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Abstract: In this study, two commonly used automated methods of detecting cyclones in the lower
troposphere were compared with respect to various features of cyclone activity. The first method
is based on the neighbor cyclone center point (NCP), while the second method is the cyclone area
algorithm (CAA), which relies on the detection of the outermost enclosed contour to identify the
horizontal structure of a cyclone. We obtained climatologies of cyclones that affected the Changjiang
River–Huaihe River Valleys (CHV) of China (derived from ERA-Interim data for 1979–2015) and
compared their structures. We found that the distribution of the track and the cyclogenesis locations
of influential cyclones (ICs) showed a consistent spatial pattern between the NCP and CAA. However,
there were still notable differences between the statistical features of cyclone activity derived by
the NCP and CAA: (1) Only <46% of cyclones shared the same cyclone center between these two
schemes. (2) ICs derived from the CAA typically had longer lifetimes and travel distances, with
stronger central intensities than those from the NCP. (3) The track of ICs by the CAA with high
resolution was consistent with that of ICs by the low-resolution CAA as well as the low-resolution
NCP. However, compared to other methods, the high-resolution NCP presented large deviations
during the early cyclone stage. The involvement of open systems in the NCP resulted in weaker
cyclone intensities and increased uncertainty in cyclone tracking. On the other hand, more cyclones
with stronger intensities and longer lifetimes coming from the midlatitudes were detected using the
CAA. In addition, the short-lifetime ICs (<18 h) found using the CAA were active (39%) in the CHV,
and were typically excluded by the NCP. These ICs had comparable center intensity and showed a
good correlation with the occurrence of simultaneous rainfall events.
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1. Introduction

Extratropical cyclones play a fundamental role in transporting meridional heat and energy and
are a contributor of air mass redistribution, as well as playing a dominant role in global circulation.
Moreover, extratropical cyclones and their associated frontal systems can cause apparent or intense
weather phenomena, such as extreme temperature events, heavy rainfall, severe storms and storm
surges, which can substantially affect the social economy and people’s lives [1–7].

There has been a remarkable renewal of interest in extratropical cyclone activity in recent years
under the effects of global climate change [8–15]. Quantification of the long-term activity of cyclones
is typically based upon a range of characteristics including cyclone track counts and cyclone center
frequencies, as well as cyclogenesis frequency, lifetime, intensity, travel speed and size. In the early
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days, researchers manually identified and analyzed the activity characteristics of cyclones based on
weather maps. However, the recognition efficiency of this method is relatively low and more or less
subjective. With the development of computer technology, automatic objective identification methods
began to appear in the 1990s and were developed in the subsequent decades [8–11,16,17].

Two kinds of automatic objective identification methods are popular. A tracking algorithm
based on a neighbor center point (NCP) in two successive time steps is widely applied because of its
simplicity and efficiency [18]. The 1D features of cyclones, such as location, track and intensity, can be
efficiently derived using the NCP. However, the horizontal structure and other 2D features of cyclones
cannot be directly obtained using this scheme. Therefore, in recent years, another scheme, the cyclone
area algorithm (CAA), has been proposed to identify the cyclone regime [9,11,17,19,20]. This feature
facilitates an explicit study of the 2D characteristics of cyclones. In addition, the cyclone area algorithm
can filter out open systems because of the strict outmost contour line and may reduce the uncertainty
of cyclone recognition introduced by the inclusion of open systems [21].

Due to the various criteria of different algorithms, diagnostics are also valuable when comparing
cyclone activity across different datasets [22,23] or across different tracking algorithms using a given
reference dataset [18]. Therefore, 15 international research groups have recently participated in an
inter-comparison project (Inter-comparison of Mid-Latitude Storm Diagnostics—IMILAST) to assess
the level of uncertainty in different methods, including both the NCP scheme and the CAA [18]. They
used 15 methods for the automatic identification of cyclones to analyze the similarities and differences
in the characteristics of the cyclones revealed by different algorithms, thus assessing the applicability of
the various algorithms [18,24–26]. However, due to the relatively ambiguous structure of extratropical
cyclones, the uncertainty of cyclone detection and tracking, especially for small-scale systems or in the
early stages of cyclones, is still a challenging issue [18,27–29].

