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Abstract

A comprehensive review of the literature since 1966 for studies
and articles dealing with precipitation and its measurement. Topics
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included.

KEY WORDS: Climatic data/ equipment/ precipitation data/ statistics/
weather data/ wind/ rainfall/ rain gages/ rain/ snow/

snowfall/ snow gages/ snow surveys

NOTE: References numbered 1 through 331 in the Partially Annotated
Bibliography are listed in alphabetical order. Those numbered
332 and above were obtained after the first list had been
prepared for publication and form a second alphabetical

listing.



Section

I.

II.

III.

TABLE OF CONTENTS

INTRODUCTIONANDPURPOSE..'.'.'........0....."0 ...... .

ARTICLES CONCERNING LIQUID PRECIPITATION.....c:cvoveees

1.
2.
3.
4.

Gages for Measuring Liquid Precipitation...........
Rain Gage Comparisons........ cetrsesesseassasenne .o
Rain Gage Shields...... T TP
Errors in the Measurement of Liquid Precipitationm..
(3) WINd...veeeennoeeeoaoesoanasssnnessosassasansss
(b) Evaporation.cseeescsecsccssscssavesssacccsns cee
() Wetting..eveiiieneeraronenenonononensncnsananns
(d) Other ErrorS...ceeeeeceeees Ceeenen Cerreenaneaes
Liquid Precipitation Dat@...ieeeeevesresosenennnnns
Liquid Precipitation Data Analysis......... Cererens

(@) Statistical.veeeeeeeesenecersesossensessansnans
(b) Corrections for Precipitation Data........... .
(c) Accuracy of Precipitation Data.......ovevevensas

Precipitation Measurements by Electronics (Radar,

Radio, Microwave, @tC.).ceesseeccessossssnsonassnas
Precipitation Gage Networks..... cesestseresanreanen
Miscellaneous Measurements and Eguipment..... N

(a) Measurements..l........‘...I.......'.'.....'...
(b) Equipment...cveeesrsiieeesessssossnonsssscsnsnes

ARTICLES CONCERNING SOLID PRECIPITATION.....eeseevconse

1.
2.
3.
4.

Gages for Measuring Solid Precipitation......cces..

Snow Gage Compari8on8...cseeesesesecscscsnssscnss .o
SnOWGage Shieldsl..'t‘.'.l... ........ ® 8 6 0% 8 00 8000
Errors in the Measurement of Solid Precipitatiom...
(a) Wind................... ooooooooo L B R N N N )

(b) Other Errors in Measuring Solid Precipitation..

Solid Precipitation Data..ccceceseescresevesersnsss
Solid Precipitation Data Analysis............ seenes

(a) Statistical.ceeeeeeeeereneoenonnnns crssesenenns
(b) Corrections for Solid Precipitation Data.......

ii

WO~N O VTP PP OWN

11

11
11

12

12
13
13
14

14
14

15
15

15
16



Section

III.

Iv.

Page

ARTICLES CONCERNING SOLID PRECIPITATION (Continued)....
7. Solid Precipitation Transfer Studies........... vees 16
(a) General....oeeveenss Ceeaecsseeraaseraneasaarnenn 16
(b) Snow Transfer MeasurementS.....eoeeceevsoesees .. 16
(c) Equipment Used to Measure Snow Transfer..... . 17

8. Miscellaneous Solid Precipitation Measurements and
Equipment....cees. ittt siessenenn tesssecenenanas 17
(a) MeasurementS....... Cheetiseeetecetetanraaane e 17
(b) Equipment..cceeriosresesossvorssssrssnsssannnees 18
PARTIALLY ANNOTATED BIBLIOGRAPHY....... Cheseseerenen e 19
APPENDIX.:evvevennnnn ettt tereeteere e R 71

iii



I. INTRODUCTION AND PURPOSE

The purpose of this paper is to present a brief review and compilation
of available literature pertaining to precipitation and its measurement
from articles and studies between 1966 and 1970.

Because the subject of precipitation and its measurement is so broad,
an attempt has been made to index the bibliographical material such that
an investigator interested in a specific phase of the subject will be
assisted in selecting those articles of direct interest. A broad differen-
tiation has been made between liquid and solid precipitation and, under
these, subjects of more detailed interest pertaining to each. The subject
areas seleéted are as indicated in the Table of Contents. The material so
indexed is listed by a number which refers to the more complete bibliograph-
ical listings in Section IV of this report. Authors and data are included
as well as an abbreviated statement about the article which should help
the reader to determine his interest in a particular reference.

Section IV contains a partially annotated bibliography presented
alphabetically by author, or title, in instances where the author is
unknown. Each article is numbered for easy reference to the indexing
in Sections II and III of this report.

No attempt has been made to draw conclusions from any of the listed
references. Only a very brief summary of an article is given. This sum-
mary is not provided to give exact factual data so much as to give the
reader a general feeling for the subject matter of the article in question.
If a given article seems of interest to the reader, it is recommended that
he obtain the article and use it rather than the summary contained herein.
It is not possible nor faif to evaluate an entire study in several sentences.

Kurtyka (172), 1953, developed an annotated bibliography of 1079 refer-
ences pertaining to precipitation, and discussed the methods and instruments
used for measuring rain and snow from early history to 1953. Israelsen (147),
1967, extended the previous work by reviewing 164 additional references

generally covering the period from 1952 to 1967. It is not the intent of



this paper to duplicate any of the references or discussions given by the
two aforementioned studies, but rather to concentrate mainly on reports
and studies undertaken since 1966.

The reference sources searched during the preparation of this report
are given in the Appendix. Omissions and errors can only be attributed to
the author.

II. ARTICLES CONCERNING LIQUID PRECIPITATION

1. Gages for Measuring Liquid Precipitation

(38) Bulavko, 1968, describes a special type of rain gage designed to
measure the amount of precipitation which penetrates vegetative covers.

(45) Castle, 1965, relates data on a 12-inch orifice gage which
utilizes an FM repeater for telemetering precipitation data. The system
is designed to operate for extended periods with no maintenance.

(60) Cox, 1968, reports on a gage developed to obtain measurements of
total precipitation. The instrument consists of three parts: a hydraulic
weighing platform collector, a measuring catchment, and a pressure record-
ing system.

(62) Datar, 1967, and others explain about a rain gage designed and
developed in India for collection of rainfall data from remote areas. The
gage is a tipping-bucket type and it reports data by radio.

(113) Gray, 1970, describes a precipitation gage system which can be
interrogated by computers. Data on precipitation levels in five major
river basins in New England are given automatically.

(126) Hindley, 1968, gives a description of the configuration, capa-
bilities, deficiencies, etc., of a telemetry-rain gage. Interrogation of
the gage is by telephone.

(159) Kalma, 1969, relates a description of an accurate, inexpensive,
small orifice gage for use in rainfall networks. Comparison studies indi-
cate a good agreement with the larger standard gage.

(205) Morrissey, 1967, depicts the manual and automatic instrumentation

for precipitation measurements on experimental basins.



(213) Nechaev, 1968, advises that different and new gages be developed.
An outline is given of the premises on which the new gages should be
developed.

(232) Peck, 1968, reports on a selective precipitation indicator which
can sense the presence of dew, frost, drizzle, rain, or snow. The instru-
ment's design, characteristics, etc., are discussed in detail.

(264) Semplak, 1966, delineates a gage which channels the precipitation
through a capacitor. The rainfall rate is then sensed by the output voltage
changes from an oscillator.

(284) Smoot, 1968, describes an instrument which records both cumula-
tive rainfall and flood stages for small drainage basins.

(299) Stuart, 1966, illustrates a gage which houses a gold-plated tilt-
ing bucket. Each .0l-inch of precipitation is recorded by electrical
impulse. The bucket is gold-plated to reduce surface tension

Other articles of interest in this section are 18, 99, 147, 172, 209,
265, 278.

2. Rain Gage Comparisons

(98) Fuggle, 1968, gives a comparison of three types of gages (the
Canadian 3-inch gage, the British Mark II gage, and the "True-Check"
plastic gage). No statistical difference was found between then.

(105) Golubev, 1968, compared a rain gage with a Nipher shield, the
JRPG gage, the German Democratic Republic gage, and the Tret'iakov gage.
The Tret'iakov gage apparently gives the best results.

(107) Gorbunova, 1966, describes a comparison of the Tret'iakov gage,
an Ukrainian gage, and a ground surface gage. It was concluded that the
Urkrainian gage and the Tret'iakov gage catch the same amount of precipita-
tion.

(130) Hoehne, 1968, in his evaluation of the Fisher-Porter Precipitation
Gage, found no seasonal variation in catch for the 8-inch gage and the
digital gage of the National Weather Service.

(190) McGuinness, 1969, discusses a comparison made in Ohio of a standard
8-inch gage and a digital punch gage. Yearly totals for the two gages are

equal but seasonal patterns of catch are different.
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(189) McGuinness, 1966, makes a comparison of lysimeter catch and rain
gage catch.

(195) Melikishvili, 1966, gives the data on monthly precipitation totals
for various rain and precipitation gages.

(204) Morgan, 1969, also studies the catch of lysimeter versus rain
gage catch.

(217) Neff, 1966, relates a study designed to evaluate the performance
of various gages. It is concluded that gages above ground catch 3-16% less
rainfall than actually reaches the ground.

(279) Smirnmov, 1966, presents data with which to compare precipitation
gages and pluviographs.

(285) Sneyers, 1968, compares the Brussels and Uccle rain gages with
the object being to define the true magnitude measured by each instrument.

Also see 172, 205, 330, 147.

3. Rain Gage Shields

(52) Chou, 1968, indicates that devices for shielding rain gages are
needed and are discussed. He concludes that an Alter type shield will
increase rainfall catch by 2.37, bﬁt suggests that a turf wall or pit
gage would be better.

(104) Giraytys, 1968, gives an excellent history of rain gage shielding
and gives a description of various gages used by the Weather Bureau Test
and Evaluation Laboratory.

(319) Vogelmann, 1968, discusses the screening of gages in order to
measure cloud droplets from fog or low-lying clouds.

See also 147 and 172.

4. Errors in the Measurement of Liquid Precipitation/
(a) Wind

(30) Bratzev, 1963, points out that precipitation gages account for

64-957 of the total precipitation and that wind caused error is about 57
per 1 m/sec velocity.

(244) Robinson, 1969, made a wind tunnel study of four gages to determine
airflow around the gage. He concludes that a ground level gage will give

the largest catch.



(245) Rodda, 1969, states that, for all errors associated with the
measurement'of precipitation, the wind caused efror is by far the most
important. When snow is involved, this error is even larger.

(273) Shuvakhin, 1966, concludes that, for a Tret'iakov gage and a
gage with a Nipher shield, the wind caused error is '"considerable'.

(298) Struzer, 1968, states that mean precipitation error due to wind
could range from 10-20%.

(304) Taramzhenina, 1966, determined that correction factors for
precipitation measurement deficits were a function of wind speed. The
percent of deficit was determined by the ratio of the difference between
a ground gage and a gage at 2 meters to the amount in the rain gage.

See also 108, 147, 172.

(b) Evaporation
(31) Briazgin, 1966, states that the evaporation intensity depends

upon moisture deficit and that it is somewhat larger for solid precipita-
tion than for liquid. Evaporation losses due to evaporation could range
up to 137%.

(73) Dubrovin, 1968, concludes that evaporation from a gage is not
constant and could be as high as 25% of total precipitation.

(193) Melikishvili, 1968, compared evaporation losses from several
types of gages. Losses from a Tret'iakov gage on an average were .6
mm/day (8.6 inches/year).

(212) (214) Nechaev, 1968, determined that evaporation intensity was
a function of air humidity deficit and air velocity. He also states that
evaporation losses for liquid and solid precipitation are similar and
amount to 3-87 of total precipitation.

See also 147, 172, 191, 231.

(¢) Wetting
(31) Briazgin, 1966, states that the wetting losses in measuring

precipitation during June-August are 29%.
(173) Lazareva, 1966, has developed a formula to correct for losses due
to wetting. It is based upon the precipitation total, number of measure-

ments, and a correction constant.



(182) Lutskina, 1966, concludes that the precipitation deficit due
to wetting is normally 11-16%.

(194) Melikishvili, 1966, says that his studies indicate an annual
precipitation deficit due to wetting of from 2-127%.

(211) Nechaev, 1966, states that the correction required for wetting
is .2 mm for each measurement made.

(296) Struzer, 1968, has determined that the correction required for
the wetting of vessel walls, when measured four times per day, is 5% of
the total.

See also 25, 107, 108, 147, 172.

(d) Other Errors
(153) Jones, 1969, has concluded that the sloping portion of the

gage housing may be a cause for reduction in catch.
(295) Struzer, 1966, gives a formula to compute the error due to the

splashing of raindrops.
(297) Struzer, 1968, has evaluated the error in ground level gages
due to splattering. He concludes that a splatter shield of 50 cm radius

will eliminate this source of error.
See also 39, 139, 147, 172.

