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ABSTRACT 

  

Gridded QuikSCAT data has been used to show that a strong confluence zone of the 

Southeast Pacific Intertropical Convergence Zone (SITCZ) existed in 2000 – 2002 during boreal 

spring, and the Panama wind jet contributes to its variability. Time series analysis of winds off 

the Gulf of Panama and convergence advection into the Southern Hemisphere (from 80W to 

95W) show these winds kept the SE Trades out of the Northern Hemisphere and created a 

confluent zone in the Southern Hemisphere. A monthly averaged SITCZ is maintained by the 

deceleration of the SE Trades that flow from warm water toward the equatorial cold tongue, 

creating a speed convergent zone south of the equator. Images of wind trajectories show zonally 

orientated SE Trade winds that were deflected from a divergent zone parallel to the coast of 

South America converge with more meridional Trades over warm waters. Panamanian winds 

crossed into the Southern Hemisphere to contribute to this convergence. It is hypothesized that 

this confluent zone can be intensified by the Panamanian winds. In 2002, the SITCZ confluent 

zone occurred with more intense Panamanian gap flow than the previous two years. Cross 

equatorial SE Trades wrapped anti-cyclonically around a divergent pocket in the Northern 

Hemisphere and became southward winds, which allowed the Panamanian winds to enter the 

Southern Hemisphere and intensify the SITCZ. Variability in the Panamanian winds makes a 

substantial contribution to the evolution of the SITCZ. 
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CHAPTER ONE 

INTRODUCTION 

 

 

 The Southeast Intertropical Convergence Zone (SITCZ) is a year round occurrence in the 

Southeast Pacific Ocean but is more intense during boreal spring. The SITCZ is the southern 

branch of the much larger Intertropical Convergence Zone (ITCZ) that resides in the Northern 

Hemisphere (NH). To understand the SITCZ, both convergence zones, also known as the double 

ITCZ, will be discussed first. 

   

The Double ITCZ 

 

Interest in the double ITCZ of the eastern Pacific Ocean is experiencing a secondary 

renaissance due to the successes of the Tropical Rainfall Measuring Mission (TRMM) and 

applications of spaceborne scatterometry, such as the SeaWinds scatterometer on board the 

QuikSCAT satellite. The theoretical existence of a double ITCZ goes back almost sixty years. 

Fletcher (1945) proposed a double ITCZ due to symmetrical Trades winds converging at the 

Equator. Deep convection decreases the lower tropospheric temperature by evaporation and 

radiative cooling. The Equator then becomes a cold source and causes equatorial divergent winds 

to converge with both the NE and SE Trades, creating a double ITCZ. In an early numerical 

model, Pike (1971) placed zonal Trades along the Equator over a uniform SST field. A single 

equatorial ITCZ developed but then shifted poleward after the Trades induced equatorial 

upwelling and thus a cold tongue. Warm SSTs were then on both sides of the Equator, allowing 

for a double ITCZ, albeit a more pronounced one in the NH. This study validated what Hubert et 

al. (1969) sarcastically called a “remarkable renaissance” of double ITCZ literature. They 

discerned a double ITCZ during boreal spring in the east Pacific and nowhere else around the 

globe using the earliest visible satellite imagery. Their conclusion was that the double ITCZ in 

the east Pacific only occurred during boreal spring and the double ITCZ should not be 

considered a major contributor to tropical circulation.  

Subsequent studies focused on atmospheric dynamics to describe the location of the NH 

ITCZ (e.g. CISK, Charney 1971; tropical easterly waves, Holton et al. 1971; wave-CISK, 
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Lindzen 1974).  More recent studies focused on South American topography as a cause for the 

ITCZ being locked in the NH. In a model by Philander et al. (1996), the ITCZ forms in the NH 

because the SE-NW orientation of South American topography cause cross equatorial SE Trades 

to flow parallel to the coastline, decreasing the thermocline depth and maximizing upwelling 

south of the Equator. In addition to this, the Southern Hemisphere (SH) Subtropical High creates 

a stratus cloud deck that further cools the SH. Under these conditions of cool SSTs, a SITCZ will 

not form. Similarly, Xie (1997) focused on the Andes mountain range and its modification of the 

SE Trades. Low level winds of the SH Subtropical High are blocked by the mountains and 

therefore flow parallel to the coast. Flowing parallel to Ecuador, the Trades become meridional 

over the Equator, intensifying wind stress and Ekman pumping. The zonal heat contrast between 

the east and west Pacific intensifies the zonal Trades and thus maximizes equatorial cold water 

upwelling, keeping the ITCZ to the north. Xu and Wang (2004) removed the Andes in their 

model and concluded the modeled SITCZ could exist longer due to SE Trades converging with 

continental winds that were no longer blocked by the mountains.  

