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ABSTRACT

The methods for computing "instantaneous" upper-level pressure or height tendencies are
revised to allow computation of the 500 mb height tendency using the observed surface (or sealevel) pressure tendency and an appropriate portion of the 1000-500 mb thickness advection. An
evaluation is made as to what constitutes an appropriate portion of the thickness advection. Use
of the method is discussed and an example is given.

PPER-level height tendencies computed and/or extrapolated up to 24 hours into the
from successive radiosonde data for 12- future, can be extremely useful in prognosis.
hour or longer periods have considerable The technique will be helpful to forecasters in
use but cannot replace the effectiveness of in- this day of numerical prognostic charts because
stantaneous tendencies. The main advantages the numerical product is available in the field
of the latter are: 1) They indicate what is hap- only once or twice a day whereas the technique
pening at the moment and not the average of can be applied every three hours, or even every
what has happened over the past 12 hours or so; hour if desired, without much additional assumpthus they are better suited to catching the be- tion (see section entitled Where to Compute the
ginning of a new event; 2) They indicate develop- Height Tendency). This will allow the forement much more clearly and accurately because caster with later data to diagnose the beginning
the effect of motion can be eliminated from the of a new event and thus improve on or gain
tendency in certain regions, e.g., an instantaneous confidence in the numerical product.
tendency in a low center or on a trough line is
entirely a developmental tendency—the effect of
T H E DERIVATION
motion is zero. It is difficult to separate moThe local height tendency at 500 mb can be
tion from development in a 12-hour or longer
expressed as the local thickness tendency for two
tendency.
layers: 1) 1000-500 mb, and 2) sea-level to
Determination of upper-level tendencies from 1000 mb. It is convenient for further discussion
surface pressure tendencies and mean tempera- to express this differentially as:
ture advection is not new. The idea of Rossby
as developed by Miller and Thompson [ 4 ]
~ (Z6) - | (Z5 - Z10) + | (Z10 - ZSL), (1)
brought the method to the fore. Later Panofsky
[ 5 ] and Machta [ 3 ] added to the idea and
Fulks [ 1 ] made some adaptations for use on where Z 5 , Zio, and ZSL refer to the geopotential
constant pressure charts. It has been the ob- height of the 500 mb, 1000 mb and sea-level
servation of the author, however, that experi- surface, respectively. The hypsometric equaenced forecasters receiving refresher training tion states that the thickness^ Z 2 — Zi of any
have not been familiar with the method or at layer is given by:
least have not used it. The reason may lie in
(2)
Z 2 _ Z l = * P V f ,
the unrealistic assumptions made by some or in
£ JP2
P
the complexity of the computation. At any rate
these forecasters found the technique below to where R is the specific gas content, g is the acceleration of gravity, p is pressure and T* is
be quite helpful.
The technique consists of a quick and simple virtual temperature. Differentiation of 2 with
method for obtaining a good approximation to respect to time and substitution into 1 gives:
the instantaneous 500 mb height tendency at
selected points using only a sea-level chart with dt ( 5) ~ g Jp
dt p + g P10
dt p
5
superimposed thickness lines. Such tendencies
will allow diagnosis of certain key events at 500
mb which, when compared with past events