The Changjiang River–Huaihe River Valley (CHV) area is located in a densely populated area of
China, with intensive industrial and agricultural production. Extratropical cyclones are active in the
CHV, especially in the spring, because the CHV lies near the eastern side of the lee slope of the Tibetan
Plateau [30]. Both the East Asian subtropical jet and the East Asian polar-front jet play important roles
in the cyclone activity in the boreal spring [31,32]. Moreover, these cyclones are usually accompanied
by regional severe rainfall events [33].

Due to the diversity of the terrain and in particular, the combined effects of the abovementioned
two jet streams, cyclones affecting the CHV region are highly diverse, including large-scale cyclones
from northern China, low vortices propagating from southwestern China and locally generated
cyclones in spring [33]. These cyclones, which have different dynamic structures, may increase the
uncertainty of automatic identification among different methods. In this study, we will address the
following questions: Do the NCP and the CAA produce significantly different results for the CHV?
If so, which scheme is preferred for cyclone identification in the CHV? This inter-comparison can
shed light on the different physical perspectives that can be obtained by using different cyclone
identification approaches.

2. Data and Method

2.1. Data

The data used in this study are springtime (March, April and May) six-hourly reanalysis from
the ERA-Interim dataset from 1979 to 2015 [34]. With reference to [18], we used 1.5◦ × 1.5◦ sea level
pressure (SLP) to identify cyclones in the CHV and filtered out short-lifetime cyclone tracks (<18 h).

2.2. Methods of Cyclone Identification

In this study, we adopted two automated algorithms for cyclone identification, which are
introduced in detail in this section.

(1) Neighbor center point (NCP)
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With reference to [16], the NCP in this study uses the location of central points with low values
as the center point of a candidate cyclone. That is, when the SLP at a certain point is lower than
the heights of its neighboring eight grids and the minimum SLP gradient value is higher than Gmini

(0.15 hPa (100 km) −1), the point is marked as the center of a cyclone. If the center point of cyclone
is located in the CHV, we consider that the cyclone affects the CHV. Furthermore, two points with a
horizontal distance of less than dmax (600 km) are considered to be the same cyclone.

If the distance between the center points of the sub-cyclones in two consecutive time steps is not
greater than Dmax (600 km), these two cyclones are connected by the same cyclone trajectory.

(2) Cyclone area algorithm (CAA)

This algorithm refers to the modified automatic cyclone identification algorithm in [21], which
starts from the center point of the cyclone and searches outward to the outermost closed contour
horizontally (contour interval: 2 Pa, maximum area: 3.14 × 106 km2, which has an equivalent circular
“radius” of 1000 km). Then, the areas enclosed by the contours are identified as the domains of cyclones
(the cyclone regime). Unlike the NCP, which uses the cyclone center, for this algorithm, the cyclone
is considered to affect the CHV once the grid points of the cyclone regime are determined to fall in
the CHV.

If two cyclones share common feature areas in two consecutive time steps, then these two cyclones
are connected by the same cyclone trajectory. To avoid missing fast-moving cyclones without common
feature areas, similarly to the NCP, the nearest neighbor approach is applied to cyclone centers, with
the enclosed contours imposing thresholds on the maximum displacement distance at Dmax (600 km)
within 6 h.

In both the NCP and CAA, if the cyclone affects the CHV for at least one time step during the
cyclone lifetime, we call it an influential cyclone (IC).

3. Characteristics of ICs by Two Algorithms

3.1. IC Tracks

We used two automatic algorithms to obtain the number and tracks of ICs in the spring. As shown
in Figure 1, the tracks of ICs with a ≥18 h lifetime showed good agreement between the two algorithms.
In general, there were three paths calculated by both algorithms (Figure 1). The first major path with the
highest frequency (36.54% in CAA, 29.5% in NCP) was southwest–northeast, from the CHV to Japan,
steered by the subtropical westerly jet from the southeast part of China (Figure 2). This path agreed well
with the path proposed by [35] using historical weather maps from the National Meteorological Center
of China Meteorological Administration according to the definition of a traditional CHV cyclone. We
found that many ICs were generated in the CHV or originated from the southwest of the CHV and then
moved northeastward/eastward to Japan. The other two paths were from northwest to southeast and
eastward, guided by the East Asian polar jet. Most cyclones in the latter two paths were midlatitude
cyclones with larger scales than those from the first path.
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Figure 1. The density of influential cyclone (IC) tracks (number of tracks for each grid point) (a,b) and 
frequency of the three main high-frequency tracks (c,d). The left panel is for the cyclone area algorithm 
(CAA), and the right panel is for the neighbor center point (NCP). 

