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#  
# pysplit KeyError: 'PROJ_LIB'  
#  
# 'PROJ_LIB' pyproj  
# pyproj  
#  
# import os 
# os.environ['PROJ_LIB'] = 'D:¥Anaconda3¥pkgs¥pyproj-3.2.1-py37h9f67652_5¥Lib¥site-packages¥pyproj' 
 
import pysplit 
 
#  
working_dir = r'C:/hysplit4/working' # HYSPLIT  
storage_dir = r'D:/trajectories/eiken_FY2017-FY2020' #  
meteo_dir = r'F:/gdas' # GDAS ftp://ftp.arl.noaa.gov/pub/archives/gdas1/ 
 
# basename  
basename = 'eiken_' 
 
# Python range 1  
y_list = list(range(2017, 2022)) # 2017 2021  
 
#  
m_list = [[5, 7, 8, 10, 10, 11], # 2017  
          [1, 5, 7, 7, 8, 10, 11], # 2018  
          [1, 5, 7, 7, 8, 10], # 2019  
          [1, 5, 7, 8, 10, 11], # 2020  
          [1, 2]] # 2021  
#  
# m_list = list(range(1, 13)) 
 
# -1 HYSPLIT UTC JST  
d_list = [[[9,23],[23,32],[0,6],[22,26],[29,32],[0,8]], # 2017  
          [[17,32],[8,22],[18,19],[22,32],[0,4],[21,32],[0,4]], # 2018  
          [[16,30],[9,23],[18,22],[25,32],[0,4],[16,30]], # 2019  
          [[15,29],[10,24],[22,32],[0,5],[21,32],[0,4]], # 2020  
          [[20,32],[0,3]]] # 2021  
 
# UTC JST UTC+9h [12, 18, 24, 30] [0, 6, 12, 18]  
hours = [3, 9, 15, 21]  
 
altitudes = [500, 1000, 1500] #  
location = (26.3769593331371, 127.83470843018222) #  
runtime = -120 # 120  = 5  
 
# for  
for i,y in enumerate(y_list): 
    for j,m in enumerate(m_list[i]): 
        years = [y] 
        months = [m] 
        hours = hours 
        monthslice = slice(d_list[i][j][0], d_list[i][j][1], 1) # d_list  
 
        # :eiken_may0500spring2017051003  
        # basename + 3-letter month + altitude + season + year + month + day + hour(YYYYMMDDHH)  
        pysplit.generate_bulktraj(basename, working_dir, storage_dir, meteo_dir, 
                                  years, months, hours, altitudes, location, runtime, 
                                  monthslice=monthslice, get_reverse=True, get_clipped=True) 
 
# for  
# from dateutil import tz 
# import pandas as pd 
 
# JST = tz.gettz(‘Asia/Tokyo’) #  
# UTC = tz.gettz(‘UTC’) #  
## 6 4  
# dt_index = pd.date_range(start=’2017-04-01 00:00:00’, end=’2021-03-31 18:00:00’, freq=’6H’, tz=JST) 
 
# for i in range(len(dt_index)): 
#     years = [dt_index.tz_convert(UTC).year[i]] 
#     months = [dt_index.tz_convert(UTC).month[i]] 
#     hours = [dt_index.tz_convert(UTC).hour[i]] 
#     monthslice = slice(dt_index.tz_convert(UTC).day[i]-1, dt_index.tz_convert(UTC). day [i], 1) 
 
#     pysplit.generate_bulktraj(basename, working_dir, storage_dir, meteo_dir, 
#                               years, months, hours, altitudes, location, runtime, 
#                               monthslice=monthslice, get_reverse=True, get_clipped=True) 
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#  
# 1  
 
#  
import pysplit 
import numpy as np 
import pandas as pd 
import matplotlib.pyplot as plt 
from matplotlib import gridspec 
from matplotlib.lines import Line2D 
from mpl_toolkits.axes_grid1.inset_locator import inset_axes 
import re 
import itertools as it 
 
#  
trajgroup = pysplit.make_trajectorygroup(r'D:¥trajectories¥eiken_FY2017-FY2020¥eiken_*') 
 
#  
reversetrajgroup = pysplit.make_trajectorygroup(r'D:¥trajectories¥eiken_FY2017-FY2020¥reversetraj¥eiken_*') 
reversetrajgroup.trajectories.sort(key=lambda x: (re.search(r'¥d{10}', x.trajid).group(), 
                                                  int(re.search(r'(500|1[0-5]00)', x.trajid).group()))) 
reversetrajgroup.trajids.sort(key=lambda x: (re.search(r'¥d{10}', x).group(), 
                                             int(re.search(r'(500|1[0-5]00)', x).group()))) 
 
#  
mapcorners =  [90, 0, 160, 50] #  
standard_pm = None # cyl  
param_dict = {'projection':'cyl','resolution':'l', 'area_threshold':500, 'latlon_fs':18} 
 
# lcc  
# standard_pm = [130, 25, 0, 50] # [``lon_0``, ``lat_0``, ``lat_1``, ``lat_2``] 
# param_dict = {'projection':'lcc','resolution':'l', 'area_threshold':500, 'latlon_fs':18} 
 
 
#  
bmap_params = pysplit.MapDesign(mapcorners, standard_pm, **param_dict) 
 
#  
#  
#  
#  
color_dict = {'traj':{500.0 : 'blue', 1000.0 : 'gold', 1500.0 : 'black'}, 
              'reversetraj':{500.0 : 'red', 1000.0 : 'purple', 1500.0 : 'cyan'}} 
 
#  
ls_dict = {12:'-', 18:'--', 0:'-.', 6:':'} 
 
#  
marker_dict = {'blue' : '^', 'gold' : 's', 'black' : 'o', 
              'red' : 'v', 'purple' : 'x', 'cyan' : '*'} 
     
#  
for i in range(trajgroup.trajcount): 
    altitude0 = trajgroup[i].data.geometry.z[0] 
    trajgroup[i].trajcolor = color_dict['traj'][altitude0] 
    reversetrajgroup[i].trajcolor = color_dict['reversetraj'][altitude0] 
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# 2  
# trajgroup 7  
# "eiken_may0500spring2017051003", "eiken_may1000spring2017051003", 
# "eiken_may1500spring2017051003", "eiken_may0500spring2017051009", 
# "eiken_may1000spring2017051009", "eiken_may1500spring2017051009", 
# "eiken_may0500spring2017051015". 
 
# ( 4  
# 4 3 ) 
altitudes_num = 3 #  
hours_num = 4 #  
day_traj_num = 12 # 1  
 
#  
# 1  
# 1 4 ×3 12  
# 1 12  
for i in range(trajgroup.trajcount // day_traj_num): 
    fig = plt.figure(figsize=[12, 11]) #  
    spec = gridspec.GridSpec(ncols=1, nrows=2,hspace=0.01,height_ratios=[5, 1]) # 2  
    ax0 = fig.add_subplot(spec[0]) #  
    ax1 = fig.add_subplot(spec[1]) #  
    bmap = bmap_params.make_basemap(ax=ax0) # basemap  
    ax1.invert_xaxis() # x Date Time  
    #  
    startday = pd.to_datetime(trajgroup[i * day_traj_num].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo')[0]  
     
    # 12 3      
    for j in range(i * day_traj_num, i * day_traj_num + altitudes_num): 
        #  
        datetime = pd.to_datetime(trajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        altitude = trajgroup[j].data.geometry.z 
        #  
        bmap.plot(*trajgroup[j].path.xy, c=trajgroup[j].trajcolor, latlon=True, zorder=20, 
                  ax=ax0, ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[j].trajcolor], 
                  markersize=8, markevery=20, label=str(int(altitude[0])) +' m') 
        #  
        ax1.plot(datetime, altitude, color=trajgroup[j].trajcolor, ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20)           
 
    #  
    handles, _ = ax0.get_legend_handles_labels() #  
    lines = [Line2D([0], [0], color='black', linewidth=2, linestyle=l, 
                    label=str(pd.to_datetime( 
                        trajgroup[i * day_traj_num + altitudes_num * k].data['DateTime'],utc=True).dt.tz_convert( 
                        'Asia/Tokyo')[0].strftime('%Y-%m-%d %H:%M'))) for k,l in zip(range(hours_num), ls_dict.values())] 
    handles.extend(lines) #  
    legend = ax0.legend(handles=handles, loc='best', fontsize=18) #  
    legend.set_zorder(level=25) # zorder  
     
