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I. INTRODUCTION 

The quality of short range forecasts is closely related to the forecaster• s 
understanding of the current state of the atmoshpere in his forecast 
region. The vast majority of analyses of the atmosphere that are currently 
available to the field forecaster on AFOS are produced on constant pressure, 
i sob a ric surfaces. These charts are supplemented by ana lyses of surface 
data. Data analyses produced on isentropic charts can provide a different 
view of the current state of the atmosphere and can enhance the forecaster's 
understanding of local weather conditions. It can be argued, also, that 
isentropic surface analyses actually provide more useful information 
on a few charts than do a large array of charts produced on isobaric 
surfaces •. While certainly not a replacement for current analysis products, 
isentropic surface charts can, with practice, readily supply an understanding 
of the state of the qtmosphere that is hard to equal using isobaric charts. 

Isentropic;: analyses of three parameters, pressure, condensation pressure, 
and streamlines (see Figures 2, 3, and 4), are now available on AFOS 
using an applications program. With practice, these charts can pro vi de 
a great deal of information about the atmosphere including temperature, 
heights, the location of fronts and baroclinic zones, the trajectories 
of atmospheric parcels, the location of moist and dry tongues, the proximity 
of air masses to saturation, the direction of flow, and the vertical 
motion of atmospheric parcels. After learning to interpret the isentropic 
charts, the forecaster can gather information that would require numerous 
isobaric charts from just three isentropic charts. Isobaric charts can 
then be consulted for additional information in areas of active weather. 
Forec;:asters should attempt to learn the use of these isentropic charts; 
in many cases this should result in a better understanding of the atmosphere 
and better short range forecasts. 

II. DEFINITIONS AND DESCRIPTION OF AN ISENTROPIC SURFACE 

Isentropic charts were first used experimentally in the 1930's and 
found their way into operational forecasting by the early 1940's. These 
early isentropic charts were derived from an array of less than 50 upper 
air stations; data were sparse and analyses tended to be highly subjective. 
There was a good bit of scholarly interest in the use of isentropic charts, 
but operational use soon died out as constant pressure level charts became 
available on facsimile charts. Between the 1940's and the 1970's, the 
use of isentropic analysis was studied only sporadically. The advent 
of readily available high speed computers has again made isentropic charts 
a reasonable option for the operational forecaster. 

An isentropic surface chart depicts meteorological parameters on a 
surface of constant potential temperature. Potential temperature is 
defined as the temperature a parcel of air would have if it were transported 
adiabatically to a pressure of 1000mb. ThisR1tfinition allows the potential 
temperature to be computed as 8 =T(lOOO/Pt P • By this definition, an 
isentropic surface is also a surface of constant energy and therefore 
a surface on which all adiabatic processes will take place. 
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As has been noted, all dry adiabatic processes will take place upon 
a single isentropic surface. This makes isentropic surfaces superior 
to isobaric surfaces; the exact motion of individual parcels can be traced 
on an isentropic surface chart but not on an isobaric chart. 

Another -consequence of the fact that isentropic surfaces are adiabatic 
surfaces is that the movement of moisture patterns can be traced easily 
on isentropic charts. Since an adiabatic process guarantees there will 
be no vertical interaction between adjacent isentropic sheets, the water 
vapor content of a given isentropic level must be a constant during adiabatic 
proc-esses. For this .reason, condensation pressure, a measure of the 
total water vapor content in an air parcel, should be conserved on an 
isentropic surface during any adiabatic process. At least theoretically, 
any parcel of air on an isentropic surface can be identified by its conden­
sation pressure as it translates across the surface. Th~refore, isentropic 
charts can provide a much better analysis of moisture patterns and their 
movement than !;an isobaric charts. Hopefully, these advantages of isentropic 
charts ,will allow field forecasters to have a better understanding of 
the state of the atmosphere. 

III. AFOS GENERATED PRODUCTS 

New software written for the AFOS computer system produces analyses 
of three 9 ifferent dp.ta fields on isentropic surfaces from significant 
lev.el sounding data. The products currently available are pressure, 
conden~ation ~ressure, and streamlines generated from the observed winds. 

. . -~ 

To all ow the . forecaster to 1 ook ·at the most important areas. of the 
atmosphere, the lev.el -of the isentropic surface being. produced is easily 
variable. Being highly sensitive to the average temperature of the atmosphere 
below, the level of the isentrope must be varied with the seasons in 
order to look at areas of the atmosphere near the earth•s surface. The 
following values are recommended as the most interesting and represent­
ative: 308K to 320K in summer, 296K to 302K in spring and autumn, and 
290K to 296K in winter. While these levels will usually be the most 
useful, flexibility in level selection is important. Forecasters must 
be prepared to examine the isentropic surface that is most appropriate 
to their current location and weather. 

The three AFOS isentropic analyses are produced by a series of interpola­
tions on and computations with the data from significant level soundings. 
An examination Qf how the isentropic parameters are computed for a given 
sounding can give a better understanding of what the three analyses actually 
mean. This discussion will make reference to Figure 1, a SKEWT plot 
of Salt L_ake City•s sounding for 1.2Z on August 13, 1984. Figures 2, 
3, and 4 are the corresponding isentropic plots for this sounding and 
will be discussed in more detail later._ 

Using the Salt Lake sounding, data for the 314K isentrope will be 
extracted by hand in • method comparable to that used by AFOS. The process 
begins by drawing, the 314K isentrope on the sounding (Figure 1, line 
A). The intersection of the 314K isentrope with the sounding (point 
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B), gives the pressure level of the isentropic surface, approximately 
800mb in this case. Notice that this is the pressure on the isentropic 
plot (Figure 2) for Salt Lake City. 

The condensation pressure value on the isentropic surface is computed 
next. The point on the dewpoint sounding corresponding to the isentropic 

. pressure (point C) is located, and the mixing ratio 1 ine from this point 
(line D) is drawn. Condensation pressure is defined as the pressure 
at which moisture in an air parcel will first condense if the parcel 
is cooled by lowering its pressure adiabatically. Therefore, where the 
mixing ratio line intersects the 314K isentrope (point E) is the level 
of the condensation pressure for the given parcel. For this particular 
sounding, the condensation pressure has a value of 650mb which agrees 
well with the value of condensation pressure for Salt Lake shown on the 
condensation pressure.analysis (Figure 3). 

Finally, the winds are decoded and interpolated to the same pressure 
level. The winds on the sounding (point F) are from the south-southwest 
as are the streamlines over this station in the isentropic streamline 
analysis (Figure 4). These computations are made for each upper air 
station in the analysis area in order to produce the isentropic charts. 

IV. INTERPRETATION OF THE AFOS ISENTROPIC ANALYSES 

Isentropic charts have generally been unavailable to field forecasters 
during the past three decades. While a few stations have produced isentropic 
charts by hand, this job was time consuming and has been performed only 
sporq.dically. AFOS has the ability to make automated isentropic charts 
readily available to the field forecaster. 

Because they have not been commonly produced, the isentropic charts 
are foreign to the vast majority of forecasters. Isentropic charts are 
not at all 1 ike isobaric charts with which forecasters are familiar, 
so most forecasters will have difficulty in interpreting isentropic charts 
when they first confront them. With practice, however, isentropic charts 
can become as simple to understand as i:>obaric charts, and can provide 
more information about the state of the atmosphere. If forecasters persevere 
in learning to use isentropic analyses, many will find that they actually 
prefer these new charts to isobaric charts in certain situations. 

