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Abstract. The western equatorial Atlantic Ocean features a variety of dynamical processes. The upper-ocean circulation is
characterized by both western boundary currents and the equatorial current system, which are important pathways of the upper
branch of the Atlantic Meridional Overturning Circulation. On subseasonal to seasonal timescales, equatorial waves such as
Yanai waves further influence local ocean dynamics. Yanai waves, also referred to as mixed Rossby-gravity waves, exist in
all tropical ocean basins predominantly on timescales of 10 to 30 days. They are associated with meridional velocities at the
equator, setting them apart from other equatorial waves. While Yanai waves have been thoroughly analyzed regarding their
energy dissipation, generation mechanisms, and propagation characteristics, little observational evidence has been provided
regarding their surface trajectories. This study investigates the trajectories of Lagrangian surface drifters with respect to the
presence of Yanai waves in the western equatorial Atlantic. Only few surface drifters remain long enough at or close to the
equator to offer insights into equatorial phenomena since the prevailing poleward Ekman flow near the equator typically drives
drifters to higher latitudes fairly quickly, which makes measurements sparse but particularly valuable. During a research cruise
in May 2023, eight surface drifters were deployed into the western boundary current system off Brazil along 35 °W between
the equator and 2.25 °S. Three of these drifters got trapped within circling surface movements centered around the equator.
Our analysis suggests that this circular movement can be attributed to a Yanai wave. First, we find that the drifter oscillations
coincided with cross-equatorial fluctuations of the meridional velocity component of the wind, a commonly accepted generation
mechanism of Yanai waves. Additionally, we could reproduce the observed trajectories by conducting a series of numerical
experiments with artificial drifters, combining the mean background flow of the area with theoretical Yanai wave-induced
surface velocities. The observed Yanai wave is characterized by a 14-day period and velocity amplitudes of approximately 0.6

t0 0.7 ms~1.

1 Introduction

Yanai waves are equatorial waves that are observed in all ocean basins. They influence various tropical oceanic and atmo-

spheric phenomena and dynamics such as the Indian monsoon (e.g. Luyten and Roemmich, 1982; Schott and McCreary, 2001;
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Chatterjee et al., 2013), the Madden-Julian-Oscillation (Takasuka and Satoh, 2020), or the heat and momentum budget in the
tropics (e.g. Weisberg et al., 1979). Yanai waves exhibit an eastward group velocity across all wavenumbers, transporting en-
ergy eastward and, if generated at the surface, downward. At large negative wavenumbers, Yanai waves exhibit westward phase
propagation, while at large positive wavenumbers, they resemble eastward-propagating Kelvin waves. Therefore, they are also
often referred to as mixed Rossby-gravity waves. Observational evidence of Yanai waves in the atmosphere was provided
almost contemporaneously with their theoretical formulation (mathematical solution: Yanai and Maruyama (1966); Matsuno
(1966); observation: Yanai and Hayashi (1969)). In the ocean, Yanai waves were first observed through the analysis of sea
level records from Pacific islands (Wunsch and Gill, 1976). Now, observational data from ocean current meters monitoring
the vertical water column (Zhu et al., 1998; David et al., 2011; Farrar and Durland, 2012; Nagura and McPhaden, 2023, 2024;
Terada and Masumoto, 2025; Zhang et al., 2025), moored measurements at the equator (Tuchen et al., 2018), Argo data (Terada
and Masumoto, 2025), or satellite altimetry and satellite-derived sea surface temperatures (Wakata, 2007; Shinoda, 2012) are
used to describe these waves. Furthermore, ocean models have been utilized to explain both deep and upper ocean intrasea-
sonal velocity variability (Sengupta et al., 2001; Korner et al., 2022), or to quantify their spatial and temporal structures (e.g.
Chatterjee et al., 2013).

While Yanai waves in the atmosphere are observed at periods of 2 to 6 days (e.g. Wheeler et al., 2000; Magafia and Yanai,
1995; Braga and Magaifia, 2025), observations in the ocean show longer periods from 10 to 30 days (Shinoda, 2012). More
precisely, there are two peaks in the energy spectrum at biweekly (10-20 days) and monthly (20-30 days) periods. Biweekly
Yanai waves are often observed close to the surface and are generated by cross-equatorial wind stress (McPhaden and Picaut,
1990; Zhu et al., 1998; Zhang et al., 2025; Wang et al., 2026), whereas monthly Yanai waves, which are found at intermediate
depths, are more often attributed to barotropic shear instabilities between zonal equatorial currents (e.g. von Schuckmann et al.,
2008; Korner et al., 2022; Nagura and McPhaden, 2023, 2024; Zhang et al., 2025; Terada and Masumoto, 2025; Wang et al.,
2026).

