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PREFACE

The repert is a joint effort of the Corps of
Engineers and the National Weather Service. It
is based upon computations of precipitable water
from twice-a~day upper air soundings for numerous
stations for the major record period. These com-
putations were funded by the National Weather
Service, Corps of Engineers,and Soil Conservation
Service in support of various hydrometeorological
projects.

The Hydrometeorological Branch, Office of
Hydrology, National Weather Service processed
these computations to prepare monthly means of
precipitable water. George A. Lott, a retired
meteorologist of the Hydrometeorological Branch,
prepared the text as a consultant for the Corps
of Engineers. ’
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PRECIPITABLE WATER OVER THE UNITED STATES

Volume I: Honthly Means

George A, Lott
Consultant, Corps of Engineers
and
Hydrometeorclogical Branch
Office of Hydrology
Silver Spring, Md.

ABSTRACT. Mean monthly values of precipitable water
are presented in tabular and graphical form for all
radiosonde stations in the contiguous United States
for the period 1946-72 and for Alaskas 1%50-69. The
precipitable water is given by layers from the surface
to 400 mb from twice-dally observations.

1. INTRODUCTION

For many years a three-dimensional statistical summary of the water vapor
in the atmosphere over the United States based on a substanikial period of
record has been needed for hydrological and metecrological purposes. The
aim of this study is to provide a detailed view of atwmospheric water vapor
for the United States using all available radiosonde data since January 1,
1946. (A few very short records have not been used.)

The quantity of water vapor in the atmosphere is generally referred to
as the "precipitable water" (w,) and is the term that will be used through~
out this report. This is the same as the liquid equivalent of the water
vapor, a name perhaps better descriptive of the comcept. Precipitable
water is defined as "the total atmospheric water vapor contained in a
vertical column of unit cross-sectional area extending between any two
specified levels, commonly expressed in terms of the height to which that
water substance would stand if completely condensed and collzcted in a
vessel of the same unit cross-section" {(American Meteoroclogical Society,
1959). The w, therefore does not include any rain, fog, cloud or other
liquid or frozen condensates in the columm.



2. SCOPE

This report presents a climatological summary of precipitable water over
the contiguous states, Alaska, and adjacent waters. It is believed that
the length of record is now substantial eunough to give reliable, stable
statistical results, barring & marked climatic change. This volume is
restricted to monthly means of the precipitable water and standard devia-
tions of the daily observations, along with a brief interpretation. These
data are presented in tables accompanied by a computer-created seasonal
plot of two layers, surface-to-500 mb, and surface-to-~1530 mb above the
surface. Maps also show geographical distribution, suggest probable
moisture sources, and show comparisons between stations,

Volume 2 will give the semimonthly mean maxima, their standard deviations,
and the semimonthly maximum observed values with the date of occurrence.

A third volume is planned that will give frequency analyses of estimated
precipitable water likely to be observed over long intervals, up to a
century.

3. DPREVIOUS WORK

The first report on precipitable water over the United States is Weather
Bureau Technical Paper No. 10 (Shands 1949), The mean wp values of that
report were computed using mean monthly upper-air pressures, temperatures,
and relative humidities at 29 stations in the United States. Tables are
given showing w_, by small layers between constant-level surfaces and the
total w, from tge surface to 8 km (approx. 355 mb). In addition, the mean
monthly and annual values of w, are mapped for two layers, surface-to-8 km
and 2-km-(approx. 795 mb) to-8 km. Most of these monthly means are based
on five years of record or less. (The last month included was December
1943,) Also, Weather Bureau Technical Paper No. 10 contains a table of
maximum observed depths of w, from the surface to 5 km (approx. 540 mb)
for 49 stations in the Uniteg States. The last year of record checked for
maximum moisture at any station was 1944, A comparison of mean w, values
of the present study at a few selected stations with those given In Weather
Bureau Technical Paper No. 10 is given in section 8.

Statistics of w_ over the United Siates were updated by Reitan {January
1960), increasingpthe length of record to 11 years, 1946~56, for 52
radiosonde stationms. was computed for the total layer, surface-to-
325 mb, based on one ragiosonde observation a day, usually 0300 GMT.
Monthly means with the standard deviations of the monthly means are
presented.

The above data were also presented in map form by Reitan (February 1960).
Precipitable water in the layers 775-to~325 mb and 525-t0~325 mb for the
year and for the month of July were also presented. Comparisons with
present results, insofar as possible, are given in section 8.



Reitan’s mean w, values are also based on mean monthly upper air data,
following the tecgnique used by Shands, whereas the present work uses the
individual twice-daily ¥p values in obtaining the means.

4, DATA

The data used in this study are derived from the National Weather Service
(formerly U.S. Weather Bureau) and cooperative upper air stations. The
network is shown in figure 1, the contiguous United States, and figure 2,
Alaska, The period of record for stations in the contiguous States encom—
passes the 27-yr period 1946~72% (19,724 possible observations), and the
20-yr period 1950-69 (14,610 possible observations) for Alaska stations.
In general, all stations that have taken upper air soundings in the above
periods were summarized but some very short records are not presented.
Outside the contiguous States and Alaska the radiosonde station at Merida,
Mexico, was included because of its strategic position in relation to the
tropical inflow into the United States from the south. Ship station H
(2 positions) and Hamilton Field, Bermuda, similarly give the moisture
available off the east coast of the United States, and ships N and P
and Guadalupe Island, Mexico, off the Pacific coast. The locations of
these stations are also shown on figure 2.

The record for ship station H was separated into two parts because of
the large difference in the w,; the water is much colder at the northern
station even though there is only a 2° latitude and 1® longitude difference
in the location. (The different locations for ship station N presented no
problem in this regard.)

