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Abstract
The atmosphere is to. a large extent forced from below through various pro-
cesses. An essential part of the energy transfer to the atmosphere comes
from the oceans. Through transfer of sensible heat and through evaporation
and precipitation the oceans influence the atmospheric circulations. The
key parameter is the sea surface temperature. Since this parameter changes
in time and space it is understandable that anomalies in the sea surface
temperature may be important for changes in the circulation.
Section 2 contains some simple considerations leading to estimates of the
expected changes in temperature and wind caused by such anomalies. For this
purpose we use linear and zonally averaged models.
Section 3 analyses the scientific proﬁlem and summarizies some recent re-
sults obtained from state-of-the art three-dimensional climate modeis. These
model integrations give estimates of the long-term response of the
_éémosphere to sea surface tempefature anomalies kept constant in time and
contains also a description of an attempt to describe these responses in

terms of linear, bafotfoéic, forced changes for various basic states.
Section 4‘describesAthe results of soﬁe experiments in extended-range
predictions with emphasis on the response to sea surface temperarature ano-
malies. It is found that the anomalies have a marked influence on the model
integrations; especially after about 3 weeks. The impact of realistic sea

surface temperature distributions is definitely positive,resulting in im-

proved forecasts in the extended range even to the point that individual
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forecasts may reach an accuracy which is acceptable in deterministic pre-
dictions. In view of these results we investigate the accuracy of 10-day
mean forecasts which for realistic temperatures turn out to be superior

to those based on climatological temperature fields.

The present situation is discussed in section 5 where it is pointed out
that much work needs to be done, and that the present work rests on probab-
ly unrealistic assumptions pointing to the use of coupled atmosphere-ocean

models as the next step.

1. INTRODUCTION

Sea surface temperature anomalies (SSTA's), by which we mean the devia-

tion of the actual sea surface temperature (SST) from the long term mean
value,occur all the time in the oceans. The Climate Analysis Center (CAC)

of the National Oceanic and Atmospheric Administration (NOAA) produces rou-
tinely maps of SSTA's over the world oceans. The magnitude of SSTA is nor-
mally a couple of degrees, but the maximum values may be as large

as 5-6°C. Depending on the air temperature in the layer immediately
above the sea,the SSTA's provide a potential anomalous heat source which
can transfer both sensible and latent heat to the lower layers of the
atmosphere through heat transfer and evaporation.The object of this paper
is to discuss if these anomalous heat sources and sinks have a noticeable
influence on the atmospheric circulation, and, if so, how they may influence
predictions on the various time-scales from short- and medium-range
forecasts to long-range predictions. In short, will sea-surface temperature
anomalies alter the practical 1limit of predictability?

It has been realized for a long time that the oceans,through transfer of sensible
heat and by evaporation, provide considerable energy amounts to the atmos-
phere in certain geographical regions. Jacobs (1951) was one of the first
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researchers to calculate the transfer of sensible heat and the evaporation
on a climatological basis for the various seasons. By these methods he
could present maps of the total energy gain by the atmosphere from the
oceans. These amounts vary greatly from region to region, but maxima occur,
especially in the winter season, over the western parts of the Atlantic and
Pacific oceans strongly connected with the western boundary currents in
both oceans. The total energy amounts transferred to the atmosphere this
way are quite large (can in the maxima be as large as 100 Wm"e) and

are additions to the internal energy of the atmosphere. It was considera-
tions of this kind which lead scientists, notably Smagorinsky (1953), to
investigate the steady-state response to the heating of the atmosphere in
the ultra-long wave regime. Many scientists have elaborated on this theme,
especially Doos (1962).

