkations afa
avtuntly aliphtly bettey than thone of thu fluov=nesh
f‘\ 8 omedel, although netther aed is gatinfootory.  With
a‘csgxaxx‘(i Lo 850 mh temperatures and ho0 md hedghta, how-
ever, the toarse=menh modol producen o leus aatintacbory
ghimlation han dove the QL8 ﬁwduﬁ,

| Phe 81 peorven shown dn Pable o indleate that the
Uauoen madel, Wike the GO idmnhﬂq exhiibits no gkill dn
uimmlnltng,%ha speaslovel vvﬁunuvo fleld,  (Over the
northern hemtaphore, the Cive-month uvevu\v 81 weore fow
aviwlu\'nl p\w aure dn 0%, a Mopthleast forecas ) t\l‘
thb Ah0 b level, the 81 weoren for the simnlations of
u\u temperatnee patters ave nweh belter, eo I,\(!Ui';vlli\r ovex
ﬁ\t,s Untted Staten,  Mowewvew, over the northern hemts phere
ey are di u;\puinliuﬂ‘t\‘ nigh, with a five-~month average
Vuﬁﬂv uv.bdp conpared wiih the fowe-month (G Wemodel
average of 4o, Mie supgestas only papginal ekill fom the
Pangten model at the S0 mb level ﬁampﬁLOd with the wove

antigtactory pevformance of the m 38 model.
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!summm*\» an ‘Qn(“\ nitiong

e five prediction oxpeniments condueted in thig
M.m\y appear to Inddeate that, at tue peesent atoage of
Its dovelupment, the coarse-mesh model doe g not yet pro-
dute a salistfaetory simadation of tho wmonthly mean -
moaphoere,

’ The mean wonal, kinetde ad aveilable potontial
(‘!\Ng dLog ave consistontly overpradicted by the modeld,
\\M.J ¢ the eddy Rinetic and eddy v lnble potential
energion ave und orprodioted.

Mhe mmxi;(ii.mm?l f and vertlaad wind protiles of the
noded agree with the obaerved nmonthily mean profiles oLy
in broad gualitative slrnetaee, Wk not din quimtitative
detudl, | -

There dw o verdous nogative biag in thoe mredioted

S50 mbotemperatures ang hot md peopotential hedghts .

The coded exbibdits no gkild in admcbaking the monthly
m M fenwlovel t\;m‘c‘z\.;mm\ Tleld, and only m‘éﬁm:i nal akidl
;i,{n reprodueing tha 8650 yh Temporatuves and SO0 b hodahts
aver the northemn hemisphore,  Qver North ,s\am‘-:x:ie.u the per-
formanee Ly somewhat betlor, but &t wbill fad La to alme
Labo ol ciateldy the evolution of the anomalous cold win-
tex of 1976-107Y.

the convae-mesh mode), appos nm\ o e somevhat dess
aatiafonotony than the Liner-mesh QUL wodal in simulating

the 850 md temperaturs and 23()0 b height lelda.
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