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ABSTRACT

In this paper, the two—layer IAP model with sea surface temperature anomalies in the equatorial central-eastern
Pacific is used to investigate potential predictabilicy of global short—term anomalous climate change caused by El
Nine via the “switching” experiments. The experimental resulis show that short—term anomalous climate change in
the tropics is mainly cansed by instantaneous response of tropical atmosphere to SSTA in the tropics, The effective
period of this kind of anomalous climate is shorter and about monthly scale. In the high latitudes, the anomalous cli-
mate is mainly caused by the lag response of atmosphere to SSTA in the tropics. The strongest influence appears in
the month after a hall year when the SSTA in the tropics disappears. Therefore, potential predictability of short—term
anomalous climate change may be reached to one year; anomalous climate change in the middle—latitudes is not only
affected by instantareous response to SSTA in the wropics, but also by lag response to that. Therefore, short-term
climate change prediction with monthly time scale can be not only done by using SSTA in the tropics, but also predic-
ton of short— term climate after a half year can be done and its effective predictable period may be reached 1o one
year.

1. INTRODUCTION

The low frequency variability—El Nino appearing in the tropical Pacific associated with
oscillated phenomena—southern oscillation is & typical event resulting from interaction be-
tween ocean and atmosphere, It has an important influence on short—term change(including
monthly, seasonal and annual time scales) of global climate, for example, 1982-83 El Nino is
a strongest warming event of sea water in the equatorial Pacific in the century. As a result, it
caused global climate anomaly. Therefore, the meteorologists are very much concerned with
the problem whether the short—term anomalous climate change caused by El Nino can be
predicted or not.

Since the problem of predictability is proposed, Lorenz (1963, 1969, 1982, 1984) did a
number of researches on it. The conclusion is theoretical upper—limitation of predictability
about two weeks. Thus,is there any practical significance for short—term climate prediction
with monthly, seasonal and annual time scales? It is very clear that this kind of predictability
differs from predictability of weather forecast proposed by Lorenz. According to this idea,
Shukla {19812 and 1981b) and Miyakoda (1982) did some researches on predictability of
monthly mean atmosphetic state. Their conclusion is that the tropical atmosphere possesses
stronger potential predictability under anomalous external forcing in the tropics. Chervin
(1986) studied this problem with NCAR GCM. He compared variance cakulated by the
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results from 20 year integration of the mode! without non—seasonal external forcings with
those from observation. It was found that variance in the model is not significantly smaller in
the middle latitudes than observed variance. Therefore, he suggested that there was a little po-
tential predictability of seasonal mean state in the United States. Chervin (1986) analyzed the
results from 15 year integrations of the model with monthly mean sea surface temperature for
180 months (Oort, 1983, May 1958—April 1973 including three El Nino events) and monthly
mean SST of the above data set, respectively. The statistical test of both variances showed
that there was potential predictability in the tropics other than in the middle latitudes. The
above results seem to show that it has possibility of predicting short—term climate with
*monthly time scale or longer in the tropics, but it is much more difficult to do it in the
middle—high latitudes. However, forecasters use sea surface temperature anomalies in the
tropics in summer to predict change of atmospheric state in middle latitudes (such as China)
in next winter or vice versa. It seems to show that it is not impossible to predict an influence
of tropical external forcing anomaly on the middle—latitudes atmosphere with monthly, sea-
sonal time scales. The key problem is that it is necessary to consider the lag relationship be-
tween tropical sea surface temperature anomaly and middie latitude atmosphere. Based on
the above idea, a GCM is used to study lag response of atmosphere to tropical SSTA and in-
vestigate short—term climate change resulting from El Nino, especially the predictability in
the middle—high latitudes in this paper. It is shown that our result is quite different ftom the
prvious conclusions and further verifies the physical basis of statistical relationship between
the tropical SSTA in the previous period and the middle—latitude atmosphere change in the
later period. '

1I. BRIEF DESCRIPTION OF THE MODEL AND EXPERIMENTAL SCHEMES

In this paper, two-layer global grid primitive equation model (named as IAP GCM) de-
veloped by Institute of Atmospheric Physics, Chinese Academy of Sciences is used.

