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The simulation of the dynamics and the microphysics of clouds observed during the Large-Scale Biosphere—Atmosphere
Experiment in Amazonia—Smoke, Aerosols, Clouds, Rainfall, and Climate (LBA-SMOCC) campaign, as well as
extremely continental and extremely maritime clouds, is performed using an updated version of the Hebrew University
spectral microphysics cloud model (HUCM). A new scheme of diffusional growth allows the reproduction of in
situ—measured droplet size distributions including those formed in extremely polluted air. It was shown that pyroclouds
forming over the forest fires can precipitate. Several mechanisms leading to formation of precipitation from pyroclouds
are considered.
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. o The mechanisms by which aerosols affect the microphysics and precipitation of warm cloud-base clouds have been
Manuscript Submission

investigated by analyzing the mass, heat, and moisture budgets. The increase in aerosol concentration increases both the

How to Subscribe generation and the loss of the condensate mass. In the clouds developing in dry air, the increase in the loss is dominant,
K53 (What s this?) which suggests a decrease in the accumulated precipitation with the aerosol concentration increase. On the contrary, an
increase in aerosol concentration in deep maritime clouds leads to an increase in precipitation. The precipitation efficiency
Previously titled: Journal of of clouds in polluted air is found to be several times lower than that of clouds forming in clean air. A classification of the
Meteorology results of aerosol effects on precipitation from clouds of different types developing in the atmosphere with high freezing

level (about 4 km) is proposed. The role of air humidity and other factors in precipitation’s response to aerosols is
discussed. The analysis shows that many discrepancies between the results reported in different observational and
numerical studies can be attributed to the different atmospheric conditions and cloud types analyzed.

Keywords: Aerosols, Cloud microphysics, Precipitation, Deep convection, Numerical analysis

Received: May 14, 2007; Final Form: October 12, 2007

Corresponding author address: Prof. Alexander Khain, Department of Atmospheric Sciences, The Institute of Earth
Science, Givat Ram, The Hebrew University of Jerusalem, Jerusalem, Israel. Email: khain@vms.huji.ac.il

Cited by

Hannah Nissan, Ralf Toumi. (2013) On the impact of aerosols on soil erosion. Geophysical Research Letters 40:22,
5994-5998

Online publication date: 28-Nov-2013.

CrossRef

J. Fan, L. R. Leung, D. Rosenfeld, Q. Chen, Z. Li, J. Zhang, H. Yan. (2013) Microphysical effects determine
macrophysical response for aerosol impacts on deep convective clouds. Proceedings of the National Academy of Sciences
110:48, E4581-E4590

Online publication date: 26-Nov-2013.

CrossRef



P. J. Connolly, G. Vaughan, P. T. May, C. Chemel, G. Allen, T. W. Choularton, M. W. Gallagher, K. N. Bower, J. Crosier,
C. Dearden. (2013) Can aerosols influence deep tropical convection? Aerosol indirect effects in the Hector island
thunderstorm. Quarterly Journal of the Royal Meteorological Society 139:677,2190-2208

Online publication date: 1-Oct-2013.

CrossRef

M. Pinsky, I. P. Mazin, A. Korolev, A. Khain. (2013) Supersaturation and Diffusional Droplet Growth in Liquid Clouds.
Journal of the Atmospheric Sciences 70:9, 2778-2793

Online publication date: 1-Sep-2013.

Abstract . Full Text . PDF (1902 KB)

D. M. Lal, S. D. Patil, H. N. Singh, Sachin D. Ghude, S. Tiwari, Manoj K. Srivastava. (2013) Influence of aerosol on
clouds over the Indo-Gangetic Plain, India. Climate Dynamics 41:3-4, 601-612

Online publication date: 1-Aug-2013.

CrossRef

A. Khain, Thara V. Prabha, Nir Benmoshe, G. Pandithurai, M. Ovchinnikov. (2013) The mechanism of first raindrops
formation in deep convective clouds. Journal of Geophysical Research: Atmospheresn/a-n/a

Online publication date: 1-Aug-2013.

