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SUMMARY {an expanded abstract)

In Part 1 we present the results of classical predictability
experiments in which model integrations are performed with
randomly (or nonrandomly) pertdrbed initial conditions, and
the growth of error ie examined for the space and time aver-—
aged model circulation. These results are examined for a two
layer GCH by gchubert and Suarez (1988), a GFDL model
(Miyakoda et al., 1986), a GLAS model (shukla and Fennessy,
1988) and a NCAR community climate model (Tribbia and Baum-~
hefner, 1988). in the GFDL and the GLAS models the sandom
perturbations were guperimposed on observed initial condi-
tions, whereas;, in the NCAR GCHM and the two layer model of
Schubert and Suarez, the random perturbatiohs were super-
imposed on initial states obtained from long integrations of
the respecﬁive models with perpetual winter boundary condi-
rions. For the latter two models with long integrations,
error among random perturbation integrationsr was compared
with the models' variance to define the limit of predicta-

pility for time averages.

1f the preqictability 1imit is defined as the time period for

which the error variance for randonm perturbations equals the
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model variance (or the mean Square difference Dbetween twin
experiments is half of the model variance); both models
suggest that the monthly means are dynamically predictable..
However, the degree of predictability of both models is quite
different. For example; for the Schubert and Suarez model,
the error variance for the first 30-day average is a very
small fraction of the model variance and 30-day averages even
for days 21-50 are found to be highly predictable; whereas
for the NCAR GCH the rms error between twin model runs for
the first 30-day average 1is already comparable to the model
variance. This is in spite of the fact that for schubert and
Suarez model, rhe rms error on day 1 is 9 meters, whereas for
the NCAR GCM, the rms error on day 1 is only 1.2 meters for
500 mb height. This suggests that the growth_characteristics
of the initial random errors and error among 30-day averages
.are quite different in the two models. The most important
difference in the tﬁo nodels is found in the nature of low-
frequency variability which is far higher than the observed
variability (about '150%) for the Schubert and Suarez model
whereas far lower (about 67%) than the observed variability
for the NCAR GCHM. For the other two models (GFDL and GLAS)
for which an estimate of nodel variance based on a long model
integration does not exist, error among random perturbations

is compared with the actual forecast error.

For both models it is found that the root mean square differ-
ences between twin model integrations with random perturba-
tions for 10- and 30-day averages is smaller than the model

forecast error as well as the persistence error.



Results from the four different models collectively suggest
that 30~day averages are dynamically predictable, however,
the degree of predictability differs considerably and depends

upon the nature of low frequency variability of the model.

We have also examined the performance.naf various models in
predicting 30 and 60 day average circulation, (300 mh geo-
potential height) by making forecasts with the observed
initial conditions and verifying against actual observations.
We present here some results for the region 20N -~ 76N. Ve
have examined the following cases and models:

1. NMC-DERF model: 108 cases covering the period 14
December 1986 through 1 April 1987 {see the accom-
panying paper by Tracton and Kalnay). Forecast
errors were examined for days 1-10, i1-20, 21-30,
and 1-30.

5. NMC-COLA model: 3 cases (Jan. 1, 2, 3, 1987), with
and without Pacific SST anomaly.

3, GLAS model: ¢ cases (Jan. 1, 2, 3, 198?; Dec. 15,
16, 17, 1982), with and without Pacific SST anoma-
jies and 5 cases (Jan. 1 for years 1979, 1980,

1981, 1982, 1984) with climatological S838T.

The main results can be summarized as follows:

1.1 The NMC model has a large systematic 30-day mean
forecast error. The error begins to develop
immediately (but 1is not too large for days 1-10)
and increases up to day 30. The zonal mean com-

ponent of the error is so large for days 11-20
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that the forecast error pecomes larger than the
persistence error for days 11-20. However: if
only the gonally asymmetric part of rhe forecast
field is compared with the corresponding ohser-—
vations, the average score for days 11-20 is
petter than persistance.

1f the 108 case ensemble 1is proken into suben-
gembles of 30 cases each, and systematic error is
recalculated for each subensemble, the =zonally
agymetric part of the error shows large differ-
ences from one subensemble to the other; the
zonally symmetric part also has some variability
but nok as large. These results suggest that
generally it would not pe possible to correct
future forecast error using past forecast errors.
Based on the large error (larger than persistence
error) in the zonally symmetric part of the flow,

it is proposed to modify the forecast as follows:

Total forecast field = zonally gymmetric field
based onh persistence plus model predicted
zonally asymmetic field.

The above modification of the forecast 1mproves

(see Table 1) the 108 case average forecast rmsS

error {anomaly correlation) from 85 M (.69) to 80

m (.70) for days 1-10, 164 m (.16) to 132 m (.20}

for days 11-20, and 190 m (.11) to 148 m (.13) for

days 21-30. 1f the ten days preceding the initial

day are used as the persistence forecast, the per~



sistence forecast rms errors (anomaly correlations)
are 121 m (.31) for days 1-10, 136 m (.16) for

days 11-20, and 141 m (.20) for days 21-30.

