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Materials and Methods 

Estimation of signal strength 

The MWR data set shown in Figure 1 is comprised of samples every few tenths of a degree in 

longitude (varying over the map) and approximately every 1.5 degrees in latitude.  A screening 

algorithm was used to remove observations significantly contaminated by synchrotron emission.  

However, this did not result in removal of data from our data set because synchrotron emission 

contamination is only important for observations when the antenna beam is not completely on 

the planet or for observations at latitudes poleward of ~60°N (7,9).  The thermal emission 

brightness temperatures, Tb, are then deconvolved from the antenna temperatures taking into 

consideration the antenna beam pattern including potential synchrotron contamination in the side 

lobes (7,9). Figure S1 shows the half-power beam width resolution for MWR (at 10 GHz), 

indicating the resolution of the maps in Figure 1. 

 

For the 38°N feature, frequencies at and above 1.25 GHz, observed at ~ 36.6°N, 38.1°N and ~ 

39.7°N bracketing a feature with a peak observed in the 38.1°N scan (Fig. 1).  The latitude above 

this observed peak shows the feature flips to the opposite sense (colder vs warmer depending on 

frequency observed).  At 0.6 GHz, the antenna is mounted on a different side of the spacecraft 

from the other MWR antennas, and thus samples the planet one third of a spin (10 seconds) later 

than the other frequencies, observing a slightly different latitude due to the spacecraft motion.  

The scans at 0.6 GHz are at 37.1°N, 38.7°N and 40.2°N.  The signature at 38.7°N is greater than 

in the adjacent scans. The scan at about 40.2°N shows an increase in Tb in contrast to the 

decrease at 38.7°N.  This characteristic is consistent with what is seen at other frequencies. The 

contrast with adjacent scans, combined with the signature at other frequencies in the same 

location, despite different latitude sampling, indicates that the signature at 0.6 GHz is associated 

with the same feature seen at other frequencies. We conclude that it is neither an artifact nor a 

coincidental fluctuation. 

 

To analyze the two features at 19°N and 38°N we selected regions to use as the background by 

extracting Tb from scans surrounding the features from nearby latitude and longitudes ±~20°).  

From this selected data set, we define a quiet region to be used as background outside the regions 

exhibiting perturbations related to the two features, then normalized all Tb measurements to this 

background.  For the 19°N feature the background corresponded to longitudes in System III 

coordinates (36) of 102°W to 107°W. For the 38°N feature the background corresponded to 

System-III longitudes from 90°W to 95°W. We de-trended the signal for the 1.25 GHz and 0.6 

GHz frequencies as a function of longitude using a degree-5 polynomial, dividing the Tb 

variations obtained at each MWR frequency by their median value to obtain an estimate of the Tb 

variation for each feature in each channel. The normalized, detrended data are plotted for the six 

MWR frequencies as a function of longitude and latitude in Fig. S2.  

 

The 19°N anticyclone is identified in Figure S2A-F with a decrease in Tb of about 2% at 22 GHz, 

3.5% at 10 and 5.2 GHz and about 1% at 2.6 GHz. It is not detected at the two lowest 

frequencies.  The 38°N feature is identified in Figure S2G-L with the cyclone elongated in 

longitude, and well-defined in latitude. Unlike the 19°N anticyclone, the 38°N feature appears 

warmer at 5.6 GHz and above, and colder at frequencies below 5.6 GHz.  
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To quantify the depth of the features and assess corresponding uncertainties, we selected points 

at the center and outside of the features, both at different longitudes with similar latitudes and at 

different latitudes with similar longitudes. We compare the variations in Tb for these three 

ensembles of points in Figure S3.  For the 19°N feature, the values of the background points are 

similar but with a larger spread for the points at the same longitude, a consequence of the 

anticyclone character and its perturbation of the surrounding zonal flow. Focusing on the 

difference between the center of the anticyclones and the points in a quiet region at longitudes 

102°W to 105°W, Figure S3 reveals a decrease in Tb at frequencies at 2.6 GHz and above.  The 

signal is lower than the background at 0.6 GHz and 1.2 GHz. We estimate the uncertainties by 

adding the standard deviations quadratically. The resulting change in Tb in all six MWR 

frequencies is listed in Table S1. 

