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Abstract 

In this thesis we consider the problem of computing the horizontal pressure gradient force 

under o- coordinates, within a discrete numerical model. This calculation has previously 

been found to be accompanied by large truncation error when performed in regions of steep 

(mountainous) terrain. Corby et al.(1972) proposed a limited solution by showing that 

if one considered an atmosphere where temperature varied linearly with logp, a certain 

finite difference scheme could be used for which the discretization error vanished when no 

geostrophic wind existed. 

We take this as a starting point, and extend the result of Corby et al.(1972) to a 

case where a simple wind exists by requiring that isobaric surfaces be tilted rather than 

horizontal isothermal planes, as was true in his study, as well as to a more cornplicated case, 

in which isobaric planes carry a temperature variation , and for which we have derived an 

accompanying truncation error. In addition we show how the selection of temperature and 

finite difference scheme by Corby et al.(1972) can be seen to be a consequence of an attempt 

to transform the continuous hydrostatic equation into a discrete version of it, without loss 

of accuracy. Finally, we show the importance of employing data which is consistent with 

both the finite difference and continuous equations by conducting a numerical experiment . 
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Cl1apter 1 

l11.troduction 

One of the central problems in numerical modelling is to find finite difference analogs for 

continuous equations in such a way as to maintain consistency within the discrete world, 

as much as possible (Arakawa and Suarez , 1983) . Computation of the horizontal pressure 

gradient force (HPGF) within a discrete model under u coordinates has been reported 

to be accompanied by a large truncation error, when performed in the vicinity of steep 

mountainous regions, by a number of reasearchers: Kurihara (1968), Kasahara (1974), 

Tokioka (1978), Simmons and Burridge (1981) . Several attempts to approach the problem 

assuming an atmosphere where temperature varies under a constant lapse rate T = Az + B 

(Gary, 1973; Nakamura, 1978), were unable to show substantially satisfactory results. On 

the other hand, Corby et al.(1972) proposed a temperature structure (T = A In p + B) and 

finite-difference scheme for which no ensuing truncation error was found when calculating 

the HPGF, but only in a simple case when there was no geostrophic wind present. Danard 

(1989), and Danard et al.(1993) also assumed a linear variation with lnp in calculating the 

HPGF from surface observations of temperature and pressure. 

In this thesis, we will show the importance of choosing data extrapolated from functions 

that are consistent with the discrete version of the basic driving equation of an atmospheric 

model. After introducing pertinent meteorological background for discussion of this problem 

including the sigma coordinate in Chapter 2, we will then proceed in Chapter 3 to show 

that if we wish to transform the continuous hydrostatic equation into a discrete analog 

of it , we can determine what a suitable temperature structure (henceforth T-structure or 

T-function) for doing so might be . Following this will be a review of the finite difference 

scheme recommended by Corby et al.(1972), to be referred to as the Corby finite difference 
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scheme for simplicity throughout the rest of the thesis, showing that no discretization error 

should result when an atmosphere is at rest. 

In Chapter 4 we compare data (surface temperature and pressure) extrapolated from 

a T-function consistent with the discrete hydrostatic equation we have chosen, to that 

of a T-function not consistent with it, although consistent with the continuous version 

of the hydrostatic equation. This will be carried out by means of a series of numerical 

experiments computing the HPGF from these surface temperature and pressure values, 

along terrain of a cosine shaped hill. We further show that although the non-consistent 

T-function (T = Az + B) discrete model experiences truncation error in calculation of the 

HPGF, in the limit as the grid size goes to zero the HPGF converges to the correct value. 

Chapter 5 reports on the numerical results of the comparison between the two different 

T-structure models (T = Az + B and T = A lnp + B) when no geostrophic wind is present. 

Corby's claim (see first paragraph of this Introduction) is empirically verified. However, 

when T = Az + B is employed, the calculated surface geostrophic wind differs from its 

expected value. A derivation for this truncation error is also carried out, using Taylor's 

In Chapter 6, the author's own geometrical argument is presented which shows why 

Corby's finite-difference scheme of twenty years ago will be applicable to a more complex 

case - a barotropic atmosphere in which isobaric planes are parallel, and tilted with respect 

to the horizontal (but carry no temperature variation). In addition, it is shown that the 

scheme is equally valid on any sigma level above that of the surface, although we are 

primarily interested in the surface sigma level. Once more we show that when T = Az + B, 

calculation of the HPGF has an accompanying truncation error and we derive its formula. 

The most complex of the three atmospheres we consider in this thesis is presented 

111 Chapter 7. It is a simple linear baroclinic atmosphere where the temperature varies 

according to B0 + C0 (x - x<R)) on constant pressure planes (with y fixed for clarity of 

discussion). In this case the geostrophic wind vector varies in the vertical as given by the 

thermal wind equation. For the case of T = A In p + B, this vertical variation is put to use 

in calculating the truncation error for the HPGF. It is found that this discretization error 

has a Laplacian form to it and an exact expression for this truncation error is derived, for 

any arbitrary a- level. The case when T = Az + B0 + C0 (x - x(R)) occurs in a baroclinic 

atmosphere is analyzed as well. 



Cl1apter 2 

Relevant meteorological equatio11.s 

The governing meteorological principles that will serve as a basis for the derivations in 

this thesis are presented in this chapter. 

As a preliminary step to the study of the pertinent meterology related to the problem 

of computing horizontal pressure gradient force, it will be convenient to place a cartesian 

coordinate system at a fixed point of observation at sea level. For the sake of definiteness, 

we will choose this point P as part of the Northern hemisphere, and take positive x to be 

directed eastward from this point, positive y to point northward from it, and positive z to 

point skyward toward the zenith with respect to P. The x - y plane is chosen tangent to the 

spherical earth at P. We will call the unit vectors in the positive x, y and z directions i, J, 
and k respectively so an arbitrary vector r will be written as 

(2.0.1) 

or as 

(2.0.2) 

where 

(2.0.3) 

All derivations presented in this chapter are standard ones in meteorology, and are 

adapted from Holton (1979), unless it is noted otherwise. A discussion of the pressure 

gradient force including its definition, derivation and several of its uses, will now follow. 

3 
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2.1 Pressure gradient force 

The force which arises due to spatial variation in pressure is called the pressure gradient 

fom (PG F) . Let us con si dee the cu be of dimensions L',x, L', y and L', z with cen tee [ :: ] in 

the pcessme field p [ : ] · If we denote by F1 •
0

- ~ • the nmmal fom adin g on the left face 

[ 

x _ b,.x l 
of the cube, at 

O 

:: 

2 

, in the positive x <li<edion, and by -F,"0 +",', the nmmal fom 

[

X + b,.x l 
. acting on the ,ight face of the cube, at 

O 

:: 

2 

, in the negative x dicedion, then as a 

result the net pressure gradient force acting on the cube over the distance ~x is 

(2.1.1) 

But because force is pressure times area this can be rewritten as follows 

PG F"" = p [ x, ~: "," ] * [L',y] * [ f',z] - p [ x, :: "," ] * [ L',y] * [ f',z ]. (2.1.2) 

The pressure functions on the right hand side (RHS) of the above equation can be expanded 

by the following Taylor's series 

{' ~: ,.,. l = p [ :: l -:, { :: [ :: l 
x==-xo 

.. . , 

(2 .1.3) 

and 

(2.1.4) 

We now introduce the mass M, of this volume element as 

(2.1.5) 
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whece p [:] ;, the den,;ty at po;nt [ :l · If we cequ;,e that each of Ll.x, L\.y, L\.z be suf­

ficiently small so that the density is uniform throughout the cube, the mass can then be 

written as 

(2.1.6) 

The PGF per unit mass in the x direction can then be given by 

(2 .1.7) 

from (2.1.2), (2.1.3), (2 .1.4) and (2.1.6) . Taking the limit of (2.1.7) as ..6.x --+ 0 yields the 

pressure gradient force per unit mass in the x direction 

1 op 
pox 

(2.1.8) 

where it is understood that the partial derivative with respect to x written in this way is 

taken at constant 1· and constant z. (Of course, analogously f-; will be taken at constant 

x and z, and -fz at constant x and y.) Observing first that the argument (2.1.1) through 

(2.1.8) is valid for arbitrary x 0 , and secondly that this argument could be reproduced for 

they-directed PGF and z-directed PGF, we conclude that the pressure gradient force per 

unit mass in three dimensions will be 

PGF 
M 

2.2 Hydrostatic equation 

(2 .1.9) 

An important application of pressure gradient. force is the role it has in vertically 

offsetting the downward pull of gravitational force on a parcel of air. An atmosphere is said 

to be in hydrostatic balance if the pressure gradient force acting upward on a volume V 

of air with mass M exactly matches the gravitational force acting downward on it. This 

condition can be stated as 
-V op 

oz Mg , (2 .2.1) 



which can be rewritten as follows 

8p = pg. az 
By the inverse function theorem, one can then obtain from (2.2.2) 

8z l 
g - = --. op P 

We will assume that our atmosphere follows the ideal gas law 

1 
p - = RT, 

p 

6 

(2.2.2) 

(2.2.3) 

(2 .2.4) 

where R is the ideal gas constant (see Appendix D) and T is temperature. We therefore 

have from (2.2.3) and (2.2.4) 
oz 

g­op 
RT 

p 

Defining the geopotential ¢ of an element of mass under consideration by 

¢ = g z, 

(2 .2.5) 

(2.2.6) 

the product of the gravitation constant g and height z of this mass above sea level, allows 

(2.2.5) to be rewritten as 
8¢ 
op 

This is known as the hydrostatic equation . 

RT 
p 

(2.2.7) 

If we now consider the pressure gradient force in the horizontal, and on the basis of 

(2.1.9) define 

(2.2.8) 

as the horizontal pressure gradient force per unit mass , we see that knowledge of the density 

field is required for evaluation, and such information may not always be easily available. 

However, if we assume that constant pressure surfaces are continuous, an attempt to measure 

the discrepancy in pressure between two such surfaces a distance ~x apart, could instead 

be replaced by an effort to measure the pressure difference between these same two surfaces 

in the vertical, after multiplication by an appropriate transformation factor. The density 

term could perhaps be absorbed into another factor for the new expression that develops 

from an application of the hydrostatic equation. Such an approach is now presented in 

detail below . 
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2.3 Horizontal pressure gradient force evaluated on a con­

stant pressure surface 

Using geometric considerations it is now shown that the horizontal pressure gradient 

force is actually equivalent to the geopotential gradient on a constant pressure, that is 

isobaric, surface as indicated below : 

(2 .3.1) 

Focusing attention on the x component of the above, and referring to Figure 1 on the next 

page, one may note that the difference in pressure between isobaric planes p2 and Pl is 

B A B C 
P2 - P1 = P2 - P1 · (2 .3.2) 

The pressure change over ~x is then 

(2.3.3) 

where the - sign has been introduced to account for the fact that the direction of increasing 

positive z corresponds to a direction of decreasing pressure. Taking the limit of (2 .3.3) as 

~x --+ 0 yields 

(2.3.4) 

However, recalling (2.2.2) 

(;:) = -g P, 

and insering it into (2 .3.4) provides the following conclusion, with the use of (2 .2.6) 

(2 .3.5) 

and this is what was to be shown. Since a similar argument could be made for they directed 

PGF, we are assured that (2.3 .1) holds. 

2.4 Horizontal pressure gradient force under a coordinates 

Digressing now for a moment, this opportunity is taken to make a few comments about 

the x component of the HPGF presented in (2.3.5) . We point out that when this expression 
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z 

Figure 1: Pressure gradients illustrated. 
The pressure gradient with fixed z is pf - pf, while the pressure gradient at fixed x 1s 

B C 
P2 - Pi· 



g 

is derived with u coordinates, in which the vertical measure given by pressure is replaced by 

the ratio u of this pressure to surface pressure, that is u = .E.., it will expand into a sum of p, 

two terms each of which will give rise to truncation error in a finite difference formulation 

(a detailed discussion follows in Section 3.1). In the process, values for temperature as well 

as for derivatives of pressure and geopotential taken along surface terrain will need to be 

determined. Because of the difficulty which may ensue with u coordinate HPGF evaluation, 

it is desirable to begin study first under a simple atmosphere and then subsequently under 

a more complex one. 

2.5 Barotropic atmosphere 

If an atmosphere has the property that each surface of constant pressure has constant 

density then it is known as barotropic . By observation of the ideal gas law (2.2.4), this then 

implies that such a surface has constant temperature and so is described as isothermal. 

2.6 Baroclinic atinosphere 

More generally, however, an atmosphere in which an isobaric surface is not necessarily 

one of constant density is called baroclinic. In this case the isobaric surfaces can have 

varying temperature, as inspection of the ideal gas law indicates. 

In the models to be dev.eloped in this thesis we will be able to prescribe the isobaric 

surfaces to embody the conditions associated with the atmospheres mentioned above and 

so provide a variety of settings under which to evaluate the HPGF. 

2. 7 Geostrophic wind 

We will show in this section that once a method to compute the HPGF is developed, 

it will also enable us to calculate what is known as the geostrophic wind with little extra 

effort. This is a constant velocity wind that results when the HPGF is exactly opposed by 

the Coriolis force ( discussed below) on a constant z plane. Meteorologists have found that 

the geostrophic wind approximates the real wind to within about 15 per cent in mid to high 

latitudes , above the 1 km level where frictional force plays a more negligible role (Wallace 

and Hobbs, 1977) . Hence in conjunction with our investigation of the HPGF we will be able 

to develop a simple interesting wind model as well. In this regard, we note that although a 



person may be interested in knowing the motion of a wind relative to certain fixed points, 

for example several cities, account must be taken of the fact that the earth itself is turning. 

This aspect is now considered. 

2. 7.1 Coriolis force 

Air motion as viewed by a stationary observer, who is part of a rotating frame of 

reference (the earth), appears to be under the influence of a deflecting force. This force is 

known as the Coriolis force. For instance, to a person standing in the Northern hemisphere, 

an incoming wind travelling straight down a line of longitude looks as if it is being deflected 

to its right, that is to the west, because at the same time the viewer is being moved eastward 

by the counterclockwise spin of the earth. The effect of the Coriolis force on horizontal wind 

flow is given by 
- - -Fe= -fk x V, (2.7.1) 

where f = 20sin(0) is the Coriolis parameter at latitude 0, n the earth's angular speed, 

and 1/ = [ ~] is the hmizontal velocity of the pacticle. 

With this in place an operational definition of geostrophic wind can be given. 

2. 7.2 Geostrophic wind equation 

The geostrophic wind vector results when the sum of the pressure gradient force and 

the Coriolis force is zero on a horizontal plane. This can be written as 

(2.7.2) 

whe,e V, = [~] · Moving the pcessme gcadient teem to the RHS, multiplying by -1, and 

then taking a cross product with f yields 

- - - 1 -
fk X Vg X k =--'hp X k , 

p 
(2.7.3) 

which then implies for non zero f (that is, for a latitude other than that at the equator) 

(2.7.4) 
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This is known as the geostrophic wind equation . Upon evaluation of the cross product in 

(2 . 7.4) we find that 

(2 .7.5) 

or by (2.3.1) 

(2.7.6) 

By comparing (2 .7.5) with (2 .2.8) one sees that if one can compute HPGF components, then 

by simply dividing by a (non-zero) Coriolis parameter f one can obtain the geostrophic wind 

vector components, up to a factor of -1. 

2. 7.3 Thermal wind equation 

Given that we have an expression for the geostrophic wind, we may wish to examine 

how it varies in the vertical. We start by applying partial differentiation with respect to p 

to (2 .7.6) obtaining 

(2.7.7) 

Since it is assumed that the second order partial derivatives are continouous , one can then 

interchange their order , and so conclude that 

(2 .7.8) 

Employing the hydrostatic equation as written in (2.2.5) yields 

_g - !!_ 8 -RT 
av r- (¾ [-;T])pl 
op - f (ax [;])p . (2.7.9) 

Since evaluation is done on a constant pressure surface , then 

(2.7 .10) 
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Bringing the factor p over to the left hand side (LHS) provides the conclusion 

(2.7.11) 

which is known as the thermal wind equation. 

We recall from Section 2.5 t[Y*t al barotropic atmosphere temperature stays constant 

on an isobaric surface, that is (~\ = 0. This in conjunction with (2.7.11) shows that 

the geostrophic wind vector remains constant with height in such an atmosphere and hence, 

as pointed out at the end of Section 2.7.2, so does the HPGF. 



Cl1apter 3 

Discrete model calculation of 

l1orizor1tal pressure gradie11.t i11. 

sigma coordinates 

3.1 Isobaric geopotential gradient in sign1a coordinates 

In a 1957 paper Phill ips suggested that in order to capture some physically significant 

measure in a vertical coordinate, of a space field F , one should replace the height of each 

point in a vertical column of air, by the corresponding ratio er, of air pressure at that level 

with respect to that at the surface, that is , er = .E.. . This recommendation has become a 
P• 

standard practise in meteorology (Mihailovic and J anjic, 1986), as the earth's surface then 

coincides with a coordinate surface (Kurihara, 1968) . 

One consequence is that the (previously) single vertical variable z, now becomes repre­

sented by the product crp8 , where Ps is the surface pressure and er is the ratio just cited. 

More significantly, differentiation of the field F, with respect to x on a constant p surface 

produces two terms on a constant er surface since the vertical coordinate is now a dependant 

variable . 

For F (x, cr(x,p)) we have 

(oF (x, cr(x ,p))) = (oF (x, cr(x ,p))) + (oF (x, cr(x,p))) * (o cr(x,p)) . (3.1.l) 
OX p ox q OCT OX p 

13 



14 

If now F (x , a-(x ,p)) = p = a- Ps(x) , then 

or 

0 (3 .1.3) 

that is 

(3 .1.4) 

Upon inserting this expression into (3 .1.1) , we find that 

(
f)F (x ,

0
a-x(x ,p)))P = (f)F (x

0
, a-x(x ,p))) _ _ (f)F (x

0
, a-a-(x ,p))) * [ a- ] (f)p ) 

V Ps(x) * a: (7 ° 

(3 .1.5) 

We now recall the hydrostati c equation (2 .2 .7) 

&¢ RT 
op P 

and then restri ct our attent ion to a verti cal column , and so xis fixed, hence Ps is constant. 

Now because p = a- Ps , we have 
RT 

(T 
(3 .1.6) 

Appyling (3 .1.5) to¢ yields 

(
&¢ (x , a-(x ,p))) = (&¢ (x , a-(x ,p))) _ [&¢ (x , a-)] * [-a-] * (OPs) , (3.1.7) 

OX p OX u 00" Ps ( X) OX u 

and thus 

(
fJ¢ (x , a-(x ,p))) 

ox p 
(

&¢ (x , a-(x ,p))) _ [-RT (x, a-)] * [-a-] * (OPs) , (3.1. 8) 
OX u (T Ps(x) OX u 

or 

(
fJ¢(x , a-(x ,p))) = (fJ¢ (x ,a-)) + [R T(x ,a-)] * (OPs) _ 

ox P ox u Ps(x) ox u 
(3 .1.9) 

This can be rewritten as 

(3.1.10) 

Derivation (3.1.1) through (3 .1.10) is due to Haltiner and Williams (1980). 

Computation of ( * ) P is of fundamental importance in determining wind flow in mete­

orology as it is effectively a calculation of the HPGF , which was discussed in Section 2.3. 
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From (3 .1.10) we see that after transforming to <r coordinates, (~)P appears as the sum 

of two terms . However, it has been found that when one computes and t hen adds these 

two components in a discrete numerical model , large truncation errors result , especially 

over mountainous regions (Kurihara ,1968 ; Nakamura ,1978) . In such a case , the two terms 

may individually be 10 to 20 times larger in magnitude than a typical value of thei r sum 

(Sundqvist , 1975) , but of opposite sign (Arakawa and Suarez, 1983) . Hence the gradi­

ent sought is a small 'residual ' sum (Corby et al., 1972) and evidently quite sensit ive to 

inconsistent truncation in the two components (Sundqvist , 1975 ; Mesinger , 1982). 

3.2 Continuous vs. discrete equation considerations 

A continuous equation su ch as (3 .1.10) holds exactly, for all real-valued x in the range 

of discussion . However , the two terms contain pure derivatives , for instance : 

(
olnp(x , <rs)) . lnp(x + t:.,t , <rs) - lnp(x - ~x , us) = hm 

ox !:. x -+O 6.x 
(3 .2.1) 

and this presents a problem in a discrete model of an atmosphere. To calcu late a number 

which is to represent a derivative in th e model setting , our only resort is to perform some 

sort of differencing on the finite set of values at our disposal. For example 

lnp( x(i) + ¥ ,us) - lnp(x(i) - ¥,us) 
6.x 

(3 .2.2) 

might represent ( a 1n~~'
17

' )) evaluated at x = x(i) where ~x is some multiple of the x­

directed grid unit involved . (The notation to be followed throughout this thesis will have 

vertical indices carried in subscripts , and horizontal ones in supercripts.) Clearly there will 

be a discrepan cy between the true va lue and the finite-difference approximation in all but 

a few select cases. This is kn own as the truncation error due to discretization . 

Hence great care should be taken to approximate (non-linear) functions to as high a 

degree of accuracy as is possible with the finite amount of data available. To this extent , we 

may be aided ( or harmed) by the selection of funct ions we cite from which to extrapolate 

values , such as temperature and pressure , for the large number of points which comprise 

the entire grid. 

The problem to be addressed then, is to define a model atmosphere and finite-diffe rence 

approximations for the two components of the isobaric geopotential gradient , shown in 

(3.1.10) , such that the discretization error which ar ises is as small as possib le. As has been 
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noted by Arakawa and Suarez (1983) and also by Mesinger et al.(1988), such errors do 

not appear to be susceptible to elimination in general, however they might be required to 

vanish for particular atmospheres . So , in an appropriately chosen setting , since the two 

terms are of opposite sign, one could hope that the truncation error which results from 

the first term might match that which arises in the second, so that there would be no net 

analytic truncation error in calculating the sum (Corby et al.,1972) . 

Let us recall the hydrostati c equation (2.2.5). We have two variables which vary in the 

vertical , p and z. In addition, we have a function T , which also varies in the vertical. We 

will now study several consequences of allowing T to be a function of p (which we will find 

leads us to our desired goal) , and will later return to consider a case where Tis dependant 

on z, by way of comparison. 

We take some guidance for our investigation into a T(p), or T(<T), atmosphere by noting 

a warning from Sundqvist 's (1975) research: if we had a finite difference representation of 

the hydrostatic relation it would (in general) yield T( <T) values different from the ones we 

would obtain from an analytic representation , on account of vertical truncation (please note 

App endix A.1). Considering that T values are of essential importance to our calculation of 

isobari c geopotential gradient , we should guard against this occurrence, if at all possible . 

We are then left with the task of arriving at a finite difference equation to represent 

the continuous hydrostatic equation (as exactly as possible) in a discrete world model. We 

start by inspecting (3.1.6) , rewritten as 

o</J(<T) = -RT(<T) 
[)In <T 

Now , a finite differen ce form representing (3 .2.3) might take on a form similar to 

<P ((Ti+½) - <P ((Ti-½) 
!::.. In <Ti 

-RT(<T;) 

where !::.. In <Ti = In <Ti+ 1 - In <T;_ l · 
2 2 

(3.2.3) 

(3.2.4) 

Following the <T surface model used by Corby et al.(1972), we will think of the hydrostatic 

equation as being centered about <T[i+½l in the vertical. This will allow us to make use of 

the values for <Ti and T(<Ti) which are stored on full <T levels. So we will rewrite the above 

as 

(3 .2.5) 

From this last equation , we see that one way of assigning a value to T (at a half <T level) 
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would be to calculate the average of the temperature at the full u levels just above it and 

just below it. 

With this in mind, let us see whether we can somehow preserve the continuous form 

of the hydrostatic equation (3.1.6) within a vertical interval [sB , s] (we will think of SB as 

fixed and s as varying). We now investigate whether there is a class of functions T that can 

satisfy 

---- u - - R ------ * - u 
1

a=s R T(u) d _ [T(sB) + T(s)] 1a=s 1 d 
a=sB <T 2 a=sB <T 

(3.2.6) 

where T is a function of u alone . We are asking the mathematical question: Is there some 

T for which the integral of T(u) divided by u over the (real line) [sB , s] will exactly equal 

the average value of T ( u) over that interval, times the difference of the logarithms of the 

endpoints of that interval ? 

,t\'e note that if there is such a T , it will be a temperature function because it will satisfy 

the hydrostati c equation (3 .1.6) , and furthermore, because 

1a=s arp (er) dcr = fa=s - R T(cr) dcr , 
a=sB OCT Ja=sB CT 

(3 .2.7) 

we would then have 

(3.2.8) 

as an exact equation, and could choose the endpoints to be appropriate er levels. 

,t\'e are in effect asking : For what class of functions T, will there be no loss of accuracy 

by transforming the hydrostati c equation from the continuous model to the discrete one 

(that is, no truncation error) ? 

We will study the following equation 

First we differentiate 

~[1u=y(T(u)) du]= ~[[T(y) + T(yo)] * [lny - Inyo]] 
dy u=y0 U dy 2 

and then use the fundamental theorem of calculus 

T(y) 
y 

(3 .2.9) 

(3.2.10) 

(3.2.11) 



to obtain 

We collect like terms 

and are left with 

so 

Integrating we see that 

T(y) - T(yo) 

y * [in y - In Yo] 

1 

y * [In y - In y0 ] 

rl (y) , 

Tl (y) 

J, y=w [ 1 ] 1,y=w [ rl (y) l dy. 
y=w0 Y * [In Y - In Yo] dy = y=wo T(y) - T(y0 ) 

Since the argument is increasing, we may bypass absolute value signs and write 

ln[lnw - lnw0 ] = ln[T(w) - T(w0 )]+C1, 

which implies 

[ In w - In W 0 ] C2 [ T ( W) - T ( W0 ) ] , 

or 

18 

(3.2.12) 

(3.2.13) 

(3.2.14) 

(3.2.15) 

(3.2.16) 

(3.2.17) 

(3.2.18) 

(3.2.19) 

where each Ci is a constant (i=l, ... ,4). Thus, if we want our discrete hydrostatic equation 

to exactly equal our continuous one, over the interval [a- , a-+ ~a-], given that we assume T 

is a function of a- , one way to do it would be to choose T(o-) =Alna-+ B (with A and B 

constant), and to choose (on the basis of (3.2.8)) 

or , in shorthand, with a-= O-;+L, 
2 

b 1na (¢>(a-)) 

where we define the difference operator as 

F(x + ';x) - F(x - ';x) 
by(x) ( F(x)) = 

~y(x) 

(3.2.20) 

(3 .2.21) 

(3.2.22) 
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with .6.y( x) y(x + ';x) - y(x - ';x), and the average operator as 

-- F(x + t:.x) + F(x - t:.x) 
F(x) = 2 2 . 

2 
(3.2.23) 

Clearly, because p = a Ps where Psis constant for fixed x, this entire argument could have 

been performed for pressure p, instead of for a; this would have left us with the conclusion 

R [T(pu) + T(pL)] 
gzu-gzL = </>(pu)-<l>(PL) = -

2 
* [lnpu-lnpL] (3.2.24) 

for an U(pper) and L(ower) pressure level , where we have used (2.2.6) in the first equality. 

3.3 Finding of Corby et al. (1972) 

We will follow the convention adopted by Corby et al.(1972) in describ ing a a model 

of n levels by placing a1 at the top of the atmosphere and an+l at the earth's surface , in 
2 2 

deriving a formula for the geop otential at the kth a level. (Please see Figure 2, where n=5.) 

We first write 

R(T(ak) + T(ak+1)) 
<f>k - <f>k+1 = 

2 
* [ln ak+1 - In ak] 

R(T(ak+1) + T(ak+2)) 
<l>k+1 - <l>k+2 = 

2 
* Qn ak+2 - In ak+1] 

R (T(an-1) + T(an)) 
</>n-1 - </>n = -'------'---'------'-~ * [In /Jn - In /Jn-1] 

2 

</>n - </>s = -RT(an) * lnan 

and then sum, to obtain 

(3.3.1) 

(3.3.2) 

(3.3.3) 

(3.3.4) 

where the an terms represent the hydrostatic equation ( derived above) taken between the 

surface an+l, and the an th level. This can be rewritten as 
2 

<f>k - </>s = l=fl R(Ti+1 +Ti) * In (a1+1) + RTn * In (:n) 
l=k 2 a1 v 

(3.3.6) 

where n is the number of levels in the model. 



1 
0~ ···-·································· ···· ·························· ·· ··· 

level a1 

...... ........ ...... ........... ... ............. . 

level a2-----~ 

level a3 ------

........... .,..,.~--······· ...... · ............ . . .,. .................... . 

... .- ............... .. 

a31 ··--·········w···········•--w••····"'··/-··· ··· .. --·"'· · ... ~· ·· 

2 

level a4 

level a5 

· ...... .. . 

4, 1111111111111111111111 mr1 r~-

Figure 2: An example of a surface configuration over a. mountain. 
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A a = Q surface is comprised of points in t.he atmosphere where the ratio of air pressure 
to surface pressure is Q (a fixed number) , where of course, Qc [O , 1]. For instance, in the 

illustration above, a = l is given by o-5 !. , a = 0 .. 5 by 0-3, and and a = 0 by a!., with the 
2 2 

labelling of a levels following Lhe convent.ion estab lished in the Corby model. 
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We have in (3.3.6) a discrete form of the hydrostatic equation which experiences no 

loss of accuracy due to vertical truncation . Corby et al.(1972) note that use of (3 .3.6) is 

intended to be restricted to modelling within the troposphere, roughly the first 10 km of 

the atmosphere . This recommendation will of course be respected. 

With this in place , we will now present the main result of the paper by Corby et al. 

(1972): that in a barotropic atmosphere when isobaric surfaces are horizontal planes, that 

is (~)P = 0, (~)P = 0, and therefore there is no geostrophic wind (please see (2.7.6)), by 

considering g (~)P = (~)P, finite difference forms for the two terms in (3.1.10) can be 

chosen such that the sum appears without truncation error . Of course a similar argument 

holds for ( ~) P = 0 as well. Please note that both sets of derivations presented below , 

(3.3.7) through (3.3.13) , and (3.3.14) through (3.3.27) , are due to Corby et al. (1972). 

We start this derivation by substituting T(p) = Alnp+B , where A and Bare constants , 

into Eq (2 .2.7) and integrating in the verti cal between the surface level and Po, and are left 

with 

RA ( 2 2) c/> s(x) = c/>o (x) + -
2
- (lnp0 (x)) - (lnp5 (x)) + R (B [lnp0 (x) - lnp5 (x)]). (3:3 .7) 

We take the difference of the average (both linear operators incidentally) of each of the 

terms in the above equation to obtain 

bx (¢s(x)) = bx (¢ 0 (x)) + ~A bx ( (lnp0 (x))2- (lnp5 (x))2 )+ Rbx (B [lnp0 (x)-lnp5 (x)J) , 

(3.3.8) 

and expand the right hand terms to find 

(3.3.9) 

where we have used the fact that bx (¢0 (x)) = 0 and bx ((lnp0 (x))2) = 0 since Corby et 

a.I. (1972) required that the initializing constant pressure surface be a horizontal plane, and 

clearly bx applied to any function of a constant number is zero. We now have 

(3.3.10) 

which follows from a lemma concerning differences of averages of products proved in Ap­

pendix C . After absorbing terms we obtain 

(3.3.11) 
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or 

(3.3.12) 

Hence we see that if there is no geostrophic wind, we can write 

(3.3.13) 

and so we should choose our finite difference components as the two terms on the right hand 

side of the above equation. 

We may further prove that no error propagates upward through any of the u levels above 

the surface . Take the difference of the average of each term of (3.3.6) to obtain 

Ox (¢k(x)) = Ox (¢s(x)) (3.3.14) 

+ ~I: [(ox(Aln(u1+1*Ps)(x)) + ox(Aln(u1*Ps)(x)) + ox(TT)) * ln(u~:
1
)] 

l=k 

+ R Ox ( A !n(o-n *Ps)(x) + B) * In (:n) • 

Since Ox is a linear operator , and because Ox ( B) = 0, we may rewrite Eq (3.3.14) as 

Ox (¢k(x)) = Ox (¢s(x)) (3.3.15) 

Rn-1[ ____ ( )] + 2 L Ox (Alnu1+1(x) + A lnp5 (x)) * In u~~l 
l=k 

+ RI: [ox (A In u1(x) + A lnp5 (x)) * In (u
1
+

1
)] 

2 l=k --------- U/ 

+ R Ox (A In un(x) + A lnp5 (x)) * In (:n) . 

However since a difference operator of a function evaluated on a constant u surface 

yields a zero result, we will be able to drop several terms 

Ox (¢k(x)) = Ox (¢s(x)) (3.3 .16) 

R n-l [ _ ( )] R n-l [ + 2 ~ Ox (A lnp5 (x)) * In O"~~l + 2 ~ Ox (A lnp5 (x)) 

+RA (ox (1np 5 (x))) * In (:n). 
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We now have 

8x(4>k(x)) = 8x(4>s(x))+RA~[8x(lnp5 (x))*1n(a~~l)]+RA (8x(lnp5 (x))) * ln(:n) , 
(3.3.17) 

and so can express this as 

n-1 

8x ( ¢k ( x)) = 8x ( 4>s ( x)) + RA I: [ 8x ( In Ps ( x)) * (In a1+1 - In a1) ]-RA ( 8x ( In Ps ( x))) * In an. 
l==k 

The telescoping sum leaves us with 

+ RA 8x (1np5 (x)) * lnan(x) - RA 8x (1np5 (x)) * lnak(x) 

-RA8x(Inp5 (x)) * lnan(x) , 

which we can state as 

(3.3.18) 

(3 .3.19) 

(3.3.20) 

At this point we first use the fact that (1) 8x (f(x)) = 8x (f(x)) which can be shown by 

taking T( x) = 1 in the derivation of Appendix C , and then the fact that (2) on a constant 

a surface ak , In [ak(x)] * g(x) = In [ak] * g(x) = In [ak(x)] * g(x) for any g(x) , in order to be 

able to rewrite Eq (3.3 .20) as 

(3.3.21) 

But on this same constant a surface , we also have In [ak(x)] = In [ak] = In [crk(x)] for any x , 

hence by substitution we conclude that 

(3 .3.22) 

Now we insert our expression for 8x (4>s(x)) from (3.3.11) to obtain 

and absorb under the (linear) averaging operator to arrive at 

(3 .3.24) 
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This leaves us with 

(3 .3.25) 

that is 

(3 .3.26) 

or 

(3.3 .27) 

Hence the Corby finite difference scheme holds for any G'k level. However, we will 

predominantly be interested in the surface level. In this regard , Corby et al.(1972) have 

shown that when there is no geostrophic wind , if one were to choose Ox (~) as the finite 

difference expression for ( 84>Jlx)) , and then choose R (Ts(x) * Dx (lnps(x))) to represent 

R T[G's(x)] * ( 81nf;(x)) , then the individual truncation errors for (3.1.10) would be of 

equal magnitude but of opposite sign and so cancel exactly (mutually compensating). We 

think of this as the simplest possible case , and as necessary conditions to expand upon , 

in order to expect to avoid large truncation error in more general settings , an observation · 

Mihailovic and J anjic (1986) also make in reviewing the value of the work by Corby et 

al. ( 1972) . 



Cl1apter 4 

N u1nerical experime11ts 

4.1 Motivation 

We have seen that by proposing a suitably selected temperature structure T == A In p+ B , 

the continuous hydrostatic equation can be transformed exactly into a discrete version , and 

can also be algebraically manipulated to determine 

( 4.1.1) 

as a precise representation to (~~ )+RT [as]* ( a1n;;(x)) in a case where isobaric surfaces 

are horizontal planes . 

We will now examine the above finding in a numerical experiment . In addition , we wish 

to test the sensitivity of (4 .1.1) , to another set of data, likewise derived from the analytic 

hydrostatic equation (and for which (4 .1.1) will converge to a correct solution as the grid 

interval l~xl - 0) but which will however , be governed by a different temperature structure 

(T == Az + B) . Such a comparison may give an indication of the critical importan ce of 

choosing grid point values of T ,p and z so as to reduce horizontal truncation error (Kasahara, 

1977) , for this problem. 

4.2 Experi1nent design 

A numerical study was done to calculate the initial geostrophic wind at the surface of 

a cosine shaped mountain under the two different temperature structures just mentioned , 

using the Corby finite differen ce scheme. The computer programs used were adapted from 
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000 016 068 145 238 331 410 462 481 462 410 331 238 145 068 016 000 
000 010 052 121 204 289 361 410 427 410 361 289 204 121 052 010 000 
000 003 031 085 154 226 289 331 346 331 289 226 154 085 031 003 000 
000 000 012 048 099 154 204 238 250 238 204 154 099 048 012 000 000 
000 000 001 016 048 085 121 145 154 145 121 085 048 016 001 000 000 
000 000 000 001 012 031 052 068 073 068 052 031 012 001 000 000 000 
000 000 000 000 000 003 010 016 019 010 003 000 000 000 000 000 000 
000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 

Table 1: Mountain surface as seen from above (with height in tens of m) 
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the initialization routine of the wind model program IDEAL85 (Danard and Galbraith , 

1985) prepared by the Atmospheric Dynamics Corporation. However , all details related to 

the problem with which we are concerned are presented in this chapter, and the source code 

appears in Appendix E. 

The programs were compiled and executed under two different methods for computing 

surface temperature and pressure (following from the two different temperature profiles) 

with the aim of calculating the isobaric geopotential gradient, used to determine the initial 

geostrophic wind , by (2.7.6). The truncation errors which resulted from using the two 

temperature profiles were compared. Details are given in Appendix B . 

An ideal hill was constructed over a 17 by 17 square grid , which had a cosine profile when 

projected onto any plane containing k and passing through the center, with the elevation 

tailing off to zero within 1 unit of the boundary. (A grid size 'unit' represented 5000m and 

the hill apex varied from 1000m to 5000111.) Please see Table 1 above , with mountain top 

5000m. 
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4.3 Atinospheric Model Description 

We can define a model atmosphere by assuming an initial constant pressure surface of 

say 850 mb , that is p0 = Paso- (One millibar is defined as 1 mb = 10-3 bar = 103 dynes / 

cm 2
.) The height of the ])850 surface is typically approximately 1500m. Also it is pointed 

out that the ¢0 referred to in Eq 's (3.3 .7), (6 .1.23) and (7.4 .9) is the geopotential associated 

with this p 0 • 

Further, we take as given, both the 850 mb height z8~;> and temperature r;;;> directly 

above a fixed surface reference station, whose elevation z;(R) and temperature T5x(R) are also 

known . Since the distance between neighboring radiosonde observat ions of isobaric height 

far exceeds the width of the hill , which is 80 km, this problem falls into the category of 

meso-beta modelling (model scale on the order of 20 km to 200 km , Orlanski (1975)) and 

so the isobaric surfaces are taken to be planes . 

Given these premises , we can then determine the constant pressure planes above and 

below , Paso by either procedure (1) or (2) below , depending on whether we choose our 

vertical coordinate to be height z (as in (1)) , or pressure p (as in (2)). 

(1) We assume a fixed lapse rate of temperature with respect to height (based on r;;;) 
and r:<R)) and then employ the hydrostatic equation to pick up associated pressure for all 

points in the verti cal column x(R) . 

(2) We assume that temperature is a fun ction of pressure, and it increases between 

the points z8~; ) and z:( R ) according to this function. (Of course we will be interested in 

studying T(p) as indicated in (3.2 .1 9) by the reasoning of Section 3.2.) Since r;;;> and 

r:<R) are known , a p~(R) can be found by using the hydrostatic equation . Hence once again 

all the temperature and pressure values can be determined within the vertical column x(R). 

In either case, the pressure and temperature distribution of the entire atmosphere can 

be specified , given that we state the temperature variation on Paso we wish to study, since 

we can extrapolate within any column x to find T and p values , using the parameters 

determined by (1) or (2) as the case may be. 

4.4 Three atinospheres to be tested 

We undertake our numerical study over a series of three atmospheres of increasing 

complexity, and compare the resu lting mathematical noise that ensues in the case of T = 
Az + B with that for T = A In p + B ( each alluded to in Section 4.3) , when calculating 
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initial geostrophic wind at the surface of the mountain. Please note that in our analyses 

we will consider only the x-component (so study will take place in the x - z plane), however 

the experiments will make use of both x and y components. 

In the first two cases the atmosphere will be assumed barotropic, so there will be no 

temperature variation on isobaric surfaces, while in the third case the atmosphere will be 

baroclinic , hence a temperature distribution can and will be prescribed for these surfaces. 

In Case I we assume the p0 = P850 surface to be a horizontal plane and so no geostrophic 

wind is present . In the x - z plane p850 will appear as a line. The slope of this line will be 

denoted by m850 , hence the fact that P85o is horizontal will be written m850 = 0. We then 

have for any x 
X x (R) 

z850 = z850 ( 4.4 .1) 

If we call the temperature gradient on the P850 plane ks50, where k850 is unrelated to k , 

then we can write the fact that temperature remains constant on this plane as k850 = 0. 

We have for arbitrary x 
rr,X rr,X( R ) 
.1850 = .1850 · ( 4.4.2) 

In Case II the P850 surface will be a tilted plane with slope m850, a fixed number , so for 

each x we will have 
X x (R) 

Zg50 = z850 + m850 x • ( 4.4 .3) 

However , we will keep the temperature gradient on this plane to be zero (k85o = 0), and so 

on ce more ( 4.4 .2) will hold. 

Finally, in Case III a (non-zero) slope m850 remains in the P850 surface, hence we will 

have (4.4.3) again , but we will set the temperature gradient on this plane to be a fixed 

number k850 , and so we will have 

rr,x rr,x< R ) k 
.1 850 = .1 850 + 850 X · (4.4.4) 

These conditions will be true regardless of whether the atmosphere is defined with the 

first temperature structure mentioned above, or the second . We will therefore be looking 

at six different cases. 

4.5 Surface ten1perature and pressure under T = A lnp + B 

We begin with the case where temperature follows the rule T = A In p + B, and proceed 

then to determine the surface temperature and pressure. 
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We must first calculate A and B. To do so, we consider the column of air over the 

reference station at x(R) , and will denote the temperature at the 850 mb level by T8i;) ( and 

pressure by Ps;~\ while at the reference station level we will call the temperature r:(R) 

( 
(R) 

and the pressure p; ). We can now write 

and 
,..,,x(R) - A I z(R) B 
.1850 - np850 + · 

We subtract (4 .5.2) from (4 .5.1) to find that 

y x( R) r,x(R) 
A _ s - 850 

- lnpx(R) - lnpx(R)' 
s 850 

and then solve for B 
r;; ; ) In p;(R) - r:<R) In Ps;~) 

B = In px(R) - In px(R) 
s 850 

(4 .5.1) 

(4.5.2) 

(4.5.3) 

( 4.5.4) 

H · ] z (R) · k · h d · · owever sm ce n Ps 1s not yet ·nown , we must integrate the y rostat1c equat10n 

(2.2 .7) for fixed x = x(R) between the surface level and the 850 mb level 

rzz==zZ .• 850 d/4 [P-P850 
J z _ 'f' = -R }p=~, (A lnp + B) dlnp (4.5 .5) 

to arrive at 

where we have used (2.2 .6) . Substituting for A and B from above we find , after certain 

terms cancel, that 

( 
x(R) x<R)) 

I x(R) g Z850 - Zs ] z(R) 
n Ps = ----,-=---~ + n p 

lR(T.x(R) + yx(R) ) 850 · 
2 850 s 

( 4.5.7) 

We now use this expression and substitute it into ( 4.5.3) to obtain 

R (r::(R))2 - (T.x(R))2 
A _ _ s 850 

- 2g zx(R) - zx(R) 
850 s 

(4.5 .8) 

Derivation ( 4.5.1) through ( 4.5.8) is valid for an arbitrary point x , not just x(R), since we 

have assumed that T = A In p + B describes the entire atmosphere. Hence we have 

I X g( Zs50 - z;) I X 

nps = lR(T.X + rx) + np350 · 
2 850 s 

(4.5 .9) 
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However, by subtracting (4 .5.2) from (4.5.1) (each, with argument x) we notice that 

x x r: - Ta50 
lnps - lnp850 = A ( 4.5.10) 

hence 
g(zs50 - z;) 

½ R(Ta50 + rn ' (4.5.11) 

and therefore 

( 4.5.12) 

We conclude that 

2Ag(zs50 - z;) + (T.X )2 
R 850 , ( 4.5.13) 

and once Tt is known we can then find In p; from equation ( 4.5.9) . Of course, B can now 

be found from (4.5.1) , (4.5.8) and (4 .5.13). 

4.6 Surface ten1perature and pressure under T = Az + B 

If temperature varies linearly with height , then computing the surface temperature is 

straightforward, once the surface height is given. 

The temperature at the surface of the terrain over point z; is provided by the linear 

function 

where the lapse rate of temperature with respect to height is 

T,X(R) - rx(R) 
850 s 

I = - x(R) x(R) · 
z850 - Zs 

( 4.6.1) 

(4.6.2) 

To compute the surface pressure requires that we integrate the hydrostatic equation 

(2.2.2) between the surface level and the 850 mb pressure level. We will write the integrand 

as follows (for x fixed) 

- gdz (4.6.3) 

and so , obtain 

- --dz 1
z=zs50 g 

z=zs RTx 
( 4.6.4) 

Now we evaluate the right hand side 

g 1z=zs50 1 
-- - dz 

R z=z , rx 
(4.6.5) 
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Using (4.6.1) leaves us with the following evaluation 

_J_ In (Tf50) 
R1 T; 

lnp850 - lnp~. (4 .6.6) 

We finally arrive at 

X X (T:)~ 
Ps = P850 r,x , 

850 

(4 .6.7) 

hence the temperature and pressure at the surface are readily found (where of course p~50 = 

850 mb for any x). 

This formula can be evaluated as follows for the three cases under investigation. For 

Case I (where k850 = 0 and m850 = 0) , we have 

Tx r,x(R) [ x(R) x] 
s = 850 + I Z850 - Zs · (4 .6.8) 

In Case II ( k850 = 0 and m850 is non zero) surface temperature is given by 

rrix r,x(R) [( x<R) ) x] 
1 s = 850 + 7 z850 + m850 x - z s • (4.6.9) 

Finally, in Case III (where both k85o and m85o are each non zero) surface temperature is 

provided by 

T x r,x [( x(R) ) x] 
s = 850 + 7 z850 + m850 x - zs ( 4.6.10) 

where of course Ts50 = Tti;) + k850 x as was pointed out in ( 4.4 .4). 
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4. 7 Li1niting value for Corby's scheme under T = Az + B 

In this section we will show that the Corby finite difference scheme will converge to the 

expected result in the limit as the grid interval Lix -+ 0 when t he T = Az + B profile is 

used and the atmosphere is assumed barotropic, as is t rue in Case I and Case II. 

Let us first consider the Corby finite difference scheme given by ( 4. 1.1) 

Dx (gZ(x)) + RTs(x) * Dx (lnps(x)) 

with surface terrain height given by Z(x) = z;, which for the model with which we are 

concerned is 
Hapex ( 271'X ) Z(x) = -

2
- 1 + cos ( L ) (4.7. 1) 

where L is the period , which we take to be the length of the base of the mountain, and 

Hapex is the height of the mountain top. 

If we expand ( 4 .1.1) according to (3 .2.22) and (3.2.23) we wi ll find that we can rewrite 

it as 

where 

C = C+ + c_ 
2 

(4.7 .2) 

C = [ [Z(x + Lix) - Z(x)] [T5 (x + Lix) + T5 (x) * lnp5 (x + Lix) - lnp5 (x) ]] 
+ g Lix + R 2 Lix ' 

(4.7.3) 

and 

C_ = [g [ Z(x) - !~x - Lix) ] + R [Ts(x) + T;(x - Lix) * lnp5 (x) - ::s(x - Lix) ]] . 

(4.7.4) 

If we suppose that Ts is a continuous function, and that Psis a continuously differentiable 

function, then we can take the limit 

Jim R [Ts(x + Lix) + Ts(x) ] * [ In Ps(x + Lix) - lnp5 (x) ] 
~x--+0 2 Lix 

(4.7.5) 

If we further assume that Z(x) is a continuously differentiable function (true by (4.7.1)) , 

then we can take the limit 

lim g [Z(x + Lix) - Z(x) ] 
~x--+O Lix 

and obtain a continuous function as a result. 

dZ 
g dx. (4.7 .6) 
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Now combining (4 .7.5), (4 .7.6) and the definition of C+ from (4 .7.3) gives 

dZ dps 
i~'2!o C+ = g dx + R T,. dx ' (4 .7.7) 

and by an analogous argument, C_ converges to the same limit. Hence from ( 4.7.2) we have 

i~'2!o C = g !! + R Ts ~: - (4 .7.8) 

When T = A lnp+ Bin Case I, the sequence (3.3 .7) through (3 .3.13) shows that (4.7.2) 

has value zero, and so certainly Jim C = 0. The continuity and differentiability conditions 
Ll.x-+0 

are satisfied because of (4.5 .13), (4 .5.9) and (4 .6.8). 

However when T = Az + B for Case I, we proceed as follows. 

In ...!?..!__ = _.!!_ In - 5
- • [ 

X ] [ TX ] 
Psso R, Tsso 

From (4 .6.7) we have 

(4.7 .9) 

Now , consider ( 4.7.9) with argument x + ~x and subtract from it ( 4.7.9) with argument x. 

Then note that p850 is constant for all x (because it is an 850 mb surface) and that 7s'50 is 

constant for all x (with value T8~;>) for a barotropic atmosphere (Cases I and II) . We can 

then conclude that 
In p;+.6x - In p; g In Tx+t:,.x - In Tx 

(4.7.10) s s 
~x R, ~x 

and so 

Ox (lnp5 (x)) 
g 

(4 .7.11) -Ox (In Ts(x)). 
R, 

We then know that (4.1.1) becomes 

Ox (gZ(x)) + RT5 (x) * _!!_Ox (In Ts(x)). 
R, 

( 4.7 .12) 

By analogy to the derivation of (4 .7.5) through (4.7.8) , we have 

dZ din Ts dZ g dTs 
Jim C = g-+RTs -- g-+- - . 

.ei.x-o dx dx dx I dx 
( 4.7.13) 

where the continuity and differentiability conditions previously mentioned are satisfied be­

cause of (4.7.4), (4 .6.1) and (4 .6.8). 

Eq (4 .6.8) shows that 1:{: = - 1 for Ca.se I , hence we have 

. dZ g dZ 
hm \C = g- - - 1 - = 0. 

Ll.x-+O dx I dx 
( 4.7 .14) 

This shows that when temperature is given by the distribution T(z) Az + B, the 

Corby finite difference scheme ( designed for T(p) = A In p + B) converges to the correct 

solution as ~x - 0. Recall that in the case we are studying we have no geostrophic wind, 

and so (3 .1.10) is zero , hence we expect our finite difference expression to tend to zero in 

the limit . 
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Barotropic atmosphere with 

11.orizontal isobaric surfaces 

5.1 Nu1nerical results 

We now consider numerical results of the experiment testing the claim of Corby et 

al. (1972): that when constant pressure planes are horizontal, the HPGF (3.1.10) will be 

zero when computed with the finite difference expression (4.1.1), and hence so will the 

geostrophic wind components (2 .7.6). 

The reader is directed to Appendix B, where each section is comprised of nine tables: 

the first three concern the u component of geostrophic wind (with a display of ideal values , 

results calculated from Corby 's scheme (4.1.1) , and the difference between the two), the 

next three - the v component , followed by three (in the same format as that just mentioned 

above) dealing with the magnitude of the geostrophic wind (g-wind) vector. 

The information reported in Appendix B is for a mountain of apex 5000m. This figure 

(height) draws its importance from the fact that as far as modelling elevated terrain on 

the earth's surface is concerned , for all but possibly a small number of exceptions , one can 

think of mountains as rising above their immediately surrounding terrain by no greater 

than 5000m. However , information in Tables 2 through 5 shown on P.35, P.48 and P.80 are 

for mountains of apex 1000m through 5000m. All calculations were performed in double 

precision arithmetic (16 digits) by the IDEAL programs of Appendix E . 

At present we are interested in Cases I.A and I.B in Appendix B, which show a contrast 

between using T = Alnp+B (Tables B.1- B.9) versus T = Az+B (Tables B.10- B.18) as 

34 
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Mt MVD MAX MVD MAX 
Top T = Az + B T = Az+ B T=Alnp+B T= Alnp+ B 
5000 m 0.01326522 0.60260431 0.1121 * 10-l'l 7.8771 * 10 i..: 

4000 m 0.00666070 0.30216594 0.0872 * 10-12 4.6794 * 10-12 

3000 m 0.00275663 0.12487604 0.0824 * 10-12 3.0822 * 10-12 

2000 m 0 .00080152 0.03625426 0.0652 * 10-12 2.6838 * 10-12 

1000 m 0.00009835 0.00444144 0.'0950 * 10-12 3.0078 * 10-12 

Table 2: Mean magnitude (m/sec) and maximum vector deviation from expected V9 , for 
barotropic case with horizontal isobaric surfaces 

a temperature profile, when computing V9 ,, for this simplest of cases - when an atmosphere 

is completely at rest. (This means that the geostrophic wind components are expected to 

be identically equal to zero - as is indicated in I3 .l, B.4, B.7 as well as IJ.10, B.13 and B.16.) 

Comparing the u component deviation from expected value (B.3 and IJ.12), v component 

deviation (B .6 and 13.15) or g-wind velocity deviation (B.9 and B.18), one sees that the 

T = A In p + B temperature profile exhibits considerably smaller departures from expected 

values than its T = Az+ B counterpart . (The analytic truncation error when T = A In p+B 

is zero - as indicated by (3.3.13) - but is non-zero (see (5.2 .18)) when T = Az + B.) 

Table 2 above summarizes the mean value of vector magnitude deviation, MVD, of 

Corby finite-difference calculated g-wind, V//, from expected (analytic) g-wind, (i
9
:nalytic : 

(5.1.1) 

and the maximum discrepancy between vg~nalytic and V/.d experienced over the entire grid, 

denoted MAX. 

The results for five mountains with apex varying from 1000m through 5000m are pre­

sented in Table 2 at the top of this page, as captured in MVD and MAX measures (both 

shown in m/sec). The ratio of MVD value for T = Az + B to that for T = A In p + B at the 

corresponding hill height is on the order of 1011 : 1. So the key conclusion to be drawn is 

the preferability of selection of T = A In p + B for the finite difference scheme ( 4.1.1) used. 

The result of Corby et al.(1972) as summarized in (3.3.13) showed that when T = 
A In JJ + B, since the analytic discretization error is zero, the only truncation error that 

will occur is that due to accumulation of roundoff from machine calculation and function 

evaluation . Hence the numbers which appear in Table 2 for MVD and MAX for this 
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temperature structure (T-structure) must be given this interpretation . We note that this 

type of mathematical noise in MAX (last column in Table 2) is on the order of 10-11 

m/sec . Taking differences of logarithms of nearly equal numbers has been found to be an 

especially suspect source for loss of accuracy in machine compuation. For example suppose 

two adjacent grid points have pressures of 1000 mb (1.000*105 Pa) and 1005 mb (1.005*105 

Pa) . Suppose further that the logarithm's intrinsic function gives 16 significant figures. 

However In (1.005 * 105
) - In (1.000 * 105) = 11.51791300648126 - 11.51292546497022 = 

0.00498754151104 which has only twelve significant figures. Hence a loss of four significant 

figures has been experienced in this instance due to finite digit computation. 

By comparison , when T = Az + B the MVD and MAX errors which appear have 

contributions from both machine roundoff (and function evaluation) as well as analytic 

truncation error . The last is due to inconsistency between the discrete hydrostatic equation 

and this temperature profile. As this seems to be a major factor , we will analyze it more 

thoroughly in Sections 5.2, 6.5 and Appendix A.l. 

5.2 Truncation error for T = Az + B 

Recalling the basic equation with which we are concerned (3.1.10) , we first note that 

it is a statement concerning T(x , a) and p(x , a). However since we are only interested in 

studying the geostrophic wind at the surface (of mountain terrain Z(x) ), we can think of 

T(x , a5 (x)) and p(x , a5 (x)) as functions of only one variable x (and in fact these are given 

by ( 4.6.7) and ( 4.6.8)). 

Let us recall the pressure-temperature correspondence for the case we are analyzing 

from Section 4.6 , by noting ( 4.6.7) from which we can ascertain 

g din r: 
R, dx 

(5 .2.1) 

We will now begin our study of the truncation error associated with the Corby finite differ­

ence scheme , by examining the second term on the right hand side of (3 .1.10) . That is, we 

will attempt to find an expression for 

(5 .2.2) 

which using ( 4.6 .7) and ( 4.7.11) , can be expresssed as 



37 

(5.2 .3) 

where 

Ts(x) * Ox (In Ts(x)) = (5.2.4) 

![Ts(x + .6.x) + Ts(x) * In Ts(x + .6.x) - In Ts(x) 
2 2 .6.x + 

Ts(x) + Ts(x - .6.x) * In Ts(x) - In Ts(x - .6.x)]. 
2 .6.x 

First consider the Taylor's series 

Then after division by Ts we use the resulting expression as an argument to the In function , 

we will have 

In [Ts(x + .6.x)] = In [1 + _!_ [Tl] [.6.x] + 
Ts(x) 1! Ts 

1 [rll] 1 [rill] ] I _s * [.6.x]2 + I _s_ [.6.x]3 + .. . . 
2. Ts . 3. Ts 

(5.2.6) 

If we recall th at 
0:'2 0:'3 0:'4 

In [1 + a]= a, - 2 + 3 - 4 + ... , (5.2 .7) 

I b . "i-oo 1 y[iJ [ Ji · d t 1en y settmg a, = L...,i;;; 1 ,r_-f; .6.x and calculatrng the first several low or er terms we 

obtain 

_1 In [Ts(x + .6.x)] = [Tl] + ! [rJ1 
_ [rl] 2] [.6.x] + [! rJ 11 

_ ! r11;1 + ! [TJ] 3] [.6.x]2 + .. . . 
.6.x Ts(x) Ts 2 Ts Ts 6 Ts 2 Ts 3 Ts 

(5 .2.8) 

We also have from (5.2 .5) 

Hence multiplying (5 .2.8) by (5 .2.9) yields the following 
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In Ts(x + .6.x) - In Ts (x) *----~---= 
.6.x 

(5.2. 10) 

We can show in a similar manner that 

Ts(x) + T5 (x - .6.x) In T5 (x) - In T5 (x - .6. x) 
------ * -------- = 2 .6.x 

(5.2. 11) 

If we subtract from [rs(x) * dlnJ;(x)] = [dTJ~x)] the average of (5.2. 10) and (5.2. 11 ) 

(and multiply through by~) we will obtain as the truncation error due to the second term 

of (3.1.10) 
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To calculate the contribution to the truncation error from the first term of (3 .1.10) , we 

add the following two series where Z( x) is the height of the surface terrain (by Eq ( 4. 7 .1)). 

dZ(x) [Z(x + 6.Axx) - Z(x)] _- 1 [ 11) 1 [ 111) 2 --;f;- ---'---u--'-----'---'- -
2

! Z * [6.x] -
3

! Z [6.x] - (5 .2.13) 

[
Z(x) - :(xx - 6.x)] = 1 [ II] 

u + 2! z * [6.x] 
dZ(x) 

dx 
;, [zlll] [6.x]2 + ... (5.2.14) 

and divide by 2 to arrive at 

dZ(x) -[[Z(x + 6.x) - Z(x - 6.x)]] = _2_ [zlll] [6.x]2 _2_ [z(V)] *[6.x]4 _ .. .. (5.2_15) 
dx 26.x 3! 5! 

After we multiply by g we have 

[ d</>~;x)] _ [g [ Z(x + 6.x~~xZ(x - 6.x)]] = -f, [zlll] [6.x]2 _ :, [z(V)] * [6.x]4 _ ... 

From ( 4.6.8) we have 

zl = _1 rl , 
-1 

and so by adding (5 .2.16) and (5 .2.12) we obtain 

[[dq>~~x)] + RTs(x) * dln::(x)] - [[8x(g Z(x))] + RTs(x) * Dx (lnps(x))j 

(5.2.16) 

(5.2.17) 

(5.2.18) 

,ve have arrived at an expression for the truncation error in Case I when T = Az + B . 

Of course, Eq (5 .2.18) could be reported in terms of Z(x) , zl(x) , and higher order derivatres 

by (5 .2.17) . 

We make two further observations about this result at this point. First , if we take the 

limit as 6.x goes to zero, we see that the Corby finite difference scheme tends to the analyti c 

result, as was shown previously in Section 4.7. 

Secondly, one might ask under what condition , if any, does the truncation error vanish . 

Setting Eq (5 .2.18) to 0, implies that all the coefficents of powers of 6.x would have to be 

zero . For instance , this would require that 

(5 .2.19) 
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If we consider an interval on which T3 (x) is not zero, this would leave us with 

(5.2.20) 

Now either Tl= 0, or we would have 

rl 1 14 rl 
rl - 15Ts' 

(5.2.21) 

which would lead us to 

(5.2.22) 

where K 0 is a constant of integration . If now, we were to substitute this result into the 

coefficient for [6.x] 4 in Eq (5.2 .18) we obtain a non-zero result. Hence for the truncation 

error to vanish we must have rl = 0 as mentioned above. This means that the temperature 

along the surface of the mountain must be constant , and by ( 4.6.8) that the lapse rate I is 

zero . We conclude that the atmosphere must be isothermal for this to happen. 



Cl1apter 6 

Barotropic atmosphere with 

isobaric planes i11clined to the 

horizo11tal 

V-le consider in Case II a barotropic atmosphere in which the PBso plane is set tilted 

with respect to the horizontal (so that a vector normal to PBso will have zero y component) , 

and hence the slope of PBso in the x - z plane , m3so , will be a fixed non-zero number . The 

temperature gradient on PBso is of course zero ( k3so = 0). In a barotropic atmosphere the 

geostrophic wind vector remains constant with height (as was discussed in Section 2.7.3) , 

and so all isobaric planes will then be parallel , because (2.7.6) will be the same at any 

pressure , that is height, level. 

6.1 Analy sis for T = Alnp + B 

Here the experiment revealed that exactly the same finite difference approximations 

used in Case I could be used to obtain a similar result, that is, mutually compensating 

analytic truncation errors in the two terms, yielding a zero net (analytic) truncation error . 

(Please see Tables B.19 through B.27, with particular attention to B.21 and B.24 which 

reflect the precision of the calculation.) 

We will show that this result was to be expected. To do this a somewhat different 

approach to that used in Section 3.3 for the problem of computing (*)P will now be 

undertaken . We will investigate the problem graphically, and use a geometrical argument. 

41 
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D 

j-1 j+ 

Figure 3: Geometrical calculation of isobaric geopotential gradient. 
The isobaric plane which intersects mountain segment FAD at point A has slope ~ = "flf. 
We will show that when T = A In (p) +fl, this can be computed solely as a function of 
temperature and In ( pressure ) values, taken at surface points F, A, and D. 
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Figure 3 on P.42 shows the isobaric plane (EC) which cuts the terrain surface (FAD) 

at A, or zij) . We will derive a finite difference expression for (*) < .) based on this 
X p,(x ] ) 

assumption. However , if the isobaric plane were to pass through point A at a different 

angle, perhaps in a way such that C would be above surface point D, an analogous derivation 

could be put forth which would be the same as the one we will present, differing only in the 

placement of several plus and minus signs but reaching the same final result . We write 

(
&</>) - - [zg+1) - z~+l)l 
- - gmsso - g ~--~~- , ax p, (xUl) .6.x 

(6.1.1) 

gz(J+l ) ( .) (') 
or , by adding and subtracting~' and then using the notation Ps(x J ) = p/ , we have 

(6 .1.2) 

and because z1) and z~+l) are of equal height we can write 

[ 

(j+l) (j+l) l zn - zc 
- g . 

.6.x 
(6.1.3) 

This can be restated as 

(~!) ,\'' = 9 [ ,\i+
1

~~ ,Fl] _ 9 [ ,g+11~/t'l (6.1.4) 

The mountain surface height at xU) is Z(xUl) , but we will write it as z1j) here and for the 

rest of the thesis when it is used as part of a finite difference expression , since it is a more 

compact notation and because pij) and T;j) terms will also appear in such an expression. 

We now integrate the hydrostatic equation (3 .2.24) with T = A lnp + B between an 

U (pper) and L( ower) pressure level to obtain 

gzu - gzL = - ~A [ (Inpu)2 
- (lnp£) 2

] - RB [lnpu - lnpL] . (6.1.5) 

Factoring provides us with 

RA 
gzu - gzL = - 2 [ (lnpu - lnpL) * (Inpu + lnpL)] - RB [lnpu - lnp£] . (6 .1.6) 

Recalling that T = A In p + B allows (6.1.6) to be rewritten as 

(6.1.7) 
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and we can now apply (6.1.7) to line segment DC as follows 

g[,g+il] - g [,g+il] = - R [T (Pg+l)) : T (Pg+l)) l • [ lnpg+l) - lnpg+l)] 

(6.1.8) 

Thus 

( !!) ,\'' = g [ ,p+
1
~~ ,!ill + R[T(pg+

1

)); T(pg+'l [lnpg+l);,lnpg+ll 
(6 .1.9) 

and since EAC represents a constant pressure plane (line) we have 

(!!) ,\,> = g [ ,p+1

~~ ,!ill + R[T(pg+'\+r(pY))l • [lnpg+:~ lnpYl (6.UO) 

or 

( :: ) , \' ' = g [ ,ji+:~ ,ln l + R [ T(p\!+
1 

\ + T(p\!l) l • [ In p\!+ :~ In p\!l ( 6. U l) 

Rewriting (6 .1.11) with the average operator yields 

(a¢) _ [zij+i) - z}j)l U+½) ( U+½)) 
ax P~

1
l - g 6.x + RT(ps ) * Dx lnps . (6.1.12) 

We note that (6.1.12) is centered at xU+½) but we would rather have it centered at xU), 

therefore we will derive a corresponding form where this is so. We start by developing a 

formula for the same ( ~) . , however , using values on the left side : 
p,(J) 

(!!) ,\'> = g [ (,YJ - ,!P) ,:, w- ,/P) l = g [ ,yi ~:g-1
)] _ g [,JP;;!!)]. 

(6 .1.13) 

Thus we have 

ZE - ZF 

[ 

(j-1) (j-1)] 

g 6.x ' (6.1.14) 

and 

(a¢) = g [z1j) - z}j-l)l _ g [z~-l) - z~-l) ·l 
ax p~J) 6.x 6.x 

(6.1.15) 

With a similar argument to the one used previously, we now have 

(!!),\,> = g [ ,!JI ~:\HI] + R[T(p~-1l);T(p~-11)] • [lnp~-11;,lnp~-1)] 
(6.1.16) 
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and so 

or 

In averaging notation we then obtain 

(6.1.19) 

We now take one half the sum of (6.1.12) and (6.1.19) to obtain the expression 

and so we have 

or 

T(pij-½)) * Dx (lnpij-½))] . 

(6.1.20) 

(6.1.21) 

(6.1.22) 

where we have used (6.1.1) on the left hand side,g times the slope of the isobaric plane 

intersecting the mountain at point A. (As mentioned on P.41, this slope is the same as that 

of the initialising Psso plane in a barotropic atmosphere, msso-) 

Incidentally, we note that references to b.x are absorbed within the calculation of the 

horizontal pressure gradient force, that is, regardless of what size b.x is , the result is still 

gmsso- Hence our numerical experiment loses no generality by employing only one grid size. 