U

J
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The last term on the right is a result of the where K is a number practically always positive
variable upper limit (sea-level pressure) in the and less than one. Substituting this expression
second integral.
ar*.
in the first integral of equation 3 gives:
This last equation says that the 500 mb height for
tendency is essentially directly proportional to
V10
dp
1) the mean temperature change of the layer
KV-VT*
— '
(6)
from 1000 mb to 500 mb, 2) the mean temperaP5
P
& J V\
ture change of the layer from sea-level to 1000
If it is then assumed 1) that the hodograph is
mb, and 3) the sea-level pressure change.
straight,
i.e., the isotherms have the same direcThe last term on the right can be obtained from
tion
at
all
levels within the layer and 2) that the
weather charts quite simply and with sufficient
accuracy by using the reported station pressure winds are geostrophic, then the component of
tendencies (even over the western United States) the wind normal to the T* lines will be the same
at any level in the layer and the geostrophic wind
R /T*\
and a standard value for — I — I . Since di- at any level can be used for V. This will allow
g \P J SL
taking both the wind and the gradient operator
urnal effects are not of interest here, they should out of the integral so that, using an appropriate
be removed from the reported pressure tendency. value for K, 6 above can be written as:
The middle term is practically always of the
same sign (also excluding diurnal effects) and at
R rpi°
dpP
— ~ KVgSL'V
T*
least an order of magnitude smaller than the
&
Jp5
P '
first, mainly because of the large difference in
thickness of the two layers involved. It will not or, noting equation 2, as:
be evaluated; however, some allowance for it
- KVoSL-V(Z&
- Z10),
(7)
can be made as indicated later in the example.
The first term on the right is important, but where Z 5 — Z10 is the thickness of the layer from
it is difficult to obtain from weather charts for 1000 mb to 500 mb and V0SL is the geostrophic
it is not given directly. However, it can prac- wind at sea-level—a convenient choice. Subtically always be obtained by using an appro- stituting 7 for the first integral of equation 3
priate portion of the thickness advection for the yields:
layer involved. To see this consider first the
factors which affect the virtual temperature
| ( Z 6 ) = - KV0SL-V(Z6
- ZIO) + 25
, (8)
when expressed mathematically as:

-if

ar*
= dt

V-VPT*'+A.

(4)

The first term on the right gives the effect of
temperature advection. The second term, A,
combines the effects of vertical motion and nonadiabatic heat exchange, the latter being mainly
exchange between air and earth in this case.
If A were equal to zero, the temperature lines
on a constant pressure chart would move with
the speed of the wind. In fact, however, they
generally move considerably more slowly. Thus
the non-adiabatic and vertical motion effects are
important and they usually act (in combination
at least) opposite to the advection. For example, cold advection is generally accompanied
by addition of heat to the air from the ground
and sinking motion (subsidence). These effects
can then be allowed for if the advection is evaluated with a speed somewhat less than the wind.
Equation 4 now can be written as :
dT*

dt

= -

KV-VT*,

(5)

where 25 is a reasonable standard value for
R /

T*\

—
J ^ (when the pressure change is in millibars and the resulting height change is in feet).
This "constant" is applicable to the mid-latitudes
at all seasons and has a variation from winter to
summer temperature conditions of less than 10
percent.
DETERMINATION

OF

K

From the work of Panofsky [ 5 ] K would be expected to have a value in the vicinity of 0.4.
His work, however, was concerned only with the
layer 5-10,000 feet for low level stations over the
United States. _ In order to obtain an estimate
of the value of K for the layer 1000-500 mbs over
a much larger region, a check was made on the
indicated advective vs. the actual motion of
thickness lines. The test was limited to winter
(November and December) and summer (June
and July) for one year—1955—in regions where
the thickness advection was fairly strong.
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TABLE I

Season

Type of
advection

Region

Number
of
cases

K (computed
mean)