 

For the 38°N cyclone one ensemble of points inside the cyclone and two ensembles of points 

outside the cyclone were selected at different latitudes and different longitudes. As seen in 

Figure S3, these two ensembles of control points have very similar properties. The Tb variations 

of the 38°N cyclone are listed in Table S2.  

 

For a comparison with the GRS, we select the 18°S latitude, which is characterized by an 

inversion in the brightness temperature variation compared to the background. Data obtained at 

PJ7 for the GRS structure was compared to the background signal at that latitude by calculating 

the median of the brightness temperatures obtained for PJ1,3,4,5,6,8 and 9. The offset due to the 

GRS was calculated from the difference between these values. The corresponding uncertainty 

was estimated from the standard deviation of the background during the multiple perijoves 

(except PJ7). The results are listed in Table S3. The GRS is a very old, extended and complex 

vortex. We focus on a representative region of the anticyclone, however other latitudes do not 

show a similar inversion in the brightness temperature. This implies powerful circulation inside 

the vortex.   

 

Tables S1 to S3 list brightness temperature anomalies for the 6 MWR frequencies of each vortex, 

compared to the background longitudinal averages. These data characterize the vortices, not the 

zonal flow.  

 

 

Analysis of vortex structure and depth 

In the microwave regime, the flux emitted by an atmosphere with a temperature profile 𝑇(𝑧) can 

be approximated by  

 
𝑇b = ∫ 𝑇 𝑒−τ𝛼𝑑𝑧,       (s1) 

 

where 𝜏 = ∫ αdz′z0

z
 is the optical depth, α the absorption coefficient for the wavelength 

considered, and 𝑧 the altitude (2:7). This approximation is accurate to a precision of  ~ℎ𝑐/(λ𝑘𝑇), 

which is ∼ 10−3 for a temperature 𝑇=300 K and a wavelength of λ=5 cm, and valid in the one 

dimensional approximation, The contribution function 𝐶(𝑧) is defined such that 

 

𝑇b = ∫ 𝐶(𝑧)𝑑 ln 𝑃,       (s2) 
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i.e., 

𝐶(𝑧) = 𝑍𝑒−τα
𝑅𝑇2

μ𝑔
,       (s3) 

 

where 𝑍 is the gas compressibility factor, 𝑅 the gas constant, μ the mean molecular weight, 𝑔 the 

planet’s gravitational acceleration , assuming hydrostatic equilibrium.  

 

We seek to determine how perturbations from a known temperature or ammonia abundance (thus 

absorption) profile may affect the measured brightness temperature in a given MWR channel.  

 

We first consider a perturbation in temperature, 𝑇′,   such that 𝑇′ = (1 + δ𝑇)𝑇, with δ𝑇 ≪ 1, and 

assume that the absorption profile is unchanged. In that case, the perturbed contribution function 

becomes, to first order, 

 

𝐶′(𝑧) = 𝑍𝑒−τα
𝑅𝑇2

μ𝑔
(1 + 2δ𝑇).     (s4) 

 

The change in brightness temperature Δ𝑇b ≡ 𝑇b
′ − 𝑇b (with 𝑇b

′ being the brightness temperature 

associated with the new 𝑇′ temperature profile) then becomes 

 

Δ𝑇b = ∫ 𝐶(𝑧)2δ𝑇𝑑 𝑙𝑛 𝑃.      (s5) 

 

A relative change in brightness temperature can thus be associated to a relative change in 

temperature profile with half the magnitude.  

 

We next consider the case of a perturbation that leaves the temperature profile unchanged but 

modifies the ammonia abundance, so therefore the absorption profile changes. We also assume 

that absorption is proportional to the ammonia abundance (an assumption which is valid at most 

altitudes (2,3:7,9). Therefore, α′ = (1 + δα)α, implying  

 

𝐶′(𝑧) = 𝑍𝑒−τ′α
𝑅𝑇2

μ𝑔
(1 + δα).     (s6) 

 
The perturbed optical depth can be calculated if we further assume that the absorption and δ𝑥 are 

constant on the scales of interest, i.e., when the values of 𝐶(𝑧) are the largest. In that case, τ′ =
τ(1 + δα), implying 

 

𝐶′(𝑧) = 𝐶(𝑧)𝑒−τδα(1 + δα).      (s7) 

 
Because we are considering levels for which the optical depth is small, we consider that τδ𝑥 ≪
1, thus 

 
𝐶′(𝑧) ≈ 𝐶(𝑧)[1 − (τ − 1)δα].     (s8) 

 
The change in brightness temperature associated with a change in absorption is thus 

Δ𝑇b ≈ − ∫ 𝐶(𝑧)(τ − 1)δα𝑑 𝑙𝑛 𝑃.     (s9) 
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This implies that an increase in absorption leads to a larger contribution to the brightness 

temperature from levels at low optical depth (τ < 1) and a smaller one from the deeper levels. 