Yanai waves have been frequently observed in the Pacific and Indian oceans, but less so in the western tropical Atlantic even
though they are known to play a role in shaping intraseasonal variability in the tropical Atlantic (e.g. Weisberg and Horigan,
1981; Shinoda, 2012).

In the western tropical Atlantic, the upper-ocean mean state circulation is characterized by both western boundary currents
and the equatorial current system. Furthermore, the flow of subtropical cells contributes to the surface circulation and ther-
mocline. Subtropical cells are shallow meridional overturning cells that connect the upwelling regions at the equator and in
the eastern part of the ocean basin with the downwelling that occurs within the subtropical gyres (Tuchen et al., 2020). The
currents at the western boundary also contribute to the Atlantic Meridional Overturning Circulation (Tuchen et al., 2022b).

Additionally, the easterly trade winds directly drive westward surface currents known as the northern and branches of the
central South Equatorial Current. These westward currents cause warm and salty water to accumulate in the western tropi-
cal Atlantic. Consequently, the mixed layer deepens in the west. At the western boundary, the North Brazil Current (NBC)

accomplishes the upper ocean cross-equatorial transport. At about 3-8 °N, the NBC separates from the coast, meanders, and
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partly retroflects southeastward into the North Equatorial Countercurrent. Here, eddies called the NBC rings are generated,
propagating northwestward (e.g. Schott et al., 1998; Jochum and Malanotte-Rizzoli, 2003; Aguedjou et al., 2019).

Thus, circling motions in the region from 3-8 °N are mostly associated with NBC rings, however, we observed circling
motions of a different origin. Past studies give little evidence concerning the surface trajectories of Yanai waves and how
they can be observed. This study investigates the trajectories of Lagrangian surface drifters regarding the possibility that the
presence of Yanai waves could influence their movement. Only few surface drifters stay long enough at or close to the equator
to give insights about these equatorial phenomena. The equatorial upwelling caused by poleward Ekman flow usually drives
drifters to higher latitudes fairly fast. In June 2023, three drifters stayed long enough at the equator to observe a circling motion.
During the research cruise MSM117 eight drifters were deployed along 35 °W close to the equator. Three drifters deployed
south of the equator departed northward with the strong coastal NBC to reach the equator, where they completed circles with
exactly the same period despite having different radii (Fig. 2). In this study, we investigate the cause of this circular motion and
suggest that it can be partly attributed to a Yanai wave with a 14-day period.

This study is structured as follows: Section 2 gives a short overview of the data and methods that are used in this study.
Second, the observed situation by the ocean drifters is briefly described, and biweekly fluctuations of meridional wind and
surface currents are analyzed regarding the signal of a 14-day Yanai wave. Third, the results of numerical experiments with the

artificial drifters that reconstruct the observations are discussed. The last section gives a short summary and future outlook.

2 Data and Methods
2.1 Data

The wind data used is the Cross-Calibrated Multi-Platform (CCMP) wind vector analysis product version-3.1 (Mears et al.,
2022). CCMP Version-3.1 vector wind analyzes are produced by Remote Sensing Systems. Data are available at www.remss.
com, last access: 30 June 2026. This study has been conducted using E.U. Copernicus Marine Service Information; DOI (prod-
uct): https://doi.org/10.48670/moi-00021,https://doi.org/10.3389/feart.2021.698876, last access: 30 June 2026. The gridded
Level 4 data is a combination of the (adjusted) ERAS reanalysis as background field and a wide range of observational satellite
data, including the scatterometers QuikScat, ASCAT-A and ASCAT-B, as well as the SSM/I, SSMIS, TMI, GMI, ASMR-E,
AMSR?2, and WindSat radiometers. The data have been validated using in situ buoy- and airborne measurements as well as
saildrones and oil platforms. The data are delivered at a temporal and spatial resolution of six hours and 0.25 °, respectively,
and represent winds at 10 m above the sea surface. For this work, daily averages were used. The wind speed is given in meters
per second.

