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Selected Cloud Seeding Reading Material Source: Duncan Axisa with 
additions by Don Griffith and Dr. Conrad Keyes. References related to evaluation are in bold 
type. 
 
ASCE Manual and Reports on Engineering Practice No. 81, "Guidelines for 
Cloud Seeding to Augment Precipitation", Co-Editors Archie M. Kahan, Donald 
Rottner, Ramona Sena, and Conrad G. Keyes, Jr., 1995, ASCE, Reston, VA, 145 
pp.  
 
ASCE/EWRI Standard 42-04, "Standard Practice for the Design and Practice of 
Precipitation Enhancement Projects", Corresponding Editor Don Griffith and 
Chair George Bomar, ASCE/EWRI Atmospheric Water Management Standards 
Committee, March 2004, ASCE, Reston, VA. 
 
BASC, 2001: New Opportunities in Weather Research, Focusing on Reducing 
Severe Weather Hazards and Providing Sustainable Water Resources. Report of 
the National Academy of Sciences Workshop for Assessing the Current State of 
Weather Modification Science as a Basis for Future Environmental Sustainability 
and Policy Development. Available from the Institute of Atmospheric Sciences, 
South Dakota School of Mines and Technology, 501 E Saint Joseph St., Rapid 
City, S. D., 57702 
 
Boe, B.A., 1994: The North Dakota Tracer Experiment: Tracer applications in a 
cooperative thunderstorm research program. J. Weather Modif., 26, 102-112. 
 
Boe, B. A., J. L. Stith, P. L. Smith, J. H. Hirsch, J. H. Helsdon, Jr., A. G. Detwiler, 
H. D. Orville, B. E. Martner, R. F. Reinking, R. J. Meitin and R. A. Brown, 1992: 
The North Dakota Thunderstorm Project -- A cooperative study of High Plains 
thunderstorms. Bull. Amer. Meteor. Soc., 73, 145-160. 
 
Chai, S. K., W. G. Finnegan and R. L. Pitter, 1993: An Interpretation of the 
Mechanisms of Ice Crystal Formation Operative in the Lake Almanor Cloud 
Seeding Program. J. Appl. Meteor., 32, 1726-1732, 
 
Cooper, W. A., R. T. Bruintjes, and G. K. Mather, 1997: Calculations pertaining to 
hygroscopic seeding with flares. J. Appl. Meteor., 36, 1449-1469. 
 
Deshler, T. and D. W. Reynolds, 1990: The Persistence of Seeding Effects in a 
Winter Orographic Cloud Seeded with Silver Iodide Burned in Acetone. J. 
Applied Meteorology, 29, 477-488. 
 
Farley, R. D., 1987: Numerical modeling of hailstorms and hailstone growth: Part 
III Simulation of an Alberta hailstorm - natural and seeded cases. J. Climate Appl. 
Meteor., 26, 789-812. 
 
Farley, R.D., D.L. Hjermstad, and H.D. Orville, 1997: Numerical simulation of 
cloud seeding effects during a four-day storm period. J. Wea. Mod., 29, 49-55. 
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Farley, R. D., T. Wu, H. D. Orville, and M. R. Hjelmfelt, 2003a: Numerical 
simulation of hail formation in the 28 June 1989 Bismarck Thunderstorm. Part I, 
Hail Growth. Atmos. Research, (in press) 
 
Farley, R. D., T. Wu, H. D. Orville, and M. R. Hjelmfelt, 2003b: Numerical 
simulation of hail formation in the 28 June 1989 Bismarck Thunderstorm. Part II, 
Cloud seeding results. Atmos. Research, (in press) 
 
Grant, L. O., and R. D. Elliott, 1974: The cloud seeding temperature window. J. 
Appl. Meteor., 13, 355-363. 
 
Griffith, D. A. J. R. Thompson and D. A. Risch, 1991: A Winter Cloud 
Seeding Program in Utah. J. of Wea. Mod., 23, 27-34. 
 
