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How do I get set up ?

Source are available on github https://github.com/AntSimi/py-eddy-tracker

Use python3.
To avoid problems with installation, use of the virtualenv Python virtual environment is recommended or conda.

Then use pip to install all dependencies (numpy, scipy, matplotlib, netCDF4, …), e.g.:

pip install numpy scipy netCDF4 matplotlib opencv-python pyyaml pint polygon3





Then run the following to install the eddy tracker:

python setup.py install





Several executables are available in your PATH:

GridFiltering # Allow to apply a high frequency filter on a NetCDF grid
EddyId # Provide identification of eddies for one grid
EddySubSetter # Allow to apply sub setting on eddies dataset
EddyTracking # Allow to track Identification dataset









            

          

      

      

    

  

    
      
          
            
  
Py eddy tracker toolbox

All figures in this gallery, used an experimental dataset, compute with this dataset : cmems_product [https://resources.marine.copernicus.eu/?option=com_csw&task=results?option=com_csw&view=details&product_id=SEALEVEL_MED_PHY_L4_REP_OBSERVATIONS_008_051].





Eddy detection


[image: Display contour & circle]
Display contour & circle








[image: Display identification]
Display identification








[image: Radius vs area]
Radius vs area








[image: Shape error gallery]
Shape error gallery








[image: Get mean of grid in each eddies]
Get mean of grid in each eddies








[image: Eddy detection : Med]
Eddy detection : Med








[image: Eddy detection : Gulf stream]
Eddy detection : Gulf stream








[image: Eddy detection and filter]
Eddy detection and filter








[image: Eddy detection on SLA and ADT]
Eddy detection on SLA and ADT











Grid Manipulation


[image: Select pixel in eddies]
Select pixel in eddies








[image: Grid filtering in PET]
Grid filtering in PET








[image: Get Okubo Weis]
Get Okubo Weis











Tracking Manipulation


[image: Track animation]
Track animation








[image: Display fields]
Display fields








[image: Track animation with standard matplotlib]
Track animation with standard matplotlib








[image: Display Tracks]
Display Tracks








[image: One Track]
One Track








[image: Tracks which go through area]
Tracks which go through area








[image: Track in python]
Track in python











Tracking diagnostics


[image: Geographical statistics]
Geographical statistics








[image: Birth and death]
Birth and death








[image: Lifetime Histogram]
Lifetime Histogram








[image: Parameter Histogram]
Parameter Histogram








[image: Groups distribution]
Groups distribution








[image: Propagation Histogram]
Propagation Histogram








[image: Count pixel used]
Count pixel used








[image: Count center]
Count center











External data


[image: Collocating external data]
Collocating external data










Download all examples in Python source code: python_module_python.zip




Download all examples in Jupyter notebooks: python_module_jupyter.zip





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]





            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




Display contour & circle

from matplotlib import pyplot as plt

from py_eddy_tracker import data
from py_eddy_tracker.observations.observation import EddiesObservations





Load detection files

a = EddiesObservations.load_file(data.get_path("Anticyclonic_20190223.nc"))





Plot the speed and effective (dashed) contours

fig = plt.figure(figsize=(15, 8))
ax = fig.add_axes((0.05, 0.05, 0.9, 0.9))
ax.set_aspect("equal")
ax.set_xlim(10, 70)
ax.set_ylim(-50, -25)
a.display(ax, label="Anticyclonic contour", color="r", lw=1)

# Replace contours by circles using center and radius (effective is dashed)
a.circle_contour()
a.display(ax, label="Anticyclonic circle", color="g", lw=1)
ax.legend(loc="upper right")





[image: pet contour circle]
Total running time of the script: ( 0 minutes  1.568 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_contour_circle.ipynb]


Download Python source code: pet_contour_circle.py




Download Jupyter notebook: pet_contour_circle.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]





            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




Display identification

from matplotlib import pyplot as plt

from py_eddy_tracker import data
from py_eddy_tracker.observations.observation import EddiesObservations





Load detection files

a = EddiesObservations.load_file(data.get_path("Anticyclonic_20190223.nc"))
c = EddiesObservations.load_file(data.get_path("Cyclonic_20190223.nc"))





Fill effective contour with amplitude

fig = plt.figure(figsize=(15, 8))
ax = fig.add_axes([0.03, 0.03, 0.90, 0.94])
ax.set_aspect("equal")
ax.set_xlim(0, 140)
ax.set_ylim(-80, 0)
kwargs = dict(extern_only=True, color="k", lw=1)
a.display(ax, **kwargs), c.display(ax, **kwargs)
a.filled(ax, "amplitude", cmap="magma_r", vmin=0, vmax=0.5)
m = c.filled(ax, "amplitude", cmap="magma_r", vmin=0, vmax=0.5)
colorbar = plt.colorbar(m, cax=ax.figure.add_axes([0.95, 0.03, 0.02, 0.94]))
colorbar.set_label("Amplitude (m)")





[image: pet display id]
Draw speed contours

fig = plt.figure(figsize=(15, 8))
ax = fig.add_axes([0.03, 0.03, 0.94, 0.94])
ax.set_aspect("equal")
ax.set_xlim(0, 360)
ax.set_ylim(-80, 80)
a.display(ax, label="Anticyclonic ({nb_obs} eddies)", color="r", lw=1)
c.display(ax, label="Cyclonic ({nb_obs} eddies)", color="b", lw=1)
ax.legend(loc="upper right")





[image: pet display id]
Get general informations

print(a)





Out:

| 3137 observations from 25255 to 25255 (1 days, ~3137 obs/day)
|   Speed area      : 32.98 Mkm²/day
|   Effective area  : 45.65 Mkm²/day
----Distribution in Amplitude:
|   Amplitude bounds (cm)        0.00      1.00      2.00      3.00      4.00      5.00     10.00    500.00
|   Percent of eddies         :      19.35     22.73     15.40     10.30      6.18     15.91     10.14
----Distribution in Radius:
|   Speed radius (km)            0.00     15.00     30.00     45.00     60.00     75.00    100.00    200.00   2000.00
|   Percent of eddies         :       0.00      9.47     34.56     24.55     13.29     11.67      6.34      0.13
|   Effective radius (km)        0.00     15.00     30.00     45.00     60.00     75.00    100.00    200.00   2000.00
|   Percent of eddies         :       0.00      7.52     26.62     20.88     15.40     15.94     13.32      0.32
----Distribution in Latitude
    Latitude bounds            -90.00    -60.00    -15.00     15.00     60.00     90.00
    Percent of eddies         :       7.62     46.86     12.81     30.06      2.65
    Percent of speed area     :       4.69     41.94     26.90     25.30      1.17
    Percent of effective area :       4.74     43.40     25.53     25.11      1.21
    Mean speed radius (km)    :      43.94     52.75     81.69     51.01     37.91
    Mean effective radius (km):      52.14     62.43     94.14     59.44     44.81
    Mean amplitude (cm)       :       3.53      5.30      2.19      4.32      3.12





print(c)





