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ABSTRACT

This paper presents fundamental climatological characteristics of the intertropical convergence zone (ITCZ)
in a simple concise manner using the highly reflective cloud (HRC) dataset. This satellite-derived dataset uses
both visible and infrared observations to measure the frequency of occurrence of large-scale convective systems
over the global tropics at a 1° spatial resolution. These dataset characteristics make the HRC particularly well
suited for climatological analysis of the ITCZ because the dataset is based on estimates of organized deep
convective cloud systems rather than observations of clouds as a whole, and it provides the spatial resolution
needed to identify these large-scale convective structures. Furthermore, the dataset covers a time period extending
nearly two decades, which provides for a fairly robust climatology and the opportunity to examine seasonal
and interannual variability of both the convection and the latitude of the ITCZ.

1. Introduction

Many features of the tropical climate are manifes-
tations of the dynamic and thermodynamic coupling
of the Northern and Southern hemispheres. These in-
clude equatorial ocean upwelling, large-scale tropo-
spheric deep convection, a complex ocean current
structure, the steadiest of atmospheric wind systems,
and fast-traveling equatorially trapped waves that result
in relatively rapid adjustments to dynamic equilibrium.
Of all the various phenomena that characterize the
tropical region, the feature that most vividly displays
the meeting of the two hemispheres is the intertropical
convergence zone (ITCZ). The ITCZ lies in the equa-
torial trough and constitutes the ascending branch of
the Hadley circulation. This permanent low pressure
feature marks the meteorological equator where the
trade winds, laden with heat and moisture from surface
evaporation and sensible heating, converge to form a
zone of increased mean convection, cloudiness, and
precipitation. The latent heat released in the convective
cloud systems of the ITCZ is a critical component of
the atmospheric energy balance, and the enhanced
cloudiness associated with these cloud systems provides
an important contribution to the planetary albedo. In-
side and outside the ITCZ, the fluxes of heat, moisture,
momentum, and radiation through the surface of the
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ocean and in the atmosphere itself differ dramatically.
Thus, the position, structure, and migration of the
ITCZ are important in defining and analyzing the
earth’s climate on a global scale, and the strength and
character of the air-sea coupling on a local scale.

An extensive amount of research on many aspects
concerning the ITCZ has been undertaken over the
last few decades. The context of these studies varies
widely and includes theoretical studies regarding the
ITCZ’s role in equatorial circulation patterns (e.g.,
Fletcher 1945; Asnani 1968; Hastenrath 1968), syn-
optic studies of the ITCZ (e.g., Simpson 1947; Estoque
and Douglas 1978; Ramage 1981; Frank 1983), syn-
optic studies of wave and transient activity within the
ITCZ (e.g., Yanai et al. 1968; Reed and Recker 1971;
Wallace 1971; Liebmann and Hendon 1990), numer-
ical modeling studies (e.g., Pike 1972; Bates 1970;
Goswami et al. 1983), theoretical and modeling studies
concerning the latitude of the ITCZ (e.g., Charney
1971; Holton et al. 1971; Hess et al. 1993; Waliser and
Somerville 1993), and through modeling studies of the
Hadley circulation (e.g., Schneider and Lindzen 1977;
Lindzen and Hou 1988; Hack et al. 1989). Although
the degree to which the ITCZ has been studied is seem-
ingly exhaustive, there are few consolidated sources of
long-record global ITCZ observations and analyses.

After the introduction of satellite imagery to mete-
orological studies, a number of studies documented
the spatial structure and variability of the tropical cloud
field (e.g., Kornfield et al. 1967; Hubert et al. 1969;
Winston 1971; Gruber 1972). These studies used any-
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Pacific high. On a global scale the ITCZ could be de-
scribed as a near-solid convective cloud band encircling
the earth near the equator. The maps show that this
“cloud band” tends to favor the Northern Hemisphere
at most longitudes. The reason for this hemispheric
preference has rarely been addressed directly. The
preference for warm SSTs (> ~27°C) in the tropics
to also favor the Northern Hemisphere (Levitus 1982),
along with the tendency of large-scale convection to
occur in regions of high SST (e.g., Graham and Barnett
1987), suggests that local forcing conditions likely play
an important role. Flohn (1971) suggested that the
north—south asymmetry in the ITCZ resulted from the
Southern Hemisphere’s greater baroclinity. This
asymmetry in baroclinity could result from the greater
amount of landmass in the Northern Hemisphere and/
or the more extensive ice sheets in the Southern Hemi-
sphere. Using a simplified model of the hemispheric
heat balance, Kraus (1977) concluded that “the po-
sition of the ITCZ is probably affected by the global
heat balance distribution and not simply by local con-
ditions.”