    # 9          
    for j in range(i * day_traj_num + altitudes_num, i * day_traj_num + day_traj_num): 
        datetime = pd.to_datetime(trajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        altitude = trajgroup[j].data.geometry.z 
        bmap.plot(*trajgroup[j].path.xy, c=trajgroup[j].trajcolor, latlon=True, zorder=20, 
                  ax=ax0, ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[j].trajcolor], 
                  markersize=8, markevery=20) 
        ax1.plot(datetime,altitude, color=trajgroup[j].trajcolor, ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20) 
         
    #  
    ax1.tick_params(labelsize=15) 
    ax1.set_xlabel('Date Time', fontsize=18) 
    ax1.set_ylabel('Altitude ($m$)', fontsize=18) 
 
    #  
    plt.savefig('img/plot_day/traj/eiken_{year}{month}{day}.png'.format( 
        year=str(startday.year), 
        month=str(startday.month).zfill(2), 
        day=str(startday.day).zfill(2) 
    ), dpi=600, bbox_inches='tight', pad_inches=0) 
    plt.close() #  
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# 2 3 3  
for i in range(trajgroup.trajcount // day_traj_num): 
    fig = plt.figure(figsize=[12, 11]) #  
    spec = gridspec.GridSpec(ncols=1, nrows=2,hspace=0.01,height_ratios=[5, 1]) # 2  
    ax0 = fig.add_subplot(spec[0]) #  
    ax1 = fig.add_subplot(spec[1]) #  
    bmap = bmap_params.make_basemap(ax=ax0) # basemap  
    ax1.invert_xaxis() # x Date Time  
    #  
    startday = pd.to_datetime(trajgroup[i * day_traj_num].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo')[0] 
     
    # 12 3      
    for j in range(i * day_traj_num, i * day_traj_num + altitudes_num): 
        datetime = pd.to_datetime(trajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        altitude = trajgroup[j].data.geometry.z 
        bmap.plot(*trajgroup[j].path.xy, c=trajgroup[j].trajcolor, latlon=True, zorder=20, 
                  ax=ax0, ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[j].trajcolor], 
                  markersize=8, markevery=20, label=str(int(altitude[0])) +' m') 
        #  
        # vmax colormap 40 1 36.7mm  
        mappable = pysplit.traj_scatter(trajgroup.trajectories[j].data.Rainfall.values, 
                                trajgroup.trajectories[j].data.geometry.x.values, 
                                trajgroup.trajectories[j].data.geometry.y.values, 
                                bmap, colormap=plt.cm.cool, 
                                sizedata=np.array(list(map(lambda x : 5 if (x > 0) else 0, 
                                                           trajgroup.trajectories[j].data.Rainfall.values))), 
                                vmin=0, vmax=40, levels=2, suppress_printmsg=True) 
        ax1.plot(datetime, altitude, color=trajgroup[j].trajcolor, ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20) 
        #  
        ax1.scatter(datetime, altitude, c=trajgroup.trajectories[j].data.Rainfall.values, cmap=plt.cm.cool, 
                   s=np.array(list(map(lambda x : 100 if (x > 0) else 0, 
                                       trajgroup.trajectories[j].data.Rainfall.values))), vmin=0, vmax=40) 
 
    #  
    handles, _ = ax0.get_legend_handles_labels() #  
    lines = [Line2D([0], [0], color='black', linewidth=2, linestyle=l, 
                    label=str(pd.to_datetime( 
                        trajgroup[i * day_traj_num + altitudes_num * k].data['DateTime'],utc=True).dt.tz_convert( 
                        'Asia/Tokyo')[0].strftime('%Y-%m-%d %H:%M'))) for k,l in zip(range(hours_num), ls_dict.values())] 
    handles.extend(lines) #  
    legend = ax0.legend(handles=handles, loc='best', fontsize=18) #  
    legend.set_zorder(level=25) # zorder  
     
    #          
    for j in range(i * day_traj_num + altitudes_num, i * day_traj_num + day_traj_num): 
        datetime = pd.to_datetime(trajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        altitude = trajgroup[j].data.geometry.z 
        bmap.plot(*trajgroup[j].path.xy, c=trajgroup[j].trajcolor, latlon=True, zorder=20, ax=ax0, 
                  ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20) 
        mappable = pysplit.traj_scatter(trajgroup.trajectories[j].data.Rainfall.values, 
                                trajgroup.trajectories[j].data.geometry.x.values, 
                                trajgroup.trajectories[j].data.geometry.y.values, 
                                bmap, colormap=plt.cm.cool, 
                                sizedata=np.array(list(map(lambda x : 5 if (x > 0) else 0, 
                                                           trajgroup.trajectories[j].data.Rainfall.values))), 
                                vmin=0, vmax=40, levels=2, suppress_printmsg=True) 
        ax1.plot(datetime, altitude, color=trajgroup[j].trajcolor, ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20) 
        ax1.scatter(datetime, altitude, c=trajgroup.trajectories[j].data.Rainfall.values, cmap=plt.cm.cool, 
                   s=np.array(list(map(lambda x : 100 if (x > 0) else 0, 
                                       trajgroup.trajectories[j].data.Rainfall.values))), vmin=0, vmax=40) 
         
    #  
    ax1.tick_params(labelsize=15) 
    ax1.set_xlabel('Date Time', fontsize=18) 
    ax1.set_ylabel('Altitude ($m$)', fontsize=18) 
    #      
    axins = inset_axes(ax0, width="5%", height="100%", loc='lower left', 
                       bbox_to_anchor=(1.01, -0.01, 1, 1), bbox_transform=ax0.transAxes) 
    cb = fig.colorbar(mappable, cax=axins) #   
    cb.set_label('Rainfall', fontsize=15) #  
    cb.ax.tick_params(labelsize=15) #  
     
    #  
    plt.savefig('img/plot_day/rainy/eiken_rainy_{year}{month}{day}.png'.format( 
        year=str(startday.year), month=str(startday.month).zfill(2), day=str(startday.day).zfill(2) 
    ), dpi=600, bbox_inches='tight', pad_inches=0) 
    plt.close() #  
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#  
#  
import pysplit 
import numpy as np 
import pandas as pd 
import matplotlib.pyplot as plt 
from matplotlib import gridspec 
from matplotlib.lines import Line2D 
import re 
 
trajgroup = pysplit.make_trajectorygroup(r'D:¥trajectories¥eiken_FY2017-FY2020¥eiken_*') #  
#  
for traj in trajgroup: 
    traj.load_reversetraj() 
#  
for traj in trajgroup: 
    traj.calculate_integrationerr() 
 
error_id_list = [] #  
relative_errors = [] #  
# error  
for traj in trajgroup: 
    try: 
        relative_errors.append(traj.integration_error) 
    except: 
        error_id_list.append(traj.trajid) 
        continue 
 
#  
cutoff = np.mean(relative_errors) + (np.std(relative_errors) * 2) # 8.720559346578291 
# error TrajectoryGroup error 8  
error_trajgroup = trajgroup.pop(trajid=error_id_list)  
 
bad = [] #  
# bad  
for traj in trajgroup: 
    if traj.integration_error > cutoff: 
        bad.append(traj.trajid) 
         
# bad TrajectoryGroup bad 120  
bad_trajgroup = trajgroup.pop(trajid=bad) 
 
# error bad  
error_trajgroup.trajectories.sort(key=lambda x: (x.data.DateTime[0], 
                                                 (int(re.search(r'(500|1[0-5]00)', x.trajid).group())))) 
bad_trajgroup.trajectories.sort(key=lambda x: (x.data.DateTime[0], 
                                               (int(re.search(r'(500|1[0-5]00)', x.trajid).group())))) 
#  
traj_id_list_r = [traj.rfullpath for traj in trajgroup] 
reversetrajgroup = pysplit.make_trajectorygroup(traj_id_list_r) 
reversetrajgroup.trajectories.sort(key=lambda x: (re.search(r'¥d{10}', x.trajid).group(), 
                                                  (int(re.search(r'(500|1[0-5]00)', x.trajid).group())))) 
# error  
error_id_list_r = [traj.rfullpath for traj in error_trajgroup] 
error_trajgroup_r = pysplit.make_trajectorygroup(error_id_list_r) 
error_trajgroup_r.trajectories.sort(key=lambda x: (re.search(r'¥d{10}', x.trajid).group(), 
                                                   (int(re.search(r'(500|1[0-5]00)', x.trajid).group())))) 
# bad  
bad_r = [traj.rfullpath for traj in bad_trajgroup] 
bad_trajgroup_r = pysplit.make_trajectorygroup(bad_r) 
bad_trajgroup_r.trajectories.sort(key=lambda x: (re.search(r'¥d{10}', x.trajid).group(), 
                                                 (int(re.search(r'(500|1[0-5]00)', x.trajid).group())))) 
 
