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ABSTRACT

‘Low surface relative humidities at night in the Rocky Mountains :
can increase significantly the flammability of forested areas. - Through
examination of the wind and temperature characterlstms of the air-
stream aloft, an approach to forecasting . these low humidity occur-
rences.is presented. The extent to which the airstream character-
-istics favour lee wave formation during these occurr_ences is discussed.

METHODE DE PREVISON DES FAIBLES HUMIDITES DE SURFACE,
LA NUIT DANS LES MONTAGNES ROCHEUSES

v par
M. ‘S. Webb o R
. SE .
RESUMEV

Les fa1bles humidités relatlves de surface la nu1t dans les
montagnes Roucheuses, peuvent augmenter sensiblement 1'inflam-
‘mabilité des régions boisées. Apres avoir étudié les caractéris-
tiques du vent et de la température du courant aérien en altitude,
l'auteur expose une méthode de prévision de ces cas de faible -
humidité. Il indique également dans quelle mesure les caractér-
istiques du courant aérien favorlsent alors la formation d'une onde
sous le vent.
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AN APPROACH TO FORECASTING LOW SURFACE HUMIDITIES
' AT NIGHT IN THE ROCKY MOUNTAINS

by

M. S, Webb

(Manﬁscript Received May 17, 1965, Revised Form November 24, 1965)

- Introduction

“In mountalnous areas the diurnal pattern of relative humidity near
the surface of the ground is occasionally disrupted when the humidity

- remains notably lower than normal for all or part of the night (Figure

1). Theée p’eriods of low humidity are of great importance in forest
fire control because they cause a continuing decrease in moisture
content and a corresponding increase in the flammability of potential

_ wood fuels, (MacHattie 1966), Wright and Beall 1945, Byram 1959).

If these occurrences could be predicted, forest fire control would

benefit greatly through the more efficient and effectlve use of .

available men and equipment.

As an airstream passes over a mountain range, subsidence often
occurs to the lee. In this descending current, the temperature will

- rise due to'adiabatic heating, and, provided the air is unsaturated,

the relative humidity will decrease. The presence of such a current
could be reflected in surface temperature and humidity graphs,

“with the effects being more pronounced at night.

This paper examines the relationship between low humidity oc-
currences at night in a mountainous area and the characterlstlcs of

" the airstream aloft.’

Data' Sourc es

- From June 21 to September 8, 1960, twenty hygrothermograph
stations were in operation in the Kananaskis Valley area of South-
western Alberta to récord characteristic relative humidities in fores-

ted mountain:areas (MacHattie 1966). Each hygrothermograph was

carefully installed in a Stevenson screen 43 feet above the ground.
The relative humidity recordings. obta1ned from these stations are
used in this paper.

The Kanahaskis Valley is located in the Rocky Mountains at ap-
proximately 51 N 115W, and runs in 4 north-south line (Figure 2).

* The Kananaskis Range forms the western side of the valley. This




range with an elevation from 4000
to 6000 feet above the valley floor
presents a continuous and unbro-
N , ken barrier to westerly winds.

\ ' The valley floor averages aboxjt

KANANASKIS \ 5ol = 4600 feet above sea level. A

RANGE w{ KANANASKIS complex network of similarly
: VALLEY orientated ranges extends west-

ward to the Pacific Coast. All
the hygrothermograph stations
were located east of the Kan-
anaskis Range. ’

Figure 2
Schematic Sketch of Kananaskis Area

While it would be preferable to study the characteristics of the
airstream aloft using ascent data from upstream radiosonde stations,
it was decided that this method would not be practical as they are
between 250 and 550 miles away, i.e. 24 or more hours distant.