Out:

| 3360 observations from 25255 to 25255 (1 days, ~3360 obs/day)
|   Speed area      : 32.89 Mkm²/day
|   Effective area  : 46.42 Mkm²/day
----Distribution in Amplitude:
|   Amplitude bounds (cm)        0.00      1.00      2.00      3.00      4.00      5.00     10.00    500.00
|   Percent of eddies         :      18.81     24.02     14.11     10.89      5.98     16.19     10.00
----Distribution in Radius:
|   Speed radius (km)            0.00     15.00     30.00     45.00     60.00     75.00    100.00    200.00   2000.00
|   Percent of eddies         :       0.03     10.15     35.03     25.15     14.40     10.09      5.12      0.03
|   Effective radius (km)        0.00     15.00     30.00     45.00     60.00     75.00    100.00    200.00   2000.00
|   Percent of eddies         :       0.03      7.98     26.88     21.61     15.92     15.09     12.14      0.36
----Distribution in Latitude
    Latitude bounds            -90.00    -60.00    -15.00     15.00     60.00     90.00
    Percent of eddies         :       7.92     46.96     13.12     29.61      2.38
    Percent of speed area     :       4.80     41.08     27.30     25.87      0.93
    Percent of effective area :       4.83     42.35     25.36     26.55      0.92
    Mean speed radius (km)    :      42.23     50.71     78.76     50.80     34.64
    Mean effective radius (km):      49.25     60.50     89.91     59.96     40.20
    Mean amplitude (cm)       :       3.19      5.71      2.19      4.24      2.42





Total running time of the script: ( 0 minutes  2.586 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_display_id.ipynb]


Download Python source code: pet_display_id.py




Download Jupyter notebook: pet_display_id.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]





            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




Radius vs area

from matplotlib import pyplot as plt
from numpy import array, pi

from py_eddy_tracker import data
from py_eddy_tracker.generic import coordinates_to_local
from py_eddy_tracker.observations.observation import EddiesObservations
from py_eddy_tracker.poly import poly_area





Load detection files

a = EddiesObservations.load_file(data.get_path("Anticyclonic_20190223.nc"))
areas = list()
# For each contour area will be compute in local reference
for i in a:
    x, y = coordinates_to_local(
        i["contour_lon_s"], i["contour_lat_s"], i["lon"], i["lat"]
    )
    areas.append(poly_area(x, y))
areas = array(areas)





Radius provided by eddy detection is computed with fit_circle() method.
This radius will be compared with an equivalent radius deduced from polygon area.

ax = plt.subplot(111)
ax.set_aspect("equal")
ax.grid()
ax.set_xlabel("Speed radius computed with fit_circle")
ax.set_ylabel("Radius deduced from area\nof contour_lon_s/contour_lat_s")
ax.set_title("Area vs radius")
ax.plot(a["radius_s"] / 1000.0, (areas / pi) ** 0.5 / 1000.0, ".")
ax.plot((0, 250), (0, 250), "r")





[image: Area vs radius]
Fit circle give a radius bigger than polygon area

When error is tiny, radius are very close.

ax = plt.subplot(111)
ax.grid()
ax.set_xlabel("Radius ratio")
ax.set_ylabel("Shape error")
ax.set_title("err = f(radius_ratio)")
ax.plot(a["radius_s"] / (areas / pi) ** 0.5, a["shape_error_s"], ".")





[image: err = f(radius_ratio)]
Total running time of the script: ( 0 minutes  3.475 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_radius_vs_area.ipynb]


Download Python source code: pet_radius_vs_area.py




Download Jupyter notebook: pet_radius_vs_area.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]





            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




Shape error gallery

Gallery of contours with shape error

from matplotlib import pyplot as plt
from numpy import arange, cos, linspace, radians, sin

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset
from py_eddy_tracker.eddy_feature import Contours
from py_eddy_tracker.generic import local_to_coordinates





Method to built circle from center coordinates

def build_circle(x0, y0, r):
    angle = radians(linspace(0, 360, 50))
    x_norm, y_norm = cos(angle), sin(angle)
    return local_to_coordinates(x_norm * r, y_norm * r, x0, y0)





We iterate over closed contours and sort with regards of shape error

g = RegularGridDataset(
    data.get_path("dt_med_allsat_phy_l4_20160515_20190101.nc"), "longitude", "latitude"
)
c = Contours(g.x_c, g.y_c, g.grid("adt") * 100, arange(-50, 50, 0.2))
contours = dict()
for coll in c.iter():
    for current_contour in coll.get_paths():
        _, _, _, aerr = current_contour.fit_circle()
        i = int(aerr // 4) + 1
        if i not in contours:
            contours[i] = list()
        contours[i].append(current_contour)





Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/dt_med_allsat_phy_l4_20160515_20190101.nc






Shape error gallery

For each contour display, we display circle fitted, we work at different latitude circle could have distorsion

fig = plt.figure(figsize=(12, 12))
for i in range(1, 26):
    e_min, e_max = (i - 1) * 4, i * 4
    ax = plt.subplot(5, 5, i, title=f" {e_min} < err < {e_max}")
    ax.xaxis.set_ticklabels([])
    ax.yaxis.set_ticklabels([])
    ax.set_aspect("equal")
    ax.grid()
    if i in contours:
        for contour in contours[i]:
            x, y = contour.lon, contour.lat
            x0, y0, radius, _ = contour.fit_circle()
            if x.shape[0] > 30 and 30000 < radius < 70000:
                # Plot only first contour found
                m = ax.plot(x, y, "r")[0]
                ax.plot(*build_circle(x0, y0, radius), "g--")
                ax.plot(x0, y0, "k.")
                break
plt.tight_layout()





[image: 0 < err < 4,  4 < err < 8,  8 < err < 12,  12 < err < 16,  16 < err < 20,  20 < err < 24,  24 < err < 28,  28 < err < 32,  32 < err < 36,  36 < err < 40,  40 < err < 44,  44 < err < 48,  48 < err < 52,  52 < err < 56,  56 < err < 60,  60 < err < 64,  64 < err < 68,  68 < err < 72,  72 < err < 76,  76 < err < 80,  80 < err < 84,  84 < err < 88,  88 < err < 92,  92 < err < 96,  96 < err < 100]
Total running time of the script: ( 0 minutes  9.358 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_shape_gallery.ipynb]


Download Python source code: pet_shape_gallery.py




Download Jupyter notebook: pet_shape_gallery.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]







            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




Get mean of grid in each eddies

from matplotlib import pyplot as plt

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset
from py_eddy_tracker.observations.observation import EddiesObservations





def start_axes(title):
    fig = plt.figure(figsize=(13, 5))
    ax = fig.add_axes([0.03, 0.03, 0.90, 0.94])
    ax.set_xlim(-6, 36.5), ax.set_ylim(30, 46)
    ax.set_aspect("equal")
    ax.set_title(title)
    return ax


def update_axes(ax, mappable=None):
    ax.grid()
    ax.legend()
    if mappable:
        plt.colorbar(mappable, cax=ax.figure.add_axes([0.95, 0.05, 0.01, 0.9]))