In this model, the top of the model is placed at 200 hPa with two layers in the vertical but
the absorption of short—wave radiation by ozone in the stratosphere is considered; grid box is
4° % 5° with latitude— longitude coordinate in the horizontal; description of variables is the
C-grid mesh scheme. Solar short wave radiation, long wave radiation from underlying sur-
face and atmosphere, large—scale condensation and small scale cumulus convection heating
process, heat, moisture and momentum turbulence exchange between atmosphere and
underlying surface are considered in the model. Temperature and wetness of soil are
respectively predicted by using heat and moisture budget equations. Sea surface temperature
and sea ice cover from observation are input into the model and snow cover on ground is pre-
dicted by using snow quantity equation. The underlying surface is divided into nine types and
albedo on the ground is calculated according to type of ground and with or without snow
cover. The integrated time step of the model is 7.5 minutes.

Detail description of this model can be read in the paper written by Zeng Qingcun et al
{1989).

Zeng et al (1989) used the above model without non—seasonal external forcings to inte-
grate for 25 years. This 25-year simulation results are defined as “natural climate change se-
ries of the model atmosphere”. At the same time, the simulated results from a period of this
series, that is, from November | of the fifth model year to January 31 of the seventh model
year, may be thought as a parallel run without non—seasonal external forcings and referred to
as a control expetiment named as “experiment C”. ]

The numerical experiment with anomalous sea surface temperature is referred to as “gx-
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periment A”. The integrated procedure is divided into four steps:

The first step, the sea surface temperature in equatorial central— eastern Pacific is gradu-
ally increased ( switching on category). The model with simulation on October 31 of the fifth
maodel year as initial condition and SST with daily increased by 0.1°C in the region I{see
Fig.5) is integrated for 10 days. As a consequence, the sea surface temperature in the region I
is increased by 1°C; in the following lime, SST in the region II is daily increased by 0.1°C
and the model is again integrated for 10 days. At this time, SST in the region 11 is increased by
1°C  while SST in the region I is increased by 2°C; then, the same procedure is continued in
the region III and after the model is integrated for the third 10 days, SST in the region III is
increased by 1°C, increased by 2°C in the cegion II and by 3°C in the region 1. In other
words, after the model is integrated for the first month, the sea surface temperature anomalies
in the equatorial central—-eastern Pacific are completely input into the model, and non—sea-
sonal external forcing SSTA needed during the period when the model with anomalous sea
surface temperature is integrated is obtained.

The second step, the period that the model with SSTA in the equatorial central—eastern
Pacific is continually integrated. The model with SSTA in the equatoria! central—eastern Paci-
fic superimposed on the December climatological SST is integrated for one month.

The third step, the period that the sea surface temperature is gradually decreased to the
normal (switching off category). The SST in the model is daily decreased by 0.1°C since Jan-
uary 1 of the next year. The procedure decreased SST is similar to the procedure increased
SST described as above but the direction is opposite. The SST in the whole tropical Pacific is
recovered to climatological state in February after the model is integrated for the third
month.

The fourth step, the model with monthly mean climatological SST is continually inte-
grated for one year till January 3! of the seventh model year.

The results simulated by the model with anomalous sea surface temperature from No-
vember 1 of the fifth model year to January 31 of the sixth model year may be viewed as simu-
lated resuits from the simultaneous response of atmosphere to anomaious sea surface temper-
ature while the results from February 1 of the sixth model year to January 31 of the seventh
model year as the results from lag response of atmosphere to anomalous sea surface tempera-
ture.

We calculate monthly mean geopotential height at 500 hPa from “natural climate change
series of model atmosphere”, then calculate mean square difference ¢, and ¢, for each
month from experiment C and experiment A, respectively, where o, and ¢, are defined as

- 1 o4 =2 - 1 v, c_—n
'JA ‘/n_lf%(q)j Cﬂ.) and G'C n__]%(m, (P‘) s

n is total grid number in the computed area and index i denotes the ith grid, bar denotes
mean state. Finally, the ratio of signal to noise for each experimented month is obtained,
which is indicative of potential predictability of global or regional short—term climate change
caused by Ei Nino.