This section examines the three new isentropic charts, both singly 
and in .conjunction with one another. The physical interpretation of 
the charts will be discussed here, leaving somewhat more subjective •fore­
casting rules• for section VII. 

The simplest of the isentropic charts, and the one that delivers 
the most information by itself, is the pressure chart. Perhaps the simplest 
way (although not necessarily the most correct) to interpret the pressure 
graphic is as a •topographic map• of the isentropic surface. In general, 
the lower the pressure contour on the isentropic surface, the higher 
the level of the surface in the atmosphere. In this way, the pressure 
chart can be interpretted as showing ridges and valleys that make up 
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the vertical displacement of the isentropic surface. As an example, 
Figure 2 is a pressure· chart on the 314K isentropic surface at 12Z; August 
13, 1984. A valley in the surface, with pres.sures great.er than 750mb 
extends from the Dakotas through southern California with a closed pit 
found over southern California. The surface ascends on both sides of 
the trough, to 750mb in New Mexico, and steeply up to 530mb in northwest 
Wash'; ngton-. - _ _ 

Due to the definition of the isentropic surface; the pressure lines 
on this chart also have several other useful interpretations.·_ The· first 
is that the pressure lines are also isotherms on the isent~opic surface. 
Th.i s is apparentR;i(!:om the definition of potential temperature; 

0. = T(1000/P) P • Since 0 is fi-xed on the chart and P is fixed 
on the pressure lines, it is clear_that Tis also constant .. along the 
pressure 1 i nes T can be computed from 0 and P by the equation 
T =0(1000/P)cplR . In Figure 2, the 750mb pressure line is also the 
160C isotherm. Areas in the Pacific Northwest and New Mexico are colder 
than 19oc, wpi1e the trough down the center of the analysis has warmer 

· temperatures., 

Qenst'ty is also .constant a]ong ':.the pressure lines on the isentropic 
surface. Si nee p = P /RT, and in this case, the pressure P and the 
temperature Tare constant, the density on the pressure lines is a constant. 

·. ~ • r 

Thirdly, pressure lines roughly approximate lines of constant height. 
In Figure 2, higher height va 1 ~es .are indicated in the Northwest than 

. over the closed •p1t• in California. The pressure level of the isentropic 
surface . iS related,:- directly to the mean temperature of the under1yi ng 
atmospheric lay'er, as is the height field on· a constant p.ressure· chart. 

For the same reason that they approximate height 1 i nes, the pressure 
lines on isentropic surfaces indicate the average temperature of the 
atmospheric column below the isentrope. High pressure values on the 
isentropic _chart imply a high mean temperature in the air column; low 
pressure values imply a low mean temperature value. The isentropic sur-faces 
act as excellent indicators of warm and co 1 d tongues of air in the atmos­
ph~re. Warm tongues show up as. valleys on the pressure field and cold 
tongues as ridges. The valley through the middle of the analysis on 
Figure 2 indicates a warm tongue extends through this area with colder 
air masses in New Mexico and the Pacific Northwest. Finally, the pressure 
11nes are approximately parallel to the vertical shear of the geostrophic 
wind, the thermal wind. 

The condensation pressure field indicates the moisture content of 
the atmosphere on the i.sentro pic surface and helps in tracing the trajectories 
of individual pqrcels .• Condensation pressure is a rarely·used, but si'mple 
hydrodynamic parameter; the higher the condensation pressure,· the greater 
th~ moisture cont~nt of the air. Just as regular pressure on the isentropic 
surface tra.ces cold and warm tongues, the condensation pressure field 
traces moist and d~y tong~es~ High values of condensation pressure imply 
'moist tongues, and 1 ow va 1 ues imply dry tongues. Figure 3 is t'he 314K 
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isentropic condensation pressure analysis for August 13, 1984, at 12Z. 
The condensation pressure ridge extending from Arizona and New Mexico 
into Utah is indicative of a moist tongue, monsoon moisture in this case. 
The trough over Washington and Oregon is a dry tongue which was associated 
with an area of subsidence behind a weak front. 

As has been mentioned, during any adiabatic process moisture is confined 
to an isentropic sheet. Since condensation pressure is directly dependent 
on mixing ratio, a measure of absolute moisture, condensation pressure 
should be conserved with an individual parcel as the parcel translates 
on an isentropic surface. This rule does not hold absolutely and will 
be discussed later in Section VIII. 

In addition to giving the absolute moisture content of a parcel, when 
combined with the pressure analysis, the condensation pressure can give 
a measure of the moisture content relative to saturation. If the pressure 
and condensation pressure have the same value, then the air at that point 
is saturated. This is apparent since air at this point does not have 
to be raised at all to reach saturation. Actually, due to data errors 
and smoothing, values of pressure and condensation pressure within 20mb 
of one another are indicative of saturated conditions. On the other 
hand, if there is a very large difference between the condensation pressure 
and the pressure at some point on the isentropic surface, the moisture 
content of the air is low. A parcel at this point must be raised a sub­
stantial distance in order to reach saturation. 

There are several ways of defining quantities that indicate the proximity 
of air to saturation on isentropic surfaces using the pressure and conden­
sation pressure fields. The first and most accurate is to define a quantity 
CP/P where CP is the condensation pressure and P the pressure on the 
isentropic surface. This quantity, usually referred to as the condensation 
ratio, is indirectly related to the relative humidity; it ranges from 
0% to 100% with 100% representing a saturated parcel. 

While the condensation ratio is probably the best moisture parameter 
that can be produced from the isentropic charts, it is extremely difficult 
to make analyses of the ratio. A parameter that is almost as useful, 
especially in the low and middle levels of the atmosphere, is what the 
author has defined as the condensation difference. The condensation 
difference is computed by subtracting the value of condensation pressure 
on an isentropic chart from the corresponding pressure value; this can 
be easily performed by doing a graphical subtraction on a condensation 
pressure chart overlayed on a pressure chart. The smaller the value 
of the condensation difference, the closer to saturation a parcel is, 
with a difference of less than 20mb representing saturation. 

It is often useful to highlight areas of an isentropic analysis that 
have a pressure difference less than some threshhold value. For summer 
use, a difference of 1 ess than 100mb has been found to represent areas 
close to saturation over the West and has proved useful in tracking the 
flow of monsrion moisture. Figure 5, an overlay of Figures 2 and 3, shows 
areas of condensation difference less than 100mb as shaded. Two separate 
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areas of high moisture are indicated, one over Arizona, New Mexico and 
Colorado, and the .other pushing· into Nevada from central California. 
The fi.r;-st area is m~>nsoon ,mo-Isture from Mexico and the Gulf of Californja. 
The _second maximum is moisture 'from the remains of tropical storm I sell e. 
Notice that both· moisture maximums are hinted at in the corresponding 
water vapor satellite image '(Figure 8). 