Griffith, D. A., J. R. Thompson, D. A. Risch and  M. E. Solak, 1997: An 
Update on a Winter Cloud Seeding Program in Utah. J. of Wea. Mod., 29, 95-
99. 
 
Holroyd, E. W., J. A. Heimbach and A. B. Super, 1995: Observations and 
Model Simulation of AgI Seeding within a Winter Storm over Utah's 
Wasatch Plateau. J. Weather Modification, 27, 36-56. 
 
Holroyd, E. W., J. T. McPartland and A. B. Super, 1988: Observations of 
Silver Iodide Plumes over the Grand Mesa of Colorado. J. Applied 
Meteorology, 27, 1125-1144. 
 
Holroyd, E. W. and J. E. Jiusto, 1971: Snowfall from a Heavily Seeded Cloud. J. 
Applied Meteorology, 10, 266-269. 
 
Holroyd, E. W. and A. B. Super, 1998: Experiments with Pulsed Seeding by 
AgI and Liquid Propane in Slightly Supercooled Winter Orographic Clouds 
over Utah's Wasatch Plateau. J. Weather Modification, 30, 51-76. 
 
Huston, M.W., A.G. Detwiler, F.J. Kopp, and J.L. Stith, 1991: Observations and 
model simulations of transport and precipitation development in a seeded 
cumulus congestus cloud. J. Appl. Meteor., 30, 1389-1406. 
 
Johnson, D. B., 1982: The role of giant and ultragiant aerosol particles in warm 
rain initiation. J. Atmos. Sci., 39, 448-460. 
 
Kopp, F. J., and H. D. Orville, 1994: The use of a two-dimensional, time-
dependent cloud model to predict convective and stratiform clouds and 
precipitation. Wea. Analysis and Forecasting, 9, 62-77. 
 
Lacaux, J.P., J.A Warburton, J. Fournet-Fayard, and P. Waldteufel, 1985: 
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The disposition of silver released from Soviet OBLAKO rockets in 
precipitation during hail suppression experiment Grossversuch IV. Part II: 
case studies of seeded cells. J. Clim. and Appl. Meteor., 24, 977-992. 
 
Linkletter, G. O., and J. A. Warburton, 1977: An assessment of NHRE hail 
suppression technology based on silver analysis. J. Appl. Meteor., 16, 1332-
1348. 
 
Ludlam, F. H. 1955: Artificial Snowfall from Mountain Clouds. Tellus, 7, 277-290. 
 
Martner, B.E., J.D. Marwitz, and R.A. Kropfli, 1992: Radar observations of 
transport and diffusion in clouds and precipitation using TRACIR. J. Atmos. 
Ocean. Tech., 9, 226-241. 
 
McGurty, B. M., 1999: Turning silver to gold: measuring the benefits of 
cloud seeding. Hydro Review, 2-6. 
 
Meyers, M. P., P. J. DeMott, and W. R. Cotton, 1992: New primary ice nucleation 
parameterization in an explicit cloud model. J. Appl. Meteor., 31, 708-721. 
 
Meyers, M.P., P.J. DeMott, and W.R. Cotton, 1995: Comparison of seeded 
versus non-seeded orographic cloud simulations with an explicit cloud 
model. J. Appl. Meteor., 34, 834-846. 
 
Monney, M. L. and G. W. Lunn, 1969: The Area of Maximum Effect Resulting 
from the Lake Almanor Randomized Cloud Seeding Experiment. J. Applied 
Meteorology, 8, 68-74. 
 
Orville, H. D., 1996: A review of cloud modeling in weather modification. 
Bull. Amer. Meteor. Soc., 77, 1535-1555. 
 
Orville, H. D., R. D. Farley and J. H. Hirsch, 1984: Some surprising results from 
simulated seeding of stratiform-type clouds. J. Climate Appl. Meteor., 23, 1585-
1600 
 
Reinking, R.F., and B.E. Martner, 1996: Feeder-cell ingestion of seeding aerosol 
from cloud base determined by tracking radar chaff. J. Appl. Meteor., 35, 1402-
1415. 
 