#  
mapcorners =  [90, 0, 160, 50] #  
standard_pm = None # cyl  
param_dict = {'projection':'cyl','resolution':'l', 'area_threshold':500, 'latlon_fs':18} 
 
#  
bmap_params = pysplit.MapDesign(mapcorners, standard_pm, **param_dict) 
 
#  
color_dict = {'traj':{500.0 : 'blue', 1000.0 : 'gold', 1500.0 : 'black'}, 
              'reversetraj':{500.0 : 'red', 1000.0 : 'purple', 1500.0 : 'cyan'}} 
 
ls_dict = {12:'-', 18:'--', 0:'-.', 6:':'} 
 
marker_dict = {'blue' : '^', 'gold' : 's', 'black' : 'o', 'red' : 'v', 'purple' : 'x', 'cyan' : '*'} 
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# 5  
# error bad  
# error  
#  
 
#  
for i in range(trajgroup.trajcount): 
    altitude0 = trajgroup[i].data.geometry.z[0] 
    trajgroup[i].trajcolor = color_dict['traj'][altitude0] 
    reversetrajgroup[i].trajcolor = color_dict['reversetraj'][altitude0] 
       
for i in range(trajgroup.trajcount): 
    fig = plt.figure(figsize=[12, 11]) #  
    spec = gridspec.GridSpec(ncols=1, nrows=2,hspace=0.1,height_ratios=[5, 1]) # 2  
    ax0 = fig.add_subplot(spec[0]) #  
    ax1 = fig.add_subplot(spec[1]) #  
    bmap = bmap_params.make_basemap(ax=ax0) # basemap  
    ax1.invert_xaxis() # x Date Time  
    #  
    starttime = pd.to_datetime(trajgroup[i].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo')[0] 
 
    #  
    datetime = pd.to_datetime(trajgroup[i].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
    datetime_r = pd.to_datetime(reversetrajgroup[i].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
    altitude = trajgroup[i].data.geometry.z 
    altitude_r = reversetrajgroup[i].data.geometry.z 
    #  
    bmap.plot(*trajgroup[i].path.xy, c=trajgroup[i].trajcolor, latlon=True, zorder=20, ax=ax0, 
              ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[i].trajcolor], 
              markersize=8, markevery=20, label=str(int(altitude[0])) +' m') 
    bmap.plot(*reversetrajgroup[i].path.xy, c=reversetrajgroup[i].trajcolor, latlon=True, zorder=20, ax=ax0, 
              ls=ls_dict[datetime[0].hour], marker=marker_dict[reversetrajgroup[i].trajcolor], 
              markersize=8, markevery=20, label=str(int(altitude[0])) +' m (reverse)') 
    #  
    ax1.plot(datetime, altitude, color=trajgroup[i].trajcolor, ls=ls_dict[datetime[0].hour], 
             marker=marker_dict[trajgroup[i].trajcolor], markersize=8, markevery=20) 
    ax1.plot(datetime_r, altitude_r, color=reversetrajgroup[i].trajcolor, ls=ls_dict[datetime[0].hour], 
             marker=marker_dict[reversetrajgroup[i].trajcolor], markersize=8, markevery=20) 
 
    #  
    handles, _ = ax0.get_legend_handles_labels() #  
    line = Line2D([0], [0], color='black', linewidth=2, linestyle=ls_dict[datetime[0].hour], 
                  label=str(starttime.strftime('%Y-%m-%d %H:%M'))) 
    handles.append(line) #  
    legend = ax0.legend(handles=handles, loc='lower right', fontsize=18) #  
    legend.set_zorder(level=25) # zorder      
    #  
    ax0.text(0.65, -0.05,'Integration error = ' + str(round(trajgroup.trajectories[i].integration_error, 3)), 
             transform=ax0.transAxes, fontsize=18).set_zorder(level=25) 
 
    #  
    ax1.tick_params(labelsize=15) 
    ax1.set_xlabel('Date Time', fontsize=18) 
    ax1.set_ylabel('Altitude ($m$)', fontsize=18) 
     
    #      
    plt.savefig('img/plot_hour/good/eiken_reverse_{year}{month}{day}{hour}_{z}m.png'.format( 
        year=str(starttime.year), 
        month=str(starttime.month).zfill(2), 
        day=str(starttime.day).zfill(2), 
        hour=str(starttime.hour).zfill(2), 
        z=str(int(trajgroup[i].data.geometry.z[0])), 
    ),dpi=600, bbox_inches='tight', pad_inches=0) 
    plt.close() 
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#  
#  
import pysplit 
import numpy as np 
import pandas as pd 
import geopandas as gpd 
from shapely.geometry import Point 
import matplotlib.pyplot as plt 
from matplotlib import gridspec 
import re 
import itertools as it 
 
# GADM  GADM:(https://gadm.org/index.html) 
gadm0 = gpd.GeoDataFrame.from_file(r"D:¥gadm36_levels_shp¥gadm36_0.shp") # 0  
gadm1 = gpd.GeoDataFrame.from_file(r"D:¥gadm36_levels_shp¥gadm36_1.shp") # 1  
gadm2 = gpd.GeoDataFrame.from_file(r"D:¥gadm36_levels_shp¥gadm36_2.shp") # 2  
 
#  
# EA  
# GADM  
East_Asia = gadm0.query("NAME_0 == 'China' | NAME_0 == 'Mongolia' |¥ 
                        NAME_0 == 'North Korea' | NAME_0 == 'South Korea' | NAME_0 == 'Taiwan'").reset_index() 
East_Asia = East_Asia['geometry'].unary_union #  
 
# J PO  
#  
Japan = gadm0.query("NAME_0 == 'Japan'").reset_index() # GADM  
Okinawa = gadm1.query("NAME_1 == 'Okinawa'").reset_index() # GADM  
Ogasawara = gadm2.query("NAME_2 == 'Unknown7'").reset_index() # GADM  
Kagoshima = gadm2.query("NAME_1 == 'Kagoshima'") # GADM  
#  
Kagoshima_remote_island = Kagoshima.query("NAME_2 == 'Mishima' | NAME_2 == 'Nishinoomote' | NAME_2 == 'Nakatane' |¥ 
                                         NAME_2 == 'Minamitane' | NAME_2 == 'Yakushima' | NAME_2 == 'Toshima' |¥ 
                                         NAME_2 == 'Tatsugō' | NAME_2 == 'Yamato' | NAME_2 == 'Kikai' |¥ 
                                         NAME_2 == 'Amami' | NAME_2 == 'Uken' | NAME_2 == 'Setouchi' |¥ 
                                         NAME_2 == 'Amagi' | NAME_2 == 'Tokunoshima' | NAME_2 == 'Isen' |¥ 
                                         NAME_2 == 'Wadomari' | NAME_2 == 'China' | NAME_2 == 'Yoron'").reset_index() 
Kagoshima_remote_island = Kagoshima_remote_island['geometry'].unary_union #  
Japan = Japan.difference(Okinawa, align=False) #  
Japan = Japan.difference(Ogasawara, align=False) #  
Japan = Japan.difference(Ogasawara, align=False) # 1 2  
Japan = Japan.difference(Kagoshima_remote_island, align=False) #  
Japan = Japan.difference(Kagoshima_remote_island, align=False)[0] # 1 2  
 
# SA  
# GADM  
Southeast_Asia = gadm0.query("NAME_0 == 'Indonesia' | NAME_0 == 'Myanmar' | NAME_0 == 'Thailand' |¥ 
                             NAME_0 == 'Vietnam' | NAME_0 == 'Malaysia' | NAME_0 == 'Philippines' |¥ 
                             NAME_0 == 'Laos' | NAME_0 == 'Cambodia' | NAME_0 == 'East Timor' |¥ 
                             NAME_0 == 'Brunei' | NAME_0 == 'Singapore'").reset_index() 
Southeast_Asia = Southeast_Asia['geometry'].unary_union #  
 