Load detection files and data to interp

a = EddiesObservations.load_file(data.get_path("Anticyclonic_20160515.nc"))
c = EddiesObservations.load_file(data.get_path("Cyclonic_20160515.nc"))

aviso_map = RegularGridDataset(
    data.get_path("dt_med_allsat_phy_l4_20160515_20190101.nc"), "longitude", "latitude"
)
aviso_map.add_uv("adt")





Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/dt_med_allsat_phy_l4_20160515_20190101.nc





Compute and store eke in cm²/s²

aviso_map.add_grid(
    "eke", (aviso_map.grid("u") ** 2 + aviso_map.grid("v") ** 2) * 0.5 * (100 ** 2)
)

eke_kwargs = dict(vmin=1, vmax=1000, cmap="magma_r")

ax = start_axes("EKE (cm²/s²)")
m = aviso_map.display(ax, "eke", **eke_kwargs)
a.display(ax, color="r", linewidth=0.5, label="Anticyclonic", ref=-10)
c.display(ax, color="b", linewidth=0.5, label="Cyclonic", ref=-10)
update_axes(ax, m)





[image: EKE (cm²/s²)]
Get mean of eke in each effective contour

ax = start_axes("EKE mean (cm²/s²)")
a.display(ax, color="r", linewidth=0.5, label="Anticyclonic ({nb_obs} eddies)", ref=-10)
c.display(ax, color="b", linewidth=0.5, label="Cyclonic ({nb_obs} eddies)", ref=-10)
eke = a.interp_grid(aviso_map, "eke", method="mean", intern=False)
a.filled(ax, eke, ref=-10, **eke_kwargs)
eke = c.interp_grid(aviso_map, "eke", method="mean", intern=False)
m = c.filled(ax, eke, ref=-10, **eke_kwargs)
update_axes(ax, m)





[image: EKE mean (cm²/s²)]
Total running time of the script: ( 0 minutes  5.625 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_interp_grid_on_dataset.ipynb]


Download Python source code: pet_interp_grid_on_dataset.py




Download Jupyter notebook: pet_interp_grid_on_dataset.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]





            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




Eddy detection : Med

Script will detect eddies on adt field, and compute u,v with method add_uv(which could use, only if equator is avoid)

Figures will show different step to detect eddies.

from datetime import datetime

from matplotlib import pyplot as plt
from numpy import arange

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset





def start_axes(title):
    fig = plt.figure(figsize=(13, 5))
    ax = fig.add_axes([0.03, 0.03, 0.90, 0.94])
    ax.set_xlim(-6, 36.5), ax.set_ylim(30, 46)
    ax.set_aspect("equal")
    ax.set_title(title, weight="bold")
    return ax


def update_axes(ax, mappable=None):
    ax.grid()
    if mappable:
        plt.colorbar(mappable, cax=ax.figure.add_axes([0.94, 0.05, 0.01, 0.9]))





Load Input grid, ADT is used to detect eddies

g = RegularGridDataset(
    data.get_path("dt_med_allsat_phy_l4_20160515_20190101.nc"), "longitude", "latitude"
)

ax = start_axes("ADT (m)")
m = g.display(ax, "adt", vmin=-0.15, vmax=0.15, cmap="RdBu_r")
update_axes(ax, m)





[image: ADT (m)]
Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/dt_med_allsat_phy_l4_20160515_20190101.nc






Get geostrophic speed u,v

U/V are deduced from ADT, this algortihm is not ok near the equator (~+- 2°)

g.add_uv("adt")
ax = start_axes("U/V deduce from ADT (m)")
ax.set_xlim(2.5, 9), ax.set_ylim(37.5, 40)
m = g.display(ax, "adt", vmin=-0.15, vmax=0.15, cmap="RdBu_r")
u, v = g.grid("u").T, g.grid("v").T
ax.quiver(g.x_c, g.y_c, u, v, scale=10)
update_axes(ax, m)





[image: U/V deduce from ADT (m)]



Pre-processings

Apply a high-pass filter to remove the large scale and highlight the mesoscale

g.bessel_high_filter("adt", 500)
ax = start_axes("ADT (m) filtered (500km)")
m = g.display(ax, "adt", vmin=-0.15, vmax=0.15, cmap="RdBu_r")
update_axes(ax, m)





[image: ADT (m) filtered (500km)]



Identification

Run the identification step with slices of 2 mm

date = datetime(2016, 5, 15)
a, c = g.eddy_identification("adt", "u", "v", date, 0.002, shape_error=55)





Display of all closed contours found in the grid (only 1 contour every 4)

ax = start_axes("ADT closed contours (only 1 / 4 levels)")
g.contours.display(ax, step=4)
update_axes(ax)





[image: ADT closed contours (only 1 / 4 levels)]
Contours included in eddies

ax = start_axes("ADT contours used as eddies")
g.contours.display(ax, only_used=True)
update_axes(ax)





[image: ADT contours used as eddies]



Post analysis

Contours can be rejected for several reasons (shape error to high, several extremum in contour, …)

ax = start_axes("ADT rejected contours")
g.contours.display(ax, only_unused=True)
update_axes(ax)





[image: ADT rejected contours]
Creteria for rejecting a contour
0. - Accepted (green)
1. - Rejection for shape error (red)
2. - Masked value within contour (blue)
3. - Under or over the pixel limit bounds (black)
4. - Amplitude criterion (yellow)

ax = start_axes("Contours' rejection criteria")
g.contours.display(ax, only_unused=True, lw=0.5, display_criterion=True)
update_axes(ax)





[image: Contours' rejection criteria]
Display the shape error of each tested contour, the limit of shape error is set to 55 %

ax = start_axes("Contour shape error")
m = g.contours.display(
    ax, lw=0.5, field="shape_error", bins=arange(20, 90.1, 5), cmap="PRGn_r"
)
update_axes(ax, m)





[image: Contour shape error]
Some closed contours contains several eddies (aka, more than one extremum)

ax = start_axes("ADT rejected contours containing eddies")
g.contours.label_contour_unused_which_contain_eddies(a)
g.contours.label_contour_unused_which_contain_eddies(c)
g.contours.display(
    ax,
    only_contain_eddies=True,
    color="k",
    lw=1,
    label="Could be a contour of interaction",
)
a.display(ax, color="r", linewidth=0.75, label="Anticyclonic", ref=-10)
c.display(ax, color="b", linewidth=0.75, label="Cyclonic", ref=-10)
ax.legend()
update_axes(ax)





[image: ADT rejected contours containing eddies]



Output

When displaying the detected eddies, dashed lines are for effective contour, solide lines for the contour of
the maximum mean speed. See figure 1 of https://doi.org/10.1175/JTECH-D-14-00019.1

ax = start_axes("Detected Eddies")
a.display(
    ax, color="r", linewidth=0.75, label="Anticyclonic ({nb_obs} eddies)", ref=-10
)
c.display(ax, color="b", linewidth=0.75, label="Cyclonic ({nb_obs} eddies)", ref=-10)
ax.legend()
update_axes(ax)