The ocean current data are taken from the global ocean physics reanalysis ’GLORYS12V 1’ product by the Copernicus Ma-
rine Service (CMEMS, Jean-Michel et al. (2021)). It is eddy-resolving with a 1/12 ° horizontal resolution with 50 vertical
levels. The level 4 data is based on the Nucleus for European Modelling of the Ocean (NEMO) platform with the European
Centre for Medium-Range Weather Forecasts’ (ECMWF) ERA-Interim and ERAS reanalyses as surface forcing. Several ob-
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servations are assimilated, such as along-track altimeter data, satellite sea surface temperature, and in situ data for temperature
and salinity. The data are delivered as daily and monthly mean fields.

The real-time drifter data are provided by the Observing System Monitoring Center (OSMC, https://osmc.noaa.gov/erddap/
tabledap/OSMC_flattened.html, last access: 2 March 2026) and are part of the Global Drifter Program (GDP) funded by the
National Oceanic and Atmospheric Administration (NOAA). The surface velocity program (SVP) drifters that were deployed
during the research cruise MSM117 were also part of the GDP. They are equipped with a surface float measuring 35 cm
in diameter, and a holey sock drogue that enables the drifters to drift with the upper 15 m ocean currents (Lopez et al.,
2014). Iridium short burst data telemetry for satellite transmission enables the drifter to send its position and sea surface
temperature data, usually once per hour. The data are then available in near-real time. The accuracy of the position ranges
from about 2-50 m. The lifetime is about two years, depending on the sampling and transmission rate. The unique World
Meteorological Organization (WMO) numbers of the three deployed drifters are listed in Figure 2. The climatology for the
global near-surface drifter-derived currents is provided by the Physical Oceanography Division of the National Oceanic and
Atmospheric Administration/Atlantic Oceanographic and Meteorological Laboratory (NOAA/AOML, Laurindo et al. (2017)).
We used version 3.10, which was last updated in August 2023 (https://www.aoml.noaa.gov/phod/gdp/mean_velocity.php, last
access: 30 June 2026).

In situ measurements of horizontal velocities by a moored observatory that is part of the Prediction and Research Moored
Array in the Tropical Atlantic (PIRATA) at 23 °W and O ° were used (Tuchen et al., 2023). This array measured current
velocities for the past 20 years and therefore provides a good reference dataset (Tuchen et al., 2022a). This dataset combines

measurements from a surface buoy with moored subsurface measurements. The velocities are given in meters per second.
2.2 Methods
2.2.1 Yanai Wave Velocities

To investigate the influence of a 14-day Yanai wave on the velocity field in the region, equations for the meridional and zonal
wave velocities are derived. Furthermore, the trajectories of a hypothetical drifter following these velocities, in addition to a
climatological background field, are calculated.

To describe motions on the equatorial S-plane, a common approach is to use the linearized, gravity-reduced shallow water
equations (e.g. Matsuno, 1966; McCreary, 1984; Holton, 2004). From these equations, the dispersion relation for Yanai waves

can be determined:

w__B_, 1)
C w

where £ is the zonal wave number, w is the wave frequency, (3 is the meridional gradient of the Coriolis parameter, ¢ = 1.3
ms~! is the gravity wave speed of the second baroclinic mode (Gill, 1982). A period of 14 days corresponds to a wavelength

of A = 2% ~ 14500 km or about 110 ° longitude.
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From the dispersion relation (1), one can derive equations for the zonal (u) and meridional (v) velocities (Gill, 1982):

82
Uy amai = —%Ae 2 sin(kz — wt) )

5,2
VY anai = Ae 5 cos(kx — wt). 3)

The amplitude A of the Yanai wave is estimated by the cross-equatorial drift velocity of the real drifters (0.4-0.7 ms~1!). We
use these velocity equations for the artificial drifter experiments to analyze the influence of the Yanai wave on surface velocities

in the western equatorial Atlantic.
2.2.2 Artificial Drifter Trajectories

In order to investigate whether Yanai waves can cause surface currents contributing to circular motion centered at the equator,
we conduct a series of numerical experiments. In these experiments, artificial drifters are deployed in a velocity field that
combines both a climatological background field from NOAA/AOML (see above) and velocities associated with Yanai waves

