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AN APPROACH TO FORECASTING LOW ~URFACE HUMIDITIES,
AT NIGHT IN THE ROCKY MOUNT.?\INS

by

M. S. Webb

ABSTRACT

Low surface relative humidities at night in the Rocky Mountains
can increase sIgnificantly the flammability offorested areas: Through
ex~mination'o,f the wind and temperature characteristics of the air_
stream aloft, an approach to forecasting these low humtdity occur­
rences, is presented. The extent to which the airstream' character­
istics favour lee wave formation during,these occurrences is discussed.

MiTHODE DE PREVISON DES FAIBLES HUMIDITES DE SURFACE, '
, L1}.NUI~, bANS, LE,S MONTAGNES RO~HEUSES

pa,r

M. 's. Webb

'" /RESUME

Les faibles humidites relatives de surface, lanuit, dans les
montagnes Roucheuses, peuvent augmenter sensiblement 11inflam_
mabilite des regions boisees. Apres,avoir etudie les caracteris­
tiques du vent et dela temperature du courant aerien en altitude,
l'auteur expose une meth-ode de prevision de ces~as de faible '
humidite. 11 indique eg~lement dans queUe mesure les caracter­
istiques du courant aerien favorisent alors la formation d'une onde
sous Ie vent.
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. Figure 1
Hygrotherm.ograph Trace From. Kananaskis Valley for. August, 1960
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AN APPROACH TO FORECASTING LOW SURFACE HUMIDITIES
AT NIGHT IN THE ROCKY MOUNTAINS

by..
M. S. Webb

(Manuscript Received May 17, 1965, Revised ForITl NoveITlber 24, 1965)

Introduction

In ITlountainous areas the diurnal pattern of relative hUITlidity near
the surface of the ground is' occasionally disrupted when the hUITlidity
reITlains. notably lower than norITlal for all or part of the night (Figure
1). These periods of lowhuITlidity are of great iITlportance in forest
fire control because they cause a continuing decreas.e in ITloisture
content and a corresponding increase in the flaITlITlability of potential
~ood fuels, (MacHattie 1966), Wright and Beall'1945, ByraITl 1959).
If these occurrences could be predicted, forest fire c'ontrol would
·benefi t greatly through the ITlore efficient and effective use of .
available ITlen and equipITlent.

As an airstreaITlpasses over a ITlountain range, subsic;lence often
occurs to the lee. In thi s desc ending current, the teITlperature will
rise due to' adiabatic heating, and, provided the air is unsaturated,
the relative hUITlidity will decrease. The presence of such a current
could be reflected in surfa'ce temperature and hUITlidity graphs,

. with the effects being ITlore pronounced at night.

This paper exaITlines the relationship between low hUITlidity oc­
currences at night in a ITlountainous area and the characteristics of
the airstream aloft.' .

Data'Sources

FroITl June 21 to September 8, 1960, twenty hygrotherITlograph
stations were in operation in the Kananaskis Valley area of South­
western Alberta to record characteristic relative hUITlidities in fores­
ted rriountain' areas (MacHattie 1966). Each hygrotherITlograph was
carefully installed in a Stevenson screen 4i feet above the ground.
The relative hUITlidity recordings obtained froITl these stations are
used in this paper.

, <:.

The Kananaskis Valley is located in the Rocky Mountains at ap­
proxiITlately 51 N 115W, and runs in a north-south line (Figure 2).
The' Kananaskis Range f'orITls the western side of the valley. This
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range with an elevation fro:m. 4000
to 6000 feet above the valley floor
presents a continuous and unbro­
ken barrier to westerly winds.
The valley floor averages abo'l;lt
4600 feet above sea level. A
co:m.plex network of si:m.ilarly
orientated ranges extends west­
ward to t1}e'Pacific Coast. All
the hygrother:m.ograph stations
were located east of the Kan­
anaskis Range.
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Figure 2
Sche:m.atic Sketch of Kananaskis Area

While it would be preferable to study the.characteristics of the
airstrea:m. aloft using ascent data fro:m. upstrea:m. radiosonde stations,
it was decided that this :m.ethod would not be practical as they are
between 250 and 550 :m.iles away, L e. 24 or :m.ore hours distant.
The approaching airstrea:m. could undergo sufficient changes in sta­
bility and wind characteristics while crossing this distance, as to
render the radiosonde data an unreliable indicator of airstrea:m. con­
ditions over the valley. A preli:m.inary analysis of the te:m.perature
and wind characteristic of the airstrea:m. as provided by these radio­
sonde ascents, yielded no evidence of any interrelationship with th~

occurrences of low surface hu:m.idities in the Kananaskis Valley.
Therefore, it was decided to exa:m.ine the airstrearp characteristics
over the Kananaskis Valley by interpolation fro:m. the 700, 500 and 300
millibar constant pressure charts. These charts were kindly supplied
by the Central Analysis Office.