[image: Detected Eddies]
Display the speed radius of the detected eddies

ax = start_axes("Speed Radius (km)")
a.scatter(ax, "radius_s", vmin=10, vmax=50, s=80, ref=-10, cmap="magma_r", factor=0.001)
m = c.scatter(
    ax, "radius_s", vmin=10, vmax=50, s=80, ref=-10, cmap="magma_r", factor=0.001
)
update_axes(ax, m)





[image: Speed Radius (km)]
Filling the effective radius contours with the effective radius values

ax = start_axes("Effective Radius (km)")
kwargs = dict(vmin=10, vmax=80, cmap="magma_r", factor=0.001, lut=14, ref=-10)
a.filled(ax, "effective_radius", **kwargs)
m = c.filled(
    ax, "radius_e", vmin=10, vmax=80, cmap="magma_r", factor=0.001, lut=14, ref=-10
)
update_axes(ax, m)





[image: Effective Radius (km)]
Total running time of the script: ( 0 minutes  19.600 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_eddy_detection.ipynb]


Download Python source code: pet_eddy_detection.py




Download Jupyter notebook: pet_eddy_detection.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]
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Click here
to download the full example code or to run this example in your browser via Binder




Eddy detection : Gulf stream

Script will detect eddies on adt field, and compute u,v with method add_uv(which could use, only if equator is avoid)

Figures will show different step to detect eddies.

from datetime import datetime

from matplotlib import pyplot as plt
from numpy import arange

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset
from py_eddy_tracker.eddy_feature import Contours





def start_axes(title):
    fig = plt.figure(figsize=(13, 8))
    ax = fig.add_axes([0.03, 0.03, 0.90, 0.94])
    ax.set_xlim(279, 304), ax.set_ylim(29, 44)
    ax.set_aspect("equal")
    ax.set_title(title, weight="bold")
    return ax


def update_axes(ax, mappable=None):
    ax.grid()
    if mappable:
        plt.colorbar(mappable, cax=ax.figure.add_axes([0.94, 0.05, 0.01, 0.9]))





Load Input grid, ADT is used to detect eddies

margin = 30
g = RegularGridDataset(
    data.get_path("nrt_global_allsat_phy_l4_20190223_20190226.nc"),
    "longitude",
    "latitude",
    # Manual area subset
    indexs=dict(
        longitude=slice(1116 - margin, 1216 + margin),
        latitude=slice(476 - margin, 536 + margin),
    ),
)

ax = start_axes("ADT (m)")
m = g.display(ax, "adt", vmin=-1, vmax=1, cmap="RdBu_r")
# Draw line on the gulf stream front
great_current = Contours(g.x_c, g.y_c, g.grid("adt"), levels=(0.35,), keep_unclose=True)
great_current.display(ax, color="k")
update_axes(ax, m)





[image: ADT (m)]
Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/nrt_global_allsat_phy_l4_20190223_20190226.nc






Get geostrophic speed u,v

U/V are deduced from ADT, this algortihm is not ok near the equator (~+- 2°)

g.add_uv("adt")








Pre-processings

Apply a high-pass filter to remove the large scale and highlight the mesoscale

g.bessel_high_filter("adt", 700)
ax = start_axes("ADT (m) filtered (700km)")
m = g.display(ax, "adt", vmin=-0.4, vmax=0.4, cmap="RdBu_r")
great_current.display(ax, color="k")
update_axes(ax, m)





[image: ADT (m) filtered (700km)]



Identification

Run the identification step with slices of 2 mm

date = datetime(2016, 5, 15)
a, c = g.eddy_identification("adt", "u", "v", date, 0.002, shape_error=55)





Display of all closed contours found in the grid (only 1 contour every 5)

ax = start_axes("ADT closed contours (only 1 / 5 levels)")
g.contours.display(ax, step=5, lw=1)
great_current.display(ax, color="k")
update_axes(ax)





[image: ADT closed contours (only 1 / 5 levels)]
Contours included in eddies

ax = start_axes("ADT contours used as eddies")
g.contours.display(ax, only_used=True, lw=0.25)
great_current.display(ax, color="k")
update_axes(ax)





[image: ADT contours used as eddies]



Post analysis

Contours can be rejected for several reasons (shape error to high, several extremum in contour, …)

ax = start_axes("ADT rejected contours")
g.contours.display(ax, only_unused=True, lw=0.25)
great_current.display(ax, color="k")
update_axes(ax)





[image: ADT rejected contours]

	Criteria for rejecting a contour :
	
	Accepted (green)


	Rejection for shape error (red)


	Masked value within contour (blue)


	Under or over the pixel limit bounds (black)


	Amplitude criterion (yellow)








ax = start_axes("Contours' rejection criteria")
g.contours.display(ax, only_unused=True, lw=0.5, display_criterion=True)
update_axes(ax)





[image: Contours' rejection criteria]
Display the shape error of each tested contour, the limit of shape error is set to 55 %

ax = start_axes("Contour shape error")
m = g.contours.display(
    ax, lw=0.5, field="shape_error", bins=arange(20, 90.1, 5), cmap="PRGn_r"
)
update_axes(ax, m)





[image: Contour shape error]
Some closed contours contains several eddies (aka, more than one extremum)

ax = start_axes("ADT rejected contours containing eddies")
g.contours.label_contour_unused_which_contain_eddies(a)
g.contours.label_contour_unused_which_contain_eddies(c)
g.contours.display(
    ax,
    only_contain_eddies=True,
    color="k",
    lw=1,
    label="Could be a contour of interaction",
)
a.display(ax, color="r", linewidth=0.75, label="Anticyclonic", ref=-10)
c.display(ax, color="b", linewidth=0.75, label="Cyclonic", ref=-10)
ax.legend()
update_axes(ax)





[image: ADT rejected contours containing eddies]



Output

When displaying the detected eddies, dashed lines are for effective contour, solide lines for the contour of the
maximum mean speed. See figure 1 of https://doi.org/10.1175/JTECH-D-14-00019.1

ax = start_axes("Eddies detected")
a.display(
    ax, color="r", linewidth=0.75, label="Anticyclonic ({nb_obs} eddies)", ref=-10
)
c.display(ax, color="b", linewidth=0.75, label="Cyclonic ({nb_obs} eddies)", ref=-10)
ax.legend()
great_current.display(ax, color="k")
update_axes(ax)





[image: Eddies detected]
Display the effective radius of the detected eddies

ax = start_axes("Effective radius (km)")
a.filled(ax, "radius_e", vmin=10, vmax=150, cmap="magma_r", factor=0.001, lut=14)
m = c.filled(ax, "radius_e", vmin=10, vmax=150, cmap="magma_r", factor=0.001, lut=14)
great_current.display(ax, color="k")
update_axes(ax, m)





[image: Effective radius (km)]
Total running time of the script: ( 0 minutes  10.348 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_eddy_detection_gulf_stream.ipynb]


Download Python source code: pet_eddy_detection_gulf_stream.py




Download Jupyter notebook: pet_eddy_detection_gulf_stream.ipynb
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to download the full example code or to run this example in your browser via Binder




