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La conservaci6n de Ia energla termica ap!icada a Ia capa superior de los. occanos sc utiliza para predecir las anoma· 
Has medias mensuales de Ia temperatura de Ia superficie del mar en el hemisfcrio norte. Como datos iniciales 
utilizamos Ia temperatura de Ia superficie del mar, Ia temperatura a 700mb y Ia presion del aire en Ia superficie 
correspondientes a! mes anterior, segun se prepara en Ia NOAA. Se llcva a cabo un cstudio sobre Ia importancia 
relativa, para las predicciones, de las anomalias del transportc horizontal por las corrientcs ocminicas de deriva 
y por Ia mezcla horizontal turbulenta, as{ como tambien el calentamiento por cvaporaci6n, el calor sensible 
emitido a Ia atmosfera y las radiaciones de onda corta y larga. 

Para computar las corrientes oceanicas de deriva utilizamo~ cl modclo de Ekman forzado con un viento gcos· 
tr6fico superficial. Los experimentos numericos, variando cl angulo entre cl viento gcostr6fico superficial y Ia 
corriente marina superficial resultante, demuestran que las mejorcs prcdiccioncs son las que sc obticncn con 
un angulo igual a cero grados. 
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Una verificaci6n en los oceanos Pacifico y Atliintico durante un periodo de 36 meses, de junio de 1980 a 
mayo de 1983, muestra alg(m grado de eficiencia en las predicciones debido a los terminos de calentamiento y de 
mezcla turbulenta. Sin embargo, se obtiene mayor eficiencia cuando, junto a estos terminos, se incluyen en las 
predicciones las anomaHas del transporte por corrientes oceanicas de deriva. 

La eficiencia mejora sensiblemente cuando, para computar las corrientes marinas de deriva y el calentamien­
to, utilizamos el viento geostrofico y Ia temperatura a 700 mb prescritos para el mes en curso en vez de las del 
mes anterior. Estos experimentos de semipredicci6n muestran que un modelo mas completo en el cl.ial se predi­
gan el viento geostr6fico en Ia superficie del mary Ia temperatura del aire conducira a un mejoramiento conside­
rable en las predicciones. 

ABSTRACT 

The conservation of thermal energy applied to the upper layer of the oceans, is used to predict mean monthly 
sea surface temperature anomalies in the Northern Hemisphere. As input data we use the sea surface tempera­
ture, the 700-mb temperature and the surface air pressure in the previous month, as prepared by NOAA. A study 
is carried out on the relative importance, for the predictions, of the anomalies of the horizontal transport by 
wind drift ocean currents, and by horizontal turbulent mixing, as well as the heating by evaporation, sensible 
heat given off to the atmosphere, and short and long wave radiation. 

To compute the wind drift ocean currents we use an Ekman model forced with a geostrophic surface wind. 
Numerical experiments varying the angle between the geostrophic surface wind and the resultant surface current 
shows that the best predictions are obtained for an angle equal to zero degrees. 

A verification in the Pacific and Atlantic oceans for the 36-month period from June 1980 to May 1983 
shows some degree of skill in the predictions due to the heating and the turbulent mixing terms. However, the 
best skill is obtained when, besides these terms, the anomalies of the transport by wind drift ocean currents are 
included in the predictions. 

The skill is still substantially increased when, for computing the wind drift ocean currents and the heating, we 
use- the prescribed geostrophic wind and the 700-mb temperature for the current month, instead of the ones for 
the previous month. These semiprediction experiments show that a more complete model in which the surface 
gcostrophic wind and the air temperature arc predicted, will lead to a considerable improvement in the predictions. 