# PO  
point = Point(146, 16) #  
Pacific_ocean = point.buffer(18.0) #  
 
# for  
mask_list = [East_Asia, Japan, Southeast_Asia, Pacific_ocean] 
maskname_list = ['EA', 'J', 'SA', 'PO'] 
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# 7  
#  
trajgroup = pysplit.make_trajectorygroup(r'D:¥trajectories¥eiken_FY2017-FY2020¥eiken_*') 
 
#  
for traj in trajgroup: 
    traj.set_rainstatus() 
    traj.load_reversetraj() 
#  
for traj in trajgroup: 
    traj.calculate_integrationerr() 
 
#  
error_id_list = [] 
relative_errors = [] 
abs_errors = [] 
 
for traj in trajgroup: 
    try: 
        relative_errors.append(traj.integration_error) 
        abs_errors.append(traj.integration_error_abs) 
    except: 
        error_id_list.append(traj.trajid) 
        relative_errors.append(np.nan) 
        abs_errors.append(np.nan) 
        continue 
 
#  
cutoff = np.nanmean(relative_errors) + (np.nanstd(relative_errors) * 2) 
 
#  
relative_errors_check = [] 
for traj in trajgroup: 
    try: 
        if traj.integration_error > cutoff: 
            relative_errors_check.append(False) 
        else: 
            relative_errors_check.append(True) 
    except: 
        relative_errors_check.append(False) 
        continue 
 
#  
reversetrajgroup = pysplit.make_trajectorygroup(r'D:¥trajectories¥eiken_FY2017-FY2020¥reversetraj¥eiken_*') 
reversetrajgroup.trajectories.sort(key=lambda x: (re.search(r'¥d{10}', x.trajid).group(), 
                                                  int(re.search(r'(500|1[0-5]00)', x.trajid).group()))) 
reversetrajgroup.trajids.sort(key=lambda x: (re.search(r'¥d{10}', x).group(), 
                                             int(re.search(r'(500|1[0-5]00)', x).group()))) 
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# (1) 7,8  
 
def traj_make_df(trajgroup, mask_list, maskname_list):  
    """ 
    TrajectoryGroup Trajectory DataFrame  
    [ ] 
    trajgroup: TrajectoryGroup Trajectory pysplit.make_trajectorygroup()  
    mask_list: shapely Polygon MultiPolygon  
        shapely GADM  
    maskname_list:  
    [ ] 
    df:pandas DataFrame  
     
    """ 
     
    def calc_DateTime(trajgroup_trajectories): 
        """ 
        Trajectory Pandas Timestamp  
         
        """ 
        if re.search(r'REVERSE', trajgroup_trajectories.trajid): 
            return pd.to_datetime(re.search(r'¥d{10}', trajgroup_trajectories.trajid).group(), format='%Y%m%d%H', utc=True) 
        else: 
            return pd.to_datetime(trajgroup_trajectories.data['DateTime'][0], utc=True) 
     
    def calc_Altitude(trajgroup_trajectories): 
        """ 
        Trajectory  
         
        """ 
        if re.search(r'REVERSE', trajgroup_trajectories.trajid): 
            return int(re.search(r'(500|1[0-5]00)', trajgroup_trajectories.trajid).group()) 
        else: 
            return trajgroup_trajectories.data.geometry.z[0]    
     
    def calc_Altitude_check(trajgroup_trajectories): 
        """ 
        Trajectory  
        True False  
        """ 
        return all(trajgroup_trajectories.data.geometry.z > 0) 
     
    def rainy_sum(trajgroup_trajectories): 
        """ 
        Trajectory  
        """ 
        return trajgroup_trajectories.data.Rainfall.sum() 
     
    def rainy_max(trajgroup_trajectories): 
        """ 
        Trajectory  
        """ 
        return trajgroup_trajectories.data.Rainfall.max() 
 
    def rainy_check(trajgroup_trajectories): 
        """ 
        Trajectory  
        True False  
        """ 
        return trajgroup_trajectories.rainy 
     
    def get_len_data(trajgroup_trajectories): 
        """ 
        Trajectory data  
        """ 
        return len(trajgroup_trajectories.data) 
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# (2) 9  
    #  
    #  
    if re.search(r'REVERSE', trajgroup.trajectories[0].trajid):     
        id_series = pd.Series(trajgroup.trajids) 
        df = pd.DataFrame({'r_Data_Name': id_series}) 
        DateTime = pd.Series(map(calc_DateTime, trajgroup.trajectories), name='r_DateTime') 
        df_time = pd.DataFrame({'r_Year': DateTime.dt.year, 'r_Month': DateTime.dt.month, 
                            'r_Day': DateTime.dt.day, 'r_Hour': DateTime.dt.hour, 'r_Weekday_name': DateTime.dt.day_name()}) 
        DateTime_JST = DateTime.dt.tz_convert('Asia/Tokyo') 
        DateTime_JST = DateTime_JST.rename('r_DateTime_JST') 
        df_time_JST = pd.DataFrame({'r_Year_JST': DateTime_JST.dt.year, 'r_Month_JST': DateTime_JST.dt.month, 
                        'r_Day_JST': DateTime_JST.dt.day, 'r_Hour_JST': DateTime_JST.dt.hour, 
                                    'r_Weekday_name_JST': DateTime_JST.dt.day_name()}) 
        Altitude = pd.Series(map(calc_Altitude, trajgroup.trajectories), name='r_Altitude') 
        Altitude_check = pd.Series(map(calc_Altitude_check, trajgroup.trajectories), name='r_Altitude_check') 
        Length = pd.Series(map(get_len_data, trajgroup.trajectories), name='r_Length') 
        df = pd.concat([df, DateTime, df_time, DateTime_JST, df_time_JST, Altitude, Altitude_check, Length], axis=1)           
 
    else: 
        id_series = pd.Series(trajgroup.trajids) 
        df = pd.DataFrame({'Data_Name': id_series}) 
        DateTime = pd.Series(map(calc_DateTime, trajgroup.trajectories), name='DateTime') 
        df_time = pd.DataFrame({'Year': DateTime.dt.year, 'Month': DateTime.dt.month, 
                            'Day': DateTime.dt.day, 'Hour': DateTime.dt.hour, 'Weekday_name': DateTime.dt.day_name()}) 
        DateTime_JST = DateTime.dt.tz_convert('Asia/Tokyo') 
        DateTime_JST = DateTime_JST.rename('DateTime_JST') 
        df_time_JST = pd.DataFrame({'Year_JST': DateTime_JST.dt.year, 'Month_JST': DateTime_JST.dt.month, 
                        'Day_JST': DateTime_JST.dt.day, 'Hour_JST': DateTime_JST.dt.hour, 
                                    'Weekday_name_JST': DateTime_JST.dt.day_name()}) 
        Altitude = pd.Series(map(calc_Altitude, trajgroup.trajectories), name='Altitude') 
        Altitude_check = pd.Series(map(calc_Altitude_check, trajgroup.trajectories), name='Altitude_check') 
        Rainy_sum = pd.Series(map(rainy_sum, trajgroup.trajectories), name='Rainy_sum') 
        Rainy_max = pd.Series(map(rainy_max, trajgroup.trajectories), name='Rainy_max') 
        Rainy_check = pd.Series(map(rainy_check, trajgroup.trajectories), name='Rainy_check') 
        Length = pd.Series(map(get_len_data, trajgroup.trajectories), name='Length') 
        df = pd.concat([df, DateTime, df_time, DateTime_JST, df_time_JST, Altitude, Altitude_check, 
                        Rainy_sum, Rainy_max, Rainy_check, Length], axis=1) 
 
    #  
    for i in range(len(mask_list)):          
        check_count = [] #  
        check_TF = [] #  
 
        for t in trajgroup: 
            clipped = gpd.clip(gdf=t.data, mask=mask_list[i]) #  
            clipped_count = len(clipped) #  
            TF = len(clipped) != 0 #  
            check_count.append(clipped_count) 
            check_TF.append(TF) 
        if re.search(r'REVERSE', t.trajid): 
            checkcheck_count_series = pd.Series(check_count, name='r_' + maskname_list[i] + '_count') 
            check_TF_series = pd.Series(check_TF, name='r_' + maskname_list[i]) 
        else: 
            checkcheck_count_series = pd.Series(check_count, name=maskname_list[i] + '_count') 
            check_TF_series = pd.Series(check_TF, name=maskname_list[i]) 
 
        df = pd.concat([df, checkcheck_count_series, check_TF_series], axis=1) 
             
    return df 
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# 7-10  
#  
df = traj_make_df(trajgroup=trajgroup, mask_list=mask_list, maskname_list=maskname_list) 
 
