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 Characteristics are more sensitive to the spatial resolution than the choice of the 13 
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Abstract 18 

ERA5, the fifth-generation reanalysis of the European Center for Medium-Range 19 

Weather Forecasts, provides long time series of atmospheric fields at high spatial and temporal 20 

resolution. It allows detailed studies of atmospheric flow features such as blocks or cyclones. We 21 

investigate characteristics of blocks and cyclones in ERA5 using different algorithms, compare 22 

the results to ERA5’s predecessor, ERA-interim, and investigate how these characteristics 23 

depend on spatial resolution. Generally, ERA5 and ERA-interim characterize blocks and 24 

cyclones similarly. For Lagrangian detection and tracking methods, blocks are more robust than 25 

cyclones to changes in resolution and reanalysis choice. Eulerian methods are robust to changes 26 

in resolution. Thus, ERA5 provides a state-of-the-art reanalysis for the synoptic-scale extra-27 

tropical circulation. We find that cyclone characteristics are strongly dependent on spatial 28 

resolution and therefore recommend that model and reanalysis data should be mapped to a 29 

common resolution for verification.  30 

Plain Language Summary 31 

Reanalyses are among the most widely used data sets in the geosciences as they provide a 32 

state of the atmosphere that is complete in both space and time by combining a state-of-the-art 33 

weather prediction model with historical observations. Their applications range from 34 

climatological studies to the closer examination of extreme events. Reanalyses are often the 35 

primary tool to assess the performance of climate models. Recently, the ERA5 reanalysis was 36 

published and thus many users may consider using this new product. However, due to its 37 

novelty, ERA5 is not yet investigated extensively. We examine mid-latitudinal atmospheric flow 38 

features such as blocks and cyclones and their dependence on input resolution and choice of 39 

reanalysis. We find that blocks and cyclones characteristics are very similar in ERA5 and its 40 

predecessor ERA-interim. Input resolution often plays a more important role on block and 41 

cyclone characteristics than the choice between ERA5 and ERA-interim, particularly in case of 42 

cyclone characteristics. For many applications the full resolution of ERA5 may not be necessary, 43 

easing the computational requirement to use this high resolution dataset. In case of modeling 44 

studies where reanalysis data is compared to modeled data, we recommend using the same 45 

resolution.  46 

Index terms and key words 47 

AGU index set: 1610 Atmosphere, 3309 Climatology, 3364 synoptic-scale meteorology 48 

6 own keywords: Block, cyclone, reanalysis, resolution, ERA5, ERA-interim 49 

 50 

1 Introduction 51 

Atmospheric blocks and extratropical cyclones are central features of synoptic-scale 52 

variability in the mid-latitudes. Blocks are defined as quasi-stationary, persistent anticyclones 53 

that divert the storm track, although their exact definition is disputed (Woollings et al., 2018). 54 

Cyclones can be defined in various ways, e.g. by a local minimum of sea level pressure or a local 55 

maximum in vorticity (e.g., Raible et al., 2008; Neu et al., 2013). They form and move 56 

frequently within preferred regions referred to as storm tracks (Shaw et al., 2016). Both 57 

phenomena are linked to extreme weather and climate events. Blocks are linked to heat waves 58 

(Black et al., 2004), cold spells (e.g., Buehler et al., 2011), and heavy precipitation (e.g., Lau & 59 
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Kim, 2012; Martius et al., 2013; Lenggenhager & Martius, 2019). Cyclones can lead to heavy 60 

precipitation (e.g., Pfahl & Wernli, 2012; Messmer et al. 2015) and strong winds (e.g., Catto, 61 

2016).  62 

Several definitions of blocks and cyclones exist (Woollings et al., 2018; Neu et al., 2013; 63 

Catto, 2016). Lagrangian methods detect and track blocks and cyclones in space and time (Raible 64 

et al., 2008; Neu et al., 2013). Blocks may be identified as regions with a meridional reversal of 65 

the geopotential height (Tibaldi & Molteni, 1990; Scherrer et al., 2006), regions with 66 

anomalously high geopotential height (Dole & Gordon, 1983; Buehler et al., 2011), or regions 67 

with low potential vorticity (PV; Schwierz et al, 2004). In contrast, Eulerian methods examine 68 

properties at a given point as a function of time. Storm tracks, regions with highest cyclonic 69 

activity, are often defined by the 2.5-6 day band-pass filtered 500 hPa geopotential height (Z500) 70 

field, while blocks can be identified by applying a 10 day low-pass filter to the Z500 field 71 