At the moment the topic is, however, not the response to the total heating,
but rather the heating created by anomalous changes in the lower boundary,
i.e. changes in the.sea—surface temperature. One of the treatmentsof this
problem goes back to the pioneering work by Bjerknes (1966) who first
made an analysis of the observed SSTA's in the Pacific, especially the
tropical part of this ocean. Large positive SSTA's are observed here as a
part of the El Nino phenomenon. His arguments, supported by his data and
analysis,are that the increased sea surface temperatures will enhance the
transfer of energy into the atmosphere. An immediate effect of this should
be_an increase in the precipitation. This argument is supported by the da-
ta. A more speculative part of the arguments is that the enhanced heating
should increase the intensity of the Hadley circulation. If so, this would
mean that more westerly momentum is going into the subtropical jetstream
in the upper poleward part of the Hadley cell. The result can be an increaée
in the speed of the jetstream or a change in the positiontoa more southeri&

location. The changes in the subtropical jetstream can in turn have an
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effect on the circulation pattern in the middle and higher latitudes.

A first simple analysis of the heat induced tropical circulations has been
made by Gill (1980) who provided some mathematical solutions which have
helped in the interpretation of many results.

Many of the investigations of the impact of SSTA's have been aimed at
climatic problems and problems connected with the interannual variation.
Another group of experiments is concerned with the asymptotic response of
the atmosphere to a given SSTA. Examples of research papers along these
lines are by Rowntree (1972, 1976).

The\published SSTA by CAC for various time periods show clearly that SSTA's
of several degrees exist outside the tfopical region in the more northerly
latitudes. Mid-latitude SSTA and their influence on the general circulation
have been investigated by numerical experiments by Huang (1975) and

Roads (1980), while Ratcliffe and Murray (1970) have studied the associati-
ons between SSTA in the North Atlantic and pressure changes over Europe
from a more empirical point of view. Egger (1977), on the other hand, cal-
culated the response to SSTA's‘using linear theory and a steady-state,
quasi—geostrophic, two-level model.

A summary of these investigations has been given by the author (1982).

2. SOME SIMPLE CONSIDERATIONS

The amount of sensible heat may be computed from the formula

QS = 13-6 (TW—Ta) (2-1)

where Qg is expressed in the unit wWm—?2

when T is in absolute degrees. Ty
is the water temperature and T, the air temperature, see Wiin-Nielsen (1982).

Converted into heating of a layer, say 1Ocb, we find:
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H=1.3 x 1072 (T,~Ty) (2.2)

where H is measured in kj t™1s™l. The literature uses occasionally the

unit deg day“l. This is really a measure of
1 5 =1.15 x (T,-T,) (2.3)

converted to the time unit of one day.
With L the specific heat of evaporation we find for the corresponding

transfer of latent heat is L Qg when
Qe = ?a Cd U (qO—qa) (2-14)

where 921 is the density of air (say 1.23 x 1073 ¢ m—3),Cd =1.1 x 1073

the drag coefficient, U the wind speed, q, the specific humidity of satura-
tion and q, the specific humidity of the air.

In the investigation by Wiin-Nielsen and Brown (1962) it was found,in an
individual case over the region of the Gulf Stream, to be exactly 6. In
January, 1959 at 00Z, the sum of the two processes amountéd to about

-1

0.7 kj t"lg—l. A more typical average value might be 0.1 kj t=1 g which

according to (2.2) corresponds to a temperature difference of 7-8 degrees.

The anomalies observed in the sea surface temperatures are typically of the
order of 1-29K indicating that the additional heating ar cooling is of the
order of magnitude 0.01-0.02 kj t~1g~1l, we are therefore talking about re-
latively small perturbations. Furthermore, it is of course well known that
it is not the absolute amounts of internal energy, added to the atmosphere,
which matters, but rather the contributions to the available potential ener-

gy. Because of the smallness of the SSTA's we can get a first idea of the
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effects of SSTA's by using a linearized model. This was done by Wiin-Niel-
sen (1975) using a quasi-geostrophic model without advection, but inclu-
ding a heating effect. Some additional examples are shown in the investiga-
tion by Wiin-Nielsen (1982). We may take a case in which the lowest 10 cb-
layer is heated by 0.1 kj t”ls“lzwhile there is no heating in the remaining
part of the atmosphere. The heating creates a vertical velocity profile
with a maximum of 2-3 mm.s'"1 at about 90cb. The temperature changes are large
in the lowest layer, but this heating effect is strongly compensated by
the cooling effect created by the upward vertical velocity and the tempera-
ture actually decreases above 90cb. The geopotential decreases in the

