
357 

WINTER STEADY-ST ATE RELATIVE 
HUMIDITY AND MOISTURE LOAD 
PREDICTION IN DWELLINGS 
K.R. Stum 

ABSTRACT 

With the increasing concerns about indoor air quality 
and energy use, of which relative humidity is a factor, it 
is important for building designers, heating contractors, 
and engineers to be able to predict what the interior 
relative humidity will be in houses. This allows the 
condensation risk and the health and energy consid­
erations associated with moisture to be properly ad­
dressed. There is a need for a convenient model for 
residential relative humidity predictio11. 

r--' A model for predicti11g the average steady-state winter 
\ interior relative humidity in dwellings has been developed. 

All required input variables have been defined and 
methods for their quantijicatio11 outlined. A method for 
estimating the occupant moisture generation value other 
than the generic ''family off our" value has been created 
as part of the model. Also, the ASHRAE equation for 
calculating the humidifier moisture load in dwellings has 
been enhanced by providing a table and a curve:fit 
equation for finding the monthly outside absolute humidity 
for more than 300 sites in the United States. In addition 
to the complete "equation form" models, nomographs 
have been created for relative humidity prediction and 
load calculation, which provide a very convenient, yet 
accurate, method of solutio'::__J 1,-.- -

INTRODUCTION 

The interior relative humidity in houses during winter 
affects the well-being and health of the occupants. Health 
complications from bacteria, viruses, and asthma increase 
with low and with high interior relative humidities 
(Sterling et al. 1985). Respiratory infections increase with 
low humidities, and fungi and mite growth increase with 
high humidities (Sterling et al. 1985; Kelly 1982). 
Noxious odor perceptions and formaldehyde emissions 
increase with higher relative humidities. With higher 
relative humidities, structural integrity may be damaged 
from mildew, peeling paint, rotting wood inside insulated 
cavities, and condensation on windows. During winter, 
maintaining a high relative humidity will increase the cost 
of space heating (Kelly 1982). 

Depending on which of the above factors has priority, 
the optimum interior relative humidity during winter in 

dwellings may be as low as 30 % or as high as 60 % • It is 
important for designers, HV AC contractors, and engineers 
to be able to predict what the relative humidity will be in 
a dwelling. This allows the above factors to be optimized 
with regard to occupant health and comfort, structural 
integrity, and energy use. For example, by knowing that 
the relative humidity would be too high, the designer or 
engineer can recommend mechanical dehumidification, 
increasing point-of-source spot ventilation and using 
window and wall designs that are more resistant to 
condensation, better ·vapor retarders and airtightness 
design, higher ventilation rates, and a sensible-only heat 
recovery ventilator rather than an enthalpy type. Converse 
choices can also be intelligently made if the relative 
humidity is projected to be low. 

Methods are available for predicting the monthly 
average interior relative humidity. However, from a study 
of available sources, none of the equations for this 
prediction is in a readily usable form for most designers, 
contractors, and engineers. Some variable values needed 
for input in these equations are not directly available to 
the typical user, requiring research of meteorological and 
thermodynamic tables to find them (Tenwolde 1987; Boyd 
et al. 1988; Kronvall 1986; ASHRAE 1988). Other 
equations are transient dynamic methods (Tenwolde 1987; 
Barringer and McGugan 1989a), not intended for monthly 
or seasonal averages, and require computers for genera­
ting the solution. 

The only equation available in a widely read manual 
is that found in ASHRAE Equipment (ASHRAE 1988, 
Chapter 5, Equation 1). Its use requires knowing the 
outside absolute humidity, w

0
• Monthly or seasonal 

absolute humidity values are not directly available in 
tabular form. However, ASHRAE does give a typical w

0 

value to use for the entire U.S. Since the equation is 
actually intended for load calculations and not for relative 
humidity predictions directly, this default value may be 
acceptable for rough equipment sizing. However, Figure 
1 illustrates how large errors will occur if a universal 
outside w

0 
value is assumed when predicting interior 

relative humidity. Figure 1 compares the interior relative 
humidity prediction for various sites across the upper half 
of the United States for a typical dwelling and occupancy 
scenario. The "universal" value for outside absolute 
bumidity offered by ASHRAE equates to Salt Lake City 
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Figure 1 Outside moisture vs. inside relative humidity 
(based on a typical scenario in January). 

and results in an inside relative humidity of 31 %. Using 
this w value in a drier climate, such as Fargo, North. 

0 

Dakota, would again result in a prediction of 31 % , over-
predicting the humidity by 9 humidity points(%) from !l 
prediction using the actual site's absolute humidity. In 
Cincinnati it would underpredict the relative humidity by 
4 points. 

The ASHRAE equation "as is" in Equipment is 
intended for humidifier load calculation. It is not in the 
form to give the interior relative humidity without major 
algebraic manipulation and thermodynamic conversion; 
thus it is not in a usable form for this purpose. 

The other main weakness of the published methods is 
that they offer no way to determine an input value for the 
interior moisture generatio::i from occupants unless one is 
dealing with a "family of four." 

OBJECTIVE 

It is the objective of this paper to present the develop­
ment of a model to predict monthly average steady-state 
winter interior relative humidity in dwellings. For use 
with the model, a table of outside air moisture content 
values (dew-point temperatures) for 300 sites across the 
United States will be provided as well as a model of 
interior moisture generation for dwellings with 1 to 10 
occupants. In addition, a humidifier load prediction 
method will also be provided. These prediction methods 
will be given in useful nomograph form as well as by 
equations with required curve fits for use with computers. 

MODEL DEVELOPMENT 

Interior relative humidity is a function of the fol­
lowing variables: the number of occupants and the amount 

· of moisture they generate, other interior moisture sources 
(diffusion from soil under the house, indoor plants, gas 
combustion), the volume of the house, the air change 
leakage rate of air into and out of the house, the amount 
of moisture in the outside air (the absolute humidity), 
moisture recovery from any heat recovery ventilators, and 
for transient hourly predictions, vapor diffusion through 
the structure shell to the outside and the amount of 
moisture absorbed and released by building components. 

Vapor diffusion through the structure shell to the 
outside is proportionately small enough to be neglt>.cted 
(Tenwolde 1987; ASHRAE 1988). The moisture storage 
effects into the building components (absorption and 
desorption) necessary for dynamic simulations can be 
ignored for monthly average steady-state predictions 
(Tenwolde 1987, 1990; Barringer and McGugan 1989). 

