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To understand the relationship among easterly waves, tropical cyclones (TCs), and the large-scale environment, a robust
climatology of easterly waves for the tropical Western Hemisphere has been developed. The foundation for the climatol-
ogy is a new easterly wave tracking algorithm that identifies westwards propagating disturbances over the tropical East
Pacific, Atlantic, and Africa. To assess the issue of track dependencies and easterly wave representation, climatologies
are prepared separately from the NCEP-NCAR, CFS-R, ERA-40, and ERA-Interim reanalyses. The source code for the
easterly wave-tracking algorithm along with the easterly wave climatology for each atmospheric reanalysis is publicly
available from NOAA’s National Centers for Environmental Information.
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Introduction

Tropical easterly waves (EWs) are synoptic-scale,
quasi-periodic perturbations that occur within the
trade wind belt, have a horizontal wavelength typically
between 2000 and 5000 km, and a preferred periodic-
ity of 2–7 days (Carlson, 1969; Kiladis et al., 2006;
Burpee, 1972). EW initiation most commonly occurs
over the African continent, but other genesis regions
include the tropical Atlantic, Central America, and the
tropical East Pacific. As approximately 60% of all
Atlantic tropical cyclones including 85% of all major
hurricanes originate from EWs (Agudelo et al., 2011),
their genesis, evolution, and variability has been the
subject of active tropical dynamics research.

Hypotheses for the formation of EWs include the
following: baroclinic–barotropic instabilities of an
absolutely unstable African easterly jet (Burpee,
1972, 1974; Diaz and Aiyyer, 2015); transient pertur-
bations triggered by finite-amplitude diabatic heating
(Carlson, 1969; Hall et al., 2006; Thorncroft et al.,
2008; Mekonnen et al., 2006); inertial (symmetric)

instability of the intertropical convergence zone
(ITCZ) in regions of strong cross-equatorial pressure
gradient (Toma and Webster, 2010a,b); mountain-
induced lee vortices (Mozer and Zehnder, 1996a,b;
Lin et al., 2005) or Rossby wave breaking via North
Atlantic storm track variability (Leroux et al., 2011).
Recently, the applicability of the baroclinic–barotropic
mechanism for EW genesis over Africa has been chal-
lenged. Hall et al. (2006) showed that with realistic
values of low-level damping, the African easterly jet
is stable with respect to perturbations using linear
normal-mode instability theory. In addition, as the
longitudinal extent of the African easterly jet is
approximately 40°, Thorncroft et al. (2008) argue
that the African easterly jet is not capable of sup-
porting realistic amplitudes of African EWs based on
normal-mode growth rates. However, recent idealized
numerical research by Diaz and Aiyyer (2015) has
attempted to qualify the role of barotropic–baroclinic
instability in African EW genesis. Their simulations
indicate that the African easterly jet may be abso-
lutely unstable which would allow upstream energy
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fluxes via baroclinic and barotropic energy conver-
sions to initiate new African EWs.

In the East Pacific, the origin of EWs also remains a
topic of considerable debate. Earlier research indicated
that these waves originate over Africa or the Carib-
bean and propagate into the East Pacific (Raymond
et al., 2006; Pasch and Avila, 1994; Frank, 1975).
Recent studies (Ferreira and Schubert, 1997; Serra
et al., 2008; Toma and Webster, 2010a,b) have pro-
vided observational and theoretical evidence to sug-
gest many of these waves form in situ in the tropical
East Pacific and are generated through barotropic or
inertial instability of the transient ITCZ. Absolute insta-
bility (Diaz and Aiyyer, 2015) may also have important
implications for easterly wave genesis here, where
barotropic or inertial instability is present and the
zonal flow may be absolutely unstable.