Many of the above studies were done in an effort to explain the over/underestimations of 

equatorial SSTs in other modeling studies (Mechoso et al. 1995). Lietzke et al. (2001) analyzed 

SSM/T-2 data of liquid/ice and Reynolds weekly SST from 90W to 150W to develop a 

conceptual model wherein symmetric subtropical highs about the Equator during boreal spring 

form a single ITCZ on the Equator until cool upwelled water splits it in two, resulting in the 

double ITCZ. Downdrafts from deep convection feed back into the both convergent zones, not 

dissimilar to what was proposed by Fletcher (1945). Halpern and Hung (2001), with a variety of 

monthly averaged satellite observations to observe the double ITCZ from 90W to 130W, created 

a conceptual model based on the theory of Lindzen and Nigam (1987): the equatorial cold tongue 

is sufficiently cold enough to cool the boundary layer and increase atmospheric pressure at the 

Equator. The SST difference between the equatorial cold tongue and surrounding warmer waters 

creates a pressure gradient that allows divergent low level winds to converge with both SE and 

NE Trades in their respective hemispheres to allow a double ITCZ. Liu and Xie (2002), in the 

first paper on the double ITCZ using the QuikSCAT scatterometer, showed that the double ITCZ 

is a consistent phenomenon in the southeast Pacific. As relatively warm boundary layer air 

advect SE Trades over the equatorial cold tongue, the boundary layer becomes stabilized and 

decreases the surface wind speeds (Wallace et al. 1989; Chelton et al. 2001). The SE Trades run 
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into the slower cross equatorial flow, which leads to speed convergence. As flow crosses the SST 

gradient in the NH, the boundary layer becomes destabilized. The winds accelerate and converge 

with NE Trades to form the ITCZ. For a brief period during boreal spring, they also observed 

southward cross equatorial flow, and concluded these winds were caused by divergence at the 

Equator as speculated by Halpern and Hung (2001) (Liu and Xie 2002). Gu et al. (2004, 

submitted to J. Climate), used both TRMM and QuikSCAT satellites to analyze the SITCZ from 

90W to 130W. They concluded rainfall occurs poleward of the maximum SST’s in the SH during 

boreal spring, just as speed convergence would dictate. 

Emphasis on topography has been examined with recent climatological modeling of the 

ITCZ (Philander et al. 1996; Xie 1997; Xu et al. 2004), but there have been no observational 

studies. Wind trajectories and convergent fields using the QuikSCAT scatterometer show that 

topography has another influence on the double ITCZ. Winds from the Gulf of Panama can 

converge with the SE Trades in the SH to maintain the SITCZ. Speed convergence and 

equatorial divergent flow are not the only reasons behind SITCZ maintenance (Lietske et al. 

2001; Halpern and Hung 2001; Liu and Xie 2002; Zhang 2002; Gu et al. 2004). Panamanian 

winds are variable and their range only extends between 80W to 95W, so previous studies are 

not invalid. Because ITCZ literature is separate from the Central American wind jet literature, a 

brief introduction to these wind flows is necessary. 

 

Central American Wind Jets 

 

There are three major gaps within the Sierra Madres mountain range in Central America 

that concentrate wind exiting over the Gulfs of Tehuantepec, Papagayo, and Panama. However, 

only winds from Panama and the convergence between these winds and the SE Trades are of 

interest here. Therefore, the Tehuantepec and Papagayo jets are not an issue for this analysis, yet 

as the former is the most studied, and shares some characteristics with Panama (Chelton et al. 

2000a; Chelton et al.  2000b), the theory of this jet will be used to partially describe the 

Panamanian jet. 