Beyond the ITCZ’s gross zonal symmetry, there are
a number of distinctly different ITCZ regimes. Over
the Atlantic and eastern Pacific oceans, nearly half the
globe, the ITCZ is characterized by a narrow well-de-
fined cloud band—a structure that conforms to the
traditional or conceptual notion of an ITCZ. In con-
trast, the ITCZ extending from the western Pacific to
the Indian Ocean is broader in latitude with signifi-
cantly more horizontal spatial variation. In these re-
gions, the strong monsoon flows, Indonesian low, and
large ocean warm pools wash out the narrow banded
structure of the archetypical ITCZ. The central Pacific
is a transition region between the very different ITCZ
structures to the east and west. It contains a south-
eastward-pointing extension called the South Pacific
convergence zone (SPCZ) that is produced by a cli-
matological convergence of the southeast trade winds
over the warm water generally associated with the south
equatorial countercurrent. This convergence zone is
sometimes referred to as an intratropical convergence
zone. The ITCZs over the tropical landmasses are also
quite broad and irregular, and are often disconnected
from their oceanic counterparts by the convection-
suppressing influence of cold water brought to the sur-
face by coastal upwelling,.

In the course of the annual cycle, seasonal changes
occurring in the ITCZ modify the mean structure de-
scribed above. Figure 1 shows that the largest of these
changes occurs over South America where large spatial
differences exist between the “ITCZs” of the northern
and southern summers. During the southern summer,
the rainy season envelops nearly the entire tropical area
of the South American continent. This produces a lat-
itudinally and longitudinally broad ITCZ. In the
northern summer, the ITCZ overlies the oceanic region
north of the continent and has a structure more con-
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sistent with its ocean counterparts to the east and west.
Another dramatic seasonal change in the ITCZ struc-
ture occurs in and near the Indian Ocean during the
Asian summer monsoon. The monsoon circulation
decouples the ITCZ proper from the intense monsoon-
driven convection centered over Southeast Asia. A
similar enhancement of convection occurs in the
southern summer over northern Australia, however the
structural change to the ITCZ is not as dramatic. Dur-
ing this same season, the convergence zones over Africa
and the Indian Ocean become well connected due to
the reduced coastal upwelling off the East African coast.
Other modest seasonal deviations occur in the eastern
Pacific during the northern spring, when the ITCZ oc-
casionally develops as two zones of convection strad-
dling the equator. This double ITCZ results from a
relaxation of the southeast trades that greatly dimin-
ishes the equatorial and nearby coastal upwelling,
leaving seasonably warm surface temperatures south
of the equator. In a related manner, the two branches
of convergence in the central Pacific oscillate in strength
during the year with the southern and northern
branches intensifying during their respective summer
seasons.

The overall annual north-south migration pattern
of the ITCZ is also depicted by the four maps in Fig.
1. In general, the entire line-oriented convection band
marches north in the northern spring and summer,
and south in the southern spring and summer. The
differences in the amplitudes and phases of the ITCZ
excursions at different longitudes emphasize the dif-
ferent atmospheric and surface forcing regimes. The
ITCZ over land (Africa and South America) follows
the annual march of the sun. This pattern is also ex-
hibited, although to a lesser degree, in the ITCZ mi-
gration over the Indian and western Pacific oceans. In
these regions strong monsoon circulations driven by
large land-ocean temperature differences play a sub-
stantial role in the spatial and temporal distribution of
convection (e.g. Webster 1987). The ITCZ migration
over extended ocean regions lags slightly behind the
ITCZs over land. This time lag is most apparent in the
eastern Pacific and the Atlantic oceans, where the ITCZ
is farthest south in the northern spring and farthest
north in the northern fall. The origin of this time lag
is presumably due to the large thermal inertia of the
ocean compared to land and to the dynamic inertia of
the wind-forced surface current structure of the equa-
torial oceans. These currents, particularly the warm
North Equatorial Countercurrents, play a significant
role in determining the spatial structure and location
of the time-mean convection field. A more detailed
consideration of the ITCZ migration patterns will be
presented in sections 5 and 6.

