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O Specify the pressure surface, start
and end time, and longitude and
latitude of start point.

v

O Specify the altitude or potential
temperature, start and end time,
and longitude and latitude of start

O Evaluate the wind speed at four
corners of lattice plane in which
the position of air mass is included
at the time specified. It uses
ECMWEF data with linear time

point.
v

interpolation.

0 Evaluate the wind speed at the
start point by linear space
interpolation or by weighted space
interpolation.

(0 Evaluate the potential tempera-

ture at the specified latitude and
longitude at wupper and lower
pressure surface of the grid cell that
includes the air mass. The potential
temperature of the specified altitude
is evaluated by linear interpolation.
In case the temperature potential is
specified, the corresponding altitude

1s evaluated.

v

(0 Estimate the trajectory of air mass
by time numerical
scheme.

integration

v

O Repeat steps 0 to O wuntil the
specified calculation end time .

0 Evaluate the wind speed at eight
lattice points of the cell, which
includes the air mass, by linear time
interpolation. Then the wind speed
at the position of the air mass is
evaluated by linear space inter-
polation or weighted space inter-

polation.
v

(0 The position change of air mass, in
corresponding to horizontal compo-
nent of wind, is evaluated by time
integration numerical scheme.

v

0 Search the altitude where the
potential temperature of air mass is
the same as that of the air mass at
start point, evaluated at step 2.

v

O Repeat steps 0 to O wuntil the
specified calculation end time.

| sobaric

I sentropic

Figure3.1 Calculation procedure of air masstrajectory.
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Figure3.2 Timeintegration numerical scheme 1: Euler method.
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O Move the air mass with us,va for
the time step Ah

0 Estimate Ua,Va
at point A and time [J

— _p( Point B

0 Estimate Ug,vg at point

B and time #+AA

00 Move the air mass with (us+ug)/2,
(Va+Vg)/2 from time ¢ for the time
step Ah

Q Point C

Position of air mass at the time #+AA

Figure3.3 Timeintegration numerical scheme 2: Petter ssen method.

00 Move the air mass
with up,va for the
time step 1/2AhA

0 Estimate ug,vg at point

Point B B and time#1/2AA

0 Estimate Ua,Va
at point A and time ¢

.t
.
....
.
.
.

.
.
‘‘‘‘
st
L.

PointA

0 Move the air mass with uc,vc
from time ¢ for the time sten AA

00 Move the air mass
with Ug,vg from time
t for the time step
1/2Ah

Point D| point D and time #+AhA

00 Move the air mass with
(1/6)ua+(1/3) (ug+uc)+(1/6)up,
(1/6)va+(1/3) (Vg +vo) +(1/6)vp

from time ¢ for the time

step Ah

Point C g}

0 Estimate uc,vc at point C

and time #+1/2Ah

Point E

Position of air mass at the time t+AA

Figure3.4 Timeintegration numerical scheme 3: 4th Runge-K utta.
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lattice in which the air mass is included, through linear time interpolation.

I Estimate the meteorological elements value for the position of air mass at time ¢,

I Estimate the meteorological elements value at time ¢ for each vertex of the

through linear or weighted space interpolation.

Figure3.5 Estimation scheme of meteorological elementsvalue at any point and time.
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Figure3.7 Linear spaceinterpolation on isobaric surface.
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Figure3.8 Linear spaceinterpolation on isobaric surface and linear potential temperature
interpolation in vertical direction.
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Figure3.9 Weighted interpolation on isobaric surface.
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Figure3.10 Weighted interpolation in agrid cell. The meteorological elements’ value at 8 corners
are obtained by the linear time interpolation.
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Table3.1 Timenumerical integration scheme and interpolation.

Time numerical integration scheme Estimation of meteorological elements
Euler Weighted interpolation
Petterssen Weighted interpolation
4th Runge-K utta Linear interpolation

The potentia temperature is always estimated by linear interpolation

0 190




oboooooooobooon

334 oOooooooooooooooooooon
-300o0o0oooooooooooooon-

gbobgbooooobooboboboooobobobobooboooboboboboob
gboobobobobo 20b0b0bO0bO0bO0bO0ObObO0ObOobObObDODbDODbODB
gbobgboooboobobooooooboboooooboobobooooobono