# ['Other_count']  
series = pd.Series(df[['Length', 'EA_count', 'J_count','SA_count', 'PO_count']].apply( 
    lambda x: x[0]-np.sum(x[1:]), axis=1), name='Other_count') 
df = pd.concat([df, series], axis=1) 
 
# ['FY'] [DateTime_JST']  
df.loc[df['DateTime_JST'].dt.month >= 4, 'FY'] = df['DateTime_JST'].dt.year 
df.loc[df['DateTime_JST'].dt.month < 4, 'FY'] = df['DateTime_JST'].dt.year - 1 
# ['FY'] float int  
df['FY'] = df['FY'].astype(int) 
 
# ['Season']  
season_check = [] 
s_list = ['spring', 'summer', 'autumn', 'winter'] 
for d in df['Data_Name']: 
    for s in s_list: 
        if s in d: 
            season_check.append(s) 
series = pd.Series(season_check, name='Season') 
df = pd.concat([df, series], axis=1) 
 
#  
series = pd.Series(relative_errors, name='Integration_error') 
df = pd.concat([df, series], axis=1) 
series = pd.Series(abs_errors, name='Integration_error_abs') 
df = pd.concat([df, series], axis=1) 
series = pd.Series(relative_errors_check, name='Relative_errors_check') 
df = pd.concat([df, series], axis=1) 
 
#  
vec = np.arange(4) # [0, 1, 2, 3] np.array 
# 1  
for i in range(len(maskname_list)): 
    ind = np.ones(4, dtype=bool) # True np.array 
    ind[i] = False # False  
    # ind False False True  
    df['{}_only'.format(maskname_list[i])] = ((df[maskname_list[vec[ind][0]]] == df[maskname_list[vec[ind][1]]]) & 
                                              (df[maskname_list[vec[ind][1]]] == df[maskname_list[vec[ind][2]]]) & 
                                              (df[maskname_list[vec[ind][0]]] == False) & 
                                              (df[maskname_list[i]] == True)) 
 
cmt = list(it.combinations(maskname_list,2)) # 2  
# 2  
for i in range(len(cmt)): 
    remove_list = [cmt[i][0], cmt[i][1]] 
    other = [j for j in maskname_list if j not in remove_list] 
    # other False cmt True  
    df['{}_and_{}'.format(cmt[i][0], cmt[i][1])] = ((df[other[0]] == df[other[1]]) & (df[other[0]] == False) & 
                                                    (df[cmt[i][0]] == df[cmt[i][1]]) & (df[cmt[i][0]] == True)) 
 
cmt = list(it.combinations(maskname_list,3)) # 3  
# 3  
for i in range(len(cmt)): 
    remove_list = [cmt[i][0], cmt[i][1], cmt[i][2]] 
    other = [j for j in maskname_list if j not in remove_list] 
    # other False cmt True  
    df['{}_and_{}_and_{}'.format(cmt[i][0], cmt[i][1], cmt[i][2])] = ¥ 
    ((df[other[0]] == False) & (df[cmt[i][0]] == True) & 
     (df[cmt[i][0]] == df[cmt[i][1]]) & (df[cmt[i][1]] == df[cmt[i][2]])) 
 
cmt = list(it.combinations(maskname_list,4)) #  
#  
for i in range(len(cmt)): 
    df['All'] = ((df[cmt[i][0]] == df[cmt[i][1]]) & (df[cmt[i][1]] == df[cmt[i][2]]) & 
                 (df[cmt[i][2]] == df[cmt[i][3]]) &(df[cmt[i][0]] == True)) 
 
#  
for i in range(len(cmt)): 
    df['Other'] = ((df[cmt[i][0]] == df[cmt[i][1]]) & (df[cmt[i][1]] == df[cmt[i][2]]) & 
                 (df[cmt[i][2]] == df[cmt[i][3]]) &(df[cmt[i][0]] == False)) 
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# 7-11  
#  
r_df = traj_make_df(trajgroup=reversetrajgroup, mask_list=mask_list, maskname_list=maskname_list) 
 
# ['Other_count']  
series = pd.Series(r_df[['r_Length', 'r_EA_count', 'r_J_count', 'r_SA_count', 'r_PO_count']].apply( 
    lambda x: x[0] - np.sum(x[1:]), axis=1), name='r_Other_count') 
r_df = pd.concat([r_df, series], axis=1) 
 
#  
vec = np.arange(4) # [0, 1, 2, 3] np.array 
r_maskname_list = ['r_EA', 'r_J', 'r_SA', 'r_PO'] 
 
# 1  
for i in range(len(r_maskname_list)): 
    ind = np.ones(4, dtype=bool) # True np.array 
    ind[i] = False # False  
    # ind False False True  
    r_df['{}_only'.format(r_maskname_list[i])] = ¥ 

 ((r_df[r_maskname_list[vec[ind][0]]] == r_df[r_maskname_list[vec[ind][1]]]) & 
     (r_df[r_maskname_list[vec[ind][1]]] == r_df[r_maskname_list[vec[ind][2]]]) & 
     (r_df[r_maskname_list[vec[ind][0]]] == False) & 
     (r_df[r_maskname_list[i]] == True)) 
     
cmt = list(it.combinations(r_maskname_list,2)) # 2  
# 2  
for i in range(len(cmt)): 
    remove_list = [cmt[i][0], cmt[i][1]] 
    other = [j for j in r_maskname_list if j not in remove_list] 
    # other False cmt True  
    r_df['{}_and_{}'.format(cmt[i][0], cmt[i][1])] = ((r_df[other[0]] == r_df[other[1]]) & (r_df[other[0]] == False) & 
                                                    (r_df[cmt[i][0]] == r_df[cmt[i][1]]) & (r_df[cmt[i][0]] == True)) 
 
cmt = list(it.combinations(r_maskname_list,3)) # 3  
# 3  
for i in range(len(cmt)): 
    remove_list = [cmt[i][0], cmt[i][1], cmt[i][2]] 
    other = [j for j in r_maskname_list if j not in remove_list] 
    # other False cmt True  
    r_df['{}_and_{}_and_{}'.format(cmt[i][0], cmt[i][1], cmt[i][2])] = ¥ 
    ((r_df[other[0]] == False) & (r_df[cmt[i][0]] == True) & 
     (r_df[cmt[i][0]] == r_df[cmt[i][1]]) & (r_df[cmt[i][1]] == r_df[cmt[i][2]])) 
 
cmt = list(it.combinations(r_maskname_list,4)) #  
#  
for i in range(len(cmt)): 
    r_df['r_All'] = ((r_df[cmt[i][0]] == r_df[cmt[i][1]]) & (r_df[cmt[i][1]] == r_df[cmt[i][2]]) & 
                 (r_df[cmt[i][2]] == r_df[cmt[i][3]]) & (r_df[cmt[i][0]] == True)) 
#  
for i in range(len(cmt)): 
    r_df['r_Other'] = ((r_df[cmt[i][0]] == r_df[cmt[i][1]]) & (r_df[cmt[i][1]] == r_df[cmt[i][2]]) & 
                 (r_df[cmt[i][2]] == r_df[cmt[i][3]]) & (r_df[cmt[i][0]] == False)) 
     