In cases where the station had been moved, the records were combined, as
shown below. The latest location is given first,

1. Athens and Atlanta, Ga.

2. Boothville, Burrwood, and New Orleans, La.
3. Midland and Big Springs, Tex.

4, Peoria and Rantoul, I11,

5. Point Arguello and Santa Maria, Calif.

6. Quillayute and Tatoosh Island, Wash,

7. Salt Lake City and Ogden, Utah

8. Santa Monica and Long Beach, Calif,

%January 1, 1946, the beginning record date, was chosen because on this
day constant-pressure data replaced constant level data for U.S. radio-
sondes. Transformation of the data before this date was mot thought
worth while.



9, Victoria and San Antonio, Tex.
10, Waycross, Ga. and Jacksonville, Fla.

11. VYalparaiso and Pensacola, Fla.

12, Yucca Flat and Las Vegas, Nev.

'In the above cases it is assumed that differences im w, at the two or three
stations were small enough so the records could be combined without sig-
nificant error. However, some of these combinatioms show slight «
irregularities when plotted on maps for months of steep wy, gradients in
their vicinity. These usually can be adjusted subjectively for the
location change. The few stations that have moved since December 31, 1972
are not listed. :

Local observation site changes within a metropolitan area were not con-
sidered significant from the standpoint of precipitable water distributiom
and were therefore ignored. For example, in the Washington, D.C. area,
the radiosonde has been released from three locations during the 27-yr
period,all within about 25 n.mi. of each other.

A few stations in the Plains States were operated only in the spring and
early summer tornado season. These stations are treated like the year-
round stations except that the summaries are confined to the operating
séason., Means for months In which no observations were taken appear as
0.0000 in the tables. o ‘

Table 1 lists each station summarized in this study, ite location in
latitude and longitude, the elevation,and the period of record. Under
notes are included any significant gaps in the station's record. Summarized
‘in°§his,rap&rt are data for 835 stations in the contiguous United States
{counting as one each group of 2 or 3 stations that were combined into a
gingie record)}, 14 in Alaska, 3 weather ships, and 3 foreign stations.

From the begioning of the record period, January 1, 1946, until June 1,
1957 the observation times of U.S. radiosondes were (300 GMT and 1500 GMT.
As of June 1, 1957, the observation time became 0000 GMT and 1200 GMT, to
conform with most of the countries of the world. Observations taken 1 and
2 hours on either side of the scheduled observation time are included.

_ The D000 GMT data were combined with 0300 GMT and 1200 GMT with 1500 GMT
" for all stations that spanned the time change, V

Short Record for Mean at Some Stations

For 26 stations (see table 1) the computation of the mean w, was confined
to an 8-yr period of vecord, 1965-72, because computations of w, for prior
yvears were not available on magnetic tape. The wy data prior to 1965 at
these 26 stations were ovdered and processed in 1965-66 for other research
projects,at which time magnetic tape was not obtained. The computations
for this report were all done by computer. Tests showed that the improve-
ment in accuracy that could be achieved by putting the additional years of
record on tape could not have justified the additional cost. (Maximum Vo



values for these 26 stations, however, were selected by hand and machine
processed. The maximum and mean maximum tabulations to be presented in
Volume 2 are therefore complete for all stations.)

In order to judge the reliability of the 8-yr mean, a comparison was made
of 8-vr means with 27-yr means for a same station at selected locations
near the 8-yr mean stations. The stations with 8-yr means and the stations
for which 8-yr and 27-yr means were compared are identified in figure 3.

Table 2 shows the results of the comparison for 2 layers (sfc-to-850 mb
and sfc-to-400 mb), for January, April, July and October at 6 test stations.
The ratio of the 27-yr mean to the 8-yr mean is given for each layer at
each station. On the average the 8-yr means (1965-72) were slightly lower
than the 27-yr means. A small correction to the 8-yr means might be con-
sidered by the user; however, a portion of this relative dryness may be
associated with a change in humidity measuring elements. (See section 5.)

5. HUMIDITY MEASUREMENT
Humidity Elements

The humidity elements used to measure the water vapor content in this
study are the lithium chloride and the carbon (Marchgraber 1959). The
lithium chloride humidity element was introduced in 1943 to replace the
hair hygrometer. ' '

The carbon element came into use gradually; in the National Weather
Service 1962-65, U.S. Air Force 1961-62, and in the U.S. Navy land stations
1963-65 (Morrisay and Brousaides 1970). Navy ships were still using the
o0ld lithium chloride element as of 1973. ‘

Bias in Humidity Element

In recent years it has been reported that the carbon humidity element,
ML 476, is biased toward lower humidity due to solar radiation on the
sensor strip (Morrisay and Brousaides 1970; Brousaides 1973; Sanders,
Sullivan and Pytlowany 1975). The lithium chloride element is also affected
by solar insulation but to a much lesser degree (Brousaides 1973).

Correction of these data for carbon humidity element bias was not attempt~
ed in this study., Ideally, local weather should be determined for each
ascent; otherwise,any correction to the means would be open to question.

The bias in these results is probably not serious (except possibly over
Alaska) for the following reasons:



1. The mean w_ always includes the lower layers (surface-
to-850 mb,psurface-to~700 mb, ete.) where the bias is
small, thus minimizing this effect.

2. The carbon element was used in approximately 1/3 of the
period of record.

Another factor affecting possible bias is the observation time relative
to the sun (Sanders, Sullivan,and Pytlowany 1975). Over the contigucus
United States the observation times tend to occur near sunrise and sunset,
when the effect of sunlight on the humidity element is weak, However,
over Alaska, the observation time occurs near local noon and midnight. For
this reason special attention was given to this region (see Volume 2 of
this report).