lower layers,but increases higher up.If we next suppose that the heating
extends to 80cb we find,of course,larger values for the vertical velocity,
the temperature and geopotential tendencies. We may thus conclude that to
obtain a significant response to the heating it is necessary that the hea-
ting penetrates to high altitudes. This may be one of the reasons that the
tropical heat sources seem to be more effective than mid-latitude heat
sources. The convection in the low-latitude atmosphere will, because of the
latent thermodynamic instability, carry the heating to much higher altitu-
des than the same amount of heating from below in the middle latitudes. These
considerations .agree also with the fact that the cyclogenetic effect is
seen to be enhanced in the regions of strongest heating from below, i.e.
over the western boundary currents in the oceans.

To continue with simple considerations we may also consider the effects of
a heating anomaly in a zonally-averaged model. Such an analysis will also
be in the spirit of Bjerknes (1966) original speculations. For this purpose
we shall adopt the two-level, quasi-geostrophic model including diabatic

heating and friction. The zonally-averaged equations for this model are

_j :)(§;”7) 2 /= - —
A e
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in which'\lJ is a stream function, 3 a vorticity and E a potential vorticity,
while the subscripts O, 1, 2, 3 and 4 refer to the levels 0, 25, 50, 75
and 100 cb. The notation q2 is

z
2 2F

2 = G—PZ (2.6)

in which -F is the Coriolis parameter, 7[;. a constant value of f , O =
- (ot/8) QG/QP a measure of static stability, and P = 50 cb.

The heating per unit mass and unit time is
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H=-Cp ¥ (T - Tp) (2.7)

in which Cp is the specific heat at constant pressure,‘?“ a constant, T

the temperature and Ty an externally given temperature field. Finally, A
measures the internal frietion and £ the friction in the planetary boundary
layer. The overbar signifies a zonal average.

The system (2.5) can be closed if we specify the transports of potential
vorticity in terms of the zonally averaged quantities. Since in this section

simplicity is emphasized we shall make the simple assumption

(E'!—f), = - K E (2.8)

°r

in which K is a constant exchange coefficient. In this way we get two co-

efficients K3 and K3. We use these to define
K* = (K3 + Kl)/2; Kl = (K3 - Kl)/2 (2.9)

Using (2.8) and (2.9) in (2.5) we obtain by addition and subtraction the

following equations:

8 -
8 V&

p==3

- K 9;7+g K23 - & (5,-2%)

2t 97 (2.10)
(& -9, rE, 9 .
B3 I 2 ) Beery g oo 25)

ot 29*

In the present investigation we shall solve (2.10) by using a channel of
width W with walls to the south and the north. The boundary conditions will

be
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Recently White and Gfeen (1984 )pointed out that the parameterization (2.8)
does not automatically lead to conservation of momentum, and they discussed
other formulations which do. One may keep this remark in mind when interpre-
ting the.results.

The soTutions to (2.10) using thHe Boundary conditions (@.11) are obhained

by a series expansion of the form

/QD = g%;_ Ll}p@m) vqi CV:/ﬁM/7Z ;%};) (2.12)

The details of the solution are given by Wiin-Nielsen (1986) and will not be
given here, but we shall look at some examples.These were computed with the

following values:

4

1.4 x 106 51

q2 = 2.25 x 10712 p=2
W =10T m

£ =3x 106 §1

A =7 x10°7 &t

K¢ = 1.4 x 100 m2 §1
Kp = 0.6 x 100 m2 81

We start with an example given in Fig. 1. The curve Ty shows a temperature
disturbance with maximum value of 1° K located in the middle of the channel.
The response in the model temperature T, is shown in the same figure. The
external heating produces a temperature increase in the central part of the
channel, but due to the parameterization of the eddy-transport of pptential
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Fig.1l Tg = Tg( ) is the forcing temperature, 52 the response
temperature, while u, and Uy are the resulting wind
distributions.

