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ABSTRACT: Seven key areas of air-sea interaction in the global oceans are determined by comprehensive
analysis of the global data of monthly mean sea surface temperature (SST), surface wind, temperature, humidity,
sea surface sensible heat and latent heat fluxes. The time-lag correlation between SST and each atmospheric
element in each key area are focally analyzed to expose the same and the different features of air-seainteraction
in different key areas. The results show that the air-sea thermal interaction is strong in each area, SST, tem-
perature and humidity can be fairly replaced with one another, particularly in the central eastern Pacific and the
south India Ocean. The dynamic effect on SST is different in different areas and in the central western Pacific
such effect is more important. The correlation between sensible heat, latent heat and SST is more significant in
the eastern Pacific, the western Pacific and the two major monsoon areas — the northwestern Pecific and the
south India Ocean. By analyzing the sustainable correlation probability of SST and every atmospheric element
in each key area, we further know that the anomalies of which element, in which area and in which period are
well sustained or easily destroyed. This is beneficial not only to prediction, but also to discussion of the physical
mechanism of air-sea interaction.
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1 INTRODUCTION

The interaction between the atmosphere and ocean is one of the essential compositions in the
research of climatic changes. Meteorologists and oceanographers have spent a huge amount of -
fort in coping with mechanisms of air-sea interactions”, characteristics of annual and seasondl
variations of air-sea heat exchange[z' 3], in the tropics, effects of changesin SST in tropical ocean on
the general circulation and interannual climatic variation ", and air-sea interactions on different
time scales near the warm pool in the equatorial western Pacific. It is noted that much of the pre-
vious work focus on specific waters in the tropical ocean, leaving comprehensive and systematic
study of air-sea interactions a much-needed topic for every parts of the global ocean. The ocean
(atmosphere) affects the atmosphere (ocean) differently across the globe, and the air-sea interac-
tion depends on both the ocean and atmosphere, with the atmosphere playing the dominant role in
some parts of the ocean and the ocean in others. In view of it, key areas of global air-sea interac-
tion are determined on the basis of integrated analysis of changes in SST and meteorological ele-
ments, after a statistic study of 40-year (1958-1997) global SST data and sea-surface meteoro-
logical element fields having an important role in the air-seainteraction.

To seek the magnitude of air-seainteractions, ausua way isto conduct an EOF decomposition
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of sea surface temperature anomaly (SSTA) with reference to the spatia distribution of character-
istic vectors. For that matter, the waters of central and eastern Pacific Ocean are specidly inter-
ested such that the SSTA thereis used to define the El Nifio and La Nifia events. It is unfortunately
incomplete. On the one hand, the air-sea interaction is mainly manifested in the magnitude and
variation of fluxes between the two components. On the other hand, the air-sea interaction shows
differently depending on different Nino regions, with no exception for the central and eastern Pa-
cific waters. It is therefore necessary to have more study of the correlation between SSTA and me-
teorological elements. A traditional typical correlation method is used here to study the time-lag
correlative relation between meteorological elements over each key waters and SST. In addition to
determination of the dependent and mutual-substituting tendency among various element fields and
understanding whether the air is interacting with the sea or one varies depending on the other, the
treatment makes it easier to know more about the changes in the fluxes between air and sea on the
basis of existing correlation. If the air and sea are well correlated, it islikely that the flux may be
either small or change over a small range. It is then possible that areas with large values of SSTA
may not necessarily be the ones playing the key role. On the contrary, lightly correlated waters
may be the place where key interactions may be going on between the air and sea. Besides, the
determination and study of key oceanic regions can aso provide us with foundation for assessing
the performance of oceanic or atmospheric models.

2 DATA AND METHODSOF TREATMENT

The dataused inthe work are2° x  2° globa monthly mean SST sets, 2.5° x  2.5° monthly
mean sets of 1000-hPa zonal and longitudinal winds, air temperature and specific humidity, from
1958 to 1997, and pentad-by-pentad sea surface sensible and latent values from 1979 to 1995, by
NECP / NCAR. For the convenience of comparison, the latter data are transformed into monthly
mean ones.