Clark (1988) first proposed that winds out of Chivela Pass exiting over the Gulf of 

Tehuantepec follow trajectories that are inertially balanced after observing a cold tongue of 
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water that had turned anti-cyclonically out of the Gulf. Following Clark (1988), as winds enter a 

mountain gap, the across gap velocity is negligible and cross gap momentum balance becomes 

 

a

yP
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−=        (1) 

 

where  f is the Coriolis parameter, P is pressure, aρ is air density, and y is the gap width. Taking 

the ratio of the gap width and the Rossby radius of deformation, 
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(Chelton et al. 2000b), where  is reduced gravity and g ′ H  is the mixed layer depth, the Rossby 

number is 1. Performing scaling analysis, it was shown that the pressure gradient force is 

negligible outside the gap, so the force balance across the jet becomes 
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where  is the radius of curvature the Coriolis force imparts on winds exiting the gap. However, 

recent studies have shown Tehuantepec gap flow do not necessarily follow inertial motion 

(Bourassa and O’Brien 1998; Steenburgh et al. 1998; Bourassa et al. 1999). Analyzing both the 

Tehuantepec and Panama jets using NSCAT, Chelton et al. (2000a; 2000b), observed the radius 

of curvature increased with larger distances from the gaps. The winds turned anti-cyclonically 

until they came into geostrophic balance after following an arc length comparable to that of . It 

was concluded that the cross-stream pressure gradient had developed along the wind trajectory 

opposite to that of the Coriolis force, thus causing the winds to fan after leaving the gap. Chelton 

et al. (2000b) observed Panamanian winds doing likewise. However, was calculated using the 

difference between warmer Pacific air and cooler air that enters the gap from high pressure 

systems originating over the North American continent during winter and early spring. Although 

it was reasoned that all three jets respond to this pressure gradient and cold surges, Chelton et al. 

R

L
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(2000b) correlated the Papagayo and Panama jets with Caribbean Trade wind variability and not 

to cold air outbreaks, the general mechanism behind the Tehuantepec jet. The relationship 

between Panama winds and Caribbean Trades has been documented in the early part of the 20
th

 

century (Frankenfield 1917; Chapel 1929), although it has been suggested that mid-latitude 

systems may also influence these Trade winds (Chelton et al. 2000a). Because the Panamanian 

winds are weaker than the other two jets, it has also been suggested that these winds may come 

under the influence of SE cross equatorial Trades (Chelton et al. 2000b).  

The purpose of this study is to combine the variability of the SITCZ and the Panamanian 

winds to see what effects the latter has on the former. It will be shown that the winds from the 

gap can fan and cross the Equator and import convergence into the SITCZ, thereby maintaining 

and intensifying it, as it occurred in 2002. This also happened in 2000 and 2001, but with the 

additional factor of accelerated flow over SST gradients causing southward advection of 

convergence. Panamanian winds have a tendency to create cold tongues of water from the Gulf 

of Panama to the Equator. These cold tongues form when winds push water offshore leading to 

coastal upwelling. Advected water is cooled further by entrainment and evaporation (Legeckis 

1988). Although the flow from Panama may weaken, air flowing over the cold water may speed 

up when crossing over warmer waters. In their study of tropical instability waves on monthly and 

inter-annual time scales, Wallace et al. (1989) hypothesized that when warm SE Trades cross the 

equatorial cold tongue, the planetary boundary layer becomes destabilized. As a result, the 

downward flux of northerly momentum due to buoyancy driven turbulence bring faster air aloft 

down to the surface. Hayes et al. (1989) confirmed this hypothesis on weekly to monthly time 

scales, as did Chelton et al. (2001) using the QuikSCAT scatterometer. Using similar physics, 

southward flow from the Gulf over the Panamanian cold tongue should accelerate when crossing 

over warmer waters in the southeast Pacific. This idea helps clarify some of the discrepancies 

found within time series analysis of convergent advection, convergence, and the Panamanian 

winds. 
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CHAPTER TWO 

DATA 

 

 

Convergence and wind trajectories are derived from winds observed by the QuickSCAT 

scatterometer, and SST are from the Tropical Rainfall Measurement Mission (TRMM). The 

study period is the beginning of February through the end of April from 2000 to 2002 within a 

domain from 80W to 95W and the Equator to 9S when Panamanian cross equatorial winds 

occurred.  