While EW genesis continues to be an active topic of
tropical dynamics research, the EW’s lifecycle and evolu-
tion has practical implications for hydroclimate research
and tropical hazard applications. When examined on an
annual to interannual basis, EWs may provide an impor-
tant link between seasonal East Pacific or North Atlantic
tropical cyclone characteristics and climate teleconnec-
tion patterns including modes of Atlantic and Pacific
extratropical and tropical variability. However, there is
presently no publicly available observational archive for
tropical EWs. Instead, previous studies that have exam-
ined the interannual variability in EWs and its relation-
ship with large-scale climate variability have developed
their own EW climatologies (Hopsch et al., 2007;
Thorncroft and Hodges, 2001; Agudelo et al., 2011).
These climatologies and resulting statistical relation-
ships are conditionally dependent on the wave-tracking
algorithm and particular atmospheric reanalysis that is
used. We submit there is a need to develop a standard,
open-source easterly wave climatology that will allow
new climate dynamics research to be conducted and to
corroborate previous research research.

The purpose of this study is to extend the previous
research on easterly waves by presenting a new pub-
licly available, easterly wave-tracking climatology for
the tropical East Pacific, tropical Atlantic, and Africa
called African Easterly Wave Climatology (AEWC), Ver-
sion 1. An important distinction from previous work is
that our tracking approach has been applied to several
global atmospheric reanalyses for a variety of atmo-
spheric vertical levels. Furthermore, the source code
for the easterly wave-tracking algorithm and the EW
climatology for each atmospheric reanalysis is avail-
able from NOAA’s National Centers for Environmental
Information.

1 Methodology

1.1. Data

Historical climatologies of easterly waves are deter-
mined for several global reanalysis datasets, including:
the Climate Forecast System-Reanalysis (CFS-R; 1979–

2010) (Saha et al., 2010), NCEP/NCAR Reanalysis I
(NCEP/NCAR 1948–2010) (Kalnay et al., 1996),
ECMWF Re-Analysis-Interim (ERA-Interim; 1979–2010)
(Dee et al., 2011), and ECMWF Re-Analysis-40 (ERA-
40; 1958–2001) (Uppala et al., 2005). The CFS-R and
ERA-Interim datasets represent the current state of
the art in terms of global reanalysis but are temporally
limited to years encompassing the satellite era.
Although the ERA-40 and NCEP/NCAR datasets may
not be as robust, they have longer historical records
and may provide a longer climatological perspective of
EW variability.

The CFS-R was created using a high-resolution glo-
bal model that couples the atmosphere–ocean–land
surface–sea ice system and covers the period 1979 to
present. The CFS-R has a 50-km (T382) horizontal
resolution, includes 62 vertical levels and features the
same data assimilation system, Gridpoint Statistical
Interpolation, that is used in NCEP’s Global Forecast
System (GFS) model to generate initial conditions. In
this study, the global CFS-R dataset was utilized on a
geographic coordinate system using a regular latitude–
longitude grid with 0.5° 9 0.5° horizontal resolution.

The NCEP/NCAR I reanalysis was constructed from
a data assimilation system and model identical to the
GFS model that was operational at NCEP as of January
1995, except that it was integrated at a reduced hori-
zontal resolution of approximately 210 km (T62) with
28 vertical levels. Although this reanalysis dataset has
been used extensively in global and regional large-
scale atmospheric studies, there are a number of
issues that have been identified including: spurious
moisture and humidity data especially in the tropics,
improper assimilation of upper tropospheric satellite
radiances, and some periods of missing data during
the period 1948 to present. A complete list of known
problems with the NCEP/NCAR I reanalysis is available
from NOAA’s Earth System Research Laboratory
(ESRL) and the Climate Prediction Center (CPC).

The ERA-40 reanalysis uses a 3D variational data
assimilation technique, has a horizontal resolution of
approximately 120 km (T159), and features 60 vertical
levels. A number of problems have been identified in
the literature since its release, including a stepwise
increase in analysis quality due to new satellite radi-
ance measurements over time, and excessive precipi-
tation and humidity across tropical oceanic regions
especially in the period since 1991 (26). A complete
list of these issues is available from ECMWF.