# 2  
df = pd.concat([df, r_df.iloc[:,np.r_[0,14:41]]], axis=1) 
 
# df.columns #  
 
#  
df = df.reindex(columns=['Data_Name', 'r_Data_Name', 'DateTime', 'Year', 'Month', 'Day', 
                'Hour', 'Weekday_name', 'Season','FY', 'DateTime_JST', 'Year_JST', 'Month_JST', 
                'Day_JST', 'Hour_JST','Weekday_name_JST', 'Altitude', 'Altitude_check', 
                'r_Altitude_check', 'Rainy_sum', 'Rainy_check', 'Rainy_max', 'Length', 'r_Length', 
                'Integration_error', 'Integration_error_abs', 'Relative_errors_check', 
                'EA_count', 'J_count','SA_count', 'PO_count', 'Other_count', 
                'r_EA_count', 'r_J_count', 'r_SA_count', 'r_PO_count', 'r_Other_count', 
                'EA_only', 'J_only', 'SA_only', 'PO_only', 'EA_and_J', 'EA_and_SA', 'EA_and_PO', 
                'J_and_SA', 'J_and_PO', 'SA_and_PO', 'EA_and_J_and_SA', 
                'EA_and_J_and_PO', 'EA_and_SA_and_PO', 'J_and_SA_and_PO', 'All', 
                'Other', 'r_EA_only', 'r_J_only', 'r_SA_only', 'r_PO_only', 'r_EA_and_r_J', 
                'r_EA_and_r_SA', 'r_EA_and_r_PO', 'r_J_and_r_SA', 'r_J_and_r_PO', 'r_SA_and_r_PO', 
                'r_EA_and_r_J_and_r_SA', 'r_EA_and_r_J_and_r_PO', 
                'r_EA_and_r_SA_and_r_PO', 'r_J_and_r_SA_and_r_PO', 'r_All', 'r_Other']) 
 
df.to_csv('csv/eiken_traj_info.csv', index=False) # csv  
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#  
# 7-12 csv  
# ['Altitude_check'] ['r_Altitude_check'] ['Relative_errors_check'] False  
# ['Length'] ['r_Length'] 121 5 120h  
 
import numpy as np 
import pandas as pd 
import matplotlib.pyplot as plt 
from matplotlib import rc 
from matplotlib.patches import Patch 
import seaborn as sns 
 
df = pd.read_csv('csv/eiken_traj_info.csv') # csv  
 
#  
day_traj_num = 12 # 1  
 
# ['Altitude_check'] ['r_Altitude_check'] ['Relative_errors_check1'] False  
# ['Length'] ['r_Length'] 121h  
check = df.where((df['Altitude_check'] == True) & (df['r_Altitude_check'] == True) & 
                 (df['Relative_errors_check'] == True) & (df['Length'] == 121) & (df['r_Length'] == 121)) 
#  
df_count = check[['EA_count', 'J_count','SA_count', 'PO_count']].groupby(check.index // day_traj_num).sum() 
#  
df_count = df_count.rename(columns={'EA_count': 'EA', 'J_count':'J', 'SA_count':'SA', 'PO_count':'PO'}) 
 
#  
Region_list = [] 
for i in range(len(df_count) // day_traj_num): 
    Region_list.append(list(df_count.iloc[i * day_traj_num: i * day_traj_num + day_traj_num].sum()[ 
        df_count.iloc[i * day_traj_num: i * day_traj_num + day_traj_num].sum() == 
        df_count.iloc[i * day_traj_num: i * day_traj_num + day_traj_num].sum().max() 
    ].index)) 
Region_list 
 
#  
series = pd.Series(df_count.idxmax(axis=1),name='region') 
df_count = pd.concat([df_count, series], axis=1) 
 
# .  
df_time = df.query('Altitude == 500 & Hour_JST == 12')[['FY','Year_JST','Month_JST', 
                                                        'Day_JST','Season']].reset_index(drop=True) 
#  
df = pd.concat([df_count, df_time], axis=1) 
 
#  
df2 = df.groupby(['FY','Season'])[['EA', 'J', 'SA', 'PO']].sum() 
#  
df2 = df2.reset_index().reindex([1, 2, 0, 3, 5, 6, 4, 7,9, 10, 8, 11, 13, 
                                 14, 12, 15], axis=0).reset_index(drop=True) 
 
# plot  
n = [0,1,2,3,4] 
 
r_list = ['EA', 'J', 'SA', 'PO'] 
s_list = ['spring', 'summer', 'autumn', 'winter'] 
 
#  
for s in s_list: 
    for r in r_list: 
        #  
        exec("{0}{1}_sum = df2[df2['Season'] == '{1}']['{0}'].reset_index(drop=True)".format(r,s))  
        exec("{0}{1}_sum[4] = {0}{1}_sum.sum()".format(r,s)) #  
        exec("{0}{1}_sum = {0}{1}_sum.reindex([4, 0, 1, 2, 3]).reset_index(drop=True)".format(r,s)) #  
 
#         
for r in r_list: 
    exec("{0}_sum = {0}spring_sum + {0}summer_sum + {0}autumn_sum + {0}winter_sum".format(r)) 
 
#  
for s in s_list: 
    exec("total_{0} = [i+j+k+l for i,j,k,l in zip(EA{0}_sum, J{0}_sum, SA{0}_sum, PO{0}_sum)]".format(s)) 
    exec("total_{0} = [1 if i == 0 else i for i in total_{0}]".format(s)) # 0 1  
    for r in r_list[:4]: 
        exec("{0}{1}_Bars = [i / j * 100 for i,j in zip({0}{1}_sum, total_{1})]".format(r,s)) #  
 
total = [i+j+k+l for i,j,k,l in zip(EA_sum, J_sum, SA_sum, PO_sum)] #  
total = [1 if i == 0 else i for i in total] # 0 1  
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# 2 14  
 
#  
EA_Bars = [i / j * 100 for i,j in zip(EA_sum, total)] 
J_Bars = [i / j * 100 for i,j in zip(J_sum, total)] 
SA_Bars = [i / j * 100 for i,j in zip(SA_sum, total)] 
PO_Bars = [i / j * 100 for i,j in zip(PO_sum, total)] 
 
# 5 y  
fig, ax = plt.subplots(ncols=5, figsize=(12, 8), sharey="all") 
 
barWidth = 0.5 
names = ('Total', 'FY2017', 'FY2018', 'FY2019', 'FY2020') 
 
# (All)  
# Create EA Bars 
ax[0].bar(n, EA_Bars, color='#b5ffb9', 
          edgecolor='black', width=barWidth, label='EA', hatch= '//') 
# Create J Bars 
ax[0].bar(n, J_Bars, bottom=EA_Bars, color='#f9bc86', 
          edgecolor='black', width=barWidth, label='J', hatch=r'¥¥') 
# Create SA Bars 
ax[0].bar(n, SA_Bars, bottom=[i+j for i,j in zip(EA_Bars, J_Bars)], color='#f1cbff', 
          edgecolor='black', width=barWidth, label='SA', hatch='++') 
# Create PO Bars 
ax[0].bar(n, PO_Bars, bottom=[i+j+k for i,j,k in zip(EA_Bars, J_Bars, SA_Bars)], color='#a3acff', 
          edgecolor='black', width=barWidth, label='PO', hatch='..') 
#  
ax[0].set_xticks(n, names) 
ax[0].set_xticklabels(names, rotation=90, ha='center', fontsize= 20) 
ax[0].tick_params(axis='y', labelsize=20) 
ax[0].set_ylabel("%", fontsize= 20) 
ax[0].set_title("All", fontsize= 20) 
 
#  
for z,s in enumerate(s_list, 1): 
    # Create EA Bars 
    exec("ax[z].bar(n, EA{}_Bars, color='#b5ffb9',¥ 
         edgecolor='black', width=barWidth, label='EA', hatch= '//')".format(s)) 
    # Create J Bars 
    exec("ax[z].bar(n, J{0}_Bars, bottom=EA{0}_Bars, color='#f9bc86',¥ 
         edgecolor='black', width=barWidth, label='J', hatch=r'¥¥¥¥')".format(s)) 
    # Create SA Bars 
    exec("ax[z].bar(n, SA{0}_Bars, bottom=[i+j for i,j in zip(EA{0}_Bars, J{0}_Bars)],¥ 
         color='#f1cbff', edgecolor='black', width=barWidth, label='SA', hatch='++')".format(s)) 
    # Create PO Bars 
    exec("ax[z].bar(n, PO{0}_Bars, bottom=[i+j+k for i,j,k in zip(EA{0}_Bars, J{0}_Bars, SA{0}_Bars)],¥ 
         color='#a3acff', edgecolor='black', width=barWidth, label='PO', hatch='..')".format(s)) 
    #  
    ax[z].set_xticks(n, names) 
    ax[z].set_xticklabels(names, rotation=90, ha='center', fontsize= 20) 
    exec("ax[z].set_title('{}', fontsize= 20)".format(s.capitalize())) 
 
plt.legend(loc=(1.03,0.6), fontsize=24) #  
plt.tight_layout() #  
plt.savefig('img/barplot.png', dpi=600) #  
plt.show() 
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# 2 13-14  
 
value_to_int = {j:i for i,j in enumerate(r_list)} #  
# 16 14  
df3 = pd.DataFrame(df.region.values.reshape(16, 14)).replace(value_to_int) 
 