Because the temperature is increasing with pressure, the second effect dominates and leads to a 

brightness temperature variation that is inversely proportional to the change in absorption.  

 

In the limit that the changes in temperature and/or ammonia abundance occur on length scales 

that are long compared to the extent of the weighting functions for the different MWR channels, 

both effects can be combined by seeking values of δ𝑥 compatible with the measured variations 

Δ𝑇b such that 

 

Δ𝑇b ≈ ∫ 𝐶(𝑧)δ𝑥𝑑 𝑙𝑛 𝑃.      (s10) 
 
Changes 𝛿𝑥 can then be attributed to changes in temperature, in which case 𝛿𝑇 = 𝛿𝑥/2; or to 

changes in absorption/ammonia abundance, in which case 𝛿𝛼 ≈ −(𝜏eff − 1)𝛿𝑥, and 𝜏eff is an 

effective optical depth, dependent on the channel used.  
 

To estimate the feature structure and depth, we use the contribution functions 𝐶𝑖(𝑃) (with i=1 to 

6 corresponding to the six MWR frequencies) from Figure S1 to calculate the relative Tb 

variation ∆𝑇b,i/𝑇b,I that would arise from a perturbation in opacity or temperature 𝛿𝑥(𝑃). From 

our observations of Jupiter’s GRS and from theoretical models of anticyclones (15,18,19), we 

expect 𝛿𝑥(𝑃) to change sign in the atmosphere. We therefore parametrize it as a sum of three 

error functions (erf):  

 

𝛿𝑥(𝑃) =
𝑎

2
(1 + erf(𝛼0(log𝑃 − 𝑥0))) +

𝑏 − 𝑎

2
(1 + erf(𝛼1(log𝑃 − 𝑥1))) 

−
𝑏

2
(1 + erf(𝛼2(log𝑃 − 𝑥2)))      (s11) 

 

We then perform a Monte Carlo analysis, varying the parameters 𝑎, 𝑏, 𝑥0, 𝑥1, 𝑥2, 𝛼0, 𝛼1, 𝛼2 until 

we find values of ∆𝑇bIi matching those arising from our analysis of the MWR measurements. 

The parameters are selected randomly with uniform distributions, in the ranges listed in Table 

S4. To avoid unnecessary calculations, the range of values of parameters 𝑎 and 𝑏 differ for each 

vortex, without affecting the final results. The other parameters are the same for the three 

vortices.  

 

We seek models that minimize 

 

𝜒2 =
1

6
{∑ [(

∆𝑇b,i

𝑇b,i
)

𝑐𝑎𝑙𝑐

− (
∆𝑇b,i

𝑇b,i
)

𝑀𝑊𝑅

]
2

/(𝜎∆𝑇b,i
/𝑇b,i)

2

𝑖=1,6 }

1/2

 (s12) 

 

where (
∆𝑇b,i

𝑇b,i
)

𝑀𝑊𝑅

 and 𝜎∆𝑇b,i
/𝑇b,i are the relative brightness temperature variation and standard 

deviations relative to the median 𝑇b,i, listed in Tables S1 and S2. We retain models for which 

𝜒2 ≤ 1. 
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The contribution functions 𝐶𝑖(𝑃) are obtained assuming an adiabatic temperature profile 

anchored to 166.1 K at 1 bar, using established methods (7,37) and including the additional 

opacity provided by alkali metals at 1600 K and higher temperatures. For each feature, we 

calculate two extreme contribution functions as follows. We use the minimum and maximum 

NH3 abundances as a function of pressure (3,9), both for the 19°N and 38°N regions, 

respectively (see Fig. S4 and S5). For the GRS, we use the profiles obtained around 18°S to 

calculate an upper and a lower abundance of ammonia as a function of depth that encompasses 

most of the solutions. The resulting abundances are shown in Fig. S5. We then account for the 

emission angles of the 19°N and 38°N features, ~20° and ~45°, respectively and assume a nadir 

observation of the GRS. (As a result, the contribution functions of the 38°N cyclone are shifted 

towards lower pressures.) The resulting contribution functions are shown in Fig. S6.  