The most recent European reanalysis, known as
ERA-Interim, features the most sophisticated data
assimilation system of the four reanalyses considered
here – a 12-h 4D variational data assimilation system.
The ERA-Interim also includes variational bias correc-
tion to better handle satellite radiance data and has a
horizontal resolution of approximately 80 km (T255)
with 60 vertical levels. The ERA-Interim reanalysis is
produced using a version of ECMWF’s Integrated Fore-
cast System model that was operational from Decem-
ber 2006 to June 2007 (26). In this study, both the
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global ERA-40 and ERA-Interim datasets were utilized
on a geographic coordinate system using a regular
latitude–longitude grid at 1.0° 9 1.0° horizontal
resolution.

Several satellite data products are also used in con-
structing the EW climatologies. To determine the con-
vective character of the easterly wave, both outgoing
long-wave radiation (OLR) and cloud brightness tem-
peratures are analysed. The Outgoing Longwave Radi-
ation – Daily Climate Data Record – was acquired from
NOAA’s National Climatic Data Center for the period
1979–2010 on a 1.0° 9 1.0° equal-angle grid. This Cli-
mate Data Record (CDR) was originally developed by
Hai-Tien Lee and colleagues for NOAA’s CDR pro-
gramme. OLR anomalies are calculated by removing
the daily OLR from the long-term daily mean for the
period 1981–2010. Cloud brightness temperatures are
retrieved using the Cloud Archive User Service
(CLAUS) for the period July 1983 to June 2009
(Hodges et al., 2000; Robinson, 2002). In addition, a
number of microwave-derived satellite products are
used including: total precipitable water, rain rate, and
cloud liquid water content for the period 1987–2010.
The DMSP SSM/I and SSMIS data are produced by
Remote Sensing Systems (www.remss.com) and spon-
sored by the NASA Earth Science MEaSUREs Program.
The SSM/I data were taken from the following instru-
ments and for the specified time periods: F08 (1987–
1991), F10 (1990–1997), F11 (1991–2000), F13
(1995–2009), F14 (1997–2008), F15 (1999–2006),
F16 (2003–2010), and F17 (2006–2010). For individu-
als interested in modifying or expanding the easterly
wave climatology to the present, we recommend that
users consider the NOAA Climate Data Record of SSM/
I and SSMIS for microwave-derived satellite products.

1.2. Easterly wave-tracking algorithm

Here, we discuss the most essential components of
the easterly wave-tracking algorithm. More detailed
information on the wave identification and tracking
methodology including how the easterly wave clima-
tologies may be updated in real time is available in
the dataset and source code readme available from
NOAA (ftp://ftp.ncdc.noaa.gov/pub/data/aewc-v1/src/
src_readme.docx).

1.2.1. Background
Several factors were considered before constructing
the easterly wave-tracking algorithm. Fink et al. (2004)
and Chen (2006) summarize the strengths and weak-
ness of manual versus automated tracking approaches.
For our purposes, the automated approach was used
given the large number of years and reanalyses that
were needed to be processed for EWs. Previous studies
by Fink et al. (2004) and Agudelo et al. (2011) identi-
fied the EW trough using the Hovm€oller method based
on spatio-temporal filtered 2–6 days meridional winds
and westwards-moving relative vorticity anomalies,
respectively. This approach produces wave trajectories

for EWs that leave Africa and move across the tropical
Atlantic. Despite the technique’s strong fundamentals,
a number of opportunities for algorithm improvement
were identified. First, this algorithm does not allow for
the continuous tracking of an easterly wave once it has
weakened below the tracking threshold but later
strengthens. Second, this method only identifies east-
erly waves that pass across a particular longitude and
therefore is specifically tailored to address easterly
waves that move from Africa into the tropical Atlantic.
This approach is not designed to track EWs that
develop in situ in the tropical Atlantic or Caribbean or
short-lived waves that form and decay over Africa.
Third, the use of spatio-temporal filtered variables
introduces a phase shift in the Hovm€ollers of relative
vorticity anomalies especially over Central America, lim-
iting the scheme’s ability to identify which EWs pass
from the Atlantic into the East Pacific. In addition, the
use of band-passed filtered data requires a long time
series making it inappropriate for use in real-time oper-
ational wave-tracking applications. Finally, the use of
relative vorticity anomalies alone makes tracking of
EWs more difficult through regions where relative vor-
ticity is dominated by background shear vorticity (e.g.
the southern Caribbean).

