Environmental Loads: Wind, Rain and Sun
Books and Research Reports

Canada Mortgage and Housing Corporation

Wind-Rain Relationships in Southwestern British Columbia

Ottawa: Canada Mortgage and Housing Corporation

2007

“Building envelope failures in Southwestern British Columbia have brought to light the strong
influence of wind-driven rain on building envelopes. This study examines wind and rainfall data
collected throughout the year from 12 meteorological stations: four on VVancouver Island and
eight in the Lower Mainland. Results indicate that prominent wind directions during rain, as well
as maximum wind speed, vary with location. Furthermore, all stations exhibited a marked
difference in the wind direction and frequency of higher wind speeds for wet hours versus all
hours.”

Available at: CMHC

Canada Mortgage and Housing Corporation

Simulation of Wind Driven Rain and Wetting Patterns on Buildings

Ottawa: Canada Mortgage and Housing Corporation

1994

“Three conditions must exist simultaneously for rain penetration to occur: 1) water on the surface
of the building; 2) a force (such as gravity, kinetic energy, capillarity or wind pressure) to drive
the water through the wall; and 3) a leakage path in the wall through which the water can
penetrate. Eliminating any one of these conditions will eliminate rain penetration. Conventional
approaches to rain penetration have focused on eliminating openings or eliminating the forces. It
has always been assumed that it is not possible to control the rain on the surface of a building.
However, this research project looks at the interaction of wind and rain and suggests that there
may be some means of limiting the amount of water that impinges upon a building. This project
included components: 1) a demonstration of the feasibility of physically modeling wind-driven
rain in a wind tunnel to show how wetting affects buildings; 2) a study, using a model that allows
comparisons with field experience, of the effects of wind direction and wind speed on wetting
patterns; and 3) an exploratory investigation of the effects of building height and architectural
features on wetting patterns.”

Available at: CMHC

Canada Mortgage and Housing Corporation

An Exploratory Study of the Climatic Relationships Between Rain and Wind

Ottawa: Canada Mortgage and Housing Corporation

1994

“Rain penetration caused by wind pressures is a significant building performance problem. A
better understanding of the interaction between wind and rain may lead to improved building
design. The objectives of the study focused primarily on two issues: 1) whether there is a
significant relationship between wind speed and rainfall rate; and 2) whether the wind directions
associated with wet hours are significantly different from the directionality of all winds. A
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secondary objective was to explore the applicability of the existing Driving Rain Wind Pressure
(DRWP), used in the Canadian Standards Association's ‘Windows’ Standard, CAN/CSA-A440-
MO0, to the problems of the building envelope.”

Available at: CMHC

Cornick, S.M., W.A., Dalgliesh, et al.

MEWS Project - Task 4-Environmental Conditions Final Report

Institute for Research in Construction, National Research Council Canada

2002

“This report summarized the methods developed for classifying for US and Canadian climates
with respect to moisture loading. Hourly weather data for approximately 400 Canadian and US
locations were collected. The data spans 30 or more years. Data for the 40 cities, 27 American
and 13 Canadian, were analyzed and converted into the appropriate format for the Advanced
Hygrothermal Model (AHM). A method for calculating a moisture index based on two
independent indices, the wetting index and the drying index was developed characterizing the
locations in the 40 city set. From the candidate list five cities were selected: Wilmington NC,
Seattle WA, Ottawa ON, Winnipeg MB, and Phoenix AZ for detailed analysis. Climates were
classified according to their potential for moisture loading. Five groups were defined: Zone 1,
Zone 2, Zone 3, Zone 4, and Zone 5. A provisional contour map showing isopotentials for
Canada and the United States was created.”

Available at: http://irc.nrc-cnrc.gc.ca/pubs/fulltext/rr/rr113/

Crocker C.R.

Canadian Building Digests, CBD-126

Influence of Orientation on Exterior Cladding

Ottawa: National Research Council of Canada, Division of Building Research

1970

“The service life of materials is greatly influenced by the environment in which they are required
to serve. In most cases, the limits of the environmental conditions are known, but the variations
that exist because of orientation often have a profound effect on the durability of sealants,
mortar, masonry and other wall components. It is the purpose of this Digest to indicate the
effects of orientation, particularly as it relates to temperature and moisture.” [It is important
when reading this publication to acknowledge the many advancements that have taken place with
sealants and other wall components since 1970.]