We will now show that (6.1.22) will hold on any of the a levels above the surface. VVe 

start in the same manner as was done previously in Chapter 3, and indeed, much of that 

derivation follows in the same way. Equation (3.3.8) still holds so we expand its right hand 

side to give 

(6.1.23) 
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By analogy to (3.3.10), (6 .1.23) may be written 

(6.1.24) 

We gather terms to obtain 

(6.1.25) 

This means that 

(6.1.26) 

Substituting (6.1.26) into (3.3.22) gives 

(6.1.27) 

That is 

(6.1.28) 

or 

(6.1.29) 

From equation (3 .1.10) and (2 .3.1) , the left hand side of equation (6 .1.29) is the negative 

of the horizontal pressure gradient force at the kth <T level. Since the right hand side of 

equation (6.1.29) is constant in the vertical, the HPGF is independant of height. This is 

what one would expect in a barotropic atmosphere , as was pointed out earlier in Section 

2.7.3. 
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6.2 Analysis for T = A z + B 

Given that the P850 surface is a tilted plane with slope m850 and zero temperature gradient 

(hence Ts50 = Tti;\ we kn ow that the temperature T; at an arbitrary point zX is 

T x r,x(R) [( x(R) ) xJ 
z = 850 + 'Y z850 + m850 x - z (6.2 .1) 

by analogy to (4.6.9) . Let us determine conditions for a constant pressure surface 

(6.2.2) 

If we replace p; and Tf in equation ( 4.6.7) by p: and T; , and make use of equation (6.2.1) , 

we obtain 

Similarly, 

[T.

x ( R) [( x (R ) ) x] l Ti=; x 850 + 'Y z850 + m850 x - z 
Pz = P850 -----=---T.- x-( R- )-----~ 

850 

[ 

T.x( R ) [( x<R) ( A )) x+Ci.x] l Ti=; 850 + 'Y z850 + m850 x + ux - z 
r,x(R) 

850 

Equating (6 .2.3) and (6.2.4) we have 

T.x ( R) [ x ( R ) x] 
850 + 'Y z 850 + m850X - z 

r,x( R ) 
850 

T,x ( R) [ x ( R) ( + A ) x+Ci.x] 
850 + 'Y z 850 + m85o x ux - z 

r,x( R) 
850 

After simplifi cation this redu ces to the condition 

(6 .2.3) 

(6.2.4) 

(6.2.5) 

(6 .2.6) 

which we note is independant of pressure value p. Since the increment in z on any constant 

pressure surface is a fixed multiple (m85o) of the increment in x , this means that constant 

pressure surfaces are parallel planes. This result is to be expected in a barotropic case. 

6.3 Lhnit value for finite difference scheme when T = Az+B 

The derivation of Section 4.7, (4.7.9) through (4.7 .13) , can be repeated for the problem 

of determining the limit of the Corby finite difference scheme (4 .1.1) for Case II , as the 
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atmosphere is barotropic here as well, with TifsL constant and Tf given by ( 4.G .9) . Llecall 

(4 .7.13) 
dZ g dTs g-+--. 
dx I dx 

Inspection of (4.6 .9) shows that 

dZ g [ dZ] Jim C = g- + - ,msso - 1 - = gmsso-
~x-.o dx I dx 

(6 .3.1) 

When the Corby finite difference scheme is supplied with T = Az + B data, it will 

converge to the correct value in the barotropic case as the grid interval tends to 0. That is, 

(6.3 .1) yields the same value as (6.1.1) or (6.1.29). 

6.4 N u111erical results 

Mt MVD MAX MVD MAX 
Top T = Az+ B T = Az + B T = Alnp+ B T= Alnp+B 
5000 m 0.01326564 0.54579312 0.1520 * 10-TI 4.9258 * 10- 12 

4000 111 0.00666091 0.27927330 0.1439 * 10-12 4.6185 * 10-12 

3000 m 0.00275672 0.11267600 0.1395 * 10-12 4..7979 * 10-12 

2000 111 0.00080155 0.03272225 0.1414 * 10-12 4.1478 * 10- 12 

1000 m 0.00009835 0.00402228 0.1457 * 10-12 4.4551 * 10-12 

Table 3: Mean magnitude (m/sec) and maximum of vector deviation from expected V9 , for 
barotropic case with tilted surfaces 

Since in this chapter we have set the psso plane to be tilted with respect to th e horizontal 

(with slope msso) , and have further required that there be no temperature gradient on this 

plane, we then know that the expected u (respectively v) geostrorhic wind component 

can be calculated from (6 .1.22) with no accompanying analytic discretization error when 

T = A In p + B. This was found to be supported by the numerical experiment, as one may 

see by inspecting tables B.19 and B.22 (ideal u and v) and comparing them with B.20 and 

B.23 (finite-difference computed u and v) repectively. But as before, when T = Az + D, 

there is a noticeable truncation error as seen in the departure (B.30 and B.33) of the u an<l 

v Corby finite difference components from their ideal values (13.28 and B.31) . 

From Table 3 above, one can see t.hat when T = A lnp+ B, the truncation error is very 

small (MVD is on the order of 10-12 m/sec) . But on account of the derivation of Section 
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6.1, culminating in (6.1.22), we are assured that the mathematical noise in evidence under 

MVD and MAX for this T-structure can be attributed solely to accumulation of machine 

roundoff error and function evaluation error over the entire 17 by 17 grid. 

We further note from Table 3, that both MVD and MAX errors for T = Az + B are on 

the order of 1011 times greater than that for T = A In p + B . (These figures are comparable 

to those found for Case I in Table 2, and this is evidently so because there is no analytic 

truncation error when T = Alnp+B in either Case I or II, but there is when T = Az+B.) 

The experiment indicates empirical evidence to suggest a strong preference for using the 

T-structure consistent with the discrete hydrostatic equation, in conjunction with ( 4.1.1) 

to calculate surface geostrophic wind. In the next section we will derive a formula for the 

discrepancy between the Corby finite-difference calculated geostrophic wind component and 

its expected value in a barotropic case when T = A lnp + B . This will be (6.5.28),(6 .5.21) 

and (6.5.24). After we review these equations from the perspective of T = A In p + B , and 

in particular (6.1.7), then it will be evident that the analytic truncation error, (6.5.21) and 

(6.5.24) , would vanish for this T-structure . This is reviewed in Appendix A.I. 

6.5 Truncation error for T = Az + B in Case II 

We can apply the argument of Section 5.2 to obtain the truncation error when T = Az+B 

for Case II since T850 is constant by (4.4 .2) and so (4.7.11) will still hold . Since we have 

from ( 4.6.9) that 

dTs(x) = 1 [msso _ dZ] 
dx dx 

(6.5.1) 

where Z(x) = z:, we can cite (5 .2.18) as the desired error with Tl(x) as just given. This 

truncation error is reported in terms of T( x) and its derivatives ( or equivalently Z ( x) and 

its derivatives). However, we will now take another approach to the study of this problem, 

motivated by the geometrical analysis of Section 6.1 and Figure 3. We will show that an 

evaluation of Corby's finite difference expression on T = Az + B data will yield the slope 

of the isobaric plane intmeding the smface point [ z~ l • plus cemaining teems. (Wheceas 

previously it was desirable to refer to grid points with subscripts (j - l , j,j + 1) to present 

formulas such as (6 .1.20) and (6.1.21) in a natural and unambiguous way, the grid interval 

.6.x will play a more prominent role in the following discussion, and so surface heights , 
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temperatures and pressures will use ( x , ~x) notation.) 

We consider the Corby expression for the horizontal pressure gradient force ( cf. the 

right hand side of equation ( 4.1.1)) 

(6.5.2) 

where 

(6.5.3) 

and 

c_=g A F +R A F * A F ' 
[
zx _ zx-ti.x l [[Tx + rx-ti.xl [lnpx - lnpx-ti.xll 

~x 2 ~x 
( 6 .5 .4) 

with superscipt notation referring to Figure 3. (Note that c is a geometric equivalent of C 

from (4.7.2).) We focus our attention solely on c+ for the moment, and obtain the following 

(by adding and subtracting appropriate terms, and using the fact that PA = Pc+ti.x) 

with 

(6.5.6) 

and 

(6.5.7) 

We now have 

(6.5.8) 

Since we are analyzing T = Az + B we have 

(6.5.9) 

Now if we set 

T x+ti.x r.x+ti.x [ x<R) ( A (R))] 
sl = 850 +, z850 + m850 x + ux - x (6.5.10) 

where 

T.x+ti.x T.x(R ) k ( A (R)) 
850 = 850 + 0

850 X + UX - X , (6.5.11) 
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then we can write 

(6.5. 12) 

and 

(6.5. 13) 

Hence E1 is 

[(T
x+6x x+Ax) (Tx+Ax x+6x) l [In (rx+6x - ...,zx+Ax) - In (rx+Ax - ...,zx+6x) l g sl - ,zD + sl - 1 Zc sl I D sl I C - --'-'-----=------'--'"-------=--~ * -----------------------. , 2 6. x 

(6 .5.14) 

\Ve note here that E 1 would have been - g zo ;:c under the T = A lnp+ B structure , [ 
x+Ll.x x+Ll.x ] 

but is not so for the temperature profile we are considering now. 

We turn to investigate E2 . Eq (6.5 .7) can be rewritten as 

E=R C A* D A 
[
_ rx+Ax + yx l [1 npx+Ax -1npx l 

2 
6. x 2 

(6.5.15) 

where we have used the fact that Pc/Ax = PA . Let us evaluate t he second factor , by 

considering the two points 

T x ,,-,x+Ax k A [ x(R) x] 
A = .1sso - sso ux +, zsso + msso x - zA (6.5. 16) 

and 

(6.5.17) 

We first subtract , and then divide by 6. x , to find that 

(6.5. 18) 

and an inspection of Figure 3 reveals that 

Z x zx+Ax 
A - C = - mpx (6.5. 19) 

is the negative of the slope of the constant pressure plane which passes through the surface 

[ 
X l Tx-Tx+Ll.x .. 

point z~ . In Case I , msso = m,. = 0, and ksso = 0, hence [ A ,.~ ] = 0, whde m 

X [T"'-Tx+Ll.x ] 
Case II , msso = mpx , and ksso = 0 so 4 

6 ; = 0 once more . So by (6.5 .15) , E2 = 0, 
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and hence the evaluation of (6.5.2) for the two barotropic Cases (I and II) is summarized 

by (6.5.28). However, for the general result, we refer back to equation (6.5.8), (6.5.14), 

(6 .5.15), and (6.5.18) and write 

(6.5.20) 

where 

(6.5.21) 

[(T
x+Cl.x x+Ci.x) (Tx+Cl.x x+Cl.x)l [In (r,+ti.x - -vzx+Ci.x) - In (rx+Ci.x - -vzx+Ci.x) l !!_ sl - ,zD + sl - ,zc sl I D sl I C 

, 2 Llx 

and 

(6.5.22) 

We find after a similar derivation for c_ that 

H ( x-Ci.x x-Ci.x) M c_ = g mpx + _ ZE , Zp + - (6.5.23) 

where 

(6.5.24) 

[(T
x-Ci.x x-Ci.x) ( x-Ci.x x-Ci.x)l [In (r_-Ci.x - -vzx-Ci.x) - In (rx-Ci.x - -vzx-Ci.x) l !!_ sl - 1 Z E + Ts/ - 1 Z F sl I E sl I F 

, 2 Llx 

and 
. r-lnpA+lnpF-Ci.xl 

M_ = R [-k850 + 1 [mpx - m850]] * 
2 

· (6.5.25) 

In order to reach this last result we made use of 

rr,x-Ci.x _ rr,x-Ci.x-x(R) + [ x(R) + ( A (R))] 
.1s1 - .1850 , z850 m850 x - ux - x (6.5.26) 

and 
rr,x-Ci.x rr,x(R) k ( A (R)) 
.1850 = .1850 + 850 X - u.X - X . (6.5.27) 
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In conclusion, we have found that when T = Az + B the Corby expression expands as 

follows 

(6.5 .28) 

for Case I and II; and in general it can be written as 

(6 .5.29) 

(Eq (6 .5.29) will be of use when investigating Case III.) To interpret these formulas m 

teems of the smface tmain and the point [ '~ l • one can employ the following ,J:;-~• = 

ZA - mpx.6.x , and zc/t.x = ZA + mpx.6.x . Note that (6.5.28) can be viewed as the sum of 

the ideal result gmpx plus a truncation error for Case I and II. (Please see Appendix A.l 

for further discussion.) We will show later on in Section 7.7 that (6.5 .29) can be similarly 

viewed as ideal plus truncation error for Case III. 



Cl1apter 7 

Simple Linear Baroclinic 

Atmospl1ere 

In this chapter we will investigate the consequences of allowing temperature to vary 

under T = A lnp+ B 0 + C0 (x - x(R)) in Sections 7.1 through 7.6, and then we will consider 

T = Az + B0 + C0 (x - x(R)) in Section 7.7 for comparison. 

7.1 Linear Baroclinic case for T = Alnp + B 0 + C0 (x - x(R)) 

If temperature varies on the constant pressure planes, we will have what is known as 

geostrophic shear which means that the geostrophic wind vector will be different at different 

heights. This implies that an is[ob:(~) pllane with pressure value q, for instance, which cuts 

the mountain surface at point O will in general have a different slope from that of 

[ 

xUl l Z(xUl) 
. (j+l ) _ (j -1 ) 

the Psso plane at O . We will use g [z 2.6.; ] < .) to represent the slope 
Psso(x 3 ) 

zsso(xUl) 

[ 

(j+l ) (j -1 ) ] 
of the Psso plane, and g z9 

2~~9 . to stand for the slope of the constant pressure 
p,(xUl) 

surface intersecting the mountain in the column of air over x(j). We show that 

54 
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[ 

(j+l) (j-1) l [ (j+l) (j-1) l Zq - Zq Zs - Zs 
g ---'----~- =g ----- + 

2Llx p,(xU)) 2Llx 
(7.1.1) 

R T(p/) * 8x lnp/ + RCo ( ) 
( 

( )) 
[ 

In Pii+l) - 2 ln

4

p~j) + In Pij-l)] , 

where z~j+l) represents the height of the isobaric plane that intersects O , over the 
[ 

xU) l 
Z(xUl) 

point x(j+l), and z~j-l) for the height of this same plane over the point x(j-l). Of course, 

z}j+l) is the height of the mountain at the point x(j+l) and z}j-l) the terrain height at the 

point xU-1). We begin by decomposing (7.1.1) into a 'right' and 'left' half 

g [z~j+1) _ z~j)l 

Llx < .) p,(x J ) 

(7.1.2) 

(7.1.3) 

Recall that to find an expression for zu - ZL , the vertical line segment between U(pper) and 

L(ower) heights, we can make use of (3.2 .24) 

gzu - gzL = -R * [T(pu);T(pL) ] * Dnpu - lnp£). 

We direct the reader to Figure 3, and apply this to line segment DC , by recalling (6.1.8) 

But note that in this linear baroclinic case the temperature will depend on the x position on 

the constant pressure surface pij). We see from Figure 3 that pg+i) = p~) = pij). Similarly, 

pg+i) = pii+l). Thus we rewrite the above eq (6.1.8) as 

[

T ( (j+l)) T ( (j+1)) l 
g [ZD

(j+1) _ zc(j+1)] ___ R Pn +
2 

Pc [ ( •+i) ( .) ] * lnp/ - lnp/ . (7.1.4) 
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But, since we are currently investigating T = Alnp + [B(x) = B 0 + C0 (x - x(R))], where 

the constant C0 = (~)P, we see that 

(7 .1.5) 

which holds since pg+i) = p~) on the constant pressure plane; this reduces to 

(7.1.6) 

or 

(7 .1.7) 

Of course , we also see from Figure 3 that 

(7.1.8) 

and so we have 

(7.1.9) 

Now 

[ 

(j+l) (j+l) l 
ZD - Zc -

.6.x - (7 .1.10) 

But we can write this as 

[ 

xU) l 
If we let mx(J) be the slope of the constant pressure surface which intersects O , the 

Z(xUl) 
contour of the hill , at xU) then 

[ 

(j+l) (j+l) l [ (j+l) (j+l) l ZD - ZB ZD - ZC 

.6.x - .6.x ' 

(7.1.12) 
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or by interchanging the order of the summands, and multiplying by g, we obtain 

[
z!j+l) - zij)] _ [zg+i) - zg+i)l 

g .6.x g .6.x ' 

(7.1.13) 

and so 

\Ve show in a sim[ila:(7i1anlner, the corresponding result for calculating the slope from the 

left hand side of O . We see from Figure 3 that 

Z(xU)) 

g [ z'.{l;;UI] = g [ z'.{I ;;!/I] _ g [ zUI ;;!/I] (7.1.15) 

but this can be rewritten as 

ZA - ZF ZE -Zp 

[ 

(j) (j-1)] [ (j-1) (j-1)] 

g .6.x - g .6.x ' (7.1.16) 

or 

g [ z'.{l;;UI] = g [ zfl ~:jHI] - g [ zt-11;;¥-11] · (7.1.17) 

\Ve expand the temperature terms as follows 

(7.1.18) 

which holds since p~-l) = p~) on the constant pressure plane. Adding and subtracting .6.x 

we find 

(7.1.19) 

and this is then 

(7.1.20) 

and so 

(7.1.21) 
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We find from Figure 3 that we also have 

(7 .1.22) 

Hence we may write 

We now continue by applying (7 .1.4) and (7 .1.23) to the particular case 

(7 .1.24) 

-R [[T(p\i)) \T(p\i-1))] * [lnp\j) ~:pl5-l)ll + R [[Co 
2
c,., l * [lnp\il ~~np\i-l)]] , 

(7.1.25) 

and this can be rewritten as 

[
z~-l) - z~-l)l (j-1) ( (j-1)) [lnp~j) - lnp~j-l)l 

g ~X = -RT(ps 2 
) * Ox 1nps 2 + RC0 

2 
. (7.1.26) 

Now we use the above result to conclude 

(7 .1.27) 

In summary, we add a half of each of equations (7.1.14) and (7.1.27) to find that 

[ 

(j+l) (j-1)] [ (j+l) (j-1)] Zq - Zq Zs - Zs 
g ----- =g -----+ 

2~x p,(xCj)) 2~x 
(7.1.28) 

and this can be rewritten to yield the desired result (7.1.1). 
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7.2 Isobaric slope difference 

In order to calculate the discrepancy between the slopes of the constant pressure 

surfaces at the 850 mb level and that at the surface, over point x j, we differentiate the 

hydrostatic equation with respect to x, on a constant p surface (plane) 

a (8¢) ( 8 ) 8¢ ( 8 ) -RT 
op ax P = ax Pap = ax p-P-. 

(7.2.1) 

We interchange the order of differentiation (as we are assuming continuous second order 

partial derivates) 

!_ (8¢) _ -R(aT) 
op ax p - ax p 

1 
* - , 

p 
(7.2.2) 

and integrate in the vertical column of air over point x 

(7.2.3) 

where we use the fact that the temperature gradient is constant, say Co, on the constant 

p-surface. Now 

(a¢) - -R (~Tx)P*Dnpr-lnpB], 
OX PB - U 

(7.2.4) 

and so 

(7.2.5) 

This becomes 

(7.2.6) 

Although this is true in the continuous (or analytic case), we will show in the next 

section that the analog holds (exactly) as well, in the finite difference case, that is 

[
z(j+1) - z(j-1) ] [ (j) (j) ] - [z~j+l) - z~j-1) ] 

g 2.6.x + RCo In p850 - In Ps - g 2.6.x , 
P85o(x(J l ) p,(x(J)) 

(7.2.7) 

where we use(~\= Co. But since we have seen in Eq (7.1.1) that 
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[ 

(j+l) (j-1) l [ (j+l) (j-1) l Zq - Zq Zs - Zs 
g ----- =g ----- + 

2.6.x ( ) 2.6.x p, x, 

we can combine these two equations into 

and so 

6 ,._(j) RC 1 (j) - RC nps + nps + nps (- ) [I (j+i) 21 (j) I (j-l) l 
x 'Paso + o n Paso o 4 

(7.2.9) 

However , since Paso is a constant pressure plane, we can use the fact that the average of a 

constant number is that number itself, and so lnpaso(x) = lnpaso(x) to conclude that 

We summarize this as 

where we denote the initializing plane Paso - If we rewrite (7.2.6) with the right hand side 

expanded with a coordinates we will have 

(a¢) +RCo [!npaso(x(j)) - lnp5 (x(j))] = ( O<ps~:(j)) ) +RT [as(x(j))] * ( olnp;;x(jl)) 
OX Psso(,hl) 

(7.2. 12) 

Subtracting (7.2.11) from (7.2.12) produces the truncation error, since (7.2.12) is an identity 

for the continuous version , and (7.2 .11) is an identity for the discrete analog of it. Because 
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the 850 mb surface is a plane, we know that ( ~) . - Ox ( ¢sso( x)) 
p850(x(J)) 

0. Thus the 

truncation error is 

(7.2.13) 

which for fixed Lix is roughly proportional to the curvature of In Ps. We can see one effect 

of this by inspecting Tables B.41 and B.59. Evidently, the discrepancy between the analytic 

and finite difference computations of the v-component (ie Eq (7.2.13)) is smallest halfway 

up the hill , where the curvature or second derivative of a cosine hill changes sign and Ps is 

approximately a linear function of x. 

7.3 A finite difference analog 

At this point we wish to show that the analytic equation 

has a corresponding finite difference form. We denote 850 mb values by [ ]P
850

, and values 

[ 

xU) l 
taken on the tangent to the mountain at point 0 by [ ]p, . 

Z(xUl) 
We will now derive the following equality, which can be viewed as a finite difference 

analog of Eq (7.2.6) 

g U u _ g L L = -R Co Lix * ----- . 
[

z(j+i) - z(j-l) l [ z(j+l) - z(j-l)l [lnpu - lnpL] 

2 Lix ( ) 2 Lix ( ( l) Lix P (xCJl) P850 x, P• X J • 

(7.3.1) 

It is an expression for the difference between the slopes U4 U1 U3 and L4 L1 L3 when 

temperature on constant pressure planes is given by T(x) = Aln(p) + B0 + C0 (x - x(R))). 

We split the left hand side of (7.3.1) into two parts 

(7 .3.2) 

and recombine terms to obtain 
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-fu5 

f 

j-1 

j+ 1 
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(7 .3.3) 

1 

[ [ 

(j+l) (j+l)l [ (j+l) (j+l)ll Zu - Zu ZL - ZL _ g 3 2 -g 3 2 + 
2 .6.x .6.x 

1 

[ [ 

U+l) (j+l)l [ u+1) U+l)l l Zu - Zu ZL - ZL _ g l 5 _
9 

I 5 

2 .6.x .6.x 
(7.3.4) 

We will study this expression in the form 

~ [uU+½) - LU+½)+ uU-½) - LU-½)] ' (7.3.5) 

where 

(7.3.6) 

and 

[ 
(j-1) (j-1)] [ u-1) (j-1)] 1 1 Z -z ZL -ZL uU-2)-LU-2)= U1 Us _ l 5 

9 .6.x 9 .6.x ' 
(7.3.7) 

! [uU-½) - LU-½)] = -R [Co .6.x] * [ln(pu)- ln(PL)] . = ! [uU+½) - LU+½)] ' 
2 2 .6.x p,(x(J)) 2 

(7.3.8) 

after which we will add the average of (7.3.6) and (7 .3.7) to obtain (7.3.1). We start by 

noting that pg
3
+l) = P8; = pu on the constant p plane (in Figure 4) and so 

(7 .3.9) 

becomes 

(7.3.10) 



or 

T (vg
3
+1l) = T (vg)) + Co ~x. 

However , since vt+l) = p~; = PL on the lower constant pressure plane, 

and we have by analogy to (7.3.10) and (7.3.11) 

T (v~
3
+1l) = T (v~)) + Co ~x . 

We now apply (7.3 .11) and (7.3.13) to 

and so obtain 

But we also have 

Therefore we can calculate the difference as 

[-RC; ~x] * [ lnpu :xlnpL] , 
and can also show in a parallel manner, that 

[-RC; ~x] * [ 1npu:x1npL], 
and so (7.3.1) follows by adding (7.3.17) and (7 .3.18) . 
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(7.3.11) 

(7.3.12) 

(7 .3.13) 

[lnpu :xlnpL] . 
(7.3.15) 

(7 .3.16) 

(7.3.17) 

(7 .3.18) 
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7.4 Analy sis for a levels above the surface 

We consider the temperature structure T = Alnp + [B(x) = B0 + C0 (x - x(R))] where 

( oB(x)) = Co = (oT) . 
ox p ox p 

(7.4.1) 

We now derive what this implies for <p on the <Tk surfaces, by starting with (3.3.14), namely 

bx (¢k(x)) = bx (¢s(x)) 

+~'f [(bx(Aln[(cr1+1*Ps)(x)]) + bx(Aln[(cr1 * Ps)(x)]) + bx(2B(x))) * ln(<r~+l)] 
i=k I 

However , since Bis now a function of x , we expand the above equation , (3.3.14) , to obtain , 

instead of (3.3.15) , 

bx (<pk ( x)) = bx ( <p s ( x)) (7.4.2) 

Rn-1[ ___ . ( )] + 2 :I: bx(Aln<r1+1(x) + A lnp8 (x)) * In <T~~1 

l=k 

+~~[bx (Alncr1(x) + A lnp8 (x)) * In (<T~~l) ] 

+ R bx (A lna-n(x) + A lnp8 (x) + B (x)) * In (:n). 

But because a difference operator of a constant evaluated on a constant er surface yields a 

zero result , we can rewrite this as 

(7.4 .3) 



We combine the second and third terms on the right, to arrive at 

+RA~ [ox (1np5 (x)) * In ( cr;i)] 

+ R ~ [ox (R(zj) * In ( cr~:1
)] 

+ R (Aox (Inp5 (x)) + Ox (B(x))) * In (:n) . 
Since In ( o-~~

1
) = In (cr1+1) - In (cr1), the above equation may be written 

n-1 

+ RA L [ox (In [ps(x)]) * (In (cr1+1) - In (cr1))] 
l=k 

n-1 

+ R L [ox ( B(x)) * (In (cr1+1) - In (cr1))] 
l=k 

The telescoping nature of the sums leaves us with 

+ RA Ox (1np5 (x)) * lncrn(x) - RA Ox (lnp5 (x)) * Incrk(x) 

+ R Ox (lf"(x}) * In crn(x) - R Ox ( B (x)) * In CTk(x) 

- RA Ox (Inp5 (x)) * lncrn(x) - R Ox (B (x)) * lncrn(x) , 

which can be compactly written as 
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(7.4.4) 

(7.4.5) 

(7.4.6) 

Ox(¢k(x)) = ox(¢s(x)) - RAlncrk(x) * Ox(In[p5 (x)])- Rln[crk(x)] * ox(B(x)). 

(7 .4.7) 

But because evaluation is on a constant er surface we have 

ox(¢k(x)) = Ox(¢s(x)) - RAin[crk(x)] * Ox(ln[p5 (x)])-Rln[crk(x)] * Ox(B(x)). 

(7.4.8) 
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We now take a moment to show that 

(7.4.9) 

We start by applying the average operator and the difference operator to the expression 

for 'Ps(x), given by equation (3.3.7), but with B(x) in place of B, 

bx (¢0 (x)) + ~RA bx (ln2 p0 (x) - ln2 Ps(x)) + R bx ( B(x) * (lnp0 (x) - lnp8 (x))). 

(7.4.10) 

Equations (7.4.10) through (7.4.17) are all expressions for 8x (<l>s(x)). Sincep0 is constant 

(7.4.10) becomes 

We make use o:· Appendix C in the second term and Proposition 1 (derived in Section 7.5) 

in the last term to obtain 

bx (<l>o(x)) - RA (In [p9 (x)] * bx (lnp 5 (x))) + R bx (B(x)) * lnp0 (x) 

-R (B(x) * 8x (lnp9 (x))) 
-RCo cnp5 (x+.6.x); lnps(x-.6.x)). 

(7.4.12) 

At this point we split the last term into two halves , and then add and subtract another 

selectively chosen expression to arrive at 

bx (¢0 (x)) - RA (ln [p9 (x)] * bx (lnp5 (x))) + R bx ( B(x)) * lnp0 (x) 

-R (B(x) * 8x (lnp 5 (x))) 

-R ~0 cnp5 (x + .6.x) ; lnp5 (x - .6.x)) 

-R ~o cnps(x+.6.x); lnps(x-.6.x)) 

2R C0 (lnp9 (x)) 
+ 2 2 

-2R ~o cnp;(x)) . 

(7.4.13) 



After gathering like terms, we find that 

Dx (¢0 (x)) - RA (In [p8 (x)] * Dx (In [ps(x)])) + R Dx (B(x)) * lnp0 (x) 

-R ( B(x) * Dx (1np3 (x))) 

-R ~o cnps(x + .6.x) - 2ln~s(x) + lnp8 (x - .6.x)) 

-R Co cnp3 (x + .6.x) + 2ln~3 (x) + lnp3 (x - .6.x)). 
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(7.4.14) 

We now make use of Proposition 2 derived in Section 7.5 in absorbing the middle two terms 

from above , and then rewrite the last term to arrive at 

Dx (¢0 (x)) - RA (In [ps(x)] * Dx (lnp 8 (x))) + R C0 lnp0 (x) 

-R (B(x)*8x(lnp 8 (x))) 

-R C0 (1np8 (x)) . 

This yields the following by use of the fact that p0 is constant 

(7.4.15) 

Dx (4>o(x)) - R ([Alnps(x) + B(x)] * Dx (lnp8 (x))) + RC0 (Inp0 (x)) - RC0 (1np8 (x)). 

(7.4.16) 

We now employ the definition of T, and combine the last two terms to find 

(7.4.17) 

Finally, we use a log property to arrive at (7.4.9) 

which is the conclusion we sought. 

We recall equation (7.4.7) , rewritten as 

or more usefully as 
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Substituting (7.4.9) in the first term on the right side of (7.4.19), we now find that Ox ( ¢>k( x)) 
IS 

5, ( ¢o(x) )-R ( [A (In p,(x) + In u,(x)) + B(x )] *5, (In p,(x ))) +RC, [In::~:; - In u,(x)] · 
(7.4.20) 

This is 

Dx ( 9'>o(X) )-R ( [A (In [ps * lTk](x )) + B(x )] * Dx (lnp9 (x )) ) +R Co [In Po(x) - In (Ps * lTk)(x)] , 

(7.4.21) 

which is 

(7.4.22) 

Finally 

We conclude that , in a linear baroclinic atmosphere we have on cr level k 

6, ( 1Pk(x)) + R ([T,(x )] • 5, (In p,(x JJ) = O, ( ¢,(x)) + R C, [In::~:;] . (7.4.24) 



7.5 Supporting propositions 

Proposition 1 

We start with 

Dx(B0 lnp5 (x) + C0 (x-x 0 )*lnps(x)) = 

B0 Dx (1np 5 (x)) + 
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(7.5.1) 

(7.5.2) 

( 
C0 .6.x .6.x C0 .6.x .6.x ) 

Dx 2 (x + 2 - x0 ) * lnp5 (x + 2 ) + 2 (x - 2 - x0 ) * lnp5 (x - 2 ) . 

Expanding the difference operator as it pertains to the second term of the RHS of (7.5.2) 

yields 
C0 ((x + .6.x - x0 ) * lnp5 (x - .6.x) + (x - x0 ) * lnp5 (x)) 
2 .6.x 

(7.5.3) 

C0 ( - (x - x0 ) * lnp5 (x) - (x - .6.x - x0 ) * lnp5 (x - .6.x)) . 
+2 .6.x 

Now collecting the x - x 0 terms implies that 

(7.5.4) 

or 

(7.5.5) 

Gathering the .6.x terms in (7.5.3) gives the expression 

C (( ) 
lnp5 (x + .6.x) + lnp5 (x - .6.x)) 

o .6.x * 2 . .6.x 
(7.5.6) 

Observation of (7.5.2), (7.5.5) and (7 .5.6) allows us to conclude that Proposition 1 is valid. 
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Proposition 2 

We start by noting that 

(Bo+ C0 (x - x0 )) * Dx (lnps(x)) , (7.5.8) 

which is 

(7.5.9) 

The first term can be written as 

(7.5.10) 

however the second term 

(7.5.11) 

requires applying the difference operator, which yields 

(7.5.12) 

Now expanding the average operator in (7.5 .12) leaves the following 

(7.5.13) 

Collecting x - x0 terms, we have 

(7 .5.14) 

which is 

C0 (x - Xo) * Dx ( lnps(x)). (7 .5.15) 

We gather the ~x terms to find 

(7.5.16) 

and this completes the proof of Proposition 2 on the basis of (7.5.10), (7.5.15) and (7.5.16). 
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7.6 Analytic Vy when T = Alnp + B 0 + C0 (x - x<R)) 

Since we wish to compute the surface geostrophic wind via finite differences of surface 

temperature and pressure values, we should have, in addition, a method to calculate an ex­

pected geostrophic wind as well. Although it is not possible to have one analytic geostrophic 

wind (g-wind) vector to which the Corby finite difference scheme will converge under both 

temperature profiles (as we will show in Sections 7.6 and 7.7), we can derive the analytic 

g-wind vector for the T = A lnp + B 0 + C0 (x - x(R)) temperature structure based on the 

thermal wind equation (2.7.11), and will do so below. We will then derive the analytic 

g-wind vector for the T = Az + B + C0 (x - x(R)) atmosphere in the next section , and 

in an experiment will compare the discrepancy between the analytic and finite-difference 

computed g-wind components for each of these respective temperature profiles . We start 

with the thermal wind equation (2.7.11) 

av. R [ (*\ ] 
aln

9

p = f - (¥)P · 

Now because T = A In p + B 0 + C0 (x - x(R)), then ( ¥x) P = C0 . Furthermore because we 

have been isolating our analysis throughout the thesis to the x - z plane , we set ( *) P = 0. 

(Note however that computations in the experiments are performed for x - y - z space.) We 

can easily integrate (2.7.11) from the surface to the 850 mb pressure level to obtain 

- - R [ (~T) ] Psso 
v9B50 - Vg. = f - : p * In Ps. (7 .6. 1) 

We see incidentally that the effect of letting temperature vary with x appears in the v9 

component. \/9 , can now be calculated by 

[
11.g. l [11.9850] [ o l 

Vg, = v~. = v9~50 + ¥ ( ¥x) O * In P;!o . 

We state the following as the analytic surface geostrophic wind components : 

R (aT) Psso 
Vg, = Vg550 + f ax p * In Ps. 

(7.6.2) 

(7.6.3) 

(7.6.4) 
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7.7 Analytic Vg when T = Az + B 0 + C0 (x - x(R)) 

Let us determine the shape of a constant pressure surface of value Q mb, say PQ , above 

and below that of Psso when temperature varies linearly with height , in the vertical. For 

every x on such a surface the ratio [ ~9 ] clearly must be constant . Hence we can let 
Psso 

[ X] [T.Xl . PQ g Q 
]1 = In -- = - In --

Psso R1 T{so 
(7.7 .1) 

where the second equality follows by analogy to ( 4.7 .9) . Employing ( 4.4.4) and an equation 

similar to (4.6 .1) with z: replaced by ZQ(x) , we may write (7.7.1) as 

If we set 

. - g [ [rti:) + ksso x] + I [(zs~;) + msso x) - ZQ(x)] l 
]1 - -In :r;( R ) 

R1 T850 + ksso x 

!b.. . 
k1 = e g Ji ' 

(7 .7.2) 

(7.7.3) 

where k1 is unrelated to ksso or f , then by multiplying (7 .7.2) by ~-Y and taking the expo­

nential we obtain 

X - 1 ZQ(x) . (7.7.4) 

Solving (7 .7.4) for ZQ(x) yields 

(7.7.5) 

and we see that the constant pressure surface PQ intersects the x - z plane in a straight line , 
!b.. 

with the slope of this isobar being msso + [1
-k1 ] ksso where k1 = [~] 9 

from (7 .7.1) and 
'Y ~~ 

(7.7 .3). (Since this acgument is independant of the y-component it will hold in the [ ~] 

plane for any fixed y f , and because the psso surface is itself a plane , we are then assured 

that the PQ surface will be a plane as well.) 

We will now show that the limit to which the Corby expression converges under the 

temperature profile discussed in this section is gmp" where mp" is the slope of the isobar 
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which passes through the point [ :f ] with Z( x) the height of the mountain at x. We 

Z(x) 
refer the reader to Figure 3 (where we will focus our derivation around surface point z.A), 

and begin the proof by restating the result found in (6.5.20) written, with the substitution 

of (6.5.22), as 

For convenience we repeat (6 .5.21) 

Clearly from Figure 3 

Jim D A = 0, 
[

lnpx+t.x - lnpxl 

Ax-+0 2 
(7.6) 

and so the last term of Eq (6.5.20) vanishes in the limit. Thus our main concern will be the 

second term of (6.5.20), which we will study as it is expressed in (6.5.21) and will use the 

following notation 

I. H ( x+t.x x+t.x) 1· H 1· H 1· H Im + Zv , Zc = Im 1 + 1m 21 * Im 22· 
Ax-+0 Ax-+O Ax-+O Ax-+0 

(7 .7) 

We note from Figure 3 that that ZA = Z(x), zi/Ax = Z(x + Llx) and zc/Ax = Z(x) + 
mp; Llx , and so we can calculate 

Jim H
1 

= Jim _ 9[-Z(x + Llx) + Z(x)] + [Z(x) + mp; Llx - Z(x)] = g[zl(x)- mp"]_ 
Ax-+O Ax-+O Llx ' 

(7.8) 

We investigate the factors comprising the second term of Eq (7.7.7) : 

[(rx+t.x - 'YZx+t.x) + (Tx+t.x - 'YZx+t.x)] 
I. H g 1. sl D sl C __ !!._Tx 
Im 21 = - Im s , 

t. x-+O I t.x-+0 2 1 
(7.9) 

where Eq (6.5.10) has been used to derive the limit of Eq (7.7.9). Also 

I
. H _ 

1
. [In [Q(x + Llx) - In Q(x)] - In [R(x + Llx) - In Q(x)]] 

Im 22 - Im 
Ax-+O Ax-+O Llx 

(7.10) 
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where 

and of course 

( ) 
x(R) [ x(R) Z( )] Q x = T850 + ksso x + 1 z850 + msso x - x , (7.7.12) 

with 

R(x +Ax)= T8;;l + ksso (x +Ax)+ 1 [z8~~l + msso (x + Ax) - [Z(x) + m71 Ax]]. 

(7.7.13) 

We use the fact that the In function is continuously differentiable, along with an application 

of the chain rule, to conclude that 

Jim [ln Q(x + Ax) - In Q(x)} = ksso + r {msso - zl(x)} 
A [ ] · (7.7.14) 

.t.x-+O .u.x T8g) + ksso x + 1 z8~;) + msso x - Z ( x) 

By a similar argument we can state that 

lim [lnR(x +Ax)-lnQ(x) ] = ksso+, [msso-mp;] 

.C.x-+O Ax Tti;) + ksso x + 'Y [zs~i) + msso x - Z(x)]. (
7

·
7

·
15

) 

Hence 

, [msso - zl(x)] 
lim H22 = --C..------=-

t.x-+O T
8
x 

, [ msso - mp;] 

Ti 

and so we have obtained from (7.7.9) and (7.7.16) 

Overall, we then have from (7.7.7), (7.7.8) and (7.7.17) 

1 [-zl(x) + mp;] 

T; 

I. H ( x+t.x x+t.x) 1· H 1· H 1· H Im + zD , z0 = Im 1 + Im 21 * Im 22 = 
.C.x-+0 .C.x-+0 .C.x-+0 .C.x-+0 

and referring back to (6.5.20) we conclude that 

(7.7.16) 

(7.7.17) 

(7.7.18) 

(7.7.19) 
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It can likewise be shown that lim~x-+O c_ = gmp" , and so 

]. c+ + c_ 
Im = gmp;. 

~x-+O 2 ' 
(7.7.20) 

We will now find an expression for the mp; reported in terms of surface temperature 

and then one based on surface pressure. In the process we will verify what was suggested 

in (7.7.5) regarding this slope. 

Since we are studying the constant pressure plane PQ, we have 

[ x l [ T.x l [T.x+~xl . PQ g Q g Q 
J1 = ln -- = - In -- = - In ~ . 

Psso R-y Tsso R, Ttsb X 

(7 .7.21) 

This tells us that 

[ 

[ ( R ) ] [ x <R) ] l . _ g Tt:so + ksso x + 'Y (zs5o + msso x) - ZQ(x) 
J1 - -In ( R ) 

R1 Tsso + ksso x 

g [ [r:~;) + ksso (x + ~x)] + 'Y [zs~;) + msso (x + ~x) - ZQ(X + ~x)] l 
-In ( R ) · 
R1 T850 + ksso (x + ~x) 

(7.7 .22) 

Equating the arguments of the In functions, and letting ZQ(x + ~x) = Z(x) + mpQ~x where 

Z ( x) ;, the mou n ta;n he;gh t , and pQ ;, the p,essme at [ z~ l • leaves us w; th 

A 

(7.7 .23) 

We now find that 

msso - mpQ = [ x ( R ) ksso l [ Zs~~) + msso X - F( X)] . 
Tsso + ksso x 

(7.7.24) 

If we now write PQ as P! , we then are left with 

1 [ ksso l [ x x] msso - mp; = - x <R) 'YZsso - 'YZs · 
'Y Tsso + ksso x 

(7.7.25) 

Making use of the definition of T850 , and then adding and subtracting appropriate terms , 

we obtain 

msso - mp; = 
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1 [ k850] [ [ x - - x- * T8so + 'Y 
'Y T85o 

[ x(R) x]] [,..,,x z850 + m850 x - zs - -'-850 + 'Y [ x(R) X ]]] z850 + m850 x - z850 · 

We see that 

1 [ k850] rn:x x ] m :z: = m850 - - ,..,,x * [ .1 s - T850 , P, -v .1., 
I 850 

or multiplying by g we obtain 

g 
gmp:z: = gm850 + - k850 

• 'Y 

and when converted to pressure terms we have 

g 
gmp:z: = gm850 + - k8so 

• 'Y 

1--s-[ 
Tx] 

Tsso ' 

(7.7.26) 

(7.7.27) 

(7.7.28) 

(7.7.29) 

Putting together our last two results: (7.7.20) and the preceding equation, shows that the 

Corby formula will converge to gmp;, with numerical value provided by the right hand side 

of (7.7.29). We also note that this analytical result might have been inferred from (7.7.5). 

The reader is referred to Appendix A.2 for another derivation of the fact that the Corby 

scheme converges to (7.7.28) . 

Incidentally, dividing (7.7.29) through by f will yield the v-geostrophic wind component 

at [z~,J 
g g g [ Tsx] -mp:z: = -m8so + - k8so 1 - -- . 
f ' f 'Y f Tf50 (7 .7.30) 

This is 

g (aT) [ T: ] v,-v:z: - - * l---
9:,; - 9g50 + -vf ax r.x 

I P850 850 
(7 .7.31) 

or, in term of pressure 

Vg:z: = Vg" + R (aT) * [l -[ p~ ] 7] 
• 

850 f ax P850 Ps50 . 
(7.7.32) 

A similar result can be found for u9 , where (7.7.32) will have an equivalent form except 

the v's will be replaced by u's and the x's replaced by y's. Since we have decided to set 

(i) = 0 we will obtain for u9 ,, 
P850 

(7.7.33) 
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At this point we will show that indeed, these are the analytic surface geostrophic wind 

components for the case we are studying in this section. 

To find the temperature variation with x along an isobar p = PQ, we differentiate (7.7.4) 

and then use (7.7.1), (7.7.2) and (7.7.3) to find 

(7.7.34) 

Therefore, by integrating the thermal wind equation (2.7 .11) (as it pertains to the v­

component only) we have 

V X = V X R rp=ps50 [f}T] 
9s 9850 + f )Tl_ OX 

P-P, p 

dp = Vg[ 50 + Rf rp=ps50 [ksso [ ; ] ~i dp 
P }p=p, Psso P 

(7.7.35) 

and so 
R =.!b. 1p=psso !ti. 1 

v9 : = v9: 50 + -
1 

ksso [p850) 9 * [p] 9 - dp . 
p=p, 

(7.7.36) 

This simplifies to the following 

(7.7.37) 

Finally, we have 

g 
Vgx = VgX + - ksso , s5o I f (7.7.38) 

and so the analytic result for this case is then 

g [ [ yx ] ] Vgx = VgX + - ksso 1 - _s_ 
' sso , f Tsso . 

(7.7.39) 
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7 .8 N un1erical results 

Fro111 'J'ahl t's 4 aml 5 below , one ca11 see that Llw tru11caLion error is smaller under tlw 

T = A In p + B0 + C0 (x - x(n)) profile Lhan lhat for T = Az + B0 + C0 (x - x(n)), at each 

he ig ht , and for both ksso factors. 

ll owever , the e rror roughly doubles (for either distribution) wh e n the baroclinity fact.or 

ksso doubles.\Ve take note that, as was shown previously, there is an analytic truncation 

e rror for the T = A In p + B0 + C0 (x - x(R)) case, here (see (7.2.13)). 

Mt MVD MAX MVD MAX 
Top T = Az+ B T= Az+B T = Alnp+ B T= Alnp+B 
5000 m 0.01542758 0.55813387 0.00800488 0.27240320 
4000 m 0.00917657 0.31426375 0.00634361 0.21759538 
3000 m 0.00548133 0.18007625 0.00471451 0.16294712 
2000 m 0.00325935 0.11465569 0.00311544 0.11007571 
1000 m 0.00158277 0.05851451 0.00154451 0.05786726 

Table 4: M ean magnitude (m/sec) and maximum of vector deviation from expected \/9 , for 

baroclinic case with ( ¥x) P = 1.0 * 10-sco /m 

Note that B(x) = B0 + C0 (x - x(R)) with C0 = (¥x)P = ksso 

Mt MVD MAX MVD MAX 
Top T = Az + B T = Az+B T=Alnp+B T = Alnp+ B 
5000 m 0.02059560 0.72353997 0.01598677 0.65080601 
4000 m 0.01426472 0.48102181 0.01266937 0.45898628 
3000 m 0.00985721 0.35201274 0.00941601 0.33273572 
2000 m 0.00636065 0.23045890 0.00622244 0.22144827 
1000 m 0.00315656 0.11912680 0.00308490 0.11780949 

Table 5: l\fea n magnitude (m/sec) and maximum of vect.or deviation from expected \/9 , for 

baroclinic case with ( ~) P = 2.0 * 10-sco /m 

Note that B(x) = B0 + C0 (x - x(R)) with C0 = (¥x)P = ksso 

Tablt>~ B.37 - B.45 (in Appendix B) detail rn1np11t.at.ions of s11rface geost.rophic wind 

vector;; for (t~.'),, = 1.0 * 10- 5C 0 /rn when T = A lnp + D0 + C0 (x - x(H)) and tahlt>s 

D.46 th roug h 13 .54 for T = Az + B 0 + C0 (x - x(H)). Note that since we seL (~)P = 0, 

there was no accompanying analytic truncation e rror (although there was so111e du e t.o 
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calculation performed on a finite precision machine, or machine error for short) when T = 
Alnp+B0 +C0 (x-x<R)) in the u9 component (Table B.39), whereas there was analytic (as 

suggested in (6 .5.29)) in addition to machine error for T = Az + B 0 + C0 (x - x(R)), shown 

in Table B.48. 

Tables B.55 - B.63 show results for ( f\ = 2.0 * 10-5c0 /m when T = A lnp + B 0 + 

C0 (x - x(R)), and B.64 through B.72 for T = Az + B 0 + C0 (x - x(R)). Note that once 

again when the baroclinity factor is zero in the y direction, analytic truncation error is 

non-existant when T = A lnp+ B0 + C0 (x - x(R)) . Hence Table B.57 exhibits only machine 

error . However when T = Az + B0 + C0 (x - x(R)) the results shown in Table B.66 have a 

contribution from both of these types of error. 

The analytic geostrophic wind components for T = A In p + B 0 + C0 (x - x(R)) are given 

by (7 .6.3) for u and (7 .6.4) for v, and for T = Az + B 0 + C0 (x - x(R)) by (7.7.33) for u and 

(7.7.32) for v repectively. These equations are used to generate tables B.37 and B.55 for u , 

and B.40, B.58 for v if Tis a function of pin the manner indicated above. However, when 

Tis a function of z (as previously specified), the associated u components generated, may 

be found in B.46 and B.64, while the associated v components in B.49 and B.67. 

Since there is a temperature g.radient on the Psso plane, the thermal wind equation 

(2.7.11) has been used to show that there will be different analytic targets for the two 

temperature structures . In comparing the two we conclude that when T = A In p + B 0 + 

C0 (x - x(R)) the Corby calculated geostrophic wind components are closer to their expected 

values than is the case when T = Az + B0 + C0 (x - x(R)). 



Cl1apter 8 

Summary and Conclusions 

In this thesis we have developed a derivation that shows if one wished to pass from the 

continuous hydrostatic equation to a discrete version of it , one method of doing so would 

be to use a temperature structure of T = A In p + B along with the discrete hydrostatic 

equation (3.2.24) 

</>(pu) - ¢>(PL)= _R[T(pu)+T(pL)] * Qnpu-lnpL] 
2 

where PU and PL are upper and lower pressure levels . This combination was used to verify 

that the Corby finite difference scheme for computing the horizontal pressure gradient force 

in o- coordinates is accompanied by zero analytic truncation error when an atmosphere is 

at rest. 

We extended this result to a barotropic atmosphere in which a wind was present because 

of the tilt in the slope of the initializing p0 plane, and explained with a geometrical argument 

how a finite difference scheme making use of only surface temperatures and pressures could 

represent the isobaric geopotential gradient ( equivalent to the horizontal pressure gradient 

force) . We further derived an expression for the analytic truncation error that ensues for 

T = Az + B computation of HPGF, originating from a geometrical analysis . 

We concurrently conducted a numerical experiment in which we compared the com­

putation of geostrophic wind under the temperature profile mentioned above, with that 

of T = Az + B, which is an ostensibly legitimate alternative in that it satisfies the ana­

lytic hydrostatic equation, and was shown to converge in the limit to the same result that 

T = A In p + B geostrophic wind components did. However, since this temperature struc­

ture was not consistent with the discrete vers10n of the hydrostatic equation which was 
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implicit in the Corby scheme used for this calculation, it produced worse net ( analytic plus 

roundoff) truncation error than T = A In p + B did in each case considered. An expression 

representing the analytic part of this error was derived, both with a Taylor series expansion, 

and separately by a geometrically motivated study. 

Furthermore, we showed that the combination of A In p + B temperature structure with 

the Corby finite difference scheme could be used in a simple linear baroclinic atmosphere , 

but for which there was some associated analytic discretization error, and for which we gave 

a formula which exhibited a Laplacian form. 

Overall, the results of our analysis supported by the outcome of the numerical ex­

periments , indicated the necessity of choosing data consistent with one's finite difference 

equations and not just consistent with the continuous equations. In particular, it was shown 

that T = A In p + B is a more suitable temperature structure for the Corby finite difference 

scheme than is T = Az + B to compute HPGF in a coordinates. 



Appendix A 

Supplementary derivations 

A.I T = Az + B is not consistent with the discrete hydro-

static equation 

We have from (3 .2.24) that when T = A In p + B 

[ x x 1 R [ ru + rt ] [I x I x 1 g zu - zL = - 2 * npu - npL 

for upper and lower levels , U and L. Furthermore, if we choose U to be the 850mb level , 

and L to be arbitrary, we then have 

(A.1.1) 

for x fixed. This then implies 

0 = - ~: [ (lnpx)2] - ~B Qnpx] + [[ ~: [ (lnp850 )2
] + ~B [lnPsso] + zsso] - zx] 

or 

where 
RA 

C1 = --, 
2g 
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RB 
g 

(A.1.2) 

(A .1.3) 

(A.1.4) 

(A.1.5) 
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and 

c3 ( z) = [ [ ~: [ (In Psso)2 ] + ~B On Psso] + zsso] - zx] . (A .1.6) 

Solving this quadratic equation yields 

(A.1.7) 

(A.1.8) 

However , by comparing temperatures at the 850 mb level to those below it, it can be shown 

with simple algebra that the appropriate branch to choose is the negative one. Hence 

(A.1.9) 

and differentiation with respect to z (with x fixed) produces the pressure profile for this 

case, 

opx(z) [ -,} ] -c2-[c2
2

-4c1c3(z)J½ 

oz = - [cl - 4c1c3(z)] * e 2
c1 (A.1.10) 

However, when T = Az + B, we can write the temperature as 

(A.1.11) 

which for fixed x can be summarized as 

(A.1.12) 

where p = [r:~;) + I Zsi~)] + [ksso +I* msso] X is constant. 

The pressure is (by ( 4.6.7) 

(A.1.13) 

or by taking logarithms 

In p~ - In Psso = _J_ Onyx - In r:so,] . 
R1 

(A.1.14) 

When differentiated with respect to z (with x fixed) yields 

1 opx g 1 oTX 
PX oz - R1 yxaz· 

(A.1.15) 
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We then have 

(A.1.16) 

which implies 

{)pX(z) - _.!!_Psso [kx -x'YZX] -1:r-1 
8 z R Tsso Tsso 

(A.1.17) 

Note that this is a different pressure profile from that determined by T = Alnp+B (which 

satisfies the ( discrete) hydrostatic equation presented at the start of this section). We recall 

that whether T = Az + B or T = Alnp + B, the point [ ~ ] on the 850 mb intializing 

Zg50 

plane , carries the same value for pressure. And so, the fact that ¥z- is different in the two 

cases , leads us to suspect that (3.2.24) is not satisfied when T = Az + B. Indeed , we can 

show this in a few lines . We have from ( 4.6.7) , for upper and lower levels 

and so 

lnpu - lnpf =_!!_[In Tu - In Tl], 
R1 

R [ 
Tu + Tt,] [I x I x J [ Tu + Tt,] g [ x I xJ -

2 
* npu-nPL=-R 

2 
*R

1
1nTu-nTL , 

but from (A.1.12) we see that the right hand side is just 

(A .1.18) 

(A.1.19) 

which is certainly not g [zu - zf], as it would have to be , if one hoped for it to experience 

no vertical truncation. (Please compare the first equation of this section (Eq (3.2 .24)) for 

the T-structure T = Alnp+B, with (A.1.18) and (A .1.19) which follow when T = Az+B.) 
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A.2 Case III Finite difference scheme limit for T = Az + B 

We can rewrite ( 4.6.7) for Case III with T = Az + B as 

[ 
px ] [ Tx ]-m 

P~:o = T:So 

since x is fixed for this equation, which was derived from vertical integration . Now using 

(4.6.10) and (4.4.4) we have for Z(x) = z: 

[ 
T; ] _ [ [T;;;l + k85o x] + 1 [z8~;) + m85o x - Z(x)] l 

r,x - r,x(R) + k · 
850 850 850 X 

Hence , recombining terms and recalling ( 4.6. 7) leaves us with 

[ 

[T.x(R) x<R)] [k ] Z( )l-i:; 
[ 

p~ ] _ 850 + "f z850 + 850 + "f m850 x - "f x 
X - x(R) 

P85o T850 + k850 x 

which by taking logarithms we can write as 

g 1 [To+T9 x- 1 Z(x)l ln [p:] = ln [p~50] + - n --(=R,.,..) ----

R1 Tg50 + k850 x 

(A .2.1) 

(A .2.2) 

(A.2.3) 

h T, T.x(R) x(R) d T. k S ( ) h w ere o = 850 + 1 z 850 an 9 = 850 + 1 m850 · ubtracting A .2.3 wit argument x 

from (A.2.3) with argument x + .6.x leaves us with 

ln [P:+e:.x] - ln [p:] 

g [i [ To + T9 [ x + .6. x] - 1 Z ( x + .6. x)] - 1 [ To + T9 x - 1 Z ( x) l l 
R n ( R ) n ( R) , 

"f T850 + k850 [ x + .6.x] T850 + k850 x 

which we can rewrite as w1(x)- w2(x) where 

g 
w1(x) = - [ln [To+ T9 [x + .6.x] - 1Z(x + .6.x)] - ln [To+ T9 x - 1 Z(x)]] 

R1 

and 

We now have 
lim lnp~+C:.x - lnp~ = lim w1(x) - lim w2(x) 

C:.x-+O .6.x C:.x-+O .6.x C:.x-+O .6.x 
where 

lim w1 (x) = _!!__ [ T9 - 1 zl(x) l 
C:.x-+O .6.x R1 To+ T1 x - 1 Z(x) 

(A.2.4) 

(A.2 .5) 

(A.2.6) 

(A.2.7) 

(A .2.8) 
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and 

(A.2.9) 

We also note that 

[
Tx+t.x + TXl 

Jim s 
3 =T:=To+T9 x--yZ(x) . 

t.x-+O 2 
(A.2.10) 

Now, recalling the Corby finite difference scheme presented in (4.7.1) through (4.7.3), we 

continue by evaluating the limit of ( 4.7.2), written as 

which is 

g zl(x) + !!_ [T9 - -y
1 

zl(x)] - !!_k850 [To+ ~l x - -y Z(x)] , 
-Y -Y Ts50 + k850 x 

or 

g g [ T0 + T9 x - -y Z ( x) l 
[k850 + -Y m850) - -k850 ( R ) · 

"I -Y Ts50 + k850 x 

We can rewrite this as follows 

g g [To+T9 x--yZ(x)l 
-k850 + gm8so - -k8so * ( R ) · 
-Y -Y T 850 + k8so x 

But if we note that 

[ 
To + T9 x - -y Z ( x) l 

T.x ( R ) k 
850 + 850 X 

then we can write (A .5 .14) as 

g 
gm850 - -k850 

-y 

[ 
-y [ z8;;' + m850 x - Z ( x)] l 

1 + [ ( R ) ] , 
T 850 + k8so x 

[ 

'Y [ z8;;' + m850 x - Z ( x)] l 
( R) . 

Tsso + k850 X 

We finally obtain as the limit of (A .2.11) the right hand side of (7.7.28) 

g [Ts50 - T;] g m850 + k850 - r,x · 
"f 850 

(A .2.11) 

(A.2.12) 

(A.2 .13) 

(A.2.14) 

(A .2.15) 

(A.2 .16) 

It can be shown in an analogous manner that the limit of ( 4.7.2) is also (7 .7.28), and so 

(4.7.1) has this limit as well. 



Appendix B 

Tables of Numerical Results 

The tables on the following pages are the results of calculations performed by the CASE 

programs in Appendix E to compute surface geostrophic wind (components) under two 

different temperature profiles T = A In p + B and T = Az + B in each of three different 

cases: (I) when isobaric planes are horizontal , and so, no (geostrophic) wind is present ; (II) 

when isobaric planes carry no temperature variation , and are parallel to each other , but 

inclined with respect to the horizontal (geostrophic wind present) ; and (III) when isobaric 

planes a,e such that V ,T = [ ~
0

] foe C0 fixed (and so ace not p arnllel one to the o th ec), 

but are inclined with respect to the horizontal (geostrophic wind present) . The results in 

Appendix B are for a hill with apex 5000m at latitude 48 °, and computations have been 

performed in double precision . 
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CASE I.A - Horizontal isobaric planes with T = A In p + B 

0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0. 0000 0 . 0000 o. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 o.oboo 0 . 0000 
0 . 0000 0. 0000 0 . 0000 0.0000 0. 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 o. 0000 0. 0000 0.0000 0 . 0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0. 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.000-0 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 o. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0. 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0. 0000 0.0000 0 . 0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 , 0000 0 . 0000 0 . 0000 o. 0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0. 0000 0.0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0. 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0,0000 
0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0. 0000 0 . 0000 o. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Ta.hie B.1 Analytic u compo nent of surface geostrophic wind (lo-1 1 m/ sec). 

-o. 0000 -0. 0000 -0. 0000 0 . 02" -0.1'S3 -0 . l ◄ lt ·0.11S1 -0 . 1 ◄ 19 -0.1,53 o . 02" -0 . 0000 -0.0000 -0 . 0000 -0. 0000 
- o . 0000 - 0. 0S05 - 0 .1595 - 0 . 029◄ 0 . 0303 0 . 0206 -0.1'H 0 . 020, 0. 0303 -0 . 029◄ -0.1595 -0. 0505 -0 . 0000 -0. 0000 
-o. 0505 -0.13'8 - 0 . 211 ◄ -0. 065] 0 . 1112 o.otn 0 . OlOl 0. 091) 0 .11 12 -0 . 0653 -0.211 ◄ -0.1]'8 -0.0505 -0 . 0000 
-0 . 1 ◄ 15 ·O. 0S20 -0. Otl◄ -0.0120 - o . 213◄ -o. 02'3 0 . 00" -0 . 02'3 -0 . 21) ◄ -0.0120 -0 . 091◄ -0.0520 ·0.1 ◄ 15 -o. 0000 
0 . 02 ◄ 1 O.IOl 0 .11 01 0 . 02'0 0 . 1121 0 . 0,22 0 . 112, 0.0922 0.1121 0 . 0260 0 . 1101 O. IOl 0 . 02 ◄ 1 0 . 02" 
0 . 1835 0 .1 1 55 0. 13lS 0 . 0930 o . 2,s2 -o. 2,01 -0 . 010◄ -o. 2,01 0 . 2652 0 . 0930 0 . 13lS O.ltSS 0.1135 -0 . llll 

-0 . 0081 -0.0246 0 . 0266 0 . 110 -o . )l◄ 3 ·O.llll o . 3'11 -0 . 111, -0. 3l0 0 . 1143 0 . 0266 -o . 0246 -0.0011 -0. ltl l 
-0.11'] -0 . 0,35 -0 . 04S1 - 0 . 1111 -0 . 1120 O. SSlO -a.is,, 0 . SS lO -0. 1120 -0.1111 -o. 0'451 -0.0'3S -0 . 11'3 0 . 02ll 
-o. 0000 -0.0000 -o. 0000 - o. 0000 -0 . 0000 -0 . 0000 -0 . 0000 -0.0000 -0 . 0000 -0. 0000 -0. 0000 -0. 0000 -0. 0000 -0 . 0000 

0 . 1163 0 . 0635 0 . 0451 0 . 1111 0 . 1120 -0.SSlO 0 . 1567 -0 . 5510 0.1120 0 . 1111 0 . 0◄ 51 o . o,1s 0,1161 -o. 0211 
0 . 0011 0 . 024, -0.0266 -0 . 110 0 . )1 ◄] 0 .1111 -o . )611 0 . 1111 0. J7 ◄ l -0 . 110 -0. 02,, o . 02 ◄, 0.0011 0.1917 

-0.1135 -0. USS -0.13lS -O.Ot30 -o. 2,s2 0 . 260l 0.0104 0 . 2'0l -0. 2652 -0. 0930 -0 . 13lS -0. USS -0.1135 O. 1 lll 
-0 . 02 ◄• -0.1 ◄ )1 -0.1101 -0.0260 -0.1121 -0.0,22 -0 . 112, -0 . 0922 - 0 . 1121 -0. 0260 -0. 1101 -O . l ◄ l7 -0.02 ◄ 1 -o. 0266 
0.1 ◄ 15 0 . 0520 0.091 ◄ 0.0120 0 . 2ll◄ 0 . 02'3 -0.00" 0 . 02'3 0. 21]◄ 0 . 0120 0.091 ◄ 0 . 0520 0 . 1415 -0.0000 
0 . osos O.ll'8 0. 2114 0 . 0653 -0 . 1112 -0.0tl] -0.0101 -0. 097) -0.1112 0 . 0653 0 .21 1 ◄ 0 . 1]'8 0 . osos -0. 0000 

-o. 0000 0 . 0.505 0 . 1595 0 . 029 ◄ - 0 . 0303 - 0 . 020, 0.1,1, - 0 . 020, -o. 0301 0 . 0294 0 . 1595 0 . 0505 -0. 0000 -0. 0000 
-0 . 0000 - 0 . 0000 -0. 0000 -0.0266 0 . 1'53 O.l ◄ lt 0.11S1 0.1 ◄ 79 0 . 1'53 - 0.02,, -o. 0000 -0.0000 -0. 0000 - 0 . 0000 

Ta.hie 8.2 Finite Difference u component of surface gcostrop hi c wind (lo- 11 m/sec) . 

0 .0000 0 .0000 0. 0000 --0 .0266 O.Hi5l 0.1 ◄ 19 0.1151 0 .1 ◄ 19 0 . 1653 -o. 02,, 0 . 0000 0 . 0000 0 . 0000 0 .0000 
0 .0000 0. 0505 0.1595 0 . 0294 - 0 . 0303 - 0 . 020, 0 .1676 --0 .0206 -o . 0303 0.0294 0 . 1 5 95 0.0505 0 .0000 0 . 0000 
0. 0505 0 .1368 0 .211 ◄ 0 .0653 -0.1112 -0.0913 -0.0101 -0.097] -0.1112 0 . 0653 0.211 ◄ 0 .1368 0. 0505 0 . 0000 
0 . 1485 0 . 0520 0.098 ◄ 0 . 012 0 0 . 213 ◄ 0 .0263 -0 . 0066 0 . 02fil 0 .213 ◄ 0 .012 0 0 . 098 ◄ 0.0520 0 .1 ◄ 95 0 .0000 

-o .0248 -0 .1 ◄ 31 -0.1101 -0.0260 -0.1121 -0 . 0922 -0 .112 9 -0.0922 -0.1121 -0 .02,0 -0 .1101 -0 . 1 ◄ 3 7 -0 . 02 ◄ 8 - 0 . 0266 
-0.1835 -0.1 8 55 -0.1315 -0.0 930 -0.2652 0 .2601 0 .080 ◄ 0.2601 -0. 2fi52 -0.0930 -0.1315 -0.1 9 55 - 0 .1835 0 . 1711 

0 .0081 0 .02 ◄ 6 -0. 02fi6 -0. l l ◄ 3 0 . 37 ◄ 3 0 . 111• -0. 3618 0 .1818 0 . 310 -0. 11 ◄ 3 -0 . 02 .. 0 . 024fi o.ooe1 0. l 911 
0.1163 0 .0635 0 . 04 51 0 . 1888 0 .182 0 - O . S510 o. is,, - 0 .5Sl0 0 . 1820 o .1 888 0.045] 0 . 0635 0 .1163 -0. 021 1 
0. 0000 0 . 0000 O. 0000 0. 0000 0 .0000 0. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0. 0000 

-0 . 1163 - 0.0635 -0. 0-451 -0.1 888 --0.1820 0.5510 - 0 .1561 0 .5510 -0 . 1820 -0.1188 -0 .0 ◄ 51 -0.0635 -0 .1163 0 . 0271 
-0. 0081 -0.0246 0. 0266 0.1143 -0.3743 - o . un8 0. 3.78 -0.18l8 -0 . 310 0. ll ◄ J 0 . 0266 -0 .02 ◄ 6 --0 .0081 -0 . 1917 

0 . 1835 o . 1955 0.1375 0.0930 0 .2652 -o. 2,01 -0.0104 -0.2601 0 . 2652 0 . 0930 0 .1315 0.1855 0 .1 935 --0 .1171 
0.0248 0 .1431 O.llOl 0 .0260 0. 1121 0.0922 0 . 1129 0 . 0922 0 . 1121 0 .0260 0.1101 0 .1 ◄ 31 0 .02 49 0. 0266 

-0 .1485 -0 .0520 -0.0 98 ◄ -0 .0120 -o . 213 ◄ -0 . 0263 0 . oo .. -0 .02fi) -0 .213 4 -o. 0120 -0.098◄ -0. 0520 -0 . 1 ◄ 85 0 . 0000 
-0 .0505 - 0 .13fi8 -0.211 ◄ - 0 . 0653 0. 1112 0 . 0973 0 . 0101 0. 091 J 0 .1112 -o. 0653 --0 .2114 - 0 . 1368 -0.0505 0 .0000 

0 .0000 -o. 0505 -o .1595 -0 . 0294 0.0303 0 . 0206 - 0 .1616 0 . 0206 0 .0303 -0. 029 ◄ -0 .159 5 -0. osos 0 . 0000 0. 0000 
0. 0000 0 .0000 0. 0000 0.0266 -0. 1'53 -0.1 ◄ 19 --0 .1 151 -0 .1 ◄ 79 -0 .1 653 0.02fi6 0 .0000 0 . 0000 0. 0000 0 . 0000 

Ta.hie B.3 Deviation (Analyti c - Finite Difference) in ca.lcula.tion of the u component of surface geostrophic wind (lo - 11 m / sec). 
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CASE I.A - Horizontal isobaric pla.ne.s with T = A Jn p + B 

0 . 0000 o. 0000 0. 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 ,0000 0 . 0000 
0 . 0000 0 . 0000 0 .0000 0.0000 0.0000 0.0000 0 .0000 0 . 0000 0. 0000 0 . 0000 0. 0000 0. 0000 0 .0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0. 0000 0 .0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0. 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0 .0000 0.0000 0 . 0000 o. 0000 0 . 0000 0. 0000 
0 .0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0. 0000 
0 . 0000 0.0000 0 .0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0 . 0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 .0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 D. 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0. 0000 
0.0000 0.0000 0 . 0000 o. 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 
0.0000 0 . 0000 0 . 0000 o. 0000 0.0000 0.0000 0.0000 o. 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0. 0000 0. 0000 0.0000 0. 0000 0 . 0000 0.0000 0.0000 0. 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0. 0000 0.0000 0 . 0000 0.0000 o. 0000 
0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 , 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0 .0000 0 . 0000 0 .0000 0.0000 0 . 0000 0 . 0000 0.0000 0. 0000 0. 0000 0.0000 0 . 0000 0 . 0000 

Table B.4 Analytic v component of surf a.cc geostrophic wind {lo-11 m/scc). 