CrossRef

Anupam Hazra, P. Mukhopadhyay, S. Taraphdar, J.-P. Chen, William R. Cotton. (2013) Impact of aerosols on tropical
cyclones: An investigation using convection-permitting model simulation. Journal of Geophysical Research: Atmospheres
118:13, 7157-7168

Online publication date: 16-Jul-2013.

CrossRef

Yuan Wang, Jiwen Fan, Renyi Zhang, L. Ruby Leung, Charmaine Franklin. (2013) Improving bulk microphysics
parameterizations in simulations of aerosol effects. Journal of Geophysical Research: Atmospheres 118:11, 5361-5379
Online publication date: 16-Jun-2013.

CrossRef

Sutapa Chaudhuri, Anirban Middey. (2013) Effect of meteorological parameters and environmental pollution on
thunderstorm and lightning activity over an urban metropolis of India. Urban Climate 3, 67-75

Online publication date: 1-May-2013.

CrossRef

Anirban Middey, Sutapa Chaudhuri. (2013) The reciprocal relation between lightning and pollution and their impact over
Kolkata, India. Environmental Science and Pollution Research 20:5, 3133-3139

Online publication date: 1-May-2013.

CrossRef

Xiaoning Xie, Xiaodong Liu, Yiran Peng, Yi Wang, Zhiguo Yue, Xinzhou Li. (2013) Numerical simulation of clouds and
precipitation depending on different relationships between aerosol and cloud droplet spectral dispersion. Tellus B 65:0,
Online publication date: 15-Feb-2013.

CrossRef

Rachel L. Storer, Susan C. van den Heever. (2013) Microphysical Processes Evident in Aerosol Forcing of Tropical Deep
Convective Clouds. Journal of the Atmospheric Sciences 70:2, 430-446

Online publication date: 1-Feb-2013.

Abstract . Full Text . PDF (3029 KB)

J. Anthony Stallins, James Carpenter, Mace L. Bentley, Walker S. Ashley, James A. Mulholland. (2013) Weekend—
weekday aerosols and geographic variability in cloud-to-ground lightning for the urban region of Atlanta, Georgia, USA.
Regional Environmental Change 13:1, 137-151

Online publication date: 1-Feb-2013.

CrossRef

J. Shpund, J. A. Zhang, M. Pinsky, A. Khain. (2012) Microphysical Structure of the Marine Boundary Layer under Strong
Wind and Spray Formation as Seen from Simulations Using a 2D Explicit Microphysical Model. Part IT: The Role of Sea
Spray. Journal of the Atmospheric Sciences 69:12, 3501-3514

Online publication date: 1-Dec-2012.

Abstract . Full Text . PDF (4607 KB)

Michael Schulz, Joseph M. Prospero, Alex R. Baker, Frank Dentener, Luisa Ickes, Peter S. Liss, Natalie M. Mahowald,
Slobodan Nickovic, Carlos Pérez Garcia-Pando, Sergio Rodriguez, Manmohan Sarin, Ina Tegen, Robert A. Duce. (2012)
Atmospheric Transport and Deposition of Mineral Dust to the Ocean: Implications for Research Needs. Environmental
Science & Technology 46:19, 10390-10404

Online publication date: 2-Oct-2012.

CrossRef

A. P. Khain, V. Phillips, N. Benmoshe, A. Pokrovsky. (2012) The Role of Small Soluble Aerosols in the Microphysics of
Deep Maritime Clouds. Journal of the Atmospheric Sciences 69:9, 2787-2807

Online publication date: 1-Sep-2012.

Abstract . Full Text . PDF (3637 KB)

Daniel Rosenfeld, William L. Woodley, Alexander Khain, William R. Cotton, Gustavo Carrid, Isaac Ginis, Joseph H.
Golden. (2012) Aerosol Effects on Microstructure and Intensity of Tropical Cyclones. Bulletin of the American
Meteorological Society 93:7, 987-1001

Online publication date: 1-Jul-2012.

Abstract . Full Text . PDF (1782 KB)

Seoung Soo Lee. (2012) Effect of Aerosol on Circulations and Precipitation in Deep Convective Clouds. Journal of the
Atmospheric Sciences 69:6, 1957-1974

Online publication date: 1-Jun-2012.