 
Figure 2. The climatology of the wind field at 700 hPa (vector), with the shaded areas representing 
their wind speed (m·s−1). The black box denotes the Changjiang River–Huaihe River Valley (CHV). 
The northwest (NW) and northeast (NE) of China are divided into two blue dashed rectangles. 

Because of the difference in judgment regarding ICs between the two algorithms, there were 
more cyclones coming from the northern area (NW and NE) in CAA. The frequencies of the latter 
two paths were greater than 20% in CAA but were lower than 8.3% in NCP. The reason for this is 
that once the grid points of the cyclone regime fall in the CHV, the cyclone is marked as an IC in the 
CAA; whereas the center points of ICs must fall in the CHV in the NCP.  
  

Figure 1. The density of influential cyclone (IC) tracks (number of tracks for each grid point) (a,b) and
frequency of the three main high-frequency tracks (c,d). The left panel is for the cyclone area algorithm
(CAA), and the right panel is for the neighbor center point (NCP).
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Figure 2. The climatology of the wind field at 700 hPa (vector), with the shaded areas representing
their wind speed (m·s−1). The black box denotes the Changjiang River–Huaihe River Valley (CHV).
The northwest (NW) and northeast (NE) of China are divided into two blue dashed rectangles.

Because of the difference in judgment regarding ICs between the two algorithms, there were more
cyclones coming from the northern area (NW and NE) in CAA. The frequencies of the latter two paths
were greater than 20% in CAA but were lower than 8.3% in NCP. The reason for this is that once the
grid points of the cyclone regime fall in the CHV, the cyclone is marked as an IC in the CAA; whereas
the center points of ICs must fall in the CHV in the NCP.

3.2. Cyclogenesis and Cyclolysis of ICs

Regarding the spatial distribution of the points of cyclogenesis, the two methods were in good
agreement, while there were apparent differences in the cyclolysis of the ICs (Figure 3). The source of
cyclones is widespread and stretches northwest–southeast. The source of these tracks includes the
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CHV and its surroundings, the West Siberian Plain, the Inner Mongolian Plateau and the East Sea. The
distribution of the cyclolysis of ICs were mainly from the CHV to the east to Japan. However, the area
with the highest frequency of cyclolysis in the NCP (CAA) was located in the CHV (east to Japan and
probably extending further). The distribution of the highest frequency of cyclolysis indicates that there
were more ICs detected in the CAA moving to the east to Japan continuously after moving out of the
CHV. We speculate that this feature is related to the longer lifetimes of ICs detected by the CAA; this is
analyzed in detail below.
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4. Comparison of IC Climatology Using the Two Algorithms

4.1. Climatological IC Frequencies

Despite the general agreements in the spatial distribution of the tracks and the cyclogenesis
locations of the ICs, there are some differences in IC climatology between the two schemes. As shown
in Table 1, comparable numbers of ICs were detected by the CAA (5776) and the NCP (6070). However,
only 2666 cyclones shared the same cyclone center between these two schemes. These cyclones
accounted for 46% of the total number in the CAA and 44% in the NCP. In this sense, there is substantial
inconsistency in the climatological IC frequencies between the two schemes. This inconsistency is due
to the following three reasons. First, the CAA requires a closed contour line at the outer margin of the
ICs to potentially filter out open low systems that are possibly associated with a low-level trough. In
this study, 2193 ICs detected in NCP did not have apparent closed contours, which contributed to a
higher frequency of ICs compared to the CAA. The second reason for more ICs being identified by the
NCP is that the CAA considers a multicenter system that shares the same outermost closed contours
as one system. However, in the NCP, once these inside center points reached a certain distance from
each other (here ≥600 km), they were divided into multiple systems. We found that there were 1211
double-counted ICs in the NCP. On the other hand, the ICs were marked by the CAA once the cyclone
regimes affected the CHV, in contrast to the NCP, where their center points needed to be located in the
CHV to be marked as an IC. We found that 2958 (51%) center points of ICs did not fall into the CHV
using the CAA. The above three aspects resulted in a comparable frequency between the two schemes,
although a large portion of ICs were non-center-overlapped.
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Table 1. The sum of IC tracks and IC frequencies in spring from 1979 to 2015.