recommended

K

Winter
Winter
Winter
Winter
Winter

Cold
Cold
Cold
Warm
Warm

U. S.-Canada
Atlantic
Pacific
U. S.-Canada
Oceans

28
22
18
27
9

0.43
0.21
0.39
0.30
0.36

0.50
0.20
0.33
0.33
0.33

Summer
Summer
Summer
Summer

Cold
Cold
Warm
Warm

U. S.-Canada
Oceans
U. S.-Canada
Oceans

45
19
23
9

0.59
0.65
0.62
0.65

0.60
0.60
0.60
0.60

The National Weather Analysis Center facsimile surface charts were used in the test, as
these had the 1000-500 mb thickness lines superimposed. Generally a point near the center of
an advection region was selected for checking
and the geostrophic wind, averaged over at least
8 mb when possible, was computed. A thickness
line was assumed to move in the direction, and
with the speed, of the initial geostrophic wind for
12 hours. K was then taken as the ratio of this
computed movement to the movement the thickness line actually underwent in that direction.
Computations were not made where the wind
direction and/or speed varied greatly over the
12-hour interval. The results of the check are
given in T A B L E I.
The final column contains recommended values
for K which attempt to simplify the result and
also compensate for the strict assumptions of the
check. They are to be considered as average
values over areas about the size of the State of
Texas. The ocean areas to which they apply are
mainly west of 50 °W and east of 160°W. The
deviations from these average values, while occasionally extreme (probably partly due to analysis
errors), were not unreasonable, but would have
been less had judgment been_used in each case.
For example, the value of K would be higher
when the wind blows parallel to the average sea
isotherms than when it blows directly across the
isotherms.
The region in and north of the Gulf Stream in
winter usually yielded K values of about 0.1 for
north or northwest winds. Lower values also
occurred in the Gulf of Alaska with north or
northwest winds. North winds blowing off the
California coast have strong downslope motions
as well as blowing from land to sea and K tends
to be small, particularly in winter. K was also
smaller than average in lower latitudes (south of
35 °N). No case was selected with the Texas

Norther type of cold push with its strong ageostrophic low-level winds because little advection
is indicated by the geostrophic wind. One case
checked later indicated that use of the real wind
instead of the geostrophic will work considerably
better in such cases, as might be suspected. In
general it is worthwhile to vary the K value used
according to the ideas above or using judgment
based on knowledge of the effects compensated
for by K.
H o w

TO

COMPUTE

HEIGHT

THE

500

MB

TENDENCY

The working equation is given as equation 8.
Its use requires determination of the amount of
500 mb height change resulting from 1) the 1000500 mb thickness advection and 2) the change in
sea-level (station) pressure. The computation
of the thickness advection will yield a truly instantaneous change, but that involving the
pressure tendency requires a finite time interval.
Therefore the method can give a 500 mb height
tendency for as short a time interval as is needed
to measure the pressure tendency. The use of
the reported 3-hour tendencies is convenient and
the time interval is short enough to be considered
instantaneous in this case. But no matter what
tendency interval is used, it is usually more convenient to express the rate of change in terms of
a 12-hour amount so that it can be compared
with the 12-hour change obtained from successive
radiosonde reports.
To estimate the effect of changing sea-level
pressure, take the average 3-hour pressure tendency reported in an area (in millibars and less
diurnal) and multiply by 100. The sign of the
500 mb height change due to this term is the
same as the sign of the reported tendency. To
estimate the effect of advection, compute the
sea-level geostrophic wind in the area as the mean
over 8 mb or more of pressure gradient when
possible. Multiply this wind speed by the estimated value of K. The height change due to
this term is equal to the amount of thickness
gradient the air at the corrected speed would
pass through in 12 hours if the pattern remained
stationary, using a negative sign with cold advection and positive with warm advection. Sum
these two effects to obtain the net 500 mb
tendency in feet per 12 hours. It might be said
here that, while the information necessary to
apply the technique is taken from below 500 mb,
the sea-level tendency integrates effects through
the whole air column, and thus events at pressures less than 500 mb are in effect considered.
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It is a simple procedure to make computations
anywhere on the chart; however, the following
points should be kept in mind.
1) The weakest part of the derivation is probably that of assuming the isotherms parallel at
all levels in the layer. It is most likely valid
where the gradient of thickness is large (also the
statistic on the value of K applies here). In
regions where the gradient is small, however, the
effect of thickness advection on the 500 mb height
tendency will probably also be small and errors
will not be so important.
2) Tendencies computed directly in an upper
trough line are valuable. They will be almost
entirely deepening tendencies since the computations yield approximately an instantaneous tendency. They thus indicate changes in the structure of the trough and its associated vorticity
advection pattern.
3) Computations in regions where the crosspattern of thickness lines and isobars indicate
strong cold advection are usually most important
because the potential for major changes is
greatest there.
4) In mountainous regions such as the United
States Rockies, where 1000-500 mb thickness
lines and the sea-level wind are ficticious, the
method will work if care is taken. When the
thickness gradient is strong, the individual charts
at 850, 700 and 500 mb should be checked to sub-

FIG. 1.

500 m b chart f o r 0300 G C T D e c e m b e r 30, 1955.

Solid lines are contours; dashed lines are 12-hour height
changes labeled in 10's of feet as analyzed from successive
radiosonde reports; the dash-dot line is the fall center path
over the past 24 hours with the position and magnitude of
the maximum fall indicated also for 12 and 24 hours ago.

