Project title:

CLOUD FRACTION AND ICE CRYSTAL NUMBER CONCENTRATIO PARAMETERIZATIONS FOR ICE AND MIXED PHASE CLOUDS AND THEIR APPLICATION FOR CLIMATE/CLOUD STUDIES….

PI: 
Dr. Ismail Gultepe

Period coverage: 2008-2011 

Recipient Organization:

Environment Canada, Cloud Physics and Severe Weather Research Section

4905 Dufferin St., Toronto, Ontario M3H 5T4, Canada

DOE Award Number:

ER64554

Project ID: 
0014359

FINAL REPORT (2008-2011)
The main goals of this project were related to Arctic ice clouds, aerosols direct and indirect effects, ice crystal microphysical processes, and their effect on surface heat and moisture budgets. For example, how do Arctic clouds and their microphysics as well as the variability affect the surface precipitation was one of major goals of this work.

The goals of the project were accomplished through the various publications submitted to Journals and presentations done at the DOE and international meetings and conferences. The 8 journal articles related to the goals of this project were accepted or submitted.  The 23 presentations related to goals of the project were presented at the meetings. There were some minor changes regarding to project goals because of issues encountered during the analysis of the data. For example, a total water probe sensor mounted on the Convair-580 that can be used for defining mixed phase conditions and parameterization, had some issues to estimate magnitude of total water mass, and this resulted in issues providing an accurate parameterization for cloud cover. 

Variability related aerosol number concentrations and their composition for direct and indirect effects were studied and published. Results were given to explain aerosol and ice microphysical effects on climate change studies. It is suggested that developed parameterizations should consider the variability in aerosol and ice parameters over the Arctic regions.
The following findings and their significance on Arctic cloud/climate studies based on the project data are given below:

1. Aerosol number concentrations are highly variable over the Arctic regions and their reference values are affected by long-range transport [2].

2. Aerosol variability was found to be important for estimating aerosol direct effects on climate change when only mean aerosol number concentrations are considered. This indicates that using mean aerosol properties may not be enough for studying climate change in the Arctic regions [2; 5]
3. Aerosol composition is found to be important for assessing the climate change through nucleation processes [5]. In fact, it is found that aerosol composition may increase or reduce the magnitude of aerosol indirect effects on precipitation occurrence. 
4. WRF simulations suggested that aerosol type and number concentration (Na) affected cloud mass properties, resulting in decreasing precipitation when Na increases. This was a significant result because the magnitude of Arctic precipitation rate is usually less than 0.5 mm/day [3].

5. A parameterization related to extinction of radiation due to ice crystal number concentration (Ni) and ice water content (IWC) is provided [1; 7]. This will make a major impact to study Ni and IWC effects on radiative/heat budget calculations and validations of model simulations [3].
6. Thin ice cloud effects are studied using satellite, lidar, and aircraft observations; results suggested that thin ice clouds over the Arctic regions play an important role for Arctic cooling processes when these clouds continuously precipitates [6].

7. The results of ice crystal shape and issues with Ni parameterization suggested present Ni parameterizations may not represent the current Arctic cloud processes accurately because of unknown small ice crystals [7; 1].
8. An additional info on ice fog suggested that ice fog events should be studied in more detail because of its microphysical effects on extinction and its relation to aerosols e.g. ice nuclei (IN). Use of ice fog cases studies can improve our understanding of IN processes and climate change processes [1;6;7]
9. Dr. Gultepe’s unique sensor suit [1; 7] helped to better characterize the surface precipitation measurements and model validations, suggesting that light precipitation should be measured accurately in the Arctic regions.

Above findings are published in the journal articles (see Item 1 below) and emphasized during presentations and conference proceedings (see Item 2 below) if available.  It is possible that number of articles published may increase in coming years and this will be informed to DOE.
1. Journal articles

a) Published

1. Gultepe, I., T. Kuhn,  M. Pavolonis, C. Calvert, J. Gurka, G.A. Isaac, A. J. Heymsfield, P.S.K. Liu, B. Zhou, R. Ware, B. Ferrier,  J. Milbrandt,  B. Hansen, and B. Bernstein, 2012: Ice fog (pogonip) in Arctic during FRAM-IF project: Aviation and nowcasting applications.  AMS Bulletin. Conditionally accepted.

2. Shantz, N., I. Gultepe, P. Liu and A. Zelenyuk, 2012: Spatial and temporal variability of aerosol particles based on aircraft observations during Arctic Spring. Q. J. Royal Meteor. Soc., in press.

3. Lindeman, J., Z. Boybeyi & I. Gultepe (2011): The aerosol semi-direct effect during a polluted case of the ISDAC field campaign.  JGR-Atmosphere. In press.