#  
hatch_patterns = ['//', r'¥¥', '++', '..'] 
color_taple = ('#b5ffb9', '#f9bc86', '#f1cbff', '#a3acff') 
# 224 16 14  
annot = np.array(['{}/{}'.format(df.Month_JST[i], df.Day_JST[i]) for i in range(224)]).reshape(16, 14) 
 
# pcolor() x,y  
n = len(value_to_int) 
x = np.arange(df3.shape[1] + 1) #  
y = np.arange(df3.shape[0] + 1) #  
 
cmap = sns.color_palette(color_taple, n) #  
 
#  
fig = plt.figure(figsize=(12,8)) 
ax = fig.add_subplot(111) 
 
#  
sns.heatmap(df3, cmap=cmap, linewidths=1, linecolor='black', annot=annot, 
            annot_kws={'color': 'black', 'size': 10, 'backgroundcolor':'w'}, fmt='', ax=ax, cbar=False) 
 
#  
for i in range(4): 
    ax.pcolor(x, y, np.where((df3 == i), df3, np.nan), hatch=hatch_patterns[i], alpha=0) 
 
# y  
y_label = ['{}FY({})'.format(df.FY[i*14], df.Season[i*14]) for i in range(16)] 
 
#  
ax.set_xticklabels(list((range(1, 15))), rotation=0, ha='center') 
ax.set_yticklabels(y_label, rotation=0, ha='right') 
 
#  
legend_elements = [Patch(edgecolor='black', facecolor=color_taple[i], hatch=hatch_patterns[i], 
                         lw=1, label=r_list[i]) for i in range(4)] 
ax.legend(handles=legend_elements, bbox_to_anchor=(1.01, 1.02), loc='upper left', fontsize=18) #  
 
plt.tight_layout() #  
plt.savefig('img/heatmap.png', dpi=600) #  
plt.show() 
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# 2  
# reverstrajgroup 7  
# "eiken_may0500spring2017051003REVERSE", "eiken_may1000spring2017051003REVERSE", 
# "eiken_may1500spring2017051003REVERSE", "eiken_may0500spring2017051009REVERSE", 
# "eiken_may1000spring2017051009REVERSE", "eiken_may1500spring2017051009REVERSE", 
# "eiken_may0500spring2017051015REVERSE". 
 
#  
altitudes_num = 3 #  
hours_num = 4 #  
day_traj_num = 12 # 1  
 
#  
# 1  
# 1 4 ×3 12  
# 1 12  
for i in range(trajgroup.trajcount // day_traj_num): 
    fig = plt.figure(figsize=[12, 11]) #  
    spec = gridspec.GridSpec(ncols=1, nrows=2,hspace=0.01,height_ratios=[5, 1]) # 2  
    ax0 = fig.add_subplot(spec[0]) #  
    ax1 = fig.add_subplot(spec[1]) #  
    bmap = bmap_params.make_basemap(ax=ax0) # basemap  
    ax1.invert_xaxis() # x Date Time      
    #  
    startday = pd.to_datetime(re.search(r'¥d{10}', reversetrajgroup[i * day_traj_num].trajid).group(), 
                                  format='%Y%m%d%H', utc=True).tz_convert('Asia/Tokyo') 
     
    # 12 3     
    for j in range(i * day_traj_num, i * day_traj_num + altitudes_num): 
        #  
        datetime0 = pd.to_datetime(re.search(r'¥d{10}', reversetrajgroup[j].trajid).group(), 
                                  format='%Y%m%d%H', utc=True).tz_convert('Asia/Tokyo') 
        datetime = pd.to_datetime(reversetrajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        altitude = reversetrajgroup[j].data.geometry.z 
        #  
        bmap.plot(*reversetrajgroup[j].path.xy, c=reversetrajgroup[j].trajcolor, 
                  latlon=True, zorder=20, ax=ax0, ls=ls_dict[datetime0.hour], 
                  marker=marker_dict[reversetrajgroup[j].trajcolor], markersize=8, markevery=20, 
                  label=str(int(re.search(r'(500|1[0-5]00)', reversetrajgroup[j].trajid).group())) +' m (reverse)') 
        #  
        ax1.plot(datetime, altitude, color=reversetrajgroup[j].trajcolor, ls=ls_dict[datetime0.hour], 
                 marker=marker_dict[reversetrajgroup[j].trajcolor], markersize=8, markevery=20) 
         
    #  
    handles, _ = ax0.get_legend_handles_labels() #  
    lines = [Line2D([0], [0], color='black', linewidth=2, linestyle=l, 
                    label=str(pd.to_datetime( 
                        re.search(r'¥d{10}', reversetrajgroup[i* day_traj_num + altitudes_num * k].trajid).group(), 
                        format='%Y%m%d%H', utc=True).tz_convert( 
                        'Asia/Tokyo').strftime('%Y-%m-%d %H:%M'))) for k,l in zip(range(hours_num), ls_dict.values())] 
    handles.extend(lines) #  
    legend = ax0.legend(handles=handles, loc='best', fontsize=18) #  
    legend.set_zorder(level=25) # zorder  
     
    # 9        
    for j in range(i * day_traj_num + altitudes_num, i * day_traj_num + day_traj_num): 
        datetime0 = pd.to_datetime(re.search(r'¥d{10}', reversetrajgroup[j].trajid).group(), 
                                  format='%Y%m%d%H', utc=True).tz_convert('Asia/Tokyo') 
        datetime = pd.to_datetime(reversetrajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        altitude = reversetrajgroup[j].data.geometry.z 
        bmap.plot(*reversetrajgroup[j].path.xy, c=reversetrajgroup[j].trajcolor, 
                  latlon=True, zorder=20, ax=ax0, ls=ls_dict[datetime0.hour], 
                  marker=marker_dict[reversetrajgroup[j].trajcolor], markersize=8, markevery=20) 
        ax1.plot(datetime, altitude, color=reversetrajgroup[j].trajcolor, ls=ls_dict[datetime0.hour], 
                 marker=marker_dict[reversetrajgroup[j].trajcolor], markersize=8, markevery=20) 
         
    #  
    ax1.tick_params(labelsize=15) 
    ax1.set_xlabel('Date Time', fontsize=18) 
    ax1.set_ylabel('Altitude ($m$)', fontsize=18) 
     
    #  
    plt.savefig('img/plot_day/reverse/eiken_reverse_{year}{month}{day}.png'.format( 
        year=str(startday.year), 
        month=str(startday.month).zfill(2), 
        day=str(startday.day).zfill(2) 
    ), dpi=600, bbox_inches='tight', pad_inches=0) 
    plt.close() #  
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# 2  
 
#  
altitudes_num = 3 #  
hours_num = 4 #  
day_traj_num = 12 # 1  
 
for i in range(trajgroup.trajcount // day_traj_num): 
    fig = plt.figure(figsize=[12, 11]) #  
    spec = gridspec.GridSpec(ncols=1, nrows=2,hspace=0.01,height_ratios=[5, 1]) # 2  
    ax0 = fig.add_subplot(spec[0]) #  
    ax1 = fig.add_subplot(spec[1]) #  
    bmap = bmap_params.make_basemap(ax=ax0) # basemap  
    ax1.invert_xaxis() # x Date Time  
    #  
    startday = pd.to_datetime(trajgroup[i * day_traj_num].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo')[0] 
     
    # 12 3     
    for j in range(i * day_traj_num, i * day_traj_num + altitudes_num): 
        datetime = pd.to_datetime(trajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        datetime_r = pd.to_datetime(reversetrajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        altitude = trajgroup[j].data.geometry.z 
        altitude_r = reversetrajgroup[j].data.geometry.z 
        #          
        bmap.plot(*trajgroup[j].path.xy, c=trajgroup[j].trajcolor, latlon=True, zorder=20, ax=ax0, 
                  ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[j].trajcolor], markersize=8, 
                  markevery=20, label=str(int(altitude[0])) +' m') 
        bmap.plot(*reversetrajgroup[j].path.xy, c=reversetrajgroup[j].trajcolor, latlon=True, zorder=20,ax=ax0, 
                  ls=ls_dict[datetime[0].hour], marker=marker_dict[reversetrajgroup[j].trajcolor], markersize=8, 
                  markevery=20, label=str(int(altitude[0])) +' m (reverse)') 
        #          
        ax1.plot(datetime, altitude, color=trajgroup[j].trajcolor, ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20) 
        ax1.plot(datetime_r, altitude_r, color=reversetrajgroup[j].trajcolor, ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[reversetrajgroup[j].trajcolor], markersize=8, markevery=20) 
 