To identify key oceanic waters, variability (root mean square) and amplitude of variation (dif-
ference between the highest and lowest values in the period of interest) are first used to study the
interannual variation of SST and meteorological elements. Then, time-lag correlation and persis-
tence correlations are used to discuss the influence mutually exerted by the SST and meteorological
elements and persistence of anomaly in the atmosphere and ocean. In view of the possibility that
the anomalies of individual months may be counteracted during the derivation of the amplitude of
seasonal and annua mean variability, we first determine the interannual variability for the months
and then seek averages of interannual variability in corresponding periods selected, compose in-
terannual variability for the year and season, and take the maximum monthly amplitude of varia-
tion as the interannua amplitude of variation in the year and season selected.

3 SELECTION OF KEY OCEANIC WATERS
3.1 Interannual variation of SST

Fig.1 presents the interannual variability and variation amplitude of SST across the globe. The
most significant display of annual root mean square (= 0.5°C) of SST is found in the following
five regions: the equatoria central and eastern Pacific (CE-P, 160°E ~ 80°W, 10°S ~ 10°N), the
northern Pacific (N-P, 120°E ~ 120°W, 25°N ~ 55°N), northwestern Atlantic (NW-A, 70°W ~
20°w, 30°N ~ 60°N), southern Indian Ocean (S'IND, 20°E ~ 110°E, 40°S ~ 20°S), central Pecific
in the Southern Hemisphere (C-P (s), 170°E ~ 100°W, 40°S ~ 20°S). The interannua amplitude of
variation is aso quite large in these waters (annual amplitude = 4°C). The central and eastern
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Fig.1 Interannual variability (a) and interannual amplitude (b) of global SST (unit: ). The shaded areasin
() are regions with root mean error higher than 0.5 and those in (b) are regions with amplitude larger than 8.
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Pacific is a key region of the El Nifio event. Facing the eastern coast of China, the northwestern
Pecific is a key region of monsoon in East Asia. It is easy to see large amplitude in the interannual
variation and extreme events of SST.

Similar characteristics are found in the distribution of interannual variability of varying am-
plitude of SST when the season changes (in the Northern Hemisphere), though they differ in extent
(omitting the figure for seasonal variability and amplitude). For instance, the interannual changes
in the autumn-and-winter are more significant over the waters of the central and eastern Pacific in
the hemisphere. It is consistent with the fact that temperature has dropped to the lowest point in a
year in the cold water zone of the entire equatorial Pacific in the northern autumn while reaching
the highest point in the warm water zone.

3.2 Interannual variation of zonal and longitudinal winds

Fig.2 shows three regions of the most significant interannual variability (with the root mean
square = 2.0 m/s) of the zona wind, which are respectively located in the northern Pacific,
northwestern Pacific and central Pecific in the Southern Hemisphere. The 2.0 m/s interannua
variability is also recorded in the spring and summer of the southern Indian Ocean. By comprehen-
sive examination, we find that the interannual variability of the zonal wind with varied years and
seasons are generally consistent with waters of high interannual SST variations, with the exception
of the equatoria eastern Pacific region. The distribution in the regions varies with the season. It
deserves attention that the interannua variability of the zonal wind is larger in the equatoria cen-
tral Pacific than in the equatorial eastern Pecific regarding the seasona and annual scales. It is the
largest in the north-northwestern part of the Pacific Ocean, especialy in the winter and spring,
with the maximum variability being 3.5 m/s in wintertime. Large-value areas of interannua
zonal-wind variahility tend to move in the north-south direction with the change of season in
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Fig.2 SameasFig.1 but for latitudinal wind (unit: m/s). The shaded areasin (a) are regions with root mean
error higher than 2.0 and those in (b) are regions with amplitude larger than 16.
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southern Indian Ocean. They appear northward near the equator in the autumn and winter but
southward near 40°S in the spring and summer. More efforts should be taken to probe into whether
there is a triggering effect by the anomalous zonal wind over the equatorial central and western
Pacific on the generation and evolution of El Nifio, whether the anomaly of zonal wind in the
north-northwestern Pacific is related with the monsoon climate in East Asia, and whether the sea-
sonal geographic movement of large interannual variability of zonal wind is associated with the
seasonal variation of Indian monsoon.