0 . 0000 0.0000 0. 0000 0. 0000 0.0000 0 . 0000 0 .0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0. 0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0 . 02" -0.1771 -<l.1917 o. 0271 0 .0000 -0.0271 0.1917 0.1771 -o. 02,, 0.0000 0 . 0000 0 . 0000 

-0. 0505 -0.1◄ 15 0.02◄ 1 0 . 1135 -0.0011 -0.11'3 0.0000 0 . 11'3 0 . 0011 -0 . 1135 -<>.0241 0 . 1485 0 .0505 0 . 0000 
-() . 1368 -o. 0520 0 . 1 ◄ ]1 0 . 1155 -<> . 02◄ 6 -0 . 0,35 0.0000 0.0'35 0 . 024' -0.1155 -<> . 1 ◄ ]1 0 . 0520 O.lJU 0. 0505 
-() .211 ◄ -o. 098 ◄ 0.1101 0 . 1)75 0 . 02" -0.0451 0.0000 0 . 0451 -0.02" -0 . 1375 -0.1101 0.091◄ 0.2114 0 . 1595 
-0.0653 -0. 0120 0. 0260 0.0930 0 . 1143 -0.110 0.0000 0 . 1888 -0.1143 -0. 0930 -0.02,0 0. 0120 0 . 0653 0. 029◄ 

0 . 1112 -0.21]◄ 0 .1121 o. 2,52 -().]1 ◄ 3 -0.1120 0.0000 0 . 1120 0. 31◄ l -0.2652 -0.1121 0 . 2134 -0.1112 -0.0)0) 
0.0973 -0. 0263 0 . 0922 -0. 2607 -0 . 1178 0 . 5570 0 . 0000 -0. 5570 0.1178 0. 2607 -0 . 0922 0. 026) -0.0973 -0. 0206 
0.0101 0 . 0066 0 . 1129 -o. 080◄ 0.3'78 -0.1567 0 .0000 0. 1567 -0.)678 0.0804 -0 . 1129 -0. 00" -0.0701 0.1'76 
0 . 0973 -0.026) 0 . 0922 -0. 2607 -0 . 1971 o. 5570 0.0000 -0.5570 0.1171 0. 2607 -0 . 0922 0.020 -0.0973 -0. 0206 
0.1112 -0 . 21)◄ 0 . 1121 o. 2652 -0.)743 -0.1120 0.0000 0.1120 0. 374 3 -0. 2652 -0 .1121 0 . 21)◄ -0.1112 -0 . 0)03 

-0.0653 -o. 0120 0 . 0260 0 . 09)0 0 . 1143 -0.1111 0.0000 0.1118 -0.1143 -0. 0930 -0.0260 0.0120 0. 0653 0 . 029 ◄ 
-0 .2114 -o. 0984 0 . 1101 0 . 1375 0.02" -0.0451 0 . 0000 0.0451 -0.02" -0 . 1375 -0 . 1101 0.0984 0 . 2114 0 . 1595 
- 0 .1 3'8 -0. 0520 0 . 1 ◄ )1 0 .1155 -0 . 024' -0.0635 0 . 0000 0.0635 0.02◄ , -0.1155 -0.1437 0 . 0520 0.13'8 o. 0505 
-0.0505 -o. 1485 0.0248 0 . 18)5 -0.0081 -0.11'3 0.0000 0.1163 0.0081 -0. 11)5 -<>.0248 0 . 1 ◄ 85 0 . 0505 0 . 0000 

0 . 0000 0 . 0000 0.02" - 0.1771 -0 . 1'17 0 . 0271 0 . 0000 -0.0271 0.1917 0. 1111 -0.02" 0.0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0. 0000 0. 0000 0 . 0000 0 . 0000 

Ta.hie B.5 Finite Difference v component of surfa.ce geostrophic wind (10- 11 m/sec). 

0.0000 0.0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 o. 0000 0 . 0000 0. 0000 0.0000 0 . 0000 
0.0000 0 . 0000 -0.0266 0. l 771 0 . 1917 -0. 0271 0 .0000 0 .02 71 -0.1917 -0.1111 0 . 0266 0. 0000 0 . 0000 o. 0000 
0. 0505 0 . 1 ◄ 85 -0. 02◄ 8 -0.1835 0 . 0081 0 . 1163 0.0000 -0.1163 -<>.0081 0 . 1135 0 . 0248 -o. 1485 -0 . 0505 o. 0000 
0 . 1368 0 . 0520 -0.1 ◄ 37 -0.1155 0 . 02 ◄ 6 0.0635 0 .0000 -0.0635 -0.024' 0. 1155 0 . 1437 -0. 0520 -0 . 1368 -o. 0505 
0.211 ◄ 0.098◄ -o .1101 -O. ll75 -0 . 0266 0 . 0451 0 .0000 -0 . 0◄ Sl 0 . 02,6 0.1375 0 . 1101 -o. 098◄ -0.2114 -0 . 1595 
0 . 0653 0 . 0120 -0.0260 -0.0930 -0 . 1143 0 . 1188 0 . 0000 -0 . 1118 0,1143 0. 0930 0 . 0260 -0.0120 -0.0653 -o. 029 ◄ 

-0.1112 0. 213 ◄ - 0 .1121 - 0 .2652 0 . 37 ◄ ) 0 . 1120 0 .0000 -0.1120 -0.)143 0. 2652 0 . 1121 -0. 2134 0.1112 0.0303 
-0.0913 0 . 0263 - 0 .0 922 0 . 2607 0.1118 -0.5510 0.0000 0 . 5570 -0.1878 -o . 2601 0 . 0922 -0.0263 0 .0913 0. 0206 
-0 .0 101 -0.0066 -0 .112 9 0.080◄ -0. 3618 0 . 1567 0 . 0000 -0 .1 561 0.3618 -o. 080 ◄ 0 . 1129 0 . oo,, 0 . 0701 -o. 1'16 
-0.0973 0. 0263 -0.0922 0 . 2601 0 . 1878 -0. 5570 0 . 0000 0 . 5570 -0.1878 -o. 2607 0 . 0922 -o. 0263 0.0973 0.0206 
-0.1112 0 .213 ◄ -0 .1121 -0. 2652 0 . 3743 0 . 1120 0 . 0000 -0 .1 820 -0. 31◄ 3 0 . 2652 0 . 1121 - 0. 213 ◄ 0 .1 112 0 . 0303 

0 .0653 0.0120 -0 . 0260 - 0 . 0930 -0.ll ◄ 3 0 . 1888 0 .0000 -0. 1888 0.1143 0 . 0930 0 . 0260 - 0.0120 -0. 0653 -0. 029 ◄ 

0 .211 ◄ 0 .098 ◄ -0 .1101 -0.1375 -0.02" 0 . 0 ◄ 51 0 . 0000 -0 . 0451 0 . 02" 0 .1 375 0 . 1101 -0. 098 ◄ -0 .2 11 ◄ -0.1595 
0 .1 368 0. 0520 --0 .1 ◄ 37 - 0 . 185 5 0 . 02 ◄ 6 0 . 0635 0 . 0000 -0 . 0635 -0.02◄ 6 0.1855 0 . 1 ◄ 31 -o. 0520 -0 .1368 -0.0505 
0 . 0505 0 . 14 85 -0.02◄ 8 -0 .1835 0 . 0081 0 . 1163 0 . 0000 -0.1163 - 0.0081 0 . 1835 0 . 02 ◄ 8 -0.1 ◄ 85 -0. 0505 0 . 0000 
0.0000 0 . 0000 -0. 0266 0 .11 11 0 . 1917 - 0 . 0211 0 . 0000 0 . 0271 -0 .1 911 -0.1111 0 . 0266 0. 0000 0 . 0000 0 . 0000 
0 . 000 0 0.0000 0 .0000 0. 0000 0. 0000 0 . 0000 0 .0000 0 . 0000 0. 0000 0 . 0000 0 .0000 0. 0000 0. 0000 0 . 0000 

Ta.hie B.6 Deviation (Analytic - Finite Difference) in ca.lcula.tion o( the v component of surface geostrophic wind (lo-ll m/sec). 
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CASE I.A - Horizontal i::;oba.ric planes with T:::: A In p + B 

0 .0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0. 0000 0 . 0000 0 . 0000 C . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 .0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 .0000 0.0000 0 . 0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 .0000 0.0000 
0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0.0000 
0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0 .0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 .0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0 , 0000 0 .0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 
0 .0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 
0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 C.0000 
0.0000 0 .0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0 .0000 0.0000 0 .0000 0.0000 0.0000 0 . 0000 
0 .coco 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 .0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0 .0000 0.0000 0 . 0000 0.0000 0 .0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 .0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 

Ta.hie B.7 Ana.lytic surface geostrophic wind velocity (lo-11 m/sec). 

0 . 0000 0 . 0000 0.0000 0.02" 0.1'Sl C. 1479 C. I ISi 0.1 ◄ 1t 0.1'Sl 0 . 024' 0 . 0000 0 . 0000 0.0000 0 . 0000 
0.0000 o.osos 0.1'17 0.17H 0 . 19◄ 1 0.03◄ 1 0 . 1'7' 0 .Ol◄ l 0.19◄ 1 0 . 179' 0.1,11 0 .osos 0 . 0000 0.0000 
0.071S 0 . 2019 0.2121 C.lt◄ 7 0.111s o.1s1, 0 . 0101 0 . 1S1' 0.111 S 0.19◄ 7 0.2129 0.2019 0 . 0115 0 . 0000 
0 . 201' O . O"llS 0. l 142 c.us, 0.21◄ 1 0.0"1 0 . 00" 0.0,11 0.21 ◄ 1 0 . 11s, 0 . 11◄ 2 o.ons 0.2011 c . osos 
0 . 212, 0 . 17◄ 2 o.1ss• C.lJU C.11S2 0.102, 0 . 1129 0 . 102, C . 11S2 0 . 1)99 C . ISS8 0 . 17 ◄ 2 0.212, 0.1'11 
0 . 1 ,., O. IIS9 0 . 1)99 C.lJIS 0 . 2111 0. )219 0 . 010◄ O. l21 t 0 . 2117 O. lll 5 0 . 1)99 C. 11S9 O . lt◄ 7 0 . 179' 
0 . 111s C.21 ◄ 8 C. IIS2 C.2187 C.S2tl 0.2'1S C.]'78 C.2'1S C . S29J 0 ., •• , O.IIS2 0 . 21 ◄ 1 C.lllS C.lt◄ I 
C. 1S1' C . OU7 0 . 102' 0.)219 0.2'1S 0 . llll 0 . 1"7 o. ,,11 0 . 2'1S O. J219 0.102' O.OU7 0.1S1' 0.03◄ 1 
0 . 0701 o.oo" C.1129 0 .010◄ C. Jne 0.1S'7 0 .0000 O. IS'7 0.3671 0 . 090 ◄ C.1129 0.00" C.0701 0 . 1'76 
C. 1S1' 0 . 0U7 0 .102, C.J21t 0 . 2'1S C.7177 C . 1S'7 C.7877 0.2'15 0 . )219 0.102' O.CU7 C.1S1' O.OJ◄ I 
0 . 111s 0 . 21 ◄• O.IIS2 C.2117 C.S2'J 0 . 2'1S 0.1,11 o.2,1s O.S29J 0 . 2117 O. IIS2 C . 21 ◄ 1 C.lllS O. lt◄ 1 
0 . 19◄ 7 0 . 11S9 C.ll99 C.lJIS 0 . 2111 0 . )219 0 .010◄ C. 1219 C . 207 0.1)1 S 0 . 1)99 0.11S9 0.1 t◄ 7 0.179' 
0.2129 0 .11◄ 2 O. lSSI O.llt9 O.IIS2 0 .102, 0.1129 0 .102, 0.1152 0 . 1)99 O.ISSI C . 17 ◄ 2 0 . 212, 0.1'17 
0 .2019 o.ons 0 .1 7 ◄ 2 O.llSt 0 . 21 ◄ 1 O.OU7 0.00" O. CU7 0.21 ◄ 1 0.115t o. 17◄ 2 o.ons 0.2019 o . csos 
0 .071S 0 . 2019 0 . 212, C . lt◄ 7 C. lllS C. 1S1' C.0701 O.IS1' C.IIIS 0 . 1 t◄ 7 C . 2129 0.2019 C . 071S 0.0000 
0 . 0000 0 . csos 0 . 1'17 0 . 17H O . lt◄ l O .OJ◄ I 0.1,1, O . Ol◄ l 0 . 19 ◄ 1 0 . 11Ui 0.1,1, o . osos 0.0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 02,, 0 . 1'SJ 0 . 1479 O. IISI 0.1 ◄ 79 0 . 1,sl 0 . 02,, 0 . 0000 0 . 0000 0.0000 0.0000 

Ta.ble B.8 Fini t e Difference s urface geostrophic wind veloci ty (lo-11 m/sec) . 

0 . 0000 0. 0000 0 . 0000 - 0.02" -0 .1'S l -0 . l ◄ lt -0 .1151 -0. l ◄ 19 -0 . 1'SJ - o .02,, 0 . 0000 0 .0000 0.0000 0 . 0000 
0 . 0000 - 0 . osos -0.1,11 -0.179' -0 . lt◄ I -0.03◄ 1 -0 . 1,1, -0.0l◄ l -0.19-0 - 0 . l 196 -0 . 161 l -0 .0505 0 . 0000 0.0000 

-0 . 071S -0 . 2019 -0 .2129 -0.19◄ 7 -0 . IIIS -0 . 1S1' -0 . 0701 -O . IS1' -0 . I IIS -0. l 9 ◄ 1 -0.2129 -0 . 2019 - 0.071S 0 . 0000 
-0.201, -o.ons -0.17◄ 2 -O.IIS9 -0 . 21 ◄ 1 -O . CU7 -0.004' -0.0,11 -0.21<1 -0.1859 - 0 .1742 -0 . 0135 -0.201, -0. 0505 
-0 . 2129 -0 . 11 ◄ 2 -0 . lSSfl -O . ll99 -o . 11s2 -0.102, -0 . 1129 -0.102, -0.1152 - 0.1399 -0.1550 -0. l 1 ◄ 2 -0.2129 -0.1'17 
-0 . 19◄ 7 -0.1859 -O . ll99 -0.lllS -0 . 2197 -0 . ]219 -0 . 0104 -0 . 3219 -0.2887 - 0 .1 315 -0 . 1)99 -C.IIS9 -0.19◄ 1 -0 . l 794 
-0.1115 - o . 21 ◄ 1 -0.11S2 -0 . 2111 -0 . 5293 -0 . 2,15 -0 . 1,11 -0 . 2,15 -o. 529) -o.2ee1 -0 . 1152 -o . 21 ◄ I -0.1115 -0.19◄ 1 
-o .1s1, -0 . 0'87 -0 .102, -0 . 1219 -o . 2ns -0 . 7877 -O . IS'7 -0 . 1111 -o.2,1s -o. )219 -0.102' -0 . 0,11 -0.151' -0 .0341 
-0.0701 -o . co,, -0 . 1129 -0 . 010◄ -0 . 1,11 -0 . 1561 0.0000 - 0 . 15,1 -o.1,1e -0.0104 -0 . 1129 -0. oo,, -0 . 0701 -0.1,1, 
-o . 151 fi -0. 0,11 -0 . 102, -0.121, -o.2,1s -0 . 1171 -0 .1567 -0 . 1811 - 0 . 2,15 -0. 3219 -0.102, -0 . OUl -o . 151, -0 . 0l ◄ l 
-0.IUS - 0. 21 ◄ 1 -0 . 1152 -0.2117 -0 . S29l -0 . 2,15 -o . 1,1e - 0 .2til 5 -0. 529) - 0 . 2881 -0 . 1152 -0 . 21 ◄ 1 -0 . 111~ -0 . 19◄ 1 
-0 .1 9◄ l - 0 . 1159 -0.1399 -0 . 1]15 -0 . 2,,1 -0 . 121, -o . oeo ◄ -0.3219 -0.2881 -o . 1315 -0.1399 -0.1159 -0 . 19◄ 7 -0.1796 
-0.212 9 -0 . 17 ◄ 2 -0.ISSO -0 .1 199 -0 . 11S2 -0 . 102' -0 . 1129 -0 . 102' -0.11S2 -0.1399 - 0 . ISS8 -0.17 ◄ 2 -0. 2129 -0 . 1'17 
-0.2 019 - o . ons -0.11◄ 2 -O . l&S9 -0 . 21 ◄ 1 -O . OU7 -0 . 00" -o .o,e 1 -0.2 148 -0 .11 5 9 -0. 17 ◄ 2 -o . 0735 -0.2019 -0 . csos 
-0 . 0115 -0.2019 -0.2129 -0.19◄ 7 -0 . lllS -O . IS1' -040701 -0 . 151' -0.lllS -0 .1 941 - 0 . 2129 - 0.2019 -0.0715 0 . 0000 

0 . 0000 - 0 .osos -0.1'17 -0 .179' - 0 . It◄ 1 -0 . 0l◄ I -0.1'7' -0.0J◄ I -0 . 19◄ 1 -0. l 796 - 0 . 1'17 -0 .osos 0 . 0000 0 . 0000 
0. 0000 0 . 0000 0 . 0000 -0 . 02,, -0 . 1,53 -0 . 1 ◄ 19 -0 . 1151 -0 .1 ◄ 79 - 0 . 1653 -0.02'6 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Table B.9 Deviation (Analytic - ·Fi nite Difference) in calculation of su rfa ce geostrophic wind velocity (to-11 m / sec). 
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CASE I.B - Horizonta.l iaoba.ric planes with T = Az + B 

0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 
0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 
0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 
0.0000 0 . 0000 0. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0. 0000 0 . 0000 0.0000 0 . 0000 
0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 
0. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 o. 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 

Table B .10 Analytic u component of surface geos trophi c wind (m/sec). 

-0 . 0000 -0. 0000 - 0 . 0000 - 0 . 0000 - 0 . 0000 -0.000J -0.001◄ -0.0021 -0.001 ◄ -0. OOOJ - o . 0000 - 0 . 0000 -0.0000 -0.0000 -0.0000 
-o. 0000 -0 . 0000 -0. 0000 -o . 0005 -0.007◄ -0.02 ◄ 1 -0.0◄ J, -0.0525 -0. 0◄ 1, -0.02◄ 1 -0.001◄ -0 . 0005 -0.0000 -0.0000 -0.0000 
- 0 . 0000 -0.0000 -0. 001 2 -0. 01 ◄ 8 - 0 . 0570 -0.12'8 -0.1952 -0.2239 -0.1952 - 0 . 1261 - 0 . 0570 -0 . 01 ◄ 8 -0.0012 -0.0000 -0 . 0000 
-o. 0000 - o . 0004 -0. 0101 -0.05,1 - 0.15'7 -0 .29◄ 1 -o. ◄ 111 - 0 . 4,18 -o . ◄ 111 - 0 . 2948 -0 .15'7 -0 . 05,1 -0 . 0101 -0.000◄ -0.0000 
-0. 0000 - 0 . 0021 - 0 . 02,1 -0 . 0991 -0.2317 -0. ◄ 001 -0.5◄ 50 -0.602, -0.5450 -0. ◄ 001 - 0 . 2317 -o. 0991 -0.02,1 -0 . 0021 -0.0000 
- o . 0001 - o . 0052 -0 . 0Jl◄ -o. 097◄ -0 . 2083 - 0 . l ◄ JJ - 0.4570 -a.son - o . ◄ 570 -0.J◄ JJ -0. 2013 -0.097◄ -O.OJ14 -0 . 0052 -0.0001 
-0. 0002 - 0 . 0040 -0. 0192 -o. 05 ◄ 1 - 0 .11 02 -0.17'8 -o. 232◄ - 0.2541 -0. 232◄ -0.17'8 -0.1102 -0.05 ◄ 1 -o. 0192 -0 . 00◄ 0 -0.0002 
-0 . 0001 - o . 0012 - o . 0052 -0 . 0140 -0.0211 -0.0◄ JI -0.05'71 -0.0,23 -0. 0571 - 0.0411 -0. 0277 -0.01 ◄ 0 - 0 . 0052 -0.0012 -0.0001 
- 0 . 0000 -0.0000 - 0 . 0000 - o . 0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0.0000 -0 . 0000 

0 . 0001 0 . 0012 0 . 0052 0 . 01 ◄ 0 0. 0211 O.O◄ JI 0.0571 0 . 0,21 0 . 0571 0.0◄ 38 0 . 0277 0 . 0140 0 . 0052 o. 0012 0.0001 
0. 0002 0 . 00◄ 0 0 . 0192 0 . 05 ◄ 1 0 .11 02 0 .17 '8 0 . 2324 0 . 25◄ 1 0 .232◄ 0.17'8 0 . 1102 0 . 05◄ 1 0 . 0192 0 . 00 ◄ 0 0.0002 
0.0001 0 . 0052 0 . Oll ◄ 0 . 097◄ 0 . 2013 0.l◄ JJ 0. ◄ 570 0. 5017 0 . ◄ 570 0 . ] ◄ JJ 0 . 2083 0 . 097◄ O . OJl ◄ 0 . 0052 0.0001 
0. 0000 0 . 0028 0 . 0267 0 . 0991 0 . 2317 0 . ◄ 001 o. 5◄ 50 0 . 602' 0 . 5◄ 50 0 . ◄ 001 o . 2317 0.0991 0 . 0267 0 . 0021 0.0000 

-o. 0000 0 . 000◄ 0 . 0107 0.0567 0 .15'7 0. 29◄ 1 o . ◄ 117 o. ◄ ,ee o . ◄ 117 0 . 29 ◄ 8 0 .15'7 0.0567 0. 0107 0.0004 -0.0000 
-o. 0000 0. 0000 0 . 0012 o. 01 ◄ 1 0 . 0570 0 . 1261 0 . 1952 0 . 2239 0 . 1952 0 .12 '8 0. 0510 0 . 01 ◄ 1 0 . 0012 0 . 0000 -0.0000 
-o. 0000 -0. 0000 0 . 0000 0. 0005 0 . 0074 0 . 02 ◄ 1 0 . 0 ◄ 36 0 .0525 0.0◄ 36 0.0241 0.0074 0 . 0005 0. 0000 -0. 0000 -0. 0000 
-0. 0000 -o. 0000 -0 . 0000 -0.0000 o . 0000 O. OOOJ 0 . 001 ◄ 0 . 0021 0.001 ◄ 0.0003 0.0000 - 0 . 0000 -0.0000 -0. 0000 -0. 0000 

Table B.11 Finite Difference u component of :S urface geostrophic wind (m/sec). 

0. 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 O. OOOJ 0.001 ◄ 0 . 0021 0 .00 1 ◄ 0 . 0003 0. 0000 0. 0000 0 . 0000 0 . 0000 0 . 0000 
0 .0000 0 .0000 0.0000 0 . 000 5 0 . 0074 0.0241 0.0◄ 36 0 . 0525 0 .0 ◄ 36 0 .0241 0. 007 ◄ 0 . 0005 0 . 0000 0 . 0000 0 . 0000 
0 .0000 0 .0000 0 . 0012 0 . 01 ◄ 8 0 . 0570 0 .1261 0 .1952 0 .2239 0 . 1952 o .12,e 0 . 0570 0 . 01 ◄ 8 0 . 0012 0 . 0000 0.0000 
0 .0000 0.000 ◄ 0.0107 0 .0567 o .1s,1 0 .29◄ 1 0 • ◄ 117 0 . ◄ '88 0 . ◄ 187 0 .2 9◄ 8 0 .1567 0 .0561 0 . 0107 0 . 000 ◄ 0 . 0000 
0. 0000 0 . 0028 0 .0267 0.0991 0 . 2Jl 7 0. ◄ 001 0 .5◄ 50 0 . 6026 0 .5 ◄ 50 0 . ◄ 001 0 .2ll 7 0 . 0991 0 . 0261 0 .0028 0.0000 
0 .0001 0 . 0052 0 .OJl ◄ 0.097 ◄ 0 . 2083 0 .J ◄ JJ 0 . ◄ 570 0 .5017 0 . ◄ 570 0 . J ◄ Jl 0 . 2083 0 . 0974 0 . 0Jl4 0 . 0052 0 . 0001 
0 .0002 0.0040 0 .0192 0 . 0541 0 . 1102 0 .17'8 0 . 232 ◄ 0 . 25◄ 1 0 . 232 ◄ 0 .1768 0 .1102 0 . 0541 0 . 0192 0 .00 ◄ 0 0 . 0002 
0.0001 0 .0012 0 . 0052 0 .0 1 ◄ 0 0 . 0277 0 .0 ◄ 38 0 . 0571 0 . 062] 0.0571 0.0438 0. 0217 0 . 01 ◄ 0 0 . 0052 0 . 0012 0.0001 
0. 0000 0 . 0000 0 .0000 0 .0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 .0000 0 .0000 0. 0000 0.0000 0 . 0000 0 . 0000 

-0.0001 -0.0012 -0. 0052 -0.0l ◄ O -0.0211 -0.0 ◄ 38 -0.0571 - 0 . 0,21 -0 .0571 -0 .0 ◄ 38 -0 .0211 -0.01 ◄ 0 -0. 0052 - 0 . 0012 -0 . 0001 
-0 .0002 -0 .0040 -0.0192 -0.05◄ 1 -0.1102 -0.11,1 -0. 2324 -0 .25◄ 1 -0.232 ◄ -<L 11,e -0 . 1102 -0 . 0541 - 0.0192 -0 . 00 ◄ 0 -0.0002 
-0.0001 - o . 0052 -0 .031 ◄ -0.0 91 ◄ -0 . 2013 -0 . J ◄ JJ -0 . ◄ 510 ~ .5011 -0. ◄ 570 -0 .l ◄ ll -0.2083 -o. 091 ◄ -o. 031 ◄ -0 . 0052 -0 . 0001 
-0 . 0000 -0.0028 --0 . 0261 -0.0991 - 0 .2Jl7 -0.4001 -0. 5 ◄ 50 -0.6026 -0 .5 ◄ 50 -0. ◄ 00 1 -0.2311 -0 .0991 - 0 . 0261 -0. 0028 -0.0000 
0. 0000 -o .000 ◄ -0.0107 -0. 0567 -o .15 67 -0.29◄ 8 -0 . ◄ 111 -0 . ◄ "88 -0. ◄ 181 -0.29◄ 8 - 0.1567 -o. 05,1 - 0.0101 -0. 000 ◄ 0 . 0000 
0. 0000 -0. 0000 -0 . 0012 -0.01 ◄ 8 -o . 0570 -0 . 1268 - 0 .1 952 -0. 2239 -0.1 952 -0 .1268 - 0 .0510 -o .01 ◄ 8 - 0.0012 - 0 . 0000 0 . 0000 
0 . 0000 0. 0000 -0 .0000 -o. 0005 - o. 001 ◄ - 0 .02 ◄ 1 - 0 . 006 -0. 0525 -0.0 ◄ 36 -0 . 02 ◄ 1 -0 .001 ◄ -0.0005 -0 . 0000 0 . 0000 0 .0000 
0. 0000 0. 0000 0.0000 0. 0000 -0. 0000 -0.000J -0 . 001 ◄ -0.0021 -0.001 ◄ - o .0003 -0. 0000 0. 0000 0. 0000 D . 0000 0.0000 

Table 8 .12 Deviation (Analyti c. Finite Difference) in ca.lcu la.tion of th e u component of surface geostrophic wind (m/sec). 



93 

CASE I.B - Horizon l. a.l ii>oba. ric planes w i th T = Az + B 

0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 , 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 , 0000 0 . 0000 0 . 0000 0 . 0000 
0.0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0.0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 
0.0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 
0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 
0.0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0.0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 
0.0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Table B.13 Analy t ic v compo n en t o f s urfac e geost rop h ic wind (m / scc). 

0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0. 0000 0 . 0000 
0 . 0000 0 . 0000 -0 . 0000 -0 . 000 1 -o . 0002 - 0. 0001 0 . 0000 0 . 0001 0 . 0002 0 . 0001 0 . 0000 0 . 0000 0 . 0000 0. 0000 

-0 . 0000 -0 . 000◄ -0 . 0020 -0 . 0052 -0 . 00◄ 0 -o. 0012 0 . 0000 0 . 0012 0 . 00◄ 0 0 . 0052 0 . 0028 0 . 000◄ 0 . 0000 0 . 0000 
-0 . 0012 -0 . 0101 - 0 . 02,1 -0 . 0ll ◄ -0 . 0192 - 0 . 00!.2 0 . 0000 0 . 0052 0 . 0192 O . Oll ◄ 0.02,1 0.0101 0 . 0012 0 . 0000 
-<> . 0141 - 0 . 0567 -0.0991 - 0 . 0914 -0.05◄ 1 -0 . 0l ◄ O 0 . 0000 0 . 0140 0 . 0541 0 . 0914 0 . 0991 0 . 05'7 0 . 01 ◄ 8 0 . 0005 
-0 . 0570 - 0 . 1567 -0 . 2317 -0 . 2003 -0.1102 -0 . 0277 0.0000 0 . 0277 0 . 1102 0 . 2013 0 . 2317 0 . 15'7 0 . 0570 0 . 0014 
-O . l2U - 0 . 21◄ 8 -0. ◄ 001 -0 . 3◄ 33 -0 . 170 -0 . 0 ◄ JO ' 0 . 0000 O . O◄ JI 0.1761 0 . 3 ◄ 33 0 . ◄ 001 0 . 21◄ 8 0.1261 0 . 0241 
-0 . 1952 -0 . 4117 -0 . 5 ◄ 50 -0 . ◄ 570 -0. 232 ◄ - 0 . 0571 0 .0000 0 . 0571 0. 232◄ 0. ◄ 570 0 . 5 ◄ 50 0 . ◄ 117 0.1952 0 . 0 ◄ 3' 
-0 . 2231 -0 . ◄ 6U - 0 . 6026 - 0 . 5017 -0 . 25 ◄ 1 -o . 0623 0.0000 0 . 06 23 0 . 25◄ 1 0 . 5017 0 . 6026 O. ◄ UO 0 .2239 0 . 0525 
-0 . 1952 -0 . ◄ 117 -0. 5 ◄ 50 -o. ◄ 570 -0 . 232 ◄ - 0.0571 0.0000 0.0571 0.232 ◄ o. ◄ 570 0 . 5 ◄ 50 0 . 4111 0 . 1952 0 . 0◄ 36 
-0.120 -0 . 2,◄ 1 -0 . ◄ 001 -0 . 3 ◄ 33 - 0.l 7U - 0 . 0431 0 . 0000 0 . 0◄ 30 0 . 1761 0 . 3 ◄ 33 0 . ◄ 001 0 . 2,◄ 1 0 . 1260 0 . 02 ◄ 1 
-0 . 0570 -0. 1567 -0 . 2317 -0 . 2013 - 0 . 110 2 - 0 . 0277 0.0000 0 . 0277 0 . 1102 0 . 2013 0 . 2317 0 . 1547 0.0510 0 . 0014 
-0 . 01 ◄ 8 - 0 . 0567 -0 . 0991 - o. 017◄ -0 . 0541 -0 . 0l ◄O 0.0000 0.01 ◄ 0 0 . 0541 0 . 097 ◄ 0.0991 0 . 0567 0 . 01 ◄ 8 0 . 0005 
-0 . 0012 - 0 . 0101 -0 . 0267 -0 . 031 ◄ -0 . 011 2 - 0 . 0052 0 . 0000 0 . 0052 0 . 0192 0 . 031 ◄ 0 . 0267 0 . 0107 0 . 0012 0 . 0000 
-0 . 0000 - 0 . 0004 -<> . 0021 -0 . 0052 - 0.0040 - 0 . 0012 0.0000 0.0012 0 . 0040 0 . 0052 D. 0021 0 . 0004 0 . 0000 0 . 0000 

0 . 0000 0 . 0000 - 0 . 0000 - 0 . 0001 - 0 .0002 -o. 0001 0 . 0000 0 . 0001 0.0002 0 . 0001 0 . 0000 o. 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 o. 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Table B . 14 F in ite Differe nce v compo ne n t of su rface g eos trophic wind (m / sec). 

0 . 000 0 0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0 . 0000 o. 00 00 0 .0000 0 . 0000 0 . 0000 0 . 0000 0. 0000 0 . 0000 
0 . 000 0 0 . 0000 0 . 0000 o. 0001 0. 000 2 0 . 0001 0 . 0000 - 0 . 0001 -0 . 0002 - 0 . 000 1 -0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 000 0 0 . 0004 0 . 002 8 o. 0052 0.00◄ 0 0 . 0012 0 .000 0 - 0 . 0012 -0 . 00 ◄ 0 -0 . 0052 -o. 0021 - 0 . 0004 -0 . 0000 0 . 0000 
0 . 0012 0 . 0 1 01 0 . 0267 0 . 031 ◄ 0 . 0192 0 . 0052 0 . 000 0 -0 . 0052 -d . 0192 -0 . 03 1 ◄ -0. 0267 -0 . 0107 - 0 . 0012 -0 . 0000 
0 . 0 1 41 o. 0567 0 . 0991 0 . 0914 0 . 0541 0 . 01 ◄ 0 0 . 0000 -0 . 0140 -0 . 0541 - 0 . 0914 -<> . 0991 -0 . 0567 -0 . 01 ◄ 1 - 0 . 0005 
0 . 0 5 10 o. 1567 0 . 23 11 0 . 201 3 0 .1 102 0 . 0211 0.0000 -o . 0 2 1 7 -0 . 1102 - 0 . 2013 -0 . 2317 - 0 . 1547 -<> . 0570 - 0 . 0014 
0 . 1 268 0 . 29◄ 0 0 . ◄ 00 1 0 . 3 ◄ 3 3 0 . 1760 0 . 0◄ 30 0 . 0000 - 0 . 000 -0 . 1768 - 0 . 3 ◄ 33 -0 . ◄ 001 -0 . 29◄ 8 - 0 . 1268 -o. 0241 
0 . 1952 o. 4111 0 .5 450 0. ◄ 5 10 0 . 23 2 ◄ 0 . 0571 0 . 0000 - 0 . 0571 -0 . 232 ◄ - 0.4570 - 0 . 5450 - 0.4117 -0 . 1952 -0 . 0 ◄ 36 
0.22) 9 0 . 4688 0 . 602 6 0 . 5017 0.254 1 0 . 0623 0 . 0000 - 0 . 0623 -0.25◄ 1 - 0 . 5017 -o . ,02, - 0 . 4611 - 0 . 2239 -o. 052 5 
0 .1 952 0 . ◄ 117 0 . 5 ◄ 50 0 . ◄ 570 0 . 232◄ 0 . 0571 0 . 0000 - 0 . 0 5 71 -0 . 232 ◄ -0 . ◄ 570 -0. 5 ◄ 50 -o. 4107 - 0 . 1952 -o. 0 ◄ 3 6 
0 . 1 268 0 . 29◄ 8 0 . 400 1 0 . 3 ◄ 33 0 .1 768 0 . 0 ◄ 38 0 . 0000 - 0.0438 -o. 1768 - 0 . J ◄ JJ -0 . ◄ 00 1 - 0 . 2948 -0 . 1260 - 0 . 0 2 ◄ 1 
0 .0570 0. 1567 0 . 231 7 o. 2083 0 . 110 2 0 . 02 77 0 . 0000 - 0 . 02 77 - 0 . 1102 -o. 2003 -0. 2317 - 0 . 1567 - 0 . 0 5 70 - 0 . 00 7 4 
0 . 0 1 ◄ 8 0 . 05 67 0 . 099 1 0 . 097 ◄ 0 . 05 ◄ 1 0 . 01'0 0.0000 -0 . 0 1 ◄ 0 -0 . 05 ◄ 1 - 0 . 097◄ - 0 .0991 - 0 . 0567 - 0 . 0148 - 0 . 0005 
0 .0012 0 . 0 101 0. 0 2,1 0 . 03 1 ◄ 0 . 0192 0 . 00 52 0 . 0000 - 0 . 0052 -0 . 0192 - 0 . 0314 -<> . 0267 -o. 0107 -0 . 001 2 - 0 . 0000 
0 . 0 000 0 . 0004 0 .002 8 0 . 00 52 0 . 004 0 0 . 00 12 0 . 0000 - 0 . 00 12 - 0 . 0040 - 0 . 0052 -0 .0028 - 0 . 0004 - 0 . 0000 0. 0 000 
0 . 0000 0 . 0000 0 . 000 0 0 . 000 1 0 . 000 2 0 . 0001 0 . 0000 - 0 . 0001 -0 . 0002 - 0. 000 1 -0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0. 0 000 0 . 0000 0.0000 0. 0 000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 000 0 0 .00 00 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Table B.15 Deviation (Analytic - Fi n ite Difference) in ca.lcu la.tion of the v compone n t of 6u rfa.ce geos t rophic wind (m / sec). 
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CASE I.B. Horizontal isobaric planes with T = Az + B 

0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0 . 0000 

0 .0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 
0 . 0000 0.0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0.0000 0.0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 
0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 
0 . 0000 0 . 0000 0 , 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 
0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0.0000 0.0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 000 0 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Table B. 16 A naly t ic s urface geos t rop h lC wind veloci t y (m / sec). 

0 .0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0001 0 . 0014 0 . 0021 0 . 001 ◄ 0 . 000) 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0.0000 0.0000 0 . 0005 O.OOH 0 . 0241 0.041' 0.0525 0.006 0 . 02◄ 1 0 . 001 ◄ 0 . 0005 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 . 0011 0 . 0151 0 . 0571 0 . 12'1 O. lts2 0 . 221' O. 1'52 0 . 12'9 0 . 0511 0.0151 0 . 001) 0 . 0000 0.0000 
0 . 0000 0 . 001) 0.0151 0 . 0,21 O. lSH 0 . 2,s. 0. ◄ 111 0 . ◄ 411 0 . ◄ 111 0. 2tS◄ 0.15U 0 . 0'21 0 . 0151 O.OO!l 0.0000 
0 . 0005 0.0151 0 . 0'21 0 . 1402 0 . 2Sll 0.40Jl 0 . 54S2 0.,02, 0 . 5452 o . 40ll 0.2Sll 0.1402 0 . 0'21 O.OlSl 0.0005 
O . OOH 0.057) 0 . 1511 0 . 251) 0.214' O. H05 0 . 4511 0 . 501l 0 . 4Sll O.HOS O. ztH 0.2Sll O. lSH 0.05lJ O. OOH 
0 . 02 ◄ 1 0 . 120 0 . 2t5◄ 0 . 40Jl O. J'°S 0.2501 o.uu 0.25◄ 1 0 . 21'4 0 . 2501 0 . )'°5 0.40ll 0 . 2tS4 0 . 120 0 . 020 
o . oo, 0 . 1952 O . ◄ 111 0.5452 0 . ◄ 511 0 . 21'4 0 . 0101 0.0'21 0 . 0101 0 . 21'4 0 . 4511 0.5452 0 . 011 0.1152 o.oo, 
0 . 0525 0 . 2219 O . 4'-11 0 . ,02, O. SOll 0 . 2SO 0.0'21 0 . 0000 0.0,21 0 . 2541 0 . 5011 0.,02' o.,"• 0 . 22)9 0 . OS25 
0 . O ◄ l, O . ltS2 0.4111 O . S4S2 0 . 4571 0.21'4 0.0101 0 . 0,21 0 . 0101 0 . 21'4 0 . 4511 O. S4S2 0 . 4111 o . 11s2 o.oo, 
0 . 0241 0 . 120 o . 2ts4 0 . 40ll 0.1'°5 0 . 2501 0 . 2)'4 0.2541 0 . 23'4 0 . 2501 O. HOS 0.40ll 0.2,s, 0.120 0.020 
0 . 007 ◄ 0 . 051) O . lSU 0 . 2Sll 0 . 214' O. J'°S O.Hll O. SO!l O. Hll O . l'°S 0 . 2,., 0.251) O.lSH o . osn O.OOH 
0 . 0005 O . OlSl 0 . 0,21 0. 1402 0 . 251l 0 . 4011 0 . 5452 0 . ,02, 0.5452 0 . 40ll 0.2Sll 0 . 1402 0 . 0'21 0 . OlSl o.ooos 
0 .0000 0 . 0011 0 . OlSl 0 . 0'21 O. Utt 0 . 2,s. 0 . 011 o.u. .. o.ou 0 . 2154 0 . 159t 0 . 0'21 O.OlSl 0 . 00!l 0 . 0000 
0 . 0000 0 . 0000 0 . 001) 0 .0151 0 . 051) 0 . 12'1 0 . 1152 0 . 22U 0 . 1152 0.120 0 . 057) o . 01s1 0 . 0011 0 . 0000 0.0000 
0.0000 0 . 0000 0 . 0000 o . ooos O.OOH 0 . 020 0.041' 0 . 0525 0.041' 0 . 020 0.0014 0 . 0005 0.0000 0.0000 0 .0000 
0 . 0000 0 . 0000 D. OOOO 0 . 0000 0 . 0000 0 . 0001 0 . 0014 0 . 002 1 0 . 001 ◄ 0 . 000) 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 

Ta.hie 8.17 Finite D iffe re nc e s u rface geoH roph ic wind veloci t y (m / scc). 

0 . 0000 0 . 0000 0 . 0000 0 .0000 -0 .0000 -0 . 0001 -0 . 0014 - 0 . 0021 -0.001.ll -0 . 000) - 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 -0 .0000 -0 . 000S -0 . 001◄ -0 . 020 -0 . 041' -0.052S -0 . 041' -0 . 0241 -0 . 001 ◄ -0 . 0005 -0 . 0000 0 . 0000 0 . 0000 
0 . 0000 - 0 . 0000 -0 . 001) - 0 . 0151 -0 . 0Sll -0 . 120 -O . ltS2 -0 . 2239 -o .1 t52 -0.12,, -0.051) -0.0151 -o . 001) -0 . 0000 0 . 0000 

- o . 0000 -0 . 0011 -0 . 0151 - 0 . 0,21 - 0 . 1599 -0 . 2954 -0 . 011 -0 . ◄ Ue -0 . 4118 -o. 295◄ -0 . 1599 -0 . 0627 -0 . 0151 -0 . 0011 -0 . 0000 
- 0 . 0005 -0 . 0!Sl -0 . 0,21 -0 . 1402 -0 . 2Sll -0 . 40ll -0 . 5452 -0 . ,024 - 0 . 5452 -0 . ◄ 0)1 -0 . 2511 -0 . 1402 -0.0,21 -0.0lSl -0 . 0005 
- 0 . 00H - 0 . 051) -0 . 1599 -0 . 251l -0 . 2144 -0 . 3'05 -0 . 4511 -0 . 501 l -0. ◄ 511 -o .1,os -0 .2,-c, -0 . 2Sll -0 . 1599 -0 . 05ll -0 . 00H 
-0 . 0 20 -0 . 1269 -0 . 295 4 -0.40ll -0 . 3'0S -0 . 2501 -0. 21'4 -0 . 2541 -0 . 21'4 -0 . 250 1 - 0 . 1,05 -0 . ◄ 0)1 -0.2954 -0 . 12'9 -0 . 020 
-o . oo, - 0 . 1952 -0 . ◄ lUI -0 . 5452 -0 . 4511 -0 . 23'4 -0 . 0101 - 0 . 0,21 -o .oeoe -0 . 216◄ -0 . ◄ 578 - 0 . 5452 -0. ◄ 111 -0 . 1152 -0 . 0414 
-0 . 0525 -0.2219 -o. ◄ , .. , -0 . ,02, -<LS011 -0 . 2S◄ l -0 . 0'21 0 . 0000 -0 . 0621 -0 . 2541 - 0 . 5011 - 0 . 402' - 0 . ◄ 411 -0 . 221, -0 . 0525 
-0 . 00, -0 . 195 2 -0 . ◄ 188 - 0 . 5452 -0 . 4571 -0 . 21'4 -0 . 0101 -0 . 0621 -0 . 0801 -o . 23'4 -0.4518 - 0.5,52 -0.4111 -0 . 1'52 -0 . 041' 
-0 . 02 ◄ l -0 . 12,, -0 . 29S4 -0 . 40ll -0 . J'°5 -0. 2501 -0 . 21'4 -0 . 2541 -0 . 236◄ -0 . 2501 -0 . 3605 -O . ◄ OJ1 -0 . 2t54 -0 . 120 -0 . 0241 
-0 . 001 ◄ -0 . 0513 -0 . 1599 -0 . 251 l -0 . 2,., -0 . l'°S -0 . Hll -0 . 5011 -0 . ◄ 518 -0 . 160 5 - 0.294' -0.2511 -O . lS'9 -0 . 051) -0 . 00H 
-0 . 000 5 -0 . 015 1 - 0 . 0621 -0 . 1402 -0 . 2511 -0 . ◄ 031 -0 . 5452 -0 . ,02, -0 . 5 ◄ 5 2 -0 . ◄ 031 -0 . 2Sll -0 . 1402 -0 . 0Ul -0 . 0151 -0 . 0005 
- o . 0000 -0 . 001 3 -0 . 0lSl -0.0,21 -0 . lStt -0 . 2154 -0 . ◄ ltl -0. ◄ '8t -0 . ◄ Ult -0 . 295 ◄ -0.1599 -0.0,21 -0 . 0151 -0 . 00!l -C . 0000 

0 . 0000 - 0 . 0000 -0 . 0011 -0.0lSl -0 . 0571 -0 . 12'9 -O.lt52 -0.2219 -0 . 1952 -0 . 12'9 -0 . 05ll -0 . 0151 -0 . 0011 -0 . 0000 0.0000 
0 . 0000 0 . 0000 -0 .0000 - 0 . 0005 -0 . 00H -0 . 02◄ 1 -0 . 041' -0 . 052 5 -0 . 0 ◄ ]6 -0 . 02 ◄ 1 -o . 001 ◄ -0 . 0005 -0 .0000 0 . 0000 0 .0000 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 -0 . 0000 -0 . 0001 -0 . 0014 -0 . 0021 -0 . 001 ◄ -o . 0 003 -o . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 

Ta.ble B.18 Oevia.tion (Ana.lytic - Fini t e Differe nce) in ca.lcu la.tion of surface geosuophic wind velocity (m / sec). 
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CASE II.A - Ba.rotropic atmosphere. tilted (parall el) isobaric planes with v'p(T) = 0, under T = A In P + B 

- ◄ . )111 - ◄ • 3818 -◄ .J811 -◄ . )118 -◄ .)111 - ◄ • )111 -4.llll -◄• llll -4 . 1111 -◄• 3171 -◄• )Ill -◄ . 1818 -4.3878 - ◄ .3878 -◄ .3811 

-◄• lilt -◄. )118 -◄ .3811 -◄. ll11 -◄, )Ill -4. 3111 -◄. 3171 -◄ . Jlll -◄. 3111 -4. )111 -◄• ]111 -◄. 3178 -4. 3818 -◄ • 3118 -◄• ]111 

-◄ . 3111 -◄. 3811 -4. 3111 - ◄ . 3818 -4. 3118 -◄• 3178 -◄ • ]118 -◄. 3111 -◄. )Ill -◄. )178 -4. 1111 -◄ .3178 -4. 3171 -◄. 3111 -◄ .3871 

-◄. )Ill -◄. 3111 -◄. 3118 - ◄ . 3111 -◄. 3118 -◄ . )171 -◄. 3171 -4. )111 -4 . )111 -◄. 3171 -◄ . 3111 -◄. 3111 -◄. ]Ill -◄• 3111 -◄. 3811 

-◄. 3171 -4.3178 -4. 3118 -4. )811 -◄ .]111 -4. )111 -4. )111 -4. 3111 -4. ,111 -4 .,111 -4 . )111 -◄. ]171 -4. )171 -◄. 3118 -◄ • 3171 
-◄. 3118 -◄. 311'8 -◄. 3818 - 4 . lllt -◄. 3111 -◄• 3118 -4 . )111 -4. ,111 -4.)111 -4 . )111 -4. ]111 -◄• Je78 -4 . 3171 -◄. ]111 -4.3171 
-4.)111 -4. 3111 - ◄. 3811 -◄. 3111 -◄. 3118 -4. 3111 -4 . )111 -4. Jl11 -4. )111 -4.)118 -4. )111 -4. 3111 -◄. 3111 -◄ . 3111 -4 . )111 
-4. )111 -4. 3111 - 4. )171 -4. )171 -4. )171 -4 . )111 -4. )178 -4. )118 -4 .)111 -4.)111 -4. )111 -4. 3178 -4. 3111 -4. )111 -4 . 3111 
-4. )111 -4. )111 -◄. 3111 - 4 . 3171 -4. )111 -4. )111 -4. )111 -4. )171 -4.3111 -4 .)111 -4. )111 -4. 3171 -4.3111 -4. )171 -4.)111 

-◄. 3111 - 4 . )111 -4. ]111 -4.)118 -4. 3111 -4. )818 -4 . )171 -4. )111 -4.)111 -4 ,)111 -4. Jl11 -4 . 3118 -4. )171 -4. )111 -4. )111 
-4. Jl11 - 4. )111 -4. 3111 -4. Jl71 -4. )111 -4. Jl11 -4 . )111 -4.)111 -4. )111 -4. )111 -4. )111 -4.3111 -4. 3171 -4 . )111 -4.)171 
-◄ .)111 -4. 3111 -◄. ]111 -◄. )111 -◄. Jl11 -4. 3111 -4. ,.,. -4 . )111 -4. )111 -4. )111 -4. )111 -4. )171 -4. )111 -4. 1111 -4. )111 

-◄• 3111 -4. )111 -4. )111 -4. )171 -4. )171 -4. )111 -4. )111 -4.)171 -4. )111 -4.)111 -4 . )111 -4.)171 -4. 3171 -4. )111 -4. )171 

-◄• 3111 -◄. ]111 -◄ .)111 -◄. )111 -4. )111 -4.Jl11 -4. )111 -4.)111 -4. )111 -4. )111 -4.Jl11 -4. )171 -4. 3111 -4 . )111 -4.Jl11 
-4 , )171 -4. )111 -4. )111 -◄. 3111 -4. )111 -4. )111 -4.)811 -4. )111 -4. )111 -4.)111 -4. )111 -4. 3118 -4. )111 -4 .)111 -4 . )111 
-◄. 3811 -4. 3111 - ◄ . ]111 - ◄ . 3111 -4. )171 -4 . )111 -4 . 31'11 -4. )111 -4.)111 -4. )111 -4 . )111 -4. 3118 -4. 3111 -4, )171 -4. )171 
-4. ]111 -◄. 3118 -4. 3118 -◄. 3118 -◄. 3878 -4. 3171 -◄. 3111 -4. 3811 - 4.31'11 -4.)118 -4 . 3111 -4. 3tl11 -4 . 3111 -4. 3111 -4. 31'11 

Table B.19 Analytic u component of surface geo15trophic wind (m/sec) . 

-◄. 3118 - ◄ • 3878 - ◄. 3871 -◄• 3878 -◄. 3118 -◄. 3811 -4. 3178 -◄. 3811 -◄. 3111 -◄ .3171 -4.3118 - ◄ . 3878 -◄. 3811 -4. 3171 -◄. 3818 
-◄. 3118 - ◄ • 3118 -◄. 3878 -◄. 3111 -4.)818 -◄. )111 -4. Jl71 -◄. ]111 -◄ .)111 -4. )118 -◄• 3171 -◄. 3818 -◄• 3111 -◄. 3171 -◄ .3118 
-◄. 3118 -◄. 3171 -◄• 3871 -◄ . 3111 -◄. 3818 -◄. )111 -◄ .3111 -◄. 3111 -◄. 3111 -4. )171 -4. 3111 -4.3111 -◄. 3818 -4. 3118 -◄ .)111 
-◄. ]111 -◄. 3811 -◄• 3171 -◄. lfl71 -4. )111 -4. )111 -4. )118 -4.)171 -4. )171 -4. )111 -4. 3171 -4. 3118 -4. 3111 -4.)811 -◄• 3111 
-4, )171 -◄ • 3118 -◄ .3111 -◄• 3118 -4. 3871 -4. )111 -4. Jl11 -4.)171 -4. )111 -4 .)111 -4 .Jl11 -4.3111 -4. 3111 -4. ,.,, -4. )111 
-4. )178 -4. 3811 -4. )111 -4. 3171 -4.)111 -4. )111 - 4 . 3111 -4 . )111 -4. )171 -4. )171 -4. )111 - 4 . Jl71 -4. 3111 -4.)111 -4. )171 
-4. 3811 -◄• 3111 -4 . )171 -4. 3171 -4. )811 -4. )171 -4. )111 -4. )111 -4. )118 -4. )111 -4. 3118 -◄. 3818 -4. 3818 -4 . )171 -4. 3111 
-◄• 3111 -4. 3171 - ◄ .3178 -◄ .3118 -◄• 3811 -4. )171 -4 .)111 -◄ .3171 -4.)118 -4 . )171 -4. 3171 -4.3171 -◄. 3111 -4. Jl11 -◄• 3171 
-4.Jl78 -4 . 3818 -◄. 3818 -◄ • 3818 -4 . )171 -4. )171 -4. )111 -4.)178 -4.)111 -4. )118 -4 . )111 -4. )111 -◄. 3111 -4. )111 -4. )118 
-4. Jl71 -◄. 3111 -◄, 3118 -4 . 3811 -◄. 3111 -◄. 3118 -4. )171 -4. )171 -4.)111 -4. ,.,. -◄• ]118 -4.3111 -4. 3871 -4. Jl71 -4.)171 
-◄ . 3118 - ◄ . 3118 -◄. 3818 -4 . 3811 -4. 3118 -4. )171 -◄• 31'11 -4.Jl71 -4 , )118 -4.)111 -4. Jl71 -◄• 3111 -◄. )171 -◄ . 3111 -4. )118 
-◄. 3111 -◄ . 3818 - ◄ .3118 -4. 3811 -4 . )118 -◄ .3111 -4. )171 - 4 . )111 -4. )111 -4. )111 -◄• 3118 -4. )178 -◄, )111 -◄. 3171 -4.)871 
-◄. 3111 -◄. 3111 -◄. 3871 -◄ • 3811 -◄ . 3111 -◄ .)1'11 -◄. 3111 -◄. 3171 -4 . ,111 -◄ • 31'11 -◄ . 3111 -◄. 3111 -◄ . 3111 -◄. 3111 -4. )111 
-◄ • 3111 -4 . 3118 - ◄ • 3171 -◄. lfl11 -◄ . 3111 -4. 3171 -◄. 3171 -4. )111 -◄ .)111 -4. 3111 -◄ . 3111 -◄. Jl11 -4. 3811 -◄. 3111 -◄ . ]171 
-◄• 3111 -4 . 3118 -◄ .3818 -◄ . 3811 -4 . )171 -4. )178 -4. Jl18 -4. )171 -4. )111 -4. 3111 -4. )178 -◄. 3111 -4. 3111 -4. )171 -4. Jl11 
-4. 3111 - 4 . 3119 -4 . 3118 -4 . )111 -4. Jl71 - 4 . )811 -4. Jl71 -4. Jl11 - 4 . )118 -4. )118 -◄• )111 -4. 3111 -4. 3111 -4. ]111 -4. 3111 
-4. )111 -◄ . 3811 -◄• 3118 -4. 3811 -4.3871 -4. 3178 -4, 3171 -4. )171 -4. )111 -4. Jl11 -4. )178 -4 . 3178 -◄. )118 -4. )111 -4. )171 

Ta.hie B .20 Finite Difference u component of surface geostrophic wind (m/sec) . 

0.3478 0.3035 0.1517 -0.0947 0 . 2702 0 . 2015 0.1215 0 .1714 0.0956 0. 3119 -0.1107 0 . 0516 -0.2505 0.2026 -0.1925 
0 . 1901 -o . 0111 -0.37◄ 5 0 .1111 -0.1,1, -0.0391 -0.1121 0 . 0528 -() . 2063 0 . 1144 - 0. 3038 -0. 001, - 0 . ◄ 2 ◄ 1 0 . 0011 -0. 3550 

-0.0654 -0.19◄ 9 0. 2454 0 .0021 0.1156 -() , 2025 0 . 0945 -() , 1'14 0 . Hl89 -0. 2910 0 , 1156 -() . 2339 0. 2291 -o.233e 0 . 2101 
-0 . 1909 -() , 0)50 0 .1023 -o . 0 ◄ 01 0 . 1095 0 . 021, 0.1238 -() . 2161 0.1231 -().0668 0.2031 -0 . 0401 0 . 1,,1 -().5100 0.3442 
-0.0119 0 .0491 -0. 2822 0 . 1162 0.0116 0 . 1142 -0 . 2110 -() . 1098 0 . 0997 0 . 2616 -0.0229 0 . 1162 -() , 2)50 0.2144 -0 . 453' 
0,2333 0 .1 028 0 . 1481 0 .0544 0 . 2118 0 • ◄ 933 -0. 2082 0 . 1180 0 . 1694 0 .)044 0.0990 0 . 0544 0 . 1411 0.2610 0 . 0150 
0 . 0 ◄ 1 ◄ -().1)05 0 . 1220 - O.Ui51 0 . 3608 - 0 .1 191 0 . 0965 -0. 5536 -() ,)155 -(),094' 0,1121 -0. 0101 0 . 2165 --0 .22◄ 8 0 . 0 ◄ 14 

-0 . 0711 0 . 0415 -0.1222 0 .1662 -0 . 1622 -() , 3106 -0.0119 -() , 0290 -() . 6247 0 . 0906 -() , 256' 0.0412 -() . 1104 0.0140 -(),0889 
-0. 2063 0 . 1 ◄ 47 -0.1621 0 . 1919 -0 . ◄ 925 0 . 3801 -0.0617 0 . 2163 -() ,1)85 0 . 0915 -0. 2093 0. 0503 -() , 1139 0 . 0915 0 . 0326 

0 . 0155 -().2016 0 . 10 ◄ 8 -0 .1600 0 . 0975 0 . 0335 0. 3005 -0.2411 0 .4193 -0 .3'17 0.2391 -0. 0420 0.0112 -0 . 1486 0.1128 
-0.0352 0 .2541 0. 0130 0. 01,9 0 . 2590 -0. 3112 0.0985 0.2165 0 . 1921 0 .1001 0.0230 0. 0291 0 . 0258 0 .0116 0 . 1182 
-0 . 1199 0 . 2574 -0 . 094 6 0 .1 406 -0.1111 -0.2038 0 .1201 0 . 3002 -() ,163) 0 . 1138 -o .1111 -0.0411 --0 .0003 0. 1 ,10 --0.1261 

0 .1248 -0.2082 0 .052 4 -o .1100 0 .0291 -0.1610 0 .2 842 0 . 1160 0. 2142 -0 . 3569 0 .123' -0 . 1100 -0 . 0420 -() ,25 53 0 .1 731 
0 .3163 -0. 1690 -o. 0253 -0.1426 0 . 0155 -(), 3991 0 . 1656 -0.1191 0 .2601 -0 . 2103 0 .0155 -() , 2)69 -() . 2141 -0.1439 -0.021 ◄ 

-0 .0178 0 .1 49◄ 0 . 08 ◄ 6 0. 2813 -0. 0622 0 . 0'11 0 . 0061 0 . 1676 -o . ◄ ,,o -0 . 1619 -0 .1 565 -0 . 0,,1 0 . 1621 0 .1239 -0. 3'11 
-0.4575 -0 . 1135 0 .0243 - 0 . 0081 -0. 3508 0.2576 -0. )061 0 , 0243 -0.)067 -<l.1436 0.0158 0 .1917 0. 1175 -<l .0925 0. 3240 
-0 . 0900 - 0.1561 -0 .135fi -0. 4 902 0.1 ◄ 48 -0. 0595 --0 . 0232 0 . 0,11 0 . 4313 -0 . 1157 0 . 2001 0 .1311 0 . 0500 -0 . 0011 D. 2009 

Ta.hie B.21 Deviation (A n a lyti c - Finite Difference) in ca.lcu la.ti o n of the u compo n e nt of s urface g eost rop hi c wind (10-ll m/sec). 
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C ASE I I.A - Ba.r o tropic a.t mosphe re - t il ted (pa. r a.ll e l ) isoba ric pl a n es with -.:;;lp (T) = 0, unde r T = A In P + B 

-•. ,,,1 - • . 99'3 - • . 9963 - • . 99'3 ..... . ,,,1 -1 . 9963 --e . H63 -• . 9963 -•. ,,,1 -1 . ,,,1 - 1 . 9963 -1 . 9963 -I . 996) - • . 99'3 
-1 . 99'3 - 1 . 99'3 -t . 9963 - 1 . 99'3 -I .• ,,1 -a . HU --e . tKl -1 . 1,,1 - • . 9963 -1. ,,,1 -1 . ,,,1 -1 . 99'3 -I . HO -•. ,,,1 
-• . 9963 - • . t9'3 ... . 9963 - a . 9963 --e . H63 -a . Hu --e.tKl -a . HU -• . 9963 -a. n63 --e.9963 -a . HO -a . t9'3 - a . nu 
-1 . 9963 -• . t9'3 ..... -,,,1 -a . HO - a.tt63 -I.HU --e.tKl -•- 9963 -a . ttu -a . HU --e.HO -a . no ..... 963 -a . ttn 
--e . tt63 -•. ,,,) -• . ,,,1 -1.,,u __ _ ,,,1 -• ... ,, ... . ,963 -•-,,,1 -a . tKl -I.HO -• . ,,,1 -• -,,,1 --e . tKl -a.HU 

-•. 99'] - • . tt'3 -• . 1963 - • . 1963 -a . tto -a . Hn ➔.HU -a.HU ... . .. u -a . 990 --e . tKl -a . 990 ...... o -•. 1963 
_. . tHJ -1 . 9961 ... . ,963 -• . H63 ... . .. u ➔ . HU --e . tt63 .... HU .... HU -a . HU -• . '"' -a . 99U ...... o -a.99'3 
-1 . 99'] -a . t96l -• . t963 -I . HU --e.Hn -I . HO ➔.HU -I . HU - I . HO - I . HU -a.HU -I . HO ... . .. o -a.HU 
-1. 99'] -a . HO -• . t963 - a . nu ➔ .HO -a.Hu ... . .. u -a . HU .... t90 -a . HU -a . tKl -a.HO -I . HU -a.no 
-a . no -a . no -a . nu - a . HU ➔ . HU -I.HU --e . tKl -I . HU ... . HU -• . tt63 --e.nn -I . HO --e.Hn -I.HU ..... . ,,,1 - a . HU -a . HO -a . HD ➔ . HU -I . HU ... ... u .... HU --e . tKl -a . HU .... ,963 -a.HU -a . HU -1 . 9963 
-e . t9') -•-,,,1 ...... ,,,1 -a.Hu --e . tffl -a.HU .... ,963 -I . HU --e . ttu -• . 19'3 ...... u -a . HU -a.HU -a.HU 
-a.tKl - a . 99U -a . t96l -a.HU -a.ttu -1.tHl .... HU -a . HU -I . HU -I . HU -1 . tKl -a. HU ...... o -1.tKl 

-• . 1163 - 1 . 9963 ... . .. 63 -I.HU -•. ,,,1 -a.HU ➔ .HU -a . HU ..... . ,,,1 -• . 19'3 ...... u -a . HU --e.nn -• ♦ ,,,1 
-4 . tffl - • - 9961 -1. ,,,1 -• - t96l -• . ,,,, -•. ,,,, --e . tKl -1 . tt6J -t . tHl -• - 9963 -a .nu -•-,,,1 --e . tKl -•- ,,,1 -1 . ,,,1 - 1 . 9963 -1 . 9963 -a.HU - a . HO -I . HU ... . .. o -1 . 99'3 --e . tKl -•-,,,1 -a . no -a . HU -a . no -a . HU 
-• . 9963 - • . 9963 -1 . 9963 - 1 . 9963 -t . t9,J -• . ,,,, --e . tKl -1. 99,3 --e . tKl -•·'"' -t. 99,1 -1. ,,,1 - 1 . tK3 -1. t9'3 

Ta.hie B.22 An a ly t ic v co m ponen t of s urfa ce g eos lrophi c wind ( m/ sec). 