'The third field, streamlines of o·bservedwind, produced on isentropic 
surfac~s has not been used extensively in the past. Most e~rlier isentropic 
analysis routines have made use of the Montgomery Stream Function~ to 
produ.ce streamlines, of the gradient wind. The gradi:ent.wind as defi.r;~ed 
by the Mo'n t gomery Stream Function is entirely dependent on the value 
of pressure on the isentropic surface; therefore, although it. depicts 
the pressure information in a different form, the Montgomery Stream Function 

·.provides no new information. The streamlines of observed wind, on the 
other hand, add an· aciditional data source to the isentropic charts. 
Instead of 1repre~enting. the grad'1ent winds, the streamlines of observed 
wihd represeni th~ actual inst~ntanerius motion of the atmosphere as derived 
direct'1y from the upper air observations. An excellent streaml.ine contouring 
routine:produced by NCAR:anows for the production of high quality.streamlfne 

.·chart~ ~rom the'sparsely dist~ibuted upper air observirig sites •. It.appears 
that the obserVed''wi nd streaiTil i nes are at 1 east a's useful as the 'grac\i.ent 
wind streaml'in~s ;··and i,n certa.i n smal i er sea 1 e or highly barocl i ni c s\tu.a­
tions' the obServed streamli'iles may provide a wealth. of detail that the 
Montgomery Stream Function can not. Figure '4 is a streamline analysis 
on the 314K isentropic surface for August 13, 1984 at 12Z. Flow is generally 
from t h~ southwest, except over New Me xi co and Ari zo~a where flow is 
from the southeast. · 

By themselves, J.he streamline patterns are not tremendously i~fQ.rm~ti v·~, 
but.when combined with the pr,es'sure and condensation pressure, theyprovide 

· a wealth of additional information about the state of the atmosphere. 
Si nee adiabatic processes are confined to i sentro pic surfaces, the streamlines 
indicate the actual instantaneous direction of motion of individual parcels 
of air. This is extremely useful for two purposes: forecasting the advection 
of 'moisture and analyzing fields of vertical motion. Initially, both 
of these concepts will be reviewed in a simplified fashion leaving reserva­
tions about accuracy ~nd complicating factors for Section VIII. 

A simple forecast of moisture advection can be made with relative 
ease using the streamlines; simply extend. the current moist a.nd dry tongue 
pattern along the streamlines. If isentropic analyses are being run 
every 12 hours, or even once a day, the use of continuity from previous 
charts should also be helpful in this forecast. The forecaster should 
readily be able. to determine patterns of moisture advection from the 
condensation pressure charts as the moisture patterns translate along 
the isentropic surface. Figure 7, an overlay of Figure 3 and Figure 
4, could be used to forecast advection of moisture. The streamlines 
from the south across Utah indicate that the moist tongue in this area 
will continue· advecting northward into Wyoming and Idaho. Over California 
and Nevada, streamlines are from the southwest indicating the secondary 
mo'isture maximum in this area will be carried northeast across Idaho 
into Montana. 
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The streamline charts, when overlayed on the isentropic pressure charts, 
can also provide an excellent analysis of vertical motion fields. Recall 
that the isentropic pressure analysis gives a good approximation of the 
•topography• of the isentropic surface. The streamlines, when overlayed 
on the pressure field, give a first approximation as to whether the air 
parcels are flowing up or down in the atmosphere. If the streamlines 
are flowing across the isobars from high pressure to lower pressure (low 
altitude to high altitude) then it ·is safe 'to assume there is upward 
vertical motion in this area. If the streamlines are flowing across 
the isobars from low pressure to high pressure, downward velocity is 
indicated, and if the streamlines are parallel· to the isobars, motion 
is neither up nor down. Analyses of vertical velocity of this type are 
useful for forecasting cloudiness and stratiform precipitation in the 
winter and favorable areas for convection in the summer. Figure 6, an 
overlay of Figures 2 and 4, is a rather subtle example of analyzing vertical 
motion fields. Areas of weak rising motion exist from southern Nevada 
in a line extending to nortwest Montana and are shaded. For instance, 
notice that the streamline beginning off the coast of Los Angeles rises 
from a pressure of 833mb to less than 750mb across the shaded region. 

Because the adiabatic flow on an isentropic surface must be non-divergent 
(any convergence or divergence is unable to result in a motion with a 
component perpendicular to the surface so the continuity equation would 
be violated), an area of convergence of streamlines on the isentropic 
analysis is indicative of greater wind velocity. Areas of higher velocity 
streamlines crossing the isobars will result in correspondingly greater 
upward or downward motion. The closer the streamline•s crossing of the 
isobars is to perpendicular;'cind the gr~ater the packing of the isobars, 
the greater the corresponding vertical motion. These facts· can be used 
to key in on the areas of the greatest vertical velocity as depicted 
on the isentropic charts. Figure 6 indicates the strongest upward vertical 
velocity is in northern Wybming at the top of the area of rising motion. 
Here, the streamlines are crossing the 750mb pressure 1 i ne at nearly 
right angles, and the streamlines are moderately closely packed indicating 
an increased wind velocity. 

Again, it should be stressed that most of the techniques in this section 
are simplified. Although these rules apply in the vast majority of cases, 
there are exceptions; these will be outlined later in Section VIII. 

V. ISENTROPIC CHARTS AND NON-ADIABATIC PROCESSES 

'Adiabatic• has been the key word in the discussion of the physical 
processes that are best depicted on isentropic surfaces. Processes that 
are not adiabatic are not depicted advantageously on the isentropic surface 
and have a tendency to disrupt the behavior of other processes on the 
isentropic charts. Three such non-adiabatic processes are convection, 
radiational heating or cooling, and evaporation and condensation. All 
three processes add energy to the atmosphere thereby forcing atmospheric 
parcels off of their initial isentropic surfaces. In particular, in 
regions of saturation parcels will follow pseudo-adiabats instead of 
adiabatic (isentropic) surfaces. Forecasters must use some caution when 
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applying isentropic analyses in regions where the air is saturated; where 
convection may occur, or near the ground where strong radiational heating 
or cooling m11y take place. 

VI. CHOOSING THE PROPER ISENTROPIC LEVEL. 

One of the biggest tricks to learning to use .the isentropic analysis 
charts is picking the proper isentropic level in the atmosphere. Levels 
too low will be below the surface at many locations over the analysis 
area; 1 evel s too htgh will be far above 1 evel s of interest in the atmosphere 
and. may even become higher than the sounding data needed to produce the 
charts. 

The programs are equipped with default level selection values for 
each season: 314K for summer, 299K for spring ·and autumn, and 293K for 
winter~ These levels are normally close to optimal; however, several 
factors could influence a choice of different levels. Stations in the 
riorthern part of the United States will often wish to use colder isentropic 
lev_els so that the surfaces will nqt be so far aloft over their fo,recast 
region; southern stations, especially in the higher areas of the desert 
Southwest, will u.sually opt for levels warmer than the defaults to avoid 
having the isentropic surface intersect the earth 1 S surface in their 
forecast region •. Figure 2 de.monstrates this concept; in southern Nevada 
and California~ the isentropic surfa~~ i~ at greater than 800mb pressure, 
a 1 eve 1 which would intersect certain higher areas of the surfqce in 
this reg.ion. In northwest Washington, the surface is nearly at 500mb, 
well above much of the more interesting weather. Abnormal temperature 
conditions can .also cause a change in the preferred isentropic levels. 
B.el ow C~ve'ra,ge temperatures call for lower i sen tropes whi 1 e above norma 1 
temperatures require highe,r isentropes. · · · 

. ' 

Following particular meteorological phenomena may require a more precise 
selection of the isentropic surface. For instance, monsoon moisture 
flow in the Southwest has been found to occur first at levels in the 
vicinity of 312K to 318K. Stations affected by this flow might wish 
to run the isentropic analysis at one of these levels to get the earliest 
possible analysis of monsoon flow. It should be remembered that continuity 
is an important part of the use of isentropic surfaces and that levels 
should be varied as seldom as is possible. 