In Fig.3, the most pronounced region of interannua longitudinal-wind variability is in
north-northeast Pacific and northwestern Pacific with much larger amplitude of variation in the
spring, autumn and winter than in the summer. In addition, the longitudinal wind varies by large
amplitude in the spring and autumn in the Bay of Bengal, Arabian Sea and South China Sea and so
does it over waters off the eastern coast of China except in the summer. It demonstrates that
anomalous events are likely to happen in these two monsoon regions.
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Fig.3 SameasFig.1 but for longitudinal wind (unit: m/s). The shaded areasin (a) are regions with root mean
error higher than 2.0 and those in (b) are regions with amplitude larger than 12.

3.3 Interannual variation of air temperature and specific humidity at sea surface

In Fig.4, the large-value zones of interannual variability and amplitude of sea-surface air tem-
perature are generaly consistent with those of SST. Such high vaues are aso found in the winter
and spring off the eastern China coast. The interannua variation of sea-surface air temperature is
different depending up the season and oceanic waters. For the region of central and eastern Pacific,
it is larger in the autumn and winter than in the spring and summer, which is consistent with that of
seasonally averaged SST. Apart from it, the interannual variation of sea-surface air temperature is
aso quite high in the summer in the eastern Pacific waters.

annua! vaoriability (a) annual amplitude (b)

60N ¢

40N 483
20N

EQ
208

40S

eo0s B
o 60K

T120E 180 120w 60W 0 &  60E 1206 180 120w eow o0

Fig.4 SameasFig.1 but for sea surface temperature (unit: ). The shaded areasin (@) are regions with root
mean error higher than 0.8 and those in (b) are regions with amplitude larger than 12.

In like manners, the large-value zones of interannual variability and amplitude of sea-surface
air specific humidity (Fig.5) are generally consistent with those of SST. Besides, the interannual
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difference of annual and seasona mean of specific humidity is also quite large in the South China
Sea, waters off eastern China and beyond, Bay of Bengal, Arabian Sea and central Pacific in the
Southern Hemisphere. The content of moisture over the equatorial Pacific is distributed in close
association with SST, which is higher in the western than in the eastern part with significant inter-
annual variation and smaller amplitude in the western warm waters than in the eastern cold waters.
In the central and eastern Pecific, such larger interannua difference of specific humidity in the au-
tumn and winter is consistent with that of SST and air temperature over sea surface. As shown in
Fig.5, in contrast to mild performance in the southern Indian Ocean, specific humidity has signifi-
cant interannual variability in the winter and spring and large amplitude of variation.
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Fig.5 SameasFig.1 but for specific humidity (unit: g/kg). The shaded areas in (a) are regions with root
mean error higher than 0.6 and those in (b) are regions with amplitude larger than 6.

3.4 Interannual variation of sensible and latent heat at sea surface

The exchange of sensible heat is related with temperature difference between air and seawhile
that of latent heat with the vertical gradient of wind and specific humidity. The exchange of heat
over the ocean surface is an important physical process during air-sea coupling.

From the interannua variability and amplitude of the sensible heat (Fig.6), we know that the
sensible heat varies by alarge amplitude in waters off the eastern China, northern Pacific, north-
western Pacific, southern Indian Ocean and high-latitude Pacific in the Southern Hemisphere but
by a small amplitude in the equatorial Pacific. Although its variahility of both SST and sea-surface
air temperature are the highest among al other waters, the equatorial Pecific has relatively small
variability of air-sea temperature difference and interannual variation of wind speed. As a result,
the sensible heat varies little on the interannua scale in this part of the ocean and so does it with
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Fig.6 SameasFig.1 but for sensible heat (unit: W/m?). The shaded areasin (a) are regions with root mean
error higher than 8 and those in (b) are regions with amplitude larger than 60.
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the change of season. Being next to continental landforms, the regions of northwestern Pecific,
south Indian Ocean and north Atlantic al have large land-sea thermal contrast and substantia in-
terannual variation in zonal winds (Fig.3), resulting in relatively higher sensible heat and its inter-
annual variation. In fact, the sensible heat varies off the eastern coast of China and in the north-
western Pecific in summertime on an interannual scale smaller than in the other three seasons,
which is related with relatively smal difference of air temperature and wind speed between the
atmosphere and ocean. The variation of amplitude of the sensible heat on the annua and seasona
scalesis generally consistent with that of variability.