INTRODUCTION 

The problem of explaining and possibly predicting the large scale monthly and sea­
sonal sea surface temperature anomalies, relating them to the anomalies of wind 
drift ocean currents, heat lost by evaporation, sensible heat given off to the atmos­
phere, large scale horizontal turbulent transport and upwelling, has been the subject 
of several papers. Namias ( 1959) was the first in estimating sea surface temperature 
anomalies from the transpor-t of thermal energy by wind drift ocea11 currents, using 
an Ekman approach (1902). Eber (1961 ), Arthur (1966) and Clark (1972) also car-
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ried out experiments using the same approach. Jacob (1967) carried out semipredic­
tions of monthly sea surface temperature, showing that besides the wind drift ocean 
currents forcing, the heat lost by evaporation and sensible heat given off to the at­
mosphere are an important factor in the formation of monthly sea surface tempera­
ture anomalies. The senior author of this paper (Adem, 1970) formulated a predic­
tion model based on the conservation of thermal energy in the upper mixed layer of 
the oceans, which included, besides wind drift ocean currents, and evaporation and 
sensible heat given off to the atmosphere, the large scale horizontal turbulent trans­
port of thermal energy as well as the vertical transport of heat at the bottom of the 
mixed layer. The numerical experiments showed that the large scale horizontal tur­
bulent term added a substantial skill to the predictions (Adem, 1970, 1975). How­
ever, the contributions of the vertical transport of heat at the bottom of the layer 
was shown to be negligibly small (Adem, 1970). This could be due to the crudeness 
of the parameterization used to evaluate this term. 

Numerical experiments carried out by Haney, Shiver and Hunt (1978), and Haney, 
Houtman and Little (1983) indicate that the vertical transport of heat at the bottom 
of the layer caused by the divergence of the wind drift ocean currents (Ekman 
pumping) has a negligible effect in the generation of large scale temperature anom­
alies, while the horizontal transport of heat by wind drift ocean currents has an im­
portant effect in the generation of such anomalies. 

Daly (1978) showed some examples of ocean temperature anomaly predictions 
for the North Atlantic Ocean, in which both the wind drift horizontal transport of 
heat and the cooling due to the heat lost by evaporation and sensible heat given off 
to the atmosphere are important factors in the predictions. 

More recently Lanzante and Harnack (1983 ), based on a large set of data, carried 
out a statistical study in which they showed that the wind drift horizontal transport 
of heat computed with the Ekman approximation has a significant correlation with 
the monthly changes of temperature anomalies in the North Pacific. 

Adem and Mendoza (1987) have revised the Adem (1970, 1975) models by opti­
mizing some of the parameters that appear in the heating and transport terms. In 
the present paper, we apply this revised model to a systematically preparid set of da­
ta, which consists of 36 months from June 1980 to May 1983, in order to determine 
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the importance of the different factors on which the predictions depend and toes­
tablish the degree of skill of the predictions. 

THE MODEL 

We use the conservation of thermal energy equation applied to the upper layer of 
the ocean, as derived in detail by Adem ( 1970), and which is the following: 

oTs at = AD+TU +HE (1) 

where aTs/at is the local rate of change of the sea surface temperature, Ts. The terms 
AD, TU and HE are the rates of change of Ts due to the horizontal transport of heat 
by mean ocean currents, the horizontal turbulent transport and the total heating in 
the upper layer of the ocean, respectively. 

The terms AD, TU and HE are given by 

AD = - V~ · \ITs 

TV = Ks ~Ts 

HE = (1/hpscs) (Es- G2 - G3) 

where VsT is the surface ocean current, Ks the horizontal exchange coefficient, h the 
depth of the layer, Ps the density, Cs the specific heat, Es the heating by radiation, 
G2 the sensible heat given off to the atmosphere, and G3 the heat lost by evapora­
tion. 

In YsT we will include only the pure wind drift ocean current using Ekman's 
(1902) approach. The· horizontal components of such current will be computed 
with the foliowing formulas (Adem, 1970): 

Us 
- c 0.0126 
- I 
~ 

(uacos8 + Vasin8) 

(2) 

Vg 
= Ct 0.0126 

VSifii{J 
(vacos8 - Uasin8) 
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where u8 and v8 are the x and y components respectively of the resultant pure drift 
current in the layer of depth h; '{)is the latitude, and ua and va are the x andy com­
ponents of the surface geostrophic wind respectively. C 1 is a constant and () the an­
gle that measures the direction of the vector surface ocean current to the right of 
the surface wind direction. 