VII. FORECASTING APPLICATIONS OF ISENTROPIC CHARTS 

This section .out)ines a variety of observations about the isentopic 
surface analyses and their interpretation. .·Some of· these observations 
include a discussion of physical processes that are responsible, others 
are simply the result .of observations made, mostly in the 1940 1 s, by 
meteorologists using isentropic charts. A·ll of the rules outlined here 
s.hould operate. on scales of motion that will be depicted on the AFOS 
produc~d isentropic charts. 
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A. Small Scale Circulation Features 

Perhaps the most useful, improvement of the isentropic charts over 
standard isobaric surfaces is the ability to depict centers of atmospheric 
circulation. The isentropic charts are often able to depict circulations 
that are too limited, either in the horizontal or vertical dimensions 
to be depicted on the isobaric charts. These circulations show up as 
warm or cold domes on the pressure chart (depending on whether they are 
anticylconic or cyclonic), but are best. depicted as inward or outward 
spiraling vortices on the isentropic streamline field. Apparently, these 
smaller scale features show up on isentropic surfaces because of the 
adiabatic nature of the surface. The actual parcels of air rotating 
around the circulation .centers follow paths along the isentropic surface 
and so the streamline pattern is more likely to reveal the circulation 
pattern. The parcels rotating around such an area may be displaced through 
100mb or more of pressure as they travel around the center; for this 
reason, any given isobaric chart wil.l be unable .to depict the circulation 
center because only part of the circulation intersects the isobar. This 
quality of isentropic charts. is especially useful in diagnosing small 
scale features well south of the westerlies in summer, but it also has 
winter applications. Wave pat~erns induced by flow over varied terrain 
also seem to be more easily depicted by isentropic charts, again due 
to the adiabatic nature of the actual flow of air parcels. ' 

The condensation pressure field also picks up details of moisture 
flow that are not apparent on isobaric charts. In particular, isentropic 
charts are excellent at depicting the flow of moisture from source regions 
into dynamically. active regions both in winter and summer. In summer, 
moisture flow into convective areas. can be followed; in winter, the avail­
ability of moisture to be advected into developing cyclones is shown. 
Isobaric charts produce inferior charts of moisture ·patterns because, 
in all but saturated parcels, the actual parcels flow along isentropic 
surfaces. The isobaric surface may intersect a variety of isentropic 
levels, and will not display the true advection patterns of moisture. 
The second case study in section IX demonstrates this application of 
the isentropic condensation pressure chart. 

B. Fronts and Frontogenesis 

Isentropic analyses can be very useful in determining the positions 
of fronts and in locating areas of potential frontogenesis or frontolysis 
in the atmosphere. The height of the isentrope in a region can be varied 
to show frontal positions at or near the surface or to analyze frontal 
positions at middle levels. 

As anyone who has done an isentropic cross section analysis is aware, 
a well-developed frontal boundary tends to be nearly parallel to the 
isentropes and is found in an area of a strong gradient of the isentropes. 
By definition, fronts separate air masses of different temperature and 
moisture content. These two facts make isentropic surfaces valuable 
in frontal analysis. 
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The pressure field on the isentropic surface gives· the most clues 
as to the locations of fronts. In most circumstances, a strong gradient 
o.f the pressure lines will demarcate the location of the frontal -boundary; 
the- pressure lines tend to be strongly· packed behind coid fronts and 
ahead of strong warm fronts. The pressure nnes wfll always be parallel 
to a strong front that is ·not decaying• If a front is known to exist, 
.but the pressure 1 ines on the is'entropic surface are weakly spaced or 
cross the front, frontolysis can be assumed and the front can be forecast 
to weaken. Figures 9 and .10 depict hypothetical pressure fields that 
would be found near 'mature and decaying cold fronts. 

Th(:! physical reasoning behind these·· rules is quite simple. Behind 
a strong cold front, one would expect to have a tongue of cold air extending 
a 1 ong the front. This is depicted as a tongue of 1 ow -pressure on the 
isentropic su_rface. Ahead of the front, with: the axis of 'warmest air 
extendtng directly over the frontal boundary, one ·would expect a warm 
tongue which would appear as a tongue of high pressure on the ise~trop~c 

.chart. Naturally, between a strong band of hi~h pre~sure and low pressure, 
there exists a strong pressure gradient ·parallel to the front. If there 
is no pressure contrast across the front on the isentropic ·s·ur;face," than 
there iS no temperature contrast and the front is obviously weakening. 
The warm and cold. tongues as depicted.· by the· isentropic pressure .field 
are useful in analyzing occlusions of· fronts, also. Warm ·tongues tend 
to parallel the front, branching at the occlusion into two separate tongues. 
Figure 11 depicts a hypothetical pressure pattern over ~n occl~ding frontal 

·system. · 

The isentroptc pressure analysis also depicts potenti~lly f~ontogerietic 
regions of the atmosphere. If a strong linear pressu~e gradient develop~ 
th.a.t. is not. asso~iated with a fr·ont, it is· indicative of a building· air 
mass .contrast. Often, ·a front will develop in th.is area. Because the 
isentropic charts depict potential frontogenetic areas and existing frontal 
zones in much the s.ame way, it is usually best to employ the isentropic 
pressure charts to verify the position of fronts already known to exist. 

The condensation pressure and streamline charts also help in identifying 
frontal positions. On the condensation pressure chart, a nascent front 
will almost always be marked by a strong moist tongue extending along 
the front•s axis. These moist tongues are particularly useful in forecasting 
a developing frontal occlusion; when a front occludes, the moist tongue 
will often branch into two tongues, one curling cyclonically and the 
other anticyclonically. The occlusion is located somewhere near the 
branch and the heaviest precipitation is oft~n associated with this sam~ 
point. Figures 12 and 13 depict isentropic condensation pressure fields 
expected near a new cold front and over an occluding frontal system. 
Streamlines tend to converge or diverge into flow that 1s parallel to 
the front and will often depict the frontal location quite accurateiy. 
Streamlines flowing direct~y ac:ross a front should be regarded as a potential 
cause of lateral mixi'ng and may indicate frontolysis. Figures 14 and 
15 demonstrate frontogenetic and frontolytic streamline patterns. 
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Together the three isentropic analyses provide numerous clues as to 
the location of fronts. One must be careful to remember that the isentrope 
changes altitude over the chart, and verify that the isentrope is close 
enough to the surface to detect low level frontal zones. If this is 
done, isentropic analyses can prove a highly useful tool for locating 
fronts. 

C. Cyclones and Cyclogenesis 

Cyclones and cyclogenesis can also be depicted on isentropic charts, 
although this forecast skill seems to be somewhat more of an art than 
analyzing fronts. Again, all three charts can be used to forecast develop­
ment. 

The pressure field gives the clearest clues to the potential development 
o of a low pressure system. Like fronts, cyclogenesis tends to take place 

at an area where there is a distinct crowding of the isobars on the isentropic 
pressure field. Such areas represent a developing air mass temperature 
contrast and therefore are a reservoir of potential energy. The most 
favorable area for cyclogenesis is in a pressure gradient formed between 
a strong cold tongue and a strong warm tongue. Cyclogenesis is expected 
in areas to the right of the cold tongue and anticyclogenesis to the 
left. Such a pattern will enable potential energy stored in the thermal 
contrast between the tongues. to be employed in the building kinetic and 
thermodynamic energy of the nascent cyclone.. In Figure. 9, the most 1 ikely 
area for cyclogenesis would be near the middle of the indicated frontal 
boundary. Anticyclogenesis would occur behind the cold tongue, at the 
1 eft side of the Figure. 