Another wave identification routine detailed in
Thorncroft and Hodges (2001) based on the Hodges
(1995) tracking algorithm of relative vorticity maxima
exceeding a threshold of 0.5 9 10�5 s�1 was also
considered. However, Berry et al. (2007) provided a
more sophisticated, physically based tracking algo-
rithm using the advection of streamfunction curvature
vorticity to identify the location of ridges or troughs
for a particular pressure level and time step. This
method has the advantage over Agudelo et al. (2011)
by objectively indicating the location of an easterly
wave regardless of longitude. In addition, the method
provides supplemental structural information that the
Hovm€oller method or the algorithm by Hodges (1995)
does not provide including the meridional wavelength
as well as the meridional tilt of the trough axis of the
easterly wave, which can indicate whether the easterly
wave is growing or decaying via baroclinic or barotro-
pic energy conversion. However, a deficiency of the
Berry et al. (2007) approach is that it does not track
the easterly wave with time. Although this functional-
ity could be added, wave identification is only one part
of the easterly wave identification and tracking algo-
rithm that we have developed. In addition, we have
determined that the Berry wave identification tech-
nique has difficulty in indicating the correct trough
locations in the transition region between the Atlantic
and East Pacific, likely because the contribution of cur-
vature vorticity from the background climatology is not
removed prior to trough identification.

1.2.2. Data preparation and wave
identification
The easterly wave climatologies are generated sepa-
rately for three isobaric levels – 600, 700, and
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850 hPa – and require the kinematic variables on an
isobaric surface, p, including: the 2D horizontal wind
field, v(p); curvature vorticity anomalies, fc(p); and
the advection of curvature vorticity anomalies,
�v∇hfc(p) (see Figure 1(a)). As curvature vorticity,
especially in the lower troposphere, is influenced by
local topography across Central America and over
Africa, isobaric curvature vorticity anomalies are calcu-
lated by removing the 6-h long-term average. The 6-h
climatology varies with the reanalysis product used for
easterly wave identification and is defined for the tem-
poral extent of each reanalysis (i.e. CFS-R: 1979–
2010, ERA-40: 1958–2001, ERA-Interim: 1980–2010,
and NCEP/NCAR Reanalysis I: 1948–2010).

Besides evaluating the kinematic variables on their
native grid, coarse grids are also constructed by filter-
ing the variables using convolution with a Gaussian fil-
ter onto a regular latitude–longitude geographic
coordinate system with a horizontal resolution of
2.5° 9 2.5° (see Figure 1(b)). Each variable is then
smoothed twice using a 9-point local smoother, which
reduces vorticity signals from mesoscale systems while
retaining the synoptic-scale easterly wave structure.
Easterly wave trough locations are identified in regions
where the zonal wind is less than 2.5 m s�1, the cur-
vature vorticity anomaly is greater than the 66th per-
centile of all isobaric curvature vorticity anomalies for
a given reanalysis, and the advection of curvature vor-
ticity is equal to 0 s�2.