Available at: BCIT; VPL; UBC; IRC

Institute of Research in Construction

A Guide to the Wind Design of Mechanically Attached Flexible Membrane Roofs

Ottawa: National Research Council

2005

“Mechanically attached flexible membrane roofs are used on more than half of North American
commercial buildings. Proper design is critical to ensuring good performance of this type of roof
against wind uplift and to preventing failure. This publication provides extensive new
information to help designers achieve good design. The information is based on ten years of
NRC research, critical input from industry experts and the development of a new dynamic wind
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uplift testing protocol. A comprehensive appendix includes excellent examples of wind load
calculations.
Available at: BCIT; IRC; HPO

Articles

Abadie, M. O. and N. Mendes 2008. Numerical assessment of turbulence effect on the evaluation
of wind-driven rain specific catch ratio. International Communications in Heat and Mass
Transfer 35(10) :1253-1261.

Available at: UBC

Abuku, M., S. Roels, et. al. 2009. Towards a reliable prediction of moisture response of walls to
wind-driven rain. Proceedings of the 4th International Building Physics Conference: Energy
Efficiency and New Approache , Istanbul, Turkey. June.

Abuku, M., B. Blocken, et al. 2009. On the validity of numerical wind-driven rain simulation on
a rectangular low-rise building under various oblique winds. Building and Environment 44(3)
:621-632.

Available at: BCIT; UBC

Abuku, M., B. Blocken, et al. 2009. Moisture response of building facades to wind-driven rain:
Field measurements compared with numerical simulations. Journal of Wind Engineering and
Industrial Aerodynamics 97(5-6) :197-207.

Available at: UBC

Abuku, M., H. Janssen, et al. 2009. Impact, absorption and evaporation of raindrops on building
facades. Building and Environment 44(1) :113-124.
Available at: BCIT; UBC

Adl-Zarrabi, B. and A. B. Hogberg 2001. Microclimate: field measurements, driving rain
analyses. Proceedings of Performance of Exterior Envelopes of Whole Buildings VIII , Florida,
USA.

Available at: Public Libraries of B.C.

Aelenei, D. and F. M. A. Henriques 2008. Analysis of the condensation risk on exterior surface
of building envelopes. Energy and Buildings 40(10) :1866-1871.
Available at: BCIT; UBC

Ang, C. N. and Y. C. Wang 2009. Effect of moisture transfer on specific heat of gypsum
plasterboard at high temperatures. Construction and Building Materials 23(2) :675-686. Feb
Available at: UBC
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Baker, M. C. 1977. Rain deposit, water migration and dirt marking of buildings
RILEM/ASTM/CIB. RILEM/ASTM/CIB Symposium on Evaluation of the Performance of
External Vertical Surfaces of Buildings , Otaniemi, Espoo, Finland.

Best, A. C. 1950. The size distribution of raindrops. Quarterly Journal of Royal Meteorology
Society 76 :16-36.

Bitsuamlak, G. T., A. Gan Chowdhury, et al. 2009. Application of a full-scale testing facility for
assessing wind-driven-rain intrusion. Building and Environment 44(12) :2430-2441.
Available at: BCIT; UBC

Blocken, B., S. Roels, et al. 2006. CFD wind-driven rain simulations and their use for HAM
modelling. Proceedings of the 3rd International Conference in Research in Building Physics and
Building Engineering, Montreal, Canada.

Available at: BCIT

Blocken, B. and J. Carmeliet 2005. High-resolution wind-driven rain measurements on a low-rise
building - Experimental data for model development and model validation. Journal of Wind
Engineering and Industrial Aerodynamics 93(12) :905-928.

Available at: UBC

Blocken, B., D. Derome, et al. 2005. Towards a catalogue for the assessment of wind-driven rain
impact on building facades. Proceedings of 10th Canadian Conference on Building Science and
Technology, , Ottawa, Canada.

Available at: HPO; BCIT

Blocken, B. and J. Carmeliet 2002. Spatial and temporal distribution of driving rain on a low-rise
building. Wind and Structures: an International Journal 5(5) :441-462.
Available at: Public Libraries of B.C.

Blocken, B., and J. Carmeliet 2001. Estimating driving rain load on buildings: A 3D numerical
and an experimental approach. International Conference on Building Envelope Systems and
Technologies :181-185. Ottawa, Ontario. National Research Council.