(Blackmon, 1976). 72 

The newly available 5
th

 generation reanalysis from the European Center for Medium-73 

Range Weather Forecasts (ECMWF) ERA5 (Hersbach & Dee, 2016) might be particularly well 74 

suited for studying blocks and cyclones due to its high spatial resolution. Still, no systematic 75 

investigation of block and cyclone characteristics in ERA5 is yet available. Thus, the purpose of 76 

this study is to analyze blocks and cyclones in the new ERA5 reanalysis and compare the results 77 

with the ERA-interim reanalysis (Dee et al., 2011). Further, we use different dynamical 78 

characterization techniques for blocking and cyclones to assess their impact on our results. The 79 

different reanalyses and the different techniques have been addressed in a series of studies, e.g., 80 

Raible et al. (2008), Neu et al. (2013), Wang et al. (2016) and Rohrer et al. (2018). Additionally, 81 

we investigate the impact of remapping the data to lower horizontal resolutions on cyclone and 82 

blocking characteristics as reanalysis products are often used in model comparisons (with often 83 

lower resolutions). Furthermore, some users will use atmospheric fields at reduced resolution due 84 

to data size. Therefore, we compare ERA5 and ERA-Interim at their original resolution (i.e. in 85 

the resolution they were originally produced) as well as at lower resolutions.  86 

2 Data and Methods 87 

We use ERA5 and ERA-interim data from 1979 to 2017 at six-hourly resolution. Compared to 88 

ERA-interim, ERA5 ingests more data sources, uses an updated numerical weather prediction 89 

model and data assimilation system, and provides higher spatial resolution: T639 and 137 90 

horizontal levels compared to T255 and 60 levels for ERA-interim. We only use the 91 

deterministic run of ERA5 due to computational and storage limitations. We use the original 92 

resolution, and we bi-linearly remap the data to a resolution of 1° and 2° for blocks. For 93 

cyclones, we remap to the T63 resolution by spectrally truncating at wave number 63 instead of 94 

the 2° resolution as some cyclone detection and tracking methods apply spectral remapping to 95 

the input data (e.g., Hodges, 1995). All three spatial resolutions are used to investigate the 96 

dependence of the different identification and tracking algorithms. 97 

We employ three Lagrangian blocking algorithms that are variations of the blocking 98 

algorithm used by Rohrer et al. (2018):  99 

1) TM2D: A 2-dimensional extension of the Tibaldi & Molteni (1990) blocking 100 

definition (Scherrer et al., 2006). The following two criteria must be fulfilled to detect a block: 101 

i) Z500 gradient towards pole: 𝑍500𝐺𝑃 =
𝑍500𝜑+𝑑𝜑−𝑍500𝜑

𝑑𝜑
< −10 

𝑚

°𝑙𝑎𝑡
 (1) 102 

ii) Z500 gradient towards equator: 𝑍500𝐺𝐸 =
𝑍500𝜑−𝑍500𝜑−𝑑𝜑

𝑑𝜑
> 0 

𝑚

°𝑙𝑎𝑡
  (2) 103 
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Here, φ denotes latitude and varies from 35° to 75°. dφ denotes how far poleward or 104 

equatorward the second grid point is located to calculate the gradients. dφ is the highest possible 105 

multiple of the input resolution that is smaller than 15°.  106 

2) Z500*: Following Dole & Gordon (1983), we define blocks as regions with a positive 107 

Z500 anomaly (Z500*) > 200 m.  108 

3) VAPV: Similar to Schwierz et al. (2004), blocks are derived from the 150–500 hPa 109 

vertically averaged PV (VAPV). Blocks are detected as regions with VAPV anomalies < -1.3 (> 110 

1.3) PVU in the Northern (Southern) hemisphere after a 2-day running mean filter is applied. 111 