Base Equation 

The accepted ASHRAE equation for humidifier load 
calculations, a simple mass balance relation (ASHRAE 
1988, Chapter 5, Equation 1) was chosen over other 
available forms since the ASHRAE equation required 
looking up fewer values from meteorological tables. Also, 
after manipulation, the ASHRAE equation will take into 
account elevation and specific volume differences between 
inside and outside air. The ASHRAE equation was so!ved 
for the interior relative humidity, with the humidifier load 
and diffusion and storage losses set to zero. Also, the 
specific volume was separately applied to the outside and 
inside air, rather than using an average. The derivation 
follows: 

ASHRAE Equation 1: 

Q,,. = (V.A.c/v)(<.>i - c.>
0

) - Q
1 

+ D. (1) 

With Qm and D = 0, using "; and 11 
0 

instead of an 
average 11, and solving for w;, Equation 1 becomes 

c.>1 = (Q
1

vifVAc) + {v1(,)
0
/v

0
). (2) 

The standard thermodynamic relations (ASHRAE 1989), 

(,)I = .622 P wf (P - P w) (3) 

(4) 

RH = 1004> (5) 

when combined and solved for w; and substituted into 
Equation 2, which is then solved for RH;. yield: 

RH, = lOOP{(Q• v1/(V.Ac)) 
+ CJ>

0 
v1/v 

0
}/{Pwal((Q• vif (VAc)) (6) 

+ (c.>
0
vifv

0
} + .622)}. 

Equation 6 is the basis for average monthly relative 
humidity prediction in this paper. 



Determination of Base Equation Input Values 

The values needed in order to use Equation 6 in 
predicting the monthly average interior relative humidity 
in winter are now given. This detailed prediction method 
takes into account elevation and different specific volumes 
between inside and outside air. These factors are not 
extremely significant but cause no trouble for computation 
by computer. 

From the relation PJ1 = RT for dry air, the specific 
volume JI of the inside and outside air for the respective 
monthly average temperatures is found by 

v = 0.3738 (t + 460)/ p. (7) 

It is noted that Equation 7 for dry air will give specific 
volumes within 1 % of those from the more complex . 
relation required to account for the actual moist air being 
considered. 

The total pressure P is given by a curve fit as a 
function of altitude from Table 3, Standard Atmospheric 
Data (ASHRAE 1989): 

p = 14.7077(0.999963(.Alt>). (8) 

(Technically P and JI cannot be found independently as 
per Equations 7 and 8 but would require iterating to come 
to convergence. However, the error is negligible for this 
application.) 

The inside saturation vapor pressure P wsi is a function 
of inside temperature. Tahle 2, Thermodynamic Proper­
ties of Water at Saturatioc (ASHRAE 1989), has been 
curve fit: 

(9) 

This curve-fit equation is the dew-point temperature 
curve vs. the absolute humidity values on the standard 
psychrometric chart. The outside absolute humidity w

0 
in 

Equation 6 is given as a function of outside mean dew­
point temperature td, since the average monthly dew-point 
temperatures for many sites across the United States are 
compiled in meteorological tables but w

0 
values are not. 

Equation 10 is a curve fit of w
0 

vs. td from Table 1, 
Thermodynamic Properties of Moist Air (ASHRAE 
1989). The curve fit was possible because the table gives 
the absolute humidity at saturation for the given dry-bulb 
temperature, which is the corresponding dew-point 
temperature. Dew-point temperatures are found in Table 
2 in the appendix. 

<..>
0 

.. 0.1978 e"(((t, - 213.82)2)/(-8286.82)). (10) 

The interior house volume Vis computed by standard 
means: floor area times ceiling height. The air exchange 
rate Ac between the inside and outside varies considerably 
depending on the general geographical area, local conven­
tional practice, and the particular builder. As a general 
rule, new dwellings in the upper half of the United States 
wiU have an average winter rate of about 0.4 to 0. 7 air 

3 

changes per hour (ach). This includes all sources of air 
change-natural leakage and mechanical and occupants' 
effects. ASHRAE (1988) assumes somewhat higher air 
change rates than this, but the author's own experience 
and considerable research on the subject (Stum 1987) give 
more rnpport to the lower values. Canadian houses are 
built somewhat tighter. However, any houses built with a 
natural air exchange rate below 0.3 ach are normally 
fitted with ventilation systems that keep the total exchange 
rate between 0.3 and 0.5 ach. 

If the house is going to have a heat recovery ven­
tilator (HRV) that reclaims moisture from the outgoing 
airstream, the total air change Ac in Equation 6 should be 
substituted with Acnet to account for this reduction in 
moisture loss from air exchange: 

(11) 

where f is the fraction of the moisture recovered from the 
outgoing airstr~m by the HRV, typically about .5 to .7 
(Tech. Note 1983; Barringer and McGugan 1989b). 

Moisture Generation Model 

The overall value for interior moisture generation Q 
is generally given on:ly for a family of four, or it is liste:i 
individually by moisture generated per activity. A con­
venient model for other than four occupants was needed. 
Using moisture generation values itemiz.ed per activity 
from a number of sources (Boyd et al. 1988; Kronvall 
1986; ASHRAE 1988; Hill 1988; Stum 1990) and from 
a frequency of activity survey (Aslam 1985; BPA 1989), 
Table 1, found in the appendix, was generated from 
which moisture generation values Qg can be taken. A 
curve fit of the table is also provided. Th~e curve fi~s 

(Equations 14, 15) on the bottom of the table do not 
account for moisture release from combustion of gas in 
ranges and gas dryers. Refer to the notes at the bottom of 
the table for values for those sources. 

The equations do account for moisture transfer from 
an average-sired basement, well damp proofed in dry soil, 
with a vapor retarder on the inside of concrete walls and 
under concrete floors . Moisture diffusion through base­
ment walls and slab floors and from crawl spaces is a 
function of soil type and water content, exterior damp 
proofing, interior vapor retarders, basement size, and 
interior relative humidity. All these factors have yet tll be 
combined into a versatile, reliable model. Therefore, t?ic. 
soil diffusion value included in Table 1 and used in the 
nomographs is a minimum value. Variance from these 
"dry" soil interface conditions nuy require increasinj? the 
moisture generation rate by up to an additional 3 lb/h 
(Barringer and McGugan 1989a,b). 

All the variables used in Equation 6 have now been 
defined and their value determination given. The site 
altitude, inside and outside average monthly temperatures, 
house volume, average air change rate, interior moisture 
generation rate, and the outside monthly mean dew-point 



temperature are the input values, along with Equations 7 
through 11, needed to solve Equation 6. 

Humidifier Moisture Load Calculation 

Equation 1 from ASHRAE (1988, Chapter S) is used 
as the basis for determining the load on a residential 
humidifier Qm when a given interior relative humidity is 
desired. With the diffusion to the outside and the storage 
term equal to zero, and by using Equations 3, 4, and 5 
herein, and by assuming a 70°F (21°C) inside temper­
ature and a 2,000-ft (600-m) elevation, solving Equation 
1 herein for Qm gives 

Q,,. = VAd(0.01564>1/(13.7 - 0.36334>1)) (l2) 
- c.l

0
/13.SS}- Q

8
• 

Equation 12 is now in a convenient form. The source 
for the variable inputs was explained previously. 