Change in Humidity Computation

No adjustment to the record was made for a change in computation of
relative humidity in 1948 when, for temperatures below 0°C, it was changed
from "saturation with respect to ice" to "saturation with respect to water."
Since this affected only a small fraction of the record (33 months out of
324 months for a 27-yr record station, or about 10 percent) and then only
for temperatures below 0°C, the effect on mean Vp values would be minimal.

Differences in Means Due to Observation Time

A study was undertaken toc determine whether there was any significant
difference between the average wp at the 0000 GMT (or 0300 GMT) observation
time and that at the 1200 GMT {or 1500 GMT) time. It is believed such
differences, if they exist, are due to solar heating of the humidity
element. Eight stations in the contiguous United States* and 4 Alaskaf
were chosen for comparison, based on their location and length of record.
Two layers were compared, surface-to-300 mb and surface-to~150 mb above
the surface, for four months; January, April, July and October.

*Contiguous U,.S. stations: Portland, Me., Greeansboro, N.C., Miami, Fla.,
Lake Charles, La., International Falls, Minn., Bismarck, N.D., Yuma, Ariz.,
and Quillayute-Tatoosh Is., Wash.

" #Alaska stations: Fairbanks, Annette, Cold Bay, Pt. Barrow.



Contiguous States

Based on the 8 test stations, the difference between the means of w
at 0000 and 1200 GMT (in both the surface-to-500 mb and surface~to~150 mb
above the surface layers) is usually within 1 to 3 percent, a difference
probably not significant for most users. However, a few station months
have average differences as high as about 6 percent, highly significant
statistically for the approximately 800 observations that make up each
27-yr mean. For example, at Portland, Me., mean w, at the 0000 GMT in
July is about 6 percent higher than that for 1200 GMT; while at Yuma, Aviz,
in July the 0000 GMT averages are 6 percent lower than the 1200 GMT
averages. It is thought that this is due to differential solar heating of
the instrument. HNote that in the northeastern United States there is more
sunlight (a higher sun angle) in summer at 1200 than at 0000 GMT, while
in the West the reverse is true.

Alaska

Since observations are taken nearer local noon and midnight than in the
contiguous United States, the differences between the 0000 and 1200 GMT
observations are somewhat greater. For example, at Pt. Barrow the maximum
w, difference in the surface~to-500 mb layer is observed in April and
July, where the 1200 GMT average is & percent higher than the 0000 GMT
average., During the test months of January and October small differences
are observed at all 4 Alaska stations in both layers with the exception
that 1200 GMT values are 06 percent higher at Fairbanks in January. 1Im
these months the sun angle is relatively low at both observation times.

6. COMPUTATIONS OF PRECIPITABLE WATER

The data from which this study was made came from the summary of
upper air data from the archives of the National Climatic Center at
Asheville, N.C. Among other things, this summary lists the temperature
and dewpoint for the ground surface and for pressure surfaces at 50-mb
intervals.

The depth of precipitable water was computed by layers, from the surface
to the first standard level, then by 50-mb layers to 400 mb.

Precipitable water in terms of the mass of water vapor (I;) in a column
from Py, the pressure at the top, to Py, the pressure at the bottom {Solot
1839) is as follows:

5

w = q dp
?t

0



where

g = acceleration of gravity
q = specific humidity

Data were summed from the surface to 850 mb, surface to 700 mb, surface
to 500 mb, surface to 400 mb, and surface to 150 mb above the surface,
interpolating when necessary in the last layer.

The wb computation formula (Solot 1939) is as follows:
w_ = ,0002 (Pn-l - Pn) (qn~1 - qn)
where

= precipitable water (inches)

vﬂ

= pressure (mb)
specific humidity (dimensionless)
= top of a given layer

Baa
#

q =0.622% e=¢e RH
p s

e = vapor pressure (mb)
e_ = saturation vapor pressure (mb)

RH = relative humidity

e, = 33.8639 [ (0.00738T + 0.8072) 8_ 0.000019 1.8T + 48] + 0.001316],
Bosen (August 1960) where T = °C

The precipitable water computations for individual observations were
made at the National Climatic Center (NCC) of the Environmental Data
Service (EDS), National Oceanic and Atmospheric Administration (NOAA).
Summaries and data analyses were prepared at the NOAA computer center at
Suitland, Md.

7. SUMMARIZATION OF PRECIPITABLE WATER AMOUNTS

Precipitable water was summarized by months for all stations. The mean
and standard deviation of the daily values were computed for the five
layers mentioned in section 6. Two layers are presented in seasonal plots,
the surface-to-150 mb above the surface, and the surface-to-500 mb, pages
41 through 143. Pages 144 through 170 give the layers from the surface-to-
850 mb, to~700 mb and to-400 mb., In the index of stations (p. 171) 2-page



references are given, the first for the graphical presentation (and their
tabular values) and the second for tabular values only. Stations are
listed alphabetically; ships and foreign stations are listed separately
in sub-groups.

Graphs of wy, for the layer, surface~to-150 mb above the surface are given
to show the important low-level moisture distribution. The surface-to-
500 mb layer is graphed to facilitate comparison with wp studies elsewhere
and with the daily transmitted surface~to-500 mb wy, values used in opera-
tional forecasting. These plots also give a quick and easy way to compare
values at different stations since the scale is the same for all. For more
precise work, however, consult the numerical values that appear in the
table on each chart, rather than the graph. The typewriter plots at
discrete intervals, each line representing 0.02 in. precipitable water in
this case. 1In the plotting routine, therefore, all values of the w, were
rounded to 0.02 in., and plotted at the lower end of the interval, For
example, 0.50 to 0.52 in. were plotted on the 0.50 in. line and 0.52 to
0.54 in. on the 0.52 in. line, etc.*

8. RESULTS

Distribution of Mean Monthly Precipitable Water

Mean w, over the contiguous states by months for two layers, surface~to-
500 mb and surface-to-150 mb above the surface is shown in figures 4
through 7. The same lavers are shown for Alaska in figures 8 through 11.
The maximum and minimum mean wp values of the year are underlined on these
maps. All values are in centimeters.