For Z500* and VAPV the anomalies are subtracted from the 30-day running mean 112 

climatology between 1979 and 2017. In all three blocking algorithms, we consider only blocks 113 

that are quasi-stationary (i.e. 𝐴𝑡 ≥ 0.7 ∗ 𝐴𝑡+1, where At denotes the area of a block at time step t) 114 

and long-lasting (≥ 5 days). 115 

To detect and track cyclones we use two algorithms: 116 

1) WS06: Wernli & Schwierz (2006) detect cyclones as areas of the largest enclosed 117 

SLP contour around a SLP minima. We discard cyclones over elevated terrain 118 

(surface pressure <850 hPa) and shorter than one day. The locations of cyclogenesis 119 

and cyclolysis must be at least 1000 km apart, and we merge cyclone centers that are 120 

closer than 1000 km. For further details and refinements about the algorithm refer to 121 

Sprenger et al. (2017). 122 

2) B97: Blender et al. (1997) define cyclones as minima at the 1000 hPa geopotential 123 

height level (Z1000). Minima are ignored if they are over elevated terrain (>1000 m) 124 

or if more than 50% of the grid points in an area within the estimated cyclone radius 125 

around the center are over elevated terrain. Only cyclones with a mean horizontal 126 

gradient of at least 30 m / 1000 km are detected. Cyclones require a minimum 127 

distance of 1000 km and a minimum duration of one day to be retained in the catalog. 128 

Some modifications are explained in Raible et al. (2018).  129 

For the TM2D, Z500*, VAPV and WS06 algorithms, binary cyclone or blocking fields 130 

are available. We use the Jaccard index, J (Jaccard, 1908), to investigate how similar ERA5 and 131 

ERA-interim are. J is the overlap area divided by the union area of a given feature in two 132 

reanalyses A and B during time step t: 𝐽(𝑡) =
𝐴(𝑡)∩𝐵(𝑡)

𝐴(𝑡)∪𝐵(𝑡)
. Time steps with no blocks are set to J(t) 133 

= 1. Aggregated over time, we can infer the similarity between two datasets. We use this index 134 

for a crude comparison of the similarity between ERA5 and ERA-interim with two other 135 

reanalyses, CFSR (Saha et al., 2010) and MERRA-2 (Gelaro et al., 2017). 136 

We filter the Z500 field to obtain an alternative Eulerian perspective of blocks and 137 

cyclones. Following Blackmon (1976), we retain time scales between 2.5–6 days for cyclones 138 

(Z500bp), while for blocks Z500 frequencies between 10-90 days are retained (Z500lp). 139 

3 Results 140 

3.1 Blocking characteristics  141 

 142 

In Figure 1, we compare annual blocking frequencies (denoted as the number of blocked time 143 

steps divided by the total number of time steps per grid point) for the different algorithms and 144 

reanalyses. All settings detect three blocking maxima in the North Atlantic, the North Pacific, 145 

and the South Pacific. Relative blocking frequencies vary depending on the algorithm. Compared 146 

to Z500*, VAPV and TM2D detect few blocks in the Southern Hemisphere. In the Northern 147 
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Hemisphere, the location of the blocking maxima varies depending on the algorithm. TM2D 148 

detects more blocks in the low latitudes, which are rather an imprint of the subtropical high 149 

pressure belt (Treidl et al., 1981). The Eulerian method for blocks, Z500lp, shows a similar 150 

distribution in the mid-latitudes as Z500* and VAPV with maxima over the Aleutians and the 151 

British Islands. Besides blocking frequency, other characteristics of blocks show differences 152 

between the algorithms (Figure 2). Blocks tend to last longer in Z500* compared to VAPV and 153 

TM2D. This is also evident from the mean blocking duration of 10.2 days in Z500* compared to 154 

roughly 8.5 days in VAPV and TM2D. The mean area of a block in Z500* is largest (~ 5*10
6
 155 

km
2
) compared to TM2D (~3.5*10

6 
km

2
) and VAPV (~3*10

6 
km

2
). Note that all these measures 156 

(blocking frequency, duration, and area) depend on the subjective choices of thresholds for each 157 

block algorithm.  158 

ERA-interim and ERA5 show very similar climatological annual blocking frequencies at 159 

a 2° resolution. Relative differences are small (<3%) for the main blocking areas, but can be 160 

much larger in areas with few blocks. Absolute differences in blocking frequency between ERA5 161 

and ERA-interim are small (mostly <0.005). Concerning other characteristics of blocks we find 162 

again only small differences (<3%) when comparing ERA5 with ERA-interim (Figure 2; Table 163 