- 1 . 9961 - 1 . 99'3 - • . 9963 - • . 99'3 -• . 99,J - • . 9963 - t . 990 -• . 9963 - 1 . 99,l - 1 . 99'3 -1 . 99,J - 1 . 99'3 - • . 9963 - 1 . 9963 
- I . 99'3 - 1 . 9963 -41 . 9963 - • . 996) ... . 9963 - a . n6l - l . t9'3 -a . 9963 - e.t963 -• . 9963 -1 . 9963 - • . 9963 -a . 9963 -• . 9963 
-• . 996) - • . 996) -• . 9963 -• . 9963 -• . n63 - a.ttu --e . H6) -• . 9963 -• .1963 - • . 9963 -• . ,,,1 -a . 9963 -•. '"' - • . 9963 
- a . 9963 - a . 99n -• . '963 - • . t9'3 ...... ,] -t.9963 -1 . 9963 -• . 1963 -1 . tKl -a.nu -1 . tKl -• . t9'3 - 1 . 990 -1 . 9963 
- • . 9963 -•·'"' ... . 99'3 - t . 9963 ... . . 963 -a.no ... . . 9'3 -I.HO -a.no -t . 9963 -I.HO -a . nu -I . HO -1 . 9963 
... . 9963 - •. 1963 -1 . t9,3 - a.un -• . 1963 -1 . 9963 ... . tl63 -I . HU --e . HO -a . 99'3 -a . 99'3 -a . nu -• . 9963 -1 . 996) 
-• . 1963 - 1 . 9963 - • . 9963 - a . no ... . 1963 - I . HU ➔ .HO -a.ttu ... . t963 -•. 9963 -• . 1963 -a . HU -• . 9963 -• . 9963 
-t . 99'3 - 1 . 9963 -1 . ,,,1 -1 . 99'3 ➔ . ,,,1 -a.Hu ... . H63 -, • 91,1 ... . .. o -a.99U -• . n63 -• . 91,1 -a . t9'l -a . H'3 
- 1.9963 - 1 . tt,3 -1.9963 - a . t96> ...... ,] -1 . 99'3 -I . HO -a . HU .... no -a . tto -a.tH> -a . 99'3 --e . HU -a.nu 
-• . 9963 -1. 9963 -1 . 99'3 - • . 9963 --e . t963 -•. 9963 --e.t963 -l.t9'3 - e . uo -•. 9963 -• . t963 -a. HU - I. 1963 -• . 9963 
➔ • 9963 - a . H63 -• . 1963 -1 . HO -l.t963 -a. uu -l . t963 -• . 1963 -1 . tKl -a . Hu -I . HO -1 . HU -1 . 9963 -• . 9963 
-t . 996) - • . 1963 -• . 19'3 -• . 9963 ... . . 963 -1 . 9963 ...... o -•. 9963 -1 . tKl -a . t963 --e . nu -a. tHl ... . ,963 -• . 9963 
--e. t963 - a.nu -a . 9963 -1 . 99'3 -I . 9963 - • . 1963 ➔ .HO ... . H63 -1 . 9163 -• . t9'3 .... ,963 -1 . 990 -•. 9963 -a . HU 
- • . 9963 - l.t9'3 -•. 9963 -t . 9963 ... . 990 -1.9963 --e.no -• ·'"' --e . tKl -a . nu -• . '"' -a . 9963 ...... 63 -•. '"' ... . '963 - • . 1963 -• . 996) - • . 9963 ... . . 963 - •. t9'3 ...... 63 -a . ttn --e.tH3 -• . 9963 ➔ .no -•. '"' - a .no -1 . 9963 
-a.no - 1 . 99'3 -• . 99') -a . HO -a . tto -1 . 9963 -I.HO - 1. 996) -t.990 -a . nu -t . 9963 -a . nu -• . 9963 -•. 9963 
- • . 9963 - 1.9963 -• . 9963 - • . 9963 ... . 9963 -t . H63 ... . .. 63 -a . 9963 -• . 9963 -• . 99'3 -• . 9963 -I . 9963 --e . 9963 -• . 99'3 

Ta.hie B .23 Fi n it e Difference v componen t o f surfa.ce geos t rophic wi nd (m / sec) . 

0 .1 808 0. 0173 - 0.3 100 O.H02 0 . 0111 -0 . 0811 -0 . 110 ◄ -0 . 0188 0 .1825 - 0 . 2020 -0 . 0 ◄ 12 0 . 191◄ 0 . 0 ◄ 10 -0 . 0 ◄ 66 
0 . 0 10 7 0 . 2416 - 0 . 0938 - 0 . 0918 -0 . 0 ◄ 1 7 -0 . 0 ◄ 5 2 0 . 1611 0 . 1160 -0.1 2 ◄ 2 -0 . 1097 0.0213 -0 . 1 ◄ 2, 0 .1532 0 . 0◄◄ 2 
0 . 132 5 -0. 0533 0 . 0309 - 0 . 0570 -0 . 1251 0 . 0115 -0 . 01◄ 2 0 . 051◄ - 0.1116 0.1920 0.2220 -0 . 1651 0 . 0318 -0 . 1006 

- 0 . 2211 -0 . 0112 0 . 0535 - o . 0126 0 . 121◄ 0 . 0011 -0.003 ◄ 0 . 0039 0. 0113 -0 . 0 ◄ 21 -0 . 1113 0 . ◄ 521 0.1211 -0 . ◄ 018 
0 .1 255 0 . 012 ◄ -0 . 05 ◄ 5 0 . 1069 0 . 0162 -0 . 0◄ 09 -0 . 0160 -0 . 0361 -0 . 0121 -0 . 0900 -0 . 02)0 - 0 . 0900 -0 . 2030 0 . 0102 

-0 .11 51 0 . 0616 0 . 12 ◄ 1 0 . 1516 -0 . 1530 -0 . 2141 0 . 1131 0 . 0193 0 . 021 ◄ 0 . 1 ◄ 86 - 0 . 01 21 o . 0 ◄ 31 o.on6 -0 . 0311 
-0 . 0 0 8 ◄ - 0 . 0 1 ◄ 2 0 . 0310 -0 . 1151 0 . 14 67 - 0 . 0692 -0 . 062 ◄ 0 . 2513 -0 . 035 ◄ -0 . 151 ◄ -0 . 2099 -0 . 1516 -0.1635 -0 . 1313 
-0 .1 361 -0 . 012◄ - o . 036' 0 . 2220 0 . ◄ 3 2 3 -0 . 1109 0 . 0556 0 . 31'6 -0 . 3210 -0 . 2050 - o . 0 ◄ 10 -0 . 159◄ -0 . 1302 - 0 . 0111 
0 . 0800 0 . 0 ◄ 91 0 .1 315 0 . 2305 -0 . 123 ◄ -0 . 1889 -0 . 0152 0 . 1350 0 .0 ◄ 59 -0 . 02 ◄ 8 0 . 1'85 -0 . 0321 0 . 1251 0 . 12 ◄ 0 

-0 . 0 ◄ 17 0 . 0819 - 0 . 036' 0 . 0331 0 . 3319 0 . 0 ◄ 1 ◄ -0.3927 - 0 . 0010 0 . 3398 0 . 0782 -0 . 0 ◄ 10 o. 029◄ -0 . 0351 -0. 08 90 
- 0 . 0555 0 . 2690 0 . 1 32 ◄ - 0. 0206 0. 0522 0 . 2612 0 . 2 ◄◄ 5 -0 . 3387 -0 .3116 - 0. 0569 - 0 . 115 ◄ -0 . 063 ◄ 0 . 0253 0 . 0505 
- 0.0619 0 . 0676 0 . 12 ◄ 1 0 . 151' 0 . 012 9 0 . 03 20 0 . 1500 0 . 2210 -o. 2078 -0 . 0◄ 02 - 0 . 0 121 0 . 1311 - 0 .0096 - 0 . 2 ◄ 52 
-0 .2 0 ◄ 9 0.1069 -0 . 05 ◄ 5 0 . 0126 0 . 0162 0 . 0063 0 . 0085 0 . 0105 -0. 01 21 0.00◄◄ - 0.0230 0 . 1 ◄ 60 - 0 . 1086 -0 . 1010 

0 . 3116 0 . 0368 - 0 . 2169 - 0 . 1298 0 . 0330 0 . 0 ◄ 1 ◄ -0.003 ◄ 0.0039 -0 . 0633 0 . 0995 0 . 1050 - o . 0908 - 0.2699 0 . 2358 
0 . ◄ 209 - 0 . 156' - 0 .2051 - o . 0510 0. 1111 - 0. 052◄ -0 .062 ◄ 0 . 0220 -0 . 0 ◄ 69 - 0 . 1385 0 . 1513 0 . 0915 -o . 0931 0 . 136' 

-0 . 022 3 - 0 .1508 0 . 182 9 0 . 2859 - 0 . 236 5 - 0 . 1180 0 . 19◄ 3 0 . 1211 - 0 . 0652 - 0 . 1215 -0 . 0190 0 . 2631 0 . 1505 -0 . 2109 
-0 .1 0 ◄ 1 0 . 00 38 - 0 . 0 25 3 - 0 . 2025 0 . 1 ◄ '1 0 . 097◄ - 0 . 1315 0 . 13 ◄ 0 - 0 . 0 298 - 0 . 1771 0 . 1313 -0 . 001◄ -0 . 1£81 0 . 1020 

Ta.hie B .24 Deviation (Analytic - Finite D ifference) in ca.lcu la. t ion of t he v componen t of s u rface geostrophic wind (10- l l m / scc). 
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CASE II.A - Ba.rotropic a. t mosphere - t ilted (pa. r a.ll el ) isoba.ric pla.nes with '1p(T) = 01 u nder T = A In p + B 

10 . 0093 10 . 0093 10 . 009) 10 .0093 10.0093 10 . 00fi) 10 . 009) 10 . 009) 10 . 009) 10 . 009) 10 . 009) 10 . 009) 10.0093 10 . 0093 10 . 009) 

10 . 009) 10 . 009) 10 . 009) 10 . 009) 10.00U 10 . 00U 10 . 0093 10 . 0091 10 . 009) 10 . 00,1 10 . 0091 10 . 00,1 10.oou 10.00U 10 . oou 

10 . 00U 10 . 0093 10 .009) 10.009) 10.00tl 10 . oou 10 . 00U 10 . 009) 10 . oou 10 . OOtl 10 . 00U 10.oou 10.0091 10 . 00U 10 . 00tl 
10 . 009) 10 .00,1 10 . 0091 10 . 00tl 10 . 00t) 10 . 00tl 10.00U 10 . 009) 10 . oou 10 . oou 10 . 00U 10 . 00tl 10.00U 10.oou 10.oou 

10 . 00tJ 10.0093 10 . 00tl 10 . 009) 10.0013 10 . 00U 10 . 001) 10 . 00tl 10 . 009] 10.0011 10 . 0013 10 . 00tJ 10.0011 10.00U 10.oou 

10 . 0091 10 . 0091 10 . 009) 10 . 00U 10.009) 10 .00U 10 . 009) 10 . 009) 10 . 009) 10 . 009) 10 . 0013 10 . oou 10.oou 10.oon 10 . oon 
10 . 00tl 10 . 009) 10 . 009) 10 . oou 10.00U 10 . 009) 10.00U 10 . oou 10.00U 10.oon 10 . oou 10.oon 10.oon 10.00tJ 10 .oon 
10 . 00tJ 10 . 00U 10 . oou 10 . 00tJ 10 .009) 10 . oou 10 . 00U 10 . 00U 10 . 00tJ 10.oon 10.0011 10 . oou 10 . oon 10.00tJ 10 . oon 
10 . 00tl 10.009] 10 . 009] 10 . 00U 10 . 009] 10 . oon 10 . 00tJ 10 . 00tJ 10 . oon 10.oou 10 . 009) 10.00U 10.00U 10 . 00tJ 10 . 00U 
10 . 00U 10.00tJ 10 . 0011 10 . oou 10.00U 10 . oou 10 . 00U 10 . oou 10 . 00tl 10.00tJ 10 . 00U 10.00tJ 10.oou 10.00tJ 10.oou 
10 . 0093 10 .oou 10.0011 10 . 00tl 10 .009) 10 . oou 10 . 00U 10.oou 10.009) 10 . 0093 10 . 00U 10 . 00U 10 . 00U 10 .oou 10 . oou 
10 . 009] 10 . 009) 10 . 009] 10 . 00U 10.009) 10.00U 10 . oon 10.00U 10.00tJ 10.00tJ 10 . 00U 10.00U 10.00U 10.00tJ 10.00tJ 
10 . 009) 10 . 00U 10 . 009] 10.009] 10.009) 10 . 00tJ 10 . oou 10 . 00tJ 10 . 00tJ 10.oou 10 . oou 10.00tJ 10.00tJ 10.00U 10.00U 
10 . 009) 10 . 009] 10.00U 10 . 00tJ 10 . 009) 10 . 00U 10 . oon 10 . 00U 10 . oou 10.oou 10 . oou 10.oou 10.009] 10.oon 10.oou 
10 . oou 10.009) 10 . 009] 10 . 009] 10 . 009) 10 . 00U 10 . 00U 10 . oou 10.00U 10 . 00U 10 . 00U 10 . 00U 10 . 00U 10.ootJ 10 . oou 
10 . 009] 10.009) 10 . 00U 10.00U 10 . 00U 10 . oou 10 . oon 10 . oou 10 . oou 10.00tl 10 . 00tl 10.00tl 10.oou 10 .oon 10 . oou 
10 . 009) 10 . 009] 10 . OOtl 10 . 00U 10 . 009] 10 .00U 10 . 00U 10.00U 10 . 00tl 10 . 00U 10 . 00U 10 . 0093 10 . 00tl 10.00tJ 10.009] 

Ta.ble B .25 Analy t ic su rface geoa t rophic win d veloc ity (m / scc). 

10 . 009 ) 10 . 009 3 10 . 009) 10 . 009) J0 . 009 ) 10 . 009] 10 . 009] 10 . 009) 10 . 009) 10 . 0093 10 . 009) 10 . 009] 10 . 009] 10.009) 10 . 009) 
10 . 009] 10 . 009) 10 . 0091 10 . 009] 10 . 0091 10 .oou 10 . 00tJ 10 . 00tl 10 . 009] 10 . 009] 10 . 009] 10 . 009] 10 . 00tl 10.00tl 10 . 009] 
10 . 009] 10 . 009] 10 . 009] 10 . 009) 10 . 0091 10 . 0091 10 . 00tl 10 . 00tl 10 . 0093 10 . 009) 10 . 009) 10 . 00tl 10 . 00tl 10 . 00tl 10 . 00U 
10 . 0091 10 . 0091 10 . 0091 10 . 0091 10 . 00U 10 . 0011 10 . 0011 10 .00U 10 . 0093 10 . 0011 10 . 009) 10 . 0093 10 . 0093 10.oou 10 . 00U 
10 . 009] 10 . 0093 10 . 00tl 10.0093 10 . 0093 10 . oou 10.00U 10 . 0011 10 . oou 10.oou 10.0091 10 . 00tl 10 . 0091 10.oou 10 . oou 
10 . 0091 10 . 0091 10 . 00U 10 . 00U 10 . 0093 10.00U 10 . 00U 10.0093 10 . 00tl 10 . OOtl 10.009) 10 . 0093 10.001) 10.oou 10.009) 
10 . 009] 10 . 009] 10 . 009] 10 . 009] 10.0091 10 . 00tl 10 . 00U 10 . 0091 10 . 0093 10 . 009) 10.009] 10.00U 10.oou 10.009) 10 . 001) 
10 .0093 10.009) 10 . 00,1 10 . 0093 10.0093 10 . 00U 10 . oon 10 . oou 10 . 009] l0 . 0093 10 . 0093 10.0093 10.00U 10 . oou 10.0093 
10 . 009) 10 . 009) 10 . 0091 10 . oou 10 . 009) 10 . 0093 10.009) 10 . 00U 10 .009] )0 . 009) 10 . 0091 10.0093 10 . 0093 10.00U 10 . 009] 
10 . 009) 10 . 009] 10 . 00U 10 . 0011 10 .009) 10 . 009) 10 . 00U 10 . oon 10 . oou 10 . 00U 10.oon 10.oou 10.00U 10 . 00tJ 10 . 00U 
10 . 0093 10 . 0093 10 . 00tl 10 . 009) 10.0013 10 . 00tJ 10 . 00U 10.00U 10 . 00tJ 10.0011 10 . oou 10.00U 10 . 00U 10.00tJ 10 . 00U 
10 .009) 10 . 009) 10.009) 10.00U 10 . 00U 10 . 009) 10.00U 10 . oou 10 . 00tJ 10.0093 10 . 00tJ 10.00,1 10 . 00U 10.00U 10 . 00U 
10 . 009) 10 . 009) 10 . 00U 10 . 009) 10.oou 10 . 00U 10 . 00U 10.oou 10 . oou 10 . oou 10.0093 10 . 009) 10 . 00U 10 . 00U 10 .009] 
10.009) 10 . 009) 10 . oou 10 . 00U 10 . 00U 10 . 00U 10.00U 10 . oou 10 . 009) 10 . 00U 10.00U 10.009] 10 . oou 10.0091 10.oou 
10 . 0091 10 . 009] 10 . 00U 10 . 009] 10 . oou 10 . 00U 10 . 00U 10 . 009] 10.009] 10.oou 10.009) 10.009) 10 . 0093 10.00U 10 . 00U 
10 . 009] 10 . 009] 10 . oou 10 . 00U 10 . 009) 10.009] 10 . 009] 10.00U 10 . 00tl 10 . 00U 10 . 009] 10.009] 10 . oou 10 . oou 10.009] 
10.009) 10 . 0093 10 . 0093 10 . 00tl 10 . 0091 10 . 009] 10 . 00U 10.009) 10 . 009) 10 . 0093 10.009) 10 . 0093 10.0093 10.0093 10 . 0093 

Table B.26 Finite Difference su rface geostrophic w i nd velocity (m / sec) . 

0 . 0 ◄ 2) -0.2 , 5, -0 . 11" 0 . 3201 -0 . 25)5 -0 . 1 '-01 0 . 020 3 0 . 0215 -0 . 0250 -0 . 3001 0 . 25,1 0 . 014 ◄ -0 . 0,15 -0 . 1311 0 . 12,1 
0 . 0511 - 0 . 0551 -0 . 0 5 29 o . oou 0 . 1'91 o . o,oo 0 . 1201 - 0 . 11)9 -0 . 0 '1'1 0 . 0,1 S 0 . 2311 -0 . 0231 0 . 31 ◄◄ -0 . l ◄ IO 0 . 11,0 

-0 . 1 2, 1 -0 . 0)), -0 . 0591 - 0 . 029' 0 .0005 0 . 20 1 ) -0 . 0511 O. llH -0 . 1)0 0 . 2359 - 0 . 2231 -0 . 0910 0.0 ◄ 10 0.0139 -0 . 0)21 
0 . 0)09 0 . 2 210 0 . 0212 -0 . 030, 0 . 02'3 - 0 . 12,1 -0 . 0552 0 . 1211 -0 . 05-ll -0 . 000 -0 . 0515 0 . 1 lll -O . ◄ t2, 0 . 11◄ 2 0 . 21'5 
0 . 1'°' -0 . 1343 0 . 112' -0 . 0212 -0 . 121 ◄ - 0 . 1441 O. lSH 0 . 125 ◄ -0 . 0101 - o . 10,, 0 . 0909 -0 . 05,5 0 . 109 0 . 0115 0 .11,1 

- 0 . 0931 0 . 051 ◄ -0 . 125, -o . u5 ◄ -0 . 2,2 ◄ - 0 . 0111 O . lJI ◄ -0 . 23 ◄ 1 -0 . 1 ◄ 55 -0 . 1590 -0 . 11'9 - 0 . 012) -0 . 10 ◄ 1 -0.1512 0 . 0212 
-o . 1u2 0 . O,◄ l -0 . 0401 0 . 0)12 -0 . 05 ◄ 1 -0 . 0411 0 . 0199 0 . 2981 -0 . 0,11 O . Ol3 ◄ 0 . 040, 0 . 2191 o . o ◄ ,t 0. 2 ◄ 55 0 . 10,2 
-0 . 012 ◄ 0 . 1011 0.04◄ 1 -0 . 0400 -0.121 ◄ - 0 . 252 2 0 . 1195 -0 . 0]1) -0 . 0,41 0 . 2 ◄ 19 0.2961 0 . 0151 0.1911 0 .0103 0 . 0552 
-0 . 152 , - 0.1354 0 . 0210 -0 . 2023 0 .0011 ·0 . 05'0 0 . 1995 - 0 . 1119 -o . o,o, - 0 . 01)1 0.11 ◄ 0 -0 . 111, 0 . 1052 -0 . 155, -o . 125, 

0 . 152 1 0 . 121 ◄ -0 . 1195 0 . 1030 -0 . 0125 - 0 . JUJ - 0 . 1'89 0 . ◄ 611 -0 . 21JS - 0 . 1442 -0.1150 0 . 055 2 - 0 . 0,20 0 . 0tlJ 0 . OJO' 
-0 . 0119 -o . ou, -0 . 2131 -0 . 15 26 -0 . 0950 0 . 1151 - o . 2111 -0 . l409 0 . 2199 0 . 2 ◄ 21 0 . 0410 0 . 0908 0 . 0 ◄ 51 -0 . 0309 -0 . 0912 
0 . 0◄◄ 9 -o . 0511 -0 . 0192 -0.1112 -0 . 05 ◄ 2 O. OH9 -0 . 011 ◄ -0 . 2"5 - 0 . 1210 0 . 1105 0 . 1111 0 . 0)21 -0 . 12 ◄ 0 -0 . 0,21 0 . 21,0 

-0 . 0IJS 0 . 2155 -0 . 1190 0.121 5 -0 . 02 ◄ 0 0 . 0052 -0 . 1102 -0 . 051 ◄ -0 . 1)39 0 . 1'13 - 0 . 051 1 0 . 0,52 -0 . 112, 0 . 2096 0 . 020 ◄ 
-0 . 0 111 -0.21 2) -0.0211 O . l ll ◄ 0 . 0192 0 . 1 ◄ 53 - 0 . 11,0 0 . 0115 -0 . Ul◄ 0 . 111190 - 0 .1210 0 . 009, o . 1155 0 . )OS 1 -0 .2000 
-0 . 0l◄◄ -0 . ◄◄ )1 0 .1 031 0.051 ◄ 0 . 0115 - o . 1921 0 . 0◄◄ 4 - 0 . 0114 0 . 11◄' 0 . 11'2 0 . 1931 - 0 . 10,, - 0 . 1516 0 . 0300 0 . 0355 
0 .21 ◄ 9 0 . 0691 0 . 1 2 ◄ 9 -0. 1 406 -0 . 10)0 0 . 0991 0 . 29◄ 5 -0 . 1153 0 . 0 256 0 . 1215 0 . 0116 -0 . 0610 -0 . )111 -0 . 09◄ 1 0.0◄ 1' 

-0.2100 0 . 1,2 1 0 . 0 5'1 0 .2371 0 . 1111 - 0 .1 05) - 0 . 0lll 0 . 0911 -0 . ]09 ◄ 0 . 011 , 0 . 0112 - o . 111 l - o . 015) 0 . 1515 -0 . 1191 

Ta.ble B.27 Deviation (Analytic - Finite Difference) in ca.lcula.tion of surface geostrop h ic wi nd velocity (lo- 11 m / sec). 
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CASE 11.B - Ba.rolropic a.tmogphcrc - tilt ed (pa.ra.llel) isobaric planes with Vp(T) = 0, under T = Az + B 

-◄• 3111 - ◄ . 3111 -◄. 3111 -4 . 3111 -◄ , 3111 -4. ]111 -◄• 3111 -4.)171 - ◄ . Jlll -◄ • 3171 -◄, 3118 -◄ . 3111 -◄. )111 -4 . 3111 -◄. 3111 
-4.Jlll -◄. 3111 -4. 1111 -◄. 3111 -◄ .)Ill -◄ . 3111 -4. ,.,. -4.3171 -4. )171 -4.3111 -◄. ,.,. -4. 3171 -4 . 3171 -◄. Jlll -4. 3171 
-4. 3118 - ◄ .3171 - ◄ • Jtl'll -4. 3171 -4. 3171 -4. 3171 -4.3171 -4.)171 - 4. 3171 -4. )171 -4. )171 -4. )171 -4. )171 -4 . 3171 -4. 3171 
-◄. 3118 - ◄ . 3171 -◄• 3111 -4. )171 -◄• 3111 -◄, 1111 -4. 3171 -4. )171 -4.3171 -4.3171 -◄. H71 -4 . 3171 -4. 3171 -4. 3111 -4. 3171 
-4. )171 - 4 . )171 -4. 3171 -4. 3171 -4.3171 -4. )171 -4. )171 -4. )171 ... . 3171 -4. )171 -4 . )171 -4. )171 -4 . 1171 -4 . )171 -4. )171 
-4. 3171 -◄. 3111 -◄• 3111 -4. )171 -•. )171 - ◄ .)171 -◄ .H11 -◄ .3171 -◄. 1111 -• . 3171 -•. 3171 -◄. 3111 -◄ .)171 -4. ,.,. -4. )171 
-◄. 3111 - 4 . )Ill -◄• ,.,. -◄ .)171 -4. ,.,. - ◄ . )171 -◄ .1171 -◄ .)171 -◄. )171 -◄• 3171 -4. ,.,. -◄- ,.,. -•. 3171 -◄• 3171 -◄ .)171 
-◄. ]111 - 4 . 3171 -◄ , 3111 -◄ .3171 -◄ .1111 -• . )171 -◄ .1171 -• .)171 -◄ .)171 -•. 3171 -◄. 3171 -•. 3171 -• . 3171 -•. )171 -◄ .3171 
-◄. 3171 -◄. 3111 - ◄ .3171 - ◄ .)171 -◄ .)171 -◄ .)171 -◄ .3171 -◄ . )171 -◄ .)171 -◄ .)171 -◄ .3171 -•. )171 -◄ . 3171 -◄ .)171 - ◄ . )171 
-4. 3171 -◄, 3111 -• . )171 -◄ .)171 -◄ .3171 -◄ .)171 -◄ .3171 -◄ .)171 -• .3171 -•. 3171 -•. 3171 -•. )17t -◄ .)171 -◄ . )171 -◄ . )171 

-◄ . 3171 -◄ . )171 -◄ .)871 -• . 3171 - ◄ .)171 -◄ .)t71 -◄ .)171 -◄ .3171 -◄ .3171 -•. )171 -◄ . )171 -•. )171 -◄ .3171 -◄ . Jilt -◄ .)171 

-•. )171 -◄ . )171 -◄ .3171 -◄• )171 -◄ .3171 -◄ • )17t -◄ .3171 -◄ .)171 -•. )17t -◄. )17t -◄ .3171 -◄. )171 -◄ . )171 -◄ .)171 -•. ,,11 
-◄ .3171 -•. 3171 - • . 3171 -•. 3171 -◄ .)171 -◄ .)171 -◄ .)171 -◄ .)171 -◄ .)171 -◄ . )171 -• . )171 -◄ .)171 -•. 3171 -•. )171 -◄• )171 
-◄. 3111 -•. )171 -•. )171 -◄ .3171 -•. )171 -• . )171 -•. )171 -◄ .)171 -•. )171 -◄ .)171 -◄. 3171 -•. )171 -◄ .)t71 -• .)171 -◄ . )171 

-•. )171 -◄ • llll - ◄. 3171 -◄ .)171 -4. )171 -◄. )171 -◄ .3171 -• . )171 -•. )171 -•. )171 -4. 3111 -◄ . 3171 -•. )171 -• .)17t -◄ .)171 
-◄. 3171 -•. )171 - ◄ . )171 - • . )171 -• . )171 - ◄ .)t71 -◄ .)171 -◄ .)171 -•. 3171 -4. )171 -◄ . 3171 -•. )171 - ◄ . )171 -◄ .)171 -◄ . 3171 
-◄. 3111 -◄. ]111 - ◄ . Jilt -◄ • 3171 -◄ . Jlll -◄. )111 -◄. Jell -◄ . 3111 -◄. 3111 -◄ .Jell -◄. 3171 - c . )Ill -c . ,,1, -◄. ,,1, -◄. )171 

Table B.28 Analytic u component of surface geostrop hic wind (m/aec). 

-◄. 3111 - ◄ . )Ill -◄ . )111 -◄ .Jilt - C. 31lt -◄. )Ill -C.3tt2 -◄. ,,oo -◄• 3192 -◄• JIil -◄ .Jtll - ◄ .)171 -◄. 3111 -◄. ,.,. -◄• ,.,. 
-◄. )111 - ◄ . 3111 -◄ . 3111 -◄. JIil -◄• ltS2 -◄•◄ llt -4. ◄llS -◄.◄◄ O◄ -◄. ◄315 -4.4119 -4.ltS2 -•. )113 -◄• )171 -• .)171 -• .)171 
-◄. Jt11 -◄• )111 - ◄ .3190 -◄ .. ◄ 026 -◄ . ◄◄◄ t -◄ .Sl ◄ I -4.502 -◄ . '11' -◄ .502 -◄ .Sl ◄I -◄•◄◄◄ 9 -◄•◄ 02, -•. )190 -•. 3171 -◄• )171 
-4. 3171 -◄ . )Ill -◄ .)HS -◄•◄◄◄ 6 -◄ .5◄◄ 7 - ◄ .U21 -◄ . IOU -◄ .ISH -◄ .IOU -◄• U21 -◄ . S◄◄ 7 -◄•◄◄ 4' -◄ .)HS -◄. )HJ -• . )171 
-◄ • )171 - • . Jto, - 4 . U ◄ S -◄•◄ 170 - ◄ .'1'7 -◄ .7111 -◄• U32 -•. f,01 -◄• U32 -◄• 7112 -◄ .,111 -◄.◄ 171 -◄•◄ 145 -•. no, -•. 3171 
-◄• 3119 - • . )9)0 - ◄ . 419) -◄•◄ IS) -c.s,o -◄• nu -◄ . USI - ◄ .HM -◄ .l◄ Sl -◄ .UU -◄ .SHJ -◄. ◄ISJ -◄•◄ IU -◄ .JUO -◄ .3179 
- • . )110 - ◄ .)911 -•. ◄071 -◄.◄◄ 20 - ◄ . CHI -•. s, •• -•. '204 -◄ .'421 -•. '20◄ - 4 .S6◄ 1 -◄.◄ 911 -◄.◄◄ 20 -•. ◄071 -◄ .)tll -◄ .)HO 
-◄• )119 - ◄ . 3190 -◄ .3931 -•. 4011 -4. 4US -◄. ◄Jl 7 -◄. ◄◄ SO -•. ◄ 502 -◄. ◄◄ SO -◄•◄ )17 -◄. USS -◄• ◄ OIi -◄ .JUI -◄ . )Ito -◄ .lilt 
-◄• )Ill - ◄. 1111 -◄. Jtll -◄ .3171 -◄• 3111 -•. )171 -•. )171 -◄ . Jilt -◄• )111 -◄• ,.,. -•. )171 -◄• )171 - ◄ . )171 - • .)171 -•. Jl71 
-◄ . 111, - •. 316' -◄. H2, -◄ .3739 -c.J,02 -◄.)◄◄ I -•. ))01 -◄ .>25, -c.,101 -◄ .JUI -•. )602 -◄ .3139 -•. ,12, - • . ,u, -•. )177 
-◄• ,.,, - ◄. Jilt -◄ .)616 -◄. Jl)I -•. 2771 -•. 2112 -◄ .1SS7 -◄. U◄ O -◄ . 1SS7 - • . 2112 -•. 2771 -◄• )))I -•. '"' -•. )l)f -• . )17' 
-•. )177 -•. 3127 -•. Js,s -•. 2906 -•. 1797 -◄ .0◄◄ 9 -J.tlll -).11'5 -). 9]1) -◄ .0◄◄ 9 - ◄ .1797 -◄ .290' -4 . 15,5 -◄• 3127 -◄ .)177 
-◄ . Jilt - 4 . 3150 - • . 3612 -c. 2111 -• . 1s,c -). Mil -).1◄ )2 -). 7157 -J.1◄ 32 -3 . Nil -• .156) -◄• 2111 -◄ .)612 -◄. )ISO -4. )171 
-4. 1118 -◄ . Jll ◄ - ◄ . 1111 - •. )]12 -4 . 231) -4 . 0933 -). 9'95 -J.919◄ -).9'9◄ -◄. OtJJ -◄ .2)12 -•. )]12 -◄ .nn -◄• Jll◄ -•. )171 
-◄. 3111 - ◄ . 3171 - ◄ . 3166 - • . )731 -•. ))09 - • . 2611 -◄ .1921 -• . 1641 - • . 1921 -•. 2611 - • . ))09 -•. )731 -•. )166 -•. 3171 -•. )171 
-◄• 3111 -◄. )118 - ◄ . 3111 -◄ • Jill -◄ • 3105 - • . 1,11 -◄ .J ◄ CJ -◄. JJS◄ - ◄ . 3443 -◄ • 3631 -◄ . 3805 - ◄ .3113 -◄• 3118 -◄• 3111 -◄ • 3111 
-◄ • 3811 -◄ .3118 - ◄ .3811 -◄ . 3118 - ◄• 3111 -◄. 3115 - ◄ . 38"'4 -◄ .3151 - ◄ . 316◄ - ◄ • 3115 -◄ . 3118 - ◄ .3818 -◄• 3111 - ◄ . 3811 -◄ • 3111 

Table B.29 Finite Difference u component of s urface gcostrophic wind (m/sec). 

0 . 0000 0 .0000 0. 0000 0 .0000 0 . 0000 0 . 000) 0 . 001 ◄ 0 . 0022 0 . 001, 0 . 0003 0 . 0000 0 .0000 0 . 0000 0 . 0000 0 .0000 
0 . 0000 0.0000 0.0000 0 .0005 0 . 001 ◄ 0 . 02◄ 1 0 . 0 ◄ 31 0.052, 0 . 0 ◄ 31 0 . 0241 0 . 001 ◄ 0 . 0005 0. 0000 0 . 0000 0 .0000 
0 . 0000 0 .0000 0 . 0012 0 . 01 ◄ 8 o . 05n 0 .1210 0 . 195 ◄ 0 . 2241 0 . 195◄ 0 . 1270 0 . 0571 0 . 01 ◄ 8 0 . 0012 0 . 0000 0 .0000 
0 .0000 0 . 000 ◄ 0.0107 0 .0568 O.lSO 0 . 2950 0 . 4190 0. ◄ '91 0 . 4190 0 . 2950 0 . 1569 0 . 0561 0 . 0107 0 . 0004 0 .0000 
0 . 0000 0.0021 0.0261 0 . 0992 0 . 2)19 0 . ◄ 00) O . S ◄ 53 0 . ,029 0 . S ◄ 5 ◄ 0 . 400 ◄ 0 .231 9 0 .0992 0 . 0267 0.0021 0.0000 
0 .0001 0.0052 0.0315 0 . 0975 0 . 2085 0.3◄ 35 o . ◄ 572 0 . 5020 0 . ◄ 573 0 . )05 0 .2015 0 . 0975 o.0315 0 . 0052 0. 0001 
0 . 0002 0 . 00 ◄ 0 0.0193 0.05'2 0 .1103 0 .1770 0 . 2)25 0 . 250 0 . 2)26 0 .1770 0 . llOJ 0 . 05◄ 2 0. 019] 0 . 00 ◄ 0 0. 0002 
0 . 000 1 0 .0012 0.0052 0 . 01 ◄ 0 0 . 0277 0 . 0438 0 . 0572 0.0,2◄ 0 .0512 0 . 009 0 . 0277 0 . 01 ◄ 0 0 . 0053 0 . 0012 0. 0001 
0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 

-0.0001 -0.0012 -0 . 0052 -0.01]9 - 0 . 021, -0.0437 -0 . 0570 -0 . 0622 -0.0570 -0 . 0 ◄ 31 -0.021, -0.01]9 -o .0052 -0 . 0012 -0.0001 
-0.0002 -0.0039 -0.0192 -0 .05 40 -0 . 1100 -0 . 17'6 -0.2321 -0.25)1 -0.2321 -0.1766 -0.1100 -0.05◄ 0 -0.0192 - 0 . 003' -0 . 0002 
-0.0001 -0.0051 -0. 0ll ◄ -0 .0912 - 0 . 2011 -0.)429 -0. ◄ 565 -0.5013 -0 . ◄ 566 -0 . ) ◄ 29 -0. 2011 -0.0973 -0.031 ◄ - 0 . 0051 -0 . 0001 
- 0 . 0000 - 0. 0028 -0. 0266 - 0 .0990 - 0 . 2315 -0.)991 -0. 5'4 6 - 0 . ,021 -0 . S ◄◄ 6 -0 . 3991 - o . 2315 - 0 . 0990 -0 . 0266 -0 . 0021 -0.0000 

0 . 0000 -0.000 ◄ -0.0101 -0 .0566 -0 .1566 -0.29'5 -0 . ◄ II ◄ -0. ◄ 614 -0. ◄ UI ◄ -0. 29◄ 5 - O.IS66 -0 . 0566 -0 . 0107 -o . 000 ◄ 0 .0000 
0 .0000 -0 . 0000 - o . 0012 -0.010 -0. 0569 -0.1261 -0 .1950 -0.2231 -0 . 1950 -0 . 1261 -0.0510 -0.01 ◄ 8 -0.0012 -0.0000 0 . 0000 
0.0000 0. 0000 - 0 . 0000 -0. 0005 -0.0073 -0.02,0 -0.04)5 -0.0525 -0 .0 ◄ 35 -0.02 ◄ 0 -0.0013 -0.0005 -0. 0000 0.0000 0 . 0000 
0 . 0000 0 .0000 0 .0000 0 . 0000 -0. 0000 -0 . 0003 -0.0014 -0. 0021 -0.001 ◄ -0.0003 -0 .0000 0 . 0000 0. 0000 0 . 0000 0 .0000 

Ta.ble 8.30 Devia.t.ion (Analytic - Finite Difference) in calcula.tion of the u component of surface geostrophic wind (m/sec). 
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CASE I I.B - Ba.rotropic atmosphere. t il t ed (pa. r a.ll e l ) isobaric p la n es with ,:;,p(T) = 0, under T = Az + B 

-I.HU -1 . 99,3 -• . 9963 -1. ,,,1 ... . ,,,1 -I . HU - 1.99'3 -1 . 99'3 -I.HU - 1. 9963 ... . 1963 - I . HU --e . ttu -I . tt,3 
-I .,,,1 -1 . tt,3 --e . t9'3 - • . t9'3 --e . ,u, -I.HU --e . Ho -I . HU .... ,,,1 -I.HU --e . HU -I . t9'3 -1.,,,1 -•. ,,,1 
-1 . 19'3 - 1 . tt,3 -1 . 9963 - • . 19'3 --e . Hu -I.HU --e.HU -I.HO - I . tffl -I . HU --e . 9963 -1 . tt,3 .... ,,,1 - 1.tt,1 
... . ,9'3 -• . ,,,1 -e . ,,,1 -I . HU ... . ,,,1 -I . HO ... . 190 -I.HO --e.HU -I . HU -1.1963 -I . HO 

__ _ ,,,] 
-I . HU 

-l . tt63 - I . HU ... . 19'3 -•. 19'3 ... . ,9'3 -I . HU -4 . HU -I.HO -4.ttU -1 . tHJ -4 . tUJ -I . HO --e.HU -I . HU 
➔ . tt6J -1 . ttU -1 . 9963 -I . HU -I . HU -I.HU ➔ .9UJ -I . HO -1 . 99'3 -1 . 99'3 ➔ .t9'l -I.HU - • . t9'3 -I . HU 
--e . tto -1.99'3 -, . ,,,3 - 1 . 99'3 --e . HU -I.HU --e.Ho -1 . tHl ... . ,,,1 -I.HU --e.HU - 1 . Hu -4.tKJ -l . t9'3 
-1.ttO -l.t9'l ... . ,,,1 -I . HU -4 . HU -1 . tHl ➔ .9HJ -I . HU --e . tto -1.tUJ -4.HU -I.HU --e . tto -l . t9'3 
-4 . HU -1.H,3 -I . HU - I . HU ➔ . tHl -1 . tHJ --e.tto -I . HU -1 . 190 -I . HU ➔ .HU -I . HU --e . 99'3 -I.HU 
➔ .99'3 -I.HU -I . HU -I . HU --e.tto -1 . tHJ --e . ttu -I . HU --e . tto -1 . tHJ ➔ .HU -• - H,l -4.HU -1 . Hu 
-1 . tHJ -I . HU -1 . 9963 - I . HU -4 . tUJ -1 . tHJ -4 . tKJ -I . HU --e.HU -I . HU ➔ .HO -I . HO --e.tuJ -I . HU 
-I . t9'3 -I . HU -I .tt,1 -1.ttu --e . tKl -I.HU ... . ,u1 -I.HU ➔ .tffl -1 . tUJ -I . HU -1 . Hu ➔. tffl -I . HU 
➔ . HU -1 . t9U -I . HU - I . HU ➔ .Hu -1.Hu -4 . tffl -I.HU -4 . tffl -1 . tHl --e . ttu -I.HU -4 . HU -I . HU 
-4 . t90 -l . tt63 -l . t9'l -l . t9'3 ➔ . HU -1.tHl --e.HU -1.H,1 -4.tUl -I.HU --e.ttn -I.HU ➔ .t9'3 -I . HU 
-I . HU -•. ,,,1 -• . ,,,1 -• . 9963 -I . tffl -, .• ,u -e .,,,1 -• . 1963 --e.tKl -I . H6J --e.HU -•. ,,,1 ___ ,,,, 

-•- .,,1 
-1 . 9963 -•- ,,,1 - • . 9963 -•. ,,,1 -4 . HU -1.11'1 .... ,,,1 -•. ,,,1 -l.tU3 -• -,,,1 -1.1963 - I . HU ➔ .tMl -• . ,,,1 
- 1 . 9963 - • . 9963 - • . 9963 - • . 9963 - • . t9'3 - I . HU -I . 9963 - • . 9963 - •. 9963 -1 . 99'3 -t . 9963 - • - 9963 -•. ,,,1 -1. ,,,1 

Table 8.31 Analy t ic v compo n e nt of surface geos t rophic wind (m / sec) . 

... . ,,,1 - 1 . tt,3 -•. 9963 - 1 . 99'3 -•. 99'3 -• - H,1 -4.HU -I . HU -I . HU -• . t9'3 -I.HU - 1 . tHl -I . tffl -I.HU 
➔ . tt,) - 1 . 99'3 -I . t9'3 -I . "'5 -• . 9965 -• . tt'-4 - 1 . n,1 -• . ,,,2 --e . t961 -1. n,2 -I . t9'3 - 1 . 9963 ... . ,9'3 -1 . ttU 
-• . t9'3 -1 . 99'8 -4 . 9991 -9 . 0015 -9 . 000) -l . tt1' -4 . ttU -1. H51 -1 . 9924 -I . ttl2 ... . .. 1, -• . H5t -1 . ttU -1 . 99'3 
- 1 . 991' - 9 . 0071 - 9 . 0231 -9 . 0279 - 9 . 015' -9 . 001' --e . HU - 1 . ttll .... 9172 -• . 9'50 ➔ .9'91 - 1. M57 -• . tt51 - 1 . 9''3 
-t . 0112 -, . 0532 - 9 . 0957 -9 . 0940 - 9 . o5o, -9. 0104 -4 . 99'3 -I . M24 -1 . 9 ◄24 - l.ltt2 -1.1974 -I.UM --e . t11' -1 . 9'51 
-t . 05)5 -t.1534 - t . 2215 -1 . 2051 - t . lOH -t.02◄ 1 ... . ,,,4 -• - 9'17 ..... "4 -1. 111◄ -1 . 1650 - I . Utt -4 . Ut4 - 1 . Mto 
-t.1235 -t . 2911 -9 . 3971 - 9 . 3402 -t . 173' -9.0403 ... . ,,,4 - • . 9527 -1 . lltt -1.,53' -1 . s,u -•- 7020 --e . U91 - •- 9724 
-9 . 1920 -t . ◄ 151 -9.5422 -9 . 4541 - t . 2292 - t . 053, -1 . H64 -e.UM -1.7'44 -•- 5400 ➔ . 4520 - 1 . 5712 -1 . 101 ◄ -• - t521 
- 9.2207 -, .• ,s, - 1 . 5999 -t . ◄ 119 - 9 . 2510 -9 . 0519 -l . tH4 -l . t3 ◄2 -a. 1421 -• . 05) -l . lM5 -• . 5211 --e. 7721 - 1 . Mlt 
- t . 1920 -9 . 4151 - 9. 5423 -t . 4541 -9 . 2292 -, . 0536 --e.tt'4 -I . UM -1 . 7'44 -1 . 5400 ➔ • ◄ 520 - • . 5712 ... . ,01 ◄ - • - 9521 
- t . 1235 -, . 2911 - 9 . )971 -, . 3403 - t . 173' -9 . 0403 ...... ,4 -•. 9527 ➔ .1191 -1 . '53' -I.SHI -I. 7020 ... . ,01 -1 . t724 
- 9 . 0535 - 9 . 1534 - 9 . 2215 -9 . 205 1 - 9 . lOU -t . 02 ◄ 1 -1 . 99'4 -1 . 9'17 ...... ,4 -1 . 7114 --e . 7'50 - 1 . lltt -1.93'4 -1 . Mto 
- t . 0112 -9 . 0532 - 9 . 0t57 -9 . 0940 - 9 . 050' - 9.0104 ➔ . tt'3 -1 . M24 -•. 942◄ -1.1992 -I . UH - 1 . 9391 ... . ,.1' - 1 . U51 
-1 . 1916 -1.0011 - 9 . 0231 - 1 . 0219 -t , 0156 -9.001' -I . tt6l -• . 1911 -e . 1112 -1 . ,,so -1 . ,,,. - 1 . MS"J -• . 1951 -I . HU 
-I . '"3 -• . 9968 - • . 9991 - 9 . 0015 - t . 000 3 -• . tt1, -•. t9'3 - • . 9951 --e . tt24 -1 . 9912 -• . 9936 -1. 9959 -4 . 990 - 1. nu 
- • . 9963 - 1. 9963 - • . 996 3 - 1 . 9965, - 1 . 9965 - • . 196◄ -1 . 996) - • . 9962 -1 . 9961 - • . 9962 - I . HU - I. 99,3 - • . 9963 - 1 . 99'3 
- • . 9963 _, . 9963 - 1 . 9963 - • . 99 63 - 1 . 9963 - 1 . 996) - 1. 9963 - •. 9963 -1. 9963 - • . 9963 - 8 . 996 3 - • . 99,3 - I . 99li3 - 1 . 99 '3 

Ta.ble B.32 Finite Difference v compone nt o f s urface geostrophic wind (m / sec). 

0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 O .0000 0 . 0000 0 . 0000 0. 0000 
0 . 0000 0 . 0000 0.0000 0 . 000 1 0 . 000 2 0 . 0001 0 . 0000 - 0 . 0001 --0 , 0002 - 0 . 0001 --0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0.0000 0 . 0004 0 . 002 8 0 . 0052 0 . 0040 0 . 0012 0 . 0000 -0 . 0012 -0 . 001, - 0 . 0051 -0 . 0021 - 0 . 0004 --0 . 0000 0 . 0000 0 . 001 2 0 . 0108 o . 02,e 0 . 0315 0 . 01'3 0 . 0053 0 . 0000 -0 . 0052 --0 . 0191 - 0 . 0313 -0 . 02" -0 . 0106 --0 . 0012 - 0 . 0000 
0.01 ◄ 9 0. 05'9 0 . 099◄ 0 . 0916 0 .050 0 . 0140 0 . 0000 - 0 . 0139 --0 . 0539 - 0 . 0971 --0.0Ht -0 . 05'6 -0 . 0141 - 0 . 0005 
0 . 0 572 0 . 1571 0 . 2322 0 . 2018 0 . 1104 0 . 0271 0 . 0000 -0 . 0276 --0 . 1099 - o . 2079 - 0 . 2313 - 0 . 15'4 --0 . 05'9 --0 . 0073 
0 . 1271 0 . 295 3 0 . ◄ 008 0 . 3439 0 . 171 2 0 . 043' 0 . 0000 - 0. 007 --0.11'5 -0 . 3 ◄ 27 --0 . )995 -0 . 2'◄ 3 --0 . 12" - 0 . 0240 
0 . 195 , 0 . ◄ 19 ◄ 0 . 54 5 9 0 . 4511!1 0 . 232 9 0 . 0573 0 . 0000 - 0 . 0570 --0 . 2319 -0 . 45'3 -0 . 54 ◄ 3 -0 . 4111 --0 . 190 - 0 . 0 ◄ 3 5 
0.2 2H 0 . 4696 0 . 603' 0. 502, 0 . 254' 0 . 0,25 0 . 0000 - 0 . 0,22 --0.2537 - 0 . 5010 --0 . 6019 - 0 . 402 -0.223 5 -0 . 052◄ 
0 . 195 6 0. ◄ l t 5 o . 5459 0 . 4571 0 . 232 9 0 . 0573 0 . 0000 - 0 . 0570 --0 . 2319 - 0 . 45'3 --0 . 5443 - 0 . 4112 --0 . lMt - 0 . 005 
0 . 1271 o . 2954 0 . 4008 0 . 309 0.177 2 0 . 0◄ 39 0 . 0000 - 0 . 007 --<> . 1765 - 0 . 3427 -0.3995 -0 . 29◄ 3 --0 . 12" - 0 . 0240 
0. 0572 0 . 1571 0 . 23 22 0 . 2018 0 . 1104 0 . 02 71 0 . 0000 - 0 . 0276 --0 . 1099 - o . 2079 -0 . 2313 - 0 . 15'4 --0 . 05'9 -0 . 0073 
0 . 0 1 0 0 . 05'9 0 . 0994 0 . 0977 0 . 050 0 . 01 ◄ 0 0 . 0000 - o. 0139 --0 . 0539 - 0 . 0971 -0.0919 - 0 . 05'6 --0 . 01 ◄ 7 - 0 . 0005 
0 . 001 2 0. 0108 0 . 0 2'8 0 . 031 5 0 . 01'3 0 . 0053 0 . 0000 -0 . 0052 -0 . 01'1 - o . 0313 -0 . 02'6 - 0 . 0107 --0 . 0012 -0 . 0000 
0 . 0000 0 . 000◄ 0 . 0 02 1 0. 00 52 0 . 004 0 0.0012 0 . 0000 - 0 . 00 1 2 --0 . 003' - 0 . 0051 - o . 0021 - 0 . 0004 --0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0001 0 . 0002 0 . 0001 0 . 0000 - 0 . 000 1 - 0 . 000 2 - 0 . 0001 - 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0 000 0. 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

Table B.33 Deviation (Analytic - Finite Difference) in calculation of t he v component of surface geostroph ic w i nd (m / t.cc). 
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CASE II.B _ Ba.rolropic a.tmosphcre - tilted (pa.ra.llcl) isoba.ric planes with Vp(T) = 0, unde r T = Az + B 

10 . 009) 10 . 009) 10 . 0011 10 . ootJ 10 . 001) 10 . 00t) 10 . 009) 10 . 009 ) 10 . 009) 10.009) 10 . 009] 10 . 009) 10 . 001] 10 . 009) 10 .009) 
10 , 009] 10 .oou 10 . oon 10 , 00U 10 . 00U 10 , 009) 10 . 009) 10 . OOtl 10 . 00U 10 .oon 10 .oon 10 . OOtl 10 . 009) 10 . 001) 10 . 009) 

10 . 00tl 10 . oon 10 . 00tl 10 . 00U 10 . oon 10.oon 10 . 00tl 10 . 0091 10 . 009] 10 . 009] 10 . 0091 10 . 009l 10 . oon 10 . 009] 10 . 0093 
10 . 001) 10 , 009) 10 . oon 10.oon 10.00U 10 . 009) 10.0011 10 . 009) 10 .oon 10.oon 10.00U 10 . 00U 10 . oon 10 . 00U 10 . DOU 

10 , 00tl 10.009] 10 . oon 10 . oon 10.oon 10.oon 10 . OOtl 10 . 00tl 10 . OOtl 10.009] 10 .oon 10.00U 10.oon 10 . oon 10 . 009] 
10 . oon 10 . oon 10 . 0091 10.00U 10 . 00U 10 . 00U 10.oon 10 . oou 10 . 00U 10 . 0091 10 . 0091 10 , 009] 10 . oon 10.00U 10 . 0091 

10.oon 10.oon 10 . oon 10 . 009] 10 . 0091 10 . oon 10 . 00,J 10 .oou 10.oon 10 . oon 10 .oon 10.0091 10 . oon 10 . 009] 10 . 00U 
10 . 0091 10.00U 10 . 0091 10.00U 10 . oon 10 .0091 10.00tl 10 . 00,l 10 . oon 10.oon 10 . oon 10 . 00U 10 . 0091 10.00U 10.oon 

10 . 00U 10.oon 10 . 009] 10 . 00U 10 . OOtl 10.00U 10 . 00tl 10.oon 10.oou 10.oon 10 .oon 10 . oon 10 . oon 10 . 00U 10 . 00,, 
10 . 0091 10 . 00U 10 . oon 10 . oon 10.0091 10 . 0091 10 . oou 10 . oon 10 . 0091 10 .oon 10 . 0091 10 . 0091 10.oon 10.0091 10 .0091 

10.oon 10 . 0091 10.oon 10 . 00U 10 . 00U 10 . 0091 10 . 0091 10.0091 10 . 0091 10.0091 10 . 0091 10 . oou 10 . 0091 10 . OOtl 10 . 0091 
10 . 0091 10.0091 10 . oon 10.oon 10.0091 10 .oon 10.oon 10 .oon 10 . oon 10 .oon 10 . oon 10.oou 10.00U 10.0091 10 . 0011 

10 . 009] 10 . oon 10.00U 10 . 00tJ 10.009] 10.oon 10 . 00U 10.oou 10.oon 10.oou 10.oon 10 . 009] 10 . 009] 10 . 00U 10 . 009] 
10.00U 10 . oon 10 . 00U 10.oon 10 . 00U 10 . 0091 10 . 00U 10 . 0091 10 . 009) 10 . oon 10 . 0091 10 . oon 10.oon 10.009] 10.009] 

10 . 0091 10 .oon 10.0091 10 . 00U 10 . oon 10 . 00U 10.00U 10.oon 10 .oon 10 . oou 10 . 00tl 10 . oon 10 . 009] 10.oon 10 . oon 
10 . 0091 10.0091 10 . 00U 10 . 00,1 10 . oon 10.oon 10 . oon 10 . oon 10 . oon 10 . 0011 10 . 00U 10.oon 10 .oon 10 . 00,1 10 . 0091 
10 , 0091 10.oon 10 . 00U 10 .0093 10 . 0091 10 . 0011 10 .oon 10 . oon 10 .oon 10 .0011 1O . DO93 10. 0091 10 , 0091 10 . 0091 10 . 0091 

Ta.blc B .34 Analytic surface geos t rophic wind velocity (m / scc). 

10 . 0093 10 . 0093 10.oon 10 . 0093 10 . 00U 10 . oo,s 10.0100 10 . 0103 10 . 0100 1O . OOtS 10 . 009) 10 . 0093 10 . oon 10 . oon 10 . 00U 
10 . 0091 10.009) 10 . 00U 10 . 009' 10 . 0121 10 .0201 10 . 0216 10 . 0l2S 10 . 0285 10 .Oltt 10.0US 10 , 009' 10 .oon 10 . oon 10 . oon 
10.00U 10 . oon 10 . 0101 10 . 0114 l0 . 0192 10 . 0692 10 . on, 10 . 10,. 10 . 09S4 10 . 0,21 10 . 02H 10.0114 10 . 00,s 10.00tJ 10 . 00U 
10 . 00t l 10 . 010, 10.02]1 10 . 0S<l4 10 . 101] 10 . u91 10.204' 10 . 22]1 10 . ltS4 10 .12s2 10 . 0S12 10 . 010, 10 . 004S 10 . 0014 10.oon 
10 . 0091 10 . 021, 10 . 0122 10 . 1421 10.2001 10 . 2ltl 10.2124 10 . 2uo 10.2419 10 . 10, 10 . 02'9 9 . 9'0 9 . tlOJ t . HlJ 10.000 
10 . 01'0 10 . 0UO 10 . au 10.uo1 10 . nu 10.2'25 10.242S 10 . 219' 10 . 1131 10.0,15 , .,111 t . 1460 t.UJO t.t605 10 . 0021 
10 . 0111 10.12ss 10 . 2Ut 10 . J941 10.J"t 10 . 24'S 10 . 1S2S 10.1214 10 . 0146 t . Ull t . 1S21 ' ·"" t . 1S43 ,.,ns t . Hlt 
10 . 0417 10 . l"l 10 . 1902 10 . 5016 10 . 4.,-44 10 . 2JIO 10 . oes, 10 . 0>0 , . ,.,s , . 1211 t . '140 t . S29S ,.,n, t . tJSl ,.no, 
10 . 0S'1 10 . 211s 10 . 4JJS 10 . 55Sl 10 . 404 10.2JII 10 .ou, 10.oot◄ 9. tSJS , . 1120 t . HIS t . 4121 t.S901 ,.100 t.t'2J 
10 . 041, 10 . USO 10 . JISI 10.00 10 . 4111 10 . 2004 10 . 0J'1 t . tl22 9 . 9JJ2 t . 1119 9 . Slll t . 51'1 t.'32t t.tJ40 t.tl02 
10 . 0110 10 . 1221 10 . 2'1S 10 . J4U 10.213l 10 . 0940 t . t491 9.9001 t . 1102 t.111, , . ,s12 t . '214 t. lJlO t.1940 t.tlll 
10 . 01s, 10 . 0SH 10 . l]lJ 10 . 1112 10.109' t.t'41 t . 102 t.1000 t . l92S 9 . 101 t . lll l t.lSU t.tS51 ,.,s,o 10 . 0027 
10 . OOH 10 . 021s 10 . 040 10 . osu t . tMI t . 1901 t . 7tSI 9 . 160◄ ,.1101 9.1914 9 . 1219 t ,1112 t . t40 ,_,,., 10 . 000 
10 . 0091 10 . 0103 10 .010 10 . 00U t . tlOJ t . t014 t.lJIO t . llJO 1 . 121 ◄ ' ·'"· 9 . t l l4 t . t601 t . 9951 10.0011 10.00tJ 
10 . 009J 10 . 009) 10 . 00t2 10.00S4 t . tlt2 t . t5U t.t2'S t . 91JJ 9 . 920 , . ,so, 9 . 1199 10 . 0004 10 . 0014 10 . 00tJ 10 . 0091 
10 . 0091 10 . 0091 10 . 00U 10 . 0091 10 . 00'2 t . tHO t . t904 ' · '"s t . 9902 9 . 9911 10 . oo,o 10 . 009 1 10 . 009] 10 . 00tJ 10 . 009] 
10 . 009 ) 10 . 0093 10 . 009J 10 . 0091 10 . 0091 10 . 0092 10 . 0017 10 . 001◄ 10 . 0017 10 . 009 2 10 . 009) 10 . 0091 10 . 0091 10 . 0093 10.00tl 

Ta.blc B .35 F ini t.c Difference surface geost.rophic wind velocity (m / gec). 

-0 . 0 0 0 0 -0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 -0 . 0001 -0 . 000, -0 . 0009 -0 . 000, -0 . 0001 -0 . 0000 -o .0000 -0 .0000 -0 . 0000 -0 . 0000 
-0 . 0000 -0 . 0000 -0 . 0000 -0 . 0002 -0 . 003] -0 . 0101 -0 . 0ltl -0 . 0212 -0 . 0191 -0 . 0104 -0 . 0031 -0 . 0002 -0 . 0000 -0.0000 -0.0000 
-0 . 0000 -0 . 0000 -0 . 0009 -0 . 0090 -0.0291 -0 . 0Stt -0 . 0Hl -0 . 1002 -0 . 016 1 -0 . 0S21 -0 . 020, -0 . 00 ◄ 0 -0 . 0001 0 . 0000 -0.0000 
-0 .0000 -0 . 001) -0 . 0l ◄◄ -0.0491 -0 , 0919 -0 . 14tt -0 . 1,SJ -0 . 2144 -0 . 1,,0 -0 . 1151 -0 . 0 ◄ ll -0 . 0012 0 . 0049 0 . 0009 0.0000 
-0 . ooos -0 . 014' -0 .0,2, -0 .lJ29 -0 . 1901 -0 . 22tl -0 . 201 -o .2u, -0.2lH -0 . 1143 -0 . 0llS 0. O◄◄ 5 0 . 0190 0.0120 o.ooos 
-0 . 00'1 -0 . 0Sll -0 . 1S51 -0 . 2514 -0 . 219S -0.2Sll -0.2332 -0 . 2JOO -0 . 1144 -0 . 0SII 0 . 0,1, 0 . 1']] 0.12'3 0 . 04U o . oo,s 
- 0 . 0 2 111 -0 . 11'1 -0 . 2745 -0 . 1141 -0 . 151' -0 . 2)12 -0 . 1432 -0 . 1141 -o .o,s1 0 . 011 2 o . 2s,s O. ll21 0.2SSO 0 . 1111 0 . 0215 
-0 . 0)9◄ - 0 . 11'1 -0 . 1101 -0 . 4'92 -0 . C 2Sl -0 . 2211 -0 . 016' -0 . 021' 0 , 02SI O. Hll2 O. l9Sl 0 . 4791 O. llll 0 .1142 0 . 0190 
-0 , 0 ◄ 1 41 -0 . 2021 -0 . 4241 -O . S4SI -0 . 4S40 -0 . 229S -O . OS'2 -0 . 0000 O.OSSI 0.227 ◄ 0 . ◄◄ 71 O. SJll 0 . 418' 0.2004 0 . 0411 
-0 . 0)9) -0 . llS l -0.11,◄ -O. ◄ 176 -0 . ◄ 0 1 1 -0 . 111 1 -0 . 02,1 0 . 021 1 0 . 01,2 0 . 227 ◄ O . ◄ 2O7 0 . ◄ 927 0 . 11,s O. llSJ 0 . 0191 
-0.021' -0 . 1121 - 0 . 2Sll -0.1390 -0 . 209 -0 . 014' O. OS9' 0 . 108' 0 . 1192 0 . 23S l O. lS'1 0 . 1119 0 . 2123 0 . 11S4 0 . 021' 
- 0 . 00" -O . O ◄ 9 2 - 0 . 1219 -0 . 1'11 -0 . 1001 0 . 0441 0 . 1"1 0 . 209◄ 0 . 21,, 0 .2 451 0 . 2116 0 . 2SOS 0 . 1S4l 0 . 0Sl4 0 .00" 
- 0 . 000 5 - 0 . 012 1 - 0 . 019' - 0 . 04'8 0 . 010s 0 . 1190 0 . 211' 0.2 ◄ 89 0 . 239J 0 .2 119 0 . 1814 0 , 1)22 o . o,2s 0.014S 0 . ooos 
-0 . 0000 -0 . 0009 -0 .0050 0.000, 0 . 0191 0 . 1010 0.1114 0 . 19'1 0 . 111 0 0. l ◄ lO 0 . 0960 0 . 0 ◄ 14 0 . 0141 0.001) 0 . 0000 
- 0 . 0000 -0 . 0000 0 . 000 1 0 . 00)9 0 . 0202 O. OSI) 0 . 0121 0 . 09'0 0 . 0150 0 . 058◄ 0 . 0295 0 . 0090 0 .0009 0 . 0000 -<1 . 0000 
-0.0000 - 0 . 000 0 0 . 0000 0 . 000 2 0 . 00]1 0 . 0101 0 . 0119 0 . 022 9 0 . 0191 0 . 010 1 0 . 003) 0 . 0002 0 . 0000 -0 . 0000 -0 . 0000 
-0. 0000 - 0 . 000 0 - 0 . 0000 -0 . 0000 0 . 0000 0 . 0001 0 . 000, 0 , 0009 0 .ooo , 0 . 0 001 0 . 000 0 -o . 0 000 - 0 . 0000 - 0 . 0000 -0 . 0000 

Ta.hie 8.36 Devia.tion (Ana.lytic. Finite Difference) i n ca.lcula.tion of surface geos t rophic wi nd velocity (m / sec). 
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CASE III.A.I . Ba.rocl inic atmosphere - with <lpT = 
[ 1.0 • 10-

5 
C

0 /rn] (R) ~ ,undcrT=Alnp+Bo + Co(:r -:r) 

- ◄ • Jlll -◄ . ]111 -4. Jl71 -4.Jl7t -4.Jl71 - 4 . H71 -4 . Jl7t -4. Jl7t -4. H71 -4. Jl7t -4.H71 -4. Jl7t -4 . Jl71 -4.Jl7t -4. Jl71 
-4. Jl71 -4. ,.,. -4. Jl7t -4 . H71 -4 . 3171 -◄. Jlll -4 . H71 -4 . 3171 -4 . Jl7t - 4. Jl71 -4.317t -4. Jl7t -4.Jl71 -4. Jl7t -◄• Jlll 
-◄• ,,,. -4. 317t -4 . Jl7t -4. Jl7t -4. H71 -4. Jl7t -4. 317t ~.H71 -4. Jl7t -4 . Jl7t -4.Jl7t -4.Jl7t -4. Jl7t -4. 3171 -4.Jl7t 
-4 . H71 -4. H7t -◄ . 3111 -4. Jl7t -4 . 3171 -◄ • Jl11 -4. Jl7t -4 . Ja71 -◄ • 3171 -4. 317t -4. Ja7t -4.317t -4 . Jl7t -4.Jl71 -4.Jl7t -4 . Jl71 -4.3171 -4. Jl71 -4.Jna - 4 . Jl7t -4.317t -4.Jl7t -◄- ,.,. -◄ .)Ill -4.H7t -4. ,a1a -4. 317t -4.)171 -4.Jl7t -4. Jl7t 
-4. 3171 -4. 3171 -4. Jl7t -4.Jl7t -4.Jl7t -4. Jl7t -4.Jt71 -4 . Jl7t -4. Jl71 -4 . 3171 -4.Jl7t -4 . Jl7t -4 . Jt7t -4 . 3171 -4.3171 
-◄ . 3111 -4 . Jl7t -4. 317a -4.3171 -4 .Jl7t -4. 317t -4. 317a -4.3171 -4. ,.,. -4 . Jl7t -4 . Jl7t -4. Jl7t -4.Jl7t -4. 3171 -4 . Jl71 
-4. sa1a -4. Jl7t -4. ,a1a -4. Jl7t -4. 317t -4.J17t -4.Jl7t -4. 3171 -4.Jt7t -4.J17t -4 .Jl7a -4.3171 -4. Jl7t -4. Jl7t -4. 3171 
- 4 . 317a -4.Jl7t -4. Jl71 -4. Jl7t -4 . 3171 -4. Jt71 ~ . ,an -4. Jl7t -4. 317t -4. Jt71 -4. 3171 -4. 3171 -4. 3171 -4 . 3171 -4. Jt71 
-4. 3t71 -4.Jl7t -4. 317a -4. Jl7t -4 . 3171 -4 . Jl71 -4. 317t -4 . Jl7t -4. Jl7t -4. Jl7t -4. Jl71 -4 .3171 -4. 3171 -4 . Jl7t -4 . Jl71 
-4 . Jl7t -4. 317t -4 . 3171 -4. 3171 -4.317t -4.Jl71 -4. Jl7t -4.Jt7a -4 . 317t -4. 3171 -4.3171 -4. Jl7t -4 .3171 -4.3171 -4. Jt71 
-4. 3171 -4 . 3171 -4. 3171 -4. 3171 -4. 3171 -4 . 3171 -4 . JI 71 -4 . 3171 -4.3171 -4. 3171 -4 . Jt11 -4. Jl7t -4. 3171 -4. 3171 -4 . Jl7t 
-4. 3171 -4 . Jl71 -4.3171 - 4 .Jl71 -4. Jl7a -4 .3171 -4. Jl71 -4. Jl7t -4. 3171 -4.3171 -4.3171 -4.3171 -4. Jl71 -4. 3171 -4. J171 
-4 . 3171 -4. 3171 -4. 3171 -4.Jl71 -4.3171 -4. Jl7t -4. 3t71 -4. 317t -4 . 3171 -4. 3171 -4. 317t - 4. 3171 -4. Jl71 -4 . Jl71 -4 . Jl7a 
-◄ • )111 -◄. )111 -◄ .3111 -◄• ,.,. -◄ . )111 -◄ . ,.,. -◄ .Jlll -◄ .Jlll -◄ .3111 -◄• ]Ill -4 . 3171 - ◄ . 3171 -4. 317t -4. Jl71 -4 . 3171 
-◄. 3178 -◄ . 3871 -4 . 3171 -4. 3171 -◄. Jlll - ◄ • 3111 -4. 3171 -◄ • 3111 -◄. )1118 - ◄ • 3111 -◄ . )Ill -4 . 3171 -◄• 3171 -4 . 3171 -◄. 3111 
- ◄ . 3111 -◄ • ltl11 -4 . 3171 - ◄ • 11'11 -◄ . 3e11 - ◄. llll -ill .,.,. -◄ . ]811 -◄. )118 - <1 . )811 - ◄ . 3178 -◄. 3111 -4 . 3178 -◄ . 3111 - ◄ • 3171 

Ta.hie B.37 Analytic u co mponent of s urface gcos trophic wind (m/sec). 

