FORM TO SPECIFY INPUT DATA FOR WIND/CURRENT PERTURBATION MODEL

North pole

VDRAFT3
o 1  OYsiny _ _ :
Vp = Upg + Fsing oy 0 Vo = Voo + VH COsS Q, Vg = Vg + VH SN @,
_10r
Vg = — 8:’#7 where vyg, v, and vg

are glven by a background wind model,

=37 MDA@( J¥Bi(Y)ci(h) +pi(v)YEi(h) ,

ailh) = oz, Yy siny = rew; sin 331 — e~ %) /2,

voi(h) = (1 — tanh((h T #)/0:))/2,
T ) )2

Ypi(y) = %e_ m> e sin” 7y

h—z;—82;
Ypi(h) = 6_( vt ) ST =Tet 2+ 02,
=2 h=r—r,
cosy = sin Ao €os 6 + cos A\g sin 0 cos (¢ — ¢p),
cos a = [sin 6 cos Oy — sin Oy cos O cos(¢ — ¢p)]/ siny,
sin o = sin Oy sin(¢ — ¢p)/ siny,
Oop=m/2 — o

Ray point

This model represents the wind/current velocity of an updraft plus a downdraft with a ring
vortex at the top of the updraft and at the top of the downdraft. Because this model is based on

a stream function, it has zero divergence in three dimensions.

Specify—
the model check for VDRAFT3 =

(w125)

the input data-format code =

(w126)

an input data-set identification number =

(w127)

an 80-character description of the model with parameters:

and the model values:
Ao latitude of the updraft/downdraft

rad, deg, km (w128

¢o longitude of the updraft/downdraft

rad, deg, km (w129

wi maximum speed of the updraft
~1 half width of the updraft

km/s, m/s (w130
rad, deg, km (w131

h1 depth of the inflow

km, m (w132

wo maximum speed of the downdraft

km/s, m/s (w133

<

~2 half width of the downdraft

rad, deg, km (w134

ho depth of the outflow

w135

z1 height of the return outflow at the top

w136

61 width of the return outflow at the top

w137

zo height of the return inflow at the top

0o width of the return inflow at the top

w139

wy1 /w; relative strength of the updraft ring vortex =
dp1/01 relative thickness of the updraft ring vortex =
0z relative height of the updraft ring vortex

=

—_
N
(e=]

—_
N
[\

w

01 relative radius of the updraft ring vortex

Wy /we relative strength of the downdraft ring vortex =
dy2 /02 relative thickness of the downdraft ring vortex =

dzo relative height of the downdraft ring vortex

w143

=

—_
S
N

km, m (w146

05 relative radius of the downdraft ring vortex
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OTHER MODELS REQUIRED: Any background wind/current velocity model.



In the subroutine, v, vg, v4, and vy are used for the perturbation.
d i dp, i
vy = 222:1 —45(h )1 Y ’Y)Sln’Yw i(h) — 1dypi(y)siny zi(h)

r  dcosvy r  dcosvy
-xi Ko o sy si
G = T8 )~y () B () + g () o DI () — p(h) 2 LI ()
+ L dnisiny gy 1M¢Ez( h)

72 dcosy r dcosy

%UOT = ZZZ=1 - (Slnfy?ﬂg) ¢Az( )r dCOS’y (d¢lfiz£g3§1n7> h’ - %
%Ud: = E?:l (Slnfya(i)) wAl( )7' dcgsw (dw@iézg'symw> h %
v = Yy — V(WY (VN eci(h) — Yai(h)Ysi (V) (h) — tia
— Ypi(V Vg (h) — +¢¥pi()YEi(h),

{%H = ?:1 —T/Jf!xi(hWBi(’Y)T/JCi(h)—21/’f4i(h)¢Bi(’Y)T//cz‘(h)—1/1Ai(h)wBi(’Y)l//c,’i(h)—%lﬁ/Ai(hWBi(’Y)"(ﬁCi(h)
— 14 (W)Y Bi (V)6 () + 52 ai (W)Y i (7)Y ci(h) =Y pi(V) U (h) = 3 90i (V)W (h)+ 2 Ypi(v)¢Ei(h),
JﬁfZLWM%£MMWmW—MWﬁM%AWMM

— 1ai(h) geas WBi(N))oi(h) = g (Wpi(N))Wii(h) = + geass Wpi(1)bmi(h),

dyp; w ZCos*y + 1 diyp;siny

dYpi W)SHW) Vei(h)

(26
(

dpq
Ddczs),sym’y) Ez(h)7

h)¢Bz( )Q;Z)Cz( )

d
dry
d
e
i

dcos~y sin 7 siny dcosy
dp; = hp; 5L _1 dypisiny
dcosy Zsm v sm'y dcosy !