1f the 10-day average forecast for Gays 1-10 ob-

tained by the above modification is scaled by the
ratio of standard deviations of 30-day and 10-day
averages and is used as a proxy for the 30-day
mean forecast, the forecast rms error (anomaly
correlation) is found to be 84 m (.49 ). This
Suggests that dynamical forecasts for 10 days can

provide useful guidance for monthly mean forecasts.

The forecast rms errors {anomaly correlation) for

the =zonally asymmetric conponent of the flow
averaged for 108 cases are 124 m (.17) for days
11-20 and 132 m (.11) for days 21-30. Correspond-
ing values for the persistence forecast are 128 m
(.11) for days 11-20 and 125 m (.17 ) for days
21-=30. This suggests that, on the average. the
nodel's prediction of zonal asymmetries is no
worse than persistence even for days 11-20. How-
ever, the forecast errok is highly variable from
case to Case. Oone of the most important unresol-
ved guestions concerning DERF is the relative
contribution of deficiencies in the model {climate
drift and its interaction with the transients) .
errors in the initial data; and the inherent

dynamical instability of the large scale flow.
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It is our conjecture that model physics is a pri-
mary cause of the rapid degradation of the zonal
mean fields. We recognize the dynamical role of
eddies in maintaining the zonal mean £low, however:
we consider it ijess likely that within a few days
an incorrect prediction of eddies will produce
such a large error in the zonal mMear. on the
other hand, it i more 1likely that the treatment
of radiation, convection and mountains produces a
large error in =zonal mean. This conjecture is
supported by the high persistence of zonal means
in actual observations.

2,1 We have also used a modified version of the NMC
model (Kinter et al., 1988) and GcLAS model {shukla
and FennessYy: 1988) to make 30-day forecasts Efor
the initial conditions of 1, 2, 3 Januarys 1987,
Table 2 gilves the forecast verfication for all the
three models. 1t is seen that forecasts using the
high resolution spectral nodels (NMC and NMC/COLA)
are clearly superior to the low resolution (4° ¥

5°3} GLAS model.

in Part I1 we review the results of 30- and 60-day prediction
experiments with and without the Pacific Ocean ggT anomalies
observed during the E1 Nino events of 1982-83 and 1986-87

(see the accompanying paper by Fennessy) s

Table 3 gives the rms €rrors and anomaly correlations for

10~ and 30-day average geopotential height at 300 mb. The




main results are:s

1.

There is a signifiicant improvement in prediction of
tropical rainfall and circulation when the observed
55T, anomalies are included in the boundary condi-
tions. There 1s very small variability due to
changes in the initial conditions.

There is also some improvement in the mid~latitude
circulation forecasts, but the variability among
forecasts with different initial conditions is not
small.

The impact of SST anomalies is found to be largest
if the verification area is confined to the pacific-
N. American sector.

gsT anomalies produce about equal improvement in
the prediction of the zonal mean and the zonal
asymmetries. -

If the 60~day mean circulation anomaly produced by
the SST anomaly is subtracted from the daily values
and then 10- or 30-day averages of the residual
anomaly are compared with the observations, there
is no impact of 85T anomalies on the departures
from the 60-day mean. This suggests that S558T ano-
malies enhance only the time mean prediction.
Identical SST anomalies were used-to carry out 30-
and 60-day prediction experiments with GLAS model
and the NMC/COLA model using the initial conditions
of 1, 2, 3 January 1987. Table 2 gives the results

for rms and anomaly correlation.
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We found a rather ambigious vesult that the GLAS
model which has lowey resolution and a clearly
inferior predictions for control integrations
(without SST anomaly) produces iarger and positive
impacts on predictions with SST anomalies. On the
other hand, for the NMC/COLA model there is no (or
some negative) impact of SST anomalies. We propose
to investigate this in the future.

7. We have also carried out forecast experiments with
the GLAS model (which has & large zonal mean drift)
in which an artificial momentum source was intro-
duced in the zonal momentun equation such that the
sonal mean zonal wind had no error at all (12
hourly observations were used to correct every time
step)., This procedure almost completely removed
the error in the forecast of the sonal mean height
field, howevel. there was no change in the forecast
error for the zonally asymmetric height field. We
are still investigating this counterwintuitive

result.
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Northern hemisphere verification for zonally
asymmetric height at 300 mb. Ensemble mean

of i, 2, 3 January 1987 cases.

Table 23

ANOMALY CORRELATION

Days

1-10 11-20 21-=30 1-30

Model

.30 AT .53

NMC-~DERF .82

NMC-COLA
with SSTA

.56

.65

GLAS
with $STA |
ROOT MEAN SQUARE ERROR (Meters)
Days
Model 1-10 11-20 21-30 1-30
NMC-DERF ‘ 60 107 119 63

126 56

NMC=COLA

NMC-COLA
with SSTA

GLAS
with SSTA \
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