There are 4 large-value zones of latent heat (Fig.7) as far as the interannual variation is con-
cerned. They are respectively located in the waters off the eastern Chinese coast and the central
Pacific farther away to the east, southern Indian Ocean, northwestern Atlantic and central Pacific
in the Southern Hemisphere. Apart from them, relatively high values of interannual variability and
amplitude are also found in the Bay of Bengal and northern waters of the South China Sea. The
interannual difference of latent heat is smaller in summer than in the other three seasons. The re-
gion of equatorial Pacific islow in the flux of latent heat variability, with small interannual varia-
tion on the annual and seasona scales. The interannual variation is generally the same as far asthe
amplitude of variation and the variability are concerned.
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Fig.7 SameasFig.1 but for latent heat (unit: W/m?) The shaded areasin (a) are regions with root mean
error higher than 20 and those in (b) are regions with amplitude larger than 150.

Key oceanic areas, as shown in Tab.1, are selected based on the analyses above and distribu-
tion of SST and variability / amplitude of various meteorological elements.

Asindicated in the geographic location of the key zones, it is clear that the thermal factors for
the central and eastern Pacific waters, the zonal winds for the western Pacific waters and the ther-
mal / dynamic factors for the other waters are quite large in the interannua variation. It can be
inferred that there is difference in the characteristics of the air-sea interaction as it changes from
one part of the ocean to the other. In this work, further attempts will be made to study the correla-
tion between the SST and individual meteorological elements for the characteristics of air-sea in-
teraction over various parts of the ocean. In view of the inconsistency of key zones as defined by
SST and meteorological elements, the work resets the domain of waters for the convenience of
computation. The maximum domain, mean, mode and sensible and latent hest references are con-
sidered to divide respective domains of waters, with the discovery that the correlation between the
sensible heat and SST is the most sensitive to key zones defined with different factors, especially
for the northwestern Pacific, southern Indian Ocean and central Pacific in the Southern Hemisphere,
and the correlation of other elements with the SST isless significant with the little change of zones.
The coverage of key zones as defined with sensible and latent heat is then considered in the deter-
mination, though with possible effects on the representation value of some elements. To evaluate
the independence of the key zones so selected and to make them more representative, the work has
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Tab. 1 Key zones of air-sea interactions
ele- CE. W. NW. C.N. NW. S. C.
ment Pacific Pacific Pacific Pacific Atlantic Indian O. Pacific(s)
120°E
SST 160°E 150°W 150°E 120°W 70 20°W 20 110°E 170°E
80°W % 45N 25 55°N 30 60°N 40 20°S 100°W
10°S 10°N 40 20°S
Lon. 130°E  180° 150°E  130°W 60 10°W 60 100°E  150°E 90°W
wind 15 5°S 20 50°N 20 60°N  10°S 10°N 60 30°S
Lat. 100 140°E  160°E 120°W 60 10°W
wind 0 30°N 25 55°N 30 60°N
Air 160°E  80°W 120 150°E  150°E 120°W 70 20°W 20 110°E 170°E
temp 10°S 10°N 20 40°N 25 60°N 30 60°N 40 20°S 100°W
40 20°S
S. 180° 80°W 120 150°E  150°E 120°W 70 20°W 30 120°E 150°E
H. 10°S 10°N 10 35°N 18 40°N 20 50°N 40 10°S 120°W
35 10°S
Sen. 120 150°E  150°E 120°W 70 10°W 20 110°E
heat 20 40°N 20 60°N 30 60°N 60 24°S
Lat. 120 150°E  150°E 120°W 70 20°W 20 110°E 150°E
heat 10 40°N 10 45°N 20 60°N 40 10°S 120°W
30 10°S
Sum  160°E 80°W  130°E 180° 110 150°E  150°E 120°W 70 20°W 20 110°E 160°E
10°S 10°N 15 5°S 10 40°N 20 55°N 30 60°N 40 15°S 110°W
40 10°S

made an analysis of autocorrelation (figure omitted) between the central point, the reference point,
and the entire field, in the key zones and has adjusted them. As shown in the autocorrelation dis-
tribution of individual elements, the highly correlated zones, which take the central points for the
key zones of waters as basic points, are generaly within the domain as defined with this procedure.
In other words, each selected individual zone of waters is independent of all others. With all prin-
ciples of selection counted, a total of 7 key zones are given in the summary columns of the table
and the distribution is seen in Fig.8.
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Fig.8 Distribution of key zones of waters.