For G2 and G3 we will use the formulas: 

G2 = G2 N +K31VaNI[(Ts- TsN)- A7(Tm- TmN)] (3) 

G3 = G3N+K4 BIVaNI[0.98I(T8 -TsN)-A7UN(Tm-TmN)] (4) 

where Tm is the 700 mb temperature; G2N, G3N, T8 and Tm are the normal values 
of G2 , G3 , T8 and Tm respectively, I VaN I is the ship~deck nor~al wind speed; UN is 
the normal value of the surface relative humidity, and K3 , K4 , B and A7 are cons­
tants. 

Formulas (3) and ( 4 ), with A7 = 1, were derived by Clapp et a/. (1965) as an 
adaptation of Jacobs (1951) bulk formulas and have been used in the thermodynam­
ic model(Adem, 1964a, 1964b, 1982). 

For E8 we will use the same formula as in previous experiments (Adem, 1970). 

NUMERICAL EXPERIMENTS 

We carry out experiments for the 36 months from June 1980 to May 1983. As 
input data we use the sea surface temperature, and the atmospheric surface pressure, 
as well as the corresponding normals for NMC-NOAA. We also use the 700mb tem­
perature from NMC-NOAA, but for 700 mb normals, we use the 8 years average 
1976-1984 o(the NMC-NOAA values, prepared by Donn and Goldberg in the Lamont­
Doherty Geological Observatory (private communication). 

Following our previous experiments (Adem and Mendoza, 1987) on the optimiza­
tion of some of the parameters that appear in (2), (3) and (4 ), we use for K3 and K4 

Jacobs (1951) values which are equal to 26.8 gm sec-2cm-1 0~1 and 40.5 x 10-3 

respectively, and for K5 , h, C1 and A7 the values 108cm2sec-1, 100m, 0.235 and 0.4 
respectively. ForB we use, as in previous papers, the value 1.28 X 1 03gm sec-2cm-10K-l 

(Adem, 1971 ). 
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In order to determine the importance of the angle 0 in the predictions, we carry out 
experiments with values of this parameter from oo to 900, and indicate in each par­
ticular case the value of 0 used. 

Besides the prediction experiments in which we use as input data the previous 
month values of sea surface temperature, atmospheric surface pressure and 700 mb 
temperature, we carry out semipredictions in which the atmospheric fields are pre­
scribed for the current month, instead of the ones for the previous month. 

The integration method is the same as the one described by Adem (1970). For 
the time derivative we use the Euler formula and use time steps of 5 days, so that for 
each of the monthly predictions 6 time steps are used. 

The spatial derivatives are centered finite differences. The integration area and 
the grid points are shown in Fig. 1. The integration is carried out only in the ocean­
ic regions. To evaluate the spatial derivatives at the continental boundaries we as­
sume that in the continental boundary points the temperature value is equal to the 
closest ocean temperature value. 

The method of prediction for the first step consists in making a prediction for the 
normal values using normal observed values of the previous month as initial condi­
tions and another prediction for the month considered using the observed values of 
the previous month as initial conditions (normal plus anomaly). The predicted 
anomaly is obtained by substracting from the computed values in the first time step, 
the corresponding computed normal values. 

For the subsequent time steps this procedure is repeated except that as initial 
ocean temperature anomaly we take the one computed in the previous time step. 

The atmospheric initial conditions are maintained fixed through the whole inte­
gration. 

To illustrate the type of predictions included in this paper, Figs. 2 and 3 show 
respectively the prediction and the semiprediction of the change in the sea surface 
temperature anomalies from December 1981 to January 1982, for the case when the 
complete· Eq.(l) is used, with an angle 0 equal to 450 in formulas (2)~ Fig. 4 shows 
the corresponding observed change. 
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As in our previous experiments (Adem and Mendoza, 1987) we evaluate the skill 
of predictions in three different ways: 

a) the percentage of signs of the sea surface temperature anomalies correctly pre­
dicted. 

b) the percentage of signs of the month-to-month changes of the sea surface temper­
ature anomalies correctly predicted. 

c) the root mean square error (RMSE) of the predicted sea surface temperature 
anomalies. 