FIG. 2. Sea-level chart for 0630 G C T December 30,
1955. Solid lines are isobars; dashed lines are 1000-500 mb
thickness for 0300 G C T . Figures with signs are reported
3-hour surface pressure tendencies in tenths of millibars.
The double-arrowed line indicates region of geostrophic
wind computation.

stantiate indicated advection or the lack of it.
The geostrophic wind should not be used in those
regions where pressure reduction problems have
created totally unrealistic pressure gradients.
There appears to be no problem in using reported
station pressure tendencies in the mountains.
5) It is easiest to make computations where
one of the terms, particularly the advection,
is zero.
It has been the experience of the author, while
using the above technique, that the beginnings
of major developments of upper-level troughs
most frequently are indicated by changes in surface pressure tendencies. In other words, the
mean temperature advection pattern is fairly
conservative and its effect on the 500 mb height
is usually compensated for by appropriate surface
pressure tendencies until major changes are
starting. When this is happening, the surface
pressure tendency pattern changes so that it no
longer compensates the advection, and, in cases
of strong change at 500 mb, the surface pressure
tendency will be altered so as to aid the advection pattern instead of effecting even partial
compensation.
This equation can also be valuable to a forecaster when its use is turned around. For example, if a significant change in the 500 mb
height field were anticipated, such as that associated with retrogression in the westerlies, the
equation could be used to consider if the necessary mechanisms were present to accomplish the
anticipated change.
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EXAMPLE

This technique has been most valuable in a
number of more or less routine forecasting situations. One such situation has been published
[2]. The example below is primarily for the
purpose of illustrating the computational technique, although it does indicate the usefulness of
the method in predicting new events at 500 mb.
The initial condition at 500 mb for 0300 GCT
December 30, 1955, is given in F I G U R E 1. The
500 mb trough had been moving steadily eastward for the past 24 hours. The associated
12-hour fall center had been moving ESE for the
past 24 hours and had increased in magnitude
from 300 ft 24 hours ago to 900 ft at the initial
time. F I G U R E 1 also shows the path of this
center. The result of a forecast based on extrapolation can be readily visualized. But what
would a computation suggest?
On the sea-level chart given in F I G U R E 2 the
average surface pressure tendency over an area
of several states centered at the middle of the
arrowed line is just about diurnal or slightly less.
Its contribution to the 500 mb tendency is therefore approximately zero (if the average tendency
less diurnal were —0.2 mb, multiplication by 100
would indicate a fall at 500 mb at the rate of
only 20 feet in 12 hours). This is a recent change
and follows the suggested model because prior to
about 3 hours ago the tendencies behind the cold
front were all positive and reasonably compensated the indicated cold advection.
The sea-level geostrophic wind averages 25
knots over the 16_mb interval indicated by the
arrow. Taking K as 0.5 (the average value is
reasonable here) yields an effective advecting
wind of 12.5 knots, which means the air would
move 2.5 degrees of latitude in 12 hours. This
amount of motion would cross 4-500 feet of
thickness. The 500 mb height tendency should
be chosen as —500 feet per 12 hours, considering
the small effect of the surface tendency and the
effect of the cold advection in the layer sea-level
to 1000 mb which has been neglected in the
computation. This should be mainly a deepening tendency since it pertains to the region of
the trough line.
Similar computations in Canada west of the
front would indicate comparable falls (K would
be expected to be considerably larger than 0.5—
perhaps as high as 0.75—since much less heat
can be transferred to the air from snow-covered
ground than from the open lakes and uncovered
ground). These falls, however, would indicate

FIG. 3. 500 mb chart for 1500 GCT December 30, 1955.
Lines have the same meaning as in FIGURE 1.

mainly motion of the trough as they occur ahead
of it. They are smaller than those shown by the
isallobars for the past 12-hour period, thus indicating that extrapolation of the magnitude of the
fall center might be incorrect. A comparison of
this computation with one made 12 hours earlier
and with events over the past 12 hours would
indicate the validity of the computation.
F I G U R E 3 is the 500 mb chart 12 hours later.
It can be easily seen that simple extrapolation
would not have indicated the deepening that
occurred, whereas the computation gave clear-cut
evidence of deepening.
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