GRAPHIC SOLUTIONS 

Nomographs were created for convenient solutions to 
relative humidity and moisture load predictions. In order 
to simplify Equation 6 sufficiently to make it convenient 
for nomographs, some of the variable terms had to be 
given constant values. For all the graphs (relative humid­
ity and load prediction), an elevation of2,000 ft (600 m), 
an outside temperature of 35°F (l.7°C), and an inside 
temperature of 70°F (21 °C) were assumed. A sensitivity 
analysis was performed for setting these conditions. 
Elevation changes of 2,000 ft (600 m) either way from the 
base 2,000 ft (600 m) will only change the relative 
ht•.midity about 1 relative humidity point (1 % ). An outside 
temperature of 0°F (-18°C) will alter the solution by 
about the same amount. Therefore, these assumptions will 
yield negligible errors for residential conditions through­
out the U.S. and Canada. However, for predicting relative 
humidities with an inside temperature other than 70°F 
(21°C), a corrected RH value can be obtained by using 
the RH value at 70°F (21°C) with a psychrometric chart, 
keeping the absolute humidity constant. 

Interior Relative Humidity Prediction Nomograph 

The above assumptions applied to Equation 6 yield 
the simplified equation 

RH1 = 3166.4H(Q
8
/(VAc)) 

+ <&>
0
/13.SS}/{(Q

1
/(VAc)) (13) 

+ ((A) of 13.55) + 0.0429}. 

Equation 13 requires the inputs of the moisture 
generation, volume, air change rate, and outside mea.11 
dew-point temperature. 

To create the nomograph, four graphs (Figure 2) 
were fit to Equation 13 including a moisture generation 
vs. occupants graph generated from Table 1. The w

0 

value in the equation was curve fit as a function of outside 

mean dew-point temperatures, which are found in Table 
2 in the appendix. The dew-point temperature can also be 
found for any given condition using the standard psychro­
metric chart. Note the special directions and assumptions 
at the bottom of the figure and in Table 1. Graph 1 of the 
nomograph assumes that there is no humidifier operating 
and that the concrete and wood in the structure are past 
their initial drying (typically 12 to 18 months [Quirouette 
1984]). If this is not the case, increase appropriately the 
moisture generation rate used in the nomograph. It is 
noted that by trying different air change rates, the nomo­
graph can also be used to determine the air change rate 
required to maintain a desired interior relative humidity. 
This can be useful when trying to maintain a relative 
humidity by adjusting the mechanical ventilation rate. 

Humidifier Load Calculation Nomograph 

Four graphs (Figure 3) were fit to Equation 12 for 
calculating the moisture load required from a humidifier. 
From Table 2 in the appendix, the lowest monthly dew­
point temperature for the site should be used. A coin­
cidence used to simplify Graph 4 is that the moisture 
generation difference between the dryer vented out and 
vented in is very close to the moisture generation dif­
ference when the number of occupants is doubled. Graph 
4, as is, is for the clothes dryer-vented-out case. To 
evaluate a dryer-vented-in case, simply double the number 
of occupants. The nomograph in Figure 3 can actually be 
run backward to predict the interior relative humidity, if 
the humidifier moisture is at zero. However, it does not 
give the flexibility for being able to see what the actual 
occupant moisture generation rate is, as do the graphs in 
Figure 2. 

MODEL APPLICATIONS AND LIMITATIONS 

As detailed in the introduction, the model will be 
useful to HV AC engineers and contractors for predicting 
what the average relative humidity or humidifier load will 
be in dwellings. The nomographs will be especially 
convenient for rapid analysis. 

The model is based on simple, accepted mass balance 
relationships. However, the interior moisture generation 
rate (especially the basement soil diffusion component) 
and the air exchange rate are two input variables that can 
be difficult to predict accurately. 

The model will give the total dwelling monthly 
average relative humidity. The actual dwelling will have 
hourly and daily fluctuations in relative humidity, from 
the monthly average, on the order of ±7% RH (e.g., 
30% to 37% [Tenwolde 1987; Barringer and McGugan 
1989a]), due primarily to the fluctuations in interior 
moisture generation. In addition, the actual realized 
relative humidity variation from room to room during a 
given day may be even greater. This is especially true for 
basement areas that may have significantly higher humid-
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DIRECTIONS: Choose the number of occupants on vertical axis of Graph l , with a straight edge go right to Dryer line, up to Graph 2 and 
the House Volume, right to Graph 3 and the Air Change Rate, down to Graph 4 to the Outside Dew-Point Temperature (from 
Table 2), and left to the Relative Humidity. 

Notes: 
1. Graph 1, Moisture Generation Rate, is based on Table 1 and assumes dry soil conditions and a vapor retarder under the basement 

floor and on the inside of the basement foundation walls. Refer to Table l, and if necessary adjust the moisture generation value and 
use with the nomograph by disregarding the number of occupants and going up on Graph 1 from the appropriate moisture generation 
rate. 

2. If the house has a heat recovery ventilator that recovers moisture, the total air exchange rate used on Graph 3 should be lowered 
by the air change rate contribution of the ventilator multiplied by the fraction of moisture recovered from the outgoing airstream 
(typically about 50% to 70%). See Equation 12. 

Figure 2 Residential steady-state relative humidity prediction. 
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DIRECTIONS: Choose desired Relative Humidity on Graph 1, bottom side. With a straight edge, go up to the Outside Dew-Point 
Temperature, right to Graph 2 and the Air Exchange Rate, down to Volume on Graph 3, left to Number of Occupants on 
Graph 4, and down to Humidifier Load. If the house volume is larger than 20,000 ft3 (566 m3), divide the actual Volume 
in half, find the Humidifier Load, then multiply it by 2. For a dryer-vented-in case, just double the actual number of 
occupants. Refer to the notes on the Relative Humidity Prediction nomograph. 

Figure 3 Residential steady-state humidifier load. 
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itiea than the balance of the house if the soil is damp or 
if the exterior damp proofing is poor or if there is no 
vapor retarder under the concrete slab floor and inside the 
concrete walls. For moisture or condensation risk as­
sessment, these factors should be considered as well as 
using good judgment as to where the largest moisture 
contributions are coming from and where the most likely 
condensing surfaces are located. 

The model assumes a home that is at least 18 months 
old. For average-sized dwellings less than 18 months old, 
up to 9 lb of moisture per day can be released from 
curing concrete foundations ar; d floors and from drying 
lumber (Quirouette 1984). This is not accounted for 
directly in this model but could be by changing the 
moisture generation vabe accordingly. Wet-spray cel­
lulose insulation can also contribute moisture during its 
approximately one-year drying time. 

Due to moisture storage phenomena in the building 
materials not being taken into account, in cold dry 
climates with hot summers the model will give slight 
underpredictions of interior humidity for the early winter 
months and slight overpredictions for the late winter 
months (Tenwolde 1990). TILis occurs because the 
structure is somewhat "dry" ..-:oming into the. winter 
(Sherwood 1983)-summer heat usually dries the struc­
ture-and thus it absorbs airborne moisture that would 
otherwise contribute to the relative humidity. The situation 
reverses when coming out of the winter, with the struc­
ture now holding more moisture and releasing it to the air 
inside the dwelling, thus inc·reasing the relative humidity 
above that predicted by the model. These fall and spring 
prediction errors are expected to be less than 5 % RH. For 
areas that have humid, mild summers with less drying 
potential, the previous scenario may be reversed. The 
model will give summer interior relative humidity predic­
tions if the moisture added or removed due to any au 
conditioning is accounted for in the Q

8 
term. 