1.2.3. Wave evaluation and merging
After identifying all easterly wave trough locations,
the next step is to ensure that the delineated trough
locations correspond to unique EWs. Through recur-
sion, each trough axis is compared to its neighbour-
ing trough axes to determine whether a trough axis
belongs to the same wave. This wave-merging step
uses the median latitude and longitude of the wave
axis to isolate the locus of points that exceed the
wave trough minimum curvature vorticity anomaly
threshold. However, if the latitudinal or longitudinal
extent of the isolated region is in excess of 25°,
then the curvature vorticity threshold to define the
wave trough region is increased by 50% until the
enclosed region is smaller than 25°. Next, a polygon
is constructed using the outer locus of selected
points. Then, the median latitude and longitude
coordinates for each trough axis are compared to a
particular trough axis polygon to determine if these
coordinates lie inside or outside of the polygon. Any
trough axis that is located within the polygon
enclosing the wave trough is defined as belonging
to the same easterly wave and is merged with any
other similarly identified trough axes. During the
merging process, a new average latitude and longi-
tude of the wave trough is defined which is the
average of all individual median latitude and longi-
tude trough locations as well as the latitude and
longitude extent of the individual trough axes. This
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Figure 1. Schematic of the easterly wave tracking algorithm that uses horizontal winds, v(p) on an isobaric level, p, curvature
vorticity anomalies, fc(p), and the advection of curvature vorticity anomalies, �v∇hfc(p) to identify an easterly wave trough’s
location. The trough thresholds include where the advection of curvature vorticity anomaly equals 0 s�2, the curvature vorticity
anomaly threshold is the 66th percentile of all curvature vorticity anomalies for a given reanalysis, and the zonal wind is less
than 2.5 m s�1. (a) Black contours denote where the 700 hPa relative vorticity is greater than 0 s�1. (b) Colour-filled contours
are the coarse resolution curvature vorticity anomalies and green contours denote where the advection of curvature vorticity
anomalies equal 0 s�2. (c) Regions where the curvature vorticity anomalies are greater than the curvature vorticity anomaly
threshold (e.g., 0.50 9 10�5 s�1) are shaded, and the blue lines denote the location of identified wave troughs. (a–c) are valid
for 0000 UTC 15 August 2008. (d) Similar to (c) except shows the wave-tracking step 12 h later valid for 1200 UTC 15 August
2008. Easterly waves must have a minimum duration, Dtlife, of at least 2 days and a westwards, median propagation speed
between �2 m s�1 and �25 m s�1.
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process creates a new subset of merged trough
axes.

An example of the wave identification and trough
merging step is shown in Figure 1 for a 700 hPa east-
erly wave in the eastern Atlantic, just off the West
Coast of Africa. In Figure 1(c), two distinct easterly
wave troughs are identified by the wave-tracking algo-
rithm (i.e. a classic African easterly wave to the south
and an easterly wave from an inverted mid-latitude
trough to the north). After 12 h (Figure 1(d)), the
same two trough locations are identified by the algo-
rithm, but due to their proximity, it is determined that
these troughs now belong to the same easterly wave
and hence are denoted by a single trough axis.

1.2.4. Wave tracking and post-processing for
wave characteristics
After wave merging is complete, the next step is the
wave-tracking phase, where the algorithm identifies
which of the current set of identified EWs were pre-
sent at previous time steps. Various strategies were
tested to increase the efficiency of wave tracking
between time steps. The final approach assumes that
the easterly wave’s propagation is governed to first
order by the mean environmental advection on an iso-
baric surface. For each time step, a polygonal search
area is created for the next 6-h and 12-h based on
the spatial extent of the wave trough, its current prop-
agation speed, and the mean environmental winds of
the wave trough region. These polygons are used to
identify which waves identified at the current time
step are located within a wave’s polygonal search area
from the previous 6-h or 12-h time step. If no match
is found, then the algorithm assumes the identified
easterly wave is a new wave.

Once wave tracking is complete, the easterly wave
dataset undergoes additional post-processing. The
algorithm requires that all EWs have a minimum life-
time, Dtlife, of at least 2 days and that the easterly
wave has a median propagation speed, c, between
�25 m s�1 and �2 m s�1. This latter requirement is
to ensure that the wave exhibits westwards propaga-
tion during most of its lifecycle.

In addition, wave characteristics describing the gen-
esis region, kinematic and thermodynamic structure
for each wave are collected during post-processing.
Seven wave genesis regions are defined within the
wave-tracking domain of 35°S–35°N, 140°W–40°E
(Figure 2). After identifying the wave’s genesis region,
kinematic and thermodynamic characteristics are cal-
culated using first- and second-order moments as well
as other statistics based on an analysis of the easterly
wave’s trough region. All grid points that reside within
the wave trough are considered, and for satellite data-
sets that are at a different resolution than the reanaly-
sis resolution, linear interpolation is used to match the
data regions. Tables 1 and 2 provide a complete list of
the kinematic and satellite-derived variables that were
developed for each wave, respectively.

