
1. Supplementary Material1

a. Data input and tracking algorithm sensitivity2

We performed various sensitivity tests to examine how results are dependent on the exact for-3

mulation of the algorithm used to identify and track lows (e.g., intensity of the MSLP gradient4

threshold, minimum duration of events and interpolation method used to upscaled native MSLP5

fields) and on the influence of the assimilation of observations. Table 1 presents the values of6

some key parameters that were modified for each sensitivity test. Specifically, the effect of the as-7

similation of observations (“Forecast” test) was tested by identifying and tracking lows in forecast8

times (0300, 0900, 1500, and 2100 UTC) instead of the usual analyses times (0000, 0600, 12009

and 1800 UTC). This test was only made for the MERRA and CFSR reanalyses as these are the10

only products for which 3-hourly forecast MSLP fields are available.11

Figs. 1 and 2 show the annual mean number and intensity of ECL events as a function of the12

horizontal resolution of the MSLP data for the various sensitivity tests. For simplicity, only results13

for the ERA-I, MERRA and CFSR reanalyses are shown. Differences in the number of events14

across the three reanalyses (Fig. 1) are qualitatively very similar no matter the sensitivity test con-15

sidered with MERRA leading to nearly twice (four times) more events than ERA-I (CFSR). Also,16

all sensitivity tests show that the number of ECL events in the three reanalyses converges to very17

similar values as the spatial resolution of the MSLP fields used to identify and track ECLs dimin-18

ishes from their native resolution to 300 km. Regarding the intensity of the events as measured19

using the 200-km MSLP gradient (Fig. 2), all sensitivity tests show a similar spatial resolution20

dependence for MERRA and ERA-I and much weaker values for the CFSR reanalysis product.21

These results indicate that the main findings of the study related with the larger number of events22

in MERRA compared to the other datasets and the general convergence of results as the MSLP23
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fields spatial resolution decreases appear to be robust to the exact formulation of the algorithm and24

the use of forecast or analyses as input fields.25

b. Events with a minimum duration of 24 h26

As explained in the Data Section of the main manuscript, the SP2009 dataset uses one MSLP chart27

per day to identify ECLs and this can be considered to be equivalent to select ECL events that last28

at least 24 h (i.e., equivalent to impose a minimum duration threshold of 24 h).29

Fig. 3 shows the mean number of events (3a) and the event-mean duration (3b) for events30

lasting at least 24 h (i.e., “Duration (24 h)” sensitivity test in Table 1). The total number of31

events decreases by about a factor of 2-3 compared with results obtained using a 12 h threshold.32

The number of events in the SP2009 dataset become now comparable to the number of events33

in reanalyses when using high-resolution MSLP fields to identify ECLs. Moreover, although the34

mean duration of events is still somewhat larger in the SP2009 dataset, it is now much closer to35

the mean durations obtained using reanalyses.36

c. Calculating the size of the lows37

As discussed by Rudeva and Gulev (2007), the definition of cyclone size is not a trivial process38

and any choice of the measure will suffer from the uncertainties of determining the area belonging39

to the cyclone.40

To examine the uncertainty of determining the cyclone’s area, we have estimated the size of cy-41

clones using two different methods. The first method (Simmonds and Keay, 2000; hereafter called42

Simmonds method) estimates the cyclone’s region as the area around the maximum of the MSLP43

Laplacian where the Laplacian is positive. First, the one-dimensional Laplacian is estimated44

independently in four cross sections through the center of the cyclone (south-north, southwest-45
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northeast, west-east and northwest-southeast directions). Second, for each direction, we calculate46

the maximum of the Laplacian and the distances from the maximum where the Laplacian is posi-47

tive thus getting two radii for each direction. Then, the area of positive Laplacian is computed by48

summing over the triangles obtained using the radii as sides. Finally, the radius of the cyclone is49

obtained by calculating the radius of a circumference that has the same area as the one obtained50

from the triangle summation.51

The second method (Rudeva and Gulev, 2007; hereafter called Rudeva method) estimates the52

cyclone’s region as the area inside the so-called last closed isobar. First, we determine the locations53

for which the first radial derivative of MSLP falls to zero across eight radial lines passing through54

the center of the cyclone. The first derivative is calculated using the 50-km grid mesh for a distance55

of 850 km from the center. The locations where the derivative is zero are used to determine a56