1). 164 

Block detection algorithms are relatively insensitive to the input resolution of ERA5 165 

(Figure 1). The only notable difference is between 2° and 1° resolution for TM2D. The increase 166 

is related to the blocking definition, which limits the latitudinal extent of a block to the biggest 167 

possible multiple of the input resolution that is no larger than 15°. Hence, we obtain a maximum 168 

latitudinal extent of 14° for a 2° resolution and a maximum of 15° for 1° resolution, i.e. a block 169 

at 1° resolution is potentially  ~7% (15°/14°) larger than at 2° resolution. This also affects other 170 

block characteristics such as the mean duration that increases from 8.3 to 8.7 days from original 171 

to 1° and 2° resolution. Other than that, block duration, block area and block intensity show no 172 

substantial differences between different input resolutions (Figure 2). Differences are only 173 

visible in the extreme tails of the distributions with very few blocks (note the logarithmic scale). 174 

The global number of blocks and the number of blocking time steps for the Lagrangian methods 175 

increases with increasing resolution in ERA5 and ERA-interim (Table 1). This is expected as 176 

genesis (lysis) of blocking events tend to be detected earlier (later) in higher resolutions. The 177 

outcome of the Eulerian method Z500lp is insensitive to the input resolution. 178 

In summary, differences between ERA-interim and ERA5 at the same resolution are 179 

comparable or smaller than the differences between different resolutions for the same reanalysis. 180 

Relating these differences to the inter-annual variability of blocks reveals that inter-annual 181 

variability is orders of magnitude larger than the differences found here (not shown).  182 
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 183 
Figure 1: Climatological distribution (1979 – 2017) of blocks and cyclones in ERA-interim and ERA5 using 184 

different algorithms (TM2D, Z500*, VAPV and Z500lp, first four rows) and, for ERA5, different input resolutions. The 185 
lower three rows show the cyclone distributions determined by Z500bp, WS06 and B97. For WS06 we show the cyclone 186 
frequency defined as cyclone presence at a grid point using the outer contour as area. For B97 the cyclone frequency is 187 
defined as cyclone presence at the grid point (without normalizing it to a unit area; Raible et al. 2018), i.e., first each grid 188 
point within the radius of a cyclone (using a two dimensional Gaussian fit to the center) is assigned to be occupied by the 189 
cyclone for on time step. Summing over all time steps for each grid point and dividing by the total number of time steps 190 
results in cyclone frequency at each grid point in %. The value of the black 95

th
 percentile contour is given in the lower 191 

right of each panel. 192 
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 193 
Figure 2: The probability distribution function for block duration, block area and block intensity for different 194 

blocking algorithms (upper part). The lower part shows the probability density function for cyclone duration, central 195 
pressure-geopotential height and the distance travelled between cyclone genesis to lysis. ERA5 is shown in red, ERA-196 
interim in blue. The line type distinguishes different input resolutions. For presentational reasons the y axis only shows 197 
the exponent of the logarithmic scale (i.e. -3 denotes 10

-3
). 198 

3.2 Cyclone characteristics  199 

All algorithms identify the storm tracks over the North Atlantic, North Pacific and a band of high 200 

cyclone frequency around the Southern Ocean (Figure 1), but local differences can be large. The 201 

Eulerian measure for cyclones, Z500bp, shows similar location of high cyclone activity as WS06 202 

and B97. Note again, that the absolute values of cyclone frequency cannot be directly compared 203 
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due to the different definitions used (i.e., WS06 uses the outer contour whereas B97 applies a 204 

two-dimensional Gaussian fit to estimate the area of a cyclone).  205 

Comparing the two ECMWF reanalyses (in T63 resolution) shows that all methods 206 

(WS06, B97 and Z500bp) identify a similar spatial cyclone frequency climatology in both 207 

reanalyses (Figure 1). Correspondingly, the number of cyclones is relatively similar in ERA5 and 208 

ERA-interim for the T63 resolution (Table 1). We find 4% more (8% fewer) cyclones for WS06 209 