Eddy detection and filter

from datetime import datetime

from matplotlib import pyplot as plt
from numpy import arange

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset





def start_axes(title):
    fig = plt.figure(figsize=(13, 5))
    ax = fig.add_axes([0.03, 0.03, 0.90, 0.94])
    ax.set_xlim(-6, 36.5), ax.set_ylim(30, 46)
    ax.set_aspect("equal")
    ax.set_title(title, weight="bold")
    return ax


def update_axes(ax, mappable=None):
    ax.grid()
    if mappable:
        plt.colorbar(mappable, cax=ax.figure.add_axes([0.94, 0.05, 0.01, 0.9]))





Load Input grid, ADT is used to detect eddies.
Add a new filed to store the high-pass filtered ADT

g = RegularGridDataset(
    data.get_path("dt_med_allsat_phy_l4_20160515_20190101.nc"), "longitude", "latitude"
)
g.add_uv("adt")
g.copy("adt", "adt_high")
wavelength = 800
g.bessel_high_filter("adt_high", wavelength)
date = datetime(2016, 5, 15)





Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/dt_med_allsat_phy_l4_20160515_20190101.nc





Run the detection for the total grid and the filtered grid

a_filtered, c_filtered = g.eddy_identification("adt_high", "u", "v", date, 0.002)
merge_f = a_filtered.merge(c_filtered)
a_tot, c_tot = g.eddy_identification("adt", "u", "v", date, 0.002)
merge_t = a_tot.merge(c_tot)





Display the two detections

ax = start_axes("Eddies detected over ADT")
m = g.display(ax, "adt", vmin=-0.15, vmax=0.15)
merge_f.display(
    ax,
    lw=0.75,
    label="Eddies in the filtered grid ({nb_obs} eddies)",
    ref=-10,
    color="k",
)
merge_t.display(
    ax, lw=0.75, label="Eddies without filter ({nb_obs} eddies)", ref=-10, color="r"
)
ax.legend()
update_axes(ax, m)





[image: Eddies detected over ADT]

Amplitude and Speed Radius distributions

fig = plt.figure(figsize=(12, 5))
ax_a = fig.add_subplot(121, xlabel="Amplitude (cm)")
ax_r = fig.add_subplot(122, xlabel="Speed Radius (km)")
ax_a.hist(
    merge_f.amplitude * 100,
    bins=arange(0.0005, 100, 1),
    label="Eddies in the filtered grid",
    histtype="step",
)
ax_a.hist(
    merge_t.amplitude * 100,
    bins=arange(0.0005, 100, 1),
    label="Eddies without filter",
    histtype="step",
)
ax_a.set_xlim(0, 10)
ax_r.hist(merge_f.radius_s / 1000.0, bins=arange(0, 300, 5), histtype="step")
ax_r.hist(merge_t.radius_s / 1000.0, bins=arange(0, 300, 5), histtype="step")
ax_r.set_xlim(0, 100)
ax_a.legend()





[image: pet filter and detection]



Match detection and compare

i_, j_, c = merge_f.match(merge_t, cmin=0.1)





Where are the lonely eddies?

kwargs_f = dict(lw=1.5, label="Lonely eddies in the filtered grid", ref=-10, color="k")
kwargs_t = dict(lw=1.5, label="Lonely eddies without filter", ref=-10, color="r")
ax = start_axes("Eddies with no match, over filtered ADT")
mappable = g.display(ax, "adt_high", vmin=-0.15, vmax=0.15)
merge_f.index(i_, reverse=True).display(ax, **kwargs_f)
merge_t.index(j_, reverse=True).display(ax, **kwargs_t)
ax.legend()
update_axes(ax, mappable)

ax = start_axes("Eddies with no match, over filtered ADT (zoom)")
ax.set_xlim(25, 36), ax.set_ylim(31, 35.25)
mappable = g.display(ax, "adt_high", vmin=-0.15, vmax=0.15)
u, v = g.grid("u").T, g.grid("v").T
ax.quiver(g.x_c, g.y_c, u, v, scale=10, pivot="mid", color="gray")
merge_f.index(i_, reverse=True).display(ax, **kwargs_f)
merge_t.index(j_, reverse=True).display(ax, **kwargs_t)
ax.legend()
update_axes(ax, mappable)






	[image: Eddies with no match, over filtered ADT]


	[image: Eddies with no match, over filtered ADT (zoom)]




fig = plt.figure(figsize=(12, 12))
fig.suptitle(f"Scatter plot ({i_.shape[0]} matches)", weight="bold")

for i, (label, field, factor, stop) in enumerate(
    (
        ("Speed radius (km)", "radius_s", 0.001, 80),
        ("Effective radius (km)", "radius_e", 0.001, 120),
        ("Amplitude (cm)", "amplitude", 100, 25),
        ("Maximum Speed (cm/s)", "speed_average", 100, 25),
    )
):
    ax = fig.add_subplot(
        2, 2, i + 1, xlabel="Filtered grid", ylabel="Without filter", title=label
    )
    ax.plot(merge_f[field][i_] * factor, merge_t[field][j_] * factor, ".")
    ax.set_aspect("equal"), ax.grid()
    ax.plot((0, 1000), (0, 1000), "r")
    ax.set_xlim(0, stop), ax.set_ylim(0, stop)





[image: Scatter plot (106 matches), Speed radius (km), Effective radius (km), Amplitude (cm), Maximum Speed (cm/s)]
Total running time of the script: ( 0 minutes  8.243 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_filter_and_detection.ipynb]


Download Python source code: pet_filter_and_detection.py




Download Jupyter notebook: pet_filter_and_detection.ipynb
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Eddy detection on SLA and ADT

from datetime import datetime

from matplotlib import pyplot as plt

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset





def start_axes(title):
    fig = plt.figure(figsize=(13, 5))
    ax = fig.add_axes([0.03, 0.03, 0.90, 0.94])
    ax.set_xlim(-6, 36.5), ax.set_ylim(30, 46)
    ax.set_aspect("equal")
    ax.set_title(title)
    return ax


def update_axes(ax, mappable=None):
    ax.grid()
    if mappable:
        plt.colorbar(mappable, cax=ax.figure.add_axes([0.95, 0.05, 0.01, 0.9]))





Load Input grid, ADT will be used to detect eddies

g = RegularGridDataset(
    data.get_path("dt_med_allsat_phy_l4_20160515_20190101.nc"), "longitude", "latitude"
)
g.add_uv("adt", "ugos", "vgos")
g.add_uv("sla", "ugosa", "vgosa")
wavelength = 400
g.copy("adt", "adt_raw")
g.copy("sla", "sla_raw")
g.bessel_high_filter("adt", wavelength)
g.bessel_high_filter("sla", wavelength)
date = datetime(2016, 5, 15)





Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/dt_med_allsat_phy_l4_20160515_20190101.nc





kwargs_a_adt = dict(
    lw=0.5, label="Anticyclonic ADT ({nb_obs} eddies)", ref=-10, color="k"
)
kwargs_c_adt = dict(lw=0.5, label="Cyclonic ADT ({nb_obs} eddies)", ref=-10, color="r")
kwargs_a_sla = dict(
    lw=0.5, label="Anticyclonic SLA ({nb_obs} eddies)", ref=-10, color="g"
)
kwargs_c_sla = dict(lw=0.5, label="Cyclonic SLA ({nb_obs} eddies)", ref=-10, color="b")