(Eq. 3). The trajectories of the artificial drifters are then calculated as follows:

w(i+1) = 2(i) + {uyanai(2(i), Y(i)) + uBackgrouna( (), y(i)) } - dit )
y(l + 1) = l’(l) + {UYanai (x(z),y(z)) + UBackground(I(i)7y(i))} - dt. (5)

2(i+1) and y(i + 1) represent the longitude and latitude of the current position, while x (%) and y(i) represent the previ-
ous position. Initially, at ¢ =0, z(¢) = 2(0) and y(i) = y(0) denote the starting positions. Uy anai> Vyanai aNd Usackgrounds
Ubackground Tepresent the velocities of the Yanai wave field (see Eq. 3) and the background current field at z(¢) and y(3),

respectively. The time step, denoted by dt, is chosen to be 20 minutes to ensure a smooth trajectory.
2.2.3 Bandpass filtering

In order to check for the presence of Yanai waves, we analyze the cross-equatorial wind fluctuations, which constitute an
established generation mechanism. To highlight the biweekly fluctuations, we bandpass-filter the meridional wind component
at periods close to the observed 14 days. To determine the exact cut-off periods for the bandpass filter, the power spectral
density (PSD) is calculated. The data is pre-processed using a Hann window function to minimize spectral leakage. The Hann
window is a widely used window for time series analysis (e.g. Korner et al., 2022) and is defined by w(n) = 0.5—0.5 cos(%)
for 0 <n < M — 1. Local minima surrounding the 14-day period are chosen as cut-off periods for the bandpass filter. For the
meridional wind data, the local minima correspond to 11 and 20 days. For the bandpass filter, an 8th order Butterworth filter
is used. The same method and cut-off periods are applied to the surface current data. The functions used for the PSD and the

bandpass filter originate from the Python scipy package (Virtanen et al., 2020).
2.2.4 Validation of reanalysis products

Reanalysis products consist of several sources, including a baseline model and assimilated remote sensing or in situ data. To

assess how well they represent our study region, we compare different quantities to in situ measurements from the moored
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Figure 1. Comparison of upper 15 m zonal (upper panel) and meridional (lower panel) velocities for GLORYS (cyan/orange) and PIRATA
(black) at the equator and 23 °W for 2019-2024 filtered by a 10-day running mean. The Pearson correlation coefficient is calculated for each

panel (unitless). Velocities are given in meters per second.

PIRATA array located at 23 °W and at the equator (Fig. 1). Both datasets are averaged over the upper 15 m and smoothed with
a 10-day running mean. For the comparison of the velocities, output from GLORY'S reanalysis is selected at the same location
as the PIRATA buoy. Note that the PIRATA dataset does not cover the full time period. The Pearson correlation coefficient is
calculated as follows, utilizing the pandas toolbox (McKinney, 2010; The pandas development Team, 2020):

_ Se-m)y—m,)
V@ )Py my)?

where m, and m, are the means of the vectors x and y that are to be correlated, respectively. The Pearson correlation

r

(6)

coefficient shows values of 0.8 (0.68) for the zonal (meridional) velocity component. Therefore, we trust the reanalysis dataset

to reproduce the surface velocities at the equator.

3 Results
3.1 Observations

During the research cruise MSM117 eight SVP drifters were deployed in May 2023 off Brazil at 35 °W between 0-2.5 °S. Five
drifters followed the coastline northwestward, driven by the NBC. The remaining three drifters were accelerated out of the
mean northwestward flow and completed one to two cycles centered at the equator. The period of all three drifters was 14 days
regardless of the individual diameters of the circles. The diameters ranged from 61 km to 138 km (orange and green colors in

Fig. 2, respectively).
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Figure 2. Trajectories of surface drifters deployed in May 2023 at 35 °W during the research cruise MSM117 and their unique WMO

numbers. Map of South America with a red box indicating the area of interest.