MODEL VALIDATION 

Ten dwellings in Utah have been spot checked with 
a sling psychrometer for interior relative humidities 
during the winter. The houses had "known" air exchange 
rates from pressurization tests and covered a wide range 
of sizes and occupancy numbers. The measured values 
were compared with the model and found to agree quite 
well. However, the low frequency of spot checking along 
with other varying conditions needing to be more closely 
monitored require a more thorough and complete samp­
ling for actual model validation. 

CONCLUSION 

A model for predicting the average steady-state 
winter interior relative humidity in dwellings has been 
developed. All required input variables have been defined 
and methods for their quantification outlined. A model for 

occupant moisture generation other than the "family of 
four" bas been created as part of the model. Also, the 
ASHRAE equation for calculating humidifier moisture 
load in dwellings bas been enhanced by providing a table 
and a curve-fit equation for finding the outside absolute 
humidity for more than 300 sites in the United States. In 
addition to these "equation form" models, nomographs 
have been created for relative humidity prediction and 
load calculation that provide a very convenient, yet 
accurate, method of solution. Results from the model have 
been compared to measured humidities from a small 
sample of dwellings in Utah and found to agree quite 
well. However, a more thorough validation with a larger 
data set is needed. 

NOMENCLATURE 

Ac 

AcHRV 

Alt 
D 

f 

pws 

pwsi 

total air change rate between inside and 
outside (h- 1) 
air change rate between inside and outside 
after being reduced to account for moisture 
reclamation of a beat recovery ventilator 
(h-1) 

air change rate between inside and outside of 
a heat recovery ventilator (h - 1) 
altitude above sea level (ft) 
diffusion of moisture through solid building 
components from inside the structure to the 
outside (lb/h) 
fraction of moisture recovered from the 
outgoing airstream in a heat recovery ven­
tilator 
total atmospheric pressure (psi) 
partial pressure of the water vapor in the air 
(psi) 
pressure of saturated pure water (psi) 
pressure of saturated pure water at inside air 
temperature, °F (psi) 
relative humidity ratio 
moisture load on the humidifier (lb/h) 
moisture generation from sources other than 
the humidifier, e.g., occupants, etc. (lb/h) 
universal gas constant for dry air (53.35 
ft· lbf/lbm· 0 R) 
relative humidity of inside air ( % ) 
temperature (°F) 
dew-point temperature (°F) 
absolute temperature in Rankine 
specific volume of air (fi3 /lb dry air) 
specific volume of the inside air 
specific volume of the outside air 
inside volume of the dwelling (fi3) 
absolute humidity (lb moisture/lb dry air) 
absolute humidity inside the dwelling 
absolute humidity of the outside air 
power operator 
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APPENDIX 

TABLE 1 
Interior Moisture Vapor Generation in Residences 

Moisture Generation (lbs of vapor/day per household) 
Number of Occupants per Household 

Moisture Sources 1 2 3 4 s 6 7 
1. Human Metabolism 3.2 6.4 9.6 12.8 16.0 19.2 22.4 
2. Bathing (shower) .s 1.0 12 1.6 2.0 2.4 2.8 
3. Cook:ing (elec.) 2.0 2.S 3.0 3.2 3.S 3.7 4.0 
4. Dishwashing .6 .7 .8 .9 .9 1.0 1.2 
5. Floor Mopping .3 .3 .3 .3 ' .4 .4 .4 
6. Clothes Washing .4 .8 I.I 1.4 1.8 2.1 2.5 
7. Clothes Drying 

elec., vented in 6.0 10.7 16. I 21.4 26.8 32.1 37.S 
vented out .3 .5 .8 1.1 1.3 1.6 1.9 

8. Planrs (8 x .15) 1.2 1.2 1.2 1.2 1.2 1.2 1.2 
9. Soil Under House 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

Day Tow.ls (lbs/day ocr household) 
Dryer Vented In 16.7 26.1 35.8 45.1 55.1 64.6 74.5 

Dryer Vented Out 11 15.9 20.5 24.8 29.6 34.l 38.9 

Hourly A verues (lbs/hr ocr household) 
Dryer Vented In .7 1.1 l.S 1.9 2.3 2.7 3.1 

Drver Vented Out .45 .66 .85 1.0 1.2 1.4 1.6 

Dryer vented in: lbs/hr= 0.293 + 0.4014 x occupant number (Eq. 14) 
Dryer vented ouc: lbs/hr= 0.257 + 0.1932 x occupant number (Eq. 15) 

8 9 
25.6 28.8 
3.1 3.5 
4.3 4.S 
1.4 1.6 
.4 .4 

2.9 3.2 

42.9 48.2 
2.1 2.4 
1.2 1.2 
2.5 2.5 

84.3 93.9 
43.5 48.1 

3.5 3.9 
1.8 2.0 

Table I is based on surveys of occupant routines from Ref. 14 and from moisture generation dala 
interpolated and exttllpOlated from Refs. 5, 6, 7, 12; 13. 

OTHER SOURCES OF INlERIOR MOISTIJRE: 

10 
32.0 
3.9 
5.0 
1.8 
.s 

3.6 

53.6 
2.7 
1.2 
2.5 

104.1 
53.7 

4.3 
2.2 

I) BASEMENTS: Number 9 above assumes an average size house (-1500 ft"2. 140 m"2), good dampproofing 
dry soil and a vapor retnrder on the inside of walls and under roncrcte floors. Changing these 
conditions can allow moisture diffusion from the soil of up to 3 lbs/hr (Ref. 4;17). 

2) COMBUSTION OF NATURAL GAS IN COOKING STOVES will give off a 24 hr. average of .05 to .I lb 
of moisture into the air depending on the nwnber of occupants and use (Ref. 5, 7; 16). 

3) COMBUSTION IN GAS DRYERS will give off a 24 hr. average of .02 to .12 lbs/hr depending on use. 



TABLE 2 
Mean Dew-Point Temperature (°F) 

STATE AHO STATION \'RS JAN FEB llAR IPR llAY Jl1JC Jiil. AUG SEP OCT NOY DOC ~EAR STATE AHO STATION 

Al.IL DIRlllNGHAll 20 J6 37 41 49 511 66 69 611 62 52 41 J6 51 
llODILE 31 44 45 48 57 64 70 72 72 611 57 48 44 57 
llUNTGOllERY 20 J9 40 44 SJ 61 68 71 70 65 54 4J J9 54 