5. Liquid Precipitation Data

(57) Cooper, 1967, relates rainfall intensity and elevation for south-
western Idaho.
(68) Dickison, 1968, reports on the effect of relief on the distribu-
tion of precipitation.
(115) Green, 1967, gives monthly and annual data for 45 rain gages
in the Santa Rita Experimental Range.
(121) Henry, 1968, presents a study of data from tropical rainstorms
to include movement, precipitation amounts, distributions, means, etc.
(134) Hoover, 1965, describes the process and significance of intercep-
tion in Colorado subalpine forests.
(145) Il'inova, 1968, has investigated precipitation totals, precipita-

tion distributions, etc. for the mountainous regions of Central Asia.



(167) Kodrau, 1968, has developed precipitation data to include maxi-
mums and minimums, monthly means, etc. for the West Indies and Central
America.

(186) Marx, 1967, has made a comparison study of high precipitation
totals for the Upper Elbe region.

(200) Miller, 1966, has prepared maps indicating the normal number
of days with precipitation equal or greater than .50, 1.00, 2.00, and
4.00 inches.

(259) Schermerhorn, 1967, reports on relations between topography
and annual precipitation in Oregon and Washington.

(320) Walkotten, 1967, relates elevation effects on rainfall near
Hollis, Alaska.

See also 56, 59, 74, 86, 91, 106, 147, 151, 156, 171, 172, 191,
192, 218, 229, 243, 255, 260, 309, 311.

6. Liquid Precipitation Data Analysis

(a) Statistical
(13) Babichenko, 1967, conducted a distribution study of maximum daily
precipitation data. He concludes a 7-year period is inadequate to obtain

stable maximum values.

(37) Buikov, 1967, has investigated correlation coefficients for pre-

cipitation totals of various time periods and for various distances between
stations.

(40) Burroughs, 1967, has developed techniques whereby estimates of
rain intensity statistics can be determined for any location from avail-
able climatic data.

(95) Freeney, 1969, presents the statistical treatment for calibration
data from gages which are used to measure rainfall rates.

(127) Hirsch, 1967, presents a statistical study of rainfall data which
enables one to develop values that characterize the climate of the region.

(165) Kisilenko, 1967, investigates by statistical analysis summer rain-
fall and its variation in the basin of the Rika River.

(230) Panchang, 1967, gives details of an examination of precipitation
data undertaken to show the better efficiency of the method of maximum

likelihood to reflect long term precipitation.
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(270) Shaw, 1969, has presented a statistical analysis of rain gage
densities in England.

(276) Sirotenko, 1969, relates statistical methods which are designed
to increase precipitation information through the use of regression
equations.

(289) Steinhausser, 1968, presents procedures which can be used to
extract information on heavy precipitation from gage records.

(302) Suzuki, 1967, develops functional expressions of frequency
distributions by a statistical and sthematic treatment of rainfall data.

See also 39, 40, 53, 66, 94, 101, 122, 132, 137, 141, 147, 157, 163,
172, 197, 274, 278, 301, 308, 328.

(b) Corrections for Precipitation Data

(3) Aleksandrian, 1967, has developed a correction coefficient used
to restore homogeneity to long term records when rain gage types have
been changed.

(25) Bondarenko, 1966, presents monthly and annual corrections for the
wetting of precipitation gages.
See also the references under 4(a), 4(b), and 4(c) for other error

corrections.

(e¢) Accuracy of Precipitation Data

(63) DeByle, 1969, gives procedures to be used to verify the accuracy
of readings from weighing-type precipitation gages.

(140) Huff, 1970, concludes that the variability of rainfall rates is so
great within storms that accurate rate measurements are probably prohibitive
in areas of 100 square miles or greater.

(158) Kagan, 1968, among other things, has developed formulae for deter-
mining the accuracy of mean precipitation totals.

(238) Rainbird, 1967, discusses the importance of precipitation in global
studies and deals with the accuracy of point rainfall measurements.

See also 147 and 172.



7. Precipitation Measurements by Electronics (Radar, Radioc, Microwave, etc.)

(11) Atlas, 1968, reviews the radar measurement of precipitation.

(36) Buettner, 1968, suggests that clouds complicate the interpreta-
tion of data over the ocean and that determining rainfall rates is a formid-
able problem.

(46) Catano, 1969, has developed radar-rainfall relationships for
nine different locations throughout the world.

(76) Dutton, 1968, presents a study which considers the effect of
precipitation on radio attenuation.

(90) Flanders, 1970, reports on the history and development of auto-
matic weather radar data processing.

(109) Gorelik, 1969, describes a method of ground and radar measure-
ments of the microstructure of precipitation.

(120) Harrold, 1967, develops a relationship between attenuation of
8.6 mm radiation and rainfall rate.

(136) Huff, 1967, presents an evaluation of using surface rain gage
data to modify radar-rainfall equations for specific storms.

(154) Joss, 1968, compared the radar return of a vertical pointing
radar with rain gages underneath. The daily standard deviation between
the radar and spectrometer, spectrometer and gage, and gage and gage was
227, 8%, and 6%, respectively.

(164) Kessler, 1968, describes the use of radar measurements of
precipitation for hydrological purposes.

(170) Krasiuk, 1969, investigated the absorption and scattering
effects produced by rain on centimeter and millimeter radio waves.

(179) Litvinov, 1967, investigated the parameters in the equation
relating radar reflectivity with intensity. He concludes that unique
parameters for even a single rain cannot be found.

(188) McCallister, 1968,reports on radar requirements and direct
application of radar information for operational hydrological analyses.

(203) Morgan, 1968, describes an instrument to sense rainfall rates.

An oscillator relates depth changes in the gage to frequency changes.

Equations then relate rainfall rate to the frequency.



(249) Ross, 1969, states that radar precipitation data during a
36-hour study were within 27 of data from ground gages and had a
correlation coefficient of .91.

(264) Semplak, 1966, has developed a gage for sensing rainfall rates.

(293) Stout, 1968, concludes that relationships between radar reflec-
tivity and rainfall amounts can be determined. These relationships show
differences of up to 500% for rainfall rates at the same reflectivity.

(325) Wilson, 1970, studies the accuracy of rainfall measurements by radar.

See also 33, 43, 46, 70, 85, 114, 135, 147, 152, 160, 161, 172,

206, 210, 250, 251, 254, 275, 293, 294.

8. Precipitation Gage Networks

(4) Amorocho, 1968, applied mathematical filtering processes to data
from precipitation gage networks in order to determine the effect of net-
work densities on defining storm patterns.

(6) Andersson, 1968, studied the areal representivity of individual
gages from a dense network covering 400 KM?. It is concluded that autumn
and summer rains differ in character and that estimates of areal means
are more accurate in autumn.

(78) Eagleson, 1967, uses sampling theory to determine optimum density
of rainfall networks.

(140) Huff, 1970, used recording gages with enlarged orifices to provide
information on spatial patterns of rainfall intensity on a network. He
concludes that the variability is great within and between convective
storms.

(225) Ostby, 1969, describes the operation of a rain gage network near
Hartford, Connecticut. The purpose is to investigate rainfall variability
for that area.

(290) Stephenson, 1968, gives solutions to the problem of determining
the minimum number of gages required in a network to measure rainfall
depth with a given accuracy over a given area.

See also 12, 34, 54, 56, 64, 72, 95, 140, 141, 147, 172, 178, 200, 241,
288, 310.
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9. Miscellaneous Measurements and Equipment

(a) Measurements

(15) Barrett, 1970, has studied inadvertent modification of weather
and climate by atmospheric pollutants.

(33) Bridges, 1966, has developed two parameters with which to measure
drop size distributions. 'These parameters are the dual-wavelength relative
attenuation and the single-wavelength reflectivity.

(58) Cornford, 1968, rejects the claim that airborne impactors can be
used to measure the total flow of water from a shower.

(61) Crouse, 1966, investigated the total interception loss for storms.
He has determined the precipitation storage capacity of grass is proportional
to the product of its height and percent ground cover.

(79) Eichenlaub, 1970, concludes that snowfall to the lee of the Great
Lakes has increased in recent years.

(88) Fieg, 1968, has studied urban precipitation patterns in the St.
Louis area.

(155) Julian, 1968, reviews the basis for relating tree-ring growth
to climatic parameters.

(181) Lozowski, 1969, discusses the relationships between precipitation
and vertical motions (up-draft).

(242) Reiter, 1968, has conducted a study of the electrical phenomena
occurring in precipitation. Of special interest was the processes occur-
ring in freely falling precipitation.

(252) Rutherford, 1967, analyzed precipitation data from 12 sites in
Ontario to determine the precipitation composition (cations and anions).

(257) Shaefer, 1969, evaluates changes in precipitation regimes due to
atmospheric pollution.

See also 48, 50, 133, 147, 172, 292, 322.

(b) Equipment
(29) Bradley, 1967, describes a device installed in the nose of an air-

craft to collect precipitation and then to determine if radioactive particles

are in it.

11



(75) Duncan, 1966, describes an airborne foil impactor used to
measure shower rainfall.
(209) Nathan, 1968, describes a ground based spectrometer which counts
all raindrops >.2 mm and classifies them into one of twelve size intervals.
See also 18, 147, 172.

ITI. ARTICLES CONCERNING SOLID PRECIPITATION

1. Gages for Measuring Solid Precipitation

(174) Leaf, 1962, investigated the use of snowboards to measure solid
precipitation. He determined the coefficient of correlation to be .89 to
.95 for a snowboard and a shielded gage.

(175) Lenda, 1968, in his study of snowpack characteristics also des-
cribes portable and stationary snow gages.

(185) Martinelli, 1965, discusses new snow measuring techniques to
include pressure pillows, neutron and gamma ray devices, plate capacitors,
and others.

(208) Murphy, 1966, describes a gage which can operate unattended for
sixty days.

(223) Orlov, 1961, presents a description of a new Soviet snow gage
which measures precipitation by the variance in intensity of a photo-
current.

(234) Peterson, 1968, reports on the development of snow sensor installa-
tions in California.

(268) Shannon, 1970, describes the development and use of electronic
telemetry in order to obtain "real time" information.

(269) Shannon, 1968, gives a complete description of a snow pillow
which will record the water equivalent of a snowpack for the entire winter.
(305) Tarble, 1968, presents a paper in which the advantages and

limitations of wvarious types of snow sensors are discussed.

(321) Warner, 1969, describes the measurement of falling snow by opti-
cal attenuation. The total precipitation measured from 20 storms was

within 27 of that measured by a gage and Nipher shield.
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See also 147, 172, 183, 324.

2. Snow Gage Comparisons

(98) Fuggle, 1968, compared three gages (Canadian 3", British Mark
II, "True-Chek") and found no statistically meaningful differences.

(105) Golubev, 1968, compared the precipitation from seven gages with
the snow water content of a zero transport plot. Preliminary results show
that a Tret'iakov gage placed inside a low brush or fence enclosure gives
the best results.

(119) Hamon, 1970, has compared gages, one shielded and one unshielded,
in order to derive equations which will give "true" snowfall.

(174) Leaf, 1962, compared snowboards with shielded gages and snow-
boards with unshielded gages. The coefficient of correlation for the
former was .89-.95 and for the latter .91.

See also 147 and 172.

3. Snow Gage Shields

(1) Adams, 1968, discusses the problem of measuring falling snow with
reference to a Nipher shield and gage.

(105) Golubev, 1968, states that placing a gage inside a shield made of
low brush or feance gives the most accurate determination of solid pre-
cipitation.

(236) Poggi, 1968, presents a study which shows that snow gages in a
clearing are not helped by the addition of an Alter shield. 1In fact, when
the precipitation is liquid, the Alter shield will lower the catch of the
snow gage. It was found that the average difference between the storage
gage in a clearing and snow pack measurements is 1.57 to 4.5Z.

(240) Rechard, 1970, gives a preliminary report on the use of artificial
wind barriers (snow fences) in order to provide a correct "man made'" site
for snow gages.

See also 147 and 172.
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4, Errors in the Measurement of Solid Precipitation
(a) Wind
(8) Arkhipova, 1966, states that the error due to wind is dependent

upon wind speed and increases with an increase in wind speed. The wind
deficit is also dependent upon temperature and increases with a decrease
in temperature.

(24) Bogdanova, 1966, presents an investigation of precipitation
measurement errors due to wind. The error among other things is dependent
upon precipitation structure. Wind produced error is 30-60% for winds of
2-4 m/sec (4.5-9.0 mph) and 200-300% at winds of 8-10 m/sec (17.8-22.4 mph).

(128) Hisdal, 1963, after considering the problems of measuring solid
precipitation in the Antarctic concludes that the precipitation gage is
satisfactory for measuring snowfall only during periods of calm weather.

(237) Popov, 1967, conducted a study on lake water balance. Data from
17 precipitation gages was corrected by 20% for wind caused error in measur-
ing solid precipitation.

(245) Rodda, 1969, gives a study of errors and methods in measuring
precipitation. He states the wind caused error is the most important.