4. McFarquhar, G.M.,  S. Ghan, J. Verlinde, A. Korolev, J. W. Strapp, B. Schmid, J. Tomlinson, S. D. Brooks, D. R. Collins, D. Cziczo, M. K. Dubey, I. Gultepe, G. Kok, A. Laskin, P. Lawson, P. Liu, D. Lubin, C. Mazzoleni, A. M. MacDonald, M. Wolde, A. Zelenyuk, R. A. Ferrare, C. Flynn, M. Shupe, D. D. Turner, M. Ovtchinnikov, S. Xie, and X. Liu, 2010: The Indirect and Semi-Direct Aerosol Campaign (ISDAC). AMS Bulletin, v.93, 183-201.

b) In review process

5. Shantz, N., I. Gultepe, A. Zelenyuk, P.S.K. Liu, E. Andrews, M.E. Earle, A.M. Macdonald, W.R. Leaitch, 2012: Optical properties and chemical composition of stratified aerosol layers in the springtime Arctic. J. Geophy. Res., submitted.

6. Jouan, C., E. Girard, J. Pelon. I. Gultepe, J. Delanoe. J.P. Blanchet, 2012: Characterization of Arctic optically thin ice cloud properties observed during ISDAC. J. Geophy. Res. Submitted.

7. Gultepe, I., E. Girard, Z. Boybeyi, and Z. Vukovic, 2012: Arctic Cloud Microphysical Properties. J. Appl. Meteor. Submitted. 
2. Conferences/meetings
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11. Shantz, N.C., I. Gultepe, W. Strapp, A. Zelenyuk, P. Liu, M. Couture, A.M. MacDonald, W.R. Leaitch and S. Cober, September 2009: Aerosol effects on ice, liquid, and mixed phase clouds during ISDAC flights, U.S. Department of Energy Atmospheric Radiation Measurement (ARM) Cloud Modeling WG and Aerosol WG Joint Meeting, Boulder, Colorado, USA. Poster presentation.

12. Shantz, N.C., I. Gultepe, A. Zelenyuk, P.S.K. Liu, E. Andrews, M.E. Earle, A.M. Macdonald, and W.R. Leaitch, March 28-April 1, 2011: Optical properties and chemical composition of stratified aerosol layers and aerosol spatial/temporal variability in springtime Arctic, U.S. Department of Energy Atmospheric System Research (ASR) Science Team Meeting, San Antonio, Texas, U.S.A. Poster presentation.

13. Shantz, N.C., I. Gultepe, P.S.K. Liu, M. Earle and A. Zelenyuk, 2010: Aerosol variability in the Arctic during ISDAC from aircraft measurements, (11:30 4 June 2010, 4D05.5 ID:3364), 44th Annual Canadian Meteorological and Oceanographic Society (CMOS) Congress, 31 May -4 June, 2010, Ottawa, ON, Canada.

14. Boybeyi, Z., J. Lindeman, P. Roy, I. Gultepe and N. Shantz, 2010: Studying Aerosol-cloud Interaction by Solution Adaptive Modeling Technique, 1st Science Team Meeting of the Atmospheric System Research (ASR), U.S. Department of Energy climate research program, March 2010, Bethesda, Maryland, USA.

15. Gultepe, I., N.C. Shantz, P. Liu, J.W. Strapp and E. Girard, Microphysical parameterizations based on ISDAC aircraft observations and aerosol-cloud effects on radiative fluxes, 2010: 1st Science Team Meeting of the Atmospheric System Research (ASR), U.S. Department of Energy climate research program, March 2010, Bethesda, Maryland, USA.

16. Gultepe, I., N. Shantz, W. Strapp, P. Liu, M. Couture and S. Cober, 2009: Microphysical Parameterizations based on ISDAC aircraft observations and aerosol-cloud effects on radiative fluxes, U.S. Department of Energy Atmospheric Radiation Measurement (ARM) Cloud Modeling WG and Aerosol WG Joint Meeting, September 2009, Boulder, Colorado, USA.

17. Shantz, N.C., I. Gultepe, P. Liu and M. Earle, 2010: Aerosol particle number concentration measurements during ISDAC flights, 1st Science Team Meeting of the Atmospheric System Research (ASR), U.S. Department of Energy climate research program, March 2010, Bethesda, Maryland, USA.
18. Gultepe, I., G. A. Isaac, F. S. Boudala, N. Shantz, and P. Liu, 2010: Ice microphysics and aerosol indirect effects based on in-situ observations collected during the ISDAC field project. The 13th Conference on Cloud Physics, 28 June-2 July 2010, Portland, OR, USA. P2.5 

19. Shantz, N., I. Gultepe, P.S.K. Liu, M. Earle, A. Zelenyuk, 2010: Aerosol variability in the Arctic during ISDAC from aircraft measurements. CMOS Meeting, Ottawa. Oral Presentation.