ALASKA AllCHORAGE 10 8 11 12 24 JJ 4J 48 48 41 25 14 7 26 
A!l"l'T'Tt 10 29 29 JO J5 40 47 51 52 48 41 J4 JI 39 
B,\RR01' JU -2J -27 -26 -9 16 Ju .J;) ;J;) 211 11 -11 -22 J 
BANTER ISLAND 9 -2J -26 -26 -7 18 Jl J6 J7 29 12 -8 -20 4 
Bl:THEL 10 1 2 4 14 JJ 43 48 411 41 25 11 -5 22 
COLD BAY 10 25 24 24 28 35 41 46 41 44 J5 JO 25 J4 
COIU>OVA 9 21 24 22 Jl Jll 45 49 49 43 34 27 2J J4 
!'\I IUIAllJIS 10 -15 -9 -2 19 32 44 49 48 J6 18 -4 -18 17 
J\J)j E~U 10 20 23 23 32 38 45 49 49 45 38 30 23 35 
It I ~G SALllOll 10 9 11 lJ 24 J4 42 47 48 42 27 16 5 27 
ltOTZtBUE to -8 -11 -1 1 27 J9 47 47 J6 16 1 -12 15 
~CRATll 10 -12 -8 -2 16 30 42 47 46 _n 18 -J -17 16 
NOllE 10 0 -2 2 13 29 J9 45 45 J7 21 9 -5 19 
ST. PAUL ISLAJID 10 23 19 21 25 32 J8 44 45 42 J4 29 24 JI 
SHF.llYA 7 28 27 29 JI J5 40 45 46 44 J6 30 211 34 

,I., CHICAGO 
llOLJNE 
PEORIA 
ROCKFORD 
SPllJl!GFJELO 
D. E'VOSYJLL& 
FT. WAYNE 
! HOI ANAPOLJS 
S011TH BEND 
T£DD• MAtr.£ .... a U Rl. I KGTOM 
DES llOINES 
DUBUQUE 
SIOUX CITY 
NS, CO>iCORIIU 
OODCE .,.., 
GOOOLAND 
TOPEKA 

YAKL'TAT 10 23 25 25 J2 J8 46 50 50 46 J7 29 24 JS 
ARIZ . rL.IGST \fP 14 14 16 17 20 22 25 4J 4J J5 25 20 15 25 

WICHITA 
LEXINCTOll I'. 

PHOENllt 2u JJ 3J JJ J5 J6 42 511 60 SJ 44 J6 J] 41 
PRESCOTT 15 19 21 21 23 25 29 48 50 41 JI 24 21 29 
TUCSON 20 28 26 27 26 27 J5 56 59 48 J9 JO 28 36 

LOUISVIU.E 
ALEXAHOllU 

BATOll ROUGE 
L 

WINSLOW 20 19 19 111 21 24 29 47 49 45 30 22 19 29 
YUU 20 27 28 29 33 36 42 57 61 54 43 J2 29 39 

LAltE CHARLES 
llEW ORLE.l.llS 

AR,., ru ... :illlnt 20 JO 3J J7 411 59 67 69 67 61 51 38 32 49 ~It.EYE PORT 
LITTLE ROCI 20 32 34 J9 49 60 67 70 69 62 52 40 34 51 INE CAllJBOU 
TEX AR.I All A 11 35 38 43 52 6J 69 70 70 64 5J 4J 36 53 EASTPORT 

CALIF. BAIERSFJELD 17 J8 40 40 4J 4J 47 50 51 50 45 42 39 45 PORTLAND 
BLUE CAllYOll 7 23 24 25 JO J4 36 JO J5 J5 JI JO 27 Jl 
BUIUIANI 17 36 J8 40 45 49 53 57 57 54 49 u J6 46 

. 8ALTlllOR£ 
S:S:--ilLUE KILi, 

EUREIA 10 41 40 40 44 48 50 52 5J SJ 49 48 43 47 llOSTON 
FRESllO 20 38 41 41 44 45 48 51 52 51 46 42 40 45 ll.l.llTUCKET 
LONG Bt:ACR 7 38 42 44 48 50 55 58 60 58 5J 46 42 50 WORCESTER 

0 

LOS AliGrt.ES 20 40 43 45 49 52 55 59 59 511 53 46 42 50 
llT. SR o\S'TA 1 25 28 26 JO 35 40 41 311 3ii 34 34 Jo ':i3 
OUL'ND 18 40 42 42 45 47 51 53 54 54 50 45 41 47 
RED BLUFF 20 34 J6 J6 J9 43 45 47 41 4J 41 38 J6 40 
SACRQENTO 20 J9 41 41 45 47 50 53 53 50 47 42 40 46 
Utm!IERG 10 24 24 27 3J 35 38 J7 37 36 3J 27 27 31 
SAM DIEGO 20 42 44 46 50 52 56 60 6i 60 55 46 4:1" r-----!i 
SAN FRANCISCO 10 u 42 43 46 47 50 52 53 53 50 46 43 47 
SAllTA KAAI.\ 16 40 42 42 46 48 51 54 54 53 49 43 40 47 

~OLO. COLORADO Sl'Rll'G~ 15 10 14 15 22 35 40 47 47 J7 26 17 12 27 
DElfVEI 20 12 16 17 24 35 42 47 46 J7 27 19 14 28 
GRAND JUl!CTJOM 20 17 20 21 25 29 31 :19 4J 3~ 29 24 t9 28 
PUEBLO 20 12 17 19 27 37 44 51 51 42 30 22 16 31 

COllll. BRIDGEPOllT 16 22 22 27 37 47 57 66 62 56 46 J5 24 42 
HARTFORD 20 18 19 25 35 46 ~1 62 81 54 44 37 22 40 
NU R4V£JI 10 '.!4 '.!2 27 37 48 57 63 63 55 47 44 25 43 

~EL . WI Lii I llGTOlll 20 24 24 29 40 50 60 64 64 58 47 35 26 4J 
~.c. WAS 111 llGTOIC 20 25 25 29 40 52 61 65 64 59 48 36 26 44 
FL.\. APALACHICOLA 10 47 48 54 60 66 72 73 74 71 62 50 50 61 

DAYTONA BE~B 17 50 52 54 59 65 70 73 73 72 65 56 56 62 

" lllYERS 6 55 55 5'1 !;I 67 72 73 74 74 68 59 56 64 
.JACISOllVJU.I 20 46 47 50 56 64 70 72 72 71 62 53 47 SS 
KEY WEST 16 81 63 65 66 69 73 74 75 74 71 67 64 69 

Ill ~H. ALPENA 
DETROIT 
ESCANABA 
FLlllT 
GRAICD R.aJ>lDS 
t.A/ISJllG 
llAllQUETTI 
llUSJtEGOll 
SAULT STE. llUll 
t<N. l>ULITI'H 
I trT£R II An. I' ALL:! 
1111111.-ST. PAUL 
ROCHESTER 
ST. CLOUD 
ST. PAUL 
SS. JACX!O!I 
llERJDIAJI 
YICllSBURG 

COLllllBU 
IANSAS CITY 
~a 

Ill 

II 

llO 

lllAlll 16 57 59 61 63 61 72 7J 74 74 69 6J 58 66 ST. LOUIS 
ORLAllDO 17 52 52 55 59 65 70 73 7J 72 65 57 51 62 SPRINGl'IEU> 
PEllSACOLA JO 48 47 51 59 G5 70 73 7J 68 59 49 46 59 llO NT. BIU.lllGS 
T .U..LAHo\SSEo. 17 44 46 49 55 62 69 72 72 69 58 49 43 57 
TQPA 20 52 5J 56 60 66 70 73 7J 72 65 58 52 6J 
WEST PALM BEACH 17 57 511 61 63 68 72 74 74 74 68 62 57 66 

liA. ATHEllS 10 J2 J4 19 48 59 65 69 68 63 52 42 34 50 

Blln'£ 
GLASGO• 
GREAT FALi.a 
BAYRE 

ATL.\llTA 20 34 34 J9 48 57 65 68 67 62 51 40 34 so 
AUCu~1A "u 37 37 42 so 60 66 70 70 65 54 43 36 5J 
llACOll 20 37 Jll 42 51 59 66 70 69 64 53 43 37 52 
SAYANJIAll 20 42 43' 46 54 63 69 72 72 68 58 48 41 58 