“critical” MSLP in each direction and the last closed isobar corresponds to the minimum of all the57

“critical” values. In those cases where the derivative is never zero, we set the radius to a mazimum58

value of 850 km and the critical MSLP corresponds to the MSLP value at 850 km from the center.59

Once the MSLP value of the last closed isobar is known, distances of this isobar to the center are60

obtained by interpolation thus obtaining a radius in each radial direction. As in Simmonds method,61

we then calculate the area encompassed by the last closed isobar by summing over the triangles62

obtained using individual radii in different directions. Finally, the radius of the cyclone is obtained63

by calculating the radius of a circumference that has the same area as the one obtained from the64

triangle summation.65

Fig. 4 shows event-mean radii for results obtained using the two different methods for the vari-66

ous reanalyses. Clearly, the event-mean radii differ significantly for both methods with Rudeva’s67

method consistently giving larger radii than Simmons method (about 150 km larger), no matter68

the reanalysis considered. However, despite differences in absolute mean radii, both methods sug-69

3

10.1175/JCLI-D-14-00645.s1 DI LUCA ET AL .



gest similar differences across reanalyses with MERRA (CFSR) showing the smallest (largest)70

mean radii and ERA-I and JRA55 values in between. Both methods also agree to show a similar71

sensitivity to changes in the horizontal resolution of the MSLP fields for the four high-resolution72

reanalyses.73

d. Calculating the intensity of events74

Fig. 5 shows six different intensity measures to characterize ECL events: a) event-mean 200-75

km MSLP gradient, b) event-maximum 200-km MSLP gradient, c) event-mean central MSLP, d)76

event-mean MSLP Laplacian calculated at the center of the cyclone, e) event-mean depth and f)77

event-mean size. All results correspond to the “control” algorithm as used in the main text (see78

Table 1 for details). The 200-km MSLP gradient is calculated by averaging MSLP differences79

between the center and grid points within a radius of 200 km around the center. The depth of the80

cyclone is calculated as the difference between the MSLP at the center and the MSLP of the first81

closed isobar.82

The event-mean or the event-maximum 200-km MSLP gradient (Figs. 5a and 5b respectively)83

clearly differ on the absolute values with the event-maximum MSLP gradient being nearly twice84

larger than event-mean MSLP gradient. However, both metrics show a similar sensitivity to85

changes in the choice of the reanalysis and the resolution of MSLP fields. Most reanalyses show86

an increase of the intensity as the resolution of the MSLP fields increase from 300 km to their87

native resolution of about 50 km. This scale dependence arise because the 200-km MSLP gradi-88

ent tend to maximize for relatively small cyclones that show a higher concavity near the center.89

As a consequence, because small cyclones are more numerous when using high-resolution MSLP90

fields, the MSLP gradient increases as the resolution increases. Also, the fact that the number of91
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small cyclones is larger in MERRA than, for example, in CFSR explain the fact that the 200-km92

MSLP gradient is larger in the first one.93

The event-mean MSLP Laplacian (Fig. 5d) shows somewhat similar results compared to the94

MSLP gradient metrics at the native resolution although it suggests a distinct behaviour at coarser95

resolutions where differences between reanalyses remain important. Similar results compared96

with the 200-km MSLP gradient were expected given that the MSLP Laplacian also quantifies the97

concavity of the MSLP field in the vecinity of the center. In general, the MSLP Laplacian shows98

a very weak sensitivity to changes in the spatial resolution of the MSLP fields.99

The event-mean central MSLP metric (Fig. 5c) suggests that MERRA (CFSR) shows the weak-100

est (strongest) intensity and that the intensity diminishes as the resolution of the input MSLP101

fields increases. As discussed by Simmonds and Keay (2000), the central pressure constitutes102

a poor metric to quantify the strength of extra-tropical cyclones because it depends strongly on103

the background MSLP field that varies from region to region, along the year (i.e., annual cycle)104

and also across reanalyses. For example, differences between the central MSLP in MERRA and105