Even under the best conditions, the wind error is appreciable and, if
snow is involved, the error will be even larger.

(298) Struzer, 1968, gives results which show that yearly precipitation
normals should be increased from 40-80% to account for wind caused
errors in measuring solid precipitation.

(304) Taramzhenina, 1966, states that a correction coefficient for wind
produced errors is a function of wind speed. The percent of deficit is the
ratio of the difference between a ground level gage and one at a height of
2 meters to the amount in the gage.

See also 147 and 172.

(b) Other Errors in Measuring Solid Precipitation

(31) Briazgin, 1966, has investigated the error in measuring precipita-
tion due to evaporation and wetting. The evaporation intensity depends
upon atmospheric moisture deficit and is somewhat larger for solid precipi-

tation than for liquid precipitation.
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(89) Findlay, 1969, concludes that measurements of precipitation
normals for the arctic area could have an annual error of up to 6 inches
(152 mm).

(100) Gedeonov, 1966, states that the correction of records at a
station when measuring solid precipitation should be a function of geo-
graphical location, type of protection, and observed wind speeds.

(212) (214) Nechaev, 1968, states that evaporation losses for liquid
and solid precipitation are similar and range from 3-8% of the total.

(296) Struzer, 1968, says that the error due to wetting of vessel
walls when measuring solid precipitation could be as high as 197%.

See also 147 and 172.

5. Solid Precipitation Data

(93) Forcier, 1967, presents data gathered at Otis Air Force Base on
rain versus snow and the collection and classification of data.

(118) Gunn, 1967, presents data on the aﬁerage mass per crystal and
snowfall rates. He concludes that the principal contribution to an
increase in snowfall rate is the formation of new crystals rather than
the growth of old omes.

(168) Konovalov, 1967, gives data on the spatial variation of the
density of snow in mountain watersheds. Suggestions are given for random
measurements.

(287) Summary of Snow Survey . . ., 1969, contains information on snow
measurements in California and Oregon.

See also 77, 147, 172.

6. Solid Precipitation Data Analysis

(a) Statistical
(92) Fliri, 1967, has calculated the standard deviation, skewness, and
monthly precipitation for the four seasons for a number of stations in the
Alpine areas of Europe.
(207) Muller, 1968, deals with the application of empirical orthogonal
functions to horizontal data fields. Eigenvector values were prepared for

mesoscale resolution of total storm snowfalls.
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(b) Corrections for Solid Precipitation Data

(65) Deleur, 1967, indicates that the water balance of snow cover
during certain conditions approximately equals solid precipitation. A
correction factor of 1.5 can be used for a gage in the open with no wind
when measuring solid precipitation.

(89) Findlay, 1969, suggests methods for correcting precipitation
gage data in the arctic area to include evapotranspiration and interception
calculations, snow surveying, stream gaging, etc.

(237) Popov, 1967, made an intensive study of precipitation on Lake
Ladoga. A correction factor of 1.20 was used for solid precipitation in
order to account for such factors as wind.

See also 147 and 172.

7. Solid Precipitation Transfer Studies

(a) General

(9) Arsent'ev, 1967, presents a study on the factors influencing the
distribution of snow in a pit. Among other things, the accumulation of
snow in a pit as a result of falling solid precipitation and the volume of
transported snow is discussed.

(71) Diunin, 1967, states that the magnitude of solid flux is not con-
stant when a storm reaches its maximum intensity. Also, snow evaporation
intensity is higher during storms than in the absence of snow transfer.

(199) Mikhel, 1969, gives a description of the principles involved in
the computation of the transport of blowing snow.

(227) Oura, 1967, concludes that most snow particles are transported by
saltation (a layer of about 10 cm (4 inches) above the ground surface).

See also 16.

(b) Snow Transfer Measurements

(2) Agafonova, 1968, presents information on snow volume transfer for
the period 1936-1965. Volume is established on recurrance and duration of
wind speeds greater than 6 m/sec (13.5 mph) with comsideration given to

snow cover and temperature.
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(149) Iziumov, 1930, has concluded that 86-90% of blowing snow is in
the 10 cm (4 inches) layer next to the ground surface and an additional 6%
is within 20 cm (8 inches) of the surface.

(202) Molochnikov, 1939, states that snow transfer begins at 3 m/sec
(6.7 mph). Maximum amounts of transported snow vary from .l gr/sq.cm/min.
to 24.4 gr/sq.cm/min. at 18 m/sec.

(271) Shiotani, 1967, has made measurements of blowing snow in layers

up to 6 meters (19.7 feet).

(¢) Equipment Used to Measure Snow Transfer

(110) Govorukha, 1961, describes an instrument adopted from a centri-
fugal dust catcher which is used to measure drifting snow. Results show
drifting snow decreases logarithmically with height.

(162) Kedrolivanskii, 1953, describes instruments used in the USSR to
measure blowing snow.

(196) Mellor, 1960, describes two types of snow traps. Both gages
function by reducing velocity and allowing snow particles to drop out.

(226) Oura, 1967, describes several simple collectors used to estimate
the amount of snow blown under high velocity conditions.

(272) Shliakhov, 1960, describes a new drifting snow gage for use in
the Antarctic.

See also 51 and 169.

8. Miscellaneous Solid Precipitation Measurements and Equipment

(a) Measurements

(5) Anderson, 1967, has studied snow accumulation under varying
conditions.

(20) Bilello, 1969, states that, despite areal and yearly variations,
certain properties of snow and ice thickness will form definite patterns
when plotted on small scale maps.

(26) Borovikova, 1968, has used precipitation totals and mean daily

air temperatures to model snow cover formations in mountain basins.
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(201) Miyairi, 1966, has studied the drag of bodies moving through
snow at high speeds.

(280) Smith, 1967, has shown that the measurement of snow depths by
aerial photogrammetry can be successful.

(300) Sulakvelidze, 1966, gives consideration to the measurement of
solid precipitation by radar.

(331) Zotimov, 1968, presents an outline of the principles involved
in measuring snow water equivalent based onrattenuation of the natural Yy
radiation of the earth.

See also 198.

(b) Equipment
(20) Bilello, 1969, describes the early development of remote sensors

for various snow properties and ice thickness.

(174) Leaf, 1962, describes the use of a "snowboard" to measure snow
precipitation.

(175) Lenda, 1968, reviews the use of radioisotopes to measure snow
pack characteristics.

See also 80 and 98.
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IV. PARTIALLY ANNOTATED BIBLIOGRAPHY
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Adams, W. P. and R. J. Rogerson. 'Snowfall and Snowcover at Knob
Lake, Central Labrador-Ungava', Eastern Snow Conference, 25th,
Boston, Feb. 8-9, 1968, Proceedings. 1968. pp. 110-139.

The problem of measuring falling snow with reference to a Nipher
shield and gage is discussed. Other problems discussed include

the validity of snow course mean values, measurement of snow on

the ground, lake snow cover and others. It is concluded that the
official snowfall at Knob Lake is an underestimate of true receipts.

Agafonova, S. M. "Perenos snega pri meteliakh v Gor'kom i Arzamase'
(Snow Transfer During Snowstorms in Gorki and Arzamas), U.S.S.R.
Verkhne-Volzhskoe Upravlenie Gidrometeorologicheskoi Sluzhby, Sbornik
Rabot Gor'kovskoi i Volzhskoi Gidrometeorologicheskikh Observatorii,
No. 5. 1968. pp. 97-100.

The volume of snow transfer during storms is established based on

recurrence and duration of wind speeds at 6 m/sec and higher with

consideration given to snow cover depth and temperature. Observa-
tional data from meteorological stations from 1936-1965 are used.

The winter mean maximum snow transfer values are calculated.

Aleksandrian, G. A. "K voprosu ucheta neodnorodnosti riadov dozh-
demernykh i osadkomernykh nabliudenii (Taking Into Account the Hetero-
genelty of Series of Rain and Precipitation Measurement Data), Akademiia

Nauk Armianskoi SSR, Erivan, Izvestiia. Nauki o Zemle, 20(5/6). 1967.
pp. 142-150.

The homogeneity of long term records within the Soviet Union was
destroyed because rain gages with Nipher shields were replaced by
Tret'iakov gages. A correction coefficient is used to restore uni-
formity of the series. The correction coefficient is a ratio of the
monthly precipitation totals measured by a rain gage to the monthly
total measured by a precipitation gage KO.

Amorocho, J., A. Brandstetter and Don Morgan. "Effects of Density

of Recording Rain Gauge Networks on the Description of Precipitation
Patterns', International Association of Scientific Hydrology, Publica-
tion No. 78. 1968. pp. 189-202.

Mathematical filtering processes are applied to data from dense record-
ing precipitation gage networks in order to develop criteria for the
determination of the effect of network densities on the definition of
significant storm patterns. The experiment used 20 battery-driven,
digital recording rain gages covering an area of 10 square miles.

The spacing for adequate areal pattern definition was studied.

Anderson, Henry W. "Snow Accumulation as Related to Meteorological,
Topographic, and Forest Variables in Central Sierra Nevada, California",
International Association of Scientific Hydrology, Publication No. 78.
1967. pp. 215-224.
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A study of how snow accumulates under varying conditions is made using
snow measurements taken at 250 different points.

Andersson, Tage. "On the Representativity of Rain Measurements'.
Uppsala, Umversitet. Meteorologiska Institutionen, Serien Rapporter
No. 7. 1968.

The areal representativity of individual rain gage figures are studied
utilizing rainfall measurements of '"Project Pluvius" in Uppsola,
Sweden. The mean rainfall over a demse network field of 400 square
KM was compared to other selected areas showing an unbroken series

of observations. Results are shown by graphs which indicate the
regression of the mean rainfall with the test area and by scatter
diagrams which plot coefficient of variation against mean rainfall
for the test area. It is concluded that the character of summer rain
differs from that of autummnal and that estimates of areal mean values
from point measurements are more accurate during autumn than during
summer.

Arkhipova, V. F. "Cb uchete pogreshnosti izmereniia tverdykh osadkov
osadkomerami Tret'iakova po materialan proshlykh let" (Allowing for
Errors in Snow Measurements Obtained by Tret'iakov Precipitation Gages),
Leningrad, Glavnaia @Geofizicheskaia ©Observatoriia, Trudy, No. 175. 1965.
pp. 110-116.

Arkhipova, V. F. "Opyt korrektirovki summ tverdykh osadkov poprav-
kami navetrovoi nedouchet" (Correction of Total of Solid Precipitation
by Corrections for Wind Deficit), Leningrad, Glavmaia Geofizicheskaia
Observatoriia, Trudy, No. 195. 1966. pp. 103-112.

The error of precipitation gages in measuring solid precipitation was
shown to be dependent upon wind speed. The dependence of the monthly
deficit upon wind speed is presented. The wind-caused deficit in

the catch of solid precipitation increases with a decrease in air
temperature. A method to calculate the temperature effect is presented.

Arsent'ev, A. I. and V. I. Usynin. '"Vliianie napravleniia razvitiia
gornykh rabot na snegozanosimost' kar'era" (Effect of the Direction of
Mine Development on Snow Accumulation in Pits), Nal'chik, U.S.S.R.,
Vysokogornyi Geofizicheskii, Trudy, No. 12. 1967. pp. 175-186.

The factors influencing the distribution of snow in a pit are presented.
The snow drift is estimated by a coefficient of reduction of wind speed
in the pit. Equations are given for calculating mean wind speed,

amount of snow accumulating in pit as a result of falling solid pre-
cipitation by weight and volume, the volume of transported snow, the
depth of snow in the pit, and the amount of snow transported by snow
drifts.
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10.

ll'

12.

13.

14.

15.

l6l

17.

Arsent'ev, G. I. "Zavisimost' nedoucheta tverdykh osadkov ot skorosti
vetra v usloviiakh Vostochnoi Sibiri" (Relation Between Errors in Snow
Measurements and Wind Velocity in East Siberia), Leningrad, Glavnaia
Geofizicheskaia Observatoriia, Trudy, Vol. 175. 1965. pp. 98-109.

Atlas, David. "Radar Measurement of Precipitaston: A Review and Critic'.
13th Radar Meteorology Conference, Aug. 1968, McGill University, Canada.
1968.

Austin, Pauline M. and Robert A. Houze. "Analysis of Mesoscale Precipi-
tation Areas'. Paper presented at the 1l4th Radar Meteorology Conference,
Tucson, Arizona. 1970.

Babichenko, V. N. "0 naibol'shikh sutochnykh kolichestvakh osadkov
na Eksperimental'nom meteorologicheskom poligone" (Greatest Diurnal
Amounts of Precipitation at the Experimental Meteorological Proving
Ground), Kiev, Ukraine, Nauchno-Issledovatel'skii Gidrometeorologich-
eskii Institut, Trudy, No. 67. 1967. pp. 58-63.

A distribution of maximum daily values of precipitation over the Experi-
mental Meteorological Proving Ground in the Ukrainian is investigated.