BELEJIA 
IA.LfSPEU. 
lllLES CITY 
lllSSOllLA 

UHll HILO 10 8l 62 63 65 66 66 68 611 611 67 66 64 66 llEB R. GRAHi> ISLAllD 
FIOlfOLULU 10 63 61 62 83 64 65 66 66 67 68 65 63 64 LINCOLN 
U.HLILUI 10 64 63 63 114 6;, 116 b'I n bll 67 b~ 6:f ~ 
LJHUE 10 14 61 83 64 66 68 69 69 69 68 67 64 66 

IDAHO BOISI 20 21 27 27 32 38 42 44 43 38 34 29 26 3:1 

NORFOLK 
llORTB P1""TT& 
DKARA 

LEWISTON 10 21 28 28 32 40 45 44 44 42 39 33 28 35 
POCATELLO 20 17 21 24 28 35 39 41 40 34 30 28 21 JO 

SCOl'TSBLun 
VALENTINI 

YRS I JAN IFED 
20 18 20 
20 1.5 19 
20 18 21 

1 12 17 
20 20 2;J 
20 26 27 
20 20 22 
20 22 23 
20 20 22 
In ?!; ., .. 
20 17 21 
20 14 11! 
10 15 11! 
20 10 16 
15 17 22 
20 111 23 
20 15 21 
20 19 2J 
20 21 25 
20 ?1 27 
20 27 211 

6 37 40 
20 44 46 
20 46 48 
20 46 411 
21r 38 40 
18 7 5 
10 18 20 
20 16 16 
20 24 24 
lU 20 20 
20 19 19 
20 26 :.5 

8 14 1::. 

10 18 18 
20 19 19 
10 12 14 
10 15 16 
20 19 19 
17 18 19 
10 12 13 
20 20 20 
20 9 10 
20 2 5 
20 - 5 2 
20 8 10 
20 1 12 
16 2 8 

5 6 10 
20 40 41 
16 39 40 
10 40 41 
20 21 24 
20 20 24 
lU HI 24 

. 20 22 25 
20 24 27 
20 11 16 
10 6 12 
13 5 10 
20 10 15 
12 8 12 
20 10 Hl 

9 14 20 
19 10 l:i 
20 15 21 
16 13 19 

8 18 21 
8 II 18 

20 13 18 
20 14 19 
18 13 17 
10 13 15 

Weather Adas of the United States. 1968. U. S. Department 
of Commerce, pp. 15~160. Detroit:Gale Research Co .• 

I ua I APR j11u I JUN I/ JUL !AUG jsEP J OCT !11ov jDte YEA.It 

26 J6 46 56 61 61 53 43 31 21 39 
26 :17 411 59 64 63 54 4J JO 21 40 
28 J8 49 59 64 6J 54 44 31 22 41 
24 Jr. -18 56 61 61 54 4J 31 24 39 
30 41 49 61 65 64 55 .... 32 24 42 
34 44 5J 63 67 66 58 47 35 2;s 46 
28 J6 48 58 62 61 54 44 33 23 41 
JO 40 50 60 64 63 55 45 32 23 42 
27 37 48 57 62 61 53 44 33 24 41 
'\? 42 .. q '" "~ !;• 55 .... ~3 ?6 44 
27 39 49 60 65 64 54 4J JO 21 41 
25 J7 48 60 64 6J 53 42 29 19 39 
25 J5 45 59 64 62 52 42 27 19 39 
24 35 47 58 6J 62 51 40 26 17 37 
27 J9 50 61 64 62 54 44 30 21 •l 25 36 49 57 6! 59 51 41 2!'1 ~z 39 
21 30 42 52 56 55 45 J4 2J 18 J4 
29 41 53 6J 66 65 56 45 31 23 43 
JO 41 53 62 65 63 55 45 33 25 43 
J2 42 53 61 65 64 56 46 34 28 45 
3:1 43 54 63 66 65 57 47 35 27 u 
46 56 62 l'8 72 71 67 56 49 40 55 
49 :>7 64 70 73 72 68 57 48 44 58 
51 ;;11 66 71 73 73 69 58 50 46 59 
52 59 66 77: 7J 73 70 60 52 47 60 
44 54 62 69 71 70 65 55 45' 39 54 
15 28 38 ~o 56 54 47 J6 27 12 31 
25 33 40 47 55 57 52 42 3J 22 37 
23 3J 43 53 59 58 49 39 32• 19 37 
29 40 51 61 65 64 511 47 35 25 u 
2& JS 46 56 62 61 !'>3 45 J4 23 40 
25 34 4~ 55 60 60 53 44 J4 22 39 
29 J7 46 56 f;J 62 57 49 39 29 43 
20 29 42 5Z 56 56 51 39 JO 18 35 

21 32 41 53 58 58 50 42 JO 20 36 
25 J5 45 56 60 59 53 43 32 23 39 
20 32 41 52 59 58 50 41 28 17 35 
23 34 45 54 58 58 52 42 32 21 38 
25 34 44 55 59 59 52 43 32 23 39 
24 34 46 56 59 59 52 u JI 22 31 
19 29 38 50 56 56 49 40 27 17 34 
24 34 44 55 60 60 52 43 32 24 39 
18 29 39 50 55 55 49 to 29 17 33 
15 27 37 49 56 55 46 36 22 9 30 
II 26 37 so 56 54 45 JS 20 4 ' ·:z:a 
20 32 43 55 60 59 50 40 25 13 34 
19 32 44 56 61 59 49 39 25 14 35 

f i 30 40 53 58 58 48 37 22 12 32 
31 u 56 60 58 50 38 23 12 ,, 

1,4 53 58 68 71 70 65 53 42 38 54 
45 54 61 68 71 71 66 55 45 39 55 
46 55 6J 70 73 71 65 54 43 36 55 
29 40 52 62 66 64 55 45 32 25 43 
29 40 53 62 65 64 55 45 33 24 43 
2!J 40 51 63 6:1 6:1 53 44 30 2J 42 
30 42 S2 62 66 64 56 46 33 26 44 
32 43 55 64 67 64 57 47 34 27 45 
20 28 38 46 48 46 38 31 22 15 30 
16 23 32 38 39 39 33 27 18 13 25 
17 25 37 45 4!t •• ;Jll ;o:!t 22 10 21 
18 26 34 42 44 42 36 29 21 15 21 
16 26 33 42 45 43 37 29 21 13 27 
19 26 35 42 45 43 37 30 21 15 21 
23 29 36 43 47 46 39 34 27 20 3'> 
20 29 39 47 :.1 411 .... 32 23 IS JJ 
23 29 37 43 45 43 39 34 28 20 31 
23 34 45 57 61 60 49 'J8 25 18 37 
28 37 48 60 63 62 51 41 28 20 311 
23 34 44 58 62 61 <l9 38 24 -.!! -H 22 32' H 55 59 58 48 36 24 17 
26 37 48 80 64 6J 54 43 29 20 40 
19 28 ... o 49 54 53 43 32 21 17 32 
22 31 39 51 58 55 43 34 22 16 33 