#*

vorticity the temperature increase is spread out agross the channel. It is
thus understandable that the change in the thermal wind will be positive in
the northern half of the channel and negative in the southern half. A cor-
responding change is found in the vertical mean wind Z; as shown in the
left part of the figure. While the arguments given above show the qualita-
tive part of the results, we need to do the actual calculations to obtain
the correct quantitative results. We note in particular that the change

in the zonal wind is a small fraction of lms™1 when the amplitude is 19K
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in Tg. In this regard we should remember that T is different from zero ina
rather small region.

Fig. 2 shows a different case.

n n
1.0+ +1.0
0.5+ B +0.5
u,
U, Te
T2
0.0 } 4 t —1
R 0 i 2 -1 0 1
u, ms™! T,,°K

Fig.2 A case with heating close to the southern houndary adja-
cent to cooling in the middle of the channel. Ty, d; and
ﬁ3 are the resulting temperature and wind distributions.

In this case the anomaly covers two thirds of the distance from south to
north. In addition, there is a strong contrast between a positive anocmaly
next to the southern wall and the negative anomaly in the center of the
channel. Converted to the earth this would correspond to a positive anoma-
1y in the low latitude with a negative anomaly in middle latitudes. This
distribution, although extreme, is not unlike an El1 Nino situation. The
resulting temperature distribution is shown in the right hand part of Fig:é.

Due to the boundary condition we find T,(e) = Tg(a) = 1 . The zonal
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winds ﬁl and ﬁ3 are shown in the left part of Fig. 2. U, is now more than

2mé4;a much larger value than in the first case. We find therefore, in agree-
ment with Bjerknes' reasoning, an increase or a southward displacement of
the sub-tropical jet.

We have so far been concerned with the steady state problem and have shown
steady state solutions. It is, however, also of interest to investigate how
long it takes for the time-dependent solution to come close to the

steady state solution. To solve this problem we go back to the time-depen-
dent equations. Exactly the same assumptions are made, and it is thus seen
that we obtain a complete set of linear ordinary differential equations for
each value of m in the expansion in terms of the orthogonal functions. Such
equations are easy to solve. The detailed solutions are shown by the author
(1986).

Fig. 3 shows the difference between the steady state solution and the actu-

al solution as a function of time for the streamfunctions of the vertical

mean flow, denoted by an asterisk, and the thermal flow for m = 2. Both

($2 21§, 2) x10*
60+ f

40+

30H(§ 2) - 121 ) x 108

1S 20 25

[THS
©

days

Fig.3 Time dependent solutions of the difference between the
steady state and the actual state for wave number two
showing that the steady state is reached after approxi-
mately 3 weeks.
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quantities will naturally approach zero at very large times. The two hori-
zontal lines in Fig. 3 show the 10% level of the initial difference. These
levels are reached for the vertical mean flow after 24 days, while the cor-
responding figure for the thermal flow is 21 days. These results will later
be compared with résults obtained by non-linear integrations using medium-

range prediction models.

3. THE SCIENTIFIC PROBLEM

Based on the simple considerations given in section 2 one cannot exclude the
SSTA's having an influence on the medium- and extended-range predictions.
In spite of research carried out over at least the last two decades there
is, however, no clear understanding of the ways in which SSTA's influence

a forecast, and there is only a general understanding that the time-scale

of the atmospheric response to SSTA may be of the order of 3-4 weeks.

Under the general expectation that ECMWF staff members will inform the work-
shop of the most recent work carried out at the Centre,it may be pertinent
fo describe briefly some work on the problem conducted in the U.S.A. Some
general circulation experiments have been carried out with the Community
Climate Model (CCM) of the National Center for Atmospheric Research (NCAR).
These experiments concentrated on the El Nino phenomenon and its impact on
the global circulation and are therefore climate oriented experiments rather
than prediction experiments.