I ANALYSIS OF THE RATIO OF THE SIGNAL TO NOISE IN THE GLOBAL AND VARIOUS
LATITUDINAL ZONES AND POTENTIAL PREDICTABILITY OF SHORT- TERM CLIMATE
CHANGE

According to the above simulated results, ¢, &, and the ratio of the signal to nois¢ for
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Fig.1. Month to month variation chart of global mean ratio of signal 10 Roise.

each month is calculated in terms of global mean {see Fig.1), and the ratio of signal to noise
in various latitudinal zones, that is, tropical zone {25°5—25°N), the middle latitudes
(25°8-60°S and 25°N-60°N) and the high latitudes {60°5—90°S and 60°N-90°N) are
respectively given in Fig.2, Fig.3 and Fig4. '

Fig.1 shows that in terms of global mean, the maximum ratio of signal to noisc appears ’

in the month next to the month when the sea surface temperature anomalies are the strongest.
The ratio of signal to noise reaches 2.06. It is more significant that the maximum ratio of sig-

nal to noise does not appear in the period of instantaneous response but in the sixth month af- .

ter the sea surface temperature anomalies disappear, that is July of the sixth model year. The
maximum ratio of signal to noise reaches 3.13. Furthermore, the ratio of signal to noise which
is greater than 1.0 persists almost one year even after the sea surface temperature anomalies
are recovered to normal. It is clearly shown that anomalous sea surface temperature has not
only a instantaneous influence on atmosphere but also a lag influence on atmosphere, and the
latter is stronger than the former. The time scale of the persistent influence may reach one
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Fig.2. Month to month variation chart of mean ratio of signal to noise in lower latitudes (25°5-25"N).
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Fig.3. Asin Fig. 2 except for middle latitudes (25°S—60°S, 25°N-60°N).

year. The month with the strongest influence of SSTA is in the last month of a half year after
~ the sea surface temperature anomalies disappeal (for exampie, SSTA appears in winter but
the strongest influence exists in summer in this experiment). These results are consistent with
forecaster’s experience and analysis of lag relationship between sea surface temperature
anomalies and geopotential height anomalies.

Fig. 2 represents monthly variation of the mean ratio of signal to noise in the tropical re-
gion. The characteristics in Fig.2 obviously differs from those in Fig.1. The maximum ratio of
gignal to noise appears in the month next to the month when the sea surface temperature
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Fig4. As in Fig 3 except for high latitudes (60°5-90°S, 60°N~90°N).
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anomalies in the tropics are the strongest during the period of instantancous response and not
during the period of lag response, and the instantaneous response in the tropics is much
stronger than the lag response. It is also shown that during the lag response, the months when
the ratio of signal to noise is greater than 1.0 are only six months, which is only half time
length appearing in Fig, 1. These results clearly indicate that in the tropics, atmospheric re-
sponse to tropical sea surface temperature anomalies mainly is instantaneous response of at-
mosphere and lag response is much weaker compared with it. Therefore, the strongest poten-
tial predictability is in the month next to the month when SSTA is the strongest and its poten-
ttal predictability may persist a half vear but potential predictability during the lag response
period is obviously weakened.

Fig.3 and Fig.4 give the monthly variation of mean ratio of signal to noise in middle—lat-
itudes and high—latitudes, respectively. Comparing Fig.2 with Fig.3 and Fig.4, it can be found
that during the instantaneous response period, the ratio of signal to noise is decreased with
increase of latitude regardiess of the strongest instantaneous response in various latitudinal
zones appearing in the month next to the month when the SSTA is strongest; during the lag
response period, however, the ratio of signal to noise is increased with increase of latitude,
that is, the largest appearing in high latitudes, the next largest in middle latitudes and the
smallest in lower latitudes, and the strongest lag response appears in the fifth month after the
SSTA disappears in the tropics but it is lagged by one month, that is in the sixth month, in
middle and high latitudes; the ratio of signal to noise which is greater than 1.¢ in middle—high
latitudes persists about one year, which is much longer than persistent time in lower latitudes.
The above results clearly suggest that the effect on anomalous climate change in the tropics
mainly is an instantaneous influence of tropical forcing while in high latitudes, mainly is a lag
influence of tropical forcing with one year of the lag time scale; in middle latitudes, however,
both the instantaneous and the lag influence on anomalous climate change are equally signifi-
cant.

IV. CHARACTERISTICS OF SPATIAL DISTRIBUTION OF THE RATIO OF SIGNAL TO NOISE AND
POTENTIAL PREDICTABILITY OF ANOMALOUS CLIMATE CHANGE IN THE AREAS RE-
LATED TO THEM

Fig.5 represents the spatial distribution of the ratio of signal to nosie in November of the
fifth model year, that is, the first month when the sea water in the equatorial central—eastern
Pacific is warming. Fig.5 clearly shows that the ratio of signal to noise in the whole tropics is
much larger thar 1.0 and maximum values located in equatorial eastern Pacific and equatori-
al western Pacific. Apparently, the formar is over the warm water area and the latter is a
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Fig.5. Spatial distribution of the ratio of signal to noise in November of the fifth mode] year.