Abstract . Full Text . PDF (2179 KB)




Robert B. Seigel, Susan C. van den Heever. (2012) Dust Lofting and Ingestion by Supercell Storms. Journal of the
Atmospheric Sciences 69:5, 1453-1473

Online publication date: 1-May-2012.

Abstract . Full Text . PDF (5667 KB)

Jiwen Fan, Daniel Rosenfeld, Yanni Ding, L. Ruby Leung, Zhanqing Li. (2012) Potential aerosol indirect effects on
atmospheric circulation and radiative forcing through deep convection. Geophysical Research Letters 39:9, n/a-n/a
Online publication date: 1-May-2012.

CrossRef

Ji-Young Han, Jong-Jin Baik, Alexander P. Khain. (2012) A Numerical Study of Urban Aerosol Impacts on Clouds and
Precipitation. Journal of the Atmospheric Sciences 69:2, 504-520

Online publication date: 1-Feb-2012.

Abstract . Full Text . PDF (3387 KB)

Ilan Koren, Orit Altaratz, Lorraine A. Remer, Graham Feingold, J. Vanderlei Martins, Reuven H. Heiblum. (2012)
Aerosol-induced intensification of rain from the tropics to the mid-latitudes. Nature Geoscience

Online publication date: 15-Jan-2012.

CrossRef

Nir Benmoshe, Mark Pinsky, Andrei Pokrovsky, Alexander Khain. (2012) Turbulent effects on the microphysics and
initiation of warm rain in deep convective clouds: 2D simulations by a spectral mixed-phase microphysics cloud model.
Journal of Geophysical Research

Online publication date: 1-Jan-2012.

CrossRef

Zhan Zhao, Michael S. Pritchard, Lynn M Russell. (2012) Effects on precipitation, clouds, and temperature from
long-range transport of idealized aerosol plumes in WRF-Chem simulations. Journal of Geophysical Research
Online publication date: 1-Jan-2012.

CrossRef

Wei-Kuo Tao, Jen-Ping Chen, Zhanqing Li, Chien Wang, Chidong Zhang. (2012) Impact of Aerosols on Convective
Clouds and Precipitation. Reviews of Geophysics

Online publication date: 1-Jan-2012.

CrossRef

Takamichi Iguchi, Toshihisa Matsui, Jainn J. Shi, Wei-Kuo Tao, Alexander P. Khain, Arthur Hou, Robert Cifelli, Andrew
Heymsfield, Ali Tokay. (2012) Numerical analysis using WRF-SBM for the cloud microphysical structures in the C3VP
field campaign: Impacts of supercooled droplets and resultant riming on snow microphysics. Journal of Geophysical
Research 117:D23,

Online publication date: 1-Jan-2012.

CrossRef

S.D. Pawar, D.M. Lal, P. Murugavel. (2011) Lightning characteristics over central India during Indian summer monsoon.
Atmospheric Research

Online publication date: 1-Dec-2011.

CrossRef

Zhanqing Li, Feng Niu, Jiwen Fan, Yangang Liu, Daniel Rosenfeld, Yanni Ding. (2011) Long-term impacts of aerosols on
the vertical development of clouds and precipitation. Nature Geoscience

Online publication date: 13-Nov-2011.

CrossRef

G.G. Carrio, W.R. Cotton. (2011) Urban growth and aerosol effects on convection over Houston. Part II: Dependence of
aerosol effects on instability. Atmospheric Research 102:1-2, 167-174

Online publication date: 1-Oct-2011.

CrossRef

Qian Chen, Yan Yin, Lian-ji Jin, Hui Xiao, Shi-chao Zhu. (2011) The effect of aerosol layers on convective cloud
microphysics and precipitation. Atmospheric Research 101:1-2, 327-340

Online publication date: 1-Jul-2011.

CrossRef

Susan C. van den Heever, Graeme L. Stephens, Norman B. Wood. (2011) Aerosol Indirect Effects on Tropical Convection
Characteristics under Conditions of Radiative—Convective Equilibrium. Journal of the Atmospheric Sciences 68:4,
699-718

Online publication date: 1-Apr-2011.