Blackmon et. al.(1983) and Geisler et. al. (1985) have reported on experi-
ments carried out under perpetual January conditions. The procedure was to
add a SSTA to the normal SST distribution in the CCM and to make two long
integrations, one with the SSTA and one without it. The latter may be cal-
led the control experiment. The difference between the long-term means for
the two experiments may be called the impact of the SSTA. It is reproduced
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Fig.4 Anomaly in the 1200-day average 200 mb height field of the
CCM caused by introducing an El1 Nino - Southern Oscillati-
on composite SSTA. From Blackmon et.al. (1983). Location
of the rainfall anomaly is stippled. Contern internal 20m.

as Fig. 4 of this paper and is a 1200-~day average of the difference in the
200 mb height field as produced by the CCM. It should be noted that the
observed SSTA was increased by a factor of 2 in these experiments, and that
the'experiments were carried using a resolution of R 15 in the spectral
domain. Fig.4 shows that the impact of the E1l Nino SSTA according to these
calculations is to create a series of lows in the 200 mb height field in
the latitude belt of 30 to 60°N with positive height anomalies to the south,
i.e. in the region 0-30°N. The main result is therefore an increase in the
subtropical jetstream. There are also positive anomalies in the high lati-
tudes which could mean a decrease in the polar front jet.

As a first result we may thus say that the experiments are by and large in
agreement with the results obtained with the zonally-averaged model in sec-
tion 2. On the other hand, the desire is naturally to go further and to in-
vestigate, if it would be possible to reproduce the major pattern in these
long-term integrations in a different way and thereby increase our under-
standing of the mechanisms involved.

Once again one should turn to linear analysis, but now carried out in such

a way that a complicated steady state changing in both longitude and latitude
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can be handled. This has been attempted by Branstator (1985 a, b) who goes
back to the steady-state barotropic model with forcing. The problem is this:
Assuming a steady state as the basic state we want to calculate by linear
theory the changes caused by a given SSTA (such as the El1 Nino). Such calcu-
lations have been carried out earlier by Hoskins et.al. (1977), Simmons
(1982), Simmons et.al (1983), and by Branstator (1983) himself to explore
the horizontal energy propagation. It is also indicated by such investi-
gations that the final result depends strongly on the nature of the assumed
basic state.

Mathematically the problem is as follows. Let an overbar denote the basis
steady state and a prime the perturbation on it. The barotropic perturbati-

on equation is then

J yn — 14
C’{Zj("l’; S’)+a"1j(«p’/ [+Z)reg-so- R (3.1)
in which the Jacobian is

T p) = =5 %f— - %ff i e sind

(3.2)

€ is the term measuring the influence of the planetary boundary layer
(e = 1.65 x 1076 s"l), while & Vlsr is a diffusion term which in (3.2) and
in the CCM has a non-zero value only when the total wave number is larger
than 15(in which case & = 2.5 x 105 m?g™1).
We shall not here go into the details of solving the linear equation (3.1),
but the method is to develop both the forcing and the desired solution in
terms of spherical harmonic functions.
The basic steady state should be the long term average of the control expe-
riment, i.e. a 1200-day average of the integration without the SSTA. It is

shown in Fig. 5 together with the "observed" climatological map. It is,
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Fig. 5 (a) 1200-day mean CCM 300 mb streamfunction from a con-
trol simulation.
(b) Climatological January 300 mb streamfunction. Control
internal is 1 x 107 m?s~1,
From Branstator (1985).

however, interesting to see how much and in which way the results depend
on the steady state. Branstator (loc.cit.) defined three steady

states:

o
(1) Solid body rotation, i.e. only 4}, is maintained
[}
(2) Zonal mean field, i.e. only «Ph is maintained

(3) Full field.

The calculated steady responses are shown in Fig. 6 using a forcing which

2
is defined below. Let be defined by the expression
5

0= (s\-muBZ/S;  (9-do)/ Sp

(3.3)
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in which S}\ = 300, 5,{, = 259, The definition of R is therefore:

R = . (3.4)

90° S I'"“ - -:' T Al T v M T M T T
180°  120°W  6O0°W e 6C°E  120°F  180°

(b)

60°E 120°E 180°

(c)

60°S -

90°S v T v T v v T v T .
180° 120°W 60° W o 60°E 120°E 180°

Fig.6 Steady perturbation height solutions of the linear barotro-
pic vorticity equation forced by a vorticity source in the
stippled region
(a) solid body rotation in Fig. 5 (a)