Blocken, B., and J. Carmeliet 2001. Spatial and temporal distribution of driving rain on
buildings: numerical simulation and experimental verification. Performance of Exterior
Envelopes of Whole Buildings VIII: Integration of Building Envelopes , Clearwater Beach, FL.
ASHRAE,

Available at: Public Libraries of B.C.

Blocken, B. and J. Carmeliet 2000. Driving rain on building envelopes -numerical estimation and
full-scale experimental verification. Journal of Thermal Envelopes and Building Science 24 (7)
:61-85.
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Blocken, B., T. Defraeye, et al. 2009. High-resolution CFD simulations for forced convective
heat transfer coefficients at the facade of a low-rise building. Building and Environment 44(12)
:2396-2412.

Available at: BCIT; UBC

Blocken, B., G. Dezso, et al. 2009. The mutual influence of two buildings on their wind-driven
rain exposure and comments on the obstruction factor. Journal of Wind Engineering and
Industrial Aerodynamics 97(5-6) :180-196.

Available at: UBC

Blocken, B., D. Derome, et. al. 2009. Overview of research on rainwater runoff from building
facades. , Montreal, Quebec. May.

Blocken, B., P. Moonen, et al. 2008. Numerical study on the existence of the venturi effect in
passages between perpendicular buildings. Journal of Engineering Mechanics 134(12) :1021-
1028.

Available at: BCIT; UBC

Blocken, B. and J. Carmeliet 2008. Guidelines for the required time resolution of meteorological
input data for wind-driven rain calculations on buildings. Journal of Wind Engineering and
Industrial Aerodynamics 96(5) :621-639.

Available at: UBC

Blocken, B., S. Roels, et al. 2007. A combined CFD-HAM approach for wind-driven rain on
building facades. Journal of Wind Engineering and Industrial Aerodynamics 95(7) :585-607.
Available at: UBC

Blocken, B. and J. Carmeliet 2007. Wind-driven rain assessment on buildings using climatic data
sets: What time resolution is needed? Proceedings of the Thermal Performance of the Exterior
Envelopes of Whole Building X, Florida. December.

Blocken, B. and J. Carmeliet 2007. On the errors associated with the use of hourly data in wind-
driven rain calculations on building facades. Atmospheric Environment 41(11) :2335-2343.
Available at: BCIT; UBC

Bomberg, M. and W. C. Brown 1993. Building envelope and environmental control: issues of
system integration. Journal of Thermal Insulation and Building Envelopes 17 :5-12.

Boyd, D. W. 1963. Driving rain map of Canada. Technical Note No. 398 , Ottawa, Division of
Building Research, National Research Council.
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Briggen, P. M., B. Blocken, et al. 2009. Wind-driven rain on the facade of a monumental tower:
Numerical simulation, full-scale validation and sensitivity analysis.. Building and Environment
44(8) :1675-1690.

Available at: BCIT; UBC

Browne, M., P. Irwin, et al. 2007. Techniques for predicting cladding design wind pressures.
Journal of ASTM International 4(9).
Available at: UBC

Chang, T.J. and Y.T. Wu 2003. Wind driven rain distributions around street canopies. Journal of
the American Water Resources Association 39(3) :545-562.
Available at: UBC

Chen, X. and N. Zhou 2007. Equivalent static wind loads on low-rise buildings based on full-
scale pressure measurements. Engineering Structures 29(10) :2563-2575.
Available at: UBC

Choi, E. C. C. 2001. Wind-driven rain and driving rain coefficient during thunderstorms and
non-thunderstorms. Journal of Wind Engineering and Industrial Aerodynamics 89 :293-308.
Available at: UBC

Choi, E.C.C. 2000. Variation of wind-driven rain intensity with building orientation. Journal of
Architectural Engineering 6(4) :122-128.
Available at: UBC

Choi, E.C.C. 1999. Simulation of wind-driven rain around a building. Journal of Wind
Engineering and Industrial Aerodynamics 46-47 :721-729.
Available at: UBC

Choi, E.C. C. 1998. Criteria for water penetration testing. Water leakage through building
facades, ASTM STP 1314 , American Society for Testing and Materials.