V9 — Vg COS v,

dvg __ Ovy

A iy :
Ovg __  Ovg Ocosy Ccos av
00 — Ocosy 00 cos & + Vg a0
Ovg _ Ovyg Ocosy dcosa

D6 ~ Deosy 00 coso + vy 96
vy = vy sina,
8U¢ ovy

887 = or s o,

Ovg _ Qug 0cosy .: Osin o
90 — Doosy 00 SWMATUHTH5,
Ovg _ vy Ocosy - Jsina

0¢p ~ Ocosy O¢ sSina + vy o¢

sin 'yg—g = siny cos @ = cos gy sin O — sin Oy cos 6 cos(¢ — ¢p),

sin ’yg—z) = sinfp sin O sin(¢ — ¢p) = sinf sin asiny,

If siny # 0, we can calculate o from

sina = sin Oy sin(¢ — ¢p)/sin~y, and

cos a = [cos By sin O — sin Oy cos O cos(¢ — ¢p)]/ siny,

On the other hand, when sin+y = 0, the above formulas are indeterminant. In that case, we need
to determine « from the ray direction. This gives

oS Oy — df/dt sign(de/dt) and
\/(d6/dt)2+(d¢/dt)? sin? 0
sino — sin Odg/dt sign(dg/dt)

\/(d6/dt)2+(d¢/dt)? sin® 6
We define the following function, which is calculated in a separate subroutine.

ai(hi, h) = 7, with the following derivatives

2h2h
Yy (hish) = (GIEE
2h2(h2—3h2
W (hi h) = W7

We define the following function, which is calculated in a separate subroutine.

Yi(B,sin®v;, A, cosv,siny)siny = Bsin?~;(1 — e %), where 3; = % ,with the following
derivatives
_(psiny) = —2B cosye
dcosy \VBi siny) = cos ye i,
dcgsyﬁ(wBi Sin’}’) —2B (1 — 2801?52 73) e_ﬁi’

We define the following function, which is calculated in a separate subroutine.
Yeoi(zi, 05, h) = (1 — tanh (h Z’)), with the following derivatives




¢/Cz(z’lu§l7h’) = _ﬁseCh2 (h = )

V(i i, h) = 523ech (h Zl) tanh (h Zl)a
We define the follovvlng function, which is calculated in a separate subroutine.

—T\2
Ypi(D, T, A7, cosy,siny) siny = %e_(%) sin® v, with the following derivatives

. -T
%%27 = —%ef(L) (—22k o sin 2~ + 3 cosysiny) and
: T
% (%) = —%e (WT) [4% sin y — 102 Az COSysiny — AQ sin? v + 3 cos? vy — 3sin? v

We define the following function, which is calculated in a separate subroutine. In the following

three formulas only, h; = z; + d2;.
2
h—h;

Ygi(hi, 0pi, h) = e_(w> , with the following derivatives

2
h—h;
/l/}/E’L(h’M(S’U’L?h) - _2h(5_2l7'ie ( Oui ) ,

i (hiy S0y h) = — 2 [1_2( . )2] e—(hsl}f)z,

Definitions:

FORTRAN variable Variable name Definition
LAMBDAO Ao Latitude of updraft/downdraft
PHIO o Longitude of updraft/downdraft
W1 w1 Maximum speed of updraft
W2 Wy Maximum speed of downdraft
GAMMAL1 ol Half width of updraft
GAMMA2 Y2 Half width of downdraft
H1 h1 Depth of inflow
H2 ho Depth of outflow
z1 z1 Height of the return outflow at the top
72 29 Height of the return inflow at the top
deltal 61 Width of the return outflow at the top
delta2 0o Width of the return inflow at the top
strenl Wy1 /w1 Relative strength of the updraft ring vortex, W(140)
thickl dp1/61 Relative thickness of the updraft ring vortex, W(141)
deltazl 021 Relative height of the updraft ring vortex, W(142)
deltagl on Relative radius of the updraft ring vortex, W(143)
stren2 Wy2 /W2 Relative strength of the downdraft ring vortex, W(144)
thick2 Oy2 /02 Relative thickness of the downdraft ring vortex, W(145)
deltaz2 022 Relative height of the downdraft ring vortex, W(146)
deltag?2 0y2 Relative radius of the downdraft ring vortex, W(147)
EARTHR Te Radius of the Earth
EARSQ r?
SING1SQ sin? v,
SING2SQ sin? 7o
SINLAMO sin Ao

0o Co-latitude of updraft/downdraft
COSTHO cos g
COSLAMO cos Ao
SINTHO sin g

H1SQ h?



