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Tropical cyclones in ERA-40: A detection and tracking method
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[1] A tracking method for tropical cyclones (TCs) is
presented and their characteristics for data sets with a
lower horizontal resolution, e.g., the ERA-40 Reanalysis
data set from 1958 to 2001 are explored. The tracking
method uses sea level pressure, relative vorticity and wind
speed at 850 hPa, and vertical wind shear. The method,
assessed in the Atlantic basin, identifies a realistic number of
TCs. However, the ERA-40 TCs compared with best track
data from the U.S. National Hurricane Center are too weak to
reach hurricane character, i.e., the tracked TCs do not show
hurricanes of category three to five. Another caveat is that the
life cycle of central pressure values is often not realistically
reproduced by ERA-40 TCs. To correct the life cycle of the
central pressure, a two-step statistical downscaling approach
is applied to the ERA-40 TCs which strongly improves the
finding of major hurricanes. Citation: Kleppek, S., V.
Muccione, C. C. Raible, D. N. Bresch, P. Koellner-Heck, and
T. F. Stocker (2008), Tropical cyclones in ERA-40: A detection
and tracking method, Geophys. Res. Lett., 35, L10705,
doi:10.1029/2008GL033880.

1. Introduction

[2] During the last years the understanding and diagno-
sis of tropical cyclones (TCs) and their characteristics has
strongly increased. The year 2005 was the most intense
season in the Atlantic with 28 tropical storms of which
15 reached hurricane character [7renberth and Shea,
2006]. This year is considered to be an extreme, but a
substantial increase of the activity of TCs in the tropical
Atlantic over the last decades is documented [ Webster et al.,
2005; Emanuel, 2005; Hoyos et al., 2006; Sriver and
Huber, 2006]. The role of the sea surface temperatures
(SST) in the tropical Atlantic, and their connection with the
tropical storm activity was discussed in detail [Emanuel,
2005; Hoyos et al., 2006].

[3] The TCs and their characteristics such as intensity,
frequency and track are hypothesized to be modulated by
natural phenomena, like the Atlantic Multidecadal Oscilla-
tion or the Atlantic Meridional Mode [Vimont and Kossin,
2007].

[4] To get an impression of how climate change affects
the characteristics of TCs, it is important to know how these
modes of natural climate variability influence the behavior
of the TCs [Holland and Webster, 2007]. This is not only
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relevant from a scientific point of view, it also becomes
increasingly important for the society and economy, which
are affected by the consequences [Katz and Brown, 1992].

[s] First steps to assess the impact of climate change on
TCs are provided by Bengtsson et al. [2007a, 2007b]. They
applied a novel technique to ERA-40 data and model output
in order to investigate the model’s ability to simulate TCs in
a rather coarse resolution of ~1° x 1°. Our study presents
another TC tracking technique to investigate impacts of
natural and anthropogenic induced variability on TCs in
comprehensive climate models. Compared to Bengtsson et
al. [2007a], we use different detection and tracking criteria.
The method is based on a technique, developed for midlat-
itudes [Blender et al., 1997; Raible et al., 2007], but
substantially enhanced in its complexity to be appropriate
for TC and hurricane detection and tracking. In particular
the life cycle of intensity is treated carefully by a two-step
statistical downscaling approach. As an example the method
is applied to the tropical Atlantic.

2. Data

[6] The Reanalysis data set (ERA-40), covering the
period from 1958 to 2001 [Uppala et al., 2005], is used
as input data for the proposed tropical cyclone detection
and tracking method. The European Centre for Medium-
Range Weather Forecasts uses its operational medium-
range forecasting system with a horizontal resolution of
T159 and 60 vertical levels to generate the ERA-40. For this
study data are interpolated to a regular grid of 1.125° x
1.125° in longitude and latitude; the time resolution of the
data is 6-hours.

[7] To assess the ERA-40 results obtained by the new
method, we use the best track data set for the Atlantic basin
from the U.S. National Hurricane Center (NHC) as refer-
ence for the overlapping period 1958 to 2001. This data set
contains the following parameters: the zonal and meridional
position of the cyclone center, the date and time (UTC), the
maximum sustained wind speed (kt), and the central pres-
sure (hPa) every 6 h. Note that the accuracy of the data has
changed due to better monitoring facilities since the early
70s [Landsea, 1993]. For reference, Figure la shows all
tracks in the period 1958 to 2001 based on best track data.

3. Tracking Method

[s] Sea level pressure (SLP), horizontal wind compo-
nents (850 hPa), vertical wind shear, and relative vorticity
(850 hPa) are used as input variables for the TC tracking
and detection method. The standard method for midlatitudes
[Blender et al., 1997] identifies low pressure systems as
minima of SLP and connects these to cyclone trajectories by
a next-neighbor search within 1000 km in 24 hours. The
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