(B97) in ERA5 compared to ERA-interim for the T63 resolution. If we only consider deep 210 

cyclones (SLP minimum < 960 hPa for WS06; Z1000 minimum < 400 m for B97 at least once in 211 

their lifetime), we find 2% (3%) more cyclones using WS06 (B97) in ERA5 than ERA-interim. 212 

The other cyclone characteristics differ only slightly between the two reanalyses (Figure 2). 213 

Cyclones in ERA5 tend to be shorter-lived (on average 0.2 days shorter) and cover smaller 214 

distances than cyclones in ERA-interim. This is more evident for the B97 method than WS06. 215 

The intensity measure (central SLP or central Z1000) is similar in both reanalyses (Figure 2). 216 

WS06 and, to an even greater extent, B97 are sensitive to changes in input resolution, 217 

whereas Z500bp is insensitive.  218 

For WS06, we find a decrease of cyclone frequency by 10% with increasing input 219 

resolution (Figure 1) while the number of cyclones (and cyclone time steps) increases from T63 220 

to 1° resolution by 10% and then decreases by 5% for the original resolution of ERA5 (Table 1). 221 

The latter contrasts with ERA-interim showing a steady increase. The ERA-interim behavior is 222 

expected as with higher resolution weaker cyclone can exceed threshold of the WS06 method 223 

and genesis (lysis) of cyclones can be detected earlier (later; Blender and Schubert, 2000). The 224 

ERA5 behavior is unexpected for the number of cyclones and the cyclone time steps (i.e. the sum 225 

of time steps of all cyclones). One reason potentially lies in the merging of cyclone centers as 226 

one can see an increase in cyclone time steps from T63 to the original resolution for the non-227 

filtered case (only topography is accounted for, but no constraint on travel distance or duration) 228 

but a decrease after filtering (Table 1). Another factor may be the changed topography in the 229 

different resolutions. Another counterintuitive result is the opposing change of the cyclone 230 

frequency decreasing from T63 to 1° resolution compared to the increase of cyclone time steps. 231 

The reason lies in the definition of cyclone frequency per grid point without any normalization to 232 

a unit area, i.e. the area of a grid point is reduced stronger than the time steps of cyclone 233 

increases. The other cyclone characteristics show that WS06 cyclones tend to be shorter with 234 

increasing input resolution (3.5 days for T63 resolution, 3.2 days for original resolution; Figure 235 

2). The mean cyclone trajectory length also decreases from 3022 km to 2858 km from a T63 to 236 

original resolution in ERA5 (Figure 2). 237 

B97 shows a different dependence on input resolution. For ERA5 the cyclone frequency 238 

decreases between T63 and 1° resolution particularly in the Northern Hemisphere (Figure 1). 239 

Further increasing the resolution to the original resolution of ERA5 increases cyclone frequency 240 

again: it is roughly 8% higher than for T63 resolution. The cyclone frequency is particularly 241 

enhanced close to high topography for the original resolution of ERA5. In contrast to WS06, the 242 

number of cyclones and the cyclone time steps steadily increase with resolution for both 243 

reanalyses (Table 1). For ERA5, we find a doubling of detected cyclones between T63 and 244 

original input resolution. Again the reduced cyclone frequency from T63 to 1° resolution is 245 

unexpected given an increase in the number of time steps. The reason is again the definition of 246 

the cyclone frequency without normalizing it to a unit area. This effect is however 247 

overcompensated be the strong increase in the time steps of cyclones when comparing the 248 

resolution 1° and the original resolution of ERA5 explaining thus the increase of cyclone 249 
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frequency. From the other cyclone characteristics, cyclone duration and distance are sensitive to 250 

the input resolution for both reanalyses (Figure 2). B97 cyclones are on average shorter (from 3.4 251 

days at T63 to 2.4 days at original resolution) and travel shorter distances (from 3753 km in T63 252 

to 2550 km at 1° to 2404 km in original resolution). The differences found between reanalyses 253 

and between different input resolutions are larger than the inter-annual variations of global 254 

cyclone counts. 255 

 256 
Table 1: Number of blocks and cyclones detected globally in ERA5 and ERA-interim between 2000 and 2017 257 

using different blocking (upper part) and cyclone (lower part) algorithms and resolutions. WS06deep presents results for 258 
deep cyclones only (i.e. cyclones with a SLP minimum < 960 hPa respectively. For B97deep <-400m). Also the number of 259 
block or cyclone time steps per algorithm is given. For WS06 additionally the number of cyclone time steps before any 260 
filtering is given.  261 