Abstract . Full Text . PDF (3250 KB)

A. Ryzhkov, M. Pinsky, A. Pokrovsky, A. Khain. (2011) Polarimetric Radar Observation Operator for a Cloud Model with
Spectral Microphysics. Journal of Applied Meteorology and Climatology 50:4, 873-894

Online publication date: 1-Apr-2011.

Abstract . Full Text . PDF (4434 KB)

Jiwen Fan, L. Ruby Leung, Zhanqing Li, Hugh Morrison, Hongbin Chen, Yuquan Zhou, Yun Qian, Yuan Wang. (2011)
Acrosol impacts on clouds and precipitation in eastern China-results from bin and bulk microphysics. Journal of
Geophysical Research

Online publication date: 1-Jan-2011.

CrossRef

Kyo-Sun Sunny Lim, Song-You Hong, Seong Soo Yum, Jimy Dudhia, Joseph B. Klemp. (2011) Aerosol effects on the
development of a supercell storm in a double-moment bulk-cloud microphysics scheme. Journal of Geophysical Research
116:D2,

Online publication date: 1-Jan-2011.

CrossRef

Daniel Rosenfeld, Thomas L. Bell. (2011) Why do tornados and hailstorms rest on weekends?. Journal of Geophysical



Research 116:D20,
Online publication date: 1-Jan-2011.
CrossRef

A. Khain, D. Rosenfeld, A. Pokrovsky, U. Blahak, A. Ryzhkov. (2011) The role of CCN in precipitation and hail in a
mid-latitude storm as seen in simulations using a spectral (bin) microphysics model in a 2D dynamic frame. Atmospheric
Research 99:1, 129-146

Online publication date: 1-Jan-2011.

CrossRef

Lulin Xue, Amit Teller, Roy Rasmussen, Istvan Geresdi, Zaitao Pan. (2010) Effects of Aerosol Solubility and
Regeneration on Warm-Phase Orographic Clouds and Precipitation Simulated by a Detailed Bin Microphysical Scheme.
Journal of the Atmospheric Sciences 67:10, 3336-3354

Online publication date: 1-Oct-2010.

Abstract . Full Text . PDF (2813 KB)

Andrea I. Flossmann, Wolfram Wobrock. (2010) A review of our understanding of the aerosol-cloud interaction from the
perspective of a bin resolved cloud scale modelling. Atmospheric Research 97:4, 478-497

Online publication date: 1-Sep-2010.

CrossRef

P. J. DeMott, A. J. Prenni, X. Liu, S. M. Kreidenweis, M. D. Petters, C. H. Twohy, M. S. Richardson, T. Eidhammer, D. C.
Rogers. (2010) Predicting global atmospheric ice nuclei distributions and their impacts on climate. Proceedings of the
National Academy of Sciences 107:25, 11217-11222

Online publication date: 22-Jun-2010.

CrossRef

G.G. Carrio, W.R. Cotton, W.Y.Y. Cheng. (2010) Urban growth and aerosol effects on convection over HoustonPart I: The
August 2000 case. Atmospheric Research 96:4, 560-574

Online publication date: 1-Jun-2010.

CrossRef

Kyo-Sun Sunny Lim, Song-You Hong. (2010) Development of an Effective Double-Moment Cloud Microphysics Scheme
with Prognostic Cloud Condensation Nuclei (CCN) for Weather and Climate Models. Monthly Weather Review 138:5,
1587-1612

Online publication date: 1-May-2010.

Abstract . Full Text . PDF (2333 KB)

Heike Noppel, Ulrich Blahak, Axel Seifert, Klaus D. Beheng. (2010) Simulations of a hailstorm and the impact of CCN
using an advanced two-moment cloud microphysical scheme. Atmospheric Research 96:2-3, 286-301

Online publication date: 1-May-2010.

CrossRef

A. Khain, B. Lynn, J. Dudhia. (2010) Aerosol Effects on Intensity of Landfalling Hurricanes as Seen from Simulations
with the WRF Model with Spectral Bin Microphysics. Journal of the Atmospheric Sciences 67:2, 365-384

Online publication date: 1-Feb-2010.