The condensation pressure field indicate's cyclogenesi"s by branching 
moist tongues as was mentioned in the discussion of occlusions above. 
The low is expected to form beneath the fork of the moi"st tongue which 
should maintain this branched form as long as the cyclone continues to 
develop. The streamline pattern will buckle into a trough under or just 
behind the area of cyclogenesis; the center of a mature cyclone should 
line up with the axis of the dip in the streamlines. 

The ise.ntropic charts can be a good analysis tool to search for areas 
of cyclogenesis and to forecast the strengthening of cyclones. 

D. Non-frontal Cloudiness and Precipitation 

Because they are capable of indicating proximity to saturation and 
areas of vertical motion, isentropic charts are excellent at predicting 
non-frontal cloudiness and precipitation, both in summer and in winter. 
Cloudiness and precipitation are generally found in moist areas, most 
often in areas where the moisture content is increasing. Such areas 
can be located by checking the twelve hour change in condensation difference 
on the isentropic charts. The left forward side of moist ton.gues has 
proved to be one of the most favorable areas for development of clouds 
and precipitation. A combination of increasing moisture, a nearly saturated 
air mass (low difference between pressure and condensation pressure), 
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and upslop.e motion as indicated by streamlines almos,t always leads to 
action of some sort. In summer, this action can be in the form of'convection; 
in winter, it can generate 'isentropic' rain. 'Isentropi<;' rain i_s a 
term that has been used fo-r non-fronta 1 precipitation, generally from 
altostratus clouds,. that falls over much of the East and Midwest at times. 
duri~g the winte~. Isentropic charts ar~ superior to ot~ers for for~casting 
precipitation events of this type. 

E. Other Applications 

-Remembering that pressure lines are lines of constant temperature, 
one can use .the isentropic charts to forecast- t~e pressure_ level of the 
freezing l]~el for aviation use. ·Using the relationship 0 = 
T( 1000/P) P , one can compute the pressure va 1 ue of the ooc isotherm 
on any isentropic surface. When viewed with the. condensation pressure 
chart to give an analysis of moist~re, this can be a useful way to determine 
areas of possi-ble icing .. Figure 16 has a list of ooc pressure lines 
for a variety of -isentropic surfaces .. 

VIII. PROBLEMS WITH THE ISENTROPIC CHARTS 

Up to this point, the dis~ussion of the forecasttn'g_ use of the isentropic 
anal:Ys-es has :always assumed the best possible scemarJo for the· state 
of the atmosphere. Although the use of the i.sentropic cha.rts is .almost 
as straightforward as has been indicated, there are a few compl,icating 
factors that must be noted .. Most of .these complications will seldom 
occur and most are easy to deal with. · · 

The vast majority of complications in the interpretation of the isentropic 
charts result from the translation of the entire isentr<;>pic. pattern. 
Up to this point, it has always been assumed that the pressure field, 
the 'shape• of t<he isentropic surface, remains fixed while the pattern 
of condensation pressure is pushed along it by the streamline pattern. 
The same assumption was made in the discussion of. vertical motion; the 
pressure pattern was assumed to be fixed while the individual air parc~l~ 
flowed up or down the surface as indicated by ~he· streamlines. 

Unfortunately, it is not the case that the isentropic pressure pattern 
remains fixed from day to day. Instead, the pressure pattern is translated 
and deformed by the atm~spheric flow. In the c~se of the pressure pattern, 
which is dependent on the mean temperature of the atmosphere below the 
isentropic surface, the translation of the pattern is dependent on the 
mean flow at all levels below the isentrope. Because of the translation 
of the pressure field, all the. calculations describing the advection 
of the moisture pattern and the analyses of verticai motion must be modified. 

. ' 

. At this point, the first time. user of isentropic charts is on the 
verge of discarding these analyses as unusable because the mean flow 
of the air mass must- .first be calculated before the charts can even begin 
to .be analyzed., .· Fo.rtunately, the situation is not nearly as· grim· as 
it might appear. ·As long as the component of the mean, wind below the 
isentropic surfac_e in the direction of the streamli.ne field on the isentropic 
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surface is less than the velocity of the wind on the isentropic surface, 
the earlier simple computations will continue to be valid. An example 
of this concept in the case of an area of upwards vertical velocity may 
help clarify th-is idea. If the chart shows that the streamlines are 
flowing from high pressure to low pressure, we have assumed upward motion. 
If the pressure pattern is moving in the same direction as the streamlines, 
but slower, the flow will still be up, but not as strongly up since the 
pressure pattern is moving. In almost all cases, winds increase in velocity 
with height, so the simple interpretation of the charts is almost always 
valid. In suspicious circumstances, soundings can be plotted to make 
sure that the mean wind velocity is not greater than the velocity of 
the wind on the isentropic surface. 

A second complicating factor in using the isentropic charts also involves 
the analysis of vertical velocity. In the discussion of vertical motion, 
it was assumed that streamlines flowing from high pressure to low pressure 
were flowing upward. While this is normally the case, it need not always 
be so. As isobaric charts clearly demonstrate, the height of a given 
pressure level varies depending on the air mass~ Hence, in areas of 
notable air mass contrast, it is possible that a decrease in pressure 
could actually represent a decrease in height. This situation is also 
relatively rare and occurs only in highly baroclinic areas, but forecasters 
should be aware that it can occur. 

Several factors can also make the interpretation of the condensation 
pressure field slightly more difficult than has previously been suggested. 
In particular, the condensation pressure field combined with the streamlines 
will not give a perfect picture of the advection of the moisture pattern. 
Due to small scale effects, in particular the spreading out of moist 
tongues through lateral eddy diffusion, moist areas tend to spread out 
and advance more slowly than the wind velocity would indicate. Other 
factors, such as convection and condensation, can disrupt the continuity 
of the advection of the condensation pressure pattern; forecasters must 
be careful to keep these considerations in mind when using the isentropic 
charts. 

A second common mistake in using the condensation pressure field is 
to treat the values on the chart as absolute moisture values without 
regard to pressure. A forecaster may see a condensation pressure of 
650mb in Arizona and 350mb in Washington and assume that the Northwest 
is very dry. Actually, it may be the case that the pressure on the isentrope 
in Washington is 400mb while that in Arizona is 850mb; using the pressure 
difference value defined earlier, it is apparent that the air over Washington 
is closer to saturation than that over Arizona. It must be remembered 
that air's ability to hold water vapot is dependent on the air's pressure 
(density) so that the condensation pressure chart should always be interpreted 
with reference to the corresponding pressure field. 

Despite this lengthy section describing problems with the interpret­
ation of isentropic charts, it should not be assumed that they are inferior 
to isobaric analyses. Generally, the isentropic charts can be interpreted 
in the simple fashion outlined in section IV; only rarely will the more 
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complicated factors just discussed be important. Isobaric charts are 
also plagued with similar interpretation problems whose rarity has caused 
most forecasters to ignore them. For example, many field forecasters 
depend heavily on the 500mb vorticity advection to fo.r:ecast vertical 
motion, but fail to remember that upward vertical motion is actually 
created by an increase in PVA with height and do not check vorticity 
at 1 ower 1 evel s. , The isentropic charts should be no 1 ess .useful than 
the 500mb vorticity charts because of the problems hi·ghlighted in this 
section. 