Riggio, R.F., W.O. Alexander, T.J. Larkin, and G.W. Bomar, 1984: Texas 
HIPLEX Summary Report. Texas Department of Water Resources, Austin, TX, 
131-135. 
 
Rosenfeld, D., and W. L. Woodley, 1997: Cloud microphysical observations of 
relevance to the Texas cold-cloud conceptual seeding model. J. Weather Modif., 
29, 56-59 
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Rudolph, R. C., C.M. Sackiw, and G. T. Riley, 1994: Statistical evaluation of 
the 1984-1988 seeding experiment in northern Greece. J. Wea. Mod., 26, 53-
60. 
 
Ryan, B. F., and W. D. King, 1997: A critical review of the Australian 
experience in cloud seeding. Bull. Amer. Meteor. Soc., 78, 239-254. 
 
Smith, P.L., L.R. Johnson, D.L. Priegnitz, B.A. Boe, and P.J. Mielke, Jr., 
1997: An exploratory analysis of crop hail insurance data for evidence of 
cloud seeding effects in North Dakota. J. Appl. Meteor., 36, 463-73. 
 
Stith, J.L., A.G. Detwiler, R.F. Reinking, and P.L. Smith, 1990: Investigating 
transport, mixing, and the formation of ice in cumuli with gaseous tracer 
techniques. Atmos. Res., 25, 195-216. 
 
Stith, J.L., J. Scala, R.F. Reinking, and B.E. Martner, 1996: Combined use of 
three techniques for studying transport and dispersion in cumuli. J. Appl. Meteor., 
35, 1387-1401. 
 
Stone, R. H., and A. W. Huggins, 1996: The use of trace chemistry in conjunction 
with ice crystal measurement to assess wintertime cloud seeding. Proceedings 
AMS 13th Conference on Planned and Inadvertent Weather Modification, 
Atlanta, Georgia, 136-144. 
 
Super, A. B., 1986: Further Exploratory Analysis of the Bridger Range 
Winter Cloud Seeding Experiment. J. Climate Applied Meteorology, 12, 
1926-1933. 
 
Super, A. B., 1990: Winter Orographic Cloud Seeding Status in the 
Intermountain-West. J. Weather Modification, 22, 106-116. 
 
Super, A. B. and B. A. Boe, 1988: Microphysical effects of wintertime cloud 
seeding with silver iodide over the Rocky Mountains. Part III: observations 
over the Grand Mesa, Colorado. J. Applied Meteor., 27, 1166-1182. 
 
Super, A. B. and J. A. Heimbach, 1983: Evaluation of the Bridger Range 
Winter Cloud Seeding Experiment Using Control Gages. J. Climate Applied 
Meteorology, 22, 1989-2011. 
 
Super, A. B. and J. A. Heimbach, 1992: Investigations of the Targeting of Ground 
Released Silver Iodide In Utah. Part I: Ground Observations of Silver in Snow 
and Ice Nuclei. J. Weather Modification, 24, 19-34. 
 
Super, A. B. and E. W. Holroyd, 1994: Estimation of Effective AgI Ice Nuclei by 
Two Methods Compared with Measured Ice Particle Concentrations in Seeded 
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Orographic Clouds. J. Weather Modification, 26, 33-40. 
 
Super, A. B. and E. W. Holroyd, 1997: Some Physical Evidence of AgI and 
Liquid Propane Seeding Effects on Utah's Wasatch Plateau. J. Weather 
Modification, 29, 8-32. 
 
Tzivion, S., T. Reisin, and Z. Levin, 1994: Numerical simulation of hygroscopic 
seeding in a convective cloud. J. Appl. Meteor., 33, 252-267. 
 
Warburton, J. A., G. O. Linkletter, and R. Stone, 1982: The use of trace 
chemistry to estimate seeding effects in the National Hail Research Experiment. 
J. Appl. Meteor., 21, 1089-1110. 
 