Algorithm  ERA5 ERA-interim 

Resolution Type Orig 1° 2° Orig 1° 2° 

VAPV  Blocks 4585 4528 4310 - 4412 4234 
TM2D  Blocks 3563 3502 3437 3631 3488 3389 
Z500*  Blocks 2491 2482 2465 2495 2489 2462 
        

VAPV  Timesteps 156 702 154 631 146 735 - 149 950 142 816 

TM2D Timesteps 124 747 122 460 114 768 126 863 121 461 112 887 

Z500* Timesteps 101 754 101 229 99 635 102 366 101 761 100 131 

        

Resolution  Orig 1° T63 Orig 1° T63 

WS06  Cyclones 83 656 88 334 80 059 86 195 85 183 76 701 

WS06deep Cyclones 13 726 14 088 12 637 14 030 13 725 12 361 

B97 Cyclones 198 440 150 691 94 554 135 854 127 706 102 357 

B97deep Cyclones 4148 3655 2199 3176 2894 2134 

        

WS06  Timesteps 1 073 444 1 170 977 1 132 062 1 203 202 1 201 374 1 096 298 

WS06 (no filter) Timesteps 2 487 269 2 565 175 2 339 972 2 392 562 2 356 335 2 209 104 

B97  Timesteps 2 129 026 1 741 991 1 507 054 1 678 702 1 588 450 1 450 087 

 262 

3.3 Similarity between different reanalysis products 263 

 264 

Figure 3 shows the 180-day running mean Jaccard index for all algorithms that detect features 265 

based on binary fields (TM2D, Z500*,VAPV and WS06) for 2° or T63 resolution. A linear 266 

regression finds a significantly increasing trend of the annually averaged Jaccard index for all 267 

algorithms between 1979 and 2017 at a significance level of 0.05. For VAPV and WS06 the 268 

Jaccard index is 0.03–0.05 lower during summer compared to other seasons. Blocks show a 269 

larger overlap than WS06, with Z500* showing a higher Jaccard index than the other two 270 

blocking algorithms, probably partially related to the average spatial extend of the detected 271 

feature in the different algorithms.  272 

Averaged over time, we find lower values between ERA5 and CFSR or MERRA-2 than 273 

between ERA5 and ERA-interim. For example, the Jaccard index for TM2D (WS06) drops from 274 

0.79 (0.61) between ERA5 and ERA-interim to 0.73-0.74 (0.55-0.56) for any combination of 275 

ERA5, ERA-interim, CFSR and MERRA-2 (not shown). 276 

 277 
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 278 
Figure 3: Jaccard Index for TM2D, Z500, VAPV and WS06 as a measure of the spatial overlap of features 279 

between ERA5 and ERA-interim over time. A 180-day running mean for better readability. The dashed line denotes time 280 
average between 1979 and 2017.  281 

4 Discussion and conclusion 282 

We applied different Lagrangian and Eulerian algorithms to automatically detect blocks 283 

and cyclones in the ERA5 reanalysis and compared results to ERA-interim. Further, we remap 284 

the two reanalyses to different spatial resolutions to investigate the sensitivity of cyclone and 285 

block characteristics to the spatial resolution.  286 

Overall, blocking characteristics in ERA5 and ERA-interim are very similar (< 3% 287 

difference) and results are insensitive to the resolution with the exception of the TM2D 288 

algorithm. This example shows that the climatology of blocks can depend on the employed 289 

blocking algorithm in case resolution dependent parameters are present. Different algorithms 290 

highlight different aspects of blockings and thus blocking characteristics vary substantially.  291 