Parameters

. For the purposes of this investigation a relative hurnidi ty value of
70% or less at night is defined as low. 'This value, while arbitrary,
does repres ent a level below which the flammability of wood fuels
beco:m.es 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 humidiiy"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 Nights
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Figure 3
Average Duratiorl in Hours per Night per Station of

·Low Relative Humidities for All Stations

The frequency of occurrence by duration of low humidities i's shown
In Figure 3. Since brief fluctuations in humidity are not uncommon,

. the initial high incidence of low humidity averages, followed by a rapid
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 or,ographic subsidence.
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Figure 4
Frequency of Consecutive Low Humidity Nights

Readings on 28 nights showed an average of 2 hour.s or more of
low humidities per staii<i>n. Figure 4 shows the frequency of con­
secutive low humidity nights. On two separate occasions, four or
~ore consecutive low humidity nights were recorded.

Airstream Characteristics

Wind direction

Figure 5 shows the frequency by direction of the 700 millibar wi:nd.
It can be seen from this histogram. t..~at all low humidity nights occurred
with a700milJib<.i.r wind directionbet'Ne~n200apd,?~0.gegr~~s.

Stability and wind speed characteristic s

Table 1
Stability andWind~-SpeedCategories .'

700-500 ME

Temp Difference
_ ).XI.°C;,

Total
Number
of
,Nigh~s ,

Low Humidity
Nights

Total Criteria
Satisfied
(a) + (b)

Non-Low Humidity ~ights

Total Criteria
Satisfied

- ' ~~.

( a). (b) (a) + (b)

L. 16 30 19 17 11 3 7 o

'/'16

TOTALS

50

80

9

28

8 41

52

34 ,37 30

e'
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Criterion (a) 700 millibar wind direction between 200 and 320 degrees.

Criterion (b) i. Wind speed,constant or increasing with altitude; and

11. wind direction not varying with altitude by more
than 30 degrees from the 700 millibar dire'etion.

An examination of the airstream cliaracteri stic s ,( Table 1) during
the 28 low',humidity nights showed that 19 had a temperature dif_
ference of~ 16°C between the SOO and700 millibar levels and winds
either 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 increasing winds with height and a
temperatu~re difference ";:> 16°C,: '

Consider now the 52, non-loy; humidity nights. There were 11
wi~th a_temperahlre differep.c~~,.16° ~. Whil'~7 of these nights
satisfied c rite rl on (b), not one of the, 7 fulfilled. criterion (a). This
leaves 41 nights with a temper~ture difference ~ i 6°C. None of
these had strongly increasing winds comparable to the 7 low humidity
nights.

Suggested 'Explanation

Since low humidi ty 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 12 was mandatory. (also
see Booker 1963)

J
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g - acceleration of gravity

where 1
2

(3
= g-Z

u (3- stabili ty

•

I.!

U _ wind speed

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

2
Since the wind speed usually increas es with height, 1 will

usually decrease in value with height. Wave formation will only be
likely when the decrease in 12 with height is more. substantial than
usual (Corby 1957). A 700- 500 millibar temperature difference
of ~ 160 C combined with nondecreasing winds with height and/ or- .

strongly increas.ingwinds with height could result in a substantial
decrease in this value and, hence, a good probability of wave for::­
mati on. 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 !llillibar wind on low humidity nights
is not incompatible with this explanation (see figure 5). T};1e fric­
tion which occurs as the ?-irstreamcrosses 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 di:q~ction;.20 tQ )0 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 paper has reported on occurrences of low night relative
humidity as shown by hygrographs operat,ed fo~ an 80 day period in
summer in a mOllp,taip,ous 'area. Twenty-eight nights show.ed.a.
station average of 2 hours or more of humidities below 700/0 between
midnight and 6 a. m. It was found pos si b.le 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 arid 320 degrees.

(b) i. Temperature difference between 700 and 500 millibars
of c:::::::. 16° C and winds which do not decrease with
height (lr .

ii. winds inc reasing 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 nights for which these
criteria were satisfied.

Criterion
Satisfied

Low Humidity Nights Non-Low Humidi~yNights
(total of 28 nights) (total of 52- nights)

(a)

(a) and (b)

28

25

41.

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 caI1­
be attri buted to s,ubsidence 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.

l

APPROVED,

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

J.

•
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