STATE Alltl STATION YRS JAii, n:n llAR AJ'R uvl.1t111 JUL AUG SEP 

EV. EI.10 17 15 20 22 26 32 35 ' 36 34 29 a.r 2U 12 18 19 24 26 29 33 34 27 
LA3 VEGU 20 21 22 20 24 26 28 39 41 JJ 
REllO 20 20 24 2J 26 32 J7 40 38 J5 
• llOIElfUCC A 18 20 2J 23 26 31 34 34 JJ 30 

II. N. CONCORD 20 14 14 22 32 43 SJ 59 58 Sl 
• I • JASH' llGTOH lU • ;) 7 :.iu ;Ill ti 4:> 4;) JS 

"· J. ATLAllTJC CJTT 18 27 26 30 40 50 60 66 65 S9 
llU.UU 20 23 2J 27 37 '7 57 62 82 58 
T'REllTOll 10 25 23 29 38 50 59 64 64 56 

•· llEX. ALBIJOUf:ROUll 20 19 19 19 23 29 JS 49 50 42 
CLArTOK 10 18 20 22 JI 42 50 54 ,,7 47 
ROSWELL 17 20 22 22 28 37 48 56 55 48 

II. T. "L8AllT 20 16 16 24 34 44 55 60 59 53 
BI!IGUAn'Oll 15 17 18 2J J4 H 54 58 58 51 
BUH.\LO 20 19 19 25 JS 4S 55 59 59 52 
CAllTOH ;) r-rs 1C 21 JO 4J SJ 57 57 50 
llU YOU 15 22 2J 27 38 47 57 62 62 S6 os .. EGO 7 20 18 25 J3 42 54 60 60 52 
ROCHESTER 20 19 19 2S JS 45 SS 59 59 53 snucusr: 20 18 18 2S 35 45 SS 59 59 53 

JI. ~ . 4Slh.T 1L.LJI: lu JU 2:t 3.J 43 SJ 63 6:> ti4 !>6 
CAPE RATTERA3 20 40 40 44 52 61 68 72 72 68 
CB.l.RLOTTI 20 32 32 36 46 56 64 67 67 61 
GREEllSBORO 20 29 29 34 44 55 63 67 66 60 
R.U.£1G8 20 32 31 35 45 "'" 64 68 87 61 
•IUJllGTO!C 16 39 39 44 S2 60 68 71 70 67 
•INSTOll SALEll 19 29 29 32 42 54 59 66 68 59 

" 

II. DAI. BISllAJICI 20 1 1 17 29 38 Sl 56 53 42 
DEVILS LAIA 10 -4 3 H 30 .co 51 57 56 45 ruoo 20 -1 6 11 31 40 54 59 57 46 
llLLISTOll 16 3 7 17 27 37 48 S3 51 H 

ORIO AUIOll-C AllTOll 17 22 22 27 37 47 56 60 60 S3 
CIN::lll!IATI 12 26 26 29 39 Sl 60 63 62 55 
CLf:VELAICD 20 23 22 28 37 47 57 61 61 54 
COL\llraUS 20 23 24 30 40 so 59 63 62 55 
DttTOll 20 23 24 ~ 39 50 58 62 61 54 
TOLFDO 20 21 21 27 37 47 57 61 61 54 
YOUllGSTOQ 17 22 22 26 37 46 56 60 59 53 

Oil.A. 011.AROllA CITY 17 26 30 33 45 58 65 67 65 58 
TULSA 20 26 30 H 46 58 66 68 66 59 

OU. ASTORIA IU 37 40 39 42 46 51 54 55 52 
BAUR 7 lS 23 27 30 :17 42 H 42 37 
BUR!IS 15 19 23 24 27 33 37 38 37 32 
E\JGt."llE 7 33 37 JS 40 44 48 so 50 48 
II EDFORD 20 32 34 35 38 42 46 49 49 45 
PEXDLtTOll 17 24 30 30 34 40 42 43 fl 41 
JIQllTL AllD 20 33 36 37 o. 46 50 53 54 51 
ROSEBUllG 10 35 37 36 38 41 46 48 48 47 
SALDI 17 34 38 38 41 45 50 S2 52 50 

PA. AU.:Elrron 18 21 22 27 38 48 58 62 62 55 
t;!IJ!> 13 '"" ~· 27 .>b 46 56 bU bU ;)4 
BAllRISBURG 20 21 21 26 37 48 58 62 62 55 
PBlL.WELJ>BlA 18 24 24 28 39 49 59 64 63 57 
PITTSBUllGB 20 22 22 27 37 47 57 60 60 53 
RtADltfG 10 24 23 28 37 49 58 SJ 63 55 
SCRAllTON 2U u u 2;> .>a 46 55 bU "" :>:.? 
llLLIAllSPORT 13 20 19 25 38 47 56 61 60 54 I.I. OUlCI ISLAND 10 28 26 31 39 48 57 65 64 57 
PllOVJDEllCE 20 20 19 2S 34 45 55 62 81 54 s.c. CR A RL&3TOll 20 40 41 44 SJ 62 69 72 71 68 
COLlllmfA 2U 36 J6 41 49 ~ 66 69 69 64 
noR!N::I 13 37 37 40 49 58 67 71 70 85 
GREE!IVILLI 17 30 30 36 44 55 63 67 66 60 
SPAJIT A llBURG 10 37 38 38 45 55 63 67 67 ll 

TABLE 2 (cont.) 
Mean Dew-Point Temperature (°F) 

OCT/11ov 1 llEC ~EAR 

25 23 18 26 
24 19 16 23 
29 2S 23 28 
Jl 25 22 29 
28 24 22 27 
J9 JO 18 J6 
2a •7 7 24 
49 J9 28 45 
46 34 25 42 
48 JS 25 43 
JJ 2J 20 30 

"'" l1 ·~ .J;) 
39 26 22 JS 
42 32 20 38 
41 JO 20 37 
43 33 23 39 
42 'JO 17 >--J6 
46 JS 26 42 
44 32 21 38 
43 33 23 39 
42 J2 22 39 
47 J2 2~ 
59 50 41 56 
50 39 32 49 
48 37 29 47 
50 38 30 4a 
56 46 37 54 
51 36 28 48 
33 20 9 30 
35 19 5 29 
38 22 8 31 .. ~ ~l 11 2§ 
42 32 24 40 
43 31 26 43 
44 33 24 41 
44 33 2S 42 
44 33 2< >-tt 
43 32 23 40 
42 32 22 40 
48 35 28 47 
49 36 29 -.!! 
4ll 42 40 46 
32 26 23 32 
30 26 19 29 
45 42 38 43 
43 37 34 40 
39 3J 29 36 
47 40 36 44 
45 41 38 42 
46 41 38 44 
44 34 23 41 ... 