CFSR at their native resolution are partly explained by the larger number of cyclones in summer106

compared to winter in the former and seasonal differences in the background MSLP values. As a107

consequence, strong cyclones embedded within a relatively high MSLP background may appear108

as weak even if they might be able to develop strong pressure gradients and severe weather.109

The event-mean size and depth of the cyclone (Figs. 5e and 5f respectively) show similar de-110

pendences on both the resolution and the choice of reanalysis. Both metrics show that the CFSR111

reanalysis produces the largest and deepest averaged cyclones and the MERRA/JRA55 products112

the smallest and shallowest at their native resolution.113

In summary, the different intensity metrics describe different characteristics of ECL events al-114

though some of the metrics give similar information (e.g., the mean and maximum MSLP gradi-115
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ent). The choice of the event-mean MSLP gradient and the event-mean size as intensity metrics116

in the main manuscript attemps to highlight different characteristics of the ECL events as the117

concavity around the center and the total size/depth of the cyclone.118
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TABLE 1: Values of key parameters used in the control identification and tracking scheme and
in some modified versions used to test the sensitivity of ECLs to the exact formulation of the
tracking method. In all versions, the minimum distance between two lows is set to 600 km and the
searching radius to group lows that belong to the same event is set to 360 km. PG refers to pressure
gradient. Analyses data refer to those time steps where analyses are performed (e.g., 0000, 0600,
1200 and 1800 UTC in CFSR and MERRA reanalyses ) while forecast data refer to time steps that
are obtained (purely) from model forecast (e.g., 0300, 0900, 1500 UTC in CFSR and MERRA
reanalyses).

PG PG Event High-resolution Input data
threshold radius duration interpolation type

(hPa/100 km) (km) (h)

Control 0.6 200 2 cubic spline analyses
Forecast 0.6 200 2 cubic spline forecast

Linear Interp. 0.6 200 2 linear analyses
PG rad. (150 km) 0.6 150 2 cubic spline analyses

PG int. (0.8 hPa/ 100 km) 0.8 200 2 cubic spline analyses
PG int. (1.2 hPa/ 100 km) 1.2 200 2 cubic spline analyses

Duration (18 h) 0.6 200 3 cubic spline analyses
Duration (24 h) 0.6 200 4 cubic spline analyses
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FIG. 1: Annual average number of events as a function of the spatial resolution of MSLP fields as
obtained using various perturbed versions of the “control algorithm”. See Table 1 for details about
the sensitivity tests. Only results for the ERA-I, MERRA and CFSR reanalyses are shown and for
the native, the 150-km and the 300-km grid meshes.
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FIG. 2: Annual average MSLP gradient of events as a function of the spatial resolution of MSLP
fields as obtained using various perturbed versions of the “control algorithm”. See Table 1 for
details about the sensitivity tests. Only results for the ERA-I, MERRA and CFSR reanalyses are
shown and for the native, the 150-km and the 300-km grid meshes.
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FIG. 3: Annual average number of events (a) and their mean duration (b) for events lasting at least
24 h. Results were obtained using the control algorithm (see Table 1 for details). The various
datasets are shown in different colors. For the SP2009 dataset, we use the same value for the
various horizontal grid meshes.
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FIG. 4: Annual average radius as a function of the spatial resolution of MSLP fields for the various
datasets calculated using the methods of Rudeva (a) and Simmonds (b).
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FIG. 5: Annual mean intensity of ECLs according to various alternative metrics: a) mean MSLP
gradient, b) max. MSLP gradient, c) event-mean central MSLP, d) event-mean MSLP Laplacian at
the center, e) event-mean depth and f) event-mean size. The various datasets are shown in different
colors. For the SP2009 dataset, we use the same value for the various horizontal grid meshes.
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FIG. 6: Difference between the relative frequency of events in summer and winter (summer minus
winter) for the intensity, duration and size of ECL events. In top panels lows are identified using
the native resolution MSLP fields while bottom panels show results for the 300-km grid mesh.
Different colours show the different datasets available in each case.
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