Warburton, J. A. and T. P. DeFelice, 1986: Oxygen isotopic composition of 
central Sierra Nevada precipitation. I. Identification of ice-phase water capture 
regions in winter storms. Atmospheric Research, 20, 11-22. 
 
Warburton, J. A., B. B. Demoz and R. H. Stone, 1993: Oxygen isotopic variations 
of snowfall from winter storms in the central Sierra Nevada; relation to ice growth 
microphysics and mesoscale structure. Atmospheric Research, 29, 135-151. 
 
Warburton, J. A., R. H. Stone and B. L. Marler, 1995a: How the transport and 
dispersion of AgI aerosols may affect detectability of seeding effects by statistical 
methods. J. Applied Meteorology, 34, 1930-1941. 
 
Warburton, J. A., L. G. Young and R. H. Stone, 1995b: Assessment of 
Seeding Effects in Snowpack Augmentation Programs: Ice Nucleation and 
Scavenging of Seeding Aerosols. J. Applied Meteorology, 34, 121-130. 
 
Warburton, J. A., L. G. Young, M. S. Owens and R. H. Stone, 1985: The capture 
of ice nucleating and non ice-nucleating aerosols by ice-phase precipitation. 
Journal de Recherche Atmospheriques. 19, Nos.2-3, pp.249-255. 
 
Warburton, J. A., L. G. Young, and R. H. Stone, 1994: Assessment of seeding 
effects in snowpack augmentation programs: ice nucleation and scavenging of 
seeding aerosols. J. Applied Meteorology. 33, 121-130. 
 
Weickmann, H. K., 1973: The modification of Great Lakes winter storms. NOAA 
Technical Report ERL 265-APCL 26, Boulder, CO, 103 pp. 
 
WMO, 1996: Meeting of experts to review the present status of hail suppression. 
Programme on Physics and Chemistry of Clouds and Weather Modification 
Research. Golden Gate Highlands National Park, South Africa, November 6-10, 
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Woodley, W. L., and D. Rosenfeld, 2004: The development and testing of a 
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(Accepted for publication in J. Appl. Meteor.) 
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CLOUD SEEDING GLOSSARY 
 
The terms selected are intended to assist the reader in understanding both the 
proceedings and the referenced or other documents discussing cloud seeding. 
Definitions are those found within the Glossary of Meteorology or in the American 
Society of Civil Engineering. Italicized print in this section indicates an alternative 
glossary entry that the reader may also wish to review.   . 
 
CCN– cloud condensation nuclei. The tiny particles, either liquid or solid, upon 
which condensation of water vapor first begins in the atmosphere, they are 
necessary for the formation of cloud droplets.  
 
cell– a convective element (cloud) which in its life cycle, develops, matures, and 
dissipates, usually in about 30 min. 
 
cloud base seeding—the release of cloud seeding agent into updrafts beneath 
developing cloud turrets, which transport the seeding agent aloft into the 
precipitation development zones.  
 
cloud droplet– a particle of liquid water from a few microns to tens of microns in 
diameter, formed by condensation of atmospheric water vapor, and suspended in 
the atmosphere with other droplets to form a cloud.  These liquid water droplets 
are too small to precipitate. 
 
cloud model– physical description of cloud processes programmed into a 
computer to simulate cloud development and evolution. Very useful in 
understanding the relative importance of the many factors that influence cloud 
development, and the only way in which exactly the same cloud can be both 
seeded and unseeded (see also targeting model). 
 
collision-coalesence process- the process by which liquid cloud particles 
collide and then coalesce into larger drops. 
 
control area– an area where cloud seeding operations do not take place, 
preferably similar in character and near to the target area. The behavior of 
storms over the control area is compared to those treated over the target area, to 
assess differences and thus measure project effectiveness. See also, target 
area, seeding area, and seeded area. 
 
convective cloud- a cloud characterized by organized, fluid motion, including 
both upward and downward motions. This term is generally interchangeable with 
cumulus clouds. 
 