Lines of equal w, are drawn on the contiguous States maps only east of
100°W longitude. Best of this line a false pattern would be introduced
by the combination of high and low elevation stations if the lines are
drawn strictly to the data. Additionally, isolines would have little mean-
ing unless corrected for the complex terrain between stations. East of the
100th meridian only two stations are above 2000 feet: Goodland, Kans. and
Big Springs, Tex. Most radiosonde stations are below 1000 feet. Thus the
patterns east of 100°W should have little distortion; however, the analysis
cannot be considered accurate in detail over the Appalachians. '

*There is a swall linear cumulative error in the metric scale on the
right side of the graphs. It ranges from zero at the bottom of the chart
to about 1/2 mm {one division on this scale) at 30 mm (1.7%). This came
about because of unavoldable limitations in fitting an equal whole integer
metric scale interval to the English unit plot (the computations were made
in inches). The metric table values are, of course, accurate.
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Over Alaska, the radiosonde stations are all at low elevations. Hence
no problems are encountered in drawing for the data, although the isolines
represent a fictitious sea-level ‘pattern over the mountains.

" Contiguous States

The winter months are characterized by a steep moisture gradient over the
Southern States while in summer, the strong gradient moves northward to
the Central States and weakens to the south, reducing to near zero over
Florida. The Rocky Mountain States have low wp values most of the year.
This results from the high elevation of the region and from the high
barrier of the Sierras and similar ridges farther north. In southern
Arizona w, values are very high during July and August when moisture is
advected northward from the Gulf of California over low barriers. This
effect is algso apparent at the Pacific Coast station of San Diego (see
figure 5),

In general, the driest month is February and the moistest July, but there
are important exceptions. In a north-south band from North Dakota to
southern Texas, January is the driest month, while in the Pacific Northwest,
the Great Basin and in the arid Southwest, March is driest. The western
United States are influenced by the seasonal lag in the temperature of the
sea surface in the sgource region of air masses moving into this area.
During the summer, a lag also takes place at the southernmost U.S. stations
of Brownsville, Miami,and Key West,which have their maximum in September.
This may result from the September maximum of tropical storms as well as
the sea surface temperature lag. This effect is even more pronounced at.
Merida, Mexico, which has two maxima, one in June (fig. 4) and a higher
one in September (fig. 5), and is probably associated with the bimodal
maxima of tropical disturbances and easterly waves in the Caribbean.

The seasonal range of w, is small on the west coast except in southern
California,where the values are high in the months of July and August, as
mentioned above. In general, mean w, values of central California north-
ward show almost no latitudinal variation. In summer and early fall mean
values are higher at Quillayute, Wash. than at Oakland, Calif. This
probably results from cold water upwelling off the coast of central Cali-
fornia causing moisture to condense on the water.

Alaska

Lowest values of precipitable water in Alaska occur north of the Brooks
Range. In northern Alaska the minimum w_ is February, while in southern
Alagka it is delayed until March. This gs probably not significant since
¥p values vary little from December through March over most of the state,

Central and northern Alaska (regions of maximum continentality) have a
July maximum, while in southern Alaska, including the island stations and
ship P, the maximum is retarded until August by temperature lag in the
ocean. Note the small vp gradient in June between ship P and Fairbanks,
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a distance of 15° latitude (900 n.mi.). Land heating with local evaporation
in central Alaska together with the maritime lag at the sghip almost nullify
the expected difference.

The cold Bering Sea affects the summer w, isolines, orientating them
almost north-south along the west coast of Alaska. Kotzebue, Nome and

St. Paul Is. have almost identical vp values in June and July.

Seasonal Graphs of Mean Precipitable Water

Pages 41 through'IAB show the computer graphs of the meaﬁ monthly pre-
cipitable water for each station together with their respective tabular
values (which are not considered accurate beyond the second decimal)

These graphs are self-explanatory and are intended for general reference
and comparison purposes. They are all on the same scale. A smooth curve
can be drawn through the data points and approximate values can be read
at weekly intervals if such amounts are needed.

Coﬁpariscn of Mean Precipitable Water with Previous Work

Precise comparisons with previous work on mean w, over the United States
are not practicable. A rough comparison was attempted, however, with the
work of Shands (1949) and Reitan (1960). The wp measurement in the surface-
to-400 mb layer is compared with Shands’ surface-to-7 km (approx. 410 mb)
and Reitan's surface-to-325 mb values. The results are given in table 3.
Eight stations were chosen where 27-yr records (with the exception of
21 yrs at Oklahoma City) are available and for which observations have
been taken since the 1930°s. Mean w, for each station and the mean over-
all for eight stations is given for each month.

In general, the mean values in this study are lower than those found by
either Shands or Reitan. This is especially true for the summer season
when Shands' means are up to 10 percent greater than present values. It is
surmised that this is due to the change in humidity element from hair
hygrometer to lithium chloride and carbon, and possibly the Shands' short
period of record.

Reitan’s mean values are near the present long-record values, except in
summer when they are up to 5 percent higher. This difference can be
explained by moisture in the layer 400 to 325 mb, not measured by the
present study. - ,
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Station

Abilene, Tex.
Albany, N.Y.