IX. CASE STUDIES 

Two case studies, one summer situation and one winter, are appended 
to demonstrate some of the uses of the isentropic charts. Both cases 
extend over three ana·lyses each· separated by 24 hours. The summer case 
extends ·from JulY. 23, 1984 at 12Z to July 25. at 12Z wni 1 e the winter 
case was produced using archived data and extends from February 28, 1979 
at OOZ to March 2 at OOZ. · 

A.. Sum~er Case Study 

This example makes use of the standard isentropic analyses that have 
been described in this document along with·cotroborating satellite pictures 
and isobaric charts. The isentropic fields for each ana·lysis time are 
displayed in two charts. The first is the pressure field overlayed with 
the streamline field with areas of upward vertical motion shaded; the 
s'econd is ·the pressure field overlayed· with the condensation pressure 
field with areas of less than 100mb condensation. difference shaded. 
The study examines the tracing of monsoon moisture. and the forecast'i'ng 
of aftetnoon convection over the·western United States. 

'The summer c.ase begins with the 314K isentropic tharts for July 23, 
1984 at 12Z, Figures 17 and 18. Figure 19, the LFM analysis of 500mb 
heights and vor-ticity gives. those unfamiliar with isentropic charts a 
feel for the prevailing synopti·c pattern. A deep trough is. nearly cut. 
off at 1300 west with a ridge over the central United States; this pattern 
is producing moderately strong southerly flow into California, Arizona, 
and northward into. the great basin. 

The isentropic streamline and pressure overlay, Figure 17, pro vi des 
a useful analysis of the air masses and dynamics of the middle atmosphere; 
the pressure va 1 ues range from about 650mb to 1 ess than 550mb. A weak 
thermal gradient ~xtends east to west across the western United States 
as is indicated by lower p~essures along the. ·West Coast and steadily 
increasing pressures as one moves eastward. The streamlines indicate 
that flow is from almost due south over the entire West. Since the pressure 
field is so flat, this isentropic streamline field should be similar 
to an isobaric streamline field. Figure 20, 700mb streamlines for the 
same time, demonstrate that flow at this level is similar to, although 
a bit more westerly than, the flow on the 314K isentrdpe. 
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Areas of upward vertical velocity are shaded on Figure 17 with one 
area in southern Arizona and California and a second centered over Idaho. 
Such areas are not only indicative of upward velocity, but imply that 
some sort of dynamic· forcing is acting. Comparison to. the 500mb chart 
in Figure 19 shows the area of upward motion in Idaho can be associated 
with a vorticity maximum advecting into this area. The southern Arizona 
area is associated with a weaker vorticity trough that is rotating onto 
the coast of California. Both of these areas would be possible sites 

·for the development of convection during the afternoon hours. 

Figure 18 is an overlay of the pressure and condensation pressure 
analyses at 314K with areas of condensation diffence less than 100mb 
shaded. The shaded area indicates that much of the West is covered with 
moisture at this level; one tongue of apparently monsoon moisture extends 
northward from Arizona while a second moist tongue stretches inland from 
the Pacific over northern California. This pattern compares favorably 
with the water vapor satellite picture, Figure 21, for the same morning. 
The picture shows tongues of moisture over Arizona and northern California 
and a dry slot over southern California that matches the dry area on 

·the isentropic chart. The streamline pattern indicates that the dry 
tongue should continue to push northward into· Nevada gradually drying 
the western Great Basin. One would expect, at this time of year, convection 
would be likely in the middle of.any of these.moist areas that is associated 
with some dynamics. · 

The afternoon satellite picture, Figure 22, shows the afternoon convection 
pattern over the West. · As can be seen, the only strong convection is 
iri southern Ar-Izona, possibly associated with the southern area of upward 

·vertical motion from· Figure 17. No convection has yet started in the 
northern vertical velocity maximum.····· 

Figures 23 and 24 show the 314K isentropic pattern 24 hours later 
at 12Z on the 24th of July. The streamline-pressure chart, Figure 23, 
shows a warm tongue, pressure maximum, is being advected northward through 
Utah along the streamline flow. The whole West has warmed since the 
day before with pressures over the chart up about 50mb. A weak cold 
trough extends east-west across northern California. This area is a 
weak system rotating out of the trough off the West Coast as is demonstrated 
by the enhancement in Oregon and Washington on the water vapor image, 
Figure 26. Figure 23 indicates a substantially larger area of upward 
vertical velocity covering much of the West. The strongest values are 
in northern Utah and southern Arizona; note the packing of the streamlines 
and the perpendicular crossing of the isobars in both areas. 

The pressure-condensation pressure overlay, Figure 24, shows that 
the dry tongue noted 24 hours earlier in southern California has continued 
to advect northward and now covers most of California and western Nevada. 
Notice that a very moist tongue with condensation pressure values close 
to saturation parallels the warm tongue over southern Oregon; this is 
additional evidence for a shortwave feature in this vicinity. The corres­
ponding moisture picture, Figure 26, shows the dry tongue extending farther 
north into Idaho, but does continue to show moist maxima in Arizona and 
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Oregon-Washington~ The initial 'relative· humidity analysis of the LFM 
agress much better with the isentropic .charts. Figure 25 snows the· dry 
tongue, an area of less than 50 percent relative humidity, in California 
and another over Washington which is also depicted on the _isentropic 
chart. The streamline pattern indicates that the dry tongue should continue 
to advect northward over Oregon ahd N~vada, drying o~t these areas. 

With this. Piittern, one would expect convection to form in- the areas 
of upward ve'rtica1 velocity associated with high moisture; Arizona and 
western and _northern Utah waul d be most favored due to the strong upward 
motion in these_ 11reas. More· general precipitation might be expected 
ahead of the moist cold tongue in Oregon. The 2b45Z satellite picture, 
Figure 27, shows that most ,afternoon convection has originated over orograph­
ic~lly favbred locations, however, the dynamically favored areas of Arizona 
and Utah appear to be ·the most active. 

The final set 'of analyses is. from l2Z on the '25th of July. Figure 
28, pressure and streaml iries on the 314K surface, shows fou·r separate 
areas of upward ~erti~al velocity over the'West •. The two stongest areas 
are in Oregon-Washington and over ·southern Utah-northern Arizona. The 
warm_tongus not~d 24 hours before has continued advecting north northwest 
with the streamline pattern and now shows as a warm maximum in Idaho. 
Note the area of closed pressure values in Idaho indicating a very warm 
air mass is found in this area. A simple look at a middle level isobaric 
chart fo~ this. same time would not have indicated this warm area. Figure 
31, 700mb temperature ·analysis ·far this time, shows little indication 
of thi.s' small scale feature. It does show a stronger thermal maximum 
in northern Arizona, but the isentropic analysis indicates that this 
is not indicative of a warmer air mass. 