- 4 . 3871 -◄. 3171 -◄ . llll -◄ • ,.,. -◄. ,.,. -4. ,.,. - ◄ • ,.,. -4 . Jl71 -◄ . Jell -◄. ,.,. -◄• ,.,. -◄ . 3171 -◄ • ,.,. -◄• ]Ill -◄• )111 
-4. Jl71 -4.3171 -4.)171 - 4. )171 -4. Jl71 - 4 . Jl71 -4.)171 -◄ • )111 -4. Jl71 -4 . 3171 -4. )171 -4 .3171 -4 .Jl71 -4 . Jl71 -4. Jt71 
- ◄ . ]118 -4. Jl71 -4 . )171 -4. Jl71 -4.Jl71 -4. Jl71 - 4 .3171 -4. 317t -4 . 3171 -◄• )111 - 4 . 3171 -4. 3171 -4. Jl71 -4 . Jl71 -4. Jl71 
-4 . Jl71 -4 . Jl71 -4. 3171 -4. 317t -4 . Jl71 -4. ]171 -4 . Jl71 -4. 3171 -4. Jl7t -4.3171 -4. Jt71 -4. Jl71 -4 . 3171 -4 . Jl7 -4 . Jl7t 
-◄ . 3818 -4.3171 -4. Jl71 -4. Jt71 -4. Jl7t -4 . Jl71 -4.)171 -4. 3171 -4 . Jl71 -4.Jt71 -4. Jl7t -4. Jt71 -4.Jl7t -4.Jl7t -4 . 3171 
-◄. )111 -4. 3171 -4 . 3171 -4 . 3171 -4. Jl7t -4. 3171 - 4 . 3171 -4. 317a -◄. H'JI -4. J811 - 4 . 3171 -4. Jt71 -4. Jl71 -4 . Jl71 -4. Jl71 
-◄. 3111 -4. 3171 -4 . Jl7t -4 . Jl71 -4.Jl71 -4.Jl71 -4.3171 -4.3171 -◄. 3111 -4.Jl71 -4.3171 -4. J171 -4. Jl71 -4.Jl71 -4.3171 
-◄. 3118 -◄ . 3111 -4.)171 -◄ • 3111 -4. Jl71 -4 . 3171 -4.Jl71 -4. 317a -◄. 3111 -◄. 3111 -4.)171 -4 . Jt71 -4. Jl71 -4 .3171 -4.3171 
- ◄ . 3118 -◄• )111 -◄• l171 -◄• ]111 -◄• )111 -◄• )171 -◄ • ]111 -◄ • )171 -◄. ]111 -4. )171 -4. )111 -◄. )111 - 4 . ]171 -4.Jl71 -◄• ]171 
-4. 3178 -4. 3171 -4 . 3171 -4. 3171 - 4 . Jl71 - 4. 3171 -4.)171 -4. 317t -4.Jl71 -4 . 3171 -4. Jl71 -4 . 3171 -4. Jl71 -4 .3171 -4. Jl71 
- ◄ • 3111 -◄• 3111 -◄ . ]171 -◄. )171 -◄• )111 -4. Jl71 -◄. Jl11 -4.)171 -◄• 3111 -4. Jl71 -◄• )111 -◄. )171 -4.)171 -4.3171 -4 .317t 
- ◄ • 3118 -◄. 3111 -4 . 3171 -4 . Jl71 - 4 . 3171 -4.3171 -4.Jl7t - 4 . Jt71 -4. Jt71 -4. ]171 -4. Jl71 -◄. 3111 -4. Jl7t -4. Jl71 -4. Jl71 
- ◄ . 3111 - ◄ • 3171 -4. 3171 -◄• 3111 -4. Jl71 -4 . Jl71 -4. Jl71 -◄• 3111 -◄• )111 -4. 3171 -4. 3111 -◄• )171 -4 .3171 -◄. ]171 -4 . Jl71 
- ◄ • 3111 -4.3111 -◄ • 3871 -4 . 317t -4 . Jt71 -4 . Jl71 -4.3171 -4. Jl71 -4. Jl71 -4.3171 - 4 . 3111 -4. Jl71 -4. 3171 - 4.)171 -4.)171 
- ◄ . 3171 - 4 . 3171 -◄. 3171 -4. 3171 -4 . Jl71 -4 . Jl71 -4. Jl71 -◄ .3171 -4. 3111 -4. 3111 -4 . 3171 -4 . Jl71 -4. Jl71 -4. J171 -4.J171 
- ◄ . 3118 - 4 .)171 -◄. 3111 -4. 3811 -◄. 3111 -4 . 3811 -◄ • )111 -◄. 3111 -4. J171 -4. 3171 -4. 311'1 -4. 3171 -4 . 3171 -4.Jl71 -4. ,.,. 

-◄. 311'8 - 4 . )178 -◄. 3818 -4. 3171 - 4 . 3171 -4.3171 -4. 3171 -◄ • 381'1 -◄ . 3818 -4 . 3171 - 4 . 3171 -◄. 3118 -4. 3171 -4. Jt71 -4. )871 

Ta.ble 8 .38 Finite Difference u component of surface geostrop hi c wind ( m/ &ec). 

0 . 140, 0 . 0125 -0.03◄ 1' -0 . 0990 0.0349 0 . 2921 O.Jll3 0 . 1480 -0 . 045 2 0 . 3119 -0 . 0410 -0 . 0059 - 0 .2 113 0 . 1458 -0.2005 
-0. 1120 0 . 0 258 -0. 0543 0.0951 -0 . 1151 0 .2'11 -0.1355 0 .1 ◄ 11 -0 . 1120 0.11 ◄◄ -0. ◄ l ◄ 9 O. OGOl - 0 . 2014 0 . 01'5 -0 . 482 ◄ 

0 . 1121 -0.1779 0.2543 0 . 0493 0 . 1627 -0.2 ◄ 97 0 . 0001 -0 . 2559 0 . 2134 -0.2910 0.0'84 -0 . 11,1 0 . 1J,2 -0 . 1'11 0 . 3720 
0 . 1123 0 . 0003 -0. 0393 0 . 0543 0.2913 -0 . 0"1 0 .1 231 -0.1924 0 .1231 -0.0"1 0.2038 -0 . 1J45 0 . 19'7 -0 . 1029 0 . 3059 

-0.1'91 0 . 0728 - 0. 37" 0 . 0117 -0 . 0229 - 0 . 014' 0.0991 0.0790 -0 . 0191 0 . 2'86 -0.1173 0.0111 -0 . 140' 0.2379 -0. ,297 
-0 . 1030 0 . 1028 0.0537 0 . 0544 0 .1 934 0 .2100 -O.llJ9 -0 . 1991 0.1'94 0 .3044 0 . 004' 0 . 1411 0 .1 001 0 . 0014 0 . 0504 
-0.0176 -0.2013 0.21,5 -0.1'51 0 . 2192 0.0941 0 . 0022 -0 . 3'41 0 . 09'5 - 0 . 094' 0.26'4 -0 .0235 0 . 1'92 -0 . 2241 . 0 . Jl21 
-0 . 0122 0 .0014 -0.110 4 0 . 21H - 0 . 3274 0.1371 0 . 2249 0. 3250 -0 . 2 ◄ 71 0 .090, -0 . 1151 -0 . 022, -0.1104 0 . 0721 -0 .2 J35 
-0.0883 0 . 2273 -0 .1'21 0 . 2155 -0 .J037 0. 0503 -0 . 445J -0 .0 441 -0 . 2329 0 . 0915 -0 . 5110 0 . 1'83 -0 . 1739 0.1211 -0 . 2005 
0. 0095 -0.2 429 0 . 0451 -0 . 1837 0 . 2156 -0.08◄ 4 0 . 0181 -0 . 211' 0 . 39◄ 9 - 0 .3677 0 .2 ,21 0 .0052 0 . 0112 -0.1132 0 . 2957 

-0.082 4 0 .0894 0.1202 0 . 07'9 0 . 1'4' 0.3141 0 . 3117 0 . 21'5 0 . 0040 0 .1 008 0 .211 1 -0.0647 0 . 0730 -0 . 0216 0 . 21H 
0 . 040 o.o,e, -0 . 0003 0 .1406 -0 . 1171 0 . 1731 -0 . 2516 0 .205 9 -0 . 4465 0 . 1731 -0.211' -0 . 0481 -0 . 0475 0.0214 -0 . 1261 
0 . 2643 -0 .1373 0 . 099, -o. 01s, 0 . 0291 - 0 . 35'9 -0 . 0935 -0 . 0121 0 . 2142 -0.35'9 0.123' -0. 2,43 0 . 0052 -0.2012 -0.0271 
0 . 1538 0. 011 7 0.11'3 -0.1197 0 . 274 3 -0.3991 0 . 0112 -0 . 1791 0 . 2'01 -0. 2103 0 . 1100 -0.142, 0 . 1163 0 . 0147 0.0'33 
0 . 0580 0 . 0621 0 . 1410 0 . 0513 -0 . 1094 0 .1'15 - 0 . 2172 0 .2,1 , -0.371' -0.1689 -0.010 -0 .ou, -0.021' 0 . 3744 -0 . 1149 

- 0 . 3402 0 . 06'0 -0.1044 0.1200 - 0 . 4'29 0 . 1987 -o . 1 ,51 0 . 02◄ 3 -0 . 090 -0.1436 - 0 . 1791 0 . 0970 0 . 0159 -0.0552 0 .1501 
-0 . 1294 -0. 0584 -0.0735 - 0.284' 0 . 2020 -0 .3677 0 . 0113 -o . 02,1 0 . 4G03 -0.1157 0.2134 -0. 024' o . 15,5 -0.1115 0 . 1722 

Table B .39 Deviation (Ana.ly tic - Finite Difference) in calcu lation of the u component of s urface geostrophic wind (l0-
11

m/sec). 
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[

!.O•J0-
5

C
0 /m] (R) 

C A SE JII.A.1 • Ba.rocl ini c a. t mosphc rc. with VpT = 6 , under T = A 1n P +Bo + Co( % - z ) 

-1 ◄ .036◄ - 1 ◄ . 0J ◄ l -l ◄ . 0317 -l ◄ .02'3 -1◄ . 02,t -l ◄ . 02◄, -1 ◄ . 0222 -1 ◄ . 0191 -l ◄ . 011 ◄ -l ◄ . 0151 - 1 ◄ . 0127 - 1 ◄ .0103 -1 ◄ .0080 -1c.oos, 
-1 ◄ .0357 -1 ◄ . 0333 -1 ◄ . 010, -13 . U?l -13 . 70'3 -13 . ◄ 933 -13 . ◄ 011 -13 . 4181 -13.'970 - 13 . 9229 -l ◄ .0120 -l ◄ .0096 -14 .0012 -l ◄ .0049 
-l◄ . 0341 -1 ◄ .0102 -u.,4,4 -13.0101 - 12.33,◄ - 11.13)1 - 11-'4" - 11.1290 -12 .3279 -12.9975 - u . ,211 -13.to,s -14 .00'5 -14 . 004 1 
-14 . 0111 -13. 5010 -12. ◄ 902 -11.2555 -10.0t◄ 0 -, . 2122 -1.1151 -1. 2690 -10 . 0170 -11.2431 -12.4731 -13.4711 -13 . HJ ◄ -14 . 003 ◄ 
-u.,os -12.491' -10 .1225 -1.1111 -7.3221 -,.11s1 -5 . 1'51 -, . ins -7.31'9 -I.Kt? -10.1075 -12.4702 -U.'211 -1 ◄ .002, 

-IJ.0152 -11. 2571 .... ,1n -, . s121 -4 • ◄ 544 -J . 0049 -2 . 419' -J.0031 -◄ • 4512 - , . 5,sJ ➔.HH -ll.2JIS -12.HH -13 . 1105 
-12 . J ◄ ll -10.0970 - 7 .J2Jl -4.4544 -1.1510 -(1.2511 0 . J4H -0.2511 -1.15" -4 . 44K - 7.Jl21 - 10.0?tS -12 . JUS -13 . 6111 
-11.IJIS -1.2756 -,.11" -J.0044 -0 . 2510 I. 60,1 2-2"9 1.60'1 -0.2579 -J . 0011 -,.u11 -1 . 2515 -11.1151 -11.,10, 
-11 . ,su -•. 1791 -5 .1'0 -2 . 4HS 0 . > ◄ 5 ◄ 2.2'82 2.1481 2 . 2'73 0. J ◄ Sl -2. 4158 -5 . 7516 -1. KJS -11.001 -13.JIU 
-11 . IJ?t -1.2141 -,.1151 -J . 0021 -0 . 25,4 I. 601J 2 . 2u, I. 6011 -0 . 25'2 -2.1915 -, . 1"J - ,. 2519 -11.113, -13.4'91 
-12 . 3311 -10.on, - 7 . )200 -◄ . 4512 -1.1548 -o.2ss, 0 . J4'1 -0 . 2555 -l. lSJ4 -4 . ◄◄ '4 -7 .J0I? -10.01,s -12 . JlJS -13.nu 
-13 .0107 - 11. 2533 -1 . 1753 -, . s61, -◄ . 449' -J.0001 -2.4148 -2.1190 -◄ . 44'4 -, . s,06 -I. 1'28 -11 . 2331 -12.1141 -13.9061 
-13.,o, - 12.4156 -10.11,, -1. ,,2, -7 . 3151 -,.10◄ -5 . ?SIS -,.un -7 . Jl0I - 1 . KH - 10.1015 -12.4'0 -13.6151 - 13.19'1 
-14 . 0044 - 13 . 493, -12.4121 -11. 2411 -10.0164 - t .2'46 ➔ . tns -t.2'13 -10.0194 -ll.2J'3 -12.4,5' -13.4107 - u . 11,0 -13 . 1960 
-14 . 0260 -l ◄ . 0013 -13 . ,ns -l J.0011 -12 . J21◄ - 11 . 1240 - 11.075 -11. 1200 -12. 3111 -12 . NIS -13.'190 -13.tn, -13.111' -ll.tt52 
-1 4 . 0253 -14.0229 -14.0205 - 13 . 1267 -13.'959 -IJ . 4129 - 13 . J97J -13.4113 - 13 . '866 -IJ . 9125 -1 ◄ . 001' - IJ . 1992 -13.HU - 13.19◄ 5 
-14 . 0245 -1 4 . 0222 -14 . 0198 -l ◄ . 011◄ - l ◄ . 0150 -14.0127 - 14 . 0103 - 1 ◄ . 0079 -1 ◄ .0056 -l ◄ . OO32 -14.00011 - 13 . 1985 -13.19'1 - 13. 9931 

Ta.hie B . 4.0 Analytic v compo n e nt o f au rfa.cc gco~trophic win d {m/scc) . 

- 14 . 03'4 -1 ◄ .0J41 -14 .0317 -l ◄ . 0293 -1 ◄ . 0269 -1, . 02,, - 14 . 0222 -1 ◄ . 0lH -1 ◄ . 0174 - 14 . 0151 -14 . 0127 -1 4 .0103 -14.0010 -l ◄ . 0056 
- 14 . 0JS? -l ◄ . 0333 -14 .0081 -13.9029 -13 . 7108 - IJ.5252 -13.4494 -13. 5206 -13.701 ◄ - IJ . 1117 - 13 . 1891 -l ◄ .0096 -14 . 0012 -14.0049 
-l ◄ . 029◄ -13. 9254 -I J. 578 ◄ -IJ.0011 -12 . 3791 -11. 9123 -11. 7388 - 11. 9081 -12 . 3706 -12 . 1177 -13 .5600 -13.9019 -1 ◄ . 0009 -14 . 0041 
-13 . 1903 -13.3760 -12 . 4342 -ll.27J8 -10 . 1719 -, . 40J◄ -1 . 1229 -,. 4000 -10 . 1111 -11.2620 - 12 . 4171 -IJ. JSJ2 -13 . 1621 -ll.1911 
- 13 . 4566 -12.3638 -10.110 -, . 0257 -7.4417 _,_ 3591 -5.9702 -, . JS?◄ - 7.4443 -1.0160 -10. 1'JI -12.J425 -13 . 4211 -U.90'8 
-12 . 1079 -11. 1277 ... . ,os - , . '441 -4 . ,215 -3 . 231◄ -2.1 ◄ 70 -J.2371 -◄ . '179 -,.u73 ... . 134' -11. 1012 -12. 711' -13. 7023 
-12 . 1237 -9 . 1647 - 7 . 2994 -4.5475 -2.1573 -0 . 5330 0 . 0 ◄ 24 -0.SJ26 -2.1554 -4 . 5421 -7.2117 -1 . t◄ n -12 . 011, -13.4197 
-ll . '143 -l.1 ◄ 19 - , . 1su -J.1109 -0 . ◄ 715 1. J056 l. ll67 1. 3053 -o .nn - J .1070 -, . 101 -1.1255 -11.5901 - u.1u, 
-11 . ◄ 2, .. -• - •◄◄ 8 -5. 7503 - 2 . 5996 0 . 117' 1. 1s1, 2.6013 1.9571 0 . 1179 - 2 . SHJ -5.741, -1 . 1211 -11. 402' -u. 1001 
-11 . '128 -,. 1403 -,.1s'1 -3 . 1013 -o .nu l.J072 1.1393 l.J0O -o .nu -J. 105◄ -, . 10s -1 . 12)1 -11.511, -ll.1171 
-12 . 1207 - 1.1617 -7.2163 -◄ . S◄◄ l -2.15◄ 1 -0.5299 0 . 0457 -o. 52t◄ -2 . 1522 -4 . SJ90 -7 .2156 -l.t◄ 40 -12 . otH - u.41,1 
-12 . 10] ◄ -ll.12Jl -•. 1◄ 29 _, _ '400 .... . ,10 -J. 2337 -2 . 7422 -J . 2323 -4 . '131 -, . 02' -1.IJ00 -11.10)7 -12 . 7771 - U.'978 
-13 . 4507 - 12 . J578 -10. 7728 -9.019' -7 .4436 -,. 35]6 -5 . 9639 -,. 3512 -7 . 4381 -t.00M -10.7511 -12 . 33'5 -13.4232 -13. 9009 
-13 . 1829 - ll . J'86 -12 . 4267 -11.2662 -10.1113 -1. )158 - 9 . 1152 -,. Jt2◄ -10.1'41 -11.2544 -12.4096 -13. J458 -ll .15◄ 7 -ll. 990◄ 
-14.020◄ - 13 . 9165 -13.5'95 - 12 . 9921 -12 . J?0l -11. 9032 -11.1291 - 11.1991 - 12 . 161, -12 . 9787 -13.5510 - IJ . H30 -13.9920 - 13.9952 
- 14 . 0253 -1 ◄ . 022, -13 . 9977 - 13 . 192◄ -13.700 ◄ - 13 . 5141 -1 3 . 4390 - 13. 5102 -13.'910 -l J . 1713 - 13. 9787 -13.9992 -13 . 9968 -13.9945 
- 1 ◄ . 02 ◄ 5 -1 ◄. 0222 -I◄ . 0199 -1 ◄ . 011 ◄ -1 ◄ . 0150 -1 4 .0127 -14 . 0103 -1 ◄ . 0079 -1 4 .0056 - 14 . 0032 -1 ◄ . 0008 -1 3 . 9985 -13. 9961 -13. 9937 

Ta.blc B.4 1 Finite Difference v componen t o f surface gco s trophic wind (m/scc) . 

0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 
0 . 0000 0 . 0000 - 0 . 0229 -o. 03 ◄ 2 0 . 00◄◄ 0 . 0318 0 . 0417 0 . 0311 0.00◄ 4 - 0 . 0342 -0 . 0229 0 . 0000 0 . 0000 0 . 0000 

-0 . 0056 - 0 . 0848 -0 . 0680 - 0 . 0091 0 . 0 ◄ 28 0 . 0192 0 . 0922 0 . 0791 0.0 ◄ 27 - 0 . 0091 -0 . 0610 -0 . 0847 -0 . 0056 0.0000 
-0.1215 - 0 .1250 -0. 0560 0 . 0183 0 . 08 ◄ 9 0 .1 312 0 . 1477 0 . 1311 o . 08◄ 1 0 . 0181 -0.0561 - 0 . 1249 -0 . 1213 -0 . 0056 
-0 .1929 - 0.1279 -0 . 0436 0. 04 '' 0 . 1276 0 . 1141 0.20◄◄ 0 . 1139 0 . 1273 0.0463 -0.0 ◄ 38 - 0 . 1278 -0 . 1927 -0 . 0958 
- 0 . 2072 -0 .1302 -0.032 ◄ 0.072◄ 0 . 1671 0 . 2335 0.257 ◄ 0.2333 0 . l 6'7 0 . 0720 - 0 .0327 -0.1302 -0. 2070 -0.2082 
- 0 . 2181 - 0 . 1323 - 0 . 023 7 0 . 0931 0 .1 993 0 .21 ◄ 2 0 . 3012 0.2739 0.1989 0 . 0926 -0.0241 -0.132◄ -0 . 2110 - 0 . 2620 
- o . 2252 -0 .1338 - 0 . 0113 0 .1 065 0 . 220 ◄ 0 . JOU 0. 3303 0 . 3008 0 .21 98 0 . 1059 - o . 0119 -0 .13◄ 0 -0 .2250 - 0 . 2820 
-0.221, -0.1344 -0 . 0165 0 . 1111 0. 2278 0 . 3106 0 . 3405 0 . 3102 0. 2272 0 . 1105 -0 . 0170 -0.13 ◄ 6 -0 . 2275 -0 . 21, .. 
- 0 . 2252 -0 . 1338 -0 . 0113 o . 1065 0 . 2204 o . 3011 0 . 3303 0 . 3008 0 . 2198 0 . 1059 - 0 . 0118 -0. 13 ◄ 0 -0 . 2251 - 0 . 2820 
-0 .21 81 - o . 1323 -0 . 0237 0 . 0931 0 . 1193 o . 2742 0 . J012 0 . 2739 0 . 11 .. 0 . 0926 -(1 . 02◄ 1 - o .132◄ -0 . 2110 - 0 . 2'20 
-0. 2072 -0.1 302 -0. 0324 0.01 2 ◄ 0 . 1'71 0 . 2335 0 . 2514 0 . 2333 0.1'67 0 . 0120 -0 . 0327 -o. 1303 -0 . 2071 -0 . 2092 
-0.1929 - 0 . 1218 - 0.0436 0.0◄ 6' 0 .1276 0 . 11 ◄ 2 0 .2044 0 . 1140 0 .1273 0 . 0463 -0 . 0 ◄ 38 - 0 .12 78 -0 . 1927 -0 . 0958 
-0 . 1215 -0 . 1250 -0 . 0560 0. 0113 0 . 0849 0 . 1312 0 . 1477 0 . 1311 o .08n 0 . 0181 -0 . 0561 -0. 1249 -0.1213 - 0.0056 
-0 . oos, -0 . 09 ◄ 8 -0 . 0680 - 0 . 0097 0 . 0 ◄ 29 0 . 0792 0 . 0922 0 . 0191 0 . 0 ◄ 27 - 0 . 00'9 - 0.0680 -o . 08 ◄ 1 -0 . 0056 0 . 0000 
0 . 0000 0 . 0000 - 0 . 022 9 -0.03 ◄ 2 0 . 00 ◄ 4 0.0318 0 . 001 0 . 0319 0 . 0044 -o. 0342 - 0 . 0229 0 . 0000 0 . 0000 0 . 0000 
0. 0000 0 . 0000 0. 0000 0 . 0000 0 .0 000 0 . 0000 0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 0. 0000 0 . 0000 0 . 0000 

Ta.hie B .42 Deviation (Analytic - Finite Difference) in ca.lcula.tion of the v component of surface geos trophic wind (m / sec). 
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CASE Ill.A . I - Baroclinic atmosp here - with v'pT = ~ , un d er T = A In p + B 0 + Co(:r - :r< )) 

1 ◄• 1015 1 ◄ • 1063 1 ◄ . 1040 1 ◄ . 1011 l ◄ . 6tt5 l ◄ . ,,12 1 ◄ . ,"4t u.,,21 1 ◄ .6,0 ◄ 1 ◄ • ,111 l ◄ . 615t l ◄ . 6116 l ◄ . 611 ◄ l ◄ . 61tl 14 .,,,. 

1 ◄ • 1011 1 ◄ . 105• 14 . 10)) 1 ◄ . 1010 1 ◄ . ,115 1 ◄ . Jtl5 1 ◄ . 11 .. 1 ◄ . 101◄ 1 ◄ .ll◄ S 1 ◄ . JUl 1 ◄ . SMO 1 ◄ ... 29 1 ◄ ... 01 l ◄ . 611 ◄ 1 ◄ . '1'1 
1 ◄ . 1011 1 ◄ . 10◄ 1 14 . 611) 1 ◄ .JJ◄ § ll . lJOl lJ . OtJS 12 . '20◄ 12 . ◄◄ Sl 12 . ,1" lJ . OISS lJ.1111 l ◄ . JlO 1 ◄ . ,s11 1 ◄ . ,111 1 ◄ • ,1s ◄ 
14. 10,◄ 14 .,,2, 14 . 11'1 1J.2JIS 12 .0105 11 . oo,s 10.2510 t.ttol 10.2SS1 11.0000 12 . OHl 1J. 222◄ 1 ◄• 1 l◄◄ 1 ◄ . •ss1 1 ◄ . 61◄ 1 
l ◄ . 1051 l ◄ . lllS lJ . 2191 11 .,111 t . 19JI 1.SH2 1 . 5151 l . 2 ◄ SS l.SlJt 1.5]1 l I.HS◄ 11. .. ◄ J lJ . 2111 l ◄ .3111 1 ◄ .61◄ 0 
U . 61 '1' 1) . 1)◄ 9 12.0121 ,., .. , l • .02 ◄ , . 2s2s S . Jlll S . 0449 S.JllS , . 250J ' ·'"' , ... ,, 12 .06◄ 1 ll . lOtl 1 ◄ . 51'1 
1 ◄ . Jttl lJ . OM• 11.0012 1 . 5)71 , . 2s2s ◄ . 10◄ 9 ◄ . JIS ◄ ◄.◄ 012 ◄ .JIS ◄ ◄ . IO◄ J , . 201 I.S212 10.11)1 1J .01◄ 1 1 ◄ • J .. 1 
1 ◄ . Ull 12.'2•◄ 10.2'1I l .S1'S S . llll •. JIS ◄ ◄ .'121 ◄ . UH • • ,us ◄ . JIS◄ S . JUO l.SO◄ 10.2◄ '5 12 . ,ou 1 ◄ . 1'12 
1 ◄ . 111, 12 . ◄ §21 , . 9919 l.2 ◄ 61 S . O◄◄ ◄ ◄ . ◄ 01 ◄ .. ,, .. s.21 .. ◄ . IJIO ◄ . ◄ 014 S . O ◄ JO l. 2Jtl 9 . 9791 12 . ◄ JOJ 14 . Oil◄ 
14 . 1962 12 . 6250 10 . 2597 1.5152 S . JlO ◄ • JtSJ •.nJJ •. ,n, •• ,n1 4 . Jt5J S . JlSl l.S'91 10.2451 12 . ,022 14.1'51 
14 . 1162 lJ . OtSt 11.00'4 I.Sl44 6.2SOJ 4 . IOH 4 . JISJ ◄ • ◄OU 4 .JIS2 4 . IOJO 6 . 240 1 . s2s, 10 . Ito◄ ll.OlU 14 . 1'Sl 
1 ◄ .61J4 11. ,,o, 12 . 0115 , . 990 ◄ 1.IHS , . 2 ◄ 12 S . JIS◄ S . 0425 S . Jl41 ,.2.,, 1 . 1921 t.9192 12 .0405 1) . 1055 1 ◄ .Slll 
1 ◄ .1000 1◄ . JJll 1J . 2l◄ l 11 . 6125 , . 911] I . SJOt 1 _510, l .2 ◄05 1. s,11 1 . 52'4 ,.,,,, 11.,se1 ll . 2140 1C . JOS◄ 1 ◄ . , ... 
l ◄ . ,ttl 1 ◄ . ,1s1 l ◄ . le91 1J . 2J1 ◄ 12.0lJS 10 . u,s 10.2511 I.HJ ◄ 10 . 2 ◄ 12 10 . Hll 12 .ou, 1J . 21SJ l ◄ • 1 ,11 1,.,,., 1, . ,,1, 
14 . ,,., 14.,,,1 14 . ,121 14 . 12,0 lJ . 1222 1J . 01SO 12.,111 12 . ◄ JlJ 12 . ,011 1J .0110 1J . 109' l ◄ . JOI ◄ 14. ,so2 l ◄ .,,t2 l◄ ·'"'' 14 . ,979 u . ,,s, l ◄ . ,934 1,.,,11 1 ◄ .,01s 1 ◄ . )11' l ◄ . llet l ◄ . OtlS l ◄ . 11◄, 14 . )121 1 ◄ . s110 1 ◄ .,no l ◄ . ,101 14 .,us l ◄ • ,,,2 
14 . ,112 l ◄ . ,9◄ 9 H . ,,2 1 1 ◄ . ,90◄ l ◄ . ,111 1 ◄ . ,es, l ◄ . ,11, 1 ◄ . ,111 l ◄ . ,191 l ◄ . ,1,. 14 . ,1 ◄, 14.,121 l ◄ . ,700 l ◄ . ,,11 ]◄ . ,,ss 

Table 8 .(3 A n a lytic surface g eos trop h ic wi nd ve loci t y ( m/ sec). 

14 . 1015 1 ◄ . 10,1 l ◄• 1040 1 ◄ . 1011 1 ◄ .'995 1 ◄ .012 1◄ . ,.-, 1 ◄ . 021 l ◄ .,to ◄ l ◄ . ,111 J ◄ .,es, 1 ◄ . ,11, 14 . 4U ◄ 1 ◄ .'191 1 ◄ . nu 
1 ◄ • 1011 l ◄ . 105' l ◄ .10ll 1• . ,n2 1 ◄ . SlH 1 ◄ . )151 1 ◄ . 2111 1 ◄ . 1 ◄ 10 1 ◄ . 21 ◄ 1 1 ◄ . 110 1 ◄ .s,sJ 1 ◄ ... 11 1 ◄ ... 01 l ◄ . 471 ◄ l ◄ . '1'1 
1◄. 1011 1 ◄ . 0IS 1◄ .,00 ◄ 1 ◄ . 2na lJ . 1215 1) .1))1 12.,.-1 12 . 5)21 12 . 001 1J . 12Sl lJ . 1011 1 ◄ . 2522 1 ◄ .5119 1 ◄ . ,12 ◄ 1 ◄ .ns◄ 
14 .1011 1 ◄ .5'0 1◄ . 071) 1J . 11Sl 12 . 011, 11.014 ◄ 10 . nn 10.1232 10.J1Jl 11.0111 12 . 016S ll . lHS 1 ◄ . oss, 1 ◄ .5400 1 ◄·"'· 14 . U◄ l 1 ◄ . !Sll lJ . lltJ 11.011 10.0JSl , . ,.s, 1 . 12" l. ◄ 092 1 . 12., l.'412 10 . 0210 11.,211 lJ.0992 1 ◄ .1211 1 ◄ .s12, 
1 ◄ • ◄ 118 lJ.SJll 11 . .. lS , ... S◄ , ... 21 ,.n21 S. ◄ Sl5 s.11,1 S . 4521 , . noo 1. ,s,s t . lSJI 11.90 ◄ ll . SlJl 1 ◄ . Jill 
1 ◄ . 1 ◄ 1] 12.ltll 10.1110 1 . s1,1 , . )112 ◄ . 1195 ◄ •◄ 201 ◄ . )110 ◄ •◄ 200 ...... 6 . JlS ◄ I.SOlS 10.111, 12 . 1,91 1 ◄ .1111 
ll.12tl 12 . ◄ 155 10.l ◄ Ol 1.561' S.Jlll ◄ • ◄ Ill ◄ .5711 ◄ .1162 ◄ .5711 ◄ . ◄ Ill s .n,5 l.SS◄ l 10 . 1256 12.)929 lJ.IHJ 
ll . l ◄ S2 12 . 2]91 t . lll ◄ 1 . 2)]2 s . 1001 ◄ .JU◄ ◄ .tO◄ l 5 . 1045 ◄ .IO◄ S ◄ .Jl9◄ S . 011 ◄ 1.220 t . 1511 12 .2111 ll . 1155 
1) . 1219 12 . ◄ 1 ◄ 1 10 . lJII 1 . 540] S.J111 ◄.◄ lH ◄ .511◄ 4 . 110 4.Slll ◄•◄ lH S . JlSS l . SS21 10.12◄ 2 12 . Jtl ◄ ll . 1119 
1 ◄ .1 ◄ ,s 12 . 1105 10.1152 I . Sl ◄ l ,.no ◄ . 1111 ◄ • ◄ ltl ◄ . JIil • • • 1 .. 4 .Ul2 ,.Jill t.50◄ 9 10.1n1 12.H61 l ◄ . 11'0 
1 ◄ •◄ l ◄ S ll . Sl◄◄ 11.151) , ... u 7 .tSII , . ]'92 s. ◄ so, s.11◄ 2 S . ◄◄H ,.1 .. , 1. 1526 ,., ... 11.tll2 1J.S09S 1 ◄ • JIJS 
1 ◄ . •01 ◄ 1 ◄ . 1 ◄ 11 u .1u, 11.021 10 . 0l02 I . •◄o• 1.1215 7. ◄ 0◄ 1 1 . 1195 I.OSI 10 . 021S 11.Ull lJ.09)6 14.1221 1 ◄ . 5110 
1 ◄ .'9◄ 0 l ◄ . S591 l ◄ .0102 lJ.llH 12 . otos u .on, 10 . JOI 10 . 11'1 10 . 1'61 11 .0101 12 . 019S 1J.1'2S 1 ◄ .0 ◄ 8' 1 ◄ . SJ29 l ◄ ... 21 14 . ,,e, 1 ◄ . ,tlO l ◄ . 5919 l ◄ . 2Ul 1J.11J0 1) . 125) 12 . 6162 12 . 523' 12 . UZJ lJ . 1112 1) . 100 ◄ l ◄ . 2 ◄ )1 1 ◄ . s,,c 1 ◄ . 6'39 1 ◄ · "" 
l ◄ . ,,1, 1c . ,,s , 1 ◄ . ,114 14. ,,,1 l ◄ . S619 1 ◄ . 3158 l ◄ .2092 l ◄ . 1111 l ◄ . 20◄• l ◄ . 3770 H . SSS ◄ 1 ◄ . ,s12 14 . ,101 1c . ,us 1 ◄. 6662 
l ◄ . ,,12 1 ◄ .,9◄ 9 1 ◄ . ,9 2 7 1 ◄ . ,90 ◄ 1 ◄ . ,a11 14 . ,, s , 1 ◄ . ,11, 1 ◄ . ,11] 1 ◄ . ,1,1 l ◄ . ,1,1 1 ◄ . ,1 ◄ , 1 ◄ . ,121 1 ◄ .,100 H . ,,11 l ◄ . ,,s5 

Table 8.( ( F ini te D i ffe re n ce surfa.ce geostrophic win d v elocit y (m / sec). 

-0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 - 0 . 0000 -0 . 0000 -0 . 0000 - 0 . 0000 -0 . 0000 -0 . 0000 - 0.0000 -0 . 0000 
-0 . 0000 -o . 0000 -0 . 0000 0 . 0211 0 . 0326 -0 . 00◄ 2 -0 . 0JOJ -0 . 031' -0 . OJ0J -0 . 00◄ 2 0 . 0)2' 0 . 0210 -0 . 0000 -0.0000 -0 . 0000 
-0 . 0000 O.OOSJ 0 . 0109 0 . 0,◄ 1 0.0092 -0 . 0 ◄ 0) -0 . 01◄) -0.016) -0 . 01◄ 2 -0 . 0 ◄02 0 .009) o . o,◄ 1 0 . 0101 0 . OOSJ -0.0000 

0 .005) 0 . 1159 0 . 1111 0 . 0521 -0 . 0111 -0 . 0119 -0 . 1111 - 0 . 1)29 -0 . 1116 -0 . 0111 -0 .0169 0 . os2, 0 . 1111 0 . 1151 0 . OOSJ 
0 . 0,1, O. leJS 0 . 1205 0 . 0 ◄ 0 ◄ -0.0◄ 19 -0 . 1097 -0 .1501 -0 . 1')1 -0. lSOl -0 . 10,. -0 . 0 ◄ 16 o . o ◄ o, 0 . 1205 0 . 11)) O . Otl ◄ 
0 . 1119 0.1,,2 0 . 1212 0 . 0291 -0.060) -0 . 1201 -0 . llS ◄ -0 . 1)19 -0 . 1)52 -0 . 1111 -0 . 0591 0 . 029◄ 0 . 1212 0.11'0 0 . 1985 
0 . 2 ◄ 91 0 . 205) 0 . 1212 0 . 020] -0.06'1 -0 . 0t◄, -0.024' 0.01J2 -0 . 02◄ 6 -0 . 01 ◄ l - 0 . 0'62 0 . 0201 0 . 121 J 0 . 2os1 0 . 2 ◄ 9) 
0 . 2'8 ◄ 0 . 2109 0 . 1201 0 . 01 ◄ 9 -0 . 0409 -0 . 011◄ 0 . 09◄ 1 0 .1 ◄ 2, 0 . 09-◄ 1 -0.011 ◄ - o . 060!:, 0.01:,1 0 .1209 0 . 2101 0 . 2,1, 
0 . 212 ◄ 0 . 2128 0 . 1205 O. Olll -0 . 0551 0 . 0120 O.ll◄ l 0 . 1121 0 . 1 J ◄ 5 0 .0120 -o . 0ss, 0 . 01JS 0 . 1201 0 . 212, 0 . 2119 
0 . 2 ... 0 . 2109 0 . 1201 0 . 01 ◄ 9 -0 .0401 -0 . 011) 0 . 09◄ 9 0 . 1 ◄ 21 0 . 09◄ 1 -0.011) -0 . 0405 0 . 01Sl 0 . 1209 0 . 2101 0 . 2,19 
0 . 2 ◄ 91 0. 205) 0 . 1212 0 . 020) ~ . o,~, -0 . 01 ◄ 5 -0 . 02◄◄ O.OIJS -0 . 02◄◄ -0 . 01 ◄ 2 -o . 0,,2 0 . 0207 0 . 121J 0 . 2051 0 . 2 ◄ 1) 

0 . 1 ff 9 0 . 1962 0 . 1212 0 . 0291 -0.060) -0 . 1201 -0 . llS2 -0.1)11 -0 . 1)50 -0 . 1191 - 0 . 0599 0 . 029◄ 0 . 1212 0 . 1960 O. ltlS 
0.0,1, O. llJ S 0 . 120S 0 . 040 ◄ -0 . 0 ◄ 19 -0 . 1091 -o . 1soe - 0.1'3' -<J . 1506 - 0 . 1094 -0 . 0 ◄ 1, 0 . o,o, 0 . 1205 O. llJJ 0 . 0914 
0 . 005 3 0 . 1159 0 . 1111 0 . 0528 -0 . 0111 -0 . 011, -0 . 1117 - 0 . 1)29 - 0 . 111, -o . 0111 -0 . 01'9 0 . 0529 0 . 1187 0 . 1151 0 . OOSJ 

-0 . 0000 0 . 005) 0. 0809 0 . 06◄ 1 0 . 0092 -0 . 0 ◄ 0) -0 . 01◄) -0 . 08') -0.01◄ 2 -0 . 0 ◄02 0 . 009) 0 . 06◄ 1 0 . 0101 0.005] -0 . 0000 
-0.0000 -0. 0000 -0 . 0000 0 . 0211 0. 0)26 -0 . 00◄ 2 -0 . 0JOJ -0 . 0)9' -0 . Ol0J -0 . 00◄ 2 0 . 0]2' 0 .0211 -o . 0000 -0 . 0000 -0.0000 
- 0 . 0000 -0 .0000 -0 . 0000 -0.0000 -0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 -o . 0000 -0 . 0000 - 0.0000 -0 . 0000 -0 . 0000 - 0.0000 -0 . 0000 

Table 8. 45 Deviation (Analytic - Fin i te D iffere nce) i n calcu la t ion of su rface geos t rophi c wi nd ve locity ( m/ sec). 
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C A SE 111. B.1 - Baroclinic a l mosphcre - wilh 'vpT = ~ ,under T = Az + Bo + Co( :r - :r( )) 

-4 . Jlll -4.Jlll - 4.ltll -◄ . Hlt -◄ .)Ill -4.Jlll -◄ .)Ill -◄ .Jill -◄ .Jlll -◄. ,.,. -4. H11 -◄ . ,.,. -◄ . Hll -4.)111 -◄ . )111 

-◄ .Jlll -4.Jlll -◄ . lilt -4 . Jlll -4. ,.,. -◄ .Hll -◄ .:Mlll -◄ .Jell -◄ .Jlll -C . :Mlll -◄• Hll -4.H11 -◄ .Jlll -4.Hll -◄• Hll 

-4.Jlll -4 . Hll -4 . )111 -4 . Jlll -◄ .:Mlll -4.H11 -◄ .)Ill -◄ .:Mlll -C.:Mlll --4.)111 -◄ .Jlll --4. ,.,. -4. ,.,. -◄ .)Ill -◄• Jlll 
-4 . ,.,. -◄• , • .,. -◄ • ,.,. -◄• ,.,. -,.,.,. -◄ .Jl11 -◄ .Jlll -◄ .:Mlll - ◄ .:Mlle --4.Jlll --4.Jlll -◄. ,.,. -◄• ,.,. -◄. ,.,. -◄ ., • .,. 
-◄ .:Mlll -◄• ,.,. -4. ,.,. -◄ . Jlll -◄ . >a11 -◄ .:Mlll -C . :Mlll -◄ .:Mlll -◄ .Jlll -C.Hll -◄. ,.,. -◄ .JOI -4. ,.,. _,._,.,. 

-◄• Jell 
--4 . M'l'I -◄ .Jlll -4. ,..,. -◄• )111 -◄ .Jlll -•-,.,. -◄ .Jlll -4 . Mll -C. :Mlle -C . :Mlll _,. _,.,. -◄. ,.,. --4 . Hll -◄. ,.,. -◄ .:Mlll 
-C . Jlll -C . :Mlll -◄ • , • .,. -4 . ,.,. -◄ .:Mlll -4. ,.,. -◄ .Jill -◄ .:Mll -◄ .Jlll -C . :Mlll --4.Mll -C.Jell -•. Jell -◄ .:Mlll -4.Mll 

-•. Jne -C.:Mlll -4.Jlll -◄ .Jlll -◄. , • .,. -C . :Mlll -◄ .:Mlll -C . :Mlll -C.:Mlle -C . Hll -C.Hll -•. Jell -C.Hll -C. Jill -C. :Mlll 
-c.Jne -◄• ,.,. -◄ • ,.,. -4. ,.,. -◄ .:Mlll 

_,_,.,. 
-◄ .JOI -◄ . Hll -C.Hle --4.Jlll -t.Mll -◄ .Mll -◄ .Jlll -◄ .Hll -◄ .Mll 

-◄ . Jill -◄ . Jell -4 . Jlll -◄. Jlll -◄ .Jell -◄ . :Mlll -4 . :Mlll -◄ .Jlll -I.Milt -c . Jn• -C.:Mlll -◄ .Hll -C.:Mlll -C.Jell -◄ .Hll 

-◄ .Jill -◄ . Jill -• . Jne -◄ .Jell -◄ .Jill -◄ .Hll -C.Jlle -◄ . :Mlll -◄ .:Mlll -c.,n, -C . :Mlll -◄ .Jill -c.,n, -•. Jn• -◄ .Hll 
-4. ,.,. -4 . Jlll -4.ltll -4 , )Ill -◄ .:Mlll -C . Jlll -◄ .Hll -C.:Mlll -◄ .Jill -c.Jne -C . Jlll -4 . .>llt -◄ .Hll -◄ • Jill -◄ • Jill 

-◄ .Hll -4 . ,.,. -4 . )111 -4. Jlll -4. )111 -◄ .:Mlll -◄ .Mle -C.:Mlll -• .>n• -4 . Hll -◄• ,.,. -4 . ,.,. -c . >n• -◄ .Mll -4 . Jlll 
-4.)tll -4.]171 -4. )Ill -◄ . ,.,. -◄. Hll -◄ .Jill -◄ .Jell -C.:Mlll -C.Jele -C.Jell -4,Jllt -C . Jlll -4.Jlll -◄ .)Ill -◄ .Hll 

-◄. ,.,. -4 . ]111 -◄ . Jtll -4.H11 -◄ . Jlll -◄ .Hll -C.Jell -◄ .:Mlll -◄ .Hll -C . Jlll -◄ .Jtll -4 . Hlt -◄ .:Mlll -◄ .Hll -◄ . Hle 

-4. )111 -◄. )111 -◄ .3111 - ◄ . )111 -4 . ]111 -◄. ]179 -4. )Ill -◄ . Hll -◄ . :Mlll -4. Jtll -4. 3111 -◄• ]111 -◄• :Mlll - 4.)111 -4.Jlll 

-◄. )111 -4.)111 -◄. )118 - ◄ . ll 11 - ◄ • lt11 -4.)171 -◄ . ]Ill -C . Hll -4 . Mlt -◄• Jilt -◄ . Mll -◄ . )111 -4. ]111 -◄ .1111 -◄. ltll 

Ta.hie B .4' 6 Ana.lytic u co mponent of :1urfa.ce geouroph ic wind (m / sec) . 

-◄ .Jell -◄. >Ill -◄ . Jllfl -◄ . lilt -◄• Jill -C . Hll -◄ .Jet2 -◄ .JtoO -◄ .Ht2 -c . , .. 1 -C.Jlll -◄ .Hll -◄ .Jilt -• . Jell -◄ .Mll 
-4. )111 -•. Jne -◄. ]Ill -4. JIil -◄• HS2 -◄ .411t -◄ .OIS -◄ . ◄◄ O◄ -◄ .OIS -◄• ◄ II t -◄• HS2 -◄. HU -◄. Jilt -◄• ,.,. -4.Mlt 
-◄ .)111 -◄ .H1t -◄ . JltO -◄ • ◄021 -4 . ◄ 4SO -◄ .510 -C.HJ◄ -◄ .6121 -◄.HU -◄ .5141 -◄•◄◄ 4t -4 . ◄02, -c. Jeto -c .,n, -• . Jell 
-◄• )Ill -◄ .JUJ -◄. ,,., -◄ . 4 ◄ ◄ 1 -◄ .S◄ SO -c.6u2 -C.1012 -◄ . ISlJ -◄ .•cno -4.6aze -4.S◄◄ l -◄ • ◄◄ 4' -◄ .JHS -C.MU -4.Jlll 
-◄. ,.,. -◄ .Joo, -4. ◄ 1 ◄, -◄ .411] -◄ .'201 -◄ • Jell -•. un -◄ . ffU -4 • .,,. -◄ .Jell -C.'1tl -◄• ◄ tlO -◄•◄ l ◄S -•·"°' -◄ .Hll 
-◄ . Jilt -◄. JtJO -◄ . 41'"4 -◄ . 41SS -◄ .SHl -C . lJII -◄ .l◄ S6 -◄ .lt02 -C.l◄ S2 -◄ .UIJ -◄ . St'2 -4 . ◄ IS2 -◄ .41U -◄ .Jt>O -◄ .Jell 
-◄ .JIIO -◄ .JUI -◄ .4071 -◄•◄ 421 -4. ◄ tU -◄ • S6Sl -◄ .'20' -◄ .'42J -C.'205 -◄ .5641 -◄• ◄ tll -◄ . ◄◄ It -◄•◄Oll -◄ .JUI -C.)110 
-◄ .Jell -◄ .Hto -4 . JtJl -◄. ◄OIi -◄ .us, -◄ .Oil -◄ • ◄◄ 51 -◄• ◄SOJ -C. ◄00 -4.0ll -◄•◄ 1S5 -◄. ◄011 -◄ .JtJl -◄ .:Mlto -◄• Hll 
-•. Jl71 -◄ .Jell -◄ .Jlll -◄ .Jlll -◄• Hll -◄• Jne -c.,n, -◄ .Jele -c.,n, -c.,n, -4.Jlll -C . Jlll -◄ .Jlll -◄ .Jell -C. Hll 
-◄ .Jill -◄ . JeU -4 . Jl26 -◄ .Jlll -• . ,,01 -◄• JHO -C . JJOl -◄ .>255 -◄ .noe -◄ .J◄ 41 -◄ .)602 -◄ . JlJt -◄ .Je2' -•·"" -◄ .Jill -◄ .Jll6 -◄ .JIJt -• · "" -• . JJJl - • . 211, -•. 210t -• .1555 -◄ .IJJe -4.1556 -c.uu -C.2711 -◄ .JJJt -◄ .JUl 

_._,.,, 
-◄ .)11' 

-C . Jlll -• . Jl2l -◄ . JS'4 -◄ .2104 - ◄ . llt◄ -◄• OH◄ -J . tJot -J.H'2 -J.tJII -◄ .O◄◄ t -C . llte -◄ . 2tO◄i -◄ .J5,s -◄• Je2l -◄• Jell 
-C . Jell -◄ • JISO -•-"11 -◄ .21U -•. 155t -J. tll5 -l . 1421 -J. 715] -J.100 -J.MII -• .15'4 -◄ .2119 -◄ .JU2 -◄ . JeSO -◄• Jlll 
-◄ . Jlll -◄ .Jll◄ -◄ . Jlll ·◄ .Jlll - • . 2)10 -◄ . 0t2t -l.Kto -J.tlto -J.KtJ -c . otJl -◄ .2JIJ -◄ .lll2 -◄. Jll2 -◄. Jel4 -◄. Jell 
-◄ . )111 -◄. Jilli -◄ . 11,, - 4 . ]1)0 -4 . ]]01 -◄ .2'10 -•. u2, -• .1uo -◄. lt2l -◄ . 2'11 -4 . ]]09 -4 . J1Jl -◄. ,.,, -4 . ltll -◄. ,.,. 
-◄ . )111 -◄. ]1!111 -◄ . Jell - 4 . ]113 -◄ . JIOS - ◄ • ,,,. -◄• ]◄ 42 -◄. JlSJ -◄ .J◄◄ l -◄ . ,,11 -◄. )105 -◄ . l11l -◄. 1111 - ◄ • ]818 -◄. )111 
-◄ . ]111 -◄ . )111 -◄ . ,.,. -◄ . lilt -◄ • ]111 -◄ . lllS -◄. )1"4 -◄ . HSl -◄. ]fl,◄ -◄ . JelS -◄. ]Ill -◄ • lllfl -◄. lllfl - ◄ . )111 -◄. ]171 

Table 8 .-47 Fini t e Differen ce u compo nent of s urface geos trophic wind (m/sec). 

0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0001 0 . 0014 0.0022 0 . 001 ◄ 0 .0001 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0.0000 0 . 0000 0 . 0000 o . ooos 0 . 001 ◄ 0.0241 0 .0 ◄ 31 O. OS2' 0 . 04Jl 0.0241 0.001◄ 0 . 0005 0 . 0000 0 . 0000 0 . 0000 
0 .0000 0.0000 0 . 0012 0.0141 0 . 0Sl2 0.1211 o.us, 0 . 2242 O. ltSS 0.1210 0.0511 0.0141 0.0012 0 . 0000 0.0000 
0 . 0000 0.000 ◄ 0.0101 o . oso 0 . 1Sl2 0 . 21S ◄ 0 , 419◄ 0 . ◄ '9◄ O. ◄ ltl 0 . 2tSO O.lSU o.osu 0 . 0107 0.000 ◄ 0 . 0000 
0 .0000 0.0021 0 . 02'8 0 . 099◄ 0 . 2121 0.4009 O . S ◄ S9 o . ,o>◄ O.S◄ 5' 0. ◄ 00◄ 0.2JII 0.0992 0.02'1 0.0021 0 . 0000 
0 . 0001 O.OOS2 O.OllS 0 . 0911 0 . 2081 O . J◄◄ O 0.4511 0 . S024 0 . ◄ SH O . J ◄ JS 0.201 ◄ 0 . 097 ◄ 0 .Oll ◄ O.OOS2 0 .0001 
0 . 0002 0 . 00 ◄ 0 0.01,1 0 . OS ◄ l 0 . 110S 0.1112 0 . 2J21 0.2S◄ 5 0 . 2J2' o . 1no 0 . 1102 O.OS◄ l 0 . Olt2 0 . 00◄ 0 0 . 0002 
0 . 0001 0.0012 O. OOSl 0.0140 0 . 0218 0.009 o.osn o . ous 0 . 0Sl2 o .oot 0.0211 0.0140 0 . oos2 0 . 0012 0 . 0001 
0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 .0000 0.0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0.0000 

-0 . 0001 -0 . 0012 -0 . 0052 -0 . 0140 -0 . 0211 - 0 . 001 -0.0511 -0 . 0UJ -0.0511 -0.007 -0.021, -0.01]9 -0 . 00S2 -0 . 0012 -0 . 0001 
-0.0002 -0 . 0040 -0 . 0192 -0 . 0S ◄ l -0 . 1102 -0.110 -0 . 2124 -0 . 2S◄ O -0 . 2J22 -0 . 1 l" -0.1100 -0.0S◄ O -0.0lt2 -0 . 00Jt -0 . 0002 
-0.0001 -o .0052 -0.0)1 ◄ -0 . 097 ◄ -0 .2014 -0.) ◄ J ◄ -0 . ◄ SlO -O.S01' -0. ◄ s,, -O.J◄ 2t -0.2010 -0 . 0112 -0 . 0JIJ -0 . 00Sl -0 . 0001 
-0 . 0000 -0 . 0021 -0.02,1 ·0. 0992 -0 . 2Jl9 -0 . 4001 -O . S4S2 -0 . ,02' -0.5441 -O.Jt9l -0 . 2JI ◄ -0.0919 -0 . 02" -0 . 0021 -0 . 0000 

0 . 0000 -0 . 000 ◄ -0 . 0101 - 0 . 0561 -0 . 1S61 -0 . 2t◄ t -0 . ◄ 118 -o .• , .. -0 . ◄ IIS -◄>.2t◄ 5 -o .1s,s -o . os,, -0 . 0107 -0.000 ◄ 0 . 0000 
0 . 0000 -0 . 0000 -0 . 0012 -0 . 01 ◄ 1 -0 . 0570 -0 .1 2,, -o . 1,s2 -0 . 2211 -0.ltSl -0.12'1 -0.05,t -0.0147 -0 . 0012 -0.0000 0 . 0000 
0 . 0000 0 . 0000 - 0 . 0000 -0 . 000 5 -0 . 007 ◄ -0 . 02 ◄ 0 -0 . 0 ◄ l, -0 . OS2S -0 . O ◄ l' -0 . 0240 -0 . 00lJ -0 . 000S -0 . 0000 0 .0000 0 . 0000 
0 . 0000 0 .0000 0.0000 0 . 0000 -0 . 0000 -0 . 0001 -0 . 001 ◄ -0 . 0021 -0 . 001 ◄ -0 . 000) -0.0000 0.0000 0 . 0000 0 . 0000 0 . 0000 

Table B.48 Devia.tion (Analytic - Finite Difference) in calcu la.tion of the u co mponent of s urface geos trophi c wind (m/sec) . 
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CASE 111.B.1 • Ba.rocli n ic a.lmo,ph e re. with 'il p T = ~ ,und e r T = A z + B 0 + Co( :r - :r( )) 

-1 ◄ . 11s, -14 .1132 -14.1101 - l ◄ . 1013 -1 ◄ . 1051 -1 ◄ .l0JJ -14.1009 -1 ◄ . 0tl◄ -1 ◄ .o,,o -l ◄ .0935 -1 ◄ . 0910 -14 . 011, -1 ◄ . oan -1 ◄ . 01]1 
-l ◄ . 1149 -14 . 1124 -l ◄ .1099 -1 ◄ . 0lll -u.1155 -lJ.55'3 -u.uu -11 . 551' -13 . 1'59 - ll.tH5 -1 ◄ . 0903 -1 ◄ , 0111 -1 ◄ .015◄ -l ◄ . 0129 

-14 . 1141 -14 . 011, -1] .1131 - 13.0'10 -12.3711 -11.1511 -11.,u5 -11 . as40 -12 .3'25 -13 . 0◄ 73 -13 . H◄ l -14 . 0'40 -1 ◄ .01◄ 6 -1 ◄ .0121 
-1 ◄ . 0903 -13 . 56 ◄ 3 -12.5212 -11.211 ◄ -10 . ona -t . 272◄ -t.tl51 -t. 2O2 -10 . 0901 -11.259' -12 . 5101 -13 . 5 ◄ 06 -1◄ .0601 -1 ◄ . Oil ◄ 
-13 . 1111 -12 . 5291 - 10.1329 -8 . nn -7 . 3308 -, . 200◄ -5.1M3 -6 . 1M3 -7 . 3251 -1 . K97 -10 . 1111 -12 . SOll -u . ,aa4 -1◄• 0106 
-ll.o,55 -11 . 21lt -8 . tlH - 6 . 5906 -4 . 5116 -1 . 11,1 -2.'214 -l.1U1 -4 .515S -, . 5an -t . t'74 -11.25◄ 1 -U.0312 -ll.M51 
-12 . 3767 -10 . 1001 - 1.3319 -4 . Slll -2 . 1124 -0.0'7 o.ont -0 . 4HS -2 . 1109 -4 . SlJt -7 . 321' -10 . 002 -12 . lSOI -ll . 1SOO 
-11.16◄ 1 - 9 . 21S9 -, . 201 ◄ -3 . 11'3 -0. ◄ 9'0 1.256◄ 1.1111 l.2S60 -0 .05, -l.1130 -,.1121 - , . 2591 -11.UH -13 . 5129 
-11 . 67'1 -8 . 9791 - 5. 1993 -2. ,20s 0.013◄ 1.1128 2.5041 1.1122 0.0734 -2.,111 -s . 1912 -a . tU5 -11.,s11 -ll. ◄4" 
-11 . 1631 -9. 21 ◄ 3 -, . 1n9 -1 . 110 -O. ◄ t◄ 5 l.2S19 1.1133 1 . zs1s -0.4t◄ l -1.111s -, . 1112 -9.2512 -11.UU -13 . 5313 
-12 . 373, -10 . 0911 -1 , 3211 - ◄ . sis, -2 . 1093 -o . ,n, 0.010 -0 . 034 -2 .1011 -4. Slot - 1 . 3116 -10.0101 -12.3411 -13 . 7410 
-lJ . 0609 -11.2,,2 -4 . 9153 -, . sa60 -4 .51◄ 1 -J . 1121 -2.6161 -l . 1111 -4.510t -,.s,11 _. , ,,2, -11. 2 ◄ ,s -lJ . 0JJ6 -11 . Mll 
-13. 1109 - 12 . 5215 -10 . ,2,1 -l.t730 -1.1241 -6 . ltO -S.1t22 -6. lt22 - 1 . 319' -t . K3' -10.111' -12.5011 -U . 6123 -14 . 07 ◄ 5 
-14 . 012, - 11 . 5566 -12 . 5206 -11.2,11 -10 . 0901 -,.2,,1 -e . 1615 -t . 2u, -10 . 0131 -11 . 2519 -12 . so11 -13.5130 -14 .0512 -14.0131 
-14 . 1049 -l ◄ . O194 -1) . 1046 -13 . 0511 -12 . 3'19 -11 . 1◄ 90 -11.6593 -11.l◄◄ I -12 . 3511 -13 . 0381 -U . '855 -1 ◄ . 0SO -1◄ .0154 -1 ◄ .0130 
- 1 ◄ . 10◄ 1 -1 ◄ . 1011 - l ◄ .0992 - 1 ◄. 002 ◄ -13 . 76◄ 7 -ll . 5◄ 56 -U. ◄ 516 -13 . 5◄ 09 -11 . 1551 -ll . Mll!I -1 ◄ . 0196 -1 ◄ . 0111 -1 ◄ . 01◄ 1 -14 . 0122 
- 1 ◄ . 103 ◄ -14 . 1009 -1 ◄ .098 5 -l ◄ . 0960 -1◄ . 0935 -14 . 0tll -1◄ . 0116 -1, .0,,2 -14 . 0131' -1 ◄ . 0913 -1 ◄ .0111 -14.0163 -1◄ .0139 -l ◄ . O114 

Ta.hie B .49 A na.ly t ic v co m ponen t of surfa.ce geos trophi c wind (m / sec). 

-1◄ . 115, - 14 . 1132 - 14 . 1107 -1 ◄ . 1013 - l ◄ . 1051 -l ◄ .1033 - 1◄ . 1009 -l ◄ . 0914 -1◄ . 0K0 -l ◄ . 0935 -1 ◄ .0910 -1 ◄ .oaa, -1 ◄ . o,,1 -1 ◄ .o,n 
- 14 . 114 9 -14 . 1124 - 14 . 0164 - ll . t110 -11 . 1102 -11 . 5192 -13.5112 -11 . 51 ◄ 2 -11 . 7102 -13.tUl - 1 ◄ . 0667 -1 ◄. 0171 -14 .01S4 -14.0829 
- 1 ◄ . 1013 -14 . 0016 - 13 . 6◄ 67 - 13 . 0563 -12 . 4181 -11.t◄ 00 -11 . 1622 -11. tlJJ -12 , ◄ 021 - 11 . 0322 -U . '220 -ll . t1'3 -1 ◄ .0118 -14.0121 
- 13. 9662 -13 . ◄ 4 ,s - 12 . 4978 -11 . 3215 -10.202, -t . 4091 - 9 . 1229 -t . 3951 - 10 . 15'9 -11.24'8 -12 . ◄ 210 -13 . 401' -13 . tl45 -14 . 0156 
-13 . 5JJ4 -12. 4s,o - 10 . ,111 -9.1232 - 1 .5113 -,.395◄ -5.tte, -,.1,52 -1.lN0 -• . tl93 -10 . '151 -12 . 3210 -13. ◄ 155 -13.Ml3 
- 12 . 9103 - 11. 2918 - t . 1195 -, . 1104 -◄ • ltll -l . 3'93 -2 . 1'8◄ -l . 3121 -4.5'81 - 6 . 4416 ◄ . 10◄ 4 -10. "" -12 . 1'9◄ -13 . 1'38 
-12.2112 - 10 . 2'28 - 1 . 1088 -◄ . t526 -2 _.,,, -0 . 1998 -0 . 2118 -0 . 1120 -2 .1253 -◄ • 2'21 -6 . t00l -1. 6510 -12.0025 -13 . 45,5 
-11 . 1311 -, . 5'10 - , . 12 .. - 3 . 61,o -0 . tlO 0 . ,110 1.56◄' 1.0318 -0 . 4126 -2 . 1'01 -5 . '325 -• . 10t◄ -11 . 4110 -11.1998 
-11."90 - 9 . 1141 -, . 19n - l . 2290 -0 . 3953 1.5211 2.1191 l . 6◄ s, 0 . 1120 -2 . 2250 - 5 . 1155 -1 . 3'10 -11 . 1980 -13 . 1002 
- 11 .129' -9 . 559S - 6 . 1213 -3.61 ◄ 4 -0 . t354 0. 9lt5 1.5661 1.0333 -0 . 4111 -2 . 1591 -5.,110 -• . 7011 -11 . 415◄ -13 . 1912 
-12 . 2181 - 10 . 2597 -1 . 1051 -4 . t496 - 2 . 41'9 -o . 1961 -0 . 2011 -0 . 1090 -2 . 1222 -4 . 2596 -, . 010 -9. '5]9 -11. Ht◄ -13. 4535 
-12.9051 -11.2942 -9.1149 -6 . 1659 -4 . 1,,1 -l . 36◄ 1 -2.108 -3 . 3082 - 4.5'35 -6 , ◄◄ 30 ... . 091 - 10 . Kll -12 .16◄ 8 -13.1592 
- 13 . S273 -12.4499 - 10 . 1820 - 9 . 1171 -1 .5052 - , . 102 -5.H25 - 6 . 3590 -7 . ltlt -8 . 1131 -10.,u, -12 . 31 ◄ 9 -13. ◄ '94 -13. 9752 
- 13.tSIS -13. ◄ 319 - 12 . ◄ 902 - 11.3138 -10 . lkl - t. 4015 -t . 1152 - , . 3177 - 10 . l ◄ U -11.2391 -12 . 4194 -ll.19◄ 0 -13 . t2'9 - 14.0U0 
- 14.0992 -13 . 99 2 ◄ - 13 . '375 -13 . 0411 -12 . 4096 - 11 . t308 - 11 . 1530 -11. t241 -12 . 1929 -13 . 0230 - 13 . '128 -13 . 9611 -1 ◄ . 0'91 -14 . 0130 
-1 ◄ . 10◄ 2 - 14 . 10 11 - 1 ◄ . o,s, - ll.9613 - 1J . 1,,5 - 13. S715 -13 . 5004 -11.5135 - lJ.1595 -13.952◄ - 1 ◄ . OS60 -l ◄ . 0771 -l ◄ .07 ◄ 7 -l ◄ . 0722 
- 1 ◄ . 103 ◄ - 1 ◄ . 100 9 - 14 . 098 5 - 14 . 0960 - 1 ◄ . 0935 -l ◄ .0911 -l ◄ ,0886 -l ◄ . 0162 -l ◄ .0837 - l ◄ . 0813 - 1 ◄ . 0188 - 1 ◄ . 01,1 - 1 ◄ . 0139 -l ◄ . 0114 

Table 8.50 Fini t e Differe n ce v compo n e nt of su r face geos t rop h ic wi nd (m / sec). 