No.l Ni Yungi and Lin Wuyin ¢t al. 7

— T T

A"l"—f’f =4 i 7

-

T‘\ T ' A"
AN
VALY P
B - i

| — L

\
7
§

)
S

Fig.6. Asin Fig.5 except for Janvary of the sixth model year.

larger value area of the ratio of signal to noise resulting from anomalous change of equaterial
east—west circulation, which includes India and southern Asia. However, the ratio of signal to
noise is smaller than 1.0 or close to 1.0 in middle—high latitudes except for northeastern Asia.
In December of the fifth model year (the second month during sea water is warming), basic
characteristics of spatial distribution of the ratio of signal to noise are similar to those in the
previous month {not shown), in which the large value area still is located in the tropics except
for that the ratio of signal to noise reaches above 2.0 in the central area of Asia. In Janvary of
the sixth model year (the month when SSTA is gradually decreasing, se¢ Fig. 6), the spatial
distribution of the ratio of signal to noise is obviously changed. The ratic of signal to noise is
larger than 1.0 not only in the whole Pacific, but also in the most area of South America,
Europe and Africa, although it is still larger than 1.0 in the tropics and the center located in
equatorial central—eastern Pacific. Qbviously, the ratio of signal to noise in middle latitudes is
enhancing. The above results have shed much light on that the instantaneous forcing of
warming sea water mainly has an influence on the tropics and influence scope of instanta-
neous forcing extended to the whole Pacific region in the month next to the month when
SSTA is the strongest, especially obviously increased in middle latitudes. It is interesting that
the area of strong ratio of signal to noise does not appear immediately in the equatorial Paci-
fic in the month when anomalous sea surface temperature in the tropics disappears. The arca
where the ratio of signal to noise is larger than 2.0 mainly appears in the north of northern
Pacific, eastern tropical Indian Ocean, North Atlantic and southeastern polar area of South
Pacific {see Fig. 7). After that time (from March of the sixth model year to January
of the seventh year), there no longer exists a large area where the ratio of signal to
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Fig.7. Asin Fig.5 except for February of the sixth modef year.




8 Advances in Atmospheric Sciences Yol.10

rl

Fig.8. Asin Fig.5 except for August of the sixth model year.
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noise is much larger than 1.0 in the tropics. ]

In the light of the above, the potential predictability in the tropics completely depends on
the instantaneous forcing influence of sea surface temperature anomalies in the tropics. Its ef-
fective predictable length is limited in the months when the SSTA exists in the tropics and po-
tential predictability is quickly weakened once the SSTA disappears in the tropics. However,
there is stronger potential predictability in middle latitudes in the month next to the month
when the SSTA in the tropics is the strongest, especially the Pacific, Europe and Africa.

The ratio of signal to noise in middle—high latitudes is increasing with increase of the lag
time. Fig. § gives spatial distribution of the ratio of signal to noise in the seventh month after
the SSTA in the tropics disappears {that is August of the sixth model year). This picture clear-
ly shows that the ratio of signal to noise less than or close to 1.0 appears in the tropical
region, South Pacific and South Atlantic while areas with maximum ratio of signal to noise
are North America with the center located in the west coast of North Ametica, Indian mon-
soon area and Fast Asian monscon area with the center located in the Bay of Bengal and
eastern Asian area. In the Southern Hemisphere, the large value areas of the ratio of signal to
noise are located in Australia and south of Africa. Obviously, Asian monsoon area (including
Indian monsoon, East Asian monsoon, Mascarene high and Australian high) and North
American continent are strongly affected by lag influence (lagged by a half year) of the SSTA
forcing in the equatorial central—-eastern Pacific. Thereafter, it can be conjectured that it has
strong potential predictability for predicting monsoon change and climate change in North
America after a half year using sea surface temperature anomalies in equatorial central—east-
ern Pacific in the previous period. Spatial distribution of the ratio of signal to noise for cach
month {not shown) further indicates that it may be predicted for short—term climate change in
middle—high latitudes in the later period by using sea surface temperature anomalies in the
tropical ocean in the previous period, and its effective prediction length may reach about one
year.