A 7-year observation period was found to be inadequate for obtaining
stable values of maximum daily precipitation. The frequency of fall

of the maximum shows considerable variation for precipitation measur-
ing stations in similar physical geographic conditioms.

Barnes James C. and Clinton J. Bowley. "Snow Cover Distribution as
Mapped from Satellite Photography', Water Resources Research, Vol. 4,
No. 2. April 1968. pp. 257-272.

Barrett, E. W., R. F. Pueschel, H. K. Wéickmann and P. M. Kuhn.
"Inadvertent Modification of Weather and Climate by Atmospheric
Pollutants'. ESSA Tech. Report ERL 185-APCL 15, Boulder, Colorado.
September 1970.

Bastamov, S. L. "Laboratory Study of Snowdrifting at the Geophysical
Observatory at Kuchino", Trudy Nauchno-Issledovatel'skogo Upravleniia
Narodnogo Komissariata Putei Soobschscheniia, Vol. 109. 1930. pp. 75-76.

A review of research conducted since 1918. Instruments suitable for
measuring snow drifting intensity and snow cover mobility are described.

Beaumont, R. T. "Mount Hood Pressure Pillow', Jour. of Applied
Meteorology, Vol. 4, No. 5. October 1965. pp. 626-631.
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18.

19.

20.

21.

22.

23‘

24,

Bidwell, V. J. '"Time Analysis of ‘Rainfall on an Urban Catchment',
Journal of Hydrology, Dunedin, N. Z., 6(2). 1967. pp. 74-79.

Short time-increment rainfall has been analyzed by autocorrelation
at the University of Auckland. A practical method for precipitation
data recording, processing, and analysis are outlined.

Bigler, Stuart G., R. G. McGrew and M. St. Clair. "An Experiment in
Digitizing Weather Radar Data from a Four Station Network'". 14th Radar
Meteorology Conference, Tucson, Arizona, 1970.

Bilello, Michael A. '"Surface Measurements of Smow and Ice for Correla-
tion with Aircraft and Satellite Observations'", U. S. Cold Regions
Research and Engineering Lab., Hanover, H. H., Special Report No. 127.
May 1969.

Describes early development or remote sensors to observe properties

of snow and thickness of ice. Despite areal and yearly variations,
definite patterns in the magnitudes of these values emerge when plotted
on small scale maps. Correlation between remote sensing data and
actual conditions is accomplished through the use of a network of
stations in North America.

Billones, Louis. "Operational Problems of Storage Precipitation
Gages', 31st Western Snow Conference, Yosemite National Park,
California, Proceedings. April 1963. pp. 74-76.

Biswas, Asit X. "The Automatic Rain Gage of Sir Christopher Wren,
F.R.S.". The Royal Society of London, Vol. 22, Nos. 1 & 2.
September 1967.

A short history of the rain gage coupled with a thorough examination
of the development of the automatic rain gage of Sir Christopher Wren.

Biswas, Asit K. "Development of Rain Gages'", Journal of the Irriga-
tion and Drainage Division, ASCE, Vol. 93, No. IR3, Proc. Paper 5416,
September 1967. pp. 99-124.

The development of rain gages is considered for the period of 400 B.C.
up to 1850 A.D. Earliest precipitation measurements were taken in
India.

Bogdanova, E. G. "Issledovanie vetrovoi pogreshnosti izmereniia
osadkov" (Investigation of Precipitation Measurement Errors Caused
by Wind), Leningrad, Glavnaia Geofizicheskaia Observatoriia, Trudy,
No. 195. 1966. pp. 40-62.
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25.

26.

27.

28.

29.

An investigation of precipitation measurement errors caused by wind.
The wind error is determined for wind speed and rain drop dimensions.
The deficit of liquid precipitation measured is usually 5-8% for a
Tret'iakov gage (wind speed of 2-4 m/sec at 2 m). The wind deficit

of solid precipitation depends on precipitation structure. Atmospheric
temperature during precipitation fall is selected as the parameter of
structure. Wind produced error is 30-60% at winds of 2-4 m/sec and
200-300% at winds at 8-10 m/sec.

Bondarenko, R. N. "Popravki k normam osadkov na territorii Kazakhstan,
uchityvaiushchie poteri na smachivanie osadkormernykh sosudov"
(Corrections to Precipitation Norms in Kazakhstan, Taking into Account
Losses by Moistening of Precipitation 8age Containers), Leningrad,
Glavnaia Geofizicheskaia Observatoriia, Trudy, No. 195. 1966.

pp. 149-153.

Monthly and annual corrections are given for wetting of precipitation
containers. The spatial annual variation of these corrections are
also discussed.

Borovikova, L. N. "Matematicheskoe modelirovanie formirovaniia
snezhnogo pokrova i raschet postupleniia vody na poverkhnost'

gornogo basseina'" (Mathematical Modeling in Forming a Snow Cover

and Computation of the Entry of Water onto the Surface of a Mountain
Basin), Sredneasiatskii Nauchno-Issledovatel'skii Gidrometeorologich-
eskii Institut, Tashkent, Trudy, No. 39. 1968. pp. 37-43.

Precipitation totals and mean daily air temperatures are used as

the basis of a model of snow cover formation in mountain basins. A
differential equation of the change in snow accumulation with time is
obtained. Also considered is the problem of water discharge from melt-
ing glaciers.

Boston, R. C. "Radar Altenuation and Reflectivity Due to Size-
Distributed Hydrometeors', Jour. of Applied Meteorology, Vol. 9,
No. 1. February 1970. pp. 188-191.

Boston, R. C. "Scattering at Centrimetric Wavelengths", 13th Radar
Meteorology Conference, August 20, 1968, Session 8: Precipitation
Measurement and Z~8, McGill University, Montreal Canada. 1968.

Bradley, W. E. and G. E. Martin. "Airborne Precipitation Collector',
Jour. of Applied Meteorology, Vol. 6, No. 4. August 1967. pp. 717-723.

A 30 cm device was installed in the nose of a twin-engine aircraft.
Both air and rain enter the collector where liquid water is then
separated by impaction and centrifugal force. A determination is
then made to see if radioactive particles are washed from the air
by precipitation.
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30.

31.

32.

33.

34.

35.

Bratzev, A. P. "Influence of Wind Speed on the Quantity of Measured
Precipitation", Soviet Hydrology Papers, No. 4, AGU. 1963. pp.414-417.

Results show that the precipitation gages account for 64-95% of the
total precipitation. Precipitation lost on account of wind speed is
about 57 per wind speed of 1 m/sec.

Briazgin, N. N.  "Poteri sobrannykh osadkov v arkticheskikh uslov-
iiakh za schet ispareniia iz osadkomernogo sosuda" (Loss of Collected
Precipitation under Arctic Conditions Due to Evaporation from a
Precipitation Gage Container), Leningrad,@lavnaia Grofizicheskaia
Observatoriia, Trudy, No. 195. 1966. pp. 163-166.

The evaporation of precipitation from a Tret'iakov gage is investi-
gated. Investigation procedures are described and tables are given
on the errors in precipitation measurement due to losses by wetting

of container walls and by evaporation. Evaporation during June-August
was 13%Z of the total precipitation and the wetting loss was 297%. The
evaporation intensity depends upon the atmospheric moisture deficit
and is somewhat larger for solid precipitation than for liquid pre-
cipitation.

Brice, H. D. '"Tipping-bucket Rain-gage Attachment for a Water-8tage
Recorder" in Selected Techniques in Water Resources Investigations
compiled by G. N. Mesnier and K. T. Iseri, U. S. Geol. Survey Water-
Supply Paper 1669-Z. November 1963. pp. 53-57.

Bridges, J. E. and J. R. Feldman. "Radar Attenuation -~ Reflectivity
Technique for Remote Measurement of Drop Size Distributions of Rain",
Jour. of Applied Meteorology, Vol. 5, No. 3. June 1966. pp. 349-357.

The development of two parameters of Marshall Palmer drop size distri-
bution of rain is discussed. The parameters are dual-wavelength
relative attenuation measurement and single wavelength reflectivity.

Brissett, Donald T. 'Operation Raincheck", Weatherwise, Boston 22(2).
April 1969. pp. 64-67.

A study conducted in the vicinity of Colorado Springs, Colorado,
shows that precipitation rates and amounts can vary by more than two
orders of magnitude over a city on a seasonal and daily basis. Also
presented are maps showing distribution of rain gages around Colorado
Springs.

Brooks, Burrow P. and John C. McWhorter. "Depth of Area Rainfall

from Point Rainfall'', Mississippi Water Resources Conference, Mississippi

State University, State College, Mississippi, Proceedings. 1968.
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36.

37.

38.

39.

40.

Buettner, Konrad J. K. and William T. Kreiss. "Discussion of S. F.
Singer and G. F. Williams, Jr.: Microwave Detection of Precipitation
Over the Surface of the Ocean (and Reply by) Singer and Williams',
Jour. of Geophysical Research, Washington, D. C., 73(22)7145. November
1968.

A suggestion that clouds play an important role and that they compli-
cate the interpretation of data in the use of microwave detections of

precipitation over the surface of the ocean. In reply to this suggestion,
it is pointed out that determining liquid water content and rainfall rate

along a flight path over the ocean are truly formidable problems.

Buikov, M. V., et al. '"Korreliatsionnye funktsii summ osadkov i
oshibki pri izmerensloia letnikh osadkov po dannym osadkomernoi seti
Eksperimental 'nogo meteorologi cheskogo poligona'" (Correlation Functions
of Sums of Precipitation and Errors in Measurements of the Layer of
Summer Precipitation Based on Data of the Precipitation Gage Network
of the Experimental Meteorological Proving Ground), Kiev, Ukraine,
Nauchno-Issledvatel'skii Gidrometeorologicheskii Institut, Trudy,
No. 67. 1967. pp. 18-23.

The correlation coefficients of monthly, decadal, diurnal, and semi-

diurnal sums of precipitation for various distances between stations

are computed. Errors of determination of mean sums of precipitation

are computed by area from data at discreet points. Data are based on
the precipitation gage network at Kiev, Ukraine.

Bulavko, A. G. "Pronikovenie atmosfernykh osadkov skvoz' pokrov
sel'skokhoziaistvennykh rastenii" (Penetration of Atmospheric Precipi-
tation Through the Covering of Agricultural Plants), Meteorologiia i
Gidrologiia, Moscow, No. 12. December 1968. pp. 62-66.

A special type of rain gage is described for recording the amount of
precipitation penetrating vegetative cover. The degree of penetration
depends on precipitation intensity and the nature of vegetative cover.

Burns, Joseph I. "Small Scale Topographic Effects on Precipitation
Distribution in San Dimas Experimental Forest', Transactions, American
Geophysical Union, Vol. 34, No. 5. October 1953. pp. 761-767.

A study based on eleven years of record from 96 gages in San Dimas
Experimental Forest. A multiple graphical correlation is developed
to show correlation of elevation, slope, rise, aspect and zone with
annual precipitation.

Burroughs, H. H. "Rain Intensity-time Distributions'", U. S. Naval
Ordnance Lab., Corona, California, NOLC Report No. 729. June 1967.

Techniques have been developed whereby estimates of rain intensity
statistics for any location can be obtained from available climate
data. Graphical representations of such estimates are shown.
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41.

42.

43.

44,

45.

46.

47.

480

49.

50.

Bussinger, J. "Eddy Diffusion and Settling Speed in Blown Snow",
Jour. Geophys. Res., No. 70. 1965. pp. 3307-3313.

Butson, Keith D. "Snow Cover Observation Review, U. S. Weather
Bureau", Western Snow Conference, 21st, Boise, Idaho, 1953, Proceed-
ings. 1953. pp. 5-6.

Carlson, Paul E. '"Measurement of Snowfall by Radar', 13th Radar
Meteorology Conference, McGill University, Canada, August 1968.

Castle, G. H. "Operational Experience with Snow Pillows in
California', American Society of Civil Engineering, Proc. 95,
IR1 No. 6444, 1969. pp. 105-116.

Castle, G. H. "Telemetering Precipitation Gages for Remote Areas',
Western Snow Conference, 33rd, Colorado Springs, Colorado, 1965,
Proceedings. 1965. pp. 36-41.

Describes operating experience obtained in tests of a 12" orifice
gage using a battery operated fully transistorized FM repeater.
System was designed to operate for extended periods of time without
adjustment.

Catano, Robert. "Method for Estimating Rainfall Rate-Radar Reflectivity

Relationships", Journal of Applied Meteorology, Boston 8(5). October
1969. pp. 815-819.

Rainfall rate - radar reflectivity relationships for nine different
locations throughout the world are obtained. Regression equations
based on mean annual percent of thunderstorm days and the mean annual
relative humidity are determined. This permits an estimate of the
relationship for any area once the parameters are obtained.

Chadwick, Duane G. and Gregory L. Pearson. "An Economical Total
Precipitation Telemetering System', Western Snow Conference, 32nd,
Nelson, British Columbia, Canada, 1964, Proceedings. 1964. pp. 1-7.