 

Scatterometry Derived Winds 

 

 Scatterometers have become useful tools to examine data sparse regions of the globe like 

the equatorial southeast Pacific. They have proven successful with examining the SITCZ (ERS-1 

[Zheng et al. 1997]; ERS-1/2 [Halpern and Hung 2001]) and Central American wind jets 

(NSCAT [Chelton et al 2000a; Chelton et al. 2000b]). The SeaWinds scatterometer on board the 

QuikSCAT satellite was also used for double ITCZ studies in both the Pacific and Atlantic 

Oceans (e.g. Liu and Xie 2002; Grodsky and Carton 2003). SeaWinds is an active microwave 

sensor that makes approximately two observations a day of winds over the world’s oceans. 

Microwaves are beamed to the ocean surface and the resultant backscatter of ocean waves is 

measured. A relationship exists between the change in radar cross section oσ caused by ocean 

ripples induced by wind stress. The Bragg backscatter off the ocean determines wind direction 

and speed. A multitude of “ambiguous” solutions exist for one value of oσ . One observation of 

oσ  specifies a set of solutions: one speed for each direction (Naderi 1991). This is resolved by 

QuikSCAT’s co-location of four different incident and azimuthal viewing angles. Multiple co-

located observations of backscatter are used to estimate the likelihood of these solutions 

(Bourassa et al. 2003a). The winds used in this study were processed using Remote Sensing 

System’s Ku 2001 model function. Observations are most accurate approximately between 200 

km and 700 km, and least accurate from 700 km outward and at nadir (Bourassa et al. 2003b). 

Neglecting inaccurate portions of the swath, its width is greater than those made by previous 
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scatterometers (Liu 2002). Rainfall may also modify the ocean surface leading to incorrect wind 

speed and direction as the microwave power at QuikSCAT’s frequency is modified by rain. Due 

to the large incident angles, this modification is compounded by radiation passing through more 

rain. This is currently dealt with by introducing rain flags (Bourassa et al. 2003a). Scatterometers 

are calibrated to measure 10m equivalent neutral winds (Bourassa et al. 2003b) that differ 

slightly from 10m winds due to considerations involving atmospheric stability. The differences 

between 10m equivalent neutral winds and 10m winds are typically less than 0.05 m/s. 

 Regardless of these uncertainties, SeaWinds makes more observations per day than ships 

and buoys make all year (Bourassa et al. 2003a). Shipping lanes are mostly in the mid-latitude 

NH, thus ships are far removed from the Equator (Pegion, et al. 2000). Ship data also suffer from 

erroneous calculations of Earth relative winds due to ship acceleration and flow distortion 

(Bourassa et al. 2003b). Buoys are mostly near NH coasts (Naderi 1991), while the Tropical 

Atmosphere Ocean (TAO) buoy array in the Pacific ocean are too widely spaced apart and are 

concentrated west of Galapagos Islands (McPhaden 1995) to be of any use for the present study. 

Studies have shown that scatterometers have a better spatial resolution of wind fields over the 

Equatorial Pacific than the National Centers for Environmental Prediction-National Center for 

Atmospheric Research (NCEP-NCAR) re-analysis data and the operational numerical weather 

prediction (NWP) model of the European Centre for Medium-Range Weather Forecasts 

(ECMWF) (Putman et al. 2000; Liu et al. 1998). Thus the QuikSCAT scatterometer is the best 

instrument to study surface winds over the equatorial Pacific.  

 Gridded wind fields over the oceans on a 1º resolution grid to calculate divergence and 

trajectories are done using an objective technique based on Pegion et al. (2000). A cost function 

maximizes the data without excessive smoothing and weights are created by cross validation. 

The manipulation of the observed data places realistic data between swaths (Pegion et al. 2000).  

 

Sea Surface Temperature 

 

Sea surface temperatures are from the Tropical Microwave Imager (TMI) on board the 

TRMM satellite. The passive microwave radiometer has an advantage over the Special Sensor 

Microwave Imager (SSM/I) in that it uses a 10.7 GHz channel that is transparent to aerosols and 

water vapor. This gives it the ability to measure SST through clouds with a small attenuation rate 
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of 3%. Microwaves at this frequency are greatly attenuated and scattered in the presence of rain, 

so in cases of deep convection the SST signal is discarded (Wentz et al. 2000). 
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CHAPTER THREE 

METHODOLOGY 

 

 

 A technique of compact centered averaged finite differencing using four grid points on a 

1º grid rather than on a 2º grid is used to calculate convergence
∗
. Utilizing grid points that are 

closer together reduces truncation error by a factor of four. The gridded data are used to create 

five day moving averages of convergence and wind trajectories of the SITCZ. The wind 

trajectories described herein are highly variable and are eliminated on a monthly average, but 

still exist when taking a five-day average. Monthly averages are used to create Hovmuller 

diagrams where convergence and the v component of the wind in the SH persist. The moving 

average has been used to show that these winds may influence the SITCZ on a time scale longer 

than a single day. For the time series analysis of convergence, yv ∂∂ / is calculated the same way, 

but within a box from 80W – 95W to 2S – 9S and then spatially averaged. This is the domain of 

the Panamanian winds’ influence. xu ∂∂ /  is a small component to divergence in the eastern 

Pacific and is not calculated. 