0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 o . 0000 0 , 00()0 0 . 0000 0 . 0000 0 . 0000 - 0 . 023, - 0 . 0351 0 . 00 ◄ 1 0 . 0321 0 . 0 ◄ 21 0 . 012, 0 .000 -0 . 035◄ -0.023, 0 . 0()00 0 . 0000 0.0000 - 0 . 0058 - 0 . 0810 - 0 . 0,11 - 0.0041 0 , 0411 0 . 0818 0.0938 0, 0793 0 . 0396 -0 . 0151 - 0 . 0127 -0 . 0817 -o .oos9 0 . 0000 -0 . 12 ◄ 1 - 0 . 1171 -0 . 030◄ 0 . 0501 0 . 1048 0 . 1361 0.1 ◄ 11 0.12'1 0 .0662 -0 . 0128 -0 . 0137 -0 . 1390 -0 . 1263 -0 . 0058 - 0 . 1831 - 0 . 0731 0 . 0553 0 . 1442 0 . 1105 0 . 1949 0 . 2003 0 . 1'69 0 . 0123 - 0 . 0504 -0 . 1427 - 0 . 11'8 -0 . 2129 -0 . 0993 -0.1 5S2 0. 0250 0 . 199, 0 . 2198 0 . 2121 o . 252, 0 . 2410 0 , 1911 0 , 052, -0 . 13'1 -0 . 2630 -0 . 2811 -0 . 2'88 - 0 . 2219 -0.0955 0 . 1620 0 . 31,, 0 . ◄ 339 0 , 3'75 0 . 3031 0 . 21n 0. 2155 0 . 0144 - 0 . 2512 -0 . 4215 -0 . 4262 ~.HI◄ -0 . 2935 -0 . 0336 0. 2851 0 . 5 2 7 ◄ 0 . SS97 0. ◄◄ 09 0 . 3384 0 . 3012 0 . 22 ◄ 2 -0 . 0230 -o . 3524 -0. 5602 -0. 5503 -0 . 4229 -0 . 3331 -0.0071 0 . 33 ◄ 9 o . 5e6e 0 . 6085 0 . ◄ '88 0 . 3512 0 . 3152 0 . 2266 -0 . 03" -0 . 3928 -0 . '157 - o . 6005 -0 . ◄ S3' -0 . 3◄ 6-◄ -0 . 033' o. 2852 0 . 52 7 ◄ 0 . 5591 0 . ◄◄ 09 0.338◄ 0 . 3012 0. 2242 -0 . 0230 -0 . 3524 -0 . 5602 -0 . 5503 -0 . 4229 -0 . llJl -0 . 095 5 0 . 1'20 o . 31'9 0 . ◄ 340 0 , 3615 0. )011 0 . 2831 0 . 2155 0 . 01 ◄◄ -0 . 2513 -0 . 4215 -0 . 42'2 -0 . 148 ◄ - 0 . 2935 - 0.1 552 0. 0251 0 . 1996 0 . 2199 0 . 2121 o . 2526 0 . 2 ◄ 10 0 . 1971 0.0526 -o , 13,1 -0 . 2630 - 0 . 2171 -o.26ee -0 , 2219 - 0 . 1837 -0 . 0 737 0 . 055 3 0 .1 ◄◄ 2 0 . 1805 0 . 1949 0 . 2003 0 . 1'69 0.0123 - 0 . 050◄ -0 . 1427 -0 . 1868 -0 . 2129 -0 . 099) 
-0 . 12 ◄ l -0 . 1171 - 0 . 030 ◄ 0 . 0501 0 . 10 ◄ 8 0 . 1367 0 . 1 ◄ 17 0 . 12'1 0 .0,62 - 0.0121 - 0 . 0137 -0 . 1390 -0 . 120 -o . 0058 -0 . 0058 -0 .0170 -0 . 0,11 - 0 . 00◄ 7 0 . 0 ◄ 71 0 . 0818 0 . 0931 0 . 0193 0.0396 - 0 . 0151 -0 . 0727 -0 . 0177 -0 . 0058 0 . 0000 0 . 0000 0 . 0000 - 0 . 0 23 6 - o . 0 351 0 . 0048 0.0328 0 . 0 ◄ 2 8 0. 0326 0 . 00 ◄ 3 - 0 . 0354 - 0 . 023, 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0 000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 o. 0000 

Table B.51 Deviation (Analytic - Finite Difference) in ca.lcula.tion of t he v compone nt o f surface geos t rophic wind (m / sec). 
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[

1.0 • 10-
5 c 0 /rn ] (R) 

CASE Jll .B. l - Ba.roclinic a t mosphere - w it h v'pT = 6 , u nder T = Az + Bo + Co(.r - .r ) 

14 .1142 I ◄ • lilt l ◄ . 1195 1 ◄ • 1112 l ◄• ll◄ t I ◄ .1125 l ◄ . 1101 l ◄• 1'11 l ◄ . 1'54 1 ◄ .lUl l ◄ • l'°l l ◄ . l!»e4 1 ◄ . 1540 l ◄ . Hll l ◄ .151 ◄ 

1 ◄ . ltl5 1 ◄ . 1112 1 ◄ • 1111 I ◄ . 1145 l ◄ - "◄0 1 ◄ • ◄ 51 ◄ 1 ◄ . 2411 1 ◄ . 1'51 1 ◄ .2 ◄ 0 l ◄ • ◄◄ 12 l ◄ .'101 14 . 1511 I ◄ . 1551 l ◄ • 1510 l◄ • 1!>04 

I ◄ .1121 1 ◄ .110 ◄ l ◄ • 15'1 1 ◄ .JMl lJ.lltl ll.12'2 12 . 409 12.4'42 12.,◄ 00 ll . 1111 lJ .1'5 ◄ 1 ◄ . Jt04 1' . 1J2, I ◄• 1522 l◄• Htt 

14. 1121 I ◄ . 1511 l ◄ .2541 lJ . 214' 12 . 0tH 11 . 00H 10 . HU t.ttol 10 . 255] 11.00J ◄ 12 . 010 lJ . 2519 I ◄ . 2Jll l ◄ . 129' l ◄• 102 

14 . 1111 1 ◄ .4011 lJ . 2151 u .,.,. , .,u• t.S◄ Jl l .St5t 1.2114 l. 59◄ 2 t.SJtJ , ... 5 ◄ 11 . ,111 lJ . 2551 1 ◄ . Jl◄◄ 1 ◄ .l ◄ t ◄ 

l ◄ .,tos u. 112' 12 .ot1, ' ·"" l . tl1' ,.zMS S.JUl s.1112 S . Jt15 ,.2'62 l.tllt t . tell 12 . 01'2 lJ.15'1 1 ◄ .,511 

1 ◄ .4'52 1J.Ul5 11.012, t.S4'S ,.2MS ◄ .• ,,. ◄ • ◄ 1st 4.JH ◄ , . ◄ 15• 4 .,,,2 ,.2951 1 . 5)51 I0 . t9'5 l].1011 14 .0)2 

1, . 2s1t 12.,soo 10 . 2u1 l.St'1 S.Jtlt 4.4151 4.5'42 4 . 110◄ , . s,◄ o 4 .4151 S . Jt00 l. 5191 10.2◄ ,1 12 . u,1 1 ◄• 22'4 

1 ◄ . ns, 12 . ◄ 1JJ t . HJ1 l . 2122 s.110• ◄ . )114 ,.110• S.0522 4 .llOS ◄ . )114 S .10t4 1.2,s, t. tlH 12 . ,sos 14. 1 ◄ 4' 

1 ◄ . 2s,s 12 . ,41, 10 . zstt l . StS5 S . ]110 •• ,u, ,.s," ,.1110 ◄ .S'45 4 .4155 S . Jltl l . 5114 10. 24SJ 12.'25) 14 . 2250 

1 ◄ .4'21 lJ . 1216 11 . 00H t . S ◄ lt , .nu 4.ues , . ,us 4.JHS ◄ .4155 ◄ .• ,,. , .2121 t . 5JJI 10 . ttll IJ.10◄ 2 l ◄ •◄ J0J 

1c.,1,1 ll. 1113 12 . 0tJJ I . Ito◄ l.tllt , . 21s2 S . Jlt◄ s.10O s.,., •• ,.2121 l . toll , . 1192 12 . 0150 lJ . 1524 I ◄ . ,sJ ◄ 

1 ◄ . 1155 t◄ . JtSt U.2699 11.,121 I.Ill) 1.5)14 l .Stot 1.u,s l.Stt2 I . 51 ◄ 0 t . tlH 11 -'"' IJ.2O1 14.J'-'' l◄ .1 ◄ 2, 

14 . 17◄ 1 14 . lSO◄ 14 . 2 ◄ 90 lJ .2'12 12.0H2 11.002, 10.2su I.HJ ◄ 10.2414 I0.H'4 12 . 0112 ll.2501 l ◄ . 22,, l ◄ .122] 14 . l ◄ lt 

14. 1140 14 . 111, l ◄• "J ◄ l l 1 ◄ . 1199 l] . 1'9' ll . 111' 12 . 05) 12 . ,s1' 12 . 014 l].109< IJ . 15'1 14 . )111 14 . 12)9 l ◄ . l ◄ lS 1◄ . l ◄ ll 

14 . 1'133 l◄ • 1109 l ◄ • 1,e, 1 ◄ . 14'2 14 . ,llt 1 ◄ .'412 1 ◄ . 2114 1 ◄ .150 14 . 21'1 1, . ◄ ]80 14 . ,5te l ◄ • 1 ◄ 1 ◄ l4 . 1 ◄ 51 l ◄ . 1 ◄ 21 14 . 1◄04 

1 ◄ . 1125 l ◄ .1102 H . 1,11 1 ◄ . 1,s5 1 ◄ • 1,)1 l ◄ • l'°t l ◄ .1Sl4 l ◄ . 15,t 14 . 15)1 l ◄ . 151 ◄ 1 ◄ . 1 ◄ 91 1 ◄ . 1 ◄ 4. 1 l< . 1 ◄◄◄ l ◄ . 1 ◄ 20 1 ◄ . 1391 

Ta.ble B .52 A na.ly t ic au rfa.ce geos t rop hic wi nd veloci ty (m / aec). 

14 . 11 ◄ 2 l ◄ . 1119 l ◄ • 1195 I ◄ . 1112 I◄. 1141 I ◄ .112, 1 ◄ . ll0S l◄ . 7"< I◄. 1'51 14. 1,12 l ◄ • 1401 14 . 151 ◄ 1 ◄ .1s,o l ◄ . l5Jl I ◄ . 151◄ 

1 ◄• lU5 l ◄ . 1112 l ◄ • 1111 1 ◄ . lS◄ I 1 ◄ . ,s21 1◄ . 4UJ I◄ .2tJS 1 ◄ .2221 1 ◄ . 2Ht I ◄ • ◄ 5tl l ◄ . UIS l ◄ .1)51 l ◄ .155] I◄. lSJ0 14. l!>O' 

14 . 1121 l ◄ . 11◄ 9 I ◄ . nJ ◄ 14 . JJtl ll.1122 ll .21 ◄ 0 l2.lH5 12 . 041 l2.ltl2 ll . lMJ 11.1,,◄ I ◄ . Jl5t 1, . ,01 1 ◄ • ,.,1 14 .101 

u .11,s l ◄. ,1t◄ 14 . 1411 ll . 2'41 12 . lttl 11.22'1 10.S"0 10 . JJ5 ◄ 10.551' 11.1145 12 . U0J ll . 1119 l ◄• 1050 l ◄ . ,012 14 .101 

14 .4tll I ◄ . 2211 l] . 2152 11 . 11,s 10.22" e .toeo I.Olll l . t0J5 I.0SJ2 t.112] 10 . 044' 11.Sltl IJ.0H0 1 ◄ . 1121 1 ◄ .,sJl 

l◄ . 025 l] . O12 12 . l]2 ◄ 10 . 21" t . 2'0 , . lJ40 S.tolt S-"" s .eus ,.S1'l 1 . ,111 t . 1920 11 . 12> ◄ 1J.50Jt l◄ • ◄◄ ,J 

1 ◄ . 2JI0 13 . 0 ◄ 21 11.1,90 •.• ,11 ,.005 S . ltS2 ◄ .,1,J ◄ . '411 , . nso S . 0J5J , . 1,10 1 . 20,2 I0.'150 12 . 1101 l ◄ . lSJt 

14 . 0215 12.'110 10 . 5220 t . 0 ◄ 0l S . 1 ◄ 5 ◄ 4 . S2tl 4.UH 4 . llll ◄ . SO2 ◄.◄ 5" 5 . 2015 l.1H5 9 . 1S4' 12.211' ll.tl00 

lJ. t◄s, 12.4''1 10 . 2151 1 .1412 5. ◄◄ lt • • ,os, ◄ . 6442 4 . 901' ◄-"" ◄ .JHJ 4.tltl , . 1152 l . ◄ 442 12 . 0210 1J.tl5S 

14 .0220 12 . un 10.51'2 t . 02 ◄ 1 S . 1020 4 . 441' 4 . 421] ◄ .,001 ,.,s21 ◄ .HU S . IStt 1 . 1101 t . 1O5 12.221] l] . tot5 

I ◄ . 2210 lJ . 0JlJ 11 . ISII • · ••o• ,.s,u ◄ .HS ◄ 4 .2311 4 . lltl 4.2151 ◄ . 1151 , .0J'9 • . 1,s, 10.Sff◄ 12 . 1151 1 ◄ .1so, 

14. ◄ HO ll . '2" 12 . I0SJ 10.1215 I . Olli , . 2," S . 11 ◄ 2 , •• 21 ◄ S.lllt ,.OMO 1 . 6100 , . 100] II. ltSt l] . ◄ 16] 14 . ◄ 411 

I ◄ . 4115 1, . 220] IJ . 111' 11 - '"' 10 . 0111 • . ,Ml 1 . ◄ 551 7 .0tlt 1.001 t . Jttl 9 . 1) ◄ 4 ll . 4Hl 11 . 0,◄ l l ◄ . 1'52 l ◄ . '411 

l ◄ . lH2 14 . ,ni 14 . llll IJ . 21H 12 .0ltl 10 . 1851 10 . 200 ,.,220 10.192] 10 . t◄ J, 12 . 0092 ll . 1510 I< . 0911 l< . ,ou l ◄ . n,◄ 

l ◄ . 11 ◄ 0 I ◄ . "" l ◄ . "J9 1 ◄ . 1215 IJ . 1 ◄ 10 IJ . 1201 12 . ,4'0 12 . ◄"' 12 . 091 ll . 1050 Jl . 12 ◄ l 1 ◄ • 2980 l ◄. ,1,1 1, . n10 1 ◄ . 1 ◄ 11 

1 ◄ • 11)) l ◄ • 1109 1 ◄ . lH' 14.1"35 l ◄ . 6)11 l ◄ .◄◄◄◄ I ◄ . 2565 l< . llt◄ l ◄ . 2511 14 . ◄)◄ 9 1 ◄ . ,21, l ◄ . 12HI 1 ◄ . 1 ◄ 51 l ◄ . 1 ◄ 21 1 ◄ . 1 ◄ 0 ◄ 

1 ◄ . 1125 l ◄ . 1102 l ◄ . 1 ,11 l ◄ . 1fi55 1 ◄ • 1,11 l ◄ . 1'°1 1 ◄ . 1510 14 . 1555 l ◄ . 1533 1 ◄ . 1 51 ) l ◄ . 1 ◄ 9 1 l< . 1 ◄ fil 14. 1 ◄ ◄ ◄ l ◄ • 1 ◄ 2 0 1 ◄ . 1191 

Ta.ble B.53 Finite Difference surfa.ce geoatrophic wind velocity (m / sec). 

-0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 - 0 . 0000 -0 . 0001 -0 . 000◄ -0 . 000, -0 . 000◄ -0 . 0001 -0 . 0000 - 0 . 0000 - 0 . 0000 -0 . 0000 -0 . 0000 

- 0 . 0000 -0 . 0000 -0 . 0000 0 . 022 ◄ 0 .0lll -0 . 0111 -0 . 0 ◄ 41 -0 . 0511 -0.0◄ 45 -0 . 0115 0 . 0Jl5 0 . 0221 -0 . 0000 -0 . 0000 -0 . 0000 

-0 . 0000 0 . 0055 0 . 0121 0 . 059◄ -0.0lll -0 . 0111 -0 . 1 ◄ 5' -0 . 1'11 -0.14]2 -0 . 0102 -0 . 00 ◄ 0 o.o'4, 0.01) ◄ 0 .0055 -0 . 0000 

0 . 0055 0 . 1111 0 . 1011 0 . 0091 -0.104' -0 . 21'2 -0 . J0ll -O.J ◄ 51 -0 . 2MJ -0 . 1110 -0 . 04'0 o .o'°o 0 . 1211 0 . 120 ◄ 0 . 0055 

0 . 09◄ 0 0 . 11 ◄ 0 0 .0'°' -0 . 0111 -0 . 2)25 -0 . H◄ J -0 . 4113 -0 . 5121 -0 . 4590 -0 . 2lll - 0 . 05,2 0 . 09◄ 0 0.1'12 0 . 201 l 0 . 09◄ 1 

0 . lM0 0 . 1454 -0 . 0J◄ I -0 . 2222 -0 . )411 -0 . 055 -0 . 5ltl -0.5511 -0, ◄ 110 -0 . 210, -0 .006] 0 . 191J 0. 2559 0. 2521 0 . 2115 

0 . 2] ◄ 2 0 . 0111 - o . 1s, ◄ - 0.)525 - 0.1120 -O.J25J -0.2ll5 -0.2511 -0 . 2592 -0 . 1661 0 . 0911 0 . ]295 0. Jll 5 0 . J 26◄ 0. 219] 

0 . 23 ◄ 4 0 . 0)11 -0 . 2'01 - 0.4440 -0 . )61' - 0.11]9 0 . 025] 0.0511 0 . 0001 -0 . 0 ◄ 11 0 . 112 ◄ o . ◄◄ 12 0.'92l 0 . ]952 0 . ]1'4 

0 . 2]00 0 . 00'6 - 0 . ]020 -0 . 41'1 -0 . Jlll -0 . 0112 0 -12" 0 . 1 .. , 0 . 0t ◄ J -0.0001 0 . 1191 0 . ◄ 105 0 . 5)56 o . ,ns 0 . 3219 

0 . 2] ◄ 5 0 . 0llt -0 . 2561 -0 . ◄ 211 -0 . )210 -0 . 0210 0 . llll 0 . 110, 0.1121 0 . 0◄ 60 0 . 2192 0 . 451) 0 . 061 0 . ]1'1 0 . )1'5 

0 . 2) ◄ J 0 . 0913 -0 . 1412 -0 . 2M9 -0 . 2,5, -0 . 010 o . uo 0 . 20, 0 . 1 ,,. 0 . 1521 0. 2560 0 . ]115 0 . 391) 0 . )291 0 . 219 ◄ 

0 . 191 1 0 . 1 ◄ 11 -<J . 0120 -0 . IJI0 -0 . 12 ◄ 1 0 . 0216 0 . 205] 0 . 2115 0 . 2410 0 . 190 0 . 2210 0 . 2119 0 . 2192 0 . 25'1 0 . 211, 

0 . 09◄ 0 0 . 1151 0 . 011] -0 . 01 ◄ 5 - 0 . 0JIJ 0 . 0)91 0 . 1)52 0 . 111, 0 . 1591 0 . IJO 0 . l ◄ SJ 0 . 1,, ◄ 0 . lt51 0 . 20) ◄ 0 . 09◄ 1 

0 . 0055 0 . 118' 0 . 1 lSJ 0 . 041 ◄ 0 . 0091 0 . 0111 0.04'4 0 . 0'1 ◄ 0.0561 0 . 0528 0.0410 0 . 0911 0 . IJ55 0.120, 0 . 0055 

-0 . 0000 0 . 0055 0 . 0134 0 . 0'8 ◄ 0 . 022, -0.00]2 -0 . 0101 -0 . 011] -0 . 0014 0 . 00◄◄ 0 . 032 ◄ 0 . 01]1 0 . 08 ◄ 1 0.0055 -0 . 0000 

-0.000 0 -0 . 0000 - 0 . 0000 0 . 02 21 0 . 0351 0 . 0021 - 0 . 011, -0 . 02◄, -0 . 0111 0 . 00]2 0 . 035 9 0 . 0 2 21 - o . 0000 - o . 0000 -0 . 0000 

-0 . 0000 -0. 0000 -0 . 0000 - 0 . 0000 0 . 0000 0 . 0001 0 . 000 ◄ 0 . 000 6 0 . 000 ◄ 0 . 000 1 0 . 0 000 -0. 0 00 0 - 0. 0000 - 0 . 0 000 - o . 000 0 

Ta.ble B .5 4 Devia.tion (Ana.lytic - F in i te D ifference) in ca.lcul a. ti o n of surface geos t rophic wi n d veloci ty (m / sec). 
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CASE Ill.A .2 - Ba.roclinic atmosphere - with VpT = [ 2.0 • I0-
5

C
0

/m ] (R) 
~ ,under T = A lnp+ Bo + Co(r -r ) 

- ◄ . 31'18 - 4 . )118 - ◄ • 3811 - ◄ • l818 - ◄ . 3111 -◄ • )111 - 4 . 3171 - ◄ • ll78 - ◄ • )171 - ◄ • 3878 - ◄ . ]Ill -◄ . 3811 -4 . )871 -◄. 3111 - 4.3878 
-◄ . )111 -◄ .3171 - 4 , 3111 -◄ • 3111 -◄ .]111 -◄ .3171 - ◄ • ltll -◄. )171 -◄• )Ill -◄. )171 -◄. 3111 -◄ . 3811 -◄ • 3171 -◄. Jlll -◄. Jilt 
- ◄ • )Ill -◄• 3111 -◄ . 3111 -4 . Jl'JI -◄ .3171 -◄• )Ill -4 - )111 -◄ . Hll -◄• 3111 -◄ .)Ill -◄. ,.,. -4.)111 -4 - )111 -◄• ,.,. -◄• Mlt 
-4 - )111 -4.)111 - 4. )111 -4. 3111 -4.Jlll -4. 3111 -4 . >111 -4 . 3111 -4. 3111 -4 . 3111 -4. 3111 -4 - )111 -4. 3111 -4. 3111 -4. 3111 
-◄ . )Ill -◄ . 3111 -4. 3111 - 4. 3878 -◄ . 3171 -4 . 3111 -4.)111 -4. 3111 -4 . 3111 -4 . 3111 - 4. 3111 -4. 3111 -4.)111 -4. 3111 -4.3111 
-4 . 3111 -4. )111 -4 . 3111 -4 . 3111 -4 . 3111 - 4 . 3111 -4. 3111 -4. 3111 - 4.3111 -4. 3111 -4. 3111 -4. 3111 -4.3111 -4. 3111 -4.3111 
-4. 3111 -4. )111 - 4 . 3111 -4 . 3111 - ◄ • ,.,. - 4 . 3111 -4.3111 -4. 3111 -◄• 3171 -4 . 3111 -4. 3111 -4. )111 -4 . 3111 -4. 3111 -4. )111 
- ◄ . 3171 -4. 3111 -4. 3111 -◄. llll -4.Jlll -4.)111 -4.3111 -4.3111 -◄ • 1111 -4. 3111 -◄. 3171 -4. )111 -4. )111 -4. )111 -4 . 3111 
-4. 3111 -4. 3111 -4. 3111 - 4. 3111 -4.)111 -4. 3111 -4.3111 -4. 3111 -4 . )111 - 4 . 3111 -4. )111 -4. 3111 -4 . )111 -4. )111 -◄. Jl11 
- 4 . 3111 -4. 3111 - 4. )111 _,. 3171 -4. 3111 -4. )e11 -4. 3111 -4. 3111 -4. )111 -4.3111 -4. 3111 -4.3111 -4. 3111 -4. )111 -4. 3111 
-4. 3111 -4. 3111 -◄. 3171 -4 . 3111 -4. 3111 -4. Je11 -4 . 3111 -4. 3111 -◄. Jlll -4.3111 -4. )111 -4.3111 -4.3111 -4 . )111 -4. 3111 
-4. 3111 -4. 3111 -◄ • 3178 -◄• 3171 -4 . 3111 -4.3111 -4 . )111 -4.3111 -◄. , • .,. -4 . 3111 -4. 3111 -4.3111 -◄ . 3111 -4.3111 -4. )111 
- ◄ • )Ill -4 . 3171 -4. 3111 -4. 3171 -4 . 3111 -4.3111 -◄• ,.,. -◄• ,.,. -4. )171 -4. )111 -◄. )Ill -4.)111 -4.3111 -◄. ,.,. -◄ • ,.,. 
-4, 3171 -◄ • 3111 -◄ . 3111 -◄ .3171 -4 . 3111 -4. )111 -4 . 3111 -4.3111 -4. 3111 -4 . 3111 -4 . 3111 -4.)111 -4 . 3111 -4 . 3111 -4. )111 
- ◄ . 3811 -◄ . 3811 -◄ . Jlll -◄ • 3811 -◄ • )118 -4. 3111 -4. )111 -4.)111 -◄• 3811 -◄ . llll -◄• )111 -◄• 3111 -◄ . 3171 -◄ • 3171 -4 . 3111 
-◄ . lilt -◄. Jilt - ◄. 3811 -◄ . )111 - ◄ . Jilt -◄ . )111 -◄ .H71 -◄• )111 -◄• , • .,. -◄. Jl'JI -◄ ., • .,. -◄• ]111 -◄ . 1171 -◄• 3171 -◄ . .Hll 
-◄ . Jl'Jt -◄ . Jtlt - 4 . 3111 - ◄ . 3171 - ◄ . )111 -◄. 3171 -◄. 3171 -◄• Jilt -◄. Jilt -4. 3111 -◄ . )171 -4.3111 -4. 3111 -4.3111 -4 . 3111 

Table 8 .55 Analytic u compone nt of surface geostrophic wind (m/sec). 

-◄ . Jt7t -◄ .3119 -◄ . ll1t - ◄ . 3818 -◄ . ]818 -◄. 3118 -◄. lilt -◄ . ]811 -4. 3818 -◄ . lt18 - ◄ . 3818 -◄ . 3818 - ◄ . 3118 -◄ . 3871 -◄. 3811 
-4.3178 -◄ . lilt - ◄ . 3811 - 4 . 3111 -4 . 3111 - 4. 3111 -◄. 3818 - ◄ .)111 -◄. 3818 - 4 . )111 -◄. 3811 -◄ • 3818 - 4 . 3111 -4. 3111 -4. 1178 
-◄ .3811 -◄. 3178 -◄ . 3878 - 4 . 3111 -4.3111 -4. 3111 -◄. 1111 -◄. 3111 -◄. 3111 -◄, 3111 - ◄ . 1111 -4 . 3111 -4. 3111 -4.31- . -4. )111 
-4 . 3111 -4. 3111 -4 . 3111 -4. 3111 -4. 3111 -4. 3111 -4. 3111 - 4. 3111 -◄ . 3171 -4 . 3111 -4. 3111 -4. 3111 -4. 3111 -4 . 3171 -4. 3111 
-4.>111 -◄. 3111 -4. 3111 -◄. 1111 -4 . 3111 -◄ .3111 -4.3111 -4.>111 -◄ • Jtll -4.3111 -◄. 3111 -4. 3111 -4. 3111 -4. 3111 -4. 3111 
-◄ • 3171 -◄ . 3111 -◄. 3118 -4. 3111 -4. 3111 -4. 3111 -4. )111 -4. 3111 -◄• Jl'JI -4. 3111 - 4. 3111 -◄• ]I'll - 4 . 3111 -4. 3111 -4. )111 
-◄ . 31'18 -◄ . 31'11 -◄ . ,.,. -◄. H'JI -◄. )111 -4 . 3111 -◄. ,.,. -◄. Jilt -◄. Jlll -◄. 31'11 -◄ . 3111 -◄, 3171 -◄• Jlll -◄. ,.,. -4 . 3111 
-4. 3111 -◄. 3111 -4. 3111 - 4 . 3111 -◄. Jl11 -4. )111 -4. 3111 -4. Je11 -◄ • )I'll -4. 3111 -4. 3111 -4 . 3111 -4. 3111 -4. )111 -◄. Jilt 
-◄ . 3111 -◄. 3111 -◄ • Jilt -◄. ,..,. -◄. )Ill -◄. 3171 -◄ . 1111 -◄ • Jl'JI -◄. 3111 -◄. Jl'JI -◄ • 3171 -◄. 3171 -◄. ]Ill -◄• 3171 -◄, )171 
-◄. 3111 -◄ . 3111 -◄. 3171 -◄ . 31'11 - ◄ • 3111 - 4. )111 -4.3111 -◄. 3111 -◄ . 31'11 -4 . 3111 -◄• 3111 -◄ .)111 -◄ .)111 -4. H11 -◄• 3111 
-4. 3111 -◄ . 3111 -◄ • 3178 -4 . 3111 -◄ . 3111 -4. 3111 -4. 3111 -4. 3111 -4. 3111 -4 . )111 -4. 3171 -4. 3111 -4. 3111 -4.3111 -4 . 3111 
-4 . 3171 -◄ • 3111 - 4 . )111 -◄ . 31'11 -4 . 3111 -◄• Jl'JI -4 . 3111 -4 . 3111 -◄. ,.,. -4.3111 -4. 3111 -4. 3111 -4. 3111 -4 .3111 -4. 3111 
-◄ • 31'11 -4. 3111 -4. 3111 -4 . 3111 -4 . 3111 -4. )111 -4 . 3111 -◄ . 3111 -4 . )111 -4. 3111 -4. 3111 -4. 3111 -4. 3111 -4. 3111 -4 . 3111 
-◄ . 3171 -◄. 3111 -◄. ,.,. -◄. 31'11 -◄, )I'll -◄. ]I'll -4. 3111 -◄ . ]Ill -◄ . 3111 -4 . 3111 -◄ , )I'll -◄ . 3111 -4. 3111 -◄. 3171 -4 . 3111 
- ◄ . 3118 -◄. Jilt - 4.3111 -◄ . 3111 -4. Jl1t -◄. 3111 -4 . 3111 -4. 3111 -4.3111 -4. 3111 -◄ . 3111 -◄ . 3111 -◄. 3171 -◄• 3111 -4.3111 
-4.3111 - ◄ . Jtll - ◄ . 3811 -◄ . 3111 -◄. ,.,. - ◄ . Jilt -◄ .Jilt -◄. 3118 -◄. 3118 -◄ . 3811 -◄. 3111 -4. 3111 -4.3111 -4 . 3111 -◄. 3111 
-◄ • lflll -◄. 3118 - 4 . 38'18 - ◄ . 38'18 -◄ . 3111 -◄ . 3818 -4 . )111 - ◄ . 3811 -4 . 3111 -◄. 3118 - ◄ . 3811 -4. 3171 - ◄ . 3811 -◄ . 3111 -◄ . 3111 

Table B .56 Finite Difference u componen t of surface geo.Hrophic wind (m/!ec). 

0 . 239◄ 0.1909 -0 . 0 ◄ 1 ◄ O. 22'4 0.210, 0 . 01') 0 . )01) 0 . 11,0 0 . 2381 O. 3119 -0 .2412 -0 .0852 - 0 . 2437 O. 1'59 - 0.2195 
0.16'9 -0.0580 - 0 . 240) 0. 21'4 -0 . 38'4 - o . o,2' -0. 041 2 0 . 1101 -0 . 20,1 0 .11 4 ◄ -0.5451 0 . 01 ◄ 1 - 0 . 2241 -0.0959 -0 . )3'4 
0.0511 -0 . ◄◄ 1 ◄ 0 . 2631 -0.1 '31 o . o,a ◄ -0.155) 0 . 0001 -0 . 2559 0 . 09<5 -0. 2910 0.11s, -0 . 1195 0 .1 451 -0.2311 o . a,1 

-0.0901 -0.1 515 0 .2615 - o . 1)45 0 .1 095 0 . 021, 0 . 0294 -0 . 28'1 0 .12)1 -0 .o,o 0.291) -0 .1 345 0 . 2203 -0 . 2253 0.3143 
-0 . 2)11 0 .2'15 -0 . 329◄ 0 . Oil 1 - 0 . 0229 0 . 0199 -0 . 0191 0 . 0790 -0 . 0191 0.26e6 0 . 011, - 0.0121 -0 . 2122 0 . 0491 -0 . 3420 

0 . 2JJJ 0 .12'4 - 0.0110 0 .0544 0 . 2111 0 . 115, -0.302' 0 . 3"1 0.104 0.)044 0 . 1934 0 . 1411 0 . 05)1 0 .1500 -0 . 0440 
0 .21 8 ◄ -0.1540 0 .1 02 -0.1,51 0 . 455) - 0 . 09<, -0.2110 -0.3~7 0 .1 909 -0 . 0946 0 . 2664 0 . 0709 0 . 21'5 -0 .01)2 0 .1351 

- o . 2111 o.ous - o. 1104 0 . 1190 -0 . 30)1 - 0 . 0510 0 . 0)61 0 . 1591 -0 . 1055 0 .090' -0.3912 0 , 1190 -0.0916 0.1''6 -0 . 2ltl 
- 0 . )155 0 . 062 1 -0 . 1621 0 . 161) - 0 . 445) 0 . 2)91 - 0.400 0 . 4515 -0. ◄◄ 53 0 . 0915 -0 . )213 0 . 050) - 0.1621 0 . 0)15 -0 . 1651 
0.0951 -0.1951 0 . 0930 -0.13'4 0 . 3101 - 0. l '111 0 . 0~5 -0 . 2'116 -0.05)5 -0 . 3671 0. 2621 -0 . 1600 0 . 1214 -o .2194 0 .2 331 
0 . 0110 0.11,, 0 . 1614 0 . 0169 0 . 1646 -0 . 1124 0 . '650 0 .2165 0 . 0040 0 . 1001 -0 . 0114 -0 . 0'41 0 . 0251 0 . 0422 0 . 2134 

-0.203' 0 .1158 -0 . 0946 0 . 1406 -0. 3160 o . 1131 0 .1201 0 . 30()2 -0.2516 0 . 1131 -0.0921 -0 . 0411 -0.000J 0 . 2102 -0 . lUl 
O. Jl99 0 . 0150 0 . 0052 - 0 . 0156 0 . 0291 - 0 .2 ,24 0 . 095) -0.0121 0 . 2142 - 0 . )5'9 0.2119 -0 . 0756 0.2114 -0.1)13 0 . 0055 
O. J12, -0.1 ◄ ,1 -0 . 0125 -0 . 1 ◄ 2, 0 . 0155 -0 . 3991 -0 . 0232 -0 .1191 0 . 2601 -0 . 210) -0.0019 -0 . 0 ◄ ll - 0 .1 191 -0 . 1911 0 . 118' 

-0.291 9 -0 . 1921 -0.1 051 0 . 1451 0 . 0)22 0 . 1615 -0 .1121 0 .261 9 -o . ◄ ,,o -0 . 1689 0 . 0)22 -0 . 2192 - 0.2401 0 . 2141 -0 . ◄ 208 
-o. 251 1 - o . 0295 0 .1079 0 . 05'8 -0 . )1 ◄ 4 0 . 2)40 -0.090 0 . 1111 - 0 . 02)5 -0 . 10, 0 .115) -0.06)2 0 .2 111 0 . 022) 0 . 2119 
0 . 18 ◄ 0 -0.028€i 0 .1125 -0. 4571 -0 . 0411 - 0 . 0041 0 . 0211 -0 .1)12 0.)201 -0 .1151 0 . 04'1 0 . 0195 -0.0'62 - 0 . 0119 0 . 4931 

Ta.hie 8.57 Dev iation (Analy tic - Finite Difference) in ca.lcu la. tion of th e u componen t of s urface geostrophic wind ( lo - 11 m/sec). 



[

2. 0 • 10-S C
0 /m] (R) 

CASE III.A .2 - Ba.roclin ic a tm osp h ere - w i th 'ilpT = g , und e r T = A In P + Bo + Co( .x - x ) 

-lt . 0731 -19 . 0'67 -lt.0'°2 -19 . 0Sll -19 . 0 ◄ 73 -lt . 11409 -11.0l◄ S -19.0210 -19 . 021' -19.01S2 -19.0011 -lt . 0023 -11.HSI -ll.N95 
-19.0716 -19 . 06S2 -19 . 0S87 -11 . 161◄ -11 . ◄ 0H -11.1717 -11.1071 -11 . 967S -11 . 3119 -11 . 1312 -11.0073 -19.0009 -11 . 99◄ S -ll.N11 
-19 . 0701 -19 . 0190 -11 . 2902 -17 . 0113 - 1s . ,06 -l ◄ . '630 -1 ◄ .2196 -1 ◄ .6S30 -1S . '412 -1'.N37 -11.2 ◄ 07 -ll.t5◄ t -11.HJO -ll.N66 
-19.0240 -11.0011 -1S.9792 -13 . 5107 -11 . 10◄ -1. 5◄ 7 ◄ -e . 1s◄ 0 -1. S ◄ OI -11.1739 -13.4129 -lS.'3S7 -17 . 9◄ 02 -11.9◄ 70 -11 . NSI 
- 11 . 2996 -lS. N32 -12 . 6 ◄ '1 -I.Kit -5 . 651◄ -]. 3620 -2 . S◄◄◄ -3 . JSK -s. 6◄ 35 -•. 9◄ 31 -12 . Ull -1s.1211 -11.225◄ -11.N3' 
-17.0312 -13.5170 -1. 9'35 -◄ .1525 0 . 0771 2 . 911 ◄ 3.Hll 2.K92 0.0777 -◄• 1 ◄ 37 -e . 9315 -u. ◄ 10, -a.,u, -11.1ttt 
-lS .HSO -11.196S -s. 6523 0 . 071◄ S.0'41 l. ◄5'2 ,.,ss9 l. ◄◄ H S.0575 0.0713 -S . '36◄ -11.1571 -IS. 6209 -11 . 3◄ 3 ◄ 
-1◄ .H06 -9 . SS ◄ 6 -] . 3609 2. 97'7 •-◄ 609 U.1120 U. ◄ KS U.1729 l. ◄◄ I ◄ 2. 9102 -> . JSl ◄ -9. 521◄ -1◄ • 620◄ -17. ,221 
-1 ◄ . 3100 -•. ,,20 -2.S◄ ll ◄ . 0075 I.HU 13 . 5032 1 ◄ .IS7' 13 . ◄ UO ,.,s20 ) . 9917 -2 . 53 ◄ 6 -•. 9301 -14 .2S1Z -11. 75◄ 6 
-l ◄ .6776 -9 . SSlS -) • 3511 2 . 9199 l . ◄ '41 12. llSJ U. ◄ 997 12.17'2 l . ◄ 517 2 . 973 ◄ -).)◄13 -9. Sll◄ -l◄ . '174 -17 . 9192 
-15. '790 -11.190◄ -S.6◄ '1 0.0157 S .0713 l. ◄ 62' t.'62◄ l. ◄ 56◄ S.0'39 0.0155 -s . 002 -11.1s11 -1S.'1 ◄ 9 -11.3375 
-17 .0223 -13 . 5079 -e .95◄] -◄ .1 ◄ ]2 0.0173 2.N01 ◄ .007' 2 . 1111 0.0172 -4 . 134 ◄ -e.t2tl -11. ◄ ,1, -1'.9530 -11 . 7910 
-11.2177 -IS . 9712 -12 .,1◄ 0 -1.9◄ 9' -S.'391 -3. 3◄ 95 -2 . 5311 -] . ]◄ 72 -S.011 -1 . 9309 -1Z.5H2 -15. 1168 -11 . 2us -11.nu 
-19 . 0091 -17 . 9162 -15 . 96◄ 3 -13 . ◄ 956 -11.17◄ 2 -,. 5321 ... . 1317 -t . 5255 -11.1511 -13. ◄ '78 -1s.1201 -11.us1 -11 . 1322 -11 . 9703 
- lt.0523 -19 . 0012 -11.2723 -11 . 0004 -H.651' -l ◄ .'450 -1 ◄ .2715 -1 ◄ . 0 ◄ 9 -1S.'302 -1'-"SI - 11 . 2229 -11. 9371 -11 . 1752 -11 . ,, •• 
-19 . 0508 -19 . 0◄ 44 -19.0379 -11.1416 -11 . 1,,0 -17 . t5H -11.1u3 -17. 9447 -11 . ]'11 -18 . 110◄ -11 . 9865 -le.MCI -11 . 9737 -11 . 9673 
- 19 . 0493 -19 . 0◄ 29 - 19 . 0365 - 19 . 0300 -19 . 0236 -19.0172 -19 . 0107 -19 . 00◄] -11 . 9979 -11 . 9915 -le . 9151 -11.9711 -11.9723 -11 . 9659 

Table 8 .58 A n a l y ti c v co m po n e nt o f s urfac e geos tro p h ic wind (m/sec). 

-19 . 0731 -1,.0,,, -1, . 0,02 
-19.0716 -19.0652 -19.0130 
-19.0590 -11.1◄ 96 -11.15◄◄ 
- 11. 7110 -17 . 751 ◄ -15 . 1676 
-17.9140 -15. 7210 -12.5593 
-1' . '171 -13 . 2572 ... . . 991 
-15 . 2 ◄ 93 -10. 932' -5 . 605 ◄ 
-l ◄ .2308 -9 . 2177 -3.32◄ 9 
-13 .1553 -• - '939 -2 . 5095 
-l◄ • 2271 -9. 214' -3. 3218 
-15 . 2 ◄ 32 -10 . 1265 -S.5'92 
-1, . ,012 -13 . 2411 -1 . 18519 
-11 . ,021 -15 . 7160 - 12 . 5 ◄ 72 
-11 . 7662 -17 . 7365 -15 . 8526 
-19 . 0 ◄ 12 - 18 . 8318 -18 . 1366 
- 19 . 0508 -19.0 ◄◄◄ -lt.9922 
-19 . 0 ◄ 9 ◄ -19 . 0 ◄ 29 - 19.0365 

-19 . OSJI 
- 11 . 1011 
- 16. '991 
- 13. 5 ◄ 75 
-9 . 0553 
-4 . 2171 
-0 . 1071 

2 . 7633 
J.1149 
2 . 7665 

-0 . 1008 
-◄ . 2113 
-9 . 001 

-lJ . 532◄ 
-16. 9812 
- 18 . 7803 
-19 . 0300 

-19 . 0 ◄ ll 

- ll. ◄ 157 
-15.7551 
- 11 .3592 
-S.10'7 
-0.25'4 

◄ · "'◄ I . 0201 
9 . 2101 
I . 023 ◄ 
4 . ,121 

-0 . 2 ◄ '9 
-S . 19◄ 3 

-11 . 3◄◄ 0 
-15. 7371 
-18.39◄ 9 
-19 . 0236 

-19.0409 -19 . 0345 
-11.003 -17 . Ito ◄ 
-l ◄ .1213 -1◄ .4731 
-t.10" -1.2◄ 91 
->. nee - 2.,s26 
2 . 50◄ 7 3. ◄ 1◄ 3 
7 . 9013 t.05◄ 5 

11. 5103 12 .1370 
12 . 112, l ◄ . 1710 
11.5136 12 . 1 ◄ 02 
l . tl ◄ I t . 0,10 
2 . 51 ◄ 2 3 . ◄ 931 

-3 . 7175 -2 . 9401 
-,. 71◄ 3 -1 . 2331 

-1 ◄ .1033 -l ◄. ◄ 557 
-18 . 0225 - 17 . 1695 
-19 . 0172 -19 . 0107 

-19.0210 
-11.0310 
-14 .110, 
-9.102◄ 
-> . 7268 
2. so 1, 
7. ,0]3 

11.5727 
12.17◄ 0 
11. 5751 
7.toN 
2 . 5131 

-3 . 71 ◄ 3 
-9 . 7871 

-1 ◄ . 7929 
-11.0102 
-19. 00◄ 3 

-11.021, 
-11.,to, 
-15.7332 
-11.3429 
-5 . ltl◄ 

-o.25◄ e 
4.'611 
1.0100 
l.lHO 
1.0132 
◄ .,,, .. 

-0 . 2 ◄ 53 
-5.1151 

-11.)277 
-15.7153 
-18.3698 
-18 . 9979 

-19 . 0152 
-11 . 7'29 
-1'.K◄ O 
-13.5111 
-t . 0353 
-◄ • 2171 
-0 . 1051 

2 . 759◄ 
J. 1111 
2. 7'26 

-0.0981 
-4 .2771 
-9 . 0230 

-13.5038 
-16.9◄ 62 
-18.7◄ 21 
-18 . 9915 

-19.0011 
-11.1617 
-11.1050 
-15.121, 
-12 .5236 
-1.,121 
-s .5111 
-3 . Jl35 
-2 . SOOJ 
-3 . 3104 
-S.5111 _. _,,31 

-12 . 5115 
-15 . 1017 
-18 . 0872 
-18 . 9409 
-18. 9851 

Table B .59 F i ni t e D ifference v compo ne nt of s urface geostrop hic w i n d ( m/sec) . 

0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0.0000 
0 . 0000 0 . 0000 -0 . 0 ◄57 -0 . 0683 0 . 0089 0 . 0636 0 . 0132 0 . 0635 0 . 0087 -0 . 0683 -0.0456 

-0 . 0112 -0 . 169◄ -0 . 1357 - 0 . 0192 0 . 0156 0.1513 0 . 1142 0 . 1580 0 . 0851 -0.0196 -0.1357 
-0 . 2429 -0.2◄ 98 -0 . 1117 0 . 0368 0 . 1698 0 . 2621 0 . 2950 0 . 2616 0.1689 0 . 0360 -0 .1121 
-0 . 3156 -0. 2552 -0 . 0168 0 . 0935 0 . 2553 0 . )680 0 . ◄ 082 0 . 3672 0.25◄ 0 0.0921 -0 . 0877 
-0 . ◄ l ◄ l -0 . 2598 -0 . 06◄ 3 0 . 1 ◄ 51 0.33◄ 2 0. ◄ 666 0 . 51 ◄ 0 0 . ◄ 656 0 . 3325 0.1◄ 33 -0.0651 
-0 . ◄ 351 -0. 2639 -0 . 0 ◄ 69 0 .11,, 0 . 3986 o. 5419 0 . 6014 0 . 5 ◄ 66 0 . 3965 0 . 11 ◄◄ -0 . 0416 
-0 . ◄◄ 91 -0 . 2669 -0 . 0360 0 . 2133 0 . ◄◄ 08 0 . 6017 0 . 6595 0. 6002 0. ◄ 38 ◄ o . 2108 -0.0379 
-0 . ◄ 5 ◄ 1 - 0 . 2680 -0 .0323 0 . 2226 0. ◄ 555 0 . 6205 0 . 6799 0. '190 0 • ◄ 531 0 . 2200 -0 . 03 ◄ 3 
-0,4491 -0 . 2669 -0 . 0360 o . 2133 0 . ◄◄ 08 0 . 6017 0 . 6595 0 . 6002 0 , 4 38 ◄ 0 . 2109 -0.0379 
-0 . ◄ 357 -0 . 2639 -0 . 0469 o. ie,, 0 . 3986 0. 5 ◄ 79 o . 6015 0. 5 ◄ 66 0 . 3 965 0 . 11 ◄◄ -0 .0486 
-0 . ◄ l ◄ l -0 . 2598 -0 . 06◄ 3 O. 1451 0 . 3342 0 . ◄ 667 0 . 51 ◄ 0 0.4656 0. 3325 0 . 1433 -0.0657 
-0 . 3856 - o . 2552 -0 . 0868 0 . 0935 0 . 2553 D. 3680 0 . ◄ 082 0. 3672 0 . 25◄ 0 0 . 0921 -0. 0877 
-0 . 2429 -0 . 2 ◄ 98 - 0 . 1111 0 . 0368 0 . 1698 0 . 2622 0 . 2951 0 . 2616 0 . 1690 0 . 0360 -0 . 1121 
-0 . 0112 - o . 169◄ -0 . 1358 -0 . 0192 0 . 0856 0.1583 0.1842 0 . 1580 0 . 0851 - 0 . 0196 - 0.1357 

0 . 0000 0 . 0000 -0 . 0 ◄ 51 - 0 . 0683 0 . 0089 0 . 0636 0 . 0832 0 . 0635 0 . 0087 - 0. 0683 - 0 .0 ◄ 56 

0 . 0000 0 . 0000 0 .0 000 0 . 0000 0 . 0000 0 . 00 00 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .000 0 

-19.0023 - 11.ttSt -11 , NtS 
-19.0009 -11.tt◄ S -11 . Nll 
-11.7151 -11.Hll -11 . MU 
-17 . '901 -11. 70◄ 1 -11 . 17◄ 0 
-15.,n, -11.1 ◄01 -11. 7125 
-13.210◄ -16.5◄ 16 -11. Jl43 
-10.1932 -15.1157 -17.1205 
-9 . 2537 -l◄ .1711 -17.)59◄ 
-t.,'19 -ll.7970 -17 . 1129 
-9.2506 -l ◄ .1681 -17.356◄ 

-10.1112 -15.1191 -11.1145 
-13.201 ◄ -1'.539' -11 . )755 
-15.6616 -17.1219 -11 . 7106 
-17 . 6759 -11 . 6900 -11 . 1512 
-18. 7681 -11 . 96◄ l - 11 . 9688 
-18 . 9801 -18 . 9737 -11 . 9673 
- 11.9787 -18 . 1723 -18 . 9659 

0.0000 0. 0000 0 . 0000 
0.0000 0. 0000 0. 0000 

-0.1690 -0.0111 o . 0000 
-0 . 2 ◄ 9◄ -0 . 2 ◄ 22 -0.0111 
-o. 2552 -0.]1◄ 6 -0 .1912 
- o. 2602 -0 . 4133 -0 . ◄ 155 
-0.2646 -0 . ◄ JS! -o. 5229 
-0. 2678 -0.4493 -o. 5628 
-0. 2690 -0 . ◄ 5◄ 3 -0. 5716 
-o. 2611 -0 . ◄ OJ -0 . 5628 
-0.26◄ 6 -0 . ◄ 351 -0 . 5229 
-o . 2602 -0 . 4133 -0 . ◄ 155 
-0 . 2552 -0 . 38◄ 6 -0.1912 
-0. 2 ◄ 9 ◄ -0. 2 ◄ 22 -0 . 0111 
-0 . 1690 -0 . 0111 0 . 0000 

0 . 0000 0. 0000 0 . 0000 
0. 0000 0. 0000 0 . 0000 

Table B.60 Deviati o n {Analytic . Finite Difference) in ca.lcu la.tion of th e u compone nt o f surface geos tr op hi c w i nd (m / sec). 
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_ [2.0•l0-5C0 /m] (R) 
CASE JII.A .2 . Ba.roclinic a.tmosp here - w ith VpT = 6 , un d e r T = A In P + Bo + Co(x - .x ) 

u . sn, lt . 511) lt . 5'50 lt . 5511 lt . SS2S lt . 54'2 lt.5Jtt lt . 5JH lt . 52H lt.5211 lt . 51O lt . 50" lt . 5024 lt . ◄ t'1 It . .... 
lt.57'2 lt.5'tt lt . 5'1' lt . 557) lt . J72t 11 . u2s 11 . 507) 11 . Utl 11. ◄ tSS 11 . ltlJ It . us, lt.5072 It . soot lt . O47 lt.4114 
lt . 5747 lt.5414 It . SI" 11 . 1091 17 . 570 1' . 272J 15 . J0S< 14.t411 15 . 2t5t 1' . 2517 17 . 541) 11.7'10 lt . 45'1 lt. ◄ tl2 lt . 4170 
lt.57U lt.52H 11 . 5212 1' . 5707 14 . 2054 U.0lto 10 . 50H t . t11) 10.5014 U . 004' 14 . 110 1'.5211 11.Ht0 lt . 4414 lt . 415, 
lt . 5711 11.IIIJ 1' . 574' U . Jl57 t . nu 7 . 1541 5.5277 5.0722 5 . 520 7 . 1415 t . H1' lJ.)521 1'.5221 11 . 74'1 lt.4141 
lt . JU0 17 . 5174 14.211) t . t1H 6.0412 4.)115 5.2tU 5 . tJO 5.2N0 ◄ .)115 6.0JU t.tSH 14.1'72 17.520) lt . J0SI 
ll.t457 1'.2172 12 . 025, 1.1555 ◄ .)115 , . 1012 t . 52'1 10 . ,0,1 t.521) , . us, •. ,us 7.100 11.HH 1'.225◄ II.Hot 
ll . 5J4J 15.J22J 10.5140 5 . 5271 5.J022 t . 5JI0 U.'411 14 . ltll U.tJH t.51tt 5 . JN6 5.521> 10 . 41JI 15 .2'0 11 . 4514 
11.no1 14.tu, t . t115 5.070t 5.tUS 10 . ,1s, 14.1M2 15 . 022 14 . llU 10 . ,02, S.tJ" 5.0'72 ,.,sos 14 . tll4 11 . 2117 
11.SJ14 15.Jlt< 10 . 5112 5 . 5252 5.J040 t.5JJt U . t512 14 . lt◄ t 12 . '427 t.5221 5.J004 5 . Slt4 10 . 4111 15 . 2'11 II . UH 
11 . tJtt 1'.2114 12 .0ltt 7 . 1so, ◄ .JU7 6 . 7060 t . SJ2S 10 . 6120 t.5270 6 . 7005 ◄ .Ju, 7 . 1111 11 . tllt 1'.21t7 11 . 1551 
lt . Jl)J 17.5717 14 . 2027 t . tns ,.o, ... _,.., S . J0H 5 . '427 5.J0H 4 . JU7 , . 0211 , . ,02 14.15" 11.su, lt . 2KS 
lt . 5602 11 . 10'7 1' . 5U0 1J . J742 t . tn• 7 . 1451 5.5202 s .o,st S.5117 7 . UII ,.,so, U . Hl4 U . 510, 11 .nu lt . ◄ 726 
lt . 5511 It.Soto 11 . 5117 1' . 550 14.ltl0 U . 0041 10.01' t.t57' 10.4175 ll.tt04 14 . 164' 1' .510 11 . 454' lt.O40 lt. ◄ 711 
It . SSH lt . 5511 lt.5012 ll .1tll 17 . 5515 U . 2550 15.2H2 14.tJ0I 15.2716 1' . 2144 17.5240 11 . 707 It . OU lt.O5t lt . 4'97 
lt . SSSt 1, . s .. ,, lt . S ◄ l) lt . SJlO lt . Js2, 11 . 9021 11 . 4111 11 . lltS 11. ◄ lS) 11 . llll lt . JlS ◄ lt. ◄ 170 11 . 4101 lt . ◄ l4S lt . ◄ 6-tl 
lt . SS44 19 . 541 2 lt . S ◄ lt 1, . s1 s , lt.S2tl lt . S2ll 11 . s1,1 lt . 5105 lt . SO•ll lt.4940 lt . ◄ 911 11 . ◄ ISS 19 . ◄ ltl lt . ◄ llO 1, . • ,,. 

Ta.hie B .61 Ana.ly ti c aurfa.ce geoslrophic wind veloci t y (m / sec). 

u . sn, 11 . 511> u.s,so lt . 5517 lt . 5525 lt . 54'2 lt.5Jtt lt . 5))6 lt.52H lt . 5211 lt . Sl◄ t lt.S0U lt . 5024 lt . 0'1 lt . 4199 
19 . 57'2 lt . 5'99 u.su, lt . 5121 lt . J0O 11 . n12 11.5692 11 . ,20, 11 . 5572 ll.t041 lt .Htl lt . 4'27 It.Soot lt. ◄ t◄ 7 lt.4114 
lt.57O lt . 5575 lt.JSJS 11 . ,n2 17.55'3 U . JSO 15 . 4571 15 . 120 15 . 4472 U . JJH 17.522> 11.Utl lt . 2t15 lt.412 ◄ lt . ◄ 170 
u . su, u . 2141 11.21s, 1' . Hll 14 .2404 U . 1772 10 . 1u2 10 . 2,n 10 . 7JH 12 . 1'20 1 ◄ .2111 1' . 4207 11 . 2241 lt.2126 lt.OO 
lt . JUt 11.406 1'.J2U 1> . J0J7 10.0,20 1 . )511 5.750 5 . 2117 5.750 7 . )507 10 . 040 lJ . 2700 1'.27'2 11.)724 lt.2t79 
11 . ,1,0 11.11,1 ll . t'-4 ◄ , . ,220 ,.uu ◄. JtSl S . 0524 S . 60J0 5.0511 4 .Jt52 ,.u◄ s t . lN5 u . ,201 11.120, 11.,001 
11 . os, 15 . 1'40 11.7102 7 .1115 ◄ . ,1,1 , . • 05) t.0440 10 . 0'17 t . 0Jt1 , . ◄ 014 ◄ . JUI l . lO◄ l 11 . 101 1s .,on 11 . Js21 
17 . HU 14.ltlt 10 . 2720 5.505) 5 . 1155 t . 1420 U.JU7 u.s,u U . J7" t . lJJl 5 . 11H 5 . .... 10.2HJ 14.IJO 17.to53 
17 . 1144 l ◄ . 5JJ4 t. 7Jl5 5.0548 5 . 1t◄ 1 10 . 202' u . ,ot< l ◄ .1414 u . ,012 10 . ltlt 5 . 7to7 5.0502 , . 7091 14 .n1, 17. 730 
17.tUJ 14 . Ut0 10 . 2'92 5 .50H 5.1172 t . 1441 12.JIO U . 5O2 12.J79' t . lJSI 5 . 1150 5 . ◄ 9'5 10.2115 1 ◄ . 020 17.t02◄ 
ll . 42tl 15 . 1'22 11. 7746 7 . 11)7 ,.,no , . ◄ 100 , . 001 10 .ons t.0◄ 5J , . ,0,1 ._,.., 7.0ttt ll.7Jll 15.1012 JI . JOO 
11.,n, 17 . 1710 u . tSSI t . tlJI , . us◄ •• Jt◄ I 5 . 0571 s . ,ou 5 . 05" ._,.., ,.1210 t.ltoJ 1J . tll5 17.1111 ll.lt21 
lt . JlU 11 . 020 1' . J171 1).2t2J 10 .0514 7.)412 5.150t 5 . 2111 S.HU 7 . H0I 10 . 0JJ4 lJ.25" 1' . 264' 11.)601 lt . 21'4 
lt . 5411 lt . 272) 11 . 2111 1,. ◄◄1, 14.2260 U . 1O1 10.7J2J 10.22JJ 10 . 7257 12 . 1411 14 . lNI 1'.400 11.2124 lt.lte2 lt . 460J 
19 . 557) lt . 5402 lt . JJU 11 . ,5te 17 . SJU 1' . JJH 15 . ◄ JU 15 . 1070 15 . 4299 1' . JlO 17 . 5050 11 . 6111 11 . 2742 19 . 4651 lt.4497 
lt . 5551 19 . 506 19 .50) 19 . 0 25 u . 21n 11 . uo, 11.5◄19 11 . ◄ 00 ◄ 11 . 5370 11 . 11,, 19 . 2 ◄ 19 lt . ◄◄ 25 lt . ◄ 101 lt . ◄ 7 ◄ 5 lt . ◄ UJ 
19 .55◄◄ 19 . 5412 19 . 5419 lt . 5J56 19 . 5293 lt.5211 lt . 51O 19 . 5105 19 . 50◄] 19 . 4980 19 . ◄ 911 19 . 4155 19 . 419] 19 . ◄ lll 19 . 4,,I 

Ta.hie B .62 Finite Difference s urfa.cc geos t rophic wind velocity (m/sec). 

- 0 . 0000 -0 . 0000 -0 . 0000 - 0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 -0 . 0000 -<1.0000 -0.0000 - o . 0000 - 0 .0000 -0 . 0000 -0 . 0000 - 0 . 0000 
-0 . 0000 - 0 . 0000 -0.0000 0 . 044 5 o .o,,, -0 . 001, -0 . 0'11 -<> . 0101 -0 . 0'17 -<> . 0015 0 .0"5 0 . 0445 - 0 . 0000 -0.0000 -0.0000 
- 0 . 0000 0 . 0109 0 . 1'51 0 . 1)20 0.011, -0.012 ◄ -0 . 1511 -0 . 11,2 -<>.1514 -0.0119 0.0lt0 0.1)19 0 . 1,46 0 . 0108 -0.0000 

0 . 0109 0 . 2)66 0 .2426 0 . 1077 -0 . 0JS0 -0 . 151J -0.2Jee -0 . 2651 -0 . 2382 -0 . 15H -0 . 0342 0 . 1080 0 . 2422 0 . 2)58 0 . 0101 
0 . 1170 0 . JH7 0 . 2459 0 . 0820 -o .ouo -0 . 20JJ -0 . 2,12 -0 . 21'6 -0 . 2J06 -0 . 2021 -<> . 0121 0 . 0121 0 . 2459 O. J7J7 0 . 11'2 
0 . 4060 0 . 4007 0 . 24'9 0 . 0578 - 0 .1 007 -0 . 000 0 . 240 0 . JllJ 0 . 2462 -0 . 00'7 -0.0993 0.0519 0.202 0 . 3t91 0 . 4044 
0 . 5 101 0. 4192 0 . 2453 0 . 0)10 -0 . 000, 0 . 2951 0 . 4128 0 . 5445 o . 411, 0.2942 - 0 . 0005 0 .0IIJ 0 . 2 ◄ 51 0 . 4115 0 .5012 
0 .5 411 0 . ◄ 304 0 . 2420 0 . 0211 0 . 110 0 . )190 0 . 5644 o. 625 7 o . s,10 0 . 11,, 0.1153 0 . 0229 0.2426 0.4291 0 . 5461 
o .ss,4 0 . 4341 0 . 2400 0 . 01'1 0 . 1478 0 . 4U0 0 . 5111 0 . ,so, 0 . SIH 0 . ◄ 101 0 . 1459 0 . 0171 0.2407 0. ◄ JJ5 0 . 5544 
0.5411 0 . 4304 0 . 2 ◄ 20 0.0218 0 .11 0 0 . 11,1 O . !t~ ◄ 0 . 6257 0.500 O. Jl'9 0 . 115) 0 . 022t 0 . 242, 0 . ◄ 2tl 0 . 5461 
0 . 5101 0.4192 0 . 2453 o . ono -0 . 000J 0 . 2,n 0 . 412' 0 . 5446 0 . 017 0 . 294 ◄ -0 . 0003 0.0Jl2 0 . 2451 0 . 4185 0 . 5012 
0 . 4060 0 . 4007 0 . 24'9 0.0577 -0.1006 -0 . 0061 0.205 0 . Jlll 0 . 2461 -0 . 0060 -0 . 0992 0 . 0519 0 . 202 0 . 3991 0 . 4044 
0 . 1110 0 . JlO 0 .2 459 0 . 0119 -0 . 0U0 -0 . 20]1 -0 . 2)07 -0 . 2159 - 0.2J0 I -0 . 2020 - 0 . 0121 0 . 0121 0 . 2451 0 . 31)7 0 . 1162 
0 . 0109 0 . 2366 0 .242, 0 . 1077 -0 . 0JS0 -0 .1512 -0 . 2117 -0 . 2,51 -0 . 2112 -0 .1 51 ◄ -0 . 0342 0 . 1010 0 . 2422 0 . 2)51 0 . 0101 

-0.0000 0 . 0109 0 . 1651 0 . 1320 0 . 018' -0 . 0824 -0 . 1511 -0 . 1162 -0.1514 -0 . 0819 0 . 0190 0 . Ill 9 0 . 1,4, 0 . 0108 -0 . 0000 
-0.0000 -0. 0000 -0.0000 0 . 0 ◄ 4 5 0 . 0666 -0 . 008' -0.0611 -0. 0101 - 0 . 0611 -0 . 0085 0 . 0'65 0 . 0445 -0.0000 -0 . 0000 -0.0000 
-0.0000 - 0 .0000 -0. 0000 -0. 0000 -0 . 0000 -0 . 0000 -0 . 0000 -0.0000 -0. 0000 - 0 . 0000 -0. 0000 - 0 . 0000 - 0. 0000 -0 . 0000 - 0 . 0000 

Ta.ble B .63 Devia.tion (Ana.lytic - Fini Le Difference) in calcula.tion of surf a.cc geos troph ic wind velocity (m / sec). 
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_ _ . [2.0 • J0-
5

c
0 /m] (R) 

CASE 111.8 .2 - Ba.roclin 1c atmosp here - w1th VpT = ~ , under T = Az + Bo + Co(.r - :r ) 

-◄. 3111 -◄. 3171 -◄. )111 _,. ]111 -◄ • ,.,. -4.)111 -◄ .1171 -◄• )171 -◄. 3111 -◄ • ll 11 -◄. JI 11 -◄• 3171 -◄ .)171 -◄. )111 -4. ]111 

-◄. 3171 -◄. 3171 -◄ . 3178 -4. )171 - 4 . )111 -4.)111 -4.)171 -4.)171 -4.)111 -4 . Jilt -◄ .]111 -◄ • 3171 -4.)118 -4.Jl71 -4.)111 
_,. )111 -◄ • ,.,. -◄ . )171 -◄ • 3111 -◄. )171 -4.Jl71 -4.)111 -4.)111 -4.M71 -◄ . ]111 -◄ .]111 -4.Hll -◄ • 3171 -◄• )Ill -4.)171 

-◄. Jell -4.)111 -4 . )111 -4.Jlll -4 . )178 -4.)171 -4.M71 -4.)111 -4.M71 -4.M11 -4 . Jl71 -4.)171 -4.)111 -4.)111 -4.)118 
-4. )111 -4.)111 -4 . )811 -4 . )111 -4. )111 -4.)111 -4. Jilt -4.)111 -4 . )111 -4. )111 -4. )111 -4. )111 -4.J171 -4.)171 -4.)111 
-4. ]111 -4. )111 -◄ . ,.,. -4 . )111 -4.)111 -4 . H71 -4. )111 -4.M11 -4.)111 -4. Jl11 -4.)111 -4. 3171 -4. ]171 -4.)111 -4.Jl11 
-◄. )118 -4. )111 -◄• ,.,. -4. ,.,. -4. )111 -4 . )111 -4. )111 -4.)111 -4. M11 -◄. ,.,. -◄• ,.,. -◄• ]171 -4.)111 -4 . )111 -4.)111 
-◄ .3111 -4 . )111 -4.H11 -◄ • ,.,. -◄. ,.,. -4. )111 -4. )111 -4.)111 -◄ .llll -4 . Jl11 -4. )111 -◄ . Jell -4 . H11 -4.)111 -4.H11 
-◄• 3171 -4. )111 -4 . )171 -◄, ]Ill -4 . Jl11 -4.)111 -4.H11 -4.)111 -4.)111 -4.)111 -4 . )111 -4. )111 -4.)111 -4. )111 -4.)111 
- 4. 3111 -4.)111 -4.)111 -4 . )111 -4 . )111 -4.)111 -4.H11 -4.)111 -4. H11 -4. H11 -4 . H11 -4 . 3111 -4 . )111 -4.)111 -4.)111 
-4 , ]111 -4. )111 -4. Jl11 -4 . Jilt -4. )111 -4.Jlll -4 . Jlll -4.Jlll -◄• ,.,. -◄ . )111 -◄• )111 -4 . )111 -4.Jlll -4.H11 -4. )111 
-◄. ,.,. -◄• ,.,. -◄. ,.,. -4.)111 -4. Jl11 -4. H11 -4 . )111 -4.)111 -4 . Jlll -◄. ,.,. -◄. )111 -4.Jlll -4 . )111 -◄. )111 -4 .Jl71 
-◄ . 3171 -4. )111 -4. )111 -4 . )171 -4 . )111 -4.)111 -4 . )111 -4 . H11 -4 . )111 -4. )111 -4 . )111 -4.)111 -4.)111 -4 . )111 -4.)111 
-◄ • )171 -◄• ,.,. -◄. ,.,. -◄ . )111 -◄ , ]111 -◄ .Jlll -◄ . 3171 -4.)111 -4. ,.,. _,_,.,. -◄• ,.,. -◄. ,.,. -◄. 3111 -◄• Jl11 -4.)111 
-◄ • )111 -◄. )111 -4. )111 -◄. 3111 -4.)111 -4 . )111 -4.)111 -4. M11 -4. )171 -◄. 3111 -4 . )111 -4.Jl11 -4 . Jl11 -4.H11 -4. )111 
-◄ • lt78 -◄ . )811 -◄• )118 -◄. 311'1 -◄ . )171 -4. Jl11 -◄• )811 -◄ .)811 -◄ .1171 -◄ . )111 -◄. )111 -◄ . 1171 -◄ . )111 -◄. )111 -◄, 1111 
-◄ .3111 -◄. 1171 -◄• )111 -◄. )11'1 -◄ . 1171 -4 . )111 -◄• )111 -4.)111 -◄. 3111 -◄. )111 -◄. 1171 -◄• )111 -◄. 1111 -4 . Jl11 -◄ . 1111 

T.>ble B.6t Ana.lytic u component of surface geostrophic win d (m/sec). 