Changnon, J. P., Jr. "A Climatological Evaluation of Precipitation
Patterns', SED Tech. Report A62-5, Symposium, Air Over Cities,
Cincinnati, Ohio, November 1969. pp. 37-67.

Changnon, S. A., Jr. "Precipitation in a 550-Square Mile Area of
Southern Illinois", Illinois State Academy of Science Transactionms,
Vol. 56, No. 4. December 1963. pp. 165-187.

Changnon, Stanley A., Jr. "The La Porte Weather Anomaly - Fact or

Fiction?", Bull. of American Meteorological Society, Vol. 49, No. 1.
January 1968.
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51.

52.

53.

54.

55.

56.

57.

58.

Cherepanov, N. V. "Measurement of Amount of Snow Drifted by Snow-
storms', Vestnik Edinoi Gidrometeorologicheskoi Sluzhby, Vol. 3,
No. 7. 1933. pp. 15-16.

An instrument for measuring blowing snow at various heights is
described.

Chou, Ken Chuan. "Research and Discussion on Definite Precipitation
Measurements', Tai-Pei, Formosa, National Taiwan University, Dept. of
Geography and Meteorology, Science Report No. 5. June 1968. pp. 48-65.

A rain gage is an obstruction to the free flow of wind. Rising currents
exist on the windward side and descending currents on the lee side

with complicated eddies occurring about the gage. Devices for shield-
ing the gage are needed and are discussed. An Alter-type shield results
in additional rainfall catch of 2.3%. The author suggests this is
insignificant and indicates that a turf wall or pit gage would be
better.

Coffin, James C. "A Method of Estimating Precipitation Normals for

Short Record Stations'", American Geophysical Union, Tramsactions, Vol. 35,

No. 3. June 1954. pp. 405-412.

Regression formulae are developed from which estimates of the monthly
normal precipitation at a station having a short record can be obtained.

Collinge, V. K. and D. G. Jamieson. "The Spatial Distribution of
Storm Rainfall", Journal of Hydrology, Vol. 6. 1968. pp. 45-57.

Collis, R. T. H. '"The Feasibility of Measuring Rainfall by Reference
to Radar Attenuation". Stanford Research Institute, Menlo Park,
California. May 1960.

Colorado State University. '"'Comments on the Northeast Brazil Project
by the 1969 Class in 'The Atmosphere and the Water Cycle'", Department
of Atmospheric Science, Weather Disturbances over Tropical Continents
and the Effects on Ground Conditions Report No. 3. March 1969.

An observing program in northeastern Brazil designed to study and
predict the low precipitation of the area. The analysis of the net-
work precipitation is discussed with respect to processes leading to
the observed mean climatic state, prognoses for operational purposes,
prediction of rainfall fluctuations, and potential for cloud modifica-
tion.

Cooper, Charles F. "Rainfall Intensity and Elevation in Southwestern
Idaho", Water Resources Research, Vol. 3, No. 1. 1967. pp. 131-137.

Cornford, S. G.  'Measurement of Shower Rainfall Using an Airborne
Foil Impactor'", Journal of Applied Meteorology, Boston, 7(5). October
1968. pp. 956-957.
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59.

60.

61.

62.

63.

64.

Court, Arnold. "Wind Direction During Snowfall at Central Sierra
Snow Laboratory", Western Snow Conference, 25th, Santa Barbara, Calif.,
Proceedings. April 1957. pp.39-43.

A study of predominate wind patterns (speed and direction) during
precipitation at Donner Pass is discussed.

Cox, Lloyd M. and Russel W. Hamon. "A Universal Surface Precipitation
Gage', Western Snow Conference, 36th, South Shore Lake Tahoe, Nevada,
Proceedings. April 1968. pp. 6-8.

The great need for a recording system to obtain measurements of total
precipitation has fostered the development of this universal precipi-
tation gage. The instrument consists of 3 major parts - an hydraulic
weighing platform collector, a measuring catchment, a pressure record-
ing system. Complete description and drawings are shown.
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logicheskii Institut, Tashkent, Trudy, 33(48). 1968. pp. 49-63.
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Data obtained from a Kuznetsov meter indicates that 86-907% of drift-
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data of a dense precipitation gaging network.

Knapp, J. W., J. C. Schaake, Jr. and Warren Viessman, Jr. "Measuring
Rainfall and Runoff at Storm-Water Inlets'", American Society of Civil
Engineers, Proc. Paper 3644, Hydraulies Div. Jour., Vol. 89, No.

HY5. September 1963. pp. 99-115.

Kodrau, 0. D. "Prostranstvenno-vremennaia izmenchivost' osadkov v
Tsentral'noi Amerike i Vest-Indii" (Spatial and Temporal Variability
of Precipitation in Central America and the West Indies), Lengingrad,
Glavnaia Geofizicheskaia Observatoriia, Trudy, No. 232. 1968.
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The variability of the monthly mean precipitation, maximum and mini-
mum precipitation, number of days of precipitation, and the diurnal
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precipitation amount over an arbitrary, specified area and in other
areas of study.

Lhermitte, R. M. "Indirect Probing of Cloud and Precipitation by
Microwave Radiometer", International Association of Scientific
Hydrology, Transactions, Vol. 7, No. 2. 1968. pp. 138-142.
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2. 1969. pp. 3-18.

The Hydrogeological Observatory gives recommendations which result
in more accurate precipitation values for mountainous terrain. The
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Meade, P. J. "Rainfall and Evaporation - Distribution in Space and
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Morgan, Brian E. "Rainfall Rate Sensor". U. S. National Severe
Storms Lab., Tech. Memo ERLTM-NSSL-42. November 1968.

A description of an instrument designed to measure rainfall rates.
The water depth in a collecting reservoir is related to the rainfall
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experimental basins is described. Pefformance of available recording
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relation to the overall variance of the data. Eigenvector values
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i Srednego Spetsial'nogo Obrazovaniia, Izvestiia Vysshikh Uchebnykh
Zaledenii, Radiofizika, 12(2). 1969. pp. 181-184.

The statistical characteristics of beam transverse shifts in turbu-
lent atmosphere are calculated in order to determine the attenuation
of radio waves by rain.

211. Nechaev, I. N. "Korrektirovka mesiachnykh i godovykh norm osadkov
popravkami na smachivanie osadkomernykh sosudov" (Correction of
Monthly and Annual Precipitation Normals by Adjustments for Moisten-
ing of Precipitation Gage Containers), Leningrad, Glavnaia Geofizich-
eskaia Observatoriia, Trudy, No. 195. 1966. pp. 5-39.

The results of 992 control measurements of precipitation losses as
a result of wetting of the container of a standard precipitation

~ gage, indicates that the correction is .22 mm for each measurement
for both liquid and solid precipitation. The correction for precipi-
tation losses by wetting for a month or year is Aq = .2 M mm, where
M = number of measurements for a given period of time.

212. Nechaev, I. N. "Poteri na isparenie iz osadkomernykh priborov v
raznykh klimaticheskikh zoniakh" (Loss Due to Evaporation from
Precipitation Gages in Various Zones), Léningrad, Glavnaia Geofizich-
eskaia Observatoriia, Trudy, No. 215. 1968. pp. 107-115.
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214.

215.

216 .

217.

218.

Relationships developed previously by the author (Ref. 211) are used
to calculate monthly losses of precipitation due to evaporation for
seven stations in the USSR. Also, calculations show that evaporation
losses when measuring solid precipitation are close to those for
liquid precipitation and amount to 3-87% of total solid precipitation
measured.

Nechaev, I. N. "Vybor elementov konstruktsii novoi modeli dozhdemera"
(Selecting Elements for the Construction of a New Model Pluviometer),
Leningrad, Glavnaia Geofizicheskaia Observatoriia, Trudy, No. 230.
1968. pp. 117-127.

The advisability of developing different precipitation gages is
indicated. An outline is given of the premises on which the develop-
ment of the new gage is based. Wind error is eliminated by making
the gage similar aerodynamically to the Tret'iakov gage.

Nechaev, I. N. "Issledovanie pogreshnosti izmereniia atmosfernykh
osadkov, vyzvannoi ispareniem ikh iz pribora" (Studying Precipitation
Measurement Errors Due to Evaporation from the Container), Leningrad,
Glavnaia Geofizicheskaia Observatoriia, Trudy, No. 215. 1968.

pp. 73-87.

An experiment conducted to determine evaporation losses from a Tret -
iakov gage and a rain gage with a Nipher shield. It was found that
the evaporation intensity of liquid precipitation was a function of
air humidity deficit and air velocity. The evaporation intensity
varied from small values up to .20 mm/hr.

Neff, E. L. and G. L. Bloomsburg. "Precipitation Characteristics in
the Palouse Area of Idaho and Washington', USDA, Agricultural Research
Service, ARS. October 1962. pp. 41-66.

Neff, E. L. "Principles of Precipitation Network Design for Intensive
Hydrologic Investigations', International Association of Scientific
Hydrologists, Symposium on Design of Hydrometeorological Networks,

No. 67. 1965. pp. 49-55.

Neff, Earl Lock. "Raingage Performance'. University of Idaho.
October 1966.

A study designed to evaluate the performance of various raingages.
It is concluded that gages installed with orifices above the ground
will catch 3-16% less rainfall than actually reaches the ground.

Netherlands Meteorologisch Instituut. '"Detailanalyse van pluviogrammen,
A, Frequentieverdelingen van de hoeveelheden neerslag in tijdvakken

van 5 tot 660 minuten De Bilt, 1928, 1933, 1951-1960" (Detailed Analy-
sis of Records of Pluviographs, Pt. A, Frequency Distributions of the
Amounts of Precipitation in Periods of 5 to 600 Minutes, De Bilt, 1928,
1933, 1951-1960). 1966

23



A presentation of precipitation frequency tables. These tables are
the result of a detailed analysis of records of pluviographs. The
records were made with a balance gage and a float type gage. Posi-
tioning and operation of the gages and the interpretation of the
data is described.

219. Neumann, J. "Distribution of 24-hr Rainfall Amounts as Function
of Gage Reading Time'", Jour. of Applied Meteorology, Vol. 8, No. 3.
1969. pp. 452-453.

220. Nicks, Arlin D. "Field Evaluation of Rain Gage Network Design
Principles", International Association of Scientific Hydrology,
No. 67, Symposium, Design of Hydrological Networks. 1965. pp. 82-93.

A network of 175 recording rain gages has been established in
Oklahoma. Preliminary analysis indicates that the network might
be reduced to 5 or 10 uniformly distributed gages if a daily areal
rainfall estimate alone is required.

221. Odar, Fuat. '"Simulation of Drifting Snow'". Cold Regions Reseaxch
and Engineering Laboratory, U. S. Army Materials Command, Research
Report No. 174. October 1965.

222. Ord, M. J. ""Some Comparisons from Use of Radio Reporting Isotope
Snow Gages and the Snow Pressure Pillows', Western Snow Conference,
Proc. April 16-18, 1968.

223. Orlov, N. I. "New Method of Measuring Blowing Snow', Akademiia
Nauk SSSR, Institut Geografii, Rol'snezhnogo pokrova v prirodynkh
protsessakh, Moscow. 1961. pp. 258~264.

A new Soviet snow gage is described. The gage consists of a photo-
cell, a light source, anemometer, galvannometer, and a battery.

The snow particles cause shading which varies the intensity of a
photo-current. It is concluded that this instrument increases the
accuracy of recording blowing snow.

224, Osborn, H. B. and Renard, K. G. "Analysis of Two Major Runoff-
Producing Southwest Thunderstorms', Journal of Hydrology, Vol. 8,
No. 3. 1969. Page 282

225, Ostby, Frederick P., A. Atwater and Frank Perry. "A Small-scale
Precipitation Network Over Central Comnecticut', Weatherwise, Boston,
22(2). April 1959. pp. 60-63, 87.

The operation of a rain gage network near Hartford, Connecticut is

described. The network was established to investigate the nature of
the rainfall variability in Central Connecticut.
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Oura, Hirobumi, et al.  "Studies on Blowing Snow'", Parts I and II,
International Conference on Low Temperature, Sapporo, Japan, August
14-19, 1966, Proceedings, Vol. 1, Physics of Snow and Ice, Part 2,
Sapporo, Japan, Hokkaido University, Institute of Low Temperature
Science. 1967. pp. 1085-1117.

Several simple collectors are used to estimate the amount of snow
blown under high velocity wind conditioms. Vertical distribution
of the horizontal mass flux of the blowing snow on sea ice and at
a point up a hill was obgained. The relation between temperature
and the threshold wind speed necessary for the occurrence of blow-
ing snow was obtained.

Oura, Hirobumi, et al. ""Characters of the Wind Speed Profile During
Drifting Smow-I" and '"Motion of Smow Particles on Low Drifting Snow-II",
Low Temperature Sciences, Ser. A, Physical Sciences, Sapporo, Japan,

No. 25. 1967. pp. 73-97.

