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AN INDEX FOR MEASURING THE BREAKDOWN OF SURFACE-BASED
INVERSIONS IN THE INTERMOUNTAIN WEST

Leslie R. Colin
National Weather Service
Boise, ID, USA

1. INTRODUCTION

Winter weather in the Intermountain West is
often characterized by long periods of surface-
based inversion conditions causing fog, stratus,
haze, and smoke in the valleys. These
inversions most often form when radiational
cooling occurs during extended periods of high
pressure aloft. The breakdown of an inversion
is often a sudden event, resulting in rapid
warming and improvements in ceiling, visibility,
and air quality. Forecasting inversion breakdown
is therefore important, but difficult under
operational conditions. ~ Time constraints
preclude elaborate investigations of boundary
layer stability, winds, and mixing potential.
What is needed is a simple index for gauging
inversion strength, and thresholds of that index
corresponding to inversion breakdown. The
purpose of this paper is to develop such an
index, while trying to keep it as simple and easy
to use as possible. '

The U.S. National Weather Service (NWS)
National Meteorological Center (NMC) routinely
publishes model forecast output values in tabular
form (NWS, 1985) as shown in Figure 1.
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Figure 1. NMC tabulated model forecast output.

These bulletins are issued twice daily to all
NWS field forecast offices, for the 00Z and 12Z
forecast cycles, for both the Eta and the NGM
models. Among the categories are 1000 to 500
mb thickness (dam) in the HH column, and
mean sea level pressure (mb) in the PS column.
This paper will show how to use only these two
quantities to derive meaningful information
about the strength and breakdown of surface-
based inversions.

2. METHOD

Figure 2 shows a typical example of a
surface inversion. It differs from a lapse
sounding by having relatively large 1000 to 500
mb thickness (HH) indicating warm air aloft,
and also relatively large mean sea level pressure
(PS) indicating cold air at the surface. This
combination immediately suggests using the sum
HH+PS as a measure of inversion strength. The
larger the sum, the more likely the sounding
should look like Figure 2.
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Figure 2. Pseudoadiabatic sounding illustrating
a strong surface-based radiational inversion.
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Figure 3.

Figure 3 shows that this is indeed the case
during winter at the representative stations
Spokane, WA (GEG), and Boise, ID (BOI).
The abscissa in Figure 3 does not represent true
surface-based conditions, but rather analyzed
temperature difference from the lowest 35 mb
layer (T1 in Figure 1) to near the 900 mb
surface (T3) (NWS, 1981). The strength of an
inversion, as measured by how much colder T1
is than T3 (at 00Z times only, i.e., afternoon),
is shown to be correlated with large values of
HH+PS. A major advantage in using HH and
PS (unlike T1 and T3), is that both are also
routinely available in graphical form and in
historical records. When HH+PS is less than
about 60, T1 is warm enough compared to T3 to
promote mixing, so that the value 60 may be

-taken as the threshold corresponding to

breakdown of the inversion.

Therefore to use this method, one merely
needs to scan the HH and PS columns, noting
when their sum drops below 60 (inversions
generally occur with sums well above 60), and
forecasting inversion breakdown at that time.

HII and PS vs Surface Inversion
(BOI and GEG) (397 winler cases)

oo — e -

H++2S (ko) M (madel PS5 (borom)
-]

O 1 P o ETTTET L T
2 -5 1 1 Al h 7
- 2 0 ? 4 «
LI AR ]

Figure 4,

Figure 4 shows values of HH and PS
separately as they contribute to the sum. Note
that HH and PS both increase as inversion
strength (T1-T3) increases.

Figure 5 illustrates average low level
moisture during surface inversions. R1
represents model analyzed relative humidity in
the lowest 35 mb, while R2 represents mean
humidity in the layer above it up to 500 mb.
Note that R1 is usually larger than R2 during
surface inversions, and that R1-R2 tends to
increase as the inversions strengthen. But since
the HH+PS trace is similar to the R1-R2 trace,
it is not necessary to use the latter.

HI+PS and RID dif vs Suirface Inversion
(BOI and GIG) (397 winler Cases)
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Figure 5.