Abstract . Full Text . PDF (5845 KB)

Andrew Detwiler, Darin Langerud, Tracy Depue. (2010) Investigation of the Variability of Cloud Condensation Nuclei
Concentrations at the Surface in Western North Dakota. Journal of Applied Meteorology and Climatology 49:1, 136-145
Online publication date: 1-Jan-2010.

Abstract . Full Text . PDF (783 KB)

Mark Pinsky, Alexander Khain, Leehi Magaritz. (2010) Representing turbulent mixing of non-conservative values in
Eulerian and Lagrangian cloud models. Quarterly Journal of the Royal Meteorological Societyn/a-n/a

Online publication date: 1-Jan-2010.

CrossRef

H. Noppel, A. Pokrovsky, B. Lynn, A. P. Khain, K. D. Beheng. (2010) A spatial shift of precipitation from the sea to the
land caused by introducing submicron soluble aerosols: Numerical modeling. Journal of Geophysical Research 115:D18,
Online publication date: 1-Jan-2010.

CrossRef

Jiwen Fan, Jennifer M. Comstock, Mikhail Ovchinnikov, Sally A. McFarlane, Greg McFarquhar, Grant Allen. (2010)
Tropical anvil characteristics and water vapor of the tropical tropopause layer: Impact of heterogeneous and homogeneous
freezing parameterizations. Journal of Geophysical Research 115:D12,

Online publication date: 1-Jan-2010.

CrossRef

Bjorn Stevens, Graham Feingold. (2009) Untangling aerosol effects on clouds and precipitation in a buffered system.
Nature 461:7264, 607-613

Online publication date: 1-Oct-2009.

CrossRef

Chang-Hoi Ho, Yong-Sang Choi, Sun-Kyong Hur. (2009) Long-term changes in summer weekend effect over
northeastern China and the connection with regional warming. Geophysical Research Letters 36:15, n/a-n/a
Online publication date: 16-Aug-2009.

CrossRef

Alexandros A. Ntelekos, James A. Smith, Leo Donner, Jerome D. Fast, William I. Gustafson, Elaine G. Chapman, Witold
F. Krajewski. (2009) The effects of aerosols on intense convective precipitation in the northeastern United States.
Quarterly Journal of the Royal Meteorological Society 135:643, 1367-1391

Online publication date: 1-Jul-2009.

CrossRef

A. P. Khain, L. R. Leung, B. Lynn, S. Ghan. (2009) Effects of aerosols on the dynamics and microphysics of squall lines
simulated by spectral bin and bulk parameterization schemes. Journal of Geophysical Research 114:D22,



Online publication date: 1-Jan-2009.
CrossRef

Jiwen Fan, Tianle Yuan, Jennifer M. Comstock, Steven Ghan, Alexander Khain, L. Ruby Leung, Zhanqing Li, Vanderlei
J. Martins, Mikhail Ovchinnikov. (2009) Dominant role by vertical wind shear in regulating aerosol effects on deep
convective clouds. Journal of Geophysical Research 114:D22,

Online publication date: 1-Jan-2009.

CrossRef

Guohui Li, Yuan Wang, Keun-Hee Lee, Yiwei Diao, Renyi Zhang. (2009) Impacts of aerosols on the development and
precipitation of a mesoscale squall line. Journal of Geophysical Research 114:D17,

Online publication date: 1-Jan-2009.

CrossRef

Jiwen Fan, Mikhail Ovtchinnikov, Jennifer M. Comstock, Sally A. McFarlane, Alexander Khain. (2009) Ice formation in
Arctic mixed-phase clouds: Insights from a 3-D cloud-resolving model with size-resolved aerosol and cloud microphysics.
Journal of Geophysical Research 114:D4,

Online publication date: 1-Jan-2009.

CrossRef

A P Khain. (2009) Notes on state-of-the-art investigations of aerosol effects on precipitation: a critical review.
Environmental Research Letters 4:1, 015004

Online publication date: 1-Jan-2009.

CrossRef

J. A. Martins, M. A. F. Silva Dias, F. L. T. Gongalves. (2009) Impact of biomass burning aerosols on precipitation in the
Amazon: A modeling case study. Journal of Geophysical Research 114:D2,

Online publication date: 1-Jan-2009.