The roughness parameter Z is defined as the height where the extra-
polation of the wind speea is zero. This is assuming that the wind
speed profile is logarithmic. It appears that Zo becomes larger

during drifting snow. Such a tendency was not seéen during a snow-

fall. The strength of drifting was measured by the amount of snow
caught by cyclone type collectors and metyelemeters (Russian collectors).
The motion of snow particles in low drifting snow consists of "saltation'
and "creep'". It is concluded that most of the snow particles are
transported by "saltation'" within a layer of about 10 cm along the
surface.

Pagan, A. R. and R. Rothenberg. "County Rain-gage Network Useful
in Design'", Civil Engineering, Vol. 35. April 1965. pp. 68=69.

Panama Direccion de Estadistica y Censo. 'Panama en cifras (Compendio
estadistico: anos 1963 a 1967) (Panama in Figures (Statistical
Compendium: 1963-1967). November 3, 1968.

Results from 34 meteorological stations in Central American from
1963 to 1967.

Panchang, G. M. '"Long Term Peak Rainfall Expectations from Observed
Data'", Symposium on Hydrometeorology of India with Special Reference

to Flood Forecasting and Warning, Proceedings, Delhi, India Meteoro-

logical Department. April 1966. pp. 183-190.

An examination of long term recorded data from 12 rain gages is under-
taken in order to demonstrate the better efficiency of the method of
maximum likelihood to reflect long term behavior patterns more precisely
than other methods. For all 12 rain gages examined, the maximum likeli-
hood yielded smaller margins of variations than either the moments

or the mode amd mean deviations.

55



231. Pashinskii, A. Z. "Ob isparenii iz osadkomernykh i dozhdemerny
sosudov'" (Evaporation from Precipitation Gage and Rain Gage Containers),
Leningrad, Glavnaila Geofizicheskaia Observatoriia, Trudy, No. 195.

1966. pp. 158-162.

Experimental data are presented on evaporation from rain gage and
precipitation gage containers. Data are given for mean evaporating

water for 12 hours, the maximum 12 hour values, mean values for July, and
values for varying temperature and wind speeds.

232. Peck, Richard C. "A Siklective Precipitation Indicator", U. S. Equipment
Development Lab, Silver Spring, Maryland, Technical Memorandum WBTM-
EDL 4, July 1968.

A Selective Precipitation Indicator is described which will sense the
presence of dew, frost, drizzle, rain, or snow and will note incidence,
duration, and type. The ingtrument is described and its design,
characteristics, and use are discussed in detail.

233. Penton, W. E. and A. C. Robertson. "Experiencé with the Pressure
Pillow as a Snow Measuring Device', Water Resources Research, Vol. 3,
No. 2, 2nd Quarter. 1967. pp. 405-408.

234. Peterson, Ned R. "Snow Sensors in California: A Progress Report',
Western Snow Conference, 36th, Lake Tahoe, Nevada, April 16-18, 1968,
Proceedings. 1969. pp. 99

A report on the development of snow sensor installations, and a
description of the existing network in California is described.

235. Pikush, N. V. "Csadkozer i sasopisets osadkov s zhidkostnoi
zashchitoi" (Precipitation Gage Equipped with Automatic Pen and
Protected Against Loss of Precipitate), Leningrad, Glavnaia Geofizioh-
eskaia Observatoriia, Trudy, 175. 1965. pp. 164-166.

236. Poggi, Andre. 'La mesure des precipitations neigeuses' (Measurement
of Snowy Precipitation), International Association of Scientific
Hydrology, No. 78. 1968. pp. 237-242.

A comparative study which shows that snow gages in a clearing are not
helped by the addition of an Alter shield and, in fact, the Alter
shield will lower the catch of the snow gage when it rains. The
average difference between falls measured with a storage gage in a
clearing and a snow pack measured with snow samples is 1.5 to 4.5%.

237. Popov, E. A. "Atmosferne osadki na Ladozhskom ozere" (Atmospheric
Precipitation on Lake Ladoga), Leningrad, Universitet, Laboratoriia
Ozerodedeniia, Trudy, 20. 1966. pp. 104-118.
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An intensive study of precipitation on Lake Ladoga. Data from

17 precipitation stations were used to refine the precipitation
component for the lakes water balance. The data was corrected

by 15% for liquid precipitation and by 20% for solid precipitation
in order to take into account such influencing factors as the effect
of wind velocity on precipitation catch.

238. Rainbird, A. F. '"Methods of Estimating Areal Average Precipitatiomn',,
International Hydrological Decade, Reports on WMO/IHD Projects,
No. 3. 1967.

A discussion of the importance of precipitation as one of the parameters
in global water balance studies and methods of estimating areal

average precipitation. It deals with the aecuracy of point measure-
ments, adjustment of long term records, and estimating data at

ungaged locations.

239. Rain Showers Dampen Solar Centimetric Radio Waves', Physics Today,
Vol. 21. May 1968. pp. 74

240. Rechard, Paul A. and Lee W. Larsonm. "The Use of Snow Fences for
Shiélding Precipitation Gages'". Paper presented at the National
Fall Meeting, American Geophysical Union, San Francisco, California,
December 9, 1970.

A preliminary report on the use of artificial wind barriers (snow
fences) for the protection of precipitation gages. This report
indicates that the possibilities are good that a correct "man made"
site can be established for all gages by using artificial wind
barriers.

241. Reich, Edward G. "A Rain Study of a Small Drainage Basin in Central
Pennsylvania', MS Thesis, Penn State Universityy Department of
Meteorology, University Park, Pennsylvania. December 1966.

242, Reiter, Reinhold. "Beitrag zu einer atmospharisch-elektrischen
Phanomenologie der Wolken und Niederschlage mit Hilfe luftelek-
trisch-aerologischer Registrierungen zwischen 740 und 1780 m NN"
(Toward a Classification of Atmospheric-Electrical Phenomena in
Clouds and Precipitation: Results Contributed by Soundings Between
740 and 1780 m.a.s.1l.), Fraunhofer-Gesellschaft zur Forderung der
Angewandten Forschung E.V. Physikalisch-Bioklimatische Forschung-
sstelle, Garmisch-Partenkirchen, W-M No. 4. 1968.

A study of electrical phenomena occurring in precipitation and in
tlouds. Sensors were attached to a cable car; data was sensed during
a run, radioed to a base station and recorded. Among the aspects of
hydrometeor electricity included in the study was the processes occur-
ring in melting and freely falling precipitation.
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Riedel, John T. "Probable Maximum Precipitation for the Lower
Rio Grande", Water Resources Bulletin, Vol. 6, No. 3. June 1970.
PP. 439-451.

Robinson, A. C. "Rain, Wind and the Aerodynamic Characteristics of
Rain-Gauges', Meteorological Magazine, London, 98(1161). April
1969. pp. 113-120.

The airflow around four types of rain gages was studied in a series
of wind tunnel experiments. A subsequent field study showed that
the largest catch was made with a ground level gage.

Rodda, John C. "Assessment of Precipitation', Water, Earth and Man,
London, Methuen & Co. 1969. pp. 130-134.

A study of the errors and methods involved in measuring precipitation.
Five different types of gages are discussed. It is concluded that,

of all the errors involved, wind is the most important. It is con-
cluded that even with the best of instruments, network design, and
computation of rainfall means the error will be appreciable. Where
snow is involved, this error will be even larger.

Rodda, John C. "Rainfall Measurement Problem', International
Association of Scientific Hydrology, No. 78. 1968. pp. 215-231.

The quantity of rain reaching the ground is always greater than that
measured by any gage. This systematic error will affect appreciably
any hydrological estimates made using these measurements. . A ground
level gage in this study caught 6.7% more precipitation over a 5-year
period than a gage at l-foot elevation only 16 feet away. A study
of wind speed, angle of rainfall trajectory, splash, and rainfall
distribution across the site failed to satisfactorily explain the
difference in catch. It is recommended that ground level gages

be used where possible.

Rodda, John C. "Systematic Error in Rainfall Measurements',
Instn. of Water Engrs. Jourmal, Vol. 21. March 1967. pp. 173-177.

Rogerson, T. L. and W. R. Byrnes. 'Net Rainfall Under Hardwoods
and Red Pine in Central Pennsylvania'', Water Resources Research,
Vol. 4, No. 1. February 1968. pp. 47

Ross, Martin. "Radar-computed Rainfall Compared with Observations
from a Dense Network of Rain Gauges', U. S. Air Force, Environmental
Technical Applications Center, Washington, D. C., Tech. Note 69-4.
June 1969.

During a 36-hour study at Atlantic City, New Jersey, the precipitation
data gathered by radar measurements are within 27 of the data recorded
by three ground based rain gages and had a correlation coefficient of
.91. Hourly rainfall amounts of .01 inches are detectable by radar

in 80%Z of the cases.
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Runnels, Robert C. '"On the Feasibility of Precisely Measuring the
Properties of a Precipitating Cloud with a Weather Radar", Texas
A&M University, Water Resources Research Institute, Tech. Report
No. 10, College Station, Texas. 1967.

Runnels, Robert C., Vance E. Moyer and Robert A. Clark. '"Uncertain-

ties in the Measurement of Liquid-Water Content Using the Gain-Step
Technique', Radar Meteorology Conference, 13th, August 20-23, 1968,
McGill University, Montreal, Canada. 1968.

Rutherford, G. K. "Preliminary Study of the Composition of Precipi-

tation in S. E. Ontario", Canadian Journal of Earth Sciences, Ottawa
4(6). December 1967. pp. 1151-1160.

An analysis of the composition of rainfall and snowfall at 12 sites
in southeast Ontario is given. Notes on methodology, data, and
amounts of cations and anions are given.

Ruthroff, C. L. "Rain Attenuation and Radio Path Design'', Bell
System Technical Journal, No. 49. January 1970. pp. 121-135.

Ryan, A. P. "Radar Estimation of Rainfall", Jourmal of Hydrology,
New Zealand, Vol. 5, No. 2. 1966. pp. 100-110.

An empirical relationship exists between reflectivity and rainfall
rate. Measurements of received power permit estimate of rainfall
rate.

Sarker, R. P. "Some Modifications in a Dynamical Model of Orographic

Rainfall', Monthly Weather Review, Vol. 95. 1967. pp. 673-684.

Satterlund, Donald R. and Harold F. Haupt. "Snow Catch by Conifer

Crowns'", Water Resources Research, Vol. 3, No. 4. 1967. pp. 1035-1039.

Schaefer, Vincent J. "The Inadvert Modification of the Atmosphere
by Air Pollution", Bulletin of American Meteorological Society, Vol.
No. 4. April 1969.

Schermerhorn, Vail and Manes Barton. "Method for Integrating Snow
Survey and Precipitation Data'", Western Snow Conference, 36th, Lake
Tahoe, Nevada, April 16-18, 1968, Proceedings. 1968. pp. 27-32

A study which shows that a combination of fall-spring precipitation
indexes and snow-water equivalent and winter precipitation appears
to give better runoff predictions than either index alone.

Schermerhorn, Vail P. "Relations Between Topography and Annual
Precipitation in Western Oregon and Washington', Water Resources
Research, Vol. 3, No. 3. 1967. pp. 707-711.
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260. Schwartz, F. K. "Camille (1969) Rainfall in Virginia', Monthly
Weather Review. November 1970.

261. Scully, David R. and Donald C. Bender. "Separation of Rainfall
Excess from Total Rainfall', Water Resources Research, Vol. 5, No. 4.
August 1969. pp. 877-883.

262. Securite Agence de la Navigation Aerienne en Afrique et a Madagascar
Direction de 1'Exploitation Meteorologique. ""Resume Mensuel
d'Observations Meteorologiques Annexe Pluviometrique, Jan. 1968"
(Monthly Resume of Meteorological Observations: Rainfall Supplement,
Jan. 1968), Dakar. 1968.

263. Semonin, R. G., et al. "Radar Analysis of Warm Rain Showers",
Tellus, Stockholm, 20(2). 1968. pp. 227-238.

The results from PPI scope photography for 2 radars on Hawaii show
that the relationship between echo frequency and total rainfall is
remarkably good. Where raingage density is sparse, this type of
rainfall analysis is useful.

264. Semplak, R. A. '"Gauge for Continuously Measuring Rate of Rainfall",
REV SCI Instruments, Vol. 37, No. 11. November 1966. pp. 1554-8.

265. Semplak, R. A. and H. E. Keller. "Dense Network for Rapid Measure-
ment of Rainfall Rate', Bell System Tech. Jour., Vol. 48, No. 6.
July~Aug. 1969. pp. 1745-1756.

The design and operation of dense rain gage systems for obtaining
statistical data on heavy rainfall is given. The rain gage used
is a continuous flow type with a response time of 1 second. A
system which is used for recording the data onto magnetic tape is
described.

266. Semplak, R. A. and R. H. Turin. "Some Measurments of Attenuation
by Rainfall at 18.5 ghz", Bell System Tech. Jour., Vol. 48, No. 6.
July-Aug. 1969. pp. 1767-1787.