The approaching airstream could undergo sufficient changes in sta-
bility and wind characteristics while crossing this distance, as to -
render the radiosonde data an unreliable indicator of airstream con-
ditions over the valley. A preliminary analysis of the temperature
and wind characteristic of the airstream as provided by these radio-
sonde ascents, yielded no evidence of any interrelationship with the
occurrences of low surface humidities in the Kananaskis Valley. :
Therefore, it was decided to examine the airstream characteristics
over the Kananaskis Valley by interpolation from the 700, 500 and 300
millibar constant pressure charts. These charts were kindly supplied
by the Central Analysis Office. '

Parameters

. For the purposés of this investigation a relative humidity value of
70% or less at night is defined as low. This value, while arbitrary,
does represent a level below which the flammability of wood fuels
becomes significant (Gisborne 1928). Night is defined as the period
from midnight to 6. a. m. local time, since the effects of a subsiding
current would be most apparent during this interval. The hygro-
thermograph recordings showed that the relative humidity-for this
period would normally be in excess of 90%. A low humidity night is
defined as one during which the 20 stations recorded a total of 40
hours or more of low relative humidity during the night period.
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By interpolation between the 0000 and 1200 G. M. T, charts, repre-
sentative values for the geostrophic winds and temperatures were
determined for the night period. Winds were measured to the nearest
10 degrees and 5 knots and temperatures to the nearest degree Centi-
grade. Estimation of change in winds and temperatures with height
were based solely on these figures derived from the constant pres-
sure charts. No attempt was made to ascertain any variations
between levels. '

Results

Occurrences of Low Humidity Nighfs
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' Avf_arage Duration in Hours per Night per Station of
~Liow Relative Humidities for All Stations

The frequency of occurrence by_durationlof low humidities is shown
in Figure 3. Since brief fluctuations in humidity are not uncommon,

‘the initial high incidence of low humidity averages, followed by a rapi.d

decrease in frequency as averages increase, is not surprising. This
decrease ends abruptly with a small but - marked increase in frequency
of nights with low humidities averaging 2 or more hours in duration
per station. This suggests that some new factor is influencing the
humidities. This increase could be produced by the downward pene-

tration of drier air caused by orographic subsidence.




oo

i

NUMBER

O =W

1 2 ' 3 4 . 5
“*'NUMBER OF CONSECUTIVE LOW HUMIDITY NIGHTS

, Figure 4
Frequency of Consecutive Low Humidity Nights

Readings on 28 nights showed an average of 2 hours or more of
low humidities per statien. Figure 4 shows the frequency of con-
secutive low humidity nights. On two separate occasions, four or
more consecutive low humidity nights were recorded.

Airstream Characteristics
‘Wind direction
Figure 5 shows the frequ'ency; by direction of the 700 millibar wind.

It can be seen from this histogram that all low humidity nights eccurred
with a:700 millibar wind direction between 200 and 320-degrees.

Stability and wind speed characteristics

. Table 1
Stability and Wind-Speed Categories
700-500 MB - - Total  Low Humidity | <
' : Number Nights Non-Low Humidity Nights
Temp Difference of .Total Criteria "Total. Criteria
..in.°C. . ... ... Nights. ‘Satisfied . Satisfied
o (a) + (Db) (a) (b) (a) + (b)
<16 30 19 17 11 - 3 7 . 0
>16 50 9 8 . 41 34 37 30

TOTALS 80 28 52




TOTAL NO. OF NIGHTS
TOTAL NO. OF LOW
HUMIDITY NIGHTS

Figure 5
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Criterion {a) 700 millibar wind direetion between 200 and 320 degrees.

' Criterion (b} i. Wind speed.constant or increasing with altitude; and

ii, wind direction not varying with altitude by more
- than 30 degrees from the 700 millibar direction.

An examination of the airstream characteristics (Table 1) during
the 28 low- humidity nights showed that 19 had a temperature dif-
ference of £16°C between the 500 and 700 millibar levels and winds
cither constant or increasing by about 15 to 20 knots between the 700
and 300 millibar levels. Seven of the remaining low humidity nights
had strongly increasing wind speeds With height. On these latter 7
nights, winds of 20 to 30 knots at the 700 millibar level increased
to 60 knbts or more at the 300 millibar level. The remaining 2 low
humidity nights had only lightly.inc reas1ng Wl"lds w1th height and a
temperature difference > 16°C. :

Consxder now the 52 non- low humldlty mgh*s There were 11
w1th a temperature difference < 16°C. While 7 of these nights '
satisfied criterion (b), not one of the 7 fulfilled crlterlon (a). Th1s
leaves 41 nights with a temperature difference = 16°C. None of
these had strongly increasing winds comparable to the 7 low humidity
nights.