CrossRef

Yongxiang Han, Xiaomin Fang, Tianliang Zhao, Huzhi Bai, Shichang Kang, Lianchun Song. (2009) Suppression of
precipitation by dust particles originated in the Tibetan Plateau. Atmospheric Environment 43:3, 568-574

Online publication date: 1-Jan-2009.

CrossRef

Wei-Kuo Tao, Mitchell W. Moncrieft. (2009) Multiscale cloud system modeling. Reviews of Geophysics 47:4,
Online publication date: 1-Jan-2009.
CrossRef

Alexander Khain, Barry Lynn. (2009) Simulation of a supercell storm in clean and dirty atmosphere using weather
research and forecast model with spectral bin microphysics. Journal of Geophysical Research 114:D19,

Online publication date: 1-Jan-2009.

CrossRef

Yun Qian, Daoyi Gong, Jiwen Fan, L. Ruby Leung, Ralf Bennartz, Deliang Chen, Weiguo Wang. (2009) Heavy pollution
suppresses light rain in China: Observations and modeling. Journal of Geophysical Research 114,

Online publication date: 1-Jan-2009.

CrossRef

Cynthia H. Twohy, Sonia M. Kreidenweis, Trude Eidhammer, Edward V. Browell, Andrew J. Heymsfield, Aaron R.
Bansemer, Bruce E. Anderson, Gao Chen, Syed Ismail, Paul J. DeMott, Susan C. Van Den Heever. (2009) Saharan dust
particles nucleate droplets in eastern Atlantic clouds. Geophysical Research Letters 36:1,

Online publication date: 1-Jan-2009.

CrossRef

A. Khain, N. Cohen, B. Lynn, A. Pokrovsky. (2008) Possible Aerosol Effects on Lightning Activity and Structure of
Hurricanes. Journal of the Atmospheric Sciences 65:12, 3652-3677

Online publication date: 1-Dec-2008.

Abstract . Full Text . PDF (3908 KB)

D. Rosenfeld, U. Lohmann, G. B. Raga, C. D. O'Dowd, M. Kulmala, S. Fuzzi, A. Reissell, M. O. Andreae. (2008) Flood
or Drought: How Do Aerosols Affect Precipitation?. Science 321:5894, 1309-1313

Online publication date: 5-Sep-2008.

CrossRef

Seoung Soo Lee, Leo J. Donner, Vaughan T. J. Phillips, Yi Ming. (2008) Examination of aerosol effects on precipitation in
deep convective clouds during the 1997 ARM summer experiment. Quarterly Journal of the Royal Meteorological Society
134:634, 1201-1220

Online publication date: 1-Jul-2008.

CrossRef

Takamichi Iguchi, Teruyuki Nakajima, Alexander P. Khain, Kazuo Saito, Toshihiko Takemura, Kentaroh Suzuki. (2008)
Modeling the influence of aerosols on cloud microphysical properties in the east Asia region using a mesoscale model
coupled with a bin-based cloud microphysics scheme. Journal of Geophysical Research 113:D14,

Online publication date: 1-Jan-2008.

CrossRef

Guohui Li, Yuan Wang, Renyi Zhang. (2008) Implementation of a two-moment bulk microphysics scheme to the WRF
model to investigate aerosol-cloud interaction. Journal of Geophysical Research 113:D15,

Online publication date: 1-Jan-2008.

CrossRef

Seoung Soo Lee, Leo J. Donner, Vaughan T. J. Phillips, Yi Ming. (2008) The dependence of aerosol effects on clouds and
precipitation on cloud-system organization, shear and stability. Journal of Geophysical Research 113:D16,

Online publication date: 1-Jan-2008.

CrossRef



© 2013 American Meteorological Society Privacy Policy and Disclaimer
Headquarters: 45 Beacon Street Boston, MA 02108-3693

DC Office: 1120 G Street, NW, Suite 800 Washington DC, 20005-3826
amsinfo@ametsoc.org Phone: 617-227-2425 Fax: 617-742-8718

Allen Press, Inc. assists in the online publication of AMS journals

Technology Partner - 21 Atypon Systems, Inc.