V. DISCUSSION AND CONCLUSION

In this paper, the 25 year simulation results by using the IAP model without non—sea-
sonal external forcings are defined as natural climate change series of the model and “switch-
ing” experiment with sea surface temperature anomalies in the equatorial central—-eastern Pa-
cific has been done to investigate potential predictability of anomalous global short— term
climate change caused by El Nino. The experiment clearly shows that there are two types of
influences of sea surface temperature anomaly in the equatorial central-eastern Pacific on
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atmosphere: one is the influence of instantaneous forcing; another is the infiuence of lag forc-
ing. Anomalous short—term climate change in the tropics can mainly arise as a result of in-
stantaneous forcing influence with influence time scale responding to persistent time of
anomalous external forcing. Therefore, the predicting effective period of this kind of anoma-
lous climate is comparatively short and it is responding to persistent time of external forcing.
Anomalous climate in high latitudes can be mainly caused by lag influence of tropical SSTA
and the strongest influence month is lagged by a half year after the anomalous sea surface
temperature disappears. Thus, it is possible to predict the anomalous climate phenomena in
high latitudes after a half vear using SSTA in the tropics in the previous period. Thereafter, it
can be conjectured that the potential predictability of anomalous short—term climate is de-
termined by the lag influence of sea surface temperature anomaly in the tropics associated
with one yeat of persistent time; anomalous climate in middle latitudes is not only affected by
instantaneous forcing influence of sea surface temperature anomaly in the tropics, but also by
its lag forcing influence. Furthermore, it is possible to do prediction of short—term climate
with monthiy time scale using SSTA in the tropics but also prediction of short—term climate
after a half vear.

The above results seem to show that the tropical external forcing may generate the
low—frequency signal with varicus frequencies, and instantaneous influence of tropical exter-
nal forcing on the atmosphere is related to climate signal with comparatively high frequency
caused by the external forcing and the lag influence on the atmosphere can arise as extra~low
fregquency signal caused by external forcing. Results also suggest that it needs about over one
month when the extra—low [requency signal propagates from the tropics to middle—high lati-
tudes (compared Fig.2 with Fig.6). The above results also indicate that the atmosphere has
stronger memory capability for climate signal caused by external forcings. Furthermore,
memory capability of atmosphere seems to be related to frequency of climate signal. The low-
er the frequency of climate signal is, the stronger the atmospheric memory capability is; the
memory capability of atmosphere seems to be also related to latitude. The higher the latitude
is, the stronger the atmospheric memory capability is. Obviously, weaker memory capability
of the lower latitudinal atmosphere is due to active tropical convection and unstable tropical
atmosphere, It is noteworthy that the lag influence of the tropical external forcing lagged by
six month in various latitudes reaches the strongest but in high latitudes, the phenomenon is
more apparent. This fact seems to indicate that the tropical froced signals are amplified and
they are stranger in lower latitudes and weaker in higher latitudes for signal with higher fre-
quency while the amplification is stronger in higher latitudes than in lower latitudes for the
signal with lower frequency. The former is characterized by stronger instantaneous forcing in-
fluence of tropical external forcing in the tropics and the latter characterized by stronger lag
influence in high latitudes. According to the above analyses, it may be viewed that potential
predictability of anomalous short—term climate change is based on self-memory capability of
atmosphere for climate signals caused by tropical external forcings {related to frequency of -
¢limate signals and latitudes) and strong or weak degree of amplification of this climate
signal,

In the light of the above, the global anomalous short—term climate change caused by El
Nino is a synthesized reflection of state change of a complicated ocean—atmosphere coupled
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model with different memory capability for climate signals with various frequency. In this
paper, numerical study for potential predictability of the short—term climate change is inves-
tigated and very significant results are obtained but for really uriderstanding predictability of
global short—term anomalous change caused by El Nino, the following two dynamical ques-
tions still open: ’

1) dynamical characteristics and significance (including propagation and amplification of
extra~low frequency climate signal) reflected by atmospheric memory capability with climate
signals caused by external forcings;

2) a number of studies for instantaneous response of atmosphere to tropical external
forcings have already been done (Webster, 1981; Simmons, 1982; Keshavamurty, 1982; Ni et
al., 1990a,b ), however, lag responses of atmosphere to tropical external forcings were never
noticed, which is a very important aspect of atmospheric external dynamics; and further stud-
ies abeut this problem will get benefit from further efforts to study prediction of short—term
anomalous climate change caused by anomalous external forcings.
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