4 TIME-LAG CORRELATION BETWEEN SST AND METEOROLOGICAL ELE-
MENTSIN KEY ZONES OF WATERS
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Through the action of wind stress, wind-forced and up-turning currents are generated in the
ocean to change the SST. In turn, the change in SST aters the ocean thermal forcing on the amos-
phere. By means of vertical transport of sensible and latent heat at the air-sea interface and radia-
tion exchange, the atmosphere is directly powered by the forcing for its motion. The atmospheric
effect on the ocean is dynamic while the oceanic effect on the atmosphere is thermodynamic. The
god of this section is to discuss both the SST effect on the atmosphere and the atmospheric effect
on the SST, by way of the time-lead correlation between various meteorological elements and SST
in the key zones of waters. Tab.2 gives the significant lead/lag correlation between the elementsin
different seasons and the SST. The correlation coefficients are the maximum in respective periods
of lead/lag correlation between the elements and SST. The symbols attached behind indicate si-
multaneous correlation by "0", SST leading by ", and SST lagging by "+". The numerals are the
number of season leading or lagging. The correlation coefficient for the level of 0.05 significance
is0.304.

Studying the magnitude of the correlation coefficients listed in Tab.2, we know that the air
temperature and specific humidity have good overdl correlation with the SST for all oceanic wa-
ters. It impliesthat individual key zones are affecting each other in terms of the therma conditions
of the air and sea, with the regions of central and eastern Pacific and south Indian Ocean having
the most pronounced thermal interaction between air and sea. On the contrary, no significant inter-

Tab. 2 Significant correlation coefficients of lead and lag between individual
elements and SST indifferent seasons and waters

CE. w. C.N. NW. NW. S. C.
Zones Pacific Pacific Pacific Pacific Atlantic Indian O. Pacific(s)

win. 07 0 04 -2 032 +1 035 +1

§ Spr. 065 0 032 0

% sum. 05 +1 04 -2 04 0

= aut. 0.7 0+1 -035 0
win. 06 -1 035 +1 05 -1

g Spr. 06 0 03 -2 03 0

3z | sum. 032 0 055 0 042 -1,0 041 0

< aut. 048 -1 03 -2 04 0
win. 09 -1 05 +1 055 +1 05 0 07 +1 04 +1

% Spr. 08 0 055 0 05 0 07 0 042 0

§ sum. 09 0 065 0 044 0 065 0 061 0 08 0 052 0

- aut. 09 0 055 0 041 0 062 0 055 0 075 0 0.52
win. 09 -1 04 +1 042 +1 05 0,+1 052 0 065 0 03 +1

w | spr. 08 0 042 0 045 0 07 0 035 0

= | am. 09 0 06 0 04 0 06 0 07 0 08 0 042 -1
aut. 09 0 055 0 04 0 06 0 07 0 07 0 06 +1
win. 03 +2 03 0 06 -2 03 +1 035 0 06 -2 04 -2

g Spr. 05 +2 035 0 035 0 032 +1 03 -2

= | sum 04 -242 03 +1 03 -1 042 0

g aut. 03 -1,0 035 -2 05 -2 035 0 054 +2  -058 -10 06 -2
win. 08 0 06 +1 03 +1 05 -2 045 -2 06 +2 03 +1

g Spr. 06 0 03 0 04 0 03 +2 -0.45

= | sum 05 +1 05 0 05 0 04 0

d aut. 04 +1 05 0 06 -2 06 0 035 +1 05 +2
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actions are found in the winter and spring of the northwestern Atlantic and the spring of the north-
western Pacific. Apart from the fact that in the winter of the central and eastern Pacific and the
summer of the central Pacific in the Southern Hemisphere the atmospheric conditions are subject to
thermal conditions of the ocean in the preceding period, the air-sea thermodynamic interaction is
predominantly simultaneous in other zones of waters, with quite a number of them having the at-
mosphere affect the ocean. It is now obvious that the SST, sea-surface air temperature and specific
humidity can be well replaced among themselves, especidly in the central and eastern Pacific and
southern Indian Ocean.

