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o F{EZFcontour()BREAH)
= HIR2PNSED BIEXFNYHHAIALR
n FE3INSERENX y) TSR EERIAR/N
= S¥levelso]LAR— 1 EEL, RIPEJUEFEL, LULIRE—HEFIIRTIEBHIIFESE
» S¥colorsiRBEHBEEAEENR—IE, BAILESlevelstHEINMNNARERE (RENREIRAELZ)
» SHcmapFREENHEEXFER
s S#linewidths h&E
 fEfclabel \EREHFELINME
» levelstEHFIMES(EL
= colorstHMERIEE
= fontsizetRBEAIA/N

import matplotlib.pyplot as plt
from netCDF4 import Dataset
f = Dataset('wave.grib2.nc")

dat = f.variables['gh'][:]

lon = f.variables['longitude'][:]
lat = f.variables['latitude"'][:]
fig = plt.figure()

ax = fig.add_subplot(1,1,1)
ax.contour(lon,lat,dat[0],levels=11)
plt.show()
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fig = plt.figure()

ax = fig.add_subplot(1,1,1)

levels = list(range(-100,0,10))+list(range(10,101,10))
print(levels)

h = ax.contour(lon,lat,dat[@],levels=1levels,cmap="jet")
levels = list(range(-100,0,20))+list(range(20,101,20))
ax.clabel(h,levels=1levels,fontsize=8,colors="k")
plt.show()

[-100, -90, -80, -70, -60, -50, -40, -30, -20, -10, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100]
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fig = plt.figure()

ax = fig.add_subplot(1,1,1)

levels = list(range(-100,0,20))+list(range(20,101,20))

print(levels)

h = ax.contour(lon,lat,dat[0],levels=1evels,colors="k',linewidths=2)
levels = list(range(-100,0,20))+list(range(20,101,20))
ax.clabel(h,levels=1levels,fontsize=8,colors="k")

plt.show()

[-100, -80, -60, -40, -20, 20, 40, 60, 80, 100]
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b) BiGaE

o fEcontourd{FEFEZEIcmapiklil, matplotlib AEIRMTFENENERR, ATRATHEmcmapSERIREL

o MIBRAFHE, &' _riARERFHERTIR
o ILtHh, ERILIBENE@ER

from matplotlib.cm import datad
print(datad.keys())



dict_keys(['Blues', 'BrBG', 'BuGn', 'BuPu’', 'CMRmap', 'GnBu', 'Greens', 'Greys', 'OrRd', 'Oranges', 'PRGn', 'PiYG', 'PuBu', 'Pu
BuGn', 'PuOr', 'PuRd', 'Purples', 'RdBu', 'RdGy', 'RdPu’', 'RdYlBu', 'RdYlGn', 'Reds', 'Spectral’, 'Wistia', 'YlGn', 'Y1GnBu',
'Y1lOrBr', 'Y1OrRd', 'afmhot', 'autumn', ‘'binary', 'bone', 'brg', 'bwr', 'cool', 'coolwarm', 'copper', 'cubehelix', 'flag', 'gis
t_earth', 'gist_gray', 'gist_heat', 'gist_ncar', 'gist_rainbow', 'gist stern', ‘'gist_yarg', 'gnuplot', 'gnuplot2', 'gray', 'ho
t', 'hsv', 'jet', 'nipy_spectral', ‘'ocean', 'pink', 'prism', ‘'rainbow', 'seismic', ‘'spring', 'summer', ‘'terrain’', 'winter', 'Ac
cent', 'Dark2', 'Paired', 'Pastell', 'Pastel2', 'Setl', 'Set2', 'Set3', 'table', 'tab20', 'tab2eb', 'tab20c'])

fig = plt.figure()

for i,s in enumerate(['',' r']):
ax = fig.add_subplot(2,2,i+1)
levels = list(range(-100,0,20))+1list(range(20,101,20))
h = ax.contour(lon,lat,dat[@],levels=1evels,cmap="seismic'+s)
levels = list(range(-100,0,20))+list(range(20,101,20))
ax.clabel(h,levels=1levels,fontsize=8,colors="k")

plt.show()
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o BENEZEFELinearSegmentedColormapiRi
» BINSEIFEHIcolormaphIB=F
n FNSENEESIR
» FINSENEIHEHAVERE Y

from matplotlib.colors import LinearSegmentedColormap

self_define_colors = ['green', 'lime','w"', 'pink"', 'red"]
n_bin = 11



cmap = LinearSegmentedColormap.from_list('sdc',self _define_colors,N=n_bin)

fig = plt.figure()

ax = fig.add_subplot(1,1,1)

levels = list(range(-100,0,10))+1list(range(10,101,10))
h = ax.contour(lon,lat,dat[0],levels=1evels,cmap=cmap)
levels = list(range(-100,0,20))+list(range(20,101,20))
ax.clabel(h,levels=1evels,fontsize=8,colors="k")
plt.show()
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e contourf
e pcolor



e pcolormesh (&pcolorik)