Divergence advection in the southward direction is defined as  

 

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

⋅∇∇⋅−
2

2

~ˆ
y

v
vjv V ,     (4) 

 

where v is averaged along the Equator from 84W – 95W  and multiplied by the second derivative 

in the same domain as . This approach calculates how much convergence is advected 

southward into the domain, which is a good proxy for how much convergence is entering the 

domain due to northerly flow across the Equator. Similarly, northward advection of convergence 

from 9S is also calculated to show the contribution of convergence from the Subtropical High. 

yv ∂∂ /

                                                 

∗ Divergence, or 
y

v

y

u
div

∂
∂

+
∂
∂

≡ , is calculated, but convergence (negative divergence) is a more appropriate term 

to be used in this paper. 
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Wind trajectories are based upon the gridded wind vectors and are moving (Lagrangian) 

vectors. Vector positions were interpolated at twelve hours and integrated using a fourth-order 

Runge-Kutta method (see Bourassa and O’Brien 1998). 
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CHAPTER FOUR 

RESULTS 

 

 

 Hovmuller Diagrams of the Double ITCZ 

 

The monthly averaged double ITCZ is most apparent during late winter and early spring 

(Fig. 1a) when the equatorial cold tongue collapses due to a weakened SH Subtropical High and 

seasonal heating. The northern ITCZ with maximum convergence is closer to the Equator in late 

winter. The ITCZ weakens while there is a relative maximum of convergence in the SH during 

boreal spring of 2000 – 2002. Southward winds slow down when they reach the Equator and 

then increase again in the SH in 2000 and 2001 (Fig. 1b). Although the decrease in v along the 

Equator is most probably due to winds becoming more zonal, it is speculated that the increase in 

v in the SH is partially due to winds accelerating across an SST gradient created by the 

Panamanian winds. In 2002, the winds do not slow down as in the previous years when reaching 

the Equator; these winds are stronger when exiting from the Gulf of Panama.   

 

 

 

a.      b. 

 

Fig. 1. Monthly Hovmoller diagrams. (a) yv ∂∂ /  averaged from 80W – 95W beginning July 1999 

and ending July 2003. Units of divergence are 10
-6

 s
-1

. (b) Similar to (a) but of the v 

component of the wind. Units of v are m s
-1

. 
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Time Series Analysis of the SITCZ 

 

The study period of the double ITCZ season runs from February to the end of April. This 

is part of the warm season that corresponds with the highest SSTs in the southeast Pacific 

(Wallace et al. 1989) as well as the greatest amount of deep convection. A confluent zone only 

occurs in the domain between these months and none other throughout the year. In 2000, v 

becomes negative from 25 February to 8 March, and then negative again from 24 March to 27 

March (Fig. 2a). In 2001, v becomes negative from 17 February to 27 March, and approximately 

zero on 6 April (Fig. 2b). In 2002, v becomes negative from 1 March to 22 March and 

approximately zero on 1 April (Fig. 2c). Of interest is when v is negative, indicating northerly 

cross Equatorial flow. The troughs and ridges of v, convergent advection, convergence and winds 

from the Gulf of Panama will now be discussed. 

In 2000, maximum southward convergence advection and negative v correspond with the 

wind maximum out of the Gulf of Panama on 29 February. A relative trough of decreased wind 

is embedded within the ridge, but in general winds had increased since February 17 with an 

average speed of 6 m s
-1

 between both peaks. Convergence in the SH has also been increasing 

during this time as well as southward convergence advection. Southward advection decreases 

and convergence and v become less negative on 2 March as the Panamanian winds begin to 

subside, regardless of the import of northward convergence. Questionable is whether the sharp 

spike in positive advection, convergence and negative v around 11 March is related to minor 

winds out of the Gulf considering northward convergence advection is decreasing. Another peak 

in Panamanian winds around 25 March correspond with minimal v, southward advection and 

convergence with a decrease in northward advection. 