Chwieduk, D. A. 2009. Recommendation on modelling of solar energy incident on a building
envelope. Renewable Energy 34(3) :736-741.
Available at: UBC

Cornick, S.M. and M.A. Lacasse. 2005. A review of climate loads relevant to assessing the
watertightness performance of walls, windows and wall-window interfaces. Journal of ASTM
International Nov/Dec/2(10) :1-16. <http://irc.nrc-cnrc.gc.ca/fulltext/nrcc47645/>

Available at: Public Libraries of B.C.
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Cornick, S.M. and W.A. Dalgliesh 2003. A moisture index to characterize climates for building
envelope design. Journal of Thermal Envelope and Building Science 27(2) :151-178.
<http://irc.nrc-cnrc.gc.ca/fulltext/nrcc45658/>

Available at: UBC; CMHC

Cornick, S.M., R. Djebbar and W.A. Dalgliesh 2003. Selecting moisture reference years using a
moisture index approach. Building and Environment 38(12) :1367-1379. <http://irc.nrc-
cnrc.gc.ca/fulltext/nrcc45674/>

Available at: UBC

Cornick, S.M. and M.Z. Rousseau 2003. Understanding the severity of climate loads for
moisture-related design of walls. Building Science Insight 2003 Seminar Series, 15 Cities across
Canada Oct.. :1-13. <http://irc.nrc-cnrc.gc.ca/fulltext/nrcc46775/>

Cornick, S.M. 2002. Climate loads and their effect on building envelopes-an overview. OBEC
Seminar March :1-33. <http://irc.nrc-cnrc.gc.ca/fulltext/nrcc45570/>

Cornick, S. and W. A. Dalgliesh 2009. Adapting rain data for hygrothermal models. Building
and Environment 44(5) :987-996.
Available at: BCIT; UBC

Cornick, S. M., A. Dalgliesh, et al. 2009. Sensitivity of hygrothermal analysis to uncertainty in
rain data. Journal of ASTM International 6(4) :1-17.
Available at: UBC

Cornick, S. M. and M. A. Lacasse 2009. An Investigation of climate loads on building facades
for selected locations in the US. Journal of ASTM International 6(2) :1-17.
Available at: UBC

Costola, D.; Blocken, B. et. al. 2008. Uncertainties due to the use of surface averaged wind
pressure coefficients. Proceedings of AIVC 29th Conference: Advanced building ventilation and
environmental technology for addressing climate change issues , Kyoto, Japan. October

Couper, R. R. 1974. Factors affecting the production of surface runoff from wind-driven rain.
Proceedings of the 2nd International CIB/RIL Em Symposium on Moisture Problems in
Buildings , Rotterdam, the Netherlands.

de Gids, W. 2008. Ventilation requirements, historical overview and background. Proceedings of
AIVC 29th Conference: Advanced building ventilation and environmental technology for
addressing climate change issues , Kyoto, Japan. October.
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Djebbar, R., D. van Reenen, and M.K. Kumaran 2001. Environmental boundary conditions for
long-term hygrothermal calculations. Performance of Exterior Envelopes of Whole Buildings
VIII : Integration of Building Envelopes Dec. :1-18.

Available at: Public Libraries of B.C.

Djebbar, R., D. van Reenen, and M.K. Kumaran 2001. Indoor and outdoor weather analysis tool
for hygrothermal modeling. 8th Conference on Building Science and Technology :139-157.
Toronto, Ontario. <http://irc.nrc-cnrc.gc.ca/fulltext/nrcc44686/>

Available at: HPO; BCIT

Doshi, H. 2005. Rainwater on building cladding: two case studies. Proceedings of 10th
Canadian Conference on Building Science and Technology , Ottawa, Canada.
Available at: HPO; BCIT

Emmel, M. G., M. O. Abadie, et. al. 2007. New external convective heat transfer coefficient
correlations for isolated low-rise buildings. Energy and Buildings 39(3) :335-342.
Available at: BCIT; UBC

Erpul, G., L. D. Norton et al. 2003. The effect of wind on raindrop impact and rainsplash
detachment. Transactions of the American Society of Agricultural Engineers 46(1) :51-62.
Available at: Public Libraries of B.C.

Fazio, P., S. R. Mallidi et al. 1995. A quantitative study for the measurement of driving rain
exposure in Montreal region. Building and Environment 30(1) :1-11.
Available at: UBC

Galitz, C. L. and Whitlock A. R. 1998. The application of local weather data to the simulation of
wind-driven rain. Water Leakage Through Building Facades, ASTM STP 1314 :17-32. American
Society for Testing and Materials.