CAA NCP

Track 635 783
Frequency 5776 6070

4.2. Lifetime, Travel Distance and Intensity

The average lifetime of ICs was 54.5 h under the CAA, which was slightly longer than under
the NCP (46.5 h). According to the statistics, the CAA and NCP found that 98% and 96% of the ICs
had lifetimes of less than 120 h, respectively. We present the lifetimes of the ICs (≤120 h) in Figure 4a.
The ICs with lifetimes of <54 h in these two schemes are distinct from each other. When the lifetime
was between 3 and 8 time steps (18–48 h), the number of ICs under the CAA was notably smaller than
under the NCP. This result indicates that the NCP detected more short-lifetime ICs than the CAA.
The IC travel distances show that the ICs also had longer travel distances under the CAA than the
NCP (Figure 4b). In particular, the proportion of ICs with a travel distance of >2000 km was 49%
under the CAA, which is notably larger than 33% under the NCP. The longer travel distance under the
CAA also explains its further spatial distribution of cyclonelysis compared to the NCP, as shown in
Figure 3. Therefore, compared to the NCP, the CAA detected more ICs with longer lifetimes and travel
distances. As mentioned above, the ratio of ICs from the northern region (NW and NE) determined
using the CAA was higher than that determined using the NCP (Table 2), and these ICs showed longer
lifetimes (passing a 0.01 significance t-test). These cyclones generally had stronger intensities and
longer lifetimes due to a higher baroclinic instability embedded in the midlatitude westerly zone.
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Table 2. The frequency and lifetime of ICs originated from the north of China using the NCP.

NCP CAA

Frequency 42% 46%
Lifetime (hrs) 43.3 58.0

The probability distribution function of the intensity described by the cyclone center SLP also
showed conspicuous diversity between the two schemes (Figure 5). A larger portion of intense
ICs (center SLP ≤ 1000 hPa) was detected by the CAA compared to the NCP. In contrast, more
shallow cyclones (>1010 hPa) were identified with the NCP (21%) than with the CAA (7%) (Figure 5a).
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As shown in Figure 5b, the 1/4, median and 3/4 critical values of the center-SLP under the CAA
were 996.21 hPa, 1001.50 hPa, and 1005.82 hPa, respectively, which is lower than those from the NCP
(1000.13 hPa, 1004.98 hPa, 1009.14 hPa, respectively). This suggests that ICs found using the CAA were
stronger on average. We noticed that 39% of ICs found using the NCP were open systems without a
closed contour. These open systems derived using the NCP were remarkably weaker than the closed
systems detected by the CAA (Figure 5b). In particular, most of the ICs (18 h ≤ lifetime ≤ 48 h) found
using the NCP were associated with open systems (Table 3), which are strictly excluded by the CAA.
Therefore, the involvement of open systems in the NCP and more midlatitude cyclones in the CAA
resulted in a stronger cyclone center-SLP of cyclones identified using the CAA compared to the NCP.
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Table 3. The frequencies of open or shallow systems using the NCP.

Lifespan 3 4 5 6 7 8

Sum 146 105 76 61 55 68
Open or Shallow Systems 127 98 38 18 21 18

Percentage 87% 93% 50% 30% 38% 26%

5. Sensitivity of the Two Algorithms to the Dataset Resolution

With the rapid development of computer science, the resolution of reanalysis data is becoming
increasingly higher. More small-scale cyclones and more details about cyclones can potentially be
obtained with higher-resolution datasets. In this section, to test the identification ability of these
two methods for cyclone identification under higher-resolution (0.25◦ × 0.25◦) datasets, we applied
the two algorithms to two different horizontal resolutions of data (high-resolution NCP—H_NCP,
low-resolution NCP—L_NCP, high-resolution CAA—H_CAA, and low-resolution CAA—L_CAA).
As shown in Table 4, utilizing the dataset with relatively higher resolution, both algorithms detected
more ICs. However, H_NCP detected too many ICs, approximately 59,519 in total, 60% of which were
open or shallow systems. Moreover, only 16% of IC centers detected using the H_NCP overlapped
with the ICs identified using the H_CAA. In addition, these open or shallow vortices may increase
the uncertainty in the determination of IC paths. For example, 10 paths with the lowest center-SLP
in the spring are shown in Figure 6. Among these 10 cases, L_NCP, H_CAA and L_CAA were
highly fitted, while H_NCP had a large deviation, particularly for path 1, path 3, path 5, path 8 and
path 9 during their early stages. For these five paths, we found that most (>55%) of the cyclone
centers that were detected using the H_NCP before overlapping with the other three tracks—L_NCP,
H_CAA and L_CAA—were open or shallow systems, such as the SLP-center (green dot) shown in
Figure 6c. These examples demonstrate that induced open systems could reduce the accuracy of
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cyclone tracking. Satake et al. [36] also reported that the resolution dependencies were greatly relieved
using the neighbor enclosed-area tracking algorithm.