Figure 6 contains information about true

surface conditions, since observed maximum

temperatures are included in the ordinate. Here
it can be seen that observed maxima are about
the same as T1 during inversions, but when T1
becomes about 4 degs C warmer than T3,
observed maxima also become much warmer
than T1, indicating complete mixing.

Obscrved Max lemp=T1 vs TI-13
(BOI and GEG) (397 winler cases)
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Figure 6.
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Figure 7 shows how average boundary layer
wind speed varies with inversion strength. In
general inversion strength is insensitive to
boundary layer wind speed, although there is a
slight tendency for lighter winds to occur with
stronger inversions. ‘

Boundary Layer Wind vs Slc Inversion
(BOI and GEG) (397 winler cases)
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Figure 7.

2.1 Modifications in the Method

In an index as simple as HH+PS, one must
be aware of several assumptions and simplif-
ications. For one thing, HH and PS have
different units. From the hypsometric equation,
e.g., Holton (1979),

HH

ln(_‘E_s;
500

T = —}%x (1)

where T is mean virtual temperature from sea
level to 500 mb, g is gravity, R the gas
constant, HH thickness from sea level to 500 mb
(i.e., 500 mb height), and PS sea level pressure,
it is seen that a change in HH of 1 dam
corresponds to a change of about 1.2416 mb in
PS when typical values of 560 dam are used for
HH, and 1000 mb for PS. After normalizing,
the index becomes HH+1.2416PS. Figure 8
shows the modified relationship to TI1-T3
inversion strength. Note that little additional
benefit is gained using the modified index.
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Figure 8.

It is assumed that changes in PS affect
temperatures only near the surface, while
changes in HH affect temperatures uniformly
throughout the entire 1000 mb to 500 mb layer.
This assumption is justified indirectly as follows:

Since HH is large in summer, large values
of HH+PS can also occur in summer. Figure 9
shows that HH+PS has maxima in both summer
(when T1-T3 is large) and in winter. During
summer, afternoon surface-based inversions
never occur, i.e., there is always a lapse
condition. Therefore, increases in HH must be
felt all the way to the surface, resulting in a’
positive correlation between HH and surface
temperature.
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Figure 9.
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But note from Figure 9 that it is the
difference HH-PS which correlates very strongly
with T1-T3 lapse rate during summer. For this
to happen, PS must be playing only a minor
role.

In winter, on the other hand, changes in HH
often do not affect conditions near the surface.
In other words, surface temperature seems to be
controlled by PS in the winter and by HH in the
summer. This explains why it is possible for
HH+PS to have maxima in both summer and
winter.

We now have the results that the sum
HH+PS correlates well with T1-T3 during
winter, while the difference HH-PS correlates
well with T1-T3 during summer.

The two results can be combined by
multiplying PS by a parameter which ranges
from -1 in summer to +1 in winter, and then
adding to HH.

3. SUMMARY

The simple combination of HH+PS, taken
from routine NMC-published numerical forecast
output, provides a means of evaluating the
strength of surface inversions in the
intermountain region of the western U.S., in
which inversion strength itself is measured by
the magnitude of T1-T3. Surface inversions
usually occur when HH+PS is larger than 60,
but tend to break when HH+PS falls below 60.
Large values of HH +PS during summer are due
to large values of HH alone, and are not
associated with surface inversions. Normalizing
units of HH and PS provides little if any
additional benefit over using HH+PS directly.
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SURFACE BASED INVERSION INDEX (HH + PS)

On the FOUS tables FRH72 or FRTH72, find the sum HH + PS.

Refer to Figure 1. High numbers of HH + PS (greater than
about 68) correspond to surface-based inversions, indicating
a combination of cold air at the surface (high PS) and warm
air above (high HH).

The left half of Figure 1 indicate surface-based inversions
(when Tl is colder than T3), Tl being temperature 35 mb
above the model surface, and T3 the temperature near 900 mb.

Figure 2 shows how HH and PS contribute to the sum HH + PS.
During winter inversions, PS dominates. During summer, HH
dominates.