20. Gultepe, I., G. A. Isaac, F. S. Boudala, N. Shantz, and P. Liu, June 28-July 2, 2010: Ice microphysics and aerosol indirect effects based on in-situ observations collected during the ISDAC field project, 13th Conference on Cloud Physics, American Meteorological Society, Portland, Oregon, U.S.A. (poster)

21. Shantz, N.C., I. Gultepe, P.S.K. Liu, M. Earle and A. Zelenyuk, May 31-June 4, 2010: Aerosol variability in the Arctic during ISDAC from aircraft measurements, 44th Annual Canadian Meteorological and Oceanographic Society (CMOS) Congress, Ottawa, ON, Canada.

22. Shantz, N.C., I. Gultepe, P. Liu and M. Earle, March 2010: Aerosol Particle Number Concentration Measurements During ISDAC Flights. 1st Science Team Meeting of the Atmospheric System Research (ASR), U.S. Department of Energy climate research program, Bethesda, Maryland, USA.

23. Gultepe, I., N.C. Shantz, P. Liu, J.W. Strapp and E. Girard, March 2010: Microphysical Parameterizations Based on ISDAC Aircraft Observations and Aerosol-cloud Effects on Radiative Fluxes. 1st Science Team Meeting of the Atmospheric System Research (ASR), U.S. Department of Energy climate research program, Bethesda, Maryland, USA.

24. Boybeyi, Z., J. Lindeman, P. Roy, I. Gultepe and N. Shantz, March 2010: Studying Aerosol-cloud Interaction by Solution Adaptive Modeling Technique, 1st Science Team Meeting of the Atmospheric System Research (ASR), U.S. Department of Energy climate research program, Bethesda, Maryland, USA.

25. Gultepe, I., N. Shantz, W. Strapp, P. Liu, M. Couture and S. Cober, September 2009: Microphysical Parameterizations based on ISDAC aircraft observations and aerosol-cloud effects on radiative fluxes, U.S. Department of Energy Atmospheric Radiation Measurement (ARM) Cloud Modeling WG and Aerosol WG Joint Meeting, Boulder, Colorado, USA.

26. Gultepe, I., N.C. Shantz, P.S.K. Liu, J.W. Strapp, and E. Girard, 2010: Microphysical parameterizations based on ISDAC aircraft observations and aerosol-cloud effects on radiative fluxes, DOE ARM meeting in Bethasda, MD, USA.

27. Gultepe, I., P. Liu, and S. Cober, 2009: Microphysical parameterizations based on ISDAC aircraft observations.  18th Inter. Conf., on Nucleation & Atmospheric Aerosols. ICNAA 2009, Prague, Czech Republic. Poster presentation.

28. Gultepe, I., L. Malenfant, R. K. Ungar, S. Cober, and G. Isaac, 2009: A proposed integrated weather observing system for nowcasting applications. WSN09 Symposium on Nowcasting and Very Short Range Forecasting. 31 Aug.-4 Sep 2009, Whistler, BC, Canada, Presentation.

29. Greg M. McFarquhar, Univ. of Illinois, Urbana, IL; and S. Ghan, J. Verlinde, A. Korolev, J. W. Strapp, B. Schmid, J. Tomlinson, S. D. Brooks, D. R. Collins, D. Cziczo, M. K. Dubey, I. Gultepe, G. Kok, A. Laskin, P. Lawson, P. Liu, D. Lubin, C. Mazzoleni, A. M. MacDonald, M. Wolde, A. Zelenyuk, R. A. Ferrare, C. Flynn, M. Shupe, D. D. Turner, M. Ovtchinnikov, S. Xie, and X. Liu, 2009: The Indirect and Semi-Direct Aerosol Campaign (ISDAC): Examining the Influences of Arctic Aerosols on Clouds. 10th Conference on Polar Meteorology and Oceanography, May 17-21 2009. Madison, WI, AMS recorded presentation.

30. Isaac, G., I. Gultepe, A. V. Korolev, F. S. Boudala, and S. G. Cober, 2008:  In-situ cloud measurements and climate models. Inter. Conf on Clouds and Precip. (ICCP), Cancun, Mexico, July 7-13, Paper # 8.1, 9 pp, CD.
31. Gultepe, I., P. Minnis, J. Milbrandt, S. G. Cober, L. Nguyen, C. Flynn, and B. Hansen, 2008: The fog remote sensing and modeling (FRAM) field project: Visibility analysis and remote sensing of fog. SPIE Remote Sensing Applications for aviation weather hazard detection support. Conference 7088-Proceedings of SPIE Vol. 7088. 13-14 August. 12 pp.
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