In 2001, a wind peak from Panama corresponds with increasing negative v, positive 

southward convergence advection and convergence on 20 February. Northward convergence 

advection also increases. On 6 March, winds increase with increasing southward advection, but 

decreased convergence because of lesser northward flow. On 18 March, southward advection 

and convergence increase when the winds are at their lowest in the study period, yet all variables 

increase with stronger Panamanian winds on 22 March. On 5 April there is another wind peak, 

but in this case southward advection and v only become less positive. 
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In 2002, v advects a great amount of southward convergence into the domain that is 

related to maximum convergence on 11 March. Northward convergence advection is a 

substantial factor, however. Both variables respond to the steady wind that is higher than the two 

previous years and to the decreased winds around 15 March. Advection decreases toward 24 

March while the winds become less negative. This discrepancy will also be discussed in the next 

section. 

Noticeably, the southward cross equatorial flow in 2000 and 2001 are weak and 

correlating Panamanian winds with the intensification of the SITCZ would be difficult. In 2002, 

there is a good correlation between the intense Panamanian flow with southward convergence 

advection, but the great oscillations of northward advection is the most dominate in controlling 

convergence in the SH. 

The variance in divergence advection from each hemisphere is compared (Table 1). The 

magnitude of mean influx of convergence into the domain is greater for the SH component; 

however, the NH component makes a substantial contribution to the influx of convergence. 

Similarly, the variance of the SH component is larger than the NH component, but not so large 

the NH component can be ignored. These results indicate that the NH influx of convergence 

plays an important role in characterizing the mean and time dependent characteristics of the 

SITCZ. 

 

 

 

 

Table 1. Variance and mean of divergence advection, averaged 

within 80W 95W, passing south of the Equator from 

the Northern Hemisphere and northward through 9S. 

Each year indicates an average from 1 February to 30 

April. 

 

 Variance s
-4

2000 2001 2002 

NH 1.61  1.26  2.29 

SH 4.98  5.76 19.92 

Mean s
-2

   

NH 0.32 -0.45 -0.60 

SH      -2.61 -1.76 -0.42 
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The increase in southward convergence advection does not happen every time a wind 

peak occurs over the Gulf of Panama. The time series analysis is helpful in breaking down the 

most important aspects of the SITCZ, but does not show the entire picture.  In the next section, 

wind trajectories, convergence and SST will be analyzed to explain some of the discrepancies in 

the time series. Cold tongues of water caused by the Panamanian winds also play a factor in the 

maintenance of the confluent SITCZ. 

 

 

 

 

 

a

Fig. 2. Divergence, Divergence Advection, and v. (a) 2001, (b) 2001, and (c) 2002. Speed over 

Gulf of Panama (black line); v averaged from 80W – 95W, Equator (blue line); 

northward and southward divergence advection from 80W – 95W, 2S – 9S (pink and red 

lines, respectively); averaged within the same domain as advection (green line) for 

2000. Units of speed and v are m s

yv ∂∂ /
-1

. Units of divergence advection are 10
-11

 s
-2

. Units of 

divergence are 10
-6

 s
-1

. Convergence entering the domain is signified by negative values.  
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b

 

c

Fig. 2. – continued.   
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Wind trajectories, divergence, and SST 

 

2000. From 9 February to 20 February (not shown), about the time southward 

convergence advection increases in the SH, v has become less positive. This is due to the SE 

Trades losing ability to influence the NH ITCZ in the domain. The SH Subtropical High on 

average is furthest away from South America and the Equator (Hastenrath 1985) and at its 

climatologically weakest (Grotjahn 2001). The cold tongue has collapsed and SSTs in the 

southeast Pacific have been on the increase (e.g. Lietzke et al 2001; Halpern and Hung 2001). 