 

Our lowest envelope of ammonia abundances for the GRS pushes the maximum of the 

contribution function at 0.6 GHz down to great depth (Fig. S6). This is due to an assumed slow 

increase of the ammonia abundance from 225 ppmv to 350 ppmv between 100 and 1000 bar. 

However, the maximum depth of the GRS obtained from the Juno gravity observations rules out 

that the GRS is extending to more than ~660 bar, at the 3𝜎 level (22).  

 

Supplementary Text 

Comparison of analyses 

The results obtained in Fig. 3 for the 19°N and 38°N features are consistent with the results 

obtained from a full inversion and shown in Fig. S4. Comparing the background atmosphere and 

the latitudes in the region of the two features in Fig. S4 shows that, for the 19°N anticyclone, the 

transition from a high to a low ammonia abundance takes place around 5 bar, and the 

perturbation fades away by about 20-30 bars. The 38°N cyclone has a low ammonia abundance 

relative to the background at low pressures until it transitions to a high ammonia abundance 

between 2.5 and 6 bar. For the assumptions used to calculate Fig. S4 (9), the perturbation tails 

off near 30 bars.  

 

For the GRS, we obtain a transition from a negative to a positive anomaly between 30 and 100 

bar, in agreement with the analysis of Juno gravity data (22).  

 

Determining the sign of vorticity of the 19°N and 38°N vortices 

No measurements of wind motion are available for these features, so their vorticity is determined 

indirectly. First, we assume that the features have vorticities that are the same sign as the 

horizontal wind shear in their environment or they would be destroyed in approximately their 

rotation period (17). Long-lived Jovian vortices with measured vorticities have the same sign as 

that of the shear in which they are embedded (15). 

 

Upper-tropospheric low-temperature anomalies can be used to identify cloud features as 

anticyclonic (16,19).  The Great Red Spot was observed as a cold thermal feature by Voyager (25), 

leading to the suggestion that rising motions and adiabatic cooling are responsible for the cold 

anomaly.  This has been generalized to all anticyclones (18,38) and used to predict the converse 

outcome: warm upper temperatures occur for cyclones. We therefore expect anticyclones to be 

cold, humid, cloudy regions in the upper troposphere and cyclones to be warm, dry and clear at 



 

7 

 

that altitude. We sought verifying observations of temperatures, as well as cloud opacity and the 

relative abundance of ammonia gas, a condensate, from Juno-supporting mid-infrared observations 

(39,40). 

 

The closest such observations to PJ19 (6 April 2019) were made a few weeks later on 26 May 

2019 using the COMICS instrument at the Subaru Telescope (41). The features at 19°N and 38°N 

were tracked by the amateur community during that period (39) and are identified in a composite 

visible image made three days later (Figure S7, panel A). At this time, the dark feature at 38°N has 

drifted to the east in longitude away from the feature at 19°N.  Brightness-temperature maps of 

this region from the COMICS observations are shown in panels B-D of Figure S7.  The 20.5-µm 

thermal emission is sensitive to physical temperatures near the 300-mbar level in Jupiter’s upper 

troposphere, the 10.3-µm and 8.7-µm emission is sensitive to the distribution of ammonia gas near 

300-mbar, above the condensation level, and to the opacity of an ammonia-condensate cloud 

whose base is near 700 mbar.  

 

The visibly dark feature at 38°N is recognizable as a relatively bright/warm region in panels B-D 

of Figure S7. It is warmer than its surroundings by ~0.8-1.0K at 20.5 µm (Fig. S7, panel B), 

implying an equivalent temperature increase near the 300-mbar level of the upper troposphere.  