Table 4. Sensitivity of the two algorithms derived by two horizontal resolutions.

Algorithms CAA NCP

Plan H_CAA L_CAA H_NCP L_NCP

Resolution of data 0.25◦ 1.5◦ 0.25◦ 1.5◦

Sum of IC frequency 10338 5776 59515 6070
Sum of IC track 1798 635 4283 683
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6. Characteristics of ICs with Short Lifetimes

To filter some local heat lows, many existing tracking schemes use a minimum lifecycle to omit
short-lived cyclones [18]. However, short-lived cyclones, such as those with a low cut-off, can have
large impacts on their local weather (e.g., the Xola wind storm in late December, 2009 [37]). Moreover,
39% of closed ICs detected by the CAA had lifetimes shorter than 18 h. As shown in Figure 7a, most of
these ICs had pressures ranging from 1000 hPa to 1010 hPa, accounting for 69% of the total ICs. The
average center-SLP of short-lifetime ICs was 1006.74 hPa. Approximately 32% of the center-SLP of
these ICs were lower than the median value (1004.98 hPa) of ≥18 h IC in CAA, and approximately 70%
were lower than the 3/4 critical value (1009.14 hPa). Therefore, the intensities of the short-lived ICs
are comparable with the ≥18 h ICs. Although most of these ICs were meso-scale systems (diameter <
1000 km, Figure 7b), they may also play an important role in local rainfall (e.g., [33]). As documented
in Figure 8a, ~50% of short-lived ICs over the southern and eastern part of the CHV were locally
associated with rainfall events. In addition, these good coincident areas displayed a high occurrence
frequency of ICs as well as more associated precipitation (Figure 8b), indicating that short-lived ICs
over the CHV play a substantial physical role in the formation of local rainfall events.
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7. Conclusions

In this study, we analyzed the performance and differences between two automated detection
methods for atmospheric surface cyclones over the CHV. The first method was based on the neighbor
cyclone center point with reference to [16], while the second method was an outermost enclosed
contour scheme [21] that is able to identify the horizontal structure of cyclones. We found that the
distribution of the tracks and the cyclogenesis locations of the ICs were in good agreement between
the NCP and the CAA. The cyclone tracks under both schemes showed that a large number of ICs
originated from the southwest of the CHV and then moved northeastward or eastward to Japan,
guided by the 700 hPa wind field. However, there were still notable differences in the statistical
features of the cyclone activity derived using the NCP and CAA:

1. The frequency of ICs was comparable between the CAA and NCP. However, only <46% of
cyclones shared the same cyclone center between these two schemes. The exclusion of open
systems and marking a multicenter cyclone as a whole system resulted in the inconsistency in
cyclone center location and a lower frequency of cyclones under the CAA. On the other hand, a
supplementary set of ICs (51%) was detected in the CAA because of their cyclone regime affecting
CHV with their cyclone center point outside the CHV.

2. ICs derived using the CAA had typically longer lifetimes and travel distances, with stronger center
intensities than those in the NCP. More cyclones coming from midlatitudes were detected under
the CAA, and these cyclones usually had stronger intensities and longer lifetimes. Furthermore,
the involvement of open systems in the NCP resulted in a weaker center-SLP under the NCP
than the CAA.

3. Two different horizontal resolution SLPs were applied to cyclone detection using the NCP and
the CAA. The track of ICs under the CAA with high resolution showed good agreement with that
of ICs using the low-resolution CAA, as well as the low-resolution NCP. However, a substantially
increased number of open systems were detected using the high-resolution NCP. Due to the
interference of these open local minimums, using the high-resolution NCP, 50% of the tracks
of the 10 ICs with the lowest center-SLP presented large deviations during their early stage
compared to those identified using other methods.

In addition, 39% of the short-lived (<18 h) ICs were detected using the CAA, these were typically
excluded by the NCP. However, we found that these short-lived ICs had comparable center intensities
to those ICs with longer lifetimes. These short-lived ICs showed a good correlation with the occurrence
of simultaneous rainfall events, indicating that short-lived ICs in the CHV should not be ignored.
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