To investigate whether Lagrangian drifters can be used to observe and describe Yanai waves and whether the circular trajec-
tories at the equator can be partly attributed to a Yanai wave, we took the following three steps. First, we analyzed wind data to
examine if the atmospheric forcing needed to generate a Yanai wave was present. Second, we used surface current data from a
reanalysis product to find further evidence for the existence of a Yanai wave. Last, we conducted a series of experiments with

artificial drifters to reproduce the observed situation.
3.2 Generation Mechanism

We focus on the generation mechanism of biweekly Yanai waves to test whether the theoretical conditions for this wave were
present in May to July, 2023. Biweekly Yanai waves in the ocean can be generated (besides other mechanisms) by cross-
equatorial wind fluctuations. In order to focus on the biweekly fluctuations in the meridional wind component, we bandpass-
filtered the meridional wind data between 11 and 20 days. The region was chosen centered about 40 °W from 35 °W to 45
°W and 1.5 °N to 1.5 °S. A Hovmoéller diagram of the meridional averaged and bandpass-filtered wind data reveals a strong
biweekly periodicity (colors in Fig. 3). This signal is especially strong during May, one month before the observed circular
motion of the drifters. These biweekly meridional wind fluctuations resemble the atmospheric forcing needed to generate a

14-day Yanai wave.
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Figure 3. Hovmoller diagram: bandpass-filtered meridional wind speed (10 m) for 11-20 days averaged within £-1.5 ° latitude of the equator.
Red (blue) values represent northward (southward) velocities. Solid (dashed) black lines indicate contour lines of positive/northward (nega-
tive/southward) meridional current velocities (upper 15 m) filtered for the same period and area. All velocities are given in centimeters per

second.

3.3 Surface Current Analysis

To further confirm the presence of a 14-day Yanai wave, we analyze the upper ocean currents for a signal in the meridional
velocity component. Usually, Yanai waves in the ocean are described using observational data from current meters or moored
acoustic Doppler current profilers. Unfortunately, in the area of interest close to 40 °W, no moorings, buoys, or other suitable
observational platforms were present. We thus applied the same technique used for the wind data to the averaged upper 15
m velocities from the GLORYS reanalysis data product. The cut-off periods chosen for the bandpass filter were set to same
periods as for the wind data 11 to 20 days. Similar to the wind data, the filtered meridional current velocities show strong
fluctuations increasing mid-June and during July, supporting the theory of a Yanai wave during that time (contour lines in Fig.
3). In conclusion, we find indicators for the presence of a 14-day Yanai wave in the ocean based on biweekly fluctuations in

the meridional wind and surface current components.
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Figure 4. Artificial drifter trajectories (red) with, left panel: only climatological drifter-derived near-surface velocity field, right panel: only
Yanai wave-associated velocities are included. Dark (light) grey arrows represent the original (interpolated) climatological field. Blue lines

show the original drifter trajectories.

3.4 Artificial Drifter Experiments

Since signals in cross-equatorial wind and current velocities indicate the presence of a Yanai wave, we conducted a series
of numerical experiments to show that by using velocities of a Yanai wave combined with the background flow field from
NOAA/AOML, a situation observed by three SVP drifters in boreal summer 2023 in the western equatorial Atlantic can be
reproduced. The experiments produced trajectories of artificial ocean surface drifters floating in a velocity field that combines
both a steady state climatological estimate and velocities that are derived from a 14-day Yanai wave.

The goal is to demonstrate two things, first that ocean drifters can be used to observe and describe Yanai waves, and second
that Yanai wave-associated surface velocities can contribute to circular trajectories at the equator in the Western Atlantic.
Therefore, the experiments with artificial drifters were conducted to reproduce the situation using Yanai wave velocities. A set
of artificial drifters was deployed close to the real deployment positions during the cruise. Half of the observed circular motion
was positioned within the NBC, while the other half of the circles was completed against the mean current. The prevailing
winds were aligned with the NBC, and possibly also contributed to the motion of the drifters.

However, the design of the drifters with an underwater drogue, centered at 15 m depth, is intended to ensure that the
drifters are mainly driven by currents rather than winds. Therefore, we attribute the full circle to the combination of a strong
northwestward current, the NBC, and the velocities associated with a Yanai wave. We found that neither of the two factors
alone was able to reproduce the situation (Fig. 4). The period of the Yanai wave was set to 14 days because the SVP drifters
all took 14 days to complete one circle. Once deployed, we monitored the trajectories of the artificial drifters. Throughout the
experiment, the initial conditions were varied (Table 1). These parameters include the amplitude and phase of the Yanai wave,
the background velocity field, and the initial position of the artificial drifters.