Its relatively bright appearance in at 10.3 µm (panel C) and 8.7 µm (panel D) are consistent with 

it being a relatively warm and/or ammonia-depleted and aerosol-free region, whose reduced 

opacity allows radiation to emerge from warmer depths of the atmosphere. These properties are 

consistent with being cyclonic in nature with prevailing vertical downwelling motions at this 

level of the atmosphere, confirming conclusions in the main part of this paper. On the other 

hand, determining whether the compact feature at 19°N is a relatively cold, “humid” and cloudy 

anticyclone is complicated by the diffraction- and seeing-limited resolution of these images, on 

the order of 3°-4°, which is larger than feature itself. As a result, this feature is unresolved, 

particularly at 20.5 µm (panel B of Fig. S7), and exacerbated by the presence of the very warm 

region associated with the North Equatorial Belt (NEB) immediately to its south. The cold 

“notch” in the warm NEB at 10.3 µm (panel C) would not be inconsistent with the feature having 

relatively higher ammonia and more opaque cloud layer, but we cannot make any more 

definitive statement. Inversion of these measurements to retrieve physical properties of the 

atmosphere for many regions in these maps to compare with MWR results is beyond the scope of 

this paper, but is to be addressed in future work. 

 

Description of the visible and infrared maps in Figure 1 

Infrared and visible maps in Fig. 1 show variation in cloud properties over a limited altitude 

range, which is complementary to MWR observations of gas density (via ammonia concentration 

and kinetic temperature) extending to much deeper levels (13,34). The infrared images were 

acquired by the NIRI instrument at Gemini North Observatory, and the visible images were 

acquired by the WFC3 instrument on the Hubble Space Telescope. Data acquisition and 

processing are fully described in (13). 

 

The MWR footprint coordinates were used to crop full global infrared and visible maps to cover 

the same regions of Jupiter’s atmosphere in Fig. 1 of the main paper. Figure 8 in (13) shows the 

full global map source data. 
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Figure S1.  Half-power beam width resolution for MWR at 10 GHz.  To illustrate the 

resolution of MWR maps, the microwave beam patterns for 2.4 to 22 GHz channels are shown in 

blue overlayed on the 10 GHz map of Figure 1. MWR maps at frequencies between 2.4 and 22 

GHz have similar resolution.  At frequencies of 1.2 GHz and 0.6 GHz, the beam width is 

approximately twice that shown. 
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Figure S2.  Brightness temperatures for the 19°N anticyclone and 38°N cyclone. MWR 

brightness temperature data points from cross-track data binned by latitude and west longitude 

for the 19°N anticyclone (A-F) and for the 38°N cyclone (G-L)).  Each panel provides a 

comparison of brightness temperature relative to the background for all MWR frequencies (see 

values listed in Tables S1 and S2). The different colors represent data corresponding to different 

latitudes. The color for the Juno tracks intersecting the latitude of the feature (i.e., between 18°N 

and 20°N for the 19°N feature and between 37°N and 39°N for the 38°N feature) is highlighted 

by black boxes on the color bars. The location of the vortices in longitude is show in the bottom 

panels (F and L). 
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Figure S3. Histogram of the brightness temperature variations measured inside and outside 

of the 19°N anticyclone (A-F) and 38°N cyclone (G-L). The histograms correspond to 

brightness temperatures inside the feature (red bars), at similar latitudes but different longitudes 

(black bars) and at similar longitudes but different latitudes (blue bars). Gaussian models fitted to 

the histograms are shown as dashed curves. See table S5 for a list of the latitudes and longitudes 

used. 
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Fig. S4. 

 

Figure S4. Ammonia maps. Panel (a): the same 10-GHz map as in Figure 1 and S1, with colored 

lines showing locations of latitudinal profiles for ammonia inversions. Panels (b-d): Ammonia 

maps assuming variations in Tb are due to opacity changes associated with ammonia (3,5).  

Implied changes in in ammonia abundance associated with various meteorological features 

assumes all changes in Tb are due to opacity changes driven by ammonia variability.  Panel (b): 

map corresponding to the 7th orbit that includes the GRS.  Panel (c): map corresponding to the 

“blue” scan shown in panel (a), which includes the feature at 38°N.  Panel (d): map 

corresponding to the “green” scan shown in panel (a), which includes the storm feature at 19°N.   
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Fig. S5. 

 

Figure S5. Extreme NH3 mixing ratios as a function of pressure obtained at latitudes 18°S, 

19°N and 38°N. The values account both for the atmosphere in the presence of vortexes and 

without these (Fig. S4). Solid lines indicate maximum values and dashed lines indicate minimum 

values.  
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Fig. S6. 