Albuguerque, N.Mex.
Amavilio, Tex.
Athens, Ga.
Atlants, Ga.

Bilg Springs, Tex.
Bismarck, N. Dak.
Boige, Idaho

Boothville, La.

Brownsville, Tex.

Buffalo, N. ¥,

Table 1.-~Station location and period of record

Elevation

(ft)

{m)

534

86

1619
1095
246

300

305

867

7

218

See notes at end of

table.

(1752)

(282)

(5312)
(3560)
(807)
(984)
(2572)
(1657)
(2845)
(3)

(23)

(715)

Approx. Period
N W yrs of of
lat, long. record* record

CONTIGUOUS U.S8. STATIONS

32°26"

42°45"

35°03'
35°14"
33°57°
33°39°
32°14°
46°46°
43°34°
29°20'

25°54"

42°56'

99°41"

73°48"

106°37'
101°42°

83°19'

84°25"
101°30°
100°45"
116°13'

89°24°'

97°26'

78°44°

15

23

27
20
17
10

5
27
27

8

27

27

3/57-5/61
2/63-5/72

1/46-11/51
10/55-12/72

1/46-12/72
7/52-12772
9/55-12/72
1/46-9/55

7/49-11/53
1/46-12/72
1/46-12/72

3/65-12/72

1/46-12/72

1/46-12/72

Notes

Generally Feb. thru May
only.

#

#
Combined with Atlanta, Ga.
Combined with Athens, Ga.

Combined with Midland, Tex.

#

Combined with New Orleans
and Burrwood, La.
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Station

Burrwood, La.

Cape Hatteras, N.C.

Cape Kennedy, Fla,

Caribou, Me.
Charleston, S. C.
China Lake, Calif.

Cocoa Beach, Fla.

Columbia, Mo,
Dayton, Ohio
Del Rio, Tex.

Denver, Colo.

Elevation

m) (ft)

3 (10)

4 (13)
3 (10)

191 (627)
13 (43)
682 (2238)

3 (10)

238 (781)
297 (974)
314 (1030)

1611 (5286)

See notes at end of table.

Table l.~~Continued

Approx. Period
N W yrs of of
lat. long. record*  record
28°58' 89°22' 15 1/46-12/46
8/50-2/65
35°16' 75°33" 27 1/46-12/72
28°14' 80°36' 14 11/56-5/70
46°52' 68°1" 27 1/46-12/72
32°54' 80°2' 27 1/46-12/72
35°41' 117°41" 15 1/46~12/72
28°14' 80°36' 7 2/50-11/56
38°58' 92°22' 25 1/46-8/70
39°52' 84°7' 21 12/51-12/72
29°22' 100°55' 19 1/54~12/72
39°46° 104°53' 24 10/48-12/72

Notes

#
Combined with New Orleans
and Boothville, La.

#

W

Combined with Cocoa Beach,
Fla.

Many long and short gaps.

Combined with Cape Kennedy,
Fla,

#

ST



Station

. Dodge Citys Kans.
‘Ei Paso, Tex.
Ely, Nev.:

-~ Flint, Mich.

Fort Huachuca, Aviz.

Fort Smith, Ark.

‘Fort Worth, Tex.
Glasgow, Mont.

Goodland, Kans.

Grand Junction, Colo. 1474

Great Falls, Mont.

Green Bay, Wis.

1193

1908

1419

1113

1118

Elevation

(m)  (ft)
791 (2595)
(3914)
(6260)
236 (774)

(4656)

136 (446)

180 (591)
696 (2284)

(3652)

(4836)
(3668)

210 (689)

See notes at end of table.

Table l.~-Continued

N

- lat.

- 37°46"

31°48’
39°17°

42°58"

131°34°

35°20°

32%e°
48°13"

39°22°

39°07°
47°29°

44°29°

W

. long.

99°58°
106°24"
114°51°
83°%44°

110°20'

94°22°

97°25"
106°37°

101°427

108°32°
111°22°

88°8°*

Period

Approx.
yrs of of
record® record
27 1/46-12/72
27 1/46-12/72
27 1/46-12/72
16 9/56-12/72
12 1/55-12/59
6/63~-11/66
10/67-7/71
11 3/53-5/64
23 9/49-12/72
27 1/46~12/72
9 7/52-9/56
6/58~9/61
26 12/46-12/72
27 1/46-12/72
20 3/53-12/72

Notes

i

Mostly Féb;»Sept. 1953-9;
Feb.~June 1960-64

Mostly May-Sept.

#

91



~Station
Greensboro, N.C,

Huntington, W,Va.

Huron, §. Dak.

International Falls,
Minn.

Jackson, Miss.

Jacksonville, Fla,
Joliet, Ill.

Key West, Fla.
Lake Charles, lLa.
Lander, Wyo.

Las Vegas, Nev.

Little Rock, Ark.

1696

Elevation

m) (fr)

273  (896)

246 (807)

392 (1286)

360 (1181)

94 (308)

5 (16)
179 (587)
3 (10)

5 (16)
(5564)

660 (2165)

79 (259)

See notes at end of

table.

Table l.--Continued

Approx. Period
N W yrs of of
lat. long. record* record
36°5! 79°57" 27 1/46-12/72
38°22' 82°33' 14 1/46-8/48
12/61-12/72
44°23' 98°13' 15 6/57-9/61
6/63-8/72
48°34' 93°23' 27 1/46-12/72
32°19' 90°5' 19 3/53-4/55
2/56-12/72
30°25' 81°39' 19 8/50-4/69
41°30' 88°10' 7 1/46-3/53
24°33"' 81°48' 19 4/54-12/72
30°7' 93°13’ 27 1/46-12/72
42°49' 108°44" 27 1/46-12/72
36°5' 115°10' 21 1/46-10/66
34°44' 92°14' 27 1/46-12/72

Notes

Mostly June~Sept.