Ge, H., R. Krpan, et. al. 2009. Field measurements of wind-driven rain: a study of seven
buildings in Metro VVancouver. Proceedings of the 12th Canadian Conference on Building
Science and Technology , Montreal, Quebec. May.

Ge, H., and Krpan, R. 2007. Field measurement of wind-driven rain on a low-rise building in the
coastal climate of British Columbia. Proceedings of the 11th Canadian Conference on Building
Science and Technology Conference , Banff, Albert. March.

Graber, S.D. 2009. Rain Loads and Flow Attenuation on Roofs. Journal of Architectural
Engineering 15(3) :91-101.
Available at: BCIT; UBC
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Grimm, C. T. 1982. A driving rain index for masonry walls. Masonry: Materials, Properties,
and Performance, ASTM STP 778, American Society of Testing and Materials :171-177.

Gunn, R. and G. D. Kinzer 1949. The terminal velocity of fall for water droplets in stagnant air.
Journal of Meteorology 6 :243-248.
Available at: UBC

Hagentoft, C. E. and A. B. Hogberg 2002. Prediction of driving rain intensities using potential
flows. Proceedings of 6th Symposium on Building Physics in the Nordic Countries , Trondheim,
Norway.

Hangan, H. 1999. Wind-driven rain studies. A c-fd-e approach. Journal of Wind Engineering and
Industrial Aerodynamics 81 :323-331.
Available at: UBC

Hodgson, M., R. Hyde, et al. 2008. Acoustical evaluation of six 'green’ office buildings.
Canadian Acoustics - Acoustique Canadienne 36(3) :72-73.

Hogberg, A. B. 1999. Microclimate measurement focused on wind-driven rain striking building
surfaces. Proceedings of the 5th Symposium on Building Physics in the Nordic Countries ,
Gothenburg.

Hogberg, A. B., M. K. Kragh et al. 1999. A comparison of driving rain measurements with
different gauges. Proceedings of the 5th Symposium on Building Physics in the Nordic Countries
, Gothenburg.

Janssen, H., B. Blocken, et al 2007. Wind-driven rain as a boundary condition for HAM
simulations: Analysis of simplified modelling approaches. Building and Environment 42(4)
:1555-1567.

Available at: BCIT; UBC

Kala, S., T. Stathopoulos, et al. 2008. Wind loads on rainscreen walls: Boundary-layer wind
tunnel experiments. Journal of Wind Engineering and Industrial Aerodynamics 96(6-7) :1058-
1073.

Available at: UBC

Karagiozis, A., G. Hadjisophocleous, et al. 1997. Wind-driven rain distributions on two
buildings. Journal of Wind Engineering and Industrial Aerodynamics 67-68 :559-572.
Available at: UBC

Karagiozis, A. and G. Hadjisophocleous 1995. Wind-driven rain on high-rise buildings.
Proceedings of Thermal Performance of the Exterior Envelopes of Buildings VI, Florida, USA.
Available at: Public Libraries of B.C.;

BSCE, BCIT-HPO (2010) Page 9 of 13


http://www.ubc.ca/�
http://www.ubc.ca/�
http://www.bcit.ca/�
http://www.ubc.ca/�
http://www.ubc.ca/�
http://www.ubc.ca/�

Environmental Loads: Wind, Rain and Sun

Kharrazi, M. H. K., G. W. Taylor, et al. 2008. Seismic assessment of rainscreen stucco systems.
Canadian Journal of Civil Engineering 35(4) :358-369.
Available at: BCIT; UBC

Koronthalyova, O. and P. Matiasovsky 2001. Driving rain course simulation based on daily data.
Journal of Thermal Insulation and Building Envelopes 27 :51-66.

Kumar S., K., T. Stathopoulos et al. 2003. Field measurement data of wind loads on rainscreen
walls. Journal of Wind Engineering and Industrial Aerodynamics 91(11) :1401-1417.
Available at: UBC

Lacy, R. E. 1965. Driving rain maps and the onslaught of rain on buildings. Proceedings of the
RILEM/CIB Symposium on Moisture Problems in Buildings , Helsinki, Finland.