We chose to deploy the artificial drifters in two different locations, one very close to 40 °W where the SVP drifters circled,

whereas the second location resembles the original deployment locations along 35 °W. In the following, they will be referred
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Parameter Description / Range
Wave amplitude (A) 0.5-0.7ms~!
Wave phase 0-2 7 in steps of 7

Deployment position:

Latitudes (y(0)) 0.5 °N-2.5 °S
Longitudes (z(0)) 35 °W, 38.5-41 °W
Background field Monthly climatological currents derived from drifter data for May, June, and July.

Table 1. Parameters and corresponding ranges of initial conditions that were varied throughout the experiment with artificial drifters.

to as 40 °W- and 35 °W-experiment, respectively. Varying initial conditions in both experiments led to a total number of 1.881
deployed artificial drifters (40 °W: 1447, 35 °W: 434). By looking at each plot individually, the behavior of artificial drifters is
divided into two main categories: those that mimic the observed motion and those that either do not circle at all or do not circle
at the equator in the specific area. The latter is further divided into five groups based on the most common trajectory shapes

(Fig. 5):

East: This group contains drifters deployed in the 35 °W-experiment that either never enter the plotted area or only
slightly, indicating an eastward drift. This behavior is unique to this experiment since the deployment location in the

other experiment is always further to the west.

Coast: Drifters in this group head directly to the coast or initially move outside the plotted area before ending up at the

coast.

North: Drifters categorized in this group come close to the circling area but either head directly northward, fail to

complete the circle, circle at a distance from the area, or complete a very small circle.

NBC: This group is further divided into two subgroups:

— NBC without circle: Trajectories in this subgroup follow the NBC without completing any circling motion.

— NBC with circle: This sub-group includes drifters that also follow the NBC but exhibit some circling behavior

along the way, although not close to the area of interest or only very small circles.

Regardless of the experiment, about 80 % of the artificial drifters did not show circular trajectories. Only about 10 % of all
cases showed trajectories that resemble the observed pathways (Fig. 6). In the following, we will focus on the trajectories that
reproduced the observed situation. This group contains 179 (40) cases for the 40 °W (35 °W) experiment. To understand which
initial conditions lead to the reproduction of the situation, we compared the different values of the initial conditions and their
success rate (number of deployments that result in trajectories similar to observations, Fig. 7). For both experiments, a similar

behavior is observed for the variation of the amplitude of the Yanai wave and the month for the climatological background

10
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Figure 5. Categories for artificial drifter trajectories (red) with a climatological drifter-derived near-surface velocity field. Dark (light) grey
arrows represent the original (interpolated) field. Blue colors show the original drifter trajectories. Top left: reality-close group, top right:

coast-group, bottom left: north-group, bottom right: NBC-group.

field: Larger amplitudes and climatological background velocity field for May and June are more likely to lead to reality-
close trajectories than smaller amplitudes and those for July. The variation of the deployment position along latitudes is not
as straightforward. Deployment positions south of the equator seem to produce more often reality-close trajectories than those
close or north of the equator. But the results contain a bias towards latitudes south of the equator because during the 35 °W
experiment, only latitudes of 0 to 2.5 °S were used. The variation of the phase of the Yanai wave also shows different results
for the two experiments. The phase of the Yanai wave can be adjusted by adding a value to the cos(kz — wt+phase) and
sin(kx — wt+phase) terms used in the calculation of the velocities of Yanai waves (Eq. 3). During the 40 °W experiment (35
°W experiment), periods of 0, 1 77 and 3 5T (1 mand 12 5 ) are more likely to produce reality-close trajectories. These differences
can be explained by the different longitudinal deployment positions and the time the artificial drifters need to enter the area.
The meridional velocities induced by a Yanai wave are not symmetric about the equator leading to cross-equatorial velocities.
These alternate between northward and southward velocities. Phases of 0, %w, and %’/T generate northward velocities at the

equator. Trajectories in the 40 °W experiments were more likely close to reality when the phase of the Yanai wave was set
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Figure 6. Categories for artificial drifter trajectories (Coast, NBC with and without circles, East, and North) in total numbers (left panel) and
percentage regarding the total amount of plots of each experiment (right panel). Colors stand for the 40 °W (blue) and the 35 °W (orange)
experiment. Furthermore, the total number of plots generated in the experiment is shown, the number of reality-close circles and plots without

circles.