Run algorithm of detection

a_adt, c_adt = g.eddy_identification("adt", "ugos", "vgos", date, 0.002)
a_sla, c_sla = g.eddy_identification("sla", "ugosa", "vgosa", date, 0.002)





over filtered

ax = start_axes(f"ADT (m) filtered ({wavelength}km)")
m = g.display(ax, "adt", vmin=-0.15, vmax=0.15)
a_adt.display(ax, **kwargs_a_adt), c_adt.display(ax, **kwargs_c_adt)
ax.legend(), update_axes(ax, m)

ax = start_axes(f"SLA (m) filtered ({wavelength}km)")
m = g.display(ax, "sla", vmin=-0.15, vmax=0.15)
a_sla.display(ax, **kwargs_a_sla), c_sla.display(ax, **kwargs_c_sla)
ax.legend(), update_axes(ax, m)






	[image: ADT (m) filtered (400km)]


	[image: SLA (m) filtered (400km)]




over raw

ax = start_axes("ADT (m)")
m = g.display(ax, "adt_raw", vmin=-0.15, vmax=0.15)
a_adt.display(ax, **kwargs_a_adt), c_adt.display(ax, **kwargs_c_adt)
ax.legend(), update_axes(ax, m)

ax = start_axes("SLA (m)")
m = g.display(ax, "sla_raw", vmin=-0.15, vmax=0.15)
a_sla.display(ax, **kwargs_a_sla), c_sla.display(ax, **kwargs_c_sla)
ax.legend(), update_axes(ax, m)






	[image: ADT (m)]


	[image: SLA (m)]




Display detection

ax = start_axes("Eddies detected")
a_adt.display(ax, **kwargs_a_adt)
a_sla.display(ax, **kwargs_a_sla)
c_adt.display(ax, **kwargs_c_adt)
c_sla.display(ax, **kwargs_c_sla)
ax.legend()
update_axes(ax)





[image: Eddies detected]

Match

Where cyclone meet anticyclone

i_c_adt, i_a_sla, c = c_adt.match(a_sla, cmin=0.01)
i_a_adt, i_c_sla, c = a_adt.match(c_sla, cmin=0.01)

ax = start_axes("Cyclone share area with anticyclone")
a_adt.index(i_a_adt).display(ax, **kwargs_a_adt)
c_adt.index(i_c_adt).display(ax, **kwargs_c_adt)
a_sla.index(i_a_sla).display(ax, **kwargs_a_sla)
c_sla.index(i_c_sla).display(ax, **kwargs_c_sla)
ax.legend()
update_axes(ax)





[image: Cyclone share area with anticyclone]



Scatter plot

i_a_adt, i_a_sla, c = a_adt.match(a_sla, cmin=0.1)
i_c_adt, i_c_sla, c = c_adt.match(c_sla, cmin=0.1)





where is lonely eddies

ax = start_axes("Eddies with no match")
a_adt.index(i_a_adt, reverse=True).display(ax, **kwargs_a_adt)
c_adt.index(i_c_adt, reverse=True).display(ax, **kwargs_c_adt)
a_sla.index(i_a_sla, reverse=True).display(ax, **kwargs_a_sla)
c_sla.index(i_c_sla, reverse=True).display(ax, **kwargs_c_sla)
ax.legend()
update_axes(ax)





[image: Eddies with no match]
fig = plt.figure(figsize=(12, 12))
fig.suptitle(f"Scatter plot (A : {i_a_adt.shape[0]}, C : {i_c_adt.shape[0]} matches)")

for i, (label, field, factor, stop) in enumerate(
    (
        ("speed radius (km)", "radius_s", 0.001, 80),
        ("outter radius (km)", "radius_e", 0.001, 120),
        ("amplitude (cm)", "amplitude", 100, 25),
        ("speed max (cm/s)", "speed_average", 100, 25),
    )
):
    ax = fig.add_subplot(2, 2, i + 1, title=label)
    ax.set_xlabel("Absolute Dynamic Topography")
    ax.set_ylabel("Sea Level Anomaly")

    ax.plot(
        a_adt[field][i_a_adt] * factor,
        a_sla[field][i_a_sla] * factor,
        "r.",
        label="Anticyclonic",
    )
    ax.plot(
        c_adt[field][i_c_adt] * factor,
        c_sla[field][i_c_sla] * factor,
        "b.",
        label="Cyclonic",
    )
    ax.set_aspect("equal"), ax.grid()
    ax.plot((0, 1000), (0, 1000), "g")
    ax.set_xlim(0, stop), ax.set_ylim(0, stop)
    ax.legend()





[image: Scatter plot (A : 48, C : 35 matches), speed radius (km), outter radius (km), amplitude (cm), speed max (cm/s)]
Total running time of the script: ( 0 minutes  6.418 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/02_eddy_identification/pet_sla_and_adt.ipynb]


Download Python source code: pet_sla_and_adt.py




Download Jupyter notebook: pet_sla_and_adt.ipynb
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Select pixel in eddies

from matplotlib import pyplot as plt
from matplotlib.path import Path
from numpy import ones

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset
from py_eddy_tracker.observations.observation import EddiesObservations
from py_eddy_tracker.poly import create_vertice





Load an eddy file which contains contours

a = EddiesObservations.load_file(data.get_path("Anticyclonic_20190223.nc"))





Load a grid where we want found pixels in eddies or out

g = RegularGridDataset(
    data.get_path("nrt_global_allsat_phy_l4_20190223_20190226.nc"),
    "longitude",
    "latitude",
)





Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/nrt_global_allsat_phy_l4_20190223_20190226.nc





For each contours, we will get pixels indice in contour.

fig = plt.figure(figsize=(12, 6))
ax = fig.add_axes((0.05, 0.05, 0.9, 0.9))
ax.set_aspect("equal")
ax.set_xlim(10, 70)
ax.set_ylim(-50, -25)
# We will used the outter contour
x_name, y_name = a.intern(False)
adt = g.grid("adt")
mask = ones(adt.shape, dtype="bool")
for eddy in a:
    i, j = Path(create_vertice(eddy[x_name], eddy[y_name])).pixels_in(g)
    mask[i, j] = False
adt.mask[:] += ~mask
g.display(ax, "adt")
a.display(ax, label="Anticyclonic", color="g", lw=1, extern_only=True)





[image: pet hide pixel out eddies]
fig = plt.figure(figsize=(12, 6))
ax = fig.add_axes((0.05, 0.05, 0.9, 0.9))
ax.set_aspect("equal")
ax.set_xlim(10, 70)
ax.set_ylim(-50, -25)
adt.mask[:] = mask
g.display(ax, "adt")
a.display(ax, label="Anticyclonic", color="g", lw=1, extern_only=True)





[image: pet hide pixel out eddies]
Total running time of the script: ( 0 minutes  1.355 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/06_grid_manipulation/pet_hide_pixel_out_eddies.ipynb]