The maps of mean convection shown in Fig. 1 depict
the global nature of the ITCZ and offer a glimpse at
the temporal and spatial variability of this ubiquitous
tropical feature. In the following two sections, the spa-
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tial and temporal characteristics of the ITCZ at different
longitudes will be analyzed in more detail. For this
purpose, seven nonoverlapping ITCZ regions, in ad-
dition to the globally averaged ITCZ, have been selected
for analysis. The seven regions are intended to represent
different tropical land-ocean—atmosphere climate do-
mains. The zonal extents of these regions were chosen
to provide consistency in terms of the atmospheric cir-
culation pattern, surface type, and ocean current struc-
ture within each region. The longitude limits of the
selected regions and their denotations are given in
Table 1.

4. Meridional profiles

Figure 2 shows the mean meridional profiles of deep
convection within the ITCZ for the eight domains
specified in Table 1. These profiles (thick lines) were
computed by averaging the HRC within the given lon-
gitude limits over all 204 months of data. The standard
deviation of the annual cycle (thin lines) about its re-
spective mean profile is also given, where the annual
cycle is the sequence of 12 mean monthly (January-
December) meridional profiles. The first seven plots
(2a-g) are presented in order of increasing eastward
longitude (i.e., Africa to the Atlantic Ocean). The
eighth plot (2h) illustrates the mean and standard de-
viation profiles for the globally averaged ITCZ.

The mean meridional profiles of convection each
show peak amplitudes of about three to four days per
month. These peak values generally occur between the
latitudes of about 8°N and 8°S; however, they rarely
occur over the equator and are often found to straddle
the equator over oceanic regions. This characteristic
has most often been attributed to the distribution of
sea surface temperature (SST), specifically the con-
vection-suppressing influence of cool sea surface tem-
peratures associated with equatorial upwelling (e.g.,
Bjerknes et al. 1969). For example, this feature is most
pronounced over the central and eastern Pacific and
Atlantic oceans (2d, e, g), where relatively steady and
strong easterly trades force considerable equatorial up-
welling. However, a similar feature is apparent in the
warm-pool regions of the western Pacific and Indian
oceans (2b,c) where there is no surface signature of
equatorial upwelling.! Figure 3 shows the mean me-
ridional profiles of SST and HRC from four of the
oceanic domains. From these plots, it is clear that
equatorial upwelling is not a characteristic feature in
the warm-pool regions. This is presumably due to the
relatively deeper isothermal layer (Levitus 1982) and
weaker easterly winds in this part of the tropics (Legler
and O’Brien 1984 ). The suppression of large-scale at-

! This particular feature has been found to exist in overlapping
outgoing longwave radiation data (another proxy of deep convection)
and ISCCP C2 deep convection data, and therefore is not believed
to be an artifact of the convection index used here.
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TABLE 1. Labels and longitude limits for ITCZ domains analyzed.
Latitude limits are 25°N and 25°S.

Label Longitude limits
Africa 10°-40°E
Indian 60°-100°E
West Pacific 110°~150°E
Central Pacific 160°E-160°W
East Pacific 100°-140°W
South America 45°-75°W
Atlantic 10°-40°W
Global 0°-359°E