With the change in zones of waters and seasons, differences are large in the correlation be-
tween the longitudinal/latitudinal winds and the SST. The interannual variation of these winds is
smadll but the correlation between them and the SST is significant in the central and eastern Pacific
waters with the simultaneous and lagging SST correlation a main feature. Large correlation is aso
present between the longitude wind and SST for the central Pacific in the Southern Hemisphere and
between the longitude/latitude winds and SST for the western Pecific. In conjunction with the fact
that the interannua variability of the longitudinal/latitudinal winds is larger in the central and
western Pacific than in the east Pecific, the dynamic effect of the central and western Pacific plays
an essentia role in the air-sea interaction while these winds in other zones of the ocean interact
with the SST only in some of the seasons.

The correlation between the sensible heat and SST is the most significantly displayed in the
northwestern Pacific and southern Indian Ocean as strong negative effect of preceding SST anom+
ay on the flux of sensible heat in the autumn and winter. In addition, the correlation of sensible
heat with SST is also obvious in the western Pacific and northwestern Atlantic, though by different
lead/lag features in different seasons. As shown in Tab.2, more periods of time are marked by
negative correlation between the sensible heat and SST, showing that the rise or fal of SST over
the time are accompanied by more outstanding rise or fall in air temperature. It is therefore natural
that the SST in the preceding period affects the sensible heat in subsequent periods. Asindicated in
previous text of the work, the air temperature has strong positive correlation with SST, leading to
decreased upward transport of heat from the surface of ocean or increased downward transport of
hest towards the atmosphere.

Although the flux of latent heat has the minimum interannual variability, it is correlated the
most with the SST, among the zones of waters, with the regions of central and north Pacific, south
Indian Ocean and northwestern Pacific having quite remarkable correlation. The difference is that
it is dominated by positive correlation in the central, eastern and northwestern Pacific but by nega-
tive correlation in the western Pacific and southern Indian Ocean. There is aso significant seasonal
difference in the lead/lag correlation for individual zones. For instance, the latent heat interacts
with the SST simultaneously in the central and eastern Pacific in the winter and spring but the for-
mer affects the latter in subsequent periods. Opposite trends are found in the western Pacific. The
latent heat affects the SST in subsequent periods in the winter while they affect each other in the
other three seasons. It is then clear that the air-sea exchange are different in the two monsoon re-
gions, namely the zone of central and eastern Pacific/western Pecific, and the zone of northwestern
Pecific and southern Indian Ocean. For the thermal exchange between the ocean and atmosphere,
these waters are al important.

5 INTERMONTHLY PERSISTENCE OF ATMOSPHERIC AND SST ANOMALIESIN
KEY ZONES OF WATERS

The current section is involved in further study of the persistence of anomaly in the ocean and
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atmosphere s0 as to determine which elements have good anomaous persistence and in which
zones and when or whether the persistence is likely to be destroyed. It provides basis for the
physical mechanisms responsible for the air-sea interaction as well as some degree of referenceto
operational forecast. Fig.9 gives the annual cycles of probability of sustainable correlation in ad-
joining months regarding the SST, meteorological elements and heat fluxes in individual zones of
waters. The abscissa denotes the adjoining months, with 0 and 12 representing the sustainable
probability in December ~ January, 1 the one in January ~ February, etc. The ordinate stands for
the probability of correlation with the mark on the left top corner for identification of zones of wa-
ters.

The correlation probability is obtained by subtracting the number of opposite sign from the
number of same sign for the 40-year old dataset of subsequent months before dividing it by the
total number. The low point of probability for sustainable correlation is in the period when the
sustainability is easier to be destroyed for the anomaly of a particular element, or, when it is vary-
ing drastically. When the probability is larger than O, the sustainahility is thought to be good; when
it is smaler than 0, the probability is said to be high for the sign to change; when it is equa to O,
the sustainability and probability for sign change are each having a 50% chance. To remove a ni-
nor waving of 2 ~ 3 months over the annua cycle, a 3-month weighted running mean is conducted

for the correlation probability[gl, eg. R, , stands for the correlation probability for March ~

April and the running mean correlation probability R§ 4 isthe correlation probability that has
been through running mean treatment:

R£4 :(Rz-s +2R3—4 +R4-5)/4

Studying the magnitude of sustainable correlation coefficient (Fig.9), we find that the SST is
the best, followed by the air temperature and specific humidity and last by the longitudi-
nal/latitudinal winds and sensible/latent heat, in terms of the sustainability of the correlation. It is
shown much more obvioudly in the central and eastern Pacific. The SST, air temperature and spe-
cific humidity are selected as predictors for climatic anomalies, combining the analysis of correla-
tion above.