2. Results

2.1. Annual easterly wave track density
climatology

One benefit of the EW climatologies is that they may
be used to generate spatial information of easterly
wave characteristics. Figure 3 shows an example of
one of these characteristics: the annual easterly wave
track density at 700 hPa after counting the number
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Figure 2. Map of the easterly wave-tracking domain: 35°S–35°N, 140°W–140°E along with the various wave generation regions:
Northeast Pacific (NEP), Southeast Pacific (SEP), Central America (CAM), South America (Dee et al., 2011), North Atlantic
(NAL), South Atlantic (SAL), Africa (AFR), and along with Other (OTH), which is all other locations within the domain that is not
contained within the seven defined regions.
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of easterly waves that pass over a 1° 9 1° regular
latitude–longitude grid for the tracking domain 35°S–
35°N 9 140°W–40°E. Instead of calculating the track
density using the EW’s centroid location and some
distance threshold, a polygon is constructed based on
a 5° buffer around each easterly wave trough axis
(horizontal wavelength ~2000 km), increasing the
track density’s representativeness. As seen in Fig-
ure 3, depending upon the reanalysis considered,
there can be large differences in the average spatial
structure and the number of easterly waves that pass
across a particular location, once again highlighting
the motivation of this study to develop several EW cli-
matologies. Although some of this variability may be
due to differences in the resolution of the reanalyses,
the magnitude and spatial extent of the differences
raise interesting questions on how easterly waves
are represented in each reanalysis including

systematic differences in the strength of the waves
geographically.

According to Figure 3, African EW initiation north of
the equator tends to occur farther west in the ERA-
Interim and ERA-40 reanalyses relative to the CFS-R
and follows the wave guide of the African easterly jet
across western Africa and through the eastern tropical
Atlantic. The increasing EW track density from west-
ern Africa into the tropical North Atlantic indicates
that a variety of EW genesis mechanisms may be
important to explain the total annual EW frequency in
this region (e.g. inverted mid-tropospheric troughs
from extratropical Rossby wave breaking). Similarly,
the increase in EW track density in the Northeast
Pacific relative to the Caribbean as seen in the ERA-
Interim, ERA-40, and CFS-R indicates that in situ EW
genesis mechanisms may play some role in explaining
the total annual EW track density in this region.

Table 1. Kinematic variables for each easterly wave (EW) along with a description of the method that was used for its
derivation.

Variables Description

Wave observation count Number of 6-h observations for each EW
Wave trajectory Id Unique EW identifier
Wave time Time stamp for EW (units: days since 1900-01-01 00:00:00)
Wave trough centroid latitude Averaging the latitudes for all EW trough grid points
Wave trough centroid longitude Averaging the longitudes for all EW trough grid points
Wave trough maximum latitude Finding the maximum latitude for all EW trough grid points
Mean longitude of wave trough
maximum latitude

Averaging the longitudes of all EW trough maximum latitude grid points

Wave trough minimum latitude Finding the minimum latitude for all EW trough grid points
Mean longitude of wave trough
minimum latitude

Averaging the longitudes of all EW trough minimum latitude grid points

Wavelength Horizontal wavelength of the EW (in km), using a factor four scaling of
the horizontal extent of the wave trough region in the direction of the
EW’s forward motion

Wave trough mean relative
vorticity

Averaging the relative vorticity of all EW trough grid points

Wave trough maximum relative
vorticity

Finding the maximum relative vorticity of all EW trough grid points

Wave trough minimum relative
vorticity

Finding the minimum relative vorticity of all EW trough grid points

Wave trough standard deviation
relative vorticity

Finding the standard deviation of relative vorticity of all EW trough grid points