e plt.colorbar Efatx
= colorbargE 17 &#shandles
» caxFAFZEH=colorbar

= orientation§horizontalfdvertical /MR

(1) contourf

o B3 NSEScontour—E
o levels, cmap7R[E
o fEZlextendS%y, ATHREGZHAEIEEAE

fig = plt.figure()

ax = fig.add_subplot(1,1,1)

levels = list(range(-990,0,10))+list(range(10,91,10))

h = ax.contourf(lon,lat,dat[@],levels=1levels,cmap=cmap)
plt.colorbar(h,orientation="horizontal")

plt.show()
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In [11]: fig = plt.figure()
ax = fig.add_subplot(1,1,1)
levels = list(range(-90,0,10))+list(range(10,91,10))
h = ax.contourf(lon,lat,dat[0],levels=1levels,cmap=cmap,
extend="max")
plt.colorbar(h,orientation="vertical')
plt.show()
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fig = plt.figure()
ax = fig.add_subplot(1,1,1)
levels = list(range(-990,0,10))+list(range(10,91,10))
h = ax.contourf(lon,lat,dat[@],levels=1levels,cmap=cmap,
extend="both")
ax.contour(lon,lat,dat[0],levels=1levels,colors="k',linewidths=0.5)
plt.colorbar(h,orientation="vertical")

plt.show()
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(2) pcolorgkpcolormesh

o EScontourfiBitl, {BA{EHlevelsflextend
o HUBEAVAHSBEIRvVmMInFIvmaxskifEE
o IEEAI N EIHCcolormapRIBE N ECRIfRE

fig = plt.figure()

ax = fig.add_subplot(1,1,1)

h = ax.pcolormesh(lon,lat,dat[@],cmap=cmap,vmin=-100,vmax=100)
levels = list(range(-990,0,10))+list(range(10,91,10))
ax.contour(lon,lat,dat[0],levels=1levels,colors="k"',linewidths=0.5)
plt.colorbar(h,orientation="vertical")

plt.show()
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import numpy as np

def der(dat,dx=2.5*%np.pi/180,axis=0):

datp = np.zeros(dat.shape)

if axis==0:
datp[1l:-1] = (dat[2:] - dat[:-2])/dx/2
datp[@] = (dat[1] - dat[@])/dx
datp[-1] = (dat[-1]-dat[-2])/dx

else:
datp[:,1:-1] = (dat[:,2:] - dat[:,:-2])/dx/2
datp[:,0] = (dat[:,1] - dat[:,0])/dx
datp[:,-1] = (dat[:,-1]-dat[:,-2])/dx

return datp

o IRMMRE THEFENKH
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f acospdA

def geostrophic_wind(lon,lat,gh):
g = 9.8
a 6.378137e6
omega = 2*np.pi/24/3600
X, Yy = np.meshgrid(lon,lat)
y = y/180*np.pi
f = 2*omega*np.sin(y)
msk = np.abs(f)<le-10
f[msk] = np.nan
u = -1*g*der(gh,axis=0)/(f*a)
v = g*der(gh,axis=1)/(f*a*np.cos(y))
return u,v



print(lat)

lat = lat[::-1]

dat = dat[:,::-1,:]

u, v = geostrophic_wind(lon,lat,dat[@])

fig = plt.figure()

for i, x in enumerate([u,v]):
ax = fig.add_subplot(2,2,i+1)
h = ax.pcolormesh(lon,lat,x,cmap=cmap,vmin=-5,vmax=5)
plt.colorbar(h,orientation="horizontal")

plt.show()

[ 9. 87.5 85 82.5 80. 77.5 75. 72.5 70. 67.5 65. 62.5
60. 57.5 55 52.5 50. 47.5 A45. 42.5 40. 37.5 35. 32.5
30. 27.5 25 22.5 20 17.5 15. 12.5 1e@. 7.5 5 2.5

0. -2.5 -5 -7.5 -16. -12.5 -15. -17.5 -20. -22.5 -25. -27.5
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e quiver(ERERHIRE
» BIANSEID B AxFy AR, RETXFyAEE
v scaleFRIREREXR/), BHEXXEH/)N, RZUK
» unitsERIREREXNINSE, —RBwidthEH
» pivOtiREXREENERAIMIE, EmidRIA]
» colorAREfE, BIREESNSHAIREcmapFEIBRTRESMSEIIA/N
» width®RREENEE