-4. 3811 - 4. )111 -4. 3111 -4. 3111 -4.)171 -4. JIil -4 . )192 -4 . J,00 -4.)02 -4.Jlll -4 . )111 - 4 . )171 - 4. )111 -4 . Jl11 -4.)111 
-◄. 3111 - 4 . llll -4 . 1171 -4. JIil - 4. Jt52 -4.4120 -4.01' -4.4405 -◄• ◄ llS - 4 . 4llt -◄• JtS2 -4. JIil -4.)111 -4.)111 -4.)111 
-◄. 3171 -4. )111 -4. JOO -4.4021 -4.4451 -4. 5151 -4 . 513' -4 . 6122 -4 . 503 -4 . 5141 -4 . 4449 -4. 4026 -4. JOO -4.)111 -4.)111 
-◄. 3111 -4 . JIil -4 . J,06 - 4.4449 -4.5452 -4 . 606 -4 . 1011 -4 . 1516 -4. 1011 -4 . 6121 -4 . 544' -4 . 4445 -4.)915 -4. JIil -4.)111 
-◄. 3171 -4 . lto, -4 . ◄ 1 ◄ 1 -◄. 4175 -4. '205 -4. 7HJ -4 . tJO -4 . '916 -4. tJJ6 -◄. 7112 -4.,lH -◄.◄ 1,, -◄ • ◄ 1 ◄ 5 -4. Jto, -4.)111 
-4.)11' -4 . JtJO -4 . 4194 -4. 4151 - 4. S910 -4 . 1J2J -4 . 14'1 -◄ . Ito, -◄ . 145◄ -4 . 1Jl3 -4 . S9'2 -4. 4152 -4.41'2 -4. J9JO -4.J11t 
-4.JIIO -4. ]911 -◄. ◄ 012 -4.4422 -4.4H5 -4 . S6SJ -4.'209 -4.6-425 -4.'20S -4 . S'41 -4.4HO -4.4419 -4.4010 -4. Jtll -4. JIIO 
-4 . Jl1t -4 . Jlto -4 . J9Jl -4. 40lt -4. 41S6 -4.011 -4.44S1 -4.4SOJ -4.4451 -4 . 011 -4. 415S -4. 4011 -4 . Jill -4.JHO -4. )119 
-◄. )Ill -4 . )811 -4 . 3111 -4 . )111 -4.)111 -4 . )111 -4.)111 -4.)111 -4.)111 -4. )111 -4. )111 -4. )111 -4.)111 -4.)111 -4 . )111 
-◄. 3177 -◄• ,1,, - ◄ .112, -◄. )1'31 -4. )601 -4. J440 -4. JJ06 -4. J2SS -4 . JJ01 -4.3◄◄ 1 -4. 1'02 -◄ .J1lt -◄ .J12, -◄ .Jt6, -◄ .3177 
-4. 311, -4. JIJI -4. 3'85 -4 . JH, -4. 2114 -4. 2101 -4 . 1552 -4 . lJU -4 . 15S5 - 4. 2112 -4. 2119 -4.JJJ9 -4 . JH1 -4.JIJ9 -c.J11, 
-◄. 3171 -4.)126 -4.35'3 -4. 2902 -4.1190 -4 . 009 -J.1303 -J . 11S1 -J.'309 -4.0449 -4.1199 -4 . 2901 -4. )565 -4. Jl21 -4 . )111 
-◄. 3111 -4. 3150 -4.3'11 -4 . 2114 -4 . 1555 -J. t110 -3.1421 -J. 1141 -J.1421 -J . Mil -4 .15,5 -4. 2190 -4 . )'12 -4 . Jl50 -4. )111 
-◄. 3171 - ◄ . Jll ◄ -4. 3111 -4. 3J09 -4. 2301 -4. 0t25 -3. '"' - J . 9111 -J . K92 -4. 09]) -4.2Jll - 4 . 3312 - 4 .)112 -4. )114 -4.3111 
-◄ . 3171 - ◄ . 3171 -4 . JI" -4. 3730 -4. ])01 -4 . 2,01 -4. 1924 -◄. 1631 -◄ . 1921 -4.2'11 -4. )]09 -◄ . 3731 -◄ • ,.,, -4. 1111 -4. 3111 
- ◄ . 3811 -◄ .)118 -4 . 3111 -◄. Jill - 4 . 3104 -4. ]'31 -4 . ]442 -4. JJ53 -◄. 3◄◄ 2 -4 . 3'JI -4.3105 -◄. 3173 -4. ]118 -4. 3111 -4. 3111 
- ◄ . 3818 - ◄ .llll -4 . ]818 - ◄ . 3171 - 4 . ]818 -4.]815 -4 . 316-4 -4.)151 -◄. 1,,. -4 . ]815 -◄ • 3171 -◄ • 3178 -◄ . 3878 -4. ]811 -4. 3111 

Ta.hie B .65 Finite Difference u component of surface geos trop hi c wind (m / sec). 

0 . 0000 0.0000 0 . 0000 0 .0000 0 .0000 0 . 000] 0 . 0014 0.0022 0 . 0014 0 . 000] 0 .0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0.0000 0 . 0000 0. 0005 O. OOH 0 . 0242 0 . 0431 0.0521 o . o4n 0 . 0241 O. OOH 0 . 0005 0.0000 0 . 0000 0 . 0000 
0 . 0000 0 . 0000 0 .0012 0 . 0149 0 . 0513 0 . 1213 0 . 1951 0 . 2244 0 . 1955 0 . 1210 0 . 0511 0 . 0141 0 . 0012 0.0000 0.0000 
0 . 0000 0 . 0004 0 . 0101 0 . 0510 0 . 1514 0 . 2951 0 . 4199 0.4'91 0 . ◄ 193 0 . 2950 0 . 15'8 o.os,1 0 . 0107 0.0004 0 . 0000 
0 . 0000 0 . 0028 0 . 02'9 0.099' 0.2321 0 . 4015 0 . 54'5 0 . 6031 0 . 5458 0 . 4004 0 .2 ]11 0 .0991 0 . 0261 0.0021 0 . 0000 
0 . 0001 0. 0052 0 . 0]16 0 . 0919 0. 2092 0 . 3445 0.4512 0 . 5021 0.4516 0.34]5 0 . 208 ◄ 0.0914 0.0]14 0 . 0052 0.0001 
0 . 0002 0 . 00 ◄ 0 0 . 0194 0 . 0544 0.1101 0 . 1115 0 . 2]]1 0 . 2541 0 . 2]21 0 . 1110 0 .1102 0 . 0541 0 . 0192 0 .0040 0 . 0002 
0 . 0001 0 . 0012 0. 0053 0. 0141 0 . 0218 0 . 0440 0.0513 0 . 0,25 0 . 0512 0 . 0439 0 . 0211 0 . 0140 0 . 0052 0.0012 0 . 0001 
0 . 0000 0 . 0000 O. 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 0.0000 0 . 0000 0 . 0000 0 . 0000 0 . 0000 

-0 . 0001 - 0 . 0012 -0 . 0052 -0 . 0140 -0 . 0211 - 0 . 0438 -0 . 0512 -0.0,23 -0.0511 -o . o4n -0.021, -0 . 0139 -0 . 0052 -0 . 0012 -0 . 0001 
-0 .0002 - 0 . 0040 -0 . 0193 -0 .0542 -0 . 1104 -0 .1111 -0 . 232' -0 . 2542 -0.2]23 -0 . 11'6 -0 . 1099 - 0 . 0539 -0 . 0191 -0.0039 -0.0002 
-0 . 0001 -0 . 0052 -0.0315 -0 . 091, - o . 2011 -0 . 3439 -0 . 4515 -0.5020 -0.45'9 -0 . 3429 -0.2019 -0.0911 -0 . 0313 -0.0051 -0 . 0001 
-0 . 0000 - 0 . 0021 -0 . 0261 -0 . 0994 -0.2323 -0.4001 -0 . 5451 -0.6030 -0 . 5450 -0 . 3991 -0 . 2313 -0 .0tl9 -0 .026' -0.0021 -0 . 0000 

0 . 0000 -0 . 000 ◄ -0. 0101 - 0 . 0569 -0 . 1511 -0.295] -0 . 4192 -0.4'91 ~L ◄ lll -0 . 29◄ 5 -0 . 1565 -0.056' - 0 . 0101 -0 . 000 ◄ 0.0000 
0 . 0000 -0.0000 -0.0012 - 0 . 0141 -0 . 0511 -0 .1210 -0 . 1954 -0 . 2240 -0 . 1952 -0 . 1261 -0 . 05'9 -0 .0141 -0.0012 -0 . 0000 0.0000 
0 .0000 0 . 0000 - 0.0000 - 0 .0005 -0 . 0014 -0 . 0241 -0 . 0436 -0 . 0525 -0 . 0436 -0.0240 -0.0013 -0 . 0005 -0 . 0000 0 . 0000 0 . 0000 
0 . 0000 0 .000 0 0 . 0000 0 . 0000 -0 . 0000 -0. 0003 -0 . 0014 -0.0021 -0 . 00l ◄ -0 . 0003 -0 . 0000 0 . 0000 0 . 0000 0 . 0000 0 .0000 

Ta.ble B .66 Deviation ( Analytic. Finite Difference) in ca.lcula.tion of the u compo nent of s urfa.ce geos trophi c wind (m / sec). 



111 

[

2 .0 • 10 - °C
0

/ m ] R) 
CASE Ill.B.2 - Ba roclinic a t mosphere - with 'v pT = ~ , un der T = A z + Bo + Co( "' - .,( ) 

-19.2314 -19 . 2241 -lt . 2110 -lt . 2113 -19 . 204' -lt . 1979 -19-1912 -19 . ll ◄ S -19 . 1171 - 19 . 1711 -19 . 1'4S -lt . 1571 -19. lSll -19 . 14 ◄ S 

- 19 . 2299 -lt . 2231 -19 . 21'◄ -lt . 0212 -11 . 5 ◄◄ 6 -11 . 1os2 -11.1211 -11 . 0,2, -11 . 5111 - 11 . 1115 -19.1629 -lt.15'3 -lt . 1 ◄ 9' -lt.l◄ J0 

- lt . 2213 -lt . 1755 -11 . 4247 -17 . 1115 -15 . 7311 -l ◄. 7130 -1◄ . )))2 - l ◄ , 7027 -lS.7170 -17 . 0121 -11,)73 ◄ -11.1011 -11-1 ◄ 11 -lt.1◄ 1 ◄ 
-lt . 1107 -11.1275 -1' . 0552 -13 . 5 ◄ 2 ◄ -11 . 1K9 -1 . 5◄ 71 ➔ .15◄ 0 -1 . 5 ◄ 12 -11 . 1113 -13 . 51 ◄ 2 -1'.0105 -11.0,◄◄ -U.1007 -U.1399 
-11 . ◄ 3 ◄ 5 -1' . 0593 - 12 -"" -1 . Klt -5."U -J . ◄ 11 ◄ -2. ,092 -3 . ◄0to -s . ,601 -1.IM31 -12_,31, -16 . 00J◄ -11. 357' -lt . 131◄ 

-17 . 1)19 -lJ . 5411 -1 . 9')5 -◄ . 1191 -0.0503 2 - 7◄ 15 J . 7357 2 . 7◄" -0 . 0503 -◄ .1103 ➔ .UIS -13 - 5017 -17 . 060◄ - 11 . IMto 
- 15 . 75◄ 7 -11. 2040 -s.,O1 -0 . 0◄ U ◄ _ 7572 7.M23 1 . 11 ◄ 1 7 . 17'7 ◄ • 7505 -0 . 0◄ 17 -5. ,sn -11. 1,s1 -1s.,oo -11. ◄ 1,o 

- l ◄ . 7310 -9 . 5551 - J . ◄ 10◄ 2 . 7535 7,H" 11. ◄ l ◄ l 12 . 7095 11. ◄ 7'1 7 , 175 ◄ 2. 7◄ 77 -) • ◄ 009 -1 . 521' -1◄ .,us -11 . 0457 
-l ◄ .3540 -1 . K20 -2_,on ) . 7◄ 42 1 . 12◄ 2 12- 7155 13 . 1721 12 . 70" 1 . 1115 )_ 73'4 -2.Stt◄ -• - 91oe -1 ◄ . 21Ml -17.173' 
-1 ◄ . 7279 -9 . 5520 -3- ◄ 073 2 . 1s,s 7,N9' 11. ◄ 172 12 . 712' 11.47'2 7 . 1715 2. 7501 -3 - 3971 -9. 5111 -1◄ ·"'5 -11 . 0427 
- 15 . 7◄16 -11.1179 -5,HJ, -0 , 0◄ 27 ◄ .70) 1- Ml◄ 9.1209 7,M21 ◄ • 75'6 -0.0◄ 2, -s-,◄ 71 -11.15,0 -15-"29 -11.4729 
- 17 . 1227 -lJ . 539' ➔ -95◄ J -◄ . 1799 -0.0412 2 . 7517 3_ 7◄◄ 9 2 . 7551 -0 . 0411 -◄ .1711 ➔ - 9293 -lJ. ◄ 925 -17.0512 -11.9398 
- 11 . 4222 - 1,.0470 -12.6546 -l . 1Mt4 -s.,s" -3 . Jttl -2 . SKI -) . Jt61 -s . , •• , -1 . uo, -12 . '19◄ -15 . Hl2 -11.3◄ 5◄ -a . 12,2 
- lt.16S4 -11 . 1121 -1'.0399 -U . 5271 -11.1116 -1 _ s32, ... . . )17 -9 , 5260 -11.l"0 -1J . ◄H9 -15 . H52 -11.0◄ 91 -U.015◄ -19 . 12 ◄ 7 
- lt . 2099 -lt . 1572 -11. ◄ o,1 - 11.1002 -15. 7205 -1 ◄ . '9◄ 6 -1 ◄ . 31 ◄ 1 -l ◄ . 41 ◄◄ - 1s . ,98, -17.0US -11 . 3551 - 19 . 0905 -U.12H -19 . 1231 
-lt . 201 ◄ -lt . 2017 -19.1950 -11 . tttl -11 . 5232 -11 . 0131 -17 - 9065 - 11 . 0712 -11 . 07 ◄ -11 . K0l -11 . 1 ◄ 1, -lt.13◄ 9 -lt.1213 -19 . 1216 
- 19 . 200 -19 . 2002 - l9.lt35 -lt . 1161 -19 . 1101 -lt . 173◄ -lt.1'67 - 11. 1,00 -lt . 153 ◄ -19.1◄ '7 -lt . 1400 -lt . 133◄ - lt . 1267 -lt.1201 

Ta.hie B.67 A n alytic v co m ponen t of su rface geos t rophic wind (m / sec). 

-19 . 231 ◄ - 19 . 2247 - 19 . 2110 - 19. 2113 -lt . 20◄ 6 - lt . 1979 -lt.ltl2 -lt . 11 ◄ 5 - 19 . 1771 -19 . 1711 - 19,1'45 -lt- 1571 - 19 . 1511 -lt.1 ◄◄ 5 
-19 . 2299 -19.2231 - lt.1'93 -11- 9509 -11 . 55◄ 0 -11 . 1701 -11 . 013 ◄ -ll . 1S71 -11 . 5276 -11 . 9110 -lt.1159 - 19 . 150 - 19.1 ◄ 9' -lt.l◄ J0 
- 19 . 2161 - 19.0013 - 11.2171 -17.10◄ 0 -15 . 1302 -1 ◄ . 1753 -1 ◄ . 520 ◄ -l ◄ . 1623 -15 . 7999 - 17 . 057' -11 . 2311 -ll.t3◄ 2 -lt.13'6 -lt.l ◄ l ◄ 
-11 . 931 ◄ -17.1115 -15.9'79 -U . '113 -11.3172 -9 . 1157 -1 . 2 ◄ 90 -I . 7111 -11 . JJ2 ◄ -U . 519' - 15 . 1'97 -17. 7175 -11 . l ◄ tl -19 . 121◄ 
-11 . 0526 -15 . ISS◄ - 12 . 6713 -9 . 1527 -5 -1756 -3 . 71'9 -J . 0092 -) . 7560 -5 . 1511 -1 . Uto -12 . ◄◄ 50 -15.41'7 -17 . 9◄ 7 ◄ -11 . IM0I 
- 1, . 7646 -U . ◄◄ 23 -9-U09 -◄ • 5◄ 03 -0 . ◄ 152 2 . 2716 J . 2 ◄ 2 ◄ 2 . 3257 -0 . 2'4 ◄ -◄ . 115◄ ➔ . ,◄ 37 -U . 0130 -u.s1os -ll . 5U6 
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Ta.b le B .68 Fini t e Differe n ce v component of surf a.cc gcostrophic wind (m / t,ec). 
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Ta.hie B .69 Deviation (A na.lytic - Finite Difference) in ca.lcula. t ion of t he v component. of s urface geos t. rophic wi n d (m / sec). 
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Ta.blc B .70 Ana. ly t ic aurfa.cc gcoauop h ic win d veloci t y (m / acc). 
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Ta.hie B .71 Finite Difference s u rface geostrophic wind velocity (m / ecc) . 
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Tabl e 8.72 Deviation (Ana.lyti c - Finite Difference) in cal c ulation of surface gcostrophic wind velocity (m / sec) . 
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Appendix C 

Derivation of a Product Rule 

To show that (C.l) is true, we expand both terms on its RHS, and then add the two. 

Dx (T(x) * U(x)) = T(x) * Dx (U(x)) + U(x) * Dx (T(x)) (C.l) 

Observe that 

T(x+¥) + T(x-¥) u(x+¥) - u(x - -¥) 
2 * .6.x (C.2) 

is actually 

TU ( x + ¥) - T ( x + -¥) U ( x - ¥) + T ( x - ¥) U ( x + -¥) - TU ( x - -¥) 
2.6.x 

Now expand the averaging operator to obtain the following two terms 

TU (x + .6.x) - T(x + .6.x) U (x) + T(x) U (x + .6.x) - TU (x) 
4.6.x 

TU(x) + T(x) U(x-.6.x)-T(x-.6.x) U(x)+TU(x-.6.x) 
+ 4.6.x · 

(C.3) 

(C.4) 

(C.5) 

V-./e introduce the corresponding terms from the companion expression (i.e. second term on 

RHS of (C.1)) 

UT ( x + .6.x) - U ( x + .6.x) T ( x) + U ( x) T ( x + .6.x) - UT ( x) 
4.6.x 

+ UT ( x) + U ( x) T ( x - .6.x) - U ( x - .6.x) T ( x) + UT ( x - .6.x) 
4.6.x 
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(C.6) 

(C.7) 



and then sum to end up with 

TU (x + .6.x) - TU (x - .6.x) 
2.6.x 

We now expand LHS side of (C.1.1) to find 

and this is 
TU (x + .6.x) + TU (x) - TU (x) 

2.6.x 

Because (C.10) equals (C.8), then (C.l) holds. 

TU (x - .6.x) 
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(C .8) 

(C.9) 

(C .10) 



Appendix D 

Ideal gas constant R 

The value of the gas constant R for different gases is determined using Avagadro's 

hypothesis that at a given temperature and pressure gases containing the same number of 

molecules occupy the same volume. Experimental work has shown that at a pressure of P0 = 
1014mb and temperature T0 = OC0

, 22.4 kliter ( = V0 ) of a gas will have a mass in kilograms 

equal to the molecular weight of the gas µ. This quantity of gas is defined as 1 kmol. 

Hence by the ideal gas law, Po f.0 = R, but R = n- ,where R* is the universal gas constant 
µ, 0 µ, 

and µ has units of kilograms per kilomole. From experiments R* = 8314.3 J /C0 kmol. 

In the atmosphere, the apparent molecular weight of air µatm is determined by µatm = 
I:E(~i~~;--1 where the mi represent the fractional contribution by mass (I:~~}._, mi = 1 ) of 

the N individual gases comprising the atmosphere, and the µi are the respective repective 

molecular weights. The predominant gases in the atmosphere are nitrogen (m1 = 0.7551), 

oxygen (m2 = 0.2314), and argon (m3 = 0.0128), having respective molecular weights 

µ1 = 28.02, µ2 = 32.00, and µ3 = 39.94, in kilograms per kilomole. One then finds that 

µatm = 28.98 by the formula just cited. Therefore, the dry gas constant of the atmosphere 

Rd= 287 J /C0 kilogram = 2870000dyne cm/C0 g. This is the value of R used in the CASE 

programs. (The explanation of R is due to Pielke (1984).) 
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Appendix E 

Computer program listings 

The programs presented in this Appendix, called CASEip.c and CASEiz.c (where i = I, 
II, or III, with p representing T = A In p + B and z representing T = Az + B), comprise the 

source code for the numerical experiments discussed in Sections 4.4, 4.5 and 4.6 on pages 

27 through 31. The main purpose of the numerical study was to compare geostrophic wind 

components computed by the Corby finite difference scheme (4 .1.1) under the two different 

temperature structures. Since the central results of Chapters 6 and 7 (namely (6.1.22) and 

(7.2.10)) were shown to be independant of initial geostrophic wind angle and magnitude, 

as well as independant of grid size interval, the corresponding parameters were fixed in the 

programs without loss of generality to what was to be investigated. 

The latitude taken was 48 °, however this only affects the geostrophic wind component 

calculation in the factor J where f = 20sin(0) with 0 the latitude, and O the earth's angular 

speed. The reciprocal of the Coriolis parameter, 7, actually serves only as a scaling factor 

after the finite difference scheme has been applied, as noted from (2.7.6). Hence selecting 

one particular latitude is not a significant restriction to our investigation, notwithstanding 

the facts that (1) f is zero at the equator and so V9 is not defined there, and (2) because 

sin(0) is nearly zero for low latitudes, clearly y will magnify whatever truncation error 

results in the ( ~ ) P calculation by a large amount. These problems would occur however 

for any type of scheme used to compute the HPGF at low latitudes . 

The CASE programs were adapted from IDEAL85 (Danard and Galbraith, 1985) . They 

comp ute the surface coordinates of a cosine shaped hill , as well as the temperature and 

pressure at those points based on the model in Chapter 4. The Corby finite difference 

scheme (4.1.1) is then used on this data to compute surface geostrophic wind components. 
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hnclude 
#i nclude 
flnclude 

<Std IO. h> 
<math.h> 
<string.h> 

f• Case I with T - A ln p + B. 
Barotropic atmosphere with horizontal isobaric plane.s. 
The program is written in C. 

rr.ain () 
{ 
fde!ine SI ZE.P 21 

double ZZ85, TT85, AAAl, AAA2, DZOX, OZD't, F, LEN, uansc, ufd.sc, di fxsc, vansc, vfdsc, difysc, fdvelsc, anvelsc, di fvel sc; 
double GOEL, HOLD, UBS, VBS, HAXDIF, G, PXS, PYS, TREF, ZREF, T85R, ZBSR, R, DELL, H, L, VDIFTOT, UOIFTOT, fOVEL; 
double X ( SI ZEP), Y (SIZEP), ZS (SIZEP) (SI ZEP), TTS (SIZEP) [ SIZEPJ, LNPS ( SI ZEP) (SIZEP), DI FVEL (SIZEP} [ S!Z£P); 
double PX (SIZEP] ( SI ZEP], PY (SI ZEP) [SIZEP), DIFY [SIZEP) [ SI ZEP), OIFX ( SIZEPJ (SIZEP), 00 (SIZEP) { SIZEP]; 
int 1. j; 
II 
R - 2870000. O; 
G - 980.0; 
r • o.00010J; 

/ • Pressure, tcurper.ature and height values are written in cqs (cm,qrams,sgc) units. 
Terrperature at the (sea level, ZREF - 0) reference station ls 295.2 degrees Kelvin. 
Over the referenoa station, tho 850 rtb plane is at height 1540m, and the temperature there ls 286.2 degrees Xelvin . 
The mountain apex H is S000m above sea level. The grid interval DELL ls S000m. 
OZOY ls the (Z - Y) slope of tho 8 50rrb plane. OZOX is the (Z - X) slope of the 850rrb phne. 
DZOYP 1.s the (Z - Y) temperature gradient DZOXP is tho (Z - X) temperature gradient. 
ZREF • O; 
TREF • 295. 2; 
Z85R • 154000; 
T85R • 286 . 2 ; 
H • 500000; 
DELL • 500000 ; 
DZOX - O; 
OZDY • O; 
for(i•l; i<SIZEP ;1++) 
( for(j•l;j<SIZEP ;)++) ( 

/ * Initialize matrix ZS \if ith mountain surface heights. 
The mountain's shape is such that it exhibits a cosine profile \ifithi n any vertical plane containing the apex . 
LE.N - sqrt ( (( 1 - 11) * (1 - 11)) + (() - 11) • (j - 11)) ) ; 
ZS( 1) [j) • (H/2) • ( 1 + cos ( LEN • ( 3.141592653589793 / 8.00) ); 
1f { LEN > 8.0 J ZS{il {JI • O; 

!print! (stdout, "\n"); 
/• Initialize arrays X and Y to hold grid point positions. Index ) of array X increases eastward 

and index 1 of array Y increases northward 
/ • The reference st.at.ion is at (X(J), Y(l3), 0) 

for(j•l;J<SIZEP;j++J { X{JI • ( j - 3 J • 500000 
for(1•l;i<SIZEP;1++) ( Y[i) • ( i - 13) • 500000 

/ • Formulas below have been derived in Section 4.5 
AAAl • 980 .0 • (Z85R - ZREF) ; 
AAA2 - ( ((TREF • TREF) - (T85R • T85R)) • R) / (2.0 • AAA.I) 
!printf(st.dout, .. ,n .. ); 
for(1•1;1<SIZEP;1++) { 

for()•l; j<SIZEP; j++) { 
/• In1t.1al12e 850rrb plane with height and tempen.ture values. 

ZZ85 • Z85R + ( Y[i) • OZDY + X(j) • DZOX ); 
TT85 - T85R; 
GOEL · 980.0 • {ZZ85 - ZS Iii {JlJ; 
HOLD• ( ((2 • AAA2) • GOEL) / R ) + ( TT85 • TT85 ) ; 

/ • Initialize (mountain) surface t:enporature values. 
TTS(ll {Jl • sqrt ( HOLD J ; 

/* Initialize ln surface pressure valuos. 
LNPS{il Ill • ( (2 • GOEL) I (R • {l'T85 + TTS(il Ill JJ J 

/• Analytic surfaoo geost.rophic wind conponents u (al .and v_{&I. 
UBS - 0; -
VBS - 0; 

/ • Ana l ytic surface gee.strophic wind magnitude 
00(1) (j] • sqrt ((UBS"' UBS} + (VBS • VBS)); 

!or(i• l ; 1< 14; 1++) { tprintf (stdout, "\n"); ) 
fprintf(scdout," CASE I.A - Horizontal isobaric planes with T .. A. ln p + B .. ); 
!print f (scdout, "\n "); fprintf (stdout, "\n"); fprintf (stdout, " .. ) ; 
for (1• 1 9;1>•3;1--) ( 

! o r ( ) •3; j<20; j++) { 
uansc - UBS • loll ; 
fpr 1ntf(stdout,"\7.4f ", uansc ); 

I f pr i ntf (stdout, "\n"); fprint:f (stdout," .. ) ; 
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fpdntf(.s t dout:,"\n Tabla B.l Analytic u conponent of .surfaco qeostrophic wind ( 10"(-111 m/sec)." ); 
for (i• l; 1 < 26; 1++) { fprintf (stdout, "\n"); 
VO I FTOT • 0.0; 
for( i -3; 1<20;1++) { 

f e r (j•3; j<20; j++) { 
/ • Corby finite difference surface gee.strophic wind coffl)onent u {fd) is calcula t ed by multiplying 

t he Y directed pressure gradient by - { 1/F ) . - "'/ 
PY {il{Jl • - ( ( G • { ( ZS{i+ll{Jl - ZS{i-ll{JlJ I {2 . 0 • DELL) J) 

+ R • 
( ( TTS{i+ll Ill + TTS{i{ !JI J I 4.0 J 
( { LNPS{i+ll Ill - LNPS{il {Jll I DELL) 

+ ( ( TTS{il Ill + TTS{i-ll Ill J I ◄ .O J 
( ( LNPS{il {JI - LNPS{i-ll Ill J I DELL J J J IF; 

Diffe r ence between analytic and Corby finite difference v surface geostrophic wi nd colt{)onents 
DIFY( il Ill • VBS - (PX{il Ill I lOOJ; 
VD:FTOT is an accumulator for the MVO error 
VDIFTOT • VDH'TOT + ( DI FY(i)(j] "'DIFY(i)[j} ); 

I 



,. 
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!print f (stdouc," " ) ; 
for (1-19; 1>•3; 1--) ( 

for(:)-3; j<20;j++I { 
PYS • PY Ill Ill / 100 
ufdsc • PYS • lell; 
fprintf (stdout, "'\7. 4f ", ufdsc ) ; 

)fprintf (stdout, "\n"); fprintf (stdout," " ) ; 
I 
fprlntf (stdout, "\n"); 
fpr1ntf(stdout," Table 8.2 Finite Difference u component of surface qeostroph1c wind (10"'{-111 m/sec) ." ): 
for(l•l: 1< 26;1++) ( fprintf (stdout, "\n"); 
fprintf(stdout," "); 

for (1-19; 1>-3; 1--) ( 
for()•J; j<20;j++) { 

difxsc • OIFX(!J [j} • lell; 
fprintf(stdout,"\7. ◄ f ", difxsc ); 

J fprint f (.stdout, "\n"); fprintf (!!tdout, " 
fprintf (.stdout, "\n 
!print f (stdout, "\n 
for(i-1; 1< 26; 1++) ( fprintf (stdout, "\n"); J 

• I; I 
Table 8.3 Deviation (AAalytic - Finite Difference ) in calculation "); 

of the u conponent of surhoe geostrophlc wind (10"'{-11 } m/sec). "); 

CASE I .A - Horh.onu.l isobaric plancu with T - A ln p + B " ) ; fprintf (stdout," 
fprintf (.stdout, "\n"); fprintf (stdout, "\n"); fprlntf(.stdout," " ) ; 
for (1•19;1>-3;1--) { 

for (1•3; j<20; j++) ( 
VBS - 0 ;vansc - VBS • loll ; 
fprintf(stdout, "\7.4f ", vansc ) ; 

• I ; I } fprlntf (stdout, "\n"); fprint f (stdout, .. 
fprintf (stdout, "\n Table 8. ◄ Analytic v corrponent of .surface geostrophic wind (10"'(-11} ml.sec). "); 
for(1•1; 1< 26; 1++) { fprintf (stdout, "\n"); 
for(1•3; 1<20; 1++) { 

for(j•3; j<20; j++) { 
Corby finite difference surface gaostrophlc ..,ind component v_{fd} is calculated by multiplying the 
X directed pressure gradient by ( 1/F } . 
PX{ll(j) • ( ( G • ( ( ZS{1l{l+ll - ZS{ll{l-1)) / (2.0 • DELLI 

+ R • 
( TTS{ll ll+ll 
( LNPS{ll{l+ll 

+ TTS{lllll I / 4.0 I 
- LNPS{ll Ill I / DELL I 

+ ( TTS{ll Ill + TTS{ll{l-11 J / 4.0 I 
( LNPS{ll(Jl - LNPS(ll ll -111 / DELL I ) I / F ; 

Difference between analytic and Corby finite difference v surfaoe gaostrophlc wind corrponents 

I 

DIFY(1l {j) • VBS - (PX{ll Ill / 100); 
VDIFTOT 1s an accumulator for the MVO error 
VOIFTOT • VDIFTOT + ( DIFY(l](j] • OIFY(i](j] ); 
I 

• I; fprintf (stdout," 
forU•l9;1>•3;1--) { 
for (j•3; j<20 ; j++) ( 

PXS • PX (1) ( j] / 100 ; vfdsc • PXS * lell; 
fprintf(stdout,"\7. ◄ f ", vfdsc ); 

)fprintf(stdout,"\n");fprintf(stdout," ");) 
fprintf(stdout, "\n Table 8.5 Finite Dlfferenoe v component of surface geostrophic wind (10"'{-11) m/sec ). " ) ; 
for(1•1;1< 26;1++) ( fprintf(stdout, "\n") ; J 
fprintf(stdout," " ) ; 

for U•l9;1>-3;1 - -H 
for(j•3; j<20; j++) ( 

difysc • OIFY(i] {j] • lell; 
fprintf(stdout,"\7. ◄ f ", dlfy.sc ) ; 

}fprintf (stdout, "\n"); !print f (stdout," 
fprintf(stdout, "\n 
fprintf (stdout, "\n 
for(l•l; 1< 26; 1++) I fprintf (stdouc, "\n"); 

• I; I 
T•bla B.6 Dovhtion (An•lyt.1c - Finite Differcince) in c•lcul•tion .. ); 

of the v component of surface geostrophic wind (10'"'{-11) m/sec) ... ) ; 

fprintf (stdout," CASE I . A - Horizontal 1.sobaric plane.s with T - A ln p + 8 " ) ; 
fprintf (stdout, "\n"); fprintf (stdout, "\n"); fprintf(stdout," " I ; 
for(1-3;i< 20;1++) { 

for(j-3; j<20; j++) { 
Analytic .surface goo.strophic ..,ind magnitude 
anvalsc • 00(1] (j] • lell; 
fprintf(stdout," \7. ◄ f ", anvelsc ); 

}fprintf(stdout,"\n'");fprlntf(.stdout,"" ); ) 
fprintf (stdout, "\n"); 
fprintf(stdout," Table 8.1 Analyt ic calculation of .surface geostrophic wind (10"'{-11) ml.sac ) . "); 
for(l•l; 1< 26; 1++) { fprintf (stdout, "\n"); ) 
for (i•l9;i>•3;i- - l ( 

for (J•3;J<20; J++) ( 
Corby finite difference surface geostrophic ..,ind magnitude 
FDVEL • 0.01 • sqrt ((PX(ll Ill • PX(i Jilli + (PY {1) Ill • PY Ill {JIii ; 
fdvelsc • FOVEL • lell; 
fprintf(stdout," \7 . ◄ f ",fdvalsc); 
DifVEL{1) Ill • 00111 !JI - FDVEL 

) !print! (stdouc, "'\n"'); J 
fprintf (stdout, "'\n"): 
fprintf(.stdout," Table 8 8 Finite Difference calculation of surface geostrophic wind (10"'{-11) ml.sac). "); 
for(i•l;i< 26;1++) I fprintf(stdout, "\n" ); } 
MAXDIF • 0.0; 
for (1•19;1>•3;1- - ) ( 

for(j•3; j<20; j++I ( •/ 
Find maximum {MAX) error ., 
1f ( MAXDIF < fabs ( DIFY{il (JJ ) ) MAXDIF • fabs( DIFY{l) (JI ); 
Oiffgrence between analytic and Corby finite diffarenca .surface geo.strophic ..,ind magnitude 
difvel.sc • DIFVEL[l) [j) • lell ; 
fpri nt f {stdout, "\7 . 4 f ", dlfvelsc ) ; 

fprintf (stdout, "\n 
fprintf(stdout, "\n 
for(i•l;i< 26;1++) I fprintf(stdout, "\n"); ) 

) fpri nt f (.stdout, "\n ");) 
Table 8. 9 Difference (Analytic - Finite Oifferance) in calculation"); 

of surfaOQ geostrophic wind (10"'{-lllm/sec). "); 

1~ Corrpute MVD er.car ' / 
VDIFTOT • sqrt (VOIFTOT) / 289; ; 
!print f (.stdout, "\n"I ; !print f (stdout, "\20. 16f", VDIFTOT I; 
fpnntf(stdout,"\20.16f", MAXDIF ); 
II 
return O; 



Unclud9 
Unclude 
finclude 

<St.dIO.h> 
<mat:h. h> 
<st.ring.h> 

t• case I with T - A z + e . 
Barotropic atmosphere with horizontal 1.sobaric planes. 
The program ls written in C. 

main () 
I 
tdefine SI ZEP 21 

double 
double 
double 
double 
int 

zzes, TTBS, AAAl, AAA2, DZOX, OZOY, DTDXP, OTO'!P, F, LEN, EXTRA, GAMMA, UBS, VBS; 
GOEL, HOLD, UBS, VBS, HAXOIF, G, PXS, PYS, TREF, ZREF, T85R, Z8SR, R, DELL, H, VDIFTOT, UOIFTOT, FOVEL; 
X (SIZEP), Y [SIZEP], ZS [SIZEP J ( SI ZEP], TTS (SIZEP) (SIZEP], LNPS ( SIZEP) (SIZEP J; 
PX (SlZEP) ( SI ZEP), PY [SIZEP) (SIZEP), OIFY (SIZEP) (SI ZEP), DIFX ( SIZEP J [SIZEP}, 00 (SIZEP J (SIZEP); 
1, l; 

II 
R 
G 
F 

• 2870000. O; 
• 980.0; 
• 0.000103; 

t • Pre.ssura, tenperature and height values are written 1n cgs (an,grams,sec) unlt.s. 
Terrpcu:ature at the (sea level, ZREF - 0) referet1oa .statlot'I ls 295.2 dagrCICls Kalvlt1. 
over the referet1ce station, the 8S0 ni:> plaf\Q is at height 1540m, and the tempenture there is 286. 2 daqrQQs Kelvin . 
The mout1taln apex H is 5000m above sea level. The grid interval DELL is 5000m. 
DZDY ls the (Z - Y) slope of the 850rrb plat1e. DZDX 1.s the (Z - X) .slope of the 850ft'b plat1e. 
DZDYP ls the (Z - Y) temperature gradient DZDXP is the (Z - X) tefTl)Qnture gradient. 
ZREF - O; 
TREF - 295. 2; 
Z85R • 154000; 
T85R - 286. 2 ; 
H - 500000; 
DELL - 500000; 
OZDX • 0 ; 
OZOY • 0 ; 
for(1•1;1<SIZEP ;1++) 
I 

I 

for(j•l;j<SIZEP ;j++ ) ( 
Initialize matrix ZS with mountain .surface helght.s. 
The mountain's shape 1.s .such that it exhibits a cosine profile \li'ithin any vertical plaf\Q containing the apex. 
LEN - sqrt ( ((1 - 11) • (1 - 11)) + ({j - 11} • (j - 11)) ) ; 
ZS{i)(jJ - (H/2) "' ( l + co.s ( LEN "' ( 3.141592653589193 / 8.00) ); 
1f ( LEN > 8. o I zs I 1 I I l I • 0 ; 

fprlnt f (stdout, "'\n"') ; fprintf (.stdout, "\n"); fprlt1tf (stdout, "\n"); 
/• Initialize arrays X and Y to hold grid point position.s. Index j of array X increa.ses ea.stward 

and index i of arr.a.y Y increases north\li'ard 
/"' The reference .station is at (X[J), Y[13J, 0) 

for(J•l;J<SIZEP;J++I I Xlll • I l - 3 I • 500000 
for(i•l;i<SIZEP;i++) { Y{i] ... ( 1 - 13 ) "' 500000 
for{i•l; i<SIZEP ; 1++) { 

for(j•l; j<SIZEP; j++) ( 
/• Initialize 8501ro plat1e with height and temperature value.s . 

ZZ85 ... ZBSR + ( Y[iJ • DZDY + X(jJ • DZDX ); 
TT85 • T85R ; 

/ • Formulas below have been derived in Section 4 . 6 
GAMMA • 9. 0 I 154000 ; 
Initialize (mountain) .surface tenperature values. 
TTSl11 Ill • TT85 + GAMMA • (ZZ85 - ZS Iii Ill I 
Initialize ln .surface pres.sure value.s. 
LNPSliJIJI • I GI (R • GAMMA) I • loq ( 1 + ((GAMMA• (ZZ85 - ZSl11 !Jill I TT85) I 
Analytic surface geostrophic wind corrponent.s u_{a) and v_{a). 
UBS .. 0 ; 
VBS • 0 ; 
Analytic surf.ace gee.strophic \li'ind magnitude 
OO(i][j] • .sqrt ((UBS"' UBS)+ (VBS • VBS)) 
I 

for(i•l; 1< 14; 1++) { fprintf (.stdout, "\n"); } 
fprintf(stdout , " CASE I.B - Horizontal isobaric planes with T - Az + B "); 
fprintf (stdout., "\n"); !print! (stdout, "\n"); fprintf (stdout," " ) ; 
for (1-19; 1>•3; 1--) ( 

for(j-3;j<20;j++) { 
fprintf (stdout, " \1 . 4f ", UBS ) ; 

)fprintf (stdout, "\n"); fprintf (.stdout," " ) ; 
I 

119 

fprintf(stdout,"\n Tabla B.10 Analytic u corrponent of surface geostrophic wind (m/sec)."); 
for(l-1; 1< 26; 1++) ( fprintf (stdout, "\n"); 

VDIFTOT • 0.0; 
for(i-J;i< 20;1++) ( 

for (j•3;j<20;j++) { 
/ • Corby finite difference surface geostrophic wind corrponent u (fd) 1.s c.a.lculated by multiplying 

the Y directed pressure gradient by - ( 1/F ) . - */ 
PY Iii Ill • - I I G • I ( ZS!i+ll Ill - ZSl1-ll Ill I I 12.0 • DELLI I I 

+ R • 
I ( TTS I 1 + 1 I I l I + TTS I I I I l I I I 4 . 0 I 
I ( LNPS!i+ll Ill - LNPS!il Ill) I DELL I 

+ I I TTS!il Ill + TTS!i-11 Ill I ◄ .O I 
I ( LNPSlil Ill - LNPS!i-11 Ill I I DELL I I I IF; 

Difference between analytic and Corby finite differenoe v surface geostrophic wind corrponents 
DIFYl1) Ill • VBS - (PXl11 Ill I 100); 
VDIFTOT is an accumulator for the HVD error 
VDIFTOT - VDIFTOT + ( DIFY(i] {j] • DIFY{i] (j) I; 

I 



fprlntf (stdout," " J; 
for (1-19; 1>-3; 1--) ( 

for ( j-3; j<20 ; l++) { 
PYS • PY (1) Ill / 100 ; 

fprintf (stdout, "\1. 4f ", PYS I; 
) fprintf (stdouc, "\n"); fprintf (stdout,.. " ) ; ) 
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fprintf(stdout,"\n Table 8.11 Finitc;1 Difference u corrponent of surface geostrophic vind (m/sec)."): 
for(i-1; 1< 26; 1++) ( fprintf (stdout, "\n"); 
fprintf (stdout," " I; 
for u-19; 1>-3; 1--) { 

I 

for(j-3; j<20; j++) { 
fprintf (stdout, "\1. 4f ", DJFX [1) ( j)); 

I 
fprintf (stdout, "\n") ; fprintf (stdout," " ) ; 

fprintf {stdout, "\n Table B.12 Devhtion (Analytic - Finite Differenoe) in calcuhtion"); 
fprintf (stdout, "\n of the u co~onent of .surface geostrophic 'lifind (II/sec) ... ,; 
for(i-1; 1< 26; 1++) ( fprintf (stdout, "\n"); ) 
fprintf (stdout," CASE I .8 - Horizontal bobaric planes with T - Az + B"); 
fprintf (stdout, "\n") ;fprintf (stdout, .. \n"); fprintf (stdout,.. .. ) ; 
for(i-J; 1<20; 1++) ( 

for(j•J; j<20;j++) ( 
fprintf(stdout,"\8. ◄ f ", VBS); 

)fprintf (stdout, "\n"); fprintf (stdout," " ) ; ) 
fprintf (stdout., "\n Table 8.13 Analytic v corTponent. of aurfaoe geoatrophic vind (m/sec) . "): 
for(i-1;1< 26;1++) ( fprintf(stdout, "\n"); 
for(i•J;i< 20;1++) ( 

for (j•J; j <20; j++) ( 
/• Corby finite difference surface geo5trophic wind component v_(fd) h cdcuhted by multiplying the 

X directed pre5sure gradient by ( 1/F } . •/ 

I 

PX(1) (JI • ( ( G • ( ( ZS(1) (j+l) - ZS[11 (J-111 / (2.0 • DELLI 
+ R • 
( ( TTS(1) (j+ll 

( LNPS (1) (j+l) 
+ ( TTS(11 (JI 

( LNPS(1l(j] 
Difference between analytic and Corby 
DIFY(1) (JI • VBS - (PX(1) (j] / 1001; 

+ TTS(1) (JI I / 4.0 I 
- LNPS(1) (j] I / DELL I 
+ TTS(1) (J-1) I / 4 .0 I 
- LNPS(l) (J-1)) / DELL I I I / F ; 
finite difference v surface geost rophic vind 

VDIFTOT is an accumulator for the MVD error 
VDIFTOT • VDIFTOT + ( DIFY(1)(JI • DIFY(11(J] ]; 
I 

fprintf (5tdout ," .. ) ; 
for (1•19; i>•J; 1--) { 

for (j•3; j<20 ; jttl I 
PXS • PX (1](j] / 100 
fprintf(stdout,"\7. ◄ f ", PXS ); 

)fprintf(stdout,"\n"); fprintf(stdout," ");} 

corTponents 

fpr1ntf(stdout,"\n Table 8 . 14 Finite Difference v corrponent of surface geostroph1c vind (m/sec)."); 
for(i•l; 1< 26; 1++) { fprintf (stdout, "\n"); 
fprintf(stdout," "); 

for (1•19; 1>•3; 1--) { 
for(j•J; j<20; j++) ( 

fprintf (stdout, "\8. 4 f ,. , DIF't (1 J ( j]); 
)fpr1ntf(5tdout, "\n"') ;fprintf (stdout," " ) ; ) 

fprintf(stdout,"\n Table 8.15 Deviation (Analytic - Finite Difference) in calculation"); 
fprintf(stdout, .. ,n of the v corrponent of surface geostrophic wind (m/sec) ." ); 
for(i•l; 1< 26; 1++) { fprintf (stdout, "\n"); ) 
fprintf(stdout," CASE I.B - Horizontal isobaric planes with T • Az + B,. ) ; 
fprintf(stdout, "\n") ;fprintf (stdout, "\n"); fprintf(stdout," " ) ; 
for (1•19; 1>•3; 1--) { 

for(j•3:j<20;j++) ( 
;• Analytic surface geo.stroph1c wind magnitude •/ 

fpr1ntf(stdout,"17.4f ",OQ(i)(j)); 
>fprintf (stdout, "\n") ; fprint f (stdout," " ) ; } 

fprintf (stdout , "\n Table 8.16 Analytic calculation of surface geest rophic vind (ml.sec) . "); 
for(i•l; 1< 26; 1++) ( fpr1ntf (.stdout, "\n"); ) 
for (1•19; 1>-3; 1--) { 

for (j-3; j<20; j++) ( 
/• Corby finite differenoa surface geostrophic wind magnitude •t 

FDVEL • 0.01 • sqrt ((PX(1) (JI • PX(l) (JI) + (PY(1) [JI • PY(1) (JI) I 
fpr1ntf (stdout, "\7. 4f ", FDVEL); 
DIFY(k) (j] • 00(1) (JI - FOVEL ; 

I 
fprintf (stdout, "\n");) 

fprintf (stdout, "\n 
for(i•l; 1< 26; 1++) ( fprlntf (.stdout, "\n"'); 
MAXDIF • 0.0; 
for (1-19; 1>-3; 1--) { 

for(j-3; j<20; J++I ( 
/ • Find maximum (MAX) error 

if ( MAXDIF < fabs ( OIF't(i) (j) ) ) 
/ • Oifferenoe between analytic and Corby 

fprintf(stdout,"\7.4f "',OIFY(i)(jJ); 
) !print f (stdout , "\n");) 

fprintf (stdout," 
fprintf(stdout, "\n 
for(i•l; 1< 26; 1++) ( fprintf (stdout, "\n"); 

/• COrtt)Ute HVD error 
VDIFTOT • sqrt (VDIFTOT) / 289; ; 
fprintf (stdout, "\n"); fprintf (stdout, " \20 .16!", 
fprintf (stdout, "\20.16f", HAXDIF ) ; 
II 
return O; 

Table 8.17 Finite Difference calculation of .,urfaoe geo.,trophic wind (m/sec)."); 

• I 
HAXOIF - fabs( OIF't(i] {j) ); 
finite difference .surface qeostrophic wind magnitude •/ 

Table B.18 Difference (Analytic - Finite Difference) in calculation ) ; 
of surface geostrophic wind (m/sec). " ) ; 

VDIFTOf I ; 



Unclude 
Unclude 
Unclude 

<StdIO. h> 
<math. h> 
<string.h> 

f• Case II w1th T - A ln p + B. 
Barotrop ic atmosphere with parallel isobaric pl,11.t\es inclined with rcu:pect to tho horizontal . 
The program is written in C. 

main () 
( 
fdefine SI ZEP 21 

double 
double 
double 
double 
int 

ZZ85, TT85, AA.Al, AAA2, DZ0X, 0Z0Y, 0T0XP, DTDYP, F, LEN, difxsc, difysc, di fvehc; 
GOEL, HOLD, UBS, VBS, HAXDIF ,G, PXS, PYS, TREF, ZREF, T85R, Z85R, R,OELL, H, vorrror, UOIFTOT, FDVEL; 
X [ SIZEP), Y (SIZE.P), ZS (SlZEP] [SIZEP], TTS [SIZEP] ( SIZEP], LNPS (SIZEP] [SIZEP], OIFVEL (SIZEP] (SIZEP]; 
PX [SIZEPl [SIZEPl, PY [ SIZEPl [SIZEP l, DIFY [SIZEPl [SIZEPl, DIFX [ SIZEPl [SIZEP). 00 ISIZEP l [ SIZEPl; 
1,l; 

II 
R - 2870000. 0; 
G - 980.0; 
F • 0.000103; 

/• Pressure, tenperature and hoight values are written in cgs (cm,grams,sec) units. 
Tenperacure at the (sea level, ZREF - 0) reference station is 295.2 degrees Xalvin. 
over the reference station. the 850 nt:, plane is at height 1540m, and the temperature there is 286.2 degrees Xelvin . 
The mountain apex H is SOOOm above sea level. The grid interval DELL is SOOOm. 
DZDY 1.s the (Z - Y) slope of the 850ni> plane. OZDX is the (Z - X) .slope of the 850rrb plane. 
DZDYP 1.s the (Z - Y) teq,erature gradient OZDXP i.s the (Z - X) temperature gradient. 
ZREF • O; 
TREF • 295 . 2; 
Z8SR • 154000; 
T85R • 286. 2 ; 
ff • 500000; 
DELL - 500000; 
DZOX - - 9. 455321381150-S 
DZDY - 4. 61168231962e-5 
for(i•l;i<SIZEP ;1++) 
I 

for(j-l;j<SIZE.P ;)++) { 
In1thlizo matrix ZS 'fith mountain surface heights. 
The mountain's .shape i.s such that it exhibits a co.sine profile 'fithin any vorticd plane containing the apox . 
LEN• sqrt ( ((1 - 11) • 11 - 11)) + Ill - 11) • (j - 11)) ) ; 
ZS[ 11 ll ] • (H/2) • ( 1 + cos ( LEN • ( J.1 ◄ 1592653589193 / 8.00) ); 
1f(LEN> 8.0 JZSl1llll•O; 

I 
fprintf (.stdout ... \n"); 

/• Initialize arrays X and Y to hold grid point positions . Index j of array X increa.se.s aa.stwa.rd 
and index 1 of array Y increases northward 

/• The roforence .station is at (X[)), Y[l)), 0) 
for(j•l;l<SIZEP;l++) ( X[Jl • ( j - J I • 500000 
for(i•l;i<SIZEP;i++) ( Y(i] • ( i - 13 ) 111 500000 

/• Fo.rmula.s below have bean derivod in Section 4.5 
AA.Al • 980. 0 • (ZB5R - ZREF) ; 
AAA2 • ( ( (TREF • TREF) - (T85R • T85R)) • R } / (2. 0 • AAAl) 
fprintf (.stdout, "\n"); 
for(i•l; i<SIZEP; 1++) ( 

for(j-1; j<SIZEP; j++) { 
/• Initialize 850nb plane with height and tomporaturo values. 

ZZ85 - ZBSR ♦ ( Y(i) • DZDY + X(j) • OZDX ); 
TTBS • TBSR ; 
GOEL• 980 . 0 • (ZZ85 - ZS 11][Jl); 
HOLD • ( ( (2 • AAA2) • GOEL) / R ) + ( TT85 • rres 

/ • Initial! ze (mountain) .surface tenperature values. 
TTS(!] [j] • .sqrt ( HOLD ) ; 

/ • In!t1al1ze ln .surface pros.sure value.s. 
LNPS[1] Ill • ( (2 • GOEL) / (R • (TT85 + TTSl1l Ill )) ) 

/• Analytic surface gee.strophic wind cotrponents u {a) and v_{a.). 
UBS • - 0.01 • ( (G • DZDY) / F ) ; -
VBS • 0.01 • ( (G • DZOX) / F ) ; 

/• Analytic .surfaoa gee.strophic wind magnitude 
00(1] [j] - .sqrt ({UBS 111 UBS) + (VBS • VBS)) 
I 

I 
for(i•l;i< 14;1++) { fprintf(stdout,"\n"); ) 
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fprintf(stdout," CASE II.A Barotropic atmosphere - tilted (parallel) isobaric planes with delp T - O, under r- A ln p + B " ) ; 
fprint f (stdout, ""\n .. ); fprintf (stdout, "\n"); fprintf (stdout, "\n"); fprintf (stdout, "\n") ; fprintf (stdout, " ., } ; 
for (1•19;1>-3;1--) { 
for(j•l; )<20; j++) { 

fpr1ntf(stdout,"\1.4f .. ,UBS ); 
J fprint f (stdout, "\n") ; fprintf (stdout,., " ) ; 

I 
fprintf (.stdout, "\n"); 
fprintf(.stdout," Table B.19 Analytic u corcponent of .surfaoa gee.strophic wind (ml.sec). " ) ; 
for(1•l;i<26;i++) ( fprintf(stdout,"\n"); ) 
for(i•3;i<20;1++) { 

for (j•J: )<20; j++) ( 
/ • Corby finite difference surface geostrophic wind corrponenc u_{fd) is calculated by multiplying 

the Y directed pressure gradient by - { 1/F ) . 
PY [1][j] • - ( ( G ( ( ZS{1+1Jlll - ZS{1-l][j]) / (2.0 • DELL) ) ) 

+ R • 
( ( TTS[1+ll Ill + TTSl1Jlll ) / 4.0 ) 

• ( ( LNPS[1+ll Ill - LNPS{1] [j]) / DELL ) 
+ ( ( TTS[1] Ill + TTSl1-l] [JI ) / 4.0 I 
• ( ( LNPSl1] Ill - LNPSl1-l] Ill ) / DELL I I ) / F ; 

Difference between analytic and Corby finite difference v surface geostrophic wind corcponents 
DIFY[1] Ill • VBS - (PX[1] Ill / 100); 
VOIFTOT 1.s an accumulator for the MVO error 
VDIFTOT • VDIFTOT + ( DIFY[1l Ill • DIFY11l Ill ) ; 

I 
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!printf (stdout," .. ) ; 
for Ci•l9;1>•3:1--l I 

for (j•J; j<20 ; :]++) ( 
PYS • PY (1) (J) / 100 
fprintf(stdout,"\7. ◄ f ", PYS ); 

) fprintf (stdout, "\n"); fprintf (.stdout," .. ) : 
) 
fpt"intf (.stdout, "\n Table 8.20 Finite Differvnce u cortponont of surface geostroph1c wind (m/sec). "); 
for(i•l;i< 26;1-t+) { fprintf(stdout, "\n"); ) 
fprintf (stdout," " ) ; 
for (1-19;1>-3;1--) ( 

for(j-3; j<20; j++) { 
difxsc • DIFX(i] {j) • lell ; 
fprintf(stdout,"11. ◄ f ", difxsc ); 

J fprlntf (stdout, "\n"); fprintf (stdout," 
!print f (stdout, "\n 
fpri nt f ( stdout, "\n 
for(1 • 1;1< 26;H·+) { fprintf(stdout, "\n"); J 

. ) ; ) 

Table 8.21 Deviation (Analytic - Finite Oifferenoe) in calculation ,. ) ; 
of the u conponent of .surface geo!ltrophic wind (10"'(-11) f'll,/ .sec) ." ) ; 

fprintf(stdout, .. CASE II.A Barotropic atmosphere - tilted (parallal) isobaric ph.ntu wU:h delp T • 0, unde r T - A ln p + B"); 
fprintf (stdout, "\n" ) ; 
fprintf(stdout, "\n"); 
fprintf(!ltdout," " ) ; 
for(i-3; 1<20; 1++) ( 

for(j•J; J<20; J++) ( 
fpr1ntf(stdout," 17.4f ", VBS ); 

J !print f (stdout, "\n" ) ; fprintf (!ltdout, " 
fprintf (stdout. " \n 
for(i•l; 1< 26; 1++) ( fprintf (!ltdout, "\n"); 
VOIFTOT - 0. O; 
for(1 • 3; 1< 20; 1++) ( 

for (j•3;j<20;j++) ( 

. ) ; ) 

Table 8.22 Andyt1c v corrponent of .surface geo.strophic wind (ml.sec)." ) ; 

Corby finite difference !IU.rface qao!lt.rophic wind component v ( fd} 1.s calcuhted by multiplying the 

I 

X directed pressure gradient by ( 1/F ) • -
PX(1) (JI • ( ( G • ( ( ZS(1) (J+l] - ZS(1] (J-1)) / (2.0 • DELL) 

+ R • 
( ( TTS(1) (J+l) + TTS(1) !JI I / < .0 ) 

• ( LNPS(1](J+l) - LNPS(1) (JI ) / DELL ) 
+ ( TTS(i) (JI + TTS(1) IJ-1) ) / 4.0 ) 
• I ( LNPS(i] (JI - LNPS(1) (J-1)) / DELL ) ) ) / F ; 

Difference betw84iln analytic and Corby finite d1fferenoa v .surface gee.strophic wind 
DIFY(1) (J) • VBS - (PX(1) (J) / 100); 
VDIFTOT 1.s an accumulator for the MVD error 
VDIFTOT • VDIFTOT + ( DIFY(i)(J] • DIFY(1](J) ); 
I 

fprintf (stdout," " ) ; 
for (1•19; 1>•3; 1--) ( 

for (j-3; j<20; j++) ( 
PXS • PX (1] (J) / 100 ; 

fpr1ntf(.stdout,"\7.4f ",PXS ); 
)fprintf(.stdout,"\n"); fpr1ntf(stdout,.. ,. };) 

fprintf (.stdout, "\n"}; 

conponents 

fprintf(.stdout,,. Tabla 8 . 23 Finite Difference v component of .surface gee.strophic wind (m/sec). " ) ; 
for(i-1; 1< 26;1++) ( fprintf (.stdout, "\n"); 
fprintf (.stdout," " ) ; 
for (1•19; 1>•3; 1--) ( 

for(j-l;j<20;j++) ( 
difysc • DIFY(i] (j) • lell ; 
fprintf (stdout, "\7.4f ",dify.sc); 

) fpr1ntf(stdout,"\n");fp.r1ntf(stdout," "); 

fprtntf (.stdout, "\n Tabla 8.2 ◄ ()Qvi1.tion (Analytic - Finite Difference) in calculation " ) ; 
fp.r1ntf(.stdout,"\n of the v conponent of .surface qeo!ltrophic wind (10"'(-11) m/sec). "); 
for(i•l;i< 26;1++) ( fprintf(stdout,"\n .. ); J 
fp.r1ntf(.stdout," CASE II.A Barotropic atmo!lphare - tilted (p1.rallel) i.sobaric planes with delp T - 0, under T•A ln p + 8"); 
!print f (stdout, "\n"); 
fprintf(stdout,"\n"); fp.rintf(stdout," "); 
for (1•19;1>-3;1--) ( 

for(j-3; j<20; j++) ( 
/• Analytic surface gee.strophic wind magnitude •/ 

fprintf(stdout, "17. ◄ f ",00(1] (jl); 
I fp.r1ntf (stdout, "\n"); fprintf (stdout," ) ; } 

fprintf(stdout,"\n Table 8.25 Analytic calculation of surface gee.strophic wind (m/sec). ") ; 
for(1•1;1< 26;1++) ( fprintf(stdout, "\n"); 
fprintf (stdout," " ) ; 
for (1•19;1>•3;1--J { 

for (j•3; j<20; j++) ( 
/• Corby finite difference surface geostrophic wind magnitude •/ 

FDVEL • 0.01 • sqrt ((PX(1) (JI • PX(1) (JI) + (PY (1] (JI • PY (1) IJJ)) ; 
fp.rintf(stdout,"17. ◄ f ",FOVEL); 
DIFVEL(1) !JI • 00(1) (JI - FDVEL ; 

Jfprintf (stdout, "\n"); fprintf(stdout," ) ; 
) 

fpri nt f (.stdout, "\n Table 8. 26 Finite Di f fer&nce calculation of surface gee.strophic wind (m/sec) . "); 
fo.r (1•1; 1< 26; 1++) { fprintf (stdout, "\n"); ) 
fprintf(stdout," " ) ; 
MAXDIF • 0.0; 
for (1•19;1>•3;1--) ( 

for (j•3; j<20; j++) { 
/• Find maximum (MAX) error •/ 

if ( MAXDIF < hbs ( DIFY(1] (J) ) ) MAXDIF • fabs( DIFY(1) (J) ); 
/• Differenoe between analytic and Corby finite difference .surface geostrophic wind magnitude •/ 

difvelsc • OHVEL(i] (j] • lell ; 
fprintf(stdout,"17. ◄ f ", difvelsc ); 

lfprintf(stdout,"\n"); fprintf(stdout," ); 
) 

fprintf(stdout,"\n Tabla 8.21 Difference (Analytic - Finite Difference) in calculation"); 
fp.rintf(stdout, "\n of surface qeostrophic wind (10"'(-111 m/sec). " ) ; 
for (1-1;1< 26;1++) ( fprintf(stdout,"\n"J; ) 

/• Corrpute MVD error •/ 
VDIFTOT - sqrt (VDIFTOT) / 289; ; 
fprintf(.stdout,"\n"); fpr1ntf(stdout,"120.16f", VOIFTOT ); 
fprintf(stdout,"120.16!", HAXOIF ); 
II 
return O; 
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Unclude 
Unclude 

<Std IO. h> 
<math . h> 
<string. h> 

/• Casg II with T - A z + e. 
Barotropic atmospherG: with parallel isobaric planes 1ncl1nad with re.spect to the horizontal. 
The program is ..,ritten in C. 

main 0 
I 
I define 

double 
double 
double 
double 
int 

SIZEP 21 
ZZ85, TT85, AAAl ,AAA2, OZOX, DZDY, OTOXP, OTDYP, F, LEN, EXTRA, GAMMA, UBS, VBS; 
GOEL, HOLD, UBS, VBS, MAXDIF, G, PXS, PYS, TREF, ZREF, T85R, Z85R, R, DELL, H, VDIFTOT , UOIFTOT, FOVEL; 
X ( SIZEPl, Y (SIZEP). ZS (SIZEP 1 (SIZEPl, TTS (SIZEPl ( SIZEP], LNPS ( SIZEP] (SIZEP 1; 
PX (SIZEP] ( SI ZEP), PY ( SIZEP) [SIZEP], OIFY [SIZEP] (SIZEP), DIFX [ SIZEP] (SIZEP), 00 [SIZEP) [ SIZEP]; 
1, J; 

II 
R • 2810000. O; 
G • 980.0; 
F - 0.000103; 

/• Pressure, terrperature and height values are wr itten in cgs (cm,grams,sec) unit s . 
Tenperature at the (sea level, ZREF - 0 ) reference station ls 2 95.2 degrees Kelv in. 
Over the referenoe station, the 850 rrb plane ls at he i g ht 1540m, and the temperaturo there is 286.2 degrees Kelvin . 
The mountain apex H ls SOOOm above sea level . The grid interval DELL is 5000m. 
DZDY ls the ( Z - Y) slope of the fl 50rrb plane . OZDX ls the (Z - X) sl ope of the 8 50 rrb plane. 
OZDYP ls the (Z - Y) temperature gradient OZDXP is the (Z - X) terrperature gradien t. 
ZRE.F • O; 
TREF - 295. 2; 
Z85R - 15 ◄ 000; 
T85R • 286. 2 ; 
H - 500000; 
DELL - 500000; 
DZDX • - 9. ◄ 5532738115e-5 
DZOY • 4 . 61168237962e-5 
for(i•l ; i<SIZEP ;1++) 
I 

for(j•l;j<SIZE.P ;j++) ( 
Initialize matrix ZS with mountain surfaoe heights. 
The mountain's shape is such that it exhibits a cosi ne profile within a ny vertical plane contai n ing t he apex . 
LEN • sqrt ( ( (1 - 11 ) • (1 - 11 )) + 1 ll - 11) • (l - 11)) ) ; 
ZS( 1) (j] - (H/2 ) * ( 1 + cos ( LEN * ( 3.1 '1 1592653589 793 / 8 .00 ) ); 
1f (LEN> 8.0 ) ZS(illll • 0; 

fprintf (stdout, "\n"); 
/• Initialize arrays X and Y to hold grid point positions. Index j of array X increases eastward 

and index 1 of array Y increases northward 
/• The reference station is a t (X(3]. Y(ll). 0) 

for(j•l;j<SIZEP;j++) ( X[j] • ( j - 3 ) * 500000 
for(i - l ; i<SIZE.P;i++) ( Y(i] - ( 1 - 13 ) • 500000 
fprintf (stdout, "\n"); fprintf (stdout, "\n"); 
for(1•1;1<SIZE.P;1++) { 

for(j•l; j<SIZEP; j++ ) { 
/• Initialize 850rrb plane with height and temperature values. 