dispersion rate- rate at which seeding material spreads in relation to the 
location of release. 
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direct targeting– the placement of seeding agents directly into the targeted 
cloud by release at the targeted cloud.  
 
droplet spectrum– the numbers and sizes of the droplets within the cloud 
volume of interest. 
 
dynamic seeding– the treatment of clouds with the intent of utilizing the latent 
heat produced by additional freezing and perhaps in some cases by 
condensation or deposition to invigorate cloud development.  
 
glaciogenic seeding– treatment of clouds with materials intended to increase 
and/or initiate the formation of ice crystals.   
 
graupel– white, opaque, approximately round (sometimes conical) ice particles 
having a snow-like structure, and about 2-5 mm in diameter. Also known as snow 
pellets, they form in convective clouds when supercooled water droplets freeze to 
an ice particle upon impact. 
 
hygroscopic– pertaining to a marked ability to accelerate the condensation of 
water vapor; having the property of attracting water, or having the effect of 
encouraging the formation of larger droplets. 
 
hygroscopic seeding– treatment of clouds with hygroscopic materials which  
encourage the formation of larger droplets, changing the cloud droplet spectrum 
in such a way as to enhance development of precipitation through coalescence. 
 
ice nucleus–  any particle that serves as a nucleus for the formation of ice 
crystals in the atmosphere. 
 
Ice process- the process by which cloud particles grow large enough to fall out 
as ice-phase precipitation; this often occurs where there is coexistence of ice and 
supercooled water droplets; the ice particles can grow rapidlyi at the expense of 
the supercooolled water droplets.  
 
Inadvertent weather modification- the unintentional modification of the weather 
through some aspect of man’s activities, such as the production of cloud nuclei or 
ice nuclei from various industrial manufacturing processes.  
 
JWM– Journal of Weather Modification, the official journal of the Weather 
Modification Association.  
 
latent heat– The heat released when water vapor condenses (latent heat of 
condensation), or when liquid water drops freeze (latent heat of fusion).  
 
NCAR– National Center for Atmospheric Research, P.O. Box 3000, Boulder, CO, 
80307-3000. 
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Nucleation- any process through which a phase change of a substance to a 
more condensed state in initiated upon a nucleus. 
 
potassium chloride– KCl, a simple salt often used as a primary ingredient in 
hygroscopic cloud seeding  
 
raindrop– a drop of water of diameter greater than 0.5 mm falling through the 
atmosphere. In careful usage, falling drops with diameters lying in the interval 0.2 
to 0.5 mm are called drizzle drops rather than raindrops, though this is frequently 
overlooked.  
 
RDAS – Radar data acquisition system.  The hardware and software that 
controls the radar and ingests the radar data, before passing it to TITAN. 
 
response time– the time that elapses from identification of a seeding opportunity 
until the release of seeding agent actually begins. 
 
seeding agents– agents dispensed by any means in or near a cloud volume 
which are intended to modify (seed) the cloud characteristics. 
 
silver iodide– AgI, a common glaciogenic seeding agent. 
 
supercooled water–  water, still in liquid state, at temperatures less than 0oC 
(32oF). Under ideal conditions in the free atmosphere, water may exist in a 
supercooled state to temperatures as cold as -40oC (-40oF).  
 
target area– the area for which cloud seeding operations are targeted, usually 
near a control area similar in character and climatology. The behavior of treated 
storms over the target area is compared to untreated storms over the control 
area, to assess differences and thus measure project effectiveness. See also, 
control area, seeding area, and seeded area. 
 
targeting model— computer modeling in which terrain and winds are used to 
project when and where cloud seeding upwind of a target area should be 
conducted. 
 
TITAN– Thunderstorm Identification, Tracking, Analysis, and Nowcasting.  
Software for the display and analysis of weather radar data, widely used in 
operational convective cloud seeding programs. 
 
wing-tip generator– ice nucleus generators mounted at the tips of aircraft wings, 
or sometimes below the wings, also usually near the ends.   
 
WMA– Weather Modification Association, P.O. Box 26926, Fresno, CA 93729-
6926.  
 