Table 1 

Average of the percentages of signs correctly predicted of the sea surface temperature anomalies 
for the whole period of 36 months from June 1980 to May 1983* 

Case Semiprediction Prediction Difference 

Persistence 65.6 
AD(90) 1.4 1.4 0.0 
AD(45) 2.3 1.9. 0.4 
AD(O) 2.9 2.5 0.4 

TU 3.1 
HE 3.1 2.7 0.4 

TU+HE 3.3 2.8 0.5 
AD(90) + TU + HE 3.2 2.4 0.8 
AD(45) + TU +HE 3.5 2.8 0.7 
AD(O) +TU +HE 4.1 3.0 1.1 

*In the first line are the values of the control prediction (persistence). In the subsequent lines, 
the excesses over the control when using, in the right hand side of (1), the terms indicated in 
the first column. The second and third columns show the values for the semipredictions and 
the predictions, respectively. In the fourth column are the values of the second column minus 
the values of the third column. 

As control predictions we use in a) the percentage of signs correctly predicted by 
persistence (the previous month values as prediction); in b) the percentage of signs 
correctly predicted by "return to normal" (using the opposite sign of the previous 
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month's anomalies as prediction of the sign of the month-to-month change of sign in 
the anomalies of the sea surface temperature); and in c) the RMSE of a prediction 
using persistence. 

To determine the importance in the predictions of the different terms that appear 
in (1) we have carried out several experiments. The predictions have been evaluated 
using the three methods described above. Table 1 shows the evaluation of the per­
centage correctly predicted of the sign of sea surface temperature anomalies, table 2 
the percentage correctly predicted of the sign of the month-to-month changes of the 
sea surface temperature anomalies, and table 3 the root mean square error (RMSE) 
of the sea surface temperature anomalies. 

Table 2 

Average of the percentages of signs correctly predicted of the month-to-month changes in sea 
surface temperature anomalies for the whole period of 36 months, from June 1980 to May 1983* 

Case Semiprediction Prediction Difference 

Return to normal 57.2 
AD(90) -9.1 -9.4 0.3 
AD(45) -6.1 -8.4 2.3 
AD(O) -6.7 -9.4 3.3 

TU 2.9 
HE 4.9 2.7 2.2 

TU+HE 4.7 3.4 1.3 
AD(90) + TU + HE 4.8 3.0 1.8 
AD(45) + TU +HE 5.5 4.0 1.5 
AD(O) +TU +HE 5.7 4.3 1.4 

* In the first line are the values of the control prediction (return to normal). In the subsequent 
lines, the excesses over the control when using, in the right hand side of (1), the terms indicated 
in the first column. The second and third columns show the values for the semipredictions and 
the predictions, respectively. In the fourth column are the values of the second column minus 
the values of the third column. 
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Table 3 

Average of the RMSE (in °C) of the predictions of monthly sea surface temperature anomalies 
for the whole period of 36 months, from June 1980 to May 1983* 

Case Semiprediction Prediction Difference 

Persistence 0.67 0.67 
AD(90) -0.02 -0.03 .01 
AD(45) -0.01" -0.02 .01 
AD(O) 0.00 -0.02 .02 

TU 0.03 
HE 0.06 0.05 .01 

TU+HE 0.07 0.06 .01 
AD(90) + TU + HE 0.07 0.06 .01 
AD(45) + TU +HE 0.08 0.06 .02 
AD(O) +TU+HE 0.07 0.06 .01 

* In the first line are_ the values of the control prediction (persistence). In the subsequent lines, 
the values of the control prediction minus the model prediction, when using, in the right hand 
side of (1), the terms indicated in the first column. The second and third columns show the 
values for the semipredictions and the predictions respectively. In the fourth column are the 
values of the second column minus the values of the third column. 

In the first column of the three tables we indicate the terms of (I) included in the 
prediction. We use the terms alone or a combination of them. For the advection 
term, which is a function of (J , we indicate the angle used. For example AD(90) 
means a prediction using the advection term with (J = 90°. 

In the three tables the second and third columns show the values for the semipre­
dictions and the predictions respectively. In the fourth column are the differences, 
semipredictions minus predictions. 

The three tables show in the first line and in the third column the value of the 
control prediction. The other lines, in table 1 and 2 show values of the model semi­
predictions or predictions minus the control prediction, in percent of signs correctly 
predicted, while table 3 shows values of the RMSE of the control prediction minus 
the RMSE of the model semipredictions or predictions. • 
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In the three tables when the value is positive the model prediction is better than 
the control prediction. 