Mostly Feb.-Apr.
All year.

Combined with Waycross, Ga.

Navy Observation.

#

Combined with
f#Yucca Flat, Nev.

#

L1



Elevation

See notes at end of table.

Station (m (ft)
Long Beach, Calif. 10 (33)

- Medford, Ore. 401 (316)
Miami, Fla. 4 (13)
Midland, Tex. 874 (2867)
Montgomery, Ala. 57  (187)
Nantucket, Méss. 14 (&6)‘
Nashville, Tenn. 180 (591)
New Orleans, La. 2 ()
New York, N.Y. 5 (16)
North Platte, Nebr. 847 (2779)
Oakland, Calif. 6 (20)
Ogden, Utah 1358 (4455)

Table l.--Continued

N
lat.

33°%49!

- 42°22!

25°48"

31°56'

32°18"'
41°15°
36°15'

29°59"

40°39°7
41°8°
37°44"

41°11°

W
long.

118°9’

122°52°7
80°16'

102°12'

86°24'
70°4°
86°34"

90°15'

73°47"
100°41"
122°12"

112°1'

Approx. Period
yrs of of
record®  record
7 12/48-4/56
27 1/46-12/72
27 1/46-12/72
19 11/53-12/72
24 1/49-12/72
27 1/46-12/72
27 1/46-12/72
3 1/47-7/50
16 9/56-12/72
27 | 1/46-12/72
2?‘ 1/46-12/72
11 1/46-8/56

Notes

Combined with Santa Monica,
Calif.

#

Combined with Big Springs,
Tex.

#

Combined with Buryrwood and
Boothville, La. #

i

Combined with Salt Lake
City, Utah. #

81



Station

Oklahoma City, Okla.
Omaha, Nebr.
Pensacola, Fla.

Peoria, I11l.

Phoenix, Ariz.

Pittsburgh, Pa.

Pt. Arguello-
Vandenberg AFB,
Calif,

Pt. Mugu, Calif.

Portland, Me.

Quillayute, Waéh.

Rantoul, Il1.

Elevation
(m) (fr)
392 (1286)
403 (1322)

36 (118)

200 (656)
341 (1119)

361 (1184)

23 (75)

8 (26)
20 (66)

56 (184)

23 (75)

See notes at end of table.

Table 1l.-~Continued

Approx. Period
N W yrs of of
lat. long. record* record
35°24' 97°36' 21 1/46-6/67
41°22' 96°1° 20 1/46-12/47
9/54-12/72
30°28' 87°12! 12 9/55-10/67
40°40" 89°41' 16 9/56-12/72
33°26' 112°1° 12 1/46-1/58
40°32' 80°14° 27 1/46-12/72
34°34' 120°40° 13 7/59-12/72
34°7' 119°7! 21 1/52-12/72
43°39' 70°19' 27 1/46-12/72
47°57"' 124°33" 6 8/66-12/72
40°19' 88°10' 1/49-10/56

Notes

Combined with Tinker AFB,
Okla.

Sporatic Obser. Combined
with Valparaiso AFB, Fla.

Combined with Rantoul, Ill.

Combined with Santa Maria,
Calif., Gap 3-11/65. #

Many gaps in record.

Combined with Tatoosh
Island, Wash.

Combined with Peoria, Ill.

6T



Station
Rapid City, N.Dak.
St. Cloud, Minn.
Salem, I11.
Salem, Ore,
Salt Lake City, Utah
San Antonio, Tex.
San Diego, Calif.

San Nicholas Is.,
Calif.

Santa Maria, Calif.
Santa Monica, Calif.
Sault Ste. Marie,

Mich.

Seattle, Wash.

1288

Elevation

) _(ft)
966 (316%9)
316 (1037)
174 (571)

61 (200)
(4226)
243 (797)

124 (404)

153 (502)

74 (243)
38 (125)
221 (725)

125 (410)

See notes at end of table.

Table l.-—Continued

N
lat.

44°3°

45°35°
38°39°
44°55°
40°46"
29°32"

32°49"

33°15°

34°547

34°1°

46°28"

47°27°

W
long.

103°4°
94°11°
88°58°

123°1"

111°58'
98°28°'

117°8'

119°27°

120°27°
118°27°
84°22°

122°18°

Approx.
yrs of
record#*

27
26

4
17
16
20

27

20

13

10

27

18

Period
of

record
1/46-12/72
5/47-12/72
6/69-12/72
6/56-12/72
8/56-12/72
1/46~6/66

1/46-12/72

9/52-12/72

1/46-6/59
4/56-9/65
1/46-12/72

1/46-1/64

Notes

#
Combined with Ogden, Utah.#
Combined with Victoria, Tex.

#

Gaps in record.

Combined with Pt. Arguello,
Calif, #

Combined with Long Beach,
Calif,

0T



Station
Shreveport, La.
Spokane, Wash.
Tampa, Fla.

Tatoosh I., Wash.

Tinker AFB, Okla.

Topeka, Kans.
Tucson, Ariz.

Valparaiso, Fla.

Victoria, Tex.

Waycross, Ga.

Wallops I., Va.

Washington, D.C.

Elevation

(m) (fr)
79  (259)

720 (2362)
8 (26)

31 (102)

397  (1303)

269 (883)
781  (2562)

29 (95

33 (108)

44 (144)

2 (7)
85 (277)

See notes at end of table.