The two areas of strongest upward velocity mentioned above are associated 
with qu1te different synoptic phenomena. The dynamics in Washington 
are associated with the closed low rotating off the coast as shown in 

. Fi'gure 32,' the water vapor satellite image. The' northern Arizona maximum 
on the other hand, i_s not associated with an organized feature. Figure 
33, a !IJOrning~ IR pict\,Jre, shows, however, that this_area has been convectively 
active and is still. ~ov~red with d~bris cloudiness. · 

. ' .· 

Fi gu'r'e 29, the pressure-condensation pressure chart, shows the West 
has contfnued to dry from the south •. The flow of monsoon moisture has 
also been· cut, although the southeasterly streamlines in New Mexico and 
Arizona indicate moisture may .. soon be. on the increase again •. Th.e 700mb 
dewpoint depression chart also shows this drying. See Figure 30. This 
chart shows a strong gradient of. moisture from the very dry coast of 
California ·to still moist New Mexico. Notice that the large dewpoint 
depressio'ns in California are associated with a condensation pressure 
minimum on the isentro'pic analysis as would be expected. Figure 32 also 
shows this strong dry area in California and Nevada and the lingering 
monsoon moisture farther to the east. 
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This study has_ attempted to show some simple summer applications of 
isentropic charts. The c,harts provide good·analyses of air mass temperature, 
moisture· content, and dynamics and C(ln be 4sed for· forecasting moisture 
advection, dynamics, aod convection~ 

B. Winter Case S~udy 

The winter case study is· not as involved as the summer and makes use 
of slightly- different isentropic analyses~_ It· was included to give a 
very basic introduction to some. of the winter time forecasting uses of 
the isentropic charts. The streamline and pressure fields are the same 
as for the summer case. The moisture field, however, makes use of a 
previous version of the isentropic programs,_ so moisture is displayed 
as mixing ratio in tenths of grams/kilogram rathe_r than as condensation 
pressure. Since condensation pressure is a linear function of mixing 
ratio, the mixi~g ratio field has the same shape as a corresponding conden­
sation pressure field, but one cannot use the mixing ratio field to compute 
a measure of the proximity to saturation. All Of the analyses are on 
the 293K isentropic surface and are produ-ced from OOZ sounding data. 
The first analysis is _for the 28th of Feqruary, ~979, and the last for 
the 2nd of March. -

The surface. an·d 500mb -analyses for the fi'rst analysis time are found 
in Figures 36 and 37. The 500mb chart shows a strong mature trough is 
located through ·colorado and into Texas with a second system digging 
southward off the West Coast. _ A cold' front is analyzed at the surface 
curving from northern Idaho in~o northern _California and associated with 
a few_ areas of showers~ _The isentropic pressure and streamline analyses, 
Figure 34, indicate som'e support for this front 'with a weak packing of 
the isobar pattern 'para l1 el to the front~ A cold- tongue extends southward 
behind the front and is shown hy the lower pressures in _the Pacific North­
w.est. A warrri tongue· extends northward from Arizona into Montana and 
is most_ pronounced across eastern Idaho. The most favorable area for 
development would be between these warm and cold tongues. 

The streamlines also indicate that the front, while not tremendously 
energetic, should not be weakening; the flow pattern is essentially parallel 
to the surface frontal position. There are no pronounced areas of upward 
vertical motion on the whole map, so one would not expect any areas of 
heavy precipitation. 

The pressure-mixi'ng ratio chart,· Figure 35, shows two areas of high 
moisture content. The first and most· intense is the strong maximum in 
Colorado associated with the trough noted on the 500mb chart. This maximum 
of moisture· on the isentropic- chart indi~ates that this is a mature storm 
capable of producing heavy precipitation. Note, however, that the moisture 
maximum is entirely closed and cut off from any source region of moisture, 
hence one would expect this storm to be drying and weakening. The second 
moisture maximum is just bar~ly depicted off the coast of northern Cali­
fornia. It is located along the surface front as expected, and the stream­
lines indic(lte that it should continue to .advect inland, providing a 
good moisture source for development -in the _dynamically favored area 
over Nevada. The isentropic charts indicate this is the area to watch 
for development during the next 24 hours. 
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The_ isentropic charts for OOZ on the 1st of March, Figures 38 and 
39, indicate that the anticipated development has begun to take place 
in Nevada. The pressure chart shows a strong isobar gradient across 
Wyoming into northern Nevada that corresponds well with the frontal analysis 
on the surface chart, Figure 40. A double structure is now evident in 
the warm tongue ahead of the front with one branch in 'Wyoming and a second 
lagging behind in Nevada. The strong gradient of isobars in northern 
Nevada indicates a very gr~at air mass contrast in .this area which should 
continue.to be.favorable for development. 

A trough has developed in the streamlines in western Nevada suggesting 
a cyclone may be developing ahead of this region. Vertical motion has 
increased over th~ central portion of the surface front and to the east. 
Virga a~~ .showers are associated with much of this area of upward motion. 
The mixing ratio field, Figure 39, shows a strong adyection of moisture 
~-s now pe~etrating the Wes~ along the axis of the cold front. Note that 
th'e curves in ,the mixing ratio fieild are almost identical to the position 
of the surface front. The 2.~ g/kg maximum in northern California should 
be advected directly over the most barocl inic region on the pressure 
~haljs~~ and 'can b~ a mois~ure source for development in northern Nevada. 
The fact that the moist tongue is still open into the Pacific indicates 
that moisture ~dv~ction should continue along the frontal position. 

The final , set. of ana_iyses is from OOZ on the 2nd of March, 1979. The 
pressure-streamline chart ind~cates that a mature and strengthening frontal 
system ho~ exist~ in eastern N~vada. The strongest gradient of the isobars 
curves' out of northern Wyoming and extends southward in eastern Nevada, 
almost di'rectly. over the position of the surface front analyzed on the 
21Z chart. from 

1

March 1, Figure 44. A strong consolidated warm tongue 
1s ·apparent ahead· of the front with an axis of high pre·ssure along the 
eastern Utah border. The corresponding strong cold trough is depicted 
as a 'p·r_essure trough from northern Idaho to southern California. These 
two ton~aes indicate that the surface front is a strong and well supported 
feature at this-point. 

the streamline pattern has now dev.eloped a· deep trough with an axis 
in western Nevada; a feature this deep and sharp indicates excellent 
potential for ·cyclogenesis ahead of the streamline trough. The surface 
ahalysis indicates a surface low has already developed in Nevada at this 
time. Areas of upward vertical velocity, shaded on Figure 42~ show eastern 
Nevada, Utah and areas further east are in areas of rising air. The 
two strongest' areas are. in northern Utah, note the strong packing of 
streamlines,. and northern Wyoming-southern Montana where ·the streamlines 

·cross the isobars at right angles. The surface map reveals precipitation 
is ~esulting in both of these areas. 

The mixing ratio pattern, Figure 43, is extremely informative at this 
time. A very moist 1 ine is seen to parallel the surface front across 
NeVada. The moisture maximum is also beginning to fork into two distinct 
tongues which is indicative of a developing occlusion. One would anticipate 
further c,Yclogenesis under the fork with the heaviest precipitation to 
.form under the fork (both developments,did occur within the n~xt 12 hours). 
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Also, the moisture tongue into the maximum has almost entirely cut off 
at this time. One would expect that the storm has reached its maximum 
moisture content and should now begiri to dry out. 

The winter isentropic charts are particularly adept at tracing fronts 
and forecasting cyclogenesis. The pressure pattern can indicate frontal 

·positions and areas of potential development; streamlines also indicate 
development and provide vertical velocity patterns that are useful for 
forecasting precipitation. The moisture charts, mixing ratio in this 
particular case, may be the most useful field. The moisture indicates 
fronts, but is also important in forecasting the development of precipita­
tion. The isentropic analysis of moisture advection into winter storms 
can be an extremely important forecast tool. Condensation pressure should 
prove even more useful than mixing ratio. 