initially to one of these. In this experiment, the drifters were deployed directly in the region where the SVP drifters circled, the
northward velocities of the Yanai wave steered the artificial drifters northward away from the strong NBC. The artificial drifters
in the 35 °W experiment were deployed further to the east. Hence, they needed time to reach the area where the SVP drifter
circled. During this time, the Yanai wave also evolved. For the Yanai wave to produce northward velocities when artificial
drifters reached the area, the initial phase needed to be a southward phase (i.e. 1 i’/T, 1 %w).

Even though this is quite a unique case-study, the concept of using Lagrangian surface drifter data to identify Yanai waves in
regions with sparse observational data could be useful in the future. This is important because they contribute to intraseasonal
variability, mixing in the mid-depth and deep ocean, and the large-scale circulation through their interactions and dissipation
(e.g. Greatbatch et al., 2018; Nagura and McPhaden, 2024). Therefore, a better understanding of these processes will improve

model performance and, ultimately, weather and climate predictions.

4 Conclusions

Motivated by three SVP drifters that experienced circular trajectories in boreal summer 2023, we investigated if this behavior

can be partly attributed to the presence of Yanai waves in the western equatorial Atlantic. Both meridional wind and surface
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Figure 7. Distribution of initial conditions among the group of reality-close circles for each experiment (blue: 40 °W, orange: 35 °W). The
upper (lower) panel shows total numbers (percentage of all reality-close circles) for each category. Latitude denotes the deployment latitude,
amplitude and phase are characteristics of the Yanai wave. Month indicates the month chosen for the climatological background velocity

field. Total # represents the total number of plots generated in each experiment.

current data showed conditions favorable for the generation and presence of a biweekly Yanai wave. Experiments with artificial
drifters that were deployed in a velocity field containing a biweekly Yanai wave, showed that circular trajectories are repro-

ducible. Hence, ocean surface drifters can be used to track and analyze oceanic Yanai waves, and these waves can cause these

260 drifters to circle at the equator (under certain conditions, i.e. strong coastal NBC).
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Trajectories of waves at the equator have rarely been observed because of the predominant dynamics that cause floating
instruments to quickly drift to higher latitudes. To our knowledge, this is the first description of directly observed Yanai wave
trajectories in the Atlantic. Furthermore, Yanai waves have been described quite frequently for the eastern part of the Atlantic
basin, but less so far west as 40 °W.

The observed situation is quite unique. A set of various conditions contributed to the observed situation: The timing of wind
fluctuations, drifter deployment positions, phase and amplitude of the Yanai wave, and the precise position and strength of the
NBC. Consequently, it may prove challenging to replicate or re-observe such behavior in the future. While a comprehensive
deployment of surface drifters in boreal summer, particularly close to 40 °W, could potentially yield results, the probability of
success remains low (the experiments showed only a success rate of about 10 %).

However, in future research, drifter data can be taken into account to analyze Yanai waves in other regions or ocean basins.
Drifters are less constrained compared to, for example, moored instruments, and as the fleet of ocean drifters steadily increases,
they will provide a wide range of potentially interesting and useful data. Nevertheless, the drift to higher latitudes due to
poleward Ekman flow remains a drawback for this method. However, drifters that are deployed close to or at the equator
might be able to collect valuable data before they are dislocated towards higher latitudes. Due to the period of about two
weeks, shipboard measurements seem unlikely to give further insights, because research vessels rarely stay in the same area
for several weeks. Additionally, the attempt of this study to reconstruct the situation using a background velocity field, along
with the velocities of a Yanai wave, remains somewhat simplistic. An alternative approach could involve utilizing a more
complex coupled ocean-atmosphere model instead of relying solely on a climatological background field. In such a setup, the
wind forcing could be manipulated and experimented with. The behavior of the artificial drifter, with or without the initial wind
forcing, as well as the optimal timing of such forcing, could be analyzed. Furthermore, the conditions needed to best replicate

the situation could be refined by deliberately generating specific Yanai waves at desired locations.
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