Obvious stage characteristics are evident in the sustainability of the same element for various
zones and the same zone for various elements, i.e. they can be more sustainable in some time than
in the other. This stage-based performance must be exploited in forecasting to use periods with
high sustainability but avoid those with low one, of the predictors. Attention should be drawn to the
following points in addition to the consideration above.

(1) In the zone of western Pacific, the sustainability of the latitudinal wind exceeds that of the
specific humidity in June ~ August and that of the SST in August ~ December. The probability of
sustained correlation is as low as —0.4 for the longitudinal wind in January ~ February and nearly
0.0 for the latitudinal wind in February ~ March. It is apparent that the dynamic effects of the
western Pacific zone are playing a vital role in the air-sea interaction. It also agrees well with the
correlation analysis.

(2) As sengible heat is a flux between the ocean and atmosphere and subject to more than one
factor, the probability is relatively large for the sign to change. In contrast, it is poorly sustainable
in the central and eastern Pacific zones, reducing to specialy low in June at —0.1. So is the sus-
tainability of the latent heat in the summer and autumn of the northwestern Pecific waters where
the probability has once reached —0.1 in August. The difference is not large in other zones of wa-
ters, generally between 0 and 0.2.

(3) Low poaints of sustainability in individual zones usually occur in the winter and spring,
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though being different in concrete elements or months. Take the central and eastern Pacific zone
for example. The SST and latitudina wind have relatively low sustainability in January ~ February
and air temperature and specific humidity in April ~ May. The lowest sustainability occursin May
for the SST in the western Pacific and in January ~ March for the longitudinal/latitudina winds. It
showsthat it is not easy for the anomalies of the atmosphere and SST to maintain in the winter and
spring, which may be one of the reasons for difficult operation of spring forecast.

With mainly the statistic approach, the work above reveals how the air and sea are interacting
with each other over different zones of the ocean and how the atmosphere and SST sustain the
anomalies. Questions like the ocean and atmosphere are having intense changes in some of the
months and what is responsible for such interaction are dealt with in [9], which credits the funda-
menta cause to strong changes in the cold and hot sources, though being different with the zone.
The current work has neither attempted to explain for the aspects of physics and dynamics. More
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Fig.9 Annual cycle of probability of sustainable correlation in successive months for individual elements.
research and verification need to be done for these phenomena revealed.

6 CONCLUDING REMARKS

a. With a comprehensive analysis of the global SST and meteorological elements, 7 oceanic
zones are identified that play a key role in the air-sea interaction. Conducting lag correlation for
the meteorological elements and SST over these zones, we know that the air-sea interaction shows
differently with the change of waters. In general, the correlation is the best between the air tem-
perature/specific humidity and the SST, which can be replaced with each other, especialy in the
central and eastern Pacific and southern Indian Ocean. The correlation between the longitudi-
nal/latitudina winds and SST varies quite dramatically from zone to zone, with the dynamic effect
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more important for the waters of central and western Pecific. For the correlation between sensible
hesat and SST, the east and western Peacific zones and two monsoon region over the northwestern
Pacific and south Indian Ocean seem to have an essentia role.

b. Among dl zones of waters, the sustainability is the best for the SST and sea-surface air
temperature/specific humidity but poor for the longitudinal/latitudina winds, sensible and latent
heat. Based on this discovery, it is useful to take the SST or air temperature/specific humidity as
predictors with awareness to its stage-based features. Obvious stage characteristics are evident in
the sustainability of the same element for various zones and the same zone for various elements, i.e.
they can be more sustainable in some time than in the other. This stage-based performance must be
exploited in forecasting to use periods with high sustainability but avoid those with low ones, of the
predictors. Attention should be drawn to the following points in addition to the consideration above,
i.e. the sustainability of the atmospheric and oceanic anomalies is low in both winter and spring,
which might be one of the causes forecasting barriersin spring.
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