H25Q
CONST1
CONST2
VH

RSQ
H

HSQ
HCUBE

COSTH
SINTH
PH
COSPH
SINPH

COSGAM
SINGAM
SINGSQ

psi

psisg

psil

psilsg

psi2

psi2sg
psiAl1%value
psiA1%p
psiA1%pp
psiB1
psiBlsg%value
psiB1sg%p
psiBlsg%pp
psiC1%value
psiC1%p
psiC1%pp
psiD1sg%value
psiD1sg%p
psiD1sg%pp
psiE1%value
psiE1%p
psiE1%pp
psiA2%value
psiA2%p
psiA2%pp
psiB2
psiB2sg
psiB2sg%value
psiB2sg%p
psiB2sg%pp

h3

rewp /2

rews /2

vy Horizontal component of wind velocity perturbation
Distance from center of Earth to ray point

h Height of ray point above sea level
h2
h3
0 Co-latitude of ray point
cos 0
sin 6
10) Longitude of ray point
cos (¢ — o)
sin (¢ — ¢o)
ol Great circle angle between
updraft/downdraft and ray point
COS 7Y
sin 7y
sin?
Y =1+ P Stream function
Ysiny = 1 siny + Yo sinvy
Y1 = Yavprer
Y1siny = apisinyer
VY2 = Ya2patber
Yo siny = P2 pa sin ¥
Va1
Y (h)
W (h)
VYB1
¥p1 siny
ﬁ@#m siny) = —Si}w%WBl siny)
d cgs Y ﬁ (wBl sin fY)
(e}
ver(h)
Ui (h)
¥p1 sin~y
Toa (Yp1siny) = — 5= 2 (Yp1 siny)
& Foa= (¥p1siny)
Vi1
Vi1 (h)
w1 ()
Va2
Vo (h)
Paa(h)
(0Jzp)
Ypo siny
Yp2siny
Toass (Upasiny) = — 5= ok (Yo siny)

d d :
dcos~y dcosy (wBZ s 7)




psiC2%value
psiC2%p
psiC2%pp
psiD2sg%value
psiD2sg%p
psiD2sg%pp
psiE2%value
psiE2%p
psiE2%pp
BETA
EXBET
SUM
SUMSQ

VR

PVRR
SGPGTH
SGPGPH
PGTH
PGPH
PVRTH
PVRPH

VH
VHDSG

SINALP
SINALPSQ
COSALP
COSALPSQ
COS2ALP

DEN

VTH

VPH

PVHR
PVTHR
PSINALPTH
PSINALPPH
PCOSALPTH
PCOSALPPH
PVHPG
SGPVHPG
PVHTH
PVHPH
PVTHTH
PVTHPH
PVPHR
PVPHTH
PVPHPH
VSQ

(ep)
Yea(h)
Wia(h)
Yp2siny
Toass (Ypasiny) = — gz L (Yp2 siny)
i Teos (Yp25in7)
V2
Vi (h)
E2(h)
3 = sin? v/ sin? v, or sin? 7/ sin? o
e
h? + h? or h3 + h?
(hi + h?)? or (A3 + h?)?
vy = —%2 8?01@7 Vertical component of wind velocity perturbation
Oy /Or = —(0%/Ohd cos ) /12 + 2(0v /D cos ) /13
—0cosy/00 = sinydvy/00
—0dcosy/0¢p = sinydy/dp
0v/00
0v/0¢
vy /00

Ovy [0

&/ Oh
" rsiny 5/8h
vp/siny = —77“;?1/127

e azimuth angle of updraft counter-clockwise
from North as viewed from ray point

v = horizontal component of wind velocity perturbation

sin «v
sin® o
cos o
cos? a

cos 2

V/(d6/dt)? + (do/dt)? sin® ¢

Vg Southward component of wind velocity perturbation
Vg Eastward component of wind velocity perturbation
Qv /Or

Ovg/Or

Osina /00

dsina /¢

0cosa/00

0dcosa /0P

Ovp /0 cosy = —1/sinydvy /0y

—Qvg /Oy

Ovgr /00

v /0

Ovg /00

dvg/0¢

Ovg/Or

O0vg /00

Ay /0

o]




\% v

PVTH dlv|/06
PVPH dlv|/0¢
PVR dlv|/or