» headwidthZ &L/
» headlengthk&:LKE
= headaxislengthkERMAHEE

fig = plt.figure()

ax = fig.add_subplot(1,1,1)
ax.quiver(lon,lat,u,v)
plt.show()
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fig =

d =8

ax = fig.add_subplot(2,2,1)

ax.quiver(lon[::d],lat[::d],u[::d,::d],v[::d,::d],
scale=110,units="width"',pivot="mid"',color="k",
headwidth=5,headlength=5,headaxislength=3)

ax = fig.add_subplot(2,2,2)

ax.quiver(lon[::d],lat[::d],u[::d,::d],v[::d,::d],dat[@,::d,::d],
scale=110,units="width"',pivot="mid",cmap=cmap,
headwidth=5,headlength=5,headaxislength=3)

ax = fig.add_subplot(2,2,3)

ax.quiver(lon[::d],lat[::d],u[::d,::d],v[::d,::d],
scale=110,units="width',pivot="mid"',color="k",
headwidth=5,headlength=5,headaxislength=3)

levels = list(range(-100,0,20))+list(range(20,100,20))

ax.contour(lon,lat,dat[0],levels=1levels,colors="k',linewidths=0.5)

ax = fig.add_subplot(2,2,4)

ax.quiver(lon[::d],lat[::d],u[::d,::d],v[::d,::d],
scale=110,units="width',pivot="mid',color="k",
headwidth=5,headlength=5,headaxislength=2)

plt.show()

plt.figure(figsize=(11,8.5))

X
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* quiverkey()(=HIXESE
» F1PNSEAquiver ) REREIRIGIR
» SHRIBESEREZERINE, ScoordinatesISHIREB X
» BINSHASERENIE
» labelZHAMN T, —RGIASEREANA/N
= colorsRENHE
= |abelcolorRiREBXFHIEE
» labelpos@i BN FHENTFRENMEBN. S. W, E
» labelsepRiniBEXENIEE
= fontproperties2iRBBX FHIH—HIRE
» ERGESERENTIEBRER LR EERzorder
v FAI)REANSERERH—NE
fig = plt.figure()
d =28
ax = fig.add_subplot(1,1,1)
g = ax.quiver(lon[::d],lat[::d],u[::d,::d],v[::d,::d],
scale=110,units="width',pivot="mid"',color="k",

headwidth=5,headlength=5,headaxislength=3,
zorder=1)

loc = (15,75)

ax.fill([loc[@©]-25,1loc[0]+25,1l0oc[@]+25,10c[0]-25,1l0c[0]-25],
[loc[1]-5,10c[1]-5,10c[1]+20,1l0c[1]+20,1l0c[1]-5],
facecolor="pink',edgecolor="k"',zorder=1.1)

ax.quiverkey(q,loc[@],loc[1],10,1abel="10 m s'+r'$7{-1}$',coordinates="data’,
color="green',labelcolor="blue',labelpos="'N"',labelsep=0.08,
fontproperties={'size':8},
zorder=1.5)

plt.show()
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e) BESEAHR

SR LyMBNERHRSERTISERN, AETHIER NEFESEEAZ. THELINCEP-DOE Reanalysis 2796lcHI2025F1B1BABE
i85  EFEA b ERRIEIE.,

o FE{FHinvert yaxis()flset yscale()EREg
o LIRS xAyiHiTIRE

f = Dataset('pres.sfc.gauss.2025.nc")
pres = f.variables['pres'][9]
lonp = f.variables['lon'][:]
latp = f.variables['lat'][:]

f = Dataset('hgt.2025.nc")
hgt = f.variables['hgt'][9]



lon = f.variables['lon"][:]
lat = f.variables['lat'][:]
levels = f.variables['level'][:]

msk = lonp==84.375 #H | ML & FE, Jhn]sK-F3
pres = pres[:,msk]/100

msk = lon==85
hgt = hgt[:,:,msk][:,:,0]
fig = plt.figure(figsize=(11,8.5))

ax = fig.add_subplot(2,2,1)
h = ax.contour(lat,levels,hgt,levels=11,cmap="jet")
ax.clabel(h)

ax = fig.add_subplot(2,2,2)

h = ax.contour(lat,levels,hgt,levels=11,cmap="jet")
ax.clabel(h)

ax.set_yscale('log")

ax.invert_yaxis()

plt.show()
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fig = plt.figure(figsize=(11,8.5))

ax = fig.add_subplot(1,2,1)

h = ax.contour(lat,levels,hgt,levels=11,cmap="jet")

ax.clabel(h)

ax.set_yscale('log')

ax.invert_yaxis()

ax.set_yticks(levels)

ax.set_yticklabels([str(int(x))+' hPa' for x in levels],fontsize=10)
ax.set_xticks(np.arange(-90,91,15))
ax.set_xticklabels([str(int(x))+r'$”0$'+'E' for x in np.arange(-990,91,15)])
ax.set_x1im([0,90])

ax = fig.add_subplot(1,2,2)

h = ax.contour(lat,levels,hgt,levels=11,cmap="jet")

ax.clabel(h)

ax.set_yscale('log")

ax.invert_yaxis()

ax.set_yticks(levels)

ax.set_yticklabels([str(int(x))+' hPa' for x in levels],fontsize=10)



ax.set_xticks(np.arange(-90,91,15))

ax.set xticklabels([str(int(x))+r'$”0$'+'E' for x in np.arange(-990,91,15)])
ax.set_x1im([©,90])

ax.set_ylim([1000,10])

pres = pres[:,0].tolist()

latp = latp.tolist()

latp = latp[:1]+latp+latp[-1:]
pres = [1000]+pres+[1000]

ax.fill(latp,pres,facecolor="gray")
plt.show()
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