Table 1l.--Continued

Approx. Period
N W yrs of of

lat. long. record* record
32°28" 93°49° 21 6/52-12/72
47°38' 117°32° 27 1/46-12/72
27°58' 82°32° 27 1/46-12/72
48°23" 124°44' 21 1/46-7/66
35°25" 97°24! 4 7/67-3/71
39°4" 95°38" 19 12/53-12/72
32°8' 110°57' 21 9/51-12/72
30°29' 86°43' 3 10/67-5/70
28°51' 96°55" 6 7/66-12/72
31°15"' 82°24° 4 4/69-12/72
37°51' 75°29' 9 10/63-12/72
38°59' 77°28' 27 1/46-12/72

Notes

Gaps 10/51-3/52; 5-6/52 #

Combined with Quillayute,
Wash.

Combined with Oklahoma City,
Okla.

Gaps in early record. #

Combined with Pensacola,
Fla.

Combined with San Antonio,
Tex.

Combined with Jacksonville,
Fla.
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Station
Winnemucca, Nev,
Winslow, Ariz.

Yucca Flat, Nev.

Yuma, Ariz.

Anchorage
Amnette
Barrow
Barter I.
Bethel

Cold Bay

Fairbanks

King Salmon

Elevation

(m) (ft)

1312
1492

1198
59

45
37

15
39
30

135

See notes at end of table.

(4304)
(4895)
(3930)

(194)

(148)
(121)
(26)
{48)
(128)

(98)

(443)

Table 1.--Continued

} \ Approx. Period
N W yrs of of
1at. rlong. record®* record
40°54 117°48" 17 5/56~12/?2

35°1"  110°44° 11

36°57' 116°3' 6

32°40' 114°36" 16
ALASKA STATIONS
61°10' 150°1' 20
55°2' 131°34' 20
71°18' 156°47' 20
70°8' 143°38' 17
60°47' 161°48' 20

55°12' 162°43° 18

64°49° 147°52" 20

See Naknek

11/61-12/72

10/66-12/72

7/55-7/71

1/50-12/69
1/50-12/69
1/50~12/69
4/53-12/69
1/50-12/69

2/50-11/53
8/55-12/69

1/50-12/69

Notes

#

Combined with Las Vegas,
Nev,

Gap 8-11/58.

(44



Station
Kotzebue
McGrath
Naknek
Nome
St. Paul I,
Shemya

Yakutat

Ship Station H

Ship Station N

Elevation

(m) (ft)

5
103
99

i0
38
12

See notes at end of table.

(16)
(338)
(325)
(16)
(33)
(124)

(39)

Table 1l,~-~Continued

Approx. Period
N W yrs of of
lat, long. record* record
66°52' 162°38' 20 1/50-12/69
62°58' 155°37' 20 1/50-12/69
58°41' 156°39' 17 5/53-12/69
64°30' 165°26' 20 1/56-12/69
57°9' 170°13' 20 1/50~12/69
52°43" 174°6'E 20 3/50-12/69
59°31' 139°40' 20 1/50-12/69
SHIP STATIONS
36°0' 70°0' 5 1~3/46
5/49-6/54
38°0' 71°0' 3 2/70-12/72
30°0 140°0' 26 8/46-2/72
31°0" 140%°0' (7/1/54)
32°30' 135°0' (7/1/53)
33°0’

Notes

Gaps in May, June, July

135°0" (1/1/51 earliest published position)

1 4



Table l.~-Continued

Approx. Period

Elevation N W yrs of of
Station (m) (ft) lat. long. record* record Notes
Ship Station P + 50°0' 145°0' 24 8/46-8/71 Gap 6/47-8/48

FOREIGN STATIONS

Merida, Mexico 11 (36) 20°57' 89°40' 18 1/46~12/47
10/56-12/72

Hamilton Field, .
Bermuda 33 {(108) 32°18%  64°47° 27 1/46~12/72

Guadalupe I., Mex. 6  (20) 28°537 118°18" 2 1/71-12/72

* Large gaps are noted, but smaller gaps are omitted. Years of record are between 1946 and 1972,incl.
Years of data the same excepting stations with 8-yr means as noted.

# Stations or combined stations with 8-yr means.

4+ 6 to 9 m (20-30 ft) depending on type of ship.
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Table 2.-~Comparison of 8-yr mean to 27-yr mean precipitable water.

Sfc~850 mb Sfc-400 mb
Avg. ratio Avg. ratio
Yrs of Mean W3 Yb (27 yrs) Mean W_ wp (27 yrs)
Station Record Month Sfc—858 mb w; (8 yrs) Sfc~408 mb w; (8 yrs)
' (cm) (cm) )

Glasgow, Mont. 27 Jan .14 .58
8 .13 .60
27 Apr .26 .86
8 .25 .84

1.078 1.064
27 July .62 .96
8 .57 .81
27 Oct .31 -1.07
8 .28 1.01
Greensboro, N.C. 27 Jan .48 : 1.20
8 44 1.12
27 Apr 74 1.65
8 71 1.59

1.027 1.031
27 July 1.61 3.52
8 1.58 3.40
27 Oct .93 1.96
8 93 1.97
Lake Charles, La. 27 Jan .99 1.87
8 .99 1.82
27 Apr "1.41 2.41
8 1.45 2,43

1.008 1.015
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Table 2.--Continued