Suggested Explanation

' Since low humidity nights occur with the more stable lapse rate
between the 700 and 500 millibar levels, the low night humidities are
unlikely to be caused by turbulent mixing alone. Subsidence penetra-
ting to near the ground within the valley' could account for it, but some
mechanism would be required to induce this subsidence against a
stable lapse rate. Lee waves are a possibility.

It is well known that waves often form in an airstream to the lee
of a mountain range. These waves, referred to as lee waves, are
not unlike the ripples which form in a shallow stream as the water
flows over a submerged obstacle.

Scorer (1949, 1958) has shown that.in order for waves to form to
the lee of a mountain range, the airstream must have a suitable
combination of decreasing stability and increasing winds with height.
He found that a decrease in a parameter 1° was mandatory. (also
see Booker 1963) ,




g - acceleration of gravity
2 Cys s
where 17 = g _ 2 (3 - stability
U . wind speed

2
The greater the decrease of 1 with height, the greater the likelihood
that waves exist in the airstream.

Since the wind speed usually increases with height, 12 will
usually decrease in value with height. Wave formation will only be
likely when the decrease in 1% with height is more substantial than
‘usual (Corby 1957). A 700 - 500 millibar temperéture difference
of £ 16°C combined with nondecreasing winds with height and/or
strongly increasing winds with height could result in a substantial
decrease in this value and, hence, a .good probability of wave forz-
mation., Thus, from Table 1, it is apparent that 26 out of 28 low
humidity nights took place under conditions that appeared favour-
able to lee wave formation.

- The direction of the 700 millibar wind on low humidity nights
is not incompatible with this explanation (see figure 5), The fric- |
tion which occurs as the airstream crosses the mountains will
cause a breakdown in the geostrophic balance with the result that the
- winds will back. In the present instance, this means that the winds
.will have a more southerly direction; 20 to 30 degrees would not be
unreasonable. Hence, the 23 low humidity nights with an apparent
geostrophic wind direction at 700 millibars between 240 and 300 de-
grees would actually be centred closely about the direction (240
degrees) which is perpendicular to the axis of the Kananaskis Range.

\

Summary

This papér has reported on occurrences of low night relative
‘humidity as shown by hygrographs operated for an 80 day period in

summer in a mountainous area. Twenty-eight nights showed a .
station average of 2 hours or more of humidities below 70% between
midnight and 6 a. m. It was found possible to distinguish these 28
low humidity nights from the remaining nights on the basis of the
following airstream criteria.
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(a) 700 millibar wind direction between 200 and 320 degrees.

(b) 1. Temperatﬁre diffé'fence between 700 and 500 millibars
of = 16°C and winds which do not decrease with
height or ‘

=" ii. winds increasing with height from.20 or 30 knots - .
at the 700 millibar level to 60 knots or more at the
300 millibar level.

The following table shows the number of ﬁights for which these
criteria were satisfied. ‘

Criterion Low Humidity Nights Non- Low Humidity Nights
Satisfied _ (total of 28 nights) . (total of 52 nights) :
(a) - 28 | 41

(a) and (b) 25 3

When judging the success of these results as a forecasting tool,
it must be remembered that these criteria were chosen specifically
to fit the data. They suggest that occurrences of low humidities can
be attributed to subsidence of orographic origin -- possibly lee waves.
The next step is to apply these criteria’to independent. data in order to

:determine their applicability and validity. In‘the meantime, they are

presented as an approach to forecasting low humidity nights.

APPROVED,

J. R.-H. Noble,
Director, .
Meteorological Branch.

I
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in the Rocky Mountains can increase signifi:
icantly the flammability of forested areas. -
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Low surface relative humidities at mght ‘
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