 

Figure S6. MWR contribution functions for MWR observation frequencies.  Contribution 

functions for each vortex shown: the GRS (A), the 19°N anticyclone (B) and the 38°N cyclone 

(C).  The contribution functions are adapted from a standard Jovian atmospheric model (2), to 

account for the varying ammonia profiles and viewing geometries, for each MWR frequencies: 

0.6, 1.25, 2.6, 5.2, 10 and 22 GHz (from bottom to top, as labelled). The solid lines correspond to 

the highest NH3 abundance fitting the measured brightness temperatures at those locations, 

dashed lines correspond to lowest NH3 abundance fitting measured brightness temperatures. 
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Figure S7. Maps of the 19°N and 38°N features made in late May of 2019. Panel A shows a 

color composite map of Jupiter (40) made on May 29, showing the positions of the compact 

feature at 19°N identified by the small rectangle and the more extended dark feature at 38°N 

identified by the larger rectangle. Panels B-D display maps of brightness temperatures at each of 

the filters whose central wavelengths are also shown; they were created from images made at the 

Subaru Telescope with the Cooled Mid-Infrared Camera / Spectrometer (COMICS) instrument 

from May 26 (41). The rectangles identifying the features in panel A are repeated in panels B-D 

in identical locations. 
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Table S1. Median Tb, Tb variation and residual for the anticyclone at 19°N vs. MWR 

frequency 
 

Frequency 𝑇b ∆𝑇b/𝑇b ∆𝑇b/𝑇b 

uncertainty 

22 GHz 141.7 K -0.0208 0.0026 

10 GHz 198.6 K -0.0352 0.0022 

5.2 GHz 262.7 K -0.0334 0.0028 

2.6 GHz 344.3 K -0.0074 0.0026 

1.25 GHz 465.4 K -0.0011 0.0022 

0.6 GHz 856.0 K -0.0004 0.0026 
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Table S2. Median brightness temperature, brightness temperature variation and residual 

for the anticyclone at 38°N vs. MWR frequency. 

Frequency 𝑇b ∆𝑇b/𝑇b ∆𝑇b/𝑇b 

uncertainty 

22 GHz 140.9 K  0.0099 0.0072 

10 GHz 189.3 K  0.0325 0.0067 

5.2 GHz 246.9 K  0.0101 0.0053 

2.6 GHz 331.6 K -0.0144 0.0035 

1.25 GHz 463.3 K -0.0127 0.0046 

0.6 GHz 861.8 K -0.0056 0.0048 
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Table S3. Median brightness temperature, brightness temperature variation and residual 

for the GRS at 18.2°S vs. MWR frequency. 

Frequency 𝑇b ∆𝑇𝑏/𝑇b ∆𝑇𝑏/𝑇b 

uncertainty 

22 GHz 139.8 K -0.0132 0.0102 

10 GHz 190.0 K -0.0183 0.0118 

5.2 GHz 244.8 K -0.0122 0.0072 

2.6 GHz 329.7 K -0.0140 0.0024 

1.25 GHz 460.9 K  0.0083 0.0021 

0.6 GHz 857.7 K  0.0256 0.0025 

 
 

 

 

Table S4: Range of parameters chosen for the Monte-Carlo calculations 

Parameter GRS 19°N 38°N 

a [-0.1,0.0] [-0.1,0.0] [0.0,0.1] 

b [0.0,0.2] [-0.05,0.05] [-0.1,0.0] 

x0 [-1,0] 

x1 [0,1.2] 

x2 [0.5,3.0] 

Log10𝛼0 [0,2] 

Log10𝛼1 [0,2] 

Log10𝛼2 [0,2] 

 
 

Table S5: Latitude and longitude ranges used for the brightness temperature histograms 

shown in Figure S3. 

 

VORTEX Latitudes Longitudes Line Color 

19°N anticyclone 

 

18.5°N, 20°N 99°W, 100.1°W Red: inside vortex 

19°N anticyclone 

 

18.5°N, 20°N 102.5°W, 105°W Black: similar latitudes,  

different longitudes 
 

19°N anticyclone 

 

15°N-17°N, 21-25°N 99°W,100.1°W Blue: similar longitudes 

different latitudes 

 

38°N cyclone 37°N, 38°N 97°W, 103°W Red: inside vortex 

 

38°N cyclone 37°N, 38°N 85°W, 95°W Black: similar latitudes,  

different longitudes 
 

38°N cyclone 34°N-36°N, 40-43°N 97°W, 103°W Blue: similar longitudes 

different latitudes 
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