S£c~850 mb Sfc~400 mb
Avg., ratio Avg. ratio
Yrs of Mean w,. Yp (27 yr) Mean wo Yp (27 yr)
Station Record Month Sfc-asg mb wo (8 yr) - Sfc-400 mb = (8 yr)
(cm) P (cm) P
Lake Charles, La. 27 July 2,29 4.30
8 2,22 4,15
27 Oct 1.50 2.67
8 1.48 2.68
North Platte, Nebr. 27 Jan .14 .67
8 .14 .68
27 Apr 25 1.05
8 .24 .99
1.067 1.057
27 July .72 2.59
8 .68 2.43
27 Oct .32 \ 1.25
‘8 .28 1.16
Pt. Arguello - Santa 27 Jan .64 1.22
Maria, Calif. 8 .63 1.20
27 Apr . .75 1.31
8 .66 1.12
1.087 o 1.082
27 July 1.02 2.08
8 .92 1.92
27 Oct .85 1.59

8 .79 1.49
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Table 2.~-Continued

Sfc-850 mwb ' Sfc~400 mb -

Avg. ratio ' Avg. ratio

Yrs of Mean w_ Yp (27 yr) Mean W Yp (27 yr)

Station Record Month Sfc—858 mb wo (8 yr) Sfc—aog mb wo (8 yr)

(cm) P (cm) P
Quillayute ~ Tatoosh 27 Jan .59 1.16
Is., Wash. 8 .62 1.25
27 Apr .65 1.22
8 .62 1.16
1.036 1.029

27 July 1.04 1.96
8 .95 1.80
27 Oct .86 1.69
8 .84 1.65

£z



Portland, Me.

Washington, D.C.

Charleston, S.C.

Miami, Fla.

Brownsville, Tex.

Oklahoma City,
Okla.

Sault Ste Marie,
Mich.

Bismark, N.D.

=]
W ou o

i~ <5 rHEw

[l 2= 7

S
R
L

Table 3.~-~Comparisons of mean precipitable water (cm )~
Jan Feb Mar Apr May Jun July Aug Sept Oct  Nov Dec
.69 .67 .82 1.22 2.10 2.87 3.01 2.79 2.55 1.72 1.24 .85
.73 .68 .80 1.18 1.76 2.44 2.93 2.84 2,18 1.65 1.16 77
.77 .73 .83 1.17 1.68 2.36 2.74 2.66 2,20 1.58 1.24 .85
.99 .88 1.14 1.54 2.45 3,62 3.87 3.64 2.92 2.26 1.43 1.19
1.13 .98 1.13 1.65 2.39 3.08 3.56 3.56 2.80 2.04 1.34 1.04
1.05 1.00 1.13 1.58 2.20 2.88 3.35 3.27 2.73 1.89 1.39 1.10
1.51 1.42 1.82 2,20 2.83 4.27 5.01  4.53 3.73 2.62 1.99 1.82
1.74 1.65 1.79 2.15 2.96 3.79 4.45 4.39 3,81 2.68 1.92 1.66
1.65 1.60 1.73 2.10 2.82 3.61 4.23 4,23 3.63 2.60 1.91 1.68
2.67 2.52 2.90 3.00 3.63 4.57 4.77 4,99 4.95 4.18 3936 3.03
2.31 2.39 2.55 2.91 3.42 4.26 4,53 4.64 4.68 3,96 3.00 2,60
2,45 2.41 2.54 2,78 3.34 4.17 4.30 4,41 4,50 3.81 2.94 2.56
2.58 2.59 2.49 2.98 3.60 4.34 4.19 4.61 4,47 3.64 3.03 2.82
2.35 2,43 2,60 2.99 3.53 3.82 4.19 4,19 4.21 3.32 2.72 2.49
2.28 2.30 2.40 2.85 3.34 3.76 4,00 4.09 4.16 3.33 2.72 2.46
1.08 1.11 1.24 1.89 2.57 2.71 3.71 3.99 3.14 2.20 1.41 1.22
1.04 1.04 1.16 1.70 2.50 3.25 3.71 3.61 2.66 1.99 1.23 1.06
.96 1.01 1.1l 1.66 2.29 3.01 3.50 3.31 2.74 1.88 .26 1.04
.60 .62 .69 1.08 1.79 2.48 2.65 2,72 2.15 1.58 1.01 .73
.56 .54 .64 .98 1.39 2.10 2.50. 2.46 1.93 1.52 .92 .63
.59 .56 .68 1.00 1.44 2.11 2.34 2,35 1.98 1.48 .98 .70
.68 .71 .80 1.32 1.68 2.34 2.96 2.74 1.98 1.45 .94 .84
.53 .57 .64 .96 1.47 2.18 2.58 2.52 1.81 1.29 .79 .62
.36 .60 .66 .95 1.42 2,05 2.35 2.24 1,66 1.19 .79 .63

Shands 1949 Yp for surface to 410 mb, 3 to 5 yr
Reitan 1960 w, for surface to 325 mb, 11 yr of record once/day observations.
Lott 1976/wp for surface to 400 mb, 27 yr of record once/day observations.

of record once/day observations.
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Figure 1.--Station locator, Contiguous States.
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Figure 4.--Contiguous States, mean monthly precipitable water, surface to
500 mb, January - June (cm).



November December

Figure 5.--Contiguous States, mean monthly precipitable water, surface to
500 mb, July - December (cm). '
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June

Figure 6.--Contiguous States, mean monthly precipitable water, surface to
150 mb above the surface, January - June (cm).
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November December

Figure 7.--Contiguous States, mean monthly precipitable water, surface to
150 mb above the surface, July - December (cm).
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Figure 8.--Alaska, mean monthly precipitable water, surface to 500 mb,
January - June (cm).
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November December

Figure 9.--Alaska, mean monthly precipitable water, surface to 500 mb,
July - December (cm).



Figure 10.--Alaska, mean monthly precipitable water, surface to 150 mb
above the surface, January - June (cm}.
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Figure 11.--Alaska, mean monthly precipitable water, surface to 150 mb
above the surface, July - December (cm).
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