ZZ85 • Z85R + ( Y(i] * OZOY + X (j] • OZOX ) ; 
TT85 • T85R ; 

/• Formulas below have been derived in Section ◄. 6 
GAMMA • 9. 0 / 15 4000 ; 

/• Initialize (mountain) surface tel'l'perature values . 
TTS(i](Jl • TT85 +GAMMA• (ZZ85 - ZS (11()1) 

/• Initialize ln surface pressure v alues. 
LNPS{i][j] • ( G / (R "' GAMMA)) • loq ( l + ((GAHMA"' (ZZ85 - ZS(i]{j])) / TT85)) 

/* Analytic surfaoe geostrophic wind conponents u_{a) and v_{a). 
UBS • - 0.01 • ( G * DZDY / F ) ; 
VBS • 0 .01 * ( G * DZDX / F ) ; 

/• Analytic surfaoe geostrophic wind magnitude 
OO(i](j) • sqrt ((UBS* UBS ) + (VBS "'VBS ) ) 
I 

I 
for (1•1; 1< 14; 1++) ( fprintf (stdout, "\n"); ) 
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•1 

•1 

•1 

•1 

fprintf(stdout," CASE 11.B Barotropic at.mo.sphere - tilted (parallel) isobaric plane.s with delp T - 0 under T - Az + B" ) ; 
fprint! (stdout, " \n"); fprintf (stdout, "\n") ; fprintf(stdout," .. ) ; 
for (1•19;1>--3;1--) { 

for(j-3; j<20;j++) { 
fprintf (stdout, "\7. 4f ", UBS ) ; 

) fprintf (.stdout, "\n"); fprint f (stdout," " ) ; ) 
fprintf (stdout, "\n Table 8. 28 Ana lytic u conponent of surface geostrophic wind (m/sac). "); 
for(i•l ; 1< 26; 1++) { fprintf (stdout, "\n" ) ; 
VOIFTOT • 0.0; 
for(i-3;1< 20;1++) ( 

for (j-3; j<20; j++) { 
/• Corby finite difference .surface geostrophlc wind COl'l'ponent u {fd} 1.s calculated by multiplying 

the Y directed pressure gradient by - { 1/F ) . - */ 
PY 111 Ill • - ( ( G • I I ZS(i+l] Ill - ZS(i-1] Ill) / (2.0 • DELLI > ) 

+ R • 
( ( TTS(i+ll Ill + TTS(i] Ill ) 
( ( LNPS(i+ll Ill - LNPS{i] (JI) 

+ ( I TTS(il Ill + TTS(i-11 Ill > 
( ( LNPS(il Ill - LNPS(i-11 Ill I 

Differance between analytic and Corby finite difference v 
DIFY(il Ill • VBS - IPX(il Ill / 100); 
VDIFTOT is an accumulator for the MVD error 
VDIFTOT • VDIFTOT + ( DIFY!il Ill • DIFY(il Ill I; 

I 

I <. 0 I 
/ DELL ) 
I <. 0 ) 
/ DELL I I ) / F ; 
surface geostrophic wind conponents 



fprintf (stdout," ,. ) ; 
for (1-19; 1>•3; 1--) ( 

for(j-3; j<20 ; j++) ( 
PYS • PY [ii [JI I 100 
tpr1ntf(stdout, .. \1.4t ", PYS ); 
) fprint f (stdout, "\n "); fprintf (stdout, " " ) ; ) 

fprintf (stdout, "\n"); 
fprlntf(stdout,., Table 8.29 F1n1tg D1fferenca u conponent of surhoe geostrophic wind (m/sec). "); 
fo.r(l-1; 1< 26; 1++) ( fprintf {stdout, "\n"); } 
fprintf(stdout," " ) ; 
for (1-19; 1>-3; 1--) ( 

for(j-3; j<20;j++) { 
fprintf(stdout, .. \1 .4f .. ,OIFX(i) fj}); 

) fprincf (stdout, "\n"); fprintf (stdout,.. .. ) ; ) 
fprincf (.stdout, "\n Table e. 30 Deviation (Analytic - Finite Difference) in calculation " ) ; 
fprintf{stdout,"'\n of the u corrponent of surface geostrophic wind {m/•ac). " ); 
for(i-1; 1< 26; 1++) ( fprintf (stdout, •\n"'); ) 
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fprintf(stdout," CASE II.8 8arotropic atmosphere - tilted (parallel) isobaric plancu with dalp T -0, under T - Az: + B .. ); 
fprint f (stdout, "\n"); fprintf (stdout, "\n"); 
!print f (stdout," " ) ; 
for (1-19;1>-3;1--) ( 

for(j-3; j<20; j++) { 
fprintf(stdout, .. \8 . ◄ f .. , V8S); 

) fprintf (stdout, "\n"); tprintf (stdout," .. ) ; ) 
fprintf (stdout, "\n Table 8. 31 Analytic v component of surface geostrophic wind (m/sec). "); 
forU•l;i< 26;1++) ( fprintf(stdout,"\n"); 
for(i-3;1< 20;1++) ( 

foe (J•J; J<20; J++) ( 
/" Corby Unite difference surface geostrophic wind component v_( fd) is calculated by multiplying the 

X dir:Gctad. pressure gradient by { 1/F ) . •/ 

) 

PX[iJIJI • ( ( G • ( ( ZS[il[J+ll - ZS[il [J-1)) I (2.0 • DELL) 
+ R • 

( ITSli) [J+l) + TTS[illll l I ◄ .O ) 
• ( LNPS[il[J+ll - LNPS[il Ill ) I DELL ) 
+ ( ITS[il [JI +TTS[il[J-11) I ◄ .O ) 
• ( LNPS [ii [JI - LNPS[i) [l-11) I DELL ) ) ) I F ; 

Difference between analytic and Corby finite differenoa v surfaoe geostrophic wind 
DIFY[i) [JI • VBS - (PX[i) [JI I 100); 
VDIFTOT is an accumulator for the MVD error 
VDIFTOT - VDIFTOT + ( DIFY(i) lj) • DIFY{i] (j) ) ; 
) 

fprintf (3tdout," " ) ; 
for (1-19; 1>•3; 1--) { 

for (j-3; j<20 ; j++) { 
PXS • PX [i) [JI 100 ; 
fprintf(3tdout,"17. ◄ f ", PXS ); 

Jfprintf(stdout, .. \n"); fprintf(:i:tdout," ");) 

corrponents 

fprintf(stdout,"\n Table 8.32 Finite Difference v COffl)Onent of surface geostrophic wind (m/sec) ."); 
for(i-1; 1< 26; 1++) ( fprintf (stdout, "\n"); 
!print f (stdout," " ) ; 
for (1-19;1>-3;1--) ( 

for(j-3; j<20; j++) ( 
fprintf(stdout,"\8. ◄ f ",OIFY(i](j)); 

J fpri ntf (3tdout, "\n") ; !print f (.stdout, ., .. ) ; J 
fprintf(stdout,"\n Table 8.33 Deviation (Analytic - Finite Difference) in calculation"); 
fprintf (stdout, "\n of the v CO"l)onGnt of surface geostrophic wind (m/sGc). " ) ; 
for(1-l; 1< 26; i++) ( fprintf (.stdout, "\n"'): J 
fprintf(.stdout," CASE 11.8 Barotropic atmo.sphere - tilted (parallel) 1.sobaric planes with delp T • 0, under T - Az + B"); 
fprintf (.stdout, "\n"); fprintf (.stdout, "\n"'); fprintf (stdout," " ) ; 
for (1•19;1>-3;1--){ 

for(j-3; j<20; j++) { 
/• Analytic .surface geostrophic wind m.agnituckl •/ 

fprintf (stdout, "17. ◄ f ", 00( 1] [ j]); 
)fprintf (stdout, "\n"); fprintf(stdouc,.. ) ; } 

fprintf(stdout,"\n Table 8.34 Analytic calculation of 3urface geostrophic wind (m/sec) ... ); 
for (1•1; 1< 26; 1++) ( fprintf (stdout, "\n"); ) 
for (1-19;1>-3;1--)( 

for (j•3; j<20; j++) ( 
/" Corby finite differenoa .surface geostrophic wind magnitude "/ 

FDVEL • 0.01 • sqrt ((PX[i) [JI • PX[il [JI) + (PY Iii Ill • PY[il [JIii 
fprintf (stdout, "\ 1. 4f ", FDVEL); 
DIFY[i) [JI • 00[11 Ill - FDVEL ; 

)fprintf (stdout, "\n");) 
fprintf (stdout, "\n"); 
fprintf (stdout," Table B. 35 Finite Oif!erenc.e calculation of surface geostrophic wind (m/sec). "); 
for(i-1; 1< 26; 1++) { fprintf (.stdout, .. \n"); 
MAXOIF • 0 .O; 
for (1-19;1>-3;1--) { 

for(j•3; j<20; j++) ( 
/• Find maximum (MAX) error • / 

if ( MAXDIF < fabs ( DIFY[il[JI MAXOIF • fabs( DIFY[i)[l] ); 
/• Oifferenc.e between analytic and Corby finite difference surface geostrophic wind magnitude • / 

fprintf (stdout, "\1. ◄ f ", DIFY [1) ( j)); 
) !print f (stdout, "\n") ; ) 

fprintf(stdout,"\n Table 8.36 Difference (Analytic - Finite Difference) in calculation"); 
fprintf (stdout, "\n of surface gee.strophic wind (m/sec). " I; 
for(l•l; 1< 26; 1++) { fprintf (stdout, "\n"}; 

/" Conpute MVO error "/ 
VDIFTOT - sqrt (VOIFTOT) / 289; ; 
fprintf(stdout,"\n"); fprintf(stdout,"'\20 .16!"', VDIFTOT ); 
fprintf (stdout, "\20. 16f", MAXOIF ) ; 
I I 
return O; 



Unclude 
f include 
finclude 

<Std!O . h> 
<math. h> 
<string.h> 

/., Case III Y1th T - A ln p + B + C (x - xref). 
Barocl1n1c atmosphere with x--directed terrpgrature gradient (l • 10"'{-SJ degre,es Kelvin/ml, 
but no y-directed terrperature gradient. The program is written in C. 

main () 
{ 
fdefine SIZEP 21 

double 
double 
double 
double 
int 

zzes, TT85, AA.Al, AAA.2, ozox, DZOY, DTOXP, OTOYP, F, LEN; 
GOEL, HOLD, UBS, VBS, MAXOIF, G, PXS, P'fS, TREF, ZREF, T85R, ZBSR, R, DELL, H, VOIFTOT, UDIFTOT, FDVEL, di fxsc; 
X ( SI ZEP), Y (SIZEP J, ZS {SIZEP) ( SI ZEP], TTS [SIZEP] [SIZEP), LNPS ( SIZEP} [SIZEP], UBS [SIZEP] (SIZEP], VBS ( SI ZEP) [SIZEP); 
PX [SIZEP) [SIZEP), PY ( SIZEP) (SIZEP), OIFY (SIZEP) ( SIZEP), OIFX ( SIZEP) (SIZEP), 00 (SIZEP) (SIZEP); 
1,l; 

II 
R 
G 
F 

- 2870000. 0; 
- 980.0; 
- 0. 000103; 

/• Pressure, terrperature and height values are written in cg!I (cm,grams,sec) units. 
fgrrperature u the (sea levol, ZREF "" 0) roforgnoa !!ltation is 295.2 degrees Kalvin. 
over the reference station, the 850 nt, plane is at height 15'40m, and the temperature there is 286 . 2 degrGfis Kalvin. 
The mountain a pox H is 5000m above sea level. Tho grid interval DELL is 5000m. 
DZDY is the (Z - Y) slope of the BSOl'JD plane. DZDX is the (Z - X) slope of the 8501m plane. 
DZDYP is the (Z - Y) tempQrature gradient OZOXP is the (Z - X) terrperature gradient. 
ZREF .. 0; 
TREF .. 295. 2; 
Z85R .. 15◄ 000; 
T85R • 286. 2 ; 
H • 500000; 
DELL - 500000; 
DZDX • - 9. '15532138115e-5 
DZOY .. -4. 61168231962e-5 
OTDXP - 1. Oe-1 ; 
DTDYP - a.a ; 
for(i-l;i<SIZEP ;i++) 
{ 

for (j-1; j<SIZEP ; j++) ( 
ln1tialir.e matrix ZS with mountain surfaoa heights. 
The mountain's .shape is such that it exhibits a cosine profile within any vertical plane containing the apex. 
LEN - sqrt ( ((1 - 11) • (1 - 11)) + ((l - 11) • (j - 11) I ) ; 
ZS[ 1) [j ] .. (H/2) • ( 1 + cos ( LEN * ( 3.1◄ 1592653589193 / 8.00 ) ); 
if C LEN > 8. 0 l ZS I 1 I Ii I - 0 ; 

I 
fpri ntf (stdout, "\n"); fprlnt f (stdout, "\n"); fprlntf (stdout, "\n"); 

/* Initialize arrays X and Y to hold grid point positions. Index j of array X increases eastward 
and index 1 of array Y increases northward 

/* The reference station 1s at (X(JJ, Y[l3]. 0) 
for(j-l;j<SIZEP;j++) ( X(j] • ( j - 3 ) * 500000 
for(l•l;l<SIZEP;i++) ( Y(i] "" ( i - 13) • 500000 

/• Formulas below have been derived in section ◄. 5 
AA.Al - 980 • (Z85R - ZREF) ; 
AA.A2 - ( ( (TREF * TREF) - (T85R • T85R)) • R ) / (2. 0 • AAAl I ; 
for(1•1;1<SIZEP;1++) ( 

for()•l; j<SIZEP; j++) ( 
1~ Initialize 850rrb plane with height and temperature values. 

zzes • Z85R + ( Y[i] • DZOY + X[j] • OZDX ); 
TT85 • TBSR + ( Y[i] • DTDYP + X[j] • DTDXP ); 
GDEL-980* (ZZBS-ZS [i)(j)); 
HOLD • ( ( (2 • AAA2) * GOEL) / R ) + ( TT85 • TT85 

1~ Initialize (mountain) surface terrperature values. 
TTS[i) Ill - sqrt { HOLD I ; 

/* Initialize ln surface pressure values . Note from the derivations 
of Sections 4.5 and 1.6 that - LNPS[i) (j) - - ( lnps[i] (jJ - lnp850[1) (j] • lnp850 - lnps{1J [j} 
which i.s what 1s required 
LNPS[illl) - ( {2 •GOEL)/ {R • {TT85 + TTS(1J(i) )) ) ; 

/• Analytic surface geostrophic wind corrponents u (al and v (a). 
UBS(i) Ill - - 0.01 • (G • DZDY / F) ; - -
VBS(i] [j] .. 0.01 * (G oil OZDX / F) - ((R • LNPS(1] [j] • DTDXP)/F) 

/"'- Analytic surface qeostrophic wind magnitude 
00(1llll sqrt ((UBS(1) Ill • UBS(1) !ill + {VBSl1] Ill • VBSl1) ll]ll 
) 

for(i-1;1< 14;1++) ( fprintf(stdout.,"\n"); ) 
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., 

fprlntf(stdout," CASE III.A.I Baroclinlc atmosphere - with delp T •(1 . 0 oil 10-5,0,0). under T • A ln p + B + C (x-xr)" ); 
fpri nt. f (stdout, "\n ") ; fprlntf (stdout, "\n"); fprint. f (stdout," " ) ; 
for (1-19;1>-3;1--) ( 

) 

for(j-3; j<20; j++) ( 
fpr1ntf(stdout,"\1.'1f ",UBS(!) (j] ); 

I 
!print f (stdout, "\n"); fprint f (stdout.," ) ; 

fprintf (st.dout, "\n"); 
fprintf(stdout.," Tablt~ B.31 Analytic u component of surface geostrophic wind (m/sec) ." I; 
for(l•l; i< 26; 1++) ( fprlntf (st:dout, "\n"); 
VDIFTOT ... 0 . 0; 

for(1•3;1< 20;1++) { 
for ()•3; j<20; j++) ( 

/• Corby finite difference surface geostrophic wind corrponent. u (fd) is calculated by multiplying 
the Y directed pressure gradient by - ( 1/F ) . - •/ 
PY li)(l) - - ( { G • { { ZS11+l)(J) - ZSl1 -l )(l)I / {2.0 • DELLI ) ) 

+ R • 
( { { TTSl1+1) (JI + TTS(i) Ill l / ◄ .0 I 

{ { LNPS[1+1) Iii - LNPS(1) Ill) /DELLI 
+ { { TTSl1J Ill + TTS(i-1) Ill I / ◄ .O I 

{ { LNPS(i) Ill - LNPS(i-1) Ill l /DELLI I I / F; 
Difference bet.ween analytic and Corby finite difference v surface geostrophlc wind conponents 
DIFY[il (JI - VBS - (PX[1) Ill / 100); 
VDIFTOT is an accumulator for the MVD error 
VOIFTOT - VDIFTOT + { DIF¥11J Ill • DIFY(i) Iii I; 

I 



fpr1ntf (stdout," " ) ; 

I 

for (1•19:1>-3;1--I ( 
for ()•3; j<20; j++) ( 

PYS - PY lil(jl / 100 
fprlntf(.stdout,"'\'J.H ", PYS ); 

I fpr1ntf (stdout , ""\n"); fprintf (.stdout ,.. " ) ; 

fprintf (.stdout, '"\t1"); 
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fprintf(stdout," Table B.38 Finite 0ifferenOR u component of •urface greo.stroph.ic vi nd (ml.sec). "); 
for(1 • 1;1< 26;1++) ( fprintf(.stdout , •\n"); J 

I 

!print! (stdout,.. " ) ; 
for (1•19;1>• 3;1--) ( 

for() - 3; j<20; j++) ( 
di!x.sc - Dlr>C(i] (j) • lell ; 
fprlntf <•tdout, "'\7. 4f .. , difx.sc ) ; 

) fprint f <•tdout, "'\n"); fprlntf (stdout,"' • J; 

fprintf(stdout,•\n Table 8.39 Oov1 a t1on (Analytic - Finite Difference) in c. lcul a tion " ); 
fprintf (stdout., " \n of the u c onponent of surt a ca qe ostrophlc Ylnd ( 10" (-ll) ffl/sec). " ) ; 
for (1 - 1 ; 1< 2 4 ; 1++) { fprintf (stdout, "\n"); I 
fpcintf(.stdout,• CASE III.A.I Barocl1n1c a t,nospharo - with d8 lp T •(1.0 • 10-5 , 0, 0), unde r T- A In p + 8-+ C (x-xr)"' ); 
fprlntf(stdout, "\n"); 
tprlntf (stdout, "\n") ;fp rintf (stdout , • " ) ; 
for (1 • 19;1>- 3;1--) ( 

for (l - 3; l<20; j+.) ( 
fprintf(•tdout, "17 . ◄ f •, VBS(i)(j) J; 

}fprintf (stdout, "\n"); fprintf <•tdout , • " ) ; 

fprtntf (st.dout, "'\n"); 
fprintf (stdout,"' Ta ble B. ◄ 0 Analytic v co,rpone nt of surfac. geostrophic v ind (-./sec) . "' } ; 
for(1 • 1;1< 2Ei;i+-+) ( fprintf(stdout,"'\n•) ; 
for(.1•3 ;1< 20:i·H) { 

for () • 3; j<20; :,++) ( 
/• Corby finite difference surface geostropbic wind component v_(fd) 1.s calculated by 111ult1plyinq the 

X directed pr• ••ure qradient by ( 1/F J. •/ 
PX(lllll - ( ( G • ( ( ZS(illl•ll - lSlil ll-111 / (2 . 0 • DELL) 

♦ R • 
( ( rTS(il lj•ll 

• I LNPSlil ll•ll 
• I rTSlil Ill 
• ( LNPSlillll 

Dt!ferenea between analytic and Corby 
DirYl il Ill - VBS - (PXli)[jl / 1001: 

• TTSlilljl) / 4.0 ) 
- LNPS I 1 l Ill I I DELL I 
• TTSlilll-11 I I 4 . 0 ) 
- LNPSlil ll-111 / DUL ) ) I / r ; 
finite difference v s urface geostrophic wind CO"l)onents 

VDlfTOT is a n accumulator for th• HVO error 
VD!fTOT - VDll'TOT ♦ ( DlfYI il Ill • DlrY Ii) Ill I: 
I 

fprl nt. f (st.dout,., "' ) ; 
for (1 • 19; 1> • 3;1--} ( 
for() • J;J<20 ;j....+J ( 

PXS - PX li)[jl / 100 : 
fpr1ntf(stdout,"' 1 7.4f ", PXS ); 

)!print! (stdout, •\n"'); fprintf (stdout,"' 
!print.! (st.dout, ""\n") ; 

" I; I 

fprlnt.f(stdout.,"' Table 8 . 41 Flnlte Difference v COft'f)Onent of surface geostrophlc wind (m/ sec) . "'I ; 
for (1 • 1: 1< 2Ei ; 1++) { fprlntf (stdout, "'\n"') ; 
fprlntf (st.dout.," " ) ; 
for (1 • 19;1>• 3;1--) ( 

for () • 3; )<20; :,++) ( 
fprintf (stdout, " 17. ◄ f ", OIFY (1) ( )) ) ; 

)fpr lntf (std out, "'\n"'); fprint.f (st.dout, .. 
fpnntf (stdout , •\n 
!print! lstdout, "'\n 
for(l • l;i< 24;1++) ( fprintf(stdout, .. \n•); 
fprlntf(stdout," "') ; 

);) 
Table 8 . 42 Doviatlon (Analytic - Finite D1fferen01it) in calculation ., ) ; 

of the v co""onent of surface geostrophlc wind (m/se c). "' ) ; 

!pr1ntf(stdout," C-'SE IIl.-'.I Barocl1n1c atmosphere - with delp T ., (1.0 11 10-5,0,0). under T • -' ln p + B + C (x-xr) .. ): 
!print f (stdout, "'\n"'); fprintf (stdout, "'\n"') ; fprintf (std out,"' ) ; 
for (1•19; 1>-3; 1--) ( 

for I J•3: j<20; :,++) ( 
Analyt.lc surface qeostrophlc wind magnitude 
fprlnt.f(stdout,"'1 1. ◄ f ",OO(l)(j));} 

fpri nt f (stdout, "\n"); fprintf (stdout, .... ) ; 
tpnntf (stdout, .. ,n 
fcr(l • l; l< 2Ei; 1++) I !print! (stdout, "'\n"'); ) 
for (1•19;1>•3;1--) ( 

for ()•3; j<20; )++) ( 

I 
Table 8 . 43 Analytic calculation of surface geostrophlc wind (m/sec) . 

Corby Unite difference surface geostrophlc wind ~qnitude 
rnVEL - 0 .01 • sqrt ((PXlillll • PXl ill)ll • (PYlillll • PYl!llllll 
fpnntf(stdout,• 17. ◄ f "',FOVEL) ; 
DlrYlillll -OOlillll - rnVEL ; 

I fprlntf (stdout , "'\n'");) 

. ) ; 

•1 

f;,rlntf(stdout,"'\n Table B. ◄◄ Finite Difference calculation of surface qeostrophtc wind (m/sec). • I : 
for(l•l; 1< 2Ei; 1+-+) ( fpr1ntf (stdout , "'\n"') ; 
MAXDIF • 0 .O; 
for (l•l9; 1> .. J;l- - ) ( 

for()•3; j<20; j-+-+· ) ( 
Find maximum (MAX) error 
if ( HAXDIF < tabs ( DirYlillll I HAXDir - tabs( DirYlillll I: 
Difference between analytic and Corby finite difference surface geostrophic wind. m.agnltude 
fprlntf (stdout, "' 1 7 . ◄ f "', DIFY I 1) ( jJ I; 

I fprlntf (stdout, "\n"'): ) 
!print! (stdout, "\n 
!pnntf lstdout. "'\n 
!o:(1•1:i< 2Ei;1+-+) ( fprintf(stdout,""\n"'); 
Co:rpute MVD error 
r-rrror - sqrt (VDIFTOT) / 289; ; 

Table B . ◄ 5 Ditference (Analytic - Finite Dlfferenoe) in calculation•); 
of surface geostrophic wind (m/sec) ... ) ; 

!p:-1ntf(sr.dout,"\n"); fprlntf(stdout,"' \ 20.lEif-, VOIFTOT ); 
!prlntf(stdout., "'120 .16!", HAXDIF ) ; 
II 
:e:::urn O; 



f 1ncludQ 
Unclude 
U nclude 

<StdIO.h> 
<muh.h> 
<string.h> 

/• ~s• III vah T • A z + B + C (x - xrof). 

{ 

8aroclln1c atmosphere with x-directed t.ertperature gradient (1 • 10 ... {-51 degrees Kelvln/ru), 
but no y-directed t.errperature gradient. The program 1• written in C, 

fdeftne 
double 
double 
double 
double 
ln< 

SI Z£P 21 
zzes, TT85, A.U.l, A.AA.2, OZDX, OZOY, DTOXP, OTOYP, F, LEN, EXTRA, CAM1A; 
GOEL, HOLD, UBS, VBS, MAXDIF, G, PXS , PYS, '!'REF, ZREF, TISR, USR, R, DELL, ff, VDIFTOT , UOIFTOT, FOVEL; 
X (SI ZEP), Y (SUEP), ZS (SIZEP] [ SI ZEP), TTS (SIZE.P) ( SIZEP) , LNPS (SIZEP) [SlZEP], UBS (SI ZEP) [SIZEP), VBS ( SIZEP] (SIZEP); 
PX [SIZ£P l [SI ZEPl, PY [ SIZEPl [SIZ£P). DIF"Y [SIZ£P l (SIZEPl, DIFX (SIZEPl [SIZ£Pl, 00 [SIZEP l (SIZEP); 
1,l; 

II 
• 
G 
F 

• 2870000 . O; 
- 980. O; 
- 0 . 000103; 

/ • Pres.sure, terrperature and height values a re written in cqs (an, gram ,sec) units. 
Teffl)euture a t the (sea level, ZREF - 0) referenc» station is 295.2 degr-• Kelvin . 
Over tt. reference s t a tion, the 850 nt> plane is at height 1540m, and the t~rature there is 286.2 degr .. s Kalvin . 
t'he mountain apex ff h 5000m above sea l evel. The grid interva l DELL 1s 5000111. 
CZOY is the (Z - Y) slope of the 850n:b plane. DZDX i s the (Z - X) slope of tM 850nt> plane. 
OZDYP is t.he (Z - YI t~ratur. gradient OZ.DXP is the (Z - XI t..aperature gradient . 
ZREF - O: 
'fR.E.F • 295 . 2: 
Z85R • 15-4000; 
T85R • 286. 2 ; 
H • 500000; 
O[LL • .500000; 
ozox • - 9 . '45532738115e-5 
OZOY • '4 .611682J1962e-5 
OTOXP - 1.0o-7 ; 
OTOYP - 0.0 ; 
for(1-1; 1<SIZEP ; 1++) 
I 

for(l•l;j<SlZEP ;j++) { 
In1t.1aUz• matrix ZS with ft'OUntain surface heights . 
Th• ft'OUntain's shape is such that it exhibits a cosine profile within a ny ve rtical plane containing t he apex . 
LEN • sqrt ( ( (1 • ll) • (1 • 11)) + ( (l - 11) • (J - 11)) ) ; 
ZS[ 1) (l J • (H/21 • ( 1 + cos ( LEN • ( 3.1'41592653589793 / 8 . 00 I ); 
1f I LEN > 8. 0 ) ZS I 1 l I J l • 0 ; 

I 
!print! (stdout, ·\n"'); 

/• Initi a lize arrays X a nd Y to hold grid point positions. Index j of array X tncNastu eastward 
•nd index 1 of array Y tncreues northw,1.rd 

/• Th• Nference st a tion is a t (X[3). Y(l3). 0) 
for(j • l;j<SIZEP;j++) { X(l) - ( l - J ) • 500000 
for(1 - 1;1<SIZEP;i++) ( Y(i) • ( 1 - 13) • 500000 
fprint f (stdout, "\n"'): fprintf (stdout, "'\n"); 
for (1 • 1; l<SIZEP; 1++) ( 

for() • l; j<SIZEP; j++) ( 
t • lnithllze 850nt> plane with height and temperature values. 

tz85 • Z85R • ( YI 1) • DZOY + X (l} • DZDX ) ; 
TT8.5 • T85R • ( Y ( 1) • DTDYP + X ( j) • OTDXP ) ; 

/ • Formula.., below have been derived ln Section '4.6 
GAMMA • 9 . 0 / 154000 ; 
ln1t.1al1:r:e (mount. a. in) surface tenperature va lues . 
TTS[ll !JI - TT85 +GAMMA• (ZZ85 - ZS (11 Ill) 
Inlthllze ln .surface pressure v,1.lue.s. 
Not.a from the derivation of Section 7.7 tha.t EXTRAX • ((DTDXP • G)/(GAHMA F)) • 1 - (TTS(1J(j)/TT85) ) 
LNPS(i){j] - ( G / (R •GAMMA))• loq ( 1 + ((GA.HKA • (ZZ85 - ZS(l) {j) )) TT85) 
EXTRAX - ((OTOXP • G)/(GAMMA • Fl) • ( l - (TTS{i) {j)/TT85) ); 
Analytic .surface gaostrophic vind conponents u {• ) and v {a). 
UBS[ll[Jl • -0.0l *(G*DZDY/F); - -
VBS(i) (jJ - 0.01 • ((G • DZDX /FI • EXTRAXI ; 
An•lytic surf•oa geo.strophlc v lnd magnitude 
00[1Jlll sqrt ((UBS(1l Ill • UBS[!) Ill) + (VBS(!l Ill • VBS[! l [Jill 
l 

{ fprintf (stdout. "\n""); ) 
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., 

• I ., 

., 

., 
•/ 

., 

foc(l•l:i< 14;1+-+) 
fpri nt f (.stdout. • 
fprint f (stdout. "'\n"'); 
for (1 • 19;1>- 3;1--H 

CASE III. B. l B•rocl1n1c atmosphere - v ith delp T • (1.0 • 10-5,0,0), under T • Az-tB•C(x-xr)" ); 
fprintf (stdout, "\n") ; fprint f (.stdout,"' .. ) ; 

for(j-J;j<20;jH) { 
fpr1ntf(.stdout," \ 7.'4f ",UBS(i] (j} ); 

fprintf(stdout,"\n"');fpcintf(stdout," .. ); 

fprlntf lst.dout., "'\n Table 8. '46 Analyt ic u con-ponent. of surface geostroph1c vind (m/sec). " ) ; 
!or(l•l : 1< 26:1+ ♦) I fprintf(.stdout, "' \n"'); 

VDIF'TOT • 0 .O; 
!or(1-l;i< 20;1++) ( 

for (j•3;j<20; j++) { 
/ • Corby finite dlfferenoa surfaoe geostrophJc wind conponent u (fd) ts calculated by mult.Jplylng 

the Y directed pres.sure gndlent by - ( 1/f ) . - • / 
PY (!Jill • - ( ( G • ( ( ZS[1 ♦ ll Ill - ZS[!-llllll / (2.0 • DELLI I ) 

+ R • 
( ( TTS[1 ♦ ll Ill ♦ TTS[IJ Ill ) 

• ( ( LNPS(l+l) !Jl - LNPS[ll llll 
+ ( ( TTS[1l [JI + TTS[l-1) Ill l 
• ( ( LNPS[1l (Jl - LNPS[l-ll Ill ) 

Difference between analytic and Corby finite difference v 
DIFY[ll Ill• VBS - (PX(1l Ill / 100); 
VDIFTOT is a.n accumula.tor for the MVO error 
VDIFTOT • VDIFTOT + ( DIFY[1] Ill • DIFY[1llll ); 

I 

I 4. O l 
/ DELL ) 
I 4 . 0 l 
/DELL))J/F; 
sucf•ce geostroph lc wind co~onent.s 

Table" B .12 Devia.tion (Analytic. Finite Difference) in calculation of the u component of s urface gC"o s trophic wind (m/sec) . 

., 
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!print! (stdout,., .. ) : 
for (1•19; 1>•3; 1--) ( 

!or(j-3; j<20 ; j+ ♦) { 

k • 22 - 1; 
PYS - PY (i)[j) / 100 ; fprlntf(stdout , "'17.4! ", PYS );) 

fpr1 nt f (.stdout. "\n ") ; fpr1ntf (.stdout , .. '" ) ; 

!print! (stdout, "\n Table B. ◄ 7 Finite Olf!erenc::e u COff1)0nent of surhoa geostrophic wind (m/sec). .. I; 
for(l•l:1< 2,:1++) { fpr1ntf(stdout , "'\n"); 
!print! (.stdout," • ) ; 
for (1•19;1>-3;1--)( 

for (:j•J; )<20; j++) ( 
!print! (stdout, ""\7 . 4f ", DIFX [1] [ j)}; J 

!print! (stdout, "\n"I; fpr1ntf (stdout , " "' } ; 
l 
fprlntf(stdout,"\n Table 8.48 Deviation (Analytic - Finite 01fferenoe) in c.lcuhtion" ) ; 
fpr1ntf(.stdout,• \n of the u corq:,onent of surface g.ostrophic vind (Ill/sec) . • ); 
for(i-1;1<26;1++) ( fprintf(.st.dout,"\n"); ) 
fprintf(stdout,• CASE 111.B . 1 S.rocllnlc atmosphere - vith dalp T - (1.0 • 10-5 , 0 , 0), under T - Az+B+C(x-xr)"' ); 
fprintf (.stdout, ""\n"'); fpr1ntf <•tdout, "'\n"); fpr1ntf (•tdout,., ., ) ; 
for (1•19; 1>-3; 1--) ( 

tor(J•J; )<20; l ... l ( 
fprintf(stdout , "U . H ",VBS(1] Ill );) 

fpr1ntf(stdout, "'\n"') ;fprintf (stdout,.. "' ) ; ) 
fpr1ntf (.stdout, "'\n Table 8 . 49 Analytic v corrponent of surface geostroph1c vind (m/Jlllec). "' ) ; 
for{1•1;1< 26;1++) ( fprintf(stdout,•\n"'); ) 
for(1•3;1< 20;1++) ( 

for (:)•3;j<20;j++) ( 
f • Corby finite di!ference surface qeostrophic vind c~nent v_(fd) is calculated by nrultiply1nq the 

X directed pressure gradient by ( 1/F } • • I 

l 

PX(I) Ill • ( ( G • ( ( ZS(!) (J+l) - ZS(!) (J-1)1 / (2 . 0 • DELL) 
+ R • 

( '!'TS( 1) (J+l l + rTSl1)(Jl) / ◄ .O l 
( U<PS(1) (J+l) - LNPSl1) Ill l / DELL ) 

+ ( '!'TS( I) Ill + TTS(l)(J-1) I I ◄ .0 I 
( U<PS(i](J ) - LNPS(i)(J -1 )1 / DELL l l l / F ; 

Difference between analytic and Corby finite difference v .surfa0111 geostroph1c wind COll\'.)onants 
DIFY(1) Ill • VBS - (PX(!] Ill / 100); 
VDIF!'OT is an accumul•tor for the HVD error 
VDIFTOT • VDIFTOT + ( DIFY(1] Ill • DIFY(i](J) ); 
l 

!print! (stdout,.. .. ) ; 
fer (1-19;1>•3;1--) { 

for (j•J; )<20 : )++) { 
PXS • PX(1)(J) /100; 
fprintf(stdout,"'\1. ◄ f "', PXS ); 

}fprint f(.stdout,"\n") ; f.:,rintf(.stdout," ); 
i 

fpnntf (.stdout, "\n T&.bl• 8 . 50 Finite Difference v corTponent of surhoe gao.strophic wind (111.lsac) . 
fcr(1 • 1;1< 26;1++) ( fprintf(.stdout,"\n"'); ) 
!prl nt f (.stdout,., .. ) ; 
for (1•19; 1>-3; 1--) { 

for(1•3;j<20;j++) { 
fprintf (.stdout, "'\8 . ◄ ! ", DIFY [1] { )l); 

I !pr lntf (.stdout, "\n"'); !print! (stdout ," 
fp:1 nt f (.stdout, "\n 
!p:-lnt f (.stdout, "\n 
fo!"(l•l:1< 26;1++) ( !printf(.stdout , "'\n"); ) 

" l ; l 
Table B.51 Deviation (An•lytic - Finite Oiffaranca) ln c.lculatlon "' ); 

of the v COrTpOnent of surfaca gees t rophlc wind (ml.sec). • ) ; 

. ); 

fp:-1ntf(.stdout," CASE lll.B . l B11roclinic 11tmo.sphere - with delp T - (1.0 • 10-5,0,0), under T - Az+B+C(x-xr ) " ); 
fpnntf (ndout, "'\n") ;fprintf (.stdout, "'\n .. ); 
fp:-i nt t (stdout, .. " ) ; 

fo:- (1--19;1>-3;1--) { 
for(J •J; )<20; l ... l I 

An• lytic surface gee.strophic wind m11gnitude 
fprlntf (.stdout, "'\1 . ◄ f " ,00( 1) (j J); 

) !print f (.stdout, "'\n"') ; fprint f (stdout," " ) ; ) 
fpr1:i:f (.stdout, .. ,n .. l; 
fpr1n:f (stdout, .. 
!cr(l• l; 1< 26; 1++) { fprintf (stdout, .. \n"); 
fer U -19; 1>•3; 1--) ( 

!or ()•3; j<20; j++) { 

Table B.52 Andytlc c&lculat lon of surface geostrophic wind (m/sec) . 

Corby finite di!forence surface goo.strophic wind m11gn1tude 
fDVEL • 0 .01 • sqrt ((PX(i)(ll • PX(illlll • (PY ll!lll • PYll)ll lll 
fprintf(stdout,"\7. ◄ f ",FOVEL); 
DlfYl1l Ill • 00(1) Ill - rDVEL ; 

)fprintf (.stdout, "\n"); 

. ) ; 

!p.:1ntf(stdout, .. ,n Table B.53 Finite Difference calculation of .surhoe gee.strophic wind (ml.sec). " ) ; 
!cr(l ... 1;1< 26;1-++) ( fprintf(stdout,"'\n"); 
"'.AX.'.)If • 0 .O; 
!c.: (1•19;1> -3;1 -- )( 

!or(1•3 ;)<20;)+-+) { 
Find m.ax irnum (HAX) error 
If ( HAXDir < f&bs ( DlfY(illll l l 
01 fference between an•lyt1c and Corby 
tpr1ntf(.stdout,"'\1. ◄ f •,DIFY{i)[j]); 

J !print f (stdout, " \n "); 

HAXDIF • fab.s( OIFY(i) ()) ); 
finite difference .surf•ce gee.strophic wind ru.gnitude 

!;:-:r::f(stdout,"'\n T&ble 8.54 Difference (Analytic - finite Oifforenoe) in calcu l at ion " ); 
!y.:lntf (.stdout, " \n of surhce gee.strophic wind (ml.sec) . " ) ; 
!c:-li•l; i< 26; 1++) ( !print! (stdout, "\n"); ) 

I • C::~;..te KVO error " / 
v:;:::-or • .sqrt (VOIFTOT) I 289; ; 
!y:-:nt!(.stdout,"'\n ") ; fprintf(.stdout,"\20.16!", VOIFTOT ) ; 
!;:-.:.:it!(stdout,"' \2 0 .16!", MAXDIF ); 
II 
=v:u:-n O; 



flnclude 
Unclude 
11nclude 

<St.dIO. h> 
<ruth. h> 
<string. h> 

/• Casa Ill wlth T • A ln p • 8 + C (,c - xref) . 
B•rocl1nic • tmosphare 'w'ith x4iirectad tel'l"peuture gradient (2 • 10'"'{-51 degrees )(Qlvin/m), 
but no y-dire cted tenparaturo gradient . The program is writt e n in C . 

N in () 
( 
tdefine SI Z£P 21 

doub l e 
doub l e 
doub l e 
double 
int 

zzes, TT8S, AAAl, AAA2, ozox, OZDY, OTOXP, OTDYP, r, LEN; 
GOEL, HOLD, UBS, VBS, M.\XDIF, C, PXS, PYS, TREF, ZREF, TBSR , USR, R, DELL, H, L, VDIFTOT , UOIFTOT , FDVEL, di t,uc; 
X ( SlZEP), Y (SIZEP), ZS (SIZEP J ( SI ZEP), TTS ( Sll.E.P J [SI ZEP], LNPS ( SI ZEP) [SIZEP), UBS I SIZEP J (SIZEP I, VBS ( SI ZEP) (SUF.PJ; 
PX (SIZEP) (SHEP ) , PY ( SHEP ) (SIZEP), DIFY (SIZEP) ( SIZEP), DIFX ( SIZEP( (SHEP), 00 (SIZEP} ( SIZEP}; 
1,l: 

II 
R 
G 
F 

- 2810000 . 0; 
- 980 . 0 ; 
- 0 . 0001 03 ; 

t• Pressure, tenperature and height values are vritten in cqs (cm,qra1111 , aecl units . 
,-.nperature at the <••• level , ZREF - 0) reference •tation 1.31 29!> . 2 deqr .. , Kalv i n . 
over the referanoa • t ation , the l!>O nib plane 1s at he19ht lS ◄ Om, and the t~rature there 1s 216 . 2 de9rees Kelvin. 
The moun t ain apex ff 1• SOOOm abov. aea level. The 9r1d interval DELL ia S000m . 
Ol.OY is the (l. - Y) s l ope o! the IS0nt> plane. Ol.OX is the (l. - X) dope of the 150rrb plane . 
Ol.OYP 1s the (l. - Y> t~nture gradient OZOXP h the (l. - X) tenperature grad i ent . 
l.REF • O; 
TRIT • 295. 2; 
l.85R • 15 ◄ 000; 
Tl5R • 28 6.2 ; 
ff • 500000; 
DELL - 500000; 
ozox • - 9 . ◄ 55321 3811 5e-5 
OZOY • ◄ . '1168237962e-5 
DTOXP • 2 . 0. -7 ; 
DTDYP • 0 . 0 ; 
for(1 - l;i<SlZEP ;1++) 
( 

I 

for(j • l;j<SIZEP ;j++) ( 
ln1tUl1 1• ma t rix ZS with ~unta1n surface heights . 
Th• moun t ain'• shape is such that 1t exhibits a co.sine pro!il• within any vertica l plane conta1n1nq the apex . 
LEN • sq rt ( ( {1 - 11) • ( 1 - 11 ) ) ,. ( ( j - 11) • ( j - 11 I ) I ; 
ZS ( l)(j J • (H/2) • ( l + co.s ( LEN • ( 3.1 ◄ 1592653589793 / 8 . 00 I ); 
1f ( LEN > 8 . 0 > ZS I 1 I I l I - 0 ; 

!print f (.stdout, " \n .. ) ; !print! (stdout, .. \n"); !print! (stdout, .. \n"' I; 
t • ln1t1.ll1z• arrays X and Y to h old grid point positions . Index j of array X increases eas t wa r d 

and index 1 of array Y increases northward 
/• The re f e rence st.ation 1s at (X(3J, Y[l3 }, 0) 

for(j- l;j<SlZEP;j,. ♦ ) ( X(j] - ( j - 3 I • S00000 
for(1-1 ;1<SIZE.P;1++) ( Y(i] • ( 1 - 13 I • 500000 

/ • Formulas below have been derived 1n Section ◄ . 5 
AA.A l • 980 • (Z8SR - ZREF) ; 
M.>.2 • ( ((TREF • TREF) - (T85R • T8 5R)) • R) / (2.0 • AAAl) 
!print f lstdout, " \n ") ; 
for(1 • 1;1<SlZEP;.l++) { 

for(j - l;j<SIZEP;j++) ( 
/ • ln1thllze 8 50 nt:J plane with height a nd temperature values. 

zzes • Z85R + ( Y(1 } • OZDY + X(j] • OZDX ) ; 
TT8 5 • T8SR + ( Y( 1) • OTOYP,. X(j] • DTDXP ) ; 
GOEL • 980 • (ZZ85 - ZS 11) Ill> ; 
HOlD • (((2 • M.>.2) •GOEL)/ R) + ( TT85 • TT8 5 

/ • InltlaJize (mountain) surface tenperature values. 
TTS(l)ll} - sqrt (HOLD) ; 

/ • lnit 1•lize ln surfac e pressure va lues. Note !rOf'!I the derivations 
of Sections ◄ . 5 and 1., tha t - LNPS[i] (j] .. - ( lnps [il (j) - lnp850(1] Ill .. lnp850 - lnps(i] (j] 
which ls what is req u1 Nd 
LNPS(!Jll) - ( (2 • GOEL} I (R • (TT85 + TTS l1l(l) )} ) ; 

f • Analyt.lc surface goo.strophic wind coq,onents u (a) a nd v ( a ). 
U9Sll} Ill • - 0 . 01 • (G • DZDY IF) ; - -
VSS(l} IJ) - 0.01 • (G • DZOX IF) - ((R • LNPS(l } Ill • DTOXP)IF) 

/ • Analytic surface geostrophic wind magnitude 
00(1} Ill - sqrt ((U9S(1I Ill • U9S(1) Ill> • (V9S(1J Ill • V9S(1J Ill» 
I 

I 
!or(l • l;i< 1 ◄ ;1++) t fpr1ntf(stdout, .. \n"); } 
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!printf(stdout,• CASE Ill. A.I Baroclinlc atmosphere - with delp 'f - (2.0 • 10-5 ,0,0). under T - A ln p + B + C (x-xrl" I : 
fprl nt f lstdout. " \n"') ; fprlntf (stdout , .. \n" I ; fpr1 nt f (stdout," " ) ; 
for (1 • 19;1>-3 ;1--1 ( 

I 

for(j •3 ;j<20;j++ ) ( 
fpr1ntf(stdout,"\7.~f ",UBS(!] (j) ); 

I 
fpr1ntf(stdout,"\n"); fprintf(stdout," "); 

fprl nt f (.stdout, "'\n"); 
fprintf(stdout, " Table 8 . 55 Analyt ic u component of surface geostroph1c wind (ml.sec).") ; 
for(i - l;i< 26;1++ ) ( fprlntf(.stdout,'"\n"); 
VD!FTOT • 0. O; 
for(i•J;1< 20;1++) I 

for ()•3; j<20; )++) I 
/ • Corby finit e d i!ferenoa surface geostroph1c wind con,:>onent u {fd J i s calcuhted by ll'Lllt1ply1ng 

the Y directed pressure gndient by - ( 1/F ) . - •/ 
PY ll)(l) - - ( ( G • ( ( ZSl1+l)(l) - ZS(1-l}(lll I (2 .0 • DELL) ) ) 

+ R 
( ( TTSl1+1J Ill • TTS lll Ill > I < . O I 

• ( ( LNPS l1+1) Ill - LNPS (l} Ill> I DELL) 
• ( ( TTSl1J Ill • TTS l1-l) Ill I ◄ .0 I 

( ( LNPS(1) Ill - LNPS11-1J Ill ) I DELL) ) ) IF ; 
Difference between analytic and Corby finite differenCQ v surh.OQ geostroph1c wind corrponents 
DIFY(1) Ill - vss - (PX(1) Ill I 100); 
VOIFTOT 1s an Accumulator for the HVD error 
VDIFTOT - VDIFTOT • ( DIFY(i)lll • DIFY(l)(l} ); 

I 



fprintf (s t dout,.. "' ) ; 
for (1• 1 9; 1 >•3; 1- - ) ( 

!or(J-3; )<20 : j++) ( 
PYS - PY 111 Ill I 100 
fpr i ntf(stdout, .. \ '7.4f ", PYS ); 

)!print.! (stdout, "'\n"); fprintf (stdout,.. .. ) ; 

!pri nt! (st.dout, "'\n""); 
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fprlntf(stdout," T.1bl• B.s, Finite Difference u c~nent of s urface qeostroph1 c wi nd (ml•ec). • ); 
for (1•1; 1< 26; 1+-+) ( fprintf (stdout, ""\n"'}; 

l 

!print! (stdout,"' " ) ; 
for U -- 19;1>•3 :1 - -) ( 

for(J•l;)<20;j++) { 
d ifxsc - Olf"X(1) ll) • lell ; 
tpr1ntf(stdout,"1'7.4f ", dlfx.,:c ); 

) !print! ( s tdout, "\n"); !print! (stdout," "' ) ; 

fprlntf(stdout,"'\n T&ble B . 51 Deviation (Analytic - Finite Oiffarvnce ) in calculat.lon"' ); 
fprlntf(stdout , "\n oft.ha u co~onent of aurhc. geo s trophlc -.,1nd ( 10"(-11) fn/•.c). "); 
for(1•1;1< 24;1++) fprintf(stdout,"'\n"); } 
fpr1ntf(stdout,• CASE Ill.A.I Barocl1n1c at11110•phere - with delp T - (2.0 • 10-5,0,0), under T - A ln p • B + C (x-,cr)" ); 
fprlntf (stdout. •\n"'); 
!print f (stdout, •\n"'): !print! (stdout, • .. ) ; 
tor (1 - 1 9;1>-3;1--) I 

tor (j-3; j<20 ; j++) ( 
!prlntf( stdout, ·\1 . 4! • , VBS (1) {j) ); 

}!prlntf (stdout 1 •\n " ) ; fprlnt f (stdout," • ) ; 
I 
fpr1ntf (st.dout, "'\n TA.bl• 8 .51 Analytic v COftlPOnent of surface qeostrophlc wind (m/aec). 
for (1 - 1 ; 1< 26; 1++) ( fpr1ntf (stdout, "\n"); ) 
tor U -J ; 1< 20; 1++) ( 

for ()-3; )<20; j+-t) ( 
/ • Corby flnlt• difference surface geostrophic wi nd COfft>Onent v _(fdl i s calculated b y mult.1ply1nq the 

>I di rect.ed. pressure gradient by ( 1/F J. 
PX(il Ill - ( ( G • ( ( ZS(il (l+ll - ZS (i) (l-llJ I (2 . 0 • DELL) 

+ R • 
( TTSl!l l l+lJ 
( LNPS(ll (l+ll 

+ ( TTS(il Ill 
• ( I LNPS(ll Ill 

Difference between analytic and Corby 
DIFY(i) Ill - VBS - (PXl1J Ill I 100); 

+ rrs111111 > I 4 . 0 > 
- LNPS(il Ill I I DELL I 
+ rTS(il(J-ll) I 4 . 0 ) 
- LNPS (il (l-llJ I DELL ) ) ) I F ; 
finite d l fferenoa v surfaoa gecstrophic wind co~onents 

VDIFTOT is an accumul•tor for the NVO error 
VDIFTOT - VDIFTOT + ( DIFYlll Ill • DIFY(ll Ill ); 
l 

fpri nt f (stdout,'" '" ) ; 
for U • l9;1>-J;i -- ) I 
for() - 3; j<20 ; j-t+) ( 

PXS - PX (1] Ill 100 
!print! (stdout , " 1 1. 4! ", PXS ) ; 

)fprlntf (st.dout, " \n") ; fprint.f (stdout," " J;) 
!print! (stdout, "\n"); 

- l; 

fprintf(stdout.," Table B.5 9 Finite Differenoa v c~onent. of surface geostrophic wind (m/ sec) . "); 
for(1-l ; 1< 2,; h+ ) ( fprintf (stdout, ""\n") ; 
!printf(.stdo ut," ") ; 
for U - 19;1>-3 ; 1--I { 

for () • 3 ; j<20; j++) ( 
fpr1ntf(stdout,""11 . 4 f " , OIFY(i)(j)); 

)fprJ ntf (std out, "'\n"); fprint f (st d out," " ) ; ) 
fprlntf(s t dout , "\n Table B. 60 De vi.at i o n (Ana l ytic - Finite Difference) in calcuhtlon .. ) ; 
fpr i ntf(stdout , "\n cf the v COff'POnent of surf.ace geostroph1c wind (ml.sec). " ); 
forH•l ; i< 2-4;1++) ( fprintf(stdout , '"\n"); 
fpr 1 ntf (stdout , " " ) ; 
fpr l ntf(stdout,.. CASE III.A.I B.arocl1n1c a tmosphere - with delp T • (2.0 • 10-5 , 0 , 0) , under T-A ln p + B + C (,c-,cr)" ); 
fprintf Cstdout , .. \n"') ; fprintf (stdout , "\n""); !print! (stdout, .. " ) ; 
for t1 • 19 ; 1>•3; 1--) ( 

tor(1- l; j<20; j+-+) { 
/ • Analytic surface geo.stroph1c wind magnitude • / 

fprlntf(stdout," \ 7. 4 ! .. ,0011 ) () ) ); 
} !print! (.stdout , "\n"); !print! {stdcut, .. • ) ; ) 

fprintf(stdout,"\n Table B.61 Analytic c.alculatlon of surface qeostroph1c wind (ml.sec). "); 
for(1•1; 1< 2fi; 1++) { !print! (.stdout, "\n"I; 
for (1 - 19; 1>-3;1-- ) { 

for O-l; j<20; j+-t) ( 
/• Corby finite difference surface goostrophic wind magnitude • / 

FOVEL - 0.01 • s qrt ((PX(il()l • PX(il(llJ + IPY(il(Jl • PY(ll(llll 
fpr1ntf(stdout," 1 1 .-4 f .. , FOVEL); 
DIFYlil Ill - 00111 Ill - FDVEL 

fpr 1ntf (stdout, "\n"); J 
!print f (stdout, "\n""); 
!print.f(stdout,"" Table B.62 F1n1te Differenoa calculation of surf.ace geostrophi c wind (m/sec). "): 
tor Ci • l; 1< 2,; H+) { fprintf (stdout, .. \n"); 
P'.A>IOIF - 0.0; 
for (1 - 19;i>- J;1--J ( 

for(j-3; j<20; )H) { 
/ • Find maximum (MAX) error •/ 

If ( KAXDlF < !abs ( DIFY(i)(j)) ) HAXOIF - fabs( DIFY(i)()) ) ; 
/- Differenoe between analytic and Corby finite difference surface qeostroph i c wind m.aqnitude •/ 

fprintf{stdout , ""11 . 4! "",DIFY(i)[j)); 
tfprintf (stdout 1 "\n") ; 

J 
!prlnt f(stdout, •\n Table B . 63 Di ff a r en oe (Analytic - finite Differenoe) in calcul.atJcn .. ) ; 
!p.:-i ntf (.stdout, "\n of surface qeo.strophlc wind (m/sec) . .. ) ; 
! o r(l-1; 1< 26; 1++) ( fprlntf (stdout, "\n"); ) 

/ • Cc.-::put e MVD error •/ 
V:: I FTOT • sqrt (VOIFTOT) / 289 ; ; 
!printf(stdout,""\n"); fprintf(s t dout , ""\ 20.16!", VOIFTOT ); 
!p r int! (stdout . "\20 . 16f'", ~XOIF ) ; 
II 
re tu r n O; 



Unclude 
tlnclude 
Unclude 

<StdIO.h> 
<m,ath. h> 
<str1ng.h> 

/• C•se Ill wtth T • A z + B + C (x - xrvf) . 
B•roclinlc atmosphere with x-direeted tenperaturo gradient (2 • 10"(-51 daqroos 11:alvln/m), 
but no y-dlrected terrperature gradient. The proqnm is vrltten ln C. 

main O 
{ 
fda!lne SI tEP 21 

double 
double 
double 
double 
in< 

tZ85, TT85, AA.Al ,AAA.2, DZOX, OZOY, OTOXP, DTOYP, F , LEN, EXTRA, GANQ; 
GO£.L , HOLD , UBS , VBS, HAXDIF, G, PXS, PYS, TR£F, Z:REF , T85R, z:85R , R, DELL, H, L, VOIFTOT, UDIFTOT, FOVEL; 
X ( SI Z.EP), Y (SltEPJ, ts (SltEP J ( SI tEP), TTS {SIZEP] ( SIIEP), LNPS ( SI tEP) (SIZEP J, UBS ( SltEP} (SIZEP J, VBS (SI tEP) (SIZ:EP); 
PX !SIZ£P I I SIZEPI, PY I SI ZEPI {SIZ£P I, DIFY {SIZ£P J ISIZEPI, DIFX I SIZEPI ISIZ£P I, 00 ISIZEPI I SIZEPI; 
1,l: 

II 
R • 2810000.0; 
G - 980 . 0; 
F - 0.000103; 

J• Pres.sure , tenperatur• and height valu.s are "'ritt•n in cqs (a'll,qra,-,sec) units . 
t'eftl>"tratur• at the (_..a level, ZREF - 0) reference •tation 1• 29S . 2 degree• Jtalvin . 
over the reference .station, the ISO mb plane is at height 1540m, and the t•~rature there 1• 216.2 deqr-s Jtalvin. 
The -=>untain a~• H J.s SOOOn1 above ••• level. T'h• grid interval DELL J.s 50001111. 
DZD't ts the (Z - YI •lope of the ISOnb plane. DZOX 1.s the (Z - X) •lope of the 1150ftlb plane. 
OZOYP 1.s the (Z - Y) t..-rperature gradient OZDXP ta the (Z - X) te1"p9nture gradient. 
ZREF • O; 
TR[F .. 295.2; 
l85Jl - 15 ◄ 000; 
TIISJl • 286. 2 ; 
H • 500000; 
DELL • 500000; 
DZDX - - 9. ◄ SS327J811Se-5 
DZD't • ◄ .611611237 962e-5 
OTOXP • 2.0.-7 ; 
OTDYP - 0. 0 ; 
for(i•l;i<SIZEP ;1++) 
( 

for (j•l; J<SIZEP ; j++) 
( 

Initialize matrix ZS vtth mountain •urhce heights. 
The mountain's shape ts such th.at Jt exhibit s a casino profile within any vertical plano containing the apex. 
LEN• .sqrt ( ((1 - 11) • (1 - 11)) + ((j - 11) • (j - 11)) ) ; 
ZS( 1] IJ ) - (H/2) fl ( l + cos ( LEN • ( 3.1 ◄ 1592653589793 / 8 .00 I ); 
H I LEN > 8. 0 ) ZS I 1 I I l I • 0 ; 

fprintf (stdout, "\n"); 
/• Initialize arrays X and Y to hold grid point positions . Ind4ilx J of array X increases eastward 

and index i of array Y increases northward 
/• The reference station is .at (X(3], Y(l3) , 0) 

!or()-1:J<SIZEP;j++) ( X(J) .. ( j - 3 ) fl 500000 
torU•l ;i<SIZEP;i++) I Y(1) - ( 1 - 13) • 500000 
!print f (stdout, "'\n"') ; fprintt (std out, "\n"); 
for(1- l; i<SJZEP; H+) ( 

for(j•l;J<SJZEP;J++) ( 
/ • Initialize 1150rrb plane with height and temperature valUQs. 

ZZ85 .. ZBSR • ( Y(J ) fl DZO't + X(j) fl DZOX ); 
TTBS • T8SR + ( Y{i) fl OTDYP + X[J] fl OTOXP ); 

/ • Formulas below have been derived in Section ◄ .fi 
GAMt-'.A. • 9. 0 I 15 ◄ 000 ; 

/ • Initialize (rnount.ain) surface tenpeuture values. 
TTSl11 Ill • TTBS + GAAPII\ • (ZZBS - ZS lilll]) 

/ • lnit11.l1ze ln surf.ace pres.sure v.11.lue.s . 
Note from the dert vat1 on o! Sect Jon 7. 7 that EXTRAX - ( (DTOXP • G) / (GAMMA Fl) • 1 - (TTS [J} [ J] /TT85) ) 
LNPS!i){J] - ( G / (R •GAMMA))• log ( 1 + ((GI\HHA • (228S - ZS(i)(J])) TT8S) 
EXTRAX • ((OTOXP fl G)/(GAMHA • F)) • ( l - (TTS(i) (J]/TT85) ); 

/ • Analytic surfaoa gee.strophic wind conponents u (a) .and v {a). 
UBSlll[ll•-0.0l'(G•DZDY/F); - -
VBS{1)(J] • 0.01 • ((G fl OZDX / F) + EXTRAX) ; 

f • Analytic surfaoa qeostrophic wind magnitude 
OOlll[ll sqrt ((UBSlillll • UBSl1llll> + (VBS[illll • VBS !llllll) 
I 

) 
for(1•l; i< 14; 1++) ( !printf (stdout, " \n .. ); } 

131 

., 

• I ., 

fprint!(stdout,"' CASE lIJ.8.2 81.roclinic atmosphere - v1 th de lp T • (2.0 • 10-5,0,0), under T - Az+B+C(x - xr)"' ) ; 
fpr 1ntf(.stdout, .,\n"); fprintf (stdout, .. \n"); !print! (stdout,., " ) ; 
for (1-19;1>-3;1--) { 

tor(J•J; J<20; j++I { 
fprintf(stdout,"'\7. ◄ f •,UBS(i]fj) ); 

I 
fpn nt f (stdout, .. \n") ; fprintf (stdout,.. .. ) ; 

fprJ nt. f (stdout, .. ,n '"); 
fpnntf(stdout,.. Table 8.6◄ Analytic u cortponent of surface gee.strophic wind (ml.sec)."); 
for(J•l; 1< 26; 1++) ( !print! (stdout, "'\n .. ); 

VOifTOT • 0.0; 
!or(J-3;1< 20;1 ♦ -+) ( 

for ()-3; J <20; J++) f 
/ • Corby finite differenoa .surhoa geostrophic wind corrponent u {fd) is calcuhted by multiplying 

the Y directed pressure gndient by - I 1/F ) . - • / 
PY Ill Ill • - t t G • ( I ZSIHll Ill - ZS l1-ll Ill> / (2.0 ' DELL) ) ) 

+ R • 
I I TTSli+ll Ill + TTSl1llll ) / < .O ) 
( I LNPSl1+ll Ill - LNPS[il Ill> /DELL) 

+ ( I TTSl11 Ill + TTSll-1) Ill ) / ,.o I 
( I LNPSl11 Ill - LNPSl1-1J Ill ) /DELLI I ) / F; 

Difference between .analytic and Corby finite difference v surface gee.strophic '-"ind conponents 
DirYl11 Ill • VBS - (PXl1I Ill / 100); 
VOIFTOT 1.s an accumulator for the HVO error 
VOIFTOT • VOIFTOT + I DIFY111 Ill • DIFYl11 Ill ) ; 

) 



fprlntf (stdout,.. .. ) ; 
for (1•19;1>•3; 1-- ) ( 

for (j•J; :)<20 ; )++) I 
PYS • PY{l)lll /100; 
fprlntf(.stdout,"\7.H .. , PYS );) 

fpr1ntf(stdout, .. \n"');fpr1ntf(stdout," .. ); 
I 

fpr1ntf(stdout,"\n Tabl e e.,s Finite D1ff•re noa u component of surface qeostrophic wi nd (ml.sec)."'); 
for(1 • 1;1< 26;1++ ) ( fprintf(.stdout,'"\n"'); ) 
fprlntf (s t dout," " I; 
for(1 - J ;1< 20 ; 1++) ( 

for(j - 3;)<20;::)+-+) ( 
k • 22 - I ; 
fprintf (•t d out , " \ 7. 4 ! ", DIFX (k) [ :)] ) ; ) 

!print! (.stdout, ""\n") :fprlntf (std out,.. " ); ) 
fprintf(.stdout,"'\n Tabl• 8 . 66 Deviation (Ana lytic - Finite 01ffe r e nce) in c. l c ul a tion "' ); 
fprintf (stdout, "\n o f t ha u COlfPOMnt o f •urfaca qo o s trophic wind (ftl/ .. c). " I: 
for(1 • 1; 1< 26; 1++) ( fprintf (stdout, •\n"') ; ) 
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fprlntf(.stdout," CASE III.8.2 Ba roclinic atmo.s phe nt - v lth delp T • (2.0 • 10- ~,0 , 0) , u nde r f • A:r. +B+C(x-xr)"); 
fprintf (stdout, "\n•J; fprintf (s tdout, "\n"); 
fpr1 nt f (stdout, " " ) ; 
for (1 • 19;1>• 3;1--}( 

for() - 3 ; 1<20 ; j+-+) { 
!prlnt!(stdout," \8 . H " ,VBSl1Jlll );) 

!print f (s tdout, " \n"); fprintf <• t d out, " " ) ; ) 
fpr1ntf lstdout, "\n Tab l e 8 . 67 An a l ytic v c~o nent o f .surf ace geo s trophlc v i nd (lft/ sac) ."); 
for(t - 1;1< 26 ; 1++) { fprintf(stdout, "\n"); ) 
for(1 • 3 ;1< 20;1++) { 

for (l • J ; j<20; j++) ( 
/ • Corby finite diffe rence surface geos trophic Y1nd C01ft1>0nent v_{fd ) 1s c,alcuht e d by multipl y ing the 

X directed pre ssure gradient b y ( 1/F ) . • / 
PX{lllll • ( ( G • ( ( ZS{l)(l+l) - ZS{illl-111 / (2 . 0 • DELLI I I 

+ R 
( ITS{!) ll+l) 
( LNPS{l){l+l) 

+ C TTS{1) Ill 
C LNPS 11 I Ill 

Olfference bet w .. n a n a lytic a nd Corby 
DIFY{1) Ill • VBS - (PX{!) Ill / 100); 

+ TTS{I) Ill I / ◄ .0 l 
- LNPS{I) Ill l / DELL l 
+ TTS{l){l-1) I/ ◄ . 0 I 
- LNPS{I) {l - 1)) / DELL l ) ) / F ; 
finit e d iffe r e nce v •urfaoe qeostrophlc v lnd con-po Mints 

VOI FTOT is a n a ccumulator for the MVO error 
VOIFTOT • VOIFTOf + ( OIFY(iJ (j) • OIFY(iJ (j] }; 
I 

I 

!print! (stdout," " ) ; 
for (1 • 19;1>• 3;1--) { 

for(j • J ; j<20 ;j++) 
PXS • PX 11) Ill / 100 ; 
fprintf(stdout ," \ 7.4f " , PXS ) ; ) 

!print! (stdout, "\n") ; fprintf (std out," " ) ; ) 
fpr1ntf(stdout , "\n Table 8.68 Finite Differe nce v co1Tponent of surhce geostroph1c wind (m/se c) ."); 
for(1 • l;1< 26;1·+1-) I fprlntf(stdout,"\n"); ) 
fpr1ntf (stdout," " ) ; 
for (1 • 19; 1>• 3; 1--) ( 

!or(j•3; 1<20; j++) I 
!print! (stdout, " \ 8.4! ", OlfY {1 J [ 11): I 

fpn nt f (stdout, "\n"); !print! (stdout ,.. " ) ; I 
fpnntf (stdout, "\n T.abl e 8 . 69 Oe vhtlon (Analytic - Fin i t e Diffe r e nce) in cdcuhtlon " I; 
fprtntf (stdout, "\n of the v c<>ffJ)onent of surface qeostrophic wind (ro./sec). " I; 
for(i • l; 1< 26 ; 1++) ( !print! (stdout, "\n"); ) 
fprintf(stdout," CASE 111.8 .2 8arocl1n1c atmosphere - with de l p f - (2 . 0 • 10-5,0,0), under T - Az+B+C(x-xr)" ) ; 
fpri nt f (stdout , "\n") ; fprlntf (stdout, .. ,,, .. ); 
fpr1ntf(stdout,•" ); 
for (l • l 9; 1> - 3; 1--) ( 

for(J - 3; j<20; 1++1 ( 
/• An,alytic s urface geostrophic wind magnit ude •/ 

fpr1ntf(.stdout, " \ 1 . ◄ f .. ,00(1] (j]I ;} 
fprintf(stdout,"\n");fpr1ntf(stdout,"" ); I 

!print! (stdout, "\n T•ble B. 70 Andyt1c c,alcuhtion of surhce geostroph1c wind (m/sec). " I; 
f or(1 • 1;1< 26;1++) ( fprintf(stdout, •\n .. l ; I 
for (l • l9; 1>• 3 ; 1--) ( 

f or (j•3: j<20: 1++) ( 
/ • Corby finite difference surf a ce qeo.strophlc wind magnitude •/ 

FOVEL • 0 . 01 • sqrt ((PX{J) Ill• PX{illlll + (PY 11llll • PY {!){JIii ; 
fpr1ntf(stdout," \ 1.4f ",FOVEL); 
Dl FY I I I I l l • 00 I 1) I l) - FDVEL ; 

!print f (stdout, "\n"); 

!pr1ntf(.stdout.,"\n Table B . 11 Finite Difference c a lcuhtion of surface geostroph1c wind (m/sec) . "); 
for(1•1;1< 26;1+-+) l fprintf(st.dout.,"\n"); 
,.,.AXDIF • 0 .O; 
foe (1 • 19:1>• 3;1--) ( 

for{)•3;j<20:1-+-+) { 
/• Find maximum (KA.XI error •/ 

if ( HAXDIF < {.abs ( OIFY(i] [j] I ) MAXOlf • (abs( OIFY(i) 111 ); 
/ • Difference between .an.alyt1c and Corby finite difference .surf.ace qeostrophic wind m.agnltude • / 

!print.! (stdout, " 1 7 . ◄ f ", DIFY [1] ( j)); 
I !print! (stdout, "\n"); 

I 
!pnnt!(stdout,"\n Table B.72 Difference (Ana lytic - F1n1te Difference) 1n calculation"); 
!p:-intf (stdout, "\n of surface geostcoph ic wind (m/sec) ... ) ; 
! c:-(i -1 ;1< 26;1++) I fpr1ntf(stdout,"\n") ; ) 

/ • Cc~ute !'!VD error • I 
VD!FTO T - sqrt (VDIFTOT) / 289; ; 
!p:-int.f(stdout, .. \n"); fprintf(stdout," \ 20.16!", VOIFTOT ); 
!°?!'lnt!(stdout, " \ 20.16f", MAX Dlf ); 

II 
return O; 

Tab!(' B.15 Deviation (Analytic - Finite Diff('rence) in ca.lculation of the v componen t of &u rface geostrophic wind (m/sec). 
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