mospheric convection at the equator over the tropical
warm pools highlighted in Figs. 2b and 2c is not a well-
documented feature, particularly over long time scales.
In these regions, the data suggest that a dynamic mech-
anism of atmospheric origin has a suppressing influence
on convection at the equator, or alternatively, an en-
hancing influence just off the equator. Theories that
may explain this off-equatorial enhancement of con-
vection, and /or an ITCZ away from the equator, have
been given by Charney (1971), Holton et al. (1971),
Lindzen (1974), and Waliser and Somerville (1993).
In general, the meridional profiles shown in Fig. 2
are characterized by one of the following forms: a rather
broad profile nearly symmetric about the equator, a
narrow profile with its peak located in the Northern
Hemisphere, or in the case of the central Pacific (2d),
a strong, nearly symmetric double peak in convection.
The structure of these profiles to a large degree reflects
the structure of the underlying mean meridional surface
temperature profile, as was shown in Fig. 3. The mean
profile over Africa (2a) has peak convection nearly
centered over the equator, and is the most symmetric
of the profiles presented. The slight asymmetry in this
region results from the exceedingly dry climate of the
Sahara desert north of about 15°N. The profile over
the Indian Ocean (2b) is markedly asymmetric about
the equator. The maps of Fig. 1 show that during the
southern summer, convection is strongly enhanced just
south of the equator, while in the northern summer,
the monsoon over India displaces a considerable
amount of convection to the Indian subcontinent;
convection that would otherwise occur in the near-
equatorial region. Monsoon circulations also influence
the mean profile of the western Pacific (2c); however,
the influence is more symmetric due to summer mon-
soons occurring over both southern Asia in July and
northern Australia near January. Thus, the mean pro-
file over the western Pacific is nearly symmetric and
only slightly displaced to the Northern Hemisphere.
The profiles of the central and eastern Pacific Ocean
and the Atlantic Ocean (2d,e,g) are cases where the
SST distribution appears to play a particularly impor-
tant role in the meridional profiles of convection (Fig.
3). South America (2f) is a unique case, since the un-
derlying surface changes considerably with latitude,
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FIG. 2. Mean meridional profiles of HRC for the regions given in
Table 1 (thick lines). These profiles are the zonal and temporal average
HRC computed over the longitude limits specified in Table 1 and
over all 204 months of data. The standard deviation of the annual
cycle (SDAC; thin line) is also shown. The SDAC was computed
from the standard deviation of the 12 (January-December) mean
monthly profiles about the overall mean profile.

consisting of mostly ocean north of the equator and
mostly land south of the equator. Within this region,
the organization of large-scale convection is weakened
during the northern summer due to the monsoon oc-
curring over central America. The circulation pattern
associated with this monsoon enhances convection over
Central America and suppresses convection in the re-
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gion north of South America. The global profile (2h)
consists of a meridionally broad profile with a strong
convection maximum occurring in the Northern
Hemisphere at about 6°N.

The dominant seasonal modifications in the ITCZ
mean structure were illustrated in Fig. 1 and discussed
briefly in section 3. The profiles of standard deviation
within the annual cycle (hereafter SDAC) shown in
the plots of Fig. 2 (thin lines) depict these changes in
a more quantitative way. Large seasonal modifications
to the ITCZ structure are indicated by asymmetries in
the SDAC profiles about the equator. The SDAC profile
for the Indian Ocean (2b) shows such an asymmetry;
large variability exists north of about 10°N, almost
twice as much as in the Southern Hemisphere at this
latitude. This illustrates the strong seasonal enhance-
ment of convection over the Indian subcontinent due
to the summer monsoon. South America ( 2f) is another
region with large asymmetries in the SDAC. In this
region, the annual cycle has a strong seasonal response
at about 10°S due to the rainy season enveloping the
Amazon basin during the austral summer. The SDAC
profiles for Africa and the west and central Pacific
(2a,c,d) are all quite symmetric about the equator. In
these regions, the structure of the ITCZ remains essen-
tially the same throughout the annual cycle with the
seasonal variations being mostly in the form of north-
south oscillations. The east Pacific and Atlantic SDAC
profiles (2e,g), on the other hand, are cases where very
little north-south migration occurs and seasonal vari-
ability consists mostly of changes in convection inten-
sity—weak in the boreal spring and strong in the boreal
fall. In addition, the eastern Pacific shows a mild peak
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FIG. 3. Long-term (1971-1987) mean meridional profiles of HRC
and SST for the regions denoted in Table 1 as: (a) Indian, (b) west’
Pacific, (c) central Pacific, and (d) east Pacific. HRC and SST data
have 1° and 2° resolution, respectively.