X •. CONCLUSION 

As has been demonstrated, isentropic charts can provide detailed analyses 
of a variety of atmospheric parameters. The pressure, condensation pressure, 
and streamline charts can provide analyses of air mass, temperature, 
moisture content, vertical motion, trajectories, and many other data 
fields. Together, the isentropic charts should provide more effective 
analyses, both in winter and summer, than can be provided by isobaric 
analyses. These charts have proved particularly useful in the analysis 
of small scale circulations, frontogenesis and fronts, cyclones and cyclo­
genesis, and non-frontal cloudiness and precipitation. Three isentropic 
charts can provide the information supplied by numerous isobaric charts. 
Although the isentro~ic charts ~ill seem foreign to many users of isobaric 
charts, practice _with isentropic charts will soon make them as easy to 
interpret.· Hopefully, fprecasters. will use isentropic charts to obtain 
a .better knowledge of the state of the atmosphere and this will in turn 
result in better forecasts. · · 
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Figure 1 SLC 12Z/AU/ 13/ 84 Salt Lake City- sOunding, Au'gust 13~ 1984, 
12Z, with instructions for computing 
isentropic surface values. 

,..,./ 

// 
:' 

' , 
i) 

-------5cr----·------y·------·····-\::····,·· 
----·--·-----... --------:-----···r··-· ·---·---

\ 
1 t, 
t·•••.-•••••••·-•r""""--1:\ 

-.. -I--------------------- -i ·~ 
, ' ' # .. -· 

't 
__ ,. 

i \ ' ::·· ,. ...... 
/' ; ~ ........ -------------.. _, ____ : ..... 

! \ : ~ 
-----------"------1 . ·"';.--

\-----··------··-------··-' 

00 :' 
'': 
· ... r 

'• 

l \ 

··. ··.;)"" ....... '!' ............ ~ ::·.\.:·.:::·.:: . 
... ~ : : 

'\------.. { f '--- ----------· 
hsi 

···-·····-·-·······--j~---------
\ ...... ; 

\. ···-<··-... ,_T __ L, ..... __ ;::::··-···---
Figure 3 
314K Condensation pressure analysis 
for 12Z, August 13, 1984. 

' 

·:.<' ....... 
,' ~ .... 

50 

'50 

...................... _ 

// 
' 

_,?f'" ................... .. 

....... ___ ..... ___ .. 

~9 ;.,.w•<'""• 

' 
' 

:'"- ........ ___ ; 
! \~v. ; 

1 
so. 

-··r __ s .. ___ , __ _ 

! )'""·--·--·;------- ________ , ______ , 
! i l----~#------## .. -
1 i 1 

:... 

. : j ~ 

-----j-------- -·----------T=~======T·-····---------··jl. 
' ' ' ' ! ·~ 

l 
! , ...... --------.J 

.. , ___ r_-- .. ~ .... , ... ------.. -.. '1. .. . 

Figure 2 
314K Isentropic pressure field for 
12Z, August 13, 1984. 

·:~~s.-;:~~~)-~~~------
iJ. 

--·----t __ ....... -:-------- .. --" 
' ,, 

----~-------y··--''• ...... , __ ... ,.:·.' 

\ ., 
-----\ '! 

I ": ~--------·---···-······ ~---·-····-· 
' ' ! "'\ 
I '•' ·----·- i ·•, j .L.! \ .. 

!··/ -.f... r··" ..... · ... \ 
/ \ ··.j· .. ,.L... . . .. :' 

-.... / ...... ·:· \:.· -L:.-·· ... .... ;···'··· r········\ ....... . ........... 

', 
Figure 4 

314K Streamlines for 12Z, August 13, 1984. 



S0 

' 

.. ,!''-· ... ___ . 

', 

.............. , ............. _ 

/~\ 
~ ....... ~ ..... 

1 

.. ~_ .. ,~~ 

Figure 5 
314K Pressure (solid) and 
condensation pressure (dashed) 
far l2Z1 August 13, 1984. 

'/ 

/ 
/ 

~
/ ,...\// )\ I 

•'/ / ', / 
. /A'', // ', / 

:.. / /~\ 
// i/ / \ 

/ /•. / 
,/ // ; -. __ / 

/ / : \( 
-( / ; / --~ 

--( : / . . · ,./ 
······················;7 ... I 

........ 
., 
\ 

)· .. \ 

j) 

Figure. 7 

.': 
'a. .......... .. 
,• 

\ 

3l4K Isentropic condensation 
p:iessure (solid) and stream­
lines, (dashed) for 
l2Z, August 13, 1984. 

I 
I 

' I 
\ 
\ 
\ 
·\ 

\ 

';>., ' l'i' Figure ~ 
" 314K Pressure (~mlid) and 

streamlines (.dashed) fo1: 
12Z, ·August 13, 1984. 



·.·. __ :--·· 
. . ~ . ~ 

• ~ ~ • +. ~ • 

figure 8 
l73:Jt: ~'1o:i.sture. pictHre foT 
August 13, 1984, 



Figure 9 '-
Isentropic pressure pattern in the vicinity 
of a strong, mature cold front. 
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Figure 11 
Isentropic pressure pattern in vicinity 
of an occluding frontal system, 
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Figure 10 
Isentropic pressure pattern in 
vicini.ty of a frontolysizing 
cold front, 

Figure 12 
Isentropic condensation 
pressure pattern over a 
mature, strong cold front. 
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Figure 13. ' 
Isentropic condensation pressure patt~rn 
over an occluding frontal system. 
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Figure 15 
Isen~ropic streamlines over 
a weakening cold. front4 
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Figure 21 
Water vapor picture for 
1615Z, June 23, 1984. 



Figure 22 
2045Z enhanced visible 
satellite image for .June 23, 
1984. 
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Figure 23 
314K Isenlropic pressure 
and streamllnC:S for 

--L s~C \!'---. :~~~~~>~--L/ ______ ,:~>~~h- July 24, 1984 at 127... 
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'Figure 25 
Lt<M Relative humidity anal}'sis 
fo.r July 24, 1984 at 12Z. 
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Figure 26 
Water vapor satellite image 
for 1615Z on July 24, 1984. 
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Figure 27 
Enhanced visible satellite 
image for 20452 on July 24, 
1984. 
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700 mb Hesoseale aevpaint 
depression annl)•sis for 12Z 
on JulY 25, 1984. 
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Figure 32 
Water vapor satellite 
image for 16152 on 
July 25, 1984. 



Figure 33 
IR satellite image for 
14452 on July 25, Jg84. 
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Figure 4.2 
293•K Isentropic Isobars 

and Streamlines 
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The Nafim1al Oceanic and A tmnspheric A dministrati~)}l was established a~ part of the Department of 
Commerce on October 3, I 970. The mission responsibilities of NOAA arc to assess the socioeconomic impact 
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the oceans and their living resources, the atmosphere, and the space environment of the Earth .. 
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sponsorship. 
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chemical and physical conditions of oce~ns and at­
mosphere, distribution of fishes and marine mam­
mals, ionospheric conditions, etc. 
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ports containing data. observations, instructions, etq. 
A partial listing .includes data serials; prediction and 
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pers,· planning reports. and information serials; and 
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TECHNICAL REPORTS- Journal quality with 
extensive details, mathematical developments, or data 
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ogy results, interim instructions, and the lil<:e. 

Information on availability of NOAA publications can be obtained from: 
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ENVIRONMENTAL DATA AND INFORMATION SERVICE 

NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
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