Wave trough mean curvature
vorticity

Averaging the curvature vorticity of all EW trough grid points

Wave trough maximum curvature
vorticity

Finding the maximum curvature vorticity of all EW trough grid points

Wave trough minimum curvature
vorticity

Finding the minimum curvature vorticity of all EW trough grid points

Wave trough standard deviation
curvature vorticity

Finding the standard deviation of curvature vorticity of all EW trough grid points

Wave trough mean shear vorticity Averaging the shear vorticity of all EW trough grid points
Wave trough maximum shear
vorticity

Finding the maximum shear vorticity of all EW trough grid points

Wave trough minimum shear
vorticity

Finding the minimum shear vorticity of all EW trough grid points

Wave trough standard deviation
shear vorticity

Finding the standard deviation of shear vorticity of all EW trough grid points
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These results are in agreement with the recent find-
ings by Serra et al. (2008) and Toma and Webster
(2010a,b) that suggests some East Pacific easterly
waves generate in situ versus originating solely from
the tropical Atlantic. The EW track density in the
Southeast Pacific and South Atlantic is also of interest
because less attention has been given to waves in
these regions. These results differ from the climatolo-
gies of easterly waves by Roundy and Frank (2004)
and Kiladis et al. (2009) where waves were detected
using “TD-filtered” OLR or brightness temperature.
From Figure 3, it remains unclear how many of the
systems in the Southern Hemisphere are canonical
easterly waves versus other types of mesoscale dis-
turbances. Nonetheless, these systems may be impor-
tant in modulating hydroclimate variability over
southern Africa or South America (Cohen et al.,
1995) or air quality over southern Africa (Tyson et al.,
1996). Figure 3 shows that the region south of the
Congo Basin of Africa is a preferred initiation location,
as is the region downstream of the northern Andes in
South America.

2.2. Accessing the AEWC dataset and
source code

The easterly wave datasets for each isobaric level and
reanalysis are stored in netCDF-4 format with ZLIB
compression using CF-1.6 conventions. The datasets
are publicly available via ftp from NOAA’s National
Centers for Environmental Information (ftp://ftp.ncdc.
noaa.gov/pub/data/aewc-v1/data/). When using this
dataset, please use the following citation: Belanger,
James I., Jelinek, Mark T., Curry, Judith A. (2014):
“African Easterly Wave Climatology, Version 1.” NOAA
National Climatic Data Center. [indicate subset used].
doi:10.7289/V5ZC80SX [Access Date].

The source code of the easterly wave-tracking algo-
rithm including all MATLAB functions and scripts that
were used in its creation is available via ftp from
NOAA’s National Centers for Environmental Informa-
tion (ftp://ftp.ncdc.noaa.gov/pub/data/aewc-v1/src/).
Although the authors do not plan to update the clima-
tologies any further, interested users may continue to
update the climatologies on their own by following the

Table 2. Satellite-derived variables for each EW along with a description of the method that was used for its derivation.

Variables Description

Wave trough mean Claus brightness
temperature

Averaging the Claus brightness temperature of all EW trough grid points

Wave trough standard deviation Claus
brightness temperature

Finding the standard deviation of Claus brightness temperature of all EW trough
grid points

Wave trough Claus brightness
temperature area fraction

Proportion of all EW trough grid points where valid Claus brightness
temperature is available relative to the total number of EW trough grid points

Wave trough mean total precipitable
water

Averaging the SSM/I total precipitable water, where available, of all EW trough
grid points

Wave trough standard deviation total
precipitable water

Finding the standard deviation of total precipitable water of all EW trough grid
points

Wave trough total precipitable water
area fraction

Proportion of all EW trough grid points where valid SSM/I total precipitable
water is available relative to the total number of EW trough grid points

Wave trough mean rain rate Averaging the SSM/I rain rate, where available, of all EW trough grid points
Wave trough standard deviation rain
rate

Finding the standard deviation of SSM/I rain rate of all EW trough grid points

Wave trough rain rate area fraction Proportion of all EW trough grid points where valid SSM/I rain rate is available
relative to the total number of EW trough grid points