INTERPRETATION OF RESULTS AND CONCLUSIONS 

Tables 1, 2, 3 show that in all the cases and for the three evaluations the semipredic­
tions are better than the predictions. This result implies that a more complete 
model in which besides the ocean temperature, the atmospheric variables are pre­
dicted, would improve the predictions. In previous papers the senior author devel­
oped a coupled model in which an equation similar to ( 1) is used for an atmospheric 
layer, and the term HE is only used for the equation applied to the ocean layer. In 
the experiments carried out with such a model, one time step of 30 days was used 
with backward time steps and an implicit method of integration. A verification of a 
sample of 73 predictions (Adem, 197 5) shows that the percentage of the month-to­
month change of the sign of the anomalies correctly predicted with this model is 3. 7 
higher than that of return to normal. This value is between the prediction (2.7) and 
the semiprediction ( 4.9) values of the corresponding case (HE) of table 2. 

Tables 1, 2, 3 show that in the three evaluations the semipredictions and the pre­
dictions with the model in which the transport by mean ocean currents is neglected 
(TU + HE) or included (AD+ TU + HE), are in all the cases better than the control 
predictions. 

The skill of the complete case (AD + TU + HE) is a function of 8 and tables 1 
and 2 show that the best skill is obtained with 8 == 0°. This result is in agreement 
with the numerical experiments of Clark ( 1972) who showed that the best correla­
tion between the changes of the surface ocean temperature anomalies computed 
using (2) and the corresponding observed changes, is obtained when the wind drift 
current has the same direction than the geostrophic wind, namely 8 == 0°. 

The RMSE of the predicted sea surface temperature anomaly has little variation 
with (}. The value of the control minus the model remains equal to .06 for the three 
values of (} considered in the case of the predictions, and is equal to .07 for 8 equal 
to 900 and oo, and equal to .08 for (} == 45°, in the semipredictions. 

Comparison of the values of the case AD(90) + TU + HE with th.ose of TU + HE 
show that when 8 == 900 the inclusion of the term AD(90) does not improve the pre­
dictions. This is in agreement with the results of a previous paper (Adem and Men-
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doza, 1987) in which we carried out experiments using only (} = 900 for 24 predic­
tions, for the period June 1980 to May 1982. 

However, comparison of the values of the cases AD(45) + TU + HE and AD(0°) 
+ TU + HE with those of TU + HE show that in these cases the predictions and the 
semipredictions are improved when the term AD is included, especially in the semi­
predictions in which the percentages ·Of signs correctly predicted of the anomalies 
and their month-to-month changes are substantially larger than those corresponding 
to the control predictions and to the predictions in which the transport by ocean 
currents is neglected. 

It is of interest to point out that, according to Table 1, when evaluating the per­
centage of signs of the temperature anomalies correctly predicted, the semipredic­
tions and the predictions in which only the transport by wind drift ocean currents is 
included (AD) have fair skill, which also increases as (} decreases. However, Tables 
2 and 3 show that when evaluating the month-to-month changes and the RMSE of 
the temperature anomalies the same predictions have no skill. 

In contrast with this result the predictions using only the horizontal turbulent 
transport term (TU), and the semipredictions and predictions using only the heating 
term (HE) show good skill in the three verifications in agreement with previous re­
sults (Adem and Mendoza, 1987). However, Tables 1, 2 and 3 show that both the 
predictions and the semipredictions with the complete case with (} = 450 and (} = oo 
yield much better predictions. The case (} = 0° being the best one. 

In a previous paper (Adem, 1971) a study was carried out on the truncation er­
rors due to the time steps used in the integration of equation (1 ). Such study sug­
gested that time steps of few days would yield better results than one single time 
step of one month. Numerical experiments (Adem, 197 5; Adem and Mendoza, 1981) 
have shown that time steps of five days seem to yield the highest skill in the predic­
tions. To confirm this, we also carried out the numerical experiments shown in 
Tables 1, 2 and 3 using a single time step to integrate equation ( 1) obtaining, as ex­
pected, slightly lower skill in the predictions. 
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