267. Senenov, V. A, "0 Neiostatkakh nabliudenii nad osadkasi i snezbnye
pokrovon v Tsentral'non Kazakhstanej" (Shortcomings of Precipitation
Measurements and Snow Surveys in Central Kazakhstan), Leningrad,
Glavnaia Geofizicheskaia Observatoriia, Trudy, 175. 1965. pp. 167-176.

268. Shannon, W. G. and T. G. Freeman. ""Snow Survey Telemetry Networks
and Future Plans', Western Snow Conference, 38th, Victoria, B.C., Proceed-
ings. 1970. pp. 98-101.

269. Shannon, William G. "Snow Surveying by Electronic Telemetry", Western
Snow Conference, 36th, Lake Tahoe, Nevada, Proceedings. 1968. pp. 95-98.
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271.

272.
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274.

A complete description is given of a pressure pillow which gives a
better means of obtaining a complete season's record of snow water
equivalent of a snowpack for the entire winter. The data 1s recorded
at the site, automatically telemetered to an office, and recorded on
tape. A comparison is made to a weighing storage precipitation gage.

Shaw, E. M. and P, Herbst. ''Determining Rain Gauge Densities in
England from Limited Data to Give a Required Precision for Monthly
Areal Rainfall Estimates', Jour. Instn. Water Engrs. June 23,1969.
pPp. 218-230.

A statistical analysis of rain gage densities in England.

Shiotani, Masao and Hideo Arat. "On the Vertical Distribution of
Blowing Snow", Physics of Snow and Ice, International Conference on
Low Temperature Science, Vol. 1, Pt. 2. 1967.

A measurement of blowing snow in a snow storm in the air layer up
to 6 meters has been made with snow collectors attached to a mast.

Shliakhov, V. I. '"Methods of Making Drifting-Snow Measurements in
the Antarctic", Inform. Biul. Sov. Antarkticheskoi Eksped, No. 20.
1960. pp. 26-28.

The upper limit of drifting snow was found to be 1-5 m for wind
speeds at 6-10 m/sec, 12-16 m for 15-18 m/sec, and 25-28 m for 19-22
m/sec. A new drifting snow gage was designed for use in the
Antarctic where standard gages are inadequate. The gage is sheet
aluminum 50 cm in diameter, 350 cm long, and with a receiving slot
.5 cm wide the entire length of the cylinder. A vane keeps it
facing into the wind.

Shuvakhin, E. A. "Ob oshibkakh izmereniia zhidkikh osadkov
vusbviiakh Kazakhstana" (Errors of Measurement of Liquid Precipita-
tion Under Conditions in Kazakhstan), Leningrad, Glovnaia Geofizich~-
eskaia Observatoriia, Trudy, No. 195. 1966. pp. 183-188.

The character and magnitude of errors made during the measurement of
atmospheric precipitation are investigated. The data are from a
Tret'iakov gage and a rain gage with a Nipher shield. The wind
caused deficit for liquid precipitation in both gages is considerable.
The evaporation of precipitation is of considerable importance in
most cases, both during the fall and after collection in the gage.
Atmospheric moisture deficit and wind speed are the principal factors
involved in the evaporation of precipitation from gages.

Shver, Ts. A. "Frequencies of the Amounts of Precipitation of

Various Forms', Transactions, Voyeykov Main Geophysical Observatory
(Trudy GGO), No. 131. 1962. pp. 37-44.
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The frequencies of the complexes of meteorological elements
(combinations of wind speed and direction with precipitation
amounts) are given. The complexes may be used for refining the
coefficient of conversion of precipitation measured with a rain
gage to the readings on a precipitation gage.

275. Singer, S. F. and G. F. Williams, Jr. "™Microwave Detection of
Precipitation Over Surface of Ocean'", Jour. Geophysical Research,
Vol. 73, No. 10. May 1968. pp. 3324-3327.

A preliminary report on the detection of precipitation over oceans
by means of passive micro-wave radiometry. Measurements are made
from an aircraft and have important implications to tropical meteoro-
logy and to rates and distributions of sea-air energy transfers.

276. Sirotenko, 0. D. "Statisticheskaia Bkhema popolneniia dannykh ob
osadkakh dlia opertivnogo obsluzhivaniia sel'skogo khoziaistvo"
(Statistical Scheme of Additional Data on Precipitation for the
Purpose of Routine Agrometeorological Service to Agriculture),
Meteorologiia i Gidrologiia, Moseow, No. 6. June 1969. pp. 89-96.

A statistical method is given which is designed to increase the
amount of precipitation information through the use of systems of
regression equations.

277. Sivaramakrishman, M. V. "Relation Between Rain Drop Size Distribu-
tion Rate of Rainfall and the Electric Charge Carried Down by Rain
in the Tropics", International Conference on Cloud Physics, Toronto,
August 1968, Proceedings. 1969. pp. 645-652.

A discussion is given of the rate of rainfall, the rain current
(total charge brought down by rain/cm?/sec), and the drop size dis-
tribution.

278. Sivaramakrishnan, M. V. and M. Mary Selvam. "Relation of Raindrop
Size to Intensity of Rainfall in Different Types of Tropical Rain
Using a Simple Raindrop Recorder", Indian Journal of Meteorology and
Geophysics, Delhi, 18(1). January 1967. pp. 13-26.

A simple raindrop recorder is utilized to develop regression equations
which connect the intensity of rainfall with various parameters such
as median drop size, liquid water content, and radar reflectivity (Z)

279. Smirnov, S. A. "Izmerenie Kolichestva zhidkikh osadkov na sgushchennoy
osadkomernoi seti" (Measurement of Amount of Liquid Precipitation on
a Dense Network of Precipitation Gages), Leningrad, Glavnaia Geofizich-
eskaia Observatoriia, Trudy, No. 195. 1966. pp. 133-137.

Comparative observations on liquid precipitation measurements made

with pluviographs and precipitation gages over a limited area are
presented. The correlation coefficients between different gages
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282.

283.

284.

285.

286.

approach unity over the area and depend to a very slight extent upon
the distance between measurement points. The mean square deviation
of the precipitation amount from the areal mean of all gages is
associated with the precipitation intensity and depends least upon
wind speed.

Smith, F. M., C. F. Cooper and E. G. Chapman. "Measuring Snow
Depths by Aerial Photogrammetry: Evaluation and Recommendations',
Western Snow Conference, 35th, Annual Meeting, Boise, Idaho,
April 18-20, 1967, Proceedings. 1967. pp. 66-72.

The measurement of snow depths by aerial photogrommetry over a
100-acre site in southwestern Idaho is shown to be successful.

Smith, James L. "Basic Meteorological and Smow Measurements, Central
Sierra Snow Laboratory'. 8th Progress Report, California Cooperative
Snow Management Research. 1966.

Smith, James L. and Donald W. Willen. "Gamma-Transmission Profiling
Radioisotope Snow Density and Depth Gage', Western Snow Conference,
34th, Seattle, Washington, Proceedings. 1966. pp. 69-77.

Smith, James L., Donald W. Willen and Michael S. Ownes. "Portable
Radioactive Isotope Snow Gages for Profiling Snowpacks'. Isotopes -
Industrial Technology, TID-4500, U. S. Atomic Energy Commission,
19th Edition. February 10, 1966.

Smoot, George F. and Thomas J. Buchanan. "Water Stage and Rainfall
Dual Recorder'", Department of the Interior, USGS Water Supply Paper
No. 1892. 1968. pp. 94-101.

An instrument that records both cumulative rainfall and flood stages
for small drainage basins is described.

Sneyers, R. "La comparaison de pluviometres de Bruxelles-Uccle"
(Comparison of the Brussels and the Uccle Rain Gages), International
Association of Scientific Hydrology, No. 78. 1968. pp. 265-273.

A comparison of the Brussels and the Uccle rain gages with a view to
answering the following: Can the variability of the measured value
about the true value be defined? What are the systematic errors that
differentiate the various rain gages? What is the true magnitude
measured by each instrument?

"Snow Hydrology'", North Pacific Division, Corps of Engineers, U. S.
Army, Portland, Oregon. June 1956. pp. 53~80.

A very comprehensive study of all phases of precipitation measurements
to include quality of data, special observations, elevation effects,
point precipitation measurements, effect of terrain, evaporation,
interception, etc.
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Snow Surveys, Federal-State-Private Cooperative. ''Summary of Snow
Survey Measurements for Nevada and Pertinent Measurements in California
and Oregon, 1910-1967". January 1969

A report on the measurement of snow to include snow survey terms,
the methodology of snow surveys, a history of Nevada snow surveys,
a summary of data, and a series of indexes on various snow courses.

Snyder, W. M. and B. M. Courtney. '"Efficient Design and Utilization
of Rainfall Networks'. Final report, School of Civil Engineering,
Georgia Institute of Technology. June 1967.

Steinhausser, Hans. "Starke Niederschlage und Starkregen bis zu
mehrtagiger Dauer in Mitteleuropa" (Heavy Precipitation and Heavy

Rain Up to Duration of Several Days in Central Europe), Meteorologische
Rundschau, Berlin, 21(1). January-February 1968. pp. 21-26.

A presentation of procedures and equations used to determine amounts
and intensities of heavy precipitation by using precipitation gage
records.

Stephenson, P. M. "Objective Assessment of Adequate Numbers of
Raingages for Estimating Areal Rainfall Depths', International
Association of Scientific Hydrology, No. 78. 1968. pp. 252-264.

Solutions are presented to the problem of the amount of the minimum
number of rain gages required to measure the depth of rainfall
over an area within given limits of accuracy.

Stewart, G. L. and R. K. Farnsworth. "United States Tritium
Rainout and Its Hydrologic Implications", Water Resources Research,
Vol. 4, No. 2. April 1968. pp. 273-289.

Stidd, Charles K. "Local Moisture and Precipitation', Desert
Research Institute Preprint, Series No. 45, Nevada University.
July 1968.

Stout, Glenn E and Eugene A. Mueller. "Survey of Relationships
Between Rainfall Rate and Radar Reflectivity in the Measurement of
Precipitation", Journal of Applied Meteorology, Boston, 7(3).

June 1968. pp. 465-474.

Calculations of radar reflectivity and raindrop size spectra can be
made and their relationships with rainfall amounts can be determined.
Methods are discussed and a summary of the relationships are given.
These relationships show differences of up to 5007 for reflectivity-
rainfall and differences up to 150% for different types of rain and
synoptic conditions.
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294.

295.

296.

297.

298.

Strauch, Edward. '"Zaleznosc miedzy zdolnoscia odbicia i natezeniem
opadow dia rejonu Polski srodkowej" (The Relation Between Reflectivity
and Rain Intensity in the Region of Central Poland), Poland, Panstwowy
Instytut Hydrologiczno-Meteorologicsny, Wiadomosci Stuzby Hydrologic-
znej i Meteorologicsnej, 2(4). 1966. pp. 19=28.

A consideration of the relationships between radar reflectivity and
rain intensity using measurements taken in 1962-1963 by the Aerological
Division of the State Hydrological and Meteorological Institute.
Consideration is also given to the errors of the rain intensities
computed from these relationships.

Struzer, L. R. and T. V. D'iachkove. "0 razbryzgivanii dozhdevykh
Kapel'" (Splashing of Rain Drops), Lengngrad, Glavnia Geofizicheskaia
Observatoriia, Trudy, No. 195. 1966. pp. 120-132.

An experimental investigation into the splashing of raindrops and
into the calculation of error due to splashing in the recordings of
rain gages located at ground level. A formula is given to compute
the error.

Struzer, L. R. and I. N. Nechaev. "0 vvedenii popravok na smachi-
vanie stenok vodosbornogo sosuda v izmerennye znacheniia osadkov"
(Allowing for Errors in Precipitation Measurements Due to Soaking

of the Walls of Drop Collectors), Leningrad, Glavnaia Geofizicheskaia
Observatoriia, Trudy, No. 215. 1968. pp. 57-72.

Consideration is given to the corrections required for the wetting of
vessel walls when measuring precipitation. If the precipitation is
measured two to four times per day, a systematic error of up to 57
exists for liquid precipitation and up to 19% for solid precipitation.
A method is given for introducing wetting corrections into current
precipitation measurements.

Struzer, L. R., et al. "0 pogreshnostiakh izmereniia osadkov
nazemnymi dozhde-merami pri nalichii vetra" (Error in Measurement
of Precipitation by Ground Level Rain Gage in the Presence of Wind),
Leningrad, Glavnaia Geofizicheskaia Observatoriia, Trudy, No. 215.
1968. pp. 135-152.

An evaluation of errors in precipitation measurments due to splatter
in ground level gages. It is concluded that, if a gage has a
splatter shield of radius 2 meters, a complete absence of splatter
exists for all wind conditions and site considerations. If the gage
site is surrounded by mellow soil, then a splatter shield of 50 cm
radius will provide complete protection from splatter.

Struzer, L. R., et al. "Opyt korrektirovki norm osadkov'" (Correction
of Precipitation Normals), Leningrad, Glavnaia Geofizicheskaia
Observatoriia, Trudy, No. 215. 1968. pp. 3-15.
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299 .