However, the Panamanian winds themselves are simply not that intense to keep the SE Trades in 

the SH. The Trades diverge toward the west from the coast and flow toward warmer waters now 

taking hold in the SH. In actuality, this is the v component becoming less positive. Divergence 

along the South American coastline caused by coastal upwelling will help in the diversion of the 

flow. It is difficult to say whether the peak in the Panamanian winds had any influence on a 

cyclonic circulation occurring in the SH. The most likely cause is a warm pocket of water in that 

region. Regardless, the Panamanian winds are uninhibited from entering the SH and import 

convergence into the system, thereby intensifying it. On 29 February (Fig. 3a), peak winds 

spread to 85W, advecting cold water toward the Equator. The relatively cool water is another 

contributor to convergence advection: divergent flow from cooler water off the Equator caused 

by the Panamanian winds. As the winds decrease so does the advection, but the SITCZ is still 

maintained by divergent flow off the South American coast converging with SE Trades over 

warm SSTs, similar to Fig. 3a. On 11 March, southward convergence advection is greatest while 

the winds are at their weakest, and northward convergence advection decreases. The SST 

gradient between the Panamanian cold tongue and a pocket of warm water around 85W and 2S 

(Fig. 3b) can explain and verify this by noticing the acceleration of the winds at the same 

coordinates. Although easier to see with animations, this area of convergence propagates west, 

and the SE Trades are able to infiltrate the NH again. On 25 March, another relative wind 

maximum of 4.5 m/s correspond with minimum negative v and negligible southward advection 

(Fig. 3c). This, in effect, only deflects the SE Trades from the NH for only a few more days until 

the Subtropical High strengthens and the SH cools. Warm SSTs decrease, shifting the strongest 

convergent signal to the west, and the SE Trades enter the NH for the rest of the year and the 

ITCZ is locked into place. 
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2001. The confluent zone in the SH occurs around 18 February and is caused by 

divergence from the South American coast as well as the combined effect of Panamanian winds 

and the flow accelerating just west across a remnant of the equatorial cold tongue (Fig. 4a). As in 

2000, divergence along the coast tends to create confluence because the weakened SE Trades are 

no longer uniform.  As Panamanian winds increase on 20 February, so does southward flow into 

the SH and an increase in convergence (Fig. 4b). Both the remnant of the equatorial cold tongue 

and the cold tongue from Panama has now joined. The Panamanian winds can accelerate across 

the SST gradient as previously observed. The discrepancies discussed in the last section were the 

decrease in Panamanian winds with an increase in negative v on 1 March, and the decreased 

winds with increased negative v and southward convergence advection on 16 March. These 

discrepancies can be easily explained: on 1 March (Fig. 4c), the cold tongue that was created by 

the Panamanian winds has been advected toward the Galapagos Islands. Again, an SST gradient 

is apparent. The weak flow from Panama accelerates across the SST gradient just east of the 

islands and into both hemispheres. This explains the increase in negative v and southward 

advection, although the greatest contributor is the SH Trades. The sharp increase of convergence 

and southward advection on 16 March (Fig. 4d) is due to a cyclonic circulation and is not at all 

caused by the Panamanian winds, for they have been continuing to decline. Outhward 

convergence advection and convergence briefly decrease once this circulation subsides. 

Increased southward convergence advection occurs around 22 March when the Panamanian 

winds increase once more, importing convergence into another cyclonic disturbance (Fig. 4e). It 

cannot be said with certainty that these winds have this much influence on creating the 

circulation, but they are a contributing factor considering northward advection is decreasing. 

Southward convergence advection and convergence decrease once the winds weaken and the 

circulation deteriorates. Panamanian winds seem mostly an indirect factor in influencing the 

SITCZ in favor of the SST gradient and deep convection, but again it can be been shown to have 

an influence on the SITCZ on 5 April (Fig. 4f). Similar to 2000, the Panamanian winds increase 

and deflect the Trades back into the SH. Like that year, this condition only last a few days until 

the Trades are back in the NH for the rest of the year. 
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a 

 

Fig. 3.  5 day Centered Moving Averages of 12 Hour Wind Trajectories and Convergence, Wind 

Trajectories and Speed, and Sea Surface Temperature for 2000. (a) 2/29, (b) 3/11, and (c) 

3/25. Divergent and convergent flow is denoted by brown and black trajectories, 

respectively, on speed plot. Units of divergence are 10
-5

 s
-1

. Units of speed are m s
-1

. 

Units of temperature are °C. Length of trajectories indicate two days’ motion.  
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b 

 

Fig. 3. – continued.  
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c 

 

Fig. 3. – continued. 
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a 

 

Fig. 4.  5 Day Centered Moving Averages of 12 Hour Wind Trajectories and Convergence, Wind 

Trajectories and Speed, and Sea Surface Temperature for 2001. (a) 2/18, (b) 2/20, (c) 3/1, 

(d) 3/16, (e) 3/22, and (f) 4/5.  Units are the same like those as in Fig. 3. 