(b) zonal mean component in Fig. 5 (a)
(¢) total field in Fig. 5 (a)
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According to (3.4),R is non-zero in an elliptical region and changes line-
arly to the elliptical boundary. The responses in Fig. 6 were cémputed with
A, = 200°, & =0 and D, = 3 x 1076571,
Comparing Fig. 6a with Fig. 4 it is seen immediately that they are very
different because the distribution in Fig. 6a is symmetrical around the
equator and in Fig.4 it isnot; also Fig. 6a failsto reproduce the extensive
negative anomaly across the Atlantic and stretching up to Scandinavia. Fig.
6b is somewhat better because asymmetry now appears, but the extensive ne-
gative anomaly mentioned above is still not present. Fig. 6c¢ is a definite
improvement over the other two figures because the negative anomaly is
found over the Atlantic with another negative anomaly in Europe.
We may conclude that the study described above indicates thata part of the
response to a given SSTA in the E1 Nino case can be explained in terms of
a linear, barotropic analysis in which the responseris calculated using the
most realistic steady state. This information is useful in understanding
the mechanisms behind the response to SSTA's. It goes almost without say-
ing that the impact necessarily depends on the position of the SSTA. This
is immediately understandable because the effect of an SSTA should depend
strongly on the structure of the atmosphere above, i.e. its wind regime,
stability conditions and moisture distribution. In spite of this reasoning
Geisler et.al. (1985) seem to have arrived at the result that the response
i3 relatively independent of the location of the SSTA.
In view of the relative success of the linear analysis described above, it
would be interesting in the future to reinvestigate the response to SSTA's
located in higher latitudes although some of this work was done by Egger .

(1977) using a two-level, quasi-geostrophic model on the beta-plane.
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4, SSTA's AND EXTENDED-RANGE PREDICTIONS.

It was determined quite a long time ago that it was important to include
the source of sensible and latent heat from the oceans to the atmosphere

in short- and medium-range predictions. In the early years of ECMWF's expe-
rimental and operational efforts it became clear that climatological fields
of sea surface temperatures were inadequate for purposes of medium-range
predictions, and arrangements were made to secure up-to-date information

on the distributions of this parameter as an input to the operational mo-
del. On the other hand, the initiai SST's are kept constant during the whole
integration of the operational model up to 10 days. Under these assumptions,
and if they are valid, it would appear that any anomaly (i.e. any signifi-
cant deviation from the climatological average) is automatically incorpo-
rated in the operational forecast. Any significant impact of SSTA's should
thus appear in the forecast. It is of course still of great interest to
investigate the impact of these anomalies on extended-range forecasts.

Based on the material covered in the previous sections we can conclude

that

* the daily change in the meteorological parameters is relatively small
as a direct effect of SSTA's

* the impact of a given SSTA depends on the particular atmospheric cir-
culation which exists at the time

* the very long term impact is significant as demonstrated by climate

experiments

On the other hand, it is not known with great certainty how fast the SSTA's
will influence a forecast significantly, and in which way the prediction
will be changed.

To explore this situation further it is necessary to conduct a large num-

ber of prediction experiments. Definitive answers cannot yet be given, but
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there is a great iﬁterest in various research quarters. The experiments
conducted so far have, as far as I know, been made with SSTA's kept con-
stant during the forecast. While this assumption may be justified during

a medium-range forecast to 10 days,it is much more questionable for exten-—
ded-range forecasts to 30 or 60 days because SSTA's may change significant-
ly during such a time period.

The description in the following will be restricted to a single case which
has been analysed by Cubasch and Wiin-Nielsen (1986); it is an E1 Nino ex-
periment. Fig. 7 shows the representation of the observed SSTA using spec-
tral components up to T 21, T 42 and T 63. It is seen that T 63 is neces-

sary to represent the maximum correctly.
The experiment was conducted as follows:

1. Integrations of the operational ECMWF model up to 60 days were made
using a. SST equal to its climatological average, marked CLIM in the

figures.

2. Integrations were made to 60 days with SST equal to its climatologi-

cal value plus the SSTA, marked POS in the figures.