Wave trough mean cloud liquid water Averaging the SSM/I cloud liquid water, where available, of all EW trough grid
points

Wave trough standard deviation cloud
liquid water

Finding the standard deviation of SSM/I cloud liquid water of all EW trough grid
points

Wave trough cloud liquid water area
fraction

Proportion of all EW trough grid points where valid SSM/I cloud liquid water is
available relative to the total number of EW trough grid points

Wave trough mean outgoing long-
wave radiation

Averaging outgoing long-wave radiation from the NCDC Daily OLR CDR of all
EW trough grid points

Wave trough standard deviation
outgoing long-wave radiation

Finding the standard deviation of outgoing long-wave radiation of all EW trough
grid points

Wave trough outgoing long-wave
radiation area fraction

Proportion of all EW trough grid points where valid outgoing long-wave
radiation is available relative to the total number of EW trough grid points

Wave trough mean outgoing long-wave
radiation anomaly

Averaging OLR anomalies of all EW trough grid points. OLR anomalies derived
using a daily 30-year OLR climatology for the period 1981–2010.

Wave trough standard deviation
outgoing long-wave radiation anomaly

Finding the standard deviation of OLR anomalies of all EW trough grid points.
OLR anomalies derived using a daily 30-year OLR climatology for the period
1981–2010.
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readme instructions included in the source code (ftp://
ftp.ncdc.noaa.gov/pub/data/aewc-v1/src/src_readme.
docx).

3. Concluding remarks

In this study, easterly wave climatologies are pre-
sented for the tropical Western Hemisphere after
applying a new tracking algorithm to the ERA-
Interim, ERA-40, CFS-R, and NCEP-NCAR reanalyses
at 600, 700, and 850 hPa using reanalysis-dependent
tracking thresholds. The tracking scheme eliminates
some of the deficiencies found in previous algorithms
in terms of both identifying and tracking easterly
waves that move across Central America and into the
East Pacific, as well as ensuring that the identified
and tracked waves are westwards propagating, syn-
optic-scale systems including canonical easterly
waves. The source code for the easterly wave track-
ing algorithm along with the EW climatology for each
atmospheric reanalysis is publicly available from
NOAA’s National Centers for Environmental Informa-
tion. Although there are no plans to update the data-
sets in real time, the archived source code should
allow other organizations or individuals to expand the
climatology to include more recent years. In addition,
the easterly wave identification and tracking algo-
rithm may also be used as a real-time forecasting

tool. In fact, Climate Forecast Applications Network
(CFAN) currently produces probabilistic, ensemble EW
forecasts using the ECMWF Ensemble Prediction Sys-
tem based on this wave-tracking algorithm. These
projections may be used in conjunction with tropical
cyclone genesis forecasts to quantify the risk of east-
erly wave-induced TC genesis in the tropical North
Atlantic or East Pacific.

The easterly wave climatologies presented here are
the first open-source, publicly available datasets of their
kind. With these observational datasets, we envision
that a number of new and previously researched topics
may be explored. For instance, the datasets may be
used to compare with idealized numerical simulations to
uncover the principal physical mechanisms associated
with easterly wave genesis and evolution, especially as
the genesis mechanisms may be regionally dependent
due to variable background configurations (Kiladis
et al., 2006; Serra et al., 2008). In addition, further
research is still needed to quantify how large-scale
modes of climate variability modulate easterly waves
and their regional characteristics (Martin and Thorn-
croft, 2015). Although climate variability may project
directly onto the mean thermal and moisture structure
of the atmosphere, we expect that tropical hydroclimate
variability may be manifested through changing eddy
characteristics of easterly waves, particularly in their
frequency, intensity, or trajectory.

Easterly wave frequency

Easterly wave frequency Easterly wave frequency

Easterly wave frequency

(c)

(b)(a)

(d)

Figure 3. Annual average easterly wave track density at 700 hPa for the (a) ERA-Interim, (b) ERA-40, (c) CFS-R, and (d)
NCEP/NCAR reanalysis datasets for the period 1979–2001.
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