Download Python source code: pet_hide_pixel_out_eddies.py




Download Jupyter notebook: pet_hide_pixel_out_eddies.ipynb
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Note

Click here
to download the full example code or to run this example in your browser via Binder




Grid filtering in PET

How filter work in py eddy tracker. This implementation maybe doesn’t respect state art, but …

We code a specific filter in order to filter grid with same wavelength at each pixel.

from matplotlib import pyplot as plt
from numpy import arange

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset


def start_axes(title):
    fig = plt.figure(figsize=(13, 5))
    ax = fig.add_axes([0.03, 0.03, 0.90, 0.94])
    ax.set_xlim(-6, 36.5), ax.set_ylim(30, 46)
    ax.set_aspect("equal")
    ax.set_title(title)
    return ax


def update_axes(ax, mappable=None):
    ax.grid()
    if mappable:
        plt.colorbar(mappable, cax=ax.figure.add_axes([0.95, 0.05, 0.01, 0.9]))





All information will be for regular grid

g = RegularGridDataset(
    data.get_path("dt_med_allsat_phy_l4_20160515_20190101.nc"), "longitude", "latitude"
)





Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/dt_med_allsat_phy_l4_20160515_20190101.nc






Kernel

Shape of kernel will increase in x, when latitude increase

fig = plt.figure(figsize=(12, 8))
for i, latitude in enumerate((15, 35, 55, 75)):
    k = g.kernel_bessel(latitude, 500, order=3).T
    ax0 = fig.add_subplot(
        2,
        2,
        i + 1,
        title=f"Kernel at {latitude}° of latitude\nfor 1/8° grid, shape : {k.shape}",
        aspect="equal",
    )
    m = ax0.pcolormesh(k, vmin=-0.5, vmax=2, cmap="viridis_r")
plt.colorbar(m, cax=fig.add_axes((0.92, 0.05, 0.01, 0.9)))





[image: Kernel at 15° of latitude for 1/8° grid, shape : (215, 223), Kernel at 35° of latitude for 1/8° grid, shape : (215, 265), Kernel at 55° of latitude for 1/8° grid, shape : (215, 379), Kernel at 75° of latitude for 1/8° grid, shape : (215, 835)]
Kernel along latitude

fig = plt.figure(figsize=(12, 8))
ax = fig.add_subplot(
    111,
    ylabel="Kernel weight",
    xlabel="Latitude in °",
    title="Kernel in latitude, centered at 0° of latitude ",
)
k = g.kernel_bessel(0, 500, order=3)
k_lat = k[k.shape[0] // 2 + 1]
nb = k_lat.shape[0] // 2
ax.plot(
    arange(-nb * g.xstep, (nb + 0.5) * g.xstep, g.xstep), k_lat, label="Bessel kernel"
)

ax.legend()
ax.grid()





[image: Kernel in latitude, centered at 0° of latitude]



Kernel applying

Original grid

ax = start_axes("ADT")
m = g.display(ax, "adt", vmin=-0.15, vmax=0.15)
update_axes(ax, m)





[image: ADT]
We will select wavelength of 300 km

Low frequency

ax = start_axes("ADT low frequency")
g.copy("adt", "adt_low_300")
g.bessel_low_filter("adt_low_300", 300, order=3)
m = g.display(ax, "adt_low_300", vmin=-0.15, vmax=0.15)
update_axes(ax, m)





[image: ADT low frequency]
High frequency

ax = start_axes("ADT high frequency")
g.copy("adt", "adt_high_300")
g.bessel_high_filter("adt_high_300", 300, order=3)
m = g.display(ax, "adt_high_300", vmin=-0.15, vmax=0.15)
update_axes(ax, m)





[image: ADT high frequency]



Clues

wavelength : 80km

g.copy("adt", "adt_high_bessel")
g.bessel_high_filter("adt_high_bessel", 80, order=3)
g.copy("adt", "adt_low_bessel")
g.bessel_low_filter("adt_low_bessel", 80, order=3)

area = dict(llcrnrlon=11.75, urcrnrlon=21, llcrnrlat=33, urcrnrlat=36.75)





Spectrum

fig = plt.figure(figsize=(10, 6))
ax = fig.add_subplot(111)
ax.set_title("Spectrum")
ax.set_xlabel("km")

for label in ("adt_high_bessel", "adt_low_bessel", "adt"):
    lon_spec, lat_spec = g.spectrum_lonlat(label, area=area)
    mappable = ax.loglog(*lat_spec, label=f"lat {label}")[0]
    ax.loglog(
        *lon_spec, label=f"lon {label}", color=mappable.get_color(), linestyle="--"
    )

ax.set_xlim(10, 1000)
ax.set_ylim(1e-6, 1)
ax.set_xscale("log")
ax.legend()
ax.grid()





[image: Spectrum]
Out:

/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 30, using nperseg = 30
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 74, using nperseg = 74
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 30, using nperseg = 30
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 74, using nperseg = 74
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 30, using nperseg = 30
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 74, using nperseg = 74
  .format(nperseg, input_length))





Spectrum ratio

fig = plt.figure(figsize=(10, 6))
ax = fig.add_subplot(111)
ax.set_title("Spectrum ratio")
ax.set_xlabel("km")

for label in ("adt_high_bessel", "adt_low_bessel"):
    lon_spec, lat_spec = g.spectrum_lonlat(label, area=area, ref=g, ref_grid_name="adt")
    mappable = ax.plot(*lat_spec, label=f"lat {label}")[0]
    ax.plot(*lon_spec, label=f"lon {label}", color=mappable.get_color(), linestyle="--")

ax.set_xlim(10, 1000)
ax.set_ylim(0, 1)
ax.set_xscale("log")
ax.legend()
ax.grid()





[image: Spectrum ratio]
Out:

/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 30, using nperseg = 30
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 74, using nperseg = 74
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 30, using nperseg = 30
  .format(nperseg, input_length))
/home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/scipy/signal/spectral.py:1963: UserWarning: nperseg = 256 is greater than input length  = 74, using nperseg = 74
  .format(nperseg, input_length))








Old filter

To do …

Total running time of the script: ( 0 minutes  7.194 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/06_grid_manipulation/pet_filter.ipynb]


Download Python source code: pet_filter.py




Download Jupyter notebook: pet_filter.ipynb





Gallery generated by Sphinx-Gallery [https://sphinx-gallery.github.io]







            

          

      

      

    

  

    
      
          
            
  
Note

Click here
to download the full example code or to run this example in your browser via Binder