3. Integrations were made also with SST equal to its climatological

value minus the SSTA, marked NEG in the figures.
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Fig.7 The observed E1 Nino anomaly as seen by the different

resolutions, contour internal 1°C.

Note that we used-the mature phase of the 1982/83 El1 Nino event with
operationally assimilated data.Fig. 8 shows the predicted anomaly, averaged
for the period 11-40 day, at 500 mb. The predicted results are for the three
resolutions T 21, T 42 and T 63, while the last map is the observed anomaly.
As we have seen in the climate experiment the anomalies are of rather large
magnitude amounting in the observed map to about 280m in the Gulf of Alaska.
Comparing the three resolutions it is evident that the T 21 integration
does not result in magnitudes which compare favorably with the observed
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Pig.8 The anomaly of the 500 mb height field averaged for days
11 to 40 for the E1 Nino case.

anomalies. The magnitude of the predicted anomalies increaseswith increa-

sing resolution. Comparing the T 63 results with the observed map we

see very good results because the large negative anomaly in the Gulf of

Alaska is predicted, albeit with somewhat smaller magnitude than observed.
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Similarly, the positive anomaly across the Atlantic accompanied by a nega-
tive anomaly over Greenland arealso caught rather well. The major error is
that the predicted large positive anomaly over the northern part of U.S.S.R.
is too intense and not in the correct position,while the negativeJanomaly
observed over Scandinavia is unpredicted.

Fig. 9 shows the anomaly correlation coefficient as a function of time to

T21

%0 .
W e
—m
;3 60
e .CLIM
3y oo

» p - /-NEG

10 2 s \,ZPOS

0 [} 4 [ 12 xs\/ﬁ I 3;~"‘_V’.?\w DAY

e
PERSISTENCE
T42

0
T 60
-
Y e
g s CLIM
K s NEG

20 /," /——‘POS

10 L

e 32 Y)\W DAY

PERSISTENCE

PERSISTENCE

Fig.9 The anomaly correlation for the 500 mb height field ahd
wavenumbers 1-3 in the region 20.5 - 82.5°N.
El Nino case.

40 days. Concentrating on the results for T 63 we may note the following

features:
* the SSTA has no impact during the first 10 days
*

the POS SSTA is the best forecast during all 40 days

the NEG SSTA does not have predictive value after approximately 8
days
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* all curves indicate the normal loss of deterministic predictability

after 8 days

* both CLIM and POS show positive values after 22 days with a broad

maximum around 32-25 days. POS is better than CLIM in the period.

Assuming that thissingle case is representative (which may not be the case)
we could conclude that the response to the SSTA is observed after about 22
days, say 3 weeks, and that the signal from the SSTA has a definite tendency
to improve the prediction. In this single case it is found that the im-
provement is so large that the anomaly correlations on individual dayé
reach a level of about 0.6. This phenomenon has been called the recovery

of the forecast.

In view of these results, and because individual smaller meteorological sy-
stems will be unpredictable on this time scale,if was decided to calculate
10-day mean anomaly correlation coefficients. They are shown ih Fig. 10
which indicates for T 63 that the observed SSTA (POS) produces the best
forecast among the three integrations. In this figure we have introduced

a horizontal line, called NORM, with a value slightly less than 0.3. This
level was selected as the lowest value for a useful forecast using corre-
lations for 10 day mean maps. It corresponds to the level of 0.6 used as
the lower limit for useful daily deterministic forecasts. The vaiue was
derived from multi-year climate forecasts by asking how much skill the mo-
del climate possesses in predicting the 10 day means in the period conside-
red in our study. There were 12 cases. The measure of skill was obtained by
averaging the 12 coefficients and adding 1.96 times the standard deviation.
Measured in this way it is only the POS prediction which has skill

during the whole period.