    #  
    handles, labels = ax0.get_legend_handles_labels() 
    lines = [Line2D([0], [0], color='black', linewidth=2, linestyle=l, label=str(pd.to_datetime( 
        trajgroup[i * day_traj_num + altitudes_num * k].data['DateTime'], utc=True).dt.tz_convert( 
        'Asia/Tokyo')[0].strftime('%Y-%m-%d %H:%M'))) for k,l in zip(range(hours_num), ls_dict.values())] 
    handles.extend(lines) #  
    legend = ax0.legend(handles=handles, loc='best', fontsize=18, ncol=2) #  
    legend.set_zorder(level=25) # zorder  
     
    #  
    for j in range(i * day_traj_num + altitudes_num, i * day_traj_num + day_traj_num): 
        datetime = pd.to_datetime(trajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        datetime_r = pd.to_datetime(reversetrajgroup[j].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo')         
        altitude = trajgroup[j].data.geometry.z 
        altitude_r = reversetrajgroup[j].data.geometry.z 
        bmap.plot(*trajgroup[j].path.xy, c=trajgroup[j].trajcolor, latlon=True, zorder=20, ax=ax0, 
                  ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20) 
        bmap.plot(*reversetrajgroup[j].path.xy, c=reversetrajgroup[j].trajcolor, latlon=True, zorder=20, ax=ax0, 
                  ls=ls_dict[datetime[0].hour], marker=marker_dict[reversetrajgroup[j].trajcolor], 
                  markersize=8, markevery=20) 
        ax1.plot(datetime, altitude, color=trajgroup[j].trajcolor, ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[trajgroup[j].trajcolor], markersize=8, markevery=20) 
        ax1.plot(datetime_r, altitude_r, color=reversetrajgroup[j].trajcolor,  ls=ls_dict[datetime[0].hour], 
                 marker=marker_dict[reversetrajgroup[j].trajcolor], markersize=8, markevery=20)         
 
    #  
    ax1.tick_params(labelsize=15) 
    ax1.set_xlabel('Date Time', fontsize=18) 
    ax1.set_ylabel('Altitude ($m$)', fontsize=18) 
 
    #  
    plt.savefig('img/plot_day/traj_and_reverse/eiken_traj_and_reverse_{year}{month}{day}.png'.format( 
        year=str(startday.year), 
        month=str(startday.month).zfill(2), 
        day=str(startday.day).zfill(2) 
    ),dpi=600, bbox_inches='tight', pad_inches=0) 
    plt.close() #  
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# 7  
#  
import matplotlib.pyplot as plt 
from mpl_toolkits.basemap import Basemap 
from matplotlib.collections import PatchCollection 
from matplotlib.patches import Patch 
import shapely 
from descartes import PolygonPatch 
import numpy as np 
 
#  
fig = plt.figure(figsize=(12,8)) 
ax = fig.add_subplot(111) 
 
# Basemap  
m = Basemap(projection='cyl', lat_0=35, lon_0=135, 
            llcrnrlat=-5, urcrnrlat=50, llcrnrlon=90, 
            urcrnrlon=165, resolution='l', area_thresh=500) 
 
#  
m.drawcoastlines() 
m.drawcountries() 
 
#  
m.drawmeridians(np.arange(0, 360, 20), color="k", fontsize=18, 
                labels=[False, False, True, False]) 
m.drawparallels(np.arange(-90, 90, 10), color="k", fontsize=18, 
                labels=[True, False, False, False]) 
 
#  
color_list = ['#b5ffb9', '#f9bc86', '#f1cbff', '#a3acff'] 
hatch_list = ['//', r'¥¥', '++', '..'] 
 
# for  
# if Polygon MultiPolygon  
# zip  
for poly, color, hatch in zip(mask_list, color_list, hatch_list): 
    patches = [] 
    if poly.geom_type == 'Polygon': 
        mpoly = shapely.ops.transform(m, poly) 
        patches.append(PolygonPatch(mpoly)) 
    elif poly.geom_type == 'MultiPolygon': 
        for subpoly in poly.geoms: 
            mpoly = shapely.ops.transform(m, subpoly) 
            patches.append(PolygonPatch(mpoly)) 
    else: 
        print(poly, ' ') 
    #  
    ax.add_collection(PatchCollection(patches, match_original=False, edgecolors='k',facecolors=color, hatch=hatch)) 
 
#  
legend_elements = [Patch(facecolor=color_list[0], hatch=hatch_list[0], lw=6, label='EA'), 
                   Patch(facecolor=color_list[1], hatch=hatch_list[1], lw=6, label='J'), 
                   Patch(facecolor=color_list[2], hatch=hatch_list[2], lw=6, label='SA'), 
                   Patch(facecolor=color_list[3], hatch=hatch_list[3], lw=6, label='PO')] 
plt.legend(handles=legend_elements, loc='upper right', fontsize=24) #  
plt.tight_layout() #  
plt.savefig('img/basemap.png', dpi=600) #  
plt.show() 
 



19  

#  
# 7-13  
# 2020  
#  
 
import pysplit 
import numpy as np 
import pandas as pd 
import matplotlib.pyplot as plt 
 
df = pd.read_csv('csv/eiken_traj_info.csv') # csv  
#  
trajgroup = pysplit.make_trajectorygroup(r'D:¥trajectories¥eiken_FY2017-FY2020¥eiken_*') 
 
#  
mapcorners =  [90, 0, 160, 50] #  
standard_pm = None # cyl  
param_dict = {'projection':'cyl','resolution':'l', 'area_threshold':500, 'latlon_fs':18} 
 
#  
bmap_params = pysplit.MapDesign(mapcorners, standard_pm, **param_dict) 
 
#  
#  
#  
#  
color_dict = {'traj':{500.0 : 'blue', 1000.0 : 'gold', 1500.0 : 'black'}, 
              'reversetraj':{500.0 : 'red', 1000.0 : 'purple', 1500.0 : 'cyan'}} 
 
#  
ls_dict = {12:'-', 18:'--', 0:'-.', 6:':'} 
 
#  
marker_dict = {'blue' : '^', 'gold' : 's', 'black' : 'o', 
              'red' : 'v', 'purple' : 'x', 'cyan' : '*'} 
 
# 4×4 16  
fig, ax = plt.subplots(ncols=4,nrows=4, figsize=(40, 30)) 
ax = ax.flatten() # ax 1  
 
#  
for i in range(trajgroup.trajcount): 
    altitude0 = trajgroup[i].data.geometry.z[0] 
    trajgroup[i].trajcolor = color_dict['traj'][altitude0] 
 
# for  
for z,j in enumerate(df.columns[37:53]): 
    index_list = df.query('{} == True & FY == 2020'.format(j)).index.tolist() # 2020  
    bmap = bmap_params.make_basemap(ax=ax[z]) # basemap  
     
    # 3  
    if j in df.columns[47:51]: 
        ax[z].text(0.05, 0.05,j, transform=ax[z].transAxes, fontsize=54, 
                   bbox=dict(facecolor='w',edgecolor='k',alpha=0.75)).set_zorder(level=25) 
    # 2  
    elif j in df.columns[41:47]: 
        ax[z].text(0.45, 0.05,j, transform=ax[z].transAxes, fontsize=54, 
                   bbox=dict(facecolor='w',edgecolor='k',alpha=0.75)).set_zorder(level=25)  
    #  
    else: 
        ax[z].text(0.6, 0.05,j, transform=ax[z].transAxes,fontsize=54, 
                   bbox=dict(facecolor='w',edgecolor='k',alpha=0.75)).set_zorder(level=25) 
    #  
    for i in index_list: 
        datetime = pd.to_datetime(trajgroup[i].data['DateTime'], utc=True).dt.tz_convert('Asia/Tokyo') 
        bmap.plot(*trajgroup[i].path.xy, c=trajgroup[i].trajcolor, latlon=True, zorder=20, 
                  ls=ls_dict[datetime[0].hour], marker=marker_dict[trajgroup[i].trajcolor], 
                  markersize=8, markevery=20) 
 
plt.tight_layout() #  
plt.savefig('img/region_plot_FY2020.png', dpi=600) #  
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