~; 24 1U 
44 23 41 
46 35 25 43 
42 31 24 40 
45 34 24 42 
tJ ~2 22 39 
fl 32 21 40 
50 39 30 45 
44 34 23 40 
!17 47 39 $5 
:.3 4J J S 5l 
56 42 34 52 

STATE Alltl STATION 

SIOUX IAI.La 
n1111. BRISTOL 

CllATTAMOOGA 
IHOllVIU.E 

llEMPllJS 
II ASHVILLE 

TE llAS ADILEJIE 
AURILLO 
AUSTIH 
BRO•NSYIU.E 
CORPUS CHRISTI 

VT 
VA 

DALLAS 
UEL RIO 
EL PASO 
roRT •ORTH 
GALVESTO!I 
HOUSTOll 
LARJ:OO 
LU'll80C:lt 
lllULAtlD 
P"LESTIHE 
PORT "RTffUR 
SAH 4HGELO 
SA~ ,\}jTOllJO 
VICTORIA 
WACO 
WICHIT" FALLS 
AK lllLJ'ORD 
SAJ..T LAA& CITY 

BURLI'NGTOll 
LY!ICHBURG 

HORfOLlt 
RIClllf01'1> 
iio.vioin: 
CAPE HDCRT 

IAS H. ELLEllBURG 
llORTII READ 
QLfl[PIA 
S1:~TT1.E ~ 
SEATTLE-TACOllA 
SPOll:AHE 
ST"llPEDE PASS 
TACOllA 
TATOOSB JS.LAllD 
•ALL" IALLA 
YUlllA 

I • VA. CRARLESTOll 
ELKINS 
PAUERSBU!tG 

'II sc. GREE!I BAT 
U CROSSI 
llADJSOll 
VIL•A\I!!! 

'IY o. CASPER 
CHEVEllllE 
LANDER 
SHERIDAll 
ROCl SPRINGS 

p UERTO RICO. SAii JU.Ali 

YRS 

17 
13 
20 

I 20 I 
16 
:!O 
2U 
20 
20 
20 
20 
20 
14 
20 
20 
18 
20 
19 
20 
10 
10 
20 
20 
20 
17 
20 
20 

7 
:l.IJ 
20 
10 
20 
20 
17 

8 
s 
7 

17 
6 

16 
20 

7 
7 

20 
7 

19 
16 
17 
10 
20 
20 
20 
20 
17 
20 
20 
20 

8 
20 

5 12 
JO 30 
33 

321 
]J JS 38 
32 33 37 
29 32 33 
19 23 23 
J8 42 45 
53 55 59 
4tl 52 SS 
34 37 41 
311 40 42 
24 23 23 
33 36 39 
47 50 54 
45 48 Sl 
4] 46 51 
25 26 27 
25 29 29 
40 42 4S 
47 49 52 
30 34 35 
39 42 4!1 
46 49 52 
37 40 4J 
28 35 34 
16 19 l!I 
2U 23 26 
12 12 20 
29 27 32 
32 32 36 
28 29 33 
26 26 29 
38 35 39 
14 24 28 
34 39 40 
33- 36 3S 
JJ 36 3S 
J4 JS :JS 
20 25 27 
18 24 24 
32 36 37 
J6 38 38 
23 30 31 
21 26 27 
27 27 JO 
24 24 30 
28 26 31 
10 12 21 

9 13 21 
11 15 1 22 
lC 17 24 
11 15 18 
10 lJ 17 

8 lJ 17 
11 18 20 
11 lS 18 
68 87 67 

JUL AUG SEP 

60 34 
3 Jl 

56 60 59 47 37 J4 
62 65 155 ~ 47 48 

57 85 118 118 81 50 49 
S51 63 I sel 661 59 I 491 48 

4tl 59 66 69 68 62 49 Jtl JJ :.u 
47 57 6S 68 67 60 49 38 32 49 
45 56 62 63 61 S8 50 37 ·31 46 
32 4:; 55 58 57 SI 40 27 22 38 
S5 64 68 69 68 6:> :.6 46 41 SS 
6S 70 73 74 74 12· 66 60 54 65 
6] 70 7] 74 74 71 64 ~:; 50 62 
S2 62 67 68 67 63 53 42 36 52 
51 ~9 66 66 65 63 55 43 38 52 
26 Jl 42 55 5S .. ,,. J> 211 25 35 
:11 61 66 67 66 6i !13 41 JS 51 
62 ti9 73 75 74 71 64 S4 !10 62 
60 ti6 72 73 73 69 60 Sl 47 60 
57 65 69 68 68 67 60 50 44 57 
37 49 57 61 60 55 .. ,, :n 24 41 
37 49 58 60 58 56 (7 36 30 43 
54 64 71 72 71 66 57 46 43 56 
60 67 73 75 74 70 6 1 5 1 47 61 
4!1 56 62 62 61 59 50 38 32 47 
55 64 611 68 67 6S ~ 46 41 55 
!19 ti7 72 72 71 69 61 51 47 60 
54 6J 68 69 67 6J 55 44 311 53 
46 !Ill 64 64 63 58 49 36 30 47 
2J 27 JO 40 40 29 25 22 19 2!1 
31 36 40 44 (:J 311 ;J4 2 .. .:• 32 
32 43 54 59 58 51 40 30 17 36 
42 53 61 66 65 58 47 34 27 45 
45 56 64 68 68 63 5J 42 JJ 49 
43 SS 63 67 67 60 49 38 29 47 
39 52 6U 64 63 :>7 •• .j.j 

~· 4J 
45 58 65 70 69 64 57 44 36 52 
31 J8 H 46 47 43 JS 31 25 34 
42 47 Sl 54 SS SJ 48 43 40 46 
38 43 48 51 52 49 45 40 37 42 
311 43 48 S2 53 51 47 40 37 4J 
39 43 48 52 53 so 46 39 36 43 
32 31! 43 44 H 40 37 30 26 34 
28 :J4 39 42 H 41 35 29 2S 32 
40 46 so 52 SJ 52 46 40 37 43 
41 46 50 52 54 51 47 42 '"' 45 
J4 40 44 46 47 43 Cl JS 30 37 
31 37 43 44 46 42 J7 30 26 34 
40 52 61 65 64 57 47 H 27 44 
J8 49 SI! 61 60 54 42 32 2S 41 
40 51 60 6'1 63 56 46 34 27 44 
33 43 S5 60 59 51 41 27 15 :16 
33 45 56 61 61 52 41 27 15 36 
34 45 56 61 60 51 41 28 1 7 37 
J4 H SS ·61 61 52 43 29 19 38 
2S 34 39 43 40 33 26 20 15 27 
25 35 42 47 45 36 27 18 H 27 
24 33 39 42 40 35 28 18 12 26 
28 38 46 48 45 38 JO 22 16 JO 
24 31 35 39 •39 31 27 19 lS " 69 7.1 73 7J 73 73 73 71 69 71 

50 38 32 48 
50 37 31 49 Based on years of data indicated in table during 1946-65 