Get Okubo Weis


\[OW = S_n^2 + S_s^2 + \omega^2\]

with normal strain (\(S_n\)), shear strain (\(S_s\)) and vorticity (\(\omega\))


\[S_n = \frac{\partial u}{\partial x} - \frac{\partial v}{\partial y},
S_s = \frac{\partial v}{\partial x} + \frac{\partial u}{\partial y},
\omega = \frac{\partial v}{\partial x} - \frac{\partial u}{\partial y}\]

from matplotlib import pyplot as plt
from numpy import arange, ma, where

from py_eddy_tracker import data
from py_eddy_tracker.dataset.grid import RegularGridDataset
from py_eddy_tracker.observations.observation import EddiesObservations





def start_axes(title, zoom=False):
    fig = plt.figure(figsize=(12, 6))
    axes = fig.add_axes([0.03, 0.03, 0.90, 0.94])
    axes.set_xlim(0, 360), axes.set_ylim(-80, 80)
    if zoom:
        axes.set_xlim(270, 340), axes.set_ylim(20, 50)
    axes.set_aspect("equal")
    axes.set_title(title)
    return axes


def update_axes(axes, mappable=None):
    axes.grid()
    if mappable:
        plt.colorbar(mappable, cax=axes.figure.add_axes([0.94, 0.05, 0.01, 0.9]))





Load detection files

a = EddiesObservations.load_file(data.get_path("Anticyclonic_20190223.nc"))
c = EddiesObservations.load_file(data.get_path("Cyclonic_20190223.nc"))





Load Input grid, ADT will be used to detect eddies

g = RegularGridDataset(
    data.get_path("nrt_global_allsat_phy_l4_20190223_20190226.nc"),
    "longitude",
    "latitude",
)

ax = start_axes("ADT (cm)")
m = g.display(ax, "adt", vmin=-120, vmax=120, factor=100)
update_axes(ax, m)





[image: ADT (cm)]
Out:

We assume pixel position of grid is center for /home/docs/checkouts/readthedocs.org/user_builds/py-eddy-tracker/envs/v3.3.0/lib/python3.7/site-packages/pyEddyTracker-3.3.0-py3.7.egg/py_eddy_tracker/data/nrt_global_allsat_phy_l4_20190223_20190226.nc





Get parameter for ow

u_x = g.compute_stencil(g.grid("ugos"))
u_y = g.compute_stencil(g.grid("ugos"), vertical=True)
v_x = g.compute_stencil(g.grid("vgos"))
v_y = g.compute_stencil(g.grid("vgos"), vertical=True)
ow = g.vars["ow"] = (u_x - v_y) ** 2 + (v_x + u_y) ** 2 - (v_x - u_y) ** 2

ax = start_axes("Okubo weis")
m = g.display(ax, "ow", vmin=-1e-10, vmax=1e-10, cmap="bwr")
update_axes(ax, m)





[image: Okubo weis]
Gulf stream zoom

ax = start_axes("Okubo weis, Gulf stream", zoom=True)
m = g.display(ax, "ow", vmin=-1e-10, vmax=1e-10, cmap="bwr")
kw_ed = dict(intern_only=True, color="k", lw=1)
a.display(ax, **kw_ed), c.display(ax, **kw_ed)
update_axes(ax, m)





[image: Okubo weis, Gulf stream]
only negative OW

ax = start_axes("Okubo weis, Gulf stream", zoom=True)
threshold = ow.std() * -0.2
ow = ma.array(ow, mask=ow > threshold)
m = g.display(ax, ow, vmin=-1e-10, vmax=1e-10, cmap="bwr")
a.display(ax, **kw_ed), c.display(ax, **kw_ed)
update_axes(ax, m)





[image: Okubo weis, Gulf stream]
Get okubo-weiss mean/min/center in eddies

plt.figure(figsize=(8, 6))
ax = plt.subplot(111)
ax.set_xlabel("Okubo-Weiss parameter")
kw_hist = dict(bins=arange(-20e-10, 20e-10, 50e-12), histtype="step")
for method in ("mean", "center", "min"):
    kw_interp = dict(grid_object=g, varname="ow", method=method, intern=True)
    _, _, m = ax.hist(
        a.interp_grid(**kw_interp), label=f"Anticyclonic - OW {method}", **kw_hist
    )
    ax.hist(
        c.interp_grid(**kw_interp),
        label=f"Cyclonic - OW {method}",
        color=m[0].get_edgecolor(),
        ls="--",
        **kw_hist,
    )
ax.axvline(threshold, color="r")
ax.set_yscale("log")
ax.grid()
ax.set_ylim(1, 1e4)
ax.set_xlim(-15e-10, 15e-10)
ax.legend()





[image: pet okubo weiss]
Catch eddies with bad OW

ax = start_axes("Eddies with a min OW in speed contour over threshold")
ow_min = a.interp_grid(**kw_interp)
a_bad_ow = a.index(where(ow_min > threshold)[0])
a_bad_ow.display(ax, color="r", label="Anticyclonic")
ow_min = c.interp_grid(**kw_interp)
c_bad_ow = c.index(where(ow_min > threshold)[0])
c_bad_ow.display(ax, color="b", label="Cyclonic")
ax.legend()





[image: Eddies with a min OW in speed contour over threshold]
Display Radius and amplitude of eddies

fig = plt.figure(figsize=(12, 5))
fig.suptitle(
    "Parameter distribution (solid line) and cumulative distribution (dashed line)"
)
ax_amp, ax_rad = fig.add_subplot(121), fig.add_subplot(122)
ax_amp_c, ax_rad_c = ax_amp.twinx(), ax_rad.twinx()
ax_amp_c.set_ylim(0, 1), ax_rad_c.set_ylim(0, 1)
kw_a = dict(xname="amplitude", bins=arange(0, 2, 0.002).astype("f4"))
kw_r = dict(xname="radius_s", bins=arange(0, 500e6, 2e3).astype("f4"))
for d, label, color in (
    (a, "Anticyclonic all", "r"),
    (a_bad_ow, "Anticyclonic bad OW", "orange"),
    (c, "Cyclonic all", "blue"),
    (c_bad_ow, "Cyclonic bad OW", "lightblue"),
):
    x, y = d.bins_stat(**kw_a)
    ax_amp.plot(x * 100, y, label=label, color=color)
    ax_amp_c.plot(
        x * 100, y.cumsum() / y.sum(), label=label, color=color, ls="-.", lw=0.5
    )
    x, y = d.bins_stat(**kw_r)
    ax_rad.plot(x * 1e-3, y, label=label, color=color)
    ax_rad_c.plot(
        x * 1e-3, y.cumsum() / y.sum(), label=label, color=color, ls="-.", lw=0.5
    )

ax_amp.set_xlim(0, 12.5), ax_amp.grid(), ax_amp.set_ylim(0), ax_amp.legend()
ax_rad.set_xlim(0, 120), ax_rad.grid(), ax_rad.set_ylim(0)
ax_amp.set_xlabel("Amplitude (cm)"), ax_amp.set_ylabel("Nb eddies")
ax_rad.set_xlabel("Speed radius (km)")





[image: Parameter distribution (solid line) and cumulative distribution (dashed line)]
Total running time of the script: ( 0 minutes  7.616 seconds)



[image: Launch binder]
 [https://mybinder.org/v2/gh/AntSimi/py-eddy-tracker/master?urlpath=lab/tree/notebooks/python_module/06_grid_manipulation/pet_okubo_weiss.ipynb]


Download Python source code: pet_okubo_weiss.py




Download Jupyter notebook: pet_okubo_weiss.ipynb
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