OO0O0DOECMWFDO 2500000000000000000 3o0bO0bOobOobOoDsO
OobooooboooboboOo 240kmb D000 270kmO 0000000 0DOOO0OO0O0ODOO
OO0 kmODOO 925hPa0 0 80P 00000000 mOOODOOODOOOODOODOO
oobooobobeUu 3bogboosbodooooboobogoooobbooooboooDboo
gbobo sgbobobobobobobobobOobobobobobobobobOoDbo
OO0095hPall 850hPA D OO ODOO 300000 100 3000000000O0O00OO0O0OO
gboboobooobobobobooooboboboboobobobobOobDooboDbo
OoboooDooooonb FguedllODODOO

30000000000 2500000 21akmi00000 2500000 27r7kmO0000ODO
Ooboooobooobooobobo oombOOODoOonDOoshPal DO OO 10000 20000 30
OO0 400080nPa000000O0OOCOOSBO800000O0O0ODOO (Figure3.11 (a1))0d30
gboboboooboboobobobobobobobobobobbo 10obobobobobo
oooooopbbooboOoooOo0oo0 kmb 1000000000 MO 10000D0O0ODOO
gbobobooobooboobobobobobobobobobOobobobobg o3bU0bO
gboobobobob oo osOUDbODODUODLODODODODODODODODODLO
gbobgboooboobobooooogbosboboobobobobobobOobobon

gbobgooboooooboobobobo0 10sgboboooobooboboboooob
OO0 Fgure3ll () 00000 105020 6030 7000 40 s8O000DO0OO0OO0OODOO
OOooOoO00o0O0o0ooOo0obOo00oD0ooDOOoOobOOoobOOo0obOoobDOObOFgure 311 (o
gboobi105000000000000DO0ODO ODODODODO 0K ODOOODOO
gboboboboboobobobobob0obUobo sgbobOobOobobUobobOoDbo
gboboboooboboooooooooooooomobobobobobobobo
00 5220000000000000000OOC0ODOOOO 1000hPaO 400nPaCOODOOO
gbooobopooboobooobobooboboobobooboobobobobobobOobobobo
gbobgooboooboboboboooobobobobooboobobobOobDooboDbo
obobobooboboobbooo 2000000000000 00000D0DODbODbODbO
gbobgobooobobobobooooboboboboobobz2b0bOobDOoobODbO
gbooboboobobobo 20b00b0bO0bO0bO0ObObDODbDODbDODODODODODO
gbobgooboooboboboboooobobobobooboobobobOobDooboDbo
gbobgboobooboboboboobobobobooooboboboboobobo
gboboboooboboboboooobobobobooboobobUobOobDoobobo
gboboooobgoobooboboboboboobooooooobobooooooboooobn
gboboboooboboboboooobobobobooboobobUobOobDoobobo
gbobgbooboobobobooboobobobobooooobooboboboobobo
gboboobooobobobobooboooboboboboboboobobobOobDoobobo
gboobobooooooboboooooon

gbobgooboooooboboboboooboobobobobooboboobobobooboob
OO0 Fgue3ll(@UUOO0ooopooobooo@uboooboboobbooboooboboobbgo

g zo0



CGER-M013-2002,CGER/NIES

............................ 0.276238

| 6 0.276236

i position of 0.276234 M
: 3 S0.276232 VM;%
il

0.276230
Ol x5

0.276228

e
! é
Contribution

(= N 0.276226

y
X 2 (a) 0.276224 (C)
0 0.2 04 0.6
z: Fractional height of 3D grid

0.6

5558558 O:1 A2 03 e:4
R %1506+ .7 %8
0.25 05
0.2
5 O:1 A:20:30:4 §
30.15 *:5 0:6 + :7 x:8 E
g 01¢ IS
0.05
(b)
0 7\
0 0.2 04 0.6 0 0.2 04 0.6
z: Fractional height of 3D grid z: Fractional height of 3D grid

Figure3.11 Height dependence of the contribution of lattice corner datum to theinter polated
value. Contribution of each corner datumis calculated for the 3D lattice between 925hPa and 850hPa
near 30 degree north. The values of 241km east-west, 277km north-south, and 700m height are used
for the estimation of contribution. The position of air massin (b) and (d) is expressed by fractional
distance, normallizing the each edge length as one. (a) Number of the 8 corners and position of air
mass. (b) Contribution of each corner datum to interpolated value in the weighted interpolation  at
x=y=0.3. (c) Partial expansion of (b) from 0.276224 to 0.276238 of the perpendicular axis.

(d) Contribution of each corner datum to interpolated value in case of linear interpolation.
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I Specify the longitude and latitude of the point where the trajectory starts.

I O Select the pressure surface.

v

numerical scheme.

0 Specify the altitude or potential
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Figure3.12 Calculation procedurefor isobaric and isentropic method.
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