For cyclones, the dependence on the employed reanalysis is much higher than for blocks, 292 

and this dependence increases with higher resolutions. Moreover, different algorithms show 293 

different dependencies. The Eulerian method using bandpass filtered geopotential height at 500 294 

hPa is insensitive to the reanalysis and resolution. The counterintuitive behavior of cyclone 295 

frequency for the Lagrangian methods, WS06 and B97, to resolution changes is explained by the 296 

specific definition of cyclone frequency. Additionally, cyclones become shorter-lived with 297 

increasing resolution.  298 

A striking difference between WS06 and B97 method is the sensitivity of the number of 299 

cyclones (or time steps) to the input resolution. B97 identifies more cyclones with increasing 300 
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resolution, being in line with Blender and Schubert (2000) and Wang et al. (2016) who also 301 

found that higher spatial resolutions lead to higher cyclone counts. This is expected as weaker 302 

cyclones and early and late states within a cyclone lifetime are better represented so that 303 

thresholds of the method are exceeded more often. In contrast, the number of cyclones detected 304 

with WS06 decreases when increasing the resolution from 1° to the original 0.28° resolution of 305 

ERA5. Comparing results before and after filtering of the WS06 method we find that the 306 

merging of cyclone centers is important for this unexpected result. Thus, the merging in WS06 307 

leads to a more consistent behavior between resolutions and reanalysis datasets, but it does so at 308 

the expense of losing secondary cyclogenesis, an important process for extreme cyclones (e.g., 309 

Ludwig et al., 2015). B97, on the other hand, shows a dramatic increase in the number of 310 

cyclones for the original resolution of ERA5 (factor of 2 compared to T63 resolution). Together 311 

with the fact that the mean cyclone duration and distance decreases stronger for the B97 than for 312 

the WS06 method we hypothesize that too many weak heat low, lee cyclones and potentially 313 

artificial lows are included in B97. Indeed, the authors of B97 recommend adjusting thresholds 314 

when using a data set with a different resolution than the one used to develop the method. Many 315 

cyclone detection algorithms were developed when resolutions around 1-2° were the state of the 316 

art, and they may not cope well with the added detail (and noise) that modern high-resolution 317 

datasets provide (e.g. Blender et al., 1997; Hodges, 1995; Murray & Simmonds, 1991, Wernli 318 

and Schwierz, 2006). 319 

Based on these results, we recommend remapping datasets to a common resolution before 320 

any comparison. This is also important in the context of climate model evaluations that often rely 321 

on reanalyses as validation datasets. Moreover, users of Lagrangian methods should be cautious 322 

as sensitivity of some methods to resolution requires adjustments of the scheme (B97), and some 323 

processes are ignored by the method, e.g. secondary cyclogenesis for WS06. We have shown that 324 

comparing reanalyses and/or model data at a common resolution of T63 or even lower may be 325 

beneficial to avoid problems that can arise at higher resolutions. As a bonus, storage and 326 

computational requirements become much smaller at low resolutions. While for cyclones results 327 

may only be comparable at low resolutions, blocks are comparable at any input resolution.  328 

We find blocks are more similar than cyclones in ERA5 and ERA-interim, presumably 329 

because cyclones are smaller, non-stationary features that are harder to consistently track. We 330 

also find that ERA5 and ERA-interim are more similar recently for all examined algorithms, 331 

indicating that ERA5 and ERA-interim are less certain going back in time. Moreover, ERA5 and 332 

ERA-interim are more similar (i.e. the time averaged Jaccard index is higher) compared to CFSR 333 

or MERRA-2, arguably related to their similar reanalysis setup. Still, due to the numerous 334 

updates in ERA5 the two ECMWF reanalyses do not match. Therefore we advise to use several 335 

reanalysis products, particularly in the case of cyclones, as also shown by Tilinina et al. (2013), 336 

Wang et al. (2016) and Rohrer et al. (2018; 2019). Other intercomparison studies show that other 337 

variables, especially smaller scale and parameterized variables depend more strongly on the 338 

chosen reanalysis (e.g. Horton and Brönnimann, 2018; Sun et al., 2018).  339 

In conclusion, block characteristics in ERA5 are similar to ERA-interim. For extra-340 

tropical cyclones larger differences are discernible, particularly at higher horizontal input 341 

resolution and depending on the cyclone detection algorithm employed. Using the Jaccard index 342 

we find that agreement back to 1979 slightly but significantly decreases. We recommend that 343 

modeling and reanalysis intercomparison studies remap to a common, if feasible preferentially 344 

rather low resolution before applying algorithms to detect and track blocks and cyclones.  345 
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