Since the recovery period starts after 3 weeks it was decided to look at
the 10 day period, 21-30 days. Looking again at the T 63 results, we show in

Fig. 11 the 500 mb mean height anomaly, the control (CLIM) and the E1 Nino

244



Aop ubap

s Sy O ST of 5z o
1 i \ 1 1

—1 00—

Los-

- 0R—

02—

09~

L os—

t-ov—

log-

l.oz-

-0t~

WINJ

WHON

€91

= al

-0

I-or

o%

0%

0L

. 06

-o8 |

[ ] 1900 00

Aop ubap Aop ubapw
69 € 05 S OF Sf of SZ 0Z S O 0a 65 05 sr Ov ST Of S oOZ S O
L 1 1 1 L. vl L 1 1 1 1 oo— L 4 I 1 — 1 1 1 1 1 1 ogt=
- 08~ |-o8-
I ow- | og-
- oL~ FoL~-
- o9~ o9~
-os 05~
-or— I-or—
Fos- +og-
boz- o - 0Z—
HEEEIY
Foi- - E oi-
. \
o
Lo o °
9iIN l’[\\,/ lae — o
It 31
50d .77 RRREN A / \/ oz — Loz
waon T i \ WHON
Wi -oF log
- oY ad
0% as
(1] Lra
Loz oz
o8 ]
- 06 o8
-0k Loot

Zvi

XA N

[ % ] He0d 103

\

The 10-day mean anomaly correlations for the 500 mb

Fig.10

E1l Nino case.

height field.
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The 500 mb mean height field anomaly averaged for days
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Fig.11

(POS) forecasts. These maps areshown in the upper part of the figure. The

ino anomaly. The

t of the E1 N

impac

e

chart in the lower left corner shows the

lower right corner contains the observed anomaly averaged for the same 10

It is evident that the E1 Nino prediction is better than the control

days.

t leaves much to be desired.

i

but that

forecast,

. 12 shows that especially the T 63 forecasts are systematically

Fig

better when realistic SST's are used.

We conclude:

The SST has an impact on the forecasts in the extended range, but

*
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practically no impact during the first 10 days.

A resolution corresponding to at least T 63 is necessary
A positive impact is found for realistic SST

The forecast may recover after about 3 weeks

The extended forecasts areobscured . by the systematic errors in

the model.

January 1, 1983
10 Day Msan Anomdly Correlation
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Fig.1l2 Intercomparisons of the skill of the 10-day means be-
tween the experiments with the positive anomaly and
the climatological SST. El1 Nino case.

5. CONCLUDING REMARKS.

The investigations of the atmospheric response to the interactions with
the oceans through the transfer processes in the field of extended-range
prediction have only Jjust begun. There is sufficient evidence at this
time to conclude that the impact of sea-surface temperature anomalies

on the global circulations in all latitudes 1is significant in the exten-

ded-range predictions, but probably rather insignificant, except locally,
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in the medium-range time interval. The preliminary results also suggest
that the observed SSTA's, especially in the tropical 1atitudes,p1ay a ma-
jor rdle in explaining rather drastic changes in global circulation pat-
tern due to the rather large anomalies created by the SSTA's with a time
scale of 3-4 weeks.

A major question for future research is how complete the models need

to be to give a realistic treatment of the physical and hydrodynamical
processes which are involved in the complicated interactions between the
two major parts of the complete system, i.e. the oceans and the atmosphere.
The present approach which keeps the SSTA's constant in time for periods
of several weeks is probably not good enough. The interactionS‘ﬁetween
ocean and atmosphere giving a realistic description of a complicated -
7phenomenon such as an El1 Nino event should involve twq way interactions
and not only a stagnant ocean interacting with the atmosphere.

Eventually we should,in a single model which couples the ocean to the at-
mosphere, be able to account for the processes which create fhe SSTA,
calculate the atmospheric response, and thereby also predict the atmos-
pheric and oceanic changes which remove the SSTA and brings the ocean
baék to a normal state or to another disturbed state.

With these thoughts in mind it becomes important to understand both the
atmospheric and oceanic processes to a degree which will permit the for-
mulation of an adequate model. The design of coupled models should con-
tinue, but it is equally important to search for analytical models or
low-order, idealized systems which can reproduce the principal aspects

of large sea surface temperature anomalies, their creation, maintenance
and destruction. Before we do this we cannot expect to draw the full be-

nefit of the predictive value of the existence of these abnormal condi-

tions.
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