300.

301.

302.

303.

Stuart, I. "Australia Develops New Scientific Equipment to Assess
Water Resources', Water and Water Engr., Vol. 70, No. 850. December
1966. pp. 515-517.

A bucket, housed in a standard 8" gage, tilts each time .01" of rain
falls in it and sends out an electrical impulse. The impulse can
operate a counter or be recorded on charts or tapes. Bucket is

gold plated to reduce surface tension and help water run more easily.

Sulakvelidze, G. K. and Iu Dadali. "Izmerenle intensivnosti osadkov
mnogovolnavym radiolokatorom" (Measuring the Precipitation Intensity
by Multiwave Radar), Vsesoiuznoe Soveshchanie po Radiolokatsionnoi
Meteorologii, 3rd, Dolgo-Prodnaya, USSR, April 1866,Trudy. April 1969.
Pp. 31-42.

A discussion of the well known methods of measuring precipitation
intensity by radar reflection. A table giving the results of experi-
mental measurements on wavelengths of 10 and 3.2 cm of radar character-
istics and the precipitation intensity calculated from them is given.
The precipitation intensity calculations are compared to pluvio-
graphic data. The problem of measuring the intensity of solid pre-
cipitation is considered.

Sutcliffe, J. V. "Assessment of Random Errors in Areal Rainfall
Estimation", International Association of Scientific Hydrology,
Vol. 11, No. 3. September 1966. pp. 35-42.

Apparent precision of estimated areal rainfall is affected by per-
sistent areal patterns. Areal patterns and random variations can
be separated by correlation between records in two periods of net-
work gages.

Suzuki, Eiichi. "Statistical and Climatological Study on the Rain-
fall in Japan", Papers in Meteorology and Geophysics, Tokyo, 18(3).
September 1967. pp. 103=181.

A functional expression of frequency distribution is statistically
obtained through a schematic explanation of actual rainfall data.
The geographic characteristics of rainfall types are set forth.

Tabler, Ronald D. '"Physical and Economic Design Criteria for
Induced Snow Accumulation Projectg', Water Resources Research,
Vol. 4, No. 3. June 1968. pp. 513-519.

Snow fencing promises to be an important means of increasing surface
water yield or ground water recharge on windswept watersheds where
snow is an important form of precipitation. Fence spacing is related
to the "most probable" annual snow catch, which is based on a pro-
bability analysis of winter precipitation.
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304.

305.

306.

307.

308.

309.

310.

311.

Taramzhenina, V. A. "K voprosu o vetrovom nedouchete osadkov
osadkomernymi priborami na territorii Ural'skogo UGMS" (Wind

Deficit of Precipitation as Measured by Precipitation Instruments in
the Territory of the Ural Hydrometeorological Service), Leningrad,
Glavnaia Geofizicheskaia Observatoriia, Trudy, No. 195. 1966.

pp. 167-170.

The results of experimental determinations of wind-produced errors
in precipitation and rain gages are presented. The percent of pre-
cipitation deficit was determined by the ratio of the difference
between a ground rain gage and one at a height of 2 meters to the
amount of precipitation in the rain gage. The value of the correc-
tion coefficient is a function of wind speed.

Tarble, R. D. "California Federal-State Snow Sensor Investigatioms,
Problems and Rewards', Western Snow Conference, 36th, Lake Tahoe,
Nevada, April 16-18, 1968, Proceedings. 1968. pp. 106-109.

A paper noting the advantages and limitations of wvarious types of
snow S8ensors to include snow pillows, metal disks and platforms.

Telford, J. W. "Measurement of Shower Rainfall Using an Airborne
Foil Impactor', Jour. of Applied Meteorology, Vol. 6, No. 2.
April 1967. pp. 434-435.

Todorovic, P, and V. Yevjevich. "Stochastic Process of Precipita-
tion". Colorado State University, Hydrology Paper No. 35. 1969.

Todorovic, Petar and Emir Zelenhasic. "Extreme Values of
Precipitation, Phenomena', International Association of Scientific
Hydrology, Bulletin 13(4). 1968. pp. 7-24.

Trifonova, T. S. "K voprosu issledovannia termicheskogo rezhima

pri vypadenii osadkov'" (Studying the Thermal Regime During Pre-
cipitation), Leningrad, Glavnaia Geofizicheskaia Observatoriia, Trudy,
No. 232. 1968. pp. 62-68.

The relationship between air temperature prior to precipitation and
during the first hour after rain starts is discussed. It is noted
that precipitation usually reduces temperature 3-5%.

Tucker, L. S. '"Raingage Networks in the Largest Cities", ASCE Urban
Water Resources Research Program, Technical MFM No. 9. Maxch 17, 1969.

Umback, C. R. and W. D. Lembke. "Effects of Wind on Falling Water
Drops', American Society of Agricultural Engineering, Tramns., Vol. 9,
No. 6, 1966. pp. 805-808.
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312.

313.

314.

315.

316 .

317.

318.

319.

320.

A wind tunnel study to determine the relationship between wind drift
of vertically falling drops and drop diameter, wind velocity, and
vertical distance drops fell.

Underhill, H. W. "Rainfall Recorders - Comparison of Different
Types", International Association of Scientific Hydrology, Vol. 11,
No. 3. September 1966. pp. 50-55.

A comparison of available rain gages with particular emphasis on
given points of design.

Unwin, D. J. "The Areal Extension of Rainfall Records, an Alternate
Model", Journal of Hydrology, Vol. 7, No. 4. 1969. pp. 404.

Uryvaev, V. A., et al. "Snow Cover and Precipitation and Proposals

of the State Hydrologic Institute (GGI) for Their Improvement, Principal
Shortcomings of Methods of Observing', Soviet Hydrology Paper, No. 1.
1965.

United States Department of Commerce. "Substation Observations'.
Weather Bureau Observing Handbook No. 2, First Edition. 1970.

Van Heerden, W. M. "The Direction of Rain and Its Measurement',
South African Journal of Agricultural Science, Vol. 4, No. 1.
March 1961. pp. 51-59.

Vant, B. J. "Rain Gage Accuracy Improved", Australian Civil Engineer,
May 5, 1969.

Veal, Donald L. "Informatic Portrayals Utilizing Uadic Numerals
of Snow Pillow Data". Atmospheric Water Resources Research, NRRI,
University of Wyoming, Information Circular No. 35. August 1965.

Vogelmann, H. W., et al. '"Precipitation from Fog Moisture in the
Green Mountains of Vermont', Ecology, Durham, North Carolina, Vol. 49,
No. 6. August 1968. pp. 1205-1207.

Rain gages are equipped with screen coils in order to measure cloud
droplets from fog and low-lying clouds. A screened gage collected
66.87 more water than an unscreened gage when located at an elevation
where clouds and fog are frequent.

Walkotten, W. J. and J. H. Patric. "Elevation Effects on Rainfall
Near Hollis, Alaska'". U.S. Forest Service, Research Note, PNW-53,
Portland, Oregon. May 1967.
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321. Warner, Charles and K. L. S. Gunn. "Measurement of Snowfall by
Optical Attenuation", Journal of Applied Meteorology, Boston, Vol. 8,
No. 1. February 1969. pp. 110-121.

Transmissometer has been used to provide a continuous record with
good time resolution of falling snow. Pulsed light, wavelength

.45, traversed a path 71 meters long about 20 meters above ground
level. Total snow amount of 160 mm of water from 20 storms was
recorded and analyzed. Attenuation is proportional to rate of snow-
fall and total agrees within 27 of accumulation in a gage with Nipher
shield.

322. Warner, J. "A Reduction in Rainfall Associated with Smoke from
Sugar-cane Fires - An Inadvertent Weather Modification?", Jour. of
Applied Meteorology, Vol. 7, No. 2. Apwil 1968.

323. Warner, O. R. "Precipitation Gages - Types, Methods and Uses",
Western Snow Conference, 34th, Seattle, Washington, Proceedings.
1966. pp. 78-81.

A discussion of precipitation gages in current use.

324. Warnick, C. C. "Rime, Ice and Snow Capping on High Altitude
Precipitation Gages'", Western Snow Conference, 25th, Santa Barbara,
California, Proceedings. 1957. pp. 24-34.

325. Wilson, James W. "Operational Measurement of Rainfall with the
WSR-57: State of Art and Recommendations". Final Report CEM-4067-407,
National Severe Storms Lab. July 1970.

326. Wilson, R. W. "Sun Tracker Measurements of Attenuation by Rain
at 16 and 30 ghz'", Bell System Tech. Journal No. 48. May 1969.
pp. 1383-1404.

327. '"Wind Pattern Shift Brings Rain', Engineering News-Record, Vol. 176.
June 1966. pp. 18

328. Wiser, Edward H. "An Analysis of Runs of Precipitation', International
Hydrology Symposium, Fort Collins, Colorado. September 1967.

The simulation of precipitation records requires information about
patterns of events. The purpose of this paper is to present equations
for the number of runs in a specified duration for a wide class of
models.

329. Wiser, Edward H. 'Monte Carlo Methods Applied to Precipitation-

Frequency Analysis', American Society of Agricultural Engineers,
Trans., Vol. 9. 1966. pp. 538-540.
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330 .

331.

Zeltmann, Walter F.  '"Criteria for Rain Gages for General Climatology
(and Comment by) Daniel A. Mazzarella'", American Meteorological
Society, Bulletin, 50(6). June 1969. pp. 442-443.

A discussion of the action of the United States Weather Bureau in
replacing its recording rain gages that record .01 inches with
gages that record not less than .l inch.

Zotimov, N. V. "Issledovanie metoda izmereniia snegozapasov s
ispol'zovaniem gamma-izlucheniia zemli" (Studying the Method of
Measuring Snow Deposits by Using Terrestrial Gamma Radiation),
Lenghgrad, Gosudarstvennyi Gidrologicheskii Institut, Trudy,
No. 152. 1968. pp. 114-129.

An outline of the principles involved in measuring snow water equiva-
lent based on the attenuation of the natural y-radiation of the
Earth by snow cover. A description of the equipment design is given
along with a calculation of system reliability. Calculated errors
are 2-8 mm when measuring snow cover of 10-300 mm.
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332. Anderson, J. J. "Real-Time Computer Control of Urban Runoff".
Presented at the ASCE Hydraulics Division Conference, M.I.T.,
Cambridge, Massachusetts. 1968.

333. Austin, P. M. "Application of Radar to Measurement of Surface
Precipitation", Technical Report ECOM-0319-F, M.I.T., Department
of Meteorology, Cambridge, Massachusetts. 1969.

334. Austin, P. M. "Application of Weather Radar to Intensity of
Surface Precipitation", Weather Radar Research, M.I.T.,
Cambridge, Massachusetts. 1965.

335. Berjuljev, G. P., et al. "The Results of Radar Measurements
of Areal Rainfall in Valday', Proc. 12th Conf. on Radar Mteoro-
logy, A.M.S., Norman, Oklahoma. 1966. pp. 220-221.

336. Carlson, Paul E. "Problems of Snowfall Measurement by Radar",
14th Radar Meteorology Conference, November 17-20, 1970, Tucson,
Arizona. pp. 245-248.
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Rainfall in Tanzania for the Year 1967". 1968.
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Network". Boulder, Colorado No. 6:21-24. 1968.

339. Freeny, A. E. and J. D. Gabbe. "A Statistical Description of
Intense Rainfall", The Bell System Technical Journal, Vol. 48,
No. 6. 1969. pp. 1789-1851.

340. Geotis, S. G. '"Some Radar Measurements of Hailstorms'", Journal
of Applied Meteorology, Vol. 2. 1963. pp. 270-275.

341. Goodspeed, M. J. and J. V. Savage. '"Event Recorder-Technical
Description'", Techn. Mem. 66/2, Division of Land Research,
CSIRO, Canberra, Australia. 1966.

342. Institute of Electrical and Electronic Engineers. ""Microwave
Attenuation and Rain Gauge Measurements'. IEEE Proc. 57. 1969.
pp. 1235-6.
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Detected Rainfall", Proc. 12th Conf. on Radar Meteorology, A.M.S.,
Norman. 1966. pp. 204-207.
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Performance', Boise 1965 Reynolds Creek Watershed Annual Report,
Ida.-B0-102.6. 1965.
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Data Systems', ASCE Urban Water Resources Research Program,
Techn. Mem. No. 3. 1968.
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The Travelers Research Center, Inc., Hartford, Connecticut. 1967.

73



APPENDIX

The following references were used in preparing the previous
bibliography.
1. Applied Science and Technology Index.
2. Bibliography of Agriculture.
3. rBritish Technology Index.
4. Meteorological and Geoastrophysical Abstracts.
5. The Engineering Index.

6. Bibliography of Hydrology in the United States, Geological
Survey, Water Supply Paper No. 1863

7. Bibliography on Cold Regions Science and Techmology, CRREL,
Corps of Engineers, U. S. Army.

8. Personal Correspondence.
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