 

 

 21



b 

 

Fig. 4. – continued. 

 

 

 

 22



c 

 

Fig. 4. – continued. 
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d 

 

Fig. 4. – continued. 
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e 

 

Fig. 4. – continued. 
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f 

 

Fig. 4. – continued. 
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2002. Unlike 2000 and 2001, the Panamanian winds are persistent, ranging from 5 to 8 

ms
-1

. In the previous years, v decreased during February and became northerly when the more 

zonally orientated Trades along the coast of South America converged with the more 

meridionally orientated Trades farther west, allowing the Panamanian winds to enter the SH. In 

2002 on 25 February, the decrease in v is related to anti-cyclonic circulation in the NH due to 

stronger winds from Panama and the Gulf of Papagayo (Fig. 5a). Southward convergence 

advection again intensifies the SITCZ and allows cross equatorial Panamanian winds (Fig. 5b). 

Although the greatest contributor to convergence is northward convergence advection on 11 

March, the Panamanian winds play a substantial role in SITCZ intensification. As the winds 

slightly decrease, so does the southward advection and convergence (Fig. 5c), indicative of 

convergence dependent on Panamanian winds. Around 24 March, the time series becomes 

slightly misleading; it shows v changing to positive. However, Fig. 5d indicates that this is just a 

case of averaging along the Equator. The more coastal Panamanian winds still keeps the SE 

Trades in the SH but the northward flow becomes cross equatorial further west. Afterwards, the 

NH ITCZ then locks into place with cross equatorial SE Trades. Unlike 2000 and 2001, the cold 

tongue from Panama was remarkably weak and does not seem to have a role in southward 

convergence advection.  
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a 

.  

 

Fig. 5. 5 Day Centered Moving Averages of 12 hour Wind Trajectories and Divergence, Wind 

Trajectories and Speed, and Sea Surface Temperature for 2002. (a) 2/25, (b) 3/11, (c) 

3/15, and (d) 3/24. Units are the same like those in Fig. 3. 
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b 

 

 

Fig. 5. – continued. 
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c 

 

Fig. 5. – continued. 

 

 

 

 30



d. 

 

 

Fig. 5. – continued. 
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CHAPTER FIVE 

CONCLUSIONS 

 

QuikSCAT and TRMM data have been used to study the equatorial east Pacific with 

emphasis on the SITCZ during boreal spring. It has been shown that the SITCZ can exist in the 

SH due to more considerations than simply speed convergence and divergent flow from cool 

water on the Equator. Previous studies on the SITCZ were concerned about monthly variability, 

while Central American wind jets studies have not yet taken into account Panama’s influence on 

the SITCZ. In years 2000 – 2002, Panamanian winds directly or indirectly influence the SITCZ 

for certain periods. In 2000, a confluent zone occurs after a SH cyclonic disturbance forms. This 

disturbance keeps the SE Trades within the SH, thus allowing increased Panamanian winds to 

enter the SH that then maintains and to a certain degree intensifies the SITCZ. These winds then 

depress SSTs along their trajectories. As winds decrease, the cold tongue still forms until the 

winds reach a minimum for the rest of the study period. The SE Trades respond to the cold 

tongue and the SST gradient accelerate flow into both convergent zones. Although rainfall and 

vertical structure of the atmosphere were not studied, inflow into the SITCZ may also be caused 

by downdrafts from deep convection and rainfall (not shown) in the NH ITCZ (e.g. Lietzke et al. 

2001). Direct Panamanian influence is demonstrated to modify convergence as well as keep a 

confluent zone near the end of the season. 2001 is similar in that a confluent zone occurs in the 

SH, allowing Panamanian winds to exert cold water upwelling in both hemispheres that cause 

flow to accelerate into the SH. However, two cyclonic disturbances are the most likely suspects 

for intensified southward cross equatorial convergent flow in that year.  In 2002, Panamanian 

winds are stronger than the previous years and no cold tongues are associated with them. The 

most prominent contributor to the SITCZ is obviously the SE Trades importing convergence into 

the system. But as Table 1 shows, averaged southward advection of convergence is non-

negligible. These winds have the ability to keep the SE Trades out of the NH thus modifying the 

behavior of both the SITCZ and the NH ITCZ.   
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