Larsson, N. 2003. Adapting to climate change in Canada. Building Research and Information
31(3-4) :231-239.
Available at: UBC

Liu, Y. and D. J. Harris 2008. Full-scale measurements of convective coefficient on external
surface of a low-rise building in sheltered conditions. Building and Environment 42(7) :2718-
2736.

Available at: BCIT; UBC

Marshall, J. S. and W. M. Palmer 1948. The distribution of raindrops with size. Journal of
Meteorology 5 :165-166.
Available at: UBC

McGowan, A. and R. G. Humphries 2007. Wind-rain relationships in southwestern British
Columbia. Proceedings of the 11th Canadian Conference on Building Science and Technology
Conference , Banff, Albert. March.

Melysund, V., K. Robert Lis, et al. 2007. Effects of wind exposure on roof snow loads. Building
and Environment 42(10) :3726-3736.
Available at: BCIT; UBC

Morris, S. 1975. A wall penetration map of Canada. Atmos. Environ. Service , Downsniew,
Ontario, Canada.

Neale, A., Derome, D. et. al. 2007. Determination of surface convective heat transfer coefficients
by CFD. Proceedings of the 11th Canadian Conference on Building Science and Technology
Conference , Banff, Albert. March.
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Noble, S. 2001. The Science of rain. Canadian Property Management Sept./16(5) :33-34.
<http://irc.nrc-cnrc.gc.ca/fulltext/prac/visi312/>

Nore, K., B. Blocken, et al. 2007. A dataset of wind-driven rain measurements on a low-rise test
building in Norway. Building and Environment 42(5) :2150-2165.
Available at: BCIT; UBC

Prasad, D., T. Uliate, et al. 2009. Wind loads on low-rise building models with different roof
configurations. International Journal of Fluid Mechanics Research 36(3) :231-243.

Quan, Y., Y. Tamura, et al. 2007. Mean wind pressure coefficients on surfaces of gable-roofed
low-rise buildings. Advances in Structural Engineering 10(3) :259-271.
Available at: BCIT; UBC

Ritchie, T. and J. I. Davison 1969. The wetting of walls by rain. Technical paper no. 367,
Ottawa, Division of Building Research, National Research Council Canada,

Robertson, A. P., R. P. Hoxey, et al. 2007. Full-scale study of wind loads on roof tiles and felt
underlay and comparisons with design data. Wind and Structures, An International Journal 10(6)
:495-510.

Robinson, G. and M. C. Baker 1975. Wind-driven rain and buildings. Technical paper no. 445,
Ottawa, Division of Building Research, National Research Council Canada.

Rousseau, M.Z. 2003. IRC researchers study effects of climate and design on wetting and drying
of walls. National Housing Research Committee Magazine Aug. :10. <http://irc.nrc-
cnrc.ge.ca/fulltext/prac/nrcc46637/>

Ruegg, F. W. 1996. Storm-driven trajectories of rain near balconies on tall buildings. Journal of
Architectural Engineering :100-106.
Available at: UBC

Rydock, J. P. 2007. Validation of a present weather observation method for driving rain
mapping. Building and Environment 42(2) :566-571.
Available at: BCIT; UBC

Sanders, C. H. and M. C. Phillipson 2003. UK adaptation strategy and technical measures: The
impacts of climate change on buildings. Building Research and Information 31(3-4) :210-221.
Available at: UBC

Sharig, M., H. Abbas, et al. 2008. Influence of openings on seismic performance of masonry
building walls. Building and Environment 43(7) :1232-1240.
Available at: BCIT; UBC
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Shimomura, A.P., Frota, A.B. et. al. 2008. Power law model for wind profiles correction in urban
environment. Proceedings of AIVC 29th Conference: Advanced building ventilation and
environmental technology for addressing climate change issues , Kyoto, Japan. October

Straube, J. F. and C. Schumacher 2005. Driving rain data for Canadian building design.
Proceedings of 10th Canadian Conference on Building Science and Technology , Ottawa,
Canada.

Available at: HPO; BCIT

Straube, J. F. and E. F. P. Burnett 2000. Simplified prediction of driving rain deposition.
Proceedings of 1st International Building Physics Conference , Eindhoven, Netherlands.

Teasdale-St-Hilaire, A. and